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PREFACE

This manual contains all the technical information
required to fully utilize the features of the North
Star ADVANTAGE computer. Chapter 1 and 2 contain a
brief introduction to the unit and a summary of the
operating procedures. Chapter 3 provides the
sophisticated user with the programming information and
technical details required for writing application
programs. Chapter 4 describes the theory of operation
of the hardware, and Chapter 5 and 6 support
maintenance personnel with maintenance procedures and
instructions for using the diagnostic programs. The
schematics for the main printed circuit board are
found in the appendices, along with other support
material.
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INTRODUCTION 1

1.1

GENERAL DESCRIPTION

The North Star ADVANTAGE is a high performance Z80
based microcomputer system complete with keyboard, CRT
and disk drives housed in a single cabinet. The
ADVANTAGE computer is illustrated in Figure 1-1.

The ADVANTAGE Computer

Figure 1-1

The ADVANTAGE contains a 4 MHz Z80A microprocessor with
64K bytes of dynamic RAM for program storage, a
separate 20K byte RAM to drive the bit-mapped display
and an auxiliary 8035 microprocessor to control the
keyboard and floppy disk drives. The display can be
operated as a 1920 character display (24 lines by 80
characters) or as a 640 x 240 pixel bit-mapped display,
where each pixel is controlled by one bit in the
display RAM. The two integrated 5-1/4 inch floppy
disks are double-sided, and double-density providing
storage of 360K bytes per drive. The keyboard contains
49 standard typewriter keys, 9 symbol or control Kkeys,
a 14 key numeric/cursor control pad and 15 user-
programmable function keys.

ADVANTAGE 1-1 TECHNICAL MANUAL



A

functional block diagram of the ADVANTAGE computer is

shown in Figure 1-2. The blocks are described briefly
below. A more detailed description of the ADVANTAGE
can be found in Chapter 4, Theory of Operation.

ADVANTAGE

The Central Control Unit maintains primary control of
the system. Contained herein are the Z80 and 8035
processors and the controllers for the I/0 devices.

The 64K Main RAM (Random Access Memory) provides
temporary storage of programs and data. Programs are
executed while residing in this RAM.,

The Video Monitor and 20K Display RAM produce a high
resolution display that can be used for graphics
applications, or to display messages for the
operator,

The two Disk Drives use 5-1/4 inch floppy diskettes
to store a total of 720K bytes.

The Speaker produces a tone used to signal the
operator. The frequency and duration of the tone is
controlled by the program.

The Keyboard includes the standard typewriter
configuration, a numeric keypad and 15 programmable
function keys.

The I/0 Board Slots allow the ADVANTAGE to be
customized for specific applications. There are six
board slots which may contain interface boards for
external devices or other boards which expand the
computing power of the ADVANTAGE. Two types of
boards are presently available for use in this area:
the Serial Input/Output (SIO) Board and the Parallel
Input/Output (PIO) Board.

1-2 TECHNICAL MANUAL



Functional Block Diagram
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FIGURE 1-2
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1.2 SPECIFICATIONS

The ADVANTAGE specifications are given in Table 1-1.

Table 1-1

ADVANTAGE Specifications

CABINET

Dimensions

Net Weight

Composition

POWER REQUIREMENTS

48 cm wide x 51 cm long x 31.5 cm high
(18-3/4 in x 20 in x 12-1/2 in)
19.5 kg (43 1lbs)

High impact structural foam

External (with
Internal Line

Domestic

International

Voltages

Power
Consumption

Internal Supply +5 VDC +5%

TEMPERATURE AND HUMIDITY

Filter)

115 VAC, (95 to 135 VAC)
50/60Hz

1157230 VAC, (95 to 132 VAC/187 to 265 VAC)
50/60 Hz
+12 VDC +5%

2 amps @ 115V
1 amp €@ 230V

Operating:
(with diskette)

Non-operating

Shipping

10°C to 40°C,
(50°F to 104°F)
20% to 80% non-condensing

—4o§c to 60°C
(-40°F to 140°F)

-40°C to 52°C
(-40°F to 125°F)
5% to 95% non-condensing

ADVANTAGE
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Table 1-1 (continued)

PROCESSOR/MEMORY

CPU

Memory

VIDEO

Screen

Grid

Graphics
resolution

Refresh rate
CRT Anode
Voltage
KEYBOARD

Keytops

Number of Keys:

Key Groups

. Other features

Z80 Microprocessor, operating speed: 4MHz

8035 auxiliary processor for keyboard
and disk

64K byte Main RAM
20K byte Display RAM
2K byte Boot PROM

28 cm (11 in) diagonal
P31 phosphor (green)
High impact, non-glare safety shield

1920 character display,
24 lines by 80 characters

5X7 character in 8x10 dot matrix

240 pixels high x 640 pixels wide
50 or 60 Hz, depending on line frequency

17 KV maximum

Sculptured
Selectric-compatible
N-Key roll-over for fast data entry

87

49 Standard Typewriter Keys
l4-key Numeric Pad with ENTER key
15 Programmable Function Keys

9 Additional Symbol/Control Keys

Full Cursor control
Special Shift-Lock Keys
5 Shift Modes

Auto Repeat

ADVANTAGE
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Table 1-1 (continued)

DISK DRIVES

Number of Two floppy disk drives housed in cabinet
drives
Diskettes Standard 5-1/4 in floppy diskettes.

Recommended type: Dysan part No. 107/2D.

512 bytes/sector, 10 (hard) sectors/ track
35 tracks/side, 2 sides/diskette

Storage Quad (double-sided, double-density)
360K bytes per diskette (formatted)
Transfer Rate 250K bits/second

Latency | 100 ms
(average)

Access Time
Track-to-Track 5 ms

" Track Density 48 tpi

Tracks per Side 35

ERROR RATES

Soft errors 1 per 10® bits read
Hard errors 1 per 10" bits read
Seek errors 1 per 10° seeks
Disk speed 300 rpm + 3.0%
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Table 1-1 (continued)

INPUT/OUTPUT
I/0 Bus Slots for up to six plug-in boards
Each board addressed by 16 I/0 addresses
Serial I1/0 RS232 Serial Port
(S10)

Current loop option
Asynchronous: 45 baud to 19.2 kilobaud
Synchronous: 2400 Baud to 51 kilobaud

Parallel 1I/0 8-bit data in and out with three handshake
lines for each port

Maximum speed is limited by the processor.
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ADVANTAGE OPERATION 2

2.1 PRELIMINARY INFORMATION
2.1.1 Keyboard

Primary system control is maintained by entering
commands and data from the ADVANTAGE keyboard. The
keyboard is illustrated in Figure 2-1. There are 87
keys, described in Table 2-1. The keys generate
standard ASCII codes, listed in Appendix A.

Display of characters entered from the keyboard is
under program control. A program-maintained cursor, the
rectangular shaped symbol, marks the position on the

The ADVANTAGE Keyboard

O00D0OO00ODOOOOREm B80S
SO0 BE0EBUBEBNESE AHA
S R N Y L)

ol oo WANSEONFNGHHEMKELN: N
BECCQUNO0DEEEE ERES
.

Figure 2-1.
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Table 2-1

ADVANTAGE Keys

Key Group Keys Description

CHARACTER ABCDEFGHIJKLM Alphabetic, numeric, and special
NOPQRSTUVWXYZ symbols. Numbers and three
1234567890 e# symbols (.,-) are also available
$$7&* () ~_=+;: on the numeric pad.
', G<O/2114)
(space)

KEYBOARD SHIFT Either of two identical keys

CONTROL which cause most of the other

keys to shift into upper case
(see Appendix 3).

ALL CAPS Shifts only alphabetic
characters to upper case. Key
is a "push on-push off" type
with LED to signal when
function is active.

RETURN Carriage return.
TAB Position to next tab set on the

line. Setting and releasing tabs
is done under program control.

<] Character delete, backspace, or
delete and backspace depending
upon the program being used.

ENTER Numeric pad data entry key.
CURSOR 8 direction All cursor activity is under
CONTROL arrows program control.

CURSOR LOCK ‘Shifts only cursor control keys

(1-9 on numeric pad) to allow
cursor positioning without using
SHIFT key. Key is a "push on-
push off" type with LED to
signal when key is active.

ADVANTAGE 2-2 TECHNICAL MANUAL




Table 2-1 (continued)

Key Group Keys.

FUNCTION Fl F2 F3 F4 F5
F6 F7 F8 F9 F10
‘F11 F12 F13 F14
F15

PROGRAM ESC
CMND

CONTROL

Description

Special purpose keys entirely
under program control. Each
Function key can generate up to
three ASCII codes.

(ESCAPE) key under program
control.

(Command) operates as a special
shift mode for Function keys.

(CTRL) operates as a special
shift for keys.

2.1.2 Rear Panel Controls

A rear view of the ADVANTAGE is shown in Figure 2-2.
Table 2-2 describes the controls shown in the figure.

ADVANTAGE Rear View

gl \__ Brightness
Q)\ Control
1/0
S Connector
—1/0 Plate
on/off_\ Lo —
Switch %1 1
Power Cord ng ] X
Receptacle
Fuse Holder Reset Push Button
Figure 2-2
ADVANTAGE 2-3 TECHNICAL MANUAL




Table 2-2

Rear Panel Controls

Control
ON/OFF Switch

Power Cord
Receptacle

Fuse Holder

Reset Push Button

I/0 Plate

Brightness Control

Description
Applies/removes electrical power to the unit.

Mates with power cord to provide electric
current from AC power source.

- Contains the AC line fuse. Use 3A fuse for’

115V operation and 1.5A fuse for 230V
operation.

Resets and initializes the system. After
reset, data in Main Memory is indeter-
minate but data on diskettes is not affected.

Openings in plate allow access to I/0
connectors on I/0 Boards

Controls brightness of the display screen.
Turn clockwise to increase lightness.

2.1.3 Diskette Loading/Unloading

To load a diskette into one of the disk drives, proceed
as follows:

1. Open the latch on the front of the disk drive.

2. Hold the diskette on the label end, with the label
facing up and the write protect notch on the left.
‘(see Figure 2-3).

3. Insert the diskette into the drive and push it all
the way back until it contacts the rear of the disk

slot.

4., Close the latch.

ADVANTAGE
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Loading a Diskette

Figure 2-3.

To unload a diskette, proceed as follows:

1. Wait until the red indicator light on the front
of the disk drive goes out.

2. Open the latch on the front of the drive.

3. Grasp the edge of the diskette and pull it out.

2.1.4 Keyboard Reset

The ADVANTAGE system may be reset by pressing four keys
simultaneously on the keyboard. The keys are: CMND,
both SHIFT keys, and {x]. The effect of this reset is
equivalent to pushing the Reset Pushbutton on the rear
of the ADVANTAGE cabinet (see Section 2.1.2).

When power is first applied to the ADVANTAGE or after
the Reset Pushbutton is pressed, the keyboard reset
feature is enabled. Thereafter, the feature can be
‘enabled and disabled by the program (see Section 3.3.2
and Table 3-6).
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2.2 SYSTEM STARTUP
2.2.1 Booting From Drive 1

To load a program from disk drive 1, proceed as
follows: .

1. If the ADVANTAGE power is already turned on, skip
to step 4.

2, Insure that there are no diskettes in the disk
drives. Turning power on or off with diskettes
loaded may cause loss of data on the diskettes.

3. Turn on the ADVANTAGE by pressing the ON/OFF
switch located at the rear of the cabinet.

4, Load the desired diskette into the upper drive
(Drive 1) as described in Section 2.1.3. The
diskette must be of the type that can be used for
bootstrapping. Typically, a System Diskette or a
Diagnostic Diskette is used.

5. Press the RESET button at the rear of the
cabinet. The screen displays the message "LOAD
SYSTEM" with a cursor positioned below it. This
step is not necessary if the ADVANTAGE was just
turned on, as the ADVANTAGE automatically resets
on power-up.

6. Press the RETURN key. A program is read from

Drive 1 and control is turned over to that
program.

2.2,.2 Booting From Drive 2

The procedure for booting from disk drive 2 is the same
as for booting from disk drive 1, except as follows:

1. Load the diskette into drive 2.
2, In step 6 instead of just pressing the RETURN key,
press three keys in sequence: D2<RETURN>. Note

that when booting from drive 1, the format D1
<RETURN> may also be used.

ADVANTAGE 2-6 TECHNICAL MANUAL



2,2,3 Booting From Serial Port

To load a program through a serial communication link,
proceed as follows:

1.

2.

ADVANTAGE

If the ADVANTAGE power is already turned on, skip to
step 4.

Insure that there are no diskettes in the disk
drives. Turning power on or off with diskettes
loaded may cause loss of data on the diskettes.

Turn on the ADVANTAGE by pressing the ON/OFF switch
located at the rear of the cabinet.

Press the RESET button at the rear of the cabinet.
The screen displays the message "LOAD SYSTEM" with a
cursor positioned below it. This step is not
necessary if the ADVANTAGE was just turned on,
as the ADVANTAGE automatically resets on power-up.

Press two keys in sequence: S<RETURN>.
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IMPLEMENTING ADVANTAGE FEATURES 3

This chapter provides programming information for the
various sections of the ADVANTAGE, including the I/O
devices. It also explains how to reconfigure the SIO
and PIO boards to change their mode of operation.

3.1 MICROPROCESSOR CONTROL

The heart of the ADVANTAGE computer is the 280
processor. Refer to the Appendix G for the programming
details of this integrated circuit.

3.2 MEMORY CONTROL

3.2.1 Memory Mapping

The ADVANTAGE computer uses a memory mapping scheme to
expand its memory addressing capabilities from 64K
bytes to 256K bytes. This effectively expands the
Memory Address bus from 16 bits to 18 bits.

The addressing scheme divides the 256K bytes into 16
pages of 16K bytes each (see Table 3-1). The three
major areas of memory in the ADVANTAGE: the Main RAM,
the Display RAM, and the Boot PROM, are permanently
assigned to the addresses shown in the table.

ADVANTAGE ' 3-1 TECHNICAL MANUAL



Table 3-1

256K Address Space Allocation
Page 18-Bit Address Contents
0 00000 - O3FFF 16K bytes of Main RAM
1 04000 - O7FFF 16K bytes of Main RAM
2 08000 - OBFFF 16K bytes of Main RAM
3 0C000 - OFFFF 16K bytes of Main RAM
4 10000 - 13FFF
5 14000 - 17FFF
6 18000 - 1BFFF Not presently used
7 1C000 - 1FFFF
8 20000 - 23FFF First 16K bytes of Display RAM
9 24000 - 27FFF Last 4K bytes of Display RAM
4 repeated four times
A 28000 - 2BFFF Not used
B 2C000 - 2FFFF Not used
C 30000 - 33FFF
D 34000 - 37FFF 2K-byte Boot PROM repeats
E 38000 - 3BFEF to £ill 64K bytes
F 3C000 - 3FFFF

Memory mapping is implemented by four Memory Mapping
registers. Figure 3-1 shows how these registers work.

First, output instructions are used to load the
register with the appropriate bits. Thereafter, each
time the memory is accessed, the upper two bits of the
program address automatically generate four bits of
memory address by selecting one of the four Memory
Mapping registers. The remaining 14 bits of the program
address are passed through to the memory address
without change.

With any one configuration of the Memory Mapping
registers, the program has access to only four of the
16 possible pages. In order to change the four pages it
wishes to access, the program must change one or more
of the Mapping registers.
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Memory Mapping Registers

F’EDODG:RREASI\Q 15‘14 13'12‘11‘10| 9 ! 8j 7j 6T 5 ' 4T 372 ! 1 I0
e . ~ _J
ADDRESS
2
LOAD
—_—
4 FOUR 4-BIT
— MAPPING
DATA REGISTERS
IN
4 DATA
ouT
\
r A N/ A \
MEMORY | | | | | ] [N | | | | ] | I |
ADDRESS 1716 15 "14 {1312 11 "10 9 8 "7 6 5 "4 3 2 1 0
— v N v V]
PAGE SELECT ADDRESS ON PAGE

Figure 3-1
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The Memory Mapping registers are initialized or changed
by executing output instructions. The registers are

write-only;

their contents cannot be read by the

program. Memory mapping I/0 addresses are summarized in
Table 3-2.

Table 3-2

Memory Mapping I/0 Addresses

I1/0 Address

(Hexadecimal) Operation Description
A0 OUTPUT only Memory Map register .0
Al OUTPUT only Memory Map register 1
A2 OUTPUT only Memory Map register 2
A3 OUTPUT only Memory Map register 3

NOTES

® When these I/0 addresses are decoded, bits 2 and 3 are
ignored. This produces four addresses for each function that
work equally well. For example,
produce identical results.

addresses A0, A4 and A8 all

® Attempting to read from any of the addresses listed in this
table will read indeterminate data, and will load indeter-
minate data into the corresponding Memory Mapping register.

The bits from the output byte that are used to load any
of the Memory Mapping registers are bits 7,2,1 and 0.
The format of the output byte is shown in Table 3.3.

ADVANTAGE
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As an example of programming the mapping registers, the
Display RAM may be mapped into pages 0 and 1 (program
addresses O0000H through 4 FFFH by performing the
following two steps:

1. Output 80H to I/0 address AOH.
2. Output 81H to I/O address AlH.

Table 3-3

Memory Mapping Register Configurations

Bits of Output

Byte Memory Reference
76543210
0xxxXNNN Main RAM page NNN
1xxxx00N Display RAM, N=0 is page 8

N=1 is page 9

Ixxxx1lxx Boot Prom

NOTE: xx = ignored bits

MEMORY MAPPING IN INTERRUPT MODE

When programming the ADVANTAGE computer in interrupt
mode, take care to configure the memory mapping
registers so that the automatic branch to the interrupt
serviceroutine is directed to the correct page of
memory. Exactly how this is done depends how the Z80
processor is programmed to respond to interrupts (see
Appendix G). If the Z80 processor is programmed for a
"Mode 2" response, the I/0 ports in the ADVANTAGE
respond with an "FF" regardless of which port generated
the interrupt.
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3.2.2

Memory Parity

The Main RAM has a parity bit associated with each
memory location. The display and PROM memories do not
have parity. The Main RAM parity bit is automatically
written during a write operation and checked during a
read operation. If an incorrect parity bit is
encountered during a read operation the Parity Error
flag is set. A parity error can occur because a memory
location was read before any data was stored at that
location.

The handling of parity errors can be controlled through

the use of the status and control bytes shown in Table
3-5. The address of these bytes is given in Table 3-4.,

Table 3-4

Memory Parity I/0 Address

I/0 Address Operation Description
(Hexadecimal)
60 READ Read Memory Parity Status byte
60 WRITE Load Memory Parity Control byte

NOTE: When I/0 address 60 is decoded, address bits 0,1,2 and 3
This permits addresses 61 through 6F to
work as well as 60.

are

ignored.
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Table 3-5

Memory Parity Status and Control Bytes

STATUS BYTE
76543210

\, J
v t——~—— Parity Error Flag . A zero indicates that
I a parity error was detected.
Indeterminate

CONTROL BYTE
76543210

I

J
N v A t———— Interrupt Enable. A one enables
A parity errors to generate either
maskable or non-maskable interrupts
(see Section 3.3) A zero disables
interrupts due to parity errors.

Clear Parity Error. A one clears the
Parity Error flag.

Ignored

3.3 INTERRUPTS

The Z80 processor has two interrupt inputs: a Maskable
Interrupt (INT) and a Non-Maskable Interrupt (NMI).
Refer to the data sheet in Appendix G for information
about how these inputs affect the Z80 processor.
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3.3.1 Maskable Interrupts

The sources of maskable interrupts are as follows:

1.

2.

3.

4.

The Keyboard. See Section 3.5.

The Video Controller. See Section 3.6.
I/0 Boards. See Section 3.8.
Memory parity error. See Section 3.2.2.

A parity error in the Main RAM may cause a maskable
interrupt or a non-maskable interrupt, depending upon
jumper W4 on the Main PC Board. As shipped, the parity
error is connected to the maskable interrupt. North
Star software does not support its connection to the
non-maskable interrupt.

3.3.2 Non-Maskable Interrupts

The sources of non-maskable interrupts are as follows:

1.

ADVANTAGE

Power Reset. This reset occurs whenever power is
turned on, or whenever power is interrupted. The
power reset also resets the Z80 processor.

Reset Pushbutton., This control is located on the
rear panel of the ADVANTAGE.

Keyboard Reset. This reset is under program control
(see Section 2.1.4).

Memory Parity Error. See the paragraph above
describing jumper W4 on the Main PC Board.
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3.4 SHARED 1/0 INTERFACE REGISTERS

The Z80 processor uses several status and control
registers in order to communicate with other system
components., Most of these registers are dedicated to a
particular I/0 device, but three of them, the I/0
Control register, Status register 1 and Status register
2 are shared by more than one device. Figure 3-2 shows
the relationship of these registers to the devices
which they serve.

These three 'shared registers' are introduced and
briefly described in this section. Their use on a
particular device such as the keyboard or video monitor
is covered in the section for that device.

Table 3-6

Shared Register Addresses

I/0 Address
(Hexadecimal) Operation Description
FO . WRITE only Load I/0 Control register
EO READ only Read Status register 1
DO READ only Read Status register 2
NOTES

® When these 1/0 addresses are decoded, address bits 0,1,2
and 3 are ignored. This produces 16 addresses for each
function that work equally as well. For example, addresses
FO through FF all produce identical results.

® The I/0 Control register "is in an indeterminate state when
power 1is turned on, and is not affected by any reset.
Reading from this address at any time will cause
indeterminate data to be read and to be loaded into
the I/0 Control register.

e Do not write to Status Register 1 or Status Register 2
as it causes bus conflicts.
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The Three Shared I/0 Interface Registers
: | keveoarD
Vo CONTROLLER
280 CONTROL
REGISTER
A A
" vibeo
CONTROLLER
Vo
STATUS |
REGISTER
1
DISK
CONTROLLER
Vo
STATUS
REGISTER > Vo
2 _ BOARDS
COMMAND
ACKNOWLEDGE
> SPEAKER
Figure 3-2
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Table 3-7

I/0 Control Register Format

76543210

LIl r

|

A A A

ﬂ‘ e\

t—————— I/Q Commands. See Table 3-8.
Acquire Mode, This bit is set

to zero at the beginning of each
disk read operation to select
Acquire mode (See Section 3.7)

I/0 Reset, A zero causes a

reset to be sent to the keyboard
controller, the disk controller,
and all the I/0 boards. A one
removes that reset.

Blank Display, A one causes the
display to be blanked. A

zero enables the data presently
in the Display RAM to be displayed.

Speaker Data. This bit is fed
directly into the speaker control
circuitry. Complementing the

bit at an audio frequency produces
a corresponding tone in the speaker.

D upt, A one

Enable Display Interrupt,

enables bit 2 of the I/0 Status
Register 1 to generate a maskable
interrupt (see Section 3.6).
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The three shared registers are addressed as shown in
Table 3-6. Their formats are given in Table 3-7, 3-9
and 3-10. Table 3-8 defines the I/0 Commands, which are
generated by the low-order three bits of the 1I/0
Control register.

Table 3-8

I/0 Commands

Command | Bits 0-2 of

Number Control Description
Register
0 000 Show Sector. Place disk sector

number into bits 0-3 of I/O
Status register 2. The sector
number has a range of 0-9, or
one of two special codes: E =
disk drive motors off, and F=
index pulse detected. This
function is also performed by
command 5.

1 001 Show Char LSB's. Place low-order
four bits of keyboard character

into I/0 Status register 2, bits
0-3.

2 010 Show Char MSB's. Place high-order

~ four bits of keyboard character
into I/0 Status register 2, bits
0-3. Reset Keyboard flag, bit 6
of the same register.

3 011 Keyboard MI Flag. Complement the
state of the Keyboard Maskable
Interrupt flag. Following execution
of the command 3, the state of this
flag appears in bit 0 of I/O Status
register 2. One=on, zero=off. The
KB MI flag allows the Keyboard Data
flag, bit 6 of I/0 Status register
2, to- generate a maskable
interrupt. o
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Table 3-8 (continued)

Command Bits 0-2 of Description
Number Control -
Register
4 100 Cursor Lock. Change the state of

the Curson Lock flag, and place
that flag into bit 0 of I/O Status
register 2. One = on, zero = off.

5 101 Start Disk Drive Motors. Turn on

both disk drive motors. Motors
remain on for 3 seconds after the
command is removed. Also perform
"Show Sector" command (see above).

6 110 Used only as part of the command
6, command 7 sequence (see below).

6,7 110,111 Keyboard NMI Flag. This 2-command
sequence complements the state of

the Keyboard Non-maskable
Interrupt flag. Following
execution of this command
sequence, the KB NMI flag appears
in bit 0 of I/0 Status register 2.
One=on, zero=off. When this flag
is on, the keyboard reset feature
is enabled (see Section 2.1.4).

7 111 All Caps. When used alone, this

command changes the state of the
All Caps flag, and places that
flag in bit 0 of 1I/O Status
register 2. One = on, zero = off.

NOTE: In order for the I/0 Commands to be effective, they
must remain in the I/0 Control register until the
Command Acknowledge bit changes state. This bit is
number 7 in I/O Status Register 2.
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Table 3-9

I/0 STATUS REGISTER 1 FORMAT

76543210

I I R

A A A A A

A

A
t———- Keyboard Interrupt. A one indicates that a
valid keyboard entry has caused a maskable
interrupt.

I/0 Interrupt. A zero indicates that one
or more of the I/0 Boards is generating a
maskable interrupt. The bit is is set by.
clearing the interrupting condition.

'—————— Display Flag. This bit is set at the end
of each vertical scan. It is cleared by
accessing I/0 address BOH. (see Section
3.6.1).

Non-Maskable Interrupt. A zero indicates
that a non-maskable interrupt is present.
See Section 3.3 for interrupting conditions.

Disk Write Protect. A one indicates that
the selected disk drive 1is write
protected. If no drives are selected or if
the selected drive has no write protect
option this bit is indeterminate.

Track 0. A one indicates that the selected
disk drive is positioned at Track 0. If
no drive is selected, this bit is
indeterminate.

Sector Mark. This bit changes momentarily

from a one to a zero at the end of each
sector on the selected disk drive.

Disk Serial Data. This bit is connected

directly to the serial data stream coming
from the selected disk drive. It is used
by the program to synchronize disk read
operations (see Section 3.7).

ADVANTAGE
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Table 3-10

I/0 STATUS REGISTER 2 FORMAT

76543210
R ]

A A A p S
*— These bits depend on the I/0 command in

the I/0 Control register (see Table 3-8
above) .

Auto-Repeat, A one indicates that a

key has been held down for longer than
800 milliseconds. The bit goes to a zero
when the key is released.

Character Overrun, Set to a one if an
attempt is made to put more than seven
characters into the keyboard buffer.
(i.e., a character was received from the
keyboard when the buffer was full). The
bit is cleared whenever the upper nibble
of a character is read (command 2).

Keyboard Data Flag, Set whenever one or
more characters is available from the 7-
characters keyboard buffer. Cleared when
the upper nibble of the character is read
(command 2).

Command Acknowledge, This bit is
complemented each time an I/0O Control

Code is executed (for codes, see Table
3.8 above).

NOTES

® Bits 0-3 are only valid after bit 7 changes state to
acknowledge that the command has been executed.

®eWhen bits 0-3 contain the disk sector number, they have
a range of 0-9 for the 10 sectors, or one of the
following special codes:

E
F

disk drive motors off
index pulse detected
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3.5.1

3.5.2

KEYBOARD CONTROL

This section contains the programming information for
the ADVANTAGE keyboard. Refer to the diagrams and
tables in section 3.4 for the following discussion.

RESET

When the I/0 Reset bit (I/0 address FOH, bit 4) is set
on, then off, it has the following effect on the
operation of the keyboard.

l. If there is an active maskable interrupt from the
keyboard, it is reset.

2, The Keyboard Maskable Interrupt flag is reset. This
disables maskable interrupts from the keyboard.

3. The Keyboard Data flag is reset. This flag is
bit 6 of I/0 Status register 2.

4. The Cursor Lock feature is reset (see Section
3.5.4).

5. The All Caps feature is reset (see Section
3.5.5). )

6. The Auto-Repeat flag is reset. This flag is bit
4 of I/0 Status register 2,

7. The Character Overrun flag is reset. This flag
is bit 5 of I/0 Status register 2.
Interrupt or Polled

The keyboard may be serviced in the interrupt mode, or
it may be polled by the program.

If the interrupt mode is used, the program must set the
Keyboard Maskable Interrupt (KB MI) flag. The
following procedure may be used for this purpose.

l. Input and record the state of the Command
Acknowledge bit (I/0 address DOH, bit 7).

2. Issue command 3 to the I/0 control register (I/O
address FOH).
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3. Wait for the Command Acknowledge bit to
complement. This delay is in the range of 0.5
to 1.5 milliseconds.

4. Input from I/0 Status register 2 and check bit 0.
If this bit is on, the KB MI flag is already set.

5. If the KB MI flag is reset, repeat step 2 above.

When the keyboard causes an interrupt, the program can
verify the source of the interrupt by imputting from
I1/0 address EOH and checking bit 0. This bit is on if
the keyboard is interrupting.

To clear the interrupt, the program must input keyboard
characters (see Section 3.5.2) until the Keyboard Data
flag is reset. This flag is bit 6 of I/0 address DOH.

If the keyboard is to be polled rather than operated in
interrupt mode, the KB MI flag must be reset. This
flag is reset when the ADVANTAGE power is turned on, or
when the ADVANTAGE Reset Button is pushed. The program
may reset the KB MI flag by executing the following
sequence:

l. Input and record the state of the Command
acknowledge bit (I/0 address DOH, bit 7).

2. Issue command 3 to the I/0 Control register (I/0
address FOH).

3. Wait for the Command Acknowledge bit to complement.
This dellay is in the range of 0.5 to 1.5
milliseconds.

4, Input from I/0 Status register 2 and check bit 0.
If this bit is off, the KB MI flag is already reset.

5. If the KB MI flag is set, repeat step 2 above.
The program polls the keyboard by periodically
imputting from Status register 2 (I/0 address DOH) and

checking bit 6. If the bit is on, the program reads
the keyboard character(s) as described below.
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3.5.3 Read Keyboard

Characters are read from the keyboard by performing the
sequence given below. A sample subroutine for reading
keyboard data without using interrupts is given in
Table 3-11.

1. Input and record the state of the Command
Acknowledge bit (I/0 address DOH, bit 7).

2. Issue command 1 to the I/0 Control register (I/0
address FOH).

3. Wait for the Command Acknowledge bit to
complement. This delay is in the range of 0.5 to
1.5 milliseconds.

4, Input the low-order nibble of the character from
I/0 address DOH.

5. Issue command 2 to I/0 address FOH.
6. Wait for the Command Acknowledge bit to toggle.

7. Input the high-order nibble of the character from
I/0 address DOH.
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Keyboard character ASCII codes are given in
Appendix A. There are six keys that affect the
values received from other keys: Left SHIFT, right
SHIFT, CONTROL, COMMAND, ALL CAPS and CURSOR LOCK.
Combinations of none, one, or two of these keys
produce the five variations of keyboard codes:
Unshifted, Shifted, CONTROL, CONTROL- Shifted, and
CMND, as sown in the table "Keyboard ASCII Codes
by Key" of Appendix A.

TABLE 3-11

Sample Routine for Reading Characters

KEYBOARD INPUT EXAMPLE

1 00DO == SPRCS == 0DOH ;s STATUS REG 2 ADDR
2 0040 == CHRDY == 040H ; KEYBOARD STATUS MASK
3 00F8 == CNTRG == OFOH ; CONTROL REGISTER ADDR
4 0038 == NORM == 038H ; NORMAL CONTROL REG VALUE
5 0001 == CHDSL == 001H ; COMMAND TO SHOW LOWER NIBBLE
6 0002 == CHDSU == 002H ; COMMAND TO SHOW UPPER NIBBLE
7 P
8 0000' DBDO KEY: IN SPRCS ; STATUS REG 2
9 0002 E640 ANI CHRDY ; TEST FOR CHARACTER READY
10 0004"' 28FA JRZ KEY ; WAIT FOR KEYSTROKE
11 0006' DBDO IN SPRCS ; RESPONSE TO CURRENT COMMAND
12 0008' 6F MOV L,A ; SAVE FOR COMMAND ACK TEST
13 0009 3E19 MVI A, NORM+CHDSL ; LOWER NIBBLE COMMAND
14 000B' D3FO ouT CNTRG ; REQUEST LOWER NIBBLE FIRST
15 000D! DBDO KEY1: IN SPRCS
16 000F' AD XRA L ;s TEST FOR COMMAND ACK
17 0010' F2 0OOD! JP KEY1 ; WAIT FOR COMMAND ACK
18 0013' DBDO IN SPRCS ; GET LOWER NIBBLE
19 0015 E60F ANI 15 ; MASK TO NIBBLE ONLY
20 0017*' 67 MOV H,A
21 0018’ 3E1A MVI A, NORM+CHDSU ; UPPER NIBBLE COMMAND
22 001A*' D3FO ouT CNTRG ;s ALSO ADJUSTS FIFO AND STATUS
23 001C' DBDO KEY2: 1IN SPRCS
24 001E' AD XRA L
25 001F'°' FA 001C' JM KEY2 ; WAIT FOR ANOTHER ACK
26 0022' DBDO IN SPRCS ; GET UPPER NIBBLE
27 0024' 87 ADD A : X2
28 0025' 87 ADD A : X4
29 0026' 87 ADD A ; X8
30 0027* 87 ADD A : X16
31 0028' B4 ORA H ; COMBINE THE TWO NIBBLES
32 H
33 .END
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3.5.4

3.5.5

Cursor Lock

The CURSOR LOCK key alters the codes that are produced
by some of the keys on the numeric keypad as defined in
Appendix A.

The CURSOR LOCK key has a built-in light that indicates
whether the feature is on or off. This feature can be
set or reset by pressing the key, or by issuing a
command from the program.

To change the state of the CURSOR LOCK feature, perform
the following sequence:

1. Input and save the state of the Command Acknowledge
bit (I/0 address DOH, bit 7).

2. Issue command 4 to I/0 address FOH.

3. Wait for the Command Acknowledge bit to complement.
This delay is in the range of 0.5 to 1.5
milliseconds.

4, If desired, confirm the new state of CURSOR LOCK by

inputting I/0 address DOH and checking bit 4. One =
on, zero = off.

All Caps

‘The ALL CAPS key alters the codes that are produced by

the alphabetic keys as defined in Appendix A.

The ALL CAPS key has a built-in light that indicates
whether the feature is on or off. This feature can be
set or reset by pressing the key, or by issuing a
command from the program.

To change the state of the ALL CAPS feature, perform
the following sequence:

l. Input and save the state of the Command
Acknowledge bit (I/0 address DOH, bit 7).

2. Issue command 7 to FOH.
3. Wait for the Command Acknowledge bit to

complement. This delay is in the range of 0.5 to 1.5
milliseconds.
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3.5.6

3.5.7

4, If desired, confirm the new state of ALL CAPS by
inputting I/0 address DOH and checking bit 7. One
= on, zero = off.

Auto-Repeat

If any key or legal combination of keys is held down
for more than 800 milliseconds, the Auto-Repeat bit in
Status register 2 is set. It will remain set until the
key(s) is released. In addition, a special character
(FFH) is inserted by the keyboard following the one
that is to be repeated. The keyboard sends the
character to be repeated only once.

If the program is to implement the Auto-Repeat feature,
it should perform the following procedure:

1. Input 1/0 address DOH and check bit 4. A "one
indicates repeat.

2. If this bit is set, start inputting keyboard
characters until the FFH character is encountered.

3. When FFH is found, the preceeding character will be
the one that should be repeated.

4, Discard the FFH character.

5. Continue to repeat the character until the Auto-
Repeat bit is reset.

If the program is not to implement the Auto-Repeat
feature, it should simply discard the FFH character.

Character Overrun

I/0 address DOH should be input and bit 5 checked each
time a character is input from the keyboard. If the bit
is a one, it indicates that the seven-character
keyboard buffer was overfilled, resulting in the loss
of one or more characters.
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3.6 VIDEO DISPLAY CONTROL

3.6.1 Screen Mapping

The video display consists of a matrix of contiguous
dot positions that is 640 dots wide and 240 dots high,
There is a one-to-one correspondence between each dot
position and a bit in memory.

Data to be displayed on the screen is stored in the
Display RAM. This RAM contains enough data to produce a
display that is the same width as the screen format
(640 dots) but is 256 dots high (see Figure 3-3).

The screen can be made to scroll vertically through the
Display RAM in a wrap-around fashion. For example, if
the screen is scrolled down so that the 50th horizontal
row of dots in the RAM format is displayed at the top
of the screen, then row 51 will be next, then 52, etc.,
until row 256 is encountered somewhere near the bottom
of the screen. At that point the display continues with
row 1 of dots in the RAM format, then row 2, row 3,
etc., until the bottom of the screen is encountered.

The Display RAM is physically located between memory
addresses 20000H and 24FFFH. The actual program
addresses used to access this RAM depend on the state
of the Memory Mapping registers (see Section 3.2.1).
For the purpose of this discussion, assume that the
Display RAM has been mapped into pages 0 and 1, i.e.,
80H has been output to I/0 address AOH, and 8l1lH has
been output to I/0 address AlH.

The data in the Display RAM is organized as shown in
Figure 3-3. To write into any dot or group of dots on
the screen load the appropriate bit pattern into the
correct locations of Display RAM, and insure that the
screen is scrolled into position so that the bits are
displayed.
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Data Format in Display RAM

:é_)'(')_bﬁ' "_éj'é)’é'fc_ié_'d_b'_;""""""""'""'""'"'""'m"a't'g')'di)'?li_'ég')'gi'fé'fcib"_7‘—
: 0001 ' 0101, |4E01 1 4F01:

256 DOTS (256 BYTES) HIGH

———q=-=— . _—— e ——

{00FE O1FE: | L4EFE|4FFE
{00FF 101 FF' 02FF ! {4DFF! 4EFF 14FFF
< 640 DOTS (80 BYTES) WIDE -

| | Represents 8 horizontal dots from one byte in the Display
_IHX_XJ_ RAM. The leftmost dot is the most significant data bit.

| XXXX specifies the hexadecimal address of that byte,
provided that the Display RAM is mapped into page 0.

NOTE: The shaded area indicates the data that would be displayed if the Stért Scanregister contained
02H.

Figure 3-3
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To scroll the screen, change the number in the Start
Scan register. Table 3-12 gives the I/0 addresses of
the register. The binary number in this register
indicates how far down the screen image will be
positioned relative to the top of the Display RAM
format (see Figure 3-3). For example, if 02H is output
to this register, the data for the top row of dots on
the screen will come from RAM locations 0002H, 0102H,
0202H, etc.

Forming Letters and Symbols

The flexibility of the display screen format allows the
user to form characters of virtually any style or size.
For convenience, a set of standard character shapes is
stored in the Boot PROM. When these characters are
used, the display may contain 24 horizontal rows of
characters with 80 characters per row. Instructions
for accessing these characters are given in Section
3.6.5.
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Table 3-12

Video I/0 Addresses

I/0 Address

(Hexadecimal) Operation Description
90 OUTPUT Load Start Scan Register, This

8-bit register specifies which
display line is to be on top of
the screen.

BO INPUT or Clear Display Flag, This flag
OUTFUT marks the period between
automatic scans of the display
screen (see Section 3.6.3
below).
NOTES

® When these I/0 addresses are decoded, address bits 0,1,2
and 3 are ignored. This produces 16 addresses for each
function that work equally well. For example, addresses
90 through 9F all produce identical results.

® When inputting from address B0, the input data is
indeterminate.

® When outputting to address BO, the output data is ignored.

3.6.3 Display Flag

The Display flag is bit 2 in I/O Status Register 1 (I/0
address EOH). This flag allows the program to
synchronize data transfers to the Display RAM. This
prevents the momentary flicker which occurs when RAM
data is changed while it is being refreshed on the
screen.
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3.6.4

3.6.5

The flag is set each time the automatic refresh
circuitry completes a scan of the display screen, or
approximately every 17 milliseconds. The flag is reset
by the program (see Table 3-12). When the Display flag
is set, it marks the beginning of a 0.50 millisecond
period, during which time the screen is not being
scanned. After this period, scanning resumes at the top
of the screen and moves toward the bottom.

The Display flag causes a maskable interrupt each time
it sets, if bit 7 is set in the I/0 Control register
(I/0 address FOH).

Screen Blanking

The screen may be blanked by setting bit 5 of the 1I/0
Control register (I/0 address FOH). Resetting the bit
allows the screen to display again the contents of
Display RAM.

The Video Driver

The Video Driver is a Z80 processor subroutine within
the Boot PROM. It is used to generate character
templates for the video display and for controlling the
cursor. The generated templates are 8 dots wide and 10
dots high, including the intercharacter and interline
spaces.

The user supplies a list of parameters to the Video
Driver that includes the current position of the
cursor. The user then passes a single character to the
Video Driver. If the character corresponds to one of
the 96 displayable ASCII characters listed in Appendix
A, it is displayed on the screen at the current cursor
position. If the character corresponds to one of the
control codes listed in Table 3-13, the Video Driver
executes the appropriate command.
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Table 3-13

Video Driver Control Codes

Hexadecimal

Control Code Value Description
CTRL-H 08 Backspace (cursor left)
CTRL-J oA Line Feed (cursor down)
CTRL-K 0B Reverse Line Feed (cursor up)
CTRL-L 0ocC Forespace (cursor right)
CTRL-M 0D Carriage Return
CTRL-N OE Clear to End of Line
CTRL-0 OF Clear to End of Screen
CTRL-X 18 Cursor On
CTRL-Y 19 Cursor Off
CTRL-_ 1F New Line
CTRL-" 1E Home Cursor (to upper left

corner of screen)

Before using the Video Driver, map the Boot PROM into
8000H and map the Display RAM into 0000H and 4000H (see

Section 3.2.1).

The Video Driver does not use the Z80

processorstack pointer. A block of eleven bytes of data
in main RAM must be set up before calling the Video

Driver,

The calling sequence is shown below and the data

block format is shown in Table 3-9.
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invoke the Video Driver:

Set up the .1ll-byte RAM block as described in
Table 3-9.

Set 780 processor IX Register to the start
address of the RAM block.

Place the desired byte in the 280 processor
acumulator.

Jump to the Video Driver entry point (JMP 87FDH).

Table 3-14

Video Driver Data Block Format

Byte Name Description
1 CURSX Cursor Column Number, There are 80

4FH. Each column is one byte wide.

2 CURSY Cursor Line Number. There are 256 lines

numbered 00H through FFH. This number
refers to the top line of the cursor tem-

plate.
3-4 PIXEL PIXEL Data Table Address. The standard
: Pixel Data Table is in the PROM at address
8561H.
5 SCRCT Line Number. The line number which is

currently at the top of the screen. This
number is incremented or decremented by
10 (decimal) whenever a character
causing a scroll is executed.

6 STATS Status Byte:
Bit 0 - Set by Driver if cursor is disabled.

Bit 1 - Set by user to disable auto wrap-
around of display format.

Also inhibits automatic carriage
return of cursor.
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columns on the screen numbered 00H through

Bit 2 - Set by the user to disable scrolling.

Bit 6 - Set by Driver if cursor reaches top
of screen and scrolling is inhibited.




Table 3-14 (continued)

Bytes

Name

Description

11

RETFP

CTEMP

VIDEO

Bit 7 - Set by Driver if cursor reaches
bottom of screen and scrolling is
inhibited.

Bits 3,4,5, Not used.

Return Address. The Video Driver does not
use the Z80 stack. It returns to the
calling program by jumping to the
address stored in these two bytes.

Cursor Template Address. This address must
be set up to the start of a 10-byte
block containing the cursor template
(normally all FHH's).

Normal/Reverse. Set this byte to 00 for
normal video, FFH for reverse video.

Typical Default Values for RAM Block:

CURSX: DB
CURSY: DB
PIXEL: DW
SCRCT: DB
STATS: DB

RETFP: DW

CTEMP: DW

XXXX

.
’

.. we “o

[
’

Cursor at upper left corner

Standard character set

Scan line 0 at top of screen

Cursor on, auto wrap-around on, scrolling
enabled ‘

XXXX is return address from PROM

OFFFFH,OFFFFH,OFFFFH,OFFFFH,0FFFFH ; Cursor template

Note: CURSX, CURSY, SCRCT are automatically updated by the Video

Driver.
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3.7 FLOPPY DISK DRIVE CONTROL

The Floppy Disk Drive Controller uses a minimum of
hardware and requires a sophisticated program to read
from and write to the disk drives. Some of the timing
and motor control is determined by the program.

The program communicates with the Floppy Disk
Controller in the following ways:

1. Through the Shared 1I/0 Interface registers
described in Section 3.4.

2. By outputting control bytes to the Drive Control
register. The format for the register is shown in
Table 3-16, and its I/0 address is listed in
Table 3-15.

3. By accessing the other I/0 addresses given in
Table 3-15.

Table 3-15

Floppy Disk I/0 Addresses

I/0 Address

(Hexadecimal) Operation Description
80 INPUT Input Disk Data, Sets the processor

into the wait state until the
disk data 1is available, then
reads the data. Inputting from
this address when data is
unavailable puts the processor
into a continuous wait state.

80 OUTPUT Qutput Disk Data. Sets the processor

into the wait state until the Disk
Controller writes the data to the
diskette. Outputting to this
address before setting the Disk
Write flag puts the processor
into a continuous wait state.
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Table 3-15 (continued)

81 INPUT Input Sync Byte., Sets the processor

into the wait state until the
sync byte is available, then
reads the data. If the disk
format is correct, the character
read is a BFH. Inputting from
this address when a sync byte is
not available puts the processor
into a continuous wait state.

81 OUTPUT Load Dri Control Register. See
Table 3-16 for the register format.
82 INPUT Clear Disk Read Flag. Terminates

the disk read operation. The data
input by this address is inde-
terminate.

82 OUTPUT Set Disk Read Flag, This flag is

set as one of the steps in
initiating a disk read operation.
The output data is ignored.

83 OUTPUT Set Data Write Flag., This flag
is set to initiate a disk write

operation. The output data is
ignored. The Disk Write flag
is cleared on the leading edge
of the next sector mark.

NOTES

® When these I/0 addresses are decoded, bits 2 and 3 are
ignored. This produces four address for each function that
work equally well. For example, addresses 80, 84, 88 and 8C
all produce identical results.

eIf a disk operation causes the processor to go into a
continuous wait state, the Main RAM refresh cycles are
interrupted and data in Main RAM is lost.
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Table 3-16

Drive Control Register Format

76543210
| A O
A h A A

A

t__. Disk Drive 1, A one selects disk drive 1.
Bit 1 must be off.

Disk Drive 2, A one selects disk drive 2.
Bit 0 must be off.

Not used.

Step Pulse, Setting this bit on, then
resetting it, causes the head to step in the

selected disk drive. This bit must remain ]
off for at least 5 milliseconds between step
pulses,

St D tion/p £ ,
A. During stepping of the disk from track to
track, this bit determines the step

direction.
0 = Step toward outer track (higher track
numbers).
1 = Step toward inner track (lower track
numbers)
B, During writing, this bit controls write
precompensation.

1 = Use precompensation

0 = Use no precompensation.
Precompensation is required on the inside 20
tracks - track 15 through 34 on side 0 and
tracks 35 through 49 on side 1.

isket Side Select
0 = Side O
1l = Side 1

Not used
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3.7.1

3.7.2

3.7‘4

A disk operation involves selecting the drive, enabling
the motor, performing a head seek, selecting a sector,
and then performing the read or write operation. These
operations are described separately in the following
subsections.

Power-On Initialization

The data separation circuitry must be initialized after
power is applied to the disk controller but before a
read or write operation. This is done by alternately
setting and clearing the Disk Read flag (I/0 address
82H)) at approximately 100-millisecond intervals for
five cycles.

Motor Enable

Both disk drive motors are turned on whenever a command
5 is received (Start Disk Drive Motors, see Table 3-8).
If the command 5 is removed for three seconds, the
value 0EH is displayed as the sector number. After 100
microseconds both disk drive motors are turned off and
the Drive Control register is reset to zeroes. The 100-
microsecond delay prevents the motors from being turned
off in the middle of a read or write operation.

Drive Selection

After the drive motors are turned on, the program loads
the Drive Control register (see Table 3-16) to select
one of the two drives., At the same time the other bits
of the register may be loaded in preparation for a head
seek, read, or write.

Seek

The positioning of the disk drive read/write head is
entirely under program control. The program must keep
track of the position of the head and generate the
timing pulses required to move the head from track to
track.
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3.7.5

The head is initialized (set on Track 0) by stepping it
one track at a time toward the outside of the diskette,
and after each step, inputting I/O Status register 1
(I/0 address EOH). Bit 5 of the register is on when the
selected drive has its head positioned on track 0.
There are 35 tracks per side.

The head is stepped by setting and then resetting bit 4
of the Drive Control register (I/0 address 81H). When
the head is moved by more than one track in either
direction, this bit must remain off for at least 5
milliseconds between step pulses. When the head reaches
its destination, the program must delay at least 20
milliseconds to allow time for the head to settle.

Sector Selection

The sector number is read by performing the following
sequence:

l. Input and record the state of the Command
Acknowledge bit (I/0 address DOH, bit 7).

2, Issue command 5 to the I/0 Control register (I/O
address FOH, refer to section 3.4).

3. Wait for the command acknowledge bit to complement.
This delay is in the range of 0.5 to 1.5
milliseconds. _ .

4. Input the Sector Mark bit (I/0 address EOH, bit 6)
until it is found to be zero.

5. Input the sector number (I/0 address DOH, bits 0
through 3). This number is valid while the Sector
bit is zero, and for 50 microseconds thereafter.

The number obtained by following the above procedure is
actually the number of the previous sector. For
example, if sector 6 is to be accessed, the program
must search for sector 5. If the desired sector is not
found on the first attempt, repeat steps 4 and 5
above until it is found.
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When the correct sector has been located, the program
goes into a loop, waiting for the sector mark to go
from a zero to a one. The read or write operation
sequence must be initiated on this transition.

3.7.6 Read Data

After the proper sector number is found, the read
sequence is as follows:

l. Wait 500 microseconds after the 2zZero-to-one
transition of the Sector Mark bit.

2. Set the Disk Read flag by outputting to I/0 address
82H.

3. Change the Acquire Mode flag to zero (bit 3 of I/0
- address FO0H).

4. Wait 150 microseconds, then change the Acquire Mode
flag to a one,

5. Wait until the Disk Serial Data bit (I/0 address
EOH, bit 7) changes to a one.

6. Input the sync byte (I/0 address 81H). This byte
should be FBH.

7. Input from I/0 address 80H for the remainder of the
data. The next byte read is the second sync byte,
which is the sector number plus 16 times the track
number, truncated to eight bits. Following this are
the 512 data bytes and the CRC byte. The CRC byte is
not checked by hardware; a software routine is needed
if checking is desired.

8. The program's task is complete at this point. The
hardware will reset the Disk Write flag at the zero-
to-one edge of the next sector mark. During the
sector mark a new write sequence can be started

Read timing is illustrated in Fiqgure 3-4A. Note that

the timing of the Sector Mark bit is such that
consecutive sectors may be read.
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3.7.7 Write Data

After the proper sector number is found, the write
sequence is as follows:

1. Input the Write Protect bit (I/0 address EOH, bit
4)., The bit must be a zero to write on the diskette.

2. If writing to one of the inner tracks, set the
Precompensation bit (I/0 address 81H, bit 5).
Precompensation is required on tracks 15 through 34
on side 0, and tracks 35 through 49 on side 1.

3. Set the Disk Write flag by outputting to I/0 address
83H. This must be done within 150 microseconds after
the zero-to-one transition of the Sector Mark bit
(I/0 address EOH, bit 6).

4. Output 33 consecutive bytes of zeros to I/0 address
80H. This forms the preamble of the sector.

5. Output two sync bytes to I/0 address 80H. The first
contains the synchronization byte (0FBH), and the
second contains the sector address (see READ DATA).

6. Output 512 data bytes to I/O address 80H.

7. Output the CRC byte to I/0 address 80H., Note that
the program must calculate the CRC byte.

8. The program's task is complete at this point. The
hardware will reset the Disk Write flag at the zero-
to-one edge of the next sector mark. During the
sector mark a new write sequence can be started.

Note that it is possible to write contiguous sectors
by waiting for the Sector Mark bit to return to zero,
and starting again with step 3 above.

Write timing is illustrated in Figure 3-4B.
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Disk Read/Write Timing
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3.8

3.8.1

3.8.2

ACCESSING THE I/0 BOARDS

The ADVANTAGE computer interfaces with external I/O

devices such as printers and communication links by

means of printed circuit (PC) boards. These boards
plug into the connectors at the rear of the Main PC
Board. The connectors all share a common set of
signals and a common set of commands which can be
sent by the program.

There are two I/0 boards which can be used in the I/0
board slots: the PIO (Parallel I/0) and the SIO (Serial
I/0)., This section introduces the I/0 commands which
can be sent to these boards. The programming
information for a particular board will be found in the
section pertaining to that board.

Reset

The I/0 boards are reset by changing bit number 4 of
the 1/0 Control register first to a zero, then to a
one. The I/0 address of this register is FOH.

Board ID

A command may be sent to each of the I/0 board slots
requesting that the board inserted into that slot
identify its board type. These commands take the form
of I/0 instructions. The 1/0 addresses corresponding to
the board slots are given in Table 3-17. The I/O
identification codes are given in Table 3-18.

There are six I/0 board slots, numbered 1 through 6.
Slot 1 is the left-hand board as seen from the rear of
the unit. They are numbered in sequence from left to
right.
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Table 3-17

I/0 Board Addresses

I1/0 Address
(Hexadecimal) | Operation Description
00 - OF INPUT/OUTPUT Access I/0 board in slot 6
10 - 1F INPUT/OUTPUT Access 1I/0 board in slot 5
20 - 2F INPUT/OUTPUT Access I/0 board in slot 4.
30 - 3F INPUT/OUTPUT Access I/0 board in slot 3
40 - 4F INPUT/OUTPUT Access I/0 board in slot 2
50 - SF INPUT/OUTPUT Access I/0 board in slot 1
70 or 78 INPUT INPUT the ID from slot 6
71 or 79 INPUT INPUT the ID from slot 5
72 or 7A INPUT INPUT the ID from slot 4
73 or 7B INPUT INPUT the ID from slot 3
74 or 7C INPUT INPUT the ID from slot 2
75 or 7D INPUT INPUT the ID from slot 1
76 or 7E INPUT Currently unused. Returns all ones.
77 or 7F INPUT Currently unused. Returns all ones.
Table 3-18

1/0 Board Identification Codes

Identification Code

(Hexadecimal) I/0 Board

7F FPB - Floating Point Board

F7 SIO - Serial Input/Output Board
BE HDC - Hard Disk Controller Board
DB PIO - Parallel Input/Output Board
FF No board or board with no ID.
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3.8.3

3.8.4

Byte Transfers

I/0 instructions are used to transfer 8-bit bytes
between the program and any one of the I/0 boards.
These bytes may be data bytes, control bytes or status
bytes, depending upon the I/0 address that is used and
the particular I/0 board that decodes the address.

Table 3-17 lists the I/0 addresses (00 through 5F) that
are used to access a board for a single byte transfer.
Each board slot is assigned to a group of 16 I/0
addresses. The most significant digit of the address
determines which board slot is accessed, and the least
significant digit has a meaning determined by the
particular board in that slot. The directin of the
data transfer depends upon whether the program executes
an input or an output instruction.

Interrupt

A maskable interrupt may be generated from any of the
I/0 board slots. The program may detect this condition
by inputting from 1I/0 address EOH and checking bit 1.
The bit will be a zero if any of the I/0 boards are
interrupting. The boards must be polled individually to
determine which board caused the interrupt.
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3.9

3.9.1

3.9.2

SIO BOARD

The Serial Input/Output (SIO) Board provides a general
facility for communicating with serial I/O devices.
Synchronous and asynchronous operation are described in
separate subsections. This section begins by describing
those features of the board that are common to both
synchronous and asynchronous operation.

Reset

When the I/0 Reset bit (I/0 address FOH, bit 4) is set
on, then off, it has the following effect on the SIO
Board:

1. The Interrupt Mask is cleared to zeros, preventing
any interrupts from the board.

2. The Baud Rate register is cleared to zeros. Normally
the register would now have to be reloaded to select
the desired baud rate. See the appropriate section
below.

3. The USART is reset, in preparation for
reprogramming.

Note that the I/O Reset bit resets all I/0 Boards
simultaneously.

Board ID

The 8-bit identification code for the SIO Board is F7H.
The 1/0 address used to input this code is determined
by the board slot occupied by the SIO (see Table 3-17).
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3.9.3 Data Transfers

The I/0 address used to transfer a data byte to or from
the SIO Board is X0H, where X is determined by the
board slot occupied by the SIO (see Table 3-19). The
standard location for the SIO Board is slot 1.

Table 3-19

First Digit of I/0 Address

Board Slot First Digit
of I/0 Address

HNWae OO
W -~O

3.9.4 Control

The operation of the SIO Board is controlled by
specifying the Interrupt Mask and the baud rate, and by
programming the 8251 USART IC (integrated circuit).

The format of the Interrupt Mask is shown in Table 3-
20. A one in any of the bit positions 0 through 3
allows the SIO Board to generate a maskable interrupt
if the stated condition occurs. The program defines
this mask by outputting the appropriate bit pattern to
I/0 address XAH, where X is determined by the board
slot occupied by the SIO Board (see Table 3-19).

The baud rate is specified by loading the Baud Rate

register as described in the appropriate section: 3.9.7
for asynchronous mode, and 3.9.8 for synchronous mode.
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Table 3-20

SIO Interrupt Mask Format

76543210
. [ [ 1 ]
\__VF__J‘

I
L A
A 4 t————~ Tx Empty. Transmitter has finished
sending characters.

Tx Ready. Buffer is ready to receive
the next character. '

Rx Ready. Receiver has a character
ready.

Sync Detect. Synchronization has been
achieved (synchronous mode only).

Unused.

NOTE: A one in any bit position 0 through 3 allows the
stated condition to generate a maskable interrupt.

ADVANTAGE 3-43 TECHNICAL MANUAL



Programming the 8251 USART is done by resetting the SIO
Board (see Section 3.9.1), then outputting a series of
control bytes to the SIO. These bytes are output to I/0
address X1H, where X depends upon the board slot
occupied by the SIO Board. The control bytes necessary

to configure the SIO for a particular mode of operation
such as synchronous/asynchronous, number of bits per
character, etc., are defined in the specification
sheets for this IC, which can be found in Appendix H.

3.9.5 Status

A status byte may be read from the SIO Board by
inputting I/0 address X1H, where X depends upon the
board slot occupied by the SIO Board (see Table 3-19).
The composition of this status byte is given in the
spe01f1cat10n sheets for the 8251 USART, which can be
found in Appendix H.

Table 3-21

Serial I/0 Addresses

I/0 Address -
(Hexadecimal) Operation Description
X0 'INPUT/OUTPUT USART data
X1 INPUT/OUTPUT USART Status/Command
X8 OUTPUT Baud Rate Register
XA OUTPUT Interrupt Mask
NOTES

® The first digit of these I/0 addresses is determined by the
board slot occupied by the SIO board (see Table 3-19).

® The Baud Rate register may also be accessed by using I/O
address X9.

® The Interrupt Mask may also be accessed by using I/O address
XB.

® Inputting from I/0 addresses X8, X9, XA or XB causes
indeterminate data to be loaded.
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3.9.6

3.9.7

Interrupt or Polled

The SIO Board may be serviced in the interrupt mode or
it may be polled by the program.

If the interrupt mode is used, one or more bits of the
Interrupt Mask must be set to allow the USART to
generate interrupts. The Interrupt Mask is discussed
in Section 3.9.4. t

When the SIO Board causes an interrupt, the program
must determine the source of the interrupt. It does
this by inputting from I/0 address EOH and checking bit
1. The bit is a zero if any of the I/0 boards
including the SIO are interrupting. The program then
inputs the status of all I/0 boards to determine which
board(s) is interrupting.

The program decides whether the SIO Board has
interrupted by comparing the status bits to the bits in
the Interrupt Mask. The program can respond by
inputting or outputting a data byte, as appropriate, or
by simply masking the interrupting condition.

If the SIO Board is to be polled, the Interrupt Mask
must be loaded with zeros. The program polls the SIO
by perodically reading the status byte from the 8251
USART (see Section 3.9.5) and taking appropriate
action.

SIO in Asynchronous Mode

Asynchronous Modem Configuration

To establish a communication 1link between two
electronic devices, one device must simulate a modem
while the other simulates a terminal. If the ADVANTAGE
is to communicate with a serial terminal such as an
external CRT, a teletype, or a serial printer, the SIO
must be configured to simulate a modem., Similarly, if
the ADVANTAGE is to communicate with a modem, the SIO

" must simulate a terminal.

As shipped, the SIO is configured as a modem; it is
ready for immediate connection to an asynchronous RS-
232 terminal or a North Star-supplied printer.
Connection to most asynchronous terminals and printers
requires no configuration changes.
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If the SIO has ever been reconfigured as a terminal, it

can be restored to its original configuration as
follows:

1. Remove the Clock Header in board locatin 1A, if one
is present.

2. Remove the Configuration Header, board location 34,

and replace it with a 16-pin header wired as shown
in Figure 3-5.

Asynchronous Modem Configuration Header

Figure 3-5

B. Asynchronous Terminal Configuration
If the ADVANTAGE is to communicate with a modem (or

with another computer simulating a modem) the

interfacing SIO port must be configured to simulate a
terminal.

To configure the SIO as a terminal, proceed as follows:

1. Remove the Clock Header in board location 1A, if one
is present.
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2. Remove the Configuration Header from board location
3A and replace it with a 16-pin header wired as
shown in ' Figure 3-6.

Asynchronous Terminal Configuration Header.

o lio 1 12 13 14 15 16
[&Lmnm]

]

Figure 3-6

Current Loop Operation

Whereas most computers, terminals, and printers use RS-
232 signal levels, some terminals, such as teletypes,
use 20 mA current loop signals.

A teletype is a passive device; it does not supply
current, but relies on current supplied by the SIO. The
SI0 is not equipped to accommodate active current loop
devices such as computers that produce current loop
signals.

As shipped, each SIO board is configured to use RS-232
signals.

To configure an SIO for current loop operation, perform
the following procedure:
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1. Remove the Configuration Header, board location 3A,
and replace it with a 16-pin header wired as shown
in Figure 3-7.

Current Loop Configuration Header

1 T
I"’ur"’“““}
8 765 4 3 2 1

10(1( 13 14 15 16
R W V. nnJ
7

T J

~

Figure 3-7

2. Remove the 1488 in location 4A and replace it with
the Current Loop circuit built on a 14-pin header.
This circuit is shown in Figure 3-8 and is
constructed as follows:

a. Connect a 2N3904 transistor to the 1l4-pin header
with the emitter (E) lead connected to pin 7, the
base (B) lead connected to pin 5 and the
collector (C) lead connected to pin 6.

b. Solder a 5.6K ohm 1/4 Watt resistor between pin 4
and pin 12 on the header. .

c. Solder a 1K ohm 1/4 Watt resistor between pin 8
and pin 14 on the header.
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Curre

nt Loop Circuit

Figure 3-8

3. Connect a 25-pin D-type connector to the terminal

cable as follows:

pin 9 to the
pin 3 to the
pin 2 to the
pin 10 to the

The procedure is
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D. Asynchronous Printers

As noted earlier, most asynchronous printers can be
connected to the SIO with no configuration changes. For
a few printers, however, the buffer full status signal
may be on an alternate pin.

The SIO supports printers that indicate buffer full
status on Pin 20 (DTR) or on pin 19 (SCA). Consult the
manual for your printer to determine which pin is used
to indicate buffer full status. Depending on the
manufacturer, this signal may be identified as "Printer
Ready"” or "Buffer Full."

As shipped, the SIO expects the buffer full signal on
pin 20. If this signal is on pin 19, the SIO Board must
be modified as shown in Figure 3-9,

Buffer Full Modification

U0

= o4

X

/CUT TRACE

ADD WIRE

J1

Figure 3-9
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E. Asynchronous Baud Rate Selection

The baud rate is selected by a combination of the USART
command to "divide by 16" or to "divide by 64" and the
value placed in the Baud Rate register. This register
is loaded via I/0 address X8H, where X is determined by
the board slot occupied by the SIO board (see Table 3-

19).

commonly used baud rates.

Table 3-22 shows the values that produce the

Table 3-22
Asynchronous Baud Rate Selection
USART set to + 16 USART set to =+ 64
Baud Baud Rate Register Baud Rate Register
Rate Decimal| Hexadecimal Decimal| Hexadecimal
19200 127 7F - -
9600 126 7E - -
4800 124 7C 127 7F
2400 120 78 126 7E
1200 - 112 70 124 7C
600 96 60 120 78
300 64 40 112 70
200 32 20 104 68
150 0 00 96 60
110 - - 84 54
75 - - 64 40
50 - - 32 20
45 - - 22 16
ADVANTAGE TECHNICAL MANUAL
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F. Asynchronous Programming Examples

Table 3-23 illustrates a method of programming the SIO
Board for asynchronous operation.

Table 3-23

Sample Asynchronous I/0 Routines for SIO Board

0000
0000
0030
0038
0030
0031

0015 3E7F
0017 D338

0019 3E03
001B D331
001D D331
001F 3E40
0021 D331
0023 3ECE
0025 D331
0027 3E27
0029 D331
002B CD2E0O
002E DB30
0030 C9
0031

0031

SYMBOL TABLE

r

PORTA BQU 30H

BAUD BQU PORTA+8

DATA BQU PORTA

CIRL BQU PORTA+1

BDRT EQU 127

-

i

i

i

CINA 1IN CIRL
ANI 2
JRZ CINA
IN DATA
ANI TFH
RET

COUTA IN CTRL
ANI 1
JRZ QOUTA
MOV A,B
T DATA
RET

Set for SIO boardlet in slot three.
Set Baud rate for channel

USART data address

USART control/status.

Set Baud rate of 19.2K Baud

Input and output routines

Check USART status

Get RxReady bit

Wait till character ready
; Read character

Mask off top bit

~e S0 wi 4o e

Check USART status

Get TxReady bit

Wait till ready

Output char is in B reg
Output character

.
«s we wo we we

SIO Boardlet initialization routine

INIT MWI A,BDRT

H

OUT  BAUD

; Set baud rate

Interrupt masks are cleared at power up

w1 A,3
ouT CTRL
T CTRL
wiI A,40H
ouUT CTRL
MWI A,O0CEH
ouT CIRL
MVI A,27H
ouT CIRL
CALL INUNK
INONK IN DATA
RET
END

3 Give USART commands
; to reset,

Give mode command

2 STOP BITS, 16*CIK,
Give command.

CMD: RTS,ER,RXF,DTR, TXEN
Read junk twice

<o we s we we

BAUD 0038 00 BDRT OO7F 00 CINA 0000 01 COOUTA 000B 01 CTRL 0031 00 DATA 0030 00

ADVANTAGE
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3.9.8 SIO in Synchronous Mode

A, Synchronous Modem Configuration

As shipped, the SIO is configured for operation as an
asynchronous modem. It can be reconfigured for
synchronous operation as described below.

1. Wire an 8-pin header as shown in Figure 3-10, and
install it in the Clock Header socket, board
location 1A.

Synchronous Modem Clock Header

Figure 3-10

2, Remove the Configuration Header, board location 3A,
and replace it with a 16-pin header wired as shown
in Figure 3-11. '

Synchronous Modem Configuration Header

Figure 3-11
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B. Synchronous Terminal Configuration

As shipped, the SIO is configured for operation as an
asynchronous modem. It can be reconfigured as a
synchronous terminal as described below.

l. Wire an 8-pin header as shown in Figure 3-12, and

install it in the Clock Header socket, board
location 1A.

Synchronous Terminal Clock Header

Figure 3-12

2. Remove the Configuration Header, board location 3A,

and replace it with a 16-pin header wired as shown
in Figure 3-13. :

Synchronous Terminal Configuration Header

T ERF R T

4 7 6 5 4 3 2 1

9 10 11 12 13 14 15 16
P - £ % ;x,;14

] 1

Figure 3-13
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D.

Synchronous Baud Rates

During synchronous operation, the receiving port speed
is determined by the clock signal generated by the
transmitting port. Thus, the SIO baud rate selection
determines only the transmission speed for a particular
port, not the receiving baud rate.

The baud rate is programmed by outputting a value to
the Board Rate register. This register is loaded via
I/0 address X8H, where X is determined by the board
slot occupied by the SIO Board (see Table 3-19). Table
3-24 shows the values that produce the commonly used
baud rates. The lowest rate is 2400 baud and the
highest rate is 51K baud. Rates higher than 51K baud
should not be used as this exceeds the upper frequency
limit of the 8251 USART.

Table 3-24

Synchronous Baud Rate Selection

- Baud Rate Register
Baud Rate Decimal Hexadecimal
51000 122 A
38400 120 78
19200 112 70
9600 96 60
4800 64 40
2400 0 00

Synchronous Programming Example

Table 3-25 provides an example of programming the
SIO to communicate with a synchronous device.
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Table 3-25

Sample Synchronous I/0 Routines for SIO Board
0000 H
0000 ;
0000 ;
0000 H
0000 ; INIT initializes the USART for synchronous operation.
0000 ;
0000 7 SYNI loads a received message into RAM starting
0000 ; at the address given in HL.
0000 ;
0000 ; SYNO transmits a message from RAM starting at the
0000 : address given in HL. The number of bytes of
0000 ; the message is given in BC.
0000 ;
0000 ; As the data transferred is binary and may contain any character,
0000 ; an escape character must be used to ipdicate the presence of
0000 ; control characters such as End-of-text, Start-of-text and Sync.
0000 ; The escape character used is DLE, 10H. If a DLE character
0000 ; occurs in the data this is replaced by two DLEs in sequence.
0000 ;
0000 ;
0002 STX BEQU 2 ; Start of text character
0003 ETX BEQU 3 ; End of text character
0010 DLE EQU 10H ; Data Link Escape character
0016 SYN BQU 16H ; Sync character
0000 ;
0001 TXRDY EQU 1 ; USART status bits
0002 RXRDY EQU 2
0000 i
0030 PORTA BEQU 30H ; Set for SIO boardlet in slot three.
0038 BAUD BQU PORTA+8 ; Set Baud rate for channel
0030 DATA BQU PORTA ; USART data address
0031 CTRL. BEQU PORTA+1 ; USART control/status.
0000 :
0078 BDRT EQU 120 ; Set Baud rate of 38.4 Khz
0000 ;
0000 3E78 INIT WI A,BDRT ; Set Baud rate
0002 D338 ouT BAUD ; for SIO boardlet
0004 3E80 MVI A,80H ; Ensure USART is cleared
0006 D331 ouT CIRL ; as specified by manufacturers
0008 D331 OUT CIRL
000A 3E40 M1 A,40H ; do reset
000C D331 OUT CTRL
000E 3
000E 3EOC MWI A,0CH ; Double sync, no parity
0010 D331 ouT CTRL
0012 3E10 MVI A,DLE ; Sync character #1
0014 D331 oUT CTRL
0016 3E16 MVI A,SYN ; Sync character #2
0018 D331 OoUT CTRL
001A 3EB7 MVI A,0B7H ; Hunt,RTS,Error reset,RxXE,DIR,TXE
001C D331 OUT CTRL
001E DB30 IN DATA ; Read junk
0020 C9 RET
0021 ;
0021 3 Synchronous input routine (RAM address in HL)
0021 ;
0021 (CD0000 SYNI CALL INIT ; Set USART into hunt mode and
0024 (D5100 CALL GETCH ; reset errors
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Table 3-25 (continued)

0027 FE10 CPI DLE

0029 20F6 JRNZ  SYNI ; Wait for DLE to appear
002B CD5100 CALL GEICH

002E FE16 CP1 SYN ; If SYNC, try again

0030 28EF JRZ SYNI

0032 FEO2 CP1 STX ; Check for start of text,
0034 20EB JRNZ  SYNI ; if bad, try again

0036 ; :

0036 ; Transfer message into RAM

0036 ;

0036 (D5100 SDATA CALL GETCH

0039 FE10 CPI DLE

003B 2010 JRNZ RAMLD ; If not DLE then data

003D (CD5100 CALL GETCH ; Get second char of DLE seq
0040 FE10 CPI DLE ; If DLE-DLE then use one
0042 2809 JRZ RAMLD ; of them as data

0044 FEl6 CpI SYN ; Check for padding (SYNC chars)
0046 28EE JRZ SDATA ; ignore if it is

0048 FEO3 CP1 ETX ; End yet ?

004A C8 - RZ ; ; If not done, then bad DLE
004B 18E9 JR SDATA  ; sequence found, ignore it
004D ;

004D 77 RAMID MOV M,A ; Insert byte into RAM at (HL)
004E 23 INX H

004F 18E5 JR SDATA ; Get next byte

0051 ;

0051 DB31 GETCH 1IN CIRL ; Get char from serial port
0053 E602 ANI RXRDY

0055 28FA JRZ GETCH ; Wait till done

0057 DB30 IN DATA

0059 C9 RET

005A ;

005A ; Synchronous output routine

005A ; Outputs BC characters starting at address in HL
005A ;

005A CD0000 SYNO CALL INIT ; Reset USART

005D C5 PUSH B ; Save byte count

005E 0600 MVI B,0 ; Send 255 DLE-SYNCs

0060 3E10 HEADR MVI A,DLE ; before message

0062 (CD9100 CALL  OPCH

0065 3El6 MVI A,SYN

0067 (DY100 CALL.  OPCH

006A 10F4 DINZ HEADR

006C C1 POP B ; Restore byte count

006D ;

006D 3E10 MWI A,DLE ; Send message header of
006F (CD9100 CALL  OPCH ; DLE STX

0072 3E02 MWI A,STX

0074 CD9100 CALL OPCH

0077 i

0077 ; Transfer message contents

0077 ;

0077 7E NCHO MOV AM

0078 (DI100 CALL OPCH s Output byte of data

007B 3E10 MVI A,DLE ; DLE for comparison

007D EDAl CPII ; : Check if char was DLE and count
007F (CC9100 Cz OPCH ; Output second DLE if it was
0082 EA7700 JPE NCHO ; Loop till done

0085 (DY100 CALL. OPCH s Output DLE from A
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Table 3-25 (continued)

0088 3E03 MVI AETX ; Send End of text

008A (DY100 CALL OPCH ;

008D CD0000 CALL INIT ; Stop SYNC characters

0090 C9 RET ; ; Return to calling program
0091 3

0091 F5 OPCH PUSH PSW ; Output Character

0092 DB31 WIX IN CIRL ; Get USART status

0094 E601 ANI TXRDY ; Check if ready for character
0096 28FA JRZ WIX ; Wait till it is

0098 F1 POP PSW s Get character back and

0099 D330 OouT DATA ; output

009B C9 RET

009C ;

009C END

SYMBOL TABLE

BAUD 0038 00 BDRT 0078 00 CTRL 0031 00 DATA 0030 00 DLE 0010 00 ETX 0003 00
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3.10 PIO Board

The PIO (Parallel Input Output) Board is used to drive
parallel printers and other devices requiring transfer
of data in 8-bit parallel form.

The PIO Board contains a configuration header which
allows it to adapt to many different device interfaces.
This header changes the way that the components on the
board are connected. Since the header can be wired in
many ways, only one configuration is discussed here,
i.e., with the header wired as shown in Figure 3-14.

Standard PIO Configuration Header

Figure 3-14

This is the standard North Star configuration. To
determine the affect that other configurations would
have on the operation and programming of the PIO board,
refer to the PIO board schematic in Appendix I.

3.10.1 Reset

When the I/0 Reset bit (I/0 address FOH, bit 4) is set
on, then off, its only effect on the PIO Board is to
reset the Interrupt Mask to all zeros. See CONTROL
heading below. Note that the I/0 Reset bit resets all
I/0 boards simultaneously.
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3.10.2 Board ID

The 8-bit identification code for the PIO board is DBH.
The I/0 address used to input this code depends on the
board slot occupied by the PIO board (see Table 3-19).

3.10.3 Data Transfers

The I/0 address used to transfer a data byte to or from
the PIO board is X0H, where X is determined by the
board slot occupied by the PIO (see Table 3- 9). The
standard location for the PIO Board is slot 2.

3.10.4 Control

The operation of the PIO Board is controlled by
specifying the Interrupt Mask, and by setting and
resetting the Input and Output flags. These flags are
input as part of the status byte and may be used to
generate maskable interrupts.

The format of the Interrupt Mask is shown in Table 3-
26. A one in any of the bit positions 4 through 7
enables the PIO Board to generate a maskable interrupt
if the stated condition is true. The program defines
this mask by outputting the appropriate bit pattern to
I/0 address X2H, where X is determined by the board
slot occupied by the PIO Board (see Table 3-19).

The program initializes the Input flag by resetting it.
The input device sets the flag when an input byte is
ready at the device interface. After the byte is input,
the program again resets the flag, and the cycle is
repeated.

The Input flag is reset by accessing I/0 address X6H,
where X is determined by the board slot occupied by the
PIO Board (see Table 3-19). In the standard
configuration of the PIO Board, the Input flag is not
normally set by the program. The flag could be set by
accessing I/0 address X7H, where X is determined in the
same manner as for resetting the flag.

The program initalizes the Output flag by resetting it.
The output device sets the flag when it is ready to
receive a byte. After the byte is transferred, the
program again resets the flag, and the cycle is
repeated.
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Table 3-26

PIO Interrupt Mask Format

7654321¢C

L1 |

l

| |

A A

A

\

S

t———~————- Ignored

Qutput Acknowledge, The device interface

signal OUT ACK is at a low logic level.

Input Strobe. The device interface signal
IN STROBE is at a low logic level.

Qutput Flag. The Output flag is set.

Input Flag, The Input flag is set.

NOTE:

A one in any bit position 4 through 7 allows the stated
condition to generate a maskable interrupt.

3.10.5

ADVANTAGE 3-61

The Output flag is reset by accessing I/0 address X4H,
where X is determined by the board slot occupied by the
PIO Board (see Table 3-19). 1In this configuration of
the PIO Board, the Output flag is not normally set by
the program, although it could be set by accessing 1/0
address X5H, where X is determined in the same manner
as for resetting the flag.

Status

A status byte may be read from the PIO Board by
inputting from I/0 address X1H, where X is determined
by the board slot occupied by the PIO Board, (see Table
3-19). Table 3-27 shows the format of the Status byte.
The operation of the Input and Output flags is
discussed under the CONTROL heading above.
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Table 3-27

PIO Status Byte Format

76543210
I | 111 |

S~——,——"A A

R Qutput Acknowledge. A one indicates that
4 the device interface signal OUT ACK is at
a low logic level.

Input Acknowledge, A one indicates that

_the device interface signal IN ACK is at a
low logic level.

Qutput Flag., The Output flag is set.
Input Flag., The Input flag is set.

All ones.

3.10.6 Interrupt or Polled

The PIO Board may be serviced in the interrupt mode or
it may be polled by the program.

If the interrupt mode is used, one or more bits of the
Interrupt Mask must be set on to allow the PIO Board to
generate interrupts. The Interrupt Mask is discussed
in Section 3.10.4.

When the PIO Board causes an interrupt, the program
must determine the source of the interrupt. It does
this by inputting from I/0 address EOH and checking bit
1. The bit is a zero if any of the I/0 boards
including the PIO is interrupting. The program then
inputs the status of all I/0 boards to determine which
board(s) is interrupting. The program decides that the
PIO Board has interrupted if one of the four status
bits is a one, and the correspondlng bit in the
Interrupt Mask is also a one.
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If the PIO Board is to be polled, the Interrupt Mask
must be loaded with zeros. The program polls the PIO
by perodically reading the board status and taking
appropriate action.

Table 3-28

Parallel I/0 Addresses

I/0 Address

(Hexadecimal) | Operation Description

X0 INPUT Input Data Byte.

X0 OUTPUT Output Data Byte.

X1 INPUT Input Status Byte (see format
in Table 3-27).

X2 OUTPUT Output to Interrupt Mask (see
format in Table 3-26).

X3 Not used.

X4 INPUT/OUTPUT Reset Output flag.

X5 - INPUT/OUTPUT Set Output flag.

X6 INPUT/OUTPUT Reset Input flag.

X7 INPUT/OUTPUT | Set Input flag.

NOTES

® The first digit of these I/0 addresses is determined by
the board slot occupied by the PIO board (see Table 3-19).

® Addresses X8 through XF function the same as addresses XO
through X7 respectively. :
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3.10.7 Programming Example

The subroutine in Table 3-29 provides an example of
programming the standard configuration PIO Board to
output data.

Table 3-29

Sample Routine For Outputting PIO Data

1 0040 == PIO == 40H s PIO BASE PORT ADDRESS
2 0040 == PDATA == PIO ; PIO DATA PORT ADDRESS
3 0041 == PSTAT == PIO+1 ; PIO STATUS PORT ADDRESS
4 0004 == POBIT == 4 ; PO FLAG BIT MASK
5 0044 == RSFLG == PIO+4 ; ADDR RO RESET OUTPUT FLAG
6 L
7 0000' DB4l POUT: IN PSTAT ; PIO STATUS
8 0002' E604 ANI POBIT ; TEST OUTPUT
9 0004' 28FA . JRZ POUT ;s WAIT FOR DEVICE READY
10 0006' D344 ouT RSFLG ; RESET OUTPUT FLAG
11 o0008*' 78 MOV A,B ; CHARACTER TO SEND
12 0009' Fe680 ORI 80H : SET STROBE BIT FALSE
13 000B' D340 ouT PDATA ; SET UP DATA
14 000D' EES80 XRI 80H : TOGGLE STROBE
15 OOOF' D340 ouT PDATA
16 0011' EES80 XRI 80H ; TOGGLE STROBE
17 0013' D340 ouT PDATA
18 0015' E67F ANI 7FH ; CLEAR STROBE BIT
19 0017' C9 RET
20 H
21 +«END

3.11 Speaker Control

The speaker produces sounds that are used to signal the
operator of the ADVANTAGE. The program can either
produce a standard 'beep' sound, or a programmable
sound.
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The standard ‘'beep' sound is a 1920 Hz tone with a
duration of one-half second. This sound is produced by
inputting from I/0 address 83H. The input data is
indeterminate.

The programmable sound is produced by manipulating bit
6 of the I/0 Control register (I/0 address OFH). When
this bit is complemented at the proper rate, a tone is
produced in the speaker. For example, complementing the
bit once every millisecond will produce a 500 Hz tone.
The tone is maintained as long as the bit is being
complemented. Note that complex sounds may be generated
by complementing the bit at an irregular rate.

3.12 BOOTSTRAP FIRMWARE

The Bootstrap program is contained in the Boot PROM
(see Section 4.1.3). The Bootstrap program loads other
programs from diskette or from a serial port via an SIO
Board.

3.12,1 Startup

The Bootstrap program may be entered by generating a
non-maskable interrupt (see Section 3.3.2), or by
executing the following two instructions:

1. Output 84H to I/0 address A2H.
2, Jump to address 8066H.

When the Bootstrap program is entered, it performs the
following sequence:

1. The 780 processor registers are pushed into the
existing stack in the following sequence:
AF,B,D,H, alternate AF, alternate B, alternate D,
alternate H, alternate IX and alternate IY,., Finally,
the interrupt vector is pushed.

2, The stack pointer is put in register IY. If the

Bootstrap program was entered as the result of a
power reset, register IY contains 0001H.
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3. The Display RAM 1is mapped into O0000H through
7FFFH, the Boot PROM is mapped into 8000H through
BFFFH, and the first 16K bytes of Main RAM are
mapped into CO00H through FFFFH.

4. A beep sounds, and the message 'LOAD SYSTEM' is
displayed.

The Bootstrap program then waits for instructions
entered from the keyboard. These instructions may cause
it to boot from drive 1, boot from drive 2, or boot
from a serial port (see Section 2.2).

3.12.2 Boot from Disk Drive

If the Bootstrap program is directed to boot from one
of the disk drives, it performs the following sequence:

1. Sectors 4,5,6 and 7 on track 0 are read into Main
RAM. The first data byte in sector 4 determines the
starting location of the area in Main RAM in which
the program is stored.

For example, if the first data byte is COH, this
byte is stored in location C000H, and remaining data
bytes in sectors 4,5,6 and 7 are stored sequentially
from that point. This first byte must be in the
range COH through F8H.

2. The first 16K bytes of Main RAM are mapped into
0000H through 3777H and 4000H through 7FFFH.

3. A jump is made to the load address + 10. This
location must contain the op code for a jump
instruction.

If the boot attempt is unsucessful, a beep sounds and

the 'LOAD SYSTEM' message is redisplayed. There are

five ways that a failure may occur:

1. Diskette not loaded.

2. Machine malfunction.

3. Uncorrectable read error (wrong CRC byte). The CRC

byte is calculated by the routine shown in Table
3-30.
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4. Wrong sync byte. The first sync byte is FBH. The

second sync byte 1is the sector number plus 16
times the track number, truncated to eight bits.

The first byte of sector 4 is not in the range COH

through F8H, or the tenth byte of sector 4 is not
C3H.

Table 3-30

Boot PROM CRC Routine

814E DB80 . READL IN RDATA ;GET BYTE

8150  FECO CPI  0COH

8152 D8 RC

8153  FEF9 CPI  OFSH

8155 DO RNC

8156 57 MOV  D,A ; MSB OF STORE ADDRESS

8157 12 STAX D ;STORE IT ALSO

8158 13 INX D

8159 07 RLC |

815A  4F MOV  C,A ;START OF CRC VALUE

815B 216581 LXI  H,BLOOP ;SET NEW RETURN ADDRESS

815E  DB8O IN RDATA ;GET SECOND BYTE

8160 12 STAX D

8161 13 INX D

8162 A9 XRA  C

8163 07 RLC  ;CRC CALC

8164  4F MOV  C,A

8165 DB80 BLOOP 1IN RDATA ;READ DATA LOOP

8167 12 STAX D

8168 A9 XRA  C ;FORM CRC

8169 07 RLC

816A  4F MOV  C,A

816B 13 INX D ;UPDATE STORE ADDRESS

816C  DB8O IN RDATA ;SECOND BYTE

816E 12 STAX D

816F A9 XRA  C

8170 07 RLC

8171  4F MOV  C,A

8172 13 INX D

8173  10F0 DJNZ  BLOOP

8175 ;HAVE COMPLETED A BLOC, GET CRC

8175 DB80 IN RDATA ;CRC BYTE

8177 A9 XRA  C ;SEE IF IT MATCHES COMPUTED CRC

8178  DB82 IN RENBL ;CLEAR READ ENABLE

817A  20Al JRNZ READA ;IF NOT, GO READ AGAIN
ADVANTAGE
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3.12.3 Boot from Serial Port

In order to use this feature, an SIO board must be
installed in I/0 slot 3, and the board ID must be in
the range FOH through F7H. The board must be connected
to a synchronous communication link.

If the Bootstrap program is directed to boot from
serial port, it configures the USART as follows:

Synchronous Mode

2400 baud

Two sync bytes - DLE,SYN
Eight bits per word

Two stop bits

Parity off

After the USART is configured, it should be receiving
sync bytes. If sync is not detected within 1 second, a
beep sounds and 'LOAD SYSTEM' is redisplayed. If sync
is detected, the following 'diaglogue' should occur:

Other system:DLE,SYN,ENQ,PAD "WHAT DO YOU WANT?

ADVANTAGE :DLE,SYN,EOT,NUM,ENQ PAD "I WANT THE PROGRAM"

Other system:STX,<data>,ETX,SUMLO, "HERE IT IS"
SUMHI, PAD

STX=02H,ETX=03H,EOT=04H, ENQ=05H,DLE=10H,SYN=16H, PAD=0OFFH
NUM = boot type number (01H for the ADVANTAGE)
SUMHI, SUMLO=checksum computed as((sum of all data
bytes) +1) mod 65536

The Boot program can wait indefinitely for the "What do
you want?” message. When it is received, it sends the
"I want the program"™ message. Then it can wait
indefinitely for the STX. When the STX arrives, the
Boot program assumes that subsequent data is the
program.

The first byte after the STX determines the starting
location of the area in Main RAM into which the program
is loaded. For example, if the first byte is COH this
byte is stored in location C000H, and the remainder of
the program is stored sequentially from that point.
This first byte must be in the range COH through F8H.
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The DLE character has special significance in the data
stream as follows:

l. Two DLE's in a row are stored as one DLE.

2. Pairs of sync bytes DLE, SYN are dropped.

3. DLE,DLE,SYN is stored as DLE,SYN,

4, Single DLE's not followed by SYN or ETX are dropped.
5

. The pair DLE,ETX signals end of program and is not
stored.

Only those bytes that are stored in the RAM are
included in the checksum. The checksum is computed as
((sum of all data bytes)+1l) mod 65536. If the computed
checksum does not match the checksum in the message, a
beep sounds and the message 'LOAD SYSTEM' is
redisplayed. If the checksums match, the first 16K
bytes of Main RAM is mapped into 1locations O0000H
through 3FFFH and 4000H through 7FFFH, and a jump is
made to the load address + 10.
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THEORY OF OPERATION 4

4.1

This chapter discusses the theory of operation of the
Main PC Board, the Serial Input Output (SIO) Board and
the Parallel Input Output (PIO) Board.

The block diagrams in the chapter are coordinated with
the schematics in Appendix I. Each block that
represents circuitry on a PC board corresponds to a
page of the schematics or to a shaded section of a
page. In addition, the names used in the blocks are the
same as those used in the schematics.

MAIN PC BOARD

Figure 4-1 is a block diagram of the ADVANTAGE computer
system. The shaded blocks represent the elements of the
system which are on the Main PC Board.

The ADVANTAGE System Block Diagram

VIDEO
MONITOR

DRIVE 1

DRIVE 2

KEYBOARD

EXTERNAL /O
DEVICES

AC POWER
POWER SUPPLY

Figure 4-1
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The Central Processor is in primary control of the
ADVANTAGE system. It controls the flow of data between
the I/0 devices and the Main RAM. It also checks status
on these devices, issues commands, and responds to
interrupts.

The Central Processor performs its duties by executing
the programs residing in the Boot PROM and the Main
RAM. The programs contain Z80 processor instructions.
See Appendix G for a list of these instructions and a
description of the 7Z80 microprocessor.

The Boot PROM contains the bootstrap routine that loads
programs into the Main RAM. Programs may be loaded from
diskette or from a serial port connected to the I/0
board interface. The Boot PROM also contains a video
driver routine and a monitor routine. See Sections
3.6.,5 and 6.4 for additional information on these
routines.

The Main RAM is used to store programs and data. The
storage capacity is 64K bytes by nine bits including
parity. Parity checking is used to insure the integrity
of the stored information.

The Display RAM stores data to be displayed on the
Video Monitor. The capacity of this RAM is 20K bytes by
eight bits with no parity. The Display Controller
serializes the data and sends it to the Video Monitor.
It also provides the Monitor with horizontal and
vertical sync signals.

The Disk Controller performs most of the control
functions for the disk drives. It selects the drive,
selects a side of the diskette, positions the
read/write head, and performs the read or write
operation.
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The Auxiliary Processor performs the remaining disk
operations. It turns the drive motors on and off,
keeps track of the sector number, and determines the
width of the sector pulse. The Auxiliary Processor
also controls the keyboard. It scans the keyboard,
converts the scanning information to the correct
character code, and notifies the Central Processor when
keyboard data is available.

The Speaker is a small audio transducer located on the
Main PC Board. The Speaker circuit can produce either a
standard 'beep' sound or a programmable sound.
The I/0 Board Interface consists of six PC board
connectors and associated bus drivers and command
decoders. The PC boards used in this area can
interface external I/0 devices to the Central
Processor, or they can expand the computing power of
the Central Processor.

The voltage regulators receive DC power from the Power
Supply and produce four regulated DC supply voltages
that are used throughout the ADVANTAGE system. The
voltages are: +12, -12, +5 and -5.

4.1.1 Central Processor

A block diagram of the Central Processor is shown in
figure 4-2. The Central Processor uses two address
buses and three data buses. Multiple buses are required
because the 7280 processor interfaces with a large
number of circuits.

Any address placed on the Address (ADR) bus
automatically appears on the Buffered Address (BA) bus.
The same is true of data placed on the Data bus - it
automatically appears on the RAM data (RD) bus.
Transfers between the Data bus and the Buffered Data
(BD) are controlled by the I/0 Select PROM, and depend
upon the direction of data flow.

The 280 processor is the heart of the Central
Processor. When it fetches instructions it places the
instruction address on the Address bus and reads the
instruction from the Data bus. It reads status by
inputting from the I/0 controller, the Auxiliary
Processor and I/0 Status register 1. It issues commands
by outputting to the I/0 controllers, and to the I/0
Control Register. See Appendix G for more information
about this microprocessor.
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Central Processor Block Diagram
BA BUS >
t /0 ADDRESS |-,
DRIVER DECODER
MEMORY [————— ADR BUS
MAPPING
REGISTERS L<:::
| conTROL
LOGIC
'MASKABLE 780 SEIL/gCT .
INTERRUPTS PROM
NON-
—{ MASKABLE DATA BUS
INTERRUPTS
110 RD BUS
—— sTATUS |————> | [TRANSCEIVER DRIVER] >
REGISTER 1 8D BUS
GENERAOR | contho —
REGISTER
Figure 4-2
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The Memory Mapping registers expand the memory
addressing capabilities of the ADVANTAGE computer from
64K bytes to 256K bytes. See Section 3.2.1 for detailed
information on their use.

The Memory Mapping registers are implemented by a
74L.S670 scratch pad RAM. The RAM contains four
locations with four bits per location. Each location
represents one mapping register.

When data is written into a register, the BA bus
selects the register, and the BD bus contains the data
to be written. When data is read from a register, the
ADR bus selects the register, and the contents of the
register are used to select the 16K section of memory
to be accessed. Note that it is possible to select a
non-existent section of memory, because some of the
allocated .address space is not used (see Table 3-1).

The Control Logic maintains the Display flag, and
controls the wait input signal to the Z80 processor.

The Display flag is set at the end of each vertical
scan (signal PL SYNC) and reset when the program
executes an input or output instruction to I/0 address
BOH.

Two conditions may cause the Z80 processor to go into a
wait state:

l. The program has initiated an access to the
Display RAM and data is not yet available (signal
WAIT A).

2. The program has initiated a disk operation and the

Disk Controller has not completed the operation
(signal WAIT 1, WAIT 2 and WAIT 3).
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The maskable interrupt circuitry generates a maskable
interrupt to the 280 processor if any of the following
conditions are true:

1. Keyboard data is available (signal KB INT).

2. The Display flag is set.

3. One of the I/O boards is interrupting.

4. A parity error occurs in Main RAM (signal PINT).

The non-maskable interrupt circuitry generates a non-
maskable interrupt to the Z80 processor when any of the
following conditions are true:

l. Power has just been turned on, or power has been
interrupted (signal PWR RES).

2. The reset pushbutton is pressed. This is the
momentary contact switch located on the rear panel
of the ADVANTAGE cabinet (signal PNMI).

3. The keyboard reset is active (signal INT 48). This
reset is under program control (see Section 2.1.4).

The Main RAM parity error can be made to generate a
non-maskable interrupt instead of a maskable interrupt
by changing the position of jumper W4 on the Main PC
Board, but this connector is not supported by North
Star software. :

I/0 status register 1 is an 8-bit bus driver through
which eight status signals are input from various parts
of the system. When an input instruction is executed
from any of the I/0 addresses EOH through EFH, the
status signals are transferred to the BD bus and from
there into the Z80 processor. Table 4-1 defines the
signals that are input.

ADVANTAGE 4-6 TECHNICAL MANUAL



Table 4-1

I/0 Status Register 1 Format

7654

3210

L1 11

|

|

A A A A

A

A

A

A

\

A

A

S ———

A one indicates that a
valid keyboard entry has caused a maskable
interrupt.

A zero indicates that one
or more of the I/0 boards is generating a
maskable interrupt. The bit is set by
clearing the interrupting condition.

Display Flag., This bit is set at the end

of each vertical scan. It is cleared by
accessing I/0 address BOH (See Section
3.6.3). '

Non-Maskable Interrupt. A zero indicates

that a non-maskable interrupt is present.

Disk Write Protect. A one indicates that

the selected disk drive is write
protected. If no drives are selected or if
the selected drive has no write protect
option this bit in indeterminate.

Track 0, A one indicates that the selected
disk drive is positioned at Track 0. If no
drive is selected, this bit is
indeterminate.

Sector Mark, This bit changes momentarily
from a one to a zero at the beginning of
each sector on the selected disk drive.

Disk Serial Data, This bit is connected

directly to the serial data stream coming
from the selected disk drive. It is used
by the program to synchronize disk read
operations.
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The Clock Generator consists of a crystal oscillator,
two flip flops, and a divide-by-16 counter. These
circuits generate the following clocks which are used
throughout the Main PC board: 8 MHz, 4 MHz, 2 MHz, 0.5
MHz, 0.25 MHz and 0.125 MHz.

The I/0 Address Decoder produces some of the
individual signals required to carry out 1I/O

instructions., These signals are listed in Table 4-2
along with the corresponding decoder output.

Table 4-2

I/0 Address Decoder Signals

Output Description

0 Partial decode of disk I/0 instructions and
instruction to produce the standard ‘'beep'
sound.

1 Load Start Scan register located in the Video
Generator.

2 Load Memory Mapping register. Bits 0 and 1 of
the BA bus specify which register is loaded.

3 Clear Display flag.

4 Clear non-maskable interrupt.

5 Input from I/O Status Register 2 located in
the Auxiliary Processor.

6 Input from I/0 Status Register 1.

7 Load I/0 Control Register.

The I/0 Select PROM produces four control signals which
make data available to the Z80 processor by
transferring data to the Data bus. Each control signal
transfers the data from a different source. Table 4-3
defines the contents of this PROM and summarizes its
input and outputs. The four output signals are
described below.
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Table 4-3

I/0 Select PROM Summary

ADDRESS BITS | DATA BITS
76543210 | 4321 | ACTIVE SIGNAL
XX10X1X0 0111 RD PROM - Read Boot PROM
XXX011X0 | 1011 | RDRAM - Read Main RAM
0XX11000 1101 I/0 to Z80 - Input instruction
1XX110X1 1101 1/0 to 780 - Interrupt response
XXX11010 | 1110 | BD to 280 - Input instruction
XXX001X0 | 1110 | BDto 280 - Reading Display RAM
A A A A A A [_—~
RD
BA7
L TORQ
780 DIS REQ
MREQ
EN BOOT
GROUND
MI

NOTE: All 1locations

not defined in this table contain all

ones and produce no active output signals.
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1. RD PROM. Transfers data from the Boot PROM to the
Data bus. The Z80 processor supplies the address of
the data. This transfer can occur if the Memory
Mapping registers select the Boot PROM, or if a non-
maskable interrupt occurs.

2. RD RAM, Transfers data from the Main RAM to the Data
bus. The Z80 processor supplies the address of the
data.

3. I/0 to Z280. Transfers data from the I/0 board
interface to the Data bus. This transfer occurs when
the Z80 processor executes an input I/0 instruction
addressed to an I/0 board. It also occurs when the
280 processor is responding to a maskable interrupt
(mode 2 response) and is reading the address vector
from the I/0 board interface. Note that the address
vector from the I/0 boards is always FFH.

4, BD to Z80. Transfers data from the BD bus to the
Data bus. This transfer occurs when the 2Z80
processor reads from the Display RAM, or when the
Z80 processor executes an input instruction
addressed to the Disk Controller, to Status
Registers 1 or to Status Register 2,

The I/0 Control register stores commands that are used
throughout the ADVANTAGE system. When the program
executes an output instruction to any I/0 address from
FOH through FFH, the eight control bits are transferred
from the Z80 processor, through the BD bus and into the
I/0 Control register.

Table 4-4 defines the bits of the I/0 Control register.
The low-order three bits of the register form a command
code which is sent to the Auxiliary Processor. The
commands are defined in Table 4-5.
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Table 4-4

I/0 Control Register Format

76543210
LL T 111 l

A A A A f
I/0 Commands, See Table 4-5.

Acquire Mode, This bit is momentarily
set to zero at the beginning of each
disk read operation (see Section
4.1.5) L]

I1/Q0 Reset, A zero causes a reset to be
sent to the Auxiliary Processor and to
the I/0 Board Interface. A one removes
that reset.

Blank Display., A one causes the
display to be blanked. A zero enables

the data presently in the Display RAM
to be displayed.

Speaker Data, This bit is fed directly

into the speaker control circuitry.
Changing the bit at the proper rate
will produce a corresponding tone in
the speaker.

Enable Display Interrupt. A one enables
bit 2 of the I/0 Status Register 1 to

generate a maskable interrupt.

ADVANTAGE

4-11 TECHNICAL MANUAL




Table 4-5

I/0 Commands

Command
Number

Bits 0-2 of
Control
Register

Description

000

001

010

011

100

Show Sector. Place disk sector
number into bits 0-3 of I/0 Status
register 2.

Show Char LSB's. Place low-order

four bits of keyboard character
into I/0 Status register 2, bits
0"3 .

Show Char MSB's, Place high-order
four bits of keyboard character
into I/0 Status register 2, bits
0-3. Reset Keyboard flag, bit 6 of
the same register.

Keyboard MI Flag., Complement the
state of the Keyboard Maskable

Interrupt flag. Following execu-
tion of the command 3, the state
of this flag appear in bit 0 of
I/0 Status register 2. One=on,
zero=off. The KB MI flag allows
the Keyboard Data flag, bit 6 of
I/0 Status register 2, to generate

" a maskable interrupt.

Cursor Lock. Change the state of
the Cursor Lock flag, and place

that flag into bit zero of 1I/0
Status register 2. One = on, Zero
= Offo
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Table 4-5 (continued)

Command
Number

Bits 0-2 of
Control Reg.

Description

5

6,7

101

110

110,111

111

Start Disk Drive Motors, Turn

on both disk drive motors.
Motors remain on for 3 seconds
after the command is removed.
Also perform "Show Sector"
command (see above),

Command Prefix, Used only as

part of the command 6, command 7
sequence (see below).

Keyboard NMI Flag, This 2-
command sequence complements the
state of the Keyboard Non-
maskable Interrupt flag.
Following execution of this
command sequence, the KB NMI
flag appears in bit 0 of 1I/O
Status register 2. One = on,
Zero = off. When this flag is
on, the keyboard reset feature
is enabled (see Section 2.1.4)

All Caps, When used alone, this
command changes the state of the
Cap Lock flag, and places that
flag in bit zero of I/0 Status
register 2. One = on, 2zero =
off.

ADVANTAGE
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4,1.2 Main RAM

The Main RAM is a dynamic memory array with a storage
capacity of 64K bytes. Each byte contains nine bits,
eight for data and one for parity. The parity is odd.

A block diagram of the Main RAM is shown in Figure 4-3.

The address MUX outputs 14 bits of memory address to
the RAM, seven bits at a time. These 14 bits select
four memory locations, one in each 16K section of the
RAM. The Control Logic completes the address decode by
selecting one of the four 16K sections. Expressed in
terms of the RAM integrated circuits (ICs) the Control
Logic selects one of four rows of ICs: row F, row G,
row H and row J.

Main RAM Block Diagram

- BA BUS ]J
ADR BUS
ADDRESS
=1 "hux
FROM
CENTRAL $
PROCESSOR
CONTROL
g LOGIC »
RAM DATA BUS _ ~
BAK X O ——— >
RDBUS| ResiSTOR
NETWORK — TO
~ > CENTRAL
: PROCESSOR
~ PARITY

LOGIC ~

MD BUS, TO
—> DISPLAY
RAM

Figure 4-3

When the RAM is accessed for a read or a write, the
address bits are latched into the RAM in two steps.
First, the seven most significant address bits are
latched with the row address strobe (RAS) signals. Then
the seven least significant address bits are latched
with the column address strobe (CAS) signals.
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The RMBWR signal determines whether data is read from
or written into the RAM. If this signal is high, data
is read from the RAM and placed into an 8-bit latch.
The RD RAM signal transfers this data to the Data bus.
When RMBWR is low, data is written into the RAM. Data
enters the RAM from the RD bus.

Figure 4-4 shows the Main RAM timing for an op code
fetch and for a non-op code memory read.

The Main RAM is refreshed only after an op code fetch.
The second half of Figure 4-4 shows the timing of the
refresh cycle. During refresh, the Z80 supplies the
refresh address, and all RAS signals are active,thereby
selecting all the RAM ICs simultaneously.

The Resistor Network removes electrical noise from the
data imputs of the Main RAM and the Display RAM. This
network filters the signals as they pass from the RD
bus to the MD bus.

The Parity Logic automatically stores a parity bit in
the RAM each time data is written, and checks the
parity each time data is read. The Parity Logic may be
programmed to generate an interrupt if a parity is
detected (see Section 3.2.2).

When a byte is written into the RAM, the Parity Logic
computes parity on the RD bus and supplies an odd
parity bit to the RAM. When a byte is read from the RAM
the Parity Logic computes parity on nine bits-eight
bits from the RD bus, and the single parity bit from
the RAM. At this time the RD bus contains data read
from the RAM, because the RD bus is always a direct
copy of the Data bus.

If a parity error is detected, the Parity Error flag is
set. If the Parity Logic is programmed to generate
interrupts, the Parity Error flag will generate either
a maskable or a non-maskable interrupt depending upon
the connection of jumper W4. The standard connection
for W4 is to allow maskable interrupts. North Star
software does not support the alternate connection.

The Parity Error flag may be tested and/or reset by the
program (see Section 3.2.2).
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MAIN RAM TIMING DURING OPCODE FETCH AND MEMORY REFRESH
FETCH

ADDR SEL

Main Ram Timing

REFRESH —————»

1

»le
—l
1

1

NOTE 2—DATA REQUIRED 35ns BEFORE MREQ GOES POSITIVE

MAIN RAM TIMING DURING NON-OPCODE MEMORY READ

8MHZ _JL,_\_I 1_J B e |
amiz - - T
MREQ =—p———— | e
DATA 4<::}
RAS | J
CAsS - —
ADDR SEL I

NOTE 1—DATA REQUIRED 50ns BEFORE MREQ GOES POSITIVE

Figure 4-4
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4.1.3

4.1.4

Boot Prom

The storage capacity of the Boot Prom is 2K bytes.
Contained in the PROM are the Bootstrap routine, the
Mini Monitor and the Video Driver.

The Bootstrap routine performs the primary function of
the Boot PROM, i.e., to load programs from the disk or
from the serial port. Programming information relating
to the Bootstrap routine is given in Section 3.12.

The Mini Monitor allows the operator of the ADVANTAGE
to perform some elementary commands from the keyboard,
such as examining a single location in Main RAM. The
operating instructions for the Mini Monitor are in
Section 6.4.

The Video Driver controls the position of the cursor
and provides a set of standard templates for forming
character images on the screen. The Video Driver is
described in Section 3.6.5.

Auxiliary Processor and Keyboard

The Auxiliary Processor interfaces the keyboard to the
Central Processor, and controls some of the disk drive
functions,

A block diagram of the Auxiliary Processor is shown in
Figure 4-5., The heart of the Auxiliary Processor is the
8035 microprocessor, which executes the fixed program
located in the Auxiliary PROM. The 8035 operates as a
slave to the Central Processor. It responds to commands
from the Central Processor and responds to data input
from the keyboard.

The 8035 maintains a 7-character buffer for storing
keyboard characters. It also maintains various status
bits associated with the keyboard and debounces the
keyboard signals.
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Auxiliary Processor Block Diagram

AUXILIARY 4,
REGISTER
FROM
DISK ~ ——»]
CONTROLLER
8035
DS BUS J PROM 8, AUXILIARY
ADDRESS A N oRom
FROM REGISTER
CENTRAL —/—> .
PROCESSOR -~
70
BD BUS TO
STATUS "> CENTRAL
REG?TER PROCESSOR
10 , _ TO/FROM
7™ KEYBOARD

Figure 4-5

The Auxiliary Register stores four control bits which
are output by the 8035, Two of them, SPW1l and SPW2, are
used by the Disk Controller to determine the width of
the sector pulse. The third bit turns the disk drive
motors on and off, and the fourth bit causes a maskable

1nterrupt in the Central Processor when keyboard data
is available.

I/0 Status register 2 stores data and control bits

which are loaded by the 8035 and read by the Central
Processor., Table 4-6 shows the format of this register.
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Table 4-6

I/0 Status Register 2 Format

76543210
LT 1] |

A A A T’J
These bits depend on the I/0 command in
the 1I/0 Control register (see Table 4-5
above) .

- A one indicates that a key
has been held down for longer than 800
milliseconds. The bit goes to a =zero
when the key is released.

Character Overrun, Set to a one if an

attempt is made to put more than seven
characters into the keyboard buffer
(i.e., a character was received from the
keyboard when the buffer was full). The
bit is cleared whenever the upper nibble
of a character is read (command 2).

Keyboard Data Flag, Set whenever one or

more characters is available from the 7-
character keyboard buffer. Cleared when
the wupper nibble of a character is read
(command 2).

Command _ Acknowledge. This bit is
complemented each time an I/0 Control
Code 1is executed (for codes, see Table

4-5 above).

The 8035 performs the following functions:

l. It monitors the sector pulse signal from the Disk
Controller, SPULSE, and sends two signals back to
the controller that are used to determine the width
of the sector pulse. These signals pass through the
Auxiliary Register.
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3. It scans the keyboard to determine if any key(s) is
pressed. Keyboard scanning proceeds as follows:

The 8035 outputs a repeating sequence of addresses
to the keyboard on signals KBD DO/ADO through KBD
D3/AD3. As each new address 1is output, it is
accompanied by a pulse on the KBD STB signal. If a
key is pressed, the keyboard responds by placing the
code for the active key onto signals KBD DO0/ADO
through KBD D7, immediately after the KBD STB signal
expires. The 8035 pauses momentarily to input the
code and then proceeds to scan.

If the entered key is a data key, the 8035 stores
the appropriate ASCII code in its 7-character
buffer. If the data key is pressed for more than 800
milliseconds, the 8035 also stores a special repeat
code in the buffer.

If the entered key is the CURSOR LOCK or ALL CAPS
key, the 8035 interrupts the scan momentarily to
change the state of the light in the corresponding
key. It does this by pulsing one of four signals
(KBD D4 through KBD D7) coincident with the KBD STB
signal. These four signals allow for four commands:
cursor lock on, cursor lock off, all caps on and all
caps off.

4. It executes the command indicated by signals CIO
through CI2. These signals form a 3-bit command code
which originates in the Central Processor. The
commands are defined in Table 4-5.

When the Central Processor changes the command code
the 8035 executes the new command, and acknowledges
that the command has been performed by changing the
state of the Command Acknowledge bit, bit 7 of 1I/O
Status register 2 (see Table 4-6). The time interval
between a change in the Command Code and a change in
the Command Acknowledge bit is in the range of 0.5 to
1.5 milliseconds.
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Disk Controller

The Disk Controller performs most of the control
functions for the disk drives. It selects the drive,
selects a side on the diskette, positions the
read/write head and performs the read or write
operation. '

The Auxiliary Processor performs the remaining disk
operations, controlling of the disk motors and keeping
track of the sector number.

A Dblock diagram of the Disk Controller is shown in
Figure 4-6.

The Data Separation Circuitry receives a signal from
the selected disk drive which contains both data and
clocks. It synchronizes with the clocks, removes the
clocks from the signal, and sends the data in serial
form to the Control Logic. Three major signals control
the Data Separation Circuitry: DISK READ FLAG, ACQUIRE
and BUFACQUIRE. The DISK READ FLAG enables the Data
Separation Circuitry. The ACQUIRE and BUFACQUIRE
signals are set only during the preamble of the sector
when there are clock pulses but no data pulses. They
allow the phase 1lock 1loop in the Data Separation
circuitry to quickly synchronize with the clock.

BD BUS LOGIC | COMPENSATION
FROM < P

CENTRAL [
PROCESSOR

Disk Controller Block Diagram

FROM DATA DATA

>

DRIVES SEPARATION

\

” BA BUS
—-—————-——\-—»
2 CONTROL PRE-

TO
DRIVES

DRIVE

L——> CONTROL

~ REGISTER

Figure 4-6
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The Control Logic responds to the eight I/0
instructions 1listed in Table 4-7. The Control Logic
detects these instructions by comparing bits 0 and 1 of
the BA bus, and signals WR, RD and DISK I/0 from the

- Central Processor. 8-bit bytes are transferred between
the Control Logic and the Central Processor via the BD
bus.

Table 4-7

Disk I/0O Instructions

I/0 Address
(Hexadecimal) Operation Description
80 INPUT Input disk data.
80 OUTPUT | Output disk data.
81 INPUT Input sync byte.
81 OUTPUT Load drive control
register.
82 INPUT Clear Disk Read flag.
82 OUTPUT Set Disk Read Flag.
83 INPUT Produce the standard
'beep' sound. The decoded
signal is sent to the
Speaker Circuit (see
Figure 4-1).
83 OUTPUT Set Disk Write flag.
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The Drive Control Register stores a control byte which
comes from the Central Processor and is sent directly to
the disk drives. Table 4-8 shows the format of the
register,

Table 4-8

Drive control Register Format

76543210

HEREEEEN
A A A AN
A t-——————-Disk Drive 1. A one selects disk drive

1. Bit 1 must be off.

Disk Drive 2., A one selects disk
drive 2, Bit 0 must be off.

Reserved for future use.

Step Pulse, Setting this bit on, then
resetting it, causes the head to step
in the selected disk drive.

Step Direction/Pr ti

A. During stepping of the disk from
track, this bit determines the step
direction.

0 = Step toward outer track (higher

track numbers).

1l = Step toward inner track (lower

track numbers)
B. During writing, this bit controls
write precompensation.

1 = Use precompensation,

0 = Use no precompensation.
Precompensation 1is required on the
inside 20 tracks - track 15 through 34
on side 0 and tracks 35 through 49 on
side 1.

Diskette Side Select.
0 = Side 0
1l = Side 1

Not used.
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The Precompensation circuit changes the timing of the
data and clock pulses that are written on the inside
tracks of the diskette. The pulse timing must be changed
because of the higher density of the data on these
tracks.

4.1.6 Display RAM and Video Generator

The Display RAM has a storage capacity of 20K bytes,
with 8 bits per byte. This RAM stores the data
displayed on the ADVANTAGE video monitor. Section
3.6.1 explains the correlation between the bits in
memory and the dots (pixels) on the screen.

The Video Generator serializes the data in the Display
RAM and sends this data to the video Monitor, along
with horizontal and vertical sync pulses. It also
allows the Central Processor to gain access to the
Display RAM, and implements vertical scrolling of the
displayed data.

Figure 4-7 shows a block diagram of the Display RAM and
Video Generator. All blocks in the diagram are part of
the Video Generator except the one marked 'RAM'.

When the Central Processor writes data into the Display
RAM, the Address Mux (multiplexer) directs address bits
from the BA and ADR buses to the RAM. The data to be
written enters the RAM from RD bus.

When the Central Processor reads data from the RAM, the
Address MUX again directs the address bits from the BA
and ADR buses to the RAM, but the data from the RAM is
placed on the BD bus.

The RAM is automatically refreshed as a result of

reading video data during generation of the video
signal.
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When the RAM is supplying data to the Video Monitor,
the Address Mux takes RAM address bits from the
Vertical Scan Counter and from the Horizontal Dot
Counter and sends them to the RAM. These two counters
increment as the display screen is scanned so that the
correct data is always being sent to the Video Monitor.
The RAM data passes through a serial to parallel
converter before going to the Video Monitor.

The Start Scan Register controls the vertical position
of data on the display screen. When data is output to
this register, the data enters the register from the BD
bus. At the start of each vertical scan, the number in
the Start Scan Register is loaded into the Vertical
Scan Counter. This number determines the starting
address that is sent to the RAM at the beginning of
each vertical scan. The Vertical Scan Counter
increments once each horizontal cycle.

The Horizontal Dot Counter increments as the display is
scanned in a horizontal direction. It is reset at the
beginning of each horizontal scan, and advances once
for each dot position. This counter is used in the
following ways:

1. It supplies RAM address bits to the Address Mux.

2. It assists the Control Logic in generating certain
signals which must repeat in the same way in each
horizontal cycle.

3. It provides a clock signal for the Vertical Timing
and Control section.

The Control Logic performs the following functions:

l. It controls the Address Mux.

2. It responds to Central Processor request for access
to the RAM (signal Z80 DIS REQ) and grants the
request with signal 7280 CYC.

3. It generates the row address and column address
strobes for the RAM (signals RASA, RASB, CASA and
CASB) .
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4, It generates the 'load' signal for the Parallel to
Serial Converter.

5. It generates the HORIZ SYNC signal. This signal
keeps the Video Monitor horizontal sweep circuits
in synchronization with the serial video data.

6. It blanks the display when the Central Processor

DISP ON signal is high.

7. It generates a synchronization signal (PS SYNC) for
the Ramp Generator in the Voltage Regulator section
(see Section 4.1.9).

The Control Logic contains two PROMs, HTIML and HTIMH
which are used to generate a repeating pattern of
signals. The PROM address
Dot Counter. The contents of these PROMs is defined in
Tables 4-9 and 4-10. Figure 4-8 shows the timing of the
signals derived from the PROMs.

Table 4-

9

is supplied by the Horizontal

HTIML Horizontal Scan PROM

Address Output Bits
(Hexadecimal) PD3 PD2 PDl1 PDO Description
00 0 0 0 0 ENDIS-Get display data
01 0 0 0 0 Wait
02 0 0 1 1 LDVSR-Load Shift Register
03 0 0 1 0 ENDIS-Get display data
04 0 0 0 0 Wait
05 0 0 0 1 ENZ80-Allow Z80 memory
cycle
06 0 0 1 1 LDVSR-Load Shift register
07 0 0 0 0 Wait
08
. The above pattern
. repeated 31 times.
FF
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Table 4-10

HTIMH Horizontal Scan PROM

Address Output Bits

(Hexadecimal) | PD3 PD2 PDl1 PDO Description
00 0 0 1 0 ENDIS-Get display data
01 0 0 0 0 Wait
02 0 0 1 1 LDVSR-Load Shift register
03 0 0 1 0 ENDIS-Get display data
04 0 0 0 0 Wait<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>