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INTRODUCTION

Selected flight parameters of the aircraft are monitored by the Flight information Package
(FIP). Upon a request from the Acoustic Orientation Instrument (AOl), the FIP sends a frame of

scaled data corresponding to the current flight parameters over a RS232 serial link to the AOl.
Figure I shows a diagram of the system.

The audio control circuitry of the AOI provides direct microprocessor control over six

channels of waveform generation. Scaled parameters from the FIP are mapped to an output
waveform heard by the pilot through stereo earphones. A simple example follows: Heading
deviation (the deviation of actual heading relative to a set heading) is used to help the pilot stay on

a pre-determined course. This heading deviation information is used to control the position of the
acoustic signal across the plot's head by adjusting the signal to the channels of the pilot's stereo
headset. A course deviation of 10 degrees or greater results in a monophonic signal in the ear
opposite the deviation. As the pilot corrects the error, the signals become more centrally located

between the left and right ears, until finally there is an equal amplitude between the pilot's left and
right ears and the auditory image is centered.

Other aircraft parameters which may be presented as transformations mapped to acoustic

signals Include airspeed, angle of attack, vertical velocity, altitude, and pitch and roll angle. Input
parameters may be represented as changes in waveform frequency, amplitude, modulation,
duration, attack, and decay times. The system software is written in the FORTH computer
language and is designed for flexibility over parameter minimums, maximums, activation values,

and types of signals used for stimulus. This system allows changes In control values to remap the
acoustic signals with little knowledge of the theory of the system or programming.

SOFTWARE

Acoustic Orientation Aid Software

The software for the AOI has been provided in three formats: 1) source code listing in
Appendix H 2) MS-DOS "non-document" text files on 1.2 Mbyte 5 1/4 inch floppy disk and 3) 720
Kbyte 3 1/2 Inch disks.

Software Ooemons Overview

A MS-DOS laptop computer with a communications program such as CrossTalk XVI or
Mirror III should be used to load the software into the AOl and monitor its operation.

A batch file for Mirror is Included which SENDS modules to the AOL. If another
communications program is used, it should be set to require character echo and wait for a CR/LF

before sending the next line.
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Once the AOI software has been loaded, the laptop functions as a terminal to the AOL. The

delivered DEMO module can stream the values read from the FIP to the screen.

Each of the AOI functional components - for example DO.AIRSPEED, which translates the

data from the airspeed channel of the FIP into tone frequency - has several variables associated

with it. Two of the airspeed related variables are AIRSPEED.MAX.FREQ. and

AIRSPEED.MIN.FREQ. These variables correspond to the maximum and minimum frequencies

generated by the airspeed channel. The characteristics of the AOI may be modified by simply

placing a new value in the variable and starting the program. The functional components and their

associated variables are described in detail in the section Acoustic Transformations.

Software integrity is only maintained by avoiding modifications of the source code.

Changes in the variable settings should be made in the file DEMO.DO using a text editor.

Ooeratina Seauence

The FIP and AOI computer programs must be loaded into the respective systems before a

flight occurs. First, secure the battery package to the aircraft seat channels. Next, mount the FIP

to the top of the battery package and engage the holding straps. This places the FIP in the correct

configuration for flight. Foliowing the steps outlined below will run the system.

- Turn the FIP control switches located on the to
panel of the FIP to the off position.

- Connect the battery pack power connector labeled

Power Cable A to the FIP and lock in place

- Connect RS-232 Cable A to the AOI but not the FIP

- Connect RS-232 Cable B to the Inflight contoller

- Connect RS-232 Cable C from the Inflight controller

to the Flight data monitor

- Connect the cockpit mounted remote indicator

- Connect the AOI Power Cable from the FIP to the AOI

- Turn on the Inflight controller power and verify

battery power

- Turn on the FIP main power switch

- Turn on the Gyro powerS
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-Tum on the FIP computer power

- Connect the downloading computer to port A of the FIP

- Turn on the downloading computer and start MIRROR

- Confirm the <OK> from the FIP computer *

- Download the FIP computer program

- Hook up the AOI RS-232 Cable A to the FIP Port A

- Hook up the downloading computer RS-232 cable to the

AOI terminal port.

- Confirm the OK from the AOI .

- Download the code from the computer to the AOI (see

below)

- Start the AOI program

- Turn the experiment-on switch to the on position

- Confirm data streaming and the TX light at a rate

of approximately 1 Hz.

- Start the recording system and the flight

= If an < ok> Is not present, the connections are faulty or the FIP computer is not working. If the

green light on the FIP computer Is on, the connections are faulty.

** If an <ok> is not present, check the power connection and press the red reset button on the

front panel of the AOL. If this does not correct the problem, the AOI or FIP power system may

require service.

*** If data is not streaming or Tx light Is not at 1 Hz, the FIP may not be executing its program.

Check the download program and the status of the FIP computer system.

S
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S AOI Code loading instructions:

1. Start the communications program. The settings are 9600 baud, 8 bits 1 stop hit,

no parity, character echo.

2. Une Walt = CTRL J.

3. From the MIRROR command line type: DO STARTUP and press the ENTER key.

4. The program modules will then load into the AOI.

5. Normal operation of the AOI is indicated by an OK prompt.

NOTE: BE CERTAIN THAT THE CAPS KEY ON THE LAPTOP IS DEPRESSED. ALL COMMANDS
TO THE AOI MUST BE IN UPPER CASE!

6. Type AOI and press ENTER. In a few seconds, data values from the FIP will start

streaming to the laptop display.

7. Pressing any key will stop the AOI program. Typing AOI and pressing ENTER will
partially re-Initialize the system and start the program. Variables which have been

changed at the OK prompt will now be in effect until changed or until the program

Is reloaded.

Values Disolaved When AOI Operates

The values displayed are scaled data values from the FIP. The figures in the section

Acoustic Transformations show the relationships between the readings on the cockpit instruments

and the scaled data.

Readlna and Settina Variables

To see the value of a variable you must do three things: 1) obtain the location of the

variable by typing Its name, 2) fetch the value of the variable by typing @, and 3) display the

variable by typing a period. The OK prompt means the AOI is ready to accept a command.

For example:

OKAIRSPEED.MIN.FREQ @.

40

OK

shows that the current value of the variable AIRSPEED.MIN.FREQ. is 40.
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0 To temporarily change the value of a variable, three steps are again required: 1) type the
new value and a space, 2) type the name of the variable and a space, and 3) type ! and Enter.
Each of these entries must be separated with a blank space.

For example to make the lowest frejuency for airspeed 200 Hz:

OK 200 HZ AIRSPEED.MIN.FREQ!

OK

and the value is changed. HZ is a word which translates frequency to period.

Chancina the Value of a Variable in DEMO

The same commands may be used in DEMO to change the values of a variable. Use a
text editor in the laptop to edit the file DEMO to contain the command.

As in the airspeed example above, type:

200 HZ AIRSPEED.MIN.FREQ I

then save the modified DEMO file. There Is no OK here because we are editing a text file,
not interacting with the Interpreter. When DEMO is reloaded, the new value will be in effect. The
advantage of this approach is that the program itself is not changed, it is easy to keep track of
where changes have been made, and a complete re-loading of the program Is not required.

Software Vector Hooks

DEMO contains examples of the use of the Forth MAKE construct. As AOI was written,
portions of the program were constructed as changeable hooks, also known as forward references
or execution vectors. The MAKE command Is used to plug a particular section of code into the
hook. Initially, all hooks are connected to a routine called NOP (no operation), which does
nothing. Inspection of the source code In Appendix H for the routine AOI in the module AOI will
show that it Is just an Infinite loop with a series of named hooks. The declaration of one of these
hooks Is by the word DOER. The declaration of the execution vectors for the routine AOI in the
module AOI, Is just before the AOI routine itself.

If AOI was loaded, but not DEMO, and AOI typed to start it, the AOI microprocessor would

be an infinite loop doing nothing. It would be necessary to either remove power from the system
and reload the software or press the reset button on the AOI In order to stop the execution.
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In DEMO the phrase:

MAKE HOOK4 GET.OUT

changes the operation of HOOK3 from NOP to the routine GET.OUT which checks for depression

of any key and exits the loop if any key has been pressed.

Similarly, the phrase:

MAKE N.STARTUP SETUP

Causes the routine SETUP to be inserted into the hook N.STARTUP.

Hooks can be turned off by setting them to execute the routine NOP as follows:

MAKE HOOK2 NOP

This phrase will stop the display of the scaled data values on the laptop.

In general, the vectors can be hooked and unhooked as desired, with one exception. The

routines for airspeed (DO.AIRSPEED) and for vertical velocity (DO.VERTICALVELOCITY) are

related since the vertical velocity routine controls the amplitude of the airspeed tone.

Acoustic Transformations

The software modules for the various functions work In a consistent manner. There is a

range of scaled data values defined by endpoints and a range of AY-8930 control parameters for

an acoustic dimension defined by endpoints.

The software linearly scales the data value to the AY-8930 parameter value and loads the

appropriate AY-8930 register to set the corresponding acoustic dimension. The rest of the code in

the function routines is primarily logic to prepare for the appropriate scaling.

The following discusses the relationships between the scaled data from the FIP and

parameters for the acoustic signals. The specific values described are those originally delivered
with AOl-li. As described above, it is intended that these parameters be changed by modifying the

file DEMO. It is Important to understand that the encoding relationships described here are only

and example of the set of possible encoding schemes. The source code containing FIP data to

AOI scaled data Is found In Appendix H. One must carefully read the source code to understand

the details of the encoding examples. In figures 2-7, the upper line indicates the range of scaled

data from the FIP and the corresponding physical parameter values, while the lower line displays

the range of acoustic parameters.
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Airsgee

Airspeed is encoded into the frequency of a square wave output which increases in

frequency as airspeed increases. The upper line in Figure 2 shows that the range of scaled

airspeed values Is from 0 to 330 knots, corresponding to scaled data values from 0 to 4096. The

lower line shows that the AIRSPEED.MIN.FREQ is 40 Hz and the AIRSPEED.MAX.FREQ is 1000

Hz. This range of frequencies is mapped linearly between the scaled data values corresponding to

LOW.AIRSPEED.UMIT.VALUE (current scaled data value of 1116 corresponding to 90 knots) and

HI.AIRSPEED.UMIT.VALUE (current scaled data vMlue of 2235 corresponding to 180 knots).

Changes in these variables will change the scaling. If LOW.AIRSPEED.UMIT.VALUE was set to

1861 (150 knots) and HI.AIRSPEED.UMIT.VALUE was set to 2110 (170 knots) and the other

variables unchanged, the new airspeed range of 20 knots would be scaled from 40 to 1000 Hz.

Similarly, If the airspeed limit values were at their original values and AIRSPEED.MAX.FREQ was

changed to 1500 Hz, airspeeds from 90 to 180 knots would be mapped onto a 50% larger

frequency range.

Vertical Velocity

The direction of vertical velocity (climb or dive) is encoded as a change in amplitude

modulation (attack or decay) of the airspeed tone. The magnitude of vertical velocity Is encoded

into the period of the amplitude modulation with long periods corresponding to low vertical
velocities and short periods corresponding to high vertical velocities. There are selectable vertical

velocities beyond which the modulation period does not change. As shown in Figure 3 the scaled

values of vertical velocity from the FIP range from 0 (2048 feet/minute dive) through 2048 (level

flight) to 4096 (2048 feet/minute climb). The range between the DIVE.THRESHOLD of 1748 (300

feet/minute climb) and the CUMB.THRESHOLD of 2348 (300 feet/minute dive) define a null region

where there is no amplitude modulation of the airspeed tone. Between the CUMB.THRESHOLD

and the CUMB.2048.FT/MIN.VALUE, the period of amplitude modulation (decays starting with the

maximum Intensity and decreasing in 32 logarithmic steps) changes from slow (the maximum

envelope period of 65535) to fast (the minimum envelope period of 12000). The signal changes

between the DIVE.THRESHOLD and the DIVE.2048.FT/MIN.COUNTS are analogous except when

the amplitude modulation consists of attacks starting with the lowest intensity and stepping to the

maximum. The VERTICALVELOCITY.MINIMUM.ENVELOPE.PERIOD is set to 12000 in order to

permit discrimination of the decays and attacks. Although the demo program has symmetrical

thresholds and limit values, this is not a requirement.

Headinaero

Heading error is relative to the heading set on the FIP. Heading errors move the apparent

location of the acoustic signal In a direction opposite the deviation. Figure 4 shows the encoding
Of heading error. Scaled heading error values from the FIP range from 0 (180 degrees left heading

error) to 180 (on course) to 359 (179 degrees right heading error). Between

LEFr.HEADING.ERROR.THRESHOLD (scaled value of 175 which corresponds to a 5 degree left
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S heading error) and RIGHT.HEADING.ERROR.THRESHOLD (185 which corresponds to a 5 degree

right heading error) the acoustic signal is centered. Between

LEFT.HEADING.ERROR.THRESHOLD and LEFT.HEADING.ERROR.UMIT.VALUE (160

corresponding to a 20 degree left heading error) there are 50 position steps toward an apparent
location of the acoustic signal on the right. Left heading errors larger than the

LEFT.HEADING.UIMIT.VALUE are positioned at the maximum location to the right. Heading

deviations to the right are similar in concept, except that the apparent acoustic signal location

moves to the left with increasing deviations.

Roll

Encoding of roll is directly analogous to the encoding for heading error. Figure 5 shows

the particular values of the values in the roll variables used in the supplied version of AOI.
Because heading error and roll both encode to position within the head on the interaural axis, only

one may be connecte6 to its software vector hook at a time.

Altitude deviation is relative to the value set on the FIP. Figure 6 shows the altitude

encoding scheme. Altitude deviation covers a range between 2048 feet below the FIP setting

(scaled data value of 0) and 2048 above the RiP setting (scaled data value of 4096). Above the

HIGH.ALTITUDE.UMIT.VALUE of 2548 (500 feet above FIP setting), a high pitched triangle
modulated annunciatlor is added to the acoustic signal. ALTITUDE. >.TOLERANCE.FREO is the

variable which controls the frequency of the annunciator and ALTITUDE.ENVELOPE.PERIOD Is the

variable which controls the period of the annunciator. Below the LOW.ALTITUDE.UMIT.VALUE of

1548 (500 feet below FIP setting) the annunciator is added to the acoustic signal with a frequency

controlled by the variable ALTITUDE. <.TOLERANCE. FREQ.

Encoding of angle of attack is shown in Figure 7. Because there Is not a functioning angle

of attack vane on our test aircraft, this function is not yet implemented. The acoustic signal for

angle of attack is Intended to provide a warning of an impending stall.

ANGLE.OF.ATTACKNEUTRALVALUE is an offset. If the scaled data value for angle of attack is
less than ANGLE.OF.ATTACKNEUTRALVALUE plus ANGLE.OF.ATTACK.THRESHOLD, there is

no acoustic output for angle of attack. If the scaled data value is greater than
ANGLE.OF.ATrACKTHRESHOLD but less than the stall value, angle of attack deviation from

threshold is mapped onto the period of a digital noise generator in one of the AY-8930

programmable sound chips. Just above the threshold, the acoustic signal is randomly spaced

dicks with a low average rate. As deviation above threshold Increases, the average rate increases

until just before a stall, the acoustic signal resembles wide band noise. When data value scaling is

known, it Is merely necessary to Insert appropriate scaled values into the variables in the module

DEMO as described above.
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S Chanaing AOI Function Routines

The diagrams In the section Acoustic Transformations show the Important variables for the
different functional routines. A great deal of flexibility in the operation of the AOI is available by
careful changing of the values of the variables. Alternatively, by inappropriate changes In the
variables, it Is possible to render the AOI non-functional until the original code Is reloaded.

Substitutina AOI Function Routines

Using the delivered source code as a guide, new routines can be written in the MAX-
FORTH language of the AOI microprocessor. For example, a new vertical velocity routine, for
example, DO.NEW.VERTICALVELOCITY, could be written and loaded after the file AOI. By editing
the line in file named DEMO from

MAKE N.DO.VERTICAL VELOCITY DO.VERTICALVELOCITY

to

MAKE N.DO.VERTICAL VELOCITY DO.NEW.VERTICALVELOCITY

the new routine would be hooked into the AOI-Il software.

DeveloDrnent Environment

The AOI software was developed on IBM-PC compatibles. Either Crosstalk XVI from
Digital Communications Associates or Mirror from Softklone Associates were used as
communications programs. Mirror Includes a screen editor which allows the editing of files while
still in serial communications with the AOI.

DeliveredHIM

The following files are on the MS-DOS format disk delivered with the AOI system. The first
group of files are modules which make up the AOI software. These files are listqd in Appendix H.
These source code files have comments which clarify the actions being performed. Since the
source code is written in MAX-FORTH, the language embedded in the ROM of the microprocessor
of the AOI, one must be proficient In FORTH to understand the code in detail. However, because
of the ability to use meaningful names for routines in Forth, one does not need to be an expert to
read the Forth source code and understand the function of the components of the routines.

S
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S Forth has a variety of unique characteristics. The language is a postfix notation similar to

that of most Hewlett Packard calculators. This means that first the operands are entered and then
the operator. For example, to add four and six in Forth, you would type 4 6 + and then a period.

(. is the print command) to print out the result of 10. The MAX-Forth reference manual delivered

with the AOI Includes an introduction to programming Forth. A second feature of Forth is the

dictionary. Routines are called words, and as new words are defined they are entered Into the

dictionary. Because of its structure, Forth requires that any words used within another defining

word must have been previously entered Into the dictionary (unless it Is a forward reference
preceded by the word DOER). Another feature of Forth is that most parameter passing is done on

a data stack instead of through static data structures. Forth is Ideally suited for hardware oriented,
real-time control problem applications such as the AOI, because routines (words) may be

interactively tested and debugged.

The following source code files are listed in the order in which they are loaded Into the AOI

system.

SETUP Configures the system memory and defines utilities

ARRAYS Defines array and table words

CASE Defines a case selection execution structure

CHIPCTRL Hardware control primitives for the AY-8930s

DOERMAKE Implements the forward reference mechanism

SELECTOR Connects functional names to AY-8930 registers

VIEW8930 Controls AY-8930 shape/cycle registers

ENVELOPE Dumps all AY-8930 registers in AOI context

CONVERT Converts frequency to period

TIME6522 Uses 6622 as a timer

XICOR Controls digital potentiometers

CONFIGUR Sets up hardware

TRANSIT Provides AOI 1&2 compatibility

ACIACOM Provides communications to FIP

SHOFRAME Displays scaled data
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AOI Performs the AOI transformations

SYSINITS Initializes routines

The AOI module is the module relevant for understanding the operation of the AOI and

seeing the meaning of the variables which are analogous to the trimmer potentiometers on

traditional instruments. Skilled adjustment and change can enhance AOI performance.

The source code modules listed below contain comments and white space to enhance

readability.

DEMO is the last module downloaded to the AOI and contains the following:

MAKE N.STARTUP SETUP (IN FILE SYSINITS)

MAKE HOOK1 SYNCH

(WAITS UNTIL I SECOND HAS ELAPSED SINCE TIMER STARTED)

(THE TIME FOR THE AOI PROCESSING IS WITHIN THE SECOND)

MAKE HOOK2 GET.DATA.FRAME

(PUTS A FRAME OF DATA INTO INPUT.DATA ARRAY)

(INPUT.DATA IS DEFINED IN FILE TRANSITS)

(GET.DATA.FRAME IS DEFINED IN ACIACOM)

MAKE HOOK3 SHOW.DATA.FRAME

(SHOWS THE DATA FRAME FROM INPUT.ARRAY)

MAKE HOOK4 GET.OUT

(GET.OUT BREAKS YOU OUT OF THE PROGRAM IF ANY KEY IS HIT)

(GET.OUT DEFINED IN FILE SETUP)

(MAKE N.DOAOA DO.AOA)

(AOA VANE IS NOT YET ON AIRPLANE)

MAKE N.DO.AIRSPEED DO.AIRSPEED

(BOTH DO.ROU. AND DO.HEADING.ERROR USE THE HEADPHONE
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0 BALANCE)

(THEREFORE ONLY ONE CAN BE USED AT A TIME)

MAKE N.DO.ROLL DO.ROLL

'MAKE N.DO.HEADING.ERROR DO.HEADING.ERROR)

MAKE N.DO.ALTITUDE DO.ALTITUDE

MAKE N.DO.VERTICALVELOCITY DO.VERTICALVELOCITY

The modules above connect the routines to the hooks in the AOI program (resolves the

forward references from NOP to the desired action. DEMO. is the appropriate place to add

changes to set variables to new values.

LP.DOC explains how the listings were printed and contains the following:

This is the command line used with Norton's LP program to produce the HP Laserjet listings:

Ip filespec /h60/wl32/set: \aoi\lasercod/125/r25

The file LASERCOD contains the setup for the HP Laserjet and consists of:

\027E\027(sl6.66H)

(This information Is only relevant If you have Norton Utilities and an HP-Laserjet printer).

SERIAL COMMUNICATIONS INFORMATION

Serial Communications

The following data frame is used when data is sent from the FIP to the AOI-Il.

Frame Start Character (STX ascii 02)

Airspeed
Angle of Attach (not used)

Vertical Velocity

Heading Deviation (+ -)

Roll Angle

Pitch Angle

Altiude Deviation (+ -)

End of Frame Character (ETX - ascii 03)

Data Is sent at 9600 baud, 8 data bits, 1 stop bit, no parity. The data are sent as 16 bit
binary Integers with a check sum.
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SYSTEM OVERVIEW

The Acoustic Orientation Instrument (AOI) has been designed as an acoustic signal

synthesis and output device driven by the Flight Instrumentation Package (FIP). As a system, the

AOI is directly connected through a serial communications line to the FIP and generates acoustic

parameters based on the scaled values of flight parameters measured by the FIP while in flight.

The FIP-AOI system Is designed to operate for up to 4 hours from a battery package that

supplies both the AOI and the FIP. Audio output is provided to two stereo headphone jacks

located on the front panel of the AOL. The AOI is housed in a 6x6x4 inch metal case and consists

of six individual printed circuit boards.

Component Overview

68HC1 1/F Sinole Board ComDuter

The first component In the system is a 68HC1 1/F, single-board computer operating at 4

MHz from New Micros Inc., Dallas, Texas. The board runs the FORTH programming language as
well as assembly code and contains a port replacement unit (PRU), three sockets for RAM, and a

total addressable range of 64K, minus the space used by the FORTH language in ROM within the

microprocessor. Also Included on the board is a RS232 communications port for the console

operating at 9600 baud, 8 bits no parity, one stop bit. In this Implementation the board utilizes 32K

of RAM and the Forth language in ROM. All components in the AOI-Il are memory mapped on the

bus using the JEDSTACK connector on the board. The bus contains 16 address lines, 8 data lines

multiplexed, read/write signals, Interrupt signals and other miscellaneous microprocessor

generated signals. The dock used on the microprocessor board is used as the AOI system clock

and drives all other boards. Bus addressing has been used to guarantee high speed operations

and data transfer to all other boards In the system. The bus also provides one leg of the

mechanical support for the entire AOI board set. Other Information on the 68HC1 -I/F board can

be found in the Appendix B. Also Included in Appendix B are the Max-Forth and 68HC1 1 manuals.

The 6=22/8930 board Is used In the system to generate acoustic signals. Two General

Instruments AY-8930s are located on the board and provide up to six Independent channels of

dlgital audlo. Each 8930 Is separately memory mapped and operates Independently. During the

development of the system it was found that the 8930s are not directly compatible with the bus

structure of the JEDSTACK To correct the Interface signal problems, a Rockwell Semiconductor

65C22 was used. This single 65C22 provides two extra parallel ports and thereby the ability to

synthesize a secondary bus used to Interface the AY-8930s to the 68HCI I/F.
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0
Signals from the bus are decoded by two 74HC688 8 bit bus comparators. The board is

decoded In 16 bytes of RAM and can be located anywhere within the free memory space of the

microprocessor. The dual 688s decode address lines A15-A4 based on a low address strobe on

the bus. The subsequent P = 0 line pulls down memory disable and provides the chip select line to

the 6522. All subsequent reads and writes to the 6522 are done using standard bus nomenclature.

The 6522 Is used In this application to synthesize the 8 bit data bus going to both AY-8930s and the

required control lines BDIR, BC1, Reset, AS and AS. Because of this synthetic bus, transfer rates

to the AY-8930s are substantially lower than that which could be achieved using direct bus access.

Fortunately, in this application, higher speed access was not a requirement.

Port A on the 65C22 Is used to provide data and address lines to both AY-8930s as shown

in the schematic labeled AOI Digital Board Rev 3.0 in Appendix A. The 6522 pins CAI, CA2, CB1,

CB2 are not used at this time. Port B synthesizes all of the control lines used for both of the AY-

8930s. PB1 and PB2 are used to synthesize BDIR and BC1 on the 8930 chips. PB0 is used to

select AY-8930-0 or AY-8930-1 . AY-8930-0 has its control line AS tied high thereby using a low

signal on PB 5 to select it. AY-8930-1 has bit A9 tied low, and uses a high signal on A8 to select it.

This single line provides simple, quick chip select logic between the two devices and guarantees

that bus contention between the two chips never occurs.

All of the parts on this board are clocked using the microprocessor's 2MHz clock. A

secondary bus system Is also provided on the AY-8930/6522 board. It consists of four rows of 35

pins located on the rear portion of the board and is designed for board-to-board interconnection.

All signals from the 8930 as well as 12V, -12V, +5v, and ground are present on this bus. I/0

control ports from both AY-8930s are used to control mixer board functions on the audio mixer

board (see that section).

The board-to-board interconnection bus is configured as four rows of 35 pins. Row 1,

labeled CI, contains all four of the 8 bit ports found on the AY-8930s. Row 2, C2, Is completely

grounded to provided Isolation and noise Immunity to the system. Row 3, C3, carries on pins 1-6,

all six channels of audio generated by the AY-8930s chips 0 and 1. Row 4, C4, contains ground,

+ 12V, -1 2V and 5V. See the schematic for pin labeling on this bus. Sik screens for this

board are provided in Appendix A. One 150% board layout is provided in Appendix A. A

component list for this board is provided in Appendix G. A bit list for this board is shown on the

following page.

0
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AOI II Dlaftal Potentiometer Control Bit Ust

The following list shows the AY-8930 output bits used to control the digital potentiometers.

All bits are shown with the AY-8930 pin number and the function.

10 = Chip 0

I1 =Chip 1

Negative logic Is shown with a -

B•i Function Desriotion

10-B0 U/-D All U/D for the Xicors

IO-B1 INC Xicor Pot Increment all Xicors

11-AO Pre-Mixer Pot Level control

11-Al Noise Level Noise level control

I1 -A2 Balance Balance Xicor control

0
11-A3 Left Volume Post balance gain

I1 -A4 Right Volume Post balance gain

I1-A5 Not Used

11-A6 HP Filter Sets the pass band* tied to A7

I1-B0 Ch OA Audio output gain

11-B1 Ch 0B Audio output gain

11-82 Ch OC Audio output gain

11-13 all Chip 0 Mixer 0

I1-B4 Ch 1A Audio output gain

11-15 Ch 1B Audio output gain

11-86 Ch 1C Audio output gain

11-B7 All Chip 1 Mixer 1
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Note: 10-AO through 10-B7 and Ch OA, 08, OC, are from chip zero (0) and I1-AO through I1 -B7 and

Ch tA, 1B, IC are from chip one (1).

Audio Mixer Board

The Audio mixer board provides six channels of mix-down capability and final amplification

of the audio signals generated by the 6522/8930 board. The board contains six channels of
independent mixers with independent digitally controlled volume, two 3 to 1 mixers, mixers for four

external signal sources with manually controlled potentiometers, computer-controlled balance

circuitry, and final amplification. Also included on this board Is a variable bandwidth filtered white
noise source. Information about this board is In Appendix F.

Each of the audio channels from the AY-8930 board (A,B,C AY-8930-0, A',B',C' AY-8930-1)

are provided to this board using the board to board bus interconnections described under the AY-

8930 board section. The board provides several stages of modification to the audio signal

generated on the AY-8930 board. The first stage, buffering, attenuation and amplification, is
realized using a digital XICOR potentiometer. The potentiometer Is located on the feedback loop

of the Op-amp used to buffer the digital signal to this board. Gains up to 2X and attenuation to .5X

can be achieved with the 100 step potentiometer. Individual control of each of the six channels

and each of the gain/amplification/attenuation network Is provided using AY-8930 control bits (see
the AY-8930 board bit list). Once amplified or attenuated, the raw signals are provided to jumper

blocks J1-J3 for AY-8930-1 or J5-J7 for AY-8930-0. Each jumper block provides the user the

capability of mixing the signal within the output group of that chip, or separating the signal to be

used in the post-balance portion of this board's circuitry. If used in the default configuration all

signals from the single attenuation /amplification stages, will be routed to the 3:1 mixer on IC1. At
this point, all three of the signals from AY-8930-0 will be routed to IC2 and all signals from AY-8930-

1 will be routed to IC1. In this configuration, complete 3:1 mixing Is achieved on one quad op-

amp. The output of this 3:1 mixer is then sent to a 2:1, or final mixing stage, on IC3. IC3 also

contains the amplifiers used In the external mixing sources referred to as pre-balance external
mixers. Note that the output of both 3:1 mixers and the subsequent 4:1 Include only monaural

signals from the two AY-8930s and the two external signal sources. The external signal source op-

amps, located on 103, provide up to .2X attenuation or +2X amplification of the external signal
source. R12 and R13 (components list appendix G) are used to match the impedance and set the
gain of the circuit for the external signals to the internal circuitry used on this PC board.

The final portion of circuitry in the prebalance mixing chain, op-amp 4, located on IC3,
allows the user to digitally control all AY-8930 and two external prebalance signal sources before

they are processed by the balance circuit. Complete digital control of attenuation and gain of this

combined signal is provided using another XICOR digital potentiometer and the control lines found
on the external bus. Once the signals are mixed, a balance circuit, utilizing one XICOR digital

potentiometer and one MC34082 dual op-amp allows the users to modulate the signal source

across the head of the pilot. Near full attenuation on either channel is attained using this system.
Note that unity gain Is provided through this circuit.
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Balance Circuit - A note

Note, at this point in the circuitry the user Is allowed to route signals either prebalance or

postbalance. If prebalance Is selected, all signals are mixed through IC3 op-amp 4. If post balance

is selected, signals are routed to jumpers 1-9 pins 6 or 4 and are processed post balance. As was
the case with the prebalance signals, two external Inputs are provided for the user. In contrast to

the prebalance signals, the postbalance external mixers are either external left or external right.

Crossover between the two channels Is nonexistent. The final stage before power amplification

mixes any signals routed from the prebalance mixers or external prebalance signal sources and

the external post balance sources. Again, digital gain using the XICOR digital potentiometers is
provided with attenuation characteristics similar to those mentioned above.

Final mixers, located on IC2, op-amps 2 and 4, are routed to the LM 1877 power amplifier.
This power amplifier is capable of driving loads up to 8 ohms at one watt. Two jacks have been

provided on the AOI front panel both wired in parallel. Because of this, impedance calculations

should be considered before attaching any low Impedance systems.

XICOR Dioital Potentiometers

The XICOR digital potentiometers (data sheet shown in Appendix F) provide full digital

control of an IC-based 100 step potentiometer. In the AOI system, 10K, 50K, and 100K ICs are

used. Implementation of the potentiometers on this board is simple. All up, down, and Increment
lines are tied to a single pin and are operated using the AY-8930 control pins. Chip select, Pin 7, is
lndidually controlled across the entire board using individual pins on the AY-8930s (see the chip
control data sheet under the AY-8930 section). This Implementation provides two features. The
first, the lessening of control lines by ganging all up/down and increment lines together, provides a
simpler and less noisy board layout. The second, individual control of chip select but not up/down
and increment, provides high speed chip select and the ability to gang together the operation of
several devices at once, i.e., the entire AY-8930-0 audio can be attenuated while not affecting the
channels on AY-8930-1.

The Ground Plane/ Power Board

The ground plane power board provides two basic functions. The first,
distribution of power and signals for the entire AOI system. The second, isolation of high
frequency noise from the microprocessor unit to the sensitive analog audio portions of the AOL.
Power from the external DB-9 power connector is routed directly across the board through several
bypass capacitors and ferrite beads. This Implementation of power filtering provides not only low
frequency filtering and decoupling but also high frequency noise attenuation. Once the power Is
brought to the board, it is distributed to both the AY-8930 board to board bus, busses C1 -C4, and
connector ACl. Complete schematics, board layouts, and pin numbering for this board can be
found in Appendix D.
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e Noise Filter Board

The noise fiter board, a final addition to the AOI-il system, consists of a white noise
source, a fixed low pass and variable high pass digitally controlled filter system. Wide band white
noise is achieved using the LM389 audio op-amp. The op-amp and its associated free transistor
are used in conjunction to generate white noise. The transistor shown in the data sheet, located in
Appendix E, is used in an open collector mode to generate transistor noise. The resulting noise is
amplified and used within this circuiL The resulting signal is processed using a variable high pass,
fixed low pass, band passed filter configuration. This filter utilized a fixed low pass edge, located
on IC2, and a variable high pass, Located on IC3. The filter building blocks, consisting of four free
op-amps on the FLT-U2s, provide not only stable, easy to configure filter configurations, but also
in the case of the high pass variability, provide a simple resistor based frequency cut-off variations.
In this configuration four XICOR pots are used to set the cut-off filter frequency. The four pots on
the board share the up/down and increment lines found on the main board. A single chip select

line is used for all of the XICOR pots on this board. The board has been developed as a daughter
board, and because of this, all signals provided through connector CO on the mixer audio board.
Note that 5V, -1 2V, + 12V and ground are also provided through this connector. Because of the
mechanical features of this board, and because of its mounting position on the audio mixer board,

care must be taken when mounting or unmounting these components. See Appendix E for
schematics, board layouts and other Information on the FLT-U2 Universal Filter Building Block.

B
The final board in the system is the 6255 New Micros dual ACIA board. This board

consisting of a Rockwell 6552 dual ACIA that provides two 8 bit serial ports memory mapped under
full control of the microprocessor to the AOI-Il. Only a single port on this board is used to
communicate between the AOI and the FIP. For a description of the protocols used, see the
module ACIACOM In the source code in Appendix H on the software. Detailed information on the
65C52 dual ACIA is provided in Appendix C.

0
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(~ MTOOA SN54/74LS682
SNS4/74LS684
SN54/74LS688

DIESCR~I~fON - The SN54LS/74LS682. 684. 688 are 8-bit magni-
tude comparators. These device types are designed to perform
comparisons between two eight-bit binary or BCD words. All S-BIT MAGNITUDE
device types provide F_=_ outputs and the LS682 end LS664 haveCO PRT S
15> outputs also.CO PRT S

The LS682. LS684 and LS688 are totem pole devices. The LS682 LOW POWER SCHOMTY
has a 20 kAl pullup resistor on the 0 inputs for analog or switch
data.

FUNCTION TABLE

INPUTS OUTPUTS

- OTPU OUPUTDATA ENABLES
tYE ~~ ENABLE CONFIGURATION PULLUP P.Dir_ Vo >o

LS882 yes Yes no totem-~polei Yes, P =0 1 L H

LS683 Yes yes no o~en-colIector > H L
1-P<O L H H

15S684 4 Yes Yes no totemn-polo no X H H H H
15685 yea yes no ,open-whiector no
15686 Yes yes yes totem-polei no 14 h iei level. L =low W.*.. X a-ilvr

LS687 es Yes yes open-collecor no

15688 ye ojyes totem-pole j no

LS889 ye ojYes open-collector jno

CONNECTION DIAGRAMS
(TOP VIE")

SN"IS0LS11111114" SN88L5r74USM

~~I, OCc -i20cc

P0 E2: i Po 2, r. a-

003: Is]07 00 3:D 0e7

PIE D77 Ply ollC.3

01 5 T5 05 01l Is 05

P12 6 D. "S P2 is "

02C7: D as0 CQ2 7 140as

P3 CV D, Ps P3 0 13 Ps

02 CS E2] 04 03 co 12 04

0560 IC P4 0560 t0 1i P

J Suffix - Case 732-03 (Ceraminc)
N Suffix - Case 736-0 Mimlic)

FAST AND LS TTL DATA

5-319



SNS4d74LS682 . SNS474LS684 o SN54174LSGBB

GUARANTEED OPERATING

SYMBOL PARAMETER I MIN F TYP 1 MAX UNIT

Vcc Su~lv Volta" 54 45 50 55 V
74 475 F 50 5.25

TA Operating Ambient Temperature Range 54 -55 25 125 
0
C

74 -0 25 7r'

1OH Output Current - High 54.74 1 -04 A

IOL Output Current - Low 54 12 n-A
74 24

DC CMARACIERIST1 V OVE OPE0RATNG TEMiVRATIJRE RANGE luniess othewise specifiedl

LIMITSSYMBOL PARAMETER MIN TYP UNITS TEST CONOMONX

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for
All Inputs

07 Guaranteed Input LOW Voltage for
VIL Input LOW VOlge 7- 0 V All Inputs

VIK Input Clamptiode Voltage -065 -1.5 V VCC = MIN. iN = -18 ,mA

54 25 3.5 V VCC = MIN. IOH = MAX. VIN = VIH
VOH OutptN HIGH Voltage 74 27 35 V or VIL per Truth Table

VO uptLWVlae 54.74 0.25 04 V IOL = 12 :mA VCC = VCCMIN,

VOL OutputLOWVOltage 74 0.35 05 V 'OL = 24mA VIN = VILo r VlH
per Truth Table

20 OjA VCC= MAX VIN = 2.7 V

IIH Input HIGH Current LS 0.1 mA VCC = MAX. VIN = 5.S V

Others 01 mA VCC= MAX. VIN= 70V

LS682-0 -04 mA
IIL Input LOW Current Inputs VCC = MAX. VIN 0.4 V

Others -02 mA

IOS Short Circuit Current -30 -130 mA VCC = MAX

LS682 70 mA

ICC PoC* Supply Current LS84 as ; A VCC= MAX
___, 65 mA _

FAST AND LS TTL DATA
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0
SN"/74LS2* 0 SNU•474LSM4 * SN54174LS688

A C OARACTISWIfC TA 251C

SN64LS/74LS682
LMITS

SYMBOL PARAMETER Typ MAX UNITS TEST CONDITIONS
________ ________________________ MIN ITP MA __________________

tPH Propagation Delay,P to P = Q 2 rl
PH.L _ 15 25

tPL Propagation Delay, Q to P- 14 5 25 ns VCC=50V

'PiL 10 __25_1 3 s0 CL_=45 pF
Propagation Delay. Pto P > 2 n0 RL=6670tPHL 5 1s 30

'"L Propagation Delay. 01oo P > 1,9 _ 3°30 _s i

SNS4LS/74LS6S4
LIMITS UNI

SYMBOL PARAMETER UNITS TEST CONDITIONS
MIN TYP MAX._____________

IPf-H Pr'o pag ation Delay. P to P =" 5 ! 5 .s
'PHL 1 5 25

P 16 25
t

PLH Propagation Delay. Q to P Q 15 25 ns VCC = 5 0 V
'PNL ___________2________r_

P PP 22 30 -CL = 45 pF
n2s3 RL =66

7 0tP1.H Propagation Delay. P to P > a n7 30 667

tPHL1 S24 30PIILH Propagation Delay.,O to 7 20 30 StPML 20 :30

SNB4LS/74L.$68_ SLIMITS
SYMBOL PARAMETER -T UNITS TEST CONDITIONS

MIN TYP MAX_____________

APL 12 1
t
PLH Propagation Delay. P to P -1 17 1 n

"tPL II RL 66VCC =SOV
'PN Propagation Delay.OQ o P0 127 18 n CL = 45 p

tPlL 2 18 1 8_ 1 23
W4lL Propagation Delay. G.G1 to13 20tIPL 13 20

FAST AND LS TTL DATA
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Microchip AY8930
Enhanced Programmable Sound Generator

FEATURES

a Two Modes Available On-Chip PIN CONFIGURATION
- AY8930 Expanded Mode
- AY-3-8910A-Compatible Mode AY83O

* Improved Frequency Range 40 LEAD DUAL IN UNE
* Three Independently Programmable Analog Output

Channels with Separate Frequency, Duty Cycle
and Envelope Controls for Each Channel Top View

* 5 Bits of Logarithmic Digital-to-Analog Conversion
Per Channel vss (GROUND) 1 40 vcc (- 5v)

* Bus Interface Independent of Clock Frequency NO CONNECT )2 3 NO CONNECT
* Input Clock Frequency: 2 or 4MHz ANALOG CHANNEL 8 3 39 ANALOG CHANNEL C
a Two 8-Bit General Purpose I/O Ports ANALOG CHANNEL A 4 37 'OA

NO CONNECT 5 36 0A1
1067 6 35 D A2DESCRIPTION icm 7 34 0Ao

iOes 8 33 DA4
The Avq30 Enhanced Programmable Sound Goner- K84 9 32 OAS
stor (EPSG) is an LS1 circuit that can produce a wide 10831 t0 31 DA
variety of Complex sounds under software control. 0162 11 30 DA7

The AY8930 is manufactured in the Microchip Tech- 10•1 12 29 9C1
1W 13 29 SC2 (NOT CONNECTED)

nology Inc. n-channel silicon gate process. The E0A7 14 27 8OWe
AY8930 Is an enhanced version of the company's AeA 1s 26 SELECT
industry standard AY-3-8910A - -id generator. IOAS 16 25 A@
Enhanced feeture@ include ,mprcvod frequency range 1am 17 24 "5
and noi syntheis and independent control of each 1oA3 18 23 AM

I IOA2 19 22 CLOCK"aenr elpeandduycyce. COA 20 21 IKW
The PSG is easily interfaced to any bus-oriented
system. Its flexibility makes it useful in appliations
such as music synthesis. sound effects generation,
audible alarms, tone s ling, and home computer
usage. In order to generate sound effects while
allowing the processor to perform ot•he tasks, the
PSG can continue to produce sound after the initial All circuit control sqils are digital in nature and can
commands have been given by the control proces- be provided directly by a micopr mssor/mirc -
sor. The fact that realistic sound production often puw. Therefore, one PSG can produce the full
involves more than one effect is satisfied by the range of required sounds with no change in external
three independently controllable analog sound output circuiy. Since the frequency response of the PSG
channels avalable in the device. These analog ranges from sub-audible at its lowes frequency to
sound output channels can each provide five bits of post-audible at its highest frequency, ther are few
logarithmic digital-to-analog conversion, greatly sounds which are beyond reproduction with only the
enhancing the dynamic range of the sounds simplest electrical connections.
produced.

PRELIMINARY INFORMATION 0 I 1 "f. 0I01061-1



DEVICE ARCHITECTURE

The AY8930 is a register oriented PSG. Communica- Address bits DA7-OAO are latched internally. This
tion between the microprocessor and the PSG is internally latched address is updated and modified on
based on the concept of memory mapped I/O. Con- every "latch address" signal presented to the PSG
trol commands are issued to the PSG by writing to via the BDIR and BC1 control lines.
these memory mapped registers. Each of the regis-
ters within the PSG is readable so that the micropro- The AY8930 initializes in the AY-3-8910A-compatibil-
cessor can determine, as necessary, present states ity mode. To utilize the expanded features of the
or stored data values. AY8930, an access code must be input to register

R15 upon program initialization.

REGISTER ARRAY Entering a "101" code in bits B7-B5 of register R15

The principal element of the AY8930 is an array of selects the 8930 expanded mode. In the 8930

27 control registers arranged in one bank of 16 and Expanded mode, bit 84=0 (R15) selects BANK A

one bank of 11 registers. These registers occupy 16 and B4 - 1 selects BANK 8 All other bit selections

address locations of the 1,024-word memory space are defined as 891OA-compatibility mode. Registers

in which the PSG resides. R15A and R15B are mapped into the same physical
register.

The configuration of this register array is shown on
the following pages. Note the two modes of opera- Switching modes causes loss of all register data from
tion: 891OA-compatbility mode and 8930 expanded the previous mode. All registers will be initialized
mode. except for the Mode Select code of R1 5.

The registers are addressed via the combination of Shown on the next page is the register configuration
the bidirectional data bus (DAO-DA7) and address for the AY8930. Note that Bank A of the expanded
input pins AS and Mi. mode is virtually identical to the single register array

AS A AIDAan A. of the 8910A-compatibulity mode.

I AI DS IOA7IDAIDIoDoA4iIoA3IDA2ID A oIDO
0 1 1 0 t0 10 0 XXX I Xý

DAO-DA3 These four low-order address bits are
used to select one of the internal reg-
isters within a bank.

DA4-DA7, These six high-order address bits
AS, M function as chip selects and are used

to position the register bank(s) within
the 1,024-word memory space. In the
deselected state, the data bus is in
the high impedance state.

The addrms enable code for bits
DA4-.A7 is all zeros.

Inputs AS and A9 are enabled by a
high on AS and a low on M9; all Other
input level ormbinaliols result in a
deselected condition. Pins AS and 4
have an on-chip pull-up and pull-down
resistor, respectively, and will assume
the correct logic level if left

unconnected.

0U1.
0801O.



AY8930 REGISTER ARRAY: AY-3-8910A-COMPATIBILITY MODE
SIT I I I

REGISTER 837 86T85 1 841 3 182 81 B1 C S

RO Channel A 8-Bit Fine Tune

Al Tne Priod4-Bit Coarse Tune

R2 Channel B 8-Bit Fine Tune

R3 Tone Period ývýWIý1!;1M4-Bit Coarse Tune

R4 ChannelC C-i ieTn

FI5 Tone Period -iCoreTn

R6 Noise Period 5BtPro oto

R7 NiiSle lOB IOA C B A C B A
R10 Channel A Amplitude L3 2 Ll O

Rll Channel B Amplitude L3 2 Li O

R12 Channel C Amplitude L3I2 Ll O

R14 Envelope Period 8-Bit Coarse Tune

Rl15 Envelop Shape/Cycle MODE SELECT CONT. 1ATT. ALT. HOLD
R14/ otASBtPrle / nPr

R17 11/0 Port A 8-Bit Parallel 1/0 on Port A
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AY8930 REGISTER ARRAY: EXPANDED CAPABILITY MODE -BANK A

8EISýE 7 151 828 80 4 6 2 -
AOA Channel A 8-Bit Fine Tuns

Al1A Tone Peniod 8-Bit Coarse Tune

R2A Channel B 8-Bit Fine Tune

R3A Tne Priod8-Bit Coarse Tune
R4A hannl C8-Bit Fine Tune

F15A ons Priod8-Bit Coarse Tune

R6A Nise Priod8-Bit Noise Period

_____________ lOBW10 IOA C B A C B A

81A.A Channel A Amplitude M L4 L3 L2 LI LO

Ri1IA ChannelB8Amplitude M L4 L3 L2 LI LO

R1I2A Channel C Amplitude M L 3 L l L

R13AChanelA8-Bit Fine Tune

R14A Envelope Period 8-Bit Coarse Tune

R15A. Bank A/B: Envelope A 1 0 1 10 1CONT. ATT. ALT. HOLD

A16A 1/O Port A 8-Bit Parallel 1/O on Port A

R1 7A 1/O Port 8 8-Bit Parallel 1/O on Port B

AY8930 REGISTER ARRAY: EXPANDED CAPABILITY MODE -BANK B

REGISTEýRB SI'T *07T86 8.l.184 183  02  0-1lSo
RI B Envelope Period 8-Bet Coarse Tune

R213 Channel C 8-Bit Fine Tune
R38 Envelope Period 8-Bit Coarse Tune
R48 Envelope Shape/Cycle B CONT. AUT. ALT. HOLD
FI58 Envelope Shape/Cycle C CONT AUT. ALT. HOLD

R68 Channel A Duty Cycle 4 Sit

R78 Channel B Duty Cycle 4 Bit
R108 Channel C Duty Cycle &A 4 Bd
R11B Noise"And" Mask 8 Sit

R128 Noise "OR" Mask 8 sit

R1I81 Bank A18: Envelop A I1 0 1 1 1 1 CONT. tAUT. IALT. IHOLD

*Not accessble in AY8930 mode. NOTE: All unused bits will be read beck as -0.
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SOUND GENERATING BLOCKS OPERATION REGISTERS* FUNCTION

The basic blocks in the PSG that produce the prc Tone Generator RO-R5A Program tone
grammed sounds include: Control penods.

Tone - Produce the basic pulse tone frec -en- Duty Cycle R6-R1OB Select duty cycle.

Generators cies for each channel (A, B, C).
Noise Generator R6A. Program noise

Noise - Produces a frequency modulated Control R1 1-12B penod.
Generator pseudorandom noise output. Mixer Control R7A Enable tone. noise

on selected
Mixers - Combine the outputs of the tone -an- channels.

erators and the noise generator. _ ie
for each channel (A, B, C). Amplitude R10-R12A Select "fixed" or

Control .vanable"

Amplitude - Provides the D/A converters with amplitudes.

Control either a fixed or vanable amplituce Envelope R13-R15A, Program envelope
pattern. The fixed amplitude is urnder Generator R0-R58 period and
direct CPU control; the variable ampli- Control , envelope pattern.
tude is accomplished by using the
output of the envelope generators, D/A Converters I - Produces a 32-bit

one for each channel (A, B, C). output signal.

"All registers referenced are for the AY8930
Envelope - Produce an envelope pattern that can Expanded Mode, except as noted.
Generators be used to amplitude modulate 'he

output of the mixer, one for each TONE GENERATOR CONTROL
channel (A, B, C).

D/A - The three D/A converters each pro- Each analog output channel has associated with it
CAThtheAonverters duceuptoae a outp ro- signatwo registers which specify the tone penod for that
Converters duce up to a 32-level output signal as channel, the coarse tune and the fine tune registers.

determriined by the amplitude control. The tone period for each channel is obtained by

combining the coarse and fine tune registers as
Since all functions of the PSG are controlled by a shown.
host processor via a series of register loads, a
detailed description of the PSG operation nest Note that the value programmed in the combined
be accomplished by relating each PSG function to its coarse and fine tune registers is a period value -

corresponding register. The function of creating or the higher the value in the registers, the lower the
programming a specific sound or sound effect logi- resultant frequency.
cally follows the control sequence listed:

COARSE TUNE FINE TUNE
REGISTER CHANNEL REGISTER

RIA A ROA
R3A B R2A
R5A C R4A
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0 12-BIT TONE PERIOD (TP) VALUE: NOTE:

AY-3-8910A-COMPATIBILITY MODE The percent duty cycles refers to the high (logic high)

Coarse Tune Fine Tune portion of the duty cycle. The low portion is then 100
87 86 B5 84 83 62 81 80 5786" ' 555488o2'81 percent duty cycle. A 10% duty cycle is then 10% up

8786851413IB8 0 I3 BI31 and 90% down, as shown below."not- u / V/
M"I~TjTj~j~T~ijT','T': r2IM• TT/~ il y 109876543 1 I

% o90%
16-BIT TONE PERIOD (TP) VALUE: ONE CYCLE
AY8930 EXPANDED MODE

In 891OA-compatibility mode, the duty cycle is fixed
Coarse Tune Fine Tune at 50%. The capability for a vanable duty cycle exists

I871l86858483•12••815180 786jB55•Bi382I818B only in the expanded AY8930 mode.

"V IIn order to change a duty cycle, the appropriate duty
TPI TP' cycle register must be updated. The new duty cycleIi5141,131i19p~ll~l 1 71 61 s1 41 31 21 TP 0 will then remain constant at this value until the duty

Sa4cycle register is modified. The new duty cycle value
will take effect immediately. This may result in one

NOTE: period with a "random" duty cycle at the time the
register is updated.

If the coarse and fine tune registers are both set to
0008, the resulting period will be minimum, i.e. the
generated tone period will be as if the coarse tune NOISE GENERATOR CONTROL
register was set to O000 and the fine tune register
was set to 0018. The counter will count the period AY-3-891OA-Compatibility Mode:
value down to zero. When zero is reached, the
period value will be reloaded into the counter. Noise is generated by a 17-bit polynomial shift regis-

ter. The penod of the clock to this shift register is

DUTY CYCLE CONTROL speified by the 8-bit binary value NR

The duty cycle of each pulse generated by the three The noise period value is derived from the lower five

tone generators is controlled by an associated 4-bit bits (54-B0) of the noise period register (R6) as

duty cycle register (R68, R7B, and R10B). shown.

The following duty cycles are selectable: Noie Par Registew (R6)

% EITR87 18S 85 84 83 82 81 807% REGISTER

OM CYCLE DUTY CYCLE VALUE not ue /

3.125% 0 0000 NP NP NP NP NP]
6.25 % 1 0001 4_ _ 31 2 1 0! °1

12.50 % 2 0010 5 BIT NOW PERIOD (NP) VALUE
25.00 % 3 0011
50.00 % 4 0100 NOTE:
75.00 % 5 0101
87.50 % 6 0110 As with the tone period, the lowest period value is
93.75 % 7 0111 00001 (divide by 1), an entry of 00000 will have the
96.875% 8. 1111 same value as 00001; the highest period value is

"NOTE: Any value greater than 810 decodes as an 81 0 . 11111 fvide by 3110).

0



AY-3-891OA-COMPATIBILITY MODE
NOISE BLOCK DIAGRAM (Figure 1)

TO MIXER

125 kHz NOISE PERIOD SHIFT ENABLE

NOMINAL VALUE REGISTER B10 --------- B2 81 80

RIGHT SHIFT

AY8930 Expanded Mode:

In the AY8930 expanded mode, noise is generated result is stored in a temporary register which is
using a 17-bit polynomial shift register, an "AND" clocked each time the counter associated with the 8-
mask, an "OR" mask, and an 8-bit noise period bit noise period register (R6A) reaches zero. When
value. The least significant byte of the polynomial the noise value reaches zero, a new value is fetched
shift register is logically ANO'ed with the "AND" from the polynomial shift register and the process is
mask specified in Register 11 B, then logically ORed repeated. The noise output is toggled each time the
with the "OR" mask specified in Register 12B. The noise value reaches zero.

AY8930 EXPANDED MODE
0 NOISE BLOCK DIAGRAM (Figure 2)

PNOISE LOAD WHENpERoD 0 NOI I SE VALUE =0

0 L

DS500106-7



MIXER CONTROL - IO ENABLE AMPLITUDE CONTROL

Register 7A is a multi-function Enable register which The amplitudes of the signals generated by each of
controls the three Noise/Tone Mixers and the two the three D/A converters (one each for channels A,
general purpose I/O Ports. The mixers as previously B, and C) are determined by the contents of the
described, combine the noise and tone frequencies amplitude control registers as illustrated in the
for each of the three channels. The determination of following:
combining neither/either/both noise and tone fre-
quencies on each channel is made by the state of Amplitude Control
bits B5-80 of R7A. Register # Channel

R10A IA
The direction (input or output) of the two general pur- R10A B

pose I/O Ports (IOA and lOB) is determined by the R12A C
state of bits B7 and 86 of R7A.

These functions are illustrated in the following: AY-3-891OA-Compatibility Mode:

Mixer Control - I/O Enable•"" (•") ~I B7 W 1• 13 1 B1 83 1 B 2 l" IT

Noise 4-bit "Fixed"
input Enable Enable Tone Enable Amplitude Amplitude Level

1 "Mode"e "~Force to "'1 "

No"se Enable Truth Table Tom Enable Truth TAbe AY8930 Expanded Mode:
NoWae Tone

WA 11af Enabled R7A Bft Enabled 187BE6B5B4IB821BI BO
3534 3 G" Ciae 32 91 S0 On Channel

/not/
0 00 CB8A 0 00 CB8 A used001 C B- 001 C B-

0 10 C-A 0 10 C-A4K LO
0 1 1C - 0 1 1 C -- 3 2I lIL1 00 -B A 1 00-B A

1 0 1 -B - 1 0 1 -8- Amplitude 5-bit"Fixed"
I 1 0 11 -' Mode" Amplitude Level

""I I, IIIo l
1 1 1 - - - 1 1 1 - - -

The amplitude "mode" (bit M) selects either fixed
The direction of the I/O Port(s) is determined as level amplitude (M = 0) or variable level amplitude
follows: (M = 1). It follows that bits L4-LO, defining the value

of a "fixed" level amplitude, are only active when
110 Port Truth Table M = 0. The amplitude is only "fixed" in the sense that

RTA Bts 1/0 Direction the amplitude level is under the direct control of the
t we 110A system processor via an address latch/wnte data

0 0 In In sequence.
0 I In out
1 0 out In When "variable amplitude" is selected (M = 1), the
1 1 Out Out amplitude of each channel is determined by the

envelope pattern as defined by the envelope genera-
iidentical in tors 5-bit output (E4-EO). The amplitude "mode" bit

Note: The Mixer I/O Control function is ideti(bit M) can also be thought of as an envelope enable
both modes of operation, bit, i.e. when M - 1, the envelope is enabled.

065001064



0 AMPLITUDE CONTROL (continued)

Note that the value programmed in the combined

The following is a chart describing all combinations coarse and fine tune registers is a penod value -

of the 6-bit Amplitude Control. the higher the value in the registers, the lower the
resultant frequency.

M L4 L3 L2 LI LO
0 0 0 0 0 0* The amplitude is fixed at 1 of Note also, that as the tone penod, the lowest period
0 0 0 0 0 V 31 levels as determined by values is 0000018 (divided by 1); the highest period
S: L4, L3. L2. L1, LO. valie is 1777778 (divided by 65,53510).

o The amplitude is variable at Envelope Shape/Cycle Control

1 X X X X X 31 levels as determined by
the output of the Envelope

(X = Don't Care) Generator. The envelope generator further counts down the
*These codes are used to turn a channel off envelope frequency by 32, producing a 32-state per

cycle envelope pattern defined by its 5-bit counter
NOTE: output, E4, E3, E2, El, and EO. The particular shape

and cycle pattern of any desired envelope is accom-

In the AY-3-891OA-compatibility mode, the externally plished by controlling the count pattern (count up/
driven "fixed" amplitude is limited to a total of 16 count down) of the 5-bit counter and by defining a
possible levels determined by amplitude bits L4-L1. single cycle or repeat-cycle pattern.

Loading of the envelope shape/cycle control register
ENVELOPE GENERATOR CONTROL will reset the associated counter to the appropriate

initial state and reset the envelope period counter for
Envelope Period Control that channel.

0 The period of the sound envelope, in the 8910A- The envelope shape/cycle control is contained in the

compatibility mode, is controlled by two 8-bit regis- loweT' 4 bits (13-80) of the respective envelope con-

ters, Ri 3 and Ri 4 (the envelope fine and coarse trol registers. Each of these 4 bits controls a function

tune, respectively). In the 8930 expanded mode, in the envelope generator, as illustrated in the

each analog output channel has its own independent following:

sound envelope. Changes to the envelope penod
counter will occur at envelope period boundary or Envelope SIhpe/Cycle

when envelope shape/cycle register is loaded. Control Reglitr

COARSE TUNE FINETUNE 871 861 I5 84 I3 8I I8 8 I

REGISTER CHANNEL REGISTERM I///NOT USED/////i
(Mode Select Bits) I

R14A A R138 Hold
R IB B R 0 Alternate
R 3B C R 28 Attack

Continue

16-BIT ENVELOPE PERIOD TO The definition of each function is as follows:

ENVELOPE GENERATOR
Hold - when set to logic "1 ", limits the envelope to

G 858483828180 87865848318281 8 one cycle,holding wlast count of the envelope
___r"_______________I_-____________ -counter (E3-EO = 0000 or l11. depending on

whether the envelope counter was in a count-down

EP EPIEPIEI 1EP1EP1EPIEP1 or count-up mode, respectively).
2811109 7 6 5 4l 31 2I 1E °/
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0
Alternate - when set to logic "I", the envelope Continue - when set to logic "1 ". the cycle pattern
counter reverses count direction (up-down) after will be as defined by the hold bit; when set to logic
each cycle. "0". the envelope generator will reset to 0000 after

NOTE: When both the hold bit and the alternate bit one cycle and hold at that count.

are ones, the envelope counter is reset to its
initial count before holding. Further description of the above functions could be

accomplished by numerous charts of the binary

Attack - when set to logic "1", the envelope count sequence of E3 E2 El EQ for each combina-
counter will count up (attack) from E3 E2 El tion of hold, alternate, attack and continue. However,
EQ = 0000 to E3 E2 El E0 = 1111; when set to logic since these outputs are used (when selected by the
"0", the envelope counter will count down (decay) amplitude control registers) to amplitude modulate
from 1111 to 0000. the output of the mixers, a better understanding of

their effect can be accomplished via a graphic repre-
sentation of their value for each condition selected.
as illustrated in Figs. 3 and 4.

ENVELOPE SHAPE,1 CYCLE CONTROL (Figure 3)
R15 SITS

83 B2 B1 B0

C A

O L
TNIA

TTE

IT R H
N A A 0 GRAPHIC REPRESENTATION
U, C T L OF ENVELOPE GENERATOR

E. K E 0 OUTPUT E3 E2 El EO.

1 00 10(e i.4 oeal

101 1 XX4

OI1 0l0

1110

0

111111

e,1 ll-/

-'.1 EP EP IS THE ENVELOPE PERIOD
(DURATION OF ONE CYCLE).

DSG1,1 11o



DETAIL OF TWO CYCLES OF Fig. 3 - AY-3-8910A MODE (Figure 4)
(ref. waveform -1010" in Fig. 3)

15 14 GRAPHIC REPRESENTATION OF 4 15

13 THE DECIMAL VALUES OF THE 131
12 ENVELOPE GENERATOR 12OUTPUT E3 E2 El EO

10 10

9 9
8

7 7
6 6

5 5
4 4

3 3
2 2

1
0 0

EP - EP

0/fE) "PE)

108-11



O DIGITAL TO ANALOG CONVERTER

The Digital to Analog conversion is performed in log- nal of the output is the Noise/Tone specified for that
arithmic steps with a normalized voltage range of OV channel.
to 1.OV. The specified amplitude of each converter is
controlled by a 5-bit word from either the amplitude *Except in the 891OA-compatibility mode, which only
control register* or the envelope generator. The sig- allows for 4 bits of external amplitude control.

D/A CONVERTER OUTPUT (Figure 5)

31
1.0

841

.707 29

J .595 28

.5- 27

L0 420

9 354 25

.297

.250 2

.2 10 ,

.177 21 2

.149 19
.125 i1

17 151
16 2 10

11 9876431

ENVELOPE PERIOD (1/fe)

This figure illustrates the D/A converter output which envelope controlled variable amplitude were
would result if noise and tones were disabled and an selected.

NOTE: The RESET condition is zero current.

D
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1/0 PORT DATA STORE Select = 1 Input Clock 2MHz max.

Registers R1 6A and RI 7A function as intermediate The select pin is provided with an internal pull-up
data storage registers between the PSG/CPU data resistor such that the pin default condition is
bus (DA0-DA7) and the two 11O ports (IOAO-1OA7, Select 1
1080-107). Both I/O ports are available on the
AY8930. INPUT CONTROL SIGNALS

Using registers R1 6A and Ri 7A for the transfer of Interfacing to the AYS930 requires the generation of
1/0 data has no effect at all on sound generation. only two of the three AY-3-8910A input control sig-

To output data from the CPU Bus to a peripheral nals, BDIR and BC1. BC2 is shown on the pinout

device connected to I/O port A: diagram for reference only; the pin is not internally
connected.

1. Address the enable register (R7A).
2. Set the port A direcbon bit to output (write "1" to The input control signals for the AY8930 are as

bit B6 of R7A). follows:
3. Address the I/O port A register (R16A).
4. Write data to I/O port A register. The data will SDIR SCI FUNCTION DESCRIPTION

pass through the PSG I/O port A register to the 0 0 INACTIVE INACTIVE. The PSGCPU

I/O port bus. bus is inactive. DA7-OAO
are in a high impedanceTo input data from I/O port A to the CPU bus: state.

1. Address the enable register (R7A). 0 1 READ READ FROM PSG. This
2. Set the port A direction bit to input (write a "0" to FROM signal causes the

bit 86 of R7A). PSG contents of the register
3. Address the I/0 port A register (R16A). The con- which is currently

tents of the port register will follow the signals addressed to appear on

applied to the I/O port. the PSG/CPU bus.
4. Read data from I/O port A register. The data will DA7-OAO are in the

be transferred from the PSG 1/0 port A register to output mode.
the CPU bus as in a normal reed operation. 1 0 WRITE TO WRITE TO PSG. This

PSG signal indicates that the
If a logic 1 has been written to any bit position of bus contains register data
register R16A or register R17A and the correspond- which should be latched
ing I/O pins of port A or port B are externally pulled into the currently
below the logic 0, (VIL level, a subsequent CPU addressed register.
read instruction of registers R16A or R17A will actu- DA7-DAO are in the input
ally contain a logic 0 in the pulled down bit positions. mode.
The output pins will return to logic I if the pull down -LATCH LATCH ADDRESS. This
conditon is removed. ADDRESS signal indicates that the

If a logic 0 has been written to any bit position of the bus contains a register

I/0 registers and the external world wishes to pull address which should be

these pins to a 1, the user should be aware that an latched by the PSG.

irnpedance conflict will oxist between the pull down DA7-DAO are in the input

trans•stor and the external driver. mode.

CLOCK DIVIDE - SELECT

Select - 0 Input Clock - 4MHz max.
(DOded internally by 2)

D0S0010o-13



O RESET

After a RESET condition the internal state of the X indicates a don't care.
PSG will be the following:

# indicates that there is no physical memory element
REGISTER 87 86 85 84 83 82 11 B0 for a bit; if read a 0 will be returned.

ROROA 0 0 0 0 0 0 0 0
Ri/RtA 0 0 0 0 0 0 0 0 All counter work registers should be initialized to
RZIR2A 0 0 0 0 0 0 0 0 zeros.
R3/R3A 0 0 0 0 0 0 0 0
R4/R4A 0 0 0 0 0 0 0 0 The noise generator 17-bit shift register should be
R5/RSA 0 0 0 0 0 0 0 0 initialized to ones.
R7/R6A 0 0 0 0 0 0 0 0
R0/R10A 0 # 0 0 0 0 0 0 The noise value register should be initialized to
Rl1/RIlA # # 0 0 0 0 0 0 zeros.
R12/R12A # # 0 0 0 0 0 0
R13/R13A 0 0 0 0 0 0 0 0
R14/R14A 0 0 0 0 0 0 0 0
R15/R15A/R15B 0 0 0 0 0 0 0 0
R1idR16A 0 0 0 0 0 0 0 0
R17/R17A 0 0 0 0 0 0 0 0
ROB 0 0 0 0 0 0 0 0
RIB 0 0 0 0 0 0 0 0
R2B 0 0 0 0 0 0 0 0
R38 0 0 0 0 0 0 0 0
R48 # # # # X XX X
RSB # # # # X X X X
RTB # # # # X X X X
R78 # # # # X X X X
RIOS #### x x x x
R11B 0 0 0 0 0 0 0 0
R128 X X X X X X X X
R178 0 0 0 0 0 0 0 0
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ELECTRICAL SPECIFICATIONS

Maximum Ratings* *Exceeding these ratings could case permanent
Storage temperature ......... - 55°C to + 1500C damage to this device. This is a stress rating only
Maximum temperature under bias ....... - 125 0C and functional operation of this device at these con-
VDD and all other inputioutput voltages ditions is not implied - operating ranges are speci-

with respect to VSS ......... - 0.3V to + 7.OV fied in Standard Conditions. Exposure to absolute
maximum rating conditions for extended periods may

Standard Conditions affect device reliability.
Free air ambient operating

temperature ................ 00C to + 70°C
VDD ..................... + 4.5V to + 5.5V
VSS ....................... 0.OV (Ground)

DC CHARACTERISTICS

CHARACTERISTICS SYM MIN TYP MAX UNITS CONDITIONS

Input Logic Levels
Logic 0 VIL -0.3 - +0.4 Volts
Logic 1 VIH -o2.4 - VDD Volts

Input Leakage
Clock - 10 A
BC1, BDIR -- _ ___-- 10 .A_

Inputs with Pullups IlL 10 - 100 pA VIN = +0.4V
AS, 9ý, SeOect

Inputs with Pulldowns IIH 10 - 50 .A VIN = +2.4V
A9

I/O with Pullups
A7-A0, B7-80 !IL 20 - 150 pA VIN = -0.4V

VOH +2.4 - VDD Volts 1OH = 1OO.A w/tOOpF
VOL 0.0 - '--0.4 Volts IOL = 1.6mA wlIO0pF

Data/Address
DA7-OAO VON +2.4 - VDD Volts 1OH = OOAA w/1OOpF

VOL 0.0 - +0.4 Volts 10L = 1.6mA w10OpF

Power Supply IDD - - 85 mA All inputs and outputs tied to VSS
or VDD.
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. ELECTRICAL SPECIFICATIONS

(continued)

AC CHARACTERISTICS*

CHARACTERISTICS SYM MIN TYP MAX UNITS CONDITIONS

Clock Input
Frequency - 1 - 4 MHz 40/60 asymmetry
Rise/Fall Time trtf 0 - 50 ns allowed

Master Reset
feset tins "I- ns *Two Clock Penods

Control Signals
BC1. BC2. BDIR

Skew tcs - - 40 ns
Valid tccs 300 - - ns

Data Address Bus
DA7-DAO, A8, A9

Address Setup Time tas 300 - - ns
Address Hold Time tah 65 - ns

Read Mode:
Data Setup Time tab - - 200 ns;
Data Hold Time ttd 20 - t00 ns

Write Mode:
Data Setup Time ds 300 - - ns
Data Hold Time tdh 65 - - ns

InputiOutput Port
IOA7-1OAO, 1087-1080

Outpu Mode:
Data Setup Time tow 500 ns

Input Mode:

Data Setup Time tprs 200 - - ns
Data Hold Time tpM 65 ns

"The address/data read cycle is latch aodress fol-
lowed by an inactive state then the read command.
The address/data write cycle would be the same with
the substitution of the write command in place of the
read. An inactive state is required between each
cycle (or active command).
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. TIMING DIAGRAMS
Read Mode

10-tas4m ýtab4

DATAIADDRESS BUSADRSDTAOPU

-- ~L - d INPU

Write Mode

14 ta h t dh

DATA/ADDRESS BUS ADDRESS
--- - - INPUT DAT INPUT

Bus Control Signals

BC1,BDH
t css

Master Reset

DS500IMS-17



. TIMING DIAGRAMS (continued)

1/0 Port Output Mode: Write Data
From CPU Bus To LO Port*

BC DIR LATCH ADDRESS1 NOATO1RIET S

[0-tas -401 --
tah d

DATA/ADDRESS BUSADRS DATA INPUT
1/0 PORT TO PORT .

IREGISTER

i- tpw~

1/0 PORTVALID DATA
L'O POPTRT

I/O Port Input Mode: Write Data
From I/O Port To CPU Bus*

BCI,~ ~~ C BDR2TH DRS NO ACTIO READ FO S

'~ ttd

DATAIADDRESS BUS ADDES DAA UTU
-....... -1/0 PORT .. TO CPU BUS

tprh

I/O PORT VALID DATA INPUT
FROM PORT

"*Asaume the direction of the I/O port has already
been determined via a write to the Enable register
(RMA).

0
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06C2
RR65C22

Versatile Interface Adapter (VIA)

DESCRIPTION FEATURES
The R65C22 Versatile interface Adapter (VIA) is a very flexible - LOW Power CMOs N-weli Silicon gate, technology
100 control device. in addition. this device contains a pair of very

pw jlbi Intevwltmers, amwn4o-paamelwalwi4o lw * Fully comini~tbIS with NMOS 682 devices
= 9ftreise and input data latching on the pephr pots Two B-bit bidirectional 110 ports

Exeddhandehakcing capability allows control of bdrc~ra
dat transfer$ between VIA's in multiple processor systems. * Two 16-bit programmable timterlcounters

The R65C22 includes functions for programmed control of up a Seiall bidirectional peripheral 110
to two Peripheral devicee (Ports A and 13). These two program
cMRitae S-b Owid re- ional peripheral 1410 porte alloW direct iner * TTL compatible peripheral control kines

laigbetween the microproceseor and selected peripheral * ExpIIIdod ..andsk" caailt allows positive control
unite. Eachpood has input data latchigcapability. Two ptograti of dale transfers between processor and pieripheral
mabile DO ataDrction Registers (A and 8) allow selection of daef do04
direction (input or output) on an individual line basis.

ThePA~ alo hs to pogrmmale &W nteval * Latched output and input registers on bothl/10ports

Timerr-4untams with latches. Timer 1 may be opeate in a One- * 1. 2. 3. and 4 M~lz operationm
Shot Interrupt Mode with interrupts on each countto-zero, or
in a Free-Run Made with a continuous seriee of evenly aspae * Commercial and industrial temperature range versions
interrupts. Timor 2 functions as both an interval and pulse * Single + 5 Vdc power requirement
counter. Serial data tranafera are provided by a serial-to

parlle~er~e-toeeralshift register. Application versatlt is a Wide variety of pacicagee
further inrased by various Control registers, including-the - 40pi pls n eai I
Interrupt Flag Register, the Interrupt Enable Register, the
Auxiliary Control Register and the Peripheral Control Register. - 44-pin plastic leaded chip carrier (PLCC)

I a 1 9 CAI
PAS 2 25 c*5

.a : 'I, = V 1
P" 6 35 mS PMG 7 0 0 3UAs

P" a 33 of pm is 36 a0

10 1" WI C it 36 3I
P5 1 aim pml Cis 34:30

Pa s 12 " oPas C 14 111 :1
Pal 13 IN of pasm is 31 :)0

110 14 it W as aso3000POO is 26 0?Pas 1
wes it 211 as -3S 3~
Patis 7 2 Ca l 'tZ03 ti
Wl Is 2 an iU UL

AI&M OWP M~c NO K15Al0L CONOiUTiok 6* P

Fptg" 1. R65=2 P"i Aaelgvnmente

Oocuenwrt No. 2g65IN87 Product Description Order No. 2164
Flev. 4, June 11087
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RG5C22 Versatile Interface Adapter (VIA)

ORDERING INFORMATION
MICRPROCSSORPERIPHERAL

Port Nuamber GSNEFC NEFC

L Temperature Rang* (TL to T.): 0 A
Blank : 0*C to +70*C

E -Q-40C to + 51C R( -CA2
C81,M go VIA $ 0Cali

Frequency RS0-R83 4a
I I MHz

3 3 MHz A 4PoP
4 4 MHz

Packasge
C -40-Pin Ceramic DIP
P *40-Pin Plastic DIP Fgr .R5 I neoilSgnl

- 44-Pin PlasticLedd 2 RC2VIInefcSgna
Chip Cae PC)CHIP SELECTS (CSI, C2i)

Normally. the two Chip ~eec lines are connected to the micro-
INTERFACE SIGNALS proicessior address lines. This connection may be direct or

Figue 1(on he rontp#A) sows he 65C2 VI pinassgn- through decoding. To accesa a selected RSSC22 register, CS I

menot and Figure 2 groups the signals by functional interface. ms ehg lgc1 n S utb o lgc0

R M (-AS REGISTER SELECTS (RSO-RS3)
RESET (RES)The Register Select inputs allow the microprocessor to selc

Reee (RES) ceean all Internet registers (except TI and T2 one of 16 Internat registers within the R65C22. Refe to Table I
Counters anld latches. andl the Shift Register (SR)). In the REMS for Registe Selc coding and a functional description.
condition, all peripheral interface lines (PA and PB) are placed
in fth pu slate. Also, the Timers (TI and T2). SR and Inter- INTERRUPT REOUEST (MR)
rupt logic awe disabled from operation. The Interupt Requiest (tOf output signal is genrwated weee

an Internal Interrupt Flag bit is set and t~he corresponding Inter-
INPUT ICU=C (PH4ASE 2) rupt Enable bit is a Logic 1. The Interrupt Requst output is an
The systelm Phase 2 (IM Input Clock controls all data transfers open-da~ configuration. thus allowiing the IRO signal to be
heten the R6522 and the microprocessor. wire-ORed to a common microprocessor IRO input line.

REAO/W~rr (pJ) PERIPHERAL PORT A (PA-PA?)

The directioni of the data translfers between the R65C22 and th Peripheral Data Port A is an 6-line, bidirectional bus for the
system processor is contrlle by the R1W line in cionlunction transfer of data, control and status information between the
with the CS1 and S-2 inputsa. When R&W s low (write opera- R66C= and a peripheral device. Each Peripheral Data Port bus

Ilion) SWi the ROCB= is selected, data is translfered from the line may be individually programmed as eithe an input or outputl
processor bus into the selctd RSSC22 register. WhnRWi under control of a Data Direction Regiote. 5ata flow direction
high (read oprto)adI 6=aslctd aai rw may be selecte oanea line-by-line basis with intermixed input and

tn fom erslieto)ad teROSC22 reisil selethed procsso bus.~i output Ines within the seinle port. When a "0' is written to any
lerrd fom he sleced 6C2 regste tothe rocsso ~g bit position of the Data Direction Registr. the corresponding

DATABU 315 0007 line will be programmed as an input. When a "I"is written into
any bit posiotio of the register, the corresponding date line will

The eighthc bidretIna Date BSo lines transfer data between the serv as an output. Polarity of the data output is doetemined by
RGSC22 and the microprocessor. Duning a reed operation, the the Output Register, while input data may be latched into the
cortlentofteSlceR6Cinenlrgte trserd Input Registe under control of the CAI line. All modes are pro-
to the microproceeso via the Data Bus lines. During a write gram controlled by the microprocessor by way of the R65C22's
operation, the Date BuA tines serve as high impedance inputs internal contro registers. Each Peripheral Data Port line revre-
over which data is transferred firom the microprocessor to a sat t"o TT. loads in the Input modei and WiON drive two standlard
selected R66C22 register. The Date Bus lines are in the high ITt. loads in the output mode. A typical output Circuit. for
impoednce statei when the R65C22 is unselctd. Penipheral Data Pont A is shown in Figure 3.
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R65C22 Versatfle Interface Adapter (VIA)

PORT A CONTROL LINES (CAI, CA2) Output Mode. Port 8 lines are also capable of sourcing 3.2 mA
at1.5Vdlc in the output mode. Thi allows the outputsto directly

Control linee CAI and CA2 ser" as interrupt inputs or hand- drive Darlington transistor circwts. A typical output circuit for
shake outputs for Peripheral Data Port A. Each line controls an~ Port 5 is shown in Figure 3.
internal Interrupt Flag with a corresponding Interrupt Enable bit.
CAI also controls the latching of Input Data on Port A. CAI is
a high impedance input, while CA2 represents two standard TTL PORT 8 CONTROL LINES 4 CBl. C92)
loads in the input mode. In the output mode, CA2 will drive two Coto lie CB an C8 ev sitrutipt or hand-
standard TTL lods shake outputs for Peripheral Data Port 1. Like Port A. these two
PORT s (P8044M control lines contro an internal Interrupt Flag with a correepon*

ing Interrupt Enable bit. These lines also serve as a sendl data
Peripheral Data Port B is an S-line. bidirectional bus which is port under control of the Shift Register (SR). Each control line
controlled by an Output Register, Input Register and Data Direc- represents two standard TTL. loads in the input.mod and can
tion Register in a manner much the same as Data Port A. With drive two '(it loads in the output mode. Note that CSI and C82
respect: to Port 8, the output signal on line P87 may be con- can drive Darlington transistor circuits. because the bolth will
trolled by Timer 1 while Timer 2 may be programmed to count source 3.2 mA at 1.5 Vdc. Each line represents two standard
pulses on the P8G line. Port B lines represent two standard TfL. TL loads in the input mode and will drive two standard TLi
loads in the input mode and will drive Iwo TTL loads in the loads in the output mode.

Table 1. R65C22 Register Addressling

0 o 0 0 0 ORSIIRS OUIpiA MOMsw iniRep" a

1 0 0~ 0 1 OAPnRA Output Reesigr A Register______A

3 0 0 1 DOA M Daa lcognseur A
4___ 0____0_T__- Tl Low-Order Latth T1 LwO.OruCw GO~

5 0 1 0 1 TIC-li TtI lgioOresr C4%~ie
6 0 1 1 0 T1 L-L TI Low-OrderLsihso

7 a 1 TIL-14 T114.gll-Order Losce

10 1 0 1 0 SRh"ago
I11 1 0 1i C Au"M ary*oI sR99WA
IT - -I 1 0 0 PCH PeitlosraCaioxisgle
1F3 I 1 0 1 IFR InternpI"Ftsg leg~r
14 1 1t 1 0 lER 111111-0Snale ePgls
is 1 1 1 1 ORAfIRA Output RgeguisrA input PReW rA

MMlt *Sgti as Remer I eicetp no handshake.

, sv

Ito PMO-PA?. 0
ClNThoi. C COMTRL N Col. C111
OUTPUT DATA NOUTPUT OATA ý N

INPUTODATA{
INPUT DATA j (INPUT 6100K)

a. Part A Deata and Control Line Output C~rui b. Port 8 Data and Contirol Line Ou~u Clircult

Figure 3. Port A andl 8 Outpu Cmltmfs
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R65C22 Vetnatile Interface Adapter (VIA)

FUNCTIONAL DESCRIPTION Register bits corresponding to pins which are programmed as
The ntenal rgaizaton f te R6C22VIA s iluutate in inputs. In this case, however. the Output Signal is unaffected.

Figure 4. Reading a peripheral port causes the contents of the Input
Register (IRA, IRS) to 1e transferred onto the Data Bus. With

PORT A AND PORT 8 OPERATION input latching disabled. IRA will always reflect the levels on the

PA pins. With input latching enabled. IRA will reflect the levels
The R65C22 VIA hall two Sd b ch ol I/O ports (Port A and on the PA pins at the time the latching occurred (via CAI).
Port B) and each port has two associated control lines.

The IRS register operates similar to the IRA register. However.
Each 8-bit peripheral port has a Data Direction Register (DORA. for pins programmed as outputs there ia a difference. When read-
DORS) for specifV ,g whether the penpheral pins are to act as ing IRA, the level on the pin determines whether a "0" or a "1I"
inputs or outputs. A "0" in a bit of the Data Direction Register as sensed. When reading IRS. however, the bit stored in the out-
causes the corresponding peripheerl pin to act as an input. A "1" put register. ORB. is the bit sensed. Thus, for outputs which have
causes the pin to act as an output. large loading effects and whicht pull an output "1" down or which

pull an output "0" up. reading IRA may result in reading a "0'
Each peripheral pin is also controlled by a bit in the Output when a "1"- was actually programmed. and reading a "1" when
Register (ORA. ORB) and the Input Register (IRA. IRS). When a "0" was programmed. Reading IRS, on the other hand. will
the p•n is programmed as an output. the voltage on the pin is read the "1" or "0" level actually programmed. no matter what
controlled by the corresponding bit of the Output Register. A "1'" the loading on the pin.
in the Output Register causes the output to go high, and a "0"
causes the output to go low. Data may be wntten into Output Figures 5 through 8 illustrate the formats of the port registers

INTERRUPT
CONTRqOL

as 17II L-ATr
(MRAI

OUTPUT PORT A
"((ORA I I0-) (PA)

0q Bucts I IRA

PDORTAI

1,, -- -- -- -- -~ , A2
FuN CI IWI N Pilr
CONTROL

q LATC 
C 

ATH 
ONP

M - ACCESS
NFM - CuoeTI%. lINE 2TLAC

R32 (T2t.4.OUPU
RS3 COUNTERN cOUT / (ONS) (Pal

MIC-H) - 2C-11) (O

F*ur 4. ROC22 VIA Skook Diagram

1.34



R65C22 Versatile Interface Adapter (VIA)

HANDSHAKE CONTROL OF DATA TRANSFERS port. This signal normally interrupts the processor, which then
reads the data. causing generation of a "Data Taken" signal.

he R65C22 allows positve control of data transfers between The peripheral device responds by making new data available
the system processor and penriteral devices through the Opera- This process continues until the data transfer is complete
tion of "handshake" lines. Port A lines (CAI, CA2) handshake
data on both a read and a write operation while the Port B lines in the R65C22. automatic "Read" Handshaking is possible on
(CB1. CB2) handshake on a write operation only. the Peripheral A port only. The CAl interrupt input pin accepts

Read Handshake the Data Ready" signal and CA2 generates the "Data Taken"
signal. The "Data Ready" signal will set an internal flag which

popiivq control of data transfers from penpheral devices into may interrupt the processor or which may be polled under pro-
the system processor can be accomplished very effectively using gram control. The **Data Taken" signal can either be a pulse
Read Handshaking. In this case. the peripheral device must or a level which is set low by the system processor and is cleared
generate the equivalent of a "Data Ready" signal to the by the "Data Ready" signal. These options are sown in Figure 9
processor signifying that valid data is present on the peripheral which illustrates the normal Read Handshake sequence

SRG *--~nREG E -- ORflARA

OUTPUT REITER OUTPUT REGISTER... a-1' (000) OR "A'" (OM4) Oft
s* INPUT REGISTER INPUT REGISTER

,j "" (IRM) ,A- (IRA)

"", - .. , M:"

p re S. Output RgilA 0 (OR@), Input Regar 8 (11118)
F 7'

Figure f. Ouail Isei A aRA),MinpStiRgitr A (i'A

SrLVM A I [GCSffC L--O0 - G•I-OO dA Ra

-- •; DATA DIRECTION - DATA DIREqCTION
• , REGISTER "S- (OCRs) ,, REGISTER 'W" (DOOA)

o iI As ll~t Ps o IS WN "PuT*• o ASl/SOCIE PA P IS ý ýUtl
,ci. mo maiu I i -G .f l€

Figure 7. Daft ilon Reister O (0tpu) Figure .(OtR Bi. Reeister A (DORA)

____________________________P35
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R65C22 Versatile Interface Adapter (VIA)

DATA READY
(CAI)
10 OUTPUT

READ IRA OPERATION

"DATA TAKEN"
HANDSHAKE MODE
(CA2)

"DATA TAKEN
PULSE MOOE S"_ '(CA2)

Figure 9. Read Handshake Timing (Port A Only)

Write Handshal._

The sequence of operations which allows handshaking data from
the system processor to a peripheral device is very similar to
that described for Read Handshaking. However. for Write Hand- REil 12-.-4MERM4ERAL CONTROL REGISTER

shaking, the R65C22 generates the "Data Ready" signal and
the peripheral device must respond with the "Data Taken" sig-
nal. This can be accomplished on both the PA port and the PB cL, ca . crC,..nm.--

port on the R6SC22. CA2 or C82 act as a "Data Ready" output ,, ..
in either the handshake mode or pulse mode and CAI or CBal ' D

accept the "Data Taken" signal from the peripheral device, set-.,, , ,ol _________"_"__'

ting the interrupt flag and clearing the "Data Ready" output. o,,ii. *,-

This sequence is shown in Figure 10.

Latching -

The PA port and the PS port on the R65C22 can be enabled
in the Auxiliary Control Register (Figure 14) to be latched by ,o .OVU 1

their individual port control lines (CAl. Cal). Latching is selec-
table to be on the rising or failing edge of the signal at each indi-
vidual port control line. Selection of operating modes for CA1,
CA2. Cal and Ca2 is accomplished by the Peripheral Control
Register (Figure 11). Figure 11. Peripheral Control Register (PCR)

WRITE ORA, DRB
OPERATION

"DATA READY"
HANDSHAKE MODE
(CA2. C@2) I

DATA READY
PULSE MODE
(CA,. C02) ______

"DATA TAKEN ' [
(CAI. C111)

im OUTPUT

Figure 10. Wrlte Handshake Timing
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R65C22 Versatile Interface Adapter (VIA)

COUNTER/TIMERS disables any further interrupts and automatically transfers trio
Ther ar twoindpendnt 6-bi ~ elI~ ~7~ 1 contents of the latches into the counter and continues to decre-

adTimere 2)etw incltherfd R65C2. Ech ntiertims; (canrlled bymo wItn ment. In addition, the timer may be programmed to invert theand ime 2)in te R5C2. Ech tmeris ontolle bywriing output signal on peripheral pin P87 each time it "timea-out-
bits into the Auxiliary Control Register (ACR) to select the mode Ec fteemdsi icse eaaeyWw
0f operation (Figure 14).Eahothemoeisicuedepreybew

Timer IOperation Note that the processor does not wnite directly into the low-order
counter (TtC-L). Instead, this halt of the counter is loaded

Interval Timer TI consists of two 8-bit latches (Figure 12) and automatically from the low order latch (T1L.L) when the
a 16-bit counter (Figure 13). The latches store data which is to processor writes into the high order counter (TI1C-H). in fact, it
be loaded into the counter. Alter loading, the Counter decrements may not be necessary to write to the low order counter in some
at 02 clock rate. Upon reaching zero, an interrupt flag is set, applications since the timing operation is triggered by writing
and IRQ goes low if the TI interrupt is enabled. Timer 1 then to the high order latch.

REG 6.-TIMER I LOW.OOER LATCH REG 7-TiMER I HIGHORDER LATCH

5112

LLLLýL-COUN4T (TI)T

WRIE 9 BITS LER WI LOW-ORDR OUTR WRIE -8BT eOADDW7-t IORDER ONE
LACE HSDI ELYO IS4 NO LACHS UL43RD1 OIEVAT

COFFRET THNA}PCWOUO ANT0O~rATRMF

RAD 9OT POW T LOWMO FMR T L~ATCE EE
LRA'dIRRIE Lto Mft 1INT5 '40 4MA -. 30BT i.OOE r'0 HIOCA LAIC.HES

OPRTtC ATHI DOSNT ASAR~SEO TOO 104IO
RESET OFTI INTIMPLIP FLAG 1M'l

Figure 13. Timer 1 (TI) Coutch Registers

REG -TWE I OW-O M CUNTE RE 5-TM IHIGHORDR 1ON3E



R65C22 Versatile Interface Adapter (VIA)

REG I lI-AUXILIARY CONTROL REGISTER

0.,..,0,. O*,VO

(ACM I'M! it ,$

IA0 1, soý'su1.sco
C00( a,*1 DI 1AL1

*,v C00IUups

C•O0 CII•MO - SOU t O- t 0" 0.01:00

OACf Ttt~flI sav 0,0T5, $10 0 00(6? COtIVOL!I-

2015OMUSI 1 M 0 S ýU00IIL O itc 0 L1

1 ,5 .0 ,R T ukoincow.RoL o0 -T2 I'O

1 U S1.TjVUWES C04bT0t 06 11 U

Figure 14. Auxiliary Control Register (ACR)

Timer I One-Shot Mods In the one-Shot modes writing into the TIL-H has no effect On

the operation of Timer 1. However. it will be necessary to
The Timer I one-shot mode generates a single interrupt for each assure that the low order latch contains the proper data before
timer load operation. As with any interval timer, the delay initiating the count-down with a "write TIC-H" operation When
between the "write TIC-H" operation and generation oftlUprOC the processor writes into the high order counter (TIC-H). the

easor interrupt is b direct function of the data loaded into the TI interrupt flag will be cleared, the contents of the low order
timing counter. In addition to generating a single interrupt. latch will be transferred into the low order counter, and the timer
Timer I can be programmed to produce a single negative pulse will begin to decrement at system clock rate. If the P87 output
on the PB7 peripheral pin. With the output enabled (ACR7 a 1) is enabled, this signal will go low on the falling edge of 02 follow-
a "write TIC-H" operation will cause PB7 to go low. PB7 will ing the write operation. When the counter reaches zero. the TI
return high when Timer 1 times out. The result is a single pro- interrupt flag will be set. the iR-O pin will go low (interrupt

grammable width pulse. enabled), and the signal on PB7 will go high. At this time the

counter will continue to decrement at system clock rate. This
allows the system processor to read the contents of the counter
to determine the time since interrupt. However, the Ti interrupt

Timing for the R85C22 interval timer one-shot modes is shown flag cannot be set again unless it has been cleared as descnb-

in Figure 15. ed in this specification.

WRITE TIC-N '
10 OUTPUT II •__ _

Pe? OUTPUT_______

TIN N-t
1 

N-2 N-3' 0 PPWF N IN-1IN-2T1 COUNIMR

N + 1.5 CYCLES

Figure 1S. Timer I One-Shot Mode Timing
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Timer I Free-Run Mode the time-out can be prevented completely if the Processor con-
tinues to rewrite the timer befolr it reaches zero. Timer 1 will

The most important advantage associated with the latches in T operate in this manner it the processor writes in1o the high Order

is the ability to produce a continuous series of evenly spaced counter (TIC-H). However. by loading the latches only. the

interrupts and the ability to produ a square wave on PI7 whose processor can access the timer dunng each down-counting

frequency is not affeced by vanations in the processor interrupt operation without affecting the time-out in process. Instead. the

response time. This ti accomplished in the "free-running" mode. data loaded into the Mah will determine the length of the next
time-out period. Thie capabluity is particularly valuable in the free-
running mode with the output enabled. In this mode, the signal

In the free-running mode, the interrupt flag is $sf and the Sin on P87 is invertd and the interrupt flag is set with each time-
on PE7 is inverted each time the counter reaches zero at which out. By responding to the interrupts with new data for the lalches.
time the timer automatically transfers the contents of the Itc the processor can determine the period of the next half cycle
into the counter (16 bdit) and continues to doresmet from their. during each hald cycle of the output s"nl on P87. In thMs manner.
The interrupt flag can be cleared by writing TIC-H or TIL-H, by very complex wavelorms can be generated.
reading T1C-L. or by writing directly into the flag as described
later However, it is not necessary to rewrie the timer to enable A precaution to take in the use of P?7 as the btmer output con-
selting the interrupt flag on the next time-ou. cems the Oats Oirection Register comnents for P17 Both WOAS

bit 7 and ACA bit 7 must be 1 for PB7 to functon as the timer
All interval timers in the R65C22 are "re-triggerable". Rewriting output. It one is 1 and other is 0, then P87 functions as a nor-
the counter wil always re-iniialize the time-out period. In tact, mat oulpin pin, controlled by ORB bit 7.

-2J 1 J JJ-LJJ-1LJ-1 .

WRITE TIC-H
OPERATION - - I

(Ni OUTPUTT

PST OUTPUT ~ ~L

k-N 1.5 CYCLES - ----- N. 2 CYCLE.S

FIgulo 16. Timer I Free-Run Mode TIming

Timer 2 Opemtion decrementing again through zero. The Processor must rewrite

T2C-H to enable setting of the interrupt f1ag. The interrupt fag
Timor 2 Goperates as an interval timer (in the "ano€ 1" mode is cleared by reading T2C-L or by writing T2C-H. Timing for this
only), or as a counter for counting negative pulses on te PSG operation is shown in Figure 1.
pepheralpin. A single contol b•i me Aux y ContoPl eg
solec 0between the two modes This tim•er comelIed of
a "writs-only" lower.order Int"l (M-2L4 a "reedonly" low-order Timer 2 Pulse Counting Mode
counter (r2C-L) and a ediw1t- high order counter d12rCH. The In the pulse counting mode, 12 counts a predetmined number
counter regiatisact as a 16-bit counter which decrements at of negatmivgoing pults on P66. This is accomplished by first
@2 rae. Figure 17 illumtres the T2 UwACwmne Regiters. loading a number into T2. Writing into T2C-H clears the inter-

Timor 2 One-Ihe Mode rupt flag and llows the counter lo decremen each timea Pulse
is applied to P66. The interrupt flng is st when T2 counts down

As an interval timer. T2 operates in the "one-ohot" mode similar past znm. The counter will than continue to decrement with each
to Timer 1, In thei mode, T2 pmvKes a single interrupt for each pulse on P Howev it isnecessry to rewrie "2•C-H to a11ow
"write T2•-H" operation. Alter timing out, the counter will con- thes Interrupt fla to set on a subsequent time-oul. Timing for this
tl1ue to decrement. However, setting of the interrupt flag is dis- mode is shown in Figure 19. The pulse must be low On the leading
gooed sh initial time-out so that it will not be set by the counter sog of 02.
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REG I-TIMER 2 LOW-OROER LATCHICOUNTER REG 9-TIMER 2 HIGH-OROER LATCHICOUNTER

.~COUNT L- .~.LCOUNT
VALUE ___OVALUE

LMC"Ot cou FR ALSO LOJ0w 6.llL&?¢-

Q SO- S im- TSO LOM O5OI6 COUJTESt tlSltSlO 1O WL ONOEStllSASSi4Sl TO wU Ti ,sflsgu•y COIJSIES IS A0OITO0f~ Ti $Sl§IUSST
f~~~~~~ 'A SI~Tf* SailS

Mto IAG~~m~ #4o5

Figure 17. Timor 2 (T2) Latch/Countw' Reglotens

N +1.5 CYCL.ES

Figure IS. Timor 2 Onel-Shot Mode Timing

Pa INU•,T LT -,F

2 COUNTIER of W.1 r N-2 I S 0 F0

Figure 17 . Timer 2 Pu(Le Counting
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RG5C22 Versatile Interface Adapter (VIA)

SHIFT REGISER OPERMTON control shifting in external devices. The time batwee transitions
Of this Output Clock ia a function of the system clorA period arid

The Shift Register (SR) perfonrma aeia data transters into and the contenits of the low order T2 latch (N).
out of the C82 pin under control of an internal modu"o coun-
te. Secial date tranafer in and out of the Shift Register (SR) begin Thhs
with the moot significant bit (MSB) first. Shift pulse ca aeTe hfing operation is triggered by the read or write of the SR

aplid o heCB pn ro a etena sure r.wih he__ i the SR flag is aet in the IFR. Otherwiae the Wis shift will occur
mod pledction thhCif puln e grenead internal will aprpearo at the next time-out of 72 after a read or write of the SR. The
mode C81pion. shfcntrpulses genternat edintrallilapero input data should change before the poeatwve-going edge of C81

the BI pn fr Cotrolingextenaldeviesclock pulse. This daa ia shifted into the shift register during the

The control bits which seec the various shift register operating @2 clock cycle following the, positive-going edge of the C61 clock
modes are located in the Auxiliary Control Regiser Figure 20 pulse, After' P - clock putees. the shift register Interrupt flag
illustrates the configuration of the SR daletaits and Figure 21 Will wa 4 it-, I will go low.
shows the SR control bits of the ACR.

SR Modes 0 - Shift Reglte Interrupt Disabled SR Mode 2 - Shift In Under 02 Control
In mode 2. the shift rate is a direct function of the System clock

Moe0 disables the Shift Register interrupt. In this mode the frequency (Figure 23). CBI ecome an output which geeate
micoprceeorcan write or reed the SR and the SR will Shift shift pulses for controlling external devices. Timer 2 o perte

on each CS1I positive edge shifting in the value on C82. In this as an independenit interval timeir and haa no efec on SR. The
mode the SR interrupt Flag is disabed (held to a logic 0). shifting operation is triggered by reading or writing the Shift

Registe. Data is shifteid. fogs into bit 0 and is then shifted inlo,
SR Mode I - Shift In Under Control of T2 the nextt higher order bit of the Shift register on the trailing edge

of each 02 clock pulse. After 8 clock pulses the shift register
In model,. the shifting rate is controlled by the low order 8 bits interrupt flag will be set, and the oupu clock pulses on C81
of 12 (Figure 22). Shift pulse are generated on the C8t pin to Will slop.

I REG 10-SHIF MOGISTER REG I t-AuxIuARn' CONTROL REISWTER

_ HF L HITREISE

Ia I01 01 t ISAGLIO
____________a_0 11 9SHIP %fO*MICOTP1OL OF T

"lOtis 01 1 94 g 1u"Ool f ROWiS~ OL 0f 100CL-
WEI vw MThIGOUT V5IT toHE PW Of a'- ASHI giT O 91 AFimUF0NotT ,0 ATEi
OUT =I 3wFFETAPPEO~UG IS WAriMf SloE -0 1 I o*00 Lift"VO a CONTROL OF 12
W~O e-7 0

OT0 AND AM ,5O 0ASO T 7 1 T, I0 OU T UNCK0 CORYROL01 1AIOICL A

Figure 20. S"~f Register Figure 21. Shift Reg9ste M1odes

WRTV ON READ
SHIF RIO r

Na 2ut CYCES-L-N*

SNUT CLOCK L . =
C32 iNPUT2
DATA

1"ur 22. SR Mode I - Shift In Under T2 Control
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SR Mode 3 - Shift in Under Cm Control set y T2. However. in mode 4 the SR Counter aoes not stop
the shifting operation (Figure 25). Since the Shift Register bit 7In mode 3. external pin C81 becomes an input (Figure 24). This (SR7) is recirculated back into bit 0. the 8 bits loaded into the

alloWS an external device to load the shift register at fts own Pace shift register will be clocked onto C82 repetitively. In this mode
The shift register counter will interrupt the processor each tome the shift register counter is disabled.
8 bits have been shifted in. The shift register stops after 8 counts
and must be reset to Stan again. Reading or writing the Shift
Register resets the Interrupt Flag and initializes the SR counter SR Mods 5 - Shift Out Under T2 Control
to count another 8 pulses. In mooe 5. the shift rate is controlled by T2 las in mode I). The

Note that the data is shifted duunng the first system clock cycle shifting operation is triggered by the read or write of the SR if
following the I~sl-oing edg~e of the CB shift pulse. For this the SR flag is set in the IFR (Figure 26) Otherwise the first shiftreasong data must ie hold staele during the first full cycle fol- will occur at the next time-out of 12 after a read or write of the
rowin, Cd u going h eth. SR. However. with each read or write of the shift register the SR

Counter is reset and 8 bits are shifted onto C82. At the same
SR Mode 4 - Shift Out Under T2 Control (Free-Run) time, 8 shift Pulses are generated on C81 to control shifting in

external devces. After the 8 shift pulses, the shifting is disabled.

Mode 4 is very similar to mode 1 in which the shifting rate is the SR Interrupt Flag is set and CB2 remains at the last data level

READ SR ,

Cal OUTPUT I

SWIFT CLOCK

DATA

Figure 23. SR Mode 2 - Shift In Under 02 Control

62

Cal INPUT
SHIFT CLOCK

C@2 IUTw
DATA

Figure 24. SR Mode 3 - Shift ln Under C12 Control

C111 OUTPUT L L*- j_ LrU1SHIFT CLOCK

CM OUTPUT XXX2 3 4 =
DATA

Figure 2S. SR Mode 4 - Shlft Out Under T2 Control (Free-Nun)
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SA MOde 8 - Shift Out Under 62 Control Interrupt Flag eachi time it counts a pulses but ia does not dmisal
in mnode 6. the shift rate is controlled by the 02 system clocki the shifting function. Each time the microprocessor, writes or
tFigure 27) roads the shift registebr, the SR Interrupt Flag is rese and the

SRI counter is initmialmd to begin counting the nex 8 shift pulses
SR Mode 7 - Shift Out Under C81 Control on pin C81. After 8 shift pulses, the Interrupt Flag is set. The
In mjode 7. shifting is controlled by pulses applied to the C81 microprocessor can then toad the shift register with the next bWt
pi by an external deome (Figure 2e). The SR counter sets the SR of data

o2 Fl..fl..flJJJ-h.FLJ'J~flJ1J1J1J1J1J1h ru1.rLr-r
WNUTE Sm

N .2 CYCLES- 2 CY.CLEjS

Cei OUTPUT....................
SHIFT CLOCK

C92 OUTPUT I2
DATAA

Figure 26. SIR Mode 5 - Shift Out Under T2 Contro

WRITE SR

C111 OUTPUT 7LL_ 2 3f1 1 1 J
SHIFT CLOCK
C92 OUTPUT
DATA )

Figure 27. SR Made 6 -Shift Out Under 62 Control

WRITE SN ___________

Cot INPUT
SHIFT CLOCK
CM2 OUTPUT X 2
DATA

F~igur 26. SR Mode 7 - Shift Out Under C01 Control
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R65C22 Versatile Interface Adapter (VIA)

INTERRUPT OPERATION function: AR0 - IFR6 x IER6 + IFR5S x IER5 + IFR4 x IER4

Controlling interrupts within the R65C22 involves three principal E IR3 E3+IRO E2+IR EI+IR

operaton& Thn amflagging the interrupts. enabling interrupts EO

and signaling to the processor that an active interrupts exists Note:
within the chip. Interrupt tagig are sot in the Interrupt Flag x - logic AND. *-Logic OR.
Register (IFR) by conditions detected within the R65C22 or on
inputs to the R65C22. These flags normally remain set until the The IFR bit 7 is not a flag. Therefore, this bit is not directly cleared
Interrupt has been serviced. To determine the source of an inter- by writing a logic 1 into it. It can only be cleared by clearing all
rupt. the microprocessor must examine these flags in order, from the flags in the register or by disabling all the active interrupts
highest to lowest priority, as discussed in the next section.

Associated with each interrupt flag is an interrupt enable bit in
the interrupt Enable Register (lER). This can be set or cleared Interrupt Enable Register (IER)
by the processor to enable interrupting the processor from the
corresponding interrupt flag. if an interrupt flag is set tosa logic I For each interrupt flag in IFR, there is a corresponding bit in the
by an interrupting condition. and the corresponding interrP Interrupt Enable Register (lER) (Figure 30). Individual bits in thes

enable bit is set to a t. the Interrupt Request Output (IRO) lER can be set or cleared to facilitate controlling individual inter

will go low. lARO is an "open-collector" output which can be rupts without afec9n others. This is accomplished by writing

"wire-O'ed" with other devices in the system to interrupt the to the (lEA) after bit 7 set or cleared to, in turn. set or clear

processor. selected enable bits. If bit 7 of the data placed on the systm
date bus during this write operatio is a Q each I in bits 6 t~hroupt

Interrupt Fa 1"sePR)0 clears the corresponding bit in the Interrupt Enable Register.
FlagRegiter FR)For each zero in bits 8 through 0. the corresponding bit is

In the R66CM. all the erupft. fleag are contained in one register, unaffected.
i.e.. the IFR (Figure 29). In addition, bit 70of this register will be
reed as II logic I when an interrupt exists within the chip. This Selected bits in the lEA can be set by writing to the lEA with

allows very convenient polling of several device within a sys. bit 7 in the data word set to a 1. in this case, each t in bit 6
temn to locate the source of an interrupt. through 0 will set the corresponding bit. For each zero, the cor-

responding bit will be unaffete. This individual control of the
The interrupt Flag Regoswe (IFR) may be read directly by th setting and clearnog operations allows very convenient contfrol
processor. In addition, individual flag bite may be cleared by wiit of the interrupts during systm operation.
ing a "I" info the Appropriate, bit of the IFA. When the proper
chip seblect and register signals are applied to the chip, fth con- In addition to setting and clearing lER bits, the contents of this
teot o6 this regise are placed on the data bus. Bit 7 indicates register can be read at any lime. Bit 7 will be read as a logic 1,
the staltus of the lAOI output. This bit corresponds to the logic however

REG 13-INTERNUPT FLAG REGISTER REG 141-INTERRUPT ENABLE REGISTER

2SET By CLEARED B

_________ tic IR

CAAO0011 
L ~CA

____________ 1,0111AiiG

-- a Co.""' 'I ~L~ IT "I IEOR~ i 9,1G :1 INTERRUPIT

?W11 OUT of ?I "EAUTILOWO SIft2 ENABLED

SINDPINOthT ISTfRMiJT IVPUT IT.iS Ri..owIo OR 1s11 PIS. a 141I.iC. 1.ss IIAIIii
1.1,G ~ OUTiPUT 0iGISlimRORA OIRII.." P-0 commaSPIC)oGM fub nowIais

C '1.01 i.10AGISi ullA iiSF. S 1.1S 1111 Usa Ifl FSIT IS AIT"I VI iAt" I RINISO AISALIS T~l
Ci.:Ri"Ol 81*0IAG" VITo, TI'M iS S"C"I'io. COPPR(SIPONOING INTSR1POII

'aiO.Sk I If A iOf *01 Of IS MIGISVI"IS DOE0*1 T ?~ OIL .O I~ AND
AL L 01"liR 8 S OIS L L Off IiC I THt10INS I iI I OISAMILI STATE

FIguire 29. Interrupt Flag Register (IFR) Figure 30. Interrupt Enable Rogistw (IER)
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R65C22 Versatile Interface Adapter (VIA)

SWITCHING CHARACTERISTICS
(VCC . 5.0 Vdc t 5%. VSS . 0. TA - TL to TM. -unitess othelowiss noted)

PERIPHERAL INTERFACE TIMING ___

P iiwfm Min._IMax. unt Figr,~

F Rise and Fanl Time, or CAl. CR1. CA2 and C82 input SOgna* t.tI. - 1 ..a
Delay Time, Clcck Negative Tranaition to CA2 Negative Transition treed handsaktle tCA - 1.0 a 1, 1

Dea Tm. lckNgaie rnstont A2 Positive Transition (putle mode) ts, - 1031a

j Delay Time. CAI Active Transition to CA2 Positive Transition thandifallt model) tFIS _____ 2.0 58 31b
IDelay Time. Clock Positive Transition to CA2 or C82 Negative Transition (wietv, 4  0.05 1.0 A 31c31
I tindishk) Wte. S .31

Delay Time. Penvphral Date Valid to C82 Negative, Transition tos 0.20 1 5 ss 31c. 318

Delay Time. Clock Positive Transition to CA2 or C82 positive Transition (pulse model 4133 - 1 0 .3s 31 c

Delay Time, CAI or CR1 Active Transition to CA2 or C82 Positive Transiton t- 2.0 is 1 31d
(handshlkie mode)_ _ __

Dela Time Reaqtired front CA2 Output to CAI Active Transition (handshak* mode) t21 400 its 31d
Setup Time. Peripheral Data Valid to CAI or CR1 Aetive Transition (in1put latching) 111 300 its W1e

CAt. CR1 Setup Prior to Transition to Armt Latch j tvA, 300 ns 31@
;periphera Data Hold After CAI. CR1 Transition toH 150 - na 31e

ShittOut Dela Time - Time from 02 Fatling Edge to CR2 Data Out I t, - 3D0jna 31f
Shitft-In Setup Time - Time from CR2 Data in to 02 Rising Edge tsr 300 - nsaI 31g

FExtena Shift Clock (CR 1) setup rime Relative to002 Trailing Edge is" 100 Tcvjna 319
Pulse Widith - PRO input Pulse 4 

2 
x Tc, - l 311

1 Pulse Width - CR1 input Clock I'M~ 2 xTc, I- 31h
i Pulse Spacing - PRO input Pulse j ps 2 -ATc, 31,
IPulse Spacing - CR1 input Pulse 1" 2xT . T 31

BUS TIMING
I 1MHz 2Mz3 M z 4MH i

P§WAmee Symbol MIt' Ms Mrr as nn M s Unit F"gr

CycleTim ___ _D 330 20325. M

Phane2 Pulse Width High t 470 - 20 - 160 12 -s 3a

Phase2 Pulse Width LOW t  470 - 40I- 160 I - 120 I- ns 32b
Phase 2Transition 30 - ns_ _ _

Iselect. R/W Setup I 0 -~ 0o - 5 oL-

I Data Sus D"la tcos 1- 3201 150 - 130 1- 75 ri 32&
7Imataeus. mw 1,"- 10 -10 to - 101 I s
I Peripheral OAtasetu-p 1t~cq 300 I150 1 ...0 . 75_ no

1select RIA setup tA.w ISO 90C i ~ - a 65 45 its

ISOW' tFfi`ýlold ICAW 0 I 0__ - isJ
7D.. 9ue Setup tDC1 ¶95 1 75 - 65 4- 5 - is j 32b
I Dun quamold I i~I 10 10 - 10 - 10 r ......... 2...im

Itcihra~tapay I - 11000 5SW 330 - 250 ts 1
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PERIPHERAL INTERFACE WAVEFORMS

02

READ IRA
OPERATIO0

"DATA TAKEN".8

Figure 31s. CA2 Timing for Reed Nandetwake. Pulse Made

02 - 0.4V

READ IRA
OPERATION4

CA 2.OV
"DATA TAKEN" oSvCA2~ ~ ~ 

ICA2 
81IS

CAI
-DATA READY- 

: =

ACTIVE
TRANSITION

Figure 3Mb CA2 Timing for Reed Handshake. Handshakeo Mod

WRITE ORA, OHS

OPERATION

CA2. C52 2O

"DATA READY- 
V ý

PA. P9 .0
PERIPHERAL 04DATA os

Figure 31c. CA2. C82 Timing for Write Handshake. Pulse Mode
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62 2,4V

WRITE ORA. ORB
OPERATION

CA2. C92 2.OV
.DATA READY"ý je

PA. PS -.O
PERIPHERAL
DATA C&

CAI. Cal .O
-DATA TAKEN" ,

ACTIVE

Figure 31d. CA2, C82 Timing for Write Haendshake, Handshake Mode

PA. PS '2.0V
PERIPHERAL.
INPUT DATAGU

CAI. Cal 2.OV
INPUT LATCHING
CONTROL I 0.6V

ACTIVE

TRASITON

F1ur 310. Peripheral Data Input Latching Timing

C62

SHIFT DATA
(OUTPUT) 0CV-

Calg

SHIFT CLOCK
(INPUT On
OUTPUT) DELAY TOM IMEASURED FI1OU THE FIRST o2

FALLING EDGE AFTER Cat FALLING EDGE.

Figure 31f. Timing for Shift Out with Internal or External Shift Clocking
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C92 2.OV

S HIFT DATA
,INPUT) MO.SV

SNIP? CLOCK
(INPUT OR 4

OUTPUT)SET UP TIME MEASURED TO THE FIRST 02
RISING EDGE AFTER Cal RISING EDGE.

NOTE: SET UP TIMES IS" AND tsm MUST BE OBSER'VED.

Figure 31g. Timing for Shift In with Internal or External Shift Clocking

SHIFT CLOCK
INPUT\ 0110a v

Figure 31 h. External Shift Clock Timing

PULSE COUNT
INPUT , IV08

COUNTER T2

DECREMENTS
HERE

Figure 311. Pulse Count Input Timing
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BUS TIMING WAVEFORMS

02 24 4

CLOCK0.v.4

CHIP SEECS
REGISTER SELCTS.

PERIPHERAL

DATA BUS

Figure 32a. Read Timing Wevetorms

CLOCK 04

CHIP SELECTS. 
2O .REGISTER SELECTS06v0 ........

DATA
BUS jjjjjjjjj ~ ------

PERIPHERAL m .o

Figure 32b. Write Timing Waveorm,
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ABSOLUTE MAXIMUM RATINGS*
parinwete SYmbOl I Vale Funit *NOTE: Stresses above those tisted may cause permanent

supyVttg c - 0.3 to .70 Vdc damage to the device. This is a stress rating only and function-
.0.3 - at operation of the device at these or any other conditions above

inutVotee IM 0.3 to Vcc- . Vdc those indicated in the other sections of this document is not
output Voltage VOL, -0.3 to Vcc . 0.3 Vdc implied. Exposure to absolute maximum rating conditions for

Operating Temperature TA -C extended penods may affect device reliability
Conimemlial 0 to . 70
Industrial -40 Ito . 85

I Swap Temperature 
T

STG -55t0 * 150 1 I

OPERATING CONDITIONS
Paiuuete Srmbol Value

Supply Voltage Vc 5V t 5%

Temperature Range TA Tt to T.
Commercial O*C to 70*C
Industrial - ().c to +85-C

ELECTRICAL CHARACTERISTICS
(VCC . 5.0 Vdc t 5%. VS - 0. TA *TL to TH. unless otherwise noted)

Pm~ntrSmo Min. Typ.3  I Max. i Unit' [ Taot Conditions
Logic0 I 2.

input High Voltage" VIM V
LOW .204

Input Low V~la~ VILF ~ r V
Logic -0+
02 -.0 .04 1

InputLfLeka Current 1I~f - ± I ±t2.5 sA V OVto VCC
R/W. RES. RM. RIS1. A62. AS3. CS1, -S-2. CAI. 02 1 -C 525V

input Leelage Cu~rrent for Thrae"tae Ot1 l!s, 12 ±10 AA VIM 4 V -4

00-07 ___ ____ _________ 5___ cc 2
5V

Input High Cu~en 2i0 -40 VM 24
PAO-PA7, CA.2. PO0-P6B? CB1t C82VH 2

Ounput LOW Currernt t-ikfg -__ 2 - 21 m VI 0 4V

PAO-PI. C2. PW1067 C61tC.2
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PACKAGE DIMENSIONS

40-PIN CERAMIC DIP

LA 502 1 ,-31 060 20•0

11 11L So ao 10 S 0 oo06251

0 036 '2710016 00201

-a 2 S4 aw., 0,w sc

rum p 1 0204 033 0006 0013
2 25 4.'q0o10I0 0 as

L . . 3 -. 0
0 pf , 05"io, ,52 o0020 o 00W

40-PIN PLASTIC DIP - _

__ _ _ _m__ _ am MA UNIN It"l
-4A 125 52 t32 2040 2060

5 1372 1422 0540 0500

C 355 506 0140 0200

O 038 051 0014 02
IF 

1
0
2  

15.
2  

00~0 0060

-A a 2044SW 0100mow

---- - ---- - ----- - ,-. - -J 020 030 0006 00"4
3 30 420 0120 00•-

J',4 4"• 11J ' 034 oSC 01007

N 051 120 0020 0040o

444"IN PLASTIC LEADED CHIP CARRIER (PLCC)

-0 SEATlO PLANE

coiu m _Mx ma
A 41 143 3 10173

.L..... At 17 44? 0064 0010
11-y 0 014e conl

6 0 *00 3 4•2 0031 00"•7
01 0 .71 O00 a O6le9

1017 .0 174 1710 0667 0483
DI IOCTom ot 1064 1 log 06606

48* E~l6OIi4t. SICTT O•

II 14077 00461

TOP VIEW Sl viE j ;W ;0101W

sHm. 45* 011 'a, 7 4 45- TYP

AA

-- ---- mo AISsx SCTION LAA

OGN s.j us-b ypm FOR DT XI ECITF s M

3 PLOS aEQuAU.Y PACKAGE PUE 4~S OTTUO
SPACES (TYPIOCAL)

NOTTOU vow

1-51



0

R65C22 Versatile Interface Adapter (VIA)

R65NC22/R65C22 DIFFERENCES

1. Regm"e select tiles ar deCd duiNng i2. 1. Register select line are decoded during F2 only it CU2 is active
low.

2. CBl must not change durng LaM 100 ns of 02. CB1 musg have a 2. C81 can change anytime but is sampled only during F Ca1 must
pulse width grater than one period, have a pulse greater than one period.

I P8O-P?7 and CBI. C62 have active pul-ups. 3. P90-PB7 and CB1. Ca2 have passive pul ups -3 XW)

4. P8O-PS7. C1 and C82 rpresnt to standard TTL loads in the 4 P80-PS7. C81 and C82 represent one standard rTL load in thenput
input mode and will doriv two st"dard L "ds in the oultxu moos, mode and wilt drive one standard TTL toad in the outpu mode
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SECTION 1
INTRODUCTION

The HCMOS MC68HC11A8 is an advanced single-chip microcomputer (MCU) with highly sophisticated on-
chip peripheral functions. New design techniques are used to achieve a nominal bus speed of two
megahertz. In addition, the fully static design allows operation at frequencies down to dc, further reducing
its low power consumption.

1.1 FEATURES

The following are some of the hardware and software highlights.

Hardware Features

@ 8K Bytes of ROM
0 512 Bytes of EEPROM
0 256 Bytes of RAM (All Saved During Standby) Mappable to Any 4K Boundary
* Enhanced 16-Bit Timer System:

Four Stage Programmable Prescaler
Three Input Capture Functions
Five Output Compare Functions

0 An 8-Bit Pulse Accumulator Circuit
0 An Enhanced NRZ Serial Communications Interface (SCI)
0 A Serial Peripheral Interface (SPI)

* Eight Channel, 8-Bit Analog-to-Digital Converter
0 Real Time Interrupt Circuit
* Computer Operating Properly (COP) Watchdog System
* Available in Dual-in-Line or Leaded Chip Carrier Packages

Software Features

* Enhanced M6800/M6801 Instruction Set
0 16 x 16 Integer and Fractional Divide Features
0 Bit Manipulation
* WAIT Mode
* STOP Mode

0



1.2 GENERAL DESCRIPTION

The MC68HCIIA8 is a single-chip microcomputer that utilizes HCMOS technology to provide the low-
power characteristics and high noise immunity of CMOS plus the high-speed operation of HMOS. On-chip
memory systems include a 8K byte ROM, 512 bytes of electrically erasable programmable ROM tE EPROM),
and 256 bytes of static RAM. The MC68HC1 1A8 microcomputer also provides highly sophisticated, on-chip
peripheral functions including: an 8-channel analog-to-digital (A/D) converter, a serial communications in-
terface (SCI) subsystem, and a serial peripheral interface (SPI) subsystem.

The timer system provides three input capture lines, five output compare lines, and a real time interrupt
circuit.

Other features include: a pulse accumulator which can be used to count external events (event counting
mode) or measure an external period; a computer operating properly (COP) watchdog system which helps
protect against software failures; a clock monitor system which causes generation of a system reset in case
the clock is lost or running too slow; an illegal opcode detection circuit which provides an unmaskable inter-
rupt if an illegal opcode fetch is detected; and two power saving standby modes, STOP and WAIT.

A block diagram of the MC68HC11A8 is given in Figure 1-1.
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Figure 1-1. Block Diagram
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SECTION 2
CPU REGISTERS, FUNCTIONAL PIN DESCRIPTION,

OPERATING MODES, INPUT/OUTPUT PROGRAMMING, AND MEMORY

This section provides a description of the CPU registers, functional pins, input/output programming, and
memory.

2.1 CPU REGISTERS

In addition to being able to execute all M6900 and M6001 instructions, the MC6I-IC11AS uma 4-page op-
code map to allow execution of 91 new opcodes. Seven registers, discussed in the following paragraphs,
ae available to programmers as shown in Figure 2-1. Figure 2-2 gives the interrupt stacking order.

17 A 017 9 0 1 My ACCUMIA10 A AND I
115o 0O I0flr OoMWU CCIM"TOR o

lis Ix a W RSEXMSEX

S115 SP 0 STACK POISTIlR

IKs 0 1 ,WAM COMTM

7 0
V J Co

Figure 2-1. Programming Model
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STACK 2.1.1 Accumulators A and B
Sp PCL SP- - MITIMM Accumulator A and accumulator B are general-
SIPI KH purpose 8-bit registers used to hold operands andS.2 In, results of arithmetic calculations or data manipula-

V-3 WIN! tions. Them two accumulators can be con-
W-4 Im catenated into a single 16-bit accumulator called
SV-5 INa the D accumulator.
SP6 ACCA
SF? ACCU

- - V AM UM 2.1.2 Index Register X ISX)

Figure 2-2. Interrupt The 16-bit IX register is used for indexed mode ad-
Stacking Order dressing. It provides a 16-bit Indexing value which

is added to an 8-bit offset provided in an instruc-
tion to create an effective address. The IX register can also be uesd as a counter or as a temporary stomr
register.

2.1.3 Index Register Y (IY)

"The 16-bit IY register is also used for indexed mode addressing similr to the IX reogse; however, aN in-
structions using the IY register require an extra byte of machine code and an extra cycle of execution time
since they wre two byte opcodas.

2.1.4 Stack Pointer ISP)

The stock pointer (SP) is a 16-bit register that contains the address of the next free locatin on the stack.
The stack is configured as a sequence of last-in-first-out reed/write registers which allow important data to
be stored during interrupts and subroutine calls. Each time a new byte is added to the stack (a push), the
SP is decremented; whereas, each time a byte is removed from the stack (a pull) the SP is incremented.

2.1.6 Program Counter (PCI

The program counter is a 16-bit register that contains the addrme of the next instruction to be executed.

2.1.6 Condition Code Register (CCR)

The condition code register Is an 8i regist in which each bit signifies the results of the instuction Just
executed. Thes bits can be individually tetid by a program and a spetific action can be taken as a result of
the test. Each Individual condition code register bit is explained below.

2.1.6.1 CARRY/BORROW (C). The C bit is sat If there wee a carry or borrow out of the arithmetic logic
unit IALU) during the l arithmetic operation. The C bit is also affected during sahft end rotate instnrc-
tions.

2.1.6.2 OVERFLOW IV). The overflow bit is ast if there wee an arithmetic overflow as a result of the opera-
tion; otherwise, the V bit is cleared.

2.1.6.3 ZERO MZ). The zero bit is set If the result of the la arithmetic, logic, or data manipulation operation
was zero; otherwise, the Z Lit is cleared.

2.1.6.4 NEGATIVE IN). The negative bit is set if the result of the last arthmetic, logic, or data manipulation

operation was negative; otherwise, the N bit is cleared.0
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2.1.6.51 INTERRUPT MASK I1). The interrupt mask bit is set either by hardware or program instruction to
disable (mask) all maskable interrupt sources (both external and internal).

2.1.6.6 HALF CARRY (H). The half carry bit is set to a logic one when a carry occurs between bits 3 and 4
of the arithmetic logic unit during an ADD, ABA, or ADC instruction; otherwise, the H bit is cleared.

2.1.6.7 X INTERRUPT MASK WX). The X interrupt mask bit is set only by hardware (RESET or XIRQ
acknowledge); and it is cleared only by program instruction (TAP or RTI).

2.1.6.1 STOP DISABLE IS). The stop disable bit is set to disable the STOP instruction, and cleered to
enable the STOP instruction. The S bit is program controlled. The STOP instruction is treated as no opera-
tion (NOP) if the S bit is set.

2.2 FUNCTIONAL PIN DESCRIPTION

The following paragraphs describe all of the function pins except for the ports which are discussed
separately under 2.3 OPERATING MODES AND INPUT/OUTPUT PROGRAMMING.

2.2.1 VDD AND VSS

Power is supplied to the MC68HC11A8using these two pins. VDD isthe power input I + 5volts) and VSS is
ground.

2.2.2 RESET

This active low bidirectional control pin is used as an input to initialize the MC6BHC11AB to a known startup
sate, and as an open-drain output to indicate an internal failure has been detected in either the clock
monitor or computer operating properly (COP) circuit. Refer to Figure 11-19 for a typical reset circuit.

2.2.3 XTAL and EXTAL

Thee two pins provide for en interface with either a crystal or a CMOS compatible clock to control the
MC8BHC1 1A8 internal clock genertatr circuitry. The frequency applied to them pins should be four times
the desired internal clock rate. The XTAL output is only intended to drive the crystal. it should not be used
to drive extemal circuitry. The XTAL pin must be left unconnected when using an external CMOS compati-
ble clock on EXTAL. Refer to Figure 11-18 for a diagram of the oscillator circuits.

2.2.4 E IENABLE) CLOCK

The E pin provides an output for the internally generated E clock which can be used as a timing reference.
The frequency of the E output is actually one fourth that of the input frequency at the XTAL and EXTAL
pins. In general when the E pin is low, an internal process is taking place and, when high, data is being ac-
cIsed. The E sga is halted when the MCU is in a STOP state.

2.5 IR

The IRO pin provides a means for requesting asynchronous interrupts to the MC0BHC11AS. It is program
slectable (OPTION register) with a choice of either negative edge-sensitive or level-sensitiv triggering,

and is always configured to level-sensitive triggering during rset. The IRO pin requires an external resistor
to VD, .
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2.2.6 XIRQ

The X-RQ pin provides a means of requesting asynchronous non-maskable interrupts to the MC68HCI lAB.
after a power-on reset. During reset, the X bit in the condition code register is set and the XIRd interrupt is
masked to preclude interrupts on this line until MCU operation is stabilized. The XIRQ is a level sensitive pm
and requires an external resistor to VDD.

2.2.7 MODA/LIR AND MODS

During reset, these two pins are used to control the two basic operating modes of the MCOSHC1 1 AS plus
two special operating modes (Table 2-1). Refer to 2.3 OPERATING MODES AND INPUT/OUTPUT
PROGRAMMING for more detailed information.

Table 2-1. Operating Modes versus MODA and MODS
MOOS MODA Mode Selected

1 0 sig-chi (Made 0)
I 1 EXlPeadd MAN31eed (Mode 1I
1 0 special Soo51tuap
I I Specsel Too

NOTE:
1= Logic High
0 = Logic Low
I = 1.6 Timu VDOD 1o Highe)

In addition to the MODA function, the MODA/UOR pin provides an output as an aid in debugging once reSet
is completed. The LIR pin goes to an active low during the first E clock cycle of each instruction and re-
mains low for the duration of that cycle (opcode fetch).

2.2.8 VRL and VRH

These two pins provide the reference voltage for the analog-to-digital converter.

2.2.9 R/W/STRB

This pin provides two different functions depending on the operating mode.

In the single-chip mode, the STRB pin acts as a programmable strobe for handshake to a parallel I/O
device.

In the expanded multiplexed mode, R/W (read/write) is used to control the direction of transfers on the ex-
temal data bus. A low level (write) on the R/W pin enables the data bus output drivers to the external data
bus. A high level-read) on this pin forces the output drivers to a high-impedance state and data is read from
the external bus. R/W will stay low during consecutive data bus write cycles, such as in a double-byte
store.

2.2.10 AS/STRA

This pin provides two different functions depending on the operating mode.

In the single-chip mode, the STRA pin acts as a programmable input strobe, which can be used with STRB
and port C for full handshake modes of parallel I/O.

In the expanded multiplexed mode, the AS laddress strobe) output may be used to demultiplex the address
and data signals at port C.



2.3 OPERATING MODES AND INPUT/OUTPUT PROGRAMMING

There are five 8-bit ports on the MC6BHC11A8 MCU. Three of these ports serve more than one purpose,
depending on the mode configuration of the MCU. A summary of the pins versus function and mode is pro-
vided in Table 2-2 and discussed in the following paragraphs. Because some of the port functions are con-
trolled by the particular mode selected, each port is discussed for its functionts) during the mode of opera-
tion. Unused port input or I/O pins should be tied high or low.

Table 2-2. Port Signal Summary
Single-Chip Expanded Multiplexed

Portt-it Modes 0 and Bootstrap Mode Mode l and Special Test Mode

A-0 PAO/1C3 PAO/IC3
A-1 PAVIIC2 PAI/IC2
A-2 PA2/1Cl PA2/IC
A-3 PA3/OCS/end-w OCt PA3OCS/lnd-or oC1
A4 PA4/OC4/and-or OCt PA4/OdX/and-or OCt
A-5 PAS/003/end-or OCt PAS/OC3/and-or OCt

A-6 PAW/OC2/mnd-or OCt PA6/OC2/nd-.w Oý'
A-7 PA7/PAI/OCt PA7/PAI/OCI

8-0 POO AS

8-1 Pet As
8-2 P82 AI0
8-3 P83 All
8-4 P64 A12
B-5 Pa5 A13
8-6 Po6 A14
8-7 P87 AIS

C-0 PCO 4O/00
C-1 PCI Alo/?
C-2 PC2 A2/02
C-3 PC3 A3/03
C-4 PC4 Ad/l4

C-5 PCs AS/05
C-6 PC6 AW/ON
C-7 PC7 A7/07

0-0 PDO/RxO P00/RXD
0-1 POt/TxD POtITxD
0-2 P02/MISO P02/MISO
0-3 PD3/MOSI P03/MOSt
0-4 POD4/SCK P04/SCK
0-5 POS/SS POStrs

0-6 STRA AS
0-7 STRB R/W

E-0 PEO/ANO PEO/AND
E-1 PEt/ANt PEt/ANt
E-2 PE2/AN2 P.2/AN2

E-3 PE3tAN3 PE3/AN3
E-4 PE4/AN4 Of PE4/AN4 Of
E-, PES/ANS #O PES/AN5 If
E46 PE6/AN6 Of P86/ANG Of
E-7 PE7/AN7 U0 PET/AN7 it

I8- not bondd in 41-pin vaiatons f

2.3.1 Single-Chip Mode

In the single-chip mode, the MC68HC IIA8 functions as a monolithic microcomputer without external ad-
dress or data buses.

2.3.1.1 PORT A. In all operating modes port A may be configured for: three input capture functions (IC1,
IC2, IC3), four output compare functions I0C2, 0C3, 0C4, 0C5). and a pulse accumulator input (PAI) or a
fifth output compare function (OCiI. Refer to 8.1 PROGRAMMABLE TIMER for additional information.



Each port A pin that is not used for its alternate timer function may be used as a general-purpose input or
output line.

2.3.1.2 PORT B. All of the port B pins are general-purpose output pins. During MCU reads of this port, the
level sensed at the input side of the port B output drivers is read. Port B may also be used in a simple
strobed output mode where the STRB pulses each time port B is written.

2.3.1.3 PORT C. All port C pins are general-purpose input/output pins. Port C inputs can be latched by the
STRA input. Port C may also be used in full handshake modes of parallel I/O where the STRA input and
STRB output act as handshake control lines.

2.3.1.4 PORT D. Port D bits 0-5 may be used for general I/O or with the serial communications interface
(SCII and serial peripheral interface (SPI) subsystems. Bits 6 and 7 are used as handshake control signals
for ports B and C.

Bit 0 is the receive data input (RxD) for the serial communication interface (SCI).

Bit 1 is the transmit data output (TxD) for the SCI.

Bits 2 through 5 are dedicated to the serial peripheral interface (SPI). Bit 2 is the master-in-slave-out (MISO)
line. Bit 3 is the master-out-of-slave-in (MOSI) line. Bit 4 is the serial clock (SCK) and bit 5 is the slave select
(SS) input.

Bit 6 is STRA.

Bit 7 is STRB.

2.3.1.5 PORT E. In all operating modes, port E is used for general-purpose inputs and/or analog-to-digital
(A/ D) channel inputs. Port E should not be read while an A/D conversion is actually taking place.

NOTE
On 48-pin packaged versions of the MCEWHC1 1AS, the four most significant bits of port E are not
connected to pins.

2.3.2 Expanded Multiplexed Mode

In the expanded multiplexed mode, the MCOBHC11AS has the capability of accessing a 64K byte address
space. The total address space includes the same on-chip memory address as for mingle-chip mode plus ex-
ternal peripheral and memory devices.

2.3.2.1 PORT A. -This port has the same functions as in the single-chip mode (refer to 2.3.1.1 PORT A).

2.3.2.2 PORT B. All of the port B pins act as high order address output pins. During each MCU cycle, bits 8
through 15 of the addrees are output on the PB0-PB7 lines respectively.

2.3.2.3 PORT C. All port C pins are configured as multiplexed address/data pins. During the address por-
tion of each MCU cycle, bits 0 through 7 of the address are output on the PCO-PC7 lines. During the data
portion of each MCU cycle (E high), bits 0 through 7 (00-D7) are bidirectional data pins controlled by the
R/W signal.



2.3.2.4 PORT D. This port functions the same way as in the single-chip mode ( refer to 2.3.1.4 PORT D) ex-
cept bits 6 and 7 which act as expansion bus control lines AS and R/W respectively.

2.3.2.5 PORT E. This port has the same function as in the single-chip mode (refer to 2.3.1.5 PORT EL.

2.3.3 Bootstrap Mode
The bootstrap mode is considered a special mode as distinguished from the normal operating single-chip
mode. This is a very versatile mode since there are essentially no limitations on the special purpose program
that is boot loaded into the internal RAM. The boot loader is contained in 192 bytes of ROM which is
enmabled as internal memory space at *9F40-*BFFFR The boot loader contains a small program which reads
a 256 byte program into on-chip RAM ($0000O400FF) via the SC. After the character for address *0OFF is
received, control is automatically passed to that program at memory address W=00 and the MCU starts
operating.

In the bootstrap mode, the seria receive logic is initialized by software in the boot loader ROM to be 1200
baud for a 8.0 MHz crystal or 600 baud for a 4.0 MHz crystal and a data formnat of one start bit, 8-bit data,
and one stop bit. An opening characer should be $FF. The characer followin that will be placed at MW00
and each subsequent character is put in the next higher address until the entire 258 bytes are file. Note
that the entire 256byte space must be filled.

2.3. Test Mode

The test mode is used for factory testing.

2.4 MEMORY

Comnposite memory maps for each MCGSHCI IlAS mode of operation are shown in Figure 2-3. These modes
include single-chip, expanded multiplexed, and special boot.

NZoa So Fl7= 64 9MT NETWE MC= WE TAKLE 2.3
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In the single-chip mode (mode 0) of Figure 2-3, the MC68HClIA8 does not generate external addresses.
The actual internal memory locations are shown in the shaded areas of Figure 2-3 and the contents of these
shaded areas are shown on the right side of the diagram. Refer to Table 2-3 found on a foldout page at the
back of this document for a full list of the registers.

The expanded multiplexed mode (mode 1) memory locations shown in Figure 2-3 are basically the same as
for the single-chip mode; however, the memory locations between the shaded areas (designated EXT) are
for externally addressed memory and I/O.

The special bootstrap mode memory locations are similar to the single-chip memory locations except that a
special bootstrap program is addressed at memory locations $BF40 through $BFFF.

2.4.1 ROM

The internal 8K ROM occupies the highest 8K of the memory map ($EOOO-SFFFF). This ROM can be dis-
abled when the ROMON bit in the CONFIG register is clear. This register bit is implemented with an
EEPROM cell and should be programmed using the same procedures for programming the on-chip
EEPROM.

2.4.2 EEPROM

The MC68HC11A8 includes 512 bytes of EEPROM located in the area $B600 through $87FF which has the
same read cycle time as the internal ROM. The write (or programming) mechanism for the EEPROM is con-
trolled by the PPROG register. The 512-byte EEPROM is disabled when the EEON bit in the CON FIG register
is clear. This register bit is implemented with an EEPROM cell.

2.4.3 Programming/Erasing Internal EEPROM

The EEPROM programming and erasure process is controlled by the PPROG register. The operating modes
for the 512-byte EEPROM are as follows:

NORMAL READ - In this mode, the ERASE bit in the PPROG register must be clear (not erase mode)
and the EELAT bit must be clear (not programming model. While these two bits are
cleared, the ROW and EEPGM bits in the PPROG register have no meaning or effect,
and the 512-byte EEPROM may be read as if it were a normal ROM.

PROGRAMMING - During EEPROM programming, the ROW bit is not used. If the E clock frequency is
less than 1 MHz the CSEL bit in the OPTION register must be set. The normal se-

- quence of events in programming the EEPROM is as follows:

1) Write xxxx x010 to the PPROG register. This specifies program normal mode
(ERASE bit = 0), address/data buses configured to latch address and data informa-
tion (EELAT bit = 1), and erase voltage turned off (EEPGM bit =0).

2) Write data to be programmed to the desired EEPROM address. This write causes
the address and data to be latched in a parallel internal latch.

3) Write EEPGM bit to one Ixxxx xOl). This couples the EEPROM programming sup-
ply voltage to the EEPROM array, to program the specified data into the specified
address in EEPROM.



41 Delay for 10 milliseconds.

5) Write xxxx x0 0 to the PPROG register to turn off the programming voltage.

6) Repeat steps 2) through 5) until all desired locations have been programmed.

7) Write EELAT bit back to zero to allow the programmed data to be verified.

''ERASE - If the E clock frequency is less than 1 MHz, the CSEL bit in the OPTION register must
be set when erasing the EEPROM. The EEPROM has three erase modes:

1) full, 512-byte simultaneous "bulk" erase,

2) "row" erase where only one row (16 bytes) is erased at a time, and

3) "byte" erase where a single specified byte is erased.

'OTE
The erased state of all EEPROM cells is logic o, ie. On early parts, byte and row erase are not im-
plemented.

The normal procedure for erasure of the entire EEPROM is:

1) Write xxxx 0110 to the PPROG register. This specifies the "all" erase mode (ROW bit = 0), erase mode
(ERASE bit= 1), EEPROM configured for address/data latching (EELAT bit= 1), and erase voltage
turned off (EEPGM bit=0).

lI) A write must be done to any EEPROM address after Step. 1.

ib) Optionally if the CONFIG register is also to be erased, a 'rite to the addrm of the CONFIG
register must be performed after "bulk" erase was specified by the write, in step 1 above, and
before the programming voltage is turned on in step 2 below.

In the case of erasure, the data involved in this write operation is ; nimportant and the write is needed
only for the addressing information it provides.

2) Write xxxx 0111 to the PPROG register to turn on the erase voltage to the EEPROM array.

3) Wait for 10 milliseconds to allow the erasure to complete.

4) Write xxxx 0110 to the PPROG register to turn off the erase voltage.

5) Write xxxx 00138 to the PPROG register to return the EEPROM to the normal read configuration.

The normat procedure for erasure of a row of EEPROM is:

1) Write xxxx 1110 to the PPROG register. This specifies the "row" erase mode (ROW bit= 1), erase
mode (ERASE bit 1), addres/date bums configured to latch row address information (EELAT
bit= 1), and erase voltage turned off (EEPGM bit =0).

2) Write to an address in the EEPROM row to be erased (each row is 16 byte). This latches the row ad-
drining infowtion for the row to be erased.

0



3) Write xxxx 1111 to the PPROG register to turn on the erase voltage to the EEPROM array.

4) Wait for 10 milliseconds to allow the erasure to complete.

5) Write xxxx 1110 to the PPROG register to turn off the erase voltage.

6) Write xxxx 0000 to the PPROG register to return the EEPROM to the normal read configuration.

The normal procedure for erasure of a single byte of EEPROM is:

1) Write xxxl x110 to the PPROG register. This specifies the byte erase mode (BYTE= 1; ROW=x),
erase mode (ERASE bit= 1), address/date buses configured to latch address information 1EELAT
bit= 1), and erase voltage turned off (EEPGM bit =0).

2) Write to the address in the EEPROM to be erased (data is ignored). This latches the address of the byte
to be erased.

3) Write xxxI xl 11 to the PPROG -egister. This turns on the erase voltage to the EEPROM array. EEPGM
was not changed to one in the same write operation as the write that configured ROW, ERASE, and
EELAT because of the possibility of enabling the eras voltage before the erase mode specification
was stable.

4) Wait for 10 milliseconds to allow the erasure to complete.

5) Write xxxl x110 to the PPROG ,egister to turn off the erase voltage.

6) Write xxxO 0000 to the PPROG register to return the EEPROM to the normal read configuration.

2.4.4 PPROG Register (EEPROM Programming Control)

This 8-bit register (see Figure 2-4) is used to control programming and erasure of the 512-byte internal
EEPROM. Reset clears this register to *0M so EEPROM is configured for normal reeds.
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Figure 24. EEPROM Programming Control Register (PPROG)

Bit 7, ODD Used to Program Odd Rows (TEST)

Bit 6, EVEN -Used to Program Even Rows (TEST)

Bit 5 Not Implemented

Bit 4, BYTE Used for Erasing Bytes-Overrides Bit 3
0=Row or Bulk E ase

1 = Erase Only Ora Byte

Bit 3, ROW Used for Row Erasing
0 = Bulk Erese
1 =Row Erase
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Bit 2, ERASE Enables the Erase
0 = Normal Read or Program
1 = Erase Mode

Bit 1, EELAT EEPROM Latch Control
0 = EEPROM Address and Data Configured for Read
1 = EEPROM Address and Data Configured for Programming

Bit 0, EEPGM Program Command
0 = Switched Off
1 = Turned On

2.4.5 RAM

The 256 byte internal RAM may be positioned in the memory map during initialization by writing to the INIT
control register. The reset default position is $0000 through WOOFF. RAM is implemented with static cells
and retains its contents during the WAIT and STOP modes.

2.4.6 Internal Registers

There are 64 internal registers which are used to control the operation of the MC6BHC1 1AS. These registers
can be remapped in the memory space on 4K boundaries using the INIT register. Refer to Table 2-3 (found
on a foldout page at the back of this document) for a complete list of the registers. Most of the registers are
explained throughout the text.

2.4.7 INIT Register (RAM and I/O Mapping)

This special purpose 8-bit register (see Figure 2-5) is used (optionally) during initialization to change the
default locations of RAM and internal registers in the MCU memory map. It may be written to only once
within the initial 64 E cycles after a reset and thereafter becomes a read-only register.

57 Is Is 84 W3 12 of N
I5MM I 21 MI2 I5* W I 55 1w I 12 51 I i16I s.0•3

Figure 2-5. RAM and I/O Mapping Register IINIT)

The default starting addresa for internal RAM is W=00) and the default starting address of the 64 byte inter-
nal register space is $1000 (the INIT register is initialized to *01 by reset). The upper four bits of the INIT
eglstr specify the starting address for the internal 258 byte RAM and the lower four bits of INIT specify the

starting address for the 64 byte internal register space. The four bits reflect the upper nibble of the 16-bit,
address.

Note that if the RAM is repositioned to $EO00 or $F000 so that it conflicts with the internal ROM (no conflict
if in "No ROM" mode), then the RAM takes higher priority and the conflicting ROM becomes inaccessible.
Alo, if the 64-byte internal register space is repositioned so that it conflicts with the RAM and/or ROM,
then the register space takes highest priority and the RAM and/or ROM become inaccessible.
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SECTION 3
RESETS, INTERRUPTS, AND LOW POWER MODES

This section provides a description of the resets, interrupts, and low power modes for the MCGBHC1 IAll.

3.1 RESETS

The MCO8HC11A8 has four possible types of reset: an active low external rese pin (RESET), a power-on
reset function, a computer operating properly 1COP) watchdog timer rese, and a clock monitor reset.

3.1.1 RE-SET Pin

ThE E- pin is used to reset the MCU to provide an orderly software startup procedure. When the
RESET pin goes iow, it is held low by an internal device for four E cycles, than released, and two E cycles
later it is sampled. If the pin is low, it means that an external rese has occurred. If the pin is high, it means
that thereset was initiated internally by the watchdog timer (COP) or the clock monitor (refer to Figure 3-1).

LATCHED RESET

EETERRIL RESET FIN a FRO
THEREFORE THE RESET IS INTMUA1

LATCHED hREST

EXTIANA FIXP IS LOW
THEREORE THE RESET i EXTERNAL

*The 15! pin we nev be low for ism "%onf four cycles because an inuraedm~ #Aic hold ft low evenl of t is only driven for a uhof len

Fgure 3.1. Reset Timing
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3.1.2 Power-On Reset

The power-on reset occurs when a positive transition is detected on VDD. The power-on reset is used
strictly for power turn-on conditions and should not be used to detect any drops in power supply voltage.
The power-on circuitry provides for a 4064 cycle time delay from the time of the first oscillator operation. In
a system where E = 2 MHz, POR lasts about 2 milliseconds. If the system power supply rise time is more
than 2 milliseconds, an external reset circuit should be used. If the external R pin is low at the end of
the power-on delay time, the processor remains in the reset condition until the RESET pin goes high.

CPU After reset, the CPU fetches the restart vector from SFFFE and $FFFF ($BFFE and SBFFF
if in special bootstrap mode) during the first three cycles after reset, and begins executing
instructions. The stack pointer and other CPU registers are indeterminate immediately
after reset; however, the X and I interrupt mask bits in the condition code register are s
so interrupt requests are masked. Also, the S bit in the condition code register is set so
that the stop mode is disabled.

Memory Map After reset, the INIT register is initialized to 001, putting the 256 bytes of RAM at *0000
and the internal registers at $1000. The 8K-byte ROM and/or the 512-byte EEPROM may
or may not be present in the memory map because the two bits that enable them in the
CONFIG register are EEPROM cells and are not affected by rest or power down.

Parallel I/0 When reset occurs in expanded multiplexed mode, the 18 pins used by the parallel I/O
functions are dedicated to the expansion bus. If reset in single-chip mode, the STAF,
STAI, and HNDS bits in the parallel input/o;Jtput control (PIOC) r tm are initialized to
zeros so that no interrupt is pending or enabled, and the simple strobed made (rather than
full handshake mode) of parallel I/O is selected. The CWOM bit in the PIOC is initialized
to zero (port C not in wired-OR mode). Port C is initialized as an input port (ODRC = *WI),
port B is a general purpose output port with all bits initialized to logic zeros. Port D bit 6 is
the STRA edge-sensitive strobe input and the active edge is initially configured to detect
rising edges (EGA bit in the PIOC set to one by rem), and port D bit 7 is the STRB strobe
output and is initially a logic zero (the INVB bit in the PIOC is initiaizsd to logic one). Port
C, port D bits 0 through 5, port A bits 0, 1, 2, and7, and port E re configured as geerm
purpose high-impedance inputs. Port B and bits 3 through 6 of port A have their direc-
tions fixed as outputs, when used as general purpose I/O pins, and their reet state is a
logic zero.

Timer During reset, the timer system is Initialized to a count of *0000. The prescaler bits a set
to 0:0, and all output compare registers are initialized to SFFFF. AN input capture registers
are indeterminate after reset. The output compare 1 mask (OCIM) register is cleared so
that successful OCI compares do not affect any i/O pins. The other four output com-
pares ae configured so as not to affect any I/O pins on succeesful compares. AN three in-
put capture edge-detector circuits are configured for "capture disabled" operation. The
timer overflow interrupt flag and all eight timer function interrupt flags are cleared and @1
nine timer interrupts are disabled since their mask bits are cleared.

Ree Time The real time interrupt flag is cleared and automatic hardware interrupts am masked. The
Interrupt rate control bits are cleared after ret and may be initialized by software before the real

time interrupt system is used.

Pulse The pulse accumulator system is dib at rset so that the PAl input pin defaults to
Accumulator being a general purpose input pin.

0



COP The COP watchdog system is enabled if the NOCOP control bit in the sstem configur.-
tion control register IEEPROM call) is clear, and disabled if NOCOP is w. The COP rate is
set for the shortest duration timeout.

SCI Serial I/0 The reset condition of the SCI system is independent of the operating mode. At reset, the
SCI baud rate is indeterminate and must be established by a software write to the BAUD
register. All transmit and receive interrupts are masked and both the transmitter and
receiver are disabled so the port pins default to being general purpose I/0 lines. The SCI
frame format is initialized to 8-bit word size. The send break and receiver wake up func-
tions ae disabled. The TDRE and TC status bits in the SCI status register ae both set, in-
dicating that there is no transmit data in either the transmit data register or the transmit
serial shift register. The RDRF, IDLE, OR, NF, and FE rceive-related status bits are all
cleared.

SPI Serial I/O The SPI system is disabled by rest. The port pin associated with this function default to
being general purpose I/0 lines.

A to D The A/D system configuration at reet is indeterminate.

System The EEPROM programming controls ae all Ndsled so the memory system is configured
for normal read operation. The highest priority I interrupt defaults to being the external
IM? pin by PSEL3-PSELO equal to 0:.1:0:1. The lRfl interrupt pin is configured for level
sensitive operation (for wire-OR systems). The ABOOT, SMOD, and MDA bits in the
HPRIO register reflect the status of the MODS and MODA inputs at the rieing edge of
reset. The DLY control bit is set to specify that an oscillator start-up delay is imposed
upon recovery from STOP mode. The clock monitor system is disabled by CME equal
zero.

3.1.3 Computer Operating Properly (COP) Reset

The watchdog timer, if not reset within a specific time by a COP rest sequence, will generate an MCU
reet and drive the 9 pin low to reoe the external system.

3.1.4 Clock Monitor Reset

The dock monitor circuit, if enabled, measures the E-clock frequency. If the E-clock signal is lost, or its fre-
quency falis below about 200 kHz, then an MCU reset is generated, and the RE T pin is driven low to reest
the external system.

3.2 INTERRUPTS

When an external or Internal (hardware) interrupt occurs, the interrupt is not serviced until the current in-
struction bein executed is completed. Until the current instruction is complete, the interrupt is considered
pending. After completion of current instruction execution, unmasked interrupts may be serviced in ec-
cordancelwith an established fixed hardware priority circuit; however, one I bit related interrupt source may
be dynamically elevated to the highest I bit priority position in the circuit.

Seventeen hardware interrupts and one software interrupt (excluding reet type interrupts) can be
gnerated from all of the possible sources. The interrupts can be divided into two bawic categori,
maikab and non-maskable. In the MCMHC1 1A8 fiften of the interrupts can be masked using the condi-
tion code register I bit. In addition to being maskble by the I bit in the condition code register. all of the on-
chip interrupt surse indkdu ud -mkable by local contr bis. The sftwa interrupt (SWI



instruction) is a non-mask"bl instruction rather than a maskable interrupt source. The last interrupt (exter-
nall input to the 3M~ pin) is considered as a non-maskable interrupt because once enabled, it cannot be
masked by software; however, it is masked during reset and upon receipt of an interrupt at the _X pin.
Tables 3-1, 3-2, and 3-3 provide a list of each interrupt, its vector location in ROM, and the actual condition
code and control bits that mask it. A discussion of the various interrupts is provided below.

Table 3-1. Interrupt Vector Assignments
cc

Vector Addreee Interruapt Source Regieter Local Meek

FFCO, Ct Reeerved- -

FF04. 06S Reeewe w
FF06. 07 SCI Seriel Syserem I Bit Isee TaWl 3.2
FF05. O09 SPI Sera! Transfer Complete I 8k SPIE
FFDA, DS Pulee Accurnuletor Input Edge I Bit PAII
FFOC. 00 Pulee Accumulet orverflow I 8kl PAOVII
FFDE. OF Tienr Overflow I Bit TOI
FF10. El Tinier output Compere 5 1 al WCIN
FF12. E3 rite Output Comnpere 4 1 oft 0C41
FF14.1E5 rowe Output Comnpete 3 1 Bi OC31
FFES. E7 Thmer Output Comnpere 21 Bit Ik C21
FF16. ES Tirmer Output Comnpete I I Bit OCtI
FFEA, ES Tamer Input Capture 3 1 Sft OC31
FFEC, ED Troe hIput capture 2 18 al, 0C21
FF11, EF Trow Input Capture 1 1 Bit OCil
FFFO. F1 Reel Tirne Interrupt I 8k RTtI
FFF2. F3 lAO (lExternal Pin or Parle 1/0) 18Sk See Talbe 3-3
FFF4. F5 ZIRO Pin (Peeudo Non-Meekablet Itorat X Bitk None
FFFG. F7 SWI None None
FFF8, P9 I"lga OpcdIn Trap None None
FFFA. FO COP Failure M~ew)t None NOCOP
FFFC, FO COP Clock Monitor Fai (RovetI None CME
FFFE, FF RESET None None

Table 3-2. SCI Serial System Interrupts
Interrupt cauee Local Meek

Receive Dem Ragister Full Rll
RAecave overrun RlE
le Line Detect IUE

Tram Wnt Dets Reglere Esmpty TIE
Trnrnrift Complete TCIE

Table 3-3. IRCI Vector Interrupts

Ilinereal Pin [ Nn
Pan"1/0STA



3.2.1 Software Interrupt (SWIl

The software interrupt is executed the same as any other instruction and will take precedence over
interrupts only if the other interrupts are masked 11 and X bits in the condition code register set). The SWI
instruction is executed similar to other maskable interrupts in that it sets the I bit, CPU registers are stacked,

etc.

NOTE
The SWI instruction cannot be fetched as long as another interrupt is pending execution.
However. once it is fetched no other interrupt can be honored until the first instruction in the
SWI service routine is completed.

3.2.2 Illegal Opcode Trap

Since not all poasible opcodes or opcode sequencee ae defined, an illegal opcode detection circuit has
been included in the MC8BHC1 AS. When an illegal opcode is detected, an interrupt is requested to the
illegal opcode vector.

3.2.3 Interrupt Mask Sits In Condition Code Register

Upon reast, both the X bit and the I bit wre sot to mask all interrupts. After minimum system initialization.
software may cler the X bit by a TAP instruction, thus enabling X- interrupts. Thereafter software can-
not sot the X bit so an RMr interrupt is effectively a non-meekable interrupt. Since the operation of the I bit
related Interrupt structure has no effet on the X bit, the external XI--i pin remains effectively non-masked.
In the interrupt priority logic, the 1M interrupt would be a higher priority than any source that is maskable
by the I bit. AN I bit relted interrupts would operate normally with their own priority relationship. When an I
bit related interrupt occurs, the I bit is automatically set by hardware after stacking the condition code
register byte, but the X bit is not affected. When an X bit rlated interrupt occurs, both the X bit and the I
bit are automatically st by hardware after stacking the condition code register. An RTI (return from inte-
rupt) instruction restores the X and I bits to their pre-interrupt request state.

3.2.4 PrIority Structure

Interrupts In the MCGSHC11A8 obey a fixed hardware priority circuit to resolve simultaneous requests;
however, one I bit relatd interrupt source may be elevated to the highest I bit priority position in the resolu-
tion orcuit. The firt six interrupt sources are not masked by the I bit in the condition code rgas and haw
the fixed priority Interrupt relationship of: reet, clock monitor fail, COP falg, illegal opcode, andXi-. (SWI
is actually an Instruction and has highest priority other then resat in the sens that once the SWI opcode is
fetched, no other interrupt can be honored until the SWI vector has been fetched). Each of thee sources is
an input to the Priority resolution circuit. The highest I bit masked priority input to the resolution circuit is
asigned under software control (of the HPRIO register) to be connected to any one of the remaining I bit
relad interrupt sources. In order to avoid timing races, the HPRIO register may only be written while the I
bit rlated interrupts ae inhibited (1 bit in condition code register is a iogic one). An interrupt that is as-
signed to this high priority position is still subject to masking by any sociated control bits or the I bit in the
-oodildn code register. The interrupt vector address is not affected by assigning a source to this higher
prlot position.

Figure 3-2 summarizes the priority structure and additional mask conditions that lead to recognition of inter-
rupt requests in the MC88HC1IAS.
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3.2.5 Highest Priority I Interrupt Register IHPRIO)

This 8-bit register (Figure 3-3) is used to select one of the I bit related interrupt sources to be elevated to the
highest I bit masked position in the priority resolution circuit. In addition, four miscellaneous system control
bits are included in this register.

87 56 65 84 83 8? 910s

RSCOT ISMO MOA IIV , F03 PULZ I Pt I ,0I ,03C

Figure 3-3. Highest Priority I Interrupt Register (HPRIO) ,4,

87, RBOOT The read bootstrap ROM bit only has meaning when the SMOD bit is a logic one (special
bootstrap mode or special test mode). At all other times, this bit reverts to its logic zero
disabled state and may not be written.

When set, upon reset in bootstrap mode only, the small bootstrap loader program is en-
abled. When clear, by reset in the other three modes, this ROM is disabled and accesses to
this area are treated as external accesses.

86, SMOD The special mode write-only bit reflects the status of the MODS input pin at the rising edge
of reset. It is set if the MOOD pin is at or above 1.8 times VOD volts during reset. Otherwise,
it is cleared or under software control from the special modes.

85, MDA The mode select A bit reflects the status of the MODA input pin at the rising edge of resat.
While the SMOD bit is a logic one (special test or special bootstrap mode in effect), the MDA
bit may be written, thus, changing the operating mode of the MCU. When the SMOD bit is a
logic zero, the MODA bit is a read-only bit and the operating mode cannot be changed
without going through a reset sequence.

Table 3-4 summarizes the relationship between the SMOD and MDA bits and the MOOS and
MODA input pins at the rising edge of reset.

Table 3-4. Mode Bits Relationship
Letchat at

hInpt O Mode Do.tw"Ien _ ROMg

1 0 Sk• Chip I Mode 0) 0 0
1 1 Experlted tW00exed NO&t 1) 0 1

o 0 Spei sootnm, 1 0

I - logc high 0 - IoW kowm 1 .8 finqm Voo lor hNOWl)
?41W

84, IRV The internal read visibility bit is used in the special modes (SMOD = 1) to affect visibility of in-
ternal reads on the expansion data bus. IRV is writable only if SMOD = 1 and returns to zero
of SMOD = 0. If the bit is zero, visibility of internal reads are blocked. If the bit is one, internal
reads are visible on the external bus.

BS, PSEL3 These four priority select bits are used to specify one I bit related interrupt source which
B2, PSEL2 becomes the highest priority I bit related source (Table 3-51.
81, PSEL1
S0, PSELO

0



Table 3-5. Highest Priority I Interrupt versus PSEL3-PSELO

PSEL3 PSEL2 PSEL1 PSELO Interrupt Source Promoted

0 0 0 O Timer Overfiow

0 0 0 1 Pulse Accumulator Overflow

0 0 1 0 Pulse Accumulator Input Edge

0 0 1 I SPI Serwal Transfer Compote

o 1 0 0 SCI Sertal System

0 1 0 1 Rerved IOefault to IRO)

0 1 1 0 1i10 (External Pin or Parallel 1,0O

0 I 1 I Real Time Interrupt

1 0 0 0 Timer Input Capture 1

1 0 0 I Timer Input Capture 2

1 0 1 0 Timor Input Capture 3
1 0 1 1 Tim•r Output Compare 1

I 1 0 0 Timer Output Compare 2
1 1 0 1 Tmer Output Comper 3
1 1 1 0 Timer Output Compae 4

1 1 1 1 Timar Output Compare 5

NOTE: During rfest. PSEL3, PSEL2. PSELI, and PSEL e initialized to

0:1:0:1 which corresponds to "Reeived Idefulut to iR11)' being

the highest pnorit I bit related interrupt spruce.

3.3 LOW POWER MODES

The MC68HC11A8 MCU contains two programmable low power operating modes; stop and wait. These
two instructions are discussed below.

3.3.1 WAIT Instruction

The WAI instruction puts the MC68HC11A8 in a low-power mode, keeping the oscillator running. Upon ex-
ecution of WAI, the machine state is stacked and program execution stops. The wait state can be exited
only by an unmasked interrupt or RESET. If the I bit is set (interrupts masked) and the COP is disabled, the
timer system will be turned off to reduce power consumption. The amount of power savings is application
dependent and depends upon circuitry connected to the MCU pins as well as which subsystems (i.e., timer,
SPI, SCI) are active when the WAIT mode is entered.

3.3.2 STOP Instruction

The STOP instruction places the MC68HC11A8 MCU in its lowest power consumption mode provided the
S bit in the condition code register is clear. In the stop mode, all clocks including the internal oscillator are
stopped causing all internal processing to be halted. Recovery from STOP may be accomplished by AIM,
X--d, or an unmasked IRO. When the XIRQ is used, the MCU exits from the stop mode regardless of the
state of the X bit in the condition code register; however, the actual recovery sequence differs depending
on the state of the X bit. If the X bit is a logic zero, the MCU starts up with the stacking sequence leading to
normal service of the XIRQ request. If the X bit is a logic one, then processing will continue with the in-
struction immediately following the STOP instruction and no XIRd interrupt service routine is requested. A
gEIT will always result in an exit from the stop mode, and the start of MCU operation is determined by
the reset vector.

Since the oscillator is stopped in the stop mode, a restart delay of 4064 cycle times may be required to allow
for oscillator stabilization when exiting from the stop mode. If the internal oscillator is being used, this delay
is required; however, if a stable external oscillator is being used, a control bit in the OPTION register may be
used (OLY = 0) to give a delay of four cycles.



SECTION 4
PARALLEL I/O AND SYSTEM CONFIGURATION

4.1 PARALLEL I/O

The MC68HC11A8 includes 40 I/O pins in five 8-bit ports. All of these pins serve multiple functions depend-
ing on the operating mode and several internal control registers. This section explains the operation of
these pins only when they are used as parallel I/0 pins.

Ports C and D may be used as general purpose input and/or output pins, as specified by the data direction
registers DORC and DDRD. Ports A, 8, and E, with the exception of port A bit 7, have fixed data direction
and do not require a DOR control register. Ports B and C, and bits 6 and 7 of port D, may be used for special
strobed and handshake modes of parallel I/0, as well as for general purpose I/0.

4.1.1 General Purpose I/O (Ports C and D)

As general-purpose I/O lines, each bit has an associated bit in a PORTx data register and a bit in ihe cor-
responding position in a DDRx register. The DDRx is used to specify the primary direction of data on the
I/O pin. When a bit which is configured for output is read, the value returned is the value at the input to the
pin driver. When a line is configured as an input, by clearing the DDRx bit, the pin becomes a high im-
pedance input. If a write is executed to a line that is configured as an input, the value does not affect the
I/O pin. but the bit is stored in an internal latch so that if the line is later reconfigured as an output, then this
value appears at the I/O pin.

Note that bits 6 and 7 of port D are dedicated to bus control (AS and R/W) while in expanded mode, or
parallel I/O strobes (STRA and STRB) while in single chip modes. For this reason, bits 6 and 7 of port D wae
not available as general purpose I/O lines end the associated bits in the DDRD and PORTD registers are not
implemented.

4.1.2 Fixed Direction I/O (Ports A, B, and E)

The pins for ports A, 8, and E, except for port A bit 7, have fixed data directions and do not need data
direction registers. When port B is being used for general purpose outputs, it is configured for output-only
and reeds return the levels sensed at the input of the pin drivers. When port A is being used for general pur-
pose I/0, bits 0, 1, and 2 are configured for input-only and writes to these bits have no meaning or effect.
Bits 3, 4, 5, and 6 of port A are configured for output-only when used for general purpose I/0, and reads of
these bitsretum the levels sensed at the inputs to the pin drivers. Port A bit 7 (PA7) can be configured as a
general-purpose I/0 using the DDRA7 bit in the PACTL register. Port E contains the eight A/D channel in-
puts, but these pins may also be used as general purpose digital inputs. Writes to the PORTE address have
no meaning or effect.



4.1.3 Simple Strobed I/O

The simple strobed mode of parallel I/O is invoked and controlled by the PIOC control register. This mode is
selected when the HNDS bit in the PIOC control register is clear. It forces port C to be a strobed input port
with port D bit 6 as the edge-detecting latch command input (STRA pin). Also, port B becomes a strobed

output port with port 0 bit 7 as the output strobe (STRB pin). The logic sense of the STRB output is
selected by the INVB control bit.

4.1.3.1 STROBED INPUT PORT C. In this mode, there are two addresses where port C may be read,
PORTC data register and PORTCL latch register. The DDRC register still controls the data direction of all
port C pins. Even when the strobed input mode is selected, any or all of the bits in port C may still be used
as general purpose 1/0 lines.

STRA (port D bit 6) is used as an edge-detecting input, and either falling or rising edges may be specified as
the significant edge by use of the EGA bit in PIOC. Whenever the selected active edge is detected at the
STRA pin, the current logic levels at port C are latched into the PORTCL register and the strobe A flag
(STAF) bit in PIOC is set. If the STAI bit in PIOC is also set, an internal interrupt sequence is requested to
the IRQ vector. The STAF flag is automatically cleared by reading the Pl(' register (with STAF set) fol-
lowed by a read of the PORTCL register. Data is latched in the POR' ,-L iegister whether or not the STAF
flag was previously clear.

4.1.3.2 STROSED OUTPUT PORT B. In this mode, port D bit 7 (STRB) is a strobe output which is pulsed
for two E periods each time there is a write to port B. The 'NVB bit in PIOC controls the polarity of the pulse
out of the STRB pin.

4.1.4 Full Handshake I/O

The full handshake modes of parallel I/O involve port C and bits 6 and 7 of port D. There are two basic
modes (input and output) and an additional variation on the output handshake mode that allows for three-
stated operation of port C. In all handshake modes, port D bit 6 (STRA) is an edge-detecting input, and
port D bit 7 (STRB) is a handshake output line.

When full input handshake protocol is specified, both general purpose input and/or general purpose output
can coexist at port C. When full output handshake protocol is specified, general purpose output can coexist
with the handshake outputs at port C, but the three-state feature of the output handshake mode interferes
with general purpose input in two ways. First, in full output handshake, the port C pins are forced to be
driven outputs whenever STRA is at its active level regardless of the DDRC bits. This potentially conflfct
with any device trying to drive port C unless the external device has an open-drain type output driver. Sec-
ond, the value returned on reads of port C is the state of the outputs of an internal port C output latch
regardless of the states of the DORC bits, so that the data written for output handshake can be read even if
the pins are in a three-state condition.

4.1.4.1 INPUTF4ANDSHAKE PROTOCOL. In the input handshake scheme, port C is a latching input
port, port D bit 6 (STRA) is an edge-sensitive latch command from the external system that is driving port
C, and port 0 bit 7 (STRB) is a "READY" output line controlled by logic in the MCU.

When a ready condition is recognized, the external device pieces data on the port C inp As, then pulses the
STRA input to the MC6SHC1IAS. The active edge on the STRA line latches the port C data into the
PORTCL register, sets the STAF flag (optionally causing an interruptl, and desserts the STRA line.
Doasertion of the STRB line automatically inhibits the external device form strobing new data into port C.



Reading the PORTCL latch register (independent of clearing the STAF flag) causes the STRB line to be
asserted indicating that new data may now be strobed into port C.

The STRB line can be configured (with the PLS control bit) to be a pulse output (pulse mode) or a static
output (interlocked mode).

The port C data direction register bits should be cleared (input) for each bit that is to be used as a latched
input bit. However, some port C bits can be used as latched inputs with the input handshake protocol
while, at the same time, using some port C bits as static inputs, and some port C bits as static output bits.
The input handshake protocol has no effect on the use of port C bits as static inputs or as static outputs.
Reads of the PORTC register always retum the static logic level at the port C pins (for lines configured as
input by DDRC bit = 0). Writes to either the PORTC address or the PORTCL address send information to
the port C output register without affecting the input handshake strobes.

4.1.4.2 OUTPUT HANDSHAKE PROTOCOL. In the output handshake scheme, port C is an output port,
port D bit 7 (STRB) is a "READY" output, and port D bit 6 (STRA) is an edge-sensitive acknowledge input
signal, indicating that port C output data has been accepted by the external device. In a variation of this
output handshake operation, port D bit 6 (STRA) is also used as an output enable input, as well as an edge-
sensitive acknowledge input.

The MC6SHCIlA8 places data on the port C output lines and then indicates stable data is available by
automatically asserting the STRB line. The external device then processes the available data and pulses the
STRA input to indicate that new data may be placed on the port C output lines. The active edge on STRA
causes the STRB line to be automatically deasserted and the STAF status flag to be set (optionally causing
an intetrupt). In response to STAF being set, the program transfers new data out on port C as required.
Placing the data in PORTCL asserts the STRB.

There is a variation to the output handshake protocol that allows three-state operation of port C. It is possi-
ble to directly interconnect this 8-bit parallel port to other 8-bit three-state devices with no extra external
parts.

While the STRA input pin is inactive, all port C bits obey the data direction specified by DDRC so that bits
which are configured as inputs are high impedance. When the STRA input is activated, all port C lines are
forced to outputs regardless of the data in DORC. Note that in output handshake mode, reads of port C
always return the value sensed at the input to the output buffer regardeiN,3 of the state of the DDRC bits
because the pins would not necessarily have meaningful data on them in the three-state variation of this
mode. This operation makes it impossible to use some port C bits as static inputs, while using others -s
handshake outputs, but does not interfere with the use of some port C bits as static outputs. Port C bits in-
tended as static outputs or normal handshake outputs should have their corresponding DDRC bits set, and
bits intended as three-state handshake outputs should have their corresponding DDRC bits clear.

4.1.4.3 PARALLEL I/O CONTROL REGISTER (PIOC)

The parallel handshake I/O functions are available only in the single-chip mode. PIOC is a read/write
register except bit 7 which is read only (see Figure 4-11.

67 of 65 64 63 B2 at s0
SW STAI I OM I U M 10 PtS IEGA I- ,002

Figure 4-1. Parallel I/O Control Register (PIOC)
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Bit 7, STAF Strobe A Interrupt Status Flag. This bit is set when a selected edge of strobe A occurs.
Clearing it depends on the state of HNDS and OIN bits (Table 4-1). STAF is cleared by
reset.

Table 4-1. STAF Bit Clearing Conditions
HNDS OIN Clearing Mechanism

0 X Reading PIOC (with STAF Set) Followed by a Reed of PORTCL
1 0 Reading PIOC (with STAF Set) Followed by a Read of PORTCL

1 1 (Reading PIOC •with STAF Set) Followed by a Write to PORTCL

Bit 6, STAI Strobe A Interrupt Enable Mask. When this bit is set and the I bit in the condition code
register is clear, STAF (when set) will request an interrupt. STAI is cleared by reset.

Bit 5, CWOM Port C Wire-OR Mode. When clear, port C operates normally. When set, port C behaves as
open-drain outputs. CWOM is cleared by reset.

Bit 4, HNDS Handshake Mode. When clear, strobe A acts as a simple input strobe to latch data into
PORTCL, and strobe B acts as a simple output strobe which pulses after a write to port B.
When set, a handshake protocol involving port C, STRA, and STRB is selected (see the
definition for the OIN bit).

Sit 3, OIN Output or Input Handshaking. This bit has no meaning when HNDS = 0. When clear, input
handshake mode is selected. When set, output handshake mode is selected. OIN is cleired
by reset.

Bit 2, PLS Pulse/Interlocked Handshake Operation. This bit has no meaning if HNDS =0. When
clear, interlocked handshake operation is selected. In this mode strobe B, once activated,
stays active until the selected edge of strobe A is detected. When set, strobe B is pulsed for
two E cycles. This bit is undefined coming out of reset.

Bit 1, EGA Active Edge for Strobe A. When clear, falling edge of STRA is selected. When output
handshake is selected, port C bits obey the DDRC while STRA is low, but port C is forced
to output when STRA is high.

When set, rising edge of STRA is selected. When output handshake is selected, port C bits
obey the DDRC while STRA is high, but port C is forced to output when STRA is low. This
bit is set by reset.

Bit 0, INVB Invert Strobe B. When clear, the active level on strobe B is a logic zero. When set, the ac-
tive level on strobe B is a logic one. It is set by reset.

4.2 SYSTEM CONFIGURATION

The MC#8HC11A8 allows an end user to configure the MCU system to his specific requirements through
the use of hardwired options such as the mode select pins, semi-permanmt EEPROM control bit specifica-
tions (CONFIG register), or by use of internal software control registers. The CONFIG control register (m
Figure 4-2) is implemented in EEPROM cells and controls the presence of ROM and EEPROM in the
memory map, as well as the COPON COP watchdog system enable. An optional security feature is available
intended to allow user protection of data in MC8BHC11AS EEPROM and RAM.

87 66 B5 £4 £3 £2 11 so
- - I - I- I C I0, N Ioo EON I -03F

Figure 4-2. System Conflgurtlon CAer Registe, iCONRFOGI0



Bits 7, 6,
5, and 4- Not

Implemented These bits are not implemented. They read as logic zeros.

Bit 3--NOSEC Security Mode Option Bit. When the security mask option is specified, this bit can be
used to enable a software antitheft mechanism. When cleared, this bit forces the MDA
mode control bit to zero so that only single-chip modes of operation can be selected. If
the bit is cleared when the MCU is reset in the special bootstrap mode, EEPROM and
RAM are erased before the boot loading process continues.

Bit 2- NOCOP COP System OFF. When this bit is clear, the COP watchdog forced reset function is
enabled. When this bit is set, the COP watchdog circuit is disabled.

Bit 1- ROMON Enable On-Chip ROM Select Bit. When this bit is clear, the SK internal ROM is dis-
abled, and that memory space becomes externally accessed space.

Bit 0-EEON Enable On-Chip EEPROM Select Bit. When this bit is clear, the 512-byte internal
EEROM is disabled, and that memory space becomes externally accesed space.

4.3 PROGRAMMING AND ERASURE OF THE CONFIG REGISTER

Since the CONFIG register is implemented with EEPROM cells, special provisions must be made to ereas
and program this register. The normal EEPROM control bits in the PPROG register are used for this pur-
poem. The programming/erasure procedures for the CONFIG register are described in 2.4.3 Program-
ming/Erasing Internal EEPROM.
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SECTION 5
SERIAL COMMUNICATIONS INTERFACE (SCI)

This section contains a description of the serial communications interface (SCI).

5.1 OVERVIEW AND FEATURES

A ful-duplex asynchronous Serial Communications Interface (SCI) is provided with a standard NRZ format
(one start bit, eight or nine data bits, and one stop bit) and a variety of baud rates. The SCI transmitter and
roceiver are functionally independent, but use the seame data format and bit rate. "Baud" and "bit rate" are
used synonymously in the following description.

SCI Two-Wire System Features

0 Standard NRZ (mark/space) format.
0 Advanced error detection method includes noise detection for noise duration of up to 1/16 bit time.
O Full-duplex operation.

0 Software programmable for one of 32 different baud rates.
0 Software selectable word length (eight or nine bit words).
* Separate transmitter and receiver enable bits.
* Capable of being interrupt driven.
* Four separate enable bits eveilable for interrupt control.

SCI Receiver Features
"* Receiver wake-up function (idle or address bit).

"* Idle line detect.
" Framing enro detect.
"• Noise detect.
"* Overrun detect.
"* Receiver dea register fhil flag.

SCI Transmitter Features
"* Transm data register empty flag.
" Transmit complete flag.
"• Send break.

0



5.2 DATA FORMAT

Receive data (RxD) or transmit data ITxD) is the serial data which is transferred to the internal data bus
from the input pin (RxD), and from the internal bus to the output pin ITxD). Data format is as shown for the
NRZ in Figure 5-1 and must meet the following criteria:

1) The idle line is in a high (logic one) state prior to transmission/reception of a message.
2) A start bit (logic zero) is transmitted/receiver indicating the start of a message.
3) The date is transmitted and received least-significant-bit first.
4) A stop bit (high in the tenth or eleventh bit position) indicates the byte is complete.
5) A break is defined as the transmission or reception of a low (logic zero) for at least one complete frame

time.

SELCTS
& o 9-WT DATA

0 1 2 3 4 5 0 II" "A M U N Eil l 1 7 1 1 1 1 F
STUT STOP SMT

Figure 5-1. Date Format

5.3 WAKE-UP FEATURE

An inactive SCI may be re-enabled by two different methods. In the first method, an SCI receiver is re-
enabled by an idle string of at least ten (or eleven) consecutive ones. The second wake-up method allows
the user to insert a logic one as the most significant data bit (eighth or ninth bit) of the tranomit data word
which automatically wakes up all "sleepirg" SCIs.

5.4 RECEIVE DATA (RxD)

Receive data (RxD) is the serial data which is presented from the input pin via the SCI to the internal bus.
The receiver clocks the input at a rate equal to 16 times the baud rate. This 16 times higher-than-baud rate is
referred to as the RT rate.

Once a valid start bit is detected, the start bit, each data bit, and the stop bit are sampled three times at RT
intervals 8 RT, 9 RT, and 10 RT 11 RT is the position where the bit is expected to start), as shown in Figure
5-2. The value of the bit is determined by voting logic which takes the value of the majority of samples.

PKf"tqsml OhRI m•l Sas, NEXT Sit
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!Rn 33 N II Ni

T T T T T T T
'40

Figure 5-2. Sampling Technique Used on All Bits

5.5 START BIT DETECTION

When the RxD input is detected low, it is tested for three more ame times (referred to as the start edge
verification samples in Figure &-3). If at least two of these three verification samples detect a logic zero, a
valid sato bit has been detected, otherwise the line is assumed to be idle. A nois flag is set if all three
verification samples do not detect a logic zero. A valid start bit could be assumed with a st noise flag
prseent.0
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If the receiver detects that a break produced the framing error, the start bit will not be artificiaily induced
and the receiver must actually receive a logic one bit before start. See Figure 5-5.

4- EXPECTED STOP DETECrED AS vACI
I- BREAK - START EDGE

DATA 0

A START START EDGE

I IMJFERS weI1CAnO
DATA SAiMPES SAMPLES

Figure 5-&. SCI Start Bit Following a Brook

5.6 TRANSMIT DATA (TxD)

Transmit data (TxD) is the serial data which is presented from the internal data bus via the SCI and then to
the output pin. The transmitter generates a bit time by using a derivative of the RT clock, thus producing a
transmission rate equal to 1/16 that of the receiver sample clock.

5.7 FUNCTIONAL DESCRIPTION

A block diagram of the SCI is shown in Figure 5". The user has option bits in serial communications con-
trol register 1 (SCCR1) to determine the "wake-up" method (WAKE bit) and data word length (M bit) of the
SCh Serial communications control register 2 (SCCR2) provides control bits which individually
enable/disable the transmitter or receiver (TE and RE, respectively), enable system interrupts (TIE, TCIE,
ILIE) and provide the wake-up enable bit (RWU) and the send break code bit (SBK). The baud rate register
bits allow the user to select different baud rates which may be used as the rate control for the transmitter
and receiver.

Data transmission is initiated by a write to the oei conmunications data register (SCDR). Provided the
transmitter is enabled, data stored in the SCOR is transferred to the transmit serial shift register. This
transfer of data sets the TORE bit of the SCI status registe ISCSR) and may generate an interrupt if the
transmit interrupt is enabled. The transfer of data to the transmit shift register is synchronized with the bit
rate clock (Figure 5-7). All data is transmitted bit zero first. Upon completion of data tansm.ission, the TC
(transmission complete) bit of the SCSR is set (provided no pending data, preamble, or bresk is to be senti,
and en interrupt may be generated if the transmit complete interrupt is enabled. If the the transmitter is
disabled, and the data, preamble, or brook (in the transmit shift register) has been sent, the TC bit will also
be wet. This will also generate an interrupt if the TCIE bit is sot.

When the SCDR is read, it contains the last data byt rece vd, provided that the receiver is enabled. The
RORF bit of the SCSR is set to indicate that a data byte has been transferred from the input serial shift
register to the SCDR, which can cause an interrupt if the receiver interrupt is enabled. The dew transfer
from the input serial shift register to the SCDR is synchronized by the receive bit rate clock. The OR (over-
run), NF (noise), or FE (framing) error bits of the SCSR may be set if date reception errors occurred.

An idle fins inter•upt is generated if the idle line interrupt Is enabled and the IDLE bit (which detects idle ine
transmission) of SCSR is mt. This allows a receiver dth is not in the wake-up mode to detect the end of a
message, the preamble of a new message, or to resynchrofnze with the tansmitter.0
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Figure 5-7. Rate Generator Division

5.8 REGISTERS

There are five different registers used in the serial communications interface (SCI) and the internal con-
figuration of thewe registers is discussed in the following paragraphs. Refer to the block diagram shown in
Figure 5-6.

5.6.1 SERIAL COMMUNICATIONS DATA REGISTER (SCDRI

The serial communications data register (Figure 5-S) performs two functions; i.e. it acts as the receive data
register when it is read and as the transmit data register when it is written. Figure 5-6 shows this register as
two separate registers, namely: the receive data register (RDR) and the transmit data register (TOR).

7 S S 4 3 2 0 0
SHIAM COWAIUMCAT0I0 DATA IGIMM 7 7 0_02F

Figure 5-8. Serial Communications Date Register (SCDRI

5.8.2 Serial Communications Control Register 1 (SCCR1)

The serial communications control register 1 (SCCR1) (Figure 5-9) provides the control bits which:
(1) determine the word length, and (2) selects the method used for the wake-up feature.

7 S 5 4 3 2 0
Rd I TO V WAKE - - -

Figure 6-9. Serial Communications Control Register 1 (SCCR1)

Bit 7, R8 If the M bit is set, then this bit provides a storage location for the ninth bit in the reCelv
data word. Reset does not affect this bit.

Bit 6, T8 If the M bit is set, then this bit provides a storage location for the ninth bit in the transmit
data word. Reset does not affect this bit.

Bit 5 This bit is not implemented and reads as zero.

Bit 4, M This bit selects the word length. Reset clears this bit.
0 = 1 start bit, 8 data bits, 1 stop bit
1 = I start bit, 9 data bits, 1 stop bit

lit 3-WAKE This bit allows the user to select the method for receiver "wake up".0



W•hen clear, an idle line condition (10 consecutive ones if M =0 or 11 consecutive ones if
M = 1) will wake-up the receiver.

When set, detection of a one in last data bit (eighth data bit if M = 0, ninth data bit if M = 1)
will wake-up the receiver.

Bit 2-0 These bits are not implemented and read as zeros.

5.8.3 Serial Communications Control Register 2 ISCCR2)

The serial communications control register 2 (SCCR2) (Figure 5-10) provides the control bits which: indi-
vidually enable/disable the SCI functions.

7 6 5 4 3 2 1 0
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Fi i jr- :-10. Serial Communications Control Register 2 (SCCR2)

Bit 7, TIE When the transmit interrupt enable bit is set, the SCI interrupt occurs when TORE is set.
When TIE is clear, the TORE interrupt is disabled. Cleared by reset.

Bit 6, 7CIE When the transmission complete interrupt enable bit is set, the SCI interrupt occurs when
TC is set. When TCIE is clear, the TC interrupt is disabled. Cleared by reset.

ait 5, RIE When the receive interrupt enable bit is set, the SCI interrupt occurs when OR or RDRF ae
set. When RIE is clear, the OR and RDRF interrupts are disabled. Cleared by reset.

Bit 4, ILIE When the idle line interrupt enable bit is set, the SCI interrupt occurs when IDLE is set.
When ILIE is clear, the IDLE interrupt is disabled. Cleared by reset.

Bit 3. TE When the transmit enable bit is set, the transmit shift register output is applied to the TxD
line. Depending on the state of control bit M (SCCR1), a preamble of 10 (M=0) or 11
(M = 1) consecutive ones is transmitted when software sets the TE bit from a cleared state.
After loading the last byte in the serial communications data registor end receiving the in-
terrupt from TORE, the user can clear TE. Transmission of the last byte will then be com-
pleted before the transmitter gives up control of the TxD pin. Cleared by reset.

Bit 2, RE When the receive enable bit is set, the receiver is enabled. When RE is clear, the receiver is
disabled and all of the status bits associated with the receiver (RDRF, IDLE, OR, NF, and
FE) are inhibited. Cleared by reset.

Bit 1, RWU Whe the receiver wake-up bit is set, it enables the "wake up" function. If the WAKE bit is
cleared, RWU is cleared after receiving 10 (M=0) or 11 (M= 1) consecutive ones. If the

- WAKE bit is set, RWU is cleared after receiving a data word whose MSB is set. Cleared by
reset.

Bit 0, SBK If the send break bit is toggled sat and cleared, the transmitter sends 10 (M = 0) or 11
(M = 1 I zeros and then reverts to idle or sending data. If SBK remains set, the transmitter
will continually send whole blocks (sets of 10 or 11) zeros until cleared. At the completion
of the break code, the tranwmitter sends at seas orn high bit to guarentee recognition of a
valid start bit. Reset clears the SBK bit.0



5.8.4 Serial Communications Status Register ISCSR)

The serial communications status register (SCSR) I Figure 5-11) provides inputs to the interrupt logic cir-
cuits for generation of the SCI system interrupt.
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Figure 5-11. Serial Communications Status Register (SCSR)

Bit 7, TORE The transmit data register empty bit is set to indicate that the content of the serial com-
munications data register have been transferred to the transmit seral shift register. This bit
is cleared by reading the SCSR (with TORE= 1) followed by a write to the SCOR. Reset

sets the TORE bit.

Bit 6, TC The transmit complete bit is set at the end of a data frame, preamble, or break condition if:
1) TE = 1, TORE = 1, and no pending data, preamble, or break is to be transmitted; or
2) TE = 0, and the data, preamble, or break (in the transmit shift register) has been

transmitted.
The TC bit is a status flag which indicates that one of the above conditions have occurred.
The TC bit is cleared by reading the SCSR (with TC set) followed by a write to the SCDR.
Reset sets the TC bit.

Bit 5, RDRF The receive data register full bit is set when the receiver serial shiftregister is transferred to
the SCDR. The RDRF bit is cleared when the SCSR is read (with RDRF set) followed by a
read of the SCDR. Reset clears the RDRF bit.

Bit 4, IDLE The idle line detect bit, when set, indicates a receiver idle line is selected. The IDLE bit is
cleared by reading the SCSR with IDLE set followed by a read of the SCOR. The IDLE bit is
inhibited when the RWU bit is set. Reset clears the IDLE bit.

Bit 3, OR The overrun error bit is set when the next byte is ready to be transferred from the receive
shift register to the SCDR which is already full (RDRF bit is set). The only valid data is

located in SCDR when OR is set. The OR bit is cleared when the SCSR is read (with OR

set), followed by a read of the SCDR. Reset clears the OR bit.

Bit 2, NF The noise flag bit is set if there is noise on any of the received bits, including the start and
stop bits. The NF bit is not set until the RDRF flag is set. The NF bit is cleared when the
SCSR to read (with NF set), followed by a read of the SCOR. Reset clears the NF bit.

Sit 1, FE- The framing error bit is set when no stop bit was detected in the data string received. The
FE bit is set at the same time as the RORF is set. If the byte received causes both framing
and overrun errors, the processor will only recognize the overrun error. The framingr
flag inhibits further transfer of data into the SCOR until it is cleared. The FE bit is cleared
when the SCSR is read (with FE equal to one) followed by a read of the SCOR. Reset
clears the FE bit.

sit 0 Not implemented. Reads as zero.



5.8.5 Baud Rate Register

The baud rate register (Figure 5-12) provides the means for selecting different baud rates which may be
used as the rate control for the transmitter and receiver. The SCPO-SCP1 bits function as a prescaler for the
SCRO-SCR2 bits. Together, these five bits provide multiple baud rate combinations for a given crystal
frequency.
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Figure 5-12. Baud Rate Register

Bit 5, SCP1 Table 5-1 shows the prescale values attained from the E clock.
Bit 4, SCPO Reset clears SCP1-SCPO bits (divide-by-one).

Table 5-1. First Prescaler Stage
Intffe Proce•M

scPI scPO Clock Ovivdl By

0 0 1
0 1 3
1 0 4

S 113

Bit 2, SCR2 These three bits select the baud rates of both the transmitter and the receiver. Table 5-2
Bit 1, SCR1 shows the prescaler value that divides the output of the first stage. Reset does not affect
Bit 0, SCRO the SCR2-SCRO bits.

Table 5-2. Second Preecaler Stage
Pfmgar output

SCA2 scR1 sCM ODIe Oy

o o 1 2
o i 0 4
o 1 1 a
I 0 0 16
1 0 1 32
1 1 0 64
1 1 1 12i

'SWl



The diagram of Figure 5-7 and Tables 5-3 and 5-4 illustrate the divider chain used to obtain the baud rate
clock. Note that there is a fixed rate divide-by-16 between the receive clock (RT) and the transmit clock
(Tx). The actual divider chain is controlled by the combined SCPO-SCP1 and SCRO-SCR2 bits in the baud
rate register as illustrated.

Table 5-3. Prescaler Highest Baud Rate Frequency Output
SCP I elk.*

SDivided Crystal Frequency lMHzI
1 0 .6By S0 4.112 4.0 3.T
0 0 1 131.072 K Baud 125.000 K Baud 76.80 K Baud 62.50 K Baud 57 6 K Baud

0 1 3 43.890 K Baud 41.66 K Baud 25.68 K Bhud 20.833 K Baud 19.20 K Baud
1 0 4 32.768 K Baud 31 250 K Baud 19.20 K Baud 15.625 K Baud 44O K Baud
I t1O3 T0.062 K Baud 9600 Baud 5.907 K Baud 4800 Baud 4430 Baud

*The clock in the "Clock Divided By" column is the internal processor clock.

NOTE
The divided frequ.-snces shown in Table 5-3 represent baud rates which are the highest transmit
baud rate (Tx) that can be obtained by a specific crystal frequency and only using the prescaler
division. Lower baud rates may be obtained by providing a further division using the SCI rate
select bits as shown below for some representative prescaler outputs.

Table 5-4. Transmit Baud Rate Output For a Given Prescaler Output
SCR

Oika Divided Repreentative Highest Preecalk Baud Rate Output

2 1 0 By 131.072 K Baud 32.7 K Baud 74.80 K Baud 19.0 K Baud SK Saud
0 0 0 1 131072 K Baud 32.708 K Baud 76.60 K Baud 19.20 K Baud 9600 Baud
0 0 B 2 u.536KBaud 16.384 K Baud 3.40 K Saud 9600 Baud 4600 Baud
0 I 0 4 32.70 K Baud 8.192 K Baud 19.20 K Baud 41 Baud 2400 Baud
0 1 e 16.3S4KBaud 4.ONKXSaud meOsawd 24W8aud 1200 Baud
1 0 0 16 8.192K Baud 2.046K Baud 48BOAul 120OBaud O008aud
1 0 1 32 4.096 K Baud 1.f24 K Baud 24,008iaud Baud 300 Baud
1 1 0 64 2.048 K Baud 512 Baud 1200 Ba 300 Baud 150 Baud
I 1 1 128 1024 K Baud 256 Baud OD Baud 150 Baud 75 Baud

NOTE
Table 5-4 illustrates how the SCI select bits can be used to provide lower transmitter baud rates
by further dividing the prescaler output frequency. The five examples are only representative
samples. In all cases, the baud rates shown are transmit baud rates (transmit clock) and the
receiver clock is 16 times higher in frequency than the actual baud rate.
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SECTION 6
SERIAL PERIPHERAL INTERFACE (SPI)

This section contains a description of the serial peripheral interface (SPI).

6.1 OVERVIEW AND FEATURES

The serial peripheral interface ISPI) is a synchronous interface built Into the MCUHC11AS MCU which
allows several MCUHC11A8 MCUs, or an MC8HC11AS plus peripheral devices, to be interconnected. In
an SPI, separate wires (signals) are required for data and dock as the clock is not Included in the data
streanm. An SPI system may be configured as a master or as a save.

Features include:
0 Full Duplex, Three-Wire Synchronous Transfers
* Master or Slave Operation
* 1.05 MHz (Maximum) Master Bit Frequency

* 2.1 MHz (Maximum) Slave Bit Frequency0 * Four Progrommable Master Sit Rates
• Programmable Clock Polarity and Phase
* End-of-Transmission Interrupt RFg
* Write Collision Flag Protection
0 Mater-Mmaster Mode Fault Protection Capacity
* Easily Interfaces to Simple Expaision Parts (PLLs, D-A, Latches, Display Drivers, etc.)

6.2 SIGNAL DESCRIPTION

The four besic signals (MISO, MOSI, SCK, and 99) used to transmit data by the serial peripheral interface
e discussed in the following paragraphs. Each signal Is descriled for both the mater and slave modes.

Any SPI output has to have itcorresponding data dkoctio bit In DDRD se. If this bit is clear, the pin is
dimsonnected from the SPI logic and becomes a general-purpose input.

4.2.1 ma In Slave Out (MISO)

The MISO pin issonflgured s an Iknput In a master device and a an output in a dsve device. It is one of the
two wires that cary data in one direction, with the mot significant bit sent first. The MISO pin of a slv
device is pieced in the high-Impednce state if the sm is not slected.

6.22 Maerw Out Slave In (MOSI)

The MOSI pin is configured as a data output in a mas device and as a det inut in a slae device. It Is
one of the two lines that transfe serial daet in one dinrctiao with the significant bit wnt first.

O



0.2.3 Serial Clock ISCK)

The serial clock is used to synchronize data movement both in and out of the device through its MOSI and
MISO pins. The master and slave devices are capable of exchanging a data byte of information during a se-
quence of eight clock cycles. Since SCK is generated by the master device, this line becomes an input on a
slave device.

As shown in Figures 6-1 and 11-17, four possible timing relationships may be chosen by using control bits
CPOL and CPHA. Both master and slave devices must be operated in the same timing mode. The master
device always allows data to be applied on the MOSI line a half-cycle before the clock edge (SCK), in order
for the slave device to latch the data.

iii II Ii- - -L -

(CPIX-O. CPMA-m1
SCK

IMPO-O. CPHA- I I

(CPOM- 1, CIPHA - 0

SC' C• oI Fd-1

MU a 5 4 3 2 1 LSO

I I I I I I I I
ITERNAL STROM FOR DATA CAPTW (ALL K0OS

Figure 6-1. Data Clock Timing Diagram

Two bits (SPRO and SPRI) in the SPCR of the master device select the clock rate. In the slave device. SPRO
and SPRI have no effect on the operation of the SPI.

6.2.4 Slave Select (85)

The slave select (SS) input is used to chip select a slave when it goes low. It has to be low prior to data
transactions and must stay low for the duration of the transaction.

The SS pin on the master must be tied high. If it goes low for any reason, a mode fault error flag (MODF) is
st in the SPSR. The rS pin can be selected to be a generel-purpose output by writing a one in the port D
data direction register bit 5, thus disabling the mode fault circuit.



6.3 FUNCTIONAL DESCRIPTION

Figure 6-2 shows a block diagram of the SPI. When the master device transmits data to a second ulave)
device via the MOSI line, the slave device responds by sending data to the master device via the MISO line.
This implies full duplex transmission with both data out and data in synchronized with the same clock
signal. Thus, the byte transmitted is replaced by the byte received and aiiminates the need for separate
transmit-empty and receiver-full status bits. A single status bit ISPIF) is used to signify that the I/0 opera-
tion is completed.
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NOTES: The S-. SCK, MOSI. end MISO me ml pbn •wi ioide the l•win fwcw:
a. MOSI-Provide seNd ou•uin to deav unite) when dev ie configured ae a metw. •ecv sef InuMt from msew unit when

deice B confIgu-d ea a am unit.
b. MISO--ARecive sdI from damv unitse) when devic " configured ma nmer. PrMvW e•e Oulut to mner when derie

conf•wued a a dae unk.
c. SCK -Pmvds a9lt cock whnm i configured w a mee uni. Receivas sm doa whon d i configured amsa div

unit.
d. SS -PPmvides a Iosl low to slecta dave devce fo a hnime with ma im deice.

Figure 6-2. Serial Peripheral Interface Block Diagram

The SPI is double buffered on the reed, but not the write. If a write is performed during data transfer, the
transfer occurs uninterrupted, and the write will be unsuccessful. This condition will cause the write coMl-
sion (WCOL) status bit of the SPSR to be set. After a data byte is shifted, the SPIF flag of the SPSR is sat.

In the meter mode, the SCK pin is en output. It idles high or low, depending on the CPOL bit in the SPCR,
until data is written to the shift register, at which point eight clocks wre generated to shift the eight bits of
date and then SCK goes idle again.

In a sive mode, the Slave start logic receives a logic low at the ,SS pin and a system clock input at the SCK
pin. Thus, the slave is synchronized with the master. Date from the master is received serially at the Slave
MOSI pin and loads the S-bit shift register. After the S-bit shift regitr is loaded, its data is parallel trans-
ferred to the reed buffer. During a write cycle, daf is vwrttan into he shift regiser, thn the slaN waite for
a clock train from the master to shift the data out on the MISO pin.



Figure 6-3 illustrates the MOSI, MISO, and SLI master-siave interconnections.
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Figure 6-3. Serial Peripheiral Interface

Master-Slave Interconnection

6.4 REGISTERS

There are three registers in the serial parallel interface which provide control, status, and data storage
functions.

6.4.1 Serial Peirpheral Control Register (SPCR), Figure 6-4
,S 5 4 3 ;2 I o
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Figure 6-4. Serial Peripheral Control Register (SPCR) 14"

Bit 7, SPIE When the serial peripheral interrupt enable bit is set, SPI interrupts are allowed. Interrupts
are masked when this bit is cleared. The SPIE bit is cleared by eset.

Bit 6, SPE When the si peripheral enable bit is set, it enables the SPI system by connecting it to
the external pins. Because the SPE bit is cleared by rest, the SPI system is not connected
to the external pins upon reet.

Bit 5, DWOM If the DWOM bit is set, port D output pins function as open-drain outputs, end when the
DWOM bit is clear, port D output pine function normally. The DWOM bit is ceared by
reset.

Bit 4, MSTR If the MSTR bit is set, the SPI is a master device. If cleared, the SPI is a save device.

Bit 3, CPOL When the clock polarity bit is cleared and data is not being transferred, a steady state low
value is produced at the SCK pin of the master device. Conversely, if this bit is set, the
SCK pin will idle high. This bit is also used in conjunction with the clock phase control bit
to produce the desired clock-data relationship between master and slave. The CPOL bit is
cleared by reset. See Figure 6-1.

Bit 2, CPHA The clock phm bit, in conjunction with the CPOL bit, controls the clock-data relationship
between master and slave. In general, the CPHA bit elects which clock edge captures
dwta and allows it to change sta . The CPHA bit is sMt by reset. Refer to Figure 6-1.

.. ... .



Bit 1, SPR 1 These two serial peripheral rate bits select one of four baud rates (Table 6-1) to be used as
Bit 0. SPRO SCK if the device is a master; however, they have no effect in the slave mode. The SPR1

and SPRO bits are not affected by reset.
Table 6-1. Serial Peripheral Rate Selection

Internal Processor

SPRIPRO Clock Divide By

0 0 2
o 1 4
1 0 16
1 1 32

6.4.2 Serial Peripheral Status Register ISPSR), Figure 6-5
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Figure 6-5. Serial Peripheral Status Register (SPSRI

Bit 7, SPIF The serial peripheral data transfer flag bit is set upon completion of data transfer between
the processor and external device. If SPIF goes high, and if SPIE is set, a serial peripheral
interrupt is generated. While SPIF is set, all writes to the aerial peripheral data register are
inhibited. Clearing the SPIF bit is accomplished by reading the SPSR (with SPIF set)
followed by an access of the SPOR. The SPIF bit is cleared by reset.

Bit 6, WCOL The write collision bit is set when an attempt is made to write to the serial peripheral dat
register while data transfer is taking place. Clearing the WCOL bit is accomplished by
reading the SPSR (with WCOL set) followed by an access to SPDR. The WCOL bit is
cleared by reset.

Bit 5 Not implemented and read* as zero.

Bit 4, MODF The mode fault flag indicates that there may have been a multi-master conflict for system
control and allows a proper exit from system operation to a reset or default system state.
The MODF bit is normally clear, and is set only when the master device has its SS pin
pulled low. Setting the MODF bit affects the internal serial peripheral interface system in
the following ways:

1) An SPI interrupt is generated if SPIE= 1.
2) The SPE bit is cleared. This disables the SPI.
3) The MSTR bit is cleared, thus forcing the device into the slave mode.

Clearing the MOOF bit is accomplished by reading the SPSR (with MODF set), followed by
a write to the SPCR. Control bits SPE and MSTR may be restored to their original set state

- after the MODF bit has been cleared. The MODF bit is cleared by reset.

Bits 3-0 Bits 3. 2, 1, and 0 are not implemented and read as zeros.
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Figure 6.6. Serial Peripheral Data I/O Register (SPDR)

The serial peripheral data I/O register is used to transmit and receive data on the serial bus. Only a write to
this register will initiate transmission/reception of another byte, and this will only occur in the master
device. At the completion of transmitting a byte of data, the SPIF status bit is set in both the master and
slave devices.

When the user reads the serial peripheral data I/0 register, a buffer is actually being read. The first SPIF
must be cleared by the time a second transfer of data from the shift register to the read buffer is initiated or
an overrun condition will exist.

A write to the serial peripheral data I/0 register is not buffered and places data directly into the shift register
for transmission.



SECTION 7
ANALOG-TO-DIGITAL CONVERTER

The MCOSHC11AS includes an 8-channel multiplexed-input successive approximation analog-to-digital
(A/D) converter with sample and hold to minimize conversion errors caused by rapidly changing input
signals. Two dedicated pins WVRL, VRH) are provided for the reference supply voltage inputs. Them pins
"may be connected to a lower noise power supply to assure full accuracy of the A/D conversion. The S-bit
A/D converter has a linearity error of :t % LSB and accepts analog inputs which range from VRL to VRH.
Smaller analog input rangs can also be obtained by adjusting VRH and VRL to the desired upper and lower
knits. Each conversion is accomplished in 32 MCU E clock cycles, provided the E rate is equal to or greater
than 1 MHz. For systems which operate at clock rates les than 1.0 MHz, an internal R-C oscillator must be
used to clock the A/D system by setting the CSEL bit in the OPTION register.

NOTE
Only four A/D inputs are available in the 48-pin package version of the MCW.HC1IAS.

7.1 CONVERSION PROCESS

The A/D conveter is ratometric. An input voltage equal to VRL convene to W0 and an input voltage equal
to VRH converts to $FF (full scale), with no overflow indication. For ratiometric conversions, the source of
each analog Input should use VRH as the supply voltage and be referenced to VRL.

7.2 CHANNEL ASSIGNMENTS

A multiplexer allows the single A/D converter to select one of sixteen analog signals. Egh of tes chan-
nel correspond to port E input pins to the MCU, four of the channels are for internal refoerance points or
tost functions, and four channels are reserved for future use. Table 7-1 shows the signals selected by the
four channel select control bits.

Table 7-1. Analog-to-Digital Channel Assignments
N..u* In ADIM

CD CC CS CA C .nwSag.md IfMULT-I
0 0 0 0 AND AOSI
0 0 0 1 ANI AO02
o 0 1 0 AN2 A013
o 0 1 1 AN3 AO04
0 1 0 0 A144 AOAI
0 1 0 1 AN64 A0R2
0 1 1 0 ANG* ADI13
0 1 1 1 AN7* A0A4

a 0 0 0 Iwd AGRI
1 0 0 1 RNerved AOAI
1 0 1 0 Rmwend A013
1 0 1 1 Ramed ADW

I 1 0 0 VF1H Pin AOOII
I 1 0 I VRL Pin A0142

1 01 0 VpN)/2 ADID
S I 1 Rme I AA4

*N1 44- - pckmps vvmw. fm

0



7.3 SINGLE-CHANIVEL OPERATION

There are two variations of single-channel operation. In the first variation (SCAN = 0), the single-selected
channel is converted four consecutive times with the first result being stored in the ADRI result register and
the fourth result being stored in the ADR4 register. After the fourth conversion is complete, all conversion
activity is halted until a new conversion command is written to the ADCTL control register. In the second
variation (SCAN = 1), conversions continue to be performed on the selected channel with the fifth conver-
sion being stored to the ADR1 register (overwriting the first conversion result), the sixth conversion over-
writes ADR2, and so on continuously.

7.4 FOUR-CHANNEL OPERATION
There are two variations in multiple-channel operation. In the first variation (SCAN = 0), the selected group
of four channels are convened, one time each, with the first result being stored in the ADRI result register
and the fourth result being stored to the ADR4 register. After the fourth conversion is complete, all conver-
sion activity is halted until a new conversion command is written to the ADCTL control register. In the sec-
ond variation (SCAN = 1), conversions continue to be performed on the selected group of channels with
the fifth conversion being stored in the ADRI register (replacing the earlier conversion result for the first
channel in the group), the sixth conversion overwrites ADR2, and so on continuously.

7.5 OPERATION IN STOP AND WAIT MODES

If a conversion sequence is still in process when the MCUHC11A8 enters the STOP or WAIT mode, the
conversion of the current channel is suspended. When the MCU resumes normal opxatlon. that channel
will be re-sampled and the conversion sequence resumes. As the MCU exits thl WAIT mode, the A/D cir-
cuits are stable and valid results can be obtained on the first conversion. However, in STOP mode, all
analog bias currents are disabled and it becomes necessary to allow a stabilization period when leaving the
STOP mode. If the MC6SHC11A8 exits the STOP mode with a delay, there will automatically be enough
time for these circuits to stabilize before the first conversion. If the MC6BHIIC1A8 exits the STOP mode
with no delay (DLY bit in OPTION register equal to zero1, the user must allow sufficient time for the A/D
circuitry to stabilize to avoid invalid results.

7.6 A/D CONTROL/STATUS REGISTER (ADCTL)

All bits in this register may be read or written, except bit 7 which is a read-only status indicator and bit 6
which always reads as a zero. Sit 7 is cleared at reset but the other bits are not affected by reset. Figure 7-1
and the following paragraphs describe the function of each of the bits.

6, B BS 84 63 02 S, so
CCF - SCAN T _C0 CC C8 m C A s-030

Figure 7-1. A/D Control/Status Register IADCTL)

Bit 7, CCF Conversions Complete Flag-This read-only status indicator is set when all four A/D result
registers contain valid conversion results. Each time the ADCTL register is written, this bit is
automatically cleared to zero and a conversion sequence is started. In the continuous
modes, conversions continue in a round-robin fashion and the result registers continue to be
updated with current data even though the CCF bit remains set.

NOTE
The user must write to register ADCTL to initiate conversion.0



sit 6 Not implemented. Reads as zero.

Bit 5, SCAN Continuous Scan Control -When this control bit is cleared, the four requested conversions
are performed once to fill the four result registers. When this control bit is sot, conversions
continue in a round-robin fashion with the result registers being updated as data becomes
available.

Sit 4, MULT Multiple-Channel/Single Channel Control-When this bit is cleared, the A/D system is con-
figured to perform four consecutive conversions on the single channel specified by the four
channel select bits CD thru CA (bits 3-0 of ADCTL). When this bit is set, the A/D system is
configured to perform a conversion on each of four channels where each result register co-
responds to one channel.

Sit 3. CD Channel Select D
Oft 2, CC Channel Select C
Sit 1, CS Channel Select B
Sit 0, CA Channel Select A-Thee four bits are used to select one of 16 A/D channels Iwo Table

7-1). When a multiple channel mode is selected IMULT = 1), the two least-significant chan-
nel meect bits (CS and CA) have no meaning and the CD end CC bits specify which group of
four channels are to be converted. The signals selected by the four channel select control
bits are shown in Table 7-1.

7.7 A/D RESULT REGISTERS 1. 2. 3. AND 4 (ADRi, ADR2. AOR3. and AOR41

The AID result registers ame reed-only registers used to hold an 8-bit conversion result. Writes to these
registers have no effect. Data in the A/D result registers is not valid unless the CCF flog bit in ADCTL is st,
indicating conversion complete. Refer to the A/D channel assignments in Table 7-1 for the relationship
between the channels and the result registers.

7.8 A/D POWER UP AND CLOCK SELECT

A/D power up is controlled by bit 7 (ADPU) of the OPTION register. When ADPU is cleared, power to the
A/D system is disabled. When ADPU is se, the A/D system is enabled. A delay of typically 100
microseconds is required after turning on the A/D converter to allow the analog bia voltages to stabilize.

Clock elect is controlled by bit 6 (CSEL) of the OPTION register. When CSEL is cleared, the A/D uses the
system E clock. When CSEL is set, the A/D uses an internal R-C clock source, which runs at about 1.5
MHz. The MCU E clock is not suit"ble to drive the A/D syatem if it is operating below 1 MHz, in which cae
the R-C internal clock should be selected. Refer to 9.2 CONFIGURATION OPTIONS REGISTER
(OPTION) for more detailed information.



SECTION 8
PROGRAMMABLE TIMER, REAL-TIME INTERRUPT, AND

PULSE ACCUMULATOR

This section describes the 16-bit programmable timer, the real-time interrupt, and the publse accumulator
system features of the MC6SHCI1AS.

8.1 PROGRAMMABLE TIMER

The timer has a single 16-bit free-running counter which is clocked by the output of a four-stage prescaler
(divide by 1, 4, 8, or 16), which is in turn driven by the MCU E dock. Input functions we called input cap-
turn. These Input captures record the count from the free-running counter in esponm to a detected edge
on an input pin. Output functions, called output compares, c.aue an output action when there is a match
between a 16-bit output-compare register and the free-running counter. This timer system has three input
capture registers and five output compare registers.

In order to reduce the overhead required to service interrupts, tirner overflow, and the other eight timer
functions, each has a separate interrupt vector, and each of the nine inqfTupts is separately maskable. A
change in the way interrupt fleg bits ae cleared has been incorporated to enhance timer interrupt opera-

* tion.

3.1.1 Counter

The key elernent In the timer system is a 16-bit free-running counter, or timer counter register. After remst,
the MCSIHC1 1A8 is configured to use the E dock as the Input to the free-running counter. Initialization
software may optionally reconfigure the system to use one of the three preecale tope. Software can reed
the counter at any time without affecting its value because it is cocked and reed during opposite half cycles
of the MPU E clock.

A counter read should first address the most significant byte. An MPU reed of this addess causm the least
significant byte to be transferred to a buffer. This buffer is not affected by rest and is accessed when
reading the lest significant byte of the counter. For double byte reed instructions, the two acessm occur
on consecutive bus cycles.

The counter is cleared to KIM during reset and is a read-only register with one exception. In tes modes
only, any MPU write to the most significant byte always presets the counter to $FFF8 regardless of the
value involved in the write.

When the count chitnge from SFFFF to $0000, the timer overflow flag (TOF) bit is set in TFLG2. An inter-
rupt can be enabled by setting the interrupt enable bit (TOI) in TMSK2.



8.1.2 Input Capture

The input capture registers are 16-bit read-only registers which are not affected by reset and are used to
latch the value of the counter when a defined transition is sensed by the corresponding input capture edge
detector. The level transition which triggers counter transfer is defined by the corresponding input edge
bits (EDGxB, EDGxA) in TCTL2.

The result obtained by an input capture corresponds to the value of the counter one cycle after the transi-
tion which triggered the edge-detection logic. The selected edge transition sets the ICxF in TFLG1 and can
cause an interrupt if the corresponding ICxl bit(s) is (are) set in the TMSK1 register. A read of the Input
Capture Register's MSB inhibits captures for one E cycle to allow a double-byte read of the full 16-bit
register.

8.1.3 Output Compare

The output compare registers are 16-bit read/write registers which am initialized to $FFFF by reset. They
can be used as output waveform controls and as elapsed time indicators. If an output compare is not util-
ized, the unused registers may be used as storage locations.

All output compare registers have a separate dedicated comparator for comparing against the free-running
counter. If a match is found, the corresponding output compare flag (OCxF) bit in TFLG1 is set and a
specified action is automatically taken. For output compare functions two through five the automatic ac-
tion is controlled by pairs of bits in the TCTL1 control register (OMX and OLX). Each pair of control bits are
encoded to specify the output action to be taken as a result of a successful OCx compare.

An interrupt can also accompany a successful output compare, provided that the corresponding interrupt
enable bit (OCxI) is set in TMSK1.

After an MPU write cycle to the most significant byte, output compares are inhibited for one E cycle in
order to allow writing two consecutive bytes before making the next comparison. If both bytes of the
register are to be changed, a double-byte write instruction should be used in order to take advantage of the
compare inhibit feature.

MPU writes can be made to either byte of the output compare register without affeting the other byte.

A write-only register (CFORC), allows forced compares. Five of the bit positions in the CFORC register cor-
respond to the five output compares. To force a compare, or compares, a write is done to CFORC with the
associated bits set for each output compare that is to be forced. The action taken as a result of i forced
compare is the same as if there was a match between the OCx register and the free-running counter, except
that the corresponding interrupt flog status bits are not set.

8.1.4 Output Compare 1 I/O Pin Control

Unlike thebther four output compares, output compare 1 can automatically affect any or al of the five out-
put pins (bits 3-7) in port A as a result of a successful compare between the OCI register and the 16-bit free-
running counter. The two 5-bit registers used in conjunction with this function are the output compare 1
mask register (OCIM) and the output compare 1 data register (OCID).
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Register OCIM is used to specify the bits of port A (I/0 and timer port) which are to be affected as result
of a successful OC1 compare. Register OCID is used to specify the data which is to be stored to the af-
fected bits of port A as the result of a successful OC1 compare. If an OC1 compare and another output
compare occur during the same E cycle and both attempt to alter the same port A bit, the OC1 compare
overrides.

This function allows control of multiple I/0 pins automatically with a single output compare.

Another intended use for the special I/O pin control on output compare is to allow more than one output
compare to control a single I/0 pin.

8.1.5 Timer Compare Force Register (CFORC)

The compare force rege'ter is used to force early output compare actions. The CFORC register is an 8-bit
write-only register except that bits 2, 1, and 0 are not implemented. Reads of this location have no meaning
or effect and always return logic zeros (O0). Note that the compare force function is not generally recom-
mended for use with the output toggle function because a normal compare occuring immediately before or
after the force may result in undesirable operation. Figure 8-1 and the following paragraphs describe the
function of each of the bits.

I1 I 6s 14 63 62 of s0
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Figure 8-1. Timer Compare Force RegIltor (CFORC)

0 FOCl-FOCS Force Output Compare x Action
0-Has no meaning
1 -- Causes the action which is programmed for output compare except that the OCxF

is not set.
Bits 2-0 Not Implemented. Reed as a logic zero.

3.1.4 Output Compare 1 Mask Register (OCIM)

This 8-i reed/write register IFigure 8-2) is cleerd by rsaet and is used in conjunction with output compare
1 to specify the bits of port A which we to be affected as a result of a successful OCI compare. Bits zero
through two are not implemented and always return zero.

II N Is 14 93 62 II 0

K"i I I ,CI-G I CCICI - - - IlC

Figure 8-2. Output Compare I Mask Register IOCIM)

The bits of OC1Mrsgietar correspond bit-for-bit with the bits of port A (bits 7 through 3 only). For each bit
that is affected by the successful compare, the corresponding bit in OCIM should be st to one.

Note that the pulse accumulator function shares bit 7 of port A. If the DDRA7 control bit in the PACTL
regiter is set, then port A bit 7 is configured as an output and OCI can obtain access by setting OCIM bit
7. In this condition if the PAEN control bit in the PACTL register is set, enabling the puls accumulator in-
put, then OCI compares cause a write of OC10 bit 7 to an internal latch, and the output of that latch drives
the pin and the pulse accumulator input. This action can then cause the pulse accumulator to take the ap-
prop* actin lpulee count or gate modes).
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6.1.7 Output Compare 1 Data Register IOC1D)

This 8-bit, read/write register (Figure 8-3) is cleared by reset and is used in conjunction with output com-

pare 1 to specify the data which is to be stored to the affected bits of port A as the result of a successful
OCI compare. This register is not affected by reset. Bits zero through two are not implemented and always
read as zeros.

87 S- as 84 - 3 82 6, S0
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Figure 6-3. Output Compare I Data Register (OCID)

The bits of OC1D correspond bit-for-bit with the bits of port A (bits 7 thru 3 only). When a successful OC1
compare occurs, for each bit that is set in OC1M, the corresponding data bit in OC1D is stored in the cor-
responding bit of port A. If there is a conflicting situation where an OC1 compare and another output com-
pare function occur during ths same E cycle with both attempting to alter the same port A bit, the OC1 ac-
don overrides.

8.1.8 Timer Control Register 1 (TCTL1I)

Tmor control register 1 is an 8-bit read/write register. All bits in this register are cleared to zero during reset.
Figure 8-4 and the following paragraphs describe the function of each of the bits.

81 e 115 84 83 82 11 W
0112 1 O2 I 083 00 iOW I 4 0115 1 L ] --020

SriS

Figure 8-4. Timer Control Register 1 (TCTL1)

Bits 7, 5, 3, 1 Output Mode
OMx

Oits 6, 4, 2, 0 Output Level. These two control bits (OMx and OLx) are encoded to specify the output
OLx action to be taken as a result of a successful OCx compare.

OMx OLx Action Taken Upon Successful Compare
0 0 Timer disconnected from output pin logic
0 1 Toggle OCx output line
1 0 Clear OCx output line to zero
1 1 Set OCx output line to one

6.1.3 Timer Control Register 2 (TCTL2)

Timer control regias 2 is an 8-bit reed/write register except for bits 6 and 7 which are not implemented.
FRWe 8-5 end the following paragraphs describe the function of each of the bits.

87 N 85 84 83 12 II 0

E6- 1- 6 1061A I0623 I E0"2A I =63 I (06 1-021

Figure 6-6. Timer Control RegIster 2 1TCTL2)
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Bits 7-6 Not Implemented. Read as a logic zeros.

Bits 5, 3, 1 Input Capture x Edge Control. These two bits (EDGxB and EDGxA) are cleared to zero by
EDGxB reset and are encoded to configure the input sensing !ogic for input capture x as follows:

Bits 4, 2, 0
EDGxA EDGxB EDGxA Configuration

0 0 Capture disabled
0 1 Capture on rising edges only
1 0 Capture on falling edges only
1 1 Capture on any (rising or falling) edge

8.1.10 Main Timer Interrupt Mask Register 1 (TMSKI)

The timer interrupt mask register (see Figure 8-6) is a read/write register and the bits are described in the
following paragraphs.

a? 06 as 84 83 82 of s0
0c i OC2 1 oC31 I oC41 I OC51 1 1C I C21 I IC31 S022

5,

Figure 8-6. Timer Interrupt Mask Register 1 ITMSK1)

Bits 7-3, OCxl Output Compare x Interrupt. If the OCxl mask bit is set when the OCxF flag bit is set, a
hardware interrupt sequence is requested.

Bits 2-0, ICxI Input Capture x Interrupt. If the ICxA mask bit is set when the ICxF flag bit is set, a hard-
ware interrupt sequence is requested.

8.1.11 Main Timer Interrupt Flag Register 1 (TFLG1)

The timer system flag register 1 (TFLG1), shown in Figure 8-7, is used to indicate the occurrence of timer
system events, and together with the TMSK1 register allows the timer sub-system to operate in a polled or
interrupt driven system. For each bit in the timer flag register 1 (TFLG1), there is a corresponding bit in the
timer mask register 1 ITMSK1) in the same bit position. If, and only if, the mask bit is set each time the con-
ditions for the corresponding flag are met, a hardware interrupt sequence is requested as well as the flag bit
being set.

Bit manipulation instructions would be inappropriate for flag clearing because they are read-modify-write
instructions. Even though the instruction mask implies that the programmer is only interested in some of
the bits in the manipulated location, the entire 8-bit location is actually read and rewritten which may clear
other bits in the register.

y Be6 8s 84 83 82 61 80
DCI F I OCP I OC3 0IC I OsCF I IC I F I 1C3F , 1 03

Figure 8-7. Timer Interrupt Flag Register 1 ITFLG1)
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Bits 7-3, OCxF Output Compare x Flag. This flag bit is set each time the timer counter matches the out-
put compare register x value. A write of a zero does not affect the state of this bit. A write
of a one causes this bit to be cleared.

Bits 2-0, ICxF Input Capture x Flag. This flag bit is set each time a selected active edge is detected on
the ICx input line. A write of a zero, does not affect this bit. A write of a one causes this

bit to be cleared.

8.1.12 Timer Interrupt Mask Register 2 (TMSK2)

The timer system mask register 2 is used to control whether or not a hardware interrupt sequence is re-

quested as a result of a status bit being set in timer syster" flag register 2. In addition, two timer prescaler

bits are included in this register. For each of the four most significant bits in timer flag register 2 (TFLG2)

there is a corresponding bit in the timer mask register 2 - MSSK2) in the same bit position.

The timer interrupt mask register is a read/write register ind the bits are described in Figure 8-8 and the

following paragraphs.

87 as e5 84 83 82 61 so
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Figure 8-8. Timer Interrupt Mask Register 2 (TMSK2)

Bit 7, TOI Trimer Overflow Interrupt Enable. This read/write bit is cleared by reset. If this bit is set, a

timer overflow interrupt request is initiated each time the TOF bit (in TFLG2) is set as a
result of a timer counter overflow.

Bit 6, RTII RTI Interrupt Enable. This read/write bit is cleared to zero by reset and is used to enable or
inhibit RTIF interrupt flags from causing hardware interrupt sequences. When RTII is

clear, the RTIF flag is masked (inhibited). When RTII is set, the RTIF flag is enabled to

causes a hardware interrupt.

Bit 5, PAOVI Pulse Accumulator Overflow Interrupt Enable. This read/write bit is cleared to zero by
reset and is used to enable or inhibit PAOVF interrupt flags from causing hardware inter-
rupt sequences. When it is set, a hardware interrupt results when the PAOVF bit is set.

Bit 4, PANl Pulse Accumulator Input Interrupt Enable. This read/write bit is cleared to zero by reset
and is used to enable or inhibit PAIF interrupt flags from causing hardware interrupt se-

quences. When it is set, a hardware interrupt results if the PAIF bit is set.

Bits 3, 2 These bits are not implemented. Reads of these bits will always return a logic zero.

Bit 1, PRI Timer Prescaler Selects. These two bits may be reed at any time but may only be written

Bit 0, PRO during initialization. Writes are disabled after the first write or after 64 E cycles out of
reset. If the MCU is in special test or special bootstrap mode, then these two bits may be

written any time.
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These two bits specify the timer prescaler divide factor.

PRI PRO Divide-by-Factor
0 0 1
0 1 4
1 0 8
1 1 16

8.1.13 Timer Interrupt Flag Register 2 (TFLG2)

Timer system flag register 2 (TFLG2) is used to indicate the occurrence of timer system events and,
together with the TMSK2 register, allows the timer sub-systems to operate in a polled or interrupt driven
system. For each bit in timer flag register 2 (TFLG2), there is a corresponding bit in timer mask register 2
(TMSK2) in the same bit position. If the mask bit is set each time the conditions for the corresponding flag
are met, a hardware interrupt sequence is requested, as well as the flag bit being set.

The timer system status register indicates when interrupt conditions have occurred. To clear a bit, or bits, a
logic one is written to it, or them.

Bit manipulation instructions would be inappropriate for flag clearing because they are read-modify-write
instructions. Even though the instruction mask implies that the programmer is only interested in some of
the bits in the manipulated location, the entire 8-bit location is actually read and rewritten which may clew
other bits in the register.

The timer system flag register 2 is shown in Figure 8-9 and the bits are described in the following
paragraphs.

87 a . 4 33 82 81 so
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Figure 8-9. Timer Interrupt Flag Register 2 (TFLG21

Bit 7, TOF Timer Overflow. This bit is cleared by reset. It is set to one each time the 16-bit free-
running counter advances from a value of $FFFF to =000. In order to acknowledge (clear)
the TOF flag the user must perform a write operation to TFLG2 with bit 7 set.

Bit 6, RTIF Reel Trae Interrupt Flag. This bit is cleared by reset. RTIF is set at each rising edge of the
selected tap point. To clear the RTIF flag, a software write is performed to the TFLG2
register with bit 6 set to one.

Bit 5, PAOVF Pulse Accumulator Overflow Interrupt Flag. This bit is cleared by reset and becomes set
when the count in the pulse accumulator rolls over from WFF to M00. This bit is cleared by a
write to the TFLG2 register with bit 5 set.

Bit 4, PAIF Pulse Accumulator Input Edge Interrupt Flag. This bit is cleared by reset, and becomes set
- when an active edge is detected on the PAl input pin. This bit is cleared by a write to the

TFLG2 register with bit 4 set.

Sits 3-0 These bits are not implemented and they read as a logic zero.
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8.2 REAL TIME INTERRUPT

The real time interrupt feature on the MC6BHC11A8 is configured and controlled by two bits in the PACTL
control register(RTR1 and RTRO) to select one of four interrupt rates. The RTII bit in TMSK2 enables the in-
terrupt capability. Every timeout causes the RTIF bit to be set in TFLG2, and if RTII is set. an interrupt re-
quest is generated. After reset, one entire real time interrupt period elapses before the RTIF flag is set for
the first time.

8.3 PULSE ACCUMULATOR

The pulse accumulator is an 8-bit counter which can operate in either of two modes depending on the state
of the PAMOD control bit in PACTL. In the event counting mode, the 8-bit counter is clocked to increasing
values by an external pin. In the gated time accumulation mode, an E/64 clock drives the 8-bit counter, but
only while the external PAl input pin is in a selected state.

The pulse accumulator uses port A bit 7 as its PAl input, but this pin also shares function as a general pur-
pose I/0 pin and as a timer output compare 1 output. Although the port A bit 7 pin would normally be con-
figured as an input when being used for the pulse accumulator, it still drives the pulse accumulator system
even when it is configured for use in its alternate capacities.

8.4 PULSE ACCUMULATOR CONTROL REGISTER IPACTL)

Four bits in this register are used to control an 8-bit puls accumulator system and two other bits are used
to select the rate for the red time interrupt system. Figure 8-10 and the following paragraphs describe the
function of each of the bits.

117 35 35 34 53 12 11 to
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Figure 8-10. Pulse Accumulator Control Register (PACTL)

Bit 7, DDRA7 Data Direction for Port A Bit 7. This resd/write bit is cleared by reset and is used to enable
or disable the output driver for the port A bit 7 pin. When DDRA7 is zeor the port A bit 7
pin is configured for input only and when DDRA7 is one port A bit 7 is configured for out-
put. Note that oven when port A bit 7 is configured for output, this pin still acts as the in-
put to the pulse accumulator system.

Bit 6, PAEN Pulse Accumulator System Enable. This read/writs bit is cleared by ment and is used to
enable or disable the pubs accumulator system. When it is set, the pulse accumulator is
enabled, and when clear, the pulbs accumulator system is disabled.

Bit 5, PAMOD Pubs Accumulator Mode. This rsed/writs bit controls whether the pulse accumulator is
to operate in the external event counting mode or the gated time accumulation mode.
When it is zero, the puls acumulator counts pubes on the PAl input pin (port A bit 71.
-When it is set, the puls accumulator operates in the gated time accumulation mode and
the PAl input allows the pulse accumulator counter to count. The PAMOD bit is cleared
to zero by reset.

Bit 4, PEDGE Pulse Accumulator Edge Control. This read/write bit has different meanings depending
on the state of the PAMOD control bit. This bit is cleared by rset.



PAMOD PEDGE Action on Clock
0 0 PAl Falling Edge Increments the Counter
0 1 PAl Rising Edge Increments the Counter
1 0 A "0' on PAl Inhibits Counting
1 1 A '1' on PAl Inhibits Counting

Bits 3-2 These bits are not implemented and read as a logic zero.

Bit 1, RTR1 RTI Interrupt Rate Selects. Thes two read/write bits select one of four rates for the real
Bit 0, RTRO time periodic interrupt circuit (am Table 8-1). Raset clas these two bits and after reset, a

full RTI period elapses before the first RTI interrupt.

Table 8-1. Real Time Interrupt Rate vesus RTR1 and RTRO
D0-ide XTAL- XTAL- XTAL- XTAL- XTALw

TBy 22 8.0 MHz 4.1nM MHz 4.0 MHz 3.0W4 MHz

213 3.1 ma 4 .m10 m .&7 m 9.19 "M 8.80 am
214 7.81 ma a. 19 me 13.3 mg 14.3mg jm 17.75 nw

1 0 215 1542 6m 15-.35 ma 3.67 ma 31.77 ms 35.56 nu

1 1 216 31.25 mn 32.77 ma 3.33 ma W5.4 ma 71.11 mn
E- 2.1 MHz 2.0 MHz 1.2210 MHz 1.0 MHz 21.6 KHz



SECTION 9
SYSTEM PROTECTION

This section describes the computer operating properly I COP) system feature and other systemn protection
features.

1.1 COP WATCHDOG SYSTEM

The MCE8HCIIAS includes a COP (computer operating property) watchdog systemn to help protect against
software failures. To use a COP watchdog timer, a watchdog reae sequence is executed on a regular

peidcbasis so that the watchdog timer is never allowed to time out.

The internal MCUBHC11IAS COP function includes special control bits which permit specification of one of
four time out periods and even allows the function to be disabled Completely.

The NOCOP control bit, which determines; whether or not a watchdog timteout causes a system est ismjiii-
plemented inan EEPlOM call in the CONFIG register. Once programmed, thisbit remains me forlemred)
even when no power is applied to the MC89HC1 1A8. and fth COP function is enabled or disabled indepen-
denvt of resident software. The NOCOP control bit may be overridden while in special test modes so the
COP systemn can be inhibited from causing a hardware reset.

Two other control bits in the OPTION register select one of four timneout durations for the COP timter. The
actual timeout period is dependent on the system E clock frequency, but for reference purposes, Table 9-1
shows the relationship between the CR1 and CR0 Control bits and the COP timeout period for various
system clock frequencies.

- -Table 9-1. COP Timeout Period versums CR1 and CR0
fns XTAL-3n XTAL-5.5 MW XTAI.-4.11UMM1,1 XTAL-41.41M~t XTAL-&.UM N.

Ok~ded fl~ 110WW Th~Tn~yno
Cal call my -01 + 1.4 me -0/+4.4154 -51.2g.?..,. -0/ +3L$5no -51.5.5mg

o 0 1 15.61 an 16.396 nu AS.65 no. 326.M no 3. rm
o 1 4 2.5 ms Ws nom 106.97 Mm 131.07 t. 142.22 n
1 0 to 25D m. 28.14 no 21.67 no 62.29 no 91111.11 "a

_____ 2.1 MHz 2.0 MHz 1.= hZ 1.0MM M Iz22.CKa

Thel default reset condition of CR1 :CRO is 0:0 which corresponds to the shortest timeout period.

The sequence required to reset the watchdog timner is: 1) writs SO to the COPRST register at *-03A. fol-
lowed by 2) write *AA to the same address. Both writes must occur in correct order prior to timeout but,
any number of Instructions may be executed between the writes. The elapsed time between adjacent soft-
ware rese sequences must never be greater than the COP time out period.



3.2 CONFIGURATION OPTIONS REGISTER IOPTION)

This is a special purpose 8-bit register that is used (optionally) during initialization to configure internal
system configuration options. With the exception of bits 7, 6, and 3 (ADPU, CSEL, and CME) which may
be read or written at any time, this register may be written to only once after a reset and thereafter is a read-
only register. If no write is performed to this location within 64 E-clock cycles after reset, then bits 5. 4, 1,
and 0 (IRQE, DLY, CR1, and CR0) will become read-only to minimize the possibility of any accidental
changes to the system configuration. While in special test modes, the protection mechanism on this
register is overridden and all bits in the OPTION register may be written.

Figure 9-1 and the following paragraphs describe the function of each of the bits.
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Figure 9-1. Configuration Options Register IOPTION)

Bit 7, ADPU A/D Powerup. This bit is cleared by reset and controls operation of the on-chip analog-to-
digital converter. When ADPU is clear, the A/D system is powered down and conversion re-
quests will not return meaningful information. To use the A/D system, this bit should be set.

Bit 6, CSEL A/D Clock Source Select. This bit is cleared by reset and determines the docking source for
the on-chip A/D. When this bit is zero, the MCU E clock drives the A/D system. When CSEL
is one, an on-chip R-C oscillator is enabled and clocks the A/D system at about 1.5 MHz rate.
When running with an E clock less than 1 MHz, CSEL must be high to program or erase the
EEPROM.

Bit 5, IRQE IRQ Edge/Level Sensitive. This read/write bit is cleared at reset. When it is clear, the IR pin
is configured for level sensitive wired-OR operation (low level) end when it is set, the IRO is
configured for edge-only sensitivity (falling edges) on the II pin.

Bit 4, DLY STOP Exit Turn-On Delay. This bit may only be written under special circumstances as
described above. This bit is set to one during reset and controls whether or not a relatively
long turn-on delay will be imposed before processing can resume after a STOP period. If an
external clock source is supplied this delay can be inhibited so that processing can resume
within a few cycles of a wake up from STOP mode. When DLY is a one, delay is imposed to
allow oscillator stabilization and when DLY is a zero, this delay is bypassed.

Bit 3, CME Clock Monitor Enable. This control bit may be read or written at any time and controls
whether or not the internal clock monitor circuit will trigger a reset sequence when a slow or
absent system clock is detected. When it is clear, the clock monitor circuit is disabled and
when it is set, the clock monitor circuit is enabled. Systems operating at or below 200 KHz
should not use the clock monitor function. Reset clears the CME bit.

Bit 2 Not Implemented. Reads as a logic zero.

Bit 1, CR1 COP Timer Rate Selects. Refer to Table 9-1 for the relationship between CR1:CR0 and the
Bit 0. CRO COP timeout period.



9.3 CLOCK MONITOR

The clock monitor function is enabled by the CME control bit in the OPTION register. When CME is zero,
the function is disabled and when CME is a one, the clock monitor function detects the absence of an E
clock for more than a certain period of time. The timeout period is dependent on processing parameters and
will be between 5 and 100 microseconds. This means that an E-clock rate of 200 kHz or more will never
cause a clock monitor failure and an E-clock rate of 10 kHz or les will definitely cause a clock monitor
failure. This implies that systems operating near or below an E-clock rate of 200 kHz should not use the
clock monitor function.

Upon detection of a slow or absent clock, the clock monitor circuit (if enabled by CME= 1 will cause a
systen reset to be generated. This reset is issued to the external system via the bidirectional E pin.

Special considerations ae needed when using a STOP function and clock monitor in the same system.
Since the STOP function causes the clocks to be halted, the clock monitor function will generate a rs
sequence if it is enabled at the time the STOP mode is entered.

0i
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SECTION 10
ADDRESSING MODES AND INSTRUCTION SET

This section provides a description of the addressing modes and instruction set.

10.1 ADDRESSING MODES

Six addressing modes can be used to reference memory; they include: immediate, direct, extended, in-
dexed (with either of two 16-bit index registers and an 8-bit offset), inherent and relative. Some instrctions
require an additional byte before the opcode to accomodete a multi-page opcode map; this byte is called a
prbyte.

The following paragraphs provide a description of each addressing mode plus a discussion of the prebyte.
In these descriptions the term effective address a used to indicate the address in memory from which the
argument is fetched or stored, or from which execution is to proceed.

10.1.1 Immediate Addressing

In the immedite addressing mode, the actual argument is contained in the bytels) immediately following
the instruction, where the number of bytes matches the size of the register. These are two, three, or four (if
prebyte is required) byte instructions.

10.1.2 Direct Addreslng

In the direct addressing mode, the least significant byte of the operand address is contained in a single byte
following the opcode and the most significant byte is assumed to be *00. Oirect addressing allows the user
to access 0000 through *O0FF using two byte instructions and execution time is reduced by eliminating the
additional memory access. In most applications, this 256-byte aea is reserved for frequently referenced
data. In the MCUIHC11AS, software can configure the memory map so that internal RAM, and/or internal
regiser, or external memory space can occupy these addresses.

10.1.3 Extended Addressing

In the extended addressing mode, the second and third bytes (following the opcode) contain the absolute
address of the operand. These are three or four (if prebyte is required) byte instructions: one or two for the
opoode, and two for the effective address.

10.1.4 Indexed Addressing

In the indexed addressing mode, one of the index registers (X or Y) is used in calculating the effective ad-
dress. In this cam, the effective address is variable and depends on two factors: 1) the current contents of
the index rigtster IX or Y) being used, and 2) the 8-bit unsigned offset contained in the instruction. This ad-
dressing mode alows referencing any memory location in the 64K byte address space. These are usually
two or three (if prebyte is required) byte instructions, the opcode plus the 8-bit offset.

S
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10.1.5 Inherent Addressing

In the inherent addressing mode, all of the information to execute the instruction is contained in the op-
code. The operands (if any) are registers and no memory reference is required. These are usually one or two
byte instructions.

10.1.6 Relative Addressing

The relative addressing mode is used for branch instructions. If the branch condition is true, the contents of
the 8-bit signed byte following the opcode Ithe offset) is added to the contents of the program counter to
form the effective branch address; otherwise, control proceeds to the next instruction. These are usually
two byte instructions.

10.1.7 Prebyte

In order to expand the number of instructions used in the MC6SHC1 1A8, a prebyte instruction has been ad-
ded to certain instructions. The instructions affected are usually associated with index register Y. The op-
code instructions which do not require a prebyte could be considered as page 1 of the overall opcode map.
The remaining opcodes could be considered as pages 2, 3, and 4 of the opcode map and would require a
prebyte; $18 for page 2, $1A for page 3, and $CD for page 4.

10.2 INSTRUCTION SET

The central processing unit (CPU) in the MC6BHC1l1A8 is basically a proper extension of the MC6801 CPU.
In addition to its ability to execute all M6800 and M6801 instructions, the MC6WHC1 1AB CPU has a paged
operation code (opcode) map with a total of 91 new opcodes. Major functional additions include a second
16-bit index register (Y register), two types of 16-by-16 divide instructions, STOP and WAIT instructions,
and bit manipulation instructions.

Table 10-1 shows all MC8eHC11AB instructions in all possible addressing modes. For each instruction, the
operand construction is shown as well as the total number of machine code bytes and execution time in
CPU E-clock cycles. Notes are provided at the end of Table 10-1 which explain the letters in the Operand
and Execution Time columns for some instructions. Definition of "Special Ops" found in the Boolean Ex-
pression column is found in Figure 10-1.

Tables 10-2 through 10-8 provide a detailed description of the information present on the address bus, data
bus, and the read/write (R/W) line during each cycle of each instruction. The information is useful in com-
paring actual with expected results during debug of both software and hardware as the program is ex-
ecuted. The information is categorized in groups according to addressing mode and number of cycles per
instruction. In general, instructions with the same addressing mode and number of cycles execute in the
same manner. Exceptions are indicated in the table.

S



Table 10-1. MCUHIC11AS Instructions. Addressing Mod"., and Execution Times (Sheet 1 of 71
Sorc ooeen Made for ("xdc" Cvcf@ n

oili Operafton Expresuion~ Operand Opcode O0perendlial Cycle* S X H INZv C

-AGA Add Accumnulator A-S-A INN is 11_ 12 2-1 *- - I I
AIX Add 8to X IX O0:8-lX INN 3A 1___ 1 3 2-2 --------

ABY Addi8to Y y +00:BI -l INNl 18 3A ____2 4 2-4... .. .. .. ..
AOCA top I Add with Carry to A A.M.C-A A IMM a 11 2 2 3-1-- -11II

AODIP 99 dd 2 3 4-1
A EXT 89 hu N 3 4 5-2
A INO.X A9 If 2 4 6-2

_____________A ______ INOY 18A9 Ift 3 5 7-2 _ _ _ _ _ _ _

ADCB (opr) Add with CaurytoS 6 Sm+C-S SIMM CS i 2 2 3-1 *- -Il
DIK DS di 2 3 4-1

BEXT F9 dhha 3 4 5-2
8 INO.X ED If 2 4 6-2

______ _______ a INO.Y 1 l IS if 315 7-2 _ ______

ADDA lopr) Add Merory to A A.MWA A IMM Be ii 2 2 3-1 - 1 tl
A DIK 96 dd 2 3 4-1
A EXT IS hhu 3 4 5-2
A INOX AS Ift 2 4 6-2

____ ____ ___1 A__ _ _ AIND,y 19 AS If 3 51 7-2 _ _ _ _ _ _

ACOS~oprl AidMwumtoOyc 8+M-S aSimm CS mi 2 2 3-11- I 3
B01 O S tdi 2 3 4-1
9 EXT F6 hh 0 3 4 S-2
aSIND.X Es If 2 4 6-2
a_____ IIND.Y 181 ES If 316 7-2

ADDO olpr) Add16-Sht toO0 0 +M:M +1 I MM C3 j kk 3141 3-3 . . . .

DIP D3 dd 26: 4.7
EXT P3 hhuN 36 1-10
INO.X ES Nt 2 06410

I___ IND.___ Y 10 E3 If 3 774

At4DA lopr) ANDA Aw~h Mentry A*M-A A IMM 84 ii 2 2 3-1 0
A DIK 94 di 2 3 4-1
A EX? 54 NthN 3 4 S-2
AINwD.X M 4 2 4 6-2

________A_ ______ INO.Y lM A4 If 3 5 7-2

ANOS1opr) ANDOSwihMIIIwV *MS9 aSIMM C4 ii 2 2 3.1 - - - - 0
801K D4 dd 2 3 4-1
SEX? R4 Ih 3 4 5-2

S INO.X E4 If 2 4 6-2
___ ___ ___ _1 B_____ SIND,Y 186E4 If 3 5 7-2 1 _ _ _ __ _ _

A opi Auithrftic Shift Luft -EXT 75 Iti 1 3 6 "6 - . . . I I
G-CI M- 0 IND.x a If 2 6 6.3
C V7 bO INO.y 1low If 3 7 7-3

AAL INN 48 1 2 2-1
ASIA ~ ~ ~ ~ ~ ~ ~ I _____________ INN a 1___ 12 2-1_______

ASLO Anththmetic Shift LehDobl 0---I- -3n-a0 INN as 1 13 12-2 . . . .

ASA loprb Arithrvtdc ShiftKIRigt EXT 77 hh A- --- I
q~m INOX 67 if 2 66.3

bl O C INO.Y to6 i f 3 7 7-3
ASPA A AINN 47 1 22-1

A66 a_______ IIN" 57 1 2 2-1
9CCM lie Banch if Ca"yCler ?C-O KEL 24 f 2131 6-1 --------

SCLR lprl Clear Sits) MaI9MuI-M DIP 1s dd nen 3 64-10 - - - - 10
Inuki INO.X to IT mm" 376.13

__ _ _ __ _ _ _INO.Y 1610 to nen 4 S -t0

SCSIrell slanchif CanySet iC-I KEL 26 2 3 8- .ii . . .-

NObell GSemch N Zoo ?Z.1 KRt. 27 .__ 23 .6.717

Us ip : Tb 16.1 C de*V-Cyde coke,. Ovaren niA 6s2-deqs"Tok 102 biewft2-4.

"Cpalhl-volawiterpi Wa aftmstT40uO-2hmo?-4~ M~ewo-"vab' 
ra



Table 10-1. MCUBHC11AS Instructions, Addressing Modes, and Exiecution Timee IShoet 2 of 71
Addressing Machine Coding a Cycle

Source Bloolean Made for IlNemadelmaii . t' by Cdtioe Codee
Formlgl Operation Expression Operand Opcode operendlel ycl Sv;G C I " 2 V C

OGE Ireii Branch if aZero ?NS0V0O MEL 2C rr 2 3 8-1 ....

BGT ireil Branch if >Zero I'Z -IN 0 V) 0O MEL 2E rr 2 3 8-1
Ol-I 11eli Branch ifNHgherK d ~ C.Z=O REL 22 ir 2 3 8-1 ...___. __. __.

UNSire@0 Branch if Higheror Sam~e 7C=O MEL 24 rt 2 3 8-1 .....

OITA lopri Bills) Test AwmthMemorv A.M A fMM 85 ii 2 2 3-1 . 1 0
A DIM 95 dd 2 3 4- 1
A EXT as hh 11 3 4 S-2
A IND,X AS ft 2 4 6-2
A iS.Y 18AS if 3 5 7-2

OfTO (ogrl Bils)Test 8with Momorv 8-m 9 1MM C5 mi 2 2 3-1 - - I 0-
8 OIM DS dd 2 3 4-1
8 EXT FS hh 111 3 4 S-2
a INO, ES if 2 4 6-2

______~~ ________ ____ __ INOY 18 ES Hf 3 5 7-2

fiLE (ruli Branch if s Zero 7 Z -IN 0V)I= MEL 2F it 2 3 8-.1 ..

81L0 reit Branch if Lower ?C=1 REL 25 i 2 3 6-11*.......
GLS Ireli Braunch if Lower orSeats ?C.-Z=l REL 23 rt 2 3 8-1I
OLTifrell Branch If< Zero ?NOV-l MEL 20 it 2 3 6-1 ........

SMI fro) BranchifMinus ?N=l REL 29 it 2 3 8-1I
BNE Ira) Branch i~t Zer'o ?Z=O MEL 26 i 2 3 8-1
BPLtruial) Branch if Plus ?N=O REL 2A ri 2 13 B-1
BRA (roll Branch Ahwvin ? I=l I M--EL 20 ii 213 9.1- ---
ORCLRIopr) Branch if Skis) Clear ?M-mm.0 DIR 13 dd men it 4 6 4"11 --------

Imsk) iNOX I F iffnum w 4 J 7 41.14
,rtIND.Y 18IF ifnut mm r S8 7-11

BAN (rel Branch Newer ?I-0 MEL 21 ft 2 31 6.1 --------

SRSTIioPr) Branchif Bills)Set 7 ia)-mm =0 DIM 12 dd mnm it 4 6 4-11 ----I
Ia)IND.X tE If mm it 4 7 11- M

(rol INO.Y IslIE imrnrr 5 S1 7-11
BSETlopr) Set Bitlal M-mm-m OIM 14 dd nm 3 6 t-1 . . . . 0 1

Imsk) INO.X IC If mnm 3 7 813
____ _________ ______ IND'Y IsIC ff mnm 4 S 7.10

8SR (rail Branch to Subroutine See Special Opa REL 8o it 2 61 31.8-2...

SVCifreli Branch ifOverflow Clear ?V=0 MEL 29 it 2 3 1 5-1 ----

SVS Irei I ranchof Overflow Set ?V.1 MEL 29 it 2 3 &1-1 ----

COA Compar A to 9 A-8 INN I11 1 2 2-1 . . . . I I T-T
CLC Clow CarrySit 0-C INN 0C 1____ 2 2-1..................0
CLI Clear Interrupt Mask 0-f INN OE 1 2 2-1 - - - 0 -.

CLM lopri Clear Memorv Byte 0-M EXT 7F hh N 3 65S8-4 . 0 1 0 0
INOX OF if 2 6 6-3

________ INO.Y 185SF 1f317 7-3
CLMA Clear Accumulator A 0-A A INN 4F 1 2 2-1 . 0 1 0 0
CLRS Clear Accumulator 6 0-8 a INN SF 1 2 2- t . . . .0 1I

CLV Clow Overflow Flog 0-V INN OA I 2 2-1.................
CMPA loor) Comper A to Mermoty A-M A IMM 51 It 2 2 3-1

A DIM 91 dd 2 34-1
A EXT BI Ith 3 4 5-2
A INOX Al Nf 2 4 6-2
A IND.Y 1 18AlI ff 1311 7-2

*Cycle-by-cycie number providesa cieerence to Tables 10-2 through 108wlich deIM cyeile-Ilvl-cycea cerdi,
Example: Tabfle 01Cyce-bi.Cyle column refernc nmber2-4 eqeleTable 0-2 bieln 2-4.



Table 10-1. MCUHC11AU Instructions,_Addressing Modes, and Execution Times (Sheet 3 of 7)
Addressing Machine Codin I Cycle

Booceleeean Mod* for I"*xadecImall r uý by CondiftIon Cod".
Formial Operation Expression Operand Opcod. Operandfal 0 1 Cycle* S X H I N Z V C

CMPSloprI CompareStoMomory 8-M aSIMM C1 1i 2 2 3-1
8 DRn Dl dd 2 3 4-1
8 EXT Fl hh It 3 4 5-2
8 IND.X El tf 2 4 6-2
8 iS.Y 18El if 31 5 7-2

COM foprlI' 1Compleument Memory Byte SFF -M -M EXT 73 hh 11 31 6 5-8 - - 2 01
JNO.X 63 if 2 6 6-3
IND.Y 1863 if 3 7 7.3

COMA I'sComplement A IFF -A- A A INH 43 1 2 2-1------- 0 1

come I's Comiplement 8 $FF -8- 8 S INN 53 1 2 2-1........ 0 1

CPDI(op4) Comnpare Dto Memory - M:M1 MM I A 83 li kk 4 5 3-5 - - - - t I t t
18-Sit DIR IA 93 dd 3 6 4-9

EXT IA B3 hth N 4 7 5-11
IND.X IA A3 if 3 7 6-11

_____ INDY CODA3 if 3, 7 7-8
CPX (opI) Comrpare Xto Memnory IX - MM. I MM SC dj kit 3 4 3-3 . . . I I I t

16-Sit DIR 9C dd 2 5 4-7
EXT SC hth N 3 6 5-10
INO.X AC if 2 6 6.10

__________IND.Y CDAC if 3 7 7-8

CIPY (opfI Compare Yto Memory y - M:M -1 1MM 1S SC i kkt 4 5 3-5 -- - -
16-Sit DIR is 9C dd 3 6 4-9

EXT is SC hh 0 4 7 5-11
INO.X IA AC If 3 7 6-l1

_____ IND.Y IS AC IfH 31 7 17-8 _______

DAA Decimal Adjust A AdjustSum toSBCD INN 19 1 2 2-1 - - - - It I I
DEC (oprI Decremenrt Memory Byte M-1-M EXT 7A hh 11 3 s -I --

IND.X 6 If 26 6-3
___________ IND.Y 18 6A if 3 7 7-3

DECA Decremnent Accumulator A A-1-A A INN 4A 1 2 2-1 - - - -I

DECD Decrement Accumulator 9 B-i--S 8INN SA 1 2 2-1I 1
DES Doc I ~nStock Pointer Sp- 1-SP INN 34 _ __ 1 3 2-3
DEX Decrement index Register X IX -1I- IX INN 09S 1 3 2-2

DEY DecremenitIndex Register Y IY -I- IY INN 1809 _ __ 21 4 2-4 ... t
EOIA loot) Exciusive OR A wth Memory A@0M - A A IMM 91 ii 2 2 3-1 -I 0

A DIR 98 dd 2 34-1
A EXT as hth N 3 4 5-2
A IND.X AlS i 2 4 6-2
A____ AINOY 18 AI i 3 S. 7-2

EORG lopfl ExcluarveOR~wihMantor SOM- a SIMM CS ii 2 2 3-1---- ------ 0
aSDfR Do dd 2 3 4-I,
8 EXT FS hit N 3 4 5-2
8SIND.X El if 246-2
8 IND.Y 1IES E f 3 5 7-2

FOOV Fractional Divds 16byt I D/IX-.IX;r--D INN 1134141 2-17-------- I I
ION . Intgr~indellbyll D/IX-IX;r--D INN 02 1 411 2-17----- -- ---- 0
INC loprI Incromeni'mea m yt~e M.1-M EXT 7C hit N 3 6 5-8

IND.X SC if 2 6 6-3
______ IND.Y is6C if 3 7 7-3

INCA 'Increment AccunuletoA A.1-A A INN 4C I 2 2-1 . . . .

INCe increment AccumulatorS 861-S S INN SC 1___ 2 2-1 --- 112-
INS Incremnt nStock Pointer SIP -I -SP INN 31 1 3 2-3 ........

C vcle-bw-cycle number plowid raeroance to Tabile1-2 through 10-Swhochtdeta cycle-by-cycleoperation.
Enomple: Table I0-I Cycle-by-Cyclecolumn reference number 2-4 squab TWle 10-211n0 item 2-4

"sm
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Table 10-1. MCUHC11A8 Instructions. Addressing Modes. and Execution Times (Sheet 4 of 71
Addreuing Machine Coding 0 * Cycle

Source Boolean Mods for (Hexadecimall > by Condition Codes
Formis) Operation Expression Operand Opcode Operand(s) S U Cyclee S X H I N Z V C

INX increment Index Register X IX - 1 - IX INH 08 1 3 2-2 ...... -

INY Increment Index Register Y IY +Iy INH 106 2 4 2-4 -..-. - -

JHP top) Jump See Special Ops EXT 7E hh i1 3 3 5-1 -.......
INOX BE if 2 3 6-1
IND.Y IS6E ff 3 4 7-1

JSR (OprI Jump to Subiroutmne See SpecIal ODS DIR 90 dd 2 5 4-8 ........
EXT ma hh 11 3 6 &-12
INDX AD if 2 6 6- 2
IND'Y IS AD 1f1 3 7 7-9

LDAA lopr) Load Accumulator A M-A A IMM 8a ii 2 2 3-1 ...... I 1 0
A DIR 96 dd 2 3 4-1
A EXT 86 hh 0 3 4 5-2
A IND.X AS ff 2 4 6-2
A INO.Y 18 A6 3f 7-2

LOABIoot) LoadAccumulator 8 M-8 8IMM C6 . 2 2 3-1 .- . I 1 0
B DIR O6 dd 2 3 4-1
B EXT F6 hh N 3 4 5-2
B IND,X E6 Hf 2 4 6-2
B INDY 18 EG fl 3 5 7-2

LDODoprl Load Double Accumulator O M-A,M+1-B IMM CC u kk 3 3 3-2 .... I - 1 0

DIR DC dd 2 4 4-3
EXT FC hh N 3 5 5-4

IND.X EC If 2 5 64

IND.Y 18 EC if _L 74-

LOS (oor) Load Stack Ponter M:M . 1 - SP IMM BE j kk 3 3 3-2 . . . . 1 0

DIR 9E dd 2 4 4-3
EXT BE hh II 3 5 5-4
IND.X AE if 2 5 64
INO.Y 18 AE 1f 3 6 7-6

LOX (op•l Load Index Register X M:M + I IX IMM CE I kk 3 3 3-2 - - - - 0

DIR DE dd 2 4 4-3
EXT FE hh N 3 5 5-4

IND.X EE f 2 5 6-6
INO.Y CD EE if 3 6 7-6

LDYlopr) LoadlnrdexRegisterY M:M +1IY IMM 1aCE j kk 4 4 3-4 .. . . 1 0
DIR l8 DE dd 3 5 4-5

EXT 1SFE hIh 1 4 6 5-6
IND.X IA EE ff 3 6 6-7
INDY 18 EE if 3 5 7-6

LSL lorl Logical Shift Left EXT 78 hh 0 35 6 " -....- I I

o--EDIE -- 0 IND.X O8 If 2 6 6-3
C b7 b INDY 1808 If 3 7 7-3

LSLA A INH 48 1 2 2-1
LSL8 8 INH 58 1 2 2-1

LSLD LogicMShftLeftDouble O --- f]J0 INH 05 1 3 2-2 - .-. - I I |
C b15 bO

iSRiopri) Logcal Shift Right EXT 74 hh I 3 G 648 ... 0 1 1
-IND.X 64 if 2 6 6-3

0 -. T~132--C INDY 1864 if 3 7 7-3

LSRA W7 bO C A INH 4 1 2 2-1

LSRB 8 INH 54 1 2 2-1

LSRD LogxalShiftRightDouble 04= - D--=-J O INH 04 1 3 2-2 . - .. 0 I I
b1S bO C

MUL Mulqtipy by 8 AxBn-D INH 30 1 10 2-13 - -

"*Ct, le-by-ci nggumi provides a reference to Tobim 10-2 through 104 wh•tc dm98l cysbv-c•ds opapln.

Ez.¶ipe: Tabes 10-1 Cva-bv.Cvcs column refernse nunber 2-4 euef Table 10.2 lie ilsmi 24.
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Table 10-1. MCIAHC11AS Instructions. Addressing Modes, and Execution Times (Sheet 5 of 7)
Addreueft Mache Cooding 31 .2Cycle

Source Boolean Mode for lHeoadoclmal) t I by Condition Codes
Formsl) Operation Expression Operand Opcode Operend(ll ' J CycleG S X H I N Z V C

NEG lopri 2's Complement Memoryv yle 0-M-M EXT 70 hh II 3 6 6-8 - - - t
INO,X W3 ff 216 6-3
INOY 1860 0 f 3 7 7-3

NEGA 2I sComplement A 0-A-A AINN 40 1 2 2-1 - - - -

NEGS 2'sComplemnnt1 0-8-8 a INH 50 1 2 2-1 - - - -I
NOP No Operation No Operation INH 01 1 2 2-1 ........-
ORAAIopr) ORAccumulatorA fncluervel A+M-A AIMM &A ii 2 2 3-1 -..... 0

A DIR 9A dd 2 3 4-1
A EXT CA hh II 3 4 5-2
A INO.X AA if 2 4 6-2
A INDY 18 AA If 3 5 7-2

ORA@lopr) ORAccumulator 8 ndusive) B+M8B SIMM CA ii 2 2 3-1 - - - - 0
9 DIR DA dd 2 3 4-1
8 EXT FA hh I1 3 4 5-2
B INO.X EA ff 2 4 6-2
8_ IN_,_Y 18 EA ff 3 5 7-2

PSHA PushAontoStack A-Sk.,SP-SP-1 A INH 36 1 3 24- ........
PSH0 PushoaftoStock B-Skk,SP=SP-I 8 INH 37 1i3. 2- 3 - -....
PSHX Pulh X onto Stock (Lo First IX-Sk.SP=SP-2 INN 3C 1 4 2-7 ........
PSHY Push Y onto Stack (Lo First) IY-Stk.SP-SP-2 INN 18 3C 2 5 2-8 -........- - -

PULA Pull Afrom Stack SP=SP+lA-Stk A INi 32 1 4 2-9 ........

PULB Pull from Stack SP=SP+I.B-Stk 8 INH 33 1 4 2-9 ........
MPLX Pup X from Stock IHi First) SP-SP+2.IX-Stk INN 38 1 S 2-10 ........
PULY Pup Y from Stack lHi Fot) SP'SP+2Y-SItk INN 18 31 2 6 2-11 -.......
ROL(opt) RotateLeft EXT 79 hh N 3 6 6-8 - - - -

oIND.X U ff 2 6 6-3

C b7 - bO C IND.Y 1868 9 f 3 7 7-3
ROLA A INN 48 1 2 2-1
NotLe 8 INH 56 1 2 2-1

ROR (opr Rotate Right EXT 78 hh I 365-8 ...

IND,X 66 If 2 6 6-3

SINDY 18 66 ff 3 7 7-3
WORA C b

7  
b CA INH 46 1 2 2-1

"Ra_ 6 INN I s 1 2 2-1

RTI Retumfromlnterrupt SeeSpecial Op INN 36 1 12 2-14 1 11• 111
RTS Return from Subroutine SeSpec il Op INN 39 1 5 2-12 ...... ..
SIA Subtract8 fromA A-B-A INN 10 1 2 2-1 - - - - '
SBCAloPw) SubtractwithCarr"fromA A-M-C-A AIMM 82 a 2 2 3-I-.... - - -

A DIR 92 dd 2 3 4-1
A EXT 82 hh N 3 4 5-2
A INDX A2 If 2 4 6-2
A IND, Y 18 A2 If 3 6 7-2

SBCS oprl SubtractfromCs"wftomB 9-M-C-B aIMM C2 i 2 2 3-1 .... . . .
a OIR 02 dd 2 3 4-1
8 EXT F2 hh 1 3 4 5-2
-SIND.X E2 If 2 4 6-2
_ INO.Y 18 E2 if 3 5 7-2

SEC SetCary 1 C INN 00 1 2 2-1 ..... ....... 1

S5: SKtInternptU Msk tI INN OF _1ý 2 2-I - . - 1 ....

SEV Set OwflowoIeg I V IINN O0 1 2 2-1 --.1 1------ 1

*Ccle-bV-cycle number provide a reference to Tables 10-2 through 10-8 which detail cvlea-by-cyvcl opera1ton.
Example: Table 10- 1 Cycle-by-Cyce column referwice number 2-4 equa Table 10-2 line item 2-4.

•s,,J



Table 10-1. MC6SHCIIAB Instructions. Addressing Modes, and Execution Times; Shelet 6 of 7)
Addressing Machine Coding -*Cycle

Source Boolean Mode for (Hoeadecimale by Condition Cde
Formiel Operation Expreesion Operand Opcodo Operandial 40 Cycleo' S X H I NZ v C

STAA lop,) Store Accumnulator A A-M A DIR 97 dcl 2 3 4-2 - 1 0 -
A EXT 87 hh It 3 4 5-3
A INO.X A7 If 2 4 6-5
A IND.Y 18 A7 If 3 5 7 5

STABIoprI Store Accumulator 8 1 8-M 8 DIR D7 dcl 2 3 4-2 - - - - 0
8 EXT F7 hh It 3 4 5-3
8 IN0.X E7 if 2 4 6-5
8 IND.Y 1lIE7 if 3 5 75

STOID opr Store Accumulator D A -M. 8-M I DIR DO dcl 2 4 4-4 o 1 0-
EXT FD hh H 3 5 5-5
INDX ED ft 2 5 6-8
IND.Y 18 ED if 3 6 7-7

STOP StoplInternal Clocks INN CF 1 21 2.1 --------

STS topr) Store StockPointer SP -M:M I DIR 9F dcl 2 4 4-4 . . . . 0
EXT OF hh 11 3 5 5-5
INO.X AF If 2 5 "-
INOV 18 AF 111 3 6 7-7

STX (oprf Store Index Register X IX -MM I DIR OF dcl 2 4 4-4 ---- 0
EXT FF hfi Il 3 5 5-
INO.X EF If 2 S -

_____IND.Y CD EF ft 31 6 7-7
STY fopti StorelIndex Register Y Iy -M.M + DIR 18 OF dcl 3 5 4-6 . . I 0

EXT 18 FF hh NI 4 6 5-7
INO.X 1AEF Hf 3 6 6-9

_____ NO.Y 118 EF If 3 6 7-7
SUSA (oprI Subtract Memory iromnA A-M-A A IMM 911 ii 2 2 3-1-------

A DIR 90 dd 2 3 4-1
A EXT 80 hIth N 3 4 5.2
A INO.X AO ff 21 41 6-2

____ A INO,Y 18 AO If 3 5 7-2

Sues loprl Subtract Mernory from8 a -M-8 a81MM Co ii 2 2 3-1 . . . .
8 DIN D0 dd 2 3 4-1
6 EXT FO hh N 3 4 5-2
8 INO. E-0 If 2 4 6-2
a___ 81N0,y 1W isfO H 3 5 7-2

SUlID opal Subtract Memory from 0 D -M:M1 M M - I jm 3 I kk 3 4 3-3 . . . .1 1t
DIR 93 dd 26S 4-7
EXT 83 ItfiN 3 65-10
INO.X A3 Ift 2 6 6-10

____INO.Y 154A3 1f 3 7 7-8
SWI Software interrupt seea speciel Ops INN 3F 1 14 2-15 . . .

TA§ Transfer Ato 9 A - 1 INH 16 1 2 2-1 . . .0
TAP TransfeeeA toCC Registar A-CCR INH 06 1 2 2-1 1 1 1 1 1 1 1
TUA Transefr 6to A 13-A INN 17 1 2 2-1 . . I 0
TEST TEST tOr~y in Toot Modest AddreaesuaCournt INH OD 1 - 2-20
TPA TrenviluaCC Registaerto A CCR-A INH 07 1 2 2-1 .......

TSTfopulI Tomtfor ZaroorMinus M -0 EXT 70 ItfiN 3065-S - - - - 0
IND.X 6o 2 26 6-4
IND.Y 186ow 3 7 7-4

____ -0AIN 1 2 2-1 T I loo
TSB908 N o1 2 2-1 . . . . 0 0

TSx Transfer Stock Pointer to X SP- tI-X INN 301 3 2.3
TSY tTronefer Stock Pointer to Y SP1- I-1Y INH 1831 2 4 12-5 ...

eCykiIv-cycl number providas a reference to Tables 10-2 through 10-8 which dialog cycle-by-cycle operation
Exernole Table 10- 1 Cycie-by-Cycie column reference number 2-4equals Table 10-2 lWinetern 2-4.

SZ.,



Table 10-1. MICUIHIC11AS Instructions. Addressing Modes, and Execution Times (Sheet 7 of 7)
Addressing Machine Coding : yl

Saute* Boolean Mad. for l~exadecimal? by Condftbon Code"
Formle) Operation Expression Operand O~c~ode Operandis) OS1 I CycleSXH NZVC

TXS Transfer Xto Stock Pointer IX -I- SP INN 35 113 12-2 -------

TYS Tranufer Yto Stock Pointer IY -I-..SP INN 1835 2 4 2-4 ..... .

WAI Wait for Internupt StackRpErsWAIT INI- 3E 2 - 2-16

XGOX -ExchaneDvwithX IX-OD-IX INH BF 1 3 2-21--------

XGOY Exchange Dwith Y IY- .0D- IY INN 18SF 2 4 12-41------

*Cycie-by-cycle nuimber provides a reference to Tables 10-2 through 10-8 which detail cycle-by-cycle opermato.
Example: Table 10.1 Cycle-by-Cycle column reference number 2-4 equala Table 10-2 line item 2-4.

,,* )fe~y or Unti Raw Occurs
aC 12 Cyclieeereueedbeginmning with tteopcodfe-1 Awsit stategeentered which remasineineffect forank ntegernumber of MPU E-ciock cycles tn)

until en interrupt is recognized. Fminaly, two additional cycles weouned to fetch the apropiate mternjpt vector (14 + n total).

dd--81tbect Address (*000 - $WFF) I High Byte Assumed to be 600)
"i -S&Ot Paessive Offset SW0101 to SFF (256) (19 Added to Index I
hh - High Order Byte of 1S-Sit Extended Addres
ii - OroByte of kim edleteDat
j - High Order Byte of 1S-Sit Imme~diat Date
kit - Low Order Byte of 16-Sit invneiet Data
NI - Low Order Byte of 16-S8t Extended Address
mm -S-Sit SitMeek (Set Sits to beAffected)
yr =SignedfileleivOffset*I0(-128toS7F(+127(

(Offset Relietveto the Address Follawkingthe Machine Code Offset Byte)
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Table 10-2. Cycle-by-Cycle Operation - inherent Mode M~eet 1 of 3)
Reference Address Mode Cycle R/W
Number* and Instructions cycles # Addresa Bus. Line Onto Bus

2-1 ABA. ASLA. ASLB. 2 1 Opcade Address 1 Opcode
ASRA, ASAB. CBA. 2 Opcode Address. I I Irreloevnt Oats
CLC. CLI. CIRA,
CLRO. CLV. COMA.
COMB. DAA. DECA.
DECO. INCA, INCB.
ISLA 1518. LSRA.
LSAB. NEGA. NEGB.
NOP. ROLA, ROLB.
RORA. RORB. SBA.
SEC. SEI. SEV.
STOP. TAB. TAP.
TBA. TPA. TSTA.

I_____ TSTB ____________

2-2 ABX. ASLO. DEX. 3 1 Opcode Address 1 Opcode
INX, LSLD. LSRO. 2 Opcode Address + I I Irrelevant Data

_____ TXS. XGDX 3 $FFFF I Irrelevant Dane
2-3 DES, INS, TSx 3 I Opcods Address I Opcod

2 Opcod Address. I Irrelevant Oats
_____3 Prev4ious SP Value I Irrelevant Data

2-4 ABY, DEY. INY. 4 1 Opcoda Address 1 OpcdI (Pgeg Seec Byte) ISIGI
TYS. XGDY 2 Opcods Address +1 1 OF-'d (Second Byte)

3 Opcode Address + 2 1 Irreloeant Data
4 $FFFF I Irrdelevnt Data

2-5 TSY 4 1 Opcods Address 1 Opcod (page Seec Byte) (Sig)
2 OPcod Addrss+l I Opcod (Second Bytel (830)
3 Opcods Address + 2 1 Ifreloevnt Data
4 Stack Pointte I Iffuloeraf Dat

2-4 PSHA.PSHB 3 1 Opcode Address I npcod
2 Opcoda Address + I 1 Irrelevant Data
3 Stack Pointer 0 Accumulator Dafta

2-7 PSHX 4 1 Opcod Address 1 Opcods IM)C
2 Opcode Address + 1 1 Irreevan Dafta
3 Stack Pointer 0 IXLI(Low Byte) to Stock
4 Stack Pointer - 1 0 IXH (High B"Ie to Stack

2-8 PSHY 5 1 Opcods Address 1 Opcode (Page Select "yte ($15)
2 Opcode Address~ 1 Owcod (Second Byte) $I$C
3 Opcoda Address +.2 I Irrelevan Dafta
4 Stack Painter 0 IXL (Low Byte) to Stock
5 Stack Paknter-I1 0 IXH (High Byte) to Stock

2-9 PULA. PULB 4 1 Opcode Address 1 Opcode
2 Opcods Address + I I I relevnt Data
3 Stack Pointer 1 Irelvant Dmt

21 PUX4 Stack Pointer +1 I -Osrn oats fronm Stack

21 U 5 1 Opcoda Address 1 Opcode(onB)
2 Opcode Address +1 1 Irrelevan Dafta
3 Stack Pointer 1 trralevsnt Data
4 Stack Pointer 1 I IXH (High Byte) from Stack
5 Stack Pointer . 2 1 IXL (Low Byte from Stack

2-ti PULY 6 1 Opcods Address 1 OpcodI (Page select Byte) ISIS)
2 OpcodI Addes +1 1 Opcode (Second Byte) 1431A

3 Opcods Address * 2 1 Irrelevant Data
4 Stack Pointer I Irreldevan DAte8
5 Stock Pointer. 1 IYH (High Bytlelfrom Stock
6 Stack Pointer +2 1 IYL lLow Byte) from Stock

*The reference number ia given to prod a cross reference to Table 10. 1



Table 10-2. Cycle-by-Cycle Operation -Inherent Mode (Sheet 2 of 3)
Reference Address Mode 1Cycle

t~me~ and Instructions Cycles 11 Address Bus Lins Oats Bue

2 12 RTS 5 1 Qpcode Addresa I Opcode (4391
2 Oocoid. Addresas 1 1 Irrelevant Data

3 Stack Pointer 1 irrelevant Data
4 Stack Pointer 1 I t Addreas of Next Instruction

(Nigh Bytel
5 Stack Pointer + 2 1 Addreas of Next Instruction

______________ ___ (Lo1w Byte)

2 t3 MUL 10 1 Opcodo Addreaa 1 Dpcode ($301
2 Oticode Addreaa 1 1 Irrelevant Data
3 SFFFP: 1 Irrelevant Oata
4 1FFFI: 1 Irrelevant Data
5 $FFFr 1 Irrelevant Date
6 SFFFF t Irrelevant Data
7 $FFFF 1 Irrelevant Data
8 lFFFF 1 Irrelirevant Data
9 lFFFF I Irrelevant Dafta
10 1 FFFF I rrlflevant Data

2-14 RTI 12 1 Opcode Addresa 1 Opcode (SaB
2 Opcode Addreaa +1 1 Irreevant Data
3 Stack Pointer I Irrelevant Data
4 Stack Pointer +1 1 Condlition Code Registr front Stack
5 Stack Pointer +2 1 S Accumuliator from Stackt
6 Stack Pointer - 3 I A Accumulato from, Stack
7 Stack Pointer + 4 1 lEN (Nigh BYtel from Stack

S Slackt Pointer -.5 1 (EL (Low Byte) from Stack
10 Stack Pointe +:7 IYLJImw. By")l from Stock
10 Stack Pointer +.6 1 IY14 ligh Byte) from Stack

12 Stack Pointer+* 9 1 Address of Nedl Instruction
________~ I___ _ _ (Low ")i

2.I5 SWI 14 1 Opcode Addresa 1 Opcode (113M
2 Opcods Address +41 1 Irrelevant Data
3 Stack Pointer 0 Return Address (Low S"te
4 Stack Pointer -I 0 Return Address (High Syt%)
5 Stack Pointer -2 0 (YL (Low Byte) to Stack
6 Stack Pomnter -3 0 fY14 (Nigh Syfte to Stack
7 Stack Pointer- 4 0 (XL (Low Bytel to Stack
9 Stack Pointer-S5 0 lEN (Nigh Byte) to Stack
9 Stack Pointer -I 0 A Accumnulator to Stack
10 Stack Poin~ter -7 0 S Accumulator to Stack
11 Stack Pointer -S 0 Conditon Code Register to Stack
12 Stack Pointer- a I Irreloevan Data
13 Address of SWI 1 SWI Service Routine Address

Vector I(First (igh Byte)
Location?

14 Adr '--of Vector +I 1 SVA Service Routine Address

(Second Location) (Low Byte)

2-16 WAI 14. n 1 Opcode Address 1 Opcode ($3E(
2 Opcods Address + 1 1 Irrelevant Data
3 Stack Pointer 0 Rsturn Address (Low Byte)
4 Stack Pointer,-I1 0 Return Address ( High Byte)
5 Stack Pointer-2 0 IYL (Low Byte) to Stack
6 Stack Pointo - 3 0 lYM (High Byte) to Stack
7 Stack Pointer -4 0 (XL (Low Syte) to Stack
a Stack Pointer-S5 0 IXN (Nigh Bytel to Stack
9 Stack Pointer-S 0 1A Accumulato to Stack

"5The reference nurmber is given to providlescrose reference to Tabile 10-1



Table 10-2. Cycle-by-Cycle Operation - Inherent Mode ( Sheet 3 of 31
Re"ference Address Mode Cycle .1W
Numnber and Instructions Cycles 0 Address Bus Line Date Sue

2-16 WAI 14+n 10 Stack Pointer -7 0 8 Accumulaor to Stack
(Continued) 11 &~ Pck Pointer-S 0 Condition Coda Register to Stack

12 to
n - 12 Stack Pointer-S8 1 Irrelevant Data
n + 13 Address of Vector 1 Service Rouitine Address lHigh Byte)

(First Location)
n-14 Address of Vector 1 Service Routine Addriess (Low Bytel

__________ ______ _______ SeconidLocation) ____

2.17 FDIV. IDIV 41 1 Opcode Address 1 Opcode
2 Opcode Artddrasa +1 1 1rrelevavit Data

3-41 $FFFF 1 Irrelevant Oats

2-18 Paeg 1 1eal" 1 Opcode Addres 1 Opcods 1l1g")
Opcodes 2 Ogicodo Adrs + I I Irrelevant Date

3 SFFFF 1 Irreevan Data
4 Stack Pointer 0 Return Addresee l1w Byte)
5 Stack Pointer -1 0 ReturnAddreassligh Byte)
6 Stack Pomnter -2 0 VIY (Low Bytel to Stack
7* Stack Pointer-3 0 IYH IHigh Byte) to Stack
a Stack Pointer -4 0 IXL i10w "Ite to Stack
9 Stack Pointer-S 0 IXH thigh Byte) to Stack
10 Stack Pointer-G 0 A Aeccumulator
I1I Stack Pointer -7 0 8 AccumiAstor
12 Stack Pointer -8 0 Condition Cods Regiater to Stack
13 Stack Pointer-S 1 Irreloevnt Date
~4 Addrea- of Vector 1 Service Routine Address (High Sytel

(First Location?
15 Address of Vector. + 1 Service Routine Address I Low Byte)

(Second Location)

2-19 Page 2. 3. or 4 16 1 Opcoda Addres 1 Opcodo (Lega Page Selactl
Walete Opcodes 2 Opcode Addree+ I 1 Opcode (Ie~e Second Byte)

3 Opcoda Address + 2 1 Irrelevant Dota
4 SFFFF 1 Irreleant Date
5 Stack Pointer 0 Return Address (Low Byte$
6 Stack Pointer -1 0 Return Addreses High Sytel
7 Stack Pointer-2 0 IYL (Low Sytel to Stack
S Stack Poi tair-3 0 IYH (Hig ")e to Stack
9 Stack Pointer-4 0 IXL fLow Sytal to Stock
10 Stack Pointer-S5 0 IXH (Hi S"Ie to Stack
11 Stack Pointer -S 0 A Accumnuilaor
12 Stack Pointer- 7 0 8 Accumulator
13 Stack Pointer-S8 0 Condition Code Register to Stack
14 Stack Pointer -S9 1 Irrlevant Dafta
I5 Address of Vector 1 Service Routine Address IHigh Byts)

(First Location)
15 Addreses of Vector +1 1 Service Routine Address (Low BYtel

(SRcon Location)

2-0 TEST Infinite 1 Opcods Aee1 Opcodo 1110)
2 Opcode Addresse+ I 1 krrelevant Daoa
3 Opcoda Addrss +I 1 Irrelevant Data
4 Opcode Addrss +.2 1 Irrelevant Data

5-n Previous Addnes+.I 1 Irreeantw Date

'mhe refeenc numbers giventoprovidtescroes-reference to Tabl 10-1 'sml



Table 10-3. Cycle-by-Cycle Operation - Immediate Mode
Reference Address Mode 1 Cycle I Rt/W
Number* and Instructions Cycles NI Address Bus Lino Daet Bus

31~~~ ~~ j OAAC DA ode Address I Opcode
ADDS. ANDA.ANDS, 2 Opcade Address. 1 1 Operand Oats
BITA. SITS. CMPA.
CMPS. EORA. EORB.
LOAA. LOAe. OAAA

SUSA, SUBS

32 LOO, LO.LX3 1 Opcode Address 1 Opcode
2 Opcode Addresst I 1 Operand Data IHighBye

I3 Opcode Address - 2 1 1Operand Data ILow Byte)
3.3 ADOD. CPX. SUSO 4 1 Opcofe Address Opcode

2 Opcooe Addre.s- 1 11 Operand Dets (High Byte)
3 Opcade Address -.2 1 Operand Oats fLow Byte)
4 SFFFF 1 Irrelevant Data

3 4 bOY 4 1 Opcode Address 1 Opcode (Pege Select Byte? 11118)
2 Opcode Address. -1 I Opcode (Second Byte? i$ECI

3 Opcode Address . 2 1 Operand Data (High Byte?
4 Opcode Address - 3 1 Operanod Oats (Low Byte?

3E CPD. CPy 5 1 Opcode Address I Opcode (Page Select Byte?
2 Opcoae Address. - 1 Opcade (Second Byte)
3 Opcode Address -.2 1 Operand Oats tigh Byte)
4 Opcode Address - 3 1 Operend Data lLowi Byte?
5 $FFFF 1 Irrelevant Data

*The rel-rertce numberis given to provide a crossreferenice to Table 10.D-5I

Table 10-4. Cycle-by-Cycle Operation -Direct Mode fSheet 1 of 2)
Reference Address Mode Cycle RIW
Numbers and Instructions Cycles 8 Address Bus Line Data Bus

': ADCA. ADCB. ADDA. 3 1 Opcode Address 1 Opcode
ADDS. ANDA. ANDS. 2 Opcode Address.+1 I Operand Address lLow Byte?
OITA, SITB. CMPA, (High Byte Assumed to be $001
CMPS. EORA. EDAS. 3 Operand Address 1 Operand Data
LOAA. LOAS.OAAA.
DRAB. SBCA. SSCS.

___ SUBA._SUSBS __

4 2 STAA. STAB 3 1 Opcode Address 1 Opcode
2 Opcode Address I Operand Address (Low Byte)

(High Byte Assumed to be $001
3 Operand Address 0 Oats from Accumulator

4- ~ LD. LOS. LOX 4 1 Opcode Address I Opcode
2 Opcode Address. 1 I Operand Address (Lovw Byte?

( High Byte Assumed to be $001
3 Operand Address I Operand Oats (High Byte?
4 Operand Address.+ 1 I Operand Osat (Low Byte?

4-4 STO, STS. STX 4 1 Opcode Address 1 Opcode
2 Opcode Address. 1 1 Operand Address (Low Byte?

(High Byte Assumed to be ( $0)
3 Operand Address 0 Register Oafts (High Byte?

______ _____________4 Operand Address + 1 0 Register Date (Law Byte?
4-5 - LOY 5 1 Opcode Address 1 Opcode (Poge Selec Byte? ($1518

2 OpcodeAddresftI 1 OpcodelSecond Bytel ISOE)
3 Opcode Address + 2 1 Operand Address ( Low Byte?

(High Byte Aseumed lo be $00
4 Operand Address 1 Operand Doeta High Byte?
5 Operand Address - I I Operand Data (Low Byte?

aThe reference nun~er a given to prownd a cross-reference to Tabl to- I
lW A



Table 10-4. Cycle-by-Cycle Operation - lirect Moo@sIzineet£ 0z ofC
Nfrce Address Mode Cycle " 'w

fwu ern * and Iunstructions cycles 0 Address Sue Line Do"a Sue

4.6 STY 5 1 Opcode Address 1 Opcode (Paeg Select Bytel IS1S)
2 Opcode Address. 1 I Opcode fSecond Byte) (SOFI
3 Otxode Address - 2 1 Operand Address (Low Byte)

41High Byte Assumed to be 1001
4 Operand Address 0 Register Data (High Byte I
5 Operand Address - 1 0 Register Data (Low Byt)

4-7 ADOO. CPX. SUBO 5 1 Oocode Address I Opcode
2 QOcode Address. 1 I Operand Address (Low Byte)

IHigh Byte Assumed to be 100)
3 Operand Address 1 Operand Data Hi~gh Bytel
4 Operand Address. I I Operand Data (Low Byts)
5 1SFFFF 1 Irrelevant Data

4-8 JSR 5 1 Opcods Address 1 Opcode (*90)
2 Opcods Address *1 1 Subroutine Address (Low Byte)

I(High Byte Assumed to be OW0)
3 Subroutine Address 1 First Subroutine OPcode
4 Stack Pointer 0 Return Addre"s (Low Byte)
5 Stack Pointer -1 0 Return Address (High Byte)

4-9 CPD. CPY 6 1 Oocode Address 1 Opcods (page Select Byte)
2 Olpcode Address, 1 1 Opicode (Stconld Bytel
3 Opcods Address -.2 1 Operand Addres fLow Byte)

(High Byte Assumed to be 900)
4 Operand Address 1 Operand Data (High Byte)
5 Operand Address1 1 Operand Dome ILow Byte)

4-10 SCLR. SSET 6 1 Opcods Address I Opcade
2 Opcode Address.+ I 1 Operand Address (Low Byte)

(High Byte Assumed to be 5011
3 Operand Address 1 Orgn Operand Date
4 Opcode Address -.2 Massk Byte
5 SFFFF I Iralsvant Data

__ _ OpradAdres0_esl Operand Datao
4-1i BACLA. BRSET 6 1 Opcode Addres 1 Opcoide

2 Opcode Address. 1 1 Operand Address (Low Byte)
( High Byte Assumed to be $001

3 Operand Address 1 Original Operand Date
4 Opcode Addre" +.2 1 Mask Byte
5 Opcode Address + 3 1 Branch Offset
6 IFFFF 1 irrelevant Data

"'Th. reference number $sgiven to provdide a Cross-reference to Tawl 10-1 'waV

Table 10-5. Cycle-by-Cycle Operation - Extended Mode (Sheet 1 of 2)
eaes!&@c Address, Moed Cycle A/W

Nmwber end Instnhictilone Cycles I Addressue Une OatesSue

5-1 imp 3 1 Opcode Addrag 1 Opcads IS7E)
2 Opcode Address + I I Jump Address (High Byte

____________ ____ 3 Opicode Address + 2 1 Jump Address (Low Byte)
S-2 AOCA. AOCS.ADDA. 4 1 Opcods Addres I Opcoft

ADOG. ANDA. ANDS. 2 Opcode Address, + I I Operand Address (High Byte)
SITA. 5(1'S. CUPA. 3 Opcoda Address + 2 1 Operand Adrs (Low Byte)
CUIPS. WRfA. EONiS. 4 Operan Address 1 Operand Data
LOAA. OAS. ORAA.

UORA8S. CA. SUCS.
____ SUSA. SUBS __________ __________

011w !aeuc ubr eet r~d 5ca-sea toTable10-)



Table 10-5. Cycle-by-Cycle Operation - Extended Mod* (Sheot 2 of 2)
Reference Address Made 1Cycle R/ * IDt uNumber" end Instructions Cycles I Address Bus Line Dj u

5-3 STAA, STAB 4 1 Opcode Address I Opcode
2 Opcode Address. I I Operand Address Migh Byte)
3 Opcode Address *2 I Operand Address ILow Byts)
4 Operand Address 01 Accumulator Date

5-4 LDD, LOS.LOX 5 1 Opcode Address I Opcode
2 OpCode Address *1 1 Operand Address (High Byte)
3 QOmode Address *2 I Operand Address ILow Byte)
4 Operand Address 1 Operand Oats INigh Byte)
5 Operend Address *I I Operand Oata ?Low Byte)

5.5 STO. STS, SIX 5 1 Opcode Address 1 Opcode
2 ;, d@ Address *I I Operand Address )High Byte)
3 Opcode Addreses 2 1 Operand Address (Low Byte)
4 Operand Address 0 Regiter Data (High Byte)
5 Operand Address -1 0 Regiser Data (Low Byte)

5-6 LOY 6 1 Opcode Address I Opcode (Page Select Byte) ($18
2 OpCode Address + 1 1 Opcode (Second Bytel ($FE)
3 Opcode Address - 2 1 Operand Address (High Byte)
4 Opcode Address -3 1 Operand Address Maow Byte)
5 Operand Address 1 Operend Data (High Byte)
6 Operand Address.+ 1 1 Operand DWat (Low Byte)

5-7 STY 6 1 Opcode Address 1 Opcode Page selec Byte) I$181
2 Opcode Addres - 1 1 Opcode )Second Byte) ISFF)
3 Opcode Address + 2 1 Operand Address (High Byte)
4 Opcode Address +.3 1 Operand Address (Low Byte)
5 Operand Address 0 Register Data lHigh Byte)
6 Operand Address.+ 1 0 Registe Date I Low Byte)

5-8 ASL. ASA. CLR. 6 1 Opcode Address 1 Opcodo
COM. DEC. INC. 2 Opcode Address + 1 1 Operand Address )High Byte)
LSL, LSR. NEG. 3 Opcode Address +.2 1 Operand Address ILow Byte)
ROL. ROR 4 Operand Address 1 Original Operand Dafta

5 SFFFF 1 )rrellevont Data
6 Operand Address 0 Result Operand Data

5-9 TST 6 1 Opcode Address 1 Opcode)SWD)
2 Opcode Addrs * 1 1 Operand Addres lHigh Byte)
3 Opcode Address -.2 1 Operand Address )Low Byte)
4 Operand Address, 1 Original Operand Data
5 SFFFF 1 Irrelevant Oast
6 $FFFF I )rrelevant Date

5-10 ADOD. CPX. SUBO 6 I Opcode Address I Opcode
2 Opcode Addres + I 1 Operand Address Nigh Byte)
3 Opcode Address +.2 1 Operand Address ILow Byte)
4 Operand Address 1 Operand Data (High Byte)
5 Operand Address. 1 I Operand Date )Low Byte)
6 SFFFF 1 Irrelevant Date

5-11 CPD. CPY 7 1 Opcode Address 1 Wpod age Select Byte)
2 Opcode Address.+ I I Opcods (Second Byte)
3 Opcode Address +.2 1 Operand Address (High Byte)
4 Opcode Addres +.3 1 Operand Address (Low Byte)
5 Operand Address I Operand Dote (High Byte
6 Operand Address.+ I 1 Operand Data MLow Byte)
7 $FFFPP 1 rrslevsn Dafta

S-12 - JSR 6 1 Opcade Addss 1 Opcode, 1110)
2 Ogcode Address +1 1 Subroutine Address (High Byte
3 Opcodo Address +.2 1 Subrouitine Address (Low Byte)
4 Subrouonre A Ir I Fwrs Opcad Ion Subroutin
5 Stack Pointer 0 Return Address )Low Byte)
6 Stack Pointer - 1 0 Return Addres (High Byte)

*The reference numiber is given to provides Icross-reference to Table 10-1

0s



Table 10-._Cycle-by-Cycle Operation - indexed X Mode fSheet I of 21
Ref erence Address Mode Cycle A/9V
Numbers and Instructions Cycles 0 Address Bus Line Onto But

6-1 imp 3 1 Opcoda Address I Opcode (1116E)
2 Opcode Address. 1 1 Indlex Offset
3 $FFFF 1 Irrelevant Oata

6-2 ADCA. ADC8. ADDA. 4 1 Opcode, Address 1 Opcode
ADDS. ANDA. ANDS. 2 Opcods Address. 1 1 Index Offset
OITA. SITS, CMPA. 3 $FFFF I Irrelevant Oats
CMPB. EDNRA. EONS. 4 OX) Offset 1 Operand Data
LOAA. LWAS, ORAA.
DRIAB. SBCA. SBCS.
SUBA. SUBS ___ ____________

6-3 ASI. ASR. CLN, 6 1 Opcode Address 1 Opcode
COM. DEC. INC. 2 OPcode Address- 1 Index Offset
ISI. LSR. NEG. 3 IFFFF 1 irrelevant Data
NOL. RON 4 fix) -Offset 1 OrigInal Operand Data

5 SFFFF 1 Irrelevant Daine
6 1 lx) -Offset 0 Result Operand Data

6-4 TST 6 1 Opcod. Address 1 DPcods $60)
2 Opcode Addres I I 1 index Offset
3 SFFFF I Irrelevant Dowa
4 1 lx) -ffset 1 Origina Operand Data
5 $FFFF 1 Irrelevsnt Dowt
6 *FFFF 1 Irrslevant Daet

6-5 STAA. STAB 4 1 Opcode Addres 1 DPcoda
2 Opcode Address + I I Index Offset
3 IFFFF 1 Irrelevant Dats
4 1Ix) . Offset 0 Accumulator Date

6 LDD. LOS. LOX 5 1 Opcode Address 1 Opcode
2 Opcode Address1 1 Index Offset
3 %FFFF I Irreievant Data
4 1 lx) - Offset I Operand Data IHig Oye)
5 fix) + Offset - 1 1 Operand Oate ILow Byte)

6-7 LOY 6 I Opcoda Address I Opcode (Paoe Selec Byta) ISlA)
2 Opcods Address. 1 I OPcode (Second Byte) ORE)
3 DOcode Addraaa2 1 Index Offset
4 $FFFF 1 Irrelevant Dats
5 fix) + Offset 1 Operand Data (High Byte)
6 fix) -Offset - 1 1 Operand Data I Low "Ite

64 STO. STS. STX S I Opcode Address I Opcode
2 Opcoda Address 1 1 Index Offset
3 $FFFF I Irreewvant Data
4 0(IX + Offset 0 Negister Data (High Byte)

____ 5 (IXI +Offset -l 0 Register DatelfLow Byte)
6-9 STY 6 1 Opcoda Address 1 DpCode Page Select Byte) JIIIAI

2 Dpcode Address -I I Opcode (Second Byte )aEF?
3 DOcoda Address .2 1 Index Offset
4 IIFFFF I Irrseeant Data
S fix) +Dffsat 0 Registr Data (High Byte)
6 (iXI- Offaset - 0 Register Datea)Low BYte

6-10 ADDO. CPX. SUBD 6 1 Opcods Address I Opcode
2 Oipcode Addrss1 1 Indexk Offset
3 *FFFF I Irrftelant Data
4 fix) - Offset I Register Dats (High Byte)
5 (IX) - Offset I 1 Negester Data I Low Byte)
6 IFFFF I Irrelevant Dats

*The reference number.a given to provide a cross reference to Teble 10- 1



Table 10-6. Cycle-by-Cycle Operation -Index X Mode (Shefet 2 of 2)
Reeene Address Mode Cycle RI/W

Numiber* and Instructions Cycles I Address Sus Line Date Sut
6-11 CPO. CP"Y 7 1 Occode Address 1 Opcode (Page Select Byte)

2 Opcode Address -I 1 OPcodo (Second Byte)
3 Opcode Address.- 2 1 index Offset
4 $FFFF 1 Irrelevant Data
5 11IX) rOffset 1 Register Oata (High Byte)
6 0Ix) Offset. 1 I Register Data (Low Byte)
7 SFFFF 1 Irrelevant Oats

6-12 .ISR 6 1 Opcode Address 1 Opcode (SAD)
2 Opcode Address. 1 1 Index Offsert
3 SFFFF 1 Irrelevant Oats
4 fix) + Offset I First Opcd n n Subroutine
5 Stack Pointer 0 Return Address (Low Byte)
6 Stack Pointer- 1 0 Return Address (High Byte)

6-13 BCLR. B3SET 7 1 Opcode Address 1 Opcode
2 Opcode Address. 1 1 Index Offset
3 1FFFF 1 Irrelevant Oats
4 )IX).+Offset 1 Original Operand Oats
5 Opcode Address +.2 1 Mask Byte
6 SFFFF I Irrelevant Doat
7 )IX) +Offse 0 Resulit Operand Dowt

6-14 URCIR. BASET 7 1 Opcode Address 1 Opcode
2 Opcode Address. 1 1 Index Offset
3 SFFFF I Irrelsyan Doat
4 (IX).+ Offset 1 Origin" Operand Oats
5 Opcode Address + 2 1 Mask Byte
6 Opcode Address + 3 1 Branch Offse
7 $FFFF I Irrelevant Dats

"'The reference number is given to provide a cross-reference to Tsble 10-I1

_______ Table 10-7. Cycle-by-Cycle Operation - Indexed Y Mode (Seet I of 2)
Reference Address Mode Cycle RIW
Numbers and Instructions cycles 0 Address Bus LUne Data Bius

7-1 imp 4 1 Opcode Address 1 Opcode (Page Select Byte) I$181
2 Opcode Address +I 1 Opcod I(Second Byte) lIWEl
3 Opcode Address +42 1 Index Offset
4 $FFFF I Irrelevant Oats

72 AOCA. AOCB. ADDA. 5 1 Opcode Address 1 Opcode WPage Saelec Byte) ISIS)
ADDS ANDA. ANDO. 2 Opcode Address.+ 1 1 Docod (Second SytI
BITA, BITS, CMPA, 3 Opcode Addrs +2 1 Index Offsewt
CMPB, CORA. EQJRS. 4 *FPFF I Irrelevanit Oats
LDAA. LDAB. ORAA. 5 1IV) +.Offset 1 Operand Ovat
aRAB. SBCA. SACS.

_____ SUSA._SUBS ___ ___________

7-3 ASL, ASR. CLR. 7 1 Opcode Addres 1 Opcode (Page Select Bytel
COM. DEC. INC, 2 Opcods Address + I I Opcode (Second Byte)
LSL. ISR. NEG. 3 Opcode Address +42 1 Index Offset
ROL. ROR 4 SFFFF I Irrelevant Date

5 1IIY + Offset 1 Orng"n Operand O0ts
6 1IFFFF I Irreloevnt Data
7 1y)I+ Offset 0 Result Operand Data

"*The reference number is giveni to providesa cross-reference to Table, 10-1



Table 10-7. Cycle-by-Cycle Operation -Indexed Y Mod* (Sheet 2 of 2)
Referenice Address Mod* Cytle R/W
Number* and Instructions Cycles I Addraess Bus Line Data Bus

7-4 TST 7 1 Opcode Address 1 Opcode (Page Select Bytel (st81
2 Opcode Address + 1 1 Opcode ISecond Byte) 1$60)
3 Opcode Address -2 1 Index Offset
4 $FFFF I Irrelevant Dafta
5 1 IY) +Offset I Original Operand Date
6 $FFFF I Irrelevant Data
7 SFFFF 1 Irrelevant Deta

7-5 STAA. STAB 5 1 Opcode Address 1 Opcode (Page Select Byte) (518)
2 DOcode Address - 1 1 Opcode (Second Byte)
3 Opcode Adrs .2 1 Index Offset
4 SFFFF 1 Irrelevant Oats

_____5 fly) +Offset 0 Accumlaor Datn
7-6 100. LOS, LOX. I Opcode Address I Opcode Page Select Byte)

LOY 2 Opcode Address1 1 Opcode (Second Byte)
3 Opcode Address + 2 1 Index Offset
4 $FFFF 1 Irrelevant Data
5 (Y I + Offset 1 Operand Dota (HOg Byte)
a (IYI.+Offset +I 1 Operan-DoawalLow Byte)

7-7 STO. STS, STX. 6 1 Opcode Address I Opcode Page Select Byte)
STY 2 Opcode Address + I I Opcode, ISecond By"e)

3 Opcode Addressa + 2 1 Index Offsetl
4 11FFIFF 1 Irrelevant Data
5 HIV) + Offset 0 Register Dats (High Byte)
6 fly) + Offset +.1 0 Registe Data (Low Byte)

7.8 ADVDO. CPD, CPx. 7 1 Opcode AddreIsI Opcode (Page Select Byte)
CPY. SUBO 2 Opcode Addres +1 1 Opcode (Second Byte)

3 Opcode Adra + 2 1 Index Offset
4 IFFIFF 1 Irrelean OVAt
5 fly) + Offset 1 Operand Data (High Byte)
6 fly) +Offset. 1 Operand Data (Low Byte)
7 SFFFF 1 Irrelevant Data

7-9 JSR 7 I Opcode Addres 1 Opcode (Page Select Byte) 1$181
2 Opcode Address +1 1 Opcode (Second Byte) I$ADI
3 Opcode Addresa 4.2 1 Index Offset
4 $FFFF 1 Irrelevant Data
5 fly) + Offset 1 First Opcode in Subroutine
6 Stack Pointer 0 Return Address ILow Bytel
7 Stack Pointer - 1 0 Return Addres (High Byte)

7-10 SCLR. ISET a I Opcode Addres 1 Opcode (Page Select Byte) (11181
2 Opcode Address 41 1 Opcode (Second Byte)
3 Opcode, Address 4.2 1 Index Offset
4 SFFFF 1 Irrelevant Data
5 liv) +. Offset 1 Originael Operand Dafta
6 Opcode Address +.3 I Mask Byte
7 SFFFF 1 Irrelevant Data
8 fly) +Offset 0 Result Operand Data

7-11 BRCLR. BRSET a 1 Opcode Addrvess I Opcode (Page Select Bytel 4$181
2 Opcode Address+1 1 Opcode (Second Bytel
3 Opcode Address 4.2 1 Index Offset
4 $FFFF 1 Irrelevant Date
5 fly) +Offset 1 Original Operand Oats
6 Opcode Address +.3 1 Mask Byte
7 Opcade Address + 4 1 Branch Offset
a $FFFF I Irrelevant Date

"The. reference number is given to provide a cross-reference to Table 10-1



Table 10-8. Cycle-by-Cycle Operation -Relative M~ode
Reference Address Mode Cycle R/W
Number and Instructions Cyclee f Address Bus Line Data Bus

8-1 8CC. CS. BEQ. 3 1 Opcode Address 1 O0c ;-
BCE. SGT. S51* 2 Opcode Addresse- I Branch Offset
51HS. OLE. 810. 3 $FFFF 1 Irrelevant Dots
SLS. BLT. BMI.
ONE, SPL. BRA,

8-2 - SAR 6 - 1 Opcods Addreos I Opcode ($W)
I2 Opcode Address +1 I ¶ Branch Offset
3 SFFFF 1 Irrelevant Oats
4 Subroutine Addres 1 Opcods of Nest Instruction

5 Stack Pointer 0 Aeturn Address (Low Syte)

6 Stack Pointer-i1 0 Return Addres (High Bytel

"CThe reference number ia given to provide a cross-reference to Table 10-1



SECTION 11
ELECTRICAL SPECIFICATIONS

11.1 MAXIMUM RATINGS

Rating Symbol Value Unit This device contaw protectie circutV

Suply Voltage VCC -0.3 to +7.0 V against do age due o high

btpu Voltg Vin - 0.3 to + 7.0 V voltages or eletnicM fields: however, t is
advised that no.mv precaution be takenOperating Temperature Ramge TA -40to6 ° to S ofC

Storage Termpature Range TAtg - 56 to a50 to hid applation of any voltages
toe _______A-*Tsg - 5 o1W * higher then mammw~ur-raled voltages to

this high-*mednc cincult. Aelebuty of
operation in enhAnoced if wiuaeed input
am tied to an a;ron logic voltage
evel e.g.. eithw GND or VCC).

11.2 THERMAL CHARACTERISTICS
Cltarectedatic SymbWo Value Unit

Thermal Reistance OJA J C/W
fteft 52-Pin Ouad Pftk 50
PaIc 46-Pin DIP I TOD

11.3 POWER CONSIDERATIONS

The average chip-junction temperature, Tj, in OC can be obtained from:
Tj = TA + (PD96JA) (1)

Wheo:
TA - Ambient Temperature, OC
OJA Package Thermal Resistance, Junction-to-Ambient, OC/W
PD-PINT+ PI/O
PINT I ICC x VCC, Watts - Chip Internal Power
PI/on Power Dissipation on Input and Output Pins - User Determined

For most applications PI/O< PINT and can be neglected.
An approximate relationship between PD and Tj (if PI/O is neglected) is:

PD - K + (TJ + 2730 C) 12)
Solving equations-1 and 2 for K give.:

K - PD*ITA + 2730C) + 0JA'PD2
Where K is a constant pertaining to the particular part. K can be determined from equation (3) by measuring
PD lat equlibrium) for a known TA. Using this value of K, the values of PD and Tj can be obtained by solv-
ing equations (I) and (2) iteratively for any value of TA.



WOO

R2 ~ VDO-4 5 V

TEST PINS Ri2R2
POINT PAD PA 1 3.26KI 23810 9 v~F

PSO P87
C R COP

P0. PO5

T 4P01 P1343.6 218 k1 200OP

Figure 11-1. Equivalent Test Load

11.4 DC ELECTRICAL CHARACTERISTICS (VDD =5.0 VdC ±10%, VSS =0 Vdc, TA= -40 to 860c,
Unless otherwise noted)[output Voltageupt VL - .

ILoed- ± 10.0OiiA (See Nots1) ANOutputs Except A~TM VO V 0 0 -0.1 -

Output High Volage AN Outputs ExcispiREMI and EXTAL V0.1  VD - 0.0 - V
Loed= -O.SmA, VDO=

4
.V (See Note 1)0Output Low Volag AN Outputs Except XTAL VOL - 0.4 V

ILOaii -I.6mAI
Input Nigh Vola~ ANl kIpts Vim 0.7 x VD VOI V
Input Low Voltage ANl Inputs VIL VSS 0.2 x VO V
I/O Pont, 3-State Iaskage PA7, PCO-PC7. IOZ t 10 pA

Vin -VDD or VIL PDO-POG, AS/STflA,
I See Note 2) MODA/Li',:TM.N~l __

Input Curwaitl 111 pLA
Vi VD0 or VSS PAO-PA2, PECIPE7, iN1U-Xl. Ii

Vin-VDD moos -. TOD
Total Supply Curen (See Note 31

RUN: Skngl Chip D - 2D m
Expanded Multiplexed - TOD

WAIT: AN Peipherel Functions Shut Down Wo - 4 m
STOP: No Clocks, SingleChip Mode Slt)__01_ p

Input capacitance CMt pF
PAO-PA2. PE0PE7. TM~. MI~ ExTAI. - S

PA7, PCO-PC7, PDO-PD5, AS/STRA. MOOA/IJU, W!E!T 1 12
Power Dieptoom _____ 110__ ____ ___

NOTES:
1. VOM specikfictin ftarreset is not applicable because it is an oben-asn pin.
2. See A/ 0 specifiction for leakage curran tafr port E.
3.Am part configured so inputs. VI1 s .2 V. VIM zVDOD-02 V. no dc lode. EXTALe idi~we by aem weviei. C1 - 2pP on EXTAL.

500 S ne.



11.5 CONTROL TIMING (VDD=5.OVdc±10%, VSS=OVdc, TA= -40 to +-850C)
Characteristic Symbol Min Max Unit

Freqencyof peraionMHz
Cryta Oertin XTAI. - 8.4
ExeralClc Otin f dc 8.4

i~t-wril Opratng FequncyMHz
Crstl ptonIfTA -) o - 2.1
ExeralClckOpio o dc 2.1

Cryta OcilaorStrtp im Io igre112)
t
rc - 100 "is

CErystal Oscillator Stop Recovery Startup TmeM (see Figure 1 1-3) tILC - 100 me
Waft___Recovery ____Startup___Time__Iwo__Figure___11-4)_ tWASH - 2 E Cyc
Processor Control Setup Times Before Falling Edge of E (eee Figure 11-2) tpCS TBD - ns
Rom____Low____Time_____(Output)________ RCCM 3 4 E Cyc

Reest Rise Time from Internal Rese twse Figure I1. IeSnd Note I1I tIRR - 2 E Cyc
AstInput Pulase Width Iwoe Figure 11-2 and Note 2) PWRSTL 2 - E Cyc

lntwnrupt Pulse Width Low. 1WQ Edge- Triggered Mode Isee Figure I1141) PWIpQ 126 - ns
Timer Input Capture Pulse Width l(see Figure 11 -7) PWTIM 125 - na
Pubse Accumulator Input Pulse Viklth (see Figure 11 -71 PWTIM 1125 - na

NOTES:Rf 
riigsthtitraCO nlcokanoinerpscnb1. Thia is the maximum time that externiall components should delay RESEringathtnenlCOedcokmntritrupscne

recognized.
2. This is thte minimum tine that ATM must be held low for an external reeet it not preemrptedl by an internal resert ICOP or clock monitor) To

guarantee an external rese vector will be generated, ATM~I muat be held low for a minimum of 8 E cycles.

I I I

EXTA1&':

lity

Fiur 112 PoerO Reern EE Tmn ig

I*



EXA = ZI-1217

NOTES: UIW

I . Repxesaiits the internal goting of the EXTAL pin VECTOR FETCN
2. Edge-seruigve 1 pin~ UIRGE IIIt= M)
3. Levai-setive IiIM pin iIROIE bit = 0).

8. M wil cauiss STOP recovery regardless of X bit state.
7. No vector if STOP terminated by XMI end no inteff upt periding.

I SM

Figure 11-3. Stop Recovery and Power-On Reset Timing Diagram

0AItO

OIINIT ETECTSAVE

OTE'15

Figure 11-4 Wait Recoery From Inernal or E ternal nerpt ig iga



t

- PWRSTL H

.0 -I MPS

Figure 11-5. Mode Programming

Figure 114. Internal RESET

Figure 11-7. Interrupt Timing

PAO PA2

Figure 11-8. Timer Inputs



11.6 PERIPHERAL PORT TIMING OD =5.0 V±10%) __ __

Characte' ,tics Symbol _Min Max Unit
Peripheral Data Setup Time IMPU Aoad. Port A D. anda E) Isee Figure 11-101 tPOSU 200 - nos
Peripheral Data Hold Time (MPU Read. PortA. ). arnd E) (see Figura 11-10) tPDH 200 - n
Delay Time. E Negative Tranaition to Peripheral a Valid IMPU Write. Ports A and 0) lW - ISO ris

lsee Figure 11-91 ________________

Delay Teime. Port Data Valid to E Negative Trans. * n IMPU Write, Ports 8 and CI tpOrj 0 - n
Isae Figures 11-11, 11-13. anid 11-151

Input Data Setup Time (Pont C) (ee Figures 1 I md 11-13) t15 uw - n
input Data Hold ime I Pori C) Is"e Figures 11 - nd 11-13) tIN 10D - no
Delay Time, E Negative Transition to STRB Asa'. ad [no Figures 11-11. 11-14, and 11-15) tDES 140 260 no
Delay Time, E Negative Transition to STAB Negatied Iwe Figures 11-13 and 11-15) tDEGN 14 20 n

Setup Trme. STRA Aaaened to E Negative Trani-tion loee Note I and Figures 11-13. tAES 0 no
11-14, and 11-151

Delay Time. STRA Aaaered to Port C Dafta Owi Valid los Figure 11-1SI tPCD - J 10 na
Hold rime, STRA Negated to Port C Data lase --gure 11-1IS) tPCH 10 - I it
Three-State Hold rime (see Figure 11-151 IPCZ 0 J 150 rIsn

NOTES:
1. if this setup time is met. STAB will acktnowledge in the nest cycle. "t it as not met, the reaponse may be delayed one more cycle,
2. Port C and 0 timing is valid for active drive CWOM and OWONA bite not set in PIOC and SPICAregieters reepectively
3. AN to" ings showvin with reapect to 20% VO)D and 70% VDD unleae othoienwma noted.

mu wwTI

DATA OUT DATA VAUID

Figure 11-9. Porn Write or Timor Output Compare

E:WU READ

DATA M* PORTS A. C. 0 DAT VLI

DATA Ill PORT fDATA VAD

o~ontatcled operation

Figure 11-10.PotRa



STRS fGUT)

Figure 11-11. Simple Output Strobe

PONT C DATA VALID

Figure 11-12. Simple Input Strobe

STRA MW

DATA 01 BATA VAWLID00 0

Figure 11-13. Port C Input Hendese~ke



(POV
DATA OUT DATA VALID

tole

STRIS (OLM 

IAES

STRAOM

Figure 11-14. Port C Output Handshake

WU WRITE

IAU

DATA 
DATA VALIDIDDR-I)

S lotm 
tm 

WIN

TRI

STRA 
W STRA KFOR INTUMIAL DATA VAUD

IPCZ

DATA DATA VALaMM-01

STRA AFTO WTMM DATA VALE q ftz

STRA
do

00 40

DATA 
DATA VAXM-M -- 1 0 i

Figure 11-15. Port C Output Handshake with 3-Staft Enabled
ISTIRA Enables Output Buffer)



11.7 EXPANSION BUS TIMING (VDD= 5.0 Vdc± 10%, VSS=0 Vdc, TA = 25C5o;
unless otherwise noted) (see Figure 11-16)

1. MHa 2.1 MHs
Nu CarcerstcSymbol Min Max Mint Max Unit

I yl ietcy 952 - 476 - rig

*2 Pulse Width, E Low PWEL 400 - 2W0 - rig

3 Pulse Width, E High PWEH 420 - 210 - nog

4 Rman Fl rwt".tf - 25 - 20 re

9 Address Holdhrow (we Note 1) tAH 50 - 30 - no
12 Nan-Muxod Address Valid rowe to E Ieee Note 2) tAV 200 75 - n
17 Reed DeM Setup rowe toja 90D 30 - ne

is Read 081ta Hold tunIHR 10 9D 10 so no
19 Write one Daley row tODW - 225 - 125 no

21 Wriote Daft Hold Tine tOHW 50 - 30 - ril
22 Muxed Address Void rmte to E Rim essE Note 21 tAVM 200 - 75 - no

24 Muxed Address Void tune to AS PS s(m Note 2) tASL 6D - 20 - nol
21 Muxed Address HW old luess Note I) tAHL s0 - 30 - no
36 Del"row. E to ASRimlesseeNotseIarid 21 'ASO so - 40 - no
27 Pulse Width , AS High ieeei Nate 2) PWASH 20 - 90 - i
23 Daely rowe, AS to E Rim Isse Notes 1 end 21 IASEO so 40 - no
21 MPU Address Access Time lComputed se Note 2) tACCA 615 - 275 - no

112 or 22) Whichwe is Smaller, Addres Valid
+ 4 Clock Rime rowe
+3 Pulse WIdth E High
- 17 Reed Daft Setm rowe

36 MPLI Access Time lComputed see Note 4) tACCE - 390 IS 1 Men
'3 Pulse Width., E High
-17 Resd Dafta Setup Time

38 Multiplexed Addres ODela 41P'rvvous Cycle MPU Reed) tMAD 120 - SD - no
W Iteral eedDat Vod Slem0 ln~j 10 - 10 - n

WisiMultplexed ADdesOft Sabr 80w EAD 0 0 no

3I Write Daft Setup rowe Computeir -ss Note S) IDS 195 - 110 - nos
+ 3 PulseWiddh , High

0 - 19 Write Data Daely Time ____

40 MOOA/IJN Hold Time During Opc,,e Fetc) tLAH 50 - 3D n

NOTES:
1. Affected by input clacit duty cycle IXTAL, EXTAL)
2. At ; h *e cycle tine.
3. Addrmesaccesstimne acomputed by: (12opr 221 +4 3 -17
4. No device, should drive part C axct wh4en E is high or contention mayreul
S. E lnlerikf) eccee aem is computed by: 3 -17.

Timing diagram (Figure 11-16) is located on a
- foldout page at the end of this document.



11.8 SERIAL PERIPHERAL INTERFACE ISPI) TIMING IVDD =5.0 Vdc ± 10%,
VsS = 0 Vdc, TA = 400C to 850C) fS.. Figure 11-17)

Nu rn 
Characteristic 

Sym bol M in M a Uni
Dowenaing Frequency 

ý
Master 

fop(ml dc 1.06 MI.slaew fopis dc 2.1

Master tiewiml
Sleew CPMA -01 t~lmwSo 240 -
Slaew (CPMA - I1)l&Sý 1

2 Enable Lag Timne
Manoer tiaglml 0,
Slave (CPMA -01 'tagSol 0.0 -

Slays (CPMA - 1) ttagiSi) 125 -

3 Clock (SCK) High Tine n
Master twASClCHlm TOD
Sleve tw4SCK4l TAO

4 Clock fSCK) Low Tine n
Master twASCKUmn TADO
slave Iw(SCKLls TAO

5 Data So"u ram (inputs) nos
Master tsu~ml 100 -

Slays tWe) 1OG

6 Data Hold Tin. (inputs) no
Manoer thlml 1001

slew thisa) 100I
7 Accees Tirne to - TOD noa

9 Dim"~l Tarno (Hold Tan.t to High-Impedanc State) tdo - TOO no

DaOta Valid t

Master (After Capture Edge) ___

Ii I Ra Tirnsa (2D% Voo to 70% Voo. CL -2W0OF)
SPI outputs SK OIMS t rISCK~m - 100 no
SPI Inputs tr.MSI IOf 4SCK~s - 2.0 0

12 FalTVWino(20% VOO to70%VOD. CL 200 OF)

Manoer thomirn 0 -

Steve tos

Signal Production Dependse on Software ttla
~Asuumas 200 pF Load on ANl SPI Pins

riming diagram (Figure 11-17) is located on
toldout pages at the end of this document.



11.9 AID CONVERTER CHARACTERISTICS IVDD=5.O Vdc±1O%, VSS=O Vdc, TA= -400C
to 85"C, fo0 s1.O MHz sEs2.1 MHz. unless otherwise noted) (see Note 11

C-haraCterlatf Parameter Min Max Unit
Resolutiont Number of bits resolved by the A/ D S - sit
Non-liteerity Maximum deviation from the bat straight line thirough the A/D0 transfer characteristics - h LSB

IVAN V00 ±1W0 rnV end VFIL - 0 Vt 
S(itiainErwo Uncertaity due to convertor resolution- LS

Aj. 1. teAccua~cy Difference beftwee the actual input voltage and the full-scale weighted equivalent of t I1 LS13
the bwner output cods for All errors

Conversion Range Analog input voltage range VRL VAN V
VANH Maximum analog reference voltage VAL VDO*O-l V

VRL Minimum analog reference voltage -0.1 VAN V
CEonversonwim Total time to perform a single analog to digital conversion

a. External dlock IXTAL. EXTAL) - 32 tcW
______ b. Internal AC oecillator - 32 As

Monotanicity Conversion result never dectemeea with an increase in input voltage and has no Guaranteed
mngr codes

Zero Input Reading Conversion reeu lt hsn Vinm VAL 00 H ex
Full Scale Reeding Conversion result when Vin - VAN - FF lex
Slimple, -c~ Anialo input acquisiton sampling time

Time also Note 1I a. External clock IXTAL, FXTALI - 12 tcYc
b. hintra AFC oecilator - 12 As

Somplet/Holid Input capacitance on PEO-P57 pins - 8 pF

Input Leekage Input Wleaage on AID pines tPE0-PE71 Imes Note 2) - 40 nA
_________IVRL. VAR? - 1.0 iA

NOTES:
1.source iipme"ae grotom than 10K ohm will advoersely e~ec otemial RC chwarp time during ~nu earnpliing.
2. The externa system error caused by input looakage currntn is approximately equal to the product of A source and input current.



25 P

EXTAL -.C

4-EE

CA T 251 p

XTU 
25•"

EXA CMOW COMPATIM.E
EXTAL EXTERNAL OS•CILLATORI 4, f

S XTA. N.C.

Figure 11-18. Oscillator Circuits

V00  V00

100k 0

NW!
SCUHOTTKY

IO C

PM OF
PIMMARS ICp - 10 ma

F9I-R

Figure 11-18. Typical Reset Circuit



SECTION 12
MECHANICAL DATA AND ORDERING INFORMATION

This section contains the pin assignment and package dimension diagrams for the MCOSHC1 1A8 as wul as
information to be used as a guide when ordering the MCU.

12.1 PIN ASSIGNMENTS

The MCOSHC11A8 is available in both a 48-pin plastic dual-in-line package and a 52-lead quad pack. The
following paragraphs provide pin assignments for both package versions.

12.1.1 s-Lead Quad Package

PW5 UFFIX -V
QUAO PACKAOE M ii 1"

-"7 52 47
XTAS. 1 48 FS
PCO P11
PC, PH4
PC2 F0
PC3 PM
KC4 V1I1
CI 14 40 P32

KI PM3
PC? P14

"1E mP

PUS 20 34 PA0
21 27 33

e- I
i lie lfi i ii



12.1.2 48-Pin Dual-in-Line Package

PSUFFIX PA? 4

PLASTIC PACKAGE
PAS 2 47 PO5

PAS 3 46 PD4

PA4 4 45 P03

PA3 5 44 P02

PA2 6 43 POI

PAl 7 42 PO0

PAO 8 41 V

P97 9 40 iMO

PSG 10 391 W

PBS 11 38 PC?

PS4 12 37 PKC

P93 13 36 IPS

P52 14 35 PC4

Psi is 34 PC3

Pee is 33 PC2

PEO 17 32 pIi

PE•1 I 31 PO

P12 19 30 XTAL

P13 20 29 EXTAL

vRm 21 20 no

viM 22 27 E

VSS 23 20 AS

M0M 24 25 IMOOA



0

12.2 PACKAGE DIMENSIONS

p SUFFIX

PLASTIC
CASE MV-2

A R S ENO Of PACKAGE OA[UY PI ANE
"1S 1BOTH A DATUM AND SEAT NEI

SPOSITIONAL TOLERANLE FOR LEADS I

OSITIONAL TOLERANCE FOR LEAD
PATTERN

24 I # 1?SO2IDD 010 1 823 DIMENSION 0 OOES NOT INCLUDE MOLCI
L I FLASH

4 DIMENSION L IS TO CENTER OF LEADS
-KEN FORMED PARALLEL

fll_" C .. .. DIMENSIONING AND TOLERANCING PER
-F ANSI Y14 191876 CONTROLLING OIMENSION INCH

MILLI M|ThIZS IN MCES

6 1341621 I0 2 1 2445
13 072 1422 0%40 I 954

c- 3 94 s0$ 0159 20
_A36 055 0014 S O22

F 102 1S2 0604-01-a6W
1 29 8SC 0070 SC

020Y _038ad~dis-aTI9
A 292 342 O0Is 1 r a13S
L S2i SC 0 Soo SOC
M 15 0 15
4 051 101 01020 "I417

FN SUFFIX
QUAD PACK
CASE 77I-0a

X PWTES.I ONIAN•O R AMCL 30 NOT MCUM IMl

elFRASHW 2 06*NSlRNG AMQ TOLIRANIRING P65 AM

3 CONIM t.NG DMENSIN n

UA

-J- ft. "imj _

di £ 15 4 1
C 

L 

is

0 II. 0013 1 oLl I, T

F

I IT c FT w
I t0o "I 0= 0

Is tup 07%

0 711 O
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12.3 ORDERING INFORMATION

The following information is required when ordering a custom MCU. The information may be transmitted
to Motorola in the following media:

EPROM(s), MCM2716 or MCM2532
MDOS, disk file

To initiate a ROM pattern for the MCU, it is necessary to first contact your local field service office, local
sales person, or your local Motorola representative.

12.3.1 EPROMs

The MCM2716 or MCM2532 type EPROMs, programmed with the customer program (positive logic sense
for address and data), may be submitted for pattern generation. The EPROMs must be cleady marked to
indicate which EPROM corresponds to which address space. Figure 12-1 illustrates the markings for the
four MCM2716 EPROMs required to emulate the MC68HC11A8 MCU. All unused bytes should be pro-'
grammed to zeros.

After the EPROM(s) are marked, they should be placed in conductive IC carriers and securely packed. Do
not use styrofoam.

All III III

xxx = Customer IO , I

Figure 12-1. EPROM Marking Example

12.3.2 MDOS Disk File

An MOOS disk. programmed with the customer program (positive logic sense for address and data). may
be submitted for pattern generation. WHEN USING THE MDOS DISK, INCLUDE THE ENTIRE
MEMORY IMAGE OF BOTH DATA AND PROGRAM SPACE. ALL UNUSED BYTES. INCLUDING
THE USER'S SPACE, MUST BE SET TO ZERO.

12.3.3 Verification Media

All original pattern media (EPROMs or floppy disk) are filed for contractual purposes and are not returned.
A computer listing of the ROM code will be generated and returned along with a listing verification form.
The listinfshouId be thoroughly checked and the verification form completed, signed, and returned to
Motorola. The signed verification form constitutes the contractual agreement for creation of the customer
mask. If desired, Motorola will program blank MCM2716 or MCM2532 EPROMs (supplied by the
customer) from the data file used to create the custom mask to aid in the verification process.



12.3.4 ROM Verification Units

Ten MCUs containing the customer's ROM pattern will be sent for program verification. These units will
have been made using the custom mask but are for the purpose of ROM verification only. For expediency,
they are usually unmarked and tested only at room temperature (25°C) and five volts. These RVUs are in-
cluded in the mask charge and are not production parts. These RVUs are not backed nor guaranteed by
Motorola Quality Assurance.

12.3.5 Flexible Disks

The disk media submitted must be single-sided, single density, 8-inch, MOOS compatible floppies. The
customer must clearly label the disk with the ROM pattern file name and company name. The floppies are
not returned by Motorola, as they are used for archival storage. The minimum MOOS system files as well as
the absolute binary object file (filename.LO type of file) from the MC68HC1 IA8 cross assembler must be on
the disk. An object file made from the memory dump using the ROLLOUT command is also admissable.
Consider submitting a source listing as well as: filename, LX (EXORciser loadable format). This file will, of
course, be kept confidential and is used 1) to speed up the process in house if any problems arise, and 2) to
speed up our customer to factory interface if a user finds any software errors and needs assistance quickly
from the factory representative.

MOOS is Motorola's Disk Operating System available on development systems such as EXORciser,
EXORset, etc.

12.3.6 Sample Order Form

A sample order form is provided on the next page.
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MAX-FORTH

REFERENCE MANUAL ADDENDUM

NEW MICROS, INC.
1601 CHALK HILL RD.
DALLAS, TZXAS 75212

T-214-339-2204



THANK YOU

Thank you for purchasing Max-FORTH. We think we have created an
excellent product and we hope that it will be of benefit to you.
We are looking forward to a continuing business relationship.

If you have problems, however, we want to hear about them.
Please refrain from cursing at us, at least until you've had a
chance to talk with us (after that, use your own judgment!).
Meaning that, we want to support your development effort by
providing correct and sufficient information about our product.
This doesn't mean we want to work as free consultants, but it
does mean you can call us if you need to be pointed in the right
direction. If you find something that doesn't work, we want to
hear from you--the sooner the better.

It is our desire to add a great deal more information to the
user's manual. We will send the first update to you prepaid
since you have received a preliminary manual, thereafter, revi-
sions are free for the cost of shipping. We realize that the
manual needs more 68HC11 specifics and examples. This is, again,
why you are encouraged to call with your questions, so we will
know what information is really important in the manual updates."

There is a registration form enclosed with the manual. Please
use it. If you don't, manual updates and possible application
notes are likely to go to a receiving department dock, rather
than directly to you.

Well then, thank you, good luck and good hunting (and may the
forth be with you).

I
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COMPAUY INTRODUCTION TO NEW MICROS, INC.
Product Lines and Services

We at New Micros, Inc. see ourselves as a leader in high level
language single chip computers and related board level products.
With the introduction of the F68HCll, we became the only supplier
in the world of a single chip computer that can be programmed in
high level language, without any support chips. Additionally, we
manufacture our own line of standard board level computer
products and also design and manufacture semi-custom and fully
custom computer systems. We refer here to standard board level
products as boards that are already designed and tested and
carried as stock items. The semi-custom boards generally follow
the same board outline and form factor as the standard line
boards and are usually peripherals, rather than processor boards,
that mate with the processor boards of the existing lines. Semi-
custom boards are designed specifically for a customers needs and
may or may not be added to the standard line later. Fully custom7
boards are those that are designed specifically for a customers
application. Form and function follow the customer's needs.
Custom boards are not added to the standard product line.

The products which are listed on our price sheet fall into two
categories: those which are standard items available only from
New Micros, Inc. and those that are generally available commodity
items, such as RAM's and Wall Transformer Power Supplies, etc..

The standard processor board items fall into three pricing
stratum. The "full up" development systems are priced to the
market average for single board computers. This positioning
reflects an expectation that the customer will only desired a few
systems configured that way. The development systems have all
board options installed and are shipped with manuals, Case, Power
Supply and FORTH Development Rom. Many of the comparably priced
single board computers have less features or options and are, for
the most part, .only boards - not high level language development
systems with power supplies, etc., etc.. The OEM versions have
full board options, however, they are supplied without other
frills. They have no metal case or wall transformer power supply
(although onboard rectification, regulation is installed) or
development rom (if applicable). They are intended for the cus-
tomer who wants a full featured SBC (with RS-232, Watchdog Timer,
etc.) without the added expenses. These systems will probably be
embedded in a larger machine or system manufactured by the
customer, which is why we call the configuration, "OEM".
Finally, "The Generic Target Computer",TM or "GTC" versions of
our processor boards have the minimum configuration of board
options. The GTC's are 5 Volt only systems, without accessories
such as connectors, memory selection jumpers, RS-232 or RS-
422/485 conversion, etc..
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The purpose of the GTC is to give the most features, at the
lowest possible price, of any stock single board computer. The
GTC's exceed all the known competitors pricing on single board
computers. All of the mentioned versions are made on the same PC
board. This means the GTC board has the same number of holes as
the OEM version, and any or all of the additional features of the
OEM boards can be added to the GTC by the customer or by special
arrangement with NMI.

Our peripheral boards, which we believe to be the best values
around, are available in only one configuration. Still special
arrangements are sometimes made or a per case basis to make
reduced cost version if some included features can be removed.

As mentioned earlier, there are also a number of generally avail4
able commodity items on the NMI price lists. In essence, these
items are listed only as a service to the customer who wants to
avoid calling all around to find parts that are assured to work
in our systems. Please understand, we may not always be competi-
tive on these items, particularly the memory products. Our feel-
ings will certainly not be hurt if you find a better price else
where. We don't move enough of these items to make it possible.
to follow the latest price swings in the market, but if you need
them, we aie generally able to supply.

As implied by the fact we have made mention of the custom side of
our business, we are equiped and experienced at doing customer
promoted design work. We have several CAD packages for PCB and
mechanical designs. Our rates are competitive, but our forte'
lies in our familiarity with FORTH and dedicated applications.
Working in this area is not only a source of income to us. It is
also the way we stay in touch with the market, and the designer's
needs. Even in our business, we recognize that no single board
computer is ever exactly "right" for a final application. We
have servea many customers applications by making a semi-custom
peripheral board to add features and solve interconnect problems.
Contact us if we can be of service. (214) 339-2204 for Technical
Assistance, 1-(800)-255-4664 for NMI Sales outside Texas, Telex
No. 9102500125 NEW MICROS DAL UQ.

I
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ORDER FORM

Canpwiy Namt D____________________ate______________

Engineer's Nene Buyer's Nie

Slpping Address Billing Address

Ergineer's Pkxne No Buyer's Phone No

Method of Payment:

o Net 30 days requires your Purchase Order No:

o Cek or Money Order No: ____n_

o oM.tercard or oVIMA Exp ._cunt No

o COD (Add $ 1.95 COD fee)

Quantity Part No Description unit total

-- - - ------------ ----- -------- ---- ---- ---- ---- ---- ----. --- ----

shipping & handling

If applicable, add COD fee ($1.95)

------- TX residents add I- tax

Total______



1601 CHALK HILL. RD SUITE DALLAS . XAS 75212 214 3139-2204

P R I C E L I S T 3/87

Itlam N:)Description Pi T ~

NM3.O2-~M M%2-Base Smir~e- Iw~iorrpate: CXEi Qxficjxw 230.00
NW(-WOU FIIWU am Sirge Bmr !i pi wr ý Bailt-in EM 340. 00

U-0021-(a4 M~CU-Bw~ Sirgle-Bor ýtm~qwtrr Z70.00
NC-0022-cB4 FG6811=4ks Sing1ebardn M( 1 , with 6144 MOO.0

"U~-0023 FWM.-83a SIrM1e-a d M~bx=~PzI~: sp1 pgi/crriafig L909.00
NWl'-0U.-3 F11-Baw Geic 'Trpt 03 .t 3 Mmy -93:$en 71.00
wlr-0012-31 RRT124kma Gmarc Mmtzet affp .writ 3 IMncy Soic-ts 091. 00
NMW--0021 Fwacu-mqe amic ¶1wtet Cbrpze 90.00
NW-0022 EM6aC11 Gm'ic 'Mrget Qvp.imath 6M=4 110.00
bMU-40].2 ]243it 40f Plus S1'n Boar 210.00
bm~-5000 XIA Boad 75.00

* 6%11/12: RtwHoa 6502-Bae Sril~e.OCip with fW-Ml un~mai: ~ t
FK~acu V43.3 68CU Sirj1e-O M==Tutert bx-EUUH V3.,3 in iry- 3'/.25
X)cMMIACEN 6K=. Suir1e..up, mcromr~putm-2
X1004 68a24 Pot Riqlaosmt Put for us with 6&M.' Is 2'

V1.1 .14x-ECMJ in FRh
V42.3 Mx-EaM in M4 with htostrt

qpticrs & Ammsries:
23O232-4 FiS-232 C(b1e fto MIý-0023 15.00

CA fxx CE Msiors of MWIt142-83e S9At2Ts 25.CK0
NEPIrdm~ial (ka rEos~ze fo RS1iA124We 92stuvs 25.00

FS ftm a~1y ftx CEM Vesicris of WMtV12-Rka S2'stsrm 6.00
23ES FOA S.V1y for mi-002 6.00

CR D~elqNEu MM ft1 45%M/12-Bma Srsom-krl. UlN-M 62.50
#2 R;Q 2K A If ROM fm~ Fan'1A2-83m Sjst 8.00
#8 RKO. 8K Adft M r FE3./12-Bae 31stzi 8.00
#11 w1c Adu PFC1 for N.1X-0013 -5stii 8.00
#17 H0X¶ Adt R;4 for NmTD-001u 9jslm 8.00
#18 RK¶ Adt PFQ for MIK-00L3 9ysba 8.00
6264 8K i ut 8 R04 12.00
2816h -Z' 4 EEFM 000
48Z2 Z~ 93tby iM 2.3.00

=23C 8 Battoy RPM 30.00
C.21r3= 32K B~t~y WIPM 50.00
EC-0013 Bow Boar fo MI-W0U sm~tam 38.00
L144M Mx-Ef~1 Wr's l'mLn1 30.00

PAVW M9I EH~i P1-.ial --ec %(L czos) , OwtdLS Isx ov r mar~y r'E or VI-c4tC.
SH34W GAM: U.S. 833.00 LOS ConTd

215.00 2Žd on, Air
mm $10.00 LE Air ktiit'US

BxP.e $25.00 1B Air %-41
Asa 30.00-.Ari
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PRODUCT MATRIX
for

NMI PROCESSOR BOARDS 3/87

---------------------------------------------------------------------------------
X X X X X X X X X T T T T

0 o 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 1 1 1 2 2 2 2 2 1 1 2 2
BOARD 1 2 1 2 3 1 2 1 2 3 1 2 1 2

C C 0 0 C C 0 0 3 3 3 3
P P E E P P E E
S S M M S S M M
D D

FEATURE R R

R65FIl PROCESSOR X X X X
R65F12 PROCESSOR X X X
F68HCll PROCESSOR X X X X X X X
MC68HC24 PRU X X X
ADDRESS SPACE 16K 16K 16K 16K 16K 64K 64K 64K 64K 64K 16K 16K 64K.64KI
POWER mA typ @ 5V 220 220 220 220 300 20 20 20 20 20 220 220 20 20
STD XTAL MHz 2 4 2 4 2 8 8 8 8 8 2 4 8 8
STD BAUD X 100 12 24 12 24 12 96 96 96 96 96 12 24 96 96
STD RAM INST KB 2 2 2 2 2 8 8 8 8 8 0 0 0 0
DEVELOPMENT ROM X X X X X X X X X X
STD MANUALS 2 2 0 0 1 2 2 0 0 2 0 0 0 0
ADDRESING PROM # 2 2 2 2 11 N/A N/A N/A N/A N/A 2 2 N./A N/A
PARALLEL PORTS 2 5 2 5 2 3 5 3 5 3 2 5 3 5
ASYNC SERIAL 1 1 1 1 1 1 1 1 1 1 1 1 1 1
SYNC SERIAL 1 1 1 1 1 1 1
A/D 8-CH 8-BIT X X X X X X X
EEPROM 512 BYTES X X X X X X X
COUNTER/TIMERS- 2 2 2 2 2 9* 9* 9* 9* 9* 2 2 9* 9*

WATCH DOG TIMER x x X x X X X X X X
RS-232 CONVERSION X X x X X X X X
RS-232 DB25 CONN. X X X X X X X
RESET BUTTON X X X X X X X
RS-422/485 CONY. X X X X X X
RECTIFER, REGU. X X X X X X X
DC/DC CONVERTOR X X X X X X X
SCREW TERMINALS X X X X X X X
INSTALLED JMPRS X X X X X X X
VSC BUSS CONN. X X X X X X
CASE, POWER SUP X X X X
FLOPPY CONTROLLER X

jLIST PRICE lea $ 250 290 190 230 340 270 290 200 220 199 76 91 90 110
" ---------------------------------------------------------------------------
*3 INPUT CAPTURES, 5 OUTPUT COMPARES AND 1 PULSE ACCUMULATOR



E M l FN V3.3

Speifications

fT~e FML is a amplete captro a crip with opeating sy and high1evel 1a~mm

ýahm alitior1 a%*port chips. In minmur configirataic, th-e FWML, with a s' ie arsa
ciraint (a crystal, a resistor, and to itors), reas only 5 V powe, grourd afd TL serial-
irVseria1-ait anwtics to cp4-ata uitercitively.

Procssr: M3tICFCA 68H=, Eatenc 6800/6801

LangLag: M4U 231 wq~rd: A stmeset of th EUR0-83 Strdr 1.ir~mln:
"* 7h 83 Ststard Uxble UberT Dcbmma, M33S
"* Tre 83 Strtr System Dcbemm Wa: ae
"* All th 83 Sttli Omtrolle Fet m b
"* Single-Chip jSA-te DcEnscnsi

Cxnt/4rzres: Bined w16-bit tu ¶nersse: tr stage proraumb1e presc1er, d 16-bit

8-bit Pu-i aocnu~ator (eviet axrting mn ). ap wiatix tuter. Clck~p Monitor.
~Rm.el ports: Five - one port of 6 ir~vd~&Lamfgm~ liras.

-n M ~~ of 8rpt iras (firtim rmultiplawd with Ave ~tOf 8a~i lines.
- ane pot of 8 *---1i."1e liras.

-r por~t w~ith 1 ~iigurable lira, 3 input liras ad 4 cmrq=1 liras.

Intat~ (SI) (tF5.') Owra is 8 or 9 bits with seletabe beW a
75, 150, 00 j, 1 5o 2400, 4800, or 9600 k'aii. (de.ftsIt: 9600 beW 8
data, nm parity, 1 sto)

M)Oxebr Eih 8-bit dwrels, 32 clock cyle owrriscri tine.

2 rmeiTdo].e mbnmf: S11 ard X30.
4 nra)-f I- typ ina ls

S.A1Y* 50 w typical at 8 'tm, n aere bus de 5 VW10 nut. yic (15 is nwc)
lO by ~~iml at 8 Mmi, e e5V 0 mtp~ (2rc rrx)

L.-Am typical (1Cum nac) in SXtP mode.

Tul~s hig speed~j, low ~ pD ~ t-raw-m-diip ismcae in a52 *i Pr=, msriinrirqjum
0.75 indw an a sideb. fre chip hofts five#, tum available-, 8-bt piJel pot in the sirigle
cuip mrde. 2wre are UL r Qimw I tohae a 64K a sard data hs. The--Lu -WUn-.r

tve sffdwm Seial Priear Inte~c (MI), is uz~mutte and available to the
'flre are also irclmde: a tuneri Wsstem~, a paptrC0mtIn ~lgery (wmimbg) circuit,
a b~t 8-bit 8-dwam] MýD mne r ard -th 12K ym of inbaxe Ma~

S Witi an 8 ft't crystal, Mair ýingsl~e chip nrre, the F93HM &araw les tm 10 iA (typ).
Its a lo o amer unt for inte~~rrup *~ , ard a sto mode tmt ftas 1.7 OA (typ).

'The built-in h4,h 1em1 ]zqW ard ceeating system, bae an the iC 83 Stxbd give eay
rneiacest tv lyw initractive. 'fle Vw]Aary axi is 231 wmd. P~lic~tica ca
be vy mqt Alftugnh u intra YS 1Mite, rcn trivia1 plctm a I A db

allt wxds of FuCH 83 Stdardm Reue ;'Zrd sLt are irc1ixi, olts all- of tre stm-d= 's Zv-



F~eer-eVbdsSkt, olus a nuibm of w~j mt late ,ati t~ s= ,I4u& are am of
=e r Oam~ Str Tv om-ir n a sarue cur) c=ni- emrizrain~r. Ive-v mvnd

fzr Head1eis 'Tera A=t-iTti'- P ~Of US- ap1ictaf-csan Hict Levi i m.
Hoi are prwizld ýur cj- fire m!'. -taskim. Ii~us

"'-e adwm of us=~r th F%-C.l lie. --e _ of Pr-e- devlcum-az a cncxt Bim if
=,e FSC.1: is tre &nIy crup workarg -, a ae= u7=pclvea d~~i of =v raniare am'i
sof-Are can be pert~rtsrmxF~liV33Wd s-

F1WTA ( F= @

FAM 1-! Mr~ + FA7D +! M-87 *
EM / FN3 >( EN4E S-AP F~r 2O2'R

FOV mer- FcZa zur EAT PICK EA29 RXZ
FA49 -FCIL EDTF DWF94 ED76 >R -

F966 DO FMIBO> =Z2O N m U
BE~4 < n76 aX E96ED FD

F90 >FOE3 AM FI ORH9-U

EM3 tAVE FM6 EXIT FER1 FMV Per
FEES -IIE9L FEN~ S->V MAB F93E -W

EH9 mnr- E92% Dmq EB99 r*X E918 Dwc
F75 SPACS FA19 CET 1MCRFATP

9EW cu1qT- F686 -'ITMU F= 14 Fm1 2+ -
PM61-KB2- FCCZ/EM2*

F9A4 D M9E D- FS3 W 93A

ED66 S@?- "E?5 CCEF FA COME FEB6 ;S: -
E346 CM-SLB EmA a= Ek EN= E1 _LE

F5% . - FWS.R - S4D0. - 5EU
E59F U.R SE~ D.R FQ5B #S F623 4
FrON SIGN IT FSE 0 F5%6?
P1E6 EDPr ErE a3M F646 EL F554 S=a
FC-51 M~R= Fc4E Oa F5W Sm E54 Mr-~
F506 op - F52 CETSTr E5W ET.D 3 P
E1533 >IN F4EA BAE R45 90 NEE 11M
F539 $vM E536 SEW F5% F/Lm r
rim LJMT M53 FW FF83 FM~ E'7B X=

E~r3 C, P77~Em1 i
E75 7ME EFMLAM M5 02TIIZ E
E_52 I - F4M HE- F<2 MMC :

E:2 K =0!S ."1 HM5 .
F78F FD= F77EM 77F HKAW FMC H=

-A M- E896 MR U 103v [EnZ MF MERlL

E854 -CM ER* # E9 (tJ F:M ETZ

- EM3 LOC- L-728 7ThR EB7 -> E186 UPO
F16C RB -FFRS-1 FM2 SW-BEERS P11B2 PUJAF (rm
F090 .wMriE >L~ F= I E F=2 BEC

F3dB/r E2 PýC EDOO HOU- ME UTM
E936 tŽ- E943 DU~a F1E' D.M- F23 .S-

_____ M05 '1m EPA7 A7M- ED4 __P

_39 Ees~ F=EM- FW -83

7t F6 is ideal for amlictins, Qvxe gognn ds1lcrt tine is crtal~. Its low pme
CQO nautre is p c irr for - wm n batay pmp- 8pl calanOs.

Tfle b.A.1t-in skivmter and us~ dog timrm, rrnm it the natural dmie fo real tire g'~

t~man and sacung also ca benit fr= it's feture.

frv F68MC is ftmr~ie- fcr Nle Muc Irc. h, Mbtmroa, Ire.. 33fnare ffmm1 tJ- ard
tZt-OO023 ammbt1d ard m- bod 1wel dwe~qvnt 9At amaili-e f3= New Ptm n.
T,-p F6&M. watm iri:ra1 !x-EtTMH wd 7anuals are ava'22.ble acluix1ve ft= NwL m~ Ir



The "100 S urdT
F68HCII -esion

NI4IX-0023

Specifications

T-e 100 4rThIM is a caTlete -simle cmr"1 ljt~r w1i +- hh 1pru YS~n e I~l e.1 -l
,j-jebpq.'t oos Lrluid in tf-e ma-lk& Mex-EURH 8K-oya -e I ,- C -1~~ =fiaa-_

Seral cw1e (Wi-- t: 23ý- can be ura a to an 16-212 trrw-ý (or bettj ,#,ýr

frante a it 7 as st8 orra inJr &w-iloa]irr OIourc axle). Fer nz oe SJ~i
fran a 7to 18 VXor 7 to24 Vrsxc ((mkr # 2.3S) , or fran an ecitr-s1 regulate c

source. t14-?-fx ar% L.M-100F1-Ci Mwu1.s ame irclak.

Sim: 100 rmn by 100 mn active curp arm. 100) fnn or 60 = n rotot~.pL- area.

Prcesr:MMRA 68H=

CM: Rtimme 6800/6801

L~qmP:M-ECMH231 wxrs: A azm-rSt: of th EnMI-83 StwtLm imheitna:
*h 'f9 3 Straniad Wmbe NJt. csa '~~

"* 'fre 83 Str~r Systn &tensia- Wod e
"* All th 83 Stxi ~o11lle Febrerm -q
* Singe-a#i 9ste Zensia-s

xr Mits ie1-i iptcpr registý:s, rea. time

CD mm1 er.

- one pot of 6 irdividalUy afgix1 lines

- ne port of 8 uipt lines (fixrtior miltiplece ,ath h/fl a2virtr~).
p orept with 1 mf igur-ale line, 3 ir~pL& 1ir ard 4 oulqpt lines.

Intebo (SPI) (UMM FS-232 dwTel is I oc I witi seeml bad
r, I" : 75, 150, 300, 600, MO3), 2400, 4800 or 9600 bwd (defult: 9600 bmi,
8 dm m prity, 1 sto) brc~rit t 4 .11" pins, caW opt.aioal.

M0 Cmawt: E4it 8-bit dur~els, 32 clckc cycle armmsior timr.
mntxq": 15 nmk~ke mntmqls.

2 rxmmkabe 9\71ts 3~ ard mo
4 ram-~~ed rt abrlerLS

Pbizy ftIwmci;* 64 "bt direct adl:ir.

S3def: Tre &PnJMgPi okt o 5pndvcs
Amps 2764, 286, 4464, 6264, 27128, 72, ,ec

Dqilm:34-t 0.1 ci ~ s -ionir bsa 3: All dt liras (8),al 1

P. 41 X-M4~39 mit jurpe seletabe options for 8 or 32 !ejte device.
Sly. mm 100 nrw twpica

11~o Cptiana1-Wl 'ra~nsfre (7 tx 18 VA=,~ or Bcma R~ulaý 5 M
Qtm flain (7805)

Oxmm* 203) t~ia hor Ir -232 szply (7660)



'ne Squa red"Tv vers ion

NMIX-0022

Specifications
"The "100 Squared"TM is a complete single board canputer with operating systen and hih leve .an-

guage development tools inclined in the on-board .Max-FOTH7 EV,-byte ROv. in the retail configur&-
tion it is provided Li a meta: case, with power supply, 5,2 bytes EEPRC., Fr oytes RAV., and tne
Nax-FOOR Ra,, ready in all respects to connect to an P3-:2i terminal for immediate pro4'ranr
development (or better yet, nost computer with mass storage and aowniload software). ME' versions
of the system are provided at reduced cost without case or power supply.

Size: 100 mm by 100 mm active canponent area. 100 mm by 60 mm prototyping area.

Pi omo: MCIDRLA 68HC 11

CPU: Fnhanced 6800/6801

LanWLn : MAX-FC1i 231 words: A supeset of the FaRIH-83 Standard including:
* The 83 Standard Wort Set.* The 83 Standard Double Nmiber Extension Word Set
* The 83 Standard System Extensions Word Set
* All the 83 Standard Controlled Reference Words
* Single-Chip Systen Extensions

Gomtwl/T1mws: Ebanced 16-bit timer system: Four stage programmble prescaler, three 16-bit
inu-cpture registers, five 16-bit output-oampare registers, real time_interrupt circuit.

8-bit pulse accumulator (event cotnting mode).
COP watchdcg timer.
Clock nwitor.

FPaallel pts: Five ports:
- one port of 6 individually configurable lines.

(sane lines multiftintioned with serial use).
- one port of 8 input ~ines (Rmction multiplexed with A/D converter).-one port, of 8 outp•ut lines.
- one port of 8 configurable lines.-one port with 1 configurable line, 3 input lines and 4 output lines.

Swal hyrel: Enhanced NRZ Serial Curimications Interface (SCI) WART). Serial Periph-ral
Interface (SPI) (UGARTs. PF-232 channel is 8 or 9 bits with selectable baud
rates: 75, 150, 300, 600, 1200, 2400, 4800, or 9600 baud.
(default: 9600 baud, 8 data, no parity, 1 stop)

ALD aw•ter: Eight 8-bit channels, 32 clock cycle conversion time.

Intwnuts: 15 mwkble interrupts.
2 mnskable interrupts: SWI and XQ.
4 r em-kable reset type interrupts.

Sy Ez= B Aiw: 64 Kbyte direct addressing.

•mts: -three 26-Pin JEC standard sockets for 2&-pin /4/RNRVEPRVEEPRCM devices.
Accepts: 2764, 2864, 4464, 6264, 27128, 2756, 62256, etc.

-pi: n- 0.1" dal-in-line connector: All daoa lines (8), all address lines(16)
pwr, gn, R/W, E, AS, OE, INT, RST, MDL (on board muuy disable), 1 N.C.

Adi I w: 74HC138 with jumper selectable options for 8 or 32 KByte devices.
•q~y: Ib 100 aiw typ~icalSagply: m.1lied 0 w ll Transformer (7 to 18 VAC/DC) or External Regulated 5 VDC.

Onbdr rectification (OM08)
Qtoa regulation (7805)
O0ma typi7DC for negative PM-232 supply (7660)Ozre* 20 ma typical

Cine: Aluminum ribbed extrusion with steel back wenel all anodized black. Front
Panel heavy aluminum plate. Interior cut tohold Ezro format 160 x 100 nmm
cards. Rack mountable in 191 Euro system.



The "2C Squared"TM
F6 8HC Yers ion

NMIX-0021

Specifications

The "100 Squared"TM is a complete single board computer with operating syster and hi- level lan-
guage development tools included in the on-board Max-F0OR•T S-byte RCM. in the retal1 conf.gura-
tion it is provided in a metal case, with power supply, 512 bytes E--PROM,, SK bytes RAY, and the
Max-FORTH RCY, ready in all respects to connect to an RS-232 tenninal for immediate progra,
development (or better yet, host computer with mass storage and download soft~are'. M', versions
of the systen are provided at reduced cost without case or power supply.

Size: 100 mm by 100 mn active component area. 100 mm by 60 mm prototyping area.

Pro•vsor: MMOCRaLA 68HC 11

CPU: hanced 6800/6801

larme: MAX-FRTH 231 words: A superset of the FMRTH-83 Standard including:
* T 83 Standard Word Set.
0 The 83 Standard Dmble Nubter Extension Word Set
* The 83 Standard Systen Extensions Word Set
* All the 83 Standard Controlled Reference Words
* Single-QCp System Extensions

Qzmtwer-flmws: Enhanced 16-bit timer system: Four st"e programmble prescaler, three 16-bit
inpitc registers, five 16-bit outpt-ca1pre registers, real time
interrupt circuit.

8-bit pulse accumulator (event counting mode).
COP watchdo timer.
Clock monitor.

Parallel porta: ITree portz:
one port of 6 individually configurable lines

(sane lines multifUnctioned with serial use).
one port of 8 input lines (Utmction multiplexed with A/D converter).
one port with 1 configurable line, 3 input lines and 4 outpit lines.

Swial Qhmmal: Enh ed NZ Serial CGoaunications Interface (SCD) (UART). Serial Peripheral
Interface (SPI) (U&AKI). RS-232 channel is 8 or 9 bits with selectable baud
rates: 75, 150, 300, 600, 1200, L400, 4800, or 9600 baud.
(default: 9600 baud, 8 data, no parity, 1 stop)

h/D C•cwert: Eight 8-bit channels, 32 clock cycle conversion time.

ftyupts: 15 imb•ble interrupts.
2 nron-sble interrupts: 3l4I and XMQ.
4I mrxm-iable reset type interrupts.

Hoary Einvdan: 64 Kbyte direct addressing.

Sad..t: 7e 28-Pin JEIEC standard sockets for 28-pin RCMRAM/M EPM devices.
Acoeptw 2764, 2864, 4146i4, 6264, 27128, 2756, 62256, etc.

bps-: np 0.1" dual-in-line connector: All data lines (8), all address lines(16)
pwr, gnd, R/W, E, AS, OE, Yr, RST, MMILS (on board mutuy disable), 1 N.C.

Ad m• c DIodar 7"4HC138 with JuWper selectable options for 8 or 32 KByte devices.
sqliy: Fb• - 100 mw typicl

%: Puw 100 ed Wall Trtyfomw (7 to 18 VAC/DC) or External Regulated 5 VDC.
Srectification (VM40)

Onboard reguaion (7805)
onboard DC7DC for negtive ro5-3 supply (7660)

OaRIi. 2D ma typical

CM: Alunin.m ribbed extrusion with steel back pamel, all anodized black. FrontS Pal heavy aluminum plate. Interior cut to hold E•ro foriat 160 x 100 mm
cards. Rack mnztable in 19" Euro system.



T
The "Max-FORTHIT', FORTH-83 Standard Language

F68HC1l Internal RON and XC68HCll External ROM Versions

Speci fications

"Max-4ORTTM' for the 68H11 is a RCM, based operating system an language. Wien comtined with a
6OHC 7 , whether in internal or external FCM, "Iax-F=CMTM creates a complete development
enviranent. Max-FOR4Nl programs can be written, tested art run under its control.

Although usual development configurations would include external RAM an mass storage (either on
the 6W 11 system or on the host terminal), short programs actually can be developed on a 6WC11
systen using "Max-FCMn"• with no extra support (beyond XTAL circuit, pull ups, power and serial
I/O connections).

"I'Mm-FCM!'IM produces oamnpct oode that is suitable for R3ling or EEPRC'ing. Both "Headed" and
"Target Compiled" code applications can be created. hhile the compiled pmrgiar nay not execute
as fast as well written assembly language programs, they do campere favorably with the results
from other compiled aTguag&1. hey are usually nore aant, more quickly written, and more
easily tested in "Max-FaC "Is interactive pogramming environment.

"Max-FORflf'TM closely follows the FORMl-83 Standard in order to be carptible with other FORTHts,
Salso to be easily supported, learned and used. In addition to the FOni"-83 Required Word Set,

"Max-IT"•4 also contains all the FORDI-83 Extension Word Sets, all the Controlled Reference
Words and sane of the Unoontrolled Reference Words. It also has mamy single chip specific exten-
sions and operating system words not found in the standard.

"Max-FC f7mM is available in several versions:

Version 1.0 is suplied in an external KH for use on systems such as Mbtorola's EVE sys-
ten or the New Micros, Inc. WIX-O-021 single board camputer. This version does not have
autostart capability. It is otherwise I t̀f=l featured". Order # Max68HCllV1.0

Version 2.0 is also supplied in external RCM for use on the same type systems. This ver-
sion will autostart a user p'rog at any 1K bo••dry, or in the EEPRCO. This version is
suitable for volume production use, under license agreemnt. The license ageement
requirements to acquire the Version 2.0 RCM's are, therefore, stricter than for Version
1.0. Version 2.0 is essentially identical to Version 3.0 which is supplied in the NIC
68HC11 MCU. (Her # Max68HC11V2.0

version 3.0 is s9lied in the internal KM of the NMI F68HC11 MCU. These chips are
nwi4actured by Mbtorola for sale by New Micros, Inc. 7hese chips will autostart a user
pcoun at any 1K boundry, or in the EEPRCM and re suitable for volume production use,
under license areenmt. Order # F6&rl 1

Version 4.0, not yet released, will allow the user to target coanpile up to 5K bytes of
Pcgu on a XK byte Max-FORIB kernel, which amy be smbxtted to Motorola for production
as an internal single chip KRM code in the MC6E1I1A8, under license agreenent for the
kernel with New Micros, Inc.. Order # not yet assigned

User Mwnal, Oder 0 1H4-Mx, is suitab. for use with Versions 1.0, 2.0 and 3.0

1



Tefszlowira words list was capture f'-r a ", syte-. TocOseve ?2 s1
onl y the character oount andi the rorn-urwerlined c-aracters act 2.y ex2.st in in v't 'rna- Fer
i *e., SMAES andi SPACEZ are not differentiated. U,,Iess WMD~ is set to 3 (number of czharacte-s

,- a rnB mrTI is 3 1" the names entered will be normfal length.

P09 1 SSCIP 29 For@ It

1 7Cm :. F705 .aT FOCI
P199 :47I P10 .1 Fall .t real
real Poe7 ),( P052 sw1AP PIo 20311
r9tc zsv*P rooP SOP robs 2b0P Mr3 OuEN
rose aaT iSCI 230! PAT3 PICS PA20 NOLL

,la -0 P33L rust "ofFee 2000F Frot 1-6
Do?) 2) P109 . rc3a va? FC21 0.

rq*5 90. FlIPF 0) P1)6 03: P67 Ut
P51 ( 97; ::4 P97p 03962.
P510D ) 0350 P09OAS P09110

trot sop trap ?31N Einc LS1 1722 sgtE
trio v5?ju 1r02 otP~l tire Wftlu attC 66611
C"t oo. CC 194 SO real LOOP 1(60 Loop0

1152 a.*1 Fast 121 P671 11 FAD& I#N

SECl ??g5NNt5L 7506 S.)S Fees &IS P9o? us;3

1763 SP*CJJt PAID DEPT" Fear1 cs Fast ?TPI
P692 COUNT? F62A -TRAILING iCOO to P17S 2.

P165 I. PcsP I- Fes* 2t Fees 2** .P9 -P970/P3 ~.
Pats noD P129 %/*06 Pair I/ p339 #104
P3 1011U/N400 PSIA O1ccur Foss DNIGATI 1802 C0936163

P06A sPa P7s9 cmo!L± F79 CIIPWI Pree 1
1$55 CODL-SUB 163* COO3S 162* too~c~j [sic Usti
:597 75*S9 .3 7539 0. 9SIF V.
P59? 0.3 7967 0.3 P6)6 #a P621

Fees slo! uPsr e) M51 C# P967 1
page 22PFLU 1701 Quell P65? 9L P599 37635
P592 CV21IE? FS3P 103153 P941 sea P949 9LP
r507 Op P5s" OPP35 P910 PLD PS36 DPL

P534 *133 psi? $PAN P96C CIL. P119 71111
Ftci LiNUl V96% PAD trot 5135 1776 ALL21
erst . eras c. Frio 37*53 roes TM!
lOPSI TRANSVZOI1 17&5 A91 C6 165! 16 Cem3tw Me5 I
test) rac ties fees 751 *C3f IC39 IC@35
C113) -claim3 tel 2 ) eggs 61 .1 tell .(
P793 FILL Fill te'

6U P763 51.661 P503 V0L3

Cas1 it. 1396 1313.11AC 1* IC!PIL5 CARA LITMI3

1911 NIIPE 16111 913 !1L caseff £906 1P31IJIM t93m 31OUR1
cor1 CN65 1762M 289061912 91136 1141W 12111Win 99 tn

cost 1633 13*1 I tes* 2') PCSP LF6

P179 )Sopl3 11)1 176 110 3O 6 IF611s PF6P76
1731 Logj 1726 753. CM6 -1, ?let NPS3.3
rise citPi?-1porrzs P063 sAIW1-6UP"I3 PFM) FL333 P09 (LIMj
Po9t .1.31 rose1 F1 ~ 23 "'11! 709) DLOfi
F393 sta1! cost s/c tcrr lnflfl Mce &u1.ulux
rol c,, sg 9941 FqgU pi: fee uOW ris: .
tellm' l We.1 TPPIM 7033 71 2335 P0R& LIU3

7397 110)33 7367 tact P693 P0515-B) 01



ERRATA

The following errata has been noted in the Max-FORTh REFERENCE 1WAUAL Prelimina-y June-, 1986.

Page 10, last paragraph. The Data Stack is limited to 16 and the Return Stack to
words.
Page 25, 26 and 27. Replace all. occurrences of ." with .( and" with).

Page 130. A word has been added to the languae. It is AI . See suprting sheets for
further information on this word.

Page 158. The "head" for C has been removed. It can not be found in the dictionary.

Page 172. The "head" for DLT AL has been removed. It can not be found in the
dictionary.

Page 184. Three words have been added to the langu•ge. They are EW , EBM and E
. See suipporting sheets for futher information on these words.

Page 281. The "head" for DLTERAL has been removed. It can not be found in the
dictionary. Revmoe reference in compiler section.

Page 291. Three words have been added to the language. hey are E! , EBM and E
See supprting sheets for further informtion on these words. Add reference in memory

section.

Page 292. A word has been added to the laguage. It is AM . See supporting sheets fqr
further information on this word. Ad reference in operating system section.

Page 292. The "head" for CSP has been removed. It can not be found in the dictionary.
Rin•ve reference in security section.

Page 302. 1he order of LF , W and I have been chaged to reduce the pein of accidentally
trying to clew same mocry location with the erroneous entry of xxxx 0 ! . Since W isthe least critical of the three variables, accidental clearing muld not case system
cras. W is now at $0000, IP at $0002 and UP at $0004. Information associated with each
label, oTvemrwse orrect, moves wiLn its 11e151.

Page 302. awge KHZ to C/Cs which is the time used for the prog-amming of each EPRC
location, aid its default se 'ng to 20000.

Page 303. Chane default setting of LF=S to $M'.

Page 308. Th EP" addresses should be $Bxx as opposaed to $9xxx.

Page 314. Reset rutine heavily modified. Function maintained, except there is no warm
download or autostart.

Page 315. Dmloed value for W and JP removed frnm QIMP table.

Page 316. OW Ke , to C/1,,S which is the time used for the programing of each EPRC1
location, and its default -I1ig to 20000.
Page 3q. 0W•e default setting of LFIWT to $D7FC.



Hardware Configuration

RS-232 Terminal interconnection

Cll J3 2 3 ?•t •U2 A A3 7 u '-' 2

I I.JI -I IR 7

U Q2
2 z X

LIL.
C5 C5

R6R

ToCmune it h MxFRH ROM Es h $22trla

LjL

VR1 ]cRI CI

uitEV -, I --: U2

------------------------------------------ -------

EVB Parts Placement Diagram

To communicat* with the Max-FORTH ROM, Use the RS-232 terminal
near the power connection, labeled as HOST and replace the Buf-
falo ROa with the Max-FORTH ROM. Connection to this port may
require a null modem which swaps pins 2 and 3. Pins 4 & 5 and
pins 6 & 20 may also need to be swapped depending on the par-
ticular terminal used.
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P2

GND 1 0 0OO 14 NC
TXD 2 0 O 15 NC

RXD 3 0 0 16 NC

NC 4 0 0 17 NC

CTS 5 0 0 18 NC

DSR 6 0 0 19 NC

SIG-GND 7 0 0 20 D'R
DCD 8 0 0 21 NC

NC 9 0 0 22 NC

NC 10 0 0 23 NC
NC 11 0 0 24 NC

NC 12 0 0 25 NC

NC 13 0

RS-232 Pin Assignment Diagram for
the Host Port of the EVB
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WORDS LIST FOR Max-FORTH V1.C 6/£6

The followin words list was captured fran a ax-FCORTH V1.0 systan. To cnserve POM space, or-ythe character count and the non-underlined characters actL y exist in the inter ?O, i.e,
SPACES and SPAXYZ are not differentiated. Unless you set WIr to three (number of cnaracters--
maxiun is 31) the nanes you enter will be normal length.

WORDS
F893 TASK EBEO ( FE26 @ FE0O C@
FDF3 ! FDE6 C! FAOE 2@ F9F8 2!
E7CJ4 E7DA ; FDCF + FDC4 -
FA9F 1-! FA90 1+! FA81 +! F88B #
F881 / FD47 >< FD52 SWAP F9EO 2OVE.
F9EC 2SWAP FD8F DUP F9D8 2DUP FD3F OVE-
FD2B ROT F9CA 2ROT FA73 PICK FA2D ROL=
FA4D -ROLL FD83 DROP F9C8 2DROP FD7A >R
FD73 R> PC09 = FC3A NOT FC28 O:
F96A DO= FC1F O> FC16 O< FBFD U<
FBE8 < F97A DU< F972 D< F962 D:
FBEO > FDB3 AND FDA5 OR FD97 XOR
EF4E IF EF 4 2 THEN EF2C ELSE EF22 BEGIN
EF14 UNTIL EF02 REPEAT EEFA WHIEE EEEC AGAIN
EF14 END EE54 DO EE81 LOOP EE60 +LOOP
FAE6 K FADE J FAD6 I FAD6 R@
EEA2 LEAVE FEBB EXIT F8FC KEY F8F4 EMIT
F8EC ?TERMINAL FBD8 S->D FBC9 ABS F942 DABS
FBAD MIN F92E DMIN FB9D MAX F91C DMAX
F763 SPACES FAID DEPTH F6DE CR F6BE TYPE
F6B2 COUNT F68A -TRAILING FC8O0 1+ PC75 2+
FC6A 1- FC5F 2- PC50 2/ FC45 2*
F9A8 D+ F982 D- F907 D2/ F83D /MCD
F835 MOD F829 */MOD F81F */ FP39 UMO
FB05 UM/MOD FAFA NEGATE F956 DNEGATE E802 CONSTANT
E7F2 VARIABLE E810 20ONSTANT E7E8 2VARIABLE FAEE EXECUTE
FD6A SP@ F7B9 CMOVE> F7E3 CMOVE FEBB ;S
E846 CODE-SUB E83A CODE E82A END-CODE E81C USER
F597 . F5A9 .R FSB5 D. F58F U.
F59F U.R FSBF D.R F616 #S F624 #
F605 SIGN F5F5 #> FSEB <# F587 ?
F6EC EXPECT E70E QUERY F647 BL F555 STATE
F552 CURRENT F54F C-NTEXT FS4C SCR F549 BLK
F507 DP F52B OFSET F54O FLD F53D DPL
F534 >IN FPFB BASE F4E6 SO F4EF TIB
F53A #TIB- F537 SAN F56C C/L FlC9 FIRST

FICI LIMIT F564 P.AD EF82 HERE EF7A ALLOT
EF6E , EF62 C, F77B SPACE FD85 ?DUP
EDF4 TRAVERSE EF5A LATEST EC64 COMPILE EC5C [
EC51 I F4CC H:X F4C3 DECIMAL EC39 ;CODE
EC31 <BUILDS EC21 D:ES> EBED ." EC12 .(
F793 FILL F78B ERASE F783 BLANK F5DD HOLD
F225 WORD F45C C2NV-ERT F406 NUMBER EBBE FIND
EADE ID. E896 CREATE EACE (COMPILE) EAAA LITERAL
E75E INTERPRET E9FE IMMEDIATE E864 VOCABULARY E9F4 FORTH

1 . . -__. _• _ • -..



E9E'C EITOP -79E4 ASSEMBLEF E~zýA :7E'_:~:::NS E'D2 FECZ'J:SE
EE 3 _ > MARK EF782 < MA RK E --3 > P~LiE E E2~ P E
E85L4 :CASE EBA~4 'EBA4 :' FC5F LFA
FC'5 >BODY EElE CFA EEOF NFA EDE7 PFAPCP
E 7 8 TLOAD E728 T H R EFE6 -- > F 187 U P D ; 7:
F19D EM-PTY-BUFFERS F023 SAVE-BUFFERS FO023 FLUSH F09B (L:_ý7:
F091 .LINE F060 >L F123 BUFFER 7 CD3 BLOCK
F393 B/BUF EDB1 H/C ECFF HWORD ECE9 AUTCS:A?.T
E934 UNDO E941 FORGET FlED DUM~P F352 .S
ECB1 WORDS EFFC TRIAD EFCD INDEX F02A LIST
E6EF QUIT EBF9 ABOWRT" E6E5 ABOFT FEC1 COLD
FDlB BRANtCH FDO9 ?BRANCH FAAB AT0~4 ED4J3 EEWORD
F397 LEMOVE F3BF EEC! F893 FORTH-83

2
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NAME : AT04

PRONUNCIATION : "assembly-to-fourth"

VERSION : NMI NMIDR

STACK NOTATION : ( --- n

# ARGUMENTS IN : 0

# ARGUMENTS OUT: 1

RETURN STACK

DICTIONARY

PAD

INPUT

OUTPUT

GROUP : Operating System

ATTRIBUTE

STANDARD

SHORT DEFINITION: Returns address of subroutine call to high
level word as indicated in D register.

LONG DEFINITION: Execution returns the address of a machine code
subroutine which can be used as the object of a
JSR instruction to call a high level word from an
assembly language routine, such asn linterrupt
process% The processor D register must contain
the address of the CFA of the word to be executed.
The processor Y register must point to free RAM
since the high level word will use it as the Data
Stack pointer. Program control will be returned

- to the instruction following the JLR after comple-
tion of the specified high level word.

S



NAME : EENOVE

PRONUNCIATION : "e-e-move"

VERSION : NMI NMIDR

STACK NCTATION : ( addrl addr2 u ---

# ARGUMENTS IN : 3

# ARGUMENTS OUT: 0

RETURN STACK

DICTIONARY

PAD

INPUT

OUTPUT

GROUP Memory

ATTRIBUTE

STANDARD

SHORT DEFINITION: Moves towards high memory the u bytes at ad-
dresses addrl and addr2. addr2 should be in
EEPROM.

LONG DEFINITION: Move the u bytes at addresses addrl to addr2.
The byte at addrl is moved first, proceeding
toward high memory. If u is zero, nothing is
moved. addr2 should be in EEPROM. EEC! is used
to accomplish this function. See EEC!



p

NAME : EEWORD

DRONUNCIATION : "e-e-word"

VERSION : NMI NMIDP

STACK NOTATION : ( ---

# ARGUMENTS IN : 0

# ARGUMENTS OUT: 0

RETURN STACK

DICTIONARY : If not headerless, the complete definition, or
if headerless, the code field and parameter field,
of latest definition move from code to EEPROM
dictionary.

PAD

INPUT

OUTPUT

GROUP : Memory

ATTRIBUTE

STANDARD

SHORT DEFINITION: Moves code of last defined word from the codes
memory to the EEPROM memory.

LONG DEFINITION: Latest defined word's complete definition if not
headerless, or the code section if headerless is
lifted from codes dictionary, relinked and placed
in the EEPROM dictionary. Dictionary pointers are
re-adjusted accordingly.
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N•AME : EEC!

PRONUNCIATION : "e-e-c-store"

VERMION : NMI NtM:DP

STACK NOTATION : ( 16b addr

# ARGUMENTS IN : 2

# ARGUMENTS OUT: 0

RETURN STACK

DICTIONARY

PAD

INPUT

OUTPUT

GROUP : Memory

ATTRIBUTE

STANDARD

SHORT DEFINITION: Stores the least significant byte of 16b into
addr in EEPROM.

LONG DEFINITION: The addr in EEPROM is erased, then least sig-
nificant 8 bits of 16b are programmed into the
byte at addr. The time period of the programming
is set by C/1OMS and Timer Output Capture for
both the erasure and programming cycles.



W 7 •E 68HC 11 ax-F" MESMPY MAP

A first step in preparing to use a dedicated computer system is to learn the systen's meorv- rm.
This is an easy tasK with the use of tne Max-FCE, EMP camwid. PRemeber, DUMP displays one or
more lines each containing 16 memory locations (8 wrcas) which, are most easily read wen in hex
mode, so begin by entering U .

Starting in low rmeory, examine the contents of the first three words (six memory locations--one
byte or two hex digits per location which means two locations per word) by entering 0 6 DUW .
(This, of course, displays a full dump-line of 16 memory locations-8 words, $0000-4000F. Leading
zeros at each location are not displayed.) Examine the first three words ($0000-$0006), ignoring
the others for the moment. Fran the manual's Appendix C (IMPORTANT: see errata for corrections),
it is seen thet these locations contain the system variables of Max-FORTh, namely:

W (Word pointer, $0000-$0001);
IP (Instruction Pointer, $000-0003); and
UP (User Pointer, $0004-S005).

Any two bytes of memory reserved to hold only the address of a particular item (word, block,
stack, etc.) is refered to as a pointer. T.us W and IP are pointers whom contents change every
time forth executes a new definition. Programers rarely have need to use W or IP . Adva•ce
p-ogrammers might use them in code level definitions when reking multitaskers, etc.. UP po:Its
to the LEER area. By modifying LP to point to another area, the values that user varia4es
return will be a different set. This again is useful in multitaskers. Be ure that the new
area is initialized with its set of values before chaning UP to point to it, otherwise, the sys-
tem will crash and it will be difficult to recover.

It is worth mentioning that if you experience a systen crash from which it is dif-
ficult to recover with a simple reset, a <C'fM>-G key combination in the Serial
Cammnications Interface input register will force a cold reset. (<CTRL>-G is the
ASCIZ "BZ" character, $07 hex.) By entering <CMRL>-G and hitting reset again, you
should recover from any badly modified variable, blown dictionary links, crashed
processor, or similar problem. A bad autostart, hwever, can only be rectified by
removing or disabling the offending memory device.

Notice that UP points to the current USR memry area starting at $0006. To examine this area
enter 6 74 MW . The first foar words ($0006, $0008, $000A and $000C) are zero'ed by the cold
d•o•d1os. They repres3ent LDK , I.UK , PFMMT amd NAVE which are user variables reserved
for multitasking. These variables are not used by the Version 1.0 Max-FORTH implementation.

The follaiiz two urds ($OOOE and $0010) are the default stack values, RD and SO, assigned by
A . They cam be modified to point into RAM if larger stack areas are desired. They will not
be put into effect until ABOD= is executed. Normnlly, the stacks should stay in internal RAM.
TIB, PAD, and the dictionary areas can be moved to external RAMI which will allow roan for 28
Return Stack words and 39 ata Stack words.

The next two ir locations ($0012 and $0014), lEY-C-M and ETT-(•-PT, point to control
blocks that detemine ho the built-in I/O routines worik. Alternate coitrol blocks can be con-
struted to handle alternate I/O devices without modifying the I/O routines. Each control block
is six bytes long and contains the following:

1) a two-byte address of the I/O device status register to be read,



2) a one-byte mask with which the status value read wil. be AND'ed to screen oLt extraneous tits,
3; a one-byte mask with which the AND'ed result will be XOP'ed to obtain a zero result wten tne

device is ready for transfer, and
4) a two-byte address of the I/O device data register.

These pointers (KEY-CB-FR and EY7-CB-PTR) are initialized to point to the beginning of tre
default Serial Communications Interface control blocks. The pointer can be modified to point to
control blocks that handle LCD displays and keypad controllers or alternate serial chips, etc. to
redirect system I/O.

The next three word locations ($0016, $0018 and $001A) are the actual machine level vectors to
the I/O subroutines that provide the functions mentioned above. If a control block. solution is
not sufficient, you may write your own machine code subrotutine. Its address is installed in MKY
, UEMIT or LrTEWIAL as appropriate.

Following is the pointer (at $001C) to the Terminal Input Buffer, TI3, and normally contains an
address pointing to the RAM just beyond the botton of the Return Stack. It is limited by UC/L
($001E) to 16 characters. TIB can be moved to external RAM and made large by modifying these
USER variables.

The LUER variable which indicates that a CL.D reset has been performed is called CLD/WR1 ($0020).
As long as it contains a SA55A pattern and there is no <CMIL>-R in the SCI, the system will not
do a cold doawload of system variables at every reset.

PAD in most FORTH systrm is a fixed distance above the dictionary pointer, but in Max-FORTF that
Swould be impossible with the limited internal RAM, so PAD is restricted to be at a "fixed"
location, which cam be "moved" by changing UPAD ($0022). Since the user may work "above" PAD
with temporary variables and the system works "below" PAD when doing output mnmber conversions,
ensure that PAD has free RAM on both sides of its new setting.

BASE, the cumrnt number base, is kept in the next location ($0024), and performs as per most
other FORIh' s.

The next location ($0026) is used in conjunction with the Timer Output Capture 5 in ERQ1
pr ograllr words to time the number of cycles to program the EEPRGM. It is called C/1CMS for
"Cycles Per 10 Millissoonds delay". You should decreage this value from the default decimal
value of 20000 if your system has a clock slower thain 2 Mhz.

7he line teruination chracter can be chaned from a carriage return to any other character by
modification of the next location ($0028). Similarly the back space character can be changed
from a back spew to-a delete by modifying the following location ($002A).

the Dictionry- Fointer, UP , and the heads dictionary pointer follow ($002C and $OO0 ). The
location after them ($0030) is the W" dictionary usage pointer that is added to wham a word
is moved into EURCM with EWD . The flag that ocntrols headerless code generation follows
($003).

Additional standard F LS definitions follow ($0034 thmugh $0070). Following are four USE
variable locations ($0072, $0074, $0076 and $0078) which are reserved for mass storage
requirowts. Only the first location ($0072) has any reference in the internal code. It is
used to set the base address of the RANC mass storage simulator. To use RM'M(, which is
pointed to by the default setting of UP/W ($0056), set the first location to the base address of
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free RAM ',ie: C400 72 ! ) and clear *he buffers (wtIich are at default locations SD7FC ,rroug-
SECOO ) jie: EMTY-ELFF ). The RAM, screens can then be listed, loaded and saved, etc..

This ends the LEEP area 4iile the default location of the dictionary begins at $OC7A. When a
cold reset occwur-, TASK is moved to the beginning of the dictionary. New entries in the diction-
ary will build up frao TASK ($0083 and up).

The Data Stack is above the dictionary. It grows down as more entries are added ($00C7 and
down). There aren't many locations between the dictionary and the stack, so sane care should be
exercised. Needless to say, running the stack into the dictionary or vice versa is a very bad
idea.

1he dictionary can be moved after a cold reset simply by forgeting task and storing the adcress
of the new dictionary RAM in IP (ie: FURET TM HEX 0O DP ! ).

The area immediately above the data stack ($0XC8 doam from $OO) is used by the systen numeric
output routines. The usage builds down from just below PAD till the number of output characters
for a given print or "dot word" is reached. (Note: only 8 digit numbers are provided for in the
default setting.) (The two lowest locations are used as "secret" storage places for the settings
of ELK ($00C8) and )IN ($OOCA) after an error message is generated so you can look up the lo•a-
tion of the error on mass storage after the crash. Better get then before )cu print any nuibers
after a crash... ) I

The beginning of TIB and PAD are both at the 3ane location ($0(DO), the idea is to prevent PAD
from being used in internal RAM if TIB is in use. Sixteen bytes are reserved for TIB ($0000
Uhrough $OMF) .

The Retum Stack occupies the upper end of internal RAM ($OEO through $OCFF).

The next location of interest in the 6W11 map is the first location that an autostart pattern
can be located ($0400). Versions 2.0 and greater do autostart pattern searches in EPKM and
then on every 1K boundary starting there and on.

Since reset puts the register block of the 6%C11 at $1000 in the "middle of things", the Max-
FORTh operating systen moves them to $9000. (Originally it ws intended to put then at $BOOO,
but the EVB has a special write latch from $A000 to $EFFF that precluded that.) The write that
moves the register block will still affect external mmory when the move is performed, so always
watch out for location $103D wich will have $09 stored into it with every reset. 7he registers
are moved into $900-$903F. See the appropriate Motorola documentation for their description.
To look at them, enter 900 10 MW .

The E0RCY is-the next natural occurrence in the me!ory nmp ($B600 through SB7FF). The first
word location ($8600) may hold the autosta-t pattern. This location is the first high level
autostart location checked after power up. If the first location is the autostart pattern, the
next ($860) is the address of the CFA (code field address) of the word to be autostarted. If
interrupts are not used, the next 247 bytes of ERCM are unassigned. If interrputs are to be
used, the particular interrup enable must have a machine code prgram at its EEPKM target
location. Starting at location $B7BF an thereafter for each interupt vector in WM, three
bytes re reserved. They will normally contain a jump instruction to another portion of memorySwhich performs the appropriate interrupt fUmction. It can return to the interruted progran by
doing an RTI at its completion.
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At the very end of EERCM}, a word Location £$B71FTEE) is checked by the reset routine for an autos-
tart pattern which means that there is a machine code instruction in the previous three bytes
($BMFB) to be executed at power-up before the write-oace-only registers are modified. If trat
autostart pattern is found, the system junps to subroutine to the code address. It will normaily
oontain a jump instruction to another portion of memory which sets the CVPIOf and LNT registers
as desired. It can reenter the start up procedures by doing an RTF at its completion. To look
at the EPRCP, enter BbO 200 Uif .

(On the Motorola EVB, the area fram $C000 to $DFFF is RAM. This can be used for mass storage
buffers and screens, or program space or for TIB and FAD etc.)

The 'Mx-FOTH RCM runs fran $EO00 through $FTFF and contains the heads of Max-FOFRT, followed by
non-rntim words, followed by the runtime kernel. The DUW cmand can be used to explore any
portion of the RCM. It will be noted that the heads are made u ,mostly of ASCII characters and
pointers. The non runtime codes are mostly pointers. The runtime codes are a mix of pointers,
machine code and miscellaieous tables etc..

J4



DOWN LOADING SOURCE CODE

Development with the Max-FORTH system will normally be done uzir;
a host computer. (One alternative would be to add sufficient FA!1
and use the internal RAMDSK. Another alternative would be hooK-
ing up mass storage to the system and writing a user mass storage
handler that would replace RAMDSK in the USER variable UR/W.
Either method requires you to live with the limited FORTH line
editors available or to write your own.)

Source text can be edited on a host PC with a familiar editor.
The code can be down loaded and tested a portion at a time using
a communications package. This can be continued until the
program is complete. PC's are usually graced with printer, etc.,
so all in all, using a PC as a host can save development time.

Any editor that produces an ASCII text file (ie: non-document
mode) should be suitable. Communications packages should be able
to handle 9600 baud transfers (or you have to run the XTAL
slower) and should have file send and capture capabilities.

The file send program should have a wait-for-echo'ed-character
setting and a wait-at-end-of-line-for-return-character. The
character to be waited for at the end of line should be a LINE
FEED, ASCII $OA ( <CTRL>-J ).

In Microstuff's Crosstalk these settings are the CWait Echo and
LWait CHaracter ^J . With those settings, a smooth down load -.f
a code file by the SEnd command should be possible.

Be sure to watch the down load as it occurs to spot any error
messages returned from the Max-FORTH system.



US'-NG EXTERNAL MEMORY

The internal RAM and EEPROM of the 68HCII is limited. Many ap-
plications will require more RAM for program development. Us ng
a Terminal Incut Buffer longer than 16 characters is also desire-
able.

The following brief listing moves the internal pointers for TIB
PAD and the dictionary for using external memory. The input line
is also extended to 80 (decimal) characters. In this example,
the memory is located at $COOO as in the case of the Motorola
EVB. Other addresses for RAM can be accomodated by changing the
listed $Cxxx constants accordingly.

HEX
COO 1C
( TIB MOVE )
50 1E !
( C/L CHANGE )
CO60 22 !
( PAD MOVE )
FORGET TASK
C080 DP !
( DICTIONARY MOVE )

Note that the first four locations at $COOO are left unassigned
so that an autostart pattern can be placed there ($COO is a 1K
boundary) after the program is complete. If a Battery RAM were
used in that socket, the program would be saved through power
down. If autostarting is not done, the address of the mai-
routine to be run can be EXECUTE'ed from the terminal, or it can
be run by its name if the dictionary pointers are intact. To be
able to use the Battery RAM words' heads, the USER area must be
battery backed, otherwise, the dictionary pointers must be
relinked. If the program is ROM'ed later, it should allow for the
locations $CO04 through $C080 to become "unwritable".

The USER area can also be moved to give more room in the data
stack, although, it is not normally necessary to do so.
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AFT 7hE CRASH

You may occasionally experience a systeem crasn, from ýr.icn it 1s difficult to recover. A s5,-1pe
reset may give you a Max-FCFTH Vx.x prompt and a carriage return may even give you an "cr,',
however, Max-FORMH doesn't seen to understand anything typed in that is over 1 character long.
(A "no Max-FCOTH prompt" condition probaily means an autostart problem or hardware faJiure.)

This is usually the result of a blown dictionary link. If the linked list of the dictionary is
opened (ie: one of the link fields is erased, written over, badly manipulated, etc.) Max-FORTH
will accept your input and then go on. a wild goose chase looking for a match with yxz- word all
over memory until it finds a $0000 in a link field which indicates "end of dictionary" (wnicn,
coincidentally, may never be found). It will either lock up or echo the entry with a question
murk. This can be simulated by doing: 0 LATET WFPrR LFA ! . You might want to wait a minute
before you try this, however, until you know how to recover ...

Another problem can happen when the dictionary pointer gets out of RAM if, for instance, you did
a HEX EO UP ! (wniich puts the dictionary pointer in RCM). 1he problem is that the outer inter-
preter takes your input line in TIB and parses a word at a time out of it. It moves the parsed
word to EE kich is an exceptionally bad idea if UP is in ROM. ROM is funny that way, no mat-
ter what you write to it, it never takes it. Of course Wien the dictionary search c - pres the
dictionary list with the word at HERE, result has nothing to do with the characters (and nuhber
of then) of the word you typed in. It prints junk and a question mark.

A similar thing can happen if a word is moved to MPRO1 with E]EWO and then forgotten. Guess
where EP ends up?

Putting a bad value in LP can be interesting. iwaging LET or LIEY to wme erroneous values
can have smme extremely quiet results, too.

If any of the above conditions occur, the only way to recover is to power down and re-powr or to
force a cold reset.

A (<CTL>-G key combination in the Serial Cawunications Interface input register
will force a cold reset. (<CIRL>-G is the ASCII "BELL" character, $07 hex.) Enter-
ing the <CTRL•-• and hitting reset aain should recover from any badly modified
variable, blown dictionary link, crashed processor, etc. problem.

A bad autostart, however, can only be rectified by disabling the offending memry device. If the
autostart pattern is in the part's EEPRCM, it may be erased using a !btorola EVM for recovery.



1. AUTOSTARTING

L11 Max-FORTH versions have autostarting capabilities. Ever, Ver-
sion l.x, advertised to the contrary, autostarts. It has heen
modified, however, to find itse. f before looking for any user
proarams. !Version 1.x was created so the product could be
safely distributed, without a signed license agreement, in ROM's
that were copyable. By reducing the autostart capahilities, the
part is not des'reable for mass production.)

The autostart capability is the means by which the language or
the designated user program is started at power-up or reset. it
makes up the better part of the Max-FORTH's operating system.
In Version 2.x and greater releases, there are three distinct ac-
tions in the autostart sequence.

In brief summary, the first autostart attempt allows a machine
code routine to alter the INIT, OPTION and TMSK2 registers im-
mediately after reset. The second autostart attempt checks thel
beginning of EEPROM and then all 1K memory map boundaries for a-
temporary autostart ppttern. The third autostart attempt checks.
the beginning of EEPROM and all of memory map 1K boundaries for a
primary autostart pattern. Each will be discussed in detail.

The first autostart occurs within a few cycles after reset. It
looks at the EEPROM at SB7FE for a primary autostart pattern,
SA55A. If that pattern is found, a JSR to location $B7FB is
executed. At that location, three empty bytes allow the inser-
tion of a jump instruction which passes control to a designated
machine code routine. The routine can alter the INIT ( REG 3-0
& RAM 3-0 bits), OPTIONS (IRQE, DLY, CR1 & CRO bits) and TMSK2
(PRI & PRO bits) registers which must be established in the first
64 clock cycles following reset. Since they can only be written
once and only in the 64 cycle period, any settings made in that
routine will not be affected by later system initialization
action. Normally, the machine code routine will return to the
system initialization and autostart functions by performing an
RTS. When the rest of the system initialization is not required,
control could be maintained by user machine code programs.

The second-autostart attempt checks the beginning of EEPROM,
SB600, and then searches all 1K memory map boundaries, starting
at location S0400 and continuing through SFC00, for a temporary
autostart pattern, SA44A. If the temporary autostart pattern is
found at a given location SXX0•, the next word location following
the autostart pattern, SXXe2, is taken to be the CFA of the word
to be run. This word could be anywhere in the memory map, al-

* though this program will typically be in the memory device posi-
tioned at the boundary. The autostarted routine can either be a
high level definition or a code definition. The unique advantage
of this autostart attempt and the temporary autostart pattern is

1
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code produced may not be preemptable ind could cause high-leve,' interrupt -nC
multitaskinr failures.

The SP recister is used for the FORTH Return Stack Pointer. W values 7ar, be
taken from, or left on, the machine stack by the end of tne nefinition. :ie
a value can be temporarily pushed on the stack, it must come off before tne
return to NEXT.

The A, B, D, X and CC registers can be used without consequence.

Since the address of NEXT varies from version to version and revision to
revision, CODE-SUB is again used in the next example. Using a CODE definition
would require providing the address of NEXT for all versions and revisions.
If a new revision was released with a different NEXT, this example may not
work. Using CODE-SUB in defining a word here, assures that this example will
be able to return control to FORTH easily in all versions and revisions.

The example below reads the first four A/D channels and places them on the
stack.

CODE-SUB RMAD-A/D-CHO-3
CE C, 9030 , ( LEX $9030)
( SET ADCTL FOR 14ULT READINGS, STRT CCNV)
86 C, I C, ( ULA # i0 )
A7 C, 0 , ( STRA O,X , S903)
( WATT UNTIL CCF SET )

( SPIN ) 1F C, 0 C, 80 C, FC C, ( BkCLR 0,80,SPIN
V C, ( CLRA )
( IPM D&I, OPEN STACK, SIME IP.'I )

E6 C, 01 C, ( UR ,X )
18 C, 09 C, ( DEY
18 C, 09 C, ( DEY )
18 C, ED C, 0 C, ( STD 0,Y )
E6 C, 02 C, ( ,RB 2,X )
18 C, 09 C, C DEY
18 C, 09 C, ( IEY )
18 C, D C, 0N C, ( STD 0,Y )
E6 C, 03 C, L LB 3,X )
18 C, 09 C, ( DIEY

"-18 C, 09 C, M NEY )
18 C, ED C, N C, CSTD 0,Y )
E6 C, 041C, (L3B 4,X)
18 C, 09 C, ( DEY
18 C, 09 C, ( DEY ]
18 C, ED C, 00 C, Sr 0,Y )
39 ( RTS)

D-.CODE

1One other requirement of the Assembler Extension Word Set is the ;CODE word. This w
(in conjuction with a newly defined defining word) causes later defined words to use t
machine code interpreter following the ;CODE . As an example, the following program sf
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ment simulates the spt up for a two engine rnonit-rinq procram that uses i-1er!:,-*-,=
for both enoine's pareneters. A. variat.le CHANNEL ýs aseed to c-antrol a new tYpevr
created by the defininej io--rd CHANNEL-VARIABLE

9 CXMMWr PORT
1 CONSTANT SIS'D
VARIABLE CHANNEL ( VALUJE SHOULD BE 0 OR 1

: MA-CHANE:L-VARIABLE <BUILDS 0 ,1

;COCE
PC C, 'CHANNEL 0 LM CHANNEL
F3 C, 'CRUMEL , AMJD CSVSWL
8F C, ( EDX)
W C, uc, CLM ffx
18 C, 09 C, (DEY
18 C, 09 C, ( IY
18 C, ED C, CSTD 0,Y
7E ,FE4E , (J4P VERION~ 1.0 NEW
END-ODE

KAXE-CIW&IIEL-VARIABLZ ENGIN-SUPPLY-TEXP
MAR-CHARAEL-VARIABLE DENDE-RL-1%F4PT. ~MAMc-CH1NNEL-VAR2IABLE E2JGINE-SUP)PY-FLOf
MAKE-CBANEL-VARIXMLE ENGDE-RETURN-FLINl
MKE-CHMMIIL-VARIABLE ENGDIE-RFY4

P~r CHANEL (NOW WMK ON FQi EN~GINE
(etc. ... )

SI'BD CHRNNEL ! (NO WCMK STBD !EJGDIN
(etc...)
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1. CODE DEFINITIONS

Although the 8K versions of Max-FCRTH do not have an inclu'led assemb..er, code
definitions can still be added. Three key words, CODE , END-CODE and CODE-1'BH
have been added to facilitate this.

CODE is a defining word that creates a head for the name string that follows
it. The Code Field of the created word points to its own Parameter Field.
This causes control to transfer to the code in the Parameter Field when the
word is executed. CODE does not set the compilation mode but does leave
security values on the stack for END-CODE which ends the code definition.

Usually, in systems with assemblers, what goes between the CODE <name> and
END-CODE , is assembly mnemonics and their parameters. Although there is an
ASSEMBLER vocabulary, as required by the Assembler Extension Word Set, there
was not enough room for a full assembler, so the vocabulary is empty. In or-
der to enter machine code, the code must be hand assembled and placed in the
dictionary using , and C, . At the end of the code definition's executiont
control must be transfered back to the Max-FORTH system. This will usually be.
done by a JMP NEXT instruction. Nbt knowing the address of NEXT can be a bigi
drawback to using machine code definitions.

For that very reason, the defining word, CODE-SUB , was added to Max-FORTH.
It allows the entry of a machine coded subroutine to be entered as a FORTH
definition. Like CODE , CODE-SUB creates a head for its name string, and
leaves security for END-COW . CC1E-St3 , however, puts the address of an in-
terpreter in the new definition's Code Field. The interpreter will JSR to the
new definition's Parameter Field when it is called, and will JMP NEXT after
the called routine returns. The normal way to finish a CODE-SUB definition,
is by compiling an RTS and using the standard END-COW definition termination.
The CODE-SUB definition can either be executed by name from high level FOR-H
or called from a machine code routine by JSR' ing to its Parameter Field.

The following example illustrates the creation of a code definition that
causes the processor to go into the wait mode. It takes advantage of the pre-
viously described CClR-SUS word.

CODE-SUB WAIT
3E ( WAIT INSTRUCTION )
39 ( RTS )

END-CODE

It should be noted that certain registers have significance to the virtual
FORTH machine and require special treatment in code definitions. The Y
register is used for the Data Stack Pointer. It should be left alone for the
most part. (Note: the Data Stack grows down in memory.) If something is to

*L be removed from the stack, it should be removed and then the Y register should
be incremented twice (ie: LMD 0,Y INY INY). If something is to be put on the
stack, the Y register should FIRST be decremented twice and then the value
should be put on (ie: DEY BEY STD 0,Y). If this order is not observed, the



that, the autostarted definiti'-r, need not be an endless .zcp. :.
can terminate normally with a ; for high level words -r a JmP
NEX7 f-.r code definitions. When the system turns contrc.l over to
a temporary autostart word, the IF is set to return ccntrol to
the t-ird autostArt attempt. In this manner, normal terrninaticr
of a temporary autostart word will cause initiation of the
primary autostart search.

The third autostart attempt checks the beginning of EEPROM,
SB6Ov7, and then searches all 1K memory map boundaries, starting
at location S0400 and continuing through $FC00, for a primary
autostart pattern, SA55A. If the primary autostart pattern is
found at a given location SXXOO, the next word location following
the autostart pattern, SXX02, is taken to be the CFA of the word
to be run. This word could be anywhere in the memory map, al-
though this program will typically be in the memory device posi-
tioned at the boundary. The autostarted routine can either be a
high level definition or a code definition. The autostarted
definition will normally be an endless loop. If it terminates,
with a ; for high level words or a JMP NEXT for code definitions,
the system again returns control to the beginning of the third
autostart attempt. In this case, the same word will be found and
autostarted again and again. If no user autostarts are found; a
primary autostart pattern should be found at SEO0O, the beginning
of the Max-FORTH ROM. If by some circumstance it is not there,
the search will begin again at the third step. It will so con-
tinue until an autostart pattern is found.

The three levels of autostart system give a great deal of
flexibility to the system user. With no interference, the Max-
FORTH operating system will find and run itself. A user program
can intercept the primary autostart search by having an autostart
pattern at a memory location lower than that of the Max-FORTH's
ROM. A specific application to be started and the system thereby
dedicated to its operation, instead of the running the Max-FORTH
outer interpreter. A user may simply want to modify the normal
start up procedure without taking permanent system initialization
responsibilities. In this case, the temporary autostart optior
allows linking of additional ROM's and command vocabularies into
Max-FORTH or even multitasking without interfering with the
primary auto-start abilities. The temporary autostart option is
also useful to modify baud rates, etc., when there is no oppor-
tunity to catch the primary autostart by being placed in "lower"
memory (ie: primary autostart pattern located at SB600 or S040).
A ROM higher in the memory map can still perform its function and
allow the primary search to find its mark.
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1. USING COMPILATION ADDRESSES

The neaderless code feature of the Max-FOrTH ,anqu;qe is not available in many
other versions of FORTH, so it is necessary to point out the significance cf
the PFAPTR and how it can affect the use of a w~rd's compilation address in an
appl ication program.

The use of the Parameter Field Address is common place in Max-FORTH and other
FORTH's as well. Max-FORTH's dictionary structure is slightly different be-
cause of its PFAPTR which allows headerless code generation and testing.
Words such as ' do not return a PFA, but rather a PFAPTR. The word's PFAPTM
is a part of its head. It serves as the connection between a word's head

:length field : name field : link field : parameter-field-pointer field

Word's Head Components

code field : parameter field

Word's Code Components

and its code. Tb convert a PFAPTR to the actual PFA of a word, only a @ is
required. Some care must be used in a compiled program to be sure that the
address of the PFAPTR which is in the head is available to be fetched. If the
program is target compiled and the heads discarded, there will be a mysterious
error haunting in the headerless program.

For example:

• INITI
' #-KEY-M1t @ ( note @ changes WAPT to WA ) UWEY ,

works fine- if the program is not headerless, or if the heads are still in
memory. But if the program is headerless, and the program is in ROM and the
heads go avey with a povrdown, the program will not work at power up.

It is suggested that the following format be used instead.

: INITI
[K•EY-RTN @ I LrTRAL ULKEY

Note in this situation that the [ causes the ' and @ to be executed in the im-
mediate mode. The ] returns to the compile mode and the LITERAL compiles a
literal with the value from the stack left by the t I . All the indirection
involving the head is done at compilation time, rather than at run time.

•.. • m m mn m mmmm mm 1



1. INTERRUPTS

The 68HCII has many separato inierrupt vectors. In order not to
compromise their user availability (since the POM inside the ch:i
can not be user modifiable), these vectors were assigned with ad-
dresses outside the ROM. The addresses chosen for these vectors
to point at were the high locations of the EEPROM from SB7xx to
SB7xx. This collection of 3 byte locations will typically con-
sist of a jump table. At each location, a user machine coded
jump instruction will direct the interrupt on to the location of
its own machine code handler. If EEPROM has been disabled, ex-
ternal memory can provide this second redirection.

A machine code handler must first be written to use a particular
interrupt. It will normally end with an RTI to return to the in-
terrupted program. The JMP op-code and the address of the code
definition's parameter field should be installed in the jump
table. The particular interrupt can then be enabled.

CODE IRQRTN ( HANDLE EXT PIN IRQ'S
( ... )
( ... )

i ( --- )
3B C, (RTI)

END-CODE

CODE-SUB CLEAR-CC-MASKS
86 C, 00 C, LDAA # 0 )
06 C, ( TAP
39 C, ( RTS )

END-CODE

ENABLE-IRO'S
7E B7-19 EEC! ( JMP OP-CODE

' IRQRTN @ >< FF AND ] LITERAL B7EA EEC! ( HI BYTE )
( ' IRORTN @ FF AND I LITERAL B7EB EEC! ( LO BYTE

CLEAR-CC-MASKS

In this example, ENABLE-IRQ's puts the JMP op-code in the address
(SB7E9) pointed to by the External IRQ Pin Vector ($FFF2). It
fetches the address of the interrupt routine that will handle the
IRQ Pin's requests, IRQRTN and puts it in after the JMP op-code.
This is accomplished one byte at a time. Each time, the compila-
tion mode is left. The interrupt routine's name is ticked. This
returns its PFAPTR. The PFAPTR is converted to a PFA by the @ .
The appropriate high byte or low byte of the result is masked
out. The compilation is then reentered. The value on the stack
is compiled as a literal to be programmed into EEPRCM at run
time. A routine that clears zhe condition code register mask
bits is then called , enabling interrupts. Be aware that the



0
stop mode and XIRC nits are also effected by that routine.
High level interrupts can easily be hand.Led in max-FORTH. Low
level interrupt handlers that call high level interrupts can be
written with only 3 lines of machine code. This is possible be-
cause of the inclusion of a subroutine called ATO4 which can
start a high level word from machine code.

To run a high level word, all that is necessary is to first load
the D Register with the Code Field Address of the word to be run,
load the Y Register with a pointer to free memory area that can
be used as data stack and to then jump subroutine to ATO4 . This
routine catches the system after the completion of the so called
high level word and does an RTS to return to the machine code
that called it. The high level word will probably use the Data
and Return Stacks, but since Max-FORTH has been written to be to-
tally preemptable, this should pose no problem. The SP and Y
registers should not need adjustment. (In many instances, the Y
Register would not need to be modified either. Only the FIND
routine in Max-FORTH uses the Y register for anything except a
very carefully maintained stack pointer. If the foreground
program is not using FIND or in other words, the outer
interpreter, but is instead a dedicated program itself, and the
user has not entered machine coded definitions that tamper with
Y's purpose as a data stack pointer, no concern need be paid to
Y's contents during interrupt.)

There is a built-in constant that returns the address of th s
special subroutine. To aquire this address simply enter ATO4

HI-LEVEL-IRQRTN ( HANDLE EXT PIN IRQ'S )( ... )
( ... )
C ... )

CODE LO-LEVEL-IRQRTN
CC C, ' HI-LEVEL-IRQRTN--, ( LDD # CFA-OF-HI-LEVEL-IRQRTN
BD C, AT04 , C JSR AT04 )
3B C, ( RTI )

END-CODE

CODE-SUB CLEAR-CC-MASKS
86 C, eFC, ( LDAA # )
66 C, C TAP
39 C, RTS

END-CODE

EKABLE-IRQ'S
7E B7E9 EECI C JNP OP-CODE )
O * IRQRTN @ >< FF AND I LITERAL 87EA EEC! ( HI BYTE )
i IRQRTN @ FF AND LITERAL B7EB EEC! ( LO BYTE )

CLEAR-CC-MASKS
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1. PROGRAMMING THE INPUT / OUTPUT OF THE F68CHI11

All of the F6PHCJJ onboard input/cutput features are controlledi by a single
register block of 64 locations. Understanding the use of those registers
means understanding all of the I/O features of the F68HCI1.

The location of this register block is controlled (you might hLve guessed) by
a register. Upon reset, this register establishes the reoister block at
S1000. Although the Max-FORTH operating system allows modification, the
register set will normally be moved by the operating system to $B000 for Rev 2
parts (S9000 for Rev 0 and Rev 1) to give the most consistently contiguous
memory map possible. (At SBO0O, the registers are in the same 4K block of
memory already partitioned by the EEPROM.) The following discussion assumes
the register set is at $BI00.

The number of register may seem formidable. It will be easier to understand
them by first grouping them by their function. There are five major groups:
port, timer, serial channel, A/D and miscelaneous. f

The 68HC11 includes a 40 I/O pins in five P-bit ports. All of these pi T
serve multiple functions depending on the operating mode and the internal con-
trol registers. These registers are in memory from SB000 to $B00A.

PORTA 5B000
PIOC $B002
PORTC SB003
PORTB SB004
PORTCL SB005
DDRC SB007
PORTD SB008
DDRD SB009
PORTE SBOOA

The first register, PORT at $B000, is used to read and write Port A. When
Port A is used for general purpose I/O bits, bits 0, 1 and 2 are configured
for input-only and writes to these bits have no meaning or effect. Bits 3, 4,
5 and 6 of Port A are configured for output-only. Reads of these bits return
the levels sensed at the inputs to the pin drivers. Port A bit 7 (PA7) can be
configured as a general-purpose I/O using the DDRA7 bit in the PACTL register.
Port A may also be configured as: three input capture functions (IC1, IC2,
IC3), four output compare functions (0C2, 0C3, 0C4, 0C5), with a pulse ac-
cumulator input (PAl) or a fifth output compare functions (OCl). Each port A
bit that is not used for a capture or compare function may be used as a
general purpose input or output line.

B7 B6 B5 B4 B3 B2 Bi BO
I ----- I ----- I ----- I ----- I ----- I ----- I ----- I ----- I
I PA7 I PA6 I PA5 I PA4 I PA3 I PA2 I PAl I PAO I SB000 PORTA



The second location at $B001 is reserved and has nc function currently.

The Port I/O Control register, PIOC -t location SB002, has a collection sf
control hits dealing larqely with handshake control. With the exception of
bit 7, which is read only, the PIOC is a read/write register.

Due to the complexity of the bits in the PIOC each bit will be described
separately.

B7 B6 B5 B4 B3 B2 BI B0
I ----- -----I ----- I ------ I ------I--- I ------ ----- I-----I
I STAFI STAll CWOMI HNDSI OIN I PLS I EGA I INVBI SB002 PIOC

Bit 7 STAF Strobe A Interrupt Status Flag. This bit is set when a selected
edge of strobe A occurs. Clearing it depends on the state of HNDS and
OIN bits. STAF is cleared by reset.

1-1-1I
I ON12 I OIN I Clearing Mechanism

---- I---I - - - - -
1 0 I X I Reading PIOC (with STAF Set) Followed by a Read of PORTCL I

1 I 0 I Reading PIOC (with STAF Set) Followed by a Read of PORtCL I. i I 1 I Reading PIOC (with STAF Set) Followed by a Write to POR¶CL I

Bit 6 STKI Strobe A Interrupt Enable Mask. When this bit is set and the I
bit in the condition code register is clear, STAF (when set) will
request an interrupt. STAI is cleared by reset.

Bit 5 W4UM Port C Wire-OR Mode. When clear, port C operates normally. When
set, port C behaves as open-drain outputs. .CIM is cleared by reset.

Bit 4 [1NDS Handshake Mode. When clear, strobe A acts as a simple input strobe
to latch data into PORTCL, and strobe B acts as a simple output strobe
which pulses after a write to port B. When set, a handshake protocol
involving port C, STRA and STMB is selected (see the definition of the
OIN bit).

Bit 3 QIN Output or Input Handshaking. This bit has no meaning when I*JDS--0.
Otherwise, when OIN is clear, input handshake mode is selected. When
OIN is set, output handshake mode is selected. OIN is cleared by reset.

Bit 2 PIS Pulse/Interlocked Handshake Operation. This bit has no meaning if
HNDS-0. When PLS is clear, interlocked handshake operation is selected.
In this mode, strobe B, once activated, stays active until the selected
edge of strobe A is detected. When PLS is set, strobe B is pulsed for
two E cycles. This bit is undefined coming out of reset.

. Bit 1 EGiA Active Edge for Strobe A. When cleer, falling edge of STRA is
selected. When output handshake is selected, port C bits obey the DDRC
while STRA is low, but port C is forced to output when STPA is high.
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When set, rising e-dae -f 71TR' is selected. Wher• cutput harndshake is
selected, port C bits obey tre 0.r)C while STPR is high, but port C is
forced to output when STRA is low. This bit is set by reset.

Bit Z INVB Invert Strobe B. When clear, the active level on strobe P is a
logic zero. Ahen set, the active level on strobe P is a logic one. -t
is set by reset.

Location SB004, PORTC, is used to read and write the Port C pins. Ail Ptrt C
pins are general-purpose input/output pins. The direction of the Port C lines
are controlled by a direction register, DrRC. Port C inputs can be latched
by the STRA input. Port C may also be used in full handshake modes of paral-
lel I/O where the STRA input and STRB output act as handshake control lines.

B7 B6 B5 B4 B3 B2 B1 BO

I PC7 I PC6 I PC5 I PCJ I PC3 I PC2 I PC1 I PCO I SB003 PORTC

Location $BO05, PORTB, is used to read and write Port B. All of the port B
pins are general-purpose output pins. During reads of this port, the level
sensed at the input side of the port B output drivers is read. Port B may
also be used in a simple strobed output mode where the STRB pulses each time
port B is written.

B7 B6 B5 B4 B3 B2 B1 BO

I PB7 I PB6 I PB5 I PB4 I PB3 I PB2 I PBI I PB0 I SB004 PORTB

Location SB005, FORTCL, is used to read Port C, but it returns the value
latched at the time of the last significant edge on STRA. All Port C pins are
general-purpose input/output pins. The direction of the Port C lines are con-
trolled by a direction register, DDRC. Port C inputs can be latched by the
STRA input. Port- C may also be used in full handshake modes of parallel I/O
where the STRA input and STRB output act as handshake control lines.

B7 B6 B5 B4 B3 B2 81 Be

I PC7 I PC6 I PC5 I PC4 I PC3 I PC2 I PC1 I PCO I SB005 PORTCL
I ----- I ----- I ----- I ----- I ----- I ----- I ----- I ----- I

The next location at $B006 is reserved and has no function currently.

A data direction register, DDC at SB007, determines whether the individual
Port C pins are input or outputs. The data direction register can be either
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read or written to in order to set the Port C I/O directions. Ea,:h tit in
PORTC data register has a bit position in the DDRC register. When a hit is
configured for output, by being set to 1, the value returned by a read is the
value at the input to the pin driver. When a line is configured as an input,
by clearing the DORC bit, the pin becomes a high impedance input. If a write
is executed to a line that is configured as an input, the value does not af-
fect the I/O pin, but the bit is stored in an internal latch so that if the
line is later reconfigured as an output, then this value appears at the I/O
pin.

B7 B6 B5 B4 23 B2 B1 i0

jBit 71Bit AlBit 5jBit 41Bit 31Bit 21Bit l1Bit 01 SB0O7 DDRC
I----- I ----- I ----- I ----- I ----- I ----- I ----- I ----- I

Location SB008, PORTD, is used to read and write Port D. Port D bits 0-5 may
be used for general I/O or with the serial communications interface (SCI) and
serial peripheral interface (SPI) subsystems. Bits 6 and 7 are used as hand-
shake control signals for ports B and C.

87 B6 B5 B4 B3 B2 B1 BO

I I I PD5 I PDA I PD3 I PD2 I PDI I PDO I SBO08 PORTD

A data direction register, DRD at SB009, determines whether the five in-
dividual general purpose Port D pins act as input or outputs. The data direc-
tion register can be either read or written to in order to set the Port D I/O
directions. Each bit in PORTD data register has a bit position in the DDRC
register. When a bit is configured for output, by being set to 1, the value
returned by a read is the value at the input to the pin driver. When a line
is configured as an input, by clearing the ERD bit, the pin becomes a high
impedance input. If a write is executed to a line that is configured as an
input, the value does not affect the I/O pin, but the bit is stored in an in-
ternal latch so that if the line is later reconfigured as an output, then this
value appears at the I/O pin.

B7 B6 B5 B4 B3 B2 Bi B0

I I IBit 5jBit 41Bit 31Bit 21Bit IlBit 01 $B009 DDRD

Note that bits 6 and 7 of Port D are dedicated to bus control (AS and R/M)
while in expanded mode or parallel I/O strobes (STRA and STRB) while in single
chip mode. For this reason, bits 6 and 7 of Port D are not available as
general purpose I/0 lines and the associated bits in the DDRD and PORTD
registers are not implemented.
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Location SBV'OA, PDRTE, is used tc read Port E. In all sperating modes, Pý:t E
is used for general-purpose inputs and/or analog-to-digital (A/D:) channel
inputs. Pýrt E should not be read whiile an A/D conversion is actually taking
place. Writes to tne PORTE address have no meaning or effect.

B7 B6 B5 84 83 B2 B1 8s

I PE7 I PE6 I PE5 I PE4 I PE3 I PE2 I PE1 I PEO I $BOOE PORTE
S I-------I ---- ---I ----- I----I----I

The largest of the five groups of registers concern the timer functions:

CFORC SB0B TOC4 SB1C
OCIM SBOOC TOC5 SBO1E
OCID SBOOD TCTLI SB020
TCNT SBOOE TCTL2 SB021
TIC1 $B010 TMSKl SB022
TIC2 $812 TFLGI SB023
TIC3 SBO14 TMSK2 SB024
TOCI SBO16 TFLG2 SB025
TOC2 SB01P PACTL SB02f
TOC3 $B0lA PACNT $B027

The timer has a single 16-bit free-running counter which is clocked by the
output of a four-stage prescaler (divide by 1, 4, 8 or 16), which is in turn
driven by the MCU E clock. Input functions are called input captures. These
input captures record the count from the free-running counter in response to a
detected edge on an input pin. Output functions, called output compares, can
automatically affect output pins when there is a match between a 16-bit
output-compare register and the free-running counter. Additionally, one out-
put compare can affect any or all of the five output pins (Bits 7-3) in Port A
at once, as a result of a successful compare. This function allows control of
multiple I/O pins automatically with a single output compare.

This timer systen has a total of three input capture register and five output
compare registers.

The first re-ister in the group deals with the output compare function. The
write-only register, CFORC at SBO0B, allows output compares to be forced by
writing to CFCRC with the associated bit set for each output compare that is
to be forced. The action taken as a result of a forced compare is the same as
if there was a match between the OCx register and the free-running counter,
except for the corresponding interrupt flag status bits which are not set.
Reads of this location have no meaning or effect and always return logic zeros

0

Five of the bit positions in the CFCRC register, bits 7 - 3, correspond to the
five output compares. Bits 2, 1 and 0 of the CFORC register are not
implemented. Note that the compare force function is not generally recom-
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mended f:)r use with the output t:oQcl function because a ncrmal rcnpare occur-
ing immediately before or after the force may result in the unnesirable
operation.

Br B5 B4 B3 B2 21 BO

I FOCI' FOC21 FOC31 FOC41 FOC51 - $BOOB CFORC
I----- I-----------I----I----I----I

Bits 7-3 FOCI-FOC5 Force Output Compare x Action
0 - has no meaning
1 - causes the action wbich is programmed for output corn pare
except that the OCWF is not set.

Bits 2-0 Not implemented. Read as a logic zeros.

The next register, OClM at SBOOC, is used in conjunction with Output Compare 1
to specify the bits of port A which are to be affected as a result of a
successful OC1 compare.

B7 B6 B5 B4 B3 B2 a1 BO
I-------I ----- i--------I----I----I

IOCIM7IOCIM61OCIM5IOC1M4IOCIM3 I - I - I $BOC OClM

The bits of OCIM register correspond bit-for-bit with the output bits of Port
A (bits 7 through 3 only). For each bit that is affected by the successful
Output 1 Compare, the corresponding bit in OCIM should be set to one. Bits
zero through two are not implemented and always read as zeros. This register
is cleared by reset.

The register immediately following, OCID at SB0D, is also used in conjunction
with Output Compare 1. It specifies the data which is to be stored to the af-
fected bits of Port A as the result of a successful OC1 compare. Bits zero
through two are not implemented and always read as zeros. This register is
not affected by reset.

B7 B6 B5 B4 B3 B2 21 BO

IOC1D71OCID6IOCiD51OClD4IOC1D31 - I - I - I SBOOD OCID

The bits of OClD correspond bit-for-bit with the bits of port A (bits 7

through 3 only). When a successful OCI compare occurs, for each bit that is
set in OCIM, the corresponding data bit in OCID is stored in the corresponding
bit of port A.

If there is a conflicting situation where an OC1 compare and another output



0

compare function occur --uring the same E -cryle
with both attempting to alter the same port A bit, the OC. -ction overrides.

(Note that the pulse accumulator function shares bit 7 of port A. if the
DDRA7 control hit in tne PACTL register is set, then Port A bit 7 is con-
figured as an output and OCI can obtain access by setting CCIM cit '.
Further, if the PAEN control bit in the PACTL register is set, enabling the
pulse accumulator, OCI compares cause the pulse accumulator to take the ap-
propriate action of the pulse counting or gating mode).

The next two locations, TCNT at SBOE and SBOOF, can be used to read the cour.-
ter at any time without affecting its value because it is clocked and read
during opposite half cycles of the MPU E clock. A counter read should first
address the most significant byte. An MPU read of this address causes the
least significant byte to be transferred to a buffer. This buffer is not af-
fected by reset and is accessed when reading the least significant byte of the
counter. For double byte read insructions, the two accesses occur on consecu-
tive bus cycles. The counter is cleared to $0000 during reset and is a read-
only register in all but the test mode.

B7 B6 B5 B4 B3 B2 e1 Be

IBitl5 - I - I I I IBit 81 SB00E \
I-- -I--I - -i-- I- -I I > TCNT
IBit 71 - I - I - I - i - I - IBit 01 SB00F /

The counter is cleared to S0G00 during reset and is a read-only register in
all but the test mode.

The input capture registers are 16-bit read-only registers which are not af-
fected by reset and are used to latch the value of the counter when a defined
transition is sensed by the corresponding input capture edge detector. (The
level transition which triggers counter transfer is defined by the correspond-
ing input edge bits, EDGxB and EDGxA, in 7CTL2.)
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B27 BE 6 B5 B3 2 2 22B1 B
1 -- !-- -- ----- I------------------I ------I-----
I Bit15i I - P i ttP I SBO10\
I ------ I I I--- -I > TIC1
I Bit 7 1 - I I Iit01 SS011/

S7 B6 25 B4 B3 22 BI2 B
I ------ I ----- I----- I----- I----- I------ I------ I------I
lBitl5I I I I f f~it 81 SBO12\
I -- ------ I----I----I-------I----I------I > TIC2
I Bit 7 1 1 1 1 IBit 01I SBO13/

B7 B6 B5 B4 B3 B2 B1 80

IBitl5- I I I I - Bit I SBI14\

{ { { {> TICI

IBit 71 I I IBit 01 $Bl5/

The result obtained by an input capture corresponds to the value of the couni-
ter one cycle after the transition which triggered the edge-detection logic.

The selected edge transition sets the ICxF in .- L-l and can cause an interrupt
if the corresponding ICd bit(s) is (are) set in the IMSK1 register. A read
of the Input Capture Registers MSB inhibits captures for one E cyce to allow
a double-byte read of the full 16-bit register.

The output compare registers are 16-bit read/write registers whiich are ini-
tialized to SFFFF by reset. They ce-n be used as output waveform controls and
as elapsed time indicators. If an output compare is not utilized, the un-usec
registers may be used as storage 'Locations.

All output compare registers have a separate dedicated comperator for compar-
ing against the free-running counter. If a match is found, the corresponding
output compare flag (OCxF) bit in TFLs l is set and a specified action is
automatically taken. For output compare fits ctions tfo througch five, the
automatic action is controlled by pairs of bits in the 'I control register
(Ct and OLx) . Each pair of control bits are encoded to specify the output
action taken as a result of a successful ON compare.

A interrupt can also accompany a successful output compare, provided that the
correspondinr interrupt enable bit (OCxl) is set in 7MS et.

autmatcaly akn. oroututcomarefuctinstwothoug fveth



B7 BA 25 B4 3? B2 Fi BO

Bit5 - - I- !- i - - IBit 81 SB01; \
{ .. . {... . { .. . ... } - - -- !... . ( - - -- .. . !> TIC1

IBit7I - I - I - I - - - IBit i SBI17/

B7 BA B5 B4 B3 B2 Bi BO
IBitl5j - -- I - I - I - I - I~itRI SBl8 \

> TIC2
IBit7I - I - I - I - - - IBit 01 SBO19/

B7 B6 B5 B4 B3 82 B1 B0

IBitl -- I f I - Bit 2I SB01A\I -- , - , -- -- , - , -- - - -- , -- i> TIC3
IBit71 1 1 1 1 1 -Bit 01 SB0B/

B7 B6 B5 B4 S3 B2 Bi BO

IBit5 - - I - I - I - - IBit 81 $BI1C\
I . . .l -- l - -- I . .. I> T'I:C4

IBit7 - - I - I - I - 1- Bitel SB01D/

B7 B6 B5 B4 B3 B2 B Be

OIBitl5 - - I - I - I - - IBit 81 SBelE\
IBit7I - - I - I - I - I - Bitl >B lF /
I- i- I7 . 1- 1 -- I - I-- 0. . I

After an MPU write cycle to the most significant byte, output compares are in-
hibited for one E cycle in order to allow writing of two consecutive bytes
before making the next comparison. If both bytes of the register are to be
changed, a double-byte write instruction should be used in order to take ad-
vantage of the compare inhibit feature. MRJ writes can be made to either one
of the bytes of the output compare register without affecting the other byte.

Timer Control Register 1, 7CTLI, is an 8-bit read/write register. All bits in
this register are cleared to zero during reset.

B7 B6 B5 B4 B3 B2 B1 Be
I----- I ----- I ----- I-----I----- I ----- I ----- I ----- I
I OM2 I OL2-1 OM3 I OL3 I OM4 I OL4 I OM5 I OL5 I SB020 TCTLI

Bits 7, 5, 3, 1 - OMf Output Mode.

Bits 6, 4, 2, 0 - OUx Output Level.

These two control bits (OMx and OLx) are encoded to specify the
* output action to be taken as a result of a successful OCx
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compare.
00x OLx Action Taken Upon Successful Compare

0 0 Timer disconnected from output pin logic
0 1 Toggle OCx output line
1 Clear OCx output line to zero
1 1 Set OCx output line to one

Timer Control Register 2, TCTL2, is an 8-bit read/write register except for
bits 6 and 7 which are not implemented.

B7 B6 B5 B4 B3 B2 B1 BO

I - I IEDGIBIEDGIAIEDG2BIEDG2AIEDG3BIEDG3Aj SB021 TCTL2

Bits 7, 6 Not implemented. Read as logic zeros.

Bits 5, 3, 1 EDxB Input Capture x Fdqe Control. These to b i t s
(EDGxB and EDGxA) are cleared to zero by bits 4, 2, 0 EDGxA reset and
are encoded to configure the input sensing logic for input capture x as
follows:

EDGxB EDGxA Configuration
0 0 Capture disabled
0 1 Capture on rising edges only
1 0 Capture on falling edges only
1 1 Capture on any (rising or failing) edge

The timer interrupt mask register, 7MSKl, is a read/write register.

B7 B6 B5 B4 B3 B2 B1 BO

I OCIlI 0C211 OC311 OC411 OC511 ICI1 IC21I IC311 $B022 TMSKI

Bits 7-3 O(CI Output Compare x Interrupt. If the OCxI mask bit is
set when the OWcF flag bit is set, a hardware interrupt sequence is
requested. -

Bits 2-0 ICxI Input Capture x Interrupt. If the ICxI mask bit is set
when the ICKF flag bit is set, a hardware interrupt sequence is
requested.

The Timer System Flag Register 1, TFTG1, indicates the occurence of timer sys-
tem events and, together with the M4SKI register, allows the timer sub-system
to operate in a polled or interrupt driven system. For each bit in the timer
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flan register 1 (TFLG!2. , there is a corresponding bit in tno timer mask
register 1 (7MSK1) in the same bit position. If, and only if, the mask bit is
set each time that the conditions for the corresponding flag are met, a
hardware interrupt sequence, as well as the flag bit being set, is requeste-!.

To clear a flag in this reoister, a pattern of ones should be written to the
bits to be cleared. The zeros in that pattern will not affect the state of
any bit. Bit manipulation instructions w:uld be inappropriate for flag clear-
ing because they are read-modify-write instructions. Even though the instruc-
tion mask implies that the progranmer is only interested in some of the bits
in the manipulated location, the entire 8-bit location is actually read and
rewritten which may clear other bits in the register.

27 B6 B5 B4 B3 B2 B1 B0

I OClFI OC2FI OC3FI OC4FI OC5FI ICIFI IC2FI IC3FI SB023 TFLGI

Bits 7-3 OCxF Output Compare x Flag. This flag bit is set each time the
timer counter matches the output compare register x value. A wriqe
of zero does not affect the state of this bit. A write of a one causes
this bit to be cleared.

Bits 2-0 ICxF Input Capture x Flag. This flag bit is set each time a
selected active edge is detected on the ICx input line. A write of a
zero does not affect this bit. A write of a one causes this bit to be
cleared.

The Timer System Mask Register 2, TMSK2, is used to control whether or not a
hardware interrupt sequence is requested, as a result of a status bit being
set in timer system flag register 2. In addition, two timer prescaler bits
are included in this register. For each of the four most significant bits in
timer flag register 2 (TFLG2), there is a corresponding bit in the timer mask
register 2 (2MSK2) in the same bit position. All bits in the 7MSK2 Register
are cleared by reset.

B7 B6 B5 BA B3 B2 B1 BO

I TOI I RTIIIPAOVII RAIII - I - I PRI I PRO I SB?24 TMSK2

Bit 7 TOI Timer Overflow Interrupt Enable. This read/write bit is cleared
by reset. If this bit is set, a timer overflow interrupt request
is initiated each time the TOF bit (in TFLG2) is set, as a result
of a timer counter overflow.

Bit 6 RTI Interrupt Enable. This read/write bit is used to enable or inhibit
RTIF interrupt flags from causing hardware interrupt sequences.

11
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Tt is cleared to zero by reset. When RfII is clear, the P7:r
flaa is masked (inhibited). When RTII is set, the RTIF flag is
enabled to cause a hardware interrupt.

Bit 5 PAOVI Pulse Accumulator Overflow Interrupt Enable. This
read/write bit is cleared to zero by reset and is used to enab'e
or inhibit PAOVF interrupt flags from causing hardare interrupt
sequences. When it is set, a hardware interrupt results when the
PAOVF bit is set.

Bit 4 PAIl Pulse Accumulator Input Interrupt Enable. This read/write bit is
used to enable or inhibit PAIF interrupt flags from causing
hardware interrupt sequences. It is cleared to zero by reset.
When it is set, a hardware interrupt results if the PAIF bit is
set.

Bit 3-2 These bits are not implemented. Reads of these bits will always
return a logic zero.

Bit 1-0 •I,PRO Timer Prescaler Selects. These two bits may be read at
any time but may only be written during initialization. Reset
clears these bits. Writes are disabled after the first write or
after 64 E cycles out of reset. If the MCU is in special test or
special bootstrap mode, then these two bits may be written any

/ time.

These two bits specify the timer prescaler divide factor:
PRl PRO Divide-by-Factor

0 0 1
0 1 4
1 0 8
1 1 16

Timer System Flag Register 2, TFLG2, indicates the occurence of timer system
events and, together with the 7MSK2 register, allows the timer sub-systems to
operate in a polled or interrupt driven system. For each bit in timer flag
register 2 (TFLG2', there is a corresponding bit in timer mask register 2
('ThSK2) in the same bit position. If the mask bit is set each time that the
conditions for the corresponding flag are met, a hardware interrupt sequence,
as well as the flag bit being set, is requested.

The timer system status register indicates when interrupt conditions have
occurred. To clear a bit or bits, a logic one is written to it, or them.

Bit manipulation instructions are inappropriate for flag clearing because they
are read-modify-write instructions. Even though the instruction mask implies
that the programmer is only interested in some of the bits in the manipulated
location, the entire 8-bit location is actually read and rewritten which may
clear other bits in the register.

12



S

B7 3; 25 4 B3 82 E I1

I TOF I RTIFIPACVFI PATF1 - - - - $SE25 TFLG2

Bit 7 TOF Timer Overflow. This bit is cleared by reset. It is set to one
each time the 16-bit free-running counter advances from a value of SFFFF
to S0000. In order to acknowledge (clear) the TOF flIg the user must
perform a write operation to TFLG2 with bit 7 set.

Bit 6 RTIF Real Time Interrupt Flag. This bit is cleared by reset. rTIF
is set at each rising edge of the selected tap point. To clear the FRIF
flag, a software write is performed to the TFLG2 register with bit A set
to one.

Bit 5 PAOVF Pulse Accumulator Overflow Interrupt Flag. This bit is cleared
by reset. PAOVF becomes set when the count in the pulse accumulator
rolls over from SFF to $00. This bit is cleared by a write to the TFLG2
register with bit 5 set.

Bit 4 PAIF Pulse Accumulator Input Edge Interrupt Flag. This bit is clearfi
by reset. PAIF becomes set when an active edge is detected on the PA'I
input pin. This bit is cleared by a write to the TFLG2 register with
bit 4 set.

Bits 3-0 These bits are not implemented and they read as
logic zeros.

When the count changes from SFFFF to $0000, the timer overflow flag (TOF) bit
is set in TFGL2. An interrupt can be enabled by setting the interrupt enable
bit (TOT) in 7TSK2.

The real time feature on the 68HCll is configured and controlled by two bits
in the PACTL control register (RTRl and RTR0) to select one of four interrupt
rates. The RTII bit in T¶SK2 enables the interrupt capability. Every time
out causes the RTIF bit to be set in TFLG2 and if RTII is set, an interrupt
request is generated. After reset, one entire real time interrupt period
elapses before the RTIF flag is set for the first time.

The pulse accumulator is an 8-bit counter which can operate in either one of
the two modes depending on the state of the PNMOD control bit in PACTL. In
the event counting mode, the 8-bit counter is clocked to increasing values by
an external pin. In the gated time accumulation mode, an E/64 clock drives
the 8-bit counter, but only while the external PAM input pin is in a selected
state.

The pulse accumulator uses port A bit 7 as its PAT input, but this pin also
shares function as a general purpose I/O pin and as a timer output compare 1
output. Although port A bit 7 would normally be configured as an input when
being used for the pulse accumulator, it still drives the pulse ac• nulator
system even when it is configured for use in its alternate capacities
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Four bits in this register are used to control an P-bit pulse accunulator sys-
ts and two other bits are used to select the rate for the real time interrupt
system.

B7 B6 B5 B4 B3 B2 B1 BO
I ----- I ----- I ----- I ----- I ------ I ------I ----- I-----
IDDRA7I PAENIPAMODIPEDGEI - I I RTRI] RTROI SB02A PATCL

Bit 7 DORA7 Data Direction for Port A Bit 7. This read/write bit is used to
enable or disable the output driver for the Port A bit 7 pin. DDRA7 is
cleared by reset. When DDRA7 is zero, the Port A bit 7 pin is :on-
figured for input only and when DDRA7 is one, Port A bit 7 is configured
for output. Note that even when Port A bit 7 is configured for output,
this pin still acts as the input to the pulse accumulator system.

Bit 6 PAEN Pulse Accumulator System Ehable. This read/write bit is used to
enable or disable the pulse accumulator system. PAEN is cleared by
reset. When it is set, the pulse accumulator is enabled, and whene
clear, the pulse accumulator system is disabled.

Bit 5 PAMOD Pulse Accumulator Mode. This read/write bit controls whether
the pulse accumulator is to operate in the external event counting mode
or the gated time accumulation mode. When it is zero, the pulse ac-
cumulator counts pulses on the PAI input pin (port A bit 7). When it is
set, the pulse accumulator operates in the gated time accumulation mode
and the PAI input allows the pulse accumulator counter to count. The
PAMOD bit is cleared to zero by reset.

PAMOD PEDGE Action on Clock
0 0 PAI Falling Edge Increments the Counter
0 1 PAI Rising Edge Increments the Counter
1 0 A '0' on PAl Inhibits Counting
1 1 A '1' on PAI Inhibits Counting

Bit 4 PEDGE Pulse Accumulator Edge Control. This read/write bit has dif-
ferent meanings depending on the state of the PAMOD control bit. This
bit is-cleared by reset.

Bit 3-2 These bits are not implemented and read as logic zeros.

Bit 1-0 RTRI,RTRO RTI Interrupt Rate Selects. These two read/write bits
select one of four rates for the real time period interrupt circuit.
Reset clears these two bits and after reset, a full RTI period elapses
before the first RTI interrupt.
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I R RI I xtl; I Xtal = Xtal =
"I T T 1 1 2 1 8.0 Mhz 4.0? Mhz
I P R IDivide I I
1 i 1 E by I I

I 0 1 213 1 3.91 ms 1 4.10 ms 1 8.29 ms
I 0 1 214 7.81 ms 8.19 ms 1 14.38 ms
S1 0 1 215 1 15.62 ms 16.3p ms I 32.77 ms I
i 1 1 216 2 31.25 ms 1 32.77 ms 65.54 ms
--------------------------------------------------------------- I

I E = 1 2.1 Mhz 2.0 Mhz 1 1.0 Mhz
--------------------------------------------------------- I

SPCR SB028
SPSR SB029
SPDR SB02A
BAUD SB02B
SCCRI SB02C
SCCR2 SB02D
SCSR SB02E
SCDR SB02F

The serial peripheral interface (SPI) is a synchronous interface built into
the 68IC11 MCU which allow several 68HCll MCUs or a 68HCll plus peripheral
,evices, to be interconnected. In an SPI, separate wires (signals) are
required for data and clock as the clock is not included in the data stream.
An SPI system may be configured as a master or as P slave.

The four basic signals (MISO, MOST, SCK and SS) used to transmit data by the
serial peripheral interface are discussed in the following paragraphs. Each
signal is described for both the master and slave modes.

Any SPI outputs has to have its corresponding data direction bit in MRD set.
If this bit is clear, the pin is disconnected from the SPI logic and becomes a
general-purpose input.

There are three registers in the serial peripheral interface which provide
control, status and data strorage functions.

B7 B6 B5 -84 B3 B2 B BO

SPIEl SPE I DWOMI MSTRI CPOLI CPHAI SPRlI SPROI SB028 SPCR

- 7 SPIE Serial Peripheral Interrupt Ehable. When the SPIE bit is set, F
interrupts are allowed. Interrupts are masked when this bit is clear
The SPIE bit is cleared by reset.
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Bit r SPE Serial Peripherai Enable. When seri.-i peripneral eab,.e hit is

set, it enables the SPI systen by connecting it to the external pins.
Because the SPE bit is cleared by reset, the SP! system is not connected
to the external pins upon reset.

Bit 5 •(C? Port D ??? . If the 3AcM bit is set, Port D output pins function
as open-drain outputs, and when the D.A,(M is :lear, Port D output pins
function normally. The CdCY bit is cleared by reset.

Bit A MSTh Master. If the MSTR bit is set, the SPI is a master device. If
cleared, the SPI is a slave device.

Bit 3 CPOL Clock Polarity. Wen the CPOL bit is cleared and data is not
being transferred, a steady state low value is produced at the SCK pin
of the master device. Conversely, if this bit is set, the SCK pin will
idle high. This bit is also used in conjunction with the clock phase
control bit to produce the desired clock-data relationship between
master and slave. The CPOL bit is cleared by reset.

Bit 2 C]• Clock Rhase. The CPHA bit, in conjunction with the CPOL bit,
controls the clock-data relationship between master and slave. In
general, the CPHA bit selects which clock edge captures data and allows
it to change states. The CPHA bit is set by reset.

Bit 1-0 SPRL SPRN Serial Peripheral Rate Selects. These two bits select one
of four baud rates to be used as a SCK if a device is a master; however,
they have no effect in the slave mode. The SPR1 and SP0 bits are not
affected by reset.

S---------------------
I Internal Processor I

I SPR1 I SPR0 I Clock Divide By I
I------ I------ I--------------------IS0 2

0 1 4
1 1 0 16
1 1 32
I-----I----I---------------------I

B7 B6 B5 B4 B3 B2 B1 BO

I SPIFI WCOLI - I MODFI o I - I I I $B029 SPSR

Bit 7 SPIF Serial Peripheral Dta Transfer Flag. The SPIF bit is set upon
completion of data transfer between the processor and external device.
If SPIF goes high and if SPIF is set, a serial peripheral interrupt is

Sgenerated. %bile SPIF is set, all writes to the serial peripheral data
register are inhibited. Clearing the SPIF bit is accomplished by read-
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ina the SPSR (with SPIF set) fzllwed by an access
SPIF bit is cleared by reset.

Bit 6 WCOL Write Collision. The WCOL bit is set when an at
write to the serial peripheral data reqJister while da
taking place. Clearing the WCOL bit is accomplished by rt
(with WCOL set) followed by an access to SPDR. The WCOL b.
by reset.

Bit 5 Not implemented and reads as zero.

Bit 4 MOPF Mode Fault Flag. The mode fault flag indicates that th,
have been a multi-master conflict for system control and allows a
exit from system operation to a reset or default system state. The
bit is normally clear, and is set only when the master device has it!L
pin pulled low. Setting the MODF bit affects the internal seri
peripheral interface system in the following ways:

1. An SPI interrupt is generated if SPIE = 1
2. The SPE bit is cleared. This disables the SPI.
3. The MSTR bit is cleared, thus forcing the device into the slave
mode.

Clearing the M(OCF bit is accomplished by reading the SPSR (with MODF
set), followed by awrite to the SFCR. Control bits SPE and MSTP maybe
restored to their original set state after the MODF bit has been
cleared. The MODF bit is cleared by reset.

Bit 3-0 These bits are not implemented and read as zeros.

7 6 5 4 3 2 1
I-------------------------------------------------I
I SERIAL PERIPHERAL DATA I/O REGISTER I SB02A SPDR
I-------------------------------------------------- I

The serial peripheral data I/O register is used to transmit and receive data
on the serial bus. Only a write to this register will initiate
transnission/reception of another byte and this will only occur in the master
device. At the cmpletion of transmitting a byte of data, the SPIF status bit
is set in both the master and slave devices.

When the useir reads the serial peripheral data I/O register, a buffer is ac-
tually being read. The first SPIF must be cleared by the time a second trans-
fer of data frcm the shift register to the read buffer is initiated or an
overrun condition will exist.

N write to the serial peripheral data T/O register is not buffered and places
data directly into the shift register for transmission.

O A full-duplex asynchronous Serial Conmunircations Interface (SCI) is provided
with a standard NRZ format (one start bit, eight or nine data bits and one
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stop bit) and a variety of baud rates. The SCI transmitter and receiver are
functionally independent, but use the same data format and bit rate. "Baud"
and "bit rate" are used synonymously in the following description.

Receive data (RxD) or transmit dAta (TxD) is the serial data which is trans-
fered to the internal data bus from the input pin (RxD) and from the internal
bus to the output pin (TxD). The user has option bits in serial communica-
tions control register I (SCCRI) to determine the "wake-up" method (WAKE bit)
and data word length (M bit) of the SCI. Serial communications control
register 2 (SCCR2) provides control bits which individually enable/disable the
transmitter or receiver (TE and RE, respectively) enable system interrupts
(TIE, TCIE, ILIE) and provide the wake-up enable bit (RWU) and the send break
code bit (SBK). The baud rate register bits allow the user to select dif-
ferent baud rates which may be used as the rate control for the transmitter
and receiver.

Data transmission is initiated by a write to serial communications data
register (SCR). Provided that the transmitter is enabled, data stored in the
SCrR is transferred to the transmit serial shift register. This transfer of
data sets the TDRE bit of the SCI status register (SCSR) and may generate an
interrupt if the transmit interrupt is enabled. The transfer of data to the
transmit shift register is synchronized with the bit rate clock. All data is
transmitted bit zero first. Upon completion of data transmission, the TC
(transmission complete) bit of the SCSR is set (provided no pending data,

0 preamble or break is to be sent) and an interrupt may be generated if the
transmit complete interrupt is enabled. If the transmitter is disabled and
the data, preamble or break (in the transmit shift register) has been sent,
the TC bit will also be set. This will also generate an interrupt if the TCIE
bit is set.

When the SCM is read, it contains the last data byte received, provided that
the receiver is enabled. The RDRF bit of the SCSR is set to indicate that a
data byte has been transfered from the input serial shift register to the
SCDR, which can cause an interrupt if the receiver interrupt is enabled. The
data transfer from the input serial shift register to the SCUR is synchronized
by the receiver bit rate clock. The CR (overrun), NF (noise), or FE (framing
error) bits of the SCSR may be set if data reception errors occured.

An idle line interrupt is generated if the idle line interrupt is enabled and
the IDLE bit (_which detects idle line transmission) of SCSR is set. This
allows a receiver that is not in the wake-up mode to detect the end of a
message, the preamble of a new message or to resynchronize with the
transmitter.-

The baud rate register, BAUD, provides the means for selecting different baud
rates which may be used as the rate control for the transmitter and receiver.
The SCPO-SCP1 bits function as a prescaler for the SCRO-SCR2 bits. Together,
these five bits provide multiple baud rate combinations for a given crystal
frequency.
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B7 B 2 r 5 B4 B3 S2 51 80

- I SCPII SCP01 - SCR21 SCRI1 SCROI SB02B BAUD

Bit 7-9 These two bits are not implenented.

Bit 5 SCP1,SCPB Table below shows the prescale vAlues attained
from the E clock. Reset clears SCP1-SCPO bits (divide-by-one).

---- I----I --------------------- I
I Internal Processor I

I SCP1 I SCPO I Clock Divide By I
I-------I -------I ---------------------

0 1 0I 1
1 01 1! 3

1 01 4
1 1 13
I-----I--------------------------

Bit 3 Not implemented.

Bit 2-0 SCR2 SCRi SCRO These three bits select the baud rate of both the
transmitter and the receiver. Table below shows the prescaler value
that divides the output of the first stage. Reset does not affect the
SCR2-SCRO.

I-----I-----I------------------------
Prescaler Output I

I SCR2 I SCRI I SCRO I Divide By I
I-------I ------- f-------I ------------------- I

I 01 01 0 1 1
1 0 01 11 2

0 1 1 4

1 0 0 16
-1 1 0 1 1 32

I 1 I 1 I 64

j 1 1 1 128
I-----I-----I------------------------f

Note that there is a fixed rate divide-by-16 between the receive clock (Rx)
and the transmit clock (Tx). The actual divider chain is controlled by the
combined SCP0-SCP1 and SCRO-SCR2 bits in the baud rate recister as
illustrated.
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ISCP CLK*I
I Bit DvdI Crystal Freauency (MPZ)
--- I By I -I- ------ --------- - - --------- '

1 0 1 1 S. 388A 1 8.0 I 4.9152 4.0 3.6864
I I -------- ....... I ---- -------I--------------

S0 0 1 1 1131.072 KBaud!125.000 KBaudl 76.80 KBaudl 62.50 KBaudf 57.60 KBaudI
0 1 1 3 1 43.690 KBaudI J1.666 KBaudl 25.60 KBaudl 20.833 K!audl 19.20 KBaudl
1 0 1 4 1 32.768 KBaud! 31.250 KBaudI 19.20 KBaudl 15.625 KBaurfl 14.40 KBaux1

1 1 1 1 13 1 10.082 KBaudI 9600 Baudi 5.907 KBaudI 4800 Baudl 4430 Baudl
--... . .II- -- I.-..---- -I

* The clock in the "Clock Divided By" column is in the internal processor clock.

Note: The divided frequencies shown above represent baud rates which are the
highest transmit baud rate (Tx) that can be obtained by a specific crystal
frequency and only using the prescaler division. Lower baud rates may be- ob-
tained by providing a further division using the SCI rate select bits as shown
on Table for some representative prescaler outputs.

SCP
I Bit I CLK* I Crystal Frequency (MHz)
I-- IDividedl I
1 2 1 0 1 By 1131.072 KBaudI32.768 KBaudI76.80 KBaudIl19.20 KBaud19600 Baudl

1 0 0 0 1 1131.072 KBaud132.768 KBaudI76.80 KBaudI19.20 KBaud19600 Baudi
1 0 0 1 1 2 1 65.536 KBaudl16.384 KBaud138.40 KBaudI 9600 Baud14800 BaudI

1 010 1 4 1 32.768 KBaudI 8.192 KBaudI19.20 KBaudl 4800 Baud12400 Baud!
1 0 1 1 1 8 1 16.384 KBaudI 4.096 KBaudI 9600 Baudl 2400 BaudI1200 BaudI
I 1 0 0 1 16 1 8.191 Ibaudl 2.042 KBaudl 4800 Baudl 1200 Baud! 600 Baudl
1 1 0 1 1 32 1 4.096 KBaudl 1.024 KBaudl 2400 Baudl 600 Baudl 300 Baudl
I 1 1 0 1 64 1 2.048 I(Baudl 512 Baudl 1200 Baud! 300 Baudl 150 Baud)
I 1 1 1 1 128 1 1.024 KBaudl 256 Baudl 900 Baudl 150 Baudl 75 BaudI

I I - - I - - - !

Note: This illustrates how the SCI select bits can be used to provide lower
transmitter baud rates by further dividing the prescaler output frequency.
The five examples are only representative samples. In all cases, the baud
rates shown are transmit baud rates (transmit clock) and the receiver clock is
16 times higher in frequency than the actual baud rate.

The Serial Comunications Control Register 1, SCCRI, provides the control bits
which:

1. determine the word length and
2. selects the method used for the wake-up feature
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S7 B; 25 54 B3 E2 B3I B2
I -I--tI

I RI I TP I - I M I WAKEr - I - I- SB02C SCCR1

Bit 7 R8 If the M bit is set, this bit provides a storage location for t'e
ninth bit in the receive data word. Reset does not affect this bit.

Bit 1 T8 If the M bit is set, this bit provides a storage location for the
ninth bit in the transmit data word. Reset does not affect this bit.

Bit 5 This bit is not implemented and reads as zero.

Bit 4 M This bit selects the word length. Reset clears this bit.

0 = 1 start bit, F data bits, I stop bit
1 = 1 start bit, 9 data bits, 1 stop bit

Bit 3 WAKE This bit allows the user to select the method for receiver "wake-
up*.

When clear, an idle line condition (le consecutive ones if M1- or 1.i
consecutive ones if M=1) will wake-up the receiver.

When set, detection of a one in last datA bit (eight data bit if M=O,

ninth data bit if M=1) will wake-up the receiver.

Bit 2-0 These bits are not implemented and read as zeros.

The serial communications control register 2, SCCR2, provides control bits
which individually enable/disable the SCT functions.

B7 B6 B5 B4 B3 B2 Bi BO
I---I---I----I---I---i---I--------
I TIE I TCIEI RIE I ILIE1 TE I RE I RWU I SBK I SB02D SCCR2

Bit 7 TIE Transmit Interrupt Enable. When the TIE bit is set, the SCI inter-
rupt occurs when TDRE is set. When TIE is clear, the TDRE interrupt is
disabled. Cleared by reset.

Bit 6 TCIE Transmission Complete Interrupt. Wen the TCIE bit is set, the
SCI interrupt occurs when TC is set. When M1IE is clear, the TC inter-
rupt is disabled. Cleared by reset.

* Bit 5 RZE Receive Interrupt Enable. When the RIE bit is set, the SCI inter-
rupt occurs when CR or RERF are set. When RIE is clear, the OR and RERF
interrupts are disabled. Cleared by reset.

Bit 4 ILIE Idle Line Interrupt Enable. When the ILIE bit is set, the SCI in-
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terrupt occurs when IDLE is set. When ILTE is clear, the IDLE interrupt
is lisabled. Cleared by reset.

Bit 3 TE Transmit Enable. When tne TE bit is set, the transmit shift
register output is applied to tne TxD line. Depending on the state of
control bit M (SCCR), a preamble of 10 (M=O) or 11 (M=1) consecutive
ones is transmitted when software sets the TE bit from a cleared state.
After loading the last byte in the serial communications data register
and receiving the interrupt from TDRE, the user can clear TE. Transmis-
sion of the last byte will then be completed before the transmitter
gives up control of the TxD pin. Cleared by reset.

Bit 2 RE Receive Enable. When the receive enable bit is set, the receiver is
enabled. When RE is clear, the receiver is disabled and all of the
status bits associated with the receiver (RERF, IDLE, OR, NF and FE) Pre
inhibited. Cleared by reset.

Bit 1 MM Receiver Wake-up. When the RWU bit is set, it enables the "wake-
up" function. If the WAKE bit is cleared, FIVU is cleared after receiv-
ing 10 (M-0) or 11 (M1=1) consecutive ones. If the WAKE bit is set, PAU
is cleared after receiving a data word whose MSB is set. Cleared hy
reset.

Bit 0 SBK Send Break. If the SBK bit is toggled set and cleared, the trans-
mitter sends 10 (M-0) or 11 (M=1) zeros and then reverts to idle or
sending data. If SBK remains set, the transmitter will continually send
whole blocks (sets of 10 or 11) zeros until cleared. At the completion
of the break code, the transmitter sends at least one high bit to
guarantee recognition *.f a valid start bit. Reset clears the SBK bit.

The Serial Communications Status Register, SCSR, provides inputs to the inter-
rupt logic circuits for generation of the SCI system interrupt.

B7 B6 B5 B4 B3 B2 Bi BO
I ----- I ----- I ----- I ----- I-----I-----I-----I-----I
I TDREI TC I RDRFI IDLE1 OR I NF I FE I 1 $B02E SCSR

Bit 7 TDRE Transmit Data Register Snpty. The TDRE bit is set to indicate
that the content of of the serial communications data register have been
transferred to the transmit serial shift register. This bit is cleared
by reading the SCSR (with TDPE=1) followed by a write to the SCDR.
Reset sets the TDE bit.

Bit 6 TC Transmit Complete. The IC bit is set at the end of a data frame,
preamble, or break condition if:

1. TE- 1, TURE - 1 and no pending data, preamble or break is to be
transmitted; or
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2. TE = 0 and the data, preamble, or break (in the transmit shift
register) has been transmitted.

The 7- bit is a status flag which indicates that one of the above condi-
tions have occured. The TC bit is cleared by reading the SCSR (with T,.
set) followed by a write to the SCDR. Reset sets the 7r bit.

Bit 5 RDRF Receiver Data Register Full. The RDRF bit is set when the
receiver serial shift register is transferred to the CLDR. The RDRF bit
is cleared when the SCSR is read (with RDRF set) followed by a read of
the SCER. Reset clears the RERF bit.

Bit 4 IDLE Idle Line Detect. The IDLE bit, when set, indicates a receiver
idle line is selected. The IDLE bit is cleared by reading the SCSR with
IDLE set followed by a read of the SCDR. The IDLE bit is inhibited when
the W•U bit is set. Reset clears the IDLE bit.

Bit 3 COR Overrun. The OR bit is set when the next byte is ready to be trans-
ferred from the receive shift register to the S-R which is already full
(RDRF bit is set). The only valid data is located in SCDR when OR is
set. The OR bit is cleared when the SCSR is read (with OR set), fol-
lowed Dy a read of the SCDR. Reset clears the OR bit.

Bit 2 VF Noise Flag. The NF bit is set if there is noise on any of the
received bits, including the start and stop bits. The NF bit is not set
until the RERF flag is set. The NF bit is cleared when the SCSR is read
(with NF set), followed by a read of the SCDR. Reset clears the NF bit.

Bit 1 FE Framing Error. The FE bit is set when no stop bit wes detected in
the data string received. The FE bit is set at the same time as the
RRF is set. If the byte received causes both framing and overrun
errors, the processor will only recognize the overrun error. The fram-
ing error flag inhibits further transfer of data into SCR until it is
cleared. The FE bit is cleared when the SCSR is read (with FEll) fol-
lowed by a read of the SC1R. Reset clears the FE bit.

Bit 0 Not-implemented. Reads as zero.

The Serial Commurnications Data Register, SCIP, performs two functions, i.e.,
it acts as the receive data register when it is read and as the transmit data
register when it is written.

B7 B6 B5 B4 B3 B2 B BO
--------------------------------------------------
I SERIAL COMMUNICATIONS DATA REGISTER I $B02F SCDR
-------------------------------------------------- 1

ADCTL SB030
ADRI SB031
ADR2 $B032
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ADR? BJ'33
ADRd SB034

The 68HCIl incluies an P-channel multiplexed-input successive approximation
analog-to-digital (A/D) converter with sample and hold to minimize conversion
errors caused by rapidly changing input signals. T9o dedicated pins (VRL,
VpH) are provided for the reference supply voltage inputs. These pins may be
connected to a lower noise power supply to assure full accuracy of the A/D
conversion. The 8-bit A/D converter has a linearity error of 1/2 LSE and
accepts analog inputs which range from VRL to VRH. Snaller analog input
ranges can also be obtained by adjusting VRH and VRL to the desired upper and
lowr limits. Each conversion is accomplished in 32 MCU E clock cycles,
provided the E rate is equal to or greater than 1 MHz. For systems which
operate at clock rates less than 1.0 MHz, an internal R-C oscillator must be
used to clock the A/D system by setting the CSEL bit in the OPTION register.

All bits in the ADCTL register may be read or written, except bit 7 which is a
read-only status indicator and bit 6 which always reads as zero. Bit I is
cleared at reset but the other bits are not affected by reset.

B7 B6 B5 B4 B3 B2 Bi BO

I CCFI I SCANI MULTI CD I CC I CB I CA 1 SB030 ADCTL

Bit 7 CCF Conversion Complete Flag. This read-only status indicator is set
when all four A/D result registers contain valid conversion results.
Each time the ADCTL register is written, this bit is automatically
cleared to zero and a conversion sequence is started. In the continuous
modes, conversions continue in a round-robin fashion and the result
registers continue to be updated with current data even though the CCF
bit remains set.

Note: The user must write to register ADCTL to initiate conversion.

Bit 6 Not implemented. Reads as zero.

Bit 5 SCAN Continuous Scan Control. When this control bit is cleared, the
four requested conversions are performed once to fill the four result
registers. When this control bit is set, conversions continue in a
round-robin fashion with the result registers being updated as data be-
comes available.

Bit 4 MULT Multi-Channel/Single Channel Control. When this bit is cleared,
the A/D system is configured to perform four consecutive conversions on
the single channel specified by the four channel select bits CD through
CA (bits 3-0 of ADCTL). When this bit is set, the A/D system is con-
figured to perform a conversion on each of four channels where each
result register corresponds to one channel.

Bit 3-0 CD CC CB CA Channel Select D, Channel Select C, Channel Select B,
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Cnannel See_•t A. Bits 2 through 0 are used to select 3ne cf Ir Z./
channels. When a multiple channel mode is selected (MULT = 1), the :t.
least-significant select bits (CE and CA) have no meaning and the CP and
CC bits specify which group of four channels is to he converted. The
signals selected by the four channel select control bits are show n•
the table below.

-------- I -----------------
I Result in ADRx I

I CD I CC I CB I CA I Channel Signal I if MULT=I
-- I -- I-- __1 -------------------------

0101 0 1 0 ANO ADRI
101 0 1 11ANI ADR2
1 0 1 0 1 1 1 0 1 AN2 ADR3
1 01 0 111 1 AN3 ADR4

1__-----I ------- -------------------
0 1 0 1 1 AN4* ADRI
0 1 1 1 AN5* ADR2
0 1 1 1 AN6* ADR3 I
0 1 11 1 AN7* ADR4

--- I---- I-----------------I-----------------I
1 0! 0 O1RESERVED I ADRI
1 1 1I RESERVED I ADR2 I
1 1 01 11 0 RESERVED I ADR3
1 0 1 1 1RESERVED I ADR4 I

--I ------- -------------------
1 1 0 1 VRH Pin ADRI
1 1 1 1 I0 1 1 VmL Pin ADR2
1 1 1111 0 (VR)/2 ADR3
1 1 1 1 1 1 1 1 REERVED I ADR4

---I-- -- I ----- I ---------------

There are two variations of single-channel operation. In the first variation
(SCAN-@), the single-selected channel is converted four consecutive times with
the first result being stored in the AER4 register. After the fourth conver-
sion is complete, all conversion activity is halted until a new conversion
command is written to the ADCTL control register. In the second variation
(SCAN-i), conversions continue to be performed on the selected channel with
the fifth conversion being stored to the ARI register (overwriting the first
conversion result), the sixth conversion overwrites ADR2, and so on
continuously=

There are two variations in multiple-channel operation. In the first varia-
tion (SCAN-0), the selected group of four channels are converted, one each,
with the first result being stored in the ARI result register and the fourth
result being stored in the ADR4 register. After the fourth conversion is
complete, all conversion activity is halted until a new conversion command is
written to the AXTL control register. In the second variation (SCAN=I), con-
versions continue to be performed on the selected group of channels with the
fifth conversion being stored in the AMR register (replacing the earlier con-
version result for the first channel in the group), the sixth conversion over-
writes ArR2, and so on continuously.
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The A/D result reqisters are read-only registers used to hold an 8-bit coinver-
sion result. Writes to these registers have no effect. Data in tne A/1
result registers is not valid unless the CCF flag hit in A=DCL is set, in-
dicating conversion complete.

B7 B6 B5 B4 B3 B2 B11 B

IBit7 - I7-1- 1 1 IBit 1 $BB31 ADRII---------------I----I----I-----

B7 B6 S5 B4 B3 B2 BI 81

IBit 71 I I - I IBit 01 SB032 ADR2

B7 B6 B5 B4 B3 B2 Bi BO

IBit 71 I 1 1 - - - Bit 01 $B033 ADR3---I ----- i----I----I----I----I----i

B7 B6 B5 84 B3 B2 B1 BO

IBit 71 I - I I I I IBit 01 $1034 ADR4

The next four locations at SB035 through SB038 are reserved and have no func-
tion currently.

OPTION SB039
COPRST SB03A
PPROG $B03B
HPRIO SB03C
INIT $B03D
TEST1 SB03E
CONFIG SB03F

The Configuration Options Register (OPTION) is a special purpose 8-bit
register that is used (optionally) during initialization to configure internal
system conft-uration options. With the exception of bits 7, A and 3 (ADPU,
CSEL and CME) which may be read or written at any time, this register may be
written to only once after a reset and thereafter is a read-only register. If
no write is performed to this location within 64 E-clock cycles after reset,
then bits 5, 4, 1 and 0 (IRQ, DLY, CRI and CR0) will become read-only to mini-
mize the possibility of any accidental changes to the system configuration.
While in special test modes, the protection mechanism on this register is
overridden and all bits in the OPTION register may be written.
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B7 B6 B5 R4 F2 82 B2 B?
-I----I I I----I----

e-.DPUI CSELI !RQE! DLY I CME I I CR1 I CRO I SBO?9 OPTION

Bit 7 ALDPU A/D Powerup. This bit is cleared by reset and controls operation
of the on-chip analog-to-digital converter. When ADPU is clear, the A/D
system is powpred down and conversion requests will not return meaning-
ful information. To use the A/D system, this bit should be set.

Bit f CSEL A/D Clock Source Select. This bit is cleared by reset and deter-
mines the clocking source for the on-chip A/D. When this bit is zero,
the MCU E clock drives the A/D system. When CSEL is one, an on-chip P-C
oscillator is enabled and clocks the A/D system at about 1.5 MHz rate.
When running with an E clock less than 1 MHz, CSEL must be high to
program or erase the EEPRCM.

Bit 5 IRQE IRQ Edge/Level Sensitive. This read/write bit is cleared at
reset. When it is clear, the IRQ pin is configured for level sensitive
wired-OR operation (low level) and when it is set, the IRQ is configur&d
for edae-only sensitivity (falling edges) on the IRQ pin.

Bit 4 DLY STOP Exit Turn-On Delay. This bit may only be written under spe-
cial circumstances as described above. This bit is set to one during
reset and controls whether or not a relatively long turn-on delay will
be imposed before processing can resume after a STOP period. If an ex-
ternal clock source is supplied, this delay can be inhibited so tbhar
processing can resume within a few cycles of a wake up fran STOP mode.
When DLY is a one, delay is imposed to allow oscillator stabilization
and when DLY is a zero, this delay is bypassed.

Bit 3 CME Clock Monitor Enable. This control bit may be read or written at
any time. It controls whether or not the monitor circuit will trigger a
reset sequence when a slow or absent system clock is detected. When it
is clear, the clock monitor circuit is disabled. When it is set, the
clock monitor circuit is enabled. Systems operating at or below 200 KHz
should not use the clock monitor function. Reset clears the CME bit.

Bit 2 Not implemented and reads as a logic zero.

Bit 1-0 CRl-(E COP Timer Rate Selects.

27



Xta" = I Xtal = I Xtal =
C C E/2 1 5  22 8.0 Mhz 1 4.0 Mhz

I R R lDvd'ed I Timeout Timeout I Timeout
1 0 by 1 -0/ +15.6 ms -0/ +15.6 ms 1 -0/ +15.6 ms

1 0 0 1 1 15.625 ms I16.384 ms 1 32.768 ms
1 0 1 1 4 62.5 ms 1 65.536 ms 1 131.07 ms

1 0 8 I 250 ms 1 262.14 ms I 524.29 ms
1 1 1 11 1 1 s 1.049 s 1 2.1 s

I E = I 2.1 Mhz I 2.0 Mhz I 1.0 Mhz
I------------------------------------------------------ I

The clock monitor function is enabled by the (ME control bit in the OPTION
register. When (ME is zero, the function is disabled and when 01E is one, the
clock monitor function detects the absence of an E clock for more than a cer-
tain period of time. The timeout period is dependent on processing parameters
and will be between 5 and 100 microseconds. This means that an E clock rate
of 200 KHz or more will never cause a clock monitor failure and an E clock
rate of 10 KHz or less will definitely cause a clock monitor failure. This
implies that systems operating near or below an E clock rate of 200 KHz should
not use the clock monitor function.

Upon detection of a slow or absent clock, the clock monitor circuit (if
enabled by CM¶E=l) will cause a system reset to be generated. This reset is
issued to the external system via the bidirectional RESET pin.

Special considerations are needed wher. using a STOP function and clock monitor"
in the same system. Since the STOP function causes the clocks to be halted,
the clock monitor function will generate a reset sequence if it is enabled at
the time the STOP mode is entered.

The 68HCll includes 512 bytes of EEPRCM located in the area SB600 through
SB7FF which has the same read cycle time as the internal RCM. PROG CRegister
(EEPIRM Programming Cbntrol) register is used to control programming and
erasure of the 512-byte internal EEfRfM. Reset clears this register to $00 so
EEPRCM is configured so EEPRCM is configured for normal reads.

B7 - B6 B5 B4 B3 B2 B1 BO

I ODD I EVENI - I BYTEI ROW IERASEIEELATIEEPGMI $B03B PPROG

Bit 7 OD Odd Rows. Used to Program Odd Rows (TEST)

0 Bit 6 EVE Even Rows. Used to Program Even Rows (TEST)

Bit 5 - Not Implemented
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Bit 4 BYTE Byte Erase. Used for Erasing Bytes - Overrlies Pit 2
S= Fow or Bulk Erase

1 = Erase Oniy Cne Byte

Bit 3 R(G Rbw Erase. Used for Row Erasing
0 = Bulk Erase
I = Row Erase

Bit 2 ERASE Erase. Enables the Erase
0 = Nomal Read or Program
1 = Erase Mode

Bit 1 EELAT EEPROm Latch Control.
O=EEPRC4 Address and Deta configured for Read
1=EEPRCM Address and Data configured for Programming

Bit 0 EEI• EEI:CM Program Command.
0 = Switched Off
1 = Turned On

* TMe operating modes for the 512-byte EEPRCK are as follows:

Normal RM - In this mode, the ERASE bit in the PPROG register must be
clear (not in programming mode). While these two bits are
cleared, the ROW and EEPGM bits in the OPTION register have no
meaning or effect, and the 512-byte EEPROM may be read as if it
were a normal ROM.

Programming - During EEPR:M programming, the ROW bit is nct
used. If the E clock frequency is less than 1 MHz the CSEL bit in
the OPTION register must be set.

Normal sequence of events in programming the EEPG4:

1) Write xxxx xOlO to the PPROG register. This specifies program
normal mode (ERASE bit--), address/data buses configured to latch
address and data information (EELAT bital), and erase voltage
turned off (EEPGM bit=O).

2) Write data to be programmed to the desired EEPOR¶ address. This
write causes the address and data to be latched in a parallel in-
ternal latch.

3) Write EEPGM bit to one (xxxx x~ll). This couples the EEPROM
programming supply voltage to the EEPROM array, to program the
specified data into the specified data address in EERIOM.

4) Delay for 10 milliseconds.

5) Write xxxx xOlO to the PPROG register to turn off the programming
voltage.
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•) ~Repeat steps 2 through 5 until all desired locations have heen
programned.

7) Write EELAT bit back to zero to allow the programmed data to be
verified.

Erase - If the E clock frequency is less than 1 MHz, the CSEL bit in the
OPTION register must be set when erasing the EEPROM.

Three erase modes of EEFRCM:

1) full 512-byte simultaneous "bulk" erase
2) "row" erase where only one row (16 bytes) is erased at a time

and
3) "byte" erase where a single specified byte is erased.

The erased state of all EEPROM cell is logic one. On early parts, byte

and row erase are not implemented.

Normal procedures for erasure of the entire EEF@":

1) Write xxxx 0110 to the PPROG register. This specifies the "all"
erase mode (ROW bit=O), erase mode (ERASE bit=l), EEPROM con-
figured for address/data latching (EELAT bit=1), and erase volt-
age turned off (EEPGM bit=O).

la) A write must be done to any EEPRCM address after Step 1.

Ib) Optionally, if the CCNFIG register is also to be erased, a
write to the address of the CONFIG register must be per-
formed after "bulk" erase was specified by the write, in
step 1 above, and before programming voltage is turned on in
step 2 below.

In the case of erasure, the data involved in this write operation
is unimportant and the write is needed only for the addressing in-
formation it provides.

2) -Write xxxx 0111 to the PPROG register to turn on the the erase
voltage to the EEPROM array.

3) Wait for 10 milliseconds to allow the erasure to complete.

4) Write xxxx 0110 to the PPROG register to turn off the erase
voltage.

05) Write xxxx 0000 to the PPROG register to return the EEP"CM to the
nomal read configuration.

Normal procedure for erasure of a row of EEMC14:
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1) Write xxxx 1ilA 7 to the PPROG reaister. This specifies the "row'
erase mode (ROW hit=l), erase mode (ERASE hit=l1, address/dite
buses configured to latch row address information (EELAT bit =1),
and erase voltage turned of (EEPGM=01.

2) Write to an address in the EEPO¶ row to be erased (each row is D;
bytes). This latches the row addressing information for the row
to be erased.

3) Write xxxx 1111 to the PPROG register to turn on the erase volt-
age to the EEPRCM array.

4) Wait for 10 milliseconds to allow the erasure to complete.

5) Write xxxx iii to the PPROG register to turn off the erase
voltage.

6) Write xxxx 000 to the PPROG register to return the EEPRCO to t~e
normal read configuration.

Normal procedure for erasure of a single byte of EEPRCq:

1) Write xxxi xli1 to the PPROG register. This specifies the byte
erase mode (BYTE=IJ; RCW=x), erase mode (ERASE bit=i), address/data
buses configured to latch address information (EELAT bit=l), and
erase voltage turned off (EEPGM bit-O).

2) Write to the address in the EEPRC) to be erased (data is ignored).
This latches the address of the byte to be erased.

3) Write xxxl xlii to the PPROG register. This turns on the erase
voltage to the EERCtM array. EEPC-M was not changed to one in the
same write operation as the write that configured ROW, ERASE, and
EELAT because of the possibility of enabling the erase voltage
before the erase mode specification ,as stable.

4) Wait for 10 milliseconds to allow the erasure to complete.

5) Write xxxl xll to the PPROG register to turn off the erasure
voltage.

6) Write xxx •000 to the PPROG register to return the EERCM to the
normal read configuration.

0 The COPRST Register is used to reset the watch dog timer. The sequence
required to accomplish this is:

i) write $55 to the CCRPST register at SB03A, foilowed by
2) write $AA to the same address.



0

Both. writes must occur in correct order prior to timeout but, any riLrber cf
instru:tions may be executed between the writes. The elapsed time between ac-
iacent software reset sequences must never be greater than the COP t:imeout
period.

B7 B6 B5 B4 B3 B2 BI BO

lBit 71Bit 61Bit 51Bit 41Bit 31Bit 21Bit 11Bit 01 $BO3A COPRSTI I---I----------I-------I-----

The HPRIO register is used to select one of the I bit related interrupt
sources to be elevated to the highest I bit masked position in the priority
resolution circuit. In addition, four miscellaneous system control bits are
inciuded in this register.

B7 B6 B5 B4 B3 B2 Bi BOI---I---I----I----I----I----I----I
IRBOOTI SMODI MDA I IRV IPSEL31PSEL2)PSEL1IPSELOI SB03C HPRIO

Bit 7 ig= Read Bootsrap R•M. The read bootstrap RCM bit only has meaning
when the SMOD bit is a logic one (special bootstrap mode or special test
mode). At all times, this bit reverts to its logic zero disabled state
and may not be written.

When set, upon reset in bootstrap mode only, the small bootstrap loader
program is enabled. When clear, by reset in the other three modes, this
ROM is disabled and accesses to this area are treated as external
accesses.

Bit 6 S3OD Special Mode. The special mode write-only bit reflects the status
of the MODB input pin at the rising edge of reset. It is set if the
MODB pin is at or above 1.8 times VDD volts during reset. Otherwise, it
is cleared or under software control from the special modes.

Bit 5 MDA Mode Select A. The mode select A bit reflects the status of the
MODA input pin at the rising edge of reset. While the SMOD bit is a
logic one (special test or special bootstrap mode in effect), the MDA
bit may be written, thus, changing the operating mode of the MCU. When
the SIMD bit is a logic zero, the MODA bit is a read-only bit and the
operating mode cannot be changed without going through a reset sequence.

The table below summarizes the relationship between the SMOD and MA
bits and the MODB and MODA input pins at the rising edge of reset.

0
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i-I- -

I Latched Rt
I Inouts I Reset

Mode Description I
I---------I I-------

I MODA I MODB 1 SMOD I WDA
------------ I ------ I ------------------------ I------- ------

1 1 I Single Chip (Mode 0) I I
1 1 I Expanded Multiplexed (Mode 1) 0 I I

i-----* -------------- --------- ------I
I * * Special Bootstrap 01 I
1 * I Special Test 1 I 1

I - -------------------------- --------
1 = logic high
0 = logic low * = 1.8
* = 1.8 times VDD(or higher)

Bit 4 IRV Internal Read Visibility. The internal read visibility bit is used
in the special modes (940D=I) to affect visibility of internal reads dn
the expension data bus. IRV is writable only if SMO34O and returns to
zero if SMOD=•. If the bit is zero, visibility of internal reads are
blocked. If the bit is one, internal reads are visible on the external
bus.

Bit 3-0 PSEL3, PSEL2, PSELl, PSELO Priority Selects 3-0. These four select
bits are used to specify one I bit related interrupt source which be-
comes the highest priority I bit related source.

ý3



0

-i I I-1 I-@IKs~mlao nu
I I S P1 II inter Sn.oure Rýateoe I

0 i 0 0 1 0 1T leIeril.low
0 0 I 10 1 1 RPulseu nlator erflow I
0 I 0 I 1 I 0 1Tal.e ur-iator rp±ie I

I 0 I 0 1 1 l SPSrialTranser ete I

I - I- I.....i... I-I •

I 0 1 I 0 I 0 1ISerialotaý

101 1 101 I 4 ed(~6u.tfx I

0 1 i 1 i0 1 Octrnal Pinor ralleLO) I
I 0 i 1 I 1 I 1 1iRealime ktarrpt

I 1 i 0 I 0 I 0 imr hi]imptre 1
1 1 1 0 1 0I 1 1 elaTimer interrutre 2

1 Ie1 0 1 1 1 0 1 ai fIid hrpirtre i
i 1 1 0 1 1 1 1 1 Timer te ieu sreare I

1 1 1 1 1 0 1 0 1 Timer ittput orui i2
I 1I 1 1 0 1 1 1 T~iff Upt 0r3T 3
1 1I 1 1 1 1 0 1ITinwQ ±utpi fre 4

* 1I 1 1 1 1 7tw .Qxput tffqrS 5

Note: Du.ring reset, PSEL3, PSEL2, PSELl and PSELO are initialized to 0:1:0:1
which corresponds to "Reserved (default to IRO)" being the highest
priority I bit related interrupt source.

Interrupts in the 68HCl1 obey a fixed hardwaere priority circuit to resolve
simultaneous requests; however, one I bit related interrupt source may be
elevated to the highest I bit priority position in the resolution circuit.
The first six interrupt sources are not masked by the I bit in the condition
code register and have the fixed priority interrupt relationship of: reset,
clock monitor fail, COP fail, illegal opcode and XIRQ. (SW3 is actually an in-
struction and has highest priority other than reset in the sense that once the
SWI opcode is fetched no other interrupt can be honored until the SW3 vector
has been fetched). Each of these sources is an input to the priority resolu-
tion circuit. The highest I bit masked priority input to the resolution cir-
cuit is assigned under software control (of the HffiIO register) to be con-
nected to any one- of the remaining I bit related interrupt sources. In order
to avoid timing races, the HIRIO register may only be written while the I bit
related intezrupts are inhibited (I bit in condition code register is a logic
one). An interrupt that is assigned to this high priority position is still
subject to masking by any associated control bits or the I bit in the condi-
tion code register. The interrupt vector address is not affected by assign-
ing a source to this higher priority position.

The INIT Register is special purpose 8-bit register is used (optionally)
during initialization to change the default locations of RAM and internal
registers in the MCU memory map. It may be written to only once within the
initial 64 E cycles after a reset and thereafter becomes a read-only register.
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8-7 6r P5 B9 4 B2 BI B22

I RAM31 RAM21 RAM1I RAMO! REG3' REC2! RFG]I RECOI S20'3D INIT

The default starting address for internal RAM is SO0OO and tne
default starting address of the 64 byte internal register space
is $100 (the INIT register is initialized to S01 by reset). The
upper four bits of the INIT register specify the starting address
for the internal 25A byte RAM and the lower four bits of INIT
specify the starting address for the 64 byte internal register
space. The four bits reflect the upper nibble of the 16-bit
address. The Max-FORTH operating system moves the registers to
$B00 at reset for all versions with Revision 2 ($9000 for Rev 0
- 1).

Since the TESTI Register at SBe3E is only available in the test
mode, it is not included in this section.

The 68HCll allows an end user to configure the MCU system to his
specific requirements through the use of hardwired options sucr
as the mode select pins, semi-permanent EEPROM control bit
specification. The CONFIG control register is implemented in
EEPROM cells and controls the presence of ROM and EEPROM in tne
memory map, as well as the COPON COP watchdog system enable. An
optional security feature is available to allow user protection
of data in 68HC!I EEPROM and RAM.

B7 B6 B5 B4 B3 B2 B] BO

S- I - I - I - INOSECINOCOPIROMONI EEONI SB03F CONFIG

Bit 7-4 Not implemented. Read as logic zero.

Bit 3 NOSW Security Mode Option. When the security mask option is
specified, this bit can be used to enable a software antitheft
mechantun. When cleared, this bit forces the MDA mode control bit to
zero so that only single-chip modes of operation can be selected. If
the bit is cleared during MCU reset in the special bootstrap mode,
EEPRCM and RAM are erased before the boot loading process continues.

Bit 2 NOP COP System OFF. When this bit is clear, the COP watchdog forced-
reset function is enabled. When this bit is set, the COP watchdog cir-

* cuit is disabled.

Bit 1 RCHM Enable On-Chip RCM Select. When this bit is clear, the PK inter-
nal ROM is disabled and that memory space becomes an externally accessed
space.

Bit 0 EEOl Enable Cr-Chip EEPRCO Select. When this bit is clear, the 532-



nyte internal EERCM is disabled and that memory space becomes an exter-
nally accessed space.

Since the CONFIG register is implemented with EEPRY, cells, special provisions
must be made to erase and program this register. The normal EEPROM control
bits in the PPROG register are used for this purpose.
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1. MOVING THE USER AREA

The USER area normally resides in memory from S006 to ý007q. It
contains 5q word locations that hold the variables describing how
Max-FORTH uses -he rest of memory and how it interfaces tr; the
outside world. When a cold reset occurs, the operating system
initializes the first 41 words with values needed to start with a
cleanly linked system.

There are several reasons why it could be advantageous to move
the USER area. One might to be to give the data stack more room
in low memory. (Ofcourse the dictionary would also have to be
completely moved out in this case, too.) Another might be to put
the USER area into battery backed RAM, so the operator could
modify one location (the UP) to recover the complete dictionary
and configuration. As an alternative, the user could create
several USER areas, and thereby have several dictionaries or con-
figurations in memory at once, switching back and forth by
manipulating a single variable.

The following example creates a second user area at SCO0O. The
easiest way to create a new USER area is to copy the reset ini-
tialized RAM area to the new location. The new copy can then be
edited to remove all references to its origin. This is done in
this example by adding an offset to the existing values in the
USER area to accomodate its new location. After the new area is
initialized, placing its address in the user area pointer (UP.
completes the transfer. Notice in this example the new user has
different stack initializtion values as well. Execution of ABORT
installs these new stack locations, and breaks the last ties with
the original configuration.

COLD

HEX
0000 Coot 100 ( Move copy of system RAM to new area
CMOVE
Ceol COlE +1 C Alter RO for return stack init
Coos Colo +! C Alter SO for data stack init
Cool COIC-+! Alter the location of the TIB
COO@ C022 +! ( Alter the location of the PAD
COOl C02C +! C Alter the dictionary pointer
COO@ C034 +1 ( Alter the vocabulary link
COOO C038 +1 ( Alter the FORTH pointer
CIII C040 +1 Alter the EDITOR vocabulary linkage
COOl C046 +1 C Alter the NSEMBLER " " ". cOeO C04A +1 C Alter the FENCE limit
Cos0 C06A +: C Alter CURRENT
Coot C06C +1 ( Alter CONTEXT

C006 04 1( Alter the UP to point to new area

ABORT ( Install RO and SO values



Although Max-FORTH does not directly support multitaskinq, muiti-
tasking is possible. The user mpy add or, a MUltitasking prýýqaramwith relative ease since vax-FORTH was written to be totally

preemptable. When Max-FOPTH was created, user variable were

reserved to specify each tasK's priority, record the task's state
and allow for a double linked list of tasks to be created.

Using these variables and interrupts, the user can create round
robin or priority multitaskers, or combinations thereof. Pos-
sibly the simplest structured multitasker is the round robin time
sliced scheme. The following example demonstrates such a system.
For simplicity's sake, only one task is open to communicate with
the terminal. (The other tasks' USER variables, KEY-BC-PTR and
EMIT-BC-PTR, could have been modified to allow them to talk to
their own terminal.)

(In order to find the value of NEXT2 in your revision of Max-
FORTH, tick the address of COLD and DUMP the following 100 hex
bytes. The address of NEXT2 is held in the two bytes immediate!iy
following the first 7E op-code in the that listing, about 90 hex
bytes down.)

.- COLD

HEX
FORGET TASK

(MAKE NEW )
( USER AREA )

FOR TASK #1 )
@fee COBB 1ee
CMOE
COS@ C0GE +!
C669 Colo +1
dIGo COIC I
59 CBlE !
C160 C022 I
C180 C92C I
CeOB C034 +1
ceOB C040-+1
CeOB C046 +1
ceOB C06A +1
CeOB C06C +!
D806 C006 1
C896 C098

(MAKE NEW
( USER AREA )
( FOR TASK #2 )
sees CseB 1l0



CMOVE
C800 C80E +!
C808 C81e +!
C900 C81C
5d C81E !
C960 C822
C980 C82C
C800 C834 +!
C8Os C840 +!
C890 C846 +!
C8e0 C86A +!
C868 C86C +!
C906 C806 !
D066 C888

(MAKE NEW
( USER AREA )
( FOR TASK #3 )
6000 DO@@ 100
CMOVE
DOOO DOOE +!
DOOO D61 +4!
D1l0 DOIC !
58 D9lE I
D160 D022
D180 D92C
DIge D034 +!
DIII D040 +!
DOOI D046 +!
DO89 D06A +!
DOOO D06C +!
C806 D006
C096 DO8!

C006 04 1
ABORT

Assumes three tasks and 8K of RAM at $Cog@
( The first task at $COO@ slowly counts up on PB )
( The second task at $C899 acts as a thermostat: reads ANO output PA6
( The third task at SDOOI runs the normal Max-FORTB outer interpreter )
( the task will also be master task, starting & handling of others )

Begin with simple task first
: TASK ;
: WAIT 1060 0 DO LOOP;
: RUN-TASK-i
0
BEGIN

1+
DUP
B004 Cl
DUP

2



COOA ! ( THIS LINE IS ONLY TO LEAVE A TRACE IN MEN )
WA IT

AGAIN

' RUN-TASK-i CFA C002 I ( SAVE CFA TO RUN IN AUTOSTART POS FOR LATER

( Switch to define the second task
C886 64
ABORT
: TASK ;

VARIABLE LO-SET-PO INT
VARIABLE HI-SET-POINT
VARIABLE HEATER-STATE
VARIABLE TEMP

: READ-A/D
0 B030 C! ( Start conversion for PEO )
BEGIN B030 C@ 86 AND UNTIL ( Wait for conversion complete I
B031 C@ TEMP

: CHK-LO?
TEMP C@ LO-SET-POINT C@ <

: HEATER-ON
1 HEATER-STATE '
FF 800!

: CHK-HI?
TEMP C@ HI-SET-POINT C@ >

: HEATER-OFF
6 HEATER-STATE !
BF BOB@ I

RUN-TASK-2
76 LO-SET-POINT
74 HI-SET-POINT !
BEGIN

READ-A/D
HEATER-STATE @ C8A I ( THIS LINE IS ONLY TO LEAVE A TRACE IN MEN )
CHK-LO?
IF

HEATER-ON
THEN

3



CHK-HI?
IF

HEATER-OFF
THEN

AGAIN

' RUN-TASK-2 CFA C802 : C SAVE CFA TO RUN IN AUTOSTART POS FOR LATER

( Switch to define the third task )
D006 04
ABORT
: TASK ;

CODE IRQRTN
86 C, 40 C, ( LDAA # $40 CLEAR THE INTERRUPT SOURCE
B7 C, B025 , ( STAA SB025 BY KNOCKING DOWN BIT TFLG2
DE C, 02 C, ( LDX IP SAVE IP ON CONTEXT'S STACK
3C C, (PSHX
DE C, 00 C, ( LDX W SAVE N ON CONTEXT'S STACK )
3C C, ( PSHX )
DE C, 04 C, ( LDX UP GET THIS TASK PTR AT $0004
AF C, 06 C, ( STS RPSAVE,X SAVE OLD CONTEXT )
EE C, 02 C, ( LDX UPLINKX FIND NEXT TASK )
DF C, 04 C, (STX UP AND SAVE FOR NXT IRQ )
AE C, 06 C, ( LDS RPSAVE,X SWITCH CONTEXT
38 C, ( PULX
DF C, 00 C, ( STX W RECOVER W CONTEXT'S STACK
38 C, ( PULX
DF C, 02 C, ( STX IP RECOVER IP CONTEXT'S STACK
3B C, ( RTI )

END-CODE

CODE-SUB CLEAR-CC-NASKS
86 C, 00 C, ( LDAA # 0 )
06 C, ( TAP
39 C, ( RTS

END-CODE

ENABLE-MULTITASKING
( INSTALL THE REAL-TIME-INTERRUPT JUMP TABLE ENTRY
7E B7E6 EECI ( JMP OP-CODE )
(' IRQRTN @ >< FF AND ] LITERAL B7E7 EEC! ( HI BYTE )

' IRQRTN @ FF AND I LITERAL B7E8 EEC! ( LO BYTE )

C CREATE CONTEXTS FOR THE OTHER TASKS ON THEIR STACKS )
( TASK I START UP CONTEXT )
FE54 COFE.! ( PROGRAM COUNTER - NEXT2
C010 @ CIFC I ( Y REGISTER = XXXX )
C002 @ COFA I X REGISTER - CFA TO RUN )
0000 COF8 ! ( B&A REGISTERS )
00 COF7 C! ( CC REGISTER )

4
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0

0000 COF5 ' ( IP
0000 COF3 ! (W)
COF2 COOC ! ( RPSAVE
( TASK 2 START UP CONTEXT )
FE54 C8FE ! ( PROGRAP COUNTER = NEXT2 )
C810 @ CBFC ! ( Y REGISTER = XXXX )
C802 P C8FA ! ( X REGISTER = CFA TO RUN )
0000 CSF8 ! ( B&A REGISTERS )
0i C8F7 C! ( CC REGISTER )
0000 C8F5 ! ( IP )
0000 C8F3 ! (W)
C8F2 C88C ! ( RPSAVE

( ENABLE THE HARDWARE TO GIVE REAL TIME IRQ'S
40 B024 C! ( RTII SET )
CLEAR-CC-HAS KS

:TASK1? BEGrN COA @ U. ?TERIINAL UNTIL
: TASK2? BEGIN C89A @ U. ?TERMINAL UNTIL ;

0
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PREPARING A P;CCRAM FCO PROM

The defining word VARIABLE works fine if your application is run
in RAM, but when the program is moved to ROM the variable space
allotted by VARIABLE becomes "frozen" in read only memory. The
value of the variables can never be altered and the program wii!
fail. An alternative to using VARIABLE is shown below.

HEX
VARIABLE RAM-POINTER ( DEFINE A PIECE OF RAM TO HOLD

A POINTER TO NEXT FREE BYTE OF RAM
HWORD ( MOVE IT TO HEADS IF SEPERATE FROM CODE)
: IS CONSTANT ; ( RENAME CONSTANT FOR EASY READING )
HWORD ( MOVE IT TO HEADS IF SEPERATE FROM CODE)

201 RAM-POINTER ! ( IN A BUFFER STARTING AT 200

: RAN ( n---addr)
RAM POINTER @ ( GET THE FREE RAM POINTER )
SWAY ( BRING THE # OF BYTES TO ALLOT UP )
RAM POINTER +! ( ADD THAT # TO POINTER IE: ALLOT RAM )

* ( RETURN ADDRESS OF ALLOTTED RAM

Examples of how to use RAM:

2 RAN IS VARIABLE1
2 RAM IS VARIABLE2
4 RAM IS DVARIABLE
9 RAM IS SHOW-TABLE
2 RAN IS PARAMETER1
2 RAM IS PARAMETER2
2 RAM IS PARAMETER3
2 RAM IS PARAMETER4
9 RAN IS SHOW-END

VARIABLE1 @ VARIABLE2 @ + PARAMETERI !
DVARIABLE @ DVARIABLE 2+ @ VARIABLE1 @ U/
PARAMETER3 I PARAMETER 4 !

: INITI SHBO-TABLE SHOW-END OVER - ERASE ; ( CLEARS PARAKETER1-4)

oI
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? (uestion mark) is the standard e, rr message in K-F71.. An error exists wW Mx-F M. resxocis
witt a ? prefixed with one of tre following:

- the orst recently entered word vitich is not part of the !ax-FOTH dictionary
or

- the most recently entered number thic-h is not valid under the current BASE.

Example: Enter WTNR . WPMNG -s not a part of the Max-FMTH dictionary, therefore, Max-FT74 w-il
respond with WRCt& ? .

Enter HEX . x-FCITM -1- respond with CK,. Y 1CH . Max-FO9tH will respond with H ?
since 10H is not a val:= hexadecimal numr.

ta-FC'fM has a standard routine for -andling errors depending on the value of the user variable WARNING
Wich is not naied in the dictionary:

WAMM value FMx-FOM action
l-es th 7 u-xecF3-es tUW -oro 7M

0 print.-an er ror message nuiter n
greater than 0 assumes -:a a disk (RAs•k1) is in use

EO• MSAGE FDCLrTIo

14hen 1ex-FCRTH detects an error codx --ion, it may respond with an error message which corresponds to an
error message number slkw in the Tat-e below. 1lx-F0WOh' clears the stacks and executes QJIT as its last
actions 4=en an error is processed, axcept for the message, NOT WNIQOE , wtich has no effect on sraci
allowing lx-4ORTh to cotinue exeut. rnoamally.

Njmber sesage Dfi- :tion Recovery Ation

0 Echoed word wais the miost recently Check the wocrd' s rawe for spelling
interpeted. The word is not in the error or define the n =wn ord .
dictionay or :s not a valid number. Check if the nrber is valid

under the cu.rrent. BASE or change BASE

1 STACK EFrY Parameter stack, is empy. Put more numbers into the stack or
quit pulling out number fra= the
empty stack.

2 DICIONARY Dictionary space is used . Increase dictionary space by moving
FLU FP ;RE is than SAO FPIM or by FUIrng disposaole word

entries.

3 - Not assigned-

4 NOT UNIQIE The <rne> of zie word just defined Max---Th uses the latert definition
. already exist .n the dictionary. of (<nne). Fsrinder: previous

definition is still in the systen and
is accessible by FOaTing the recent
_nae>.

5-6 N- ot assigned

7 FILL STAM The parameter stack is full. COP or output saxe stack item.
The maxi=nu sack entry is 39.

6.16 - Not assigned.

17 CDO•.ILATON The word just interpreted must be used Do not use the word for interpreting.
0MLY inside of a definition.

18 Z UTION The word just interreted must be used 1b not use the word in defining.
outside or a definition.

19 M MITONA.S OSitted wods or inorrect nestirg of Correct or add the conditional ir.
NOr PAIRED cditionuls

20 MINrMON Definition is not finished or Finish the definiton or ad delimiter.
NoT FINIM ) delimiter is rwsing.



21 M4 PC.-- The %ord in question is below the FENCE Wiit tryirn to FU.WT a protecte wo
DICTIMOMY or move FENCE.

2 USE OILY WHEN Incorrect use of the xrd -- > . Wse -) only %&ten loadins.

23 NO NAME Attanpt to create definition with tUe appropriate name.
0 1etUh nne.
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0
Getting Started

The "100 Squared"Tm, when purchased in development configuration,
is complete and ready to run. To operate the system, plug in the
wall transformer and connect a terminal to the serial RS-232
DB25F connector. Most terminals should plug in directly, with a
straight through cable (ie: pin 1 to pin 1, 2 to 2, 3 to 3,
etc.). The"100 Squared"TM uses only lines 2 and 3 for serial in
and serial out respectively, and pins 1 and 7 for ground. Many
terminals require additional handshaking signals to work, so pins
4 and 5 are hooked together on the DB25F connector, as are pins 6
and 20. In this way the terminals that require the additional
handshake signal have their own " clear to send" / "ready to
send" and "data terminal ready" / "data set ready" signals
wrapped back around, indicating "always ready".

In order to talk to the "100 Squared"TM the terminal must have
the correct bit settings. The baud rate should be set at 9600
baud for 2 Mhz systems (8 Mhz crystal), 4800 for 1 Mhz systems (4
Mhz crystal). The "100 Squared"TM sends and receives a bit
protocol of one start bit, eight data bits and one stop bits.

---- - ---------.----,------.------,------.------.-----,

---- --------------------------------- --
Isl0111213141Sl617lSl

When the terminal is set correctly, every time you depress and
release the red reset button the "100 Squared"TM should respond
with:

Max-FORTH Vx.x

Seeing that message means the terminal, can see the "100
Squared"TM. Press "return" on your terminal several times. If
the "100 Squared"TM responds with "OK" each time, communications
are established.

Now you will want to see the system do something. Type WORDS
followed by a return. This will cause the system to list its en-
tire vocabulary, some 200+ words. The listing can be stopped at
any time by pressing a key, like the space bar.

When the F68HCll powers up, it assumes nothing else on the board
is working, so it defaults to its own internal RAM. As a result
there is a limited terminal input buffer area (16 characters) and
dictionary space. The "100 Squared"TM provides external memory
expansion. You now need to tell the system to move its terminal
input buffer and dictionary to external menory. If the RAM is
installed at 0100-1FFF (factory default for single 8K RAM) the
following will accomplish that.
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HEX
100 TIB
50 TIB 2+
200 DP !

Now try a simple program to exercise some of these words. Enter:

: TYPE-LETTERS 5B 41 DO I EMIT LOOP
TYPE-LETTERS

to which the machine will respond:

: TYPE-LETTERS 5B 41 DO I EMIT LOOP ; OK
TYPE-LETTERS ABCDEFGHIJKLMNOPQRSTUVWXYZOK

Now have a look at memory with the DUMP command. Type:

0000 80 DUMP

and examine the results (remember we put the machine in HEX).
Try another WORDS and observe the first word displayed. It has
become the word TYPE-LETTERS entered above.

Your "100 Squared"TM is now running and communicating as it
should. its time to begin your design project by learning more
about how to use the "100 Squared"TM.

The "100 Squared"TM, when purchased in the generic target con-
figuration, is a minimum, 5 Volt only, configuration. The
F68HCll, Xtal, reset circuit, various HC "glue" components and
three 28 pin JEDEC sockets. Typically, a program developed in
the "development configured" board will be installed in the
"generic target configured" board for production of a dedicated
application. The user must install the appropriate jumpers,
which are not provided in the target configuration.

All configurations of the F68HCll based "100 Squared"TM boards
use the same base PC board. This includes the NMIX-0021, the
NMIX-0022, the NMIT-0021 and the NMIT-0022. Configuration dif-
ferences refer to the extent to which the board is filled with
components.
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PARALLEL PORTS

The F68HC1I has five parallel ports, Port A, B, C, D and E. Al-
though some port lines have special multiplexed functions, they
can all be used as inputs or as outputs according to their in-
dividual designs. Some of the port lines have direction
registers allowing them to be used as either inputs or outputs.
Two ports of the F86HClI are sacrificed to create an 64K address
and data bus. The 68HC24 simulates the replacement of those
ports. Three ports of the F68HC<1 and two replacement ports of
the 68HC24 are brought out to connector J2. Power and ground are
also available on J2.

"100 SQUARED"TM DOCUMENTATION
INPUT/OUTPUT JACKS J2

TOP VIEW
FRONT (EDGE) OF CARD v

- X PA7 o o PA6 0
0 PA5 o o PA4 0
0 PA3 o o PA2 I
I PAl o o PAO I

20 pin header +5 o o +5
group GND o o GND

O PB7 o o PB6 0
O PB5 o PB4 0
0 PB3 o o PB2 0

- 0 PB1 o o PS0 0
+5 o o +5

GND o o GND
- X PC7 o o PC6 X

X PC5 o o PC4 X
X PC3 o o PC2 X
X PCI o o PCO X

+5 o o +5

GND o o GND
0 PD7 o o PD6 I
X PD5 o o P04 X

34 pin header X PD3 o o PD2 X
group X POlo o PDO X

+5 o o +5

GND o o GND
I PE7 o o PE6 I
I PE5 o o PE4 I
I PE3 o o PE2 I
I PEl o o PEO I

- +5 o o +5
GND o o GND

I=INPUT 0-OUTPUT X=EITHER

F68HCll "100 SQUARED"TM MIX-0022 REV 1.0 & 2.x BOARDS 11/13/87
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The lines can be used as individual inputs or outputs or in com-
bination. There are very few applications, however, where pins
are switched dynamically, sometimes used as inputs, sometimes as
outputs.

The simplest form of input device is a switch to ground, to
create a low level when the switch is closed, with a pullup to
give a high level when the switch is open. This switch can be
breaker points, reed switch, the contacts of a relay, micros-
witch, etc. To try an example of this type input, hook up a
simple push button switch to Port A Line 0 (PAO) with a 10K ohm
pull up resistor to +5.

00
0 0
0 0

GNO
0 0
0 0
0 00
0 0

The following program will show the current state of the switch.
Enter LOOK after pushing reset. (Reset sets the ports to all
"ones".)

BOO0 CONSTANT PA
: SWITCH PA C@ 1 AND ;
: CHECK-STATE IF ." OPEN" ELSE ." CLOSED" THEN CR ;
: LOOK SWITCH BEGIN SWITCH 2DUP = IF DROP ELSE SWAP 0=

CHBCK-STATE THEN ?TERMINAL UNTIL
LOOK

Whenever the switch changes state, open or closed, the computer
follows-with a written report.

Other possible input devices are shown here.
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RELAY TRANSISTOR PHOTO TRANSISTOR

TTL LOGIC COMPARATOR OPTO ISOLATOR

Note that due to the 10K pull up on the port, the "switch" must
sink .5 ma to ground with no more voltage rise than an HC low
level (2/10ths of Vcc) at the pin. (A voltage of 7/10 Vcc will
always be recognised as a logical one.) Voltages applied above
Vdd or below 0 Volts can damage the computer.

The outputs.of the F68HC11 and 68HC24 can sink 1.6 ma to ground
while letting the pin go no higher than 0.4 Volts for a "zero"
and source about .8 ma at 4.5 Volts for a "one". In terms of
control, this is a very small signal. Most relays require over
50 times more current to operate. LED's typically take 5 ma to
be visible. HC levels are such that the output is sufficient to
drive the input on one pin of one TTL device or about a dozen of
the lower power LSTTL inputs. The output is sufficient to drive
VMOS FET's and Darlingtons with an external pull up which can in
turn control several amps of current. Usually, however, a buffer
will be needed to do serious non-HC interfacing.

LEO RELAY TRANSISTOR OPTO ISOLATOR
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To test the output capabilities, wire one of the two circuits
shown here or use an oscilloscope or logic probe.

+.5

44."

-1 7405 1.

7'406

ANY NPN

When the output is a "I" the LED will be on. When the output is
a "0" the LED will be off. The following program will exercise
the outputs of the 68HC24.

RUN-UP FF B007 C! 0 BEGIN 1+ DUP B003 ! ?TERMINAL UTNIiL ;

Notice that the low lines of Port B are changing so fast the LED
appears to be on continuously at low brightness. Higher numbered
Port B lines and Port C lines toggle at slower rates. Each bit
position toggles at 1/2 the speed of the next lower bit.
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SERIAL I/O

The F68HC1l has a full duplex hardware serial channel that
operates at HC levels. To use this serial channel with most
standard communications interfaces, level converters are needed.
Drivers for RS-232C and IEEE 422/485 drivers are on the boards.
(It should be noted that only one combination of RS-232 driver,
RS-422 drivers or RS-485 driver should be used at one time to
avoid contention of their receiver outputs.)

A zero by RS-232C specification is any voltage from +3 to +15
Volts, a one is between -3 and -15 Volts. To convert the HC sig-
nals to the voltage ranges of that interface standard, the "100
Squared"TM Rev. 1.0 uses a single 16 pin device, the MC145406.

The circuit is shown here.
+.5

SPARE IN. •- SPARE IN

SPARE OUT U 10 --- "SPARE OUT

SPAiRE IIN 14 < SPARl 1N

SPARE OUT 14L 5 48 6 SPARE OUT

P01 S1

PL. -, SBO

TO 4e22/85

The 145406 is ideally suited for this use. It not only provides
an RS-232 receiver and transmitter pair for the F68HCll proces-
sor, but also two spare RS-232 receiver and transmitter pairs
which can be used with port lines for handshaking or software
driven UARTS, etc..

The RS-422 standard represents a relatively new interface now
coming into popularity, and with good reason. Unlike the RS-232
requirements which specify a single wire voltage transmission
referenced to ground, the RS-422 standard uses a voltage dif-
ferential on a pair of conductors. While the RS-232 at full
volatge drive levels in electrically noisy environments is barely
reliable at distances to 1000 feet, RS-422 signals are considered
reliable at distances up to 4000 feet. The 422 drivers operate,
requiring only a single sided 5 Volt supply, over twisted pairs
of wires. A full duplex connection for RS-422 requires two
twisted pairs, one for transmit, one for recieve.

The RS-485 interface uses the same specifications for its trans-
mitters and receivers. It, however, allows a single twisted pair
to be used for incoming and outgoing messages. This is ac-
complished by having both a transmitter (with 3 state abiltity)
and a reciever tied in parallel to the same twisted pair. Mul-
tiple drop point communications are possible under this scheme
(up to 64 pairs by specification). Of course, in application the
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transmitter turns on and takes control of the lines only under
software control. The actual implemnentation of this control
will be determined by the oarticular protocol being used in the
communication network. Usually one master sends an addresses
message to one of multiple slaves and then turns off its master
transmitter. The addressed slave, recognizing its address will
turn on its transmitter and respond with the requested data.

These two interfaces are accomodated on the "100 Squared"TM by
the addition of two 8 pin 75176's, which each contain a
transmitter/receiver oair. whether the transmitter of the pair
is active, or not, is controlled by a signal on one of its pins.

one of the 75176's (Ull) has its receiver always enabled. It is
used exclusively as the RS-422 receiver. The other 75176 (U12)
can be used as the RS-422 transmitter if jumper C on the "100
Squared"TM is grounded (ie: in 422 position), or it cat. be used
as the receiver and transmitter for the RS-485 interface as con-
trolled by PA3 (ie: in 485 position). In this case if PA3 is
high, the 75176's transmitter is not active. If PA3 is low its
transmitter is active.

The RS-422/485 interface circuit is shown below.

0

PDO
PA3- u 6
P 0 1 N 2 75176: 5

IL+422 RCV/485 XCV
-422 RCV/485 XCV
-422 XMT

" 4 75176 5
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POWER SUPPLY

The power supply circuit on the "100 Squared"TM is designed to
allow the board to operate from a simple AC wall transformer. It
has three major sub circuits - rectification, regulation and DC
to DC conversion. Rev 2.x added battery backup capabilities to
the 28 pin JEDEC sockets and the F68HCll internal RAM, and an im-
proved power-up power-down reset circuit.

+C3

2 4

3

L TT T 6: -oG

The bridge rectifier converts the AC to DC. The 7805 regulates
this rectified incoming voltage to a constant 5 Volts.

The most unusual feature of the power supply is the use of the DC
to DC converter, the ICL 7660. On NMIx-002x boards the 7660 is
fed from the 5 Volt rail. The two voltages are used to power the
RS-232 converter circuit. This means the maximum output from the
RS-232 converter would be + and - 5 Volts.

The upper limit of +V is set by the ability of the 7805 to dis-
sipate heat. If a heat sink is added to the 7805, voltages in
excess of 20 Volts are possible. Driving the 7805 to hard,
howeverr will cause it to enter thermal overload and "shut down"
its output.

The typical current required by the "100 Squared"TM with 8K CMOS
RAM and the Max-FORTH ROM at 2 Mhz from 9 VAC is 20 ma.

The power terminal, J3, can be used as an alternate power source
instead of the AC supply. The 5 Volts applied at the terminal is
also applied to the 7660. The 5 Volt +/- rails are usually suf-
ficient to generate more than the +/- 3 Volts needed to meet the
RS-232 specification. Some terminals, however, may not fully
meet those requirements.
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0

BATTERY BACK UP AND RESET
(Rev 2.x only)

The battery backup capability added to the Rev 2.x boards to al-
low data retention in otherwise volitale CMOS RAMs and the
processors own internal RAM through main board power downs. A,
third terminal has been added to the power connector, J3, marked
VBB for Voltage Battery Backup.

The VBB terminal on J3 is connected to the VBB supply rail on the
board by diode, D0. The VBB supply rail supplied the three 28
pin JEDEC sockets, the 8054HN low voltage indicator in the reset
circuit, the 74HC00 gate and the 74HC138 decoder. If no power is
applied to the VBB terminal, the VBB rail is supplied through the
intrinsic diode of P channel FET, Q1, to within a diode drop of
the suppling 5 volt rail (-4.4 Volts). When the 8054HN low volt-
age indicator releases the reset line, Q1 is turned on and the
VBB comes almost completely up to the 5 volt rail (-4.95 Volts).
(This may cause some problem with the Dallas Semiconductor DS1223
battery sockets, as they "write protect" their RAMs at 4.75
Volts. Running an elevated 5 Volt supply may be necessary to ac-
comodate these parts. The purpose of this new feature is,
however, to do away with the need for those devices in final sys-

* tem configurations.)

When the 8054HN low voltage indicator holds the reset line low
(when VBB is below 3.8-4.2 Volts), Q1 is turned off and the
address decoder is disabled through the same input that is used
by MEMDIS. This "access" protects the memories during the power
down cycle.

To meet the full letter of the specifications of the parts in-
volved the correct backup voltage on the VBB pin is critical.
This supply must be low enough to ensure that after the diode
drop of Dl, the VBB rail cause the 8054HN to issue a reset (-4.0
Volts), otherwise Q1 will remain on and the whole system will be
powered by VBB. It must also be high enough to ensure that after
the diode drop of Dl, the VBB rail will meet the processors
required backup volatge (listed as 4.0 Volts). Therefore, the
ideal voltage for the VBB supply is 4.3-4.5 Volts. It should be
pointed out however that the Motorola specification appears to be
overly conservative. By empirical test, VBB supplies below 3
Volts appear to be quite adequate. Most CMOS RAMs will retain
data down to 2.2 Volts. Accounting for the diode drop under such
low currents, the VBB supply may work as low as 2.5 Volts.

The proccess battery backup supply enters the chip via the MODB
pin. Jumper block D controls the setting of MOOB, either to
ground or to VBB. For backup of the processor's RAM to be
successful jumpers D and E must be in the Single Chip or Expanded
Multiplexed settings. When the VBB supply is used on the proces-
sor, it will retain its User Area through power down ano remember
its linkages to the external FORTH dictionary.
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ADDRESS DECODING

The chip selects of the three JEDEC sockets are generated by a
74HC138. When jumpers A and B are in the 8K position, address
lines A15 to A13 are brought to this part. This means that each
of the eight generated chip selects represent a single 8K byte
segment out of the 64K byte memory map.

When jumpers A and B are in the 16K position, address lines AIS
and A14 are brought to this part. The A13 is held high. This
means that the upper four generated chip selects represent a
single 16K byte segment out of the 64K byte memory map.

When jumpers A and B are in the 32K position, address lines A15
alone controls the part. The A14 and A13 are held high. This
means that each of the two upper chip selects represent a 32K
byte segments out of the 64K byte menory map.

Two other signals control the decoder - Address Strobe (AS) and
On Board Memory Disable (MEMDIS). The Address Strobe (AS) signal
must be active low before any chip selects are enabled. This is
the processor's signal indicating the address on the bus is valid
for the off-chip memory. The On Board Memory Disable (MEMDIS)
signal allows an offboard open collector source to disable the on

0 board decoder, so offboard components can usurp a menory segment
from on board memory, even if the entire 64K is filled with RAM
on the main board.

74HC138
A13 A +5V +----u ---- +

o o o -- IA VccI-+5V -------- +

A14 B +5V
o 0 0-- B 00 -00--- o o -+-U2 CHIP SELECTI I

REV 2.x A15- C Ol -O1--- 0 0 -+
v I

0 E-&E 02 -02--- o 0 -o

+ "- E 03 -03--- o o-*
RESET I
E ME4DIS- E 04 -04--- 00 -+

+---07- 07 05 -05--- o o -+-U3 CHIP SELECT

GND-IGND 06 -06--- o o -+

+------------- - -- * --- U4 CHIP SELECT

* Rev 1.0 boards do not have a jumper block in this postion - U4
Chip Select is hard wired to the socket. On 2.x boards this
jumper block is installed - the junpered connection of the high
order chip select to U4 is user selectable.
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TROUBLESHOOT I NG

As always the first thing to do when troubleshooting is to check
the power and ground connections. An oscilliscope should be used
to check signals. The heat sink of the 7805 is a convenient
place to hook a ground clip. If +5 Volts is present at J3 and
the board is not operational, the next item to check is the os-
cillator. Putting the scope on EXTAL (Pin 7) should show a 8 Mhz
sine wave (4 Mhz F68HCll parts running 4 Mhz XTAL's) running from
about .5 Volt lows to 4.5 Volt peaks. XTAL (F68HClI Pin 8)
should have an identical signal, but of a much smaller amplitude.
If the sine waves are not present and there is 5V present at the
power pin Vcc (Pins 26), and ground at Vss (Pin 52), then either
the F68HCll or the crystal are bad and require replacement.
There is one exception. If the processor has executed a STOP in-
struction, the oscillator will stop. When the oscillator is
functioning correctly a 2 Mhz (I Mhz) clean running square wave
should be present at the E output (Pin 5). The E signal drives
the timing for all external menory transfers. This signal should
transition nearly rail to rail, a 0.4V low and a 4.6V high are
normal. Less amplitude can indicate a board short or an exces-
sive load on the line external to the F68HCll.

The serial channel should send a sign on message if no autostart
ROM interferes. If not, the reset circuit could be bad, the
serial converter could have failed, or the F68HCll could be
defective. With the reset button depressed the RES pin (Pin 17)
should be at ground. When release, the pin should rise to 5
Volts in about a quarter second. If the reset pin is working and
still no message is seen on the terminal, check PDl, the serial
output line (Pin 33). When reset is exercised, this line should
go from normally high through a multitude of toggles back to-a
high state. The periods of the toggle transitions are multiples
of approximately 100 microseconds. If this signal is not
present, and there are no user ROMs in the board, the F68HCll is
suspect. If the signal is present, check pin 3 of the DB25F con-
nector. It should normally be at -V (-5 Volts nominally) and
should toggle to +V (+5 Volts nominally) at the same rate as the
serial output line. If this is happening and no message is seen,
the RS-232 wiring or the terminal is suspect. Check to see if Jl
is connected to the DB25F RS-232 connector as follows:

DB25F Signal Name

1 Case ground
2 Serial in (to "100 Squared"TM)
3 Serial out (from "100 Squared"TM)
7 Electrical ground

Check the voltages on pins 2 and 3. If pin 3 is very negative and
pin 2 is floating, both systems are trying to talk on the same
line. Pins 2 and 3 need to be swapped. Usually this is done
with a "null modem" inserted where the two systems connect.
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If the -V/+V signal was not found at pin 3, the RS-232 converter
is not working. Check pin 1 of the 145406 for +V and oin 8 of
the 145406 for -V. If -V is not present at the -V pin, the 7660
has failed. Pin 7 of the 145406, the output, should look the
same as pin 3 of Jil.

Check pin 2 of J1 which is the serial into the board from the
terminal. It should normally be at a negative voltage between -3
and -15 Volts. When a key is pressed on the terminal it should
pulse to positive voltages between +3 and +15 Volts. If it
doesn't, the terminal or the RS-232 wiring are suspect. The same
signals at inverted TTL levels, should also be at PDO, which is
the serial input line of the processor (Pin 34).

The most common error in trying to use the "100 Squared"TM is
mismatched baud rates or bit settings. Verify that the terminal
is set for 9600 baud with one start bit, eigth data bits and one
stop bits, with no parity generated. (Review this discussion in
the Getting Started section.)

1

0
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0
MEINORY MAP

K# HEX

64 SFFFF --
63 RUN TIME
62 KERNEL
61
60 NON RUN TIME Max-FORTH ROM
59 CODES
58
57 HEADS
56 $EOOO _

$DFFF

SB800
SB600 EEPROM

$BOOO ========== REGISTERS

5
4 $1000 $0B _AT_$103B
3 $C0O - -
2 S0800
1 S0400
0 $0000 +ON=CHIP=RAM=+
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"100 SQUARED"TM DOCUMENTATION
MISCELLANEOUS JUMPERS

SOURCE DESTINATION NORMALLY

A
A13-A ADDRESS LINE 13 ADDRESS DECODER INPUT
A-5 +5 VOLT RAIL

B
A13-A ADDRESS LINE 13 ADDRESS DECODER INPUT
A-5 +5 VOLT RAIL

C
00-U2 DECODER OUTPUT 0 U2 JEDEC SOCKET
O1-U2 DECODER OUTPUT 1 U2 JEDEC SOCKET
02-U2 DECODER OUTPUT 2 U2 JEDBC SOCKET
03-U2 DECODER OUTPUT 3 U2 JEDEC SOCKET
04-U2 DECODER OUTPUT 4 U2 JEDEC SOCKET
05-U3 DECODER OUTPUT 5 U3 JEDEC SOCKET
06-U3 DECODER OUTPUT 6 U3 JEDEC SOCKET
07-44 DECODER OUTPUT 7 U4 JEDEC SOCKET *

D
GND-D GROUND MODB PIN OPEN
D-5 MODB PIN +5 VOLT RAIL CLOSED

E
GND-E GROUND MODA PIN OPEN
E-5 MODA PIN +5 VOLT RAIL CLOSED

F
XIRQ-B NMI INT FROM J4 OPEN
B-IRQ INT FROM J4 PA3 EDGE SENSITIVE LINE OPEN

G
485-C PA3 U12 PINS 2 & 3
C-422 U12 PINS 2 & 3 GROUND

I
U2 U2 PIN 27 R/W LINE U2 PIN 28 SUPPLY OPEN**

J
U3 U3 PIN 27 R/W LINE U3 PIN 28 SUPPLY OPEN**

K
U4 U4 PIN 27 R/W LINE U4 PIN 28 SUPPLY OPEN**

• Rev 1.0 is hard wired to U4, Rev 2.x is jumper selectable

** Rev 2.x has option of pullups on R/W lines to write protect
RAMs in socket. To use install 100K pullup resistor & remove
jumper from 28 pin JEDEC selection socket for pin 27.
If battery backup is in use, RAM will then emulate ROM.
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"100 SQUARED"TM. DOCUMENTATION
GENERAL PURPOSE SOCKET

Jumper Assignments for JEDEC 28 Pin Sockets

JUMPER 1 o o 28 +5 o

h12 2 27 JUMPER I o1

A7 3 o o 26 JUMPER

A6 4 o o 25 A8

A5 5 o o 24 A9

A4 6 o o 23 All

A3 7 o o 22 OE

A2 8 o o 21 A10

Al 9 o o 20 CHIP SELECT

AO i0 o o 19 D7

DO 11 o o 18 D6

Dl 12 o o 17 D5

D2 13 o o 16 D4

GND 14 o o 15 D3

PIN 1 PIN 26 PIN 27
0--O 0-0 0---0

0 0 0 0 0 0

A14 +5 +5 A13 A14 RR/W

* Rev 2.x has option of pullups on R/W lines to write protect
RAMs in socket. To use, install 100K pullup resistor & remove
jumper for pin 27. If battery back up is in use, RAM will then
emulate ROIM.
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"100 SQUARED"TM. DOCUMENTATION

GENERAL PURPOSE SOCKET - U6, U7, U8

Jtumper Settings for Standard JEDEC 24/28 Pin Devices

ALL 8K X 8 DEVICES
2764
2864
6264

PIN 1 PIN 26 PIN 27
.---.----- ,------,------,------,--_x I x l Ixx
A14 +5V +5V A13 A14 RR/W

16K X 8 EPROM
27128

PIN 1 PIN 26 PIN 27
-------,----,-----.--------_______• I txI Ix1 ix
A14 +5V +5V A13 A14 RR/W

32K X 8 EPROM
27256

PIN 1 PIN 26 PIN 27

X X IX4
Ai4 +5V +5V A13 A14 RR/W

32K X 8 RAM
62256

PIN 1 PIN 26 PIN 27
.--------- ,-----.------.---- -- +__x ix x .
txi I x xl
A14 +5V +5V A13 A14 RR/W

Rev 2.x has option of pullups on R/W lines to write protect
RAMs in socket. To use, install 100K pullup resistor & remove
jumper for pin 27. If battery backup is in use, RAM will then
emulate ROM.
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"100 SQUARED"TM DOCUMENTrTION
GENERAL PURPOSE SOCKET - U6, U7, U8

Jumper Settings for Various Addressing Schemes

3 8K DEVICES

A13 A +5V
+------------

I xxxx o0
----------- --- 8K POSITION
I xxxx 0 1

+------------+

A14 B +5V

C
---------+ 0000

0000-IFFF 00 XXXX -+-U2 CHIP SELECT --
IFFF

2000-3FFF 01 o o -

4000-5FFF 02 o o

6000-7FFF 03 o o -+

8000-9FFF 04 o o -

C000
AOOO-BFFF 05 o o -+-U3 CHIP SELECT ----

I DFFF
COOO-DFFF 06 XXXX -+

__________EOOO

EOOO-FFFF 07 *_* --- U4 CHIP SELECT
+ ------- + FFFF

* Rev 1.0 is hard wired to U4, Rev 2.x is jumper selectable

18
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3 16K DEVICES

A13 A +5V

o xxxx I
--- 16K POSITION

)xxxx oI

A14 B +5V

C
+---------+

00 o o -+
o 0000

0000-3FFF 01 XXXX -+-U2 CHIP SELECT --
3FFF

02 o o -+

4000-7FFF 03 o o

04 o o -+8I ______ 8000 **
8000-BFFF 05 XXXX -+-U3 CHIP SELECT

I BFFF
06 o o -+ C000

COO-FFFF 07 *--* --- U4 CHIP SELECT ----
.--------- FFFF

* Rev 1.0 is hard wired to U4, Rev 2.x is jumper selectable
** See appnote on PRU overmapping cautions

0
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2 32K DMTICES

A13 A +5V
+-------------+

I o =00I
----------- + 32K POSITION

I o = Ix
+-------------+

A14 B +5V

C

00 o o -+

01 o o -+

02 o o -+

ooo0000
0000-7FFF 03 XXXX -+-U2 CHIP SELECT

7FFF
04 o o -+

05 O o -*-U3 CHIP SELECT

06 o o -0
__________8000 **

8000-FFFF 07 *--* I---U4 CHIP SELECT ---
+---------+ FFFF

* Rev 1.0 is hard wired to U4, Rev 2.x is jumper selectable
** See appnote on PRU overmapping cautions

0
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"100 SQUARED"TM DOCUYEbtATIOlN
SERIAL INPUT/OUTPUT JACKS J!

TOP VI EY
NUMBERED LEFT TO RIGHT

1 2 3 4 5 6 7 8 9 10 11 12 13 14
-----------------------------------
0 0 o 0 0 0 a o o o o 0

DB25F Jl Signal Name
--- - ----------------------

. Spare RS-232 in
2 Spare RS-232 out
3 Spare RS-232 in
4 Spare RS-232 out

1 5 Case ground
2 6 Serial into "100 Squared"TM
3 7 Serial out of "100 Squared"TM
7 8 Electrical ground

9 Reset line in or out
10 Electrical ground
Ii RS-422 Receive + Differential input or 485 xcv
12 RS-422 Receive - Differential input or 485 xcv
13 RS-422 Receive + Differential output
14 RS-422 Receive - Differential output

21



"100 SQUARED"Tm. DOtUmENýATION
INPUT,'OUTPUTT JACKS J2

TOP VIEW
FRONT (EDGE) GO CARD v

- X PA7 o o PA6 0
0 PAS 0 0 PA4 0
0 PA3 o o PA2 I
I PAl o o PAO I20 pin header +5 o o +5

group GNDMo o G
O PB7 o o PB6 0
O PB5 0 0 PB4 0
O PB3 o o PB2 0

- 0 PB1 o o PBO 0
+5 o o +5

GND o o GND
- X PC7 0 0 PC6 X

X PC5 0 0 PC4 X
X PC3 o o PC2 X
X •CI 0 0 PCO X

+5 o o +5
GND o o GND

[0 PD7 o o PD6 I
X PD5 o o PD4 X

34 pin header X PD3 o 0 PD2 X
group X PDI o o PDO X

+5 0 0 +5
GND o o GmD

I PE7 0 0 PE6 I
I PES 0 0 PE4 I
I PE3 0o PE2 I
I PEI o 0 PE0 I- +5 0 0 +5

GND o o GND

I=INPUT O=OUTPUT X=EITHER

F68HCll "100 SQUARED"TM NMIX-0021/2/3 REV 1.0 & 2.x 11/13/87

0



0
"100 SQUARED"Ti DOCUMENTATION

EXPA•NSION JACK J4

MEMDIS o o N.C.
E o o RST
A15 o o INT
A14 o o +5
A12 o o R/W
A7 0 0 A13
A6 o o A8
A5 0 0 A9
A4 o o All
A3 o o OE
A2 o o A10
Al o o AS
AO o o D7
DO o o D6
D1 o o D5
D2 0 0 D4
GND o o D3

The J4 expansion connector was designed to follow the JEDEC
standard for byte sized memory parts in the 8, 16 and 32K Byte
varieties. The J4 connector on these boards are made to most
closely match the more recently available 32K JEDEC parts.

2
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0
NEW MICROS, INC.

NMIX-0021/2 F68HCll "100 SQUARMD"TM PARTS LIST REV 1.0 & 2.x

PART# GENERIC DESCRIPTION
---------------------------------- -----------------------------------
Ul 52 PIN SOCKET

F68HCll FORTH CPU
U2 28 PIN SOCKET

2064 8K x 8 RAM
U3 28 PIN SOCKET
U4 28 PIN SOCKET

2064/20256 OPTIONAL MEMORIES U4,5
U5 44 PIN SOCKET

F68HC24 PRU PRT RPLCMNT UNT (NMIX-0022 ONLY)
U6 8 PIN SOCKET

7660 DC/DC CONVERTER
U7 14 PIN SOCKET

74HC00 NAND GATE
U8 16 PIN SOCKET

74HC138 ADDRESS DECODING PROM
U9 20 PIN SOCKET

74HC373 8 BIT LATCH
Ul0 16 PIN SOCKET

145406 RS-232 CONVERTOR
U11,12 8 PIN SOCKETS

75176 RS-422/485 DRIVERS
Y1 8 MHZ XTAL
J3 SCREW TERMINAL 2 PIN .194" CONN (Rev 1.0 only)
J3 SCREW TERMINAL 3 PIN .194" CONN (Rev 2.x only)
J4 34 PIN VSC HEADER .1" DUAL INLINE
RO 10K 1/8 WATT RESISTOR (Rev 2.x only)
R1 iMeg 1/8 WATT RESISTOR
R2-5 10K 1/8 WATT RESISTOR
R6 10K 1/8 WATT RESISTOR (Rev 1.0 only)
C1,2 220uf 16V ELECTROLYTIC CAP
C3,4 lOuf 16V ELECTROLYTIC CAP
C5 lOuf 16V ELECTROLYTIC CAP (Rev 1.0 only)
C6,7 20 pf CERAMIC DISC
C8-14 .luf MONOLYTHIC BYPASS
C15 .luf MONOLYTHIC BYPASS (Rev 2.x only)
LVII 8054HN POWER ON RESET MONITOR (Rev 2.x)
01 VP0300L P CHANNEL FET (Rev 2.x only)
D1 1N4148 OR IN914 SIGNAL DIODE
CR1 VM08 BRIDGE RECTIFIER
VRI 7805 5V REGULATOR
PCB 100 SQUARED NMIX-0021/2/3 PCB REV 1.0 or 2.x

JUMPER PINS BERG STYLE .1" CENTER JUMPERS
JUMPER SHUNTS BERG STYLE . 1" CENTER SHUNTS

Si MOMENTARY PUS, RESET SWITCH
9V WALL PLUG A.C. POWER TRANSFORMER
CASE ALUMINUM EXTRUDED METAL CASE
FRON" PANEL ALUMINUM MOUNTING FACE PLATE
BACK PANEL STEEL BLACK END PLATE

24



NEW MICROS, INC.
NMIT-0021/2 F68HC11 "GENERIC TARGET COMPUTER"TM PARTS LIST

REV 1.0 & 2.x

PART* GENERIC DESCRIPTION

Ul 52 PIN SOCKET
F68HCll FORTH CPU

U2 28 PIN SOCKET
U3 28 PIN SOCKET
U4 28 PIN SOCKET
U7 14 PIN SOCKET

74HC00 NAND GATE
U8 16 PIN SOCKET

74HC138 ADDRESS DECODING PROM
U9 20 PIN SOCKET

74HC373 8 BIT LATCH
Y1 8 OR 4 MHZ XTAL

RO 10K 1/8 WATT RESISTOR (Rev 2.x only)
R1 iMeg 1/8 WATT RESISTOR
R2-5 10K 1/8 WATT RESISTOR
R6 10K 1/8 WATT RESISTOR (Rev 1.0 only)
C6,7 20 pf CERAMIC DISC
C9-13 .luf MONOLYTHIC BYPASS
C15 luf MONOLYTHIC BYPASS (Rev 2.x only)
LVii 8054HN POWER ON RESET MONITOR (Rev 2.x)
Q1 VP0300L P CHANNEL FET (Rev 2.x only)
Dl IN4148 OR IN914 SIGNAL DIODE
PCB 100 SQUARED NMIX-0021/2/3 PCB REV 1.0 or 2.x

25



ýNIX-0022 REV 1.0 SILKSCREEN
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N!oIX-0023 REV 1.0 & 2.x MECHNICALS
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"100 SQUARED"VT DOCtNEMTATION
APPLICATIN0F NOTE

CONNECTING A PARALLEL PRINTER TO THE "100 SQUARED"TM

Being able to keep a hard copy of entered or displayed text can
be a very desirable feature during development. Further, the

ability to make written reports from a run time application may
be required of the finished system. The hook-up below shows con-
nections between the "100 SQUARED"TM and a Centronics style prin-
ter.

This example works only on the NMIX and NMIT-0022 with the Port

Replacement Unit installed.

PRINTER SIGNAL CABLE J2 F68HCll
CONZECTOR NAME CONDUCTOR 68HC24
PIN # NUMER 34 SIGNAL

1 STB 1 13 STRB (PD7)
19 GND 2 11 GND

2 DO 3 8 PCO
20 GND 4 GND

3 D1 5 7 PC1
21 GND 6 GND

4 02 7 6 PC2
22 GND 8 GND

5 D3 9 5 PC3
23 GND 10 GND

6 D4 11 4 PC4
24 GND 12 GMD

7 D5 13 3 PC5
25 GND 14 GND

8 D6 15 2 PC6
26 GND 16 GND

9 D7 17 1 PC7

27 GND 18 GND
10 ACK 19 14 STRA (PD6)

28 GaD 20 GND
11-18 N.C.
29-36 N.C.
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"130 SQUARED"TM DOCUMENTATION

APPLICATION NOTE

INTEL FORMAT DUMP COMMATD

The following program allows a section of memory to be dumnped out
the serial channel in the Intel hex format which is a standard
used by many of the commercially available PROM programmers.
This program should allow the use of such programmers to capture
programs and data in EPROMs, which are not supported for program-
ming by the "100 SQUARED"TM directly.

HEX

VARIABLE CHKSUM

: CE DUP A < IF 30 ELSE 37 THEN + EMIT ; ( CONVERT AND EMIT
: 2.R FF AND 10 /MOD CE CE ;
: 4.R 0 100 UM/MOD 2.R 2.R ;

: INTEL-DUMP ( addr count ---
OVER + SWAP ( CONVERTS ADDR & COUNT TO UPPER, LOWER ADDR
BEGIN

CR
2DUP 20 + MIN ( MAKE NEXT LINE OF OUTPUT UP TO 32 BYTES LONG)
SWAP ( BRING UP START ADDRESS, MOVE DOWN END ADDRESS
• :" ( BEGIN THE RECORD )
2DUP - ( FIND OUT # OF BYTES IN THIS RECORD
DUP CHKSUM ! ( BEGIN CHKSUM COMPUTATION )
2.R ( PRINT # OF BYTES IN RECORD IN TWI) DIGIT FIELD
DUP 100 /MOD + CHKSUM +! ( ADD START ADDRESS TO CHKSUM
DUP 4.R ( PRINT START ADDRESS IN FOUR DIGIT FIELD )
• 00" ( PRINT RECORD TYPE, NO NEED TO ADD TO CHKSU
>R DUP R> ( MAKE START STOP #S FOR DO LOOP
DO

I C@ 2.R ( PRINT HEX BYTE IN TWO DIGIT FIELD
I C@ CHKSUM +! ( UPDATE CHKSUM

LOOP
CHKSUM C@ NEGATE 2.R ( PRINT CHKSUM NEGATED TWO DIGIT FIELD
2DUP -

UNTIL ( KEEP GOING TILL LINE END IS = TO BLOCK END
CR ." :00000001FF" CR ( TACK ON END RECORD
2DROP

Program and application courtesy of Danny Barger, International
Computing Scale.
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0 "100 SQUARED"TM DOCUMENTATION
APPLICATION NOTE

Special consideration needs to be given to the address require-
ments of the Port Replacement Part (PRU) if it is optionally in-
stalled in a board by the user. Since the PRU is outside the
F68HC1I, it must compete for its address space with other devices
on the bus, while the internal registers do not. It is possible
to accidentally "over-map" the 68HCll PRU with another external
memory device unless some care is given to where the Max-FORTH
system is mapping its registers.

Particular care must be taken when setting one of these boards
for the 32K addressing mode which will always cause problems for
the upper 32K device and the PRU. Generally the 8K address mode
is the safest mode to use when a PRU is installed, if care is
given to the U2 jumper to prohibit "over-mapping".

In Max-FORTH revisions x.l (and prior) the registers are at
$9000. Later revisions put the registers at $BOOO. Only address
lines A15 - All are attached to the PRU, so it will over map a 2
Kbyte area (i.e. 9000-97FF or BOOO-B7FF) with a skipping pattern
that repeats every 64 (40 hex) locations corresponding to the
registers it provides.

An off board address decoder could be used to disable the on
board memory using MEMDIS. It would need to generate a low sig-
nal on MEMDIS when ever there was any address in the area oc-
cupied by the PRU. In this way the memories in the 28 pin sock-
ets would be "notched out" to allow the PRU to function normally.

74HC688

GND- E Vcc -+5V

GND- AO A=B -MEMDIS

GND- BO B7 -+5V

GND- Al A7 -A15

GND- B1 B6 -+5V

GND- A2 A6 -A14

GND- B2 B5 -GND

All- A3 A5 -A13

GND- B3 B4 -+5V

0GND- GND A4 -A12
+-----------

Above 74HC688 detects addresses BOOO-B7FF and controls MEMDIS.
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RO5C52

R65C52
Dual Asynchronous Communications

Interface Adapter (DACIA)

DESCIMPTION FEATURES
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R65C52 Dual Asynchronous Communications Interface Adapter (DACIA)

INTERFACE SIGNALS
The DACIA is avalable in a 40-pin MO or a "-pin PLCC. F~igure I
shows the pin asaignments fr each package. The DACIA inter-
face Signals are Shown in Figure 2. Table 1 contains a description
of each signal.

W!M 2 U NWc
tTaI.o 4 32? O

CIA~ WT 36 Ro 0b " 30:

"N' IS n Tim a
7 34 11 OW~ 9 0iJSCATM 3716

- = am 11119 Is Is-9u 3 am ow 13. M
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*IIH24 of Fe0
05 Is n 01 SiULJUU
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OS-C MDAT DATA

1XJ I~ NATE

LOW INEOSTEM TxW CI

ftgur 2. MGM~ DAIA lntsr~o SWgAMs



R65C52 Dual Asynchronoua Communications interface Adapter (DAciA)

T" 1. OAZA InirhtelSA0 Waa O~ll,
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R65C52 Dual Asynchronous Communilcations Interface Adapter (DACIA)

FUNCIONA DECRIPIONis transferred f rom the internal data bus to the data lines. When

FUNCTONALDESCRPTIO is high, the DACIA is deseleatild and the date lines are

Figure 3 isa block diagram of the DACIA which consists oftw tri-stated.
asynchronous communications interface adapters with common
micr'oprocessor interface control logic and data bus b'uffers. The INTERRUPT LOGIC
individual functional elements of the DACIA are decie in the

following paragraphs. The interrupt logic causes the lAOQ lines QRA-0 or FI-0&) to go
low when conditions are melt that require the attentiionalfthe MPU.
Theiare amtw registers (the Intesrrup! Enable R~egiWand the Inte.
rupt Status Register involked in the control of initeirupte in the

RESET LOGIC DACIA. An -IM will be mefileds an the Uwvmflon of one of the Rags
in an ISR from 0 to 1 if the corresponding bit in the asociated lER

The Rese Logic ssvanous inft~r regiisters. sus bits andor con-o The IM line is negated when th ISA is react or when the

trol linee to a known state11. The M input must be driven low interrupting condition is cleared. CAUTION: When the interrupt

for a minimum of 4 Me for a v*lid reset to occur. At this time, the is geeae by TORE. 111 of a bit time must elapse before lAO1

IEAS areso SM teRORS and ACRS *iscleared, and theCorn- cant be cleared by readting fth ISR.
pare mode is disabled. Also. the Tffl anld 9 output are
driven high and the M'~ M5 and MR~ trans~ition dOWfetect CLOCK OSCILLATOR LOOMC
are cleared. Nol other bits are affectied.

The internal clock oseilltOr supplies fth time base lior the baud
rume geear Thwoe ociltorcatbednven by acrystlor anaSte-

DATA BUS SUFFER 
ntcok

The baud ratell generator may be dislabled by cornnecting XTAU

The Delta Bus Buffer is a bidirectionall interface between the data to ground and kilevnng XTALO open. When thae is donsi. a tranis-

lines and the internal data bust The state of the Oats Bus Buffer mitrtm es Ill. clock must be input it btkC, a recive tIne 16cl~ck

is controlled by the UO0 Control Logic and the Interrupt Logic, must be input at RxC and fth Control Registers must be

Table 2 surmarman the Data Bus Buffer statles. programmed to selec 11C and RxC cftoct

fle2. Deft am oi uuth Sumrmey

110 CONTROL LoGsC Came -.-. ne

The k0 C"onto Logo: controle data fr~twsi belwille" Ow iat

nat Rglegisers and the Daft Busi Builler internal Register se olecio I. LMd
is determined by the PAN Select inputs as shown in Tables31 H L Reed M.0-oiNutput

When RAW is high and CSis low data from the sellected registler H seetd-T

6-2M9



R65C52 Dual Asynchronous Communications Interface Mapter (DACIA)
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R65C52 Dual Asynchronous Communications Interface Adapter (DACIA)

Tae &~ DAIA RegVute SefttIon

"Ha M2 "SI NSA symbolam Symbolm,

0 L L L IERI ROInter E aIe 1o a SR

CorircvI CR1 Register I'Cft~lS

I FRI Formateri2 Register

CompareoDat 1
2 L H L Not Useed

TORI Auxiliary ContIrola er

3 L H H M1Transmit Dat. Recev Daoe
___________ _______Regi*We I ¶a

4 L L R2 I Inwerfup Enuabe ISR2 ReInterCutRtau
__ _ _ _Registe 2'R~a

5 M L HFR2 Frmagmster Regater2

CDA2compere Duea
CO2Register 2'

7 H H I TOR2Transmit O0 Receive Osta
____ H__ H__________ Registe 2" ROR27 Regitow 2

107 musm 0. SO low to Was Io dte Coeo Regiter
2.07 must be Mughqt w rm lo fte Format Registers.
3 Control Rgrobil a mu be emm01a wca esM Comoe" Registe
4 Contro Register bit 6 mumt be Wm to 1 10 &=M the Auxihary Control Regigllr.
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R65C52 Dual Asynchronous Communications interface Adapter, (DCIA)

SERIAL DATA CHIANNELS is high and the lianamnit Shift Register is empty, the traiamintiter,
(escal: for Echo Modg) is inhibited. When is a ow. me

iTwo independent winall data channels are avilable for the full transmitter ia enabled.
duplex (simultaneous transmit and receiw) transfer of asyn __________________________

chronous frames. Separate, internal rogviors ame proovided for eawh
channel f1or the selection of frames parameters (number of bite par
charactier. panty options, etc.). statue flags. interrupt control arid - -- -- -- ,--*~~

handahai.t The asynchronous frame form. ia shown in Figure 4.L...2- .. -LJ

WUSYii I ii 3W

Tmnmitdgatafromfthe orn sytm is- lode infotheitanemnitData
Relgister.From there it is tranalarred to the TDansmit Shift Reigistr - '

where it is shifted. LSO first, onto the 1TO line. AlM transmiseions
begin with a ~ta bit and end with the user selected number' of _______________________

stop bits. A parity bit is tranemiltted beftor the stop bitgs) if panity
is enabled. F1gure 4. Asynchironouste ramle 11nmto

Rae"s. dafta is shiftd info thes Recei" Shift Register from Mhe INTERNAL REGISTERS
asoise R5 biSar m ootea frhom th ha The OACIA containsn ton control registers and four smum regisen;

ari tedtaitrnillare lft ooiwDeaegowParftybit in edditio to the transmit and receive regusiors The Controi
may be discar~dor stored ino thee hnISRtp- b& rie MW

rupt g0Nero , hanidshaelhines, bomno n limid r cplion The
Fre M/ lies, are provided for sacf IChannel for handshake with 90Mu regaseWS proide SOeW iromsdonanouWuM anmd recerv
thdedt communucamun a quipmeml (DOCE. Pour of these signals regoWr erororonditions and irisip esuffilm TAM 4 eunrmml.

(~Th ~.~ md ~me gnerl prpoe iputsor utpts rima the bit def*intons of tHesMeies A detailed deecnpbon
The fift signa. M. seftN"l"lbe th transmitter. Wheni Mg olos

1Ule 4. Iteglesler Pe1rmutes

Rooster Nes

"WHs Rooster WIW 7 4 3 2 1 0 74543210~

o iSAIt R MYl
4 iSR2 SIT SET TOIMF T~ 5 N PMA PF I-00-

o fi W CLRISET TORE CMT TT ANPT PMR F/OfO&

4 16R2 BITS 1E III f if 1E6I If

IY -SA AY V
can i LAI LVI. LVI. LAI -wlV I....i

i CRI W C]R STP0~~s.o
S CR2 ACR BITS

I ~ DATA Ufl'S111 PAR'61 PAR I
5 FP12 IEN CNTL CTI

a COR2 I T COMIPARE DATA T....

2 ACA I . W TTRNS8 F.PM#
* AMR (CM5*1 UNUSED ..... 0RRP

3 -alA Ai 111CUVfI DATA W"ITE 00000000
7 O

W T TRANSMIT OATA MU 1 ......
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R65C52 Dual Asynchronous Communications interfaca Adapter (DACIA)

INTERRUPT STATUS REGISTERS (ISR1, ISR2) INTERRUPT ENABLE REGISTERS (PERI. IER2)
The interrupt Status Registers are read-only registers indicating The interrupt Enable Regises are wrton*ly registers that
the status of each interrupt source. Sits 6 through 0 are set when enablemilisable the IM sources. I- sources ame enable by
the indicated IM C Iditton has Occurred. Sit 7 is set to a 1 when writing toan IER inAi bit 7 soetoa i and the bit fo e@my Msource
any 10source bit is seo, or if Echo Mode is disabled. wheni to be ena1bleid set to a I. IM souirces ame doisbled by writing to
is high. an IER with bit?7 rese to a 0 and the bittfor every souice to be dis-

abled so 10 a 1. Any source bit reset to is unaelletd anOrW an
in its original stats. Thus. writing PPF to an IER disables a&l of that

7 3 2 1 0channol'sinterrupts anidwriting an UTto anIER enables 6111 o
ANY that channel's inrruptms.

SI DE CT D--T5tS-R-T PAR FIKdS IROFIF
7I 5OR [1 4 13 1 2 1

ReW Vlue 0000 SET TORE MSIT MOT DI MW PAR FOtS MRFR
d~5-45 t~~SIrS IE IE tE IE IE IE i

on 7 Any DlI Set Addeisse - 0.4 Re0Oset Valu . -oO

I Any bit (6 through0) hallbeen 90 10a Ior~1 CM7 Uaobislllsalsl
is high with echo disabled I Enable selecte IRO suc

0 No bite hame been set toe 1 or echo is enabled 0 Disable selected 11R11 source

sitS6 flunmitilt Dafte Re~~te Enp" (TOME aft
1 fnsinit Data Regse seit n Mt o 1 select1 or nabledlmabe

0 llianorInit Dat Registe is full or M is high 0 No change,

CONTROL STATUS RIEGNITERS (CSRI, dSIn
a" S Twanlium On Ci Line (MYT) Thentrioi Statu USR * w Mared.**l is str that provide

1 !eitivor negative transition has oc are n V~it ano m d~i willwntlon.ACSIti m noray reed
CTS ~ fe an IN has occurred to dewermie the rac cause of the

0 No transition hasl occurred onl MS or ISR half inerpt condition.

Wt4 1TunlUon On 50Un (50T) 7 5 1S 4 3 2 t 0
I !tivor negativtransition has occurredoan 5__ __ _am__ _MW__ __ ml_

LVL F LVt. LVI. M LVI. LVI.
0 No tnisatibon has occurred on WOC, or ISR hal - -

bow Road ANresI RIM tsjsW 0.I
Wt? PnwseInginr (1111)

ONt3 Ibwaimmn on W~ Urns ARMT I A framng eamo occurred in rece-Ive dol
I ýpm"veor negativi traeimlon, has ocicurred on 1) Nofteili ng rorm- cure, orftheROR reed

DSR me TwuWler Ueimw'Jn (TUR)
0 No transition has occurred on 0I0. or ISR has I Doerns SM Rogow a muipy and TORE seto

been Reed 0 Trbenemetter Shift Regoste anot empty

ACMMOI We a I' ehigh

I A p"entyeror halt occurred in received data ln i 1

Rogowa (ROP) hNo been Read I 5M s is high
ACRbND 1 0 line a ow

I Perltybit I N 3t Looml(50L)4
0 P" btyb 0 1 Wis a highi

0 5Wlnesto lw
Ut 1 Ptu..eMW 0411111,1Ove110, @eak a 2 11111i Il-i(WIRK

1 -Ab fming er receeoerm wen. orrelie roos : t A Receive usero has occurred
has occurred or has been detected 0 N iiev finrd rFRwsne

0 No eror. overrun. break has occurred at ROR 0 ~ ~ ~ rRR re
____bee Roa a I F MN flW win

I MR WWeahight

anS 0 Asook Dolle Regleler F..j (Uflfl 0 MR~ 1Wo is low
I Receive Daft Registe is NNl mR 0 I MLom(III W)

0 Receive Data Registe is emnpty 1 RM 1Ww a high
0 Rm ititis low
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R65C52 Dual Asynchronous Communications Interface Adapter (DACIA)

CONTROL REGISERS (CR1. CR2) FOWRMA REGISTERS (FRI, FRI)

The Control Rqntamsam wnwonyteg~ela Theyd 8011111 The Forms Regiaso am wnwonl isgiimeim They be' p f
to the Auxiliary Control Registe and fth ConiPag O&Aa Reguete numbew of deft balepeZcWece nW ygneuo~ean
Thsy*~ethimbintatmp balecontro EchoMode, and gagedc Optionls. They alma ont R an
tOe dafta fog

(Accessed whea it? 7s 0) (Acceeeeld when IN 7 u1)

I7 3 1 2 571 4j 3 2 0
___ ___ ___OM_ MTPR__PAR__MALo jCORIACAF11 S'O EC-CI SAUO R;T!SIL] I IS SL E CNTL CLBITSII BIS SL E

Addme e 1A Rom VAW 0..... eAe-i 1 Rou'm ta I.....

ait? Cont ro F ormse Regletr Ut~ Co.WIO o nw Pome@Mglle
0 ACCeem Control Rlegisser 1 cui Forms RegiMe

I ACCasew ftheAw"r Control Regimer (ACR) of S. d of Do eft Per elmctM
0 Accus; the Compareg Dafta Register (CDF) *

oft 5 Nuwbw offtopmOftfr Chwacter 0 0 5
1 Iwosp blW 0 1 61
0 or*amop ba 1 0 7

1 Echo Moos Onlibed
0 Echo Mode disabled Bf - puity Mode Selecton

423

0 1 0 13120 tOCnto

0 1 1 0 31400 0 NOt hig

1 1 1 1 EaeaflaSxWl~ol 0 set am ow
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R65C 52  Dual Asynchronous Communications Interface Adapter (DACIA)

COWPAN DATA UTERI (CM~, C0R2) OPEATION
The Comf~el 040 RegIWmes eSM wvitie-only r"eglss whiuch Can
be accesed when CA Wit S - 0. By witing a value into the CDR. TERUMIATION OF UNUSED INPUTS
the WA is put Iin th compae~ mode. in this md. seating of the

RolFIFbdis ohibld untilacharacterIs received which mach~e Noise on floating inputs can a!fc chip operation. ANl unused
the value in the COA. The next chiracl er tshen roce~~ andl the Inputs mustelbe terminated. If the boud rate goenesooriYpabyseed.

FIW it ia W. The receive will now operVAe normally until the XTAU must be Connected to grounid (XTAWO a an output and
__ s o osdd mumi bel left open). I the exftera Clock Mode ia not used. RxC

(CentrA loReilo bit a a 0) inputs are not needed, the VT inputs should be tied tow to
7 9 4 3 2 1 *nW ebithe ti ansmitters. The 50and M Inputs may aiti isbe

ýCOMPAPME OATUA tied hog or low.

Addrm . 2.4RwVle.....

AwXg.AMY CONTROL REGISTERS1 (ACRI, ACR2) REME INITIALIZATION

The Audi~lll" Contro RegeSWI 51O wft*teonIY fsgisters Site72 DW m antl~n a .ai eadabi Wse ould be reed
,we nued. BitI Causes No I' ismttertoVanemit aS9REAK anl 0rus tsmsgarm ntaio Spscilcsilly, the

deormnewhether panty am or the panty bit is displayed in lEN PM to kfOSýR n' -sr is notiricmwieiz~~redb
bit 2. mcn ~ wbi )Te Recewr Data ieglewsrs must be read to clear this bit.

I * 2 I I TNEDE PCis genrteolyntw l hootiw sapondhn
T~eS e~ 'TD nfrdomfaempty. litgati~on so -mi acoows balr th

NOT SED IRNS1' occurrsnce.

W 74 Net UseATE CLOC OPTIONS
Oil 'Onmw or** ("M OW TheC fte. " ai trnmetlr d s mey beesupplied elither by dig
I ITateMi continuous Ursaisk internal BOud ARa Geneatrorby user atpplledsadarnclocks.
0 Normal "V rmsnielo Both chnnela may use thn same clock source or one mey use

PEW LeOlUy "nuis(AR ERMM the Saud Rate Generator and the other charme etdernal clod
1 Send VOWi of Wsily bit 10 ISA bit 2 (Addresse If bcthc eat use the BOW Rafts Genr~mo each channel mey

Recognition mode) hvae a dilffesiv bit ratw The oplr awe shown in FigureS
o SOWdPaintlyErrorueMSto ISAbit 2

RIM O FQ~n O , OM An ielrnal dciosck lto suppites the limbee for rthe Saud
UCEIE DTA N WIN (NOh, M2)Rate Genervilr The OsclaOr con be dolven by -a crystal or an

The Ascelfe 060 Regiter we read-only reglisr wihme etlernal clock.
liadgidywatthe rceiveddocata cisrtof eachbarne. Setnbft

ap bile nd paritybileareuhlpsofol no mii freOwbaiet I"nheon~f oaSOr is dr~ve by a crystal. a paral" resonant
#Odmnti-afisnu fhem the Reeive ShiftNeglespr to te crysta is Connected batween the XMILU anid X-MW pine. The
asciveOMM I R egl.For chraters oflssathan sighlbile the equivalentmf osiu irci s slown InFigure &
teemed bite me the high order bile which am so too.

Ln A pedal renew crpiIs specied by slimd capAc- mic anid U
serieessnia tresttI~ Forpmperaed~urpamn.teid7 1 4 - 3 1 cape -IIc'(CL) se65riesImewcr (R.) and the cry"a resonanit

iticwvu 00At frequency (F) nMua moee Mhe klolItown o reistions:

AN%= - 1 RE 41TAm 2)a (C + 2) -2C,. or C - 2CL - 2

The auwmilt om Ngtewisame wrl.ons-6 r-itr which ameF6 R om - 2 xXPO
boeded SmfthPU withdmto beanwlttd. Fordclw ao.)
Wesof less thw oipi bite. doe unused bil e thew high order bile

whi e *on't cow*. where: Fe isn Wit: C and CL me in pF, A is in ohms,

1 5 4 3 a lc a paraIe resionanit cryvWi fo the oePill 'm first select
th lodvk caelec a r mnbuerc,.Nt

TRANSMIT DATA calcuaet II.. based on F and C.. mhe selected cry"g must
Alaies PA 27~ .le ....... ham a P. IMe then the N.w.a
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in55C52 D7usl A-synchronous Communications Interface Adapter (DACIA)

CLOCK Nowd -tW dNlWmile by X12JJ ho.
XTAU XTAU q,,@ . and Itof ~Is miisas I -, n

eat 0 80 oems.

OPNCIRCUIT xTALD * Chaneil I bA aud on be u a d~lloaege
XVALO from channel 2 bmAd raft

- * k waceif, hued bel ut he l.aene

mtc mtc_

A. 690 Chutnile Urn I14seee Base PNat M ouU

if x ?A blJO PMt
- UuernlUW boMased a tif 7kc mpeg

is ft OwD PAME Roo~l blood ra VIM NeC WOWs

- ChannaelhaIedmb few sWA so"M

XU" hanesl 2 hud fals

- ~ ~~ *to N 6&aA baft mall bem dI~mfwn ft..
OTUU(L CLOCK b-dlb borafdt

OSOLLATOA OUNA&M a- T"

"a~b 0hwmrn Urse axzw ill 0m

iiinr Channel I boad no mey ho dNMew
TLJ No hb 2 baud sae.

-*W~ baboa baud bMay ho .NgISsmn
osseNCI "--ur XALO~ kmr .mea bwroe an channel

XTALO ell .m ah

14 x Ne 0"~ PAME I Ne

On* Cho"~e Wasw Romieb 0mbf

Rgsrs L Dmd fbs CIO,* Op"en
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R65C52 Dual Asynchronous Communications interface Adapter (DACIA)

mI~ serie mwsatc of the cr~qg must be lose than

2xpO6 - 304 ohmisP O66Wx 22)2
C t5% XTU 2 PF

ifthme on-chip oscillator is driven by an sesismal clock, the Clock

615052is input at XTAIJ and XTALO is lef Open.

An internal countigrmhottr circuit d~des the frequency Input at
7=CIS% X1LO 2PF XTAUby the dtvioselected in bits3through 0 ofthe Control

R90"MTsea. 1 ls5 Ithedl1la1uemhatmay he eslead adsim~
the bit rates 0-ertd with a ISM MMHZ tatioWrclock input
Other bit rune may be generated by cOagi" the clock Or crys-1
lta frequency mowwver the input frequency must not soekee
4 MHz.

For exanpla, if C,. . 22 pF farma 31664 MHz paralle resonant Foretterflal clacka o aedli airenermittertims1 clgock must be
crystl, thq~ supplied a ltC andi a mwcswt~mes 16 cock must be Inputg ISFbrOy" thcvSthgwm ; -pru raosslwrandar tifet clack a*u~

C . (2x 2) - 2 a 42PF (usseStandard Value Of43 PF) rwec sledatsmaybodiftfefrofm the snsMw dltMM

Paler Wwiwo aestad east PA Oowew@A A
wa Fo Pr The With 3.$M 4te WIit a Opete or Cleft

3 1 MOMene CiaWa CWg or Cle of Pmeqmw mis i
0 0 0 0 73.736 (3.55Wx 1OI75.72 - 30 W3,7211
0 a 0 1 U6.8 (3,$M m 111110, 10 - 106.66 U13&=2
0 0 1 0 27,406 (3.4W54x IOW2,405 - 134.1161 f/27.408

0 0 1 1 24.5711 (3.OM x 10-06.576 - 180 12.7
0 11 0 0- 12.1111111 (3.$M xw10)ML2J6 - 111*.

0 1 0 1 -6.144 (3.I55x 1O'W144I - OW u144

o0 1 1 0 .072 (3.1154x 1O'0.2O - I .1W0 54.072
0 1 1 0 2.072 (3.5564x 1014S040 - 1.200 f13.072
1 0 0 0 1,51061 (3.55Sx 109Y11,111111 2.400 11101111
1 0 0 1 1.01f (3.5554x IOIYI.0 -31000 U11.024
1 0 1 0 m6 (3.6554 10)175 - 4.000 5175
1 0 1 1 512 (3.555W x1lOl2 - 7J0M ")12

I 1 0 0 364 (3.5554x1'YY3@4 - .500 1993
1 IF- 0 I lot (3.5654x ION~122 . 411.0 15
I 1 1 0 15(3.MS4 x lWM - 35.4W0t

I I I 1 16 Transmittrauk @"W TwO/1 lem samworsu - ObVIS

'Sad PAWs - li

6-217



R65C52 Dual Asynchronous Communications Interfiace Adapter (DAdAZ)

CONTINUOUS DATA TRANSMIT to the TOR the TORE bit is cleard. in order to maintain coritinu
in the normnal operating mode, the TORE bit in the ISR signals the ous transmisaion the TOR must be loaded before the atop britf
MPU tha the DACIA as ready to accept the node data word. An I~d are ended. It16 of a bit time after 1-0 goes low, the 10 lie may'
occurs on the traisition of the TOR from full to empty if the corre- be rMMe by reading the ISA. I-R- will alay reW when daais
sponding TORE IROQ enable bit is set in the lER. The TORE bit written to the TOR. Figure?7 shows the relationaship between FR-
is set at the beginning of the sarta bit. When the MPU writes a word and TsO for the Continuous Data liananid mode.

CHAR #i CHAR iin +ICHAR 0" +2 CHAR On 3

START STOP START STOP, START STOP:START STOP:

1111OCESSO11111 11 ST
LOAD NEW DATA

PROCESSOR PROCESSOR IN THIS T=M
INTERIKUPT READS INTERVAL OTHERWAISIE,
([TRANSIMIT DATA 111111 CAUE CONWrvouII "MARK
REGISER EMPTY) IfidTO CLEAR IS TRANSIMITTED

PRgur 7. Cantlnhaet Dow Tbinilth

TRANSMIT UNOIRRUN CONDITION (TUR) is so. This condition persistsi until the TOR is loaided with
a new word. Fgure 8 eh we h relaton bet~ee IRO and IkO for

Ifthe MPU is wiabIto loadfteTDRh beor thetasstpbd *sent the Transmit Underrun Codndftion.
the T7cO line gao" to the MARK condition and the underrun fla

CHAR on CONTiNUOUS "MARK" CHARn .w I CHARO +i I

INTRRPTPROCSSOR READS IMISEDIATILY AND INTERRUPT
INTERUPTI ISM. CLEARS A5 OCR SDCTIGTASt

FOR DATA uNER NT 1010STRASI
EPYSET DATA REGITER EMPTY

FigureS Thibiemlit Underrun CondIftlon Reltoel
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R65C82 Dual Asynchronous Communications Interfance Adapter (DACIA)
TRANSMIT SNEAK CHARACTER on character tim to assure that a proper BREAK is transmmed.

If the Transmit Break bit is cleard befor one character time of
A BREAK may be transmm~ed by seWing bit I of the ACR (Trans- B3REAK halt been transmitted. the BREAK will be terminated after
mit Break bit) to G 1. The BREAK is transmitted after the Charac. one character time hee eapiead. If the %nuemnit Break bit a cleared
tsr in the Transmit Shift Register is sent. If there is a character in after one character time of BREAK has been transmitted, thes
theftnarnmit Data Register itwill be transimi~tted after the BREAK BREAK will be terminated immediatlyq. Figure 9 shams the rela.
is terminated. The flsnsmit Break bit must remain set for at Idealn tionship of 1xD, IM and ACR bit I for variousa 1REAK optione.

STOP SAR~Ty STOP START STOP SARTit STOP START

TOM r
Ina

vea. inin,1% Break it 6"ea I'd before1BREA" begns-SNAK IS Inoe

STOP START STMPSO START STOP START

maI
b. leieindti Sow*allb cleared during fime Oiactar tm e SNEAKOf -SNEAK ueminle ft r ~ n ofteioa timed

STOP START STOP STOP START

BISO

NCR

S. )snemit Stenak bit cleare et fuel chanter Nome of SNEA-SNEAK s terinaek msti

Figure SL Vaineniol WENEA

E?"ECTS OF aN ON TRANSMITTER Any traneitlon on Maof bil5 (CST o te ISR A high on I
ThaCeCI'ohal lnecorirmi the trwumisemon of datmor the hand. forces bit6 (TOE) of the ISR to a 0. Bit?7 of the ISR SAlO goes
shakilng of datao 1 bUsy" device (such as aprinter. When the to a I when MT Is high, If E&f4 ModelIs disabled. Thus, when

~ lne s owthetrn~mtte oeraesnormally. A high condl. the ISR Is NOK it iensan that MI is high and no interrupt source
tionInhbit theIDRE be in theIS fnhro m beoing sel~t.ansmls- repuines survice. A prcasor ainterrupt wil not begenteraled under
sianoftheword curretlyinth remgieteracmpleedbut any theim clrcumnsices, but an ISR polling routline Should accom-
word in the TOR ta held until Wrge lkw, models this.

waMT CHARACTER IS SEuNT NMasiTeLY
UP M Y GOING LowW PRPOCSSOMCHAR e CH4AR On IA ALREAD LOAME NEW DATA.

TzD CONTiNUOUS NARA OTnORMM 1T WAITS FOR NWa DATA.

STOP' 0START STOP CHARACTER START
is NOT lINIT wuimi pRocsssoroes is noT se? VUp PWIALLY LOADS

CLaAMt NEW OATA,

CLEAR.TO.51110 -Ut DATA UPiBTVRISW?

Figiure Ia. affects of aI n aiunemmler
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R65C52 Dual Asynchronous Communications Interface Adapter (DACIA)

ECHO MODE TIMING
in the Echo Mode. the TxO line re~transmits the data receiVed On underftow flag would be set and continuous Markc transmited. It
the RtxO line, delayed by 1/2 ot a bit time. An internal underrun Echo is initiated the underflow flag will not be We at end of data
mode must occur before Echo Mode will stafltranismitting. In nor- and contitnuoua Markt will not be transmitted. Figure 11 shows the
mat transmit mode if TDRE occurs (indicating end of data) an relationship ol RxO and TxO for Echo Mode.

END OF
STOP START STOP START STOP DATA

\~\\\ \\ \~~~\\\CONTIUOUS MARK
IF NOT acm4 MODE

ST`OP STAR-TSTP TATTP

IF ECHO MOOS.1
STOP 4O UNOERPLOW.

WOREW NO
CNRJMMARK

Figure It. Ech oodeTlnng

CONTINUOUIS OMi RECEIVIE
The norma rwoeve frmide sel w teRDRF bitn the SR whe fth RORboIfthenudmepbet. or at owwn e occwsmFigure 12
OrtClActiannel haeeie afllddmita word. Thia occures atiout showe fth relationehip between IM end RxD for the continuous
the 9Ae point through the Slop bit. The processor must read fte Dafta Recei mode.

OHARA, C ~Ron + I CHARt .n2 CHAN~ On 3

START S TOPi START STOP: START STO P START STOPý

ABOUT 41t,1 ITO
LAWT STOP BIT -o FI US il
PAINT OVWIJN, POCSO REAIS RECVE DATA IN THI
AND PRAI 111ROR1 WS, CASSTME WINTRVAIL.OTEWS
UPDATE ASO M5. TO CULAR OWUEOM OCCLW44

Pgm. 12. Ceittnucu OA Rteeive
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R65C52 Dual Asynchronous Communications interface Adapter (DACIA)
EFincr OF OVERRN ON RECEIVER Contaiins Mil laog wOrd not read by "h MPU &Wt all wanme." tis

ti the pntcseaao does not mee the ROR belore ft1 Mp bit of9j~~ Meina a30-T~s~w'eum~grm guW~mi VwRInDR
rod vxd anolwa u ta rinbti nteIS, %rW iue1 shows the relticinship of IM anW RiOwhe

and 111 new deft word a not tranulered 1 thed RCA. The DRC =n ocui

CHAR hI CHAR~~ On+ICHAR Of +2 CS4AOe,,3

FOR ofVE aot Kwiao aoaLn
TUL T SET -E

STOPIFpn STAR STOP ~ STAR TOPem STAR iSmelSTAR

.............
....Se.........cevd heSekbe ast.Te nraly ~ur 4uow h elinhp t~md x o

reevrtie o stVeROAPtitand remaana +nte tsutl RcieSekCaeer

a a it eev D.ATA this MRm .h nest1116111 chinUet aa LOST

FULL__ SITO __ __ _ __ _

RECEIVE @REMA TCH@Pf#grEm

~ ekcacelI w-.f * gt o Trhe4  nialy.Fgre1Pftrloo"fIleFW% o

STOPm START ANDP $TANDS-RT SET. ISTRT

MA(CW5UI IV no PARITY.

P~~gmON 11.1311ly111111"ea
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R65CS52 Dual Asynchronous Communications Interfae Adapter (DACIA)

FRAMWO ERROR
Frwmig eamo is caused by the absence of Mtp bita) on receried reflects the lam data word received. Figure 15 1,~ m te relation-
data. The framing error bit is sot when the ROAF bit is set. Sub- ship of FR-O And RxD when a framing erto occume
sequent data words are tested separately, so the status bit always

STOP STOP STARTSTPTO SAR

ftzo/ /

STOP STOP STARTSTP TO*AR

RiO

NOTEOS: 1. PRAMG KPM 000S NOT

2. WF NEXT DATA W 8O K, 11om
PRAMINM RO IS CLEARE. -IIIN1

Figur 15. Panism ng i

PARMT ERROR OIECT/ADOAESS this type at operation, bit 0oathme ACR is sat Iiial I id bill 2.3
PRAIME RCOflJIlO# afld4ofthfeFRmlsca apaftycheckitng mod- Then.11ISR bit 2wil

~ ~ ISR .. , ~ hid~dS besistioa 1byincorming addrseesamleeutdl~twilbemO ondif
peflt etrors (ACR btO aframeodipaytes.Mbt.O
(ACAbitO 0 a ).

In applosidonmimwet peiltycheckingisused, oneoathepriety COMPARE kmOO
chscidnig mde Iis enbldW by setting b~e 2. 3 and 4ofthme For- The Compar Mode Is aulorieodalyen- s. IAe.. m t inse
mat ReglisthemedeswedoptionaMbidbt aofthe uxay Con. put to sise whsnem doe Is wmn so the Compae ODam
IroIRegiasr is feeetto0 Then,whente RORP bit (bit0) is el Regeater. NOTE: 86of the Control Register tust beeesooto0 1
In mhe MSR. me PAR bit Mbi 2) wlI be amt when a prity erro is enabileaccessotomeCommn Ode Re giser When Viechwan@I

detected, is in the compete mde, me do RW bit (bit 0 ofthe OEn is forced
toalllUpon P lp otandenchiiml-. nop n mesqap,

hi mutl.hopppltcedUPe. mep"Wu islusedsmanaddeseeesde atmn resumme andthi 11RORPibli (blit @the WSNwU bese upon
11eg. Ninleset 0 1 for addressharefasend Is 0on defamkn*ee For receipt ofthi ewatchmacts.



R65C52 Dual Asynchronous Communications interfacm Adapter (DACIA)

SPECIFICATHMN
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R65C52 Dual Asynchronous Communications Interface Adapter (DMIA)

DACIA TRAMgITIMECEEIVER WAVEFORMS

ThM.RXC 1~i 4 f

1~T

TO

Nam M v~wtLL Nor cHANeE swTE wHEN ?M is Low. Nam1 TimwN mEASUmaEs41 Am REPm4w m AND FROM
A LOW 'MOL OF OU0 AND A MGM VSOLM OF 2V.~
UNLESS oTHEPNSE NOTEM

ThA1U1MYU AND -IEVP ACKNWGLAMTU

(VC - 5W V t5%. Vu .0V- OCT, - T, IDT,. uflUnWaftwin floo

12 Clc PDtu 0

13 11O'UO lOkN nn

14 v'Sfmw"cokLW C an

is W- RxtC ID TIM fpebog Do* too MIS me

U1kc ftNc 0MPMaUOSOMVnDwt - M m

isM 7@9o OI.~ dmILn -Cl ¶0 ISSn

6-224



R65C52 Dual Asynchronous Communications Interface Adapter (DACIA)
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R65C52 Dual Asynchronous Communications Interface Adapter (DACIA)
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Appendix D - Ground plane/Power board
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FLT-U2
Microelectronic

Universal Active Filter

F2EATURES
"* State variable filter
"* LP, BID, or HP functions
"* 2-Pole response
"* Low-noise operational amplifiers
0 - 55 Cto + 125 C Operation 5O
* LOW cost 314 13 7 510 4

GENERAL DESCRIPTION 10

The FLT-U2 is a universal active filter man- -

ufactured with thick-film hybrid technol- 2C- o 1000 VF 1000 pF
ogy. It uses the state variable active filter
principle to implement a second order
transfer function. Three committed opera-
tional amplifiers are used for the second Oi
order function while a fourth uncommitted 11
operational amplifier can be used as a10klo
gain stage, summing amplifier, buffer 100k_
amplifier, or to add another independent
real pole.
Two-poe lowpass, bandpass, and high-_________
pass output functions are available-
sImultaneousily from three different out- s 12

puts, and notch and ailpass functions are 15VDC

~vaiiable by combining these outputs in
euncommitted operational amplifier. To

0ale higher order filters, several
FLT-U.2's can be cascaded. 0 range is
from 0.1 to 1,000 and resonant frequency
range is 3.001 Hz to 200 kHz. Frequency
stability is 0.O1%/*C and resonant fre-
quency accuracy is within ± 5% of
calculated values. Frequency tuning is
done by two external resistors and 0) tun-
ing by a third external resistor. For reso-
nant frequencies below 50 Hz, two exter- MECHANICAL DIMENSIONS CONNECTIONS
nal tuning capacitors must be aded Ex- INCHES (MM) DIAGRAM
act tuning of the resonant frequency is
done by varying one of the resistors115432ia9
around its calculated value.
The internal operational amplifiers in the mA! ac Is
FLT-U2 have 3 MHz gain bandwidth prod- Lm2mltc
ucts; and a wideband input noise specifics- ff HP our
tion of only 10 nV/.Vfrz This results in con- 14C2

sideraby improved operation over most ON V.C 6 ' ,;2 1SW
other competitive active filters which 1004T. 1 2 3 4 5 6 7 0 iTo ,Ev*,
employ lower performance simplfiers. By .191114.10 LFOU?: 0 '2 V

propr selection of external components I..- 4002aoinl.t I112 I @U OUT
"an of the popular filter types such as But- I
terworth. Bessel Chebyshev, or Elliptic 0
may be designed'. Applications include T:Gt
tion, and feedback control systems. -w -- 10

Two moadels are available for operation 1Z~ 1)

AkoTverth commercial, 0OC to + 700C, and
_____ -55C to + 125*C, temrperature

OATU., 11 CABOT BOULEVARD, MANSMiELD, MA 0105(TL (517) =33.41flWX 71064S-156fl1.X 9S13IVAX (617) 33136 6-3



FLT-U2 0M E

FUNCTIONAL SPECIFICATIONS THEORY OF OPERATION

w yW t2 C tI5 ns tews ttd The FLT-U2 block diagram is shown in Figure 1. This is a sec-
FILTER CHARACTERISTICS ond order state-variable filter using three operational amplifiers.

Lowpass, bandpass, and highpass transfer functions are
Freqluency page'd............ 0.001 Hz to 200 kHZ simultaneously produced at its three output terminals. These
0ORange .................... 0.1 to 1.000 three transfer functions are characterized by the followingf, Acuracy .... I.............. ±5%seodrerqutn:
f. Temiperature Coefficientfl.......oOoo s0on ordr%1ut0ns
vootge Gain' ................ 0.1 to 1.000Hs)K OPS
AMPLIFIER CHARACTERISTICS S2 + '.L S + 02

____ ___ ___ ___ ___ ____ ___ ___ ___ ___a

input Offset Voltage ........... 0.5 mV typ., 6 mV max. ,
input Sias Cuorent............. 40 nA typ.. 500 nA max. H(s) = -2  BANDPASS
input Offset Cuoisint........... 5nA typ., 200 nA max. S2 + S + 2
Input Impedance.............. 5 MegohmsQ
Input Cqmn. Mode Vo~ag Rang 12V min.
InputVoltage Nos, wid hena.... 10 nV1-, Hz H(s) -=32HGPS
Output Volag Range .......... ± 10V min. S2 + t~ S + W02
Output Cu Ient.............. t5 mA min.

Open=V~ ain ....... 300,000
Common e~ctlon Rati ... 100 dB where K1, K2, and K3 are arbitrary gain constants.
PowerSupply Rejection ......... 10 %VNAseododrsse iscactizdbthlctonf s
Unity Gain Bandwidth ...........3 MHzAseododrsseiscactizdbthlctonfis
SlewFlate ................... I V/psec. poles in the s-plane as shown in Figure 2. The natural radian fre-

quency of this system is wo. In Hertz this is fo =!O

POWER SUPPLY REQUIREMENTS 21r

Volag, rated peirformance .... ± 15V dc The resonant radian frequency of the circuit is different from the
Volag Range, operNt.ng.......± :tv to ±1 ev natural radian frequency and is:
QuloesenCurrent ............. 11.5 mA max. w, (Vsin 0 -N -fa,2

PHYSICAL/ENVIRONIMENTAL The damping factor d determines the amount of peaking in the
filter frequency response and is defined as:

perTlU1 .... at......R...ge 06C to + 704C d - cos 111
FLT-U2M ...........-55C to + 1250C The point at which the peaking becomes zero is called critical

Storage Temperature.Rang*....- 556C to + 125@OC dn gadi
Case.................... Ceramic 16-pin OtP dmigadi

(doube-spced)0 is found from d and is a measure of the sharpness of the
resonance of the peaking:

TECHICALNOTE Als, 0fo
TECNICL NTESAls, ~ - -3 dB Bandwidth 2a,

1 . The FLT-U2 has samultaneous lwneass, bandpass. and For high 0 filters the natural frequency and resonant frequency
highpass output functions. The chosen output for a particular are approximately equal.
function will be atunity gain based on Tables 11and111. This w,- oorfII1  f
means that the other two unused outputs wAil be at other gain
levels. The gain of the lowpasisoutput is always 10dB higher This is truesince 1 w, & osin 0and sin I 1 as the poles move
than the gain of the bandpass output and 20 dB higher than close to the jw axis in the s-plane.
the gain of the highpass output. For high Os (0 > 1) we therefore have for the second order

2. When tuning the filter arid checking it over its frequency filter:
range, the outputs should be checked with a scope to make fo Bandpass center frequency
sure there is no waveform clipping present, as this will affect = L~owpass corner frequency
the operation of the filter. In particular the lowpass output -Highpass corner frequency
should be checked since its gain is the highest. In the simplifiled tuning procedure which follows, the tuning is ac-

3. Check fl, the center firequeincy for bendpaes and the cutoff complse by independently setting the natural frequency and
frequency for lwvpr or hsghpesse, at the bandpass output. 0 of the filter. This is done most simply by assuming unity gain
Here the peaking frequency can easily be determined for for the output of the diesired filter function. Unity gain means a
high 0 filters and the 00 or 1800 phase frequency can easily gain of one ( ±) at dc for lowpass. at center frequency for band-
be determined for low 0 filters (dependling on whether invert- pass, and at high frequency (f > > fo) for highpass. Unity gain
ing or noninverting). does not apply to all outputs simultaneously but only to the

4. Tuning resistors should be 1%~I metal film resistors with 100 chosen output based on the component values given in the
ppm/*C temperature stability or better for best performance. tables. Figure 3 shows the relative gains of the three simul-. Likewise external tuning capacitors should be NPO ceramic taneious outputs assuming the bandpass gain is set to unity.
or other stable capacitor types. Note that lowpass gain is always 10 dB higher than bandpass

gain and highposs gain is always 10 dB lower than bandpass
gain.

6-4 OATEL, 11 CASOT BOULEVARD, MANSFIELD, MA O2O48fTEL. (617) 339-O341flWX 710-3.6-9531TLX 951340/FAX (617) 3394354



* ~TEP=FLT-U2

SIMPLIFIED TUNING PROCEDURE OUTOUTS -0@

Select the desired transfer function (lowpass, bandpass. or .__.._....__I_____I_............_
highpasa) and inverted or noninverted output. From this ,o

determine the filter configuration (inverting or noninverting) 1K1Op

using Table 1. OI----(

TABLE I FILTER CONFIGURATION ~'M
I LP I BP I HP I .%%N

INVERTING INPUT INV NON-INV INV ' a F-
NONINVERTING INPUT NON-INV INV NON-INV

2. Starting with the desired natural frequency and 0 (determin-
ed from the filter transfer function or s-plane diagram). corn-
pute f0Q. For 10̀0 > 10' the actual realized 0 will exceed the Figure 1.
calculated value. At foO = 10' the increase is about 1 % and FLT-U2 Block Diagram
at foO n 105 it is about 20%.

3. Inverting Configuration. Using the value of 0 from Step 2 Aqo~ro
find R, and R3 from Table II. R2 is open, or infinite.

TABLE II INVERTING CONFIGURATION Pl--- , o
____R2_R3_W 2d 2

LOWPASS IlOOK OPEN 1 OOK 3dB Sa~a-d!ý
3.80 0-1

1 O2K
BANOPASS O X 31.6K OPEN lO

3.480

HIGNPASS 10K OPEN '6.840.1

4. Nanlinverting Configuration. Using the value of 0 from Step
2 find R2 and R3 from Table III. R, is open, or infinite. X---- W

ABE II NNINVERTING CONFIGURATION I
______ R, R2 R3 Figure 2.

LOWPASS OPEN 316 1 OK S-Plane Diagram
a 3.16 a- Llp

BANDPASS OPEN 100k 10
3.48 0-1

HIGHPASS OPEN 3.KlO
______ _____- 00.3160-1toHIm

5. Using the value of f0 from Step 2. set the natural frequency ofIdl49 fM

the filter by finding R14 and R9 from the equation: 2 0ilDcf

- , 5.03 X 107
fo

where R4 and Rs are in ohms and to is in Hertz. The natural 4OdS/O CM d

frequency varies as jM and therefore one value may be
increased and the other decreased and the natural frequen-ats 00 10
cy will be constant if the geometric mean is constant. To RELATIVE FREQUENCY
maintain constant bandwidth at the bandpass output whiile Figure 3.
varying center frequency, fix R4 and vary R,. Reatv Gairi of Siutneous Outputs, 0=1

6. For f < 50 Hz the internal- 1000 pP capacitors should be
shunted with external capacitors across pins 5 11 7 and 13 & R. - ..
14. If equal value capacitors are used, R4 and R, are then --

computed from: R
IN-

-A-5.03 x 1010 (C in pF) -OUT OUT
foC + Ify +

For unequal value capacitors this becomes: R R,
5.03 x 10100".

R d -R S f 1/ I (C IC 2  in p F )GG 
1

In both cases the capacitance is the sum of the external R. Figure 4.
values and the internal 1000 pP values. Uncommitted Op Amp Gain Configurations

DAYN.. 1I CABOT BOULEVARD, MANSFIELD. MA 020460TEL. (617) 3394341fTWX 710,34&-19531T1X SI34OdPAX (617) 339435 6-5



FLT-U2

* SIMPLIFIED TUNING PROCEDURE, (Cont'd) C

7. This procedure is based on unity gain output for the desiredR,,
function. For additional gain, the fourth uncommitted opera- ~..~
tional amplifier should be used as an inverting or noninverting R, R
gain stage following the selected output. See Figure 4. A _
third pole on the real axis of the s-plane may also be added to :R T
the transfer function by adding a capacitor to the gain stage R, +
as shown in Figure 5.

R R,

FILTER DESIGN EXAMPLES f OEFE 2iR RC, jtPLER
Figure S.

Bandpass Filter With 1 kHz Center Frequency 0 = 10 and In- Using the Uncommitted Op Amp to Add a Real Axis Pole
vesited Output
1. From Table I the noninverting configuration is chosen to S ANEPASS

realize an inverted bandpass output 1`00 - 1 04 which means , . 3

the realized 0 will be about 1 % higher than calculated. 3 4 1 'V" ý71

2. From Table Ill, using 0 =10, we find: 'OW
R, open 10 I f 00O

R2 - 1lOOK ohms
1lOOK 100K A

R3 =_ -2.96K ohms 100K

3. Using f0 of I kHz, R4 and R9 are found from the equation: INK I '0K

5.03 x 10' ______________
R4= R5  1000 50.3K ohms

4. This completes the filter design which is shown in Figure 6.Fiue.
To choose the nearest 1 % standard value resistors either Sad sFigure 6.apl
49.9K or 5 1.1 K ohms could be used; likewise one value ofBads FleEame

*49.9K and one of 5 1. 1K could be used giving the geometric
mean of vk-As - 4.Kx 51.1K - 50.5K which is even.
closer. But due to the filter ± 5% frequency tolerance it may
be better to hold R4 constant while varying R5 to tune it Complex Conjugate ---

exactly. LowlPoleS

Thre6-Pole Noflinveattlng Bulttetworth LwPass Filter WIth Real Axis
de Gain of 10 and Cutoff Frequency of 5 kHz. Pole

The s-plane diagram of the 3-pole Butterworth filter is shown in 0- 7 _______

Figure 7. We will use a second order filter to realize the two corn- -
plex conjugate poles and the uncommitted operational amplifier
to provide the third real axis pole and a dc gain of 10. 7
1 . From Table 1, the noninverting filter configuration would nor- Ix. --

mally be used to give a noninverting low pass output. In this K
case, however, we choose an inverting uncommitted op amp His) (S+(01OlSl +Q0;-T
with a gain of 10 and therefore we use the inverting con- 1~
figuration for the filter.. By comparing the second order por-Fiue7
tion of the Butterworth function S2 + u*S + wvlt to the stan- S-ln iga f 3Pgeutere ot 7.ps Ffe
dard second order function S2 + w0S + w02 we find 0 iga f3Pl UtewrhLwasFle
f00 is then 5 x 103 so that 0 will not exceed its specified C
value. 49 5"-O

2. From Table 11, using 0 -w 1, we find: '01VW..
3S f ~ 11 '0 '1,

A1 - 100K ohmslo
R2 - open - OO

100K'O lo o FO

A 003 35.7K ohms 6-- --- 1 0
3.80 0-1 IN

3. Using fo of 5 kHz, R4 and RA, are found from the equation: O- . PiUT

5.03 x 10'UK-
R 4 ftRs= . 10.1K ohms

5=0 _ _ _ _

W 4. For the uncommitted output amplifier, a gain of -l10is re- a2
quired. This defines R,/Fia. a 10 and we arbitrarily choose Fil

-2K, R? = 20K ohms. gue.
Three Pole Efterwarth Low Pass Filtr Exampile

64 ~DATUL. I I CABOT BOULEVARD. MANSFIELD. MA 0204WrEL. (617) 339-,341/rWX 71O-34&lW93rTLX 9613401FAX (617) 339435



* [~I~!.E[LFLT-U2

r LTER DESIGN EXAMPLES, (Cont'd) W d-coo-077

5. The final step is to realize the real axis pole of the Butter-
worth filter. This pole is at 5 kHz and is set by using capacitor 2 .7r

C3 across the feedback resistor R7,:

C3  
o _L 2010pF 20 23kH,~

2irfR7, 6.28 x5 x103 x 20 x103 150pMo 77

6. This completes the 3-pole Butterworth filter which is shown in
Figure 8.

Highpsua Filter with Gain of - 1, 20 kHz Cutoff Frequency,
and Critical Damping
1 . From Table I the inverting configuration must be used toFiue9

realize a highpass gain of - 1. An s-plane diagram of this S-Plane Diagram of lllghpass Filter with Critical Damping
function is shown in Figure 9. Critical damping requires the
pole positions to be on a line 450 with respect to the real axis
and this results in no frequency peaking. The damping factor
d is:

d -cosf = cos 450 = 0.707

and 0 1 - 1 -0.707
2d 2(0.707)

Because this is a low 0 system the natural frequency will not
be the same as the highpass cutoff frequency f 1. From Figure
9: HWWOTV

fl 20 kHz =2. ~
3 13 , S * 5

Then fQ n 0.707 x28.3x 103 - 2x 104andthe 0will ex- O

ceed its desired value by slightly over 1%
From Table 11, using 0 a 0.707 we find:

R1 a 10K ohms
R2 - open
R3 = lOK_ lOO _ 27.1 K ohmslo W

6.64 0-1 '3.69 21 o

3. Using t0 a 26.3 kHz. FU and Rs are found from the equation: ___________________

F14=R9- 503 10 1 1.78K ohms Fgr 028.3 x 103 Highpass Filter Example
4. This completes the hWghea fitter design which is shown in

Figure 10. When using this filter, care should be exercised so
that clipping does not occur in the filter due to excessive in-
put leels. If clipping occurs, the filter will not operate prop-
erly. Clipping will first occur at the lW~pau output around fo
since, Its gain is 20 d1B highe than the highpass output. The
signal level should be reduced so that clipping does not oc-
cur anywhere in the frequency range used. If higher signal
"lee is required, the higtipm output should be amplified by
a gain stage using the urncmmitted operational amplifier.

0

DAM3. 11 CABOT BOULEVARD, MANSFIELD. MA 020480FTEL. (617) 339-341/TWX 710-346-19SYTLX 9613d4WFAX (617) 339-435 6-7



FLT-U2

. ADVANCED FILTERS

All of 'he common filter types can be realized by using cascaded x
FLT-U2 stages. This includes multi-pole Butterworth, Bessel,
Chebyshev, and Elliptic types. The basic procedure is to imple- UNCOMMITTEO F L T 2
ment each pole pair with a single FLT.U2 and cascade enough OP AMP

units to realize all poles. A- real axis pole is implemented by an -. _.__\_/

uncommitted operational amplifier stage. Each stage should be
separately tuned with an oscillator and scope and then the
stages connected together and checked. See Figure 11. LT u2 =2

A notch filter can be constructed in several ways. The first way is
to use the FLT-U2 as an inverting bandpass filter and sum the
output of the filter with the input signal by means of the uncom-
mitted operational amplifier. This produces a net subtraction at -C-
the center frequency of the bandpass which produces a null at
the output of the amplifier. (See Figure 12.) Likewise lowpass R F,
and highpass outputs (which are always in phase) can be sub- IN F.T U2 FLT U2
tracted from each other with an external operational amplifier. -2 ouT
The highpase output must have some gain added to it, however,
so that its gain is equal to that of the lowpass output. A third Figure 11.
method is to use two separate FLT-.U2's, one as a two-pole Reliation of a Complex Multipole Filter
lowpass filter and the other as a two-pole highpass filter. Again
the outputs are subtracted in an operational amplifier. This
method permits independent tuning of the two sections to get
the best null response. R,

Further discussion of filter designs is beyond the scope of this
data sheet and the user is referred to the vanous texts on filter R

dsgsome of which are listed below, IN 1
Estep, G.J., The State Variable Active Filter Configuration Hand- R +

* book, 2nd Edition, Agoura, Ca., 1974.

Refetrece Date for Reaos Engineers, Howard W. Sams & Co. INVERTING R,
Inc., 5th Edition. SANOPASS

Christian, E., and Eisenmann, E., Filter Design Tables and
Graphs, McGraw-Hill Book Co., 1974. Figure 12.

RoeliztIon of Notch Filter

ORDERING INFORMATION

OPERATING
MOOEL TEMP. RANGE

FLT-U2 O0C to + 70°C
FLT-U2M - 550C to + 1250 C

64 DAMLr 11 CABOT BOULEVARO, MANSFIELD, MA 02048IEL. (617) 339-341/rwX 7lO-34s19I3ITLX 9s1340&FAX (617) 33m356



Appendix E - PCB silks



'CM)

UJ)

o 0

0)
0CD) 0~

.~0

z LLO

U



Appendix F - Audio mixer board
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Appendix F - Layout
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® MOTOROLA

HIGH SLEW RATE. WIDE BAND WIDTH,
JFET INPUT OPERATIONAL AMPLIFIERS HIGH PERFORMANCE

These devices are a new generation of high speed JFET input JFET INPUT
monolithic operational amplifiers. Innovative design concepts OPERATIONAL AMPLIFIERS
along with JFET technology provide wide gain bandwidth product __________________

and high slew rate. Well matched JFET rinput devices and ad- -_________________

vanced trim techniques ensure low input offset errors and bias
currents. The all NPN output stage featu~es large output voltage
swing, no dleadband crossover distortion, high capacitive drive
capability, excellent phase and gain margins, low open-loop out- ss
put impedance, and symmetrical source sink ac frequency
response. P SUFXUSFI

This series of devices are available in standard or prime per. PL.ASTIC PACKAGE CERAMIC PACKAGE
formance IA suffix) grades, fully compensated or deconmpensated CASE 626-0 CASE 693-02
IAVCLa'2) and are specified over commercial or Military temper-
ature ranges. They are pin compatible with existing Industry stan- 0 SUFFIX
dard operational amplifiers, and allow the designer to easily up- PLASTIC PACKAGE s*
grade the performance of existing designs. CASE 7S1-02

" Wide Gain Bandwidth 8.0 MHz for Fully Compensated Devices PIN ASSIGNMENTS
16 MHz for Decompensated Devices -

"C High Slew Rate: 25 V M~s for Fully Compensated Devices Offse Nu NC
So V usa for Oecompensated Devices ln .4'-npu V~C*of High Input Impedance: 1012 11 No t Ipu Output

"a Input Offset Voltage. 0.5 mV Maximum (Single Amplifier) IE -E 1 Offset N.

"a Large Output Voltage Swing: - 14.7 V to *14 V for Sigl Too View
VCCVEE = 15V

"C Low Open-Loop Output Impedance: 301 Ow 1.0 MHz Oupu V~C
"a Low THD Distortion: 0.01% 1Output 2

"a Excellent PhaseiGain Margins: 55*7.6 d13 for Fully Compen- inus2
sated Devices VEEN I nut

Output 1 E Output 4

t 0outputs I I E31Inputs 4

VC 1_' :.

ow SUIRIXInputs 2. it Inpt
PLASTIC PACKAGE I Pnua SUFFIX LSUFFI

CASE751G-01 PLSI PACKAGE CERAMIC PACKAGE
so-tea. output 2 Output 3 CASE 646-06 CASE 633-OSN

NC L. NC MI ASSIGNMENTS

OD W40 N1POA-rWN Oupt1*Output 4

Op A-p ~ d AVCLOZ Toeipeiehe Inputs 1 :[- IInputs 4

MC35001UAU WC350OUUAU -SSto 125' Ceramic DNP VCCG *Single MC340910AD MC3409WAD 0 to -70*C So-4l

Pual MC3dOS2PAP MC34083PAP 010o 70'C Plastic OIP I
MC36064LAL MC3W0S6LA -SS to -125'C Ceramic 0IP OutWu 2 '5Output)

Quad MC34084MW MC3IO0SOW 0 10 0C o-e.ua.TpV
____MC34064PAP MC34OUSAP 0 to 70"C PMastic OIP ______________

MOTOROLA LINEAR/INTERFACE DEVICES
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MC34080, MC35080 Series

MAXIMUM RATINGS
Rating Syimbof value Unit I

Supply Voltage (from VCC to VEE) VS 44 volts

tnput Differential Voltage Range VIOR Note I Volts

input Voltage Range VR .00 ot

Output Short.Circuit Duration (Note 2) ts Indlefinite Seconds

IOperating Ambient Temperature Range TA I C
MC35XXX -55 to - 126
MC34XXX 0 to -70

Operating Junction Temperature TjC
Ceramic Package -6
Plastic Package -2

Storage Temperature Range Tstg '
Ceramic Package .- 65 to -1t65

Plastic Package I-55 to -125

1 E ther or botn nout volteges must not excead it. magnitude of VCC Or VEE
2. Power difaptfiol miust be considered to ensure maxinmum iunction temp~erature i~ji a not

exmceeded.

EQUIVALENT CIRCUIT SCHEMATIC IEACH AMPLIFIER)

j20un ~VCC

iF- .2 output
Inpts SC 700

CC 010 R32P

011

130 Re D3

Null Adjust.OE

MOTOROLA LI NEAR/INTER FACE DEVICES
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0 MC34080, MC35080 Series

DC ELECTRICAL CHARACTERISTICS )V~c 15 V. VEE 15 V. TA -Ti 0 w to Thi~gh lNote 31, unless Otherwise noted)

A Suffix Noes-Suffix

Chaireraeistic SYmbo Min Typ Max Mmi Typ Max unit

Input Offset Voltage iNote 4) VI10
i

TA -25-C - 03 05 - 05 1'0
TA 0C to -10 C 1 MC34080 k4C34081l - - 2 5 - - 30
TA - 55 Cto -'125 C MC35080 MC35081 - - 35 - - 40

Cual
TA - 25 C - 08 1 0 - 1 0 30.
TA OC to - 70'C MC34082 VC34083, - - 30 - - 50
TA --55-C to - 125"C (MC35082, MC350813 - - 40 - - 60

Quad
TA -25-C - 30 60 - 60 12

TA =0C to - 7TCMC34064 MC34085) - - 80 - - 14

TA - 55*Cto - 125'C MC35064 MC350851 - - 90 - - i

Average Temp~erature Coeffvicint of Offset voltage lv 10 lT - '0 - - 10 - ,V 'C

input Bias Current )VCM = 0 Note 5) 118
TA = - 25-C - 006 02 - .006 02 nA
TA = O'C to- 70'C - - 40 - - 40
T

A -- 55 C to-25'C - - 50 - - 50

input Offset Current IVCMA - 0 Note 5) 'TO
TA = - 25'C - 002 0t1 002 01 mA

TA =0OC to - 70'C - - 20 - - 2
TA - - 55'C to - 125'C - - 25 - - 25

Large Signal Voltage Gain (VO m TO V Ri 2 20 ki AVOL V'i
TA -- 25'C 50 80 - 25:80 -
TA =TjOW 1o 

T
h,,,h 25 - 'sI - -

Output voltage Swfing voH .

Lz2 0 I. TA -25'C 132 137 - 32 137 -

RL = 0 . TA= 25'C 134 739 - 134 139 -0RL = 'iTA TIO,,to Thig t34 - - 134 - -

RL-20k TA -25'C VOL - 14 1-135 - -141-135

RL -10k.TA =25'C ? .471 -141 - -14 71 - 14 1

RL 10i. TA TIO,,t to rhqn - - -140:- - -'401

Output ShioitC'rcuit Current IA = 25 C) Is mA
)rtpit Overdrive - 0 V. Cutput to Ground

Source 20 31 - 20 31 -

Sink 20 28 - 20 28 -

Input Confirmon mode Vontag Range V)CR ýVE5 - 4 0)1 t VEE - 4 0) to V
TA -- 25'C fVCC - 20) )VCC - 20)

Comon Mode Rejection RIM o(AS 10k TA = 25'C) CmRR 75 190 - 70 90 - as

Power Supply RefectionRatio (RS o j0)t. TA -251C) -PSRR 75 86 7 0 as Zia5

Power Supplry Current IDmA
S.ngle

TA - -25'C - 25 34 - 25 34
TA = Tiow to Thight - - 42 - - 42

Dual
* TA -- 25'C - 49 60 - 49 60

TA - Tlo to Thigh - - 75 - - 7S
Q uad

TA. -- 25*C - 9 7 1 1 - 9 7 '1

TA - r~t 6 LhM - - '3 - - '3

mOTIS CON4hIUIDW
3- Tjo S- sC for MC38OSA T~o 0'C tom FAC3IOS.A -hg 125*C fr mc38omoA Thg 70, Tto t0  C OA

MC31110111A MC340SI A MC3581,IA MC34011.A
MC33082.A MC34U2A MC3SS=-A MC3ade2A

- MC380S3.A MC34063A MC3I063.A kMC34MS.A
MC35MSA MC3IU4.A MC38064A MC36014 A
kMC38OSI.A MC34U8.A 0,4091111.A MC34Me.A

I Se nooftcol i~tomfrmsiaton for typictal citangee iinout offset ,oitage due to soidemebmiryt and temowlerture cyclng
I L!:its at TA - 1St .rc guemenretee on rigri tenipereomer iT17,gh tesingt

MOTOROLA LINEARý INTERFACE DEVICES
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MC34080, MC35080 Series

AC ELECTRICAL CHARACTERISTICS IVCC 15 IV. VEE -15 V, TA =25'C unless otherwise noted)

A Suffix Non-SuffixU-Chareatteritic Symbol Min Typ Max Mint Typ Max Unit
Ste - Rate V, . 10 lV o -t~ 10VL =2 0 CL 100 PF) SR 0 2 0 5V_

.. onciensatea AV- 1 0 2 25 - 2 25 -
AV 1 0 - 30 - - 30 -

Deconnoensated AV -2 0 401 so - 40 s0 -
AV 1 0 - 50 - - so -

Settling Trite 10 V Step. AV - ) -s s
To 0tO0. 1- LS8 of 9-8,tsi 0 07? - - 0 72 -

To 0 01'. LSB of 121.tsi 1 16 - - ' 6 -

Gamn Bandwidth Product ff 200 kHI-t G8w MHz
Compensated 60 s0 - 60 80 -

Decompensatedt 12 16 - '2 '6 -

Power Bandwidth IRL 2 0 . V 0  20 V0 P. THO 5 0.1 SWPkz
Compentsated AV = 1t0 - 400 - 400 -

Decomoensated AV -100 -Bo Soo

Phase Margin lCornpensatedilb Degrees
RL - 20k - .55 - - 55:
RL 2 0 i.CL - 100 OF - 39 - - 39 -

Gain Margin iCompensated) Am d
P1 = 2,0 - 761 7 6
RL = 2 0k. CL = 100 PF - 4 5 4 45 -

Equivalenlt input Not"e Voltage en 2' -' 30 - V

Equivalent input Noise Current it 1 0 kHz) . i -- , - 0.01 1 - PA

input Capacitance C, - .o5.0 - p

input Resistance . - t?2  - - 10120AV-.10.RL-2.0 k,2.0 rVO %20 Vp.OA 10 kHz

Open-Loop Output impedance if t 0 MHz) 10 35 -3

TYPICAL PERFORMANCE CURVES

RGUUIE i - INPUT COMMON MODE VOLTAGE RANGE FIGURE 2 - INPUT WAS CURRENT

- VCC'VEf ±30VID222V '00(X* E - -

0 '1010 Sofly VC 
1K Ivcm- 0 W

______________I OK

-5 0 .25 .50 - 75 .100 .12S a5 0 25 so 75 log t25
Ts, AMWNT TEMPERAT1I4 )1* TA, AMUPIT TIME11111.16 IJ C

MOTOROLA LINEAR/INTERFACE DEVICES
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MC34080, MC35080 Series

FIGURE 3 - INPUT BIAS CURRENT venus FIGURE 4 - OUTPUT VOLTAGE SWING
INPUT COMMON-MODE VOLTAGE verus SUPPLY VOLTAGE

i • ,> -" iii

-i2 -80 -40 2 4 42, 0 '3 :-. -10 •'5 :20 --Z.c 2 COMMONMOD CG E VCLS vCC VE. SUR.Y VOLTAGO !OVTSI

FIGURE S -- OUTPUJT SATURATION versus FIGURE S -- OUTIPUT SATURATION venu
LOAD CURRENT LOAD RESISTANCE TO GROUNDA I 0

-' ) .. I i l - • 2cv•= •v

• -, V'V = s..Vi - _________•_________,____ ,_

g 23

202

40 a1

! 8.0 02 36 . l0 33 10 7 0 =20
'L OAO CUR RENT -OA A RESISTANCE T0 GROUND II

PIOURIE 7-- OUPU SATrURATION venu FIGURE 8 - OUPU SHR CECUITr CURRENT
LOAD RESITANCE TO VCC venu TEMPERATURE

C , I VII I - i t [

-34 : • } ... . ...______________________ • I I: )

Vc oR-EE - -5

.20 ___=____ _______

VC VCC '00V

3030 25 50 ' 00 '2

RL ~ ~ ~ ~ R LOAO RESTNE 0v• i)"AISTANCE '0 GROUND.'l1

5~LOAD RESISTANCE O CC I Venu ARET EMPERATURE C

e MOTOROLA LINEARiINTERFACE DEVICES
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MC34MS, MC35080 Series

FIGURE 9 - OUTPUT IMPEDA14CE vwsus FREGUEMICY FIGURE 10- OUTPUT WIMEANCE vFtI REOUIENCY

VC Vf =1 1 fTT r? VCCVEE - 5
-VCmO -

TAE4.O - 2'CTA 25

a:V AV~ 10 1S

OK 11 -0 OK O~ .10K V
, 1 FfEUENCY -

MOTOROLAE !:SNE ITE C DEVICE

1 2.0 t



MC34080, MC35080 Series

RXWS 14 - OPEtd-LOOP VOLTAGE GAIN AND AGUR 11 -0OPEN-LOOP VOLTAGE GAIN AND0 PH4ASE
PH4ASE vetus FIREQUENCY vflUs FIREQUIENCY

cccE 5V

z 1 - 20k

TA ~ - 7-Gn.R 45 
Gan

20 1 70

177 6 03 - hm R 20

cwý UnaM '0 of

Um 4..h uRvo 00,C 4 700. L 2 k L
OecomowmW Uun 0mv TT

0 0 1020 1 5K 0K7 00K OM 1011 5M 0 - -20 10 50 7 0 0 30 250
f. FEQUENCY ift z fs FREQUENCY TMkvA~9

RGNt PNLOAO VAOLTAGGANC AD HSELPGW 1 ORALIE CAAC ITANCE~~r
700FE~mW IODC w T0MTW

- ~ RR0- 20k

o ' . .... 2 2mA C

70 '00 00 20k70000
C-tm .2 O"L 1 P~ TAC 210 lflCPCTAC $

MOOoL LINAR/NTEFAC DEVICESv
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MC34O6O, MC35080 Series

FIGURE 20 -GAIN MARGIN venus LOAD CAPACITANCE FIGURE 21 - PHASE MARGIN venus TEMPERATURE

_ _ _ _ _ _ _ _ _ _50T

-VCCVEE - 15V . ______________________
______AL -2okt4. so ~ .rw c~~'t0~ -~~o io ~uO1 L-fle C.Nes - Copsodý I AV .2

itsAV A vov 0 -avo 0&WLM avS-D-M0U00QSA
- -A - --- - - --

4:o -1vo-o - .1
1 1 40

DKO ;CL=360~

-~'"% - 22 10V V to -10ý ý L- '200O$ A VC- 2E04 k 0 tOo - 04 2
'0 00 OK 55 - 25 3 :5 so 75 !00 2

CL CAD CAPACITANCE OF, TA. AMBINT TEMPERATURE Cý

FIGURE 22- NORIALIE 11.1W RATE venus
FIGUREl 22 -GAIN MARGIN venus TEMPERATURE TEMPERATURE

SowU'o .Crm -CommifltsmflA -mo AV vcXVIE *15V'

20tL - 0
±s 1vo~ 100 ,,V0 a-

k Z-0 kv 
00-lo VC

-O Ct =20pI to- --- O =ot -

Ire-

2 - Z:

TA. AM WT TEMPERATURE TO TA, AMNT TEMPERATURE C)

MOTOROLA LINEAR/INTE RFACE DEVICES



MC34080, MC35080 Series

MC34M6 TRANSIEN4T RESPONSE
AV= + 1.0, RL -2.Ok. VCCfVEE 15 ±V, TA = 25*C5

FIGURE 24 - SMALL-SIGNAL RGURE 21 - LARGE-SIGNAAL

MC34085 TRANSIENT RESPONSE
AVa =+2.0ORL -2.0Ok. VCC(VE Z15V. TA 5C

PIGURE W - SMALL-SIGNAL NOUL1111 27 - LARGE-SGN4AL

MOTOROLA~~~1 LIE RINEF C DiVCE
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0 MC34080, MC35080 Series

FIGURE 215- COMMON-MODE REJECTION RATIO FIGURE 29 - POWER SUPPLY REJECTION RATIO
vwsus FREQUENCY venus FREQUENCY

- '20

25C c A :;:'VVCCVEE - 1

go-cy100Vi0V .
f10i I -,TA-z

20 - * 7

-5 -1 0!0 3K21! O M 10110 10 1 a~ 71 10O 10K II OK IN OM !

wom TEPERTUR ma SUPPLY VOLTAGE VLh

so 0A

tA C a . ELNOO

3m OT R L 0IE R/N E FA EOEIE

*c~ -2-.rAnM



MC34080, MC35080 Series

APP•UCTIONS INPORMATION ative rail IVEE). The amplifier remains active if the inputs
The bandwidth and slew rate of the MC34080 series are biased at the positive rail. This may be useful for

,s nearly double that of currently available general pur- some applications in that single supply operation is pos- U
pose JFET op-amps. This improvement in ac oerfor- sible with a single negative supply. However, a degra-
mance is due to the P-channel JFET differential input dation of Offset voltage and voltage gain may result.
stage driving a compensated miller integration ampih- Phase reversal does not occur if either the inverting

tier in conjunction with an all NPN output stage or noninverting input (or bOthl exceeds the positive
The all NPN output stage offers unique aovantages common mode limit. If either input lot both) exceeds

over the more conventional NPN PNP transistor Class the negative common mode limit, the output will be in
AS output stage. With a 10 k load resistance, the op-amp the high state. The input stage also allows a differential

can typically swing within 1.0 V of the positive rail lVccl. up to 44 volts, provided the maximum input voltage

and within 0.3 volts of the negative rail (VEE). providing range is not exceeded. The supply voltage operating
a 28.7 Vp - p swing from = 15 vOlt supplies. This large range is from =5.0 V to = 22 V.
output swing becomes most noticeable at lower supply For optimum frequency performance and stability

voltages. If the load resistance is referenced to VCC careful component placement and printed circuit board
instead of ground, the maximum possible output swing layout should be exercised. For example, long un-

can be achieved for a given supply voltage. For light shielded input or output leads may result in unwanted

load currents, the load resistance will pull the output to input-Output coupling. In order to reduce the input ca-
VCC during the positive swing and the NPN output tran- pacitance. resistors connected to the input Oins should

sistor will pull the output very near VEE during the neg- be physically close to these pins. This not only mini.

ative swing. The load resistance value should be much mizes the input pole for Optimum frequency response.

less than that of the feedback resistance to maximize but also minimizils extraneous "pickup" at this node.

pull-up capability. Supply decoupling with adequate capecitance close
The all NPN transistor output stage is also inherently to the supply pin is also important. particularly over

fast. contributing to the operational amplifier's high temperature. since many types of decoupling capacitors
gain-bandwidth product and fast settling time. The as- exhibit large impedance changes over temperature.

sociated high frequency Output impedance is 50 ohms Primarily due to the JFET inputs of the op amp, the

(typical) at 8.0 MHz. This allows driving capacitive loeads input offset voltage may change due to temperature

from 0 to 300 pF without oscillations over the military cycling and board soldering. After 20 temperature

temperature range, and over the full range of Output cycles ( - 55C to 1665C). the typical standard deviation

swing. The 55' phase margin and 7.6 dB gain margin for input offset voltage is 559 ALV and 473 h.V in the

as well as the general. gain and phase characteristics plastic and ceramic packages respectively. With respect

are virtually independent of the sink source output to board soldering 1260°Co 10 seconds) the typical stan-

swing conditions. The high frequency characteristics of dard deviation for input offset voltage is 625 k.V and

the MC34060 series is especially useful for active filter 227 M&V in the plastic and ceramic package respectively.

applications. Socketed plastic or ceramic packaged devices should

The common mode input range is from 2.0 volts be- be used over a minimal temperature range for optimum

low the positive rail IVCCl to 4.0 volts above the nag- input offset voltaige performance.

AGURE 34 - OFFSET WULUNO CIAC5UIT
Vcc

3 7

2 6

VEE

MOTOROLA LINEAR, INTERFACE DEVICES
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corporation -

LM1877 Dual Power Audio Amplifier
General Description IlWide supply range, SV-24V
The LM1077 is a monolithic dual power amplifier designed 8Vr o rs-vrdsoto
to dieliver 2W/channel continuous into Sn loads. The IILow audio band noise
LM1877 is designed to operate with a low number of exter- a AC shoto circuit protected
nall components, and Still provide flexibility for use in stereo 0 Internal* thermal sh~utdown¶
phonographs, tape recordes andl AM-FM stereo receiveirs.
etc. Each power ampolaifr is bimase from a commonr Intsemal Applications
reguilator to Provide high power supply refection. and output a Multi-channiel audio systems
o point centering. The LM1877 is internally compensated el Stereo phonographs
for &ii gaim greater thair 10. 6 rape recorders and players

a AM-FM radio receivers
Features a o ampifipers

Z Wlctiairil Intercom systems
*-65 dO ripple relection, output referred UAu moftov products

a - 65 dO charnnel separation, output referred

Connection Diagram

- ~Order Number LUM1S7N
em - SeeINS Pcksg Numbe N14A

TLJH/?11.l1
TOP View

Equivalent Schematic Diagram

wool 9119TI
19 

m

-01101111 iiU



Absolute Maximum Ratings3 If 1111OY/Aer'oPece aspecifie devce o aae requ*red OpeatingTeffmperu 01C to + 71rC
contac Ute National Semicanducto also office/ Storae" Temperature -GWt to + I W0C
Olstalbutms foravallebftoW pn pelca~ee Junction Temperature 1 501C
Suppty Voltage 26V Lead Temperature (Soldering, 10 sec.) 260C
Input Voltage ±0.7V

Electrical Characteristics
VS - 20V, TA - 2S*C. (See Note 1) RL = SQ., AVj - 50 (34 dB) unless other*me speffied

Paramete Condhivins min Typ 11111111 ___f

Total Supply Current P0 -ow 25 so mA

Output Power THD - 10%
LM1877 VS - 20V. RL - SO 2.0 W/Ch

Totall Harmoonic Elatortion
LMIS7f t1 kHz, VS -14V___ ____ ___ ___

Po - 50 MW/Channie 0.075%

P0 - 500 mW/Channe 0.4 %~ ___ ___

_____________ P0 - 1 W/Chanre*___ 0.055%

Output Swing AL -80I VS-6 VP-p

Channel Separation C - 50 jkF, CIN - 0.1 A~F,

f - kHz, Outpu Reotea.___
VS - 2V, V0 - 4Vrma -50 -70 dB

____________ -VS - 7V, V0 - 0.5 Vrme -60 dB

PSRR Power Supp* CF 50pF. Cm - 0.1 pF
Reection Ratio f - ¶20Hz.OutputftReigned__________

VS - 20V. VjqppL - I Vrwtg -50 -65 dB

______________ VS - 7V. VR,,p.J - 0.5 Virus -40 dS

Noise Equivalent Input Noise ___ _______

RS- 0. CIN - 0.1 1IF,
SW - 20 Hz-20 kHz, Output Noise wWaidesd 2.5_ AV__ __

__________ -6'0. CN-0.1 O&F, AV200 0.60 my

Open Loop Gain Rs - . -100 kHz RL -Si 70 dS

Input Offset Vol~g Is my

Input Sima Currenit 50 nAk

Input Ip edmnce, Open LOop 4 MO

0C Output I"eI VS -20V 9 10 11 V

Slew Rafts 2.0 VWAS

Qxwem un* ___________ _ 1.0 A

NGO-s I~ 6111TW apuisfa0 O ia wur W' 2M ft Will MI7 M ba d~bud 1181d ne vIsAeulimt ISYC jgau wase iqa imwa
-ern aimi pewa Wert nw~e Moo "ditwwe



Typical Performance Characteristics

Power Supply Relection Ratio Power Supply Rejection Ratio
Devic Dissipation Ite (Referred to the Output) vae (Referred to the Output) vs

Its ., isIW 10n.OK I aM.ý

Its~~~ ~~ asCO-28UF-

IC. n IJ ey* I F

Ts- MmUS TIý Um Ca fMugul INS! PRoleuII (no

Power Supply Rejection Ratio
(Referred to One Output) vs Channel Separtion (Reverre Channel Separation (Referred

AVV

mAO -- - I - T1!1eftillz
AV s a11di !ilri 1.

I I I a Mis t i s Int i b-s I
WRY~rMM$sesa (11d$ao~I*

AveelpSuply urrnt e TtalMw os ~oron ota Hamonc Dstotio

A 16t

- I _aI

a*~. * ~ ,a~gwam P
AA ill P

Is55 to 111Y In III I I n)

,Ileum.11I f



0PRIEUMINARY INFORMATION p iiis

Commercial X9MME
Industrial X9MMEI

E2POTTM Digitally Controlled Potentiometer

FEATURES DESCRIPTION
"* Solid State Reliability The Xicor X9MME is a solid state nonvolatile potenti-
"* Single Chip MOS Implementation ometer, packaged in an 8 pin mini-DIP and is ideal f or
"* Three Wire TTL Control digitally controlled resistance trimming.
* operates From Standard 5V Supply The X9MME is a resistor array composed of 99 resis-
* Wide Analog Voltage Range ± 5V Minl. tive elements. Between each element and at either end
* "0 Resistive Elements are tap points accessible to the wiper element. The po-

-Temperature Compensated sition of the wiper element on the array is controlled by
- ± 20% End to End Resistance Range the M. U/13. and iFJM inputs. The position of the wiper

* 100 Wiper Tap Points can be stored in nonvolatile memory and is recalled
-Wiper Position Digitally Controlled upon a subsequent power-up.
-Wiper Position Stored In Nonvolatile The resolution of the X9MME is equal to the maximum

Memory Then Automatically Recalled on resistance value divided by 99. As an example-, for the
Power-Up X9503 (50 KA) each tap point represeints 505nl.

* 10 Yer Wier ositon etenionXicor E2 products are designed and tested for applica-
* 8 Pin Mini-DIP Pckage tions requiring extended endurance. Refer to Xicor reli-

ability reports for further endurance information.

PIN CONFIGURATION FUNCTIONAL DIAGRAM

a :3 V'.. U15ARMS

x~mw

PIN NAMES NNOAL

VH High Terminal of Pot 0"
VW Wiper Terminal of Pot
VL Low Terminal of Pot
VSS Ground
Vcc System Power
U/15 Up/Down Control 1aPN141
11 Wqipe Movemrent Control C~VLA

S Chip Selc for Wiper _ P11-01
Movement/Storage,

0*W



X9MME, X9MMEI

ANALOG CHARACTERISTICS Phy l Characteristics
Electrical Characterfstlcs Makn ncludes:
End to End Resistance Tolerance.........20% Manufacturer's Trademark
Power Rating at 2TC.............10 mW Resistance value or Code
Wiper Current I mA Max. Date Code
Typical Wiper Resistance 400l at 1 mA
Typical Noise .... -<120 dB/,Hz- Ref: 1lV ABSOLUTE MAXIMUM RATINGS*
Reaolution Temperature Under Bias ... 65*C to - 1 35-C
Resistance .. .. 1% Storage Ter re ....... 65-C to - 1 50-C

LinerityVoltage on C.ItC. U/15 and VCC
Absolute Lineanity(') .. ....... 10 MIR)I Referenced to Ground ... - 1.OV to - 7 OV
Relative Lineanty(3I .. . -0.2 Mlt2 Voltage on Vt. anid VL
Temipefature ColWeffcid P terenced to Ground ... 80 to - 8DV
- 4OC to +851C . ......... 300 ppm/'C Typical Lead Temperature (Soldering. 10 Seconds) ... 300*C

Wiper Current ...... .... mA
Whpe Adjustab"lt
Unlimited Wipeir Adjustment 'OMN

(Volatile Mode While Chip is Selected)CO EN
Nonvolatile Storae" of Wiper Position Stresses above those listed under "Absolute Maximum Rat.

.................. ... 10,000 Cycles Typical ings" may cause permanent damage to the6 device. This is a
stress rating only and the functional operation of the device atEnvilronmentall Chieraterittics these or any other conditions above those indicated in the oo-

Temperature Rang erational sections of this specification is not implied. Exposure
Operating X(94tE .......... 0..OC to 70*C to absolute maximum rating conditions for extended periodsX9MME1 ......... - 40*C to ý 85'C may affect: device reliablity.
Storage ...............- 65*Cto .- 150*C

D.C. OPERATING CHARACTERISTICS
X9MME TA =0'C to + 70C, VCC = +-5V t 10%, unless othefwise specified.
X9MME1 TA =-40*C to + 85*C. VCC = + 5V ± 10%, unless otherwse specified.

Limits____ UntSymbol Parameter MUnTits)Ma. Test Conditions

'cc Supply Current 25 35 mnA

ILI input Leakage Current +10 ;LA VIN = V to 5-5V, I.C t-1/1, M

VIM Input High Voltage 2.0 VCC + 1.0 V

VIL Input Low Voltage -1.0 0.8 V
____ Wiper Resistance 40 100 A ±1 mA

VVH VH Voltage -5.0 45-50 V

VVL VL Voltage -5.0 +5.0 V

CIN(S) a, 11C, U/13, Input 10 pF
____ Capacitance ______________________

Notes: (1) Absolute Linearity .s izsd to determine actal wiper voltage versus expecrted voltage as determined by wiper position
when used as a p, jintionieleir.
Ab*solt Lierity - (Vw~n)(actual) - VW~m1(expectd)) I Ml Max.

(2) 1 MI - AToT./99 or V - L- Minimum increment
99

(3) Reatied Lineairty, is utilzed to determine the actual change in voltage between successive tap posiio when used as a
potentiometer. It is a measure of the error in step sile.
Relative Lineart - VWgn - 1) - (VWtnt + M11 - t±0.2 MI Max.
Typica values of Linearity are shown in Figure 3.

(4) Typicall values are for TA - 25*C arid nominal supply voltage.

(5) This parameter is periodically sampled and not 100 % tested.

4.2



X9MME, X9MMEI

A.C. CONDITIONS OF TEST MODE SELECTION

Input Pulse Levels 0V to 3.0V d CS i U/0 M

InputRiseand 0ns L ; i H WiperUp
S Fall Times aL -- A L Wiper Do

Inut 15V iH X StoreWip

A.C. CHARACTERISTICS
X9MME TA 0C to + 70°C. VCC + 5V = 10%. unless otherwise specified.
X9MMEI TA -40°C to +85°C, VCC = + 5V = 10%. unless otherwise specified.

Symbol Parameter iUmits
min.__ Typ,(6) Max.

tc I a to INT Setup 100

Dt___ _ _ High to U/5 Change 100

tot U/ toC Setup 2.9 _

INC Low Penod 1tlT

tIH • High Penod 3
t Inactive to a Inactive 1

tCPH Deselect Time 20

tw I------N--- to Vw Change,,, ,_o00 500

A.C. Timing

Cto

vw

Note: (6) Typical values are for TA = 25*C and nominal supply voltage.

4.3



X9MME, X9MMEI

PIN DESCRIPTIONS APPLICATIONS

VH The combination of a digital interface and nonvolatile
The high terminal of the X9MME is capable of handling memory in a silicon based trimmer pot provides many
an input voltage from - 5V to + 5V. application opportunities that could not be addressed

by either mechanical potentiometers or digital to ana-
VL log circuits. The X9MME addresses and solves many
The low terminal input is limited from - 5V to + 5V. issues that are of concern to designers of a wide range

VW of equipment.

The wiper terminal series resistance is typically less Consider the possibilities:
than 40fl. The value of the wiper is controlled by the
use of U/13 and I''. Automated assembly line calibration versus mechani-

Up/Down (U/5) cal tweaking of potentiometers.

The U/15 input controls the direction of the wiper move- Protection against drift due to vibration or contamina-
merit and the value of the nonvolatile counter. tion.

Increment (1"0) Eliminate precise alignment of PWB mounted poten-
The 10 input is negative-edge triggered. Toggling M tiometers with case access holes.
will move the wiper and either increment or decrement Eliminate unsightly access holes on otherwise aes-
the counter in the direction indicated by the logic level thetially pleasing enclosures.
on the UM[ input.

Chip Seasp (M5) Product enhancements such as keyboard adjustment

The device is selected when the M input is LOW. The of volume or brightness control.

current counter value is stored in nonvolatile memory Front panel microprocessor controlled calibration of
when M is returned HIGH with 1-0 HIGH. test instruments.

DEVICE OPERATION Remote location calibration via radio, modem or LAN

The I'JM. U/15 and M inputs control the movement of link.
the wiper along the resistor array. HIGH to LOW tran-
sitions on I1•. with M LOW, increment (U/5 - HIGH) Calioration of hard to reach instruments in aircraft or
or decrement (U/15 - LOW) an internal counter. The other confined spaces.
output of the counter is decoded to position the wiper. APPLICATION CIRCUITS
When t is brought HIGH the counter value is auto- AppCil frko t . I
matically stored in the nonvolatile memory. Upon pow-
er-up the nonvolatile memory contents are restored to v o
the counter.

R V
With the wiper at position 90, additional increments; /10
(U/1 - HIGH) will not move the wiper. With the wiper
at position 0. additional decrements (U/15 - LOW) will VL •.-

not move ft wiper. Approxumatit audio tnm mwit exrside resistor.

The Mstat of U/1 may be cand while M remains
LOW, alwin a gross then fine ediutment durng Sys- Appl•latlon Ck*ct #2
tem calirtihon.

If VCC is remnoved while C is LOW the contents of the
nonvolatile memory may be lost. vw

The end to end resistance of the array will fluctuate

once VCC is removed. vL
U%*tht@•X9MME*--va-hi-r@~•
Naft Mawnurn Wkw• Osret - I mA.

4-4



X9MME, X9MMEI

Figure 1: Typical Frequency Response for X9103

9

6 TEST CONDITIONS
VrC 5.OV

3 Temp. = Room
Wiper I Tap 50

0 -V, = 0.5V RMS
Normalized (0 dB 0 1 KHz)

z - Test Circuit *1

-6

o -9

-Zt "

.0

12
-12

2.0C - .0

1.6 • Temp). - Room
wowe a Tapo 50

1.4•.VH - 2V RMS
Si ~Test COrcuit *I1

I.2

S1.0

0.8.

0.2 '

0.01 0.10 1.00 10.00 100.00 1000.00

rREoUENCY IN KNZ j
4 0 0 -55O

124-S

)1

S... ... m m m tua lumnnu u I I 08 .nlU Il INIm~ n n l ~ ~ mm n ii
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X9MME, X9MMEI

Figure 3: Typical Unearity for X9103

10

8 TEST CONDITIONS
VCC = 50V

6- Temp. = Room

Test Circuit *2
4

0
S 2-

'3 0 KEY:

z " " " " " . ABSOLUTE
-2-- . -.... = RELATIVE

a. -0o39-9

-4

-to-
0 10 20 30 40 50 60 70 80 90 100

WIPER POSITION 0o39-8

Test Circuit # 1 Test Circuit # 2

X TPOINT

-0TEST POINT j4 VW R

CURRENT

Standard Parts

Mllu eeitance Wiper Increlments Maximum Resistance Part Number

loNi0n 10OKO xg103

4 5050 50 K0 x9503
400 10100 1000K0 X9104

II

00--1

Strdr ai

MirtmuI iiil isiinii WI Ui lie Irrm et Maxmu Rel e Po Numbe
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AOI 2 Rev 3.0 Component List

The following is a list of components as of 10/9/89 for the 8930 Digital Board,
Audio Board and Noise Board.

RI = 10 K R2 = 10 KQ R3 = 10 K
R4 = 20 KQ R5 = 20 K R6 = 20 KQ
R7 = 20 K2 R8 = 20 KQ R9 = 20 Kfl
RIO= I KU R11 = 1 KU R12 = 10 KL
R13 = l0 Kf1 R14 = 10 Kf R15 = 10 K(
R16 = 10 K R17 = 20 Kl R18 = 20 KQ
R19 = 20 Kil R20 = 20 KQ R21 = 20 K
R22 = 10 K1 R23 = 24.3 K. R24 = 24.3 KQ
R25 = 10 K1 R26 = 10 K. R27 = 58.3 KM
R28 = 58.3 KM R29 = 100 Kf R30 = 1 K
R31 = 10KU R32 =- 100K R33 = 1K
R34 = 10 Ki2 R35 = I Kfl R36 = l K12
R37 = l0 K R38 = 10 Kf R39 = I Kl2
R40 = 1Kf R41 = 10 KQ R42 = 10 KQ

R43 through R 62- 100 K

ICI through IC4 = MC34084

IC5 through IC14 = Xicor 50 KK2 digitally controlled pot

IC15 = MC34082
IC16 = Xicor 50 Kf2 digitally controlled Pot
IC17 = Xicor 50 KM digitally controlled Pot
IC19 = Xicor 50 KQ digitally controlled Pot

PI through P4 = 50 K1 Pot

R1 = 100K R2 = 16K R3 = 6.2K
R4 = 510K R5 = 1K R6 = 2.7K
R8 = 10K R9 = 27.1 K R1O = 251.5 K
R11=251.SK R12= 10K R13= 10K
R14= 10K R15= 10K R16f= 27.1K
R17= 25K R18= 25K

C1 = luF C2 = 0.luF C3 = lOuF
C4 = 0.05 uF C5 = 0.1 uF C6 = 0.1 uF
C7 = 0.1uF C8 = 0.1uF C9= 0.1uF
C1 iO.l uF C12 =0.1 uF

Potl 50 K Pot2 =100 KI



Comvoent Count

8930 Digjita&l Bad

74xx688 2
65C22 I
AY8930 2
0.1 uF 5
NMI Connector 1
AOI Connector 1
Address select Connector 1

Power / Ground Plane Board:

NMI Connect 1
NAU Connector 1
AOI Connetor I

Ferrite Beads 3
10 pF Cap 3
1 AFCap 3
.01 gF Cap 3
Power Connector 1

I =l 7
10 il 17
20 KM 11
24.3 KI 2
58.3 KIQ 2
10O kW 22
0.1 uF 17
MC34084 4
MC34082 1
50 KfI Xicor Pot 13
50 KO Pot 4
LM1877 2
Audio Jacks 2
External Audio Connector I
Noise Connector 1
AOI Connector 1

2.7K• 1



6.2 KfO I
10 KO 5
16KO I
25 KM 2
27.1 Kil 2
100 mK 1
251.5 KQ 2
510 KM 1
0.05 uF 1
0.1 uF 8
luF I
10 uF 1
50 Q Pot 2
FLT-U2 2
LM389 1
Xicor 50K Pot 4
Noise Connector I

Cgm~nt NumberNede
1Kfl 8
2.7 KO 1
6.2 KQ 1
10 KQ 22
16KM 1
20 KlI 11
24.3 KCI 2
25 l 2
27.1 KD 2
58.3KQ 2
100 KQ 23
251.5 KM 2
510IM 1
0.05 uF 1
0.01 IT 3
0.1 uF 30
luF 4
10 uF 4
50 kf Pot 6
MC34084 4
MC34082 1
50 KIC Xicor Pot 17
LM1877 2
FLT-U2 2
LM389 I
74xx688 2
65C22 1
AY8930 2
MNM Connector 2
AOI Connector 3
Address select connector 1



Audio Jacks 2
External Audio connector 1
F -e Connector 2
Power Connector I
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STARTUP Wednesday, January 3, 1990 1:22 pm Page 1

SEND SETUP

SEND ARRAYS

SEND CASE

SEND DOERNAKE

SEND CHIPCTRL
SEND SELECTOR

SEND VIEW8930

SEND ENVELOPE

SEND CONVERT

SEND TIME6522

SEND XICORS

SEND CONFIGUR

SEND TRANSIT

SEND ACIACON

SEND SHOFRAME

SEND AOI

SEND SYSINITS

SEND DENO



SETUP Wednesday, January 3, 1990 1:22 pm Page 1

HEX

304 IC 1

50 1E f

360 22 :
FORGET TASK ( Reset )

380 DP I

DECIMAL

: OCTAL 8 BASE I
: BINARY 2 BASE I

VARIABLE WAIT.COUNT 5000 UAIT.COUNT I

: WAIT WAIT.COUNT B 0 DO I DROP LOOP

: NIP SWAP DROP

: TUCK SWAP OVER

- -ROT ROT ROT ;
: INCR 1 SWAP +1

: DECR -1 SWAP +1
: OSET 0 SWAP I ;

: COSET 0 SWAP C! ;

-1 CONSTANT TRUE

0 CONSTANT FALSE

- OVER OVER - -ROT ; (n n2 - C nl-n2 I ( nl + n2 I

GET.OUT ?TERMINA4L IF R> DROP EXIT THEN ;

TASK

DECIMAL

----I-.m~ mmmmnm nmm nm n



0 ARRAYS Wednesday, January 3, 1990 1:22 pm Page 1

DECIMAL

: CARRAY CREATE 3 + ALLOT DOES> +

: ARRAY CREATE 2+ 2* ALLOT DOES> SWAP 2* +

: 2ARRAV ( ROW COL -) CREATE 2 ALLOT 1+ SWAP 1+ SWAP DUP , ' 2-

ALLOT DOES> ROT OVER 2 ' ROT + 2* + 2+ ;

: DARRAY CREATE 1+ 4 * 2+ ALLOT DOES> SWAP 4 ' +

: TABLE CREATE 2 ALLOT DOES> SWAP 2*. a
C INITIALIZE BY COM4AING )

CTABLE CREATE 2 ALLOT DOES> + CS
( INITIALIZE BY C-COMAING )

( NUMBERS TO BIT WEIGHTS )

TABLE 2 1 , 2, 4 , 8 , 16 ,32 , 64 , 128 ,256 ,512,

1024 , 2048 , 4096 , 8192 , 16384 , 32768

0

0



CASE Wednesday, January 3, 1990 1:22 pm Page 1

( MODIFIED FROM W. BADEN )

FORTH DIMENSIONS VOLUME 8, #5, P 31

DECIMAL

: CASE DUP ;

: OF [COMPILE] IF COMPILE DROP

IMMEDIATE

: ENDOF COMPILE EXIT (COMPILE] THEN

IMMEDIATE

: ENOCASE DROP ;
: =OR 2 PICK U OR ;

(N N1 N2 - F: T IF N >- N1 & - N2H)

BETWEEN 1. OVER - 2"R - R> U<
ASCII BL WORD COUNT 1- ABORTU ?? " C2 STATE a IF (COMPILE] LITERAL THEN

IMMEDIATE

0,



DOERMAKE Wednesday, January 3, 1990 1:22 pm Page 1

DECI1AL

: MOP;"

: DOER CREATE 2 ALLOT ['] MOP CFA , DOES> a >R

( THE ALLOT STEPS OVER THE POINTER PUT IN THE

( FIRST WORD OF THE CHILD'S PARAMETER FIELD BY

( DOES> )

( DOER NAMEX makes NA4EX vectored to MOP )

MAKE CCOMPILE] 1 2 2+ [COMPILE] I CFA SWAP I

C MAKE MAMEX NEW-WORD revectors NAMEX

( MAKE NANEX MOP revectors NMAEX to MOP )

I

I



CNIPCTRL Wednesday, January 3, 1990 1:22 pm Page 1

HEX

8000 CONSTANT 68HCl1.PORT.A

3 2^ CONSTANT 68MC11.PORT.A.PULSE.BIT

DFFO CONSTANT AUDIO.6522.BASE

DECIMAL

AUDIO.6522.I1ASE 0 +CONSTANT AIA)IO.6522.PORT.B

AUDIO.6522.&ASE 15 +CONSTANT AUIDIO.6522.PORT.A

AUDIO.6522.BASE 2 + CONSTANT AUDIO.6522.PORT.B.DDR

AIJDIO.6522.8ASE 3 + CONSTANT AUDIO.6522.PORT.A.DDR
AlJDIO.6522.BASE 4 + CONSTANT ALJDIO.6522.T1C-L
AUDIO.6522.B1ASE 5 + CONSTANT ALR)IO.6522.T1C-H

AUDIO.6522.BASE 6 + CONSTANT MAUIO.6522.TI1-L
AUDIO.6522.BASE 7 + CONSTANT AUDIO.6522.TI1-H

AUDIO.6522.BASE 8 + CONSTANT AAJOIO.6522.T2C-L

AlJIO.6522.BASE 9 + CONSTANT AUDIO.6522.T2c-H
AUWIO.652Z.U1ASE 10 + CONSTANT AUDIO.6522.SR

AU0IO.6522.SASE 11 + CONSTANT AUDIO.6522.ACRAUI.52BS 2+COSATADO62.C
AAJDIO.6522.BASE 12 + CONSTANT AUDIO.6522.PCR

AUI~fO.6522.11ASE 14 + CONSTANT AIA)JO.6522.JER

DEC1IMAL

0 2'A CONSTANT SOUNO.CHIP.SELECT.BIT ( chip enabte

1 2^ CONSTANT BIS.CONTROL.UIT CBC1 for AY-8930s)

2 2 A CONSTANT WJS.DIRECTION.SIT C WIN for AY-8930s)

( bits 3 and 4 are used in XICORS

5 2 A CONSTANT NDIE.NESET.IOTN.AY*893S.SIT

: P.ON n part-
DUP C2 C n port contents )

ROT ( port contents n )
am ( port new.contents)
&AP CI

:P.OFF Cnport )
DUP CO ( n port contents )
ROT ( port contents n )
OVER ( port contents n c- .ents)
AND C port contents bits.in.n.currentty.on)I NOR C port new.contents)



CHIPCTRL Wednescay, January 3, 1990 1:22 pm Page 2

SWdAP C!

HEX -

:PULSE
6SHCII.PORT.A.PULSE.BIT 68HC¶1.PORT.A OVER OVER P.0W P.OFF

:INIT.AUDIO.6522.PORT.B
FP AUDIO.6522.PORT.B.DDR C!

20 AUDIO.6522.PORT.B CI put reset bit high)

:HARPWARE .RESET.BOTH.AY-8930S
NDW.RESET.BOTH.AY-8930S.SIT AUIDIO.6522.PORT.B P.OFF

NDW.RESET.EOTH.AY-8930S.BIT AUDIO.6522.PORT.3 P.0W

:TO.SOUN
PP AUDIO.6522.PORT.A.DDR C!

: R0W.SGUNO

0 AUDIO.6522.PORT.A.OOR C!

:SETUP.SOUWM.CHIPS
INIT.AAJDIO.6522.PORT.I

TO. SOUND
HARDUARE.RESET.BOTH.AY-8930S;

: DMULL

E BUS.COWTROI..S!T BUS.OIRECTION.BIT OR I LITERAL

AAJDIO.6522.PORT.U P.OFP

: DLATCH
E SUS.CONTROL.BIT BlS.DIRECTIOW.IIT OR I LITERAL
ALJOIO.6522.PORT.0 P.0Wl

:DREA
inUS.CONTR0L.UIT AAJDIO.6522.PORT.U P.0W

:DURITE

*US.DIREr.TION.BIT AUDIO.6522.PORT.S P.0W

VARIASLE SELECTED.SOUN.CHIP

:AY-8M.0.

SOUND.CHIP.SELECT.BIT AUDIO.6522.PORT.8 P.OFF

0 SELECTED.SOUNM.CHIP I;

:AY-SM3.1

SOtWD.CMNP.SELECT.BIT AWDIO.6522.POUT.B PVON

10 1 SELECTED.SOLIWO.CNIP I ;



CHIPCTRL Wednesday, January 3, 1990 1:22 pm Page 3

: SET.SOUND.CHIP ( 0 a AY-8930.0 I u AY-8930.1 )

O IF AY-8930.0 ELSE AY-8930.1 THEN

: RSET DNULL DLATCH AUOIO.6522.PORT.A CI DNULL ; ( for AY-8930 addresses

D Default AUDIO.6522.PORT.A bus direction is out to the peripherals )

<GET) FROM.SOUND DMULL DREAD AUDIO.6522.PORT.A Ca DNULL TO.SOUNO

4SEND> DNULL AUDIO.6522.PORT.A C1 DURITE DNULL ;

BN MARY

10100000 CONSTANT BANK.A.CODE

10110000 CONSTANT BANK.B.CWDE

00001111 CONSTANT CLEAR.NIBBLE.MASK

OCTAL

:ANK.A ( - (bank A is current))

15 RSET

<GET>

CLEAR.NIBBLE.NASK ( special case because bank code shares )

AND ( a register with Channel A shape/cycLe )

BANK.A.CODE

OR

<SEND>

:BANK.B (bn B is current))

15 RSET

4GET>

CLEAR.NIBLE.MASK

AND C special case Like BANK.A )

MBiL.BCODE

DECIMAL

0



CHIPCTRL Wednesday, January 3, 1990 1:22 pm Page 4

SEND ( n register #bytes bank -

Of IF BANK.A ELSE BANK.B THEN

I IF

RSET

(SEND> ( transmits Low order byte )

ELSE

DUP ( n register register

RSET ( n register )

OVER ( n register n )

<SEND>
1+ ( n registerl÷ )

RSET

>< ( swap bytes

<SEND> ( transmits tow order byte --- former hi byte )

THEN

:GET (register #bytes bank- )

On IF BANK.A ELSE BANK.B THEN

1 * IF

SRSET
<GET> ( get Low order byte )

ELSE

DUP ( register register )

RSET

<GET> ( register tow-byte )

SWAP ( Low-byte register )

1+

RSET

<GET> ( Low-byte high-byte

256 + ( cclned-lowdhigh-bytes

THEN

DECIMAL

S



SELECTOR Weknesday, January 3, 1990 1:22 pm Page 1

( SELECT BY REGISTER NAMES

DECIMAL

0 CONSTANT A

I CONSTANT B

2 CONSTANT C

TONE.PERIOD ( channel - register #bytes bank

2* ( register )

2 ( register bytes )

A ( register bytes bank )

OCTAL

16 CONSTANT PORT.A.REGISTER

AY-8930.PORT.A ( chanreL - register #bytes bank

PORT.A.REGISTER
1

A

AY-8930.PORT.B ( charner - register #bytes bank

PORT.A.REGISTER 1+

I
A

6 CONSTANT NOISE.PERIOD.REGISTER

NOISE.PERIOD ( channet - register JA'tes bank )

NOISE.PERIOD.REGISTER ( AY-8930 address )

I

A

7 CONSTANT NOT.ENA3LE.REGTSTER

MOT.ENABLE C channt - register 'Wtes bank )

NOT.ENABLE.REGISTER ( AY-8930 address )

1

A

AMPLITUDE ( channre register #bytes bank

10 + (base AY-S30 address)

p1



SELECTOR Wednesday, January 3, 1990 1:22 pm Page 2

A

:OR.OW (bits )

2 PICK

2 PICK

2 PICK

GET ( bits current.vaLue ( register current I )

4 ROLL

OR ( add the new bits )

3 ROLL

3 ROLL

3 ROLL

SEND ( store in register )

XOR.OFF C bits )

2 PICK

2 PICK

2 PICK

GET ( bits value )

i4 ROLLS OVER C value bits value )
AND C value "on" bits to turn off )

XOR C turn them off )

3 ROLL

3 ROLL

3 ROLL
SEND ( store in register

ENVELOPE.PERIOD ( channel - register #bytes bank )

CASE 0 a OF 13 2 A ENDOF

CASE 1 z OF 0 2 3 ENDOF

CASE 2 a OF 2 2 B ENDOF

ADORT" CHANNEL RANGE ERROR"

ENCASE

SNA01/CYCLE C channel - register Obytes bank )

CASE 0 a OF 15 1 A ENOOF

CASE I a OF 4 1 S ENDOF

CASE 2 a OF 5 1 8 ENDOF
AlORTT CHANNEL RANGE ERROR"

ENOASE

S
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6 CONSTANT CH.A.DtUTY.CYCLE.REGISTER

DUTY.CYCLE (-register btytes bank)
CH .A.DUTY .CYCLE .REGISTER

B

11 CONSTANT NOISE.AND.MASK.REGISTER

N0ISE.ANO.MASK ( - register b~ytes bank)
NOISE.AND.1MASK.REGISTER

I

B

12 CONSTANT NOISE.OR.MASK.REGISTER

NOISE.OR.KASIC ( - register Mbytes bank
NOISE .OR .M4ASK.REGISTER

DECIMAL

1 CONSTANT HOLO.BIT

2 CONSTANT ALT.BIT
4 CONSTANT ATTACK.SIT
8 CONSTANT CONTIN"EBIT

CWARNING - THE NOT.ENABLE REGISTER IS NEGATIVE LOGIC)

TONE.ENABLE ( ch )
2^ NOT.ENA3LE XOR.OFF;

TONE.DISA3LE ( ci,
24 NOT.ENABLE OR.ON;

NOISE.EXABLE ( eh )
24 8 * NOT.ENABLE XOR.OFF

NOISE.DISAALE ( ch )
2^ 8 * NOT.ENABLE OR.ON;

:ZEbO.AWPLITWDE ( ch)
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0 SWAP AMPLITUDE SEND

INIT.SOUND.CHIP

255 NOT.ENABLE SEND C enabtes AY-8930 ports as outputs )

0 A AMPLITUDE SEND

0 B AMPLITUDE SEND

0 C AMPLITUDE SEND

0 A TONE.PERIOD SEND

0 B TONE.PERIOD SEND

0 C TONE.PERIOD SEND

O NOISE.PERIOD SEND

0 A ENVELOPE.PERIOD SEND

O B ENVELOPE.PERIOD SEND

0 C ENVELOPE.PERIOD SEND

255 A SHAPE/CYCLE XOR.OFF

255 B SHAPE/CYCLE XOR.OFF

255 C SHAPE/CYCLE XOR.OFF

4 A DUTY.CYCLE SEND C 50% DUTY CYCLE )

4 3 DUTY.CYCLE SEND C 50% DUTY CYCLE )

4 C DUTY.CYCLE SEND ( 50% DUTY CYCLE )

255 NOISE.AND.MASK SEND

0 NOISE.OR.NASK SEND

p
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DECIMAL

: 166ItS ( d - )
<# # U U U 32 HOLD # 0 0 3 32 HOLD 32 HOLD

0 0 0 N 32 HOLD 0# 0 # 32 HOLD 32 HOLD #> TYPE

: BITS. ( n - n )
BASE 2 BINARY OVER 0 1681TS BASE I

: HEX.

BASE a HEX OVER 8 U.R 2 SPACES BASE!;

: DEC.

BASE a DECIMAL OVER 8 U.R 2 SPACES BASE ;

: ALL. DEC. HEX. BITS. DROP ; C n - )

: SAY.CHANNEL ( n - n )

DUP

CR ." CHANNEL "

CASE 0 a OF .'BA " ENDOF

CASE 1 a OF . B " ENDOF

CASE 2 a OF ."C " ENDOF

ENDCASE ;

: SEE ( ch)

SAY.CHANNEL

CR ." Register DecimaL Hex Binary "
CR .e TONE PERIOD

DUP TONE.PERIOD GET ALL.

CR ." AMPLITULE

DUP AMPLITUDE GET ALL.

CR ." ENVELOPE PERIOD "

DUP ENVELOPE.PERIOD GET ALL.

CR ." SHAPE/CYCLE
DUP SHAPE/CYCLE GET ALL.

CR . DUTY CYCLE N

DUTY.CYCLE GET ALL.

CR M ENABLE REGISTER "

NOT.ENAiLE GET 255 XOR ALL.

CR .t NOISE PERIOD (

ROISE.PERIOD GET ALL.

CR .0 NOISE ANOD 1ASK "f

NOISE.AND.NASK GET ALL.

CR .0 NOISE OR MASK "

NOISE.OR.MASK GET ALL.

4 SPACES
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(words to work the envetope registers)

ENVELOPE.ON 32 SWAP AMPLITUDE SEND ; Cch-)
ENVELOPE.OFF 0 SWAP AMPLITUDE SEND ; Cch-)

ATTACK.ONCE ( ch -)
E ATTACK.BIT ALT.BIT CONTIN"EBIT HOLD.SIT OR OR OR I

LITERAL SWAP SHAPE/CYCLE 01.0W

DECAY.0NCE ( ch - )
I ATTACK.BIT C0NTIMUE.BIT ALT.BIT HOLD.IT OR OR OR I

LITERAL SWAP SHAPE/CYCLE XOR.OFF

:ATTACK.AND.HOLO ( ch - )
ALT.BIT OVER SHAPE/CYCLE XOR.OFF

E ATTACK.BIT CONTINUE.BIT HOLD.BIT OR OR I

LITERAL SWAP SHAPE/CYCLE 01.0W

:TRIANGLES C ch - )
HOt.D.BIT OVER SHAPE/CYCLE XOR.OFF

C ATTACK.UIT ALT.BIT C0NTINUE.BIT OR 01 I

LITERAL SWAP SHAPE/CYCLE 01.0W

: ATTACKS C ch - )
I ALT.BIT HOMB.IT 01 I LITERAL OVER SHAPE/CYCLE XOR.0FF

E ATTACK.BIT CONTINUE.BIT 01 I LITERAL SWAP SHAPE/CYCLE 01.0W

: DECAYS (Cch -)

C ATTACK.BIT ALT.BIT HOLD.BIT 01 OR I

LITERAL OVER SHAPE/CYCLE XOR.OFF

COWTINUE.BIT SWAP SHAPE/CYCLE 01.0W
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DECIMAL

250000. 2CONSTANT CLOCK ( AY-8930 cLock freqeuncy divided by 8

this is a empiricat setting, the preliminary manuaL divides by

HZ CLOCK ROT UN/NMOD NIP ;

( 2000 HZ Leaves the TONE.PERIOD )

C HZ can be used for tone or noise periods )

( noise period is the input clock rate to the poLynomiat shift register

EHZ CLOCK 32 UN/MOD NIP SWAP / ;
enveLope period is the time for the 32 envelope steps )

S

S



TIME6522 wednesday, January 3, 1990 1:22 pm Page 1

USES TI AND T2 ON AUDIO.6522)

TASK.;

HEX

INIT.TIMER.HDW
EU AUDI0.6522.ACR C! TI SQUARE WAVE, T2 COUNT DOWN

40 AUDIO.6522.PORT.B.DDR P.OFF CMAKE P86 AN INPUT)

DECIMAL

50000 CONSTANT TI.50.MSEC

10000 CONSTANT TI.I0.MSEC
5000 CONSTANT T1.5.MSEC

1000 CONSTANT T1.1.MSEC
100 CONSTANT Tl..l.MSEC

10 CONSTANT T1..Ol.MSEC

VARIABLE T1.INITIAL.COUNT

T1.1.MSEC TI.INITIAL.COUNT 1

><I ( n addr - stored Lowpbyte in addr then hibyte in addr +1

SWAP SWAP 1

INIT.TI.COUNT
T1.INITIAL.COUNT 2 AUDIO.6522.TIL-L >0I

T1.INITIAL.COUWT a AUDIO.6522.TIC-L >0

VARIABLE T2.INITIAL.COUNT

HEX FFFE T2.INITIAL.COUNT I DECIMAL

INIT.T2.cCUNT

T2.INITIAL.COUNT a AUDIO.6522.T2C-L >0

INIT.TIMER

INIT.TINER.NOW

INIT.T1.CCUNT

INIT.T2.COUNT

START.TIMER
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INIT.T2.COUNT

READ.TIMER C-n)

T2.1NITIAL.COUNT a AUDIO.6522.T2C-L 2>4 -

(WORDS FOR SCAN TIMING)

VARIb4LE T2. INTER.SCAN.COUNT

1000 T2.INTER.SCAN.CQJNT I Cdefauit I second detay)

5 2^ CONSTANT AUDIO.6522.T2.INTERRUPT.FLAG

START. IXTER.SCAN. INTERVAL

T2.INTER.SCAN.COJNTa
AUDI0.6522.T2C-L ),I

ELAPSED.INTER.SCAN. INTERVAL

T2.INTER.SCAN.COUNT a

AUDIO.6522.T2C-L 2><

?INTER.SCAN. INTERVAL .DONE

AWOIO.6522. 72. INTERRUPT. FLAG

AUDIO.6522.IFR C2 AND 0. NOT

INIT.SYNCH
INIT.TINER.HOU

IN 7.71 .COUNT

START. INTER.SCAN. INTERVAL

SYNCH
BEGIN

?INTER.SCAN. INTERVAL.DONE

UNT IL
START.INTER.SCAN. INTERVAL
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( Audio Board Control for Xicor Digital Potentiometers )

TASK ;

( Audio.6522.Port 8 )

3 2^ CONSTANT UP/DOWN.BIT ( 1 IS UP )

4 2^ CONSTANT STEP.BIT

VARIABLE STEP.DIRECTION

0 STEP.DIRECTION

STEP.UP

UP/DOWN.BIT AWDIO.6522.PORT.B P.ON
TRUE STEP.DIRECTION I

STEP.DOWN

UP/DOWN.BIT AUDIO.6522.PORT.B P.OFF
FALSE STEP.DIRECTION I

C The order of the foLlowing constants will determine )

a a array coluwn, the bit weight and the output port )

C AY-8930.1 Port A )

0 CONSTANT PRE.NIXER.LEVEL

1 CONSTANT NOISE.LEVEL

2 CONSTANT BALANCE
3 CONSTANT LEFT.AUDIO.LEVEL

4 CONSTANT RIGHT.AUDIO.LEVEL

5 CONSTANT NOT.USED

6 CONSTANT HIGN.PASS.FILTER.1

7 CONSTANT HIGH.PASS.FILTER.2

6 CONSTANT FILTER

C ALIAS FOR HIGH.PASS.FILTER.1 )

C AY8930.1 Port S )

8 CONSTANT AY-8930.O.CHANNEL.A.LEVEL

9 CONSTANT AY-8930.0.CHANNEL.B.LEVEL

10 CONSTANT AY-8930.O.CHANNEL.C.LEVEL

1I CONSTANT AY-8930.O.LEVEL

12 CONSTANT AY-8930.1.CHANNEL.A.LEVEL

13 CONSTANT AY-8930.1.CHANNEL.B.LEVEL

14 CONSTANT AY-8930.1.CHANNEL.C.LEVEL
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15 CONSTANT AY-8930.1.LEVEL

0 CONSTANT XICOR.INITIAL.SETTING

1 CONSTANT XICOA.CURRENT.SETTING

1 15 2ARRAY XICOR.ARRAY

VARIABLE 4STEP. TEMP,'

0 'STEP.TENP;' I

:STEP.TENP <STEP.TENP> 2 WORKS LIKE A CONSTANT)

: SELECT> uses STEP.TEHP

AY-8930. 1
STEP.TEMP 8'
IF STEP.TEMP 2^ AY-8930.PORT.A ( get the bit weighit directly)

ELSE STEP.TENP 8 - 2^ AY-8930.PORT.B ( shift down by 8)

THEN C-bit.weight port)

:SELECT ýcSELECT> XOR.OFF ; Cbit.weight port )

S ~: UNSELECT cSELECT> OR.ON ;Cbit.weight port-)

:STEP.SETTING ( Xlcor must be selected )
STEP.BIT AUDIO.6522.PORT.B P.OFF ( XICOR STEP IS ACTIVE LOW~
XICON.CtJRRENT.SETTING STEP.TENP XICOR.ARRAY ( addr)

STEP.OIRECTION 2 IF INCR ELSE DECR THEN
STEP.IIT AUDIO.6522.PORT.I P.ON ( PUT IT BACK HIGH)

GOTO.SETTING ( target.setting Xlcor.constant 0-15
<STEP.TEMP2, I C the key to this routine)
DUP 0 100 BETWEEN C target)

IF
DUP SELECT C target target - target target)
XICOR.CIJRRENT.SETTING; STEP.TENP XICOR.ARRAY a

-C target target current - target delta
0,4 IF STEP.DOWN ELSE STEP.UP THEN C sets AY-8930.0)
C - target )

lEGIN C target)
OWP XICOR.CURRENT.SETTING STEP.TENP XICOR.ARRAY a
0 NOT

WHILE STEP.SETTING
REPEAT

ELSE ABORTm MA ARGUIMENT TO GOTO.SETTING"

THEN C target5 DROP
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UNSELECT

ALL.XICORS.TO.IERO

AY-8930.1

255 AY-8930.PORT.A SEND

255 AY-8930.PVRT.B SEND

C AWYE THREE LINES ARE REQUIRED BECAUSE SELECT IS )

C NEGATIVE LOGIC -- A LOU SELECTS THE XICOR

STEP .D0W�

16 0 DO

I STEP.TENP'

SELECT

100 0 DO STEP.SETT[NG LOOP

0 XICOR.CURRENT.SETT!NG I XICOR.ARRAY I

UNSELECT

LOOP

ALL.XICORS.TO.INITIAL.SETTING

ALL .XICORS. TO. ZERO

16 0 DO

I 'STEP.TEMP� I

SELECT
XIcOR.INITIAL.SETTING I XICOR.ARRAT B

I GOTO.SETTING
UNSELECT

LOOP

SHOII.XlcORS
CR

A XICOR SETTINGS INITIAL CURRENT

CR

N PRE.NIXER.LEVEL N

XIcOR.INITIAL.SETTING PRE.NIXER.LEVEL XICOR.ARRAr a 10 U.R
XIcOR.OJRRENT.SETTING PRE.NIXER.LEVEL XIcO.ARRAY a 10 U.R
CR

A NOISE.LEWL

XIcO.INITIAL.SETTING NOISE.LEVEL XICOR.ARRAY a 10 U.R
XIcOLODRENT.SETTING NOISE.LEVEL XICOR.ARRAY a io U.R
CR

' S AlICE N

XIcOR.INITIAL.SETTING BALANCE XICOR.ARRAY a 10 U.R
XIcOR.cURRENT.SITTING BALANCE XICOR.ARR.AY a to U.R
CR

A LEFT.ALSIO.LEWL
XIcO.INITIAL.SETTING LEFT.AWIO.LEVEL XICO.ARRAY a to U.R
XIcOLcURRENT.SETTING LEFT.MDIO.LEVIL XICOR.ARRAT a io U.R
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CR
.H RIGHT.AUIDIO.LEVEL If

XIC0R.IMITIAL-SETTING RIGHT.AUDI0.LEVEL XICOR.ARRAY a 10 U.N
XICOR.CUJRRENT.SETTING RIGHT.AUO!0O.LEVEL XICOR.ARRAY a 10 U.N

CR
N" NOT.USED

XICOR.INITIAL.SETTING NOT.USED XICOR.ARRAY a 10 U.N

XICOR.CURRENT.SETTING MOT.USED XICOR.ARRAY a 10 U.R

CR

." HIGH.PASS.FILTER.1 N

XICOR.!N!TIAL.SETTING HIGH.PASS.FILTER.1 XICOR.ARRAY a 1o

U.R
XICON.CURRENT.SETTING IIIGH.PASS.FILTER.1 XICOR.ARRAY a 10
U.N
CR
." HIGH.PASS.FILTER.2

XICON.INITIAL.SETTING HIGH.PASS.FILTER.2 XICOR.ARRAY a io
U.N

XICON.CURtRENT.SETTING HIGH.PASS.FILTER.2 XICOR.ARRAY a 1o

U.N
CR
." AY-8930.0.CHANNEL.A.LEVEL

XICOR.INITIAL.SETTING AY-8930.0.CHANNEL.A.LEVEL XICOR.AIRAY0 a 10 U.m
XICON.CLOIRENT.SETTING AY-8930.0.CHANNEL.A.LEVEL XICON.ARRAY

a 1o U.m

CR
N, AY-8930.0.CNANNEL.B.LEVEL a

XICOR.INITIAL.SETTING AY-8930.0.CNANNEL.U.LEVEL XICOR.ARRAY

a to U.m
XICOR.CLRRENT.SETTING AY-$M3.0.CHANNEL.3.LEVEL XICOR.ARRAY
a 1o U.m

CR

." AY-830M.O.CNANNEL.C.LEVEL a

XICOR.INIT!AL.SETTING AY-BM3.O.CHANNEL.C.LEVEL XICOin.ANRAY

a to U.m

XICON.CLRRENT.SETTING AY-$M3.O.CNAUNEL.C.LEVEL XICOR.AIRAY
a 1o U.2

CRt

.0 AY-893M.O.LEVELN
XICom.INITIAL.SETTING AY-8930.O.LEVEL XICOR.ARRAY a 10 U.N
XICOR.CLUNENT.SETTING AY-8930.O.LEVEL XICOR.ARRiAY a 10 U.Nt

cit

." AY-893M.1.CNANNEL.A.LEVEL

XICON.INITIAL.SETTING AY-8930.t.CHANNEL.A.LEVEL XICOR.ANRAY

a to U.4
XICOR.CURRENT.SETTING AY-SM3.1.CHANNEL.A.LEVEL XICOR.ARRAY

a to U.2

* CR
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.'AY-893M.1.CKANNEL.B.LEVEL"

XICOR.1NITIAL.SETTING AY-8930.1.CNANNEL.S.LEVEL XJCOI.ARRAY
a 10 U6-.R

XICON.CURRENT.SETTING AY-8930.1.CHANNEL.S.LEVEL XICOR.ARRAY

a 10 u.N
CR

.w AY-8930.1.CHANNEL.C.LEVEL

XICOR.IN!TIAL.SETTING AY-8930.1.CHANNEL.C.LEVEL XICOR.ARRAY

a 10 U.N

XICOR.CUORRENT.SETTING AY-8930.1.CHANNEL.C.LEVEL XICOR.ARRAY

a 10 U.m

CR

.00 AY-SM3.¶.LEVEL

XICOR.INITIAL.SETTING AY-8930.1.LEVEL XICOR.ARRAY a io U.N

XICOR.CURtRENT.SETTING AY-8930.1.LEVEL XICOR.ARRAY a 10 U.N

VARIABLE DEFALILT.XICOR.SETTING

75 DEFAULT.XICOR.SETTING I

DEFALJLT.XICOR. INITIAL .SETTINGS
16 0 DO

DEFAUJLT.XICOR.SETTING a

XICOR.INITIAL.SETTIMG I XICOP.ARRAY I

SETUP.XICORS.TO.DEFAIULT

DEFAULT.XICDR. INITIAL.SETTINGS

ALL.XICORS.TO. INITIAL.SETTING
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CSGJND CHIPS MlUST BE SET UP

SETUP.SOUNM.CHIPS

AY-8930.O

INIT.SQJNO.CHIP

AY-8930.1

INIT.SCUMO.CHIP

SETUP.XICORS.TO.DEFAULT
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C TRANSITION BETWEEN NEW HARDWARE AND AOI SOFTWARE FOR TESTS )

THIS. IS WHERE THE DATA FROM THE FLIGHT INFORMATION PACAKAGE GOES

C ROUTINE TO CAPTURE THE DATA SHOULD RE INSTALLED IN ONE OF THE HOOKS

C IN AOl WITH A PAUSE TO WAIT FOR NEW DATA )

7 ARRAY INPUT.DATA

( THESE MAKE THE ARRAY ELEMENTS FUNCTION LIKE VARIABLES )

AIRSPEED 0 INPUT.DATA ;

ANGLE.OF.ATTACK I INPUT.DATA ;

VERTICAL.VELOCITY 2 INPUT.DATA ;

:EADING.ERROR 3 INPUT.DATA ;

ROLL.ANGLE 4 INPUT.DATA ;

PITCH.ANGLE 5 INPUT.DATA ;

ALTITUDE 6 IMPUT.DATA

CHECKSUM 7 INPUT.DATA

C COMPATIBILITY DEFINITIONS )

CENTER.BALANCE 50 BALANCE GOTO.SETTING

: GOTO.NALANCE BALANCE GOTO.SETTING ; C n " )
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( DRIVER FOR NMI-5002 DUAL ACIA BOARD

TASK*;

HEX

AOOO CONSTANT 6552.,ASE

6552.BASE 4 + CONSTANT 6552.INT.REG.2

6552.BASE 5 + CONSTANT 6552.CTRL.2 ( WRITE )

6552.BASE 5 + CONSTANT 6552.STATUS.2 C READ )

6552.BASE 7 + CONSTANT 6552.DATA.2

INIT.ACIA.2

OC 6552.CTRL.2 C! C 9600 baud )

El 6552.CTRL.2 C! C 8 bits odd parity not enabled RTS to )

7F 6552.INT.REG.2 ( turn off interrupts

RECEIVE.2 C - n )
BEGIN

6552.INT.REG.2 Ca 1 AND

UNTIL

6552.DATA.2 CS

:XMIT.2 (n- )

6552.DATA.2 CI

BEGIN

6552.STATUS.2 C2

40 AND

UNTIL

DECIMAL

RECEIVE.TEST

BEGIN

RECEI VE .2

EMiT

?TERMINAL

UNTIL

XNIT.TEST

BEGIN

?TERMINAL

IF KEY

•NIT.2
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T HEN

AGAIN

HEX

01 CONSTANT SON

02 CONSTANT STX

03 CONSTANT ETX

DECIM4AL

VARIABLE CALCULATED .CHECKSUM

VARIABLE TINEOUT.COUNT

GET .DATA. FRAME
0 CALCULATED.CHECKSUN 1

STX XMIT.2
0 TINEOUT.COUNT I

BEGIN
TIMEOUT.COUNT 2

1+ DUP TINEOUT.COUJT I

50

IF

STX XMIT.2

0 TIMEOUT.COUNT I

THEN

RECEIVE.2

SON

UNTIL

14 000O

RECEIVE.2

DUP

0 INPUT.DATA I + CI

CALCULATED. CNECKSUM +1
LOOP

RECEIVE.? 0 INPUT.DATA 14 + CI
RECEIVE.2 0 ZNPUT.DATA 15 + Cl
BEGIN

RECEIVE.?

ETX
UNT IL

SHOWd
CR

a8000

I INPUT.DATA 2

a U.R
* LOOP
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CALCULATED.CHECKSUMI a

8 U.R

CR

0

0
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DISPLAYS INPUT.DATA ARRAY

TASK ;

SHOI.DATA. FRAME

CR

8 0 DO I INPUT.DATA a 8 U.R LOOP

CALCULATED.CNECKSU1 a 8 U.R

CR

0,

0
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START.AOI;

PROTOTYPE AOl SOFTWARE

DOER N.DO.AOA

DOER N.OO.AIRSPEED

DOER N.D0.ROLL

DOER N.DO.HEADING.ERROR

DOER N.DO.ALTITUDE

DOER N.DO.VERTICAL.VELOCITY

DOER HOOKI

DOER HOOK2

DOER H00K3

DOER HOOK4

DOER N.STARTUP

:AOl N.STARTUP

BEGIN

HOOK 1

HOOK2

--O3
N00K4

N.DO.AIRSPEED

N.DO.VERTICAL.VELOCITY

N.DO. ROLL

N.OO.HEADING.ERROR

N.DO.ALTITLDE

N .DO. ADA

D UNTIL;

:CENTER CENTER.BALANCE

C0 IS LEFT 70 DEGREE ROLL)

C2048 IS LEVEL )

C4096 IS RIGHT 70 DEGREE ROLL

C29.25 COUNTS/DEGREE)

VARIABLE LEFT.ROLL.LINIT.VALUE

14.63 LEFT.ROLL.LINIT.VALUE

C20 DEGREES LEFT LIMIT)

VARIABLE LEFT .ROLL.TNRESHOLD

1901 LEFT. ROLL. THRESHOLD I

( SET TO 5 DEGREES LEFT

VARIABLE ROLL.ZERO

2048 ROLL.ZERO I

VARIABLE RIGHT .ROLL .THRESHOLD
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2194 RIGHT. ROLL. THRESHOLD I
(SET TO 5 DEGREES RIGHT

VARIABLE RIGHT.ROLL.LINIT.VALUE

2633 RIGHT.ROLL.LINIT.VALUEI

(20 DEGREES RIGHT LIMIT)

DO.ROLL

ROLL.ANGLE 2

LEFT.ROLL.LIMIT.VALUE 2 RIGHT.ROLL.LINIT.VALUE a
BETWEEN

IF

ROLL.ANGLE a

LEFT.ROLL.THRESHOLD 2 RIGHT.ROLL.THRESHOLD 2

BETWEEN

IF 50 GOTO.BALANCE

ELSE ROLL.ANGLE a ROLL.ZERO 2 <

IF LEFT.ROLL.THRESHOLD a ROLL.ANGLE a -

50

LEFT.ROLL.THRESHOLD & LEFT.ROLL.LIMIT.VALUE a2
-/ 50 SWAP - GOTO.BALANCE

ELSE

ROLL.ANGLE 3 RIGHT.ROLL.TNRESHOLD a
50

RIGHT.ROLL.LINIT.VALUE a RIGHT.ROLL.THRESHOLD a-
*I 50 + G0TO.BALANCE

THEN

THEN

ELSE ROLL.ANGLE a
LEFT.ROLL.LIMIT.VALUE a
IF 100 GOTO.BALANCE

ELSE 0 GOTO.UALANCE

THEN

THEN

0 IS LEFT 180 DEGREE ERROR)

C180 IS NO NEADING.ERROR )

C359 Is RIGHT 179 DEGREE ERROR

VARIABLE LEFT.HEADING.ERROR.LINIT.VALUE
160 LEFT.HEADING.ERROR.LINIT.VALUE I

VARIABLE LEFT.HEADING.ERROR.THRESHOLD

175 LEFT.HEADING.ERROR.THRESHOLO I

VARIABLE HEADING.ERROR.ZERO

180 HEADING.ERROR.ZERO 1
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VARIABLE RIGHT.HEADING.ERROR.THRESHOLD

185 RIGHT.HEADING.ERROR.THRESHOLD I

VARIABLE RIGHT.HEADING.ERROR.LIMIT.VALUE

200 RIGNT.HEADING.ERROR.LIN4JT.VALUE I

D0.HEADING.ERROR

HEADING.ERROR 2

RIGHT.HEADING.ERROR.LINIT.VALUE a LEFT.HEADING.ERROR.LI[41T.VALUE a

BETWEEN

IF

HEADING.ERROR a

RIGHT.HEADING.ERROR.THRESHOLD Q LEFT.HEADING.ERROR.THRESHOLD a

BETWEEN

IF 50 GOTO.BALANCE

ELSE HEADING.ERROR a HEADING.ERROR.ZERO a

IF RIGHT.HEADING.ERROR.THRESHOLD a HEADING.ERROR a

50

RIGHT.HEADING.ERROR.THRESHOLD 0 RIGHT.HEADING.ERROR.LIMIT.VALUE a

-/ 50 SWAP - GOTO.BALANCE

ELSE

HEADING.ERROR a LEFT.HEADIMG.ERROR.THRESHOLD a-0 50
LEFT.HEADING.ERROR.LIMIT.VALUE a LEFT.HEADING.ERROR.THRESHOLD a-

*/ 50 + GOTO.BALANCE
THEN

THEN

ELSE HEADING.ERROR a

LEFT.HEADING.ERROR.LIMIT.VALUIE a>

IF 100 GOTO.BALANCE

ELSE 0 GOTO.BALANCE

THEN

THEN

VARIABLE AIRSIPEED.CHANNEL

C AIRIPEED.CHANNEL I

VARIABLE AIRSPEED.CHIP

0 AIRSPEED.CHIP I

VARIABLE AIRSPEED.AMPLITUDE

20 AIRSPEED.AMPLITUDE I

0 OISO0KNOTS OFAIRSPEED)
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(4096 IS 330 KNOTS OF AIRSPEED)

12.41 COJNTSIKNOT)

VARIABLE LOW.AIRSPEED.LIMIT.VALUE

1116 LOW.AIRSPEED.LINIT.VALUE I

( SET TO 90 KNOTS - STALL FOR THE OUEENAIRE)

VARIABLE HI.AIRSPEED.LIMIT.VALUE

2234 HI.AIRSPEED.LIHIT.VALUE I

( SET TO 180 KNOTS - TYPICAL FOR THE QUEENAIRE

VARIABLE AIRSPEED.MAX.FREQ (Hz)

1000 AIRSPEED.MAX.FREQ I

VARIABLE AIRSPEED.HIN.FREQ (Hz)

40 AIRSPEED.MIN.FREQ I

VARIABLE AIRSPEED.AIIPLITUDE.FLAG

FALSE AIRSPEED.AMPLITWDE.FLAG 1

SETUP.AIRSPEED

AIRSPEED.CHIP a SET.SOUNOD.CHIP

AIRSPEED.CHANNEL a TONE.ENABLE

DO.AIRSPEED

AIRSPEED.CHIP a SET.SOUND.CHIP
AIRSPEED 2 LOWd.AIRSPEED.LIMIT.VALUIE <
IF FALSE AIRSPEED.ANPLITUDE.FLAG I ( used by DO.VERTICAL.VELOCITY)

ELSE

AIRSPEED a HI.AIRSPEED.LINIT.VALUME a
IF

AIRSPEED.M4AX.FREQ a
ELSE

AIRSPEED a LOII.AIRSPEED.LIMIT.VALUE a 2 delta)

AIRSPEED.NAX.FREG a AIRSPEED.HIN.FREQ a ( freq. range,)

HI.AIRSPMED.LINIT.VALUE a LOWd.AIRSPEED.LIMI1T.VALUE a 2 used

of AIRSPEED.NIN.FREQ a
THEN
HZ AIRSPEED.CHANNEL a TOME.PERIOD SEND
TRWE AIRSPEED.AMPLITLVE.FLAG I

THEN

VARIABLE ATTACK.DECAY. FLAG

I CONSTANT ADF.DECAY

2 CONSTANT ADF.ATTACK

CO IS DIVE 2048 FEET/NIH)
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C2048 IS LEVEL FLIGHT )I

C4096 IS CLIMB 2048 FEET/HIM

I FOOT/KMNUTE/COUNT )

VARIABLE VERTICAL.VELOCITY.CHANNEL

C VERTICAL.VELOCITY.CHANNEL I

VARIABLE VERTICAL.VELOCITY.CHIP

0 VERTICAL.VELOCITY.CHIP i

VARIABLE CLIMB.2048.FT/MIN.VALUE

4096 CLIM4B.2048.FT/NIN.VALUE

VARIABLE CLIMB. THRESHOLD

2348 CLIMB.THRESHOLD I

VARIABLE VERTICAL.VELOCITY.ZERO

2048 VERTICAL.VELOCITY.ZERO I

VARIABLE DIVE.THRESHOLD

1748 DIVE.THRESHOLD I

VARIABLE DIVE.2048.FT/NIN.VALUE

0 DIVE.2048.FT/NIN.VALUE I

VARIABLE VERT.VEL.MIN.ENVELOPE.PERIOD

12000 VERT.VEL.NIN.ENVELOPE.PERIOD 1

SETUP.VERTICAL.VELOCITY

0 ATTACK.DECAY.FLAG I

DO.VERTICAL.VELOCITY

VERTICAL.VELOCITY.CHIP a SET-SOUND.CHIP

VERTICAL.VELOCITY a
DIVE.2048.FT/NIN.VALUE 8 CLINO.2048.FT/MIN.VALUIE a
BETWEEN

IF

VERTICAL.VELOCITY a

DIVE.THRESHOLD B CLIMB.THRESHOLO 2

BETWEEN
IF

0 ATTACK.OECAY.FLAG I

AIRSPEED.AMPLITUDE.FLAG a

IF AIRSPEED.ANPLITI.3E a

AIRSPEED.CHANNEL a AMPLITLDE SEND

THEN

ELSE

VERTICAL.VELOCITY a VERTICAL.VELOCIT'r.ZERO U
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IF (ctiuib

CLINO.2048.FTiMIN.VALUE a VERTICAL.VELOCITY 2a

32767 VERT.VEL.NiN.ENVELOPE.PERIOO a 2/ - C span)

CLINS.2048.FT/MIH.VALUE 2 CLJNU.TNRESNOLD 2 -

*/ 2*

ATTACK.DECAY.FLAG a ADF.DECAY a NOT
IF

VERTICAL.VELOCITY.CHANNEL a DECAYS
THEN ADF.DECAY ATTACK.DECAY.FLAG I

ELSE C diva

VERTICAL.VELOCITY a DIVE.2048.FT/NJN.VALUE a -

32767 VERT.VEL.NIN.ENWELOPE.PERIOD a 2/ - cspan)

DIVE.THRESHOLD 2 DIVE.2048.FT/MIN.VALLUE a
*/ 2*

ATTACK.DECAY.FLAG 2 ADF.ATTACK a NOT

IF

VERTICAL.VELOCITY.CHANNEL a ATTACKS
THEN ADF.ATTACK ATTACK.DECAY.FLAG I

THEN

VERT.VEL.NIN.ENVELOPE.PERIOD a +
VERTICAL.VELOCITY.CHANNEL 8 EMVELOPE.PERJOO SEND

VERTICAL.VELOCITY.CHANNEL 2 ENVELOPE.Ok

THEN

ELSE

VERTICAL.VELOCITY a

oIVE.201.8.FT/141N.VALUE a <

IF

ATTACK.DECAY.FLAG a ADF.ATTACK a NOT
IF

VERTICAL.VELOCITY.CHANNEL a ATTACKS

THEN ADF.ATTACK ATTACK.DECAY.FLAG

ELSE

ATTACK.DECAY.FLAG a AOF.DECAY a NOT
IF

VERTICAL.VELOCITY.CHANNEL a DECAYS
THEN ADF.OECAY ATTACK.DECAY.FLAG I

THEN

VERT.VEL.NIN.ENVELOPE.PERIM a
VERTICAL.VELOCITY.CHANNEL 8 ENVELOPE.PERIOD SEND

WERTICAL.VELOCITY.CHANNEL a ENVELOPE.ON
THEN

VARIABLE ANGLE.OF .ATTACK.TOLEMANCE

200 ANGLE.OF.ATTACK.TOLERANCE I

VARIABLE ANGLE.OF .ATTACK.CHANNEL
I ANGLE.OF.ATTACK.CNANNEL I
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VARIABLE ANGLE.OF.ATTACK.CNIP

0 ANGLE.OF.ATTACK.CHIP I

VARIABLE ANGLE.OF.ATTACK.ANPLITLIDE (0 through 31

15 ANGLE.OF.ATTACK.AWILITI.0E I

VARIABLE ANGLE .OF.ATTACK.NEUTRAL .VALUE

4893 ANGLE.OF.ATTACK.NEUTRAL.VALUE I

VARIABLE ANGLE .OF.ATTACK.STALL.VALUIE

6800 ANGLE.OF.ATTACK.STALL.VALUJE I

SETUP.AOA

ANGLE.OF.ATTACK.CHIP 3 SET.SOJNO.CHIP

ANGLE.OF.ATTACK.CNANNEL a NOISE.ENABLE

DO.AOA

ANGLE.OF.ATTACK.CHIP 2 SET.SOJNDCHIP

ANGLE.OF.ATTACK a
ANGLE.OF.ATTACLNMEUTRAL.VALUE 2 ANCLE.OF.ATTACK.TOLERANCE a +
IF ANGLE.OF.ATTACK.CHANNEL a ZERO.AIIPLITUDE

ELSE0 ANGLE.OF.ATTACK a ANGLE.OF.ATTACK.STALL.VALUE 8 >
IF

ELSE
ANGLE.OF.ATTACK a ANGLE.OF.ATTACK.NEUTRAL.VALUE a
ANGLE.OF.ATTACK.TOLERANCE a .- cdelta)
255

ANGLE.OF .ATTACK.STALL.VALUE a
ANGLE.OF.ATTACK.NEUTRAL.VALUE a ANGLE.OF.ATTACIC.TOLERANCE 8 +

*I 255 SWAP
THEN

NOISE.PERIOD SEND
ANGLE.0F.ATTACK.AMPLITUDE a ANGLE.OF.ATTACL.CKANNEL 2 AM4PLITUDE SEND

THEN

VARIABLE ALTITUDE.CKANNEL
A ALTITUDE.CNANMEL I

VARIABLE ALTITUDE.CHIP
0 ALTIT13E.CNIP I

C0 IS 201.8 FEET BELOW FIP SETTING)
C201.8 IS AT FIP SETTING )
C4096 IS 2048 FEET ABOVE FIP SETTING)
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VARIABLE LOW.ALTITUIDE.LINIT.VALUE

1548 LOW.ALTITWE.LIMIT.VALUE I

VARIABLE HIGH.ALTITUDE.LIMIT.VALUE

2548 HIGH.ALTITUDE.LINIT.VALUE I

VARIABLE ALTITUDE.EMVELOPE.PERIOD

2000 ALTITUDE.ENVELOPE.PERIOO I

VARIABLE LOW.ALTITUDE.FREO C Hz)

1500 NZ LOW.ALTITUDE.FREQI

VARIABLE HIGH.ALTITUDE.FREQ ( Hz)

3500 NZ HIGN.ALTITUDE.FREQ I

SETUP.ALTITUDE

ALTITUDE.CHANNEL 8 TRIANGLES

ALTITUDE.EMVELOPE.PERIOD 9 ALTITLRDE.HANNEL a ENVEL0PE.PERIOD SEND

ALT ITUDE.CHANNEL 3 TONE.ENABLE

D0.ALTITUDE
ALTITDE.CHIP a SET.SOJND.CHIP
ALTITUDE a

LOW.ALTIT1.3E.LINIT.VALUE a HIGH.ALTITLVE.LINIT.VALUE a

BETWEEN
IF ALTITUQE.CNANMEL 8 ZERO.AI4PLIT1.VE

ELSE
ALTITUDE a LOII.ALTITIDE.LIMIT.VALUE a<
IF LOW.ALTITUDE.FREQ a ALTITUDE.CHAMNEL a TONE.PERIOD SEND

ELSE HIGH.ALTITWDE.FREO a ALTITUDE.CHANNEL a TONE.PERIOD SEND
THEN
ALTITU3E.CHANNEL a ENVELOPE.OW

THEN



SYSINITS Wedneday, January 3, 1990 1:22 pm Page 1

CINITIALIZATIONS FOR THE AOI STARTUP ROUTINE)

DOER C1 ORE.AOI.STARTUP.1
DOER N.NORE.AOI.STARTUP.2
DOER N.MORE.AOI .STARTUP.3

SETUP

SETUP. SON CHIPS
AY-8300.0

INIT.SOUND.CHIP

255 AY-8M O.PORT.A SEND

255 AY-893M.PORT.B SEND

AY-8M3. ¶

INIT.SOLJN.CNIP

255 AY-8930.PORT.A SEND

ALL.XICORS.TO. INITIAL.SETTING

CENTER

SETUP.AIRSPEED
SETUP.VERTICAL.VELOCITY

SETUP.O

SETUP.ALTITUDE
N.NORE.AOI. STARTUP. I
N.NORE.AOI .STARTUP.2

N.NORE.AOI .STARTUP.3

INI T.AC IA.2
INIT.SYNCH ( INITIALIZE Tl-T2 AIJDIO.6522.TIKER FOR SYNCH)

100 NOISE.LEVEL GOTO.SETTING
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( Hooks vectors ard dumps median to screen )

C A to D connection removed

( SHOW.MEDIANS removed )

MAKE N.STARTUP SETUP ( IN FILE SYSINITS )

MAKE HOOKI SYNCH

( WAITS UNTIL I SECOND HAS ELAPSED SINCE TIMER STARTED

( THE TIME FOR THE AOI PROCESSING IS WITHIN THE SECOND )

MAKE HOOK2 GET.DATA.FRANE

( PUTS A FRAME OF DATA INTO INPUT.DATA ARRAY

( INPUT.DATA IS DEFINED IN FILE TRANSITS )

( GET.DATA.FRAME IS DEFINED IN ACIACON )

MAKE HOOK3 SHOW.DATA.FRANE

( SHOWS THE DATA FRAME FROM INPUT.ARRAY

MAKE HOOKA GET.OUT

( GET.OUT REAKS YOU OUT OF THE PROGRAM IF ANY KEY IS HIT )

C GET.OUT DEFINED IN FILE SETUP )

O MAKE N.DO.AOA DO.AOA )0 AOA VANE IS NOT YET ON AIRPLANE )

MAKE N.DO.AIRSPEED DO.AiRSPEED

( BOTH DO.ROLL AND DO.HEADING.ERROR USE THE HEADPHONE BALANCE )
C THEREFORE ONLY ONE CAN BE USED AT A TIME )

PAUE N.DO.ROLL DO.ROLL

( MAKE N.DO.HEADING.ERROR DO.HEADING.ERROR )

MAKE N.DO.ALTITUDE DO.ALTITUDE

MAKE N.DO.VERTICAL.VELOCITY DO.VERTICAL.VELOCITY

0m
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This is the command Line used with Norton's LP progrm

to product the NP Laserjet Listings:

Lp fi Lespec /h60/wl32/set:\aoi2\Lasercod/L25/r2S

The file Lasercod contains the setup for the HP Laserjet

and consists of:

\027E\027(s16.66H
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\027E\027(sl6.66H


