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1. INTRODUCTION

The phenomenon of discharging among elements of spacecraft was first noticed in

the late 1960s in causing upsets and permanent damage in electrically sensitive vehicle
systems. Space objects undergo differential charging due to variations in physical

properties among their surface regions. The rate and severity of the potential

excursions depend on particle and photon environments present, arnd have beer

described in Reference 1.
Integral charging, whereby the whole satellite is net negative with respect to the

surrounding plasma, was measured first on ATS-5 (Ref 2) as a modification of the ion

spectrum, noticeable as an acceleration to higher energies. Differential charging

occurs when surface elements attain various voltage levels. These conditions are

frequently relieved by "flashover" arcing, which results in system transients induced

from the high surface currents. Differential charging may be reduced by attempts to

ensure that the vehicle surface has uniform conductivity. Spacecraft systems may be

made resistant to transient threats by robust design and by electrical protection at

entry points.
The initial charging process may be reduced in severity by emission from the

vehicle of an appropriate amount of electrons, ions or plasma. The search for an

accurate method of assessing the potential condition is being pursued currently. A
promising candidate is the continuous monitoring of the ion energy spectrum incident on

the spacecraft. The voltage excursion is usually negative, due to the likelihood of

higher fluxes of electrons compared to those of ions. Such a condition becomes

exaggerated when the satellite is not illuminated by photoelectron-producing sunlight.

Theoretically, knowledge of the ion spectrum, precise in intensity with respect tc

energy and time, allows an accurate estimate of total excess charge present and hence

the spacecraft voltage below the surroundings.
The present instrument attempts to provide a low-cost solution to these require-

ments. Its design affords a great deal of flexibility In choice of energy ranges, channel

widths, dynamic range and number oi energy channels.
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This versatility is derived from two features of the design:

1. Electronic functions are controlled by a microprocessor whose firmware is

contained in four replaceable programmable memories.

2. Mechanical parameters of the analysis and detection system may be varied.

The components qf the instrument are readily accessible. In the two flight

models, all componehts Itre at the first level of reliability above commercial grade

wherever such were available.

The microprocessor basis of the instrument logic provides, apart from adaptability

in scientific application, compatibility with other such systems and with computer

control in a more complex architecture. These final design versions are a significant

technical advance beyond the concept envisaged in the RFP, IRT proposal and the R&D

Design Evaluation Report (Ref 1) associated with this project.

The spectrometers are shown in both open and closed form in Figures 1.1

through 1.7.
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2. MECHANICAL DESIGN

The assembly diagram for the flight models appears in Figure 2.1. Information on

the design of the prototype unit has appeared elsewhere (Ref 3). There are differences

between the prototype and flight model designs which are discussed in appropriate

sections and summarized in the concluding discussion.

The machined metallic parts for the spectrometers were made from various

aluminum alloys. The base plate (Figure 2.2) was milled from a 3/4 inch block of

6061 T4 alloy, heat treated and stress relieved. Provisions for all subsystems are seen

in Figures 2.1 and 2.2. The remaining space is occupied by the Multiwiree circuit

board. High voltage supplies (Venus Q30Z) for the detection and analyzer plates are

secured in semi-cylindrical supports (Item 11, Figure 2.1; Note 2, Figure 2.2). The

detector holder assembly of Figure 2.3 (Items 12 and 13 of Figure 2.1) is formed from

1 I Delrin and may be adjusted in analyzer exit length as a means of varying energy channel

width.

The analyzer assembly of Figure 2.4 (Items 7, 8 and 9 of Figure 2.1) consists of

two cylindrical section plates with the outer grounded to the base and the inner

structure of Delrin containing the convex (negative) plate. The collimation system for

the analyzer (Figures 2.5 through 2.8, Items 3, 4 and 5 of Figure 2.1) consists of

interchangeable sets of three rectangular baffles each, which define the field of view
from the center of the entrance plane of the cylindrical selector.

2.1 DETECTOR ASSEMBLY

The detector is a Model 4013C channel electron multiplier with attached collec-

tion cap and electrodes. It is mounted in a base machined from a block of black Delrin.

Grooves in the base and lid are cut to suit the channeltron and it is held securely by the

two pieces. Dimensions of the multipliers are not held to tight tolerances by the

manufacturer, and hence tailoring of the mounting channels was determined a poster-

iori. The fits were deemed satisfactory enough to obviate the use of a potting material

for the detectors. Access to the channeltrons is thus maintained.

[1



The detector is a 270 degree continuous electron multiplier with an aperture

be found in Reference 2.

The two electrodes are attached by low-temperature solder to pins on the outside

of the mounting base to relieve strain from the multiplier itself. The detector entrance

is shielded by a hemispherical cap (Item 1, Figure 2.8) at ground potential, which

provides mechanical protection and reduction in excitation and dielectric charging from

scattered particles and secondaries under working conditions.

The detection length, between the exit plane of the curved plates and the
multiplier entrance, may be varied in order to alter energy response characteristics. It
may be secured in position by screws (Items 18 and 19 of Figure 2.1) to the base plate.

2.2 ANALYZER (ENERGY SELECTOR) ASSEMBLY

The electrostatic plate assembly of Figure 2.4 consists of three sections. The

frame (Item 1) is milled from aluminum alloy and serves as the ground (positive) plate.
A Deirin holder (Item 3) is bolted into the frame and contains the conducting innner

g (negative) plate. The active areas of each plate subtend 32 degrees, running the lengthK
of the selector and are 2 cm wide. Their separation throughout the arc is 0.35 cm. The

radius of the central path is 7 cm. Each is serrated to a depth of 0.25 mm, at intervals

of 0.8 mm in the manner shown, in order to reduce scattering of particles and photons

into the detector.

2.3 COLLIMATOR

The entrance collimator is formed as a base and two side plates with slots for

three field stops which define entrance angles to the analyzer plates. The horizontal

inner dimension of the steps has the primary effect on integral energy response as it

defines trajectories with respect to the vertical (analyzing) axis. The sets define total

angles of 10, 12, 16 and 20 degrees. Their inner surfaces are beveled to semi-knife

edges to reduce the effects of scattering and secondary production.

The lid of the assembly (Item 2 of Figure 2.8) forms a shield to prevent escape of

particles into the space between the collimator and analyzer plates. Field stops may be
changed after removal of the collimator cover.

12
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2.4 SPECTROMETER COVER

The cover for the instrument is shown in Figure 2.9. It is an easy fit over the base

plate and is secured by 4-40 flat head screws. The front surface contains apertures for

the collimator entrance and for the sun sensor photodiode. These openings are

protected in storage and transit by press-fit teflon covers. The rear surface contains

the Cannon DA 15P male connector. The instrument model (P, FI, F2) is identified

beside the connector.

After removal of securing screws, the cover may be removed carefully, favoring

the front to avoid damage to internal connections between the plug and circuit board.

2.5 MOUNTING FOOTPRINT

The mounting and field-of-view provisions for the instrument are shown in

Figure 2.10. Securement to a platform may be made by sixteen 4-40 screws.

/
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3. ELECTRICAL DESIGN

Schematics for the analog and digital electronic systems of the spectrometer are

shown respectively in Figures 3.1 and 3.2. Figure 3.3 gives the location of units on the

circuit board. The aim of the design was to achieve a high reliability for the system,

together with low power consumption. CMOS devices were used wherever possible, and,

when available, components had reliability ratings to MIL-STD-883C. Thus, in the

flight models, all except the protection zeners, the photodiode and the EPROMs have

this rating. In the prototype model all components are commercial grade. The

maximum power required is 1.5 watts.

3.1 ANALOG CIRCUITRY

3.1.1 dc Supply Power Circuit

The instrument is designed to accept a primary supply voltage of 24 to 30 volts

(specified as a nominal 28 volts). The +15 volts required by the electronics is generated

by U33 (Integrated Circuits, Inc. MSR2815D dc-to-dc converter). The +5 volts required

for the logic circuitry is generated by U34 (L305H voltage regulator) which runs off the I
+15 volt supply. The TI I provision of Figure 3.3 for zener protection was retained

inadvertently after a design revision, and should not be used.

3.1.2 Amplifier/Discriminator and Counter Circuit

The amplifier/discriminator (U24-Amptek Model 101) can be exercised in two

ways. The first is in its normal configuration of a proton event discriminator wherein

the input signal comes from the channeltron. In the second configuration, the

amplifier/discriminator receives its input signal from the microprocessor. This signal is

supplied to TPI and provides a method whereby the amplifier/discriminator can be

functionally checked. The check consists of a predetermined number of pulses being

applied to TPI. This number can then be compared to the number of pulses "seen" by
the amplifier/discriminator as stored in the two 12-bit counters.
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The counters (U18 and U19) are 12-bit counters cascaded together, allowing a
24maximum count of 2 . To preclude unwanted counts from being registered, the output

of the amplifier/discriminator is ANDed (U2) with a signal from the microprocessor

which acts as an enable/disable control of the counters. The counters also have a reset

under microprocessor control.

3.1.3 High-Voltage Circuit

The negative high voltages for the detector (channeltron) and the analyzer are

generated by two Venus Q30Z power supplies (ZI and Z2). These supplies have a 0.5 to

3 kV dc output which is proportional to a 2 to 12V dc input. The detector is connected

directly across one of the power supplies (ZI) which has its positive output terminal at

chassis ground. The analyzer is connected across both power supplies which are in a

bucking configuration such that the analyzer is at a potential equal to the difference in

the output voltages of the two supplies.

The system is designed to allow one of three detector voltages to be selected.

These voltages are nominally -2200, -2400 and -2600 volts. The three dc input control

voltages to ZI to yield these three detector voltages are generated by connecting the

+15 Vdc supply to the input of ZI through one of three analog switches (U30, U31, U32).

These switches are Harris HII-5049 and are single-pole four-throw units that are

switched by logic commands generated by the microprocessor and decoded by the logic

gates of U29 and U21. Each switch has its four sets of contacts wired in parallel so

that the "on" resistance of the switch will be reduced to less than 7.50f, according to

the manufacturer's specifications. In series with each switch and the +15 Vdc supply is

a Vishay Model 1285 10000 trimmer (R7, R8, R9). These trimmers are used to fine

tune the input voltage to the detector power supply (ZI). The trimmers are 26 turn

potentiometers selected for temperature coefficient and shock and vibration resistance.

The dc control voltage to the second power supply, Z2, is generated by a 14-bit

digital code inputted to U20 (Datel DAC-HAI4B D/A converter). The reference

(nominally -12 Vdc) for the D/A converter comes from the -15 Vdc supply and is fine

tuned with R21, a Vishay Model 1285 trimmer (described above). The output of the D/A

converter is connected to U25 which is a Harris HA-2530 operational amplifier. This ....

acts as a current-to-voltage converter, and the output voltage of the op amp drives

power supply Z2. With 14 bits of resolution, the least significant bit is theoretically

worth O.ISV on the output of Z2.
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The bias for the channeltron (VC) is supplied by the dc-to-dc converter Z I (Venus

Q30Z) controlled from U30, U31 and U32. The entrance of the multiplier may be held

at voltages of -2200V, -2400V or -2600V. The collection end of the detector is held

above case ground by a I MQ resistor.

The 14-bit analog accuracy available from the D/A converter (U20) is used to

control the output of the operational amplifier (U25), which in turn is the input to the

high-voltage dc-to-dc converter Z2. The output of Z2 floats as a positive voltage or

the negative output of ZI, the difference, with respect to case ground becoming the

negative plate potential (V a). The Z2 output, and hence the analyzer voltage, is

determined from a look-up table in memory. The theoretical accuracy for the plate

voltage is +0. V.

As Z I and Z2 are relatively high-power devices, there is a tradeoff determined

between power requirements in this subsystem and response times (and, to a lesser

extent, stability) of the analyzer voltage. ZI is loaded with the detector and a 300 MS2

resistor in parallel, a total of about 200 MS2. Z2 is loaded with 100 M . Under these

conditions maximum power consumption by the two converters alone (disregarding the

efficiency of U20) is about 300 mW. Increasing the loads to a maximum rating would

raise the requirement to 1500 mW. Specifications for ZI and Z2 are shown in

Appendix A.

Differential voltages for ZI and Z2 are set digitally in the look-up table. The

analog voltages are then tuned in the following manner:

1. The detector bias (V c ) is set to -2200V (Step 01) using trimming resistor R7.

2. Analyzer voltage (Va) for Step 0 (000) is set to -7.3V with R21.

3. Analyzer steps I to 7 are then measured and noted.

4. Steps (2) and (3) are repeated for a -2400V bias (10) and Va (000) set to -7.3

with R8.

5. Steps (2) and (3) are repeated for Vc = 2600V with Va (000) set to -7.3 with

R9.

Results from these procedures for the three models are given in Section 4.

With Va = 2200V the average gain of the detectors is over 107. The charge pulse

appearing at the collector cap is taken out by shielded cable through capacitor C4 into

the charge sensitive amplifier/discriminator U24. This is an Amptek AIOI PAD which

is sensitive to charge pulses down to 106 electrons. Its specifications are shown in

31



Appendix C. The discrimination level is set by the value of R26. Without a trimming

capacitor to increase pulsewidth, its output is a +5V square pulse of width 220 ns. This

pulsewidth provides a known counting rate dead time for the spectrometer.
An entry port (TPI) is provided for pulsed input (1 to 5V) to test counter

functions.

3.2 DIGITAL ELECTRONICS

The schematic of the microprocessor circuitry is shown in Figure 3.2. The
auxiliary circuit schematics for the 1/O simulator and the EPROM programmer are

shown in Figures 3.4 and 3.5.

The following sections describe the programming and logic used in the instrument.

3.2.1 Initialization

This set of software is used to initialize the instrument. When power is applied

the CPU is driven to location 00 and the first function is to disable the interrupt until it
is needed to recognize the Sun. The initial condition of the registers is as follows:

RO
RI = 02B3 Interrupt Pointer-Address

R2 =8C6E Check Sum Storage Address

R3 = 0210 Output Subroutine Address
R4

R6
R7 =02
R8

R9
RA

RB = 0000 Timer
RC -

RD = 00
RE
RF = 0200 used as the addresses for output volts.
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I
The Check Sum is accomplished starting at location 21 and completed at location 31.
The Check Sum is accomplished by:

X REG Assigned to RB, RB = 0000 Putting RD.I into D, Adding M(R(X)) + D -D
Putting that sum into D.1, incrementing B and subtracting 03 to determine the

end of the routine by testing D for not equal to zero, if it is not equal to zero

branch to location 22 with the new address that is in RB and repeating the add

operation until RB. = 03, at which time the contents of D.1 are stored relative to

R2 which has the address 8C6E. The Check Sum in 8 bits is stored at 8C6E

and D.I.

3.2.2 Test Counter

This routine tests the 24-bit data counter to determine that its operation is
acceptable. This is accomplished by putting FEOO counts into the counter and checking

the output for that number. The routine is implemented in the following way.
REG F is set to 0201, the address of the control bits that resets the data counter

via the out 7 command. REG E is set to FEOO, the value which will be countdevn. Q is

reset. Q will be the counter driver and is switched to the counter input with the
instruction that is stored at location 241. The sequence starting at 23D sets the X REG

to F, resets the counter, relieves the reset and diverts the Q output to the amplifier

input that drives the counter. Q is set, E is decremented, Q is reset, E is tested for

zero; if E is not zero the program loops back to set Q again and the loop continues.

When E is equal to zero, the count is stopped and data from the counter is input to D

and tested for the correct data, i.e., OOFEXX. The LSB of D.1 is set with a I if the test
is successful and a zero if the test was unsuccessful. Register D. 1 contains diagnostic

data. The LSB from the Check Sum is discarded. The diagnostics are complete and D. 1
is not used or read except to output data. The program branches to location 0035.

3.2.3 Input Subroutine

The address for the input subroutine is completed by adding 0090 to R7. R7 now
contains 0290, the address of the input subroutine. The branch is accomplished by

changing the program counter to REG 7 with the instruction SEP R7 (D7).
At location 290 the program branches to 280 to set up and save register values.

The bit counter R6.0 is loaded with 08 (the number of bits in the input word), the low

order bits of RF.0 are saved in RE.0. This address is saved in order to preserve
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continuity from wherever the program came and to use the REG F for the input

subroutine. REG F is then loaded with the address 0209 (08). 08 is the acknowledge

command when out 7 is executed. The X REG is then set to REG F and the program

branches to location 0292 which awaits an input command. After receipt of an input

command the system clock going high, the acknowledge command is output with out 7.

(RF(020A)). When the system clock goes low, the contents of R5.1 are loaded into D

and a shift left command is given (0 LSB of D). EF2, the command input, is tested for

zero. A zero causes the contents of D to be stored in 5.1, the bit counter decremented

and tested for zero. If the bit counter is zero, the program branches to EXIT, restores

RF to the original value and the program counter is reselected to be REG 0. If a one

was detected on EF2, an 01 is added to D, and the data stored in 5.1, bit REG, is tested.

The bit register will be zero when eight data bits have been read and stored in R5.I.

REG 5.1 contains the command word that was last received. After the initial reading

of the command word, the program would normally jump to location 39 (EXECIN).

When the system clock = 1, register 5.1 is transferred to REG 5.0 and REG 6.1.

REG 5.1 is then loaded with 00.

I ~ 3.2.4 Execute Same Command

If the command is to be repeated, the entry is at location 041.

The X REG, REG 2 for the interrupt is set to 8C6E. R2 will be the X register.

The command in 6.1 is read into the D REG. The input command is tested for "IGNORE

THE SUN SENSOR" (01), the seventh bit. The interrupt is disabled if the sun sensor is

to be ignored and enabled if it is required.

The input word is entered into D and tested for the sweep or dwell mode. The

dwell mode is true if bits 5 and 6 are true, the exclusive or will cause the register to be

zero if it true and the program will jump to location 160 and execute the dwell mode.

If it is not zero, the program jumps to location QOFO which is the start of the sweep

mode.

3.2.3 Dwell Mode

The initial step is to ask if an input command is ready. If a notify command is

present, the program would jump to read the command and then return to location 169.

Register 7 should always contain the address of the input routine except when that

routine is being executed.
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The current command is read into D and anded with FS to delete the least
significant three bits. The remains is shifted two places to the right to form part of the
address for the voltage data. This value is part of the address for the X register whi&I
will be the A register, and is stored in RA.0. The high-level address is 03 and is stored
in RA.l1. The voltage data address is now complete (03XX) =0000 00 11 OXXXXXO, the
start is always at even number. The X REG is set to A and the sun sensor storage
location is checked to see if the sun has been seen in order to not override and turn on
the power supplies. If the sun has been seen, the routine continues without the
prescribed power supply voltage. If it has not been seen, the power supplies are set
with the output commands and the routine continues.

The countdown time is set to 10 seconds, RB the countdown register is loaded
with 0500 and the X REG address is set to 201. The contents contains the command to
reset the counter. The X REG is assigned to RF. Following the reset command the
reset is relieved and the divided down system clock called "SLOW CLOCK" is activated.
A 50 ms delay is generated and executed. The program then looks to see if an input

command is ready; if not, the program awaits the system clock going high, after which
the data counter is enabled for ten seconds by decrementing the B register to zero and

then disabling the data counter. The input command is interrogated; if not active, the
data-ready command is generated (at 01 B5) and the system awaits the acknowledge
command. After acknowledge is received, the bit counter R6.0 is loaded with 08 and
the first eight bits of data from the data counter is input to the D register and the
output subroutine located at the address (0210) in R3 is called.

3.2.6 Output Subroutine

The output subroutine outputs data via the Q line based on the data in D and the
number of stored bits in the bit counter (R6.0). The data is shifted to the left, which
causes the MSB to be shifted into DF and Q is set to the same state as DF when the
system clock goes to 1. This process continues until the bit counter is decremented to

zero and the routine drives back to where it came frorn and executes the next
instruction. In this case the return is to location OlBF. The bit counter is loaded with
08, the second eight bits of data are loaded from the data counter to the D register and

the output subroutine is used to output the data via the Q line. The third set of eight
bits is then loaded and output. Following transmission of the third set, the program
goes back to 0OICA and the bit counter is loaded with 04 to output three energy bits and
the sun sensor status bits.
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Following the above four bits, the command word (eight bits) is taken from R6.1
and put in the D register for transmission. The last eight bits to be transmitted is the
diagnostic data that is stored in D.I. After that transmission the data ready line is

taken to zero and Q is reset. Summarizing,

SWEEP Mode Register Designation

RA = Voltage Output Code

RB = SWEEP Time

RF = 0201

RE = BOBO -500 ms

SEX RF

REG C = 8C00
R6.0 = SWEEP CNTR (Number of Steps) = 08

RB is put in R8

RE = E REG set to 1010 -50 ms.

The output word consists of the following: (1) Twenty-four bits of counter data,
(2) four bits, the last of which is sun status, (3) the command word, (4) the diagnostic

data; the first seven bits is the Check Sum, the last bit is the counter test status where

a one is acceptable, a zero indicates a fault.

3.2.7 New Command/Oid Command

The future command register is loaded into D from R5.1 and tested for a zero. If
it is zero, the program branches to "SAME COMMAND" at location 0041. If R5.1 is
nonzero, the program branches to EXECIN at location 0039 where the "NEW" command

is loaded into RS.0 and R6.I and 5.1 is set to 00 and the program then proceeds to
location 0041 and the command is executed.

3.2.1 Sweep Mode

The sweep mode (Location 61) is executed if the dwell mode is not selected. if
bits I and 2 are one, the dwell mode is selected. The code in bits I and 2 dictates the

sweep time.

The code immediately branches to location FO where the channeltron code is
shifted to the low order of REG A and the high order set to 03. The address that is
located in REG A is 03XO, 00000011 OOXXOOOO. The program then branches back to
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location 068 where the sun sensor is tested for a positive indication prior to setting the
initial values for the power supplies. If the sun has not been seen, the voltages are set

by setting the X REG to RA and outputting the values from the address in RA.

The countdown timer R8 is set to 0000 and the sweep time is broken out of the
command word with the instruction AND IMMED 06. If zero, the time is 0.25 s, if the 1
bit is set the time is 10 seconds and the other choice is one second. Based on the sweep

time, the countdown timer is set to 0020 for 0.25 second, 0080 for 1.0 second and 0500

for 10 seconds.

3.2.9 Check Input Command Request

The notify line is tested to see if a new command is being sent. The input

command is read by the input subroutine.
Following the input command inquiry the F REG is set to 0201 by setting the

lower order bits to 01. A delay of 500 ms is set and executed by counting down the E
register from BOBO to zero.

The data counter is reset by an output to port 7 of 10, the reset command, the

reset command is relieved and the slow clock '-1 kHz started. The data storage is

initialized at 8C00 and the address is located in register C. The sweep register or the

number of analyzer steps is set to 08 and put in register 6.0. The sweep time is saved ir
register 8. The delay time of 50 ms is set into the E register and the delay is exercised.

The delay is required to allow the power supplies to settle. When the clock goes high

the data counter is enabled and REG 8 is decremented to zero the countdown for sweep

time. When the countdown is complete, the data counter is disabled. Data is stored in

locations that are addressed by REG C. The first eight bits from the input port is

stored in SCOO, second in SCOI, third in 8C02. The D.0 register is stored in &C03. The

second set of data is stored in 8C04 through 8C07, the third in 8CO8 through gCOB, etc.

The sweep code is stored in the three most significant bits of REG D.0.

The sweep count is decremented and tested for zero. If not zero, the cycle is

repeated with new voltages. When the sweep is complete the data is output at

location 0100.

3.2.10 Sun Semm Resparne

The sun sensor is connected to the interrupt input of the CPU. During

"INITIALIZE" the R1 register is set to 02B3 the address of the interrupt processing.
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When the input command is executed, the sun sensor register (D.0) is set to zero.
The input command in 5.0 is looked at to see if the "IGNORE THE SUN SENSOR"

command was received, bit 7, #01. If the "IGNORE" command was received, then the

X REG is set to zero and the interrupt is disabled. If "DO NOT IGNORE" was received,

the program jumps to location 0056 (X to 0) and the interrupt enabled by using the

return (70) instruction. At the start of the sweep and dwell modes the sun sensor

register D.0 is looked at prior to setting the voltages to be sure that an activated

interrupt is not overridden. When new voltages are to be set the sun sensor register

(D.0) is looked at prior to setting new voltages so that the interrupt is not overridden.

3.2.11 Interrupt Routine

After the interrupt is enabled (return) and the sun sensor sees the sun, the

program jumps to location 0283. Register 2 was initialized at 8C6E. The contents of

R2 are decremented to 8C6D and the save instruction is given, storing X and P register

numbers in 8C6D. R2 is decremented to 8C6C and the CPU "D" register (accumulator)

is stored in $C6C and the X REG is decremented with the STXD instruction R2 = 8C6B.

RF.0 is stored in $C6B and R2 is decremented to 8C6A. RF.l is stored in 8C6A and R2

is decremented to 8C69. The sun sensor status is set true, D.0 contains (10). The F

register is set to 0200; 0200 contains 00. The F REG is set to the X REG and the out 1,

out 2 instructions are given, along with keeping RF set to 0200. This operation causes

the power supplies to be set to zero.

In order to exit the interrupt routine without enabling the interrupt, the

instructions set P and set X are manufactured based on the contents of 8C6D. The

original value for X and P was stored in this location with the save instruction. The "X"

bits, the four MSB's are deleted with the and immediate #OF and DO is or'd with the

value to obtain the set P instruction "DN." The DN is stored in 8C6D relative to the

X REG which is R2. R2 is decremented to 8C6C. The X REG is set to F, whose

contents contain SC6D. The contents of 8C6D (X,P) is loaded into the accumulator and

shifted four bits to the right which puts the value of X in the four LS bits. The set X

instruction is formed by ORING EO with the X value and EX is obtained. This value is

stored relative to X (R2 set to X) at location SC6C and R2 is decremented to 8C6B.

The exit instructions will be EX and DN, which sets X and P to the original values.

The F register and the D accumulator is restored by incrementing the X REG and

R2 three places to $C6E.
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3.3 CHECKOUT OF ANALYZER

I. Check Power and GND

2. Install components

3. Apply Power through Simulator Cable, assuring that the connector is keyed

properly.

4. Measure current from 28 Vdc supply. Current should be less than 40 mA.
5. Measure +15, +5V outputs at appropriate locations on board. Fifteen volts should

be +2V, 5V should be +0.5V.

6. Check components for overheating, i.e., U25, U24. Burned fingers require
removal of power and proceed with locating problems.

7. If overheating is not a problem, proceed with the following checkout.

8. U24 should have no digital output. U25 should be approximately OV; dc
oscillations should not appear, except for CPU clock noise.

9. When power is applied, the CPU should start by addressing location 0000 which
disables the interrupt, initializes the registers, sets the power supplies to zero,
does check sum, counter test (location 230), then at location 38 jumps to the input
subroutine (location 290) and awaits an input command from the simulator.
Cursory checks are made by looking with a scope to see if memory chip # 1 (U6) is
first addressed then jumps to memory chip #3 (US) to do counter test, back to #1
and back to #3 for input routine. After a command has been received the
command should be executed.

10. Dwell mode.



3.4 SOFTWARE LISTING
INITIALIZE

00 DISABLE 7101 00 X=0, P=002 LDI F8
03 #02
04 PHI R3.1 B3
05 PHI RI.1 BII:06 PHI RF.I BF

i.07 PHI R7.1 B7
08 LDI F809 "00
OA PLO RF.0 AF
OB PHI RB.A BB RB = 0000oC PLO RB.0 AB RF = 02000D PHI RD.I BDOE LDI F8
OF #03t0 PLO RI.0 Al RI = 02B3
It LDI FS
12 #&C13 PHI R2.1 B2 R2 = 8C6E
14 LDI F813 

#6E
16 PLO R2.0 A2
17 LD! F8
18 #10 R3 = 0210 OUTPUT SUBROUTINE19 PLO R3.0 A3
IA SEX RF EF
LB OUTI 61IC DEC RF 2F SET Hi Volts to ZeroID OUT2 62
IE DEC RF 2FIF OUT? 67 RF (20)20 NOP C4
21 SEX B EB
22 GHI 0.1 9D23 ADD F4 ADD Contents of 0 with Contents24 PHI RD.I BD of Memory as Addressed by X25 INC RB iB26 GHI RB 9B27 SUB IMMED FD CHECKSUM28 #03
29 BNZ 3A
2A ADDRESS 22
2B GLO RB SB
2C SDI SUBIMM. FD
2D #FF
2E BNZ D a/0 3A
2F ADDRESS 22
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30 GHI D.1 9D Store CHECKSUM in RAM 8C6E Check
31 STR VIA R2 52 Sum for Test Purposes
32 LBR Ca
33 ADDRESS 02
34 ADDRESS 30 Branch to Counter Test At Loc 230
35 LDI F8
36 #80
37 PLO A7 R7 = 0280 INPUT Subroutine
38 SEP D7 D7 Program Jump to the INPUT Subroutine
39 EXECIN B4 37 ESCAPE when SYS CLK = I = EF4,
3A ADDRESS 39 A NEW COMMAND was RECD.
3B GHI 5.1 95 5.1 Contains NEW COMMAND
3C PLO 5.0 A5 5.1 into 5.0 and
3D PHI 6.1 B6 SAVED in 6.1
3E LDI F8
3F #00
40 PHI 5.1 B5 R5.1 = 00
41 SAME CMD LDI F8 ENTRY HERE is a rerun of the
42 #8C Old Command
43 PHI B2
44 LDI F& XREG Value for the INTERRUPT.
45 #6E R2 Becomes the XREG.
46 PLO R2.0 A2 R2 = 8C6E
47 GHI 6.1 96 Command is taken from 6.1 and put
48 PLO R5.0 A5 in 5.0
49 LDI F8
4A #00 SUNSENSOR REG is set to Zero
4B PLO RD.0 AD RD.0 = 00
4C GLO R5.0 85 See if Input Command Asks to
4D ANDI FA Ignore SUNSENSOR by Looking at Bit 7.
4E #01
4F BZ D=0 32 (Patch)
50 ADDRESS E2 Do Not Ignore SUNSENSOR
51 SEX RO EO - Ignore SUNSENSOR
5 52 DISABLE 71 DISABLE INTERRUPT If Asked to
53 #00 Ignore SUNSENSOR.
54 BRANCH 30
55 ADDRESS 59
56 SEX RO E0
57 RETURN 70 Enable INTERRUPT
58 #00 This Number is Arbitrary (Value)
59 GLO 85 Look at CMD to Determine if the
5A AND! FA Dwell or Sweep Mode Should be Used.
5B #06
5C XRI FB Exclusive or Immed.
5D #06
5E LBZ C2 Long Branch to DWELL MODE
3F ADDRESS 01 DWELL MODE ADDRESS
60 ADDRESS 60
61 SWEEP BRANCH 30 Channeltron Bias SWEEP Time
62 ADDRESS F0 7 6 5 4 3 2 1 0 - SUNSENSOR Ignore
63 C4 Analyzer Volts
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64 C4
6.5 C4
66C
67 C4
68 GLO RD.0 8D
69 BNZ 3A If SUNSENSOR True Do Not Set

6E 
Output Voltages6B SEX RA EA6C OUT 1 61 RA = 03 X 06D OUT 2 62 RA = 03 X 1V 6E LDI FSS6F LD 8RA =03 X2706HFR. 

#0070 PHI RBA BB RB = 0000 Countdown Timer Count
71 PLO RB.0 AB is Added Below.72 GLO R5.0 85 Determine the SWEEP Time73 ANDI FAJ"74 

#06
75 BR,D=0 

3276 ADDRESS 85 25 ec77 ANDI FA73 
#02

79 BR,D=0 32 *10 Sec*7A ADDRESS 8078 LDI F& *10 Sec*
7C#80
70 PLO RB AB RB = 0080 into TIMER
7E BR 30
7F ADDRESS 88 *RSTCNTR*80 LD[ 

FR81 
#0582 PHIRB BB RB = 050083 BR 3084 ADDRESS 8885 LDI F886 
#20 RB = 002087 PLO RB AB88 RSTCNTR B1 34 Branch if Notify (EFI) 089 ADDRESS 8B READ an Input CMD if Notify ISA SEP R7 07 R8B LDI F88C 
#01 Set RF to 0201sD PLO RF AF9E LDi F89F 
#B0 Delay 500 msec90 PHIRE BE RE = BOBO91 PLO RE AE92 DEC RE 2E93 GHI RE 9E94 BNZ 3A95 ADDRESS 9296 SEX to F EF Reset Counter97 OUT7 67 Output 0001 0000 to Port 7

t
+ 
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98 NOP C4 RF = 201 (10)
99 OUT 7 67 RF =202 (40) Slow Clock, Relieve Reset
9A LDI F8 Initialize Data Storage Pntr. to 8C00
9B #8C
9C PHIf BC Register C =8C00
9D LDI F8
9E #00
9F PLO AC
AO LDI F8
Al #08 Initialize SWEEP CNTR R6.0 = 08
A2 PLO R6.0 A6 or the Number of Analyzer Steps

TIMER A3 GHIl 9B Countdown Timer RB
A4 PHI B8 RBAl R8.1
A5 GLO 8B The SWEEP Time is Saved
A6 PLO A8 in the B REG and Counted Down in
A7 LDI F8 the 8 REG.
A8 #10
A9 PHI BE RE=l1010 = 50mSec
AA PLO AE
AB DEC 2E
AC GHIl 9E 50 mSec Delay
AD BNZ 3A
AE ADDRESS AB
AF NOP C4
BO B4 37 ESCAPE when Slow Clock =I

BI ADDRESS BO
B2 OUT 7 67 203 = RF (60) Start Counter I~
B3 BN4 3F ESCAPE when SLOW CLK=0
B4 ADDRESS B3
B5 B4 37 ESCAPE when SLOW CLK = I
B6 ADDRESS B5 SWEEP TIME I

B7 DEC R8 28 Decrement Countdown Timer
B8 GLO R8 88 LOAD Countdown And Test
B9 BNZ 3A for Zero :
BA ADDRESS B3
BB GHI 99
BC BNZ 3A
BD ADDRESS B3
BE OUT 7 67 204 = RF =(00) STOP CNTR, FASTCLK
BF SEX to C EC X REG forlInput Data is REG C.
CO INP 1 69 8C00 Input Data to RAM
Cl INC IC
C2 INP 2 6A 8C01 Input Data to RAM
C3 INC IC
C4 INP 7 6F 8C02 Input Data to RAM
C5 INC IC
C6 GLO 8D
C7 STR 5C SCO3 D.0 Into SC03
CS INC IC 8C04
C9 ADD! FC
CA #20 Increment SWEEP Code (Bit 5)
CB PLO RD.0 AD XXXO 0000
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CC DEC 26 DEC SWEEP # COUNT
CD GLO 86 Test for Complete and
CE LBZ C2 If True Branch to Output DataCF ADDRESS 01DO ADDRESS 00
DI SEX RA ED2 SLO EA Not Zero Means the Sun was Seen
03 ANDI 

and the New Voltages Should Nct
D3ADFA 

Be Set. D7 and D8 are Bypassed.D4 01D5 BNZ 3A06 ADDRESS D9D7 OUT 1 61 Voltages are Output fromD9 SExOUT R2 EF62 the Address in A REG.DA OUT 7 67 RF 0205 (10) Reset CounterDB NOP C4
DC OUT 7 67DD LDI 

RF 0206 (00) Relieve Reset
DE 

F Reset RF for Output Control

DE 
#03

DF PLO AFEQ BR 30 Branch to Take New Data with
El ADDRESS A3 *T[MER* A New Voltage.E2 LDI FSE3 

#02E4 PHI RI BI (PATCH)E5 LDI F8 Restores RI (2B3)E6 
#B3 Prior to EnablingE7 PLO RI Al the Interrupt.ES BR 30E9 
56

EF NOP C4F0 GLO 85Fl ANDI PAF2 
#COF3 SHR F6 Shift to Get XXOO Bits to L.S.F4 SHR F6 Position OOXX and PLO RA

F5 PLO AA
F6 LDI F8F7 

#03F& PHI BA RA 03 (00xx 0000)F9 BR 30FA ADDRESS 68
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OUTPUT DATA FROM SWEEP MODE

0100 LDI F8
0101 #07
0102 PLO RF AF RF 07
0103 LDI F8
0104 #8C
0105 PHI R.C.1 BC Initial RAM Address
0106 LDI FS RC = CO
0107 #00
0108 PLO R.C.0 AC
0109 C4
0I0A C4
OOB C4
010C C4
010D C4
OIE SEX RF EF
0IOF LDI F8
110 #08 RE.0 = 08 8 Data Blocks
11 PLO RE AE

112 BN4 3F ESCAPE When SCLK (EF4) = 0
113 ADDRESS 12
114 B4 37 ESCAPE When SCLK (EF4) = 1
115 ADDRESS 14
116 OUT 7 67 0207 = (80) Data Ready
117 BN3 3E ESCAPE When ACK (EF3) : 0
118 ADDRESS 17
119 LDI F8 Load Data Via C REG.
IIA #08 and Advance C REG
11B PLO R6 A6 Load Bit CNTR with 08
1IC LDA 4C
I ID SEP R3 D3 Go to Output Subroutine
IIE LDI F8
1 IF #08 Load Bit CNTR with 08
120 PLO R6 A6
121 LDA 4C Load Data via C and Advance
122 SEP R3 D3 Go to Output Subroutine
123 LDI F8
124 #08
125 PLO R6 A6 Load Bit Cntr with 08
126 LDA 4C Load Data via C and Advance
127 SEP R3 D3 Go to Output Subroutine
128 LDI F8 Load Bit CNTR with 04, Outputs
129 #04 SWEEP Code and SUNSENSOR Bit.
12A PLO A6
12B LDA 4C Load Via C and Advance
12C SEP R3 D3 Go to Output Subroutine.
12D DEC RE 2E
12E GLO E SE
12F BNZ 3A Test for 8 Sets of Data
130 ADDRESS 19
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131 LDI F8
132 #08 Load Bit CNTR with 08

133 PLO R6 A6
134 GHI R6.1 96 Command Word Output

135 SEP R3 D3 Go to Output Subroutine

136 LDI F8
137 #08 Load Bit Counter with 08

138 PLO A6
139 GHI RD.1 9D Diagnostic Word Output

13A SEP R3 D3 Go to Output Subroutine

13B B4 37 ESCAPE When SCLK (EF4)

13C ADDRESS 3B
13D OUT 7 67 0208 (00) DATA READY = 0

13E NOP C4
13F C4
140 C4

L41 C4
142 C4
143 NOP C4
144 BI 34 Branch if CMD Notify (EFI) 0

145 ADDRESS 47 IS
146 SEP R7 D7 Input CMD WRD Subroutine
147 GHI 95

148 LBNZ CA Branch to Execute

149 ADDRESS 00 New or Old Command

14A ADDRESS 39
14B LBR CO
14C ADDRESS 00
14D ADDRESS 41

OUTPUT From SWEEP
Bits
8 INI
8 IN2
8 IN7
4 RD.O MSBITS

8 Times
8 R6.1 Command Word
9 RD. 1 Diagnostic Word

7 Bits Check Sum

1 Bit Counter Test
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DWELL MODE

160 NOP C4

161 C4

162 C4

163 C4

164 C4

165 NOP C4

166 B 34 Branch if CMD Notify (EFI) 0

167 ADDRESS 69

168 SEP R7 D7 Branch to Input Subroutine

169 GLO R5 85 5.0 D

16A ANDI FA DELETE TIMER/SUNSENSOR

16B #F8 Bits

16C SHR F6 Shift Right two Places

16D SHR F6 0OXX XXXO

16E PLO AA REG A the Address

16F LDI F8 For DWELL Voltages

170 #03 RA = 03 OOXX XXXO

171 PHI BA (EVEN NUMBERS!)

172 SEX RA EA

173 GLO SD Test SUN SENSOR

174 ANDI FA

175 01

176 BNZ 3A Do Not Output Voltage

177 ADDRESS 7A If the SUNSENSOR is Set

178 OUT 1 61

179 OUT 2 62

17A LDI F8

175 #05

17C PHI BB RB = 0500 For Time

17D LDI F8 Count = I sec

17E #00

17F PLO AB 
/

180 LDI FS0

181
182 PHI BF Index REG ADD

183 LDI FS RF = 0201 (10)

184 #01

185 PLO AF
186 SEX RF EF

187 OUT 7 67 201 (10) RESET CNTR.

188 NOP C4

189 OUT 7 67 202 (40) RELIEVE RESET +

ISA LDI F& START SLOW CLOCK

ISB #10 1010 RE + Countdown 50 Msec

18C PHI BE

ID PLO AE

ISE DEC 2E

1SF GH! 9E Countdown 50 Msec

190 BNZ 3A

191 ADDRESS 8E
4.9

i



192 NOP C4
193 NOP C4
194 NOP C4
195 B4 37
196 ADDRESS 95 ESCAPE When SCLK (EF4) I
197 OUT 7 67 203 = (60) Start Data Counter
198 BN4 3F ESCAPE When SCLK (EF4) = 0
199 ADDRESS 98
19A B4 37 ESCAPE When SCLK (EF4) = I
19B ADDRESS 9A
19C DEC 2B
19D GLO 8B
19E BNZ 3A One Second Countdown
19F ADDRESS 98 For Data Acquisition
IAO GHI 9B
IAI BNZ 3A
1A2 ADDRESS 98
IA3 OUT 7 67 204 = (00) Stop SCLK and Data
IA4 NOP C4 Counter when Countdown is Comp.
lA5 NOP C4
IA6 NOP C4
IA7 SEX RF EF
lA8 NOP C4
IA9 C4
IAA C4

i0 lAB C4
1AC NOP C4
lAD INC IF 205

IAE INC IF 206
IAF NOP C4
IBO C4
IBI C4
IB2 C4
IB3 C4
1B4 NOP C4
lB5 OUT 7 67 207 = (80) DATA READY
IB6 BN3 3E ESCAPE When ACK (EF3) = 0
IB7 ADDRESS B6
IB8 NOP C4
IB9 LDI F8
IBA #08 Initialize Bit Counter
IBB PLO R6.0 A6
IBC INPI 69 Input 1st 8 Bits of Data to D
IBD NOP C4
IBE SEP R3 D3 Call Output Subroutine
IBF LDI FS
IC0 #05 Reset Bit Counter
ICI PLO A6
IC2 INP 2 6A Input 2nd 8 Bits of Data to D
IC3 NOP C4
IC4 SEP R3 D3 Call Output Subroutine
iCS LDI FS
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IC6 #08 Reset Bit Counter
1C7 PLO A6 Output 3rd 8 Bits of The Data Word
IC8 INP 7 6F
IC9 SEP R3 D3 Call Output Subroutine
ICA LDI F8
ICB #04 Output 4 Bits of Analyzer
ICC PLO A6 Volts and SUN SENSOR Status
ICD GLO RD.0 8D
ICE SEP R3 D3 Callout Output Subroutine
ICF LDI F8
IDO #08
IDI PLO A6
ID2 CHI 96 Output CMD Word From R6.1
ID3 SEP R3 D3 Call Output Subroutine
ID4 LDI F8
ID, #08 Load Bit Counter
ID6 PLO A6
ID7 GHI 9D Output Diagnostic 8 Bits from D.1
ID8 SEP R3 D3 Call Output Subroutine
ID9 SEX RF EF
IDA OUT 7 67 208 (00) Reset DATA READY
IDB REQ 7A Reset Q
IDC BI 34
IDD ADDRESS DF Branch if CMD Notify (EFI)=0
IDE SEP R7 D7 Input CMD Word
IDF GHI 95 Load Next CMD (RS.I) into DlEO LBNZ CA If a New Command was Received
IEI ADDRESS (MSB) 00 Branch to EXECIN.
1E2 ADDRESS (LSB) 39 New CMD ADDRESS
IE3 LBR CO Otherwise Branch to SAME CMD
IE4 ADDRESS (MSB) 00
IE5 ADDRESS (LSB) 41 Same CMD ADDRESS

Bits Source
8 INI
8 2
8 IN7
4 D.0 SUNSENSOR & ANA VOLTS
8 6.1 Command Word
8 D.I Diagnostic Bits

XXXXXXX X
200 (00) CHECKSUM Counter Test Results
201 (10) RESET CNTR
202 (40) Slow Clock203 (60) Start CNTR
204 (00) SWEEP
205 (10) Reset CNTR
206 (00)
207 (80) DATA READY
208 (00)
209 (08)
20A (00)



OUTPUT SUBROUTINE

EXIT 020F SEP DO
ENTER 210 PLO A4 Begin Output Subroutine

211 CONTINUE GLO 84
212 SHL FE Shift Left MSB to DF
213 PLO A4 Save in R4.0
214 B4 37 Escape when SCLK (EF4) I
215 ADDRESS 14
216 BDF 33 Branch to Set Q if Data Bit = 1
217 ADDRESS IB
218 REQ 7A Reset Q
219 BR 30 Branch to DEC REG
21A ADDRESS IC
21B SEQ 7B Set Q
21C DEC 26 DEC Bit CNTR R6
21D BN4 3F Escape When SCLK (EF4) = 0
21E ADDRESS ID
21F GLO 86 Load Bit CNTR R6
220 BZ 32 Branch to Exit if R6 0
221 ADDRESS OF Exit
222 BR 30 Otherwise
223 ADDRESS 11 Continue

TEST COUNTER

230 LDI F8
231 #02
232 PHI BF
233 LDI F8 REG F Contains 0201 The
234 #01 Address of Control
235 PLO AF Thru OUT 7. 2
236 LDI F8
237 #FE
238 PHI BE E REG is Countdown
239 LDI F8 Register Contains
23A #00 FEO0
23B PLO AE
23C RESET Q 7A
23D SEX RF EF
23E OUT 7 67 LOC 201 (10) Reset CNTR
23F NOP C4
240 OUT 7 67 LOC 202 (40) Relieve Reset +ST Slow
241 OUT 7 67 LOC 203 (60) Clock Also Diverts Q
242 SET Q 7B To the Amp Input
243 DEC RE 2E Start CNTR
244 GHI RE 9E
245 RESET Q 7A
246 NOP C4
247 BNZ 3A D 0 Branch
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248 ADDRESS 42
249 GLO 8E

24A BNZ 3A
24B ADDRESS 42
24C OUT 7 67 204 (00) Stop Count
24D NOP C4
24E NOP C4
24F NOP C4
250 NOP C4
251 NOP C4
252 INP 1 69 8 Bits from Counter (00)
253 BNZ 3A
254 ADDRESS #62
255 INP 2 6A 8 Bits from Counter (FE)
256 SDI FD Subtract Immed
257 #FE
258 BNZ 3A
259 ADDRESS 62 Input 2 FF
25A GHI 9D
25B SHR F6 Shift Right 0 MSB
25C SHL FE Shift Left 0 LSB
25D ADDI FC
25E #01 Puts One in LSB of D.1
25F PHI BD If Test is Successful
260 BR 30
261 ADDRESS 66
262 GHI 9D
263 SHR F6 Shift Rt 0 MSB Shifts LSB Out
264 SHL FE Shift Lft. 0 LSB Restores MSB & PUTS
265 PHI BD A Zero in LSB in Reg D.I.
266 LBR CO The Status Bit for the
267 ADDRESS 00 Counter AI in LSB
268 ADDRESS 35 Indicates the Counter
269 NOP C4 Test was Successful.

(Odd Number)
26F C4 (PATCH)
270 GHI 5.1 95 If a New Word Has Been
271 BZ D=0 32 Received Do a Retur to P=D
272 75
273 BR 30
274 F
275 BI 34 This is a Software Filter.
276 8F If the CMD Notify
277 BI 34 Drops to Zero the Program
278 8F Branches Back to Its Origin.
279 Bi 34 If CMD Notify Stays High and 5.1 is Zero -

27A 8F the Program Goes to 280
27B BR 30 the Start of the Input
27C 80 Subroutine.
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INPUT SUBROUTINE

INITIAL 280 LDI F8 (PATCH)
ENTRY 281 #08 Set Up Bit Counter

282 PLO R6 A6
283 GLO 8F
284 PLO AE Save Current Value of RF.0
285 LDI F8
286 #02
287 PHI BF RF = (0209) (08)
288 LDI F8
289 #09
28A SEX RF EF
28B BR 30
28C ADDRESS 92

EXIT 28D GLO 8E
28E PLO AF Restore F to Orig. Value
28F SEP DO

ENTER 290 BR 30
291 ADDRESS 70
292 NOP C4
293 BI 34 Escape When CMD Notify=1
294 ADDRESS 93
295 B4 37 Escape When SYS Clock=1
296 ADDRESS 95
297 OUT 7 67 Output (08) Acknowledge
298 BN4 3F Escape when SCLK (EF4) 0
299 ADDRESS 98
29A GHI 95 Load Next Byte (R5.1) to D
29B SHL FE Shift Left
29C B2 35 Branch if Data Bit (EF2) = 0
29D ADDRESS AO ADDRESS
29E ADI FC ADD 01 to D
29F #01
2A0 PHI B5 Save Shifted CMD WRD
2AI B4 37 Escape When SCLK (EF4) I
2A2 ADDRESS Al
2AJ DEC R6 26 Decrement Bit CNTR
2A4 GLO 86 Test for End of Command
2A5 BNZ 3A
2A6 ADDRESS 98
2A7 OUT 7 67 Reset Acknowledge (00)
2A8 BR 30
2A9 ADDRESS 8D ADDRESS
2AA NOP C4

-I

2AF NOP C4
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INTERRUPT ENTRANCE

EXIT 2130 LBR Co That Generates EX and DN
2151 ADD &C
2B52 ADD 69

ENTRY 2113 SAVE 78 T 8C6E P=RI, X = R2
2154 DEC 22 R2 8C6D
2115 STXD 73 Save D in 8C6D, R2 (8C6C)
2B6 GLO RE 8F
2B7 STXD 73 Save F.0 in 8C6C, R2=(8C6B)
2B8 GH1 RF 9F
2B9 STXD 73 Save F.1 in 8C6B R2=(8C6A)
2BA GLO RD 8D *
2BB OR IMMED F9
2BC #10 Set Sun Status
2BD PLO RD AD
2BE LDI F8
2BF #/02
2C0 PHI RE BF RF =0200 (00)
2C1 LDI F8
2C2 LOR #00

2C3 PO RFAF
2C4 SEX RF EF
2C5 OUTI1 61
2C6 DEC RF 2F Output Zero Volts to Power Supplies
2C7 OUT 2 62
2CS LDI F81,2C9 #8C
2CA PHI RE BF RF Contains 8C6E (T)
2CB LDI F8
2CC #6E
2CD PLO RF AF
2CE LDX FO T D
2CF SEX R2 E2
2D0 AN[ FA
2D1I #OF
2D2 ORI F9 Create DN Instruction
2D3 #DO
2134 STXD 73 Store DN in 8C6A, R2=8C69
2D5 SEX RF EF
2136 LDX FO T D
2D7 SHR F6
2138 SHR F6
2D9 SHR F6 Shift MSB to LSBITE
2DA SHR F6 Results OX
2DB ORI F9
2DC #EO The Instruction SEX EX is Formed.
20D SEX R2 E2
2DE STR 52 EX &C69; R2 8C69
213F INC 12 R2 - C6A
2E0 INC 12 R2 - 8C6B



2EI LDXA 72 8C6B (F.i1) D, R2 8C6C2E2 PHI RF BF Restores F. I2E3 LDXA 72 8C6C (F.0) D; R2 8C6D2E4 PLO RF AF Restores F.02E5 LDXA 72 8C6D(D) D; R2 8C6E2E6 BR 302E7 ADDRESS B0
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LOOK-UP TABLE ROUTINE

0300 (MSB) 00 Channeltron: 0 Volts Analyzer: 0
0301 (LSB) 00
0302 - 00 0
0303 - 00
0304 - 00 0
0305 - 00
0306 - 00 0
0307 - 00
0308 - 00 0
0309 - 00
030A - 00 0
030B - 00
030C - 00 0
030D - 00
030E - 00 0
030F - 00
0310 - BB Channeltron: 2200 Volts Analyzer: 7.3
0311 - ID
0312 - BA 15.6
0313 - 69
0314 - B8 33
0315 - E5
0316 - B5 71
0317 - AD
0318 - AE 151
0319 - D9
0 O31A - AO 322
031B - 45
031C - 81 685
031D - 49
031E - 3F 1460
031F - 25
0320 - CC Channeltron: 2400v Analyzer: 7.3
0321 - 2E
0322 - CB 15.6
0323 - 7A
0324 - C9 33
0325 - F6
0326 - C6 71
0327 - BE
0328 - BF 151
0329 - EE
032A - BI 322
032B - 56
032C - 92 685
032D - 5A
032E - 50 1460
032F - 3A
0330 - DD Channeltron: 2600v Analyzer: 7.3

'7



0331 -43

I0332 - DC0333 - 8B15.6
0334 - DB 3I,0335 - OB 3
0336 - D7
0337 - D3 710338 - DO11
0339 - 1P1
033B C2 332
033C - 67
033D - A3 685
033E - 6B
033F - 61 1460
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4. SPECTROMETER DESIGN

Electrostatic analyzers for ionospheric and space measurements operate with

differential energy channels whose nominal centers increase in a geometrical sequence.

Due to the physical design, the energy bandwidths, AEi, are close to a constant fraction

of the central-energy E . Such a series has the advantages that a wide energy may be

scanned and that analysis of data is mathematically convenient.

Under these circumstances the raw counting rate dN/dt in any channel represents

the differential energy flux density, Ei, as a function of energy. Then i/Ei is the

differential particle flux, 4i, and 4 i/E is a form of the velocity distribution function f.

Design of a spectrometer involves compromises among such performance parame-

ters as energy range, energy definition (channel width), dynamic range, temporal and

spatial determination and mode versatility. The technical parameters for the present

instrument are as follows:

1. The ion energy range lies between 40 eV and 20 keV.

2. The range is accomplished in eight steps.

3. The channels overlap in energy by two peicent at FWHM.

4. A complete sweep is accomplished in 0.25, 1 or 10 seconds, selected

externally, or may dwell at a single channel indefinitely.

5. The geometrical factor G c10 "3 cm 2 sr.

6. An incident current density of 100 nA cm-2 is observable.

With these constraints the aim of the design is summarized as:

1. The multiplication factor for the geometric sequence is 2.13, i.e.,

E= 2 .L3 Ei.I

2. The energy resolution 6 in each channel is 74 percent at FWHM, thus
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AE.
= = 0.74

Table 4.1 shows the nominal central energies and bandwidths.

Table 4.1. Design Goals for the Energy Channels (keY)
Central
Rerly FWHM Positions Bandwidth
0.073 0.0w6 0.100 0.054
0.16 O.09 0.214 0.116
0.333 0.210 0.456 0.246

0.71 0.4, 0.97 0.52
1.51 0.95 2.07 1. 12

3.22 2.03 4.41 2.38
6.85 's.32 9.39 5.08

14.6 9.2 20.0 10.8

The command and telemetry requirements were:

1. External commands may make a selection of complete cycle scan times of

0.25, 1 and 10 seconds, and a dwell mode in any channel.

2. The detector bias may be switched off and on by command. This will also be

accomplished automatically by a sensor that prevents illumination of the

aperture by sunlight.

3. Telemetry (output) information supplies:

a. cycle mode
b. channel number
c. accumulated counts by channel (sweep mode) or time period (dwell mode)

d. sun sensor state

e. detector bias state.

4. Telemetry is TTL compatible.

5. Analog voltages lie in the range 0 to .IV.

Command and telemetry are composed mainly of CMOS devices for low power and

weight. High voltage power supplies for the analyzer plates and detector, and the

amplifier/discriminator systems have been obtained commercially.
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£Electrostatic analysis is a common method of energy selection used in space

experiments. The analysis parameters, energy range, channel width and geometric

factor are related functions of the physical dimensions of the assembly. Depending on

the experimental requirements, analyzer plates may be of spheroidal, toroidal or

cylindrical cross section. The first two types are able to focus an isotropic,

polyenergetic beam about two axes. Hence their inherent focusing abilities are greater

than that of a cylinder, and suit narrow energy band and large geometric factor

applications. In the present design a wide energy resolution is required, together with a

relatively small geometric factor to accommodate high incident current and cylindrical

section analyzer plates.

The geometric dimensions of a cylindrical analyzer upon which the measurement

parameters depend are shown in Figure 4-1. The dependence of G and 8 on the

dimensions b, d and r, and angles a, 0 and 0 have been discussed by several authors

(e.g., Refs 4-7). Consideration of the properties of such an instrument is largely

empirical, due to the number of variables present, the energy dependence of the
responses and the necessity of treating incident flux as distributed in energy and

direction.

The present design has sought to simplify the procedure and to introduce some

flexibility into the response characteristics. The entrance aperture, defined by angles

and o, is symmetric about the center of the entrance to the analyzer plates. The radius

r defines the path of the main beam, corresponding to a particle at a central energy E1

incident normally at the center of the entrance aperture. The detector entrance lies on

the normal to the center of, and distant b from, the exit plane of the plates.

The main beam is defined by

i = r -V.

where

q = particle charge (electronic units)

d = internal plate separation

Vi = plate potential at step i (i =0 to 7).
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Figure 4.h Spectrometer parameters

The channel width, 6, at FWHM is approximately constant throughout the energy range.
The geometric factor G and 6 are strong functions of b, r/d and 9, and are weakly

dependent on a and 0. Adherence to the centering of entrance and detection areas
eliminates some unnecessary variables.
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The pursuit of small G (in anticipation of occasional very high fluxes) and large 6

engenders a design conflict. This has been resolved by employment of a small detection

area and a short analysis path, which results in the low-energy resolution necessary.

The dimensions of the spectrometer indicated in Figure 4-1, and others defining the

response, are given in Table 4.2.

Table 4.2. Dimensions of Analysis and Detection Assemblies

Notation Function Dimension Comments

a Entrance aperture length 6 cm

a Entrance azimuthal angu- 160 max. Variable by baffle selection.
lar aperture Axis parallel to that of cylin-

drical plates.

0 Entrance zenithal angu- 200 max. Variable by baffle selection.
lar aperture Axis perpendicular to that of

r Main path radius 7 cm

e Main path, plate, angu- 320
lar dimension

d Plate internal separation 0.35 cm

so Main path length 3.91 cm

SS2 Plate lengths 3.91,4.0l cm

w Plate width 2cm

b Exit plans-detector 4 cm max. Variable
separation

Detector cross-section 0.3 cm, 3 mm diameter Channeltron
diameter, active area 0.071 cm

2

G Geometric factor 1.6x10-3  Nominal
cm2 

sr max.

Chaneltron cros-section 0.206 cm
external diameter

Chaneltron mean 4.37 cm

diameter

Multiplication factor 10 E i/V i d2d

Backgroud shield 0., cm
aperture

Plate serration 0.25 mm, 18
°

depth and angles

Confirmation of acccuracy of design parameters may be obtained experimentally.

In order to allow tuning of these values it was decided to make the dimensions a, 0 and

b variable. a and 0 are defined by machined baffles as interchangeable sets. The
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position of the mouth of the channeltron can be adjusted between I and 4 cm from the

exit plane of the analyzer.

The analyzer is operated with the outer plate at ground potential and the inner

plate at negative voltage. This arrangement has the advantages of a reduction in

complexity of step generation and reduces the fringing fields at the analyzer exit. The

multiplication factor of 10 requires a voltage at step 7 of 1.46 kV. The grounded outer

plate enables the side panels of the analyzer to be formed as grounded conductors and

to avoid possible charging within the analyzer.

4.1 ENERGY CALIBRATION

Calibration of the instrument was made by spatial and angular integration of its
response to monoenergetic He+ beams across the total bandwidth at the central

energies of channels I through 7.

Ions were generated by leaking helium into a small chamber containing a hot

cathode, the energy of the beam being determined by the expulsion voltage from the

chamber. Species other than He+ were removed by magnetic deflection. The resulting

pflux has a cross-sectional area of about I x 5 cm such that the long dimension is in the

horizontal plane perpendicular to the analyzing axis of the spectrometer. The current

density of the beam was measured with a Faraday cup connected to a Keithley 642

electrometer. Final ion emission of energies below 100 eV became very inefficient and

precluded the calibration of channel 0.

The detection rate response of the instrument was measured across the energy

sub-band at increments of one degree about the analyzing (vertical) axis. The total

response characteristic of a channel may be obtained by summation of each energy

step.

The usual measure of spectrometer properties, and one computed in this work, is

that of its detection response in an isotropic isoenergetic particle flux. This may be

done with a monoenergetic parallel beam by varying the angle of incidence in small

increments about a vertical axis through the midpoint of the entry plane of the plates

(angle a in Figure 4.1) at a fixed analyzing potential. Only variation about the vertical

axis is necessary as the dispersion in energy of the incident flux takes place in this

sense. At each increment the counting rate response is determined as a function of

energy in a constant intensity beam. Thus, at any energy step Ei the response F is given

by
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F(E1 ,E) L (E) dE da.12
There are second-order effects in the response measurement due to counting rate

dependence on discrimination evel and detector efficiency as a function of energy and

counting rate, detector bias, age, impact position in the cone and ion species. Thus,

these parameters must be specified for the determination and there will be small

variations in response properties as these are changed.

The spectrometer models were mounted horizontally with the aperture in the

approximately I cm by 5 cm uniform beam. A Faraday cup was mounted beside the

aperture and connected to an electrometer to measure current density of the flux. It

was determined that beam current was dependent on filament power (If Vf) and ion

chamber differential pressure above ambient (A p) approximately as

O R(IfVf - PO)2 Ap pa/cm2

where R is a constant and P is a threshold power for a given filament. Requirec:

currents could be approximated by the source parameters. Aperture and geometric

factor values of the spectrometer were estimated from Faraday cup current

measurements.

A series of four degree incremental angular responses are shown as an example

for Step 2 in Figures 4-2 and 4-3. The series are alternated to provide some clarity. It

is apparent that the angular response is dominated by fluxes incident at negative angles

(clockwise in ot from the central trajectory). This effect, a deviation from the idealized

selection condition, is due to the shortness of the analyzing plates compared to the

optimal focusing angle (cf. Refs 4-7), and is difficult to predict from design algorithms.

The skewed response for this channel is also seen in Figure 4-4, an integration across

the energy domain. Total isotropic responses for channel 2 are shown in Figure 4-5.

Also shown are the contiguous skirts of channels I and 3. Figure 4-6 shows the

isotropic responses of channels I through 7. Ion production became increasingly

inefficient below 200 eV and it was not possible to calibrate channel 0 satisfactorily. It

can be seen that the skewing effect becomes less noticeable in the higher energy
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Figure 4.2 Channel 2 responses at discrete angles at constant current
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Figure 4.6. Responses of Channels I through 7 to isotropic isoenergetic fluxes at
constant current

channels. This indicates that the field topography in the region of the plates and

detector entrance also influences the microstructure of a passband.

Comparison with the calibration curves of Reference 8, which are measurements

made on the prototype model with a 1 mm 401IC detector, shows that substitution of

the 3 mm channeltron has tended to flatten the peak of the responses in the lower

energy bins by adding some high-energy sensitivity. This has increased the bandwidths

slightly so that they are close to the design goals, but has skewed some channel centers

to higher values. The broadening of parallel beam response at certain angles

(Figures 4-2 and 4-3) may well have a beneficial effect in the broader context of

intended use. Although design parameters have been executed, as is usual, for isotropic

fluxes, these seldom occur naturally. It is probable that, under conditions where a

spacecraft is at a negative potential, the ambient ions are consequently accelerated

into a flux which, at the spectrometer entrance, is relatively narrow, both in energy and

angle content. This suggests conditions such that there are finite probabilities of such

beams going undetected. The broad "parallel" sensitivities of Figures 4-2 and 4-3 serve

to decrease the chance of a miss.

The nominal central values of the energy channels were set to levels specified in

Reference I by the method of Section 3.1.2 and given in Table 4.3. The voltage levels

between the inner plate and ground wave measured using a Tektronix 6103A probe

feeding a Keithley 6108 electrometer whose output was read on a Hewlett-Packard

345A digital multimeter. Calibration was made with a Cohu 326 voltage standard.

Maximum total errors in these measurements are estimated at +0.3V.
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5. DISCUSSIO

:V This spectrometer has been designed to serve the needs of an automatic
spacecraft charging-detection and discharging system. Its original concept consisted of
a hard-wired instrument whose performance parameters adhered to the proposed
specifications. Two reasons impelled a change to a microprocessor-based program-
mable system. First, the relative complexity of functions required of a simple and
inexpensive instrument required an electronic design complicated and unwieldy beyond
the sense of the project. Second, such a change injected the design with a high degree
of flexibility in application and performance, and suggested straightforward interface
capability with other programmable subsystems.

* The idea of a particle spectrometer sensitive to an energy range with a ratio of

435 in eight steps is unusual. It is based on feasibility studies modeled on data from the
I, ~ SC9 instrument (Ref 9) flown on the P78-2 stationary satellite. These indicated that

continuous comparison of counting rates in narrow energy bins showed promise as a
real-time monitor of spacecraft potential conditions. It was felt that similar success
could be achieved with relatively few wide channels.

16 The considerations involved in design of a broadband spectrometer, short analyzer
plates and wide acceptance angles led to such unwelcome secondary effects as channel

microstructure, response variability over the energy range, danger of rapid channeltron
aging under high current conditions and the chance of nondetection of anisotropic:
fluxes. These features have been taken into account in the present instrume~t and
attempts made to optimize performance with respect to all such considerations. As the
concept of automatic quantification of spacecraft charging and relief is in its
development stage, it was felt that the greater the flexibility provided in the detection
system, the more useful i-1 would prove to the investigators.

For example, it may be required that the number of discrete channels be
increased, the energy range lowered and the bandwidths reduced. This may be achievee
easily by replacement of the detector, narrowing of the acceptance angle with a
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smaller set of collimators, increasing the plate-detector separation and reprogramming

of the memory system.

The dynamic range of the instrument is extremely large. Twenty-four bits of

counting rate data are available for any data interval, i.e., energy step period or

10 seconds in the dwell mode. This is a recording of over 16 million separate events.
At very high rates the apparent counting rate A must be corrected for the dead time

(T = 220 ns) effect of the amplifier. The real counting rate, N, is given by

N - sec- I

Table 5.1 indicates the corrections necessary at various counting rates. Adjustment of

the dead time to higher values allows reduction of the number of data bits, at the risk

of lower precision occurring at high rates.

Table Y.. Real (N) and Apparent (A)
Counting Rates for a Dead Time (T)

of 220 ns
A N

2 MHz 3.371 MHz
1 1.282

300 kHz 562.1 kHz
100 102.25

50 50.56
10 10.02

The modes of data collection are scans of the eight steps in nominal periods of

0.25, 1 and 10 seconds, and indefinite dwells at any energy level with data output at

10 second intervals. Thus the accuracy in the worst case (A-* 1.68 MHz, N a 2.66 MHz)

is thought to be adequate for the application. The efficiency of the channeltron varies

with proton energy E and N (Ref 11

The nominal aperture of the instrument may be estimated from the dimensions of

the outer collimator plate (a x b, Figure 2-9), the distance to the detector surface r and

the active area of the channeltrons as

G4,Lt • 1.6x 10"3 cm2 st .
r

7,
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This will allow counting of a 100 nA/cm2 beam at a particular energy in the fastest
scan mode. It is advised that such high fluxes not be used frequently in testing so that
detector aging be avoided.
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A meeting between representatives of AFGL and IRT agreed to the following

contract understandings:

A. CONTRACT SPECIFICATION INTERPRETATIONS

(Unambiguous interpretations omitted, numbering by original specification

number.)

1, 5, 6, 7, 10 and 15 agreed to.

2. The instrument will survive a current density of 100 nA/cm2 at the aperture.

3. AFGL to advise on the technical necessity of FWHM channel overlap of

between 0 and 2 percent. Relief from the specification was sought due to the

energy response nature of such an instrument and the difficulty of obtaining a

narrow overlap range.

4. Indicated sweep times may be approximated to periods convenient to
instrument.

8. Flight exposure is two years,-shelf life is three years. Use of the detector
under variable (minimum) bias indicates a two-year lifetime and does not

require the employment of multiple detectors. Compliance will be demon-

strated by analysis. Orbital environments are assumed benign.

9. AFGL will conduct environmental tests at the specified levels. The proto-

type instrument is designed for functional tests only and is not intended for
acceptance test survival.

11. The analyzer plates of each model are serrated to reduce photon scattering.

Collimator and plate surfaces of the flight models would be gold blackened as
schedule and expense allowed.

12. Diagnostic output selection was made by IRT with best engineering judgment.

The preliminary diagnostics met the intent of the specification.

13. Protection against potentially damaging transients entering or leaving the

instrument was achieved by addition of zener diodes to the interface lines.

14. Maximum power consumption of two watts is acceptable for rocket

applications.
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16. Replacement of a detector in an ESA may require recalibration of the

instrument.

B. OTHER UNDERSTANDINGS

1. Flight Environment

a. The flight models are intended for a rocket mission to an altitude
300 km under quiet conditions.

b. Thus radiation-hard components and detector shielding are not required

in the flight models.

c. IRT to be advised on any change in this environment and will respond

with cost, weight, power and schedule impact estimates.

d. IRT will provide for fast outgassing behavior of the instrument consonant

with maintenance of adequate protection for components. They will also

advise on minimum power-on altitude.

e. AFGL will provide information on vehicle, instrument location, launch

site, local time window, solar and lunar aspects, required ionospheric

- |conditions and any other data pertinent to successful operation.

f. Instrument apertures will be protected by plates or caps to be removed

shortly prior to launch and so identified.

2. Shelf Environment

a. When stored for longer periods than three days, the instruments will

reside in dry, clean argon or nitrogen atmospheres at slight positive

pressures. The atmosphere will be refreshed each month. The container

need only be a plastic box or thick bag.

3. Mechanical Interface

a. Securement to a vehicle platform may be by baseplate bolts, brackets or

straps. -0,

b. Current dimensions are acceptable for vehicle integration.

4. Telemetry Interface

It is not the intent that the current instrument interface directly with S/C

telemetry.
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a. The command word will be transmitted to the ESA with MSB (0) first and

designate:

0, 1 channeltron bias

2, 3, 4 analyzer voltage for dwell mode

5, 6 sweep time or dwell

7 true, overrides sun sensor.

b. Data transmission from the ESA has MSBs first in the following format:

Dwell Mode
0-3w as defined in Second Quarterly Report (Q2)

36-43 diagnostic data

Sweep Mode

0-223 bits 0-27 as defined in Q2 and transmitted eight times

(once) for each analyzer step)

224-231 command word

232-239 diagnostic data.

c. The telemetry system will be based on an S/C clock, faster than the

current 1024 s "[ . Upon coding completion, the fastest convenient clock

time, determined by the number of P instructions executed for output

of each data bit, will be determined and documented.

J Hardware and software impacts for a faster rate will be evaluated.

d. In order to speed up data transfer during the dwell mode, no input

command will be accepted during transmission of dwell -data. In the
sweep mode, the next input command will be accepted only after
completion of the sweep.

5. Miscellaneous Items

a. From the results of instrument calibration, an attempt will be made to

calculate a factor for each channel which will enable an absolute

counting rate to be obtained.

b. After all data is gathered on the components, IRT will perform a

reliability calculation for the complete system.

23
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c. A power-off, power-on reset practice is acceptable and would be used

for recovery in a satellite flight af'er any soft error problems were

detected.

d. Soft error occurrence is very unlikely in a rocket flight.

e. Selection of an RCA 1802 P-based electronic system is acceptable.

f. Ground test equipment development is the responsibility of AFGL. IRT

will provide informal information based on their own test setups.

g. Final checks of detector operation may be made by use of a suitable

radioactive source placed at constant position with respect to the

instrument.

h. The final report shall include test results, appropriate drawings, design

assumptions, S/W descriptions and requirements for instrument use and

treatment.

i. On receipt of requirements for algorithm manipulation capability incor-

poration into the IRT instrument, IRT will provide feasibility and cost

and schedule impact estimations.

6. Action Items

a. IRT provided a preliminary interface control document. This included

maximum dimensions, mounting footprint, functional interface, pin

assignments, weight and power estimates and required aperture angles.

b. AFGL will provide required pyro shock data.

c. AFGL will investigate relief on Item A3.

9I



APPENDIX B

IRT PROTON ESA INTERACE PIN ASSIGNMENTS



This pap Intentlanaily left blanc.

/

.1

0* V
56 _________ -

________ ..- ~. -----. ____-~1~ - ..--.-... ___________________ __



29 September 1982

IRT PROTON ESA
INTERFCE PIN ASSIGNMENTS

is 2. 39 49 59 69 70 8o Mating socket
9* 100 lie 12* 139 140 159 Cannon DA 1S

Cannon DA 153P connector pins as

F~mctanalIntefaceviewed from exterior of ESA

[ Cannon
DA ISP V40

Formal Pin Pin

Type Desistnation Name Assignment AssignmentI IPower +28 Vdc +28 7 1
Power +28 Vdc RTN +28 RTN 8 10
Power ESA signal ground SIG GND 13 2IInput Spacecraft clock SCLK IN 9 4
Input Command Notify CMD NOTIFY 1 7
Input Command Data CMD DATA 2 16
Input Data Out Acknowledge DATA OUT ACK 10 6
Output Data Ready DATA READY 3 5

Output Command In Acknowledge CMD IN ACK I11 13
Output ESA Data Output DATA 4 3

Term +5 VdC 6 11

Pins 5, 12, 14 and 15 not used.
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A.101 PAD

HYBRID CHARGE SENSITIVE PREAMPLIFIER • DISCRIMINATOR

lDesigned for direct applications In the field
of aerosace Istrmentatlon, mass spectro.
meters, laboratory and reearc experiments,
medical electronics, and electro-optlcal

Model A.101 Is a hybrid charge sensit ve preurplfler, discriminator, and pulse shaper
developed especilly for Instrumentaon employng Wphotonulp tubes, chan
electron multiplIers and other chmge produdng detectors In the pulse counting mode.
While this unit was specifically designed for satellite Instrumentation, the following
unique characteristcs mike It equally useful for spece, leoatory and commencil ap.
plicaflons:

SSISS No (T4 pm k s sn d dee r Gftlt,, e( RNuOW.
1 Pe iquIr 5 is l nUlalet.

Sov-o pmr enU wt CMOS and "T'
• Mput alm"Im uM NTkW
.Inpu lwad eatnelly aditust.s
SOutut - widst Is VW e with emmal 1m -eap .
In ham of bumn.n ime.
Oe yew wuMiy.

+ H TEST

*1*L

TYPICAL PARTICLE COUNTING SYSTEM

The hybrid assembly of the A-101 IS performed In a Clas 100 filtered air clean room
facility using thin film technology and unpackaged chip components. The substrates
are ceramic with gold deposited conductors. The cases re filled with dry, inert gas,
hermetically seled and leek tested. The units then undergo bum-n for 168 hours
under full load at 1258C In order to minimize Infant mortality.

AMPTEK m c
6 DE ANGELO DRI, KOPOPO MASS. 017301 017) 2U& 12
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SPECIFICATIONS ;NPUT

N. * dv T= *C The detector is nomially capeatwvey coupled to Pin Q2 with
a capaci1to of adequate voltage rating. Alternatesly, the

INPUT CI4ARACTERISTICS detector anod can be direct coupled to the input It the
cathode is a negative potential. The A-101 is Aliesive toa

NRH1111,0. Mode A-10l has a nomninal thresald rater. no W charge Pulse of ot lest 0IS picocculorns. This
red to the Input of 1.6010- -4coulormb. Tit" threshold may be inIclese by the connection of a ressto
Is equivalent to 100 electrons. The between Pints 9 and 12. APpoxireats values s given in
threshold can bo Increased byr the Addition Figure 1.
of aresistor be P1een 11, aland 12. SeeW

STASILITY: <1.3% of thresholid. 0* to 50*C. See LL

NOIE. RWt noise leve <0.4% ot threloold.
PRO1SC~tN: ack-to~beck diodes to ground. --

OUTPUT CHIARACTERISTICS
1Pin 5 rovidesa positive 5volt output

WAIDTH: 20 ns oia.Myb n

croased to greater than . -

2 las by tWe addition of a
apacitor betwee Pins 3 1. -

and 4. See f 2I.
AMPUITUCE 5 voltai
a Pin 61is an open collector output andm
with an external pullup resiator Provi13 a 61 9% U 983948 U 04 10 1 U 3 6 S I.

neaiegoing pulee (the complemnent of
PitU) This output can drive TTL And can be

wlts 611e with ote units. Puu ressto Input IrsI Wd 40 bwietten ofetat se s
may be connected to Vo or to other Politiv Fgure I
supply up to.+ ISV.

The A-t01 can be '48fed with a 0~ee by using a antill
capactor to oint a tea ohsg Inlt It WInu. The uni will

GENERAL trigger on the negsttve o ege" of the puls Whit should
coweT RATE. 4 x IO CPS have a ftastion tirms of les then 30 ne. Either a tell oules
PUJLSE PAIN MhbujowM : 250 nao1  with a nWgi longer feln tint ( > IeaPOW or a equae waeo, "I" tieusd Oft eatso e we" s Used. triggeing onth

01MEATIG VLTAE: 4 t +poCD~tlve*oln edge will occur for largs pulseel
OPIERATING CURRENT: 3fm Quiescent

anim 0o 10 P Cimrg t eatlta in the Not circuit Is auowd"n to 0.a CV
where 0-ToW amoun of chaps. Ca*Capacitor anid

TEMPRATUR. - SS to + TOC opearstil V=Volsg. Use only a aittl capacitor In this circuit
UMR440k 146 hoursi At lull load WA~ (1.tgp). 00 NOT conromt a iowa Imeac IFuMe1e0 through

iu'C.10 owo whn" eng a thi will POduce a W"g pulue
RAOIATION FA AC through the Input t Mosisto amno ama ca Imoveribe

oAA n equst TEST CIRCUIT
PAOEAGE. 12 44in. T04 caem IV
0#fNL CWONOW Qalteuo MIL4rTDam GIS

OPERATING NOTE: j'rLL WIN

All de1ice "pcfolsA appl tool oprain t. dv Theunit Jim
an bsepr up to + tair with imncraed power plaSNW-

Ilien and twalod. supply Is iterally 1ypassed cares0
aloud be tniOthtlyuadin011aptolt Tr (3DMTi >1 *6
power -m Il ooum nowma beeo. meow
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0 VLJ0S GENERAL

The output &t Pin 5 is a ositive. MS wide pulse Duo to its Betetli a d amall sa$=. the A-t01 is well
Pin is an open collector output and Should be left unCOn. Suited to use within a vacuum cliAnibe. In such islctons
nectsd if riot uad.d A negative going Output Can be obtained the mounting should prmovide adequate hee disabpatmon AMd
by Connecting a pullup rseiator (Typically IIt fl) betwee VS Cars Should be taken to avoid electical discharge near tile in.
aid Pin & The Pullup reeiator MY be tied to any Poeives put whicti can danteg unit and void werrany.
voltage up to ISV (W required for exanipWe in iteracng with Use care in Soldering leads avoid averiieaing
particular logic farivleu In nwt.Stctrsstemsl. whrs
more than one prnp drive, thie smile counter, the ape col-
lector outputs of several A-1015I can be connected together to
the Counter input with a single pulluip realetor. D0 NOT CON- wPu fWi
NECT TMIlS PIN DIRECTY TO Vs (PIN 21 AS THIS MAY
DAMAGE OUTPUT STAGE AND VOID WARAINlY. 0
The output pulse widt can be incee by the connection of 0 a

a capacitor between Pins 3 and 4 See Plgur 2 for typical 14 0 0 1

T04 TYICALDIE IO S

PIN ASSIGNMENTS

1. GRIOIN T. No ConnectionI
2. V, (+4 to + 10VOC) S. No Connection'
3. Pulse Width AdJust 9. Threfold Adjust
4. Pulse Width Adjust 10. No CofnnectionI

S. Positive Output 11. No0 Connectioni6. Open Collecltr Oupu 12- Input

Figure 2 I 0' W
If thest drpulsewl ihs adequaeePf 3 a4mi~ust be 00,1 1= I u
lef unconnected. ogISO -.

WAIIIIIANTY: This p nmupllls*lanmdo is werrlitd
aguie dfecs udernorme use foir a paed of a one

~~~alteir delier. Amptek kInca Woe remp, lfto 10its

suetoMerunertil Imty hel e. opton, elthirtoI rin~~pal or IIplac ay oumentm ~il falls durin tis

tionfound such' 0o mt t- sees elIve. Unt dlge-d

Signals or not oprndIn Sinanoe w~th opsln Instil
tierstmem no md uner mimer". Theumimutleeen

eilelvimiimatallOal ---- , r" -ieelu-1soifai-

Threshld vs Toruimsrs (Tysies u uee t u o rI einamm
of- Aafg-l InA for ortse Isain btnr wdil TOohe

Figre3 se or foieone of tilS geliimnt sulpled mfWWtl'i
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4. e nOUR s MULTIPLIERPOWER SUPPLES

Variable DC to OC Convrtwr
output

4~4 Proportional to Input
0-15 Output to SOOC
0-30 Output to 3000VOC

FEATURES: c II
Caw

No k*LVWP~d

*Ont TMe a"u Ogismy

DESCRIPTION: A NOWb dlief MONOW So haft iW reuMa w4Mu

- ~ ~ ~ ~ ~ ~ - ,C , D humuuipuamusiago"i
wvii. d@Mpgas Iesdw 4 hum hoy or Saw tow The V- s~a A@ am Powse gal tPE, woi Ij,

pwgsaft ThWhl5yhhM~almgAuhf S Ihl mpfumM WA OWNh" if a uhaommee am ML

Wid e od Uu*S hi mmovns s utOW diE. ahhrmi, & "0 v Wu

OWdW GWOWO at smuaue&WSuouspseui A is WIS E faeqma owns in aswet or
tISO .me ISMa "cM N Welt @WNW - 4 aap "1 "'0eU CWWIiibMIUP II?LOS 11oat ?1C.I

APPLICATIONS:

am.i XWOAW ft"m a* ammu6' vows * bobs001NWmo bm ONSirtmSmm w Wro
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0-15& 030-
ELECTRICAL CHARACTERISTICS: PHYSICAL CHARACTERISTICS:

W PMr 10 ~ e Ig10p ,mi bujw 2tO Solid aMofw
Pmp 0aft 220M~p am

OPP*e FL 0.f 0.20% arUight nfowefefmw

VOMONmp -WOCIO+*7C vbfn 200'swmi-1410.
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ANALYZERISPACECRAFT INTERFACE LINE DEFUMMTON
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The seven ESA interface lines are TTL compatible. They are described as follows:

1. S/C Clock

1024 Hz, approximately 50% duty cycle. The exact frequency is not

important. It is used by the S/C and the instrument to transfer digital

signals; that is, commands to ESA and data to S/C.

2. Command Ready (Notify) - S/C to ESA

This signal goes true on a positive-going edge of the S/C Clock and signals

the ESA that a command word is ready from the S/C. Signal goes false on

the eighth positive-going clock edge following the start of the true signal or.

the Command Ready Acknowledge line.

3. Command Ready Acknowledge - ESA to S/C

The signal goes true on the positive-going edge of the S/C Clock, after the

ESA has completed a readout from the last mode cycle. This signals the S/C

to start shifting the command word to the ESA at the S/C Clock rate.

4. Command Word

This is a serial digital data line dedicated to the one-way communication of

command data from the SIC to the ESA. The Command Word is loaded into

the S/C serial output register before the Command Ready line is set true and

thus the MSB of the Command Word is available on this line whon it is set

true. The ESA reads the MSB on the first negative-going edge of the Clock

after the Command Ready Acknowledge line goes true. The second MSB is

shifted on to this line on the first positive-going edge of the S/C Clock after

the Command Ready Acknowledge line is set true. This action continues

until the LSB is read and shifted, at which time the Ready and Acknowledge

lines are set false.

5. Data Ready - ESA to S/C

This is the line for notifying the S/C that the 256-bit data word is ready to be

sent from the ESA. It is equivalent ot the Command Ready line in the other

direction. It is set true on the positive-going edge of the Clock.

101
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6. Data Ready Acknowledge - S/C to ESA 4

SThis line notifies the ESA that the S/C is ready to accept the serial data from

the ESA. It may be set true at any time.

7. Data Output - ESA to S/C

This is a serial data line for transmitting ESA output data to the S/C. The

first bit of the Data word is not available on this line until the first positive-

going edge of the Clock after the Data Ready line and the Data Ready
Acknowledge are set true, and is read on the next negative-going edge of the

Clock. This action continues until all 256 bits are read and shifted, at which

time the Data Ready line goes false.

ii
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APPENDIX F

COMMAND AND DATA BIT DEFINITON
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This appendix describes the bit assignments used to input commands to the

analyzer and to output data to the spacecraft. Table F-I gives the input command bit

assignments. Table F-2 lists output data bits in the sweep mode. Table F-3 gives the

output data bit assignments for the dwell mode.

Ii
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Table F-1. Input Command Data Bit Assignments

Sweep Time
and

Channeltron Analyzer Channel Dwell Sun
Voltaxe Voltage Modes Sensor

MSB Command Word LSB
7 6 5 43 2 1 0

o 0 0 v 0 0 0 7.3 V 0 0 0.25 sec 0 Enabled

0 1 2200 V 0 0 1 15.6 V 0 1 1 sec I[Disabled

1 0 2400 V 0 1 0 33.3 V 1 0 10 sec
1 1 2600 V 0 1 1 71 V I I Dwell Mode

1 0 0 151 V

1 0 1 322 V

I 1 0 685 V

I 1 1 1460 V ,

106



Table F-2. Output Data Sit Assignments - Sweep Mode
Bit Location Bit Designation

1 23- MSB
2 22
3 21

24 data bits - count from lowest energy channel

231
24 0- LSB

25 5- MSB
26 4 3 voltage code bits for 1st energy channel 000
27 3- LSB

28 0 Sun sensor bit

29 23- MSB
30 22
31 21 24 data bits - count from 2nd energy channel

52 0- LSB

53 5- MSB
54 4 3 voltage code bits for 2nd energy channel 001
55 3- LSB

56 0 Sun sensor bit

Six additional data units for energy channels 3 through 8

225 7- MSB
226 6
227 5
228 4 Playback of input command word
229 3
230 2
231 1
232 0- LSB
233 7- MSB
234 6
235 5
236 4 Diagnostic data - bits 7 through 1 are checksumi
237 3 Bit 0 is counter test indicator, 16=success, -

238 2 0.1 ailure
239 1
240 0-

Bits 241 through 256 are not assigned
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Table F-3. Output Data Bit Assignments - Dwell Mode

Bit Location Bit Designation

1 23- MSB
2 22
3 21

24 data bits - counts in commanded energy
channel

24 LSB

25 5- MSB
26 4 Commanded energy channel - analyzer

voltage code
27 3- LSB

28 0 Sun sensor bit

29 7- MSB
30 6

• 31 5S32 4 Playback of input command word

34 2

36 0- LSB

37 7- MSB
38 6
39
40 4 Diagnostic data - bits 7 through I are
41 3 checksum. Bit 0 is counter test indicator,
42 2 1 =success, O=failure
43 1
44 0-

10




