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INTRODUCTION

The contract F19628-81-(-0162 was written for the
design, fabrication, modification and testing of prototvpe
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 1life 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 svstems 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 emploved. An
oscillator whose amplitude could be varied with a great
degree of precision over a wide 1range provided the ac

excitation component for the quadrupole mass filter. The



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 interpretation.
The control syvstem 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



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 1in
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
lonosphere 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 Pavioad
Development (LIPD) project was to design a lightweight
cryogenically pumped JTon Mass Spectrometer for the
exploration of the ionosphere at the altitude between 40
and 70 kilometers. The instrument was to be carried on a
ll1.4cm diameter Superarcus rocket fired from a portable

launcher. The Ion Mass Spectrometer, a nosecone ejection



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 wunit 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 F19628-83-C-0037 and
F19628-81-C-0029 respectively. To conserve weight and
space, the mass filter control wunit 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 readv to modulate an FM transmitter. A 200
milliwatt 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
pavload. 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




Gtepped 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 emploved 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 10ms 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
firstc. 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 l6kbps 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
cutput transformer and the capacitance of the quadrupole.
The generator was able to produce an output signal that
ranged from 2.5 volts to 450 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 (.6 and 1 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 and 150 respectively. Battery voltage to the converter

was pre-regulated at +20 volts.
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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 1ImA 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 wunit 1is 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




are shown in Figure 1. The design of the control unit was
based on an INTEL 8751 (Ul) microcontroller (uC). The
micro-controller operated at 6.l44MHz 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/0 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 I1/0 pins for the chip control functions a 3
to 8 line decoder (U3) was used.

A watchdog circuit was emploved 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 UlS5X. A
pulse generated at Y7 of U3 under the software control of

the microcontroller cleared the counter (pin 12 of UL3)




every 500us. The pulse propagated through U15C and the RC
network. Failure to clear the counter produced a positive
enabling pulse at pin 8 of Ul3 and 62.5us later a pulse of
the same duration at 10U13. 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 UI5B.

The analog signals to control the quadrupcle
excitation were generated by 12-bit A/D converters. The
converter Ul6 generated the ac excitation control signal
while the Ul7 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 1 significant bit. The converter output covered a
nominal range from zero to +10 volts. The -10V reference
for the converter was derived from the monolytic source
r21.

To generate the four bias signals a quad 8 bit A/D
converter U199 was used. Same type of a converter (Ul3)
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 O9ms period for each atomic mass
unit in the 16-bit binary counter U8 and UY9. The counters
had the tri-state output capability and, therefore, could
be connected directly to the bus. The count was transfered
into the PCM data stream every 10ms and, at that time, the
counters were also cleared. The various analog monitor
signals were converted into an 8-bit digital data by the &
channel data acquisition component U20. The converter
received its 256kHz clock from a crystal oscillator Ul2Z.

The 16kHz PCM clock was also derived from the same
crystal oscillator through a 4 bit binary scaler (1/2 Ul3)
and the Ul>5D gate. The formatting of the PCM frame was
under firmware control. A frame consisted of twenty B8-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 Ul3. The
Ssame 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 U5, 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

- 10 -




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 removed, the clear
signal was allowed to decay to zero. The transient
suppressor line shown in the figure 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 A31 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 Azl' AEZ' Al and AZ'
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 Al and A,. 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,,, A,, and A5, . The first two signals

- 11 -
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were primarily intended to cancel the dc offsets of the
output amplifiers Al and Ay. 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 100K as illustrated produces an output bias range of
+50V when the DAC output ranges from O to 10V.) 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 #1100 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 hy 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

Crrry 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
- 12 -
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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 Q1 which in
turn controlled the series pass transistor QZ‘ This power
transistor supplied the collector voltage for the two
oscillator drivers Q3 and QA' The dc base drive was also
derived from the collector voltage, while the ac teedback
signal to the base was obtained through the capicitors C9
and Cl0O 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 4350 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 Q1 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 1A the power was periodically

- 13 -



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
(A2d) was tripped by a temperature sensor CR1 when the
oscillator base plate temperature exceeded approximately
80°c. The oscillator was activated again when the
temperature dropped below 50°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
Multipliers (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 vol;s was derived
from the preregulated power supply voltage of 20 volts by
the operational amplifier A6X and the two MOSFET's Q,; and
le. The power to the HV supplie§ could be interrupted by
the same circuit (ng) which controlled the power flow to
the ac exciter. Therefore, the HV supplies 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 1M 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-11 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 gquadrupole. The
potentiometer and the centertapped variable <capacitor
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 1latching relavy
connected the flight battery to the series pass transistor
Q, which blocked the power to the rest of the control
circuits as long as R,, and R,g were connected together.
wWhen in this configuration, the current drain from the
battery was a nominal 2mA. The transistor Q1 was
saturated, Q3 and 02 were cut-off. Wwhen the connection
between the two resistors was broken Ql became cut-off and

the pass transistor Q2 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
Rl7 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 1launch the broken safety
connection between the two resistors could short to the
vehicle without wupsetting 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 (Ul, U2A) to convert the NRZ PCM 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 microcontroller
communications ports with a laboratory control unit, The
circuit associated with Qg 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

11

converted the HV monitor currents into the voltage signals

Ao

suitable for the A to D converter. The absolute value

circuit A23. A24 and AIA moni tored the combined bias

- 16 -~




voltages. Both dc components of the quadrupole excitation

signal were monitored as a combined signal by A,,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
Ql and 02 at approximately 25kHz. The low impedence gate
drivers Q5 to 08 received their symetrical base signals
from the FF U2 which was clocked by a 50kHz signal
generated by Ul.

The battery power to the converter was pre-regulated
at 20 volts by VRl. 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 -
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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 O through
F. Each character thus defined four binary bits of an

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

received.




All transmissions to the microcontroller were
immediately echoed back for wverification. 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 by 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 1loaded. 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 HV 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 2f 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
primarv 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 (EBYOH), were present within
the PCM frame. Once the instrument was activated, the
microcontroller 1locaded 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 1ion 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 13.
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 1locations 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.

M
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APPENDIX A

PCM FRAME

AMU CONTROL DATA MSBYTE

AMU CONTROL DATA LSBYTE
RATIO CONTROL DATA MSBYTE
RATIO CONTROL DATA LSBYTE
SPECTRA COUNTER DATA MSBYTE
SPECTRA COUNTER DATA LSBYTE
AC MONITOR

HV1 MONITOR

HV2 MONITOR

COMBINED BIAS MONITOR

+ D MONITOR

+ 15V MONITOR

BATTERY V. MONITOR
TEMPERATURE MONITOR
QUADRUPOLE BIAS CONTROL DATA
BIAS 2 CONTROL DATA

BIAS 3 CONTROL DATA

BIAS 4 CONTROL DATA

FRAME SYNC WORD 1

FRAME SYNC WORD 2

-31-



APPENDIN 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.

CMD 2. 1295 AAA - Sends data from the EEFROM.

CMD 3. 1305 AA - Sends data from a selected
monitor.

CMD 4 131; DDD - Enters data into the Control DAC.

” CMD 3. 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.

h CMD  B. 135; AA - Sends data from the RAM,

CMD 9. 36; AA; DD ~ Enters data into the RAM.

CMD 10. 1373 - RF/HV ON

CMD 11. 138 - RF/HV OFF

CMD 12. 139 - Positive Ion Mode

‘ CMD 13, 1l4u - 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

CHD 1%8. 2553 - This code is sent back to the ex-

ternal control tc indicate an
error in the rec2ived instruc-
tion.

-~33-



;- -

CMD 1 & 2

CMD 3

CMD o6

CMD 7

<MD 8 & 9

CMD 14

COMMAND ADDRESS ASSIGNMENTS

EEPROM

MONITORS:

BIAS:

OFFSET:

e o =

o &

w f o —

i~

W o —

~PC U

COMBINED BIAS
+ 15V

HV1

HV2

+ DC

BATTERY

AC AMPLITUDE
TEMPERATURE
DAC A (QUADRUPOLE)
DAC B

DAC C

DAC D

DAC A (+ DC)
DAC B (-DC)
DAC C (aAC)
RAM

EEPROM PROGRAM BLOC

=34~

OUOH-7FFH

OUH
OlH
O2H
O3H
04H
0O5H
0O6H
07H

OOH
O1H
U2H
34

OOUH
O1lH
(O2H

00-7FH

(010 X N) H

WHERE OI1H

<

N £ 7FH



JOOH
OO1H
0G2H

0O03H
0O04H
(0O5H
O0O6H

XXOH
XX1H
XX2H
XX3H
XX4H
XX5H
XX6H
XX7H
XX8H
XX9H
XXaAH
XXBH
XXCH
XXDH
XXEH
XXFH

NOTE:

TO OOFH

~

APPENDIN C

EEPROM DATA FORMAT

FRAME SYNC. WORD 1 (EBH)
FRAME SYNC. WORD 2 (9CH)
NOSECONE EJECT TIME: FIRST
INTERVAL

+ SECOND INTERVAL

BACK-UP NOSECONL EJECT TIME
HV AND AC EXCITER ON TIME
AVATLABLE FOR COMMENTS

HI-BYTE CONTROL DAC (lst AMU)
LO-BYTE CONTROL DAC

HI-BYTE RATIO DAC

LO-BYTE RATIO DAC

OFFSET DAC A

OFFSET DAC B

OFFSET DAC C

BIAS DAC A (QUADRUPOLE)

BIAS DAC B

BTAS DAC C

BTAS DAC D

HI-BYTE CONTROL DAC (lnd. AMU)
LO-BYTE CONTROL DAC

HI-BYTE CONTROL DAC (3rd. aAMU)
LO-BYTE CONTROL DAC

END OF PAGE/PROGRAM FLAG (OQOH FrH)

Control and ratio DAC data 12 bits left
justified.

OOH in locations XXBH, XXDH and XXFH advances
the program to the next page. [p. YXOH to

p. (XX+1) OLH].

FFH in locations XXBH, XXDH and XXFH returns
program to the first page [p.XM0H to p.u0llH].
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FLOW GRAPHS
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Y T T W T

SERIAL INT

PUSH P&V
SELFCT REO

T

Y CALL
1 XMIT -

N

CLR RI

PUSH B
JMP
ESCAPE

_ ]

CALL EXEC |—q

CALL CMD —

JMP ERR —

CALL DATA

POP B pPor PSW

RETI

~18-




Ve .

-

=

—

7/
ECHO ERR /
CODE //

ECHO EOT 7

CODE /

e

INVALIDATE
CURPRENT
COMMAND

]

|
SETB CMD-RDﬂ
N

RET
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CALL
VALID
CMD

MOV B, SBUF

MOV CMD-CNT
,#00

CLR CMD-RDY

CALL ECHO
MOVB,
EOT CODE
CALL ECHO

SETB
CMD-RDY

CALL ERROR




-

D2TA <j>

CMD Y SETB
OUNT > 8 CMD~-RDY
INC CMD-CNT CALL EPRCR

MOV B,@
CMD-BUF
+
CMD-CNT

CALL ECHO

MOV B
#FOT-CODE
CALL ECHO

—

RET
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MOV SBUF
« QUEUE

SET B XBF

CLR TI

¥ POP

CLR XBF

~42-

RET




JY

¥ POP

PUSH ACC
PUSH R
PUSE Ry

1

MOV Rg

#QUEUE
MOV R7 R

Q-FTR-1

MOV R,
$OUEUE

INC R,

— INC R,
MOV A,AT R}

MOV @ R_,A

DEC Q-PTR

POP R;
POP R,

POP ACC

END
¥ POP
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( EOT CMD )

|  PUSH
: ACCUMULATOR

|

MOV A, i
CMD-BUF J

-

‘CLR ACC. 7

USE ACCUMULATOR\

AS AN OFFSET
AND JUMP TO

QPECIFIC COMMAND
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<:;CM ROUTINE )

b —

[-PUSH PSW

! SELECT
EGISTER BANK

I J
PUSH P2
PUSH PO

I

I

PUSE Pl
PUSE ACC

L
[

CLEAR ANY
BUS

CONTENSION

T

—

CONVERTER

f

' UPDATE
1 PCM WORD
L_VPOINTER

RESTORE

ACCUMULATOR
g

RETI

—45~

+
PORTS + — -

POINT TO
WORD 1

A

PR |



e )
l
/

/ﬁCHO SAFE
Z/ COMMAND /

INVALIDATE

CURRENT CMD

RETURN FOR
XMITTER

RETURN
TO
OOH
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0265 00 =1 414 NQP
0267 00 =1 415 NOP
{126B 8088 =1 414 Jwp ERE
=1 817 :
=1 418 H
=1 519 :
=1 820 '
026D C212 =t 421 Cmpo:  CLR CMDIFLE +POXE COMMAND
=1 422 CMD 1 _DECTDE:
426F ES31 =1 822 nov A,CHD BUF+1 +POKE COMMAND,,, START DECODINE ADDRESS
€271 1200650 F =1 624 CALL  DECCDE +CHANGE ASCTT CHARACTER INTO HEY vailt
0274 5407 sl 425 ANL 4,807 (STRIP NOT APPLICABLE RIS
n276 F531 =t 428 LY THD_BUF+1,4
0278 £532 =1 $27 nov A,CMD_BUF42
027R 120006 F =l 578 CALL  DECODE
0270 €4 = 89 SwWar &
(2°F FS3C =t 477 nov CHD_BuF+2.4
N28¢ EST = 63t nov A,CMD_BUF+3
(292 129000 £ = 472 CALL  DECODE
0285 4232 =1 817 oR. CHD_BUF+2,4
1287 201228 RN | 3B CMDIFLE,CHD! DECODED  ;ADDRESS 1S DECODED INTQ TWD BuFel & ¢
026R ES4 =1 435 nov #,CHD_BUF+4
028C 120000 F =t 53 CALL  DECOUE
028F C4 E Ay SwAP A
1290 £533 =y I ngy CuD_BUF+3,A
0292 £53% =1 439 noy A CMD_BUF+5
G294 120000 F =1 g4 CALL  DECODE
0297 4237 =1 &M ORL CHD_BUF+3,A sDATA AND ADDRESS DECODED
(299 853183 =l 642 nov DPH,CMD_BUF +1
029C 853282 IR T M L' DPL,CHD_BUF+2
029F 438340 =1 &M ORL DPH, $EEPRON_SELECT
2242 €513 =i 045 nov A,CND_BUF+3
0204 FO 21 bhb MOVI  RDPTR,A +AND WRITE 1T TQ THE EEPRON
=1 o8 EEPROM_RL1:
0245 73F0A8 =t b2 Ny B, 4€0T_CaDE
0248 120006 F =1 449 CALL  ECHD +ECHO THE EOT CODE TO SHOW CMD COMPLETE
nZAB D210 =l 850 SETE  CWD_RDY
024D 22 =l 451 RET +AND LEAVE
=1 452 H
=1 451 :
D26E D212 =t 454 CHdl:  SETB  CMDIFLG $PEEK COMMAND
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NCS-S1 MACRQ ASSEMBLER LIPD (SUPER ARCAS! 16 OCT 83 PARE 1

L0 oBl LINE SOURCE
S29( BOBD =1 45§ N CWD_! DECODE  ;DECODE THE SAME AS CMDO
=1 8% oMD1_DECODED:
Q282 53 =1 497 nov A.CMD_BUF+1
“2R4 440 =1 558 ORL A, BEEPRON_SELECT
2786 F38I =1 659 NV DPH, A
(28 853282 =1 be0 nov DPL,CNT_BUF+2
0288 ¢ =l gbd BOVX A, BDPTR
T2BC FSRC st bhZ NV 8.4
CIBE 120000 F =) 682 CALL  ECHO
00 TSFOAB =] b4 nov 8,8E07_CODE
0274 120000 F =} 648 CatL  ECHO
(it n =l Bs RET
=1 447
! 48 :
=1 849 CuD2: + ADAC TEST ROUTINE
2208 ES3Y 1 470 Ll A, CHD_BUF+1 16ET THE HIGM NIBBLE OF THE MONITOR ¢
CIDA 120000 F o=t 47 CALL  DECODE
220D Lt =AM SwAF A
¢2fg F83 =1 873 MOV CHD_BUF+{,A
“Ihr RS2 = A nov A CHD_BUF+2
OUNID ¥ 3v 1o R S B Y L CALL  DECODE
A205 45 Y] CRL A, CHD_BUF+!
DTN F o=t 877 CALL  GET MON
3I0A FEFY =t 478 nov B,A
JIC 120000 F =1 479 CALL  ECHO
C2DF TSF0AB =1 580 MOV B, 4E0T _CODE
CIET 120000 F o=t 46 CALL  ECHO
02ES 2 =1 582 RET
=l ¢82 :
=1 484 :
=l 689 BET_MON:
J2BE MQ0 =] 4Bs ORL A, BNON_SELECT
CJEE TSBOFF =] 487 nov PO, 8OFFH ;MAKE SURE THE PORT 1S CLEAR
228D FSA) =1 488 nov P2,A
nED 1238 =1 589 SETB  MON_ALE
"IEF 204 51 6% CLR NON_ALE
2261 pIet =1 69! SETB  MON_STRT
LIFT 292 =1 a9 CLR MON_STRY
LoFS TSAC00 =1 493 Ll 2, 800K +DESELECT EVERYTHING
{258 TFFF = 49 Nov R7,00FFH +PREPARE TO MAIT FOR 250 USEC
(IFy [FFE =l 699 DINI  K7,8
7IEC TR =1 4% oy P2,8M0ON_SELECT sRESELECY ADAC
IR T5gQEE =1 497 noy B0, $OFFH +MAKE SURE PO IS CLEAR
3202 0292 =1 498 SETE  MON_OF <ENABLE MONITOR OUTPUT
AT L1 L) L AP0 sAND GET THE VALUE
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A _

t6C 0BJ

0306 £292
(1318 75A04C

G708 22

2200 03

03D COED
0I0F 944}
031! 4003
(313 240R
9315 1591

T2
'?“;4 52

8218 DOED
1714 €
E W0

aeqp An
oD 22

031E 120009
0321 Co8C
0123 833187
2326 COA0
0328 75A0D8
432B DOAC
032D 853280
£130 COAO
9332 75058
I35 DOAO
(337 D8O
239 755048
033C 120000
033F €290
0341 5296
(343 22
9344 120000
1347 €089
0149 853180
034C CORO
034 75A0E0
0351 DGAO
2157 833286
0356 COAC

[A)

[T
—

"

woonwoon
e— i b

U I LI LI T R 1]
e h e e e e

1] "
P

wonow
b~

now
. - v

]
—

w on
o o

Y I L R U T )
. oa e pem Sl b rt pem b e B e

W o wonn

1]
—

_INE

760
0
702
703
TH
705
704
707
708
709
719
e
72
I
714
75
116
717
718
79
728
2
n
s
724
725
72
727
728
725
73
731
3
7%
7
75
73
737
738
79
740
8
742
"3
04

LIPD {SUPER ARCAS!

SOURCE

DECODE:

NOT & P2

onps:

L

iR
oV
RET

CLR
PUSH
5UBk
I
D

DEC
RET

pCP
CLF
SUEE
RET

CALL
PUSH
v
PUSH
nov
POP
nov
PuSH
MOV
POP
POP
nov
CALL
(LR
SETE
RET

CALL
puck
noy
PUSH
nov
pPoP
i)
pysw

NON_OE

LIt ]

acC
3,
NOT A F
4, §0A8
%

£12_BIT_DECODE
PO
PO, CND_BUF+1
o7
52,4M58 _RF

5]

PO, CHD_BUF+2
P2

P2, 4LSB_RF
02

Py

B, 4E0T_CODE
ECHO

IFR

XFR

812 B17_DECODE
Pl
£9,CHD_BUF*1
P2
P2, 4M5B_DC
P2
PO, CHD_BUF+2

2
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»C2-51 MACRC ASSEMBLER

LM

TSA0AD
ISR DA

So8e

TsEnag
R SN 2
2785 LI
R

3 =~

-

-
ze=s
=2

IR ESY
2385 120000

Ana
e

1363 0089

1387 BIIE0

T Rewa

ME
120009

hal
" [ 1) " " "
P ea mm pes bm e b=

wonoa

"
W
Vo b e e e s b b b pee e b= bee bia e s b= e

il
" " " L}

"
[ L T R TR 1)

[} H

- b e e .

LINE

-5
T4
47
T
"9
75¢
758
752
75
754
755
75¢
757
758
759
78(
3!
782
263
764
745
766
787

a8

LIPD (SUPER ARCAS!

SOURCE

e
Foe
poF
uey
CALL
CLP
SETB
RET

R12 81T DECODE:
nov
CALL
SHA°
oy
nov
CALL
oL
Lt
CALL
SWAP

"oV
°ET

nav
CALL
kL
%V
nov
CALL
SNAP
v
mov
caLL
GRL
TUGH
Lt
PUSH
gy
e
PopP
"oV
fALL

P2, 4.58_1C
pZ

e
F.4E07_CODE
ECHE

IR

(FR

4,CMD_BUF+1
DECODE

A

CMD BUF-1,A
A CHD_BUF+2
DECOLE
CMD_BUF+ 1,4
A CND_BUF+3
DECODE

4
CHD_BUF+2,A

:0FFSET/BIAS POKE
A, CND_BuFs!
DECGDE
A, 4RIAS O SELECT
CMD_BUF+1,A
A CND_BUFs2
DECODE
[
CMD_BUF+2.4
£, CUD_BUF+3
DECODE
TMD_BUF+2. 6
80
£0,CND BiF+2
.
P2,CMD_BUF+!
»2
po
B, 4E0T_CODE
ECHO
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MCS-51 MACRC ASSEMBLER

LIPD (SUPER ARCAS)

Lo 0md LINE SQURCE
07AE 22 =t 790 RET
=1 791 H
=1 792 ;
=t 793 CMD&: 1BIAS/OFFSET POXE
0IAF ES3! =1 79 nov A,CHD_BF¢1
G381 120000 F =t 795 CALL  DECODE
0364 A470 =1 7% ORL A, BBIAS ! SELECT
03Bs F53! =t 197 "oy CMD_BUF+1,A
0388 £532 =1 798 nov £,CMD_BUF+2
O3Bk 120900 F =t 799 CALL  DECODE
038D C4 =t 800 SWAP A
U3BE FS32 =1 B0} Nov CMD_BUF+2,A
23C0 ES33 =1 B2 nov A, CND_BUF¢3
63€2 1206000 F =1 BO3 CAtL  DeCoDE
03C5 4232 =1 804 ORL CMD_BuF+2,A
¢3C7 €080 =1 803 PUSH PO
03C9 853280 =1 806 nov PO, CHD_BUF+2
03CC COAO =1 87 PUSH P2
03CE 853140 =1 808 nov P2,CHD_BUF+1
030! DOAD =1 809 POP P2
0303 D080 =1 810 pPoP PO
G305 75F0A8 =l 811 Lt B, #E0T_CODE
0308 120000 F =1 812 CALL  ECHO
(308 22 =t 813 pET
=1 84 cup7: {RAR PEEV
(30C ES3t =1 815 NOV A,CMD_BUF+1
03DE 120000 F =1 B1b CALL  DECODE
23E] C4 =1 817 SNAP A
02EZ F531 =1 818 L CMD_BUF+1,A
22E4 ES32 =t 819 nav A.CMD _BUF+2
036 120000 F =t 829 CALL  DeCODE
L3E9 4231 =1 8A ORL CHD_BUF+1,f
03€B C000 =1 822 PUSH  QOM 1RO RBD
O7ED AB3! =l 8% nov RO,CMD_BUF+1
03EF Eb =t A "oV 4,800
GIF0 DOOO =1 8% porP 90 1RO RBO
03F2 E5F0 =1 B2 Moy Bk
J3F4 120000 F =1 827 CALL  ECHO
0JF7 75F0R8 =1 828 ngv B, 80T _CODE
03FA 120000 F =1 829 CALL  ECHO
03FD 22 =1 830 REY
=1 83t H
=1 832 H
=t 833 Ccmpe: +RAN POKE
0IFE E501 =l B34 mov A,CMD_BUF+1
-67~
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NCS-S1 MACRO ASSEMBLER

LIPD (SUPER ARCAS)

16 OCT 85 PAGE 21

ik

e e —— s et R m . .

L0C OB LINE SOURCE
A0G 120000 =! 38 CALL  DECODE
0407 4 =t 8l SWAP A
7434 F331 =l g7 v CMD_BUF+1,A
(434 ES32 =] 88 nov A, CMD_BUF+2
408 12600 ={ 19 CALL  DECODE
AR 4231 S 1] 0RL CMD_BUF+1,A -
SLISE L R =1 84! v A,CND_BUF+3
AR 120000 1 882 CALL  DECODE
n812 €4 LI XS SuaP A
43 FER2 11 NOV CHD_BUF+2,A
7415 E534 =] B4 nv A,CHD_BUF+4
417 120006 =1 84 ChllL  DECODE
n4la 4532 =} 847 ORL A, CAD_BUF+2
{417 000 =] 848 PUSH 00 ;RO RBO
JALE AES! =1 8 nv RO,CNL_BUF+!
1350 =} 850 MoV R0, 4
C420 DH00 =l 895! POP 00 10 RBO
o477 T5F0AB =l B852 u0v B, #EQT_CODE
J828 120000 =1 833 CALL  ECHO
na29 22 =] 8 RET
=1 835 ;
=1 B5¢ H
=} 8%7 H
=] 658 cHD9: sENABLE HVRF
CA25 L2BS =1 8% iR RF_kY
427 TSEOAB =t GC w0y B,8EQT_CODE
ASE 120070 =t Bt CALL ECHO
IR S =t BaZ RET
=t 863
=] B4
=1 BAS :
=t Bbe CMD1C: +DISABLE HVRF
477 D2BS 1Y) SETB  RF_WV
275 TSE0R3 =l 848 nov B, #EQT_CODE
2438 120004 =1 B&9 CALL  ECHO
478 22 =1 8N RET
=y m H
=1 872 :
=, 873 H
z{ 8T CmD11: ;CLR POS NEG 10N SELECT
JA3C 297 =l 87§ CLR 10N_CONT
O4ZE TSFOAB =1 87 nov B,#E0T_CODE
4L 120000 =1 8”7 CALL  ECHO
G444 22 ={ 87 RET
=l 879 :
-68-
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MCS-51 MACRO ASSEMBLER LIPD !SUPER ARCAS) 14 377 8%

LoC 0Bl LINE SOURCE
=1 880 :
=} 88t H
=) 882 cnpi2: +SET POS NES ION SELECT
2445 0297 =1 883 SETH TON_TONT
447 75F0A8 = 8§ "y E,9EQT _CODE
J447 120000 F =] 8B CALL ECKE
n44D 22 =1 984 RET
=1 887 H
=1 888 :
=1 889 H
= 899 CHD13: (STEP GERIAL COMMAND
J4E EST =1 891 LIty 4, CMD_BUF 1
7450 1206006 F =1 892 ZatL  DECODE
~453 F503 s 893 nay nPH &
2455 €532 =1 894 "oy 4, CHD_BUF+2 +H1 NIBSLE DPL
n4s7 120000 F =1 B95 CALL DECOE
(454 C4 21 89 SHAP i
045B FSB2 =t 897 nov bPLL A
49D ESIT =t 898 LY A SN _BUF+3
MEF 120005 € =1 266 ChoL JECODE
042 4282 = W ORL OPL.A
(424 D214 =1 99t SETE  GERIAL STEP
44 7400 Fo=y o 962 ngy A, BLON(CALL_PROFILE}
(448 COEO 21 903 PUsSE LT
046R 7400 F=t 904 ny S WMIGHICALL PROFILE)
4L COED =1 9% tugw AT
4ot L2135 =1 904 CiR MULTT ANy
0475 32 =1 997 RET] tRETURN S0 AS 70 BE ABLE TO INTERUPT VIA THE
=t 908 d SERIAL LINK
=y 909 CALL _PROFILE:
0471 2UIFT 2§13 J8 YBF,$ +LOGP UNTIL BUEUE IS EMPTY
0474 12000¢ F =t 911 CALL  FLIGHT_PROFILE
=t 912 NEXT STEP:
0477 TSAF1R =1 &7 nov 8_PTR, #20D
2474 D299 =1 914 SETR 11 sCREATE 4 SERIAL INTERUPT
=1 9:% sPROCESSING INTERUPTS Y0 SEND QUELE
o470 G0 =1 914 NOP
5470 2011FD =t 917 JB 1EF .8 +L0OP UNTIL ALL DATA [S SENT
£480 371508 =1 918 INB MULT] _AMU,STEP EXIT
0483 2011FD =1 919 JE 16F,. 8
0486 120000 F =t 920 CALL  ENTRY
n439 80EC 2 9 Jnp NEXT STEP
=t 972 STEP_EXIT:
0488 75F0A8 2] 13 nay B.4E07_CODE
04BE 120000 F =1 34 AL ECHO
-69-
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NCS-51 MACRO ASSEMBLER LIPD (SUPER ARCAS! 16 OCY 85 PAGE
L3I0 0B LINE SOURCE
(491 C214 925 CLR SERIAL _STEF
433 22 926 RET
o7 .
78 d

93¢ [uD14: sPCY RUN COMMAND

0494 300000 € 93! noy DPTR,#JMP_TO_PROFILE

R R LA
o
o]
3

L} " " n " [1] " H N " " "
- —

1457 CLE2 PUSE DL

wase L8 933 PUSH  DPH

CAIE T2 934 RET] (ALLOW SERIAL COMMWANDS TO INTERUPT
B A JNP_TC PROFILE;

GA9C L2000 F o=t 9T 0L DO _PROFILE +RELEASE CONTROL YO FLIGHT PRDGRAM

) SINCLUDE( sFtsLIPD.FLY:
138 RSER PROFILE FLT_CODE

4
Y

=0 93§
=1 :
= W :
=t 94z [0 _FELEILE:
Wl T =} 943 CLR TIME BIT
R Tty =l 944 "oV DPTR, #4C10H
=t QS FLIGHT_PROFILE:
{008 432340 =t g aRL DPH, $EEPRON_SELECT
Y8 IS =] 97 CLR BULTI_AWU
SRR ACh! =t g SETR  YFR
G207 TSROSO =p 340 v P2.8D_LOW +CLEAR THE COUNTER
TROF TSR =l 90 v P2,409
412 TS80FF =] 9§ nov PO, MOFFH
= 3% 16ET_ANU
310 50836 =l 940 NOv PCH_POINT, $QUEUE-L sALIEN THE PCH TRAIN
TR2Y TieFD =] 91 INB TIME BIT,$ sWAIT HERE TILL POINTING T0 WORD @
= 982 4
=i §A3 :
=1 G54 ¢ THIS IS T=0 98 wORD & IS IN THE PROCESS OF BEING SENT 18
=1 98% ENTRY:
RONIROIL i =l 0% JNB MULT]_AMU,SET_NEW_VALS ;IF MULT! AMU THEN LEAVE BIASES
Ti28 000000 F =1 Qg7 Jnp WAIT T |
=] 98 SET_NEW_VALS:
s 947 T6ET_RAT_AND_BIASES
= 970 “SET_OFFSETS
=, 1008 YSEY_AMU_VR 150 SEND CUT THE AMU/RATID VOLTAGES
={ 1012 1SET_BIASES
W D200 =1 1072 WAIT T 1:SETR  IFR :TRANSFER ‘THE RF AND DC CONTROL LEVELS
a0es £290 ={ 1037 CLR IFR
SORE DI90 =t 1034 SETB IFR
{80 D21e =t 1035 SETR  TIME BIY +MAKE SURE THE FRANE [S ALIGNED
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MCS-51 MACRO ASSEMBLER

LoC 08J

3082 2015FD

085 CO€3
neR7 C082
9989 904000
00BC €0
£0BD F519
JGBF A3
46C0 EC
70Ct D082
0503 D083

40CS ZOleF
nce 291

00CA F53a
00CC 2016FD

MCF J015FC

9002 20146FD

158 850518
4309 850A3C

2908 T016FD

N9DE 850830
GOE! 850C3E

D0ER 2014F2

"w oo
.

- e e

f uon
r—

[TT]
—a voe e

" " H " n i " " " "
“ b4 e = s s b= rs e e s

wowon
- p— e 4 ma b= s e e e

LINE

1036
1077
1078
W9
1040
194
1047
1643
1644
1045
1046
1047
1048
149
1050
1051
1052
1653
1054
1455
1055
1657
1058
1059
106
1061
1062
1063
1064
1065
1066
1087
1068
1649
1578
1071
1072
1073
{074
1075
1976
1077
1078
1079
1080

LIPD (SUPER ARCAS)

SOURCE

b TINE BIT,$

WORD ¢ 15 SENT BY P

PUSH  DPM

PUSH DAL

MOV DPTR, B4QGOH

MOVI 4, 8DPTR

WV GUEUE.A

INN  DPTR

VY A, 8DPTR

POP DPL

PP DPH
WAIT T 2:

NE TINEBIT.S
CLR ONT

WORD 1 IS SENT BV PCH

"oV BUELE+],A
I8 TIME_BIT,$

WORD o IS SENT PV FCM

INP TIMEBIT,S

WORD I IS SENT Bv P

JE TINE BIT,$

i+ WORD 4 [S SENT BY °Cw

OV QUEUEeD,AMU M
WOV QUEUEs3,AMU_L

INE TIMERIT,S

¢ WORD 5 1S SENT Br PCM

WOV QUELE+A,RAT W
MOV QUEUE+S,RAT L

J8 TIME BIT,$

-71-

1 S0 WATT HERE UNTIL THINES SET7i %

(SAVE DATA RRINTER
: GET FRAME WORD

: ¢

ORE IT
NE WORD

1

¢ RESTORE THE DATA POINTER

(WAIT 73 SEND WORD !
(START COUNTING DATA T=Tetps

(WORD ¢ IS SENT SO RESTORE WORD
(WAIT TC WRITE WORD 2

(WAIT TQ WRITE WORD 3

(WATT 7D WRITE WCRD 4

{RESTORE WORDS 2 4ND T

(WATT 70 WRITE WORD S

{RECTORE WORD 4
+RESTORE MORD 5

(NALT D WRITE WCRD 4

alion .

Bl oo




H35-C1 MACRD ASSEMBLER

K

I{EF

08l

J0L6FD

2 T4

120000

BOFT 2008FD

[T RS
[ 2 e IS T

-~

s

ces

20880
F51

Q‘rﬂ
cRGL

JERPRARNIY

JQ16FD

1IN0
F543
TG0
120060

AT 21

120000

k4l

H "

- s hr s Bes

[

L L LN I T R TR | R T T 7]

— en bh aa s e s

"

L)
s s

" on

L L T T T T A A (]
L o

—

LINE

108!
1082
1083
12%§
1052
1093
1094
1095
1096
1697
1098
1059
1100
191
1102
1103
1104
1as
1106
ny
1108
11
NG

i

LIPD ISUPER ARCAS!

SQURCE

.
*

: MORD & IS SENT BY PN
1667 _AnL

JNB

TINE KIT,3

+ WORD 7 IS SENY @y pCM

: WORD :

Hov
caLL

3B

ThALL
wov
ny
CALL

JINB

CaLL
ugy
"oV
CALL

JB

A 4RF NON
ALC_MON

TINE_B17,8

i WORL 8 IS SENT BY PCM

ADAC
QUEUE+8,A
R LU ]
ADC_MON

TIME 5178

t WORD 9 IS SENT gy FCM

ADAC
QUELE+S, 4
A, BHV_2_WON
ADC_NON

TINE BIT,

5 15 GENT BY PCw

CALL
nov
nov
CALL

JNE

ADAC
QUELE+10,8
A, ACONE_ON
ADC_MON

TINE BIT,$

: MORD 11 SENT By PCHM

CaLL
KoV
nov

ADAC
QUEUE+11,4
A, ¥0C_MON

72~

16 OCT 85 PABE 25

(6ET THE NEXT VALUES FOR AMU

1START ADAC CONVERSION OF RF MONITOR

+6ET THE RF MONITOR VALUE
{AND RESTORE WORL £

(START ADAC CONVERSION OF Hv | MONITOR

(GET THE My 1 MCNITCR VALUE
1AND RESTORE WORD 9

:START CONVERSION OF ®V 2 MONITOR

$OET THE Hv 2 MONITOR VAL'E
{AND RESTORE W3FD [0

;START CONVERSION OF COME MWON1TOR

16ET THE COMB WONITOR WALUE
{AND RESTORE WORD 11




MUS-S1 MATED ASSEMBLER LIPD (SUPER APCHS) BN N

L OBJ LINE SOURCE
9128 120000 F =t 1133 CALL  ADC_MON {START CONVERSION OF THE D.C, MONITOR
=1 11 ]
3128 2016F0 = 1138 I TIME BIT.$
=l 13 H
=l 13 : WORD !2 SENT By PCM
=t 1138 :
CICE 126000 F o= 1179 CALL ADAC +BET THE 2.C. MONITOR
9131 F545 =t 1140 nov QUEUE+12,A +RESTCRE WORD {2
9132 7401 :l {141 0y A, 4VCC_NON
135 120000 £ = 1142 CALL  ADC_MON iSTART THE CONVERSION OF THE +- 15 % wONIT%
= 18 :
NIV IOLFD =p 14 INE TINE BIT,$
L i
1 11 v WORD 13 GENT 8y pCM
TR TY LR
TR 120063 F =1 114p CALL ADAC 16ET THE 4- 1Sy EONITQR
013F FS546 =1 1149 LY QUELE+17 4 JRESTORE WORD 2
(140 7405 =t 1S bt A IBAT MON
&2 120000 £ o=y 1Ry CALL ADC_MON (START THE CONVEPRSION QF THE BATTES: MiyT7™a0
=t 1152 :
G145 201470 =t 1193 18 TIME_BIT, ¢
=l 1154 :
=1 st + WORD ‘4 SENT RvY PCM
=t 1154 '
G148 120000 F =t 1157 gaLL &DAC +6ET THE BATTERY WONITCOR VALUE
0148 F547 =1 1158 MoV BUEUE+14,A {RESTORE WORD 14
140 7407 =t 1159 oy &,ITE!P_HQN
JUAF 120000 F =t 11m0 CALL  ABC_MON tSTART TYE CONVERSION OF "HE TEMF MONITOE
=1 18] H
3152 I016FD =l 1182 INB TIME BIT,s
=l 11T :
2 1k : WORD 1S SENT Bv pCw
=0 1169 !
0155 126000 ¢ =1 11&b CALL  ApaC (GET THE TEMP MONITOR VALUE
(158 F548 =t 1167 nov QUEUE+15,4 tRESTORE WORD !5
=1 1148 ‘
NMSA 2016FC =l 1169 JR TIME_BIT,$
=t 1170 H
=1 1 + WORD 16 SENT &YE PCM
= 11N H
G1SD 850049 =1 1173 nov QUEUE+16,0 BIAS +RESTORE WORD 1%
0150 ES09 =1 1N Nov A, ANU_K $TES™ THE NEXT AMU FOR A CONTINUATION
=1 117§ + ARE ALREADY SET
0162 6078 =l 117 J1 NOT_WULTI_AMY
0164 BAFFNG = un CINE A, BOFFH,NOT_END PROFILE ;IF FF THEN NEXT IS START
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MCE-51 MACRO ASSEMBLEF

~m

Ul

-
on

oo
) L

0
>

a
rre

e

0Bl

7 904010
w L2195

224000

any
JLF9

Q20060

4 BS0E4A

2G16FD

10 BIOF4E

TICRT8

e pn
ieFl

liel

FI80FF
CaHUAY
83803
T30
S0FF

" " " "
e em b e

"
— =

LINE

1178
(179
118¢
1181
1182
1183
1198
1190
1200

178
eala

1202
I

1204
1208
1204
1207
1208
1209
12
i

e
Laa

MY
icls
1214
(170
smdd
[Bdokd
IR
~m
1224
[Rodeld
s ki
~ng
1225
any
1237
An
15&
1220
1230

123
&
cAt-
“\
sale
(AT
€177
PR

LIPD (SUPER ARCAS' 16 OCT 85 PaeE

SOURCE

MOV DPTR,M4010H  {POINT TO NEW BEGINING
CLR  WULTI_AMU
I NOT_MULTE AMy

NOT_END_PROFILE:
SETH  MULTI_AMG
ZSET_AMU_VR
I WORD_17_WAIT
NOT_NULTI_AWU:
I DFTR
N DPTR
I DFTR
INC  DPTR
I DPTF :ADJUST THE DATA POINTER TO POINT TO THE

: TOP OF A PAGE
ANL DPL, #Fh
ANL DPH, B074

uoy A, DPH (CHECK FOR EEPROM (VERFLOW
INI NDT_EEFROM RESET
L] DPL BTk i+ PESET 10 POINT AT 010

NOT_EEPRON RESET:
ORL  DPk,BEEPROM_SELECT
LR WULTY e
16T ANy

WORD 17 WAIT:
B TINE BITS

¢ MORD 17 SENT BY PCM

WV QUEUE+17,BIAS_ :RESTORE WOKD 17 AND SAVE FOR NEIT
1B TINE BIT,$
; WORD 18 SENT BY PCK
MOV GUEUE+IE,BIAS 2
;3138 N THE PROCESS OF SENDING WORD 19 311
{3888 REALIGN T0 SEND WORD O NEXT 8383
MOV PCM PCINT,#QUEUE
I TINE EIT,
: WORD 19 SENT BY PCK #8388 BET NEW DATA FOR QUEUE
SETR ONT
MV PO, ROFFH
WV P2,4D_HIGH
OV QUEUE+6,PO 16ET THE WIGH BYTE
MY R2,800
WV F,B0FFY

=74
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MCS-51 WACRO ASSEMBLER LIPD (SUPER ARCAS. ‘6 0T &S
Loc 08 LINE  SOURCE
1DA 75A080 =1 1244 WOV F2,4D LON SEET THE LON BYTE AND CLEAR THE CTUNTEP
01DD 8508060 =1 1245 MOV GUEUE+?,PO
01E0 TSRO0 =! 1246 MV 2,800
1ET 9S104C =1 1247 MOV QUEUE+i3,BIAS 3 :KESTORE WORD 19
SUEL 201407 = 1248 I8 SERIAL_STEP,PROFILE_RETURN:IF CALLED THEN EXZCUTE & SETuey
O1E9 020000 £ =t 1249 P ENTRY (EYETUTE NEXT PROFILE
:1 125 FROFILE_PETURN:
NET 2 21128 QET {PETURN "0 CALLING FROGRAM
= 1292 :
=t 1257 ADC_MON: 1START ADAC CONVERSION
DLED £204 21 125 CLR ™ON_ALE
HEF 4403 = 1259 ORL A, #MON_SELEZT
31F1 COAD 21 1256 PUGH 7
MY FSAD 1 1257 NV oLk
01F5 [294 =1 1258 SETE  WIN ALE
MET (294 21 125e DR MK S
DIFT DOAY =t 1250 POF e
31FB 5703 SRy SETB  MON STRT (3TART THE CONVERSION
01FD €297 211282 CLR 0N STRT
DFF 22 21263 RET
={ 1254 :
511265
2l 1266 ADAC: {6ET CONVERTED ANALOG VALLS
6260 COAD =1 1267 PUSH P2
9202 £0BO =1 1268 PUSH PO
0208 75A000 =1 1269 WV P2,800
0207 7580FF =1 1270 WOV PO, BCFEH
208 0297 = 1271 SETR MO CE
5200 €589 =1 v AP0
320F £702 =1 1273 CLR  “OW OF
-216 D08% sl 1774 PP P0
6212 [060 21 1275 PP R2
624 2 =1 127 RET
1277
=] 1278 H
= 1279 1 INTG CRIVEN ROUTINE FOR PCN LINK
=1 1280 PCW_ROUTINE:
0215 CODO =1 128! PUSK  PSH
51 1282 USING !
5217 C204 = 1263 CLR R
6219 D203 =1 1284 SETR RSO
5218 (090 21 1285 PUSH P!
021D £292 =1 1286 LR MON_OE
021F COEO = 1207 PUSH  ACC
0221 H4D = 1288 PUSH  ©2
_75_
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mC5-51 MACRO ASSEMBLER

Loc

0233
0228
{22
Ay

azla

622¢
L2%F
e
cavd
o734
oty

123
2236
2230
e
SR

RS

4N

£080
Es

"8
§B4D92
"873

%4000
£58¢

TSh(72
754000

' Bllg

Doge
§0a0
DIEO
2090
10D

-
il
Y

" T T BT LU T 1)
P e b s P pa e e b

1) )
s

—

LINE

1289
1297
1%
1292
129
1294
1295
129
1287
1258
1259
1300
1301
1302
1303
1304
1308

1306

LIPD (SUPER ARCAS)

SOURCE

NOT_QOVERFLOW:

END

PUSH
nov
INC
CINE
nov

"o
oy
N0V
NOV
erL
POP
POP
PO
POP
POP
RETI

16 OCT 85 PAGE 29

PO
A, 8R0 16ET THE NEXT WORD
RC :POINT 7O THE NEXT WORD
RO, BOUEUE+20,NOT_OVERFLON
RC, $QUEUE :REALIGN IF DVERFLON
P2,800
L
P2,4PC* L0AD ;PUT THE WORD INTO THE PCM STREAW
P2, 800
TINE BIT iSHOW THAT THE WORD IS BEING SENT
PO :RESTORE THE WAY FOUND
P2
acc
Py
PSH
1AND RETURN
-76~
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MCS-51 MACRC ASSEMBLER

IREF SYMBOL TABLE LISTING

ApAC . ...

AT MON. . . . .
EAUD_COUNT . . .
BIAS 0 SELECT. .
RIS 1 SELECT. .

CHD_ONT. . . . .
CHDRDY. . . . .

BIAS 3 . .. ..
BLOM_CAP_ASAIN |
BLOW CAF . . . .
EALL_PROFILE .
(A ELAY. . . .
AP SAFETY L L .
CND_1_DECODE . .

Tvep

NUNR
3 ADDR

 ADDR
C ADDR
D DDR
L ADDR
i ADDR

NUMR

NUME

NUMB

NuMB
D ADDK
D ADDK
ADDR
ADDR
ADDR
#ODR
ELOF
0 ADDR
{ ADDR
0 ADIR

(=]

» 3 I D

D ADDR
B ADDR
C ADDR
C ADDR
C ADDR
C ADDF
C ADDR
C ADDR
C ADDR
C ADDR
C ADDR
C ADDR
B ADDR
C ADDR
C ADDR

13

LIPD {SUPER ARCAS:

VALUE

UNAIH &
GOEQM A

02604 R
0LEDN  F
D009 4
O00RH 4

L

207 M

0005H
DOF 28
0068H
0G70H
000EH
000FH
0010H
O0BEH
008RH
04714
OFA2H
90( 14
NILFN
H03CH

' T ke DO OD D >IN D  D D

0038H
00Z24.0
Q27K
017ER
02504
02824
0ZAEM
0433¢
O0A3CH
0445H
QMEH
0494H
00224.2
02C8H
031N

D Do > XD 0D D DI T Do O T D

ATTRIBUTES AND REFERENCES

Bad 415 707

275 294 300 318 33

<47 552 Soi 572 706
SEG=FROFILE_FLT_CODE
SE6=PROCILE FLT CODE

349 381 379 I8¢ J9%
713 003 903 8! 98

1297 1106 1115 1174

208 834 1007 1070 1083 1174 1185 (118
218 357 1206 1071 1088 1188 1219

4C1 402 410 433 479 503 528 348 533 448 867 cod 4TE oE.

82¢ 828 852 840 Bo8
968 1150
988 237 238

87¢ 884 923

758 773 1021 1024 1027 1030

T80 796 982 967 997
258 1023 1228
268 1026 1232
278 1029 1287
SEG=SERIAL_BOOT_CODE
SE6=SERIAL_BOOT_CODE
SEG=SERIAL_BOOT_CCDE
13
288 164 244 248 322
5=6=SERIAL_BOOT_CODE
TI 233 431 4G4 55¢
843 645 557 660 870
71 774 775 778 779
819 821 923 834 8T
48 234 405 430 435
128 271 403 49 557
SEG=SERIAL_BOOT_CODE
SEG=SERIAL_BOOT_COLE
SEG=SERIAL_BOOT_CODE
SE6=SERIAL_BOOT_CODE
SEG=SERTAL_BOOT_CODE
SE6=SERTAL_BOOT_CODE
SEG=SERIAL_BOOT_CODE
SEG=SERTAL_BOOT_CODE
SEG=GERIAL_BOOT_CODE
SEG=SERIAL_BOOT_CODE
48 621 634 654
SE6=SERIAL_BOOT_CODE
SEG=SERIAL_BOOT_CODE

-77-

N

997

3514
J20¢
S02 9G4 9094

35
6228 553
566 567 €23 826 627

493 495 85
630

568 5704
402 4784
378 s21t
634 5564
380 4544
398 Gast
00 8744
602 5828
404 8908
806 9308

582 5698
564 719¢

438 490 299 =07 5oE 577

991 993

4

IDRNERS LA P

830 531 633
873 KTh 75 722 T2 730 74T
T&{ 787 THY TS4 797 79g§ &0
818 840 841 B44 545 B4T 846 g9

2am
30
a2

815 67E 339 ¢
18 759

504 506 §

TR 1Y AT
FAN S-S PR

g2t 392

€T~ g~

2 £3
(¥ 3]
w?

~ - o9



MCS-31 MACRO ASSEMBLER

LIPD (SUPER ARCAS!

16 0CT 85 PAGE I!

NANE TYPE VALUE ATTRIBUTES AND REFERENCES
[, 112 SN C ADDR 03440 R SE6=SERIAL_BOOT CODE 586 7368
(01 C ADDR O38ZH R SEG=SERIAL_BOOT_CODE 588 7708
M .. 0. . C ADDR 0JAFH R SEG=SERIAL_BOOT_CODE 390 7934
7 ., ., C ADDR 03DCH R SE6=SERIAL_BOOT_CODE 592 8144
s . .. C ADDR O3FER R SEG=SERTAL_BOOT_CODE 594 8338
L1 C ADDR 0428 R SE6=SERIAL_BOOT_CODE 596 8364 .
M. ... ... B ADDR 0090H.1 A 578 105t 1238
comg Mon . . . NUMB 20000 A 938 1123
DhiSH . . . .. NUMB 004BH A 698 1240
K11 NUNB J060H A 708 949 1244
DCMON . . ... NUMB 00044 & 948 1132
JECAMN. .. .. C ADDR 0CBIH A 197 2074
DECORE . . . . . € ADDR 030CH R SEG=SERIAL _BOOT_CODE 624 628 632 636 640 671 675 7048 757 741 764 772 7%
T80 795 799 803 816 820 835 BI9 BA2 844 897 B9S 899
DELAY 2. . . .. I ADDF QFAIH & 1149
peiay 1. . . ., 1 ADDK OFAdK A 1168
[0 _PROFILE C ADDR 00008 R SEE=PROFILE FLT_CODE 382 936 9429
DAL L L D ADDR COBIH & 485 487 S!11 642 544 59 893 933 946 1040 1048 1207 1208 1212
Pl s v o . D ADDR G0B2K A 484 468 S10 64T 650 897 G00 937 1041 1047 1206 1210
EA . v s e B ADDR 00ABH.7 A 173 254 518
[0 € ADDE CiC7HW R SEG=SERIAL_BOOT _CODE 436 497 S04 5198 544 554 649 467 665 £79 681 732 748
TES 817 827 B29 B3I B41 B9 877 885 924

ceeroe ALY , L, . C ADDR (2ASH R SE6=SERIAL_BOOT CODE 6474
SERRON SELECT, KUNB 2040 A 488 444 458 946 1212
ENTRY, L. L. C ADDK 0023 F SEG=PROFILE FLT CODE 920 94658 1249
T CMp, L, L, C ADDR 02168 R SEG=SERIAL _BOCT CCDE 486 5654
£ CopE . . . NUMB 00ABH A 1068 4837 548 664 580 731 748 788 BI! B28 852 840 B6B 874 864 927
Eac rape , L L, NUMB DCEFH A 1054 553
[ C ADDR SIFSH R SE6=SERIAL_BDOT_CODE 408 412 414 417 421 427 426 428 5458 569 41t
o B ADDR QGABH. 4 A 245 247 255
[ T abpe OIAAH R SEG=SERIAL_BOOT CODE 481 S02¢ 550
£37_CO0E NUME DOTFH R 1048 480 503 549
e, L. E ADDR 00A8H. 0 A 172 253
ER SRS C 2DDR 00030 A 143
v, U ADCR 00134 A 145
CRE T C ADDR 016D R SEG=SERIAL_BOOY_CODE 459 4si¥ 446
FLIGHT_BOOT. . . C ADDR M2k R SEG=SERIAL_BOOT_CODE 216 2i4¢
FLIGHT PROFILE , C ADDR QOSH R SEG=PROFILE FLY_CODE 911 ®45#
FUTDELAY, L L. € ADR 003FK R SEG=SERIAL _B0OT_CODE 235 2454
FORCE_RETURN ., . L ADDR 020ER R SEG=SERTAL_BOOY_CODE 3558¢
EEAME MORD O . . X ADDR  OFADY A 11
TRAME W(RD_! . ., Y ADDR WAR A 1124
- JE NUMB 0047H & 878 411
EET MON, ., . . . [ ADDR 02E6H R SE6=SERTAL_BOOT_CODE 477 685¢ N
SET NEITIY £ ADDR GO2DH R SEG=PROFILE FLT CODE 9728 977

~-78-
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NCS-51 MACRO ASSEMBLER

NANE

HV_IMON . . .,
W2 NN L,

IFRT.....

ISFLT. ... .

’ 10, . v .. ..
I%P_1C_PROFILE .
VEEP SAFETY, . .
LSO ... ..

S T
NAY_FLIGHT . . .
WON_ALE. . . . .
WON OE . . . . .
WOM_SELECT . .

WON STRT . . . .
SBOC . .. ..

NEXT STEP. . . .
NN L L L L
NOERR . . . ..
NO_ESC_ERR . . .
NO_OF CMDS . . .
NOT A F. . ...
NOT_EEPROM_RESE!
NIT_END_PROFILE.
NDT EOT. . . . .
OT ESC. . . . .
NOTLTA. ...
NOT WULTI_ AWMU, .
NOT_OVERFLON , .
0. ......

TYPE

C ADDR
C ADDR

NUNB

NUMB
B ADDR
C ADDR
B ADDR
B ADDR
T ADDR
C ADDR
B ADDR
C ADDR
C ADDR

NUNB

NUMB
{ ADDR
L ADDE
 ADDR
& ADDR
B ADDR

NUNB
B ADDR

NUME

NunE
B ADDR
C ADDR

NUMB
C ADDR
C ADDR

NUNB
C ADDR
C ADDR
C ADDR
€ ADDR
€ ADDR
C ADDR
£ ADDR
C ADDR
B ADDR
D ADDR

D ADDR
D ADDR

LIPD (SUPER ARCAS)

VALUE

01384 R
01E4H R
00024 4
0003 A
0088BH.1 4
00764 A
0090H.7 A
0022K.3 &
0132 R
011FH R
008BH.0 &
083CH R
002CH &
0060 A
00584 A
0120 R
0tiAH R
00874 A
0090H. 4 A
0090H.2 &
0000H A
A
&
A
A
]
A
R
R
A
R
R
R
R
R
R
R
R
A
A

—

00908.3
00EOH
00D8H
00224.3
0477TH
00394
01104
OIFEH
000EH
03184
01AAH
018FH
0199
0186H
0125
01961
022CH
0090H. 6
0080H

00904
00AOH

> B

ATTRIBUTES AND REFERENCES

SEG=SERIAL_BOOT CODE 425 4274
SEG=SERTAL_BOOT CODE 531 532 5358

914 1105

928 1114

174

1968 199 205

S48 875 683 1019

450
SEG=SERIAL_BOOT_CODE
SEG=SERIAL_BOOT_CODE

171 251
SEG=SERTAL_BOOT_CODE
SEG=SERIAL_BOOT _CODE

730 745 1013 1195

TH 728 1007 1185
SEG=SERTAL_BOOT_CODE
SES=SERIAL_BOOT CODE

A

508 168 689 690 1234 1258
S28 167 698 700 1271 1272

814 686 ¢96 1255

22 24
417 415k

931 935
207 2494

420 4228
411 M8

1259
1286

51 691 492 1281 1242

T 741 1010 1192
720 724 1004 1186

478 906 918 947 944 1179 1182 1213

SEG=SERIAL_BOOT_CODE
899 420
SEG=SERIAL_BOOT_CODE
SEG=SERIAL_BOOT_CODE
S718
SEG=SERIAL_BOOT_CODE
SEG=PROFILE_FLT_(ODE
SEG=PROFILE FLT CODE
SEG=SERIAL_B0OT CODE
SEG=SERIAL_BOOT CODE
SEG=SERIAL_BOOT_CODE
SEG=PROFILE_FLT_CODE
SEG=PROFILE_FLT CODE
408 164 326

185 323 354 487 497 899 721 722 726 730 738 739 743 747 782 783 787 805

9128 92!

406 4058
549 5518

708 7128

1209 12118

1177 11814

487 492¢

480 4828

414 4158

1176 1180 1199¢
1292 12944

oARE

J<

806 810 93t 981 986 991 995 1003 1006 1009 1012 1020 1023 1026 1029 118S

1188 1191 1194 1239 1241 1243 1245 1268 1270 1272 1274 1289 1296 1300

50 5! 52 §3 34 57 59 40 1285 1373

58 163 186 688 593 696 701 723 724 725 727 728 729 740 741 742 MR TiS

746 784 785 78 507 BOB BO9 949 950 982 983 9B7 98B 997 993 957 90g (04
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RCS-5! MACRO ASSEMBLER LIPD (SUPER ARCAS) 16 OCY 85 PAGE 33

NARE TYPE VALUE ATTRIBUTES AND REFERENCES

1005 1007 1008 1010 1011 1013 1014 1021 1022 1024 1025 1027 1028 1030
1186 1187 1189 1190 1192 1193 1195 1196 1280 1242 1244 1246 1256 1257
1260 1267 1269 1275 1288 1295 1297 1298 1301

: S D ADDK  GOBOW A 55 56
SCNLOAD . ... NMB O078H 4 74 1297
PCN POINT. . . .  NUMD  000BH A 178 183 252 960 1235 '
PN ROUTINE. . . C ADDR 02156 R SE6=PROFILE_FLT_CODE 144 12608
PREESC. . ... CADDR OICIH R SEG=SERIAL_BOOT_CODE 509 5134
PROFILE_FLT CODE C SE6  0244H REL=UNIT 123% 938
PROFILE RETURN . C ADDR  OIECH R SEG=PROFILE_FLT_CODE 1248 12508
SROFILE. . . . . Y ADDR  OFBON A 1188
P B ADDR  00BEH.4 A 23
S, . ... DADDR  00DOH A 387 394 437 489 498 560 1281 1304
PO o e B ADIR  00B8H.0 A 170 250
GBIAS . .. .. D ADDR  000DH A 248 1017 1020 1173
GFULL ... .. CADDR  OIESH R SEG=GERIAL_BUOT_CODE 524 SA0% 540
ANOTENPTY. . . C ADDR  OISAH R SEG=SERIAL BOOT CODE 446 4494
BPR. . . ... DADIR  OO4FH A 368 235 445 458 469 522 523 529 530 913
QUELE. . . . .. DADDR 003 A 356 179 182 183 252 268 271 450 4S5 45 523 526 960 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  030AH R SE6=SERIAL_BOOT_CODE 720 737 755¢
RAT H. . . .. D ADDR  COOBH A 228 971 1009 1077 1191

RAT L. . ... . DADDR  O00OCH A 238 1012 1078 1194

RCVERR. . ... CADDR (1ODH R SES=SER1AL_BOOT_CODE 403 4078
RECIEVE. . . . . CADDR  OOFDH R SE6=SERIAL_BOOT_COBE 391 3998
RESET. . . . .. CADDR  O00ONH A 218

RE MY, .. ... BADDR  O00BOH.J A 558 166 381 BS9 867

REMON . . ... NUMB  0006H A 908 1096

RE....... R ADDR  0098H.0 A 242 391 400

Foge INO. . .. CADDR 01D3W R SER=SERIAL_BOOT_CODE 3523 525¢
RSO, . . .. .. B ADDR  OODOH.3 A 161 389 1284

RSL. . .. ... B ADDR  OODOH.4 A 162 390 1283

SAVE BIT . . .. BADDR  Q022H.7 A 9

SBUF . . . ... DADDR 0099 A 401 450

SCON. ..... D ADDR  0098H A 239

SELECT . . . .. BADDR  O0CAOH.6 A Se4

SERIAL_BOOT_CODE C SE6 J49FH REL=UNIT 1228 228

SERIAL_BOOT. . . C ADDR  0000H R SEG=SERIAL_BOOT_CODE 189 Z12 2308
SERIAL_STEP. . . B ADDR  00224.4 & 468 901 925 1248

SERIAL . . . .. CADDR O0EBH R SE6=SERIAL_BOOT_CODE 152 "848
SET_NEw_VALS . . C ADDR 00294 R SEB=PROFILE_FLT_CODE 966 9688
SINT ... ... CADDR O023H A 1351

S, ...... DADDR O0BIH 4 187 505 559 710 '
STACX, . . ... DADDR  0OSOM 4 378 187 505 539
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IX. PERSONNEL

A list of the engineers who contributed to the work

reported is given below:

J. Spencer Rochefort, Professor of Electrical and

Computer Engineering and Principal Investigator.

Raimundas Sukys, Senior Research Associate, Engineer.
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