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INTRODUCTION

The contract F19628-81-C-0162 was written for the

design, fabrication, modification and testing of prototype

research instrument systems for ongoing AFGL measurement

programs. Field engineering and technical support during

flight systems checks at various field sites and test

ranges was also required.

During the life of the contract the emphasis was

placed on the design and development of specialized control

electronics for ion mass spectrometers. Some work was also

done on thermosonde/radiosonde systems for the measurement

of the optical atmospheric turbulance. Most of the

electronic systems were developed to control airborne

instruments. Although a few subsystems were fabricated to

control instruments flown on satellites and the shuttle,

balloon and sounding rocket applications predominated.

A typical control system for a mass filter included a

microprocessor or a microcontroller to manage pre-

programmed commands, control parameters and data. Digital

to analog interface circuits converted the control

parameters into the basic analog signals necessary for the

operation of a quadrupole ion mass filter. From these base

signals the bias voltages and the quadrupole excitation was

generated. For that purpose various amplifier

configurations and high voltage supplies were employed. An

oscillator whose amplitude could be varied with a great

degree of precision over a wide iange provided the ac

excitation component for the quadrupole mass filter. The
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spectral data collected by electron multiplier devices,

either in a current or a pulse mode, were conditioned by

logarithmic current-to-voltage converters or pulse counters

respectively. In either case, the data was converted into

a PCM bit stream for transmission through a telemetry link.

Various monitor and data identification signals were

included to facilitate data reduction and interpretatiun.

The control system was powered by a multiple output power

converter tailored to the needs of the system.

Variations of the basic approach accommodated special

requirements. Electron beam ionization generators and

control circuits were added to the instruments intended to

measure neutral constituents. Instruments capable of

switching between positive and negative ion measurements

during a flight were built. Circuits to control the

potential difference between the vehicle and the instrument

were provided when needed. The PCM data subsystems were

omitted from a few of the mass spectrometers.

Ground support equipment was also provided. The

support equipment consisted mainly of control consoles tor

laboratory tests and launch operations. Included among the

ground support equipment were units designed to interface

with a control and data processing computer used to direct

the operation of a balloon-borne instrument system during a

flight. These units provided a partial real time data

processing that reduced the burden placed on the computer

freeing it for a more efficient incoming data analysis

necessary for the interaction between the ground based

-2-
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scientist and the airborne instrument. A command interface

between the computer and the transmitting equipment of the

ground station was also provided by the units.

Some of the development work has been described in

Scientific Reports 1, 2 and 3 issued under this contract

and listed in the publications section. Other tasks and

services rendered were reported only in the Quarterly

Status reports or were communicated to the contract monitor

as drawings, descriptions, specifications and operating

instructions.

This final report describes a control system for a

switchable ion mass filter designed as a part of the Lower

Ionosphere Payload Development (LIPD) project. The system

provided the necessary control functions and bias voltages

for a miniature cryogenically pumped ion mass filter

intended to make measurements in the 40 to 60 kilometer

altitude range. The control circuits included a complete

PCM data system. The development has been carried through

an operational breadboard stage ready to be tested with the

mass filter.

I. LIPD OVERVIEW

The objective of the Lower Ionosphere Payload

Development (LIPD) project was to design a lightweight

cryogenically pumped Ion Mass Spectrometer for the

exploration of the ionosphere at the altitude between 40

and 70 kilometers. The instrument was to be carried on a

11.4cm diameter Superarcus rocket fired from a portable

launcher. The Ion Mass Spectrometer, a nosecone ejection
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mechanism, a battery and the telemetry was to be packaged

into a 100cm long payload including a 53cm ogival nosecone

and weighing less than 9 kilograms.

The development of the control unit for the

positive/negative ion quadrupole mass filter capable of

detecting ions up to 150 atomic mass units was assigned to

this contract . Telemetry and the mechanical design

including payload packaging and integration were the

responsibility of the contracts F1 96 28-8 3-C-0037 and

F19628-81-C-0029 respectively. To conserve weight and

space, the mass filter control unit also provided the

timing signals for the nosecone ejection and formatted the

mass filter data and the payload monitor signals into a PCM

data stream ready to modulate an FM transmitter. A 200

rmil liwatt S-band FM transmitter and a stripline band

antenna satisfied the TLM requirements. A single lithium

battery pack was chosen to provide power to the whole

payload. The mass filter, cryogenic pump and the

ion/electron detection devices were the responsibility of

AFGL.

The design of the mass filter control unit was based

on an eight-bit microcontroller with a built in EEPROM.

The operating system program was stored in the EEPROM.

Flight and/or the test parameters to control the filter

were stored in an EEPROM accessible from the outside

through the communications port of the microcontroller. A

block of 16 eight-bit instructions defined up to three

atomic mass units through which the mass filter could be
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stepped while maintaining the same offsets, biases and the

ratio between the ac and the dc components of the

quadrupole excitation signal. A total of 126 such blocks

were available for the definition of a flight program that

could be repeated indefinitely.

Two twelve-bit DAC's were employed to generate the

quadrupole excitation control signal and to set the ratio

between the ac and the dc components of the excitation. A

domain of one atomic mass unit was defined by twenty-seven

levels of the control signal. Offset control for the

excitation signals was provided by three 8-bit DAC's

receiving their inputs from the mass filter control

program. Two of the signals were primarily intended to

eliminate the offset voltages of the power amplifiers

producing the two dc components of the quadrupole

excitation. The third signal controlled the offset of the

ac component. Four bipolar digitally controlled bias

signals generated by 8-bit DAC's and two fixed high voltage

supplies to bias the ion detectors completed the list of

signals required by the mass filter.

The mass spectrometer dwelled lOms at each selected

atomic mass unit. The data in a form of a pulse count was

collected during the last 9ms of the dwell time. The first

millisecond was allotted for the stabilization of the

quadrupole excitation after the selection. A sixteen-bit

counter was used. The data collection process and the PCM

telemetry were synchronized. The ion data collected during

a PCM frame was transmitted together with the support data
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during the following frame. Each frame consisted of 20

eight-bit words, MSB first. The word assignments within a

frame are tabulated in Appendix A. Data, atomic mass unit

identification and the ratio information were transmitted

as two consecutive 8-bit words, the most significant byte

first. The remaining words carried other support and

monitor data. Analog monitor signals were converted into

the digital form by an 8-channel data aquisition system.

The 16kbps PCM data stream was converted into the Bi-phase

Level form for transmission through the FM link.

The ac excitation for the quadrupole was generated by

an oscillator whose frequency was determined primarily by a

resonant circuit consisting of the secondary winding of the

output transformer and the capacitance of the quadrupole.

The generator was able to produce an output signal that

ranged from 2.5 volts to 45 0 volts peak at 2.3MHz into a

94pF capacitive load. This amplitude range exceeded the

quadrupole requirements to detect ions between 10 and 150

atomic mass units.

An oscillator-driven, non-saturating, dc-to-dc

converter provided +110, +15, and +5 volt outputs to meet

circuit requirements. The converter operated at a nominal

"5kHz frequency and required between 0.6 and I A at 28

volts. The two current limits occurred when the filter was

set to process ions at the two extreme atomic mass units of

10 arid 150 respectively. Battery voltage to the converter

was pre-regulated at +20 volts.

-6-
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The instrument could be armed in a preparation area

before being transported to the launcher. Applying an

arming pulse through a small connector in the skin of the

payload latched a relay that connected the battery to the

pullaway circuits only. Power to the control circuits and

the transmitter remained blocked as long as an external

connection carrying approximately ImA of current from the

payload battery to the pullaway circuits was in place.

Upon launch the external connection was broken. At that

time power became available to the transmitter and to the

control circuits. The ac exciter and the HV supplies were

activated after a pre-programmed time interval during the

flight when the nosecone of the vehicle had been ejected

and the mass spectrometer had been exposed to the

atmosphere.

II. CIRCUITS

In this chapter a brief description of the circuits in

the mass filter control unit is presented. The

descriptions include, where appropriate, the function of an

individual component and its relationship to other

components during the execution of a control task.

Whenever possible, a block of circuits contributing to the

execution of a given control function or functions are

presented together in a single circuit diagram.

A. Digital Circuits

The circuits generating and/or responding to digital

commands and intended for packaging as a functional unit
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are shown in Figure 1. The design of the control unit was

based on an INTEL 8751 (UI) microcontroller (uC). The

micro-controller operated at 6.144MHz and contained the

operating system program in its internal EPROM. The mass

filter control program and the timing information was

stored in the EEPROM (U2). Multiplexed bus structure was

used to address and to transfer data to and from the other

integrated circuits. The microcontroller ports zero and

two were used for that purpose.

The EEPROM was the only component connected to the bus

that required an external address latch. U4 latched the

lower byte of the address for the PROM.

The serial I/O port of the microcontroller was

utilized in a full-duplex configuration to communicate with

external devices in an asynchronious mode. Through this

port the EEPROM could be programmed and the other devices

connected to the bus could be accessed. The remainder of

the I/0 pins were used to generate individual discrete

commands to control other circuits in the payload or to

provide the chip select and control functions for other

integrated components on the bus. To augment the available

microcontroller I/O pins for the chip control functions a 3

to 8 line decoder (U3) was used.

A watchdog circuit was employed to guard against a

program crash. The circuit consisted of a counter (1/2 of

U13) driven by a 16kHz input and the NAND gates UI5X. A

pulse generated at Y7 of U3 under the software control of

the microcontroller cleared the counter (pin 12 of U13)
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every 500us. The pulse propagated through UI5C and the RC

network. Failure to clear the counter produced a positive

enabling pulse at pin 8 of U13 and 62.5us later a pulse of

the same duration at IOU13. That latter pulse passed

through the coincidence gates to the reset pin of the

microcontroller. Since the most likely period of time for

a noise induced program crash could be anticipated to be

during the lift-off, the watchdog circuit could restore the

system to a proper operation with a minimum loss of the

data window. The reset at power-on was generated by the RC

circuit at pin 5 of U15B.

The analog signals to control the quadrupole

excitation were generated by 12-bit A/D converters. The

converter U116 generated the ac excitation control signal

while the U17 established the ratio between the ac and the

dc components of the excitation. Each atomic mass unit

domain was resolved into 27 levels differing one from the

other by I significant bit. The converter output covered a

nominal range from zero to +10 volts. The -1OV reference

for the converter was derived from the nonolytic source

U21.

To generate the four bias signals a quad 8 bit AiD

converter U19 was used. Same type of a converter (UIS)

generated three dc signals to compensate for excitation

amplifier offset voltages or to introduce, if needed, some

offsets into the excitation signals. To eliminate possible

loading problems while operating over a wide range of
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temperatures, separate reference sources (U22 and U23) were

provided for each converter.

The ion spectral data appearing in the form of pulses

was accumulated during a 9ms period for each atomic mass

unit in the 16-bit binary counter U8 and U9. The counters

had the tri-state output capability and, therefore, couldIbe connected directly to the bus. The count was transfered

into the PCM data stream every lOms and, at that time, the

counters were also cleared. The various analog monitor

signals were converted into an 8-bit digital data by the 8

channel data acquisition component U20. The converter

received its 256kHz clock from a crystal oscillator U12.

The 16kHz PCM clock was also derived from the same

crystal oscillator through a 4 bit binary scaler (1/2 U13)

and the 1ISD gate. The formatting of the PCM frame was

under firmware control. A frame consisted of twenty 8-bit

words. The words were loaded into the parallel-to-serial

shift register U6 by the microcontroller. The

microcontroller was interrupted to load a new word every

500us by a timing signal generated at pin 9 of U13. The

same interrupt was also used to control the scan rate of

the mass filter. The timing for the nosecone ejection and

for the activation of the HV supplies and the ac exciter

was based on the accumulated count of the interrupts.

The nosecone ejection commands were transmitted

through V5. Four descrete commands were provided. Each

line was capable to sink 200mA at 28 volts and was intended

to drive a relay. To insure that-all lines were in the
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high impedance state during the power-on interval, the same

reset signal used to initialize the microcontroller was

employed to clear the relay driver. Only after the reset

pulse to the microcontroller had been remo~ed, the clear

signal was allowed to decay to zero. The transient

suppressor line shown in the figu-e was connected to the

relay power source.

B. The Amplifiers

The circuits used to condition and to amplify the dc

signals generated by the digital to analog converters are

shown in Figures 2 and 3. The exciter control signals were

processed by the circuits of Figure 2 while the bias sig-

nals were converted to the required polarity and then amp-

lified to the desired levels by the circuits of Figure 3.

The ac exciter control signal was buffered by the

unity gain inverting amplifier A 3 1 before being passed on

to the ac excitation generating circuits. The signal from

the multiplying DAC, that controlled the ratio between the

ac and the dc components of the quadrupole excitation, was

processed by the amplifier circuits A2 1. A2 2 , A, and A2.,

These circuits produced the positive and the negative dc

components of the excitation. The two dc signals were very

closely matched in magnitude. A common quadrupole bias QB

was also added to the dc signals through the high voltage

amplifiers A 1  and A 2 . The offset voltages of the

amplifiers could be digitally nulled, The bipolar offset

control signals were introduced at the inverting inputs of

the amplifiers A 21 , A 2 2 and A 3 1. The first two signals
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were primarily intended to cancel the dc offsets of the

output amplifiers A, and A 2 . The third signal could be

used to manipulate the dc offset requirements of the ac

exciter circuits.

One of the four similar bias voltage amplifiers is

shown in Figure 3. The unipolar signal generated by an 8

bit DAC was offset and amplified to produce a bipolar

signal between -30 and +50 volts with proper choice of R25.

(Using lOOK as illustrated produces an output bias range of

+50V when the DAC output ranges from 0 to 1OV.) MOSFET's

were used to boost the operational amplifier outputs to the

desired levels. The common supply voltages to all four

bias amplifiers were derived from the +110 volts required

by the dc excitation amplifiers.

C. The AC Exciter

The circuits generating the ac component of the

quadrupole excitation signal are shown in Figure 4. The

opposite phase signals for the two sets of the quadrupole

electrodes were obtained from the secondary windings of the

oscillator transformer. The free running oscillator design

frequency of 2.3MHz was primarily set by the resonant

circuit consisting of the output inductance of the windings

and a capacitive load. The major contributor to the load

capacitance was the quadrupole itself. Additional loading

was introduced by the capacitive divider (C5, C7) and

CTRIM used to balance the output amplitude at the two

windings. The signal to control the amplitude of the

oscillator was obtained from the capacitive divider. It
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was clamped by the circuit of C4, CR7 and CR8. The diode

CR8 provided some offset and temperature compensation. The

clamped signal was filtered, inverted, attenuated and

summed at pin 2 of Al with the exciter control signal. The

output of the amplifier provided the drive for Q, which in

turn controlled the series pass transistor Q 2 ' This power

transistor supplied the collector voltage for the two

oscillator drivers Q3 and Q 4. The dc base drive was also

derived from the collector voltage, while the ac feedback

signal to the base was obtained through the capicitors C9

and CIO from the feedback windings of the transformer. The

transformer was wound on a phenolic toroid 2.4 cm high with

the outside diameter of 5cm and an inside diameter of

3.8cm. Amplitude control of the oscillator output could be

maintained from a minimum of 2.5 to a maximum of 450 peak

volts at a power supply voltage of 22 volts. The current

requirements varied between 100 to 500 mA at the two output

extremes.

The power to the oscillator could be cut-off by

pulling the gate of Q to a ground potential. This circuit

was utilized by the digital control subsystem during the

initial stages of flight. The oscillator was turned on

after the nosecone was ejected. in addition, two

protective circuits were introduced into the exciter to

interrupt power to the oscillator to prevent damage when a

danger to the driver transistors was sensed. One of the

protection circuits A3A monitored the oscillator current.

When the current exceeded IA the power was periodically
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interrupted until the current was reduced. This protection

was primarily intended to avoid long periods of a high

power dissipation in the transistors when the circuit was

accidentally prevented from oscillation. The other circuit

(A2A) was tripped by a temperature sensor CRI when the

oscillator base plate temperature exceeded approximately

80 0 C. The oscillator was activated again when the

temperature dropped below 500 C. Amplifier circuits A2B and

A3B provided temperature and ac excitation amplitude

monitor signals.

D. HV Bias Circuits

The high voltage circuits to bias the Channel Electron

Mlultipliers (CEM) are shown in Figure 5. The two CEM

devices, one to measure the positive ions, the other for

the negative ion data, were biased by separate HV supplies.

The supplies whose outputs were proportional to the input

voltages were operated at their maximum output of 3,000

volts. The required input power at 12 volts was derived

from the preregulated power supply voltage of 20 volts by

the operational amplifier A6X and the two MOSFET's Q17 and

Q"18  The power to the HV supplies could be interrupted by

the same circuit (Q 9 ) which controlled the power flow to

the ac exciter. Therefore, the HV soipplies and the ac

exciter were always activated at the same time. Power to

the selected supply was switched through a relay which was

under the digital circuit control.

The outputs of the HV supplies were connected to the

CEM's through two IM resistors and a capacitor providing

- 14 -



some additional filtering of the output ripple. The status

of the two outputs were monitored through a 100M resistors

terminated by diodes for safety and circuit protection.

A single charge amplifier A2, AMMP-TECH A-101, mounted

on the standard PC-I test board was used to amplify the

incoming spectral data. The same relay, which activated

the selected HV power supply also switched the amplifier to

the appropriate CEM device. Separate ac neutralization

circuits were used for the data originating at the two

CEM's. The neutralizing signal was derived from the two

ac excitation components of the quadrupole. The

potentiometer and the centertapped variable capaci tor

provided the amplitude and the phase control for the

neutralizing signals to cancel the interferring ac signal

appearing at the input of the amplifier.

E. Support Circuits

Figure 6 is a collection of the various monitor,

communications interface and power control circuits.

The arming and power control circuit is shown in the

upper left corner of the drawing. The latching relay

connected the flight battery to the series pass transistor

Q2 which blocked the power to the rest of the control

circuits as long as R27 and R 2 8 were connected together.

When in this configuration, the current drain from the

battery was a nominal 2mA. The transistor Q, was

saturated, Q3 and Q2 were cut-off. When the connection

between the two resistors was broken Q, became cut-off and

the pass transistor Q 2 supplied power to the control

- 15 -
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circuits. Thus, the payload could be armed before the

installation into the launcher provided a short between

R27 and R28 was maintained. Closure of the relay could be

verified by a voltage measurement. The active OFF circuit

was chosen to insure that upon launch the broken safety

connection between the two resistors could short to the

vehicle without upsetting the operation of the control

electronics.

The group of circuits in the lower right part of the

drawing are the communications interface circuits. They

include the circuits (UI, U2A) to convert the NRZ PC, data

into a bi-phase signal suitable to modulate an FM

transmitter. The deviation of the transmitter could be

adjusted by selecting the resistor R. A monitor output to

observe and to use the PCM data stream in the laboratory

was also provided (U2B)

The interface circuits to control the operation of

the mass spectrometer in the laboratory environment are

shown in the lower part of that section. The U2C and U2D

circuits were used to interface the microcontrol ler

communications ports with a laboratory control unit. The

circuit associated with Q 5 was used to indicate to the

microcontroller whether a laboratory test or a flight

program was being run. The rest of the circuits shown in

the Figure were the various monitors. A and A12

converted the HV monitor currents into the voltage signals

suitable for the A to D converter. The absolute value

circuit A 2 3 , A 2 4 and A 1 4 monitored the combined bias
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voltages. Both dc components of the quadrupole excitation

signal were monitored as a combined signal by A2 1 and A-.

The common bias component QB was subtracted in the monitor

circuit from the +DC voltages.The other two circuits (MON 5

and MON 6) were used to monitor the battery voltage and the

+15 volt supply respectively.

F. The Power Supply

The power supply is shown in Figure 7. It was based

on a non-saturating squarewave driven transformer design.

The pot core transformer was driven by the power MOSFET's

Q, and at approximately 25kHz. The low impedence gate

drivers Q5 to Q8 received their svmetrical base signals

from the FF U2 which was clocked by a 50kHz signal

generated by U1.

The battery power to the converter was pre-regulated

at 20 volts by VRI. VR2 provided the required +15 volts to

the circuits directly from the pre-regulated power. All

other voltages were derived from the transformer outputs

and regulated by the circuits shown.

III. FIRMWARE

The operating system was stored in the EPROM of the

microcontroller. Exclusive of the initialization process,

the firmware provided three distinct modes of operation.

The first mode controlled the payload in the beginning of

the flight. At that time the primary task of the

microcontroller was to provide the timing for the ejection

of the nosecone and the activation of the HV and ac exciter

- 17 -



circuits . When that task was completed, the

microcontroller entered the data gathering mode. In that

mode it provided control signals for the mass filter and

formatted the PCM data. The third mode, intended for

laboratory use, was command oriented. An external control

source could access and modify the existing mass filter

control firmware stored in an EEPROM. Also, various other

control circuits could be directly accessed. Data read-out

could be requested and the operation could be transferred

into the data gathering mode. Only the timing functions to

eject the nosecone and to automatically activate the HV and

the exciter circuits were not accessable for safety

reasons.

All communications to the microcontroller from the

external source were initiated with a command code. The

command was followed by either an address code or a data

code or both. The instructions were transmitted at 1200

bits per second using an asynchronious mode. A start bit

and one stop bit with no parity were used.

The command codes were 8-bit binary numbers with a ONE

in the MSB position. The MSB was used to differentiate

between a command and the address or data codes. The

addresses and data were transmitted as 8-bit ASCII

characters representing the hexadecimal numbers 0 through

F. Each character thus defined four binary bits of an

address or a data word in the same order of significance as

received.

- 18 -



All transmissions to the microcontrol ler were

immediately echoed back for verification. The end of

transmission code initiated the execution of the just

received command. When a command requested data to be sent

back to the external control source, that data was

transmitted in the binary code only. All communications

from the microcontroller, except for the echo of an

"ESCAPE" were followed b y the end of transmission code.

The command codes and the accessible memory locations are

listed in Appendix B.

Upon launch, when the control unit became active, the

microcontroller proceeded through an initialization process

which included activity to prevent a premature ejection of

the nosecone. The externally introduced FLIGHT OR TEST

flag was checked. When in the flight mode the

microcontroller established a counter and loaded it with

the first timing byte stored in the EEPROM. The interrupts

from the PCM circuits served as clock pulses to decrement

the counter. When the contents of the counter were reduced

to zero the second byte was loaded. When the count once

again reached zero, a command was generated to eject the

nosecone and to remove the seal from the orifice of the

mass spectrometer. The primary command was followed by a

backup command a short interval later. After an additional

delay the HiV supplies and the quadrupole exciter circuits

were activated.

The codes specifying the flight time to nosecone

ejection and the other events were stored in the EEPROM.

- 19 -
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The binary code specifying the elapsed time between events

was determined by taking the required number 3f seconds and

multiplying that number by 10. The longest time interval

to be specified was the time between the launch and the

primary command to remove the nosecone. Therefore, two

address locations in the EEPROM were assigned to time the

primary command. The times for the back-up command and the

command to activate the mass filter control circuits were

referenced to the primary command. The number of seconds

specified in the second byte were added to the time

specified by the first byte. Thus, these two timed

commands required only one memory location for each code.

Until the time that the mass filter exciter and HV

supplies were activated no meaningful data, except for the

frame synchronization words (EB9OH), were present within

the PCM frame. Once the instrument was activated, the

microcontroller loaded the mass filter control circuits

with the first set of the stored parameters. The data

counters were activated ims later. The timing for the

operations continued to be provided by the interrupts from

the PCM. The support and monitor data was gathered and

stored in a bank of temporary storage registers for

transmission during the next frame. The ion data was

collected during an interval of 9ms in which 18 PCM data

words were transmitted. The interval began with the second

frame sync word and terminated with the onset of word 1i.

At that time the data was also transferred into two holding

registers. The mass filter control parameter transfer into

- 20 -
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the circuits also was accomplished during word 18.

Therefore, approximately ims of settling time was allowed

before data gathering resumed with the filter set for a new

atomic mass unit.

The mass filter control program was stored in the

EEPROM. The first two address locations contained the

frame synchronization words for the PCM data. The next

four locations stored the time codes for the ejection of

the nosecone and the activation of the mass filter.

Remaining 10 address locations were left in reserve for

other uses which could include an identification code and

some other descriptive data for the stored program. The

remainder of the 2 k byte EEPROM was reserved for the

control program.

Sixteen locations were used to describe the parameters

which stepped the filter through up to 3 atomic mass units.

Common bias and ratio conditions were used for the

operation in the three mass domains. When the present task

was completed, the program advanced into the next block of

16 locations for new instructions. Thus, a total of 127

different parameter combinations could be stored before the

flight program repeated. The control parameters and the

sequence in which they were stored in the EEPORM are listed

in Appendix C. The flow charts and the program of the

operating system are presented in Appendix D and E

respectively.
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APPENDIX A

PCM FRAME

WORD 1 AMU CONTROL DATA MSBYTE

WORD 2 AMU CONTROL DATA LSBYTE

WORD 3 RATIO CONTROL DATA MSBYTE

WORD 4 RATIO CONTROL DATA LSBYTE

WORD 5 SPECTRA COUNTER DATA MSBYTE

WORD 6 SPECTRA COUNTER DATA LSBYTE

WORD 7 AC MONITOR

WORD HVI MONITOR

WORD 9 HV2 MONITOR

WORD 10 COMBINED BIAS MONITOR

WORD 11 + DC MONITOR

WORD 12 + 15V MONITOR

WORD 13 BATTERY V. MONITOR

WORD 14 TEMPERATURE MONITOR

WORD 15 QUADRUPOLE BIAS CONTROL DATA

WORD 16 BIAS 2 CONTROL DATA

WORD 17 BIAS 3 CONTROL DATA

WORD 18 BIAS 4 CONTROL DATA

WORD 19 FRAME SYNC WORD 1

WORD 20 FRAME SYNC WORD 2
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APPENDIX B

COMMAND CODES

Command codes are given in the decimal notation. The
address (A) and the data (D) represent hexadecimal numbers.

CMD 1. 128; AAA; DD - Enters data into the EEPROM.
CID 2. 129; AAA - Sends data from the EEPROM1.
CMD 3. 130; AA - Sends data from a selected

monitor.
CMD 4. 131; DDD - Enters data into the Control DAC.
CMD 5. 132; DDD - Enters data into the Ratio DAC.
CMD 6. 133; AA; DD - Enters data into the selected

Bias DAC.
CMD 7. 134; AA; DD - Enter data into the selected

Offset DAC.
CMD 8. 135; AA - Sends data from the RAM.
CMD 9. 136; AA; DD - Enters data into the RAM.
CMD 10. 137; - RF/HV ON
CMD 11. 138 - RF/HV OFF
CMD 12. 139 - Positive Ion Mode
C%1D 13. 140 - Negative Ion Mode
CMD 14. 141; AAA - Executes a segment of a mass

filter program and sends one to

three frames of data through the
serial link.

CMD 15. 142 - Transfers control to the flight
program.

CMD 16. 168 - End of transmission code.
CMD 17. 127 - Reset
CID i. 255 - This code is sent back to the ex-

ternal control tc indicate an
error in the received instruc-
t ion.
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COMMAND ADDRESS ASSIGNMENTS

CMD I & 2 EEPROM OUOti-7FFtt

CMD 3 MONITORS:
1. COMBINED BIAS 00H
2. + 15V OlH
3. HV1 02H
4. HV2 03H
5. + DC 0411
6. BATTERY 05H
7. AC AMPLITUDE 06H

S. TEMPERATURE 0711

CID 6 BIAS:
1. DAC A (QUADRUPOLE) OOH

2. DAC B 0111
3. DAC C 02H
4. DAC D 03H

CMD 7 OFFSET:
1. DAC A (+ DC) OOH
2. DAC B (-DC) 01H
3. DAC C (AC) 02H

.'ID 8 & 9 RAM 00-7FH

CD 14 EEPROM PROGRAM BLOC (010 X N) H

WHERE (J11 , N . 7FH
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APPENDIX C

EEPROM1 DATA FOR%1AT

iUOOH FRAME SYNC. VORD 1 (EBH)
0O1H FRA.E SYNC. VORD 2 (90H)
002H NOSECONE EJECT TIMlE: FIRST

IN T ER V AL
(JU3H + SECOND INTERVAL
J04H BACK-L'P NOSECONE EJECT TIME

()O5H 11V AND AC EXCITER ON TIME
00611 TO JOFH AVAIlABLE FOR COMIENTS

XXOH 1I-BYTE CONTROL DAC (1st A, U)
XXlH LO-BYTE CONTROL DAC
XX2H HI-BYTE RATIO DAC
XX3H LO-BYTE RATIO DAC
XX4H OFFSET DAC A
XX5H OFFSET DAC B
XX6H OFFSET DAC C
XX7H BIAS DAC A (QUADRtUPOLE)

XX8H BIAS DAC B
XX9H BIAS DAC C
XXAH BIAS DAC D
XXBH HIT-BYTE CONTROL DAC (2nd. A ')

XXCtt LO-BYTE CONTROL DAC
XXDH HI-BYTE CONTROL DAC (3rd. AMU1)
XXEH LO-BYTE CONTROL DAC
XXFH END OF PAGE/PROGRAM FLAG (OOH '--F H

NOTE: 1. Control and ratio DAC data 12 bits left
justified.

2. 001 in locations XXBH, XXDH and XXFH advances

the program to the next page. [p. XXOH to
p. (XX+1) 0HI].

3. FFH in locations XXBH, XXDH and XXFH returns
program to the first page [p.XXOH to p.C1'!lH].
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APPENDIX D

FL( (GRAPHS
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SE IC A 1 1Ni

Y CPLLp

N
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ERR

C 
E

ECHO ERR
CODE

ECHO EOT

CODE

INVALIDATE

CURRENT
COMMAND

SETB CMD-RD1

RET
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IICMD

CALL
VALID

CMD ST

CM D- RDY

p

MOV B, SBUF CALL ERROR

MOV CMD-CNT
,too

I
CLR CMD-RDY

1
CALL ECHO

MOVB,
EOT CODE

CALL ECHO
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DP TA

CMD Y SETB
OUNT> 8 CVD-RDY

INC CMD-CNT] CALL ERRCR

I
MOV B,@

C'D-BUF
+

CMD-CNT

CALL ECHO

MOV B
# FOT-CODE
CALL ECHO

-4RET
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XPIT

0 E13E CLR XBF
EM Y?

,MOV ISBUF
,OUEVE

tj
_ 

__ 
I

SET B XBF

I -

CLIR TI

-7--

% POP

RET
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%POP/

PUSH ACC
PUSH R o

PUSH R 1

MOV Ro
#QUEUEMOV R7,

Q-FTR-1

MOV Ri 1
#OUEUE

I
INC Ro

INC R 1

MOV A,AT RI

I

R7 = 0 DEC O-PTR

POP R1POP Ro

POP ACC

4ND

% POP
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EOT CMD

PUSH
ACCUMULATOR

MOV A,
CM D -BUF

~E RR

US 
ACCUMULATO

ASL AN OFF

UEADCUMPLATOR

PECIFIC COMMAND
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PCM ROUTINE

PUSH PSW
SELECT

SEGISTEP BAN]

PUSH P 2
PUSH PO

PUSH ACC

CLEAR ANY
BUS

CONT NS ION

I
PUT WOR

I NTO
PLS

CONVERTERJ

UPDA'TE
PCM JORD

POINTER

OVERFLOW. N POINT TO
LWORD1

RESTORE +
PORTS +

ACCUMULATOR

ETI

45-

ft



::E

/ECHO 
SAFE/

COMM~AND

INVALI DATE
CURRENT CMD-
RETUPN FOR

XMITTER

RET I

N MITER

CLEAR ?

RETURN
TO
OOH
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APPENDIX E

PROGRAM
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A:ct 'RPE ARtSS

58JECT 40DULE PLACED 'N:'LP.B
'SEW"iLE; INVOKED Fl: :F!:ASM! :rj:'PD.ASO

p -.. E SO UF CE

ST!TLE- L.PD (SUrE; ARCASF

4 JDA4,io OCT BF

sDE

I

INCEEE

AS Tr IET~ FOro, ~

;,A J: 7',- C S: YE FDT EIVE~C~

:A~L I~ Os BIAS LEF ooq !6IL j~

I~ S~

AC. :5EN .l! :AN TH cMNAS O AST
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A0C O8N L!NE SOURCE

4. IBF T !!'4 ;YMIT j'KA
-, 4 C~!FLG ?' AI

45 !S FIT ?!T 1H

1i4 £6 SENAL STEP jW 14W :C0'"ML!ICATE DATA V M7E~ %

00!5 :j 47 MULTI A4U ;:T !5H ;MULTIPLE 4m";

-: 49 TIME ?!T !T 6w :TC65LIN6 A7 !4y'
0 7 ; SAVE ;IT ; - .I :T S -,:

-:G 5! .QN S'PE ?"~ .4 :0NT
- 91T PO NT1~.2 3 0!Tno '44FE '4

- ~~2 .~'N ;T p,2 :Q~~l

't ".4

OvA 5 SELECT ;IT :4c JE -~
S9 TROBE N :' EiYD,'E CTC'E

-1 66 :2

0040 . 68 EEPROM SELEC T  Egli 4".4 ~ Cf2 C

00 70 .-- hEkU6.:X1~~2 '
1 LSB qc ElU W1111 Ytc7

72 MS9 P., Eu -ODBH : IIX
'3 LS D LU 604 * llloyx 0X~

OOEO N4 S DCfl LOu IE H 101 V4

0068 =1 75 F!AS 0SELECT EOu 68p 1X!'l2 t

0070 :1 76 BIAs I SE.EC Lou 7,)H 2!;II Y6
-.076 91m LCIAE r. L "9H I1iiX21 Y'

0000 e! ! NON SELECT C-011 C"
82
97

-: 84 3W0 L'!:S
25
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0,--51 4CPC ASSEWBLER LD ;SUPER ARCAS 16 Kr' 85 PAGE

_- - - L!NE SOURCE

= = AA EOU 'A'

ZE; EQU '0"
*:: =NiC R N EQU *6

,: "V__MON EgU
-7: -V RON EQU 03P

e =q'CO N EgU 000

" VC^_PON EQU O!H
=. C. F- *- "N EOU 054

TPiE wnN EU 07

.- =A EUD COUNT EQU 0F2u :1200 BALD COUNT RATE

-1 !1:'

- .' 102 ,:rEC!l CON"ANDSiCODES

" .*F :1 !r4 ESC CODE ECU 7F4
: , ER CODE EGU OFFH
=1 :0 O= CODE EQU OABH

.07

1 I0 XSEG AT 4000
F, 11! rRAME WORD 0: DS I :FRARE SYNC WORD 0 AT EERRO. 000
F12 rRAME.WORD. 1: 1 : 1 )0!

)FA= CA.DELAY: OS I :THE DELAY COUNT OF INT'S TO BLOW CAP
*:i ,4 DELAY 2: DS 1 :THE SECONDARY DELAY TO REFEAT THE BLOWING

THE CAP AND STAP' Or TE PROFILE

:A:tI !1 SE: DS 1! : WORDS RESERVED FOR USER RECORDS
:1 1 PROFILE: s 2032 : THE REST OF THE EEPPOP

zI 12! SEE7
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!C 1WCO ASEENPLEP L!PD (EUPF OCAS

LOC 13BJ -,NE SOURCE

!22 SERIAL BC-OT CODE SEE"ENT rDDE
-~!2 pROFILE PIT ME2 SES UENT C!DE'
- ~ E J4 ECT



"Cc-51 0.CcnO A E4PLE; 7P SUPEF ARCAS' 16 OCT 65 :AE 9

LF :4E S o

*1flh111113311fl3AK MCRC DEF!4ITlT 2rCT7flN IBu:,:ausa,

L LOCAL TO DONE

... ... ... ... :'rwT IN F70ST  OUT OF QUEUE . . .. . . . .. . . . ..1

:1 N) R0,SQUEjE

INC R!~

DEV P7g FTP

Ov ANqp

LOCA WA'IOE P
-'0

* ~E LL-*4L .T.

.~~ ~ ~ .......... W A!TW I TIPE/lo SECONDS ..............
PUJS4 ACC

-'PuS "I

:1 !O A.;l

M OTDDONE

SETP TIME B17
-. .WA!T ONE PS:
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OCS-5! 4ACRQ ASSEMBLE; L!FD 5LpcE, ;rASd

LOC OBJ LINE SOL'PCE

DJNZ RO.IWAT -ONE RS

Pop (,1.wJ

ZIDEr1NE(SE Am'
%C j :,a .Q IPTR %';E7 T6; 40,- 'w!S FVTE%.

mc" hr. z ET T5 wE A U ,

2! ~ E!WES T ~' ?D 4SECP-OCAL NET '

14CE NE'OITTrNT T:AWTC

-'DJN : NETT

- ~~ov ~ ,c
40 r :.W5!SE I ELE:-

Navy A,@DPTR
"Ov PG.ACC
moY 0:.#BiAS 1SELECT~i

-lINC ".

-, OYI A,@DPT9

:1 ov P2.#BIAS j SELECT4
- Nov z:.e&

INC DOTF
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":-lNCCASSEPELER ; ~ SUPER ARCA'S 16 OCT 85 PA6E 7

.c OJLINE SOURCE

-, MOY P:.#9IAS I SELEC *7!
ImOV P2,10o

:1INC DPTR

=1 17 ZDEcINE'SET AMU yP,)
......... POT NIE AMU AND YR VALUES INTO TN DACS . ...... Z

may po ~ .Alu-

lsv "1TAS0SLC

-1 100

:1 :.?A

:A ~DEF~EEE~IqEEv

.7tI~

:mO T £.OC.

- ~V O CN. 'SEE PSTIEORN6AIE O MD
Cwl =1 14 mv Po li 7t
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OCS-51 MACPO ASSENLEC LIPD *SU-E; ARCAS'

L3C OBJ LINE SOURCE

145

14 R I"

=1 !5! ORE SINT
oC ,: 2O0 = 1 !52 jmp SERIAL

:57

5155 13P6 75

197
'1 50 TO 2OC-7

:Y7C2D4 162 .1 ;51
~~39K 2500 -' t6 1O 2 :CLEA~R OUT RESET £ LE4P

001C D296 ~ ! 164 ETp, C:. :PREVENT THE CAPF LOWING
903E C295 :1 165 ILP T3POBE :flONT STPOBE N\THW;IN Tn 

T
WE FI

0040 D2B25 !i 16 SETE ;F HV :TljRN OFF 7oE YOL'ASEE
I£ 42 .~ :1l67 CLC ON OE

0(44 C294 ~ ! 6e C.. MON ALE
v046 C290 :1 i6L 1CR
0)4e D298 !'0 SET9 Wl Sl~lU IIfht~ I

004A028 1, SET 'T ,READY INTO FOP WATCH DOE C!PCQIV
,.,04C D2Ae =1 172 SETB EXO
A04E D2AF =1 1--i SETB EA
00r50 0289 174 SETB E(iCLE-AR OUT WATCH DOG WITH INT: 1NTEU:::

0052 00 1 5 O
*~700 ~ 1 7b NOP

0054 o04:160 =1 ,77 019 DFTR,14000OH :ENTEF Hc PCN SYNC WORDS
0,057 E§ O 178 Noy) A.SDPTP
'. 58 C53q 1 ;"ov j:EUEA
045A A,' ! 90 !%C rZTP

v '5B EO =1 1E! NOVI .@P
005C MA3 = 18i2 NOV 0u1EUE4'1.A

-5E 750930 IQ, "n 0CN PO!NT.OgUEUE
0061 751100 184 NOV CAP SAFETY,#00 :P~rVEqT BLOWIt O C P
0064 7590FF =1 195 FIOv P0,I'YFFH - ESET D;TC 1C AN ESCAPE :vr
0067 75AOOO =1 !?6 mov P2.11®P

7~A 58150 :1 40 NV SFISTACV :PEET 'w AC loiN'EP

-)060 02O000 F !9- " 'R4L8
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NC-! AF ASSEOPLEF L,!cD 'SUPE; RCS 16 OC 8 PASE /

D-O T'ES71N6 PURPOSEE

:17 SETI? TS7 :'ES7 -nR #TEST TIME

Q9 DECLi R: HEC IF TEST

=I 199 DJM2 I! TLOOP TO TEST PIN

5::5DEC Rc :DCRE4ENT IF F!IGHT
X52 D~2 : 2L5DJ4Z D1I L LOP TO TEST 5 TIMES

-! 2'2 T  B00 IT:;IF E!THR TEST IS VALID FOR TEST TIME TIMES
=I '209 THEN BOOT PROPER FOR TYPE

'IR

:*?s zi :1 22SEILBOT :F AI 5 TIMES THEN BOOT FOR TEST

Z: Z*7 NAY FL!SHT:
E"v A,4 PO :ELSE

oN1 TO RESET DAYLOAD
::sl~ *::11-64~IST BOOT :IF NEIIHER 1S VALID THEN RECYCLE

=1 I-* To RPESET PAYLOA::

21i

:2 SNCLUDE' :F!:SERIAL.?D

:-4

111111t A BENCH TEST IC IN PROSRESS JI4

- ,q 225 sE SEVA! SOOT CODE
= 2

23 SEOIAL SOOT:
)00 D 21? - '131 SETS CD RDY :PRESE't SRIAL FLAfiS

CLR IPF

::' 7~' 0 1 233 %OV CMDBUF,IOOH
~K se: :1 4 1OV ZNC§T,#OOH
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~~0V~~ -INe4 ~ : T Nr DAQTV SEiA

r'ij TI 
AEC

0(1~~~~M C2 -
:E'LR

T NTW-

~~ 5:47 S,hEEPSAFETY H N ENCN TEST MOH EE_

"n 1.4e "OY :,A AFETY,t0FF

.Cc D 2 B CIN C0 - UG "4

72E D2EB - -~INTEU 

04 CLINS G E IC

2P52 0q~ pc 0.~IIEEpoI4 TWE C'W WORD V

~ D2~ :1 ~ ~ E~ -ENALE :

-)03' D2AF A FLE TWYE~'T

~0

3c ~
.1c IF 1 or M A -:

25 FLT-DEav:

,KA2 O 2& :GET THE zRAPE S'NC WGFr

A2b9 mc :T r

1 4 E0 : 270 '4 4,@DPTPh ;GET :;A WORD I

0047 F53A 271 Q UE+.

rA49 A, 27: INC tT

0~4A EO2T ~ G~1 ASBDP ~ E , O T! FPO0 EEFRW

1/74 IWAIT!A :WA!' E ) 10SCC

OoO A3 i 296 INC DDTR,

00 9 E i 2978o ~ w I! A. CFTWA TT EE FON 00 7 'Ic SECONDS

":o B0LOW-CAP:

0)8B 74FF 321
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KE~~: '~ :,r ,, PE; ~As l Cs.E I

-LINE SCI UP IE

..KN A.CAP SAU~y ;SA-ETY rEATIURE

2cSEB STROBE
:0T 7 :cc STROBE :LATICN IN TNE VALjE

:g. 0.;BLOW CAP uuuwsisius
- -t INC D'

=1 7.W';. :WAIT EEFRDm -','? SE4ND

LC A ~AIN:

754 POv p

:zSETB 5_OS9E
-C"-£R STROBE :CAF IS BLOWN IZ EjLZETy 2LSB:I

-~:WA!- EEPR2M 005 SC 5EONDS

* ~ 32£~F P ~ :~2h3N 7;E A~N7 41&1. YCLJA5E
-m c 'u; j 7

SE T:S:NI NE

* .: PT I iRCI~ :AN 5E B; Ck' 70 W THE W

*~Mo P.. *- ..- :ELSE INS00ITNE IN QUU

jpV BBF:~E COMANDI IS PECIEVED

:B R~ DY,;RCV ER; :IF ETPECTIN6i A COMMAND AND RECIEVE
:DTA THEN ERR

~ 54~r3 ::C~NE A. SBHNO ERR : TOO MANN PIECES OF LATA ERROR
:~4C< ;Cv ERR:
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OEM!5 "ACPO ASSEPPLEP LIPD (SUPER APCAS '

LOC OBJ LINE SOURCE

0:10 5005 =1 409 NO-EPP: JNC TO-ERR B

1 !4 844707 =1 4! CJNE A.#E,L' T

:l 2O~~ ~2 T ~P ~ ERR ;IF ITA~ T

0~11A 400' ~ : 41: LTS5: XC IS L T  5
':IC 020200 F =1 414 R

=1 415 !S LT 5:
311 B44003 :1 416 SJNE At-w,NOT-LT-

:12020000 F im4p J ERR

112' 5-v! t 415 XN ~ :
~:2 B4~0:420 -v A NN1L

MA2 C2000,0 F 1 4'! o 0

)125174 J:r n

I),E5E 4" eT rM EN::

0 17 2 71 1 = 4! :%Ai; TE OrN 7 D C;DP

r.! AdA =1 414 IQ7 y A4 SE D A N 4E
45 )C538 45 T50D:~ o THE NEX OOSUT!ON

47l2C~0C 46 CX EN~D :N :C0 -3 V

,I' 4A ** D 4!:
4C0 DOE0 4*2;O AE
4E 3.2 =1 4'9 PET! :PE'ljQ FOP "ORE DATA OP EO'C LOE

=! 440
=1 441
=1 442 XIiT:

.:51 DFFE =1 444 DjN7 ;',i A'O LL' SCOARATIC.4 OF X :TTEZ A
03157 E54F 1 445 moy 4.,9 PT; :CHEO Ci ;rEE IF QJIEUE :S E''V
0155 700 1 446 1,, -OT Elp~v
0151 C21! =1 447 CL ISF :NO741NS IN THE PROCESS 0: BE:%', 4":-En
M95 21 : 448 PE

T

=1 449 Q NOT -EMPTY:
615A 8539R99 : 40 "Cv S cV j :SE THE NEXT OIECE Or D74 'N LINE : I:

:1 45! TFOO :TPANSOT' T-; NEXT CIPST TN LA- C."

-59-



*CS-51 mACRO ASSEMLEP L-C 'SUPER ARCAS) 16 OCT 85 PAE 13

- LINE SOURCE

=1 475

=1 47
z! 4"

:1 47? :D:
::7E E5F( =1 479 PaV AB
tSO B47FOl =1 480 CJNE AIESC CODE.NOT ESC
:S! =1 481 imP ESCiCD

=1 482 40" ESC:

:So = 487 CINE A.EOTCODE,NOT.EOT
l,.c C082 484 PUSH Do,
'8 C3 = 4?5 :USp DPH

... .. ! , F 496 CALL EDT CM
3 49 Por DPH

,: DOS :I 468 POP DP

4@0 POP PEW
.QEt :1 490 POP ACC

=1 P;7~E1
: 49' NOT.Eg:

------ 4-3 4OV C D CNTI00H :RESET TO ACCEPT DATA FOR A NEW COM AND

S:57 =I 494 "QV Cw;uFA ;SAVE THE COMAND IN THE IST POSITION::E B I 495 iaV A,CMDC-NT

,,+' , 49+ rLR CMD RDv

..... .+CALL ECH
?. D~oO :POP FSW
:- .- t 4+9 POF ACC

5, PET!

Z; 502 SC rMD:
".!A 7:0'r mOV BIESC CODE
"t 12000 F =1 5C CALL ECHO

5 '50 : 5"5! 40V SP,ISTACk

74-W. -:: T7400 =! :' OV A,0O0
PUSH ACC

V) C ! 5E PUSH ACC
r =1 mov DPTRjPREESC

PUSH rPL
: 5::5! ! :IjSH DPH

! !12 RE,! :ABOR" E!TWEF INTEPUDT
-' 51- rcr.

.. :ESC E:HC SET4
-!:4 1 , ri c. ;A

PET! ;AND RETPFN To DES;'
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PCS51 MACRO ASSEMPLER LARD iSUPER ARCAS Vq ;4: A

L5C ONJ LINE SOURCE

2 .I. COE(O 520 PISP ;CC

E.5. F 4, FO . TR
~~1C= CI05?£NE A -QDRQUEUE-I.ROOO '

-!D7 24:9 J~QUEL'E 4~T C NTL r E 'E
OMD F8 527 O P.
'36 A6F0 2 C @pOlp :AN ''E T

1 5F5 0 'Qv ;. ~ PF

I DC ?41 15 K! .jE 4,IOIHN8T :CREATE A W1 4 1N' c-Ps -.7

:IF~ 20 57 JE DF.GTl :0-NLi CAEATE AN INTECFT IF IN :V--z

1 E D.!; =1 534 SETP ;:CAUSE AN 74TERLIP UO P

:1!E4 Do: 6 5115on
31E6 DOE, =1 5,7 pop 4CC

8IE 22 =1 538 PET
=1 539

91- CC FULL: INF TI,i FULL

.)!Er 120000 F =1 '41 CALL IM1T
I EF DOO-^ : 54: pop 11)P,

OIFI DOE('O 54' POP 4CC

=: 546 ERR:
OIF5 COEO =! 547 PUSH ACC
,')F7 E5FO =1 54E Nov A'D

01F9 B4?F02 =1 540 NJNE A,#ESCCODE.NO ESC ERR
.FC BOAC 1 5!0 J4; ESC CMD

=1 5t! NO ESC ERR:
-)1FE DOE0 1 552 POP ACE
,)20 75FO;F =1 553 140Y ?PP-ERRODE
o-20' I 7C000 =1: 554CAL EH

'2'th 75380C =1 555 4OV '-4I)CNTJt0H ;NY-t~ T  CURRENT CoP AND

-) 753700(' : 556 Nov £CE BLFIOOP ;POINT 12 T4E FIRST DATA POS!TlnN

0200 D21C : 557 SErE :%:Pv ;4:CCEFT CNLI 4 CO'"AND AS 4-:1T

s5 FORCE RETL;%t
02CE 7581!4 =1 559 Nov SP,#STACK*4
0211 BOB", =1 560 ZOP Psm
32113 DOE.) 56! pop ACC
~215 3" : 562 RET!

=1 56', :
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47S-51 "ACRO ASSEMBLER L!FO (SUPER ARCAS) 16 OCT e5 PAif 15

L2: OBJ LNE SOURCE

=! 565 EDT-COD:
:E5 5. OV ACD B1.r ;GET THE CMD'S VALUE

-s:2! c =1 5i' POV £MD ULF,I00 :REPLACE WITH A ZERO rLAG
56E JNZ CMDSET :IF NO C% THEN E;P

KID 5t6  5J IPIF ERR :!F CMD=O THE NO CMD SO ERR
570 CMVSET:
-57! NOOF CRS EaU !41 :15 COHANDS 0-14 ARE VALIO

-" .7 572 LR ACC.7 :STR!P THE MSB
- RL A

):222 2 =1 t4 RL A ;PROVIDE A X4 OFFSET

OV #PTRITOP CF JMP TBLE
0)2 03 1 57 JMP @A+DPTR :JUMP TO PROPER VECTOR

- 577 TOP .0 _ P TBLE:
57e Jm CNO0

, : 580 J!P CHD1
:2E1 %I HOP

., 1 582 Jm CMD2
"r .," ' 533 MOP

:-6 0. = 595 4OP
"7- 596 imp CMD4

=1 587 4OF

-:E ' : 53 9 NOP
0 ),01 F =! 591 JP CMO6

MOP
,::43 c':0 : 5K2 JMP CND7

4-i C;97 OP
z ,, 504 imp

.' NOP
4.- 5 JmP CID9

: 0 F 5 8 Jp CHDIC
NOP

*OO F -' &CJ*P CMD11

'N~. F 602 imp CRO12
-5: NOP

=S C~ I V 4 1 r~r CMDIZ
6:1 N5 OP

'- ' :1 60t J!P CMD14

:1 6? v OP: }< =I bo7 Nap

00 N0 OP'.64Q O0 : eC9 NOP
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OCS-51 MACRO ASSE4LER L!1 (SUPER ARCASl zr

LOC OJ LINE SOURCE

0265 00 =1 610 NOp
0266 00 =1 611 NOP
0267 00 =1 6!2 MOP
0268 00 =I 613 NOF
0269 00 :1 614 NOR
026A 00 :1 615 NOR
,26B 8088 =1 616 Jrp ER

=1 617
:1 618

=1 619
=1 620

026D C212 =! 621 CMDO: CLR CMDIFLE ;POKE COMMAND
=1 622 CMD I DEDE:

r26F E531 =1 62! ROV A,CMD BUF+I :POKE COMMAND... START DECODING ADFESc
0271 !200 F =1 624 CALL DECGDE ;ChANSE ASC!! CHAACTER ,NTO 4X VilUE
0274 5407 =1 625 AhL A,#07H ;STRIP NAG APPLICABLE B
0276 F531 ' 626 40V C F.D *2.
027 E532 : 627 NOV A,CMD 8'9c+2

62120O F 628 CALL DECODE
0217D C4 6i 29 SWAP A
1 2-E F57: : 61.0 ROV C"DBUF+2,A
.1280 E!" : 631 ROV A.CMDBUF+3
C,:92 120000 =1 672 CALL DECODE

0285 42J2 :1 67 OPL CMDBUF 2,A
12F 201M b JB CMDIFLG,CMDI DECODED :ADDRESS IS DECODED !N'C :RD BUF! +
028A E54 1 6:5 NOV A,CMDBUF+4
02FC 120000 :! 636 CALL DECODE
028F C4 =! 637 SWAP A
1290 F533 1 6"5 ROV CMD.BUF+7,A
0292 E535 :! 639 ReV A,CMD BUFI5
0204 12000( =I 640 CALL DECODE
0297 4237 =1 641 ORL CMDBUF+3,A ;DATA AND ADDRESS DECODED
£299 953183 =I 642 ROV DPH,CMD.BUF+1
029C 853282 :1 643 MOV DPLCMDBUc+2
029F 438340 :1 644 ORL DPH,BEEPROM SELECT
02A2 E573 =1 645 NOV A,CMD.BUF+3
02A4 FO =1 646 MOVI @DPTR,A ;AND WRITE IT TO THE EEPROM

:1 647 EEPROM.RI
02A5 75FOA8 :! 64i ROV B.IEOT CODE
02A8 120000 F =1 649 CALL ECHO :ECHO THE EDT CODE TO SHOW CMD COMPLETE
'2AB 0210 =1 650 SETS CRO.ROY
02AD 22 :I 651 RET ;AND LEAVE

=1 652 :
653 1

02AE D212 654 CMDI: SETS CMDIFL6 ;PEEK COMMAND

-63-



MCS-51 MACRO ASSENBLER LIPD (SUPER ARCAS) 16 OCT 85 PA6E IT

LOC OBJ LINE SOURCE

"3(, 8t!BD =1 655 Jp CND.1_DECODE PDECODE THE SAME AS CNDO
=1 650 :MDIDECODED:

252 E531 =1 657 NOV A.CNDBUF+l
:2B4 4440 =1 658 ORL AOEEPROM SELECT
O2B6 F53 :1 659 NOV DPHA
02B8 853282 :1 660 NOV DPL,CPBUF+2
02ps : j= 661 NOVI ASDPTR
2BC ;5rC =t 662 NoV 9,A
:BE 12000, F =! 663 CALL ECHO

0C: 75roAe =1 664 NOV B,DEOTCODE
022k :20000 F :1 665 CALL ECHO

:122 =I RET
= 667

668
=I 669 CMD2: ADAC TEST ROUTINE

•2CS E531 =1 670 NOV A,CNDBUF,! :SET THE HIGH NIBBLE OF THE MONITOR I
,CA !20000 F :! 67! CALL DECODE

z! 672 SNAP A
COCEF53: :! 6'3 NOV CD BUF+I.A
:Dl, E52 :1 67 NOV A.CNiDBUF+2
.... 2.,OC F F 675 CALL DECODE
%25 453! : 676 ORL A.CMDBUF+
.:7 02 0, F =1 677 CALL BET NN
:tA FtF) =I 679 NOV B,A

':rC !20000 F =! 6-9 CALL ECHO
:DF 75FOA9 =1 680 NOV B,IEOT-CODE

2E2 120000 F =I 61 CALL ECHO
02E5 22 1 :82 RET

=l 68 :
=1 684

:1 685 SET MON:
:ZE6 4400 :1 686 ORL A.#oN .SELECT
C2E8 158VFF :1 687 NO PO.IOFFH :MAKE SURE THE PORT IS CLEAR
'2ED SA 68 NW P2.A

: 689 SETD MON ALE
^.2EF C294 :I 640 CLR NON ALE
'2F1 C93 =1 69! SETh NON.STRT

uF: C29 = 62 CLP MON_STRT
,:5 7",,00 :1 693 Nov P2,3OOH :DESELECT EVERYTHING
'2;8 7FFF a! 694 NOV R7.IOFFH tPREPARE TO WAIT FOR 250 USEC
:: r=FE :I 695 DJNZ R7,s
':rC ' 5(0: : 696 iOV b2,BONSELECT ;RESELECT ADAC
':Fr let50 = 697 NOV PO,IOFFH ;MAKE SURE PO IS CLEAR
,:02 D292 :1 698 SET9 NON OE :ENABLE MONITOR OUTPUT
4 ES: :1 6Q9 pOV A,PO ;AND 6ET THE VALUE

-64-

• _ ol ,. . . . ... ,...A&



oS-51 NACRO ASSEMBEP LIPD (SUPER ARCAS!

LOC OBJ L!NE SOURCE

0306 C292 :1 700 CLR MON_OE

,,,s 754000 =I 701 OV 2,10'N

:OB 22 =! 702 RET

7)4 DECODE:

OOC E3 705 CLR C

030D COEO =1 706 PUSH ACC

030F 9441 =1 707 SUBB A,|A

031 4005 708 JE NnT A r

011: 240A =1 709 ADD 4,IOAH 'IF A- " MrnOPP FOR OFFSET

0 15 159! =1 710 DEC SP :PE-.L1E'AOC
p,097 22 11 RET

712 NOT Ar:

0918 DOE= POP A

)IA C' =! 714 ELF C
* ' 47(o 1!75 5U88 & 4ZE

0!D 2 =I 7!6 R E
=i 7!7

= 18
=' 719 c0N3:

031E 120000 c =i 720 CALL P12_B!T_DECODE

0321 COgO =1 "21 PUSH PO
0323 853160 722 NDV FO,CMDBUF*I

1726 CO4O : 723 PUSH P2

0328 75AOD =1 724 OV ^P,,MSBRr

032p MOAO :1 725 POP P2

032D 853280 :1 726 MOV PO,CMDBUF+2

(930 COAO :! 727 PUSH P3

0332 75A058 =1 728 NOV P2,#LSBSRF

0335 OAO =1 729 POP 02

0337 D080 :1 730 POP PO

'139 75FOAB =1 731 mOV BIEOTCODE

033C 120000 F =1 732 CALL ECHO

033F C290 =I 733 CLR IFR

0341 9290 z! 734 SETE XFR

C741 2: =I 735 RE'
:1 736 CPD4:

0344 120000 F =1 737 CALL R12_BITDECODE

0347 C000 =! 738 PUSH P.

0349 853180 =1 779 NoV CO,CMD.BUF+I

034C COAo :1 740 PUSH P2

034E 7540EO : 741 NOV P2,1JBDC

03510 DOM 742 POP P2

05! 853280 OV PO,CD_BUF+2

0356 COA :1 744 PUSW 2
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*-51 MACRO ASSEMBLER LIPD (SUPER ARCAS) 16 OCT 85 PAGE 1

i~:LINE SOURCE

-53 7RAQ60 '45 mOV PI.ILSBDDC
)35P D:4C : 746 POP P,

= 1 742 NOlv FET CODE

.,-5 C:3 1 I 75C CLP X;R
* D2;0 1 5! SETH (FR

M RET

1 754
755 R!2 B!r DECODE:

:AEs:I : 75i POV ml.CpD BUF~i
&C '0c~ F ~1 757CL DECODE

C36F C4 7156 SWAD A
759 OV CMD BuF*!,A

.7'2 E572 =1 76( NOV A.CMD 2J+
74 12X*OW =I -161 CALL DECODE

4:.l : 762 OF,- CMD Btl,A

=1 76'O A,CMD D'JF+7
:C F1 764 CALL DECODE
:1 =1 65 SWAP A

FI= 766 NOV C41)BUF+2,A
z!'6' RET

-,CMD5: :OFFSET/BIAS POVE
M!3 =1 71 NO0V A.CMD PJr,!

.6..-mCALL DECE
:9s7 4E = 773 JPL AIBIASO -SELECT

=t774 NOV CMD KF*!.A
-t 775 MOV A.CND PF+2*

6CALL DECODE
SWAP 4

.07 E577 = 77C Roy A,C4D BUF+:
"O l'i)00 F =1 7 ,) CALL DECODE

4- .1 9: ORL CND su;+C,A

,'~Bt ! ~ OV ('.END BUF+2
r); "F 4 DUSH ol

.' -Z - z 78! NOV P2.C4D BUF~I
=1 786 ;p P

t evDB ~ ! 797 POP PC.
* : 8 75"A2 :1 799 NOV B,#EOTCODE
07B 1:0000 P =1 799 CALL ECHO
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MCS-51 MACRO ASSEMBLER LIPD (SUPER AREAS) 16 OCT 85 =SE

LOC OBJ LINE SOURCE

03AE 22 =1 790 RET
=1 791
=! 792
=1 793 CMD6: ;BIAS;OFFSET POKE

03AF E531 =1 794 NOV AoCMDBUF+I
0391 120000 F =1 795 CALL DECODE

C354 4470 =1 796 ORL A,IDIAS_!_SELECT
0396 F531 =1 797 4OV CMD BUF+I.A
038 E532 =1 798 NOV A,CMD BUF+2
032A 120000 F =1 799 CALL DECODE
03BD C4 =! 800 SWAP A
(13BE F532 :1 801 mOV CMDBUF+2,A
03C0 E533 =1 802 mOV A.CNDBUF+3
C3C2 120000 = =1 803 CALL DECODE

03C5 4232 =1 804 ORL CND BUF+2,A
2C7 C080 =I 805 PUSH Po
03C9 853280 :1 806 NOV PO.CMDBUF+2
OCC COAO =1 807 PUSH P2
03CE 8531A0 :1 808 NOV P2,CND_BUF+I
0301 DOAO =1 809 POP P2
03D3 DO80 =1 910 POP Po
0305 75FOA8 =1 811 MOV B,IEOTCODE
0308 120000 F =1 812 CALL ECHO
030B 22 =1 813 PET

=1 814 CMD7: ;RAP PEEK
,3DC E531 =1 815 mOV A,CMD.BUF+1
03DE 120000 F =1 816 CALL DECODE
,'3EI C4 =1 9!7 SWAP A
0.E2 F531 =1 818 mOV CMDBUF+I,A
03E4 E532 =1 819 NOV A.CrNDBUF.2
03E6 120000 F =1 820 CALL DECODE
(3E9 4231 =1 82: ORL CMD BUF+1.A
03EB COOO =1 822 PUSH OOH :RO R 9
O3ED A83! =I 823 mOv RO,CMDUF+1
03EF E6 =! 824 4OV ASpO
030 0000 =1 825 POP 00 ;RO RBO
03F2 C5FO =1 826 NoV B.4
3F4 120000 F :1 827 CALL ECHO

03F7 75FOAe :1 828 mOV B,IEOT.CODE
03FA 120000 F =1 829 CALL ECHO
O3FD 22 =1 830 RET

=1 831 ;
=1 832
=I 833 CMDB: :RAN POKE

03FE E531 =1 834 mOV A,CFD.BUF+
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"CS-51 MACRO ASSEMBLER LIPD (SUPER ARCAS) 16 OCT 95 PAGE 21

L0f OBJ LINE SOURCE

0400 120000 F =1 83M CALL DECODE
04 C4 0=! Kc SWAP A
-^44 F531 =1 B" NOV CMDBUF+I.A

.65 E532 =1 83e ROY A,CPDBUF+2
"I'S 12000C F =1 8!9 CALL DECODE
3AJS 4231 Z! 840 ORL CMDBUF+I.A
-4rr E577 =1 841 NOV A.CMDBUF+3

;A0 -12)000 F =1 842 CALL DECODE

C4!2 C4 :1 943 SNAP A
'.4!" F!72 =1 844 NOV CMD BUF+2.A
•4:5 E534 =1 845 NOV ACMDBUF+4
041 !120000 F :1 846 CALL DECODE
O44 4532 :1 847 ORL ACMDBUF+2
"4!" CO00 =1 848 PUSH 00 ;RORBO
41E A31 =1 849 OV RO.CM BUF+1

;6 = 8 B50 NOV R ,A
-42: D000 =! 85! POP 00 ;PO RBO
C42: 75FOA8 =1 B52 NOV .SEOT CODE

!Z26 120000 F =1 853 CALL ECHO
0=29 22 =1 854 RET

:1 855
=1 856
=i 857
:1 958 CND9: :ENABLE HVRF

8!24 425 C! 9, LR RF HV
43 75FA :! G60 OV 8,IEOT CODE

. 2 12)10 F =1 Bt! CALL ECHO
:4:: 22 1 862 RET

863
=1 844

z! 9a6 CMDIO: ;DISABLE HVRF

4 D2P5 =I 867 SETB RF HV
AS'S 75FOA8 =1 68 NoV BeEOT CODE
:438 20006 F :1 869 CALL ECHO

:4:8 22 :1 870 RET
:1 271

=1 8'2
973

=i 874 CMD1I: ;CLR POS NEG ION SELECT
43C C297 =1 875 CLR ION CONT

,-.4E 5FOA8 :=1 876 BOV ,#EOT CODE
*)441 !20000 F =I 977 CALL ECHO
0444 22 :1 878 RET

=I 879
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LOC OBJ LINE SOURCE

21 880
=I 88l
=: 982 CMD12: ;SET POE NEE ION SELECT

'44% D297 s: 83 SEIB ION. ONT
.447 ?5FOA8 9E4 Nov P,SEOT CODE
.)44A 120000 F =I 88! CALL EC C
044D 22 =1 986 RET

=1 BB7
888

=t 889 ;

890 CMD13: ;STEP SERIAL COMAND
044E E51 M! 891 4OV 4.CMD BUF+I
.450 12000 F =1 992 CALL DECODE

-^53 F583 =I 893 4OV :PH,A

E455 E 2 I Bq4 mOV 4,CM BUF+2 :HI NIBBLE DPL
0457 120000 F =! 895 CA L DECODE

-45A C4 Q196 SWAP A

0419 FSe2 :1 897 NOV OPL,A

,:45D E57 898 NOV A,CRE BUF+3
N4o 120000 r =: 29; CA. 'ECODE

0462 4292 1 ORL DPL.A
(.4,4 02!4 =1 901 SETB SERIAL STEP
0466 7400 F =! 9 2 ICv AILOW(CALL PROFILE)

4468 COEO =i 90 PUSH ACE

046A 7400 F =! 904 NOV b.#!5G(CALLPROFILE)
046t 0EO i %5 c %Sw AC

',4oE C215 :I 906 C R MULTI AMU
0470 32 =I 907 RETI :RETURN SO AS TO BE ABLE TO iNTERUPT VIA THE

=! 908 SERIAL LINK

=1 909 CALL-PROFILE:
0471 2'!!FE 9:! J! XBF,$ ;LOOP UNTIL GUEUE IS EMPTY

0474 120000 F =I 911 CALL FLIGHT PROFILE
=1 9!2 NEXT STEP:

0477 754F14 =I q1! NOV GPTR,#20D
147A 0293 =1 914 SETB TI ;CREATE A SERIAL INTERUPT

=1 9,5 ;PPOCESSING INTERUPTS TO SEND DUELE
047C 00 =I 916 NOP

A47D 20I!FD =! 917 J8 XBF,S :LOOP UNTIL ALL DATA IS SENT

0480 31508 2! 918 JN5 MULTI A4U,STEP EXIT
0493 201!rD =1 919 Ji IBF,$
0486 120000 F =1 920 CALL ENTRY
0489 BOEC =1 921 imP NEXT-STEP

9:2 STEP-EXIT:

0488 75FOA9 21 923 MOV B.JEOTCODE

04BE 120000 F -1 924 CALL ECHO
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LXD OBJ LINE SOURCE

KT1= C214 =1 925 CLR SERIAL STEF
Q4=3 22 1 926 RET

=1 028

=1 90 CM1W4: .PC4 RUN COMMAND
,494 ;00000 F =! 93! NOV DPTR.OJMPTO.PROFILE
' , : =1 PUSo DDL

].: COS! :1 933 PUSH DPH
:11 =I c74 RETI :ALLOW SERIAL COMMANDS TO INTERUPT

=1 935 JNPTCPROILE:

. C20'00 F1 = J!F DOP0Ov E :RELEASE CONTROL TO ;LIGHT PROGRAM
17 IICLUDE( %FhLIPD.LT.

.... :I )3E RSEG PROFILEFLT CODE
=i 939

=1 940
=: q4 :
=I P42 EC crTLE:
= 1 4 CL TIME B!T

=1 944 4V DPTR,640IOH
1 945 CLIGHT.PROPILE:

S.c5 :4.. :I 946 ORL DPH,EEPROM SELECT
m3 2!: : 947 CLR MULTIAMU

t =1 q 9q SEIB 0FF
,, 75A060 =1 940 NOV P2,;DLOW :CLEAR THE COUNTER

1.F= 1 S ,5 NOV P2140.)

82 5BOFr :1 95 NOV P,IOFFH
=1 52 GETAMU

lOin 50836 =! 960 NOV PCMPOINT,IQUEUE-1 ;ALIGN THE PCN TRAIN
7. $16F' :1 96! JNB TIE.B!T,$ ;WAIT HERE TILL POINTING TO WORD

=1
=I i63

=I 964 THIS IS T:0 It WORD j 7c IN THE PROCESS OF EING SENT It
= 65 ENTRY:

.63t5 :: Qe JNB 4ULTIAMU,SETNEWVALS ;IF MULTI AMU THEN LEAVE BIASES
: 2000 F :1 Q67 JIM WAIT T !

=I %S SE!_NEWVALS:
=I %2 %GETRAT.AN- BIASES

0 70 .SETOFFSETS
.SET AMU yR :SO SEND UT THE ANU/RATIO VOLTAGES

I 10! ISETBIASES
.1 10'2 WAIT.T.I:SET? XFR :TRANSFERTHE RF AND DC CONTROL LEVELS

,)G.C C0 =I I: CLR JFR
(AE ) ' :1 1034 SETD XFR

i.BO 021c =I IC35 SETO TIME !! ;N(E SURE THE FRAME IS ALIGNED
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LOC OBJ LINE SOURCE /

0OB2 201FD :1 1036 JB TIME_?IT,$ :SO WAI T HERE UNT!L T4INEC SETE

0I "a WORE 0 IS SENT BY *ro

0OB5 C023 =1 1040 PtISH DP :SAYE DATA O T .

007 C082 =! 1041 PUSH DpL :
00?9 904)00 =! 1042 MoV DPTPI400C0 : SET FRAME WORD
OOBC EO :1 :043 MOVy ADP :
I OBD F579 IC= 144 NOV gUEUE,A RES2DE IT

'OBF A3 = 045 INC DPTR : PE' FPAME WORD
OOCO EO =1 1046 OVx A,@DPTR

OOCI D082 =: 1047 POP DPL
O(C3 DOg: = t :C48 POP DPH RESTOnE THE DATA POINTER

! '049 WAIT.T_2:

'0C5 OI6FK :1 1050 JNB TIMEBI',$ :WAIT 'T SEND WORD 1
00CB C291 :1 !05! CLR CNT :START COUNTING DATA T=T4ms

=1 1057 : WORD I IS SENT By PCP
-. 04 AC

OOCA F53A =i 1,5 MOV QUEUE+I,A ;WORD ! IS SENT SO RESTORE WORD !

OOCC 2016FD =1 !056 JB TIME BIT,S :WAIT TO WRITE WOR 2
=1 1057

:I 1058 i WORD 2 1S SEV Py FYC
=1 10!9
=1 1060 *

2),CF OI6FC =1 !061 JNB TIMEB!T,$ zWAIT TO WRITE WORD 3

:1 1062
=1 1063 WORD 3 iS SENT BV REM

=! 1064
=1 1065

OOD2 2016FD =1 1066 J? T!NE_BIT,$ ;WAIT TO WRITE WORD 4
1067

=I 1068 WORD 4 IS SENT BY PCP
=1 !669

)05 95099 =: I,7, MOV QUEUE-2,AMUH ;RESTORE WORDS 2 AND
10:19 W5A3C =: 1071 mOV QUEUE+3,AMU L

=1 1072
,),)DB 7016FD =1 107! JNB T!MEBIT,S ;WA!T jO WRITE WORD 5

=1 1074
=1 1075 WORD 5 IS SENT BY PCM
=1 1076

OODE 95093D =1 1077 NOV GUEUE+4,RATH ;RESTORE WORD 4

OOEI MOC3E =i 1078 pOV QUEUE+5,RATL ;RESTORE WORD 5
=1 1079

OOE4 20:6FD :1 1090 j3 TIMEBIT,$ WA!T To WRITE WORD 6
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-C 08 LINE SOURCE

=1 102!8:
:! !082 : WORD 6 IS SENT BY PCM
:i 1087%1GET AMU :6ET TE NEXT VALUES FOR AMU
:1 1' ;I

:'CEF ln'6FD !092 JNB 'IME YTs

loq WORD 7 IS S PC

'1 1095
S74cp I 1096 NOV A.#Rr MON

,:t .20000 F :1 1097 CALL ADC MON ;START ADAC CONVERSION OF RF MONITOR
:1 1098

£KFI? 2D0br! : i ID99 IIPE piis
:I 1100

:I 1101 WORr B IS SENT BY PCM
1102

'FA !20c lo F :1 1103 CALL ADAC ;GET THE RF MONITOR VALUE
O)0'D F54! I104 POV gUEUE+BA :ANt RESTORE WORD E

CALL AD4C :lltCT TH OP I OITRVAU

F =i 110e CALL ADC.MON :START ADA CONVERSION OF H I MONITOR

O:,A 7O!6FD :1 1108 JN TIMEBIT.$

WORD ! IS SENT BY PEA

,  1I CALL ADAC :BET THE 4V I MONITOR VALUE
:!7: 1I:2 M0V QUEUE+,!. :AND RESTORE WOR 9
.104 O V A,HV MON

:1!, 1 F z! "!21 CALL ADCMON :START CONVERSION OF cV 2 MONITOR

' ...D z! 11 JB TIME DIT,$
:1 I::: :

1!78 WORD i IS SENT DY PCM

=I 1129

F :1 13 CALL ADAC ;GET THE MV 2 MONITOR VALLE
1?. 544 :I 1!32 maV QUEUE+!O.A :AD RESTORE WORD i1
,:6 7400 =I 1132 MOV AoCOE RON
• 1!) 2000,> F 't 4: CALL ADO.MON :START CONVERSION OF COMB MqONITOR

-72-

:! 16FD :! 1126 JNE TIE~B! T,$

:1 1128 WORD II SENT DY PCN
'1 1120

.... O~0 F :1 113C CALL ADAC :GET THE COMB MONITOR VALUE

)1:4 F544 :1 1131 NOV SJEUE+II.A :AND RESTORE WORD II

'!:6 )404 :1 1132 NOV A,SDC.MON

-72-



4CS-51 mA~cn ASSEMBLEr LIPD (SUPER Apc S'

'CC OBJ LINE SOURCE

128 !20000 F =1 1133 CALL ADCMON :START CONVERSION OF THE D.C, MON!OF
=1 1134

0!2B 2016F0 =i 1135 . TIME BIT,S
=I 1136 ;

= 13 WORD 12 SENT BY PCM
:1 1135

!:E !200( O =F !139 CALL ADAC ;SET THE D.C. MONITOR
0!31 F545 =1 !140 mOV OUEUE+12,A ;RESTORE WORD 12
0133 740! :1 1!4! NOV AIVCCMON
0175 :20000 F : 1142 CALL ADC MON ;START THE CONVERSION OF THE - 15. ONIO

:1 1143

0179 30l6rD =i !144 JNB TIME BIT,$
1145

=I 1146 WORD !1 SENT By PCM

=I 114'
25 I2OC(,0 € =! 1148 CALL ADAC ;GE T THE '- I5 V MONITOR
0!3E F546 =1 1149 4OV QUEUEtl!,A ;RESTORE WORD 17
(140 7405 =! 1150 mOV AIBAT MON
!42 120C0 r : 1151 CALL ADC MON ;START THE CONVERSION OF THE BA"E-c "N71

.:15'
'145 2016' = 1153 JB TIME_BITi

=1 1!54
=1 :155 WORD '4 SENT BY PCM
1 !156

0148 !200,)n r i 1157 CALL ADAC ;GET THE 9ARTERY MONITOR VALUE
0148 F547 :1 1158 mOV QUEUE+14,A :RES TORE WORD 14
C140 7407 = 1159 MGV AITE4P.M%
014F 12-)010 F I 1167 CALL ADC WON :START THE CONVERSION OF 4E 7EM; wC4T3

012 3016FD 11162 JNB TIMEBIT,$
=! :163

1, 4 WORD 15 SENT BY PCM
1 1165

0155 120000 r =1 1166 CALL ADAC :GET THE TEMP MONITOR VALUE
0!58 F548 =1 1167 MOV QUEUE+15,A :RESTORE WORD :5

=1 llbB
OI5A 2016FD :1 1169 JB TIME_BITS

=! 1170
=1 1171 ; WORD 16 SENT BYE PCM
=! 1172

£150 950049 :1 1173 MOV QUEUE+16,_BIAS ;RESTORE WORD 16
0160 E509 = 1174 MOV A,ANUH :TES' THE NEXT AMU FOR A CONTINUATION

=1 1175 ; ARE ALREADY SET
0162 607A =2 1116 iZ NOT MULTIMU
0164 B4FFAS :1 !177 CJNE A,#OFFH,NOTEND.PROFILE ;:c FF THEN NEXT IS START
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-07 BJ LINE SOURCE

:67 9Q04010 =1 1176 NOV DPTR,1401H ;POINT TO NEW BEGINING
.. cy C15 =! 1179 CLR MULTI AMU

016C F23000 = 1 118( JP NOT MULTI.AMU

18sl NOT END PROFILE:
=1 1182 SETE MULTI ANU

=1 1183 ZSET AMU VR
>R5 020(00 F =I 1!99 JMP WORD_17-WAIT

IIqQ NOT MULTI AMU:
:2 1200 INC DFTR
- INC DPTR

A I INC DPTR
:9A A- =1 120L. INC DRPR

0 ,INC I)PTR
C Al, 1204 INC DPT :ADJUST THE DATA POINTER TO POINT TO THE

1 !15 TOP OF A PAGE
1)::D 5, Fo =1 1206 ANL DPL,#('r,;

. =1 :., ANL DPH.07U

1 E58 =! 1 MOV ADPH :CHECk FOR EEPROM OVERFLOW
-"I 1N EEFFOM RESET

-A- -5E210 121"2 MOV DPL,#t: : RESE T TO POINT AT 010

=- 1! NOEEPROCRESE7:
:144 4--C70 =I 12'2 ORL DPH,IEEPROM SELECT

' C:15 =I 121, CLP, MULTI AMU
,- ! 2 ! 4 ! S E T  A ML

: 2222 WORD 17 WAIT:
!,1224 imp T!ME 3,

-: 1226 WORD 17 SEN T BY PCM

:' 850E44 :1 1228 NOV QUEUE+I7,BIAS.I :RESTORE WORD 17 AND SAVE FOR NEXT
:1I 22Q

"ED 20!6FD =1 1230 JB TIME B!T,j
=1 1271 WORD 18 SENT BY PCM

i. 850F4E =1 ::72 MOV QUEUE+1,BIAS52
-: 123 ;III IN THE PROCESS OF SENDING WORD 19 I111
=! 2 4 ;01 REALIN TO SEND WORD 0 NEXT $it

.......8:9 .. MOV PCM PO:NT,#QUEUE
7-, 3011F = .:34 JNB TIME PIT,S

:1 237 : WORD 19 SENT BY PCM 3I111 GET NEW DATA FOR QUEUE
:21 229SETE CNT

75,FF =1 " I230 MOV P0 IOFFH
.. ,.'9 -1 1240 NOV P2,D.1ISH

:"41 85803F =1 1241 NOV QUEUE+6,PO :GET THE HIGH BYTE
:":1 75AO03. -- 42 "Ov ',tOO

!D' 1560" =i 1243 MO F,),SOFFW
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LOC OBJ LINE SOURCE

OIDA 75A060 =1 1244 NoV F2,#DLOW :GE T THE LOW BYTE AN£ CLEAR THE C£jkTEP
OIDD 858040 =1 1245 NoV QUEUE 7,Po

OIEO 75A000 -.- 1246 mOV ^2,"C0
OIE2 85104C =1 1247 MOV QUEUE+iq,BIAS_3 :RESTORE WORD 19
:'E6 20141 =1 12,48 JB SERIAL STEPPROFILE RETI:IF CALLED THEN EXENULE A

OIE9 020000 F t :249 JMP ENTRY :E4E.TE NEZT PPOFILE
1250 PROFILE OETURN:

01E 22 :. 12!! ET : -E0RN n CALLN4E .ROVA.
:4 1292 ;

- 1257 ADC MON: ;STj*T ADAr CONVERSInN
OIED c2lo =1 1254 CLR MON ALE
'IEF 4400 =: !255 ORL A,MONSELE'T

01! COAO =1 1256 PUSH p,

v !IF: F5AO r! !257 MoV ,

C F u D2QA !258 SET& ,:N LE

0IF7 C294 = 2t CLP "ON.ALE
o D1 A, -E-4 1.260 POP V:

I:FB D9 = 2261 SETB WON STRT :ETART THE CONVEF3174

O!FD C29 :1 !262 CLR PON STRT
OIFF 22 1263 RET

:1 1265
=1 1266 AC: ;GET CONVERTED ANALOG VALUE

0200 COAO =! 1267 PUSH P2
022 C080 =1 1268 PUSH PO
0204 75AOO =1 1269 40V P2,00
0207 75BOrr =4 1270 mOV PO,ICF;H
020A D292 =1 1271 SETB MON OE
020C E580 =1 1272 maV A,PO
*2AE C202 =1 1273 CLR 4ON OE
,210 DOB- =1 :274 POP pl

0212 rOAO =1 1275 POP P2

0214 22 = !276 RET

=! 1277
=1 1278
=1 1279 INTO DRIVEN ROUTINE FOR PCM LINK

=1 1280 PCMROUTINE:
0215 CODO =1 1281 PUSH PSW

=1 1282 USING I

0217 C2D4 = 1283 CLR RS!
0219 D2D3 =1 1284 SETS RSO
0218 C090 =I 1285 PUSH P.

021D C292 = 1296 CLR MON.OE
021F COEO ! !287 PUSH ACC
0221 rop0 = 1288 PUSH 02
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LOC ODJ LINE SOURCE

0273 COO8 1299 PUSH PO
0225 E6 =I !2 9OV A,P0 ;SET THE NEXT WORD

226 9B 48 1> INC R ;POINT TO THE NET WORD

12:? B8052 =: 1292 CJNE RO,IQUEUE+20,NOT.OVERFLOW
P24 = !93 Nov RC,IQUEUE ;REALIGN IF OVERFLOW

1294 NOT OVERFLOW:
022C , O00 --° 1295 NOV P2,O0
C2'F F58C ti 12% NOV D

: 75A07,9 = MOV P2,IPCNLOAD ;PUT THE WORD INTO THE PCM STREAM
'3 4 750'- 1 12gB Play P 2,#00
[.4 BA!O = 12CPL TINE BIT ;SHOW THAT THE WORD IS BING SENT

K23 Dose =1 1300 POP PO ;RESTOE THE WAY FOUND

:3FB D040 :1 1301 POP P,

23D DEO :1 1302 POP 4CC
)3- l090 =1 1:03 POP Pi

1241 :ODO :1 13C4 POP PSW

242 22 :! 1305 RETI ;AND RETURN
1306 END
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XREF SYMBOL TABLE LISTING

N ME VPE V ALU E ATTBUTES AND REFERENCES

AA ....... NUMB O04!H A 26t 416 707

........ D ADDR GOEOH A 27 194 300 318 331 349 761 379 386 395 438 490 4 -540q R -
547 552 561 572 706 713 003 905 921 986 991 9% 1 '% t c :-

ADAC ...... ADDR 0200H R SEG=FROF!LE FLT CODE 1103 !!12 1121 11!!in 9 1!4c 15- T:1:

A:C.MON .. . C ADDP O:EDH P SE6=PPOr!LE.FLTCODE 1097 1106 1115 1:4 171 111:
AOUH .. . D DDR 009NH A 210 954 1003 1070 1085 1174 !195 :21i
MUL. . r, ADDR OOOAH A 21# ;57 1006 !071 1088 1188 1219

B........... ADDP 004OH CI 402 410 433 479 503 528 548 553 648 662 c64 678 66 '71 "4C

826 828 852 860 868 876 984 923
BAT MON ..... ... NUMB O005H A 961 1150
BAUD COUNT . . . NUMB OOF2H A 981 237 238
P1AS_0 SELECT. NUMB 0068H A 75# 773 1021 1024 1027 1030
IAS ISELECT. . NUMB 0070H A 761 796 982 987 992 997

BIAS1 ..... ... D ADDR O0OEH A 251 1023 1228
BIAS2 ..... ... 0 ADD; OOOFH A 26# 1026 1232
BIAS3 ..... ... C ADOR O010H A 27# 1029 1247
BLOWCAPAGAIN . C ADPS 0OHM R SEG=SERIALBOOTCODE 3513
BLOWCAF . . .. C ADDQ OO8BH p SEG=SEPIAL_ BOOT CODE 320#
CALL PRWFILE . . C DDP 04714 R SEG=SERIAL BOOT CEDE C02 Q04 9091
CAO DELAY. . . I ADDF OFA2H A 113#
-AP _AFETY . . . 0 ADDR 0011H A 28# 14 244 24e J42 3753
CMD.IDECODE .. C ADDR 026FN R SEG=SERIAL BOOT CODE 61e22 655
-rDBUF ..... . 0 ADDP O03H A 314 233 431 454 556 566 56' 623 626 627 630 6o33 b5 67E S7, 441

643 o45 57 660 670 673 674 676 722 726 73q 741 75o 5 C 759 7
-71 774 775 778 779 7011 787 785 7Q4 797 708 901 9 04 906 SA;9: 5 : 1
819 821 823 834 837 K8 840 841 844 545 847 84q Ve1 94 3Q-

CMDCNT ..... .. ADDR 0038H A 741 234 405 470 435 493 405 555
CMD.RDY ..... .. B ADDR 00224.0 A 428 231 403 496 557 650
:RDSET ..... ADDR 021FH R SEG=SERIAL BOOTCODE 568 57!
CMD ....... .. C ADDR OlTEM R SE6=SERIAL BOOT CODE 402 47BI
CMDO ........ C ADDR 026DH r SEG=SERIALBOOTCODE 578 621t
CMDI DECODED. C ADDR 02B2H F SEE=SERIALBOOTCODE 634 656#
CMD! ........ C ADDR 02AEH R SEG:SERIAL BOOT CODE 580 654#
CMDIO ...... .. C ADDR 0433P R SEG=SERIAL BOOT CODE 598 866#
CMDII ...... . C ADDR 043CH F SES=SERIAL BOOT-CODE 600 8741
CMDI2 ...... . C ADDR 0445H R SEGMSERIAL BOOT CODE 602 821
CMDI3 ...... .. C ADDR 044EH R SEG=SERIAL BOOT-CODE 604 9901
CMDI4 ...... .. C ADDR 0494H R SEG=SERIAL BOOT CODE 606 9308
CPDIFLE ..... .. B ADDR 0022H.2 A 441 621 634 654
CM2 ........ C ADDR 02CBH R SE6=SERIAL BOOT CODE 582 6691
CMD3 ........ C ADDR 031EH R SEG=SERIALBOOT.CODE 584 7191
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4 A M E T Y 0 E V A L U E ATTRIBUTES AND REFERENCES

CMD4 ........ C ADDR 0344H R SE6=SER!AL.BOOT CODE 596 7361

CWD5 ........ C ADDR 0382H P SEG=SERIAL BOOT CODE 588 7701

D6. ....... C ADDR 03AFH R SE6=SERIAL BOOT CODE 590 7931

CMD7 ........ C ADDR 03DCH R SEG:SERIAL BOOT CODE 592 8141
CMDB ........ C ADDR C03FEH P SE6=SERIAL BOOT CODE 594 8330
CMD9 ...... ... C ADDR 042AH R SEG=SERIAL BOOT CODE 596 858
CNT ....... .. B ADDR 0090H.1 A 57# 1051 1238
CCB MO.N .... . NUMB 000H A 930 1123

D Hi5H ..... .... NUMB 0048H A 690 1240
LLOW ...... .... 4UMB 0060H A 700 949 1244
DCMON ..... ... NUMB 0004H A 941 113
DECTN.......C ADDR 0081H A 197 203L
DECODE ..... .. C ADDR 030CH R SE6=SERIAL BOOT CODE 624 628 632 636 640 671 675 7041 757 761 764 772 776

780 705 799 803 816 820 835 839 842 846 892 895 899

DELAO 2 ..... . I ADDF OFA3H A 1140
DELAY 3..... .. I ADDR OFA4H A 1160
tOPROFILE . . . C ADDR O000H R SESPROFILEFLTCODE 382 936 Q420
D'4 ....... D ADDR CCB3H A 485 487 511 642 644 659 893 933 946 1040 1048 1207 !208 1212
DPL........ D ADDR 0082H A 484 488 510 643 660 997 900 932 1041 1047 1206 1210
tA B ADOR 00A8H.7 A 173 254 515
Ec 3 ...... C ADDR CIC7H p SEG=SERIAL BOOT CODE 436 497 504 5191 544 554 649 663 665 679 681 732 749

769 8:2 827 829 853 861 969 877 985 924
EEPpo ROY . C ADDR C2A5H R SE6:SERIAL BOOT CODE 6470
EE"CH OM SELECT. NUMB 0040H A 68# 644 658 946 1212
ENR ...... C ADDR 0023H F SEW:PROFILE FLT CODE 920 965# 1249
-C7_CD C ADOP 0216H R SEG:SERIAL BOOT CODE 486 5651

EC' CODE . ... NUMB OOABH A 1061 A3 648 664 680 731 748 788 811 828 852 860 868 876 964 92:
EQF_1DE ... NUMB O0CFH A 1051 53
E:C ....... r ADDR :IF5H R SEG=SERIAL BOOT CODE 409 412 414 417 421 423 426 428 5461 569 616
Z- ....... B ADDR ooABH.4 A 245 247 255
ESCMD ..... .C ADDP OIAAH R SE6=SERIAL BOOT CODE 491 5020 550
E_ CODE .... NUMB 007FH A 1040 400 503 549
EV . ....... E ADDR 00A8H.0 A 172 253

. ..... C ADDR 0003H A 143
: .... ..... C ADIR 0013H A 146
:'014 ..... ... C ADOR 016DH R SEG=SERIAL BOOT CODE 459 4611 466
rL!GHT BOOT . C ADDR 0026H R SE6=SERIAL BOOT CODE 216 21610
rL:SHT PROFILE : ADDR 0,051H SE6=PROFILE.FLT CODE 911 V45#
LJ.DELA1 . C ADDR 003FH R SEG=SERIAL BOOT CODE 255 2650
rORCE RETURN . C ADDR 020EP. R SE6=SERIAL BOOT CODE 558
FA E _WORD 0 . . x ADDR 7FAOU A Ill

CPAME.WCRD_! . . I ADD; )FA!4 A 1120

........ NUMB 0047H A 07# 411
EET M4 ..... C ADDR 02E6H R SEG=SERIAL BOOT CODE 677 6851
SE' EE!1 . . . C RD0R 002DM R SE:PROFILE FLT CODE 9720 977
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TO ...... ... C ADDR 013814 R SES--SERIAL BOOT CODE 425 4271
T1 ....... ... C ADDR OIE4N R SE6=SERIAL BOOT CODE 531 532 535#
HVI MON . . . NUMB 0002H A 916 1105
4V2.NOw . . .. NUMB 0003H A 921 1114
lEO ....... .. B ADDR 0088H.1 A 174
IFFLT ..... .. C ADDR 0076H A 196# 199 205
ION CONT . . . B ADDR 00904.7 A 54# 875 83 1019
ISFLT ..... B ADDR 0022H.3 A 451
IS LT9 ..... . ... ADDR 0132H R SE6=SERIAL BOOT CODE 422 4246
ISLTS ..... . C ADDR O!IFH R SE6=SERIAL BOOT CODE 4!3 4!5#
ITO ....... .. B ADDR 0088H.0 A !71 251
JMP TO PROFILE . C ADOR 049CH 4 SEG=SERIAL BOOT CODE 931 9351
VEEP.SAFET .. . C ADDR 002CH R SEG=SERIAL BOOT CODE 247 249#
LSB DC ..... .... NUMB 0060H A 73# 745 1013 !195
LSB ..... NUMB 00584 A 71 728 10,7 118
LT 9 ........ C ADDR 012DH R SES=SERIALBOOT CODE 420 4226
T. ....... C ADDR OIIAR R SES:SERIAL BOOT CODE 411 417#

MAY FLIH . . . C ADDR 0087H A 2136
MON ALE ..... . B ADDR 0090H.4 A 50 168 689 690 1254 1258 1259
MONOE ..... .. B ADOR 0090H.2 A 52# 167 698 700 1271 1273 1286
POI SELECT . . . NUMB O000H A 81# 686 696 1255
MON STRT . . .. B ADDR 0090H.3 A 51# 691 692 1261 1262
MSBDC ..... ... NUMB OOEOH A 74 741 1010 1192
MSBRF ..... ... NUMB OOD8H A 721 724 1004 1186
RULTI ARU. ... B ADDR 0022H.5 A 47# 906 918 947 966 1179 1182 1213
NEXT STEP. ... C ADDR 0477H R SEG=SERIAL BOOT CODE 9126 92!
NIN ....... .... NUMB 0039H A 89# 420
NO ERR ..... .. C ADOR OIIOH R SES=SERIAL BOOT CODE 406 4091
NO ESC ERR . . C ADOR OIFEN R SEG=SERIAL BOOT CODE 549 5516
NO OF CMOS . . . NUMB OOOEH A 5711
NOTAF ..... C ADDR 0318H R SES=SERIAL BOOTCODE 708 7126
NOT EEPRON RESET C ADDR OIAAH R SE6=PROFILE FLT CODE 1209 12116
NOT END PROFILE. C ADDR 016FH R SES=PROFILE FLT CODE 1177 11811
NOT EOT ..... . C ADDR 0199H R SEG=SERIALBOOTCODE 48! 4921
SOT ESC ..... . C ADDR 0186H R SES=SERIAL BOOT CODE 480 4821
NOT LT A . . . C ADDR 0125H R SEMSERIAL BOOT CODE 416 418
NOT MULTI AMU.. C ADDR 0198H R SEG=PROFILE FLT CODE 1176 180 11991
NOT OVERFLOW . C ADDR 022CH R SEGzPROFILE FLT CODE 1292 12941
OD ......... B ADDR 0090H.6 A 606 164 326
PO ......... D ADOR 0BOH A 195 323 354 687 697 699 721 722 726 730 738 739 743 747 782 793 797 905

806 810 951 91 996 91 996 1003 1006 1009 1012 1020 1023 1026 102P !185
188 1191 1194 1239 1241 1243 1245 1268 1270 !272 1274 1280 '296 1300

PI ......... D ADDR 009H A 50 5! 52 53 54 57 59 60 1285 1373
P2 ......... D ADDR OOAOH A 58 163 186 688 693 696 701 723 724 725 727 728 720 740 741 742 744 745

746 784 785 786 807 808 809 949 950 982 983 98 988 992 993 07 9S !04
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N A ME T Y P E V A L U E ATTRIBUTES AND REFERENCES

1005 1007 1008 1010 1011 1013 1014 1021 1022 1024 1025 1027 1028 1030
1186 1197 1189 1190 1192 1193 1195 1196 1240 1242 1244 1246 1256 1257
1260 1267 1269 1275 12B9 1295 1297 1298 1301

P33 ......... 0 ADDR ('0BO A 55 56
PCH LOAD . . .. NUMB 0078H A 77# 1297
PCH POINT. . .. NUMB 0009H A 176 193 252 960 1235
PC ROUTINE... C ADDR 0215H R SEG=PROFILEFLTCOE 144 12901
PREESC ..... . C ADOR O1CIH R SESERIALDOOTCODE 509 513#
PROFILE FLT CODE C SEG 0244H REL=UNIT 123# 938
PROFILE RETURN C ADDR 0IECH R SES=PROFILE FLT COK 1248 1250#
DROFILE ...... X ADDR OFBOH A 1186
PS ........ B ADDR 00B8H.4 A 243
PSW ......... D ADDR 0000H A 387 394 437 499 499 560 1281 1304
PO ....... ... B ADDR 00B8H.O A 170 250
QBIAS ..... .. D ADDR 0000i A 246 1017 1020 1173
0 FULL ..... .. C ADDR OIE9H R SEB=SERIAL BOOT CODE 524 5406 540
9_NOTEMPTY... C ADDR O5AH R SE6=SERIAL BOOT CODE 446 449#
OPTR ...... .. ADDR 004FH A 361 235 445 458 469 522 523 529 530 913
9UEUE ...... .. 0 ADDR 00391 A 35# 179 182 183 252 268 271 450 455 456 523 526 960 1044 1055 1070 1071

1077 1078 1104 1113 1122 1131 1140 1149 1158 1167 1173 1228 1232 1235
1241 1245 1247 1292 1293

R12 BIT DECODE . C ADDR 036AH R SES=SERIAL BOOTCODE 720 737 7556
RATH ...... .. ADOR 000BH A 22# 971 1009 1077 1191
RATL ...... .. ADDR OOOCH A 231 1012 1078 1194
RCV ERR ..... .. C ADOR OIODH R SE5=SERIAL BOOT CODE 403 4076
RECIEVE ..... .C ADOR OOFDH R SES=SERIALBOOTCODE 391 3996
RESET ..... .  C ADDR  0000H A  218
RF HV ...... . B ADDR OOBOH.5 A 556 166 391 859 867
PF MON ..... .. NUMB 0006H A 901 1096

RI .......... ADOR 0098H.0 A 242 391 400
ROOM IN 9 . . C ADOR 0103H R SEG=SERIALBOOTCODE 523 5251
RSO....... .B ADDR OODOH.3 A 161 399 1294
RSI....... B ADDR OODOH.4 A 162 390 1283
SAVE BIT . .. B ADDR 00224.7 A 49
SBUF ....... D ADDR 00994 A 401 450
SCON ...... .. ADDR 0099H A 239
SELECT ..... . B ADDR OOAOH.6 A 596
SERIAL BOOT CODE C SE5 049FH REL=UNIT 122# 229
SERIAL BOOT... C ADUR OOOO R SES=SERIAL BOOT CODE 199 212 230f
SERIAL STEP... B ADDR 0022H.4 A 466 901 925 1249
SERIAL ..... . C ADDR WOEN R SEG:SERIAL BOOT_CODE 152 "'86
SET _NE VALS.. C ADDR 00294 R SEB=PROFILEFLTCODE 966 969#
SINT ...... . C ADDR 0023H A 151
SF ......... D ADR 0091H A 197 505 559 710
STACK ...... .. ADDR 00504 A 37# 197 505 559
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