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ABSTRACT 

The Suprathermal Ion Detector Experiment/Cold Cathode Gauge 
Experiment (SIDE/CCGE) was designed and fabricated by Marshall 
Laboratories as an integral part of the Apollo Lunar Surface Experiments 
Package (ALSEP). 

The SIDE/CCGE Experiment will measure the flux, number density, 
velocity and energy per unit charge of positive ions in the vicinity 
of the lunar surface and transfer such information to the ASLEP Data 
Subsystem. A Low Energy (LE) detection system, consisting of 
a Wein Velocity selector (crossed electric and magnetic fields), 
an electrostatic analyzer, and a Channeltron (R) Electron Multiplier, 
detects positive ions with masses up to 130 AMU, and measures the 
differential energy spectrum of ions in a narrow velocity range having 
energies from 0. 2 ev to 48. 6 ev per unit charge. A High Energy (HE) 
detection system, consisting of. an electrostatic analyzer and a Channel­
tron (R) Electron Multiplier, detects all positive ions regardless of 
mass, and measures the differential energy spectrum of ions having 
energies from 10 ev to 3500 ev per unit charge. The ions passing 
through the electrostatic analyzers of each detection system are 
focused on their respective Channeltron (R) Electron Multiplier (2 
per SIDE), whose output is amplified by thgir Detector Amplifiers 
(2 per SIDE). A data accumulator (0 to 10 counts per sample interval) 
stores the amplified channeltron output pulses during each accumulation 
interval. Parallel data paths direct to the ALSEP Analog-to-Digital 
(A/D) converters are provided for the High Energy and Low Energy 
detection systems. Outputs of the converters consist of eight bits 
of digital information, which are commutated into one output. House­
keeping data is also monitored by the SIDE A/D Converters. A 
Master Timing Generator controls all timing functions as follows: 
(1) provides an address for each frame in a cycle (SIDE FRAME count), 
(2) provides sequencing information for the electrostatic analyzer 
stepping voltages, velocity selector voltages, and Ground Plane 
Screen voltages, and (3) provides sequencing and timing signals for 
various portions of the experiment. The Ground Plane Screen furnishes 
a stepped reference potential on the lunar surface for the entire experi­
ment. A Command System consisting of five command lines furnishes 
any of 16 command input combinations. 

The CCGE experiment will determine (1) the density o!
6
any lunar 

ambient atmosph:_l_~ corresponding to pressures of 10 torr to 
approximately 10 torr, including any temporal variations either 
of a random character or associated with lunar local time or solar 
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activity, and (2) the rate of loss of contaminants left in the landing 
area by the astronauts and the Lunar Module. The sensor is a 
plasma discharge device which effects conversion of density to direct 
current. An Auto Ranging, Auto Zero electrometer monitors cur­
rents in the lo-14 to lo-6 amperes range, and the data is processed 
by the A/D converters in the SIDE. The gauge produces a magnetic 
field of 1020 gauss, and operates at an anode voltage of 4500 volts. 
A Seal Mechanism provides protection against premature contam­
ination of the sensor, and is released when the proper command is 
executed from the ground station. 

Special equipment requirements include an Experiment Test Set 
(ETS) to completely check out the entire experiment package. The 
ETS consists of the following major subassemblies: (l) Data 
Processor, Printer Unit, Data Phone Unit; (2) Display Unit; (3) 
ALSEP Simulator Unit; (4) Monitor Unit; and (5) Oscilloscope/ 
Counter Unit. The function of the ETS is to process data from the 
SIDE/CCGE, display it in decimal form, print out the data or trans­
mit it through the dataphone, provide timing and command signals 
to simulate the function of ALSEP, and supply power to the SIDE/ 
CCGE. 
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1. 0 INTRODUCTION 

This engineering report describes the ALSEP /SIDE/ CCGE 
Experiment designed, fabricated, tested, and delivered by Marshall 
Laboratories in accordance with Rice University Contract No. Sl966-
14. 

The function of the experiment is to measure the flux, number 
density, velocity and energy per unit charge of positive ions near the 
lunar surface, and to detect any lunar ambient atmospheric pressure. 
The experiment will measure the differential energy spectrum of ions 
having energies from 0. 2 ev to 3500 ev per unit charge. 

The report covers electrical, thermal, and mechanical des­
criptions of the instrument. Also included is a description of the 
Experiment Test Set. 

The following figures provide an introductory summary of 
pertinent features of the ALSEP /SIDE/ CCGE Experiment: 

a) Figure l. 0-1 Lunar Surface Deployment 
b) Figure 1. 0-2 Close- Up Photograph, SIDE/CCGE 

in deployed Configuration 
c) Figure l. 0-3 ALSEP System Objectives 
d) Figure 1.0-4 SIDE/CCGE Objectives Summary 
e) Figure l. 0-5 Stowed Configuration 
f) Figure 1. 0-6 Deployment for ALSEP 
g) Figure l. 0-7 SIDE/CCGE Deployment 
h) Figure l. 0-8 ALSEP Objectives 
i) Figure l. 0-9 ALSEP Experiments 
j) Figure l. 0-10 SIDE/CCGE General Features 



FIGURE 1.0-1 LUNAR SURFACE DEPLOYMENT 

This Widely Published Illustration Features Time-Zero's Suprathermal Ion Detector Built For Rice University 

(Artist's Conception) 



FIGURE 1.0-2 SIDE/CCGE DEPLOYED CONFIGURATION -PROTOTYPE 
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2 o 0 PROGRAM HISTORY 

2 o 1 Introduction 

The ALSEP/SIDE/CCGE Experiment was designed, fabri­
cated, tested, and delivered by Marshall Laboratories, Torrance, Cali­
fornia, under contract to William Marsh Rice University, Houston, Texas. 
The original contract was executed on 8 June 1966; delivery of the last 
unit took place in December of 1968. 

Designated contract number is 51966-14, under Prime 
Contract number NAS 9-5911. 

The following presentation of program highlights includes 
a summary of major design and status meetings, design evolution, deli­
very schedules, problem areas, solutions, and improvements. 

2. 2 Program Meetings 

During the course of the project, numerous program and 
review meetings were conducted to insure proper continuity of direction. 
configuration, design, and rework. Various design features and their 
problems were discussed in these meetings, as well as new designs 
implemented to further improve the instrument. Progress of the pro­
gram was periodically reviewed. 

Typical of the major design reviews held are the following: 

In November of 1966, an ALSEP Preliminary Design 
Review was held at Bendix Aerospace Systems Division to review the 
Bendix system design, with emphasis given on the interfaces between 
the various experiments. Particular attention was given to vibration 
and shock problems, and to power system interface problems. 

A major Experiment Status Review meeting was held 
at Marshall Laboratories in December, 1966. Major topics included 
program management, scheduling, staffing, and costing; status of 
design, fabrication, parts procurement, and other technical aspects 
of the program were discussed in depth. 

Typical of the Program Review Meetings was the meet­
ing held at Marshall Laboratories in June, 1967. Design status was 
reviewed including electrical, thermal, and mechanical design features. 
Costs and schedules were analyzed in depth. In addition to Rice Univer­
sity and Marshall Laboratories participants, attendees included repre­
sentatives from NASA/MSC, SCAS and Bendix Corporation. 

The Critical Design Review (CDR} was conducted at 
Marshall Laboratories in August, 1967. The purpose of the meeting 
was to cover problem areas brought to light by the engineering and 
prototype models. The CDR also set up as a baseline for configura­
tion control. Various faults and virtues of the experiment design 
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were discussed, and recommendations for further improvements were 
introduced. The presentations covered both the electrical and mechani­
cal aspects of the equipment. A major ALSEP Interface Meeting was 
held at Bendix in September ( 1967), with the Principal Investigators of 
each ALSEP experiment in attendance. Topics of interest were organi­
zational status reports, overall schedule status, accomplishments to 
date, and problem areas. 

Another major Pr-ogram Review Meeting took place at 
Rice University in February of 1968. Items reviewed were the CCGE 
status (including fabrication, delivery schedule, and calibration). SIDE 
status and discrepancy reports were covered in addition to interface and 
technical problem areas. Astronaut deployment problems were reviewed. 

The foriegoing were typical of the main review meetings 
which were held periodically to insure smooth progress of the program 
and successful attainment of its goals. 

2. 3 Design Evolution 

The initial design concept of the experiment was an 
extension of the Suprathermal Ion Experiment for the Advanced Tech­
nology Satellite (ATS) - B spacecraft, with the addition of a crossed 
field analyzer to serve as a velocity filter. This concept was later 
modified to include a second detector to measure higher energy ions, 
with open retarding grids for particle deflection. The addition of the 
CCGE experiment was anticipated early in the program but parameter 
definitions and corresponding contractuahdocumentation were not 
available until after the preliminary design phases of the program. 

Significant design changes were introduced which pro­
duced a radically different instrument than that originally conceived, 
making it much more valuable as a scientific instrument. These 
changes were implemented successfully in spite of demanding sche­
dule requirements. With an intensive design effort, Marshall 
Laboratories succeeded in producing a complex, highly sophisticated 
instrument incorporating over 500 transistors and a similar number 
of integrated circuits. 

A summary review of the major design changes follows: 

Instead of the proposed time-shared retarding potential 
analyzer system with a 39 bit digital readout, the design of the instru­
ment evolved into two simultaneously operating curved plate analyzer 
ion detectors with 100-bit digital readout. As mentioned previously, the 
Cold Cathode Gauge was incorporated including a separate +4. 5 kV 
power supply and a five decade multi-ranging electrometer. The CCGE 
sensor had a major impact on form factor and thermal design con­
straints. The original velocity filter concept was to sequentially step 
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through one to five different energies in order to gather data in each 
of the selected velocity bands. The velocity filter redesign incorporated 
sequencing steps which tracked a parabolic curve of voltage versus time. 
This introduced many additional voltage steps with a corresponding 
increase in design complexity. 

During the design of the ALSEP Experiment, it was 
suggested that a backup (analog) data link be established between the 
experiment and the analog signal processing circuitry of the ALSEP. 
Rice University agreed that the additipn of this circuitry was a bene­
fit to the experiment and authorized the addition of the log count rate 
meters to the experiment design. In effect, the addition of this cir­
cuitry improved total system reliability by providing a redundant, 
though less precise, path around much of the circuitry of the instru­
ment. 

The decision to include a magnetic shield for the CCIG 
had considerable impact upon weight problems and subsequent weight 
reduction efforts. Similarly, a larger size cable reel for the flat­
tape cable resulted in problems involving weight and thermal control 
considerations. 

These challenges were met in major mechanical and 
thermal redesign efforts to produce an instrument which would sur­
vive the specified environmental design constraints. Refer to Section 
7. 0 for details on mechanical and thermal design. 

2. 4 Test and Delivery Schedules 

Successful integration of the experiment breadboard 
with the breadboard ALSEP Central Station was accomplished at 
Bendix Systems Division in December, 1966. Interface tests on the 
CCIG with the electrometer and high voltage power supply breadboards 
were performed the following month at NRC, Boston, Massachusetts. 
Acceptance tests for the SII:>E and CCGE breadboards, were conducted 
in February, 1967. At this time, ETS (Experiment Test Set) acceptance 
tests were also performed. All test objectives were satisfactorily completed. 

Severe schedule pressure characterized much of the 
program's activities. This was necessitated by the need to conform 
to overall ALSEP Program schedule requirements. Early in 1968, 
an incentivized redefinition of the contract provided for a new deli­
very schedule in which delivery of instruments would be accomplished 
at six week intervals. Marshall Laboratories successfully met all 
schedules and thus qualified for the incentive fee as provided for in 
the modified contract. 

The following is a brief summary of the required deli­
very dates for incentivized purposes and actual delivery dates. 



System 

ML322-l 

(Engineering 
Model 1) 

ML322-2 

(Engineering 
Model 2, 
prototype) 

ML323-l 
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Incentivized 
Contractual Delivery 

Date 

N/A 

N/A 

N/A 

(Qual Model2) * 
ML323-2 N/A 
(Qual Modell) 
(Flight 1) 

ML323-3 April 1968 
(Flight 2) 

ML323-4 May 1968 
(Flight 1) (Spare) 

ML323-5 July 1968 
(Flight 3), 

ML323-6 August 1968 
(Qual. 2) 

ML323-7 Sept. 1968 
(Flight 3) (Spare) 

ML323-8 Nov. 1968 
(Flight Spare) 

ML323-9 Dec. 1968 
(Flight Spare) 

Actual Delivery 
Date 

May 1967 

July 1967 

Sept. 1967 

Jan. 1968 

March 1968 

May 1968 

July 1968 

August 1968 

Sept. 1968 

Nov. 1968 

Dec. 1968 

Remarks 
(See Section 
2. 5 for details) 

Shi ~>pe d with 
authorized 
tolerance dis-
crepancie s 

HV arcing at 
Rice, Nov. 1967 

HV arcing, 
Feb.- March 
1968 at Rice 

-3. SKV and 
Elect. problems 
at Rice 

See Appendix III for a system test procedure and typical test results. 

)~ The Qualification Model No. 1 instrument had been reidentified 
as Qualification Model No. 2. Therefore all data acceptance documen­
tation prior to 2 January 1968 referenced to Qualification Model No. 1 
is now applicable to the re-identified Qualification Model No. 2 instru­
ment. 
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Two Astronaut Training Units (ATU} were developed and 
delivered to the customer. The ATU's provide a means for accurate 
physical simulation of the actual instrument. The development of the 
ATU's was influenced by human interface requirements involving the 
astronauts 1 training needs. 

ATU serial number 1 was completed and shipped to Ben­
dix in May of 1967, It was subsequently returned to Marshall Labora­
tories for modifications in September, 1967. After updating, A TU No. 
l was then shipped to MSC in December of the same year. 

ATU No. 2 was completed and delivered in February, 
1967. 

2. 5 Problem Areas and Solutions 

Engineering Model 1 (EM 1, ML 322-1}, was tested and 
shipped with minor tolerance discrepancies due to non- screened, lower 
precision substitute components used in the system. These lower pre­
cision parts were authorized for EM 1, a non-flight configuration, and 
applied only to EM 1. Blivet 800 (see Sect. 3~ 0 for description) not in 
final configuration, was to be retrofitted at a later date, as was the 700 
Blivet. 

A failure was observed in the instrument ML 323-1 during 
tests at Rice University in November of 1967. Failure occurred when 
the + 4. 5 kV Ps>~er supply was turned on in the vacuum chamber (at pres­
sure of 2 x 10 torr}. All negative power supply voltage readings were 
255 (on ETS data display readout unit} except for the -5 volt supply. All 
internal temperatures read out 000. 

The problem was traced to damage caused by high voltage 
arcing. Rerouting of critical ground connections and the addition of arc 
protective devices in the applicable modules corrected the problem. The 
-3. 5 kV high voltage to the channeltrons was originally an independent 
connection from the 700 blivet. It now encompasses two connections, 
one from the 700 blivet to the low energy channeltron and one connecting 
the low energy channeltron to the high energy channeltron. Refer to 
Engineering Change Proposals (ECP} 116 through 122 (Appendix III). 
The instrument was shipped back to Rice University in December. 

Qual Model 1, ML 323-2 was returned to Marshall Laboratories in 
February 1968 for the following repairs and modifications: 

o Installation of Ground Screen Spring 

o Installation of Latch Pin Lanyard 

o Modification of CCIG Lanyard Wire to Stainless Steel Wire 

o Retrofit Dust Cover Springs 

o Addition of two (2} Apertures to LECPA 
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o Addition of two (2) Pole Straps to LECPA Magnet Assembly 

o Repair of 600 Blivet Assembly to Correct the Following Condi­
tions: 

a) Temperature Monitor No. 6 
b) -3.5 kV Arcing 
c) -3. 5 kV Monitor 

o Repair of 700 Blivet Assembly to Correct the Following Condi­
tions: 

a) -3. 5 kV Monitor 
b) 4. 5 kV Command Sequence 
c) -3. 5 kV Arcing 

Refer to ECP's 187 and 188 for changes involving pro­
tective circuitry to prevent damage due to high voltage arcing (Appen­
dix III). 

This instrument was retested and shipped to Rice Uni­
versity in March, 1968. 

In the same month, ML 323-2 (Qual Model 1) was sub­
jected to massive high voltage arcing and the instrument was returned 
to Marshall Laboratories. Investigation showed damage to a number 
of modules due to the arcing. Various changes were initiated to pre­
vent further failures of this type. Refer to ECP's 210 and 218 (Appendix 
III). The instrument was repaired, final tested, and returned to Rice 
University in April, 1968. 

The Qual Model spare (ML 323-3) was final tested and 
shipped to Rice University in March (1968). During system vacuum 
tests at Rice, the -3.5 kV supply would turn on and off intermittently. 
An electrometer failure was also observed, apparently due to a ground 
loop problem in the Rice University system test configuration. After 
the instrument was returned to Marshall Laboratories, repairs were 
performed on the equipment; final re-test and shipping occured in May. 

In April, 1968, instrument number ML 323-1 (Qual 
Model 2) reportedly exhibited a power short during tests at Bendix. 
The instrument was subsequently returned to Marshall Laboratories. 

Upon receipt of the SIDE/CCGE instrument at Marshall 
Labs, a thorough investigation of the reported power short was per­
formed. A variety of turn on sequences and operations were tested 
in addition to physical movement of the package and associated cables. 
It was impossible to induce a short circuit failure. After disassembly 
of the instrument, a visual inspection of potential areas of short cir­
cuits was performed and no defects were found. 
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ML did not have a suitable adapter cable to test the 
instrument in the same cable configuration as at Bendix. From the 
evidence provided, it appeared that a short circuit existed at the 
power input to the instrument due to an intermittent condition in 
either the SIDE/CCGE, the ETS, the cables, or cable connectors. 
From the information provided, it was not possible to isolate the 
particular cause of the short. 

During vacuum tests of ML 323-1 at Bendix in August 
(1968), the environmental chamber had a port window implode, result­
ing in loss of vacuum and causing oil to spew over the instrument. 
Debris was also thrown on the instrument due to this port failure. 
During the time of the implosion, the SIDE high voltage was on, 
causing damage of an A/D converter. The instrument was subse­
quently returned to Marshall Laboratories, and was repaired and 
shipped out in September, 1968. 

In summary, the major problems associated with 
early systems were damages resulting from high voltage arcing. 
Investigations concluded that arcing resulted from a combination 
of circumstances including insufficient gap distances, outgassing, 
improper cable routing in test chamber, etc. These problems 
were subsequently corrected and the SIDE/CCGE circuitry was 
modified to provide a greater degree of arc protection to sensi­
tive circuits. The success of these efforts is evidenced by the 
virtual elimination of arc damage during tests conducted on later 
systems after Serial Number 4. 
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3. 0 EXPERIMENT DESCRIPTION 

This section describes the overall operation of the SIDE and 
CCGE experiments. A general description of the experiment, plus 
references to the appendix of typical test procedures and results, 
design notes, and other pertinent data is included in this and other 
appropriate sections. 

Physically, the SIDE/CCGE experiment consists of three 
major sections: 

a) Sensors 
b) Electronics 
c) Housing 

The sensors portion includes the Low Energy ion detector, the 
High Energy ion detector, and the Cold Cathode Ion Gauge (CCIG). The 
electronic portion consists of nine subassemblies or blivets numbered 
l 00 to 900 and two channeltron preamplifiers. The housing portion is 
in two parts - the internal chassis and the external chassis (Refer to 
Section 7. 0 - Mechanical and Thermal Design). The internal chassis 
contains the sensors and the electronics, while the external chassis 
provides protection and thermal insulation to the internal chassis 
assembly. Each subassembly, or blivet, is tested in house over the 
applicable temperature range. 

The following is a summary of the SIDE/CCGE subassemblies 
(blivets) and their major functions: 

a) Blivet l 00 

b) Blivet 200 

c) Blivet 300 

d) Blivets 400/ 
500 

e) Blivet 600 

f) Blivet 700 

Logic Timing, Command System, Strobe 
Gates, SIDE Frame Counter, Accumulators. 

A/D Converters, ALSEP/S[DE Interface 
Networks, Logic Timing, Sub-commutators, 
CCGE Cal Command Generator, Dust Cover 
Removal Circuit, Cal Dividers 

Step Voltage Counters & Generators, Cal 
Pulse Generator 

Low Voltage Power Supply 

Cal Shapers, Deadtime Circuits, Log Count 
Rate Meters, -3. 5 kV Regulator 

-3.5 kV Converter & Multiplier, 4. 5 kV 
Multiplier and Output Divider 



g) 

h) 

Blivet 800 

Blivet 900 

Page 20 

Electrometer for CCGE 

4. 5 kV Regulator and Converter, Electro­
meter Range Relay Drivers & Power Supply, 
CCGE Seal Break Circuit 

See Section 7. 0 Mechanical and Thermal Design, for 
the physical configuration' of the blivets within the experiment package. 

Since the experiment is thermally insulated and heated 
by an automatic heater control circuit

0 
it will operate throughout the 

range of the lunar temperatures ( -157 C to +121 °C) while the tempera­
ture inside the unit is maintained between -10°C and +60°C. 

Electrically, the system is completely isolated from the 
ALSEP to achieve an ideal floating ground configuration. The direct­
current isolation resistance is greater than 10 MD. The isolation vol­
tage is greater than ± 50 volts. 

A Ground Plane screen is placed beneath the instrument 
as if is deployed on the lunar surface (See Figures 1. 0-2, 1. 0-3 and 
1. 0-7, and Section 7. 1. 8). A stepped voltage is applied to the Ground 
Plane to modify the ambient lunar surface potential. 

The system is linked to the ALSEP Central Processing 
Station by a flat-tape cable. Power, commands, timing signals, and 
data are transmitted through this cable. 

Refer to the following figures for the system block dia­
gram and data formats: 

a) Figure 3. 0-1, 

b) Figure 3. 0-2, 

c) Figure 3. 0-3, 

d) Figure 3. 0-4, 

Simplified Block Diagram, SIDE/ CCGE 
Experiment 

SIDE/CCGE Operational Diagram 

A/D & Status Sub-Com Sequence 

Data Format 

Functionally, the instrument consists of four major por­
tions: a) a low energy ion detection system, b) a high energy ion detec­
tion system, c) the CCGE, and d) the support electronics. Provisions 
are also made for in-flight calibration. A calibration pulser drives 
through logic controlled by the Master Timing Generator (SIDE Frame 
Counter and associated logic timing circuits), and provides calibra-
tion signals to the Channeltron Preamplifiers during the experiment's 
calibration cycle. 
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Appendix II shows the Master Drawing List for the SIDE/CCGE. 

Shown in Appendix III is the test procedure for the SIDE/CCGE 
experiment, along with typical test data sheets and results. 

3. 1 Low Energy Ion Detection System 

The purpose of the Low Energy (LE) Ion Detection Sys­
tern is to detect positive ions with masses up to 130 A1v1U, and to mea­
sure the differential energy spectrum of ions in a narrow velocity range 
having energies from 0. 2 ev to 48.6 ev per unit charge. 

Positive ions enter an aperture and pass into a Wein Velo­
city Filter (crossed electric and magnetic fields) which will pass only 
those ions in a narrow velocity range. The surviving ions then enter 
an electrostatic Curved Plate Analyzer (CPA) which will pass only 
those ions in the energy range mentioned above. 

The ions passing through the Low Energy CPA are then 
focused on a Channeltron Electron Multiplier. (See Section 7. 0, Mechani­
cal and Thermal Design, for description of the Channeltron multiplier). 
Each ion, after multiplication by secondary emission of electrons within 
the coated glass walls of the tube, causes a negative going pulse at the 
input of a stable, high gain, wide-band amplifier (Channeltron Preampli­
fier). Output of the Channeltron Preamplifier drives the discriminator/ 
deadtime circuit, whose function is to shape the incoming narrow pulse 
into a 0. 4 1--Lsec pulse, and to limit the maximum frequency to approxi­
mately l MHz. 

The discriminator /deadtime circuit then feeds the Low 
Energy Accumulator, which temporarily stores the number of ions 
sensed during each SIDE Frame, and the Log Count Rate Meter (LCRM). 
Information stored in the accumulator is then read out to the ALSEP 
Central Station for transmission. After each readout, the accumulator 
is cleared in preparation for new data. The LCRM produces a de vol­
tage proportional to the log of the input count rate. Output of the LCRM 
feeds the ALSEP Central Station Analog-to-Digital Converters. 

The master timing generator provides sequencing infor­
mation to a Velocity Filter (VF) Step Voltage Generator and a Low Energy 
(LE) Step Voltage Generator. The LE Step Voltage Generator effects 
energy resolution by supplying a stepped, balanced potential on each 
plate of the LE CPA. Six voltage levels in the range of 0. l V to 24. 3 V 
plate -to-plate, are generated to achieve the required energy ranges. 
The VF and LE voltages are monitored by the Analog to Digital (A/D) 
Converters and are transferred as digital information through the Strobe 
Gates to the readout system. 
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Mass resolution is achieved in the detector with a con­
stant magnetic field and a stepped electric field. Magnetic field strength 
is approximately 900 Gauss. The VF Step Voltage Generator supplies 
a stepped, balanced potential to the two parallel electric field plates. 
120 voltage steps, in the range of 0. 12 V to 28 V plate-to-plate, are 
generated. 

Table 3. lA shows the six energy levels. Twenty vol­
tage levels are thus generated for each energy level. 

Energy Step Energy (eV) 

1 48.6 

2 16. 2 

3 5.4 

4 1.8 

5 0.6 

6 0.2 

TABLE 3. 1A: Energy Levels, Low Energy 
Ion Detector 

3. 2 High Energy Ion Detection System 

The High Energy (HE) Ion Detection System detects all 
positive ions regardless of mass, and measures the differential energy 
spectrum of ions having energies from 10 eV to 3500 eV per unit charge. 

Positive ions enter an aperture and pass into the High 
Energy electrostatic Curved Plate Analyzer. The ions detected pass 
into the HE Channeltron Electron multiplier. The data path is then 
identical to that of the Low Energy detection system, employing a 
separate, identical channel of amplifier, discriminator/deadtime 
circuit, LCRM, and accumulator. The HE plate voltages are similarly 
monitored by the A/D Converters and read out as digital data. 
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The master timing generator sequences the HE Step 
Voltage Generator, which supplies a stepped, balanced potential on 
each plate of the CPA to achieve energy resolution. Twenty voltage 
steps, in the range of 2. 5 V to 875 V plate-to-plate, are generated 
to select the desired energy steps. Table 3. 2A shows the energy 
levels for each HE step. 

TABLE 3. 2A: Energy Levels, High Energy 
Ion Detector 

Step Number Energy (eV) 

1 3500 

2 3250 

3 3000 

4 2750 

5 2500 

6 2250 

7 2000 

8 1750 

9 1500 

10 1250 

11 1000 

12 750 

13 500 

14 250 

15 100 

la 70 

17 50 

18 30 

19 20 

20 10 
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3. 3 Cold Cathode Gauge Experiment 

The Cold Cathode Gauge Experiment (CCGE) determines, 
a) the density of any lunar ambient atmosphere corresponding to pres­
sures of 10-b torr to approximately Io-1 2 torr, including any temporal 
variations either of a random character or associated with lunar local 
time or solar activity, and b) the rate of loss of contaminants left in 
the landing a:rea by the astronauts and the Lunar Module (LM). 

Refer to Figure 3. 3-1 for the block diagram of the CCGE 
experiment. 

The CCGE consists of the following subassemblies: 

a) Electrometer 

b) Sensor (CCIG) 

c) Seal Mechanism Power Supply 

d) Seal Mechanism 

e) 4500 Volt Power Supply 

f) Temperature Sensor & Monitoring Circuit 

The gauge is sealed and pumped down to a pressure of 
1 o- 7 torr or lower. A break-off device is provided to open the seal 
and expose the sensor to the lunar environment. The seal will not be 
broken until after the (LM) has left the lunar surface. 

A lock-out plug, removed prior to launch, prevents 
accidental breaking of the seal during ground tests. 

3. 4 Support Electronics 

3. 4. 1 Power 

There are two power lines for the system: a) 
Operating Fbwer and b) Survival Power. Both lines come from a single 
t29 volt power source within the ALSEP. When operating power is ON, 
the system is in an operative mode in which the instrument performs all 
its functions and collects data for the Central Station. When survival 
power is ON, the system will be in a survival mode in which only the 
heater control circuit is operative. Under no circumstances are both 
lines ON simultaneously. 

When operating power is ON, +29 volts is 
supplied to the Low Voltage Power Supply. The Low Voltage Power 
Supply then provides the de voltages required to operate the system, 
as well as two 4 kHz, ± 5V squarewaves required to drive the High 



4 
375 )>----'~-"s'-'-v-'A'-'-'IY.'-"~..:..:'-::.:OG:>o<-----· -'--:---' ,: ,, 

3H ~ )>---'-+..::.5=...."' "'-',q,'"'-~7'<->0u;'JII'-"IY'------
»I )>-~~~·~O~V_C~V.~~~~E.~N~T~$~0V.~W~C~~--

.•·. I r 

' \ 

i 3 '. + I AD 2 I 
'•· 

~ > ~~O"' _.I!TV.tr/Y ----- -

,------------~ --------l 

c 

~) LCCk- 01./T 

l.t 

'r'f97~' 
&4I(A;t' $£AI. 

COHHANO 

/34~) 

8 
~ , _ 

-

~ ~1.~. 
~-

f~ ;~~ti ... ~ ~~ ' ~~: 
r~ .. !· SJ_ .!.!..~ A. . £:.. 

1 

-~>4500 V.PS 

609153 f)5 

.----0~ "~ VOC 

~ 
16 
~ 

~ 1.) 

"""' 
~< 
...... 
)> .... 
)> ... 

I 
I 
I 

I 
I 
I 
I 

T 
I 
I 

E. L £ C TI?O M e T £ K 
PO~R S l/PPL V 

•09/ SO DS 

.t.JO II'.OC 

+2SVPC 
KE.GULAT£1) 

.----0~ .iS VIX 

A f/ TO ZERO 
o----=ca~,.,.-=-w,-:-14,.._:.'0..:_:_-1 AUTO ZERO O.'T 

609150 DS 

~--o ~svoc 
~.tSVOC 

I 
Ct.JI?RENT 

CAliBRATOR 

60915105 

I 

·/'10£)£ 

SELECTOR 

-{ 
/ IVPur 609150 J)S 
/ / { 7E/? 
---~..----' 

(1)--,--,---~ 

" 

I ZE.RO 

IN.Pt/T 

I 
E. ECT!f01'1ETER 

609150 05 

....-----<::0 t s voc 

'---------~----1 A,UTO /?ANGE CXT 
609150 05 ~-----'--_. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~ ~ 
~ ~ 

L ______ _ 
f-- - - - - --- -1--

I ~ '( 
\') 

r------- -------------- - -- - ----, 
~----~~~------4~~~-----~ I 

~ I 

I • I I 
I I 
I I 
1 

SEAL MECJ-14NISM TE/'FEI?ATt/RE 1 

1 CCI& SEN..s<:W I 
I I 

~ ~ c:_c~! !'~":.AE~!_A~..! ~c~/q.v_ __ _ _ _ r;.~~~I5s_o_S:_ ___ J 
TE~l'fM£ A/0 RV ~0 ( 39<.) I 

iu.u~ CUP~£N7 
~ soo~ ~~-.--~,----~--~~-----------------------

,., ! -

j 

' I I I I 
·, I 

..,_,. ___ 
.... ' I~ 

. 1:,~ I I I 
' ' 

,... • _ _______ ·::_ •..c...:._; "•;_:_".:._.' 

_,. 

1 
~=- ~='= l , ... .... 609 234 .. 

R l V ISI ONI 

DO CII_.,ICit .. , ""• -·-l I I I .. I I I I 
'·i 

Page 29 

D 

•' 

c 

i ' 

• 

8 

r ., 1--

Figure 3 . 3 - l. CCGE Block f' i ag ram. 



Page 30 

Energy modulator. A Duty Cycle Monitor supplies a voltage inversely 
proportional to the Low Voltage Power Supply input voltage. This pro­
vides a means of checking the condition of the input voltage. 

A -3. 5 kV power supply and a +4. 5 kV power 
supply provide, respectively, a bias potential for the Channeltron 
Electron Multipliers and the anode voltage for the Cold Cathode Ion 
Gauge (CCIG). During tests at ambient air pressures, the lockout 
plug inhibits operation of the high voltage supplies. 

3.4.2 Logic Timing: Command System 

Timing signals are furnished by the ALSEP 
Central Station to control the demand and synchronization of data. 
These timing signals and their functions are: 

a) Shift Pulse - controls the rate at which data is transferred. 

b) Data Demand - a logic level which causes the readout of the 
experiment data registers. 

c) Even Frame Mark - a short duration pulse used to synchronize 
the SIDE frame counter in the experiment. 

Within the experiment, an internal timing 
system (master timing generator) controls the programming of the 
calibration system, the step voltage generators, and the synchroni­
zation and processing of data and commands. See Figure 3. 4. 2-1 
for the timing diagram of ALSEP timing signals. Figures 3. 4. 2-2, 
3. 4. 2-3 and 3. 4. 2-4 show the timing relationship~·· between ALSEP 
and SIDE/CCGE timing signals. 

All IC's used in logic circuits in this sys­
tem are of the Fairchild flat-package type DTf.LL: 

0 933 Dual Four Input Extender Element 

0 9040 Clocked Flip Flop 

0 9041 Dual Three Input Nand Gate 

0 9042 Dual Three Input Nand Gate with Extender Inputs 

See Appendix I for pertinent data sheets on 
the applicable Fairchild IC 's. 

Logic levels used by Fairchild IC's in the 
system are defined as follows: 

o Logic 11 1 11 = 4. 7 V ± 0. 3V (unloaded) 

o Logic 11 0 11 = 0. 1 V ± 0. 1 V 
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The command system receives any combination 
of four commands, decodes the combination and executes (upon command) 
the internal function designated by the command combination. Commands 
are decoded but not executed until an "Execute" command is generated. 

The first execution of a command containing 
Command B causes the CCIG seal to break. The first execution of a 
command containing command D causes the Dust Cover to open. 

See Table 3. 4. 2A for a summary of the SIDE/ 
CCGE commands and their functions. 

TABLE 3.4. 2: ALSEP COMMAND TABLE 

One-Time 
Command No. 

2 

8 

Repeatable 
Command No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Command Name 

Break CCIG Seal 

Blow Dust Cover 

Ground Plane Stepper ON/OFF 

Solar Wind/ CCIG (Reset SIDE 
Frame Counter at 1 0) 

16. 2 eV to 48. 6 eV (Reset SIDE 
Frame Counter at 39) 

AMU < 20 (Reset Velocity Filter 
Counter at 9) 

eV> 0. 6 only (Reset SIDE Frame 
Counter at 79) 

AMU < 20, eV >0. 6 (Reset SIDE 
Frame Counter at 79 and reset 
Velocity Filter Counter at 9) 

X10 Accumulation Interval ON/OFF 

Master Reset 

Velocity Filter Volts ON/OFF 

L. E. CPA Volts ON /OFF 

H. E. CPA volts ON/OFF 

Force Continuous Calibration 
(SF120-127) 

Continued on Following Page 
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TABLE 3.4. 2 ALSEP COMMAND TABLE (Cont.) 

~ne-Time 
!Command No. 
i 
I 

Repeatable 
Command No. 

13 

14 

15 

Command Name 

CCIG High Voltage ON/OFF 

Channeltron High Voltage ON I 
OFF 

Reset Command Input Register 

3.4.3 Dust Cover and Seal 

The SIDE sensors are physically located at 
the top of the instrument. A spring-loaded aluminum dust cover is 
provided to protect the sensors' entrance apertures and the second 
surface mirrors (see Section 7. 2, Thermal Design) from lunar dust 
and contaminants caused by the ascent of the Lunar Module. 

A solenoid in the dust cover mechanism 
retracts a pin to release the dust cover latch when the dust cover 
relay is activated. This occurs during first-time execution of a 
command containing command "D". Dust Cover activation is moni­
tored digitally by the Status Sub-com, and by a solar cell which is 
illuminated (during lunar day) when the dust cover is opened. 

The CCIG Seal is provided for protection 
against premature contamination of the sensor. The Seal Circuit 
energizes a pyrotechnic device in the CCIG unit to deploy the seal. 
This occurs during first-time execution of a command containing 
command "B". During test, the lock-out plug inhibits deployment 
of the seal. 

3.4.4 Analog-to-Digital Conversion 

The Analog-to-Digital Converters convert 
data from analog to digital, and transfer the information through the 
Strobe Gate to the Data Output. The binary output is proportional to 
the log of the voltage input. Two converters are used: one positive 
and one negative. The operation of the two converters is identical 
to one another except for the polarities involved. 
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The voltages applied to the CPA 1s, Velocity 
Filter, and Ground Plane are monitored and converted by the A/D 
Converters and transferred through the Strobe Gates to the Data Out­
put. Also monitored and processed are the housekeeping data, high 
voltages, CCGE data and experiment status analog information. The 
potentials monitored are voltages attenuated by suitable voltage divi­
ders, as shown in applicable sections. 

Figure 3. 4. 4-1 (A/D Conversion Chart) plots 
the digital output in counts versus the analog input voltage. 

The A/D Subcommutator multiplexes the ana­
log information which is to be presented to the converters and eventually 
transferred to the Strobe Gates. Output data is then read out in spe­
cified SIDE Frames and Words according to the format in drawing 
609206 (Figure 3. 0-3 A/D Status, Sub-Com Sequence) and in Figure 
3. 0-4, Data Format. 

3.4.5 Temperature Sensor: Heaters 

Six temperature sensing devices (constant 
current sources driving into thermistor and sensistor networks) are 
employed to monitor temperatures throughout the experiment. Vol­
tages developed across the sensors are transformed into digital data 
by the converters for final readout. 

The Heater Control Circuit controls the tem­
perature within the entire experiment. The heaters are distributed 
throughout the experiment within the electronics assembly. 

When the expiment is OFF, survival power 
is supplied to the heater circuit. When the experiment is ON, the 
SIDE/CCGE operating power is applied to the heater circuits. The 
two power sources to the heater will never be applied simultaneously. 

3.4.6 Ground Plane Generator 

The Master Timing Generator provides 
sequencing information to the Ground Plane Step Voltage Generator. 
The Ground Plane Step Voltage Generator supplies a stepped potential 
to the Ground Plane Screen. Twenty-four voltage steps (twelve posi­
tive and twelve negative), in the range of 0 V to ± 27.6 V, are generated 
to provide the required surface potential. 

The Ground Plane voltage is monitored by 
the A/D Converters and fed to the Strobe Gates for outputting to the 
readout system. 
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4. 0 ALSEP INTERFACES 

4. 1 Mechanical Interfaces 

Mechanical interfaces are discussed in Section 7. 0, 
Mechanical and Thermal Design. Outer structure, cabling, connec­
tors, handling, and human performance are outlined in the referenced 
section, with additional notes in the Appendix. 

Interface requirements are met as specified by Bendix 
specifications. 

4. 2 Electrical Interfaces 

4. 2. 1 Primary Power Interface 

Power stimuli for the SIDE/ CCGE are des­
cribed in the following sections: 

0 5. 1. 1 Low Voltage Power Supply 

0 5.2.2 (-} 3500 V Power Supply 

0 5.4.5 +4500 V Power Supply 

0 4.2.2 Signal Interfaces (See Figure 4. 2. 2-1 for 
Block Diagram} 

Isolation Amplifiers are used to meet inter­
face requirements with the ALSEP CommandS ystem and Data Proces­
sor. Complete isolation of input and output lines and ALSEP and SIDE 
signal grounds is affected. 

4. 2. 2. 1 Input Isolation Amplifiers 

The Input Isolation Amplifiers for Negative 
Pulses function as the interface for the five ALSEP Command lines. They 
are non-inverting amplifiers; an input pulse from the ALSEP Command 
Generator in the range of 2V to 4. 5V will drive an amplifier to an out-
put of 3V to SV pulse. Output pulses from the Command System Isola­
tion Amplifiers drive the Command Input Registers (CIR}, and, in the 
case of Commands B, D, and E, also drive the One Time Command 
Registers. 

The Input Isolation Amplifiers for Positive 
Pulses are similar to those for negative pulses, except that the driv­
ing sources interfaced are the Shift Pulse, Even Frame Mark, and 
Data Demand. The outputs drive the Shift Pulse and Word Generators. 
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4. 2. z. 2 Output Isolation Amplifier 

The Output Isolation Amplifier interfaces 
the Strobe Gate output with the ALSEP (Digital Data). Its input is 
AND-ed with the SIDE Data Demand pulse, so that data. is presented 
to the ALSEP or ETS only when Data. Demand is present. 
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5. 0 SYSTEM DESCRIPTIONS 

5. 1 Logic and Support Electronics 

5. l. 1 Low Voltage Power Supply 

A simplified block diagram of the Low Vol­
tage Power Supply is shown in Figure 5. 1. 1-1. The power supply 
provides the necessary de voltages to enable all circuits to meet 
their specified performance. 

The Low Voltage Power Supply consists 
basically of three sections: 1) Input protection circuitry (surge cur­
rent limiter and over-voltage protection), 2) switching-mode regula­
tor, and 3) converter. 

+29V power is applied from the ALSEP Cen­
tral Station or the ETS. The Surge Current Limiter reduces current 
transients produced during power turn-on, while the over-voltage 
protection circuit shorts out the input power through an SCR when 
the input voltage reaches about 36 volts. 

The Power Supply meets interface require­
ments including generated noise, surge current and over-voltage 
limiting, and ground isolation. Input power of the instrument is 
approximately 6 watts maximum during lunar day. 

The regulator section maintains a de­
supply voltage for the converter of +22V. A feedback comparator 
senses any changes due to input voltage or loading, and automati­
cally readjusts the regulator output. The Duty Cycle Monitor pro­
vides a de voltage inversely proportional with the Power Supply 
input voltage and is monitored and converted to digital data by the 
A/D Converters. Figure 5. 1. 1 -2 shows the Duty Cycle Voltage vs 
Input Voltage. 

The converter section chops the +22V de 
into a 4 kHz square wave, which is coupled through a transformer 
to the output rectifier filters. The Low Voltage Power Supply deli­
vers the following output voltages: 

+ lOV A/D 
+ 60V A/D 
+':, 5V A/D 

5V A/D 
+ 30V A/D 
- 30V A/D 
± 5V Square Wave, 4 kHz (1) 
± 5V Square Wave, 4 kHz (2) 
+ 5V Digital 
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+ 8V A/D (Divider· and Zener diode from 
+30V Output) 

+ SV Alsep 
+12V Alsep 
-12V Alsep 

The two square waves are out of phase with 
each other, and are used to drive the High Energy modulator 0 

Figure 5. 1. 1-3 shows the SIDE/CCGE Power 
Profile for all operating conditions. 

5. 1. 2 Temperature Monitors 

A simplified block diagram of the Tempera­
ture Monitors is shown in Figure 5.1. 2-1. 

Six Temperature Monitors are situated through­
out the system as shown in the block diagram. A reliable indication of 
temperatures within the blivets can thus be realized. 

A typical Temperature Monitor consists of a 
constant current source driving into a thermistor. Voltage drop across 
the thermistor will decrease as the resistance decreases with an increase 
in temperature; this voltage is fed to the Analog-to-Digital converters 
for conversion to digital information. See Table 5. 1. 2A for resistance 
vs temperature data for the thermistors. 

The sensor for temperature 1, unlike the others, 
has a positive temperature coefficient. 

All current sources deliver 50!J.a, with the excep­
tion of temperature l (CCGE), which delivers 100 !J.ao 

5. 10 3 Command System 

A simplified block diagram of the Command 
System is shown in Figure 5. l. 3-l. 

The command stimuli are transmitted from 
either the ALSEP Central Station or the Experiment Test Set (ETS) 
via five lines and through a set of Isolation Amplifiers. Four of the 
command lines are binary coded (l-2-4-8) to represent the command 
number. The fifth command line is the Execute Command. 

Two one -time commands and fifteen repeata­
ble commands are generated from the four command lines and the one 
Execute Command line. The one-time commands can be executed only 
once after system power has been applied. Thus, to repeat a one-time 
command, power must be removed, and then reapplied. 
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n:MP•c RES, TEMP°C RES, TEMP°C 
-80 2211K -44 132,21( -8 

79 20221( 43 123, 5K 7 
78 l851K 42 115, 4K 6 
77 l696K 41 107,91( 5 
76 155SK 40 101. OK 4 
75 :426K 39 94,481( 3 
74 1309K 38 88,46K 2 
73 1202K 37 82, 87K -1 
72 ll05K 36 77,661( 0 
71 1016K 35 72,8H 1 
70 935, .. 1( 34 68, 30~ '2 
69 861,4K 33 64,09~ 3 
68 793,71( 32 60,17K 4 
67 731. 8K 31 56,51K 5 
66 675,2)( 30 53,10)( 6 
65 623,31( 29 49,91K 7 
64 575, 7K 28 46,94K 8 
63 532 ,lK n 44,16K 9 
62 492,1K 26 41. 56K 10 
61 455,3K 25 39,13K 11 
60 421. SK 24 36, 86K 12 
59 390,51( 23 34,73K 13 
58 361, 91( 22 32,741( 14 
57 335, 7K 21 30, 87K 15 
56 311. Sit 20 29,13K 16 
55 289, 2K 19 27,49K 17 
54 268,6K 18 25,95K 18 
53 249,7K 17 24,51)( 19 
52 232,2K 16 23,16K 20 
51 :U6,0K 15 21.891\ 21 
50 201,1K 14 20,701( 22 
49 187, 31( 13 19, 58K 23 
48 174,5K 12 18,521( 24 
47 162, 7K 11 17,5~1( 25 
46 151. 7J( 10 16.&01< 26 

-45 141,61< -9 15,72K 27 

Rr~TSTANCE VERSUS TEKPERATURE -eo•c to +l50°C 

RES, TEMP°C RES, TEMP°C RES, 

14,901( 28 2633 64 647,1 
l4,l~K 29 2523 65 624,7 
13,3 K 30 2417 66 603,3 
12, 70K 31 2317 67 582,6 
12 ,05K 32 2221 68 562,8 
11, 44K 33 2130 69 543,7 
10, 86K 34 2042 70 525,11 
10,31K 35 1959 71 507,8 

9796 36 1880 72 490,9 
9310 37 1805 73 474,7 
8851 38 1733 74 459,0 
8417 39 1664 75 444,0 
8006 40 1598 76 429,5 
7618 41 1535 77 415,6 
7252 42 1475 78 402,2 
6905 43 1418 79 3119, 3 
6576 44 1363 80 376,9 
6265 45 1310 81 364,9 
5971 46 1260 82 353,4 
5692 47 1212 83 342,2 
5427 48 1167 84 331,5 
5177 49 1123 85 321,2 
4939 so 1081 86 311,3 
4714 51 1040 87 301,7 
4500 52 1002 88 292,4 
4297 53 965,0 89 283,5 
4105 54 929,6 90 274,9 
3922 55 895,8 91 266,6 
3748 56 863,3 92 258,6 
3583 57 832,2 93 250,9 
3426 58 802,3 94 243,4 
3277 59 773,7 95 236,2 
3135 60 746,3 96 229,3 
3000 61 719,9 97 222,6 
2872 62 694,7 98 216,1 
n5o 63 670.4 99 '209, 8 

TABLE 5. l. 2A, Temperature 
Sensor, Resistance vs. 
Temperature Charac­
teristics. 

TEI!P°C RES, TEMP°C RES, 

100 203,8 136 77,6 
~01 197,9 137 75.8 
102 192,2 138 73,9 
103 186.8 131 72.2 
104 181.5 1110 70,4 
105 176,4 141 68,8 
106 171,4 142 67.1 
107 166,7 1113 65,5 
108 162 .o 1 .... 64,0 
109 157,6 1"5 62,5 
110 153,2 146 61.1 
111 149,0 147 59,6 
112 l4s,e 148 58,3 '11 113 141,1 149 56,9 

ll> 114 137,2 150 55,6 O'Q 115 133,6 (!) 
116 130,0 
117 126.5 ~ 
118 123,2 00 
119 119,9 
120 116,8 
121 113,8 
122 110,8 
123 107,9 
12 .. 105,) 
125 102,5 
1" 99,9 
127 97,3 
128 94,9 
129 92,5 
130 90,2 
131 87,9 
132 85,7 
133 83,6 
134 81,6 
135 79,6 
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Table 3. 4. 2A lists the commands and their 
function. The execution of any command containing one-time command 
B closes the discharging path of a charged capacitor through the CCIG 
seal. The CCIG seal is broken by squib activation. The execution of 
any command containing one-time command D actuates the dust-cover 
solenoid which releases the dust-cover. The functions of the repeata­
ble commands are as shown in the Command Table (Table 3.4.2A). 

When the lockput plug is installed, the seal­
break action is automatically inhibited. 

When a command is received, the SIDE will 
respond to the new instruction immediately after execution of command. 
With the exception of commands 1, 7, 9, 10, 11, 13, and 14, a command 
will be replaced by the new command. A repeatable command is generated 
as follows: 

A command, made up of a combination of com­
mand inpulses A, B, C, and/or D (1-2-4-8 binary coded), is transmit­
ted from the ALSEP Central Station (or the ETS) through the tape cable. 
This command is first electrically isolated by the Isolation Amplifiers 
and then stored in the Command Input Register (CIR). This stored com­
mand is transferred to the Mode Register (MR) when the Execute com­
mand (E) is transmitted. The contents of the MR are then decoded into 
the fourteen command logic control functions (Commands 1 through 14). 

The CIR is automatically cleared after its 
contents have been transferred to the Mode Register. Before execu­
tion, a command can be erased by executing Command 15. This will 
reset the CIR and inhibit the transferring of the command to the MR. 

5. 1. 4 SIDE Frame Counter 

A block diagram is shown in Figure 5. l. 4-l. 

The SIDE Frame Counter is the main time 
reference of the system. It is a 7 -bit parallel counter which in the 
normal mode functions as a divide-by-128 counter. Depending upon 
the command generated, it can also function as a divide-by-10, -39, 
or -79 counter. The SIDE Frame Counter controls the Ground Plane 
Step Voltage Generator, the sub-commutators, the A/D Converters, 
and the synchronization of the High Energy, Velocity Filter, and Low 
Energy counters. 

The SIDE Frame Counter is advanced by the 
SIDE Frame Counter Advance pulse, generated by the Logic Timing 
Section. The SIDE Frame Counter establishes the activation of each 
of the 128 SIDE Frames, in sequential order, and by means of its 
7 -bit output, controls the Status and A/D Subcommutators and the 
Strobe Gates to produce output data conforming to the format in 
Figure 3.0-3. At SIDE Frame 127 (during normal mode), a detect 
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-127 circuit generates a Ground Plane Counter Advance pulse, and a 
LE, HE, VEL Ctr Sync pulse which resets the SIDE Frame Counter 
and initiates resetting of the Low Energy, High Energy, and Velocity 
Filter counters. See Figure 5. 2. 8-2 for Advance SIDE Frame Coun­
ter timing, and Figure 5. 2. 8-4 for LE, HE, VEL Ctr Sync timing. 

The following commands affect the resetting 
of the SIDE Frame Counter: 

o Command 2, Reset SIDE Frame Counter at I 0 

o Command 3, Reset SIDE Frame Counter at 39 

o Command 5, Reset SIDE Frame Counter at 79 

When any one of the above commands is exe­
cuted, the appropriate command line (see Figure 5.1.4-1) switches to 
a 11 1 11 state and causes detection of the SIDE Frame at which the SIDE 
Frame is to be reset, as indicated by the particular command executed. 
This generates a Ground Plane Counter Advance pulse and a LE, HE, 
VEL, Ctr Sync pulse which resets the S!DE Frame Counter and initiates 
resetting of the Low Energy, High Energy, and Velocity Filter counters. 
Thus, the LE, HE, VEL Ctr Sync and the Ground Plane Counter Advance 
pulses are generated when the SIDE Frame Counter resets due to detec­
tion of either SIDE Frame 127, 10, 39, or 79. 

The LE, HE, VEL Ctr Sync is also generated 
under the following additional conditions: 

o Power is applied to the system. 

o A command is executed which resets the SIDE Frame Counter. 

When either of the above two conditions exist, 
the appropriate line (Power On Reset, Reset at Execute, or Master 
Reset) pulses to a 11 0 11 state, generating the LE, HE, VEL Ctr Sync 
pulse. 

When command 12 (Force Continuous Calibrate) 
is executed, the ..,.C,....o-m--;1"""Zrlogic control function switches to a 11 0 11 state, 
and remains until a command is generated which removes the SIDE Frame 
Counter from Continuous Calibrate mode. When Com 12 is at a 11 0 11 state, 
the last four flip-flops (bits 8, 16, 32, and 64) are forced to a set or 11 1" 
state, causing the counter to sequence repeatedly from 120 to 127. 

5. 1. 5 Status Sub-commutator 

Digital data representing status indications 
is multiplexed by the Status Sub-commutator and presented to the 
Strobe Gates for outputting. The status information is read out at 
Word 6 according to the format shown in drawing 609206, A/D & Sta­
tus Sub-Com Sequence, Figure 3. 0-3. 
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The following status information can thus be 
monitored throughout the experiment sequencing: 

a) Ground Plane Stepper Status 

b) Command Input Register Status 

c) Calibration Cycle Status 

d) Electrometer Range Status 

e) Dust Cover and CCIG Seal Status 

f) Command Mode Register Status 

g) Calibration Rate Status 

Refer to Figure 3. 0-1, Simplified Block Dia­
gram, SIDE/ CCGE Experiment. 

5. 1. 6 Shift Pulse and Word Generator 

A simplified block diagram of the Shift Pulse 
and Word Generator is shown in Figure 5.1. 6-1. 

Data Demand, Shift, and Even Frame Mark 
pulses are transmitted from the ALSEP Central Station or the ETS to 
the SIDE. The Data Demand pulses are each coupled through an Iso­
lation Amplifier, while the Even Frame Mark and Shift pulses are 
each coupled through an Isolation Amplifier and a Pulse Shaper. 

The Shift Pulse Generator consists of a four­
bit divide-by-ten counter and a decoder. The Shift Pulses and the Data 
Demand Pulses are gated through an AND gate to form Advance Shift 
Pulse Counter pulses. These pulses then advance the Shift Pulse Coun­
ter. 

Ten Shift Pulses are gated by each Data 
Demand Pulse. Thus, the Shift Pulse Counter is advanced by ten 
Shift Pulses only when the Data Demand pulse is present. The Coun­
ter output is decoded by the Shift Pulse Decoder to generate ten bits 
of timing signals to affect parallel-to-serial conversion of data at 
the Strobe Gates. 

The Shift Pulse Counter and the Word Counter 
are both reset by the Even Frame Mark at the beginning of each SIDE 
frame. 

The Word Counter also consists of a four­
bit counter and a decoder. The counter is identical to the Shift Pulse 
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Counter, except that the Word Counter is advanced by the Advance 
Word Counter pulse, generated by the Shift Pulse Counter at the end 
of Bit 10. Since ten Data Demand pulses are generated between two 
adjacent Even Frame Marks, ten words are generated within one 
SIDE Frame. 

The ten bits and the ten words are used in 
the Strobe Gate sections as timing signals. 

The timing diagram for the Shift Pulse and 
Word Generators is shown in Figure 5. 1. 6-2. 

5. 1. 7 Logic Timing and Strobe Gates; Power On 
Detect 

The Logic Timing controls all internal pro­
gramming. Various major logic circuits are described in other sec­
tions of this report; specific networks involving the generation of 
several timing and control signals are described in this section. 

See Figures 3.4.2-1, 3.4.2-2, 3.4.2-3, 
and 3. 4. 2,..4 for relationships between ALSEP timing signals and 
SIDE/CCGE timing signals. 

5.1.7.1 X10 Mode 

See Figure 5. 1 . 7-1 for a simplified block 
diagram of the X1 0 Mode generation. 

When power is applied to the system, the 
B. Power On Reset pulse resets the Xl 0 mode control flip-flop. The 
system now operates in normal mode. The Q output (X10 Mode) of the 
flip-flop is at a "0" state, and the Q" (XlO Mode) output is at a "1" state. 
This inhibits gates A and C and opens gates B and D, thus allowing the 
Advance SIDE Frame Counter pulse and the Advance HE Counter pulse 
to be generated at normal rates (see Figures 5. 2. 8-2 and 5. 3. 7-4, respec­
tively, for timing of the Advance SIDE Frame Counter and Advance HE 
Counter pulses). Pulses BD3, Word 4, and Word 9 are transferred 
through the applicable gates to produce the two above-mentioned signals. 

When Command 7 (X1 0 Accumulation Interval 
ON /OFF) is executed to effect the Xl 0 mode, the state of the control 
flip-flop changes, inhibiting gates B and D and releasing gates A and 
C. In this case, gates A and C can transfer information only when the 
output of the divide-by-ten counter is at a "1" state. Since the divide­
by-ten counter is advanced by Word 6, gates A and C are "open" only 
every ten SIDE Frames. Thus, the Advance SIDE Frame Counter and 
the Advance HE Counter pulses are generated at one-tenth the normal 
rate. 
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The Command 7 resets the divide-by-ten 
counter when Command 7 is originally executed. 

Executing Command 7 again to effect normal 
mode operation will toggle the flip-flop to its original state as defined 
above. 

5. 1. 7. 2 Synchronizing Pulses 

Five Begin Data (BD) pulses and one End 
Data (ED) pulse are generated by the Logic Timing to synchronize 
events throughout the system. The five BD pulses are designated 
BDl through BD5. 

The BD pulses are generated by 15-f.lsecond 
one-shots which are each triggered by the trailing edge of the previous 
BD pulse (i.e., trailing edge of BD2 triggers BD3 ). The leading edge 
of the Data Demand pulse triggers the BD1 pulse. 

The ED pulse is generated by a 2. 5 msecond 
one-shot which is triggered by the trailing edge of the Data Demand 
pulse. 

5. 1. 7. 3 Word NOR-Gates; Start A/D Pulse 

The three Word NOR-gates perform the fol-
lowing functions: 

a) Words 2, 3, 7 and 8 are NOR-gated to produce the Word (2 + 
3 + 7 + 8) pulse. The Word (2 + 3 + 7 + 8) pulse is NAND­
gated with the End Data pulse to generate the Start A/D pulse 
for control of the A/D converters. 

b) Words 4 and 5 are NOR-gated for timing of the High Energy data 
through the Strobe Gates. 

c) Words 9 and 10 are NOR-gated for timing of the Low Energy 
data through the Strobe Gates. 

5. 1. 7. 4 Power On Detect 

Refer to Figure 5. 1. 7:-4 for a block diagram 
of the Power On Detect circuit. 

The Power On Detect circuit synchronizes 
the system when operating power is applied. 

When the system operating power is applied, 
the de reset line of the flip-flop (Figure 5. 1. 7 -4) is held down by the 
power -on detector through an inverter. Thus, the flip-flop is held at 
reset state. 
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This reset state is maintained for approxi­
mately 150 msec. The flip-flop will then be set by the first Word 1 
pulse to be generated. At the moment the flip-flop is set, the normal 
operation of all subsystems is initialized. 

A typical initialized subsystem can be repre­
sented by the reset lines of a typical counter, initially at a ''0" and 
switching to a "1 11

, allowing the operation of the counter to commence 
from a reset condition. 

5.1.7.5 Command Gates 

The four gated command signals are des-
cribed in this section. 

o A Master Reset pulse which resets most of the system's logic 
is generated by gating Command 8, Command Input Register 5, 
Inhibit Execution·, ~and BD4. 

o A Reset at Execute pulse, which provides resetting to appro­
priate circuits, is generated by gating Command Input Register 
5, BD4, Inhibit Execution, and one of the following - Command 2, 
"3", 4, 5, "b, or TZ. 

o Command 4 and Command 6 are NOR-gated to produce the (Com 
6 + Com 4) pulse. This pulse is used to control the operation of 
the Detect -9 circuit in the Velocity Filter Counter. 

o Command 5 and Command 6 are NOR-gated to produce the (Com 
5 + Com 6) pulse. This pulse is used to initiate detection of 
SIDE Frame 79 to effect resetting of the SIDE Frame counter 
at that SIDE Frame. 

5.1.7.6 Reset High Energy Counter Pulse 

A Reset High Energy (HE) Counter pulse is 
generated by the BD4 pulse when the SIDE Frame Counter is reset or 
re-cycled. See Figure 5. 3. 7-3 for timing of the Reset HE Counter 
pulse complement. 

5.1.7.7 HE Accumulator Logic Timing 

The Reset HE Accumulator pulse and the Advance 
HE Accumulator pulses are described in this section. 

The Reset HE Accumulator pulse is generated 
by the ED pulse at the beginning of every Word 6 (in normal mode) and 
every tenth Word 6 in XlO mode. See Figure 5. 3. 6-l, HE Accumulator 
Timing Relationships. 

The Advance HE Accumulator pulses represent 
the HE ion detector digital data gated by the control logic. The control 
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logic permits the data to be transferred to the HE Accumulator from 
the beginning of Word 6 to the beginning of the next Word 4's Data 
Demand, and inhibits the data accumulation during the intervening 
interval. 

Data is read out during the period data accu­
mulation is inhibited. Overflow protection is also provided by inhibit­
ing data accumulation when the accumulator is filled to 999, 996 counts. 

5. l. 7. 8 LE Accumulator Logic Timing 

The Reset LE Accumulator pulse and the 
Advance LE Accumulator pulse are discussed in this section. 

The Reset LE Accumulator pulse is generated 
by the ED pulse at the beginning of every Word l (in normal mode) and 
every tenth Word lin XlO mode. See Figure 5. 2. 6-1, LE Accumula­
tor Timing Relationships. 

The Advance LE Accumulator pulses repre­
sent the LE ion detector digital data gated by the control logic. The 
control logic permits the data to be transferred to the Accumulator 
from the beginning of Word 1 to the beginning of the next Word 9's 
Data Demand, and inhibits the data accumulation during the interven­
ing interval. 

Data is read out during the period data accu­
mulation is inhibited. Overflow protection is also provided by inhi­
biting data accumulation when the accumulator is filled to 999, 996 counts. 

5. 1. 7. 9 Converter and Stepper Voltage ON/OFF 
Controls 

This section describes the ON/OFF control 
of the +4. 5 kV (CCGE HV) and -3. 5 kV (Channeltron HV) converters 
and the VF, LE, and HE Step Voltage generators. 

The ON/OFF controls consist of five toggle­
mode flip-flops, one for each control. The flip-flops are initially set 
by the Power On detect when power is applied to the system. This 
causes the following logic control functions to be at a "l" state and 
their complements at a 11 0 11 state. 

o VF Volts ON/OFF 

o LE CPA Volts ON/OFF 

o HE CPA Volts ON /OFF 

o CCGE HV ON/OFF 

o Channeltron HV ON/ OFF 
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Thus, the ON/OFF controls cause the above­
listed voltage generators to be ON. Refer,to the sections describing 
the individual voltage genera tors. 

The first ON /OFF command executed after 
application of system power will toggle the corresponding flip-flop 
and, will turn OFF the appropriate voltage. The next ON/OFF com­
mand will turn it ON. This same alternating sequence will continue 
for subsequent commands. 

Function 

VF Volts ON /OFF 
LE CPA Volts ON/OFF 
HE CPA Volts ON /OFF 
CCGE HV ON/OFF 
Channeltron HV ON/OFF 

5.1. 7.10 Strobe Gates 

Command 

9 
10 
11 
13 
14 

The Strobe Gates provide a means for con­
verting parallel digital data into serial form. The data is commutated 
from various digital storage elements to the output isolation amplifier. 

Refer to Figure 5. 1. 7-5 for the block diagram 
of the Strobe Gates. Data is NAND-ed with the assigned Word and bit 
pulse (see Section 5. 1. 6 for operation of the Word and Shift Pulse genei·a­
tors). Outputs of the NAND gates (one for each corresponding bit) are 
NOR-ed and then NAND-gated again with the assigned Word pulse. Out­
puts of this second group of NAND-gates are then NOR-gated to produce 
the final data output. Data is then fed to the output Isolation Amplifier 
for coupling to the ALSEP Central station. 

5. 1. 8 Parity Generator 

Two bits of parity are generated by an even 
parity generator in each SIDE Frame. They are located in the most 
significant bit of Word 1 and Word 6. 

Parity monitoring the data in Word 1 to Word 
5 is located in Word 6. The other parity monitoring the data in Word 6 
to Word 10 is located in Word 1. Should the data contain an odd number 
of logic "1" 1 s , a logic 11 1 11 will be added to make the number of logic 
11 1 111 s even. Thus, the parity generator provides error detection of the 
data. 

5. 1. 9 Analog-to-Digital Converter, A/D Sub-Com­
mutator 

A simplified block diagram of the Analog-to­
Digital (A/D) Converter is shown in Figure 5. 1. 9-1. 
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Two A/D Converters are included in the SIDE. 
The Positive A/D Converter transforms positive voltages into digital 
counts, while the Negative A/D Converter transforms negative voltages. 
Since both A/D Converters are functionally identical, except for polarity, 
only the Positive A/D Converter will be described here. 

Multiplexing of the input voltages is done in a 
multiplexer controlled by the A/D Sub-Commutator. The A/D Sub­
Commutator generates the logic for thirty-three control lines, one for 
each A/D input voltage, by decoding the SIDE Frame Counter. These 
control signals are generated to select the monitored voltages for each 
SIDE Frame according to the format in drawing 609206 (Figure 3. 0-3). 
Two polarity control lines (one positive and one negative) select for 
positive or negative A/D conversion. 

The A/D Converter consists of two compara­
tors: the input voltage comparator and the reference voltage compara­
tor. The input voltage comparator compares the multiplexer's selected 
input voltage with a log function reference voltage. The reference vol­
tage comparator compares the log function reference voltage with a 
fixed precision tl5 volts. These two comparators are followed by two 
switches which gate the 70 kHz clock output into an 8-bit binary counter. 

conversion signals. 
following manner: 

Figure 5.1. 9-2 shows the timing of the A/D 
The analog input voltages are compared in the 

A Start A/D pulse (Waveform A) initiates 
the conversion process. The log function reference voltage generator 
is turned on and holds its output level higher than 15 volts during the 
duration of the Start A/D pulse. At the end of the pulse, two events 
occur simultaneously. 

a) A reset switch pulse (Waveform C) resets both switches so that 
switch SWl is open and SW2 is closed. Thus, SW2 inhibits the AND­
gate, preventing the 70kHz clock from driving the counter. 

b) The log function reference voltage generator begins to dis-
charge its output from its initial value (>15V) to zero through a pre­
cision RC network. The discharging curve is represented by the 
curve marked 

"E. e -t/RC" at Waveform B. 
1 

A reference voltage comparator monitors the discharging 
curve. A Reset A/D Counter pulse is generated when the discharging 
voltage reaches tl5 volts. At the same time, the comparator opens 
SW2 and allows the 70kHz clock to drive the counter. 

SW2, which is normally open, remains open until the dis­
charging log function reference voltage equals the input voltage Vl. 
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When both voltages are equal, SWl closes. This inhibits the AND­
gate, preventing the 70 kHz clock from driving the counter. Thus, 
the number of counts accumulated by the counter is a function of the 
duration between the opening of SW2 and closing of SW1. This inter­
val (t1 ) is represented by Waveform F. 

The relationship between the input voltage and the number of 
counts is expressed in the following equation: 

E. = 15e 
1 

(255 -n) In 1000 
254 

where E. = input voltage (volts) 
1 

n = number of counts 

The data in the counter is read out by the Strobe Gates when 
the next Data Demand pulse is present. The process of Analog-to­
Digital conversion is then complete, 

The system contains a total of twenty-three positive channels 
and ten negative channels, as listed below: 

POSITIVE A/D CHANNELS 

o High Energy Curved Plate Analyzer (HECPA) Plate Voltage 

o Low Energy Curved Plate Analyzer (LECPA) Plate Voltage 

o Velocity Filter (VF) Voltage 

o +30 MV Calibration Voltage 

o +1 V Calibration Voltage 

o +5 V Analog Supply Voltage 

o +5 V Digital Supply Voltage 

o + A/D Reference Voltage 

o +12V Calibration Voltage 

o +30V Supply Voltage 

o t60V Supply Voltage 

o Temperature No. 1 Voltage 
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o Temperature No. 2 Voltage 

o Temperature No. 3 Voltage 

o Temperature No. 4 Voltage 

o Temperature No. 5 Voltage 

o Temperature No. 6 Voltage 

o +4. 5 kV Monitoring Voltage 

o Ground Plane Voltage 

o CCGE Electrometer Range 

o Dust Cover and Seal Monitoring Voltage 

o Low Voltage Power Supply, Pre-regulator Duty Cycle 
Monitoring Voltage 

o One-Time-Command Status 

NEGATIVE AID CHANNELS 

o -30 MV Calibration Voltage 

o -1 V Calibration Voltage 

o -5V Supply Voltage 

o -AID Reference Voltage 

o -12V Calibration Voltage 

o -30V Supply Voltage 

o -3. 5 kV Monitoring Voltage 

o Solar Cell Voltage 

o CCGE Electrometer Output Voltage 

o AID Ground (Reference) Potential 

HE CPA, LE CPA, and VF voltages are read out every SIDE 
Frame in Words 3, 8, and 7 respectively. All other voltages are read 
out in Word 2, during the cycle of 128 SIDE Frames, according to the 
format in Figure 3. 0-3, AID and Status Sub-Com Sequence. 
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Figure 3. 4. 4-1, A/D Conversion Chart, plots the digital out­
put in counts versus the analog input voltage. 

5. l. 10 Heater Control Circuit 

Figure 5.1. 10-1 shows a simplified schematic 
of the Heater Control Circuit. 

The Heater Control Circuit supplies heater 
power to the Survival Heater (mounted near the Curved Plate Analyzers) 
and the Blivet (operational) Heater for operation at low temperatures. 

Normal operating mode - Operating power 
(+29V) applied to the SIDE is also applied to the Heater Control Circuit 
through a set of normally closed contacts in the Blow Dust Cover Relay. 
At high temperatures, the value of thermistor T (See Figure 5. 1. 1 0-1) 
maintains the control voltage to the comparator amplifier below the 
reference voltage, causing the output of the amplifier to be low, and the 
output transistor Ql to be cut off. 6'hus, no heater current is drawn. 
When temperature drops to 0°C ± 8 C, the amplifier is turned on, Q1 
conducts, and heater current is drawn by the blivet heaters. Activa­
tion of the Dust Cover temporarity removes +29V power from the 
Heater Control circuit. Note that no Survival Heater current is drawn 
under normal operating conditions. 

Power - OFF mode - Survival power is applied 
to the Heater Control Circuit, which is energized in the same manner as 
described above. The Survival Heater draws continuous heater current 
whenever survival power is applied. 

Table 5. 1. 1 OA shows heater power drawn under 
various operating conditions. Table 5. 1.10B shows resistance versus 
temperature characteristics for the thermistor. 

5.1.11 Dust Cover Circuit; Solar Cell 

Refer to Figure 5. 1. 10-1 for a block diagram 
of the Dust Cover Circuit. 

The Dust Cover circuit energizes the Dust 
Cover Relay which, when activated, momentarily opens the relay 
contacts through which power is supplied to the Heater Control cir­
cuit, and closes another set of contacts to supply power to the Dust 
Cover solenoid. The Dust Cover solenoid then releases the latch, 
allowing the Dust Cover to open. 

The Dust Cover Circuit one-shot is driven 
by the SIDE Command System. Any first-time command containing 
D (binary 8) causes the input to the Dust Cover circuit one-shot to 
switch and remain at a logic "1". The one-shot then drives the Dust 
Cover relay for approximately two seconds. 
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MAX. POWER PRESENT CALCULATED POWER 

EXPERIMENT SURVIVAL INSTRU. HEATER 
~-----

DAY 6.0 w 0 6.0 w 0 

NIGHT 10.0 w 0 6.0 w 4.0 w 
EX PT. 0 6.0 w 0 6.0 w 
OFF 

TABLE 5.1.10 A, Heater Power 

RESISTAJrCE VERSUS TEMPERATURE -lt0°C to +150°C 

TEMP°C RES,Q TEJOM'C RES,Q TEMPOC REs,g TEMPOC 

-ItO 
39 
38 
37 
36 
35 
3lt 
33 
32 
31 
30 
29 
28 
27 
26 
25 
21t 
23 
22 
21 
20 
19 
18 
17 
16 
15 
lit 
l3 
12 
11 
10 

9 
8 
7 
6 

-5 

8811,6K -It 116,0K 32 22.33K 68 
830,91( 3 110,3K 33 21,1t3K 69 
780.81( 2 1011,9K 311 20,571( 70 
733,9K -1 99,80K 35 19,711K 71 
690,2K 0 911,981( 36 18,961( 72 
61t9,3K 1 90,1111( 37 18.211( 73 
6ll,OK 2 86,091( 38 17,1t9K 71t 
575,2)( 3 8l,99K 39 16,80K 75 
51tl,71C .. 78.111( lfO 16,15K 76 
510,U 5 71t,lfltK lfl l5,52K 77 
ltBl.OK 6 70,96K lt2 l4.92K 78 
1153.5K 7 67,66K 113 l11,35K 79 
1127,7K 8 61t,53K -- 13,80K 80 
1103,5K 9 61,56K ItS 13.28K 81 
380,9K 10 58,75K 116 12. 77K 82 
359,6K 11 56,071( 117 12,29K 83 
339,6K 12 53,51tk ltB 11.83K Bit 
320,9K 13 51,13K lt9 11,39K 85 
303,3K lit ltB,BitK 50 l0,97K 86 
286,7K 15 lt6,67K 51 10,57K 87 
271,2K 16 ltlt,60K 52 lO,lBK 88 
256,5K 11 lt2,61tK 53 9807 89 
21t2,8K 18 lt0,77K Sit 91t50 90 
229,BK 19 38,99K 55 9109 91 
217,6K 20 37,301( 56 8781 92 
206,2K 21 35,70K 57 81t67 93 
l95,1tK 22 31t,17K 58 8166 , .. 
l85,2K 23 32,711( 59 7876 95 
175,61( 21t 31,32K 60 7599 96 
166,6K 25 30,00K 61 7332 97 
l58,0K 26 28,71tK 62 7076 98 
lSO,OK 27 27,51tK 63 6830 99 
llt2,1tK 28 26,1t0K 61t 6591t 100 
l35,2K 29 25,311( 65 6367 101 
128,5K 30 21t,27K 66 6llt9 102 
122.11( 31 23,28K 67 591t0 103 

TABLE 5.1.10 B, Heater Control Sensor, Resistance 
vs Temperature Characteristics 

RES,Q TEJOIOC RES,S2 

5738 lOit 181t0 
551t5 105 1788 
5359 106 1737 
5180 107 1688 
5007 108 16110 
lt81t2 109 1591t 
4682 110 1550 
lt529 111 1507 
lt381 112 llt65 
lt239 113 llt25 
ltl02 111t 1386 
3970 115 13118 
381t3 116 1311 
3720 117 1276 
3602 111 12111 
Slt89 119 1208 
3379 120 1176 
3273 121 111t5 
3172 122 llllt 
3073 123 108~ 
2979 1211 1057 
2887 125 1029 
2799 126 1002 
2711t 127 976.3 
2632 128 951.1 
2552 129 926,7 
21t76 130 903,0 
21t02 131 880,0 
2331 132 857,7 
2262 133 836.1 
2195 l31t 815,0 
2131 135 7911,6 
2069 136 771t,8 
2009 137 755,6 
1950 138 736,9 
18911 139 718.8 

---·--~--

TOTAL 

6.0 w 
10.0 w 

6.0 w 
! 

TEMPOC RES.S2 

litO 701.2 
lltl 681f.l 
llt2 667,5 
llt3 651.3 
lltll 635.6 
llt5 620,3 
llt6 605,5 
llt7 591.1 
llt8 577,1 
llt9 563,5 
150 550.2 
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An important design feature of the one-shot 
provides immunity from premature firing during system power turn­
on. In addition, the Command System logic allows the one-shot to be 
activated only once; power to the SIDE must be removed and then re­
applied to re-active dust cover removal. 

The Solar Cell is a standard N -material 
photoelectric cell. Figure 5. 1. 11-1 shows the electrical schematic. 
The Solar Cell is used to indicate the state of the Dust Cover (open 
or closed) by supplying a voltage to the A/D Converters when the 
Dust Cover is open and the cell is illuminated. 

Refer to Figure 5. 1. 11-2 for the Current­
Voltage characteristics of the Solar Cell. 

5.1.12 Voltage Dividers 

Schematic diagrams of the Voltage Dividers are 
shown in Figures 5.1.12-1 (positive Calibration Voltage Divider), 5.1.12-2 
(Negative Calibration Voltage Divider), and 5. l. 12-3 (+30, -30, +60V 
Divider). 

The Voltage Dividers are used to calibrate 
the A/D Converters and provide attenuation for the +30V, -30V~ and 
+60V to be monitored. Outputs of the Voltage Dividers are converted 
to digital data by the A/D Converters and are read out according to 
the format in drawing 609206, A/D and Status Sub-Com Sequence 
(Figure 3. 0-3). 

The Positive Cal Voltage Divider divides the 
+15V Reference Voltage to a precision +12V, +lV, and +30mV. The 
Negative Cal Voltage Divider uses a zener diode, along with a standard 
resistor divider, to divide down the -30V to a precision -12V, -1 V, 
and -30 mV. The +30, -30, +60V Divider is a 10 to 1 voltage divider. 

Thus, with the precision dividers, the cali­
bration of the A/D Converter can be checked; with the +30V, -30V, +60V 
Divider, the Power Supply +30V -30V, and +60V can be checked. The 
other Power Dupply de voltages are monitored by the A/D Converter 
without attenuation. 

5.1.13 One -Time Command Status /Break Seal - Dust 
Cover Monitor 

Schematic diagram of the One -Time Command 
Status/Break Seal-Dust Cover Monitor is shown in Figure 5.1. 13-1. 

The One-Time Command Status monitor is a 
ladder network used to indicate the status of the One-Time Command 
registers. Inputs to the ladder are One-Time Command Register (OTCR) 
2 and OTCR 4. When no commands are initiated, OTCR2 and OTCR4 
are at a 11 0 11 level, and the analog output of the ladder is approximately 
100 mV. This is monitored by the A/D converters. 
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FIGURE 5. 1. 11-l, Solar Cell, Schematic 
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FIGURE 5. l. 11-2, Solar Cell Current- Voltage 
c rtaracl~e ri~; tics 

NOTE 1: Input light intensity is equivalent to 100 mw/cm
2 

of sunlight at the earth's surface. The source is reflector­
type tungsten-filament bulbs operating at 2800°K ± 50°K color 
temperature filtered by 3 em of deionized water and one thick­
ness of 1/4 inch plq.te glass. 
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When one-time commands 2 and 8 (Break 
Seal and Blow Dust Cover, respectively) are initiated, OTCR2 and 
OTCR4 are at a 11 1 11 level, and the output of the ladder is approxi­
mately 3. 5V. Thus the digital status of the OTCR's is processed 
by the A/D Sub Com and read out to the readout system. 

The Break Seal Dust Cover monitor is a 
ladder network which monitors the status of the CCIG Seal and of 
the Dust Cover. Inputs to the ladder are: 

o Break Seal Monitor: A level taken from the CCGE Electro­
meter Seal Break circuit. This level is normally at 11 1 11 • 

o Blow Dust Cover Monitor: A normally up output of the Dust 
Cover Monitor flip-flop. 

See Table 5. 1. 13A for the Break Seal - Dust 
Cover monitor output for each status condition. Output of the ladder 
is monitored by the A/D Converters. 

TABLE 5.1.13A: Break Seal- Dust Cover Monitor Status 

Seal Broken Dust-Cover Open Monitor Output 

No No 3. 5V 

Yes No 2.4V 

Yes Yes 0. 09V 

No Yes 1. 2V 

5. 2 Low Energy Ion Detector 

5. 2. 1 Calibration Pulser; Calibration Rate Counter 

The Calibration Pulser provides a means of 
calibrating and checking the SIDE system. It is a 560 kHz crystal 
oscillator; its output is divided down to 17. 5 kHz and 137 Hz by the 
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Calibration (Cal) Rate Counter, and is controlled by a programming 
system to feed the Channeltron preamplifiers. 

Figure 5. 2.1-1 shows a block diagram of the 
SIDE In-Flight Calibration. The Cal Rate Counter accepts the 560 kHz 
output from the Calibration Pulser, and divides it down to 17. 5 kHz 
and 137 Hz. The Cal Rate Counter Decoder has two programmed out­
puts: one for High Energy Cal Rate (HE Cal Shaper), one for Low Energy 
Cal Rate (LE Cal Shaper). The outputs are present only during the Cali­
bration Cycle. At that time, the outputs are gated such that the generated 
frequencies are presented to the Cal Shapers in the format shown in 
Table 5. 2. lA. 

TABLE 5. 2. 1A: Calibrate Frequencies 

SIDE FRAME FREQUENCY (Hz) 

120 0 

121 137 

122 17.5 k 

123 560 k 

124 0 

125 137 

126 17.5 k 

127 560 k 

The· Cal Shapers provide a fast transition time 
necessary to drive through the 1 pfd Calibration Input capacitors of the 
Channeltron Preamplifiers. Outputs of the Cal Shapers drive their respec­
tive Channeltron preamplifiers, outputs of which feed the discriminators 
which drive the Log Count Rate Meters and Accumulators. 

Information from the SIDE Frame Counter and 
the High Energy Counter forms the programming logic which selects the 
Cal Rate frequency. 
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5. 2. 2 -3. 5 kV Power Supply 

Figure 5. 2. 2-1 shows a Block diagram of the 
-3. 5 kV Power Supply. 

The -3. 5 kV Power Supply is used to develop 
a negative 3500 volt bias potential for the Channeltron (R) Electron 
Multipliers in the High Energy and Low Energy Channeltron Amplifiers. 

The supply consists basically of a regulator, 
converter, a voltage-multiplier network, and associated feedback net­
works and ON/OFF control. The regulator is driven by the +30V out­
put of the Low Voltage Power Supply. The regulator furnishes approxi­
mately 25V to the converter for conversion to a 5 kHz square wave to 
be applied to the converter transformer. Output of the converter trans­
former is applied to a voltage multiplier network (stacked standard 
doublers). The output is then filtered and applied to both Channeltrons. 
The output is also divided down for Analog-to-Digital conversion, and 
monitored at various SIDE Frames (during Word 2) according to the 
format in drawing 609206 (Figure 3. 0-3). 

During pre-flight tests at ambient air pres­
sures, a lockout plug is connected to the system, grounding the col­
lector of Q1 (Figure 5. 2. 2:-1, Block Diagram of -3.5 kV Power Supply). 
This causes the regulator to be inhibited and the high voltage output 
to be zero. Prior to flight (or simulated flight), the lockout plug is 
removed, causing the -3. 5 kV Power Supply to be ON automatically 
when power is applied to the system (the -3:5 kV ON/OFF logic con­
trol function is normally at a "0" state). When Command 14 (Channel­
tron High Voltage ON/OFF) is executed, the -3. 5 kV ON/OFF logic 
control function switches to a "1" state, turning "ON" Ql. This inhibits 
the regulator and turns the high voltage OFF. Executing Command 14 
once more turns the high voltage back ON. 

5.2.3 Channeltron Preamplifier 

The Channeltron Preamplifier accepts the 
current pulses from the Channeltron and provides an input to the 
discriminator /deadtime circuit. The Channeltron Preamplifier is 
optimized for the expected signal characteristics of the channeltrons 
and allows for variations from channel to channel, life degradation, 
supply voltage changes, and the statistical variations in Channeltron 
output. 

The Channeltron Preamplifier consists of a 
front-end charge-sensitive amplifier (CSA) and a discriminator set 
for a threshold level of about 40 mV. See Figure 5. 2. 3-1 for the 
block diagram of the Channeltron Preamplifier. 
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Positive ions enter the funnel of the channel­
tron, causing secondary emission of electrons within the coated glass 
walls. An amplifier charge (negative pulse) is seen by the input to the 
front se'f,tion o~the preamplifier, the CSA. Gain of the Channeltron is 
about 10 to 10 . Thus, 

See Figure 7-9 and Table 7B (Section 7" 0, 
Mechanical and Thermal Design} for specifications of the Channel­
iron (R) Electron Multiplier. 

is given by 
Output of the charge-sensitive amplifier 

q. 
1 Q2 

Eout ~ ~~----- ~ --~~---
cf cf 

The discriminator detects the output of the 
CSA above 40 mV, and then drives the dead time circuit. Final out­
put to the dead time circuit is from 0. 2V to 3V, negative pulse of 
approximately 50 nanoseconds pulse width. 

The preamplifier also accepts calibration 
input pulses. This is done as part of the calibration system. Output 
of the Cal Rate drives the Cal Shaper which provides a fast transition 
time in order to couple through the calibration input capacitor of the 
Channeltron Preamplifier. In this case, the charge Qc presented to 
the CSA is 

c v 
c c 

where V = Cal Voltage Input 
c 

C = Cal Coupling Capacitor 
c 

Figure 5. 2. 3-2 shows a computer-derived 
gain-phase frequency plot of the Charge Sensitive Amplifier, open 
loop condition. 

5.2.4 Dead Time Circuit 

See Figure 5. 2. 4-1 for the block diagram of 
the Dead Time CircuiL 

The Dead Time Circuit consists of a non­
inverting, unity-gain buffer amplifier and two one-shots with a built-in 
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frequency-limiting feature. A Dead Time Circuit is provided for each 
detection system, HE and LE. 

The Dead Time Circuit accepts the 50 nano­
second wide output pulses from the Channeltron Preamplifier. After 
passing through the unity-gain amplifier, the pulse is applied to a 
coupling capacitor. The normally UP output of nand-gate Bl (point A, 
Figure 5. 2.4-1) is also tied to the output of the unity-gain amplifier. 

After ac coupling to nand-gate B2, the pulse 
is inverted and fed back to the input of Bl. Thus, regeneration holds 
the output of Bl down, until the charging rate of RLC 

1 
allows the input 

of B2 to be driven and thus forces the output of B2-back down. This 
pulse width, determined by Rl cl' is approximately 1 f-LSec. 

When the output of Bl initially switches down, 
C2 couples the output, causing B3's normally-down output to switch to 
a ''1". The charging rate of R

2
c

2 
causes the output of B3 to switch 

back down after 0. 4 f-LSec. 

During the time the regeneration process holds 
the output of Bl down, an incoming channeltron pulse will have no effect. 
Therefore, for a period of up to 1 f-LSec (the "dead time" period) after the 
incidence of an input pulse, additional pulses are inhibited. Frequency 
limiting is thus affected. 

The 0. 4 f-LSec output pulse of the Dead Time 
Circuit is applied to the Accumulator and the Log Count Rate Meter. 

5. 2. 5 Log Count Rate Meter 

Refer to Figure 5.2.5-1 for a simplified 
block diagram of the Log Count Rate Meter (LCRM). The LCRM 
serves as a back-up and a "quick-look" device. It consists of a 
one-shot circuit which produces a 0. 3 iJ.Sec pulse for every input 
pulse for the Dead Time circuit. The one-shot output is fed into a 
non-linear circuit with logarithmic characteristics. 

The de output of the non-linear circuit is 
proportional to the logarithm of the input frequency. It is fed to a 
differential amplifier; the output of the amplifier is thus a de level 
which is a function of the log of the repetition rate of the incident 
ions on the Channeltron (R) Detectors. The output is fed to the 
ALSEP Central Station A/D Converters for conversion to digital 
data. 

Table 5. 2. SA tabulates the LCRM Ampli­
fier output as a function of specified input frequencies for a typical 
system. 
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Figure 5. 2. 5-2 shows a typical plot of outgut 
voltage

0 
versus input frequency, for temperatures ranging from -50 C 

to + 90 C. 

TABLE 5. 2. SA: Log Count Rate Meter, Output vs Frequency 

Frequency, (Hz) Output, (Volts) 

0 0.013 

17 0.629 
i 

139 1. 400 i 
I 

2.19K 2.500 I 
I 
' ' I 

17. 5K 3.360 I 
I 

' 70K 3.830 I 
! 

I 
560K 4.400 

l 
I 
i 

5. 2. 6 Low Energy Accumulator 

The Low Energy Accumulator is a twenty-
bit counter which accumulates the number of output pulses of the Low 
Energy Descriminator (Dead Time Circuit) during the accumulation 
interval. The Low Energy Accumulation interval is the period of time 
between the beginning of Word 1 and the beginning of Word 9's BD1 pulse. 
See Figure 5. 2. 6-1 for timing relationships of the accumulation inter­
val and readout. 

See Figure 5. 2. 6-2 for a block diagram of the 
accumulator. 

The accumulator consists of two ten-bit coun­
ters with associated logic. The accumulation process is as follows. 
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The counters initially are cleared when the 
first Word 1 occurs after application of power. At Word 1, the Logic 
Timing gates the output pulses of the Low Energy Discriminator (Dead 
Time Circuit to produce the Advance LE Ace pulses. 

The ten-bit counter A (Figure 5. 2. 6-2 addres­
ses the detect -999 circuit. When 999 counts have been detected, a tog­
gle pulse is generated to advance the ten-bit counter B. At the same time, 
ten-bit counter A is reset. At this time, for example, the decimal 
equivalent of the contents of the counters are as follows: 

Counter B (Most Significant Digits) Counter A (Least Significant Digits) 

0 0 1 0 0 0 

or 001,000 

Thus, Counter A represents the least signifi­
cant digits and Counter B the most significant digits of the total accumu­
lation count. 

The Advance LE Accumulator pulse is inhibited 
by a detect -999996 circuit in the Logic Timing section to prevent over­
fill of the counters. The Reset LE Ace pulse is generated to reset the 
accumulator when either of the two following situations occur: 

o When the End Data (ED) pulse and Word 1 are present. 

o When X1 0 Accumulation Interval mode is in effect and the 1Oth 
accumulation interval in each SIDE frame is reached. See Figure 
5. 2. 6-1, Accumulator Timing Relationships, for the exact timing 
of the Reset LE Ace pulse. 

The accumulator also addresses the Strobe 
Gates, which convert the data to serial form for readout. Low Energy 
Accumulator data is read out in Word 9 and 10 as shown in Figure 
5.2.6-1. 

5. 2. 7 Low Energy Step Voltage Generator 

A simplified block diagram of the Low Energy 
Step Voltage Generator is shown in Figure 5. 2. 7-1. The purpose of the 
Low Energy Step Voltage Generator is to generate a total of six voltage 
steps (positive and negative) to be applied to both plates of the Low Energy 
Curved Plate Analyzer. The potentials generated are shown in Table 
5. 2. 7A. Also shown are the voltages monitored for analog-to-digital 
conversion. 
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TABLE 5. 2. 7A: Low Energy CPA and A/D Monitor Voltages 

Energy Step Plate Voltage Monitor Voltage 

1 12.22 4.07 

2 4.07 l. 36 

3 1. 29 0.429 

4 0.430 0.143 

5 0.143 0.0474 

6 0.0476 0.0158 

(Plate voltage carries the sign of the associated plate, and is referenced 
to ground) 
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Low Energy Voltage data is read out during 
Word 8. Appendix IV shows a worst case error analysis of the LE Step 
Voltage Generator. 

5.2.7.1 Low Energy Counter 

The Low Energy Counter is a parallel three­
bit counter, providing a binary count necessary to properly address 
the Low Energy Decoders. The output counting sequence of the Low 
Energy Counter is shown in Table 5. 2. 7B. 

The counter is advanced through six energy 
steps by the Advance Low Energy Counter pulse, which is generated 
at Word 9 by the Velocity Filter Detector 19 or Detect 9 circuit. Under 
normal conditions, the Detect -19 circuit is operative, and generates 
the Advance Low Energy Counter pulse at the twentieth velocity step. 
When Command 4 or Command 6 is generated, the Velocity Filter Detect-9 
circuit is operative, and the Advance Low Energy Counter pulse is generated 
at the tenth Velocity Step. After counting through the six energy steps, 
the Low Energy Counter will recycle to Step 1 to begin the counting 
sequence over again. Figure 5. 2. 7-2 shows the timing relationships 
for the Advance Low Energy Counter pulse. 

The Low Energy Counter is reset by the ~ 
HE, VEL Ctr Sync pulse when any of the following conditions exist: 

o Side Frame 127 (or 10, 39, or 79, depending upon the ground 
command executed) is reached. 

o Power is applied to the system. 

o A command is executed which resets the SIDE Frame Counter. 

See Figure 5. 2. 8-3 for timing relationships 
between Power On and the LE, HE, Vel Ctr Sync level. 

5. 2. 7. 2 Low Energy Decoder and Multiplier Network 

The three-bit output of the Low Energy Coun­
ter is fed to the Low Energy Decoder. The Low Energy Decoder, after 
decoding its input address from the counter, controls the state of the 
Multiplier Network. 

The Multiplier Network switches are represented by transistors Ql, 
Q2, Q3, Q4, and Q5 in Figure 5. 2. 7-1, Simplified Block Diagram of 
the Low Energy Step Voltage Generator. The Multiplier Network, 
through the switching of Ql-Q5 in accordance with Table 5. 2. 7C, 
Address to Multiplier Network, controls the overall transfer func­
tion of the amplifier from the precision +15V source to the output 
to the Curved Plate Analyzer. 
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TABLE 5. 2. 7B: Low Energy Counter Output 

Energy Step LE Counter Output (Address to Decoder) 

LE CTR 3 LE CTR 2 LE CTR l 

1 1 1 1 

2 1 0 0 

3 1 0 1 

4 0 1 0 

5 0 1 1 

6 1 1 0 

TABLE 5. 2. 7C: Address to Low Energy Multiplier Network 

Energy Step Address to Multiplier Network 
S3 S2 S1 

1 0 1 0 

2 0 0 0 

3 0 1 1 

4 0 0 1 

5 1 1 1 

6 1 0 1 
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5. 2. 7. 3 Low Energy Amplifier 

The Low Energy Differential Amplifier is a 
single input, balanced double-output differential amplifier. The ampli­
fier is driven by a precision +15V from the Velocity Filter +15V Refer­
ence Buffer. Input attenuation to the Low Energy Differential Amplifier 
is controlled by the switching of Ql (See Figure 5. 2. 7-1). The feedback 
function is controlled by Q2, which shorts or opens R5 from ground. 
The output attenuation is controlled by the switching of Q3 and Q4. 

Figure 5. 2. 7-3 shows the two standard con­
figurations for the Low Energy Amplifier as Q2 is switched ON and 
OFF. Also shown are the gain equations for each case. See Table 
5. 2. 7D for the input attenuation, amplifier gain, and output attenua­
tion for each energy step and Multiplier address. 

The Low Energy Step Voltage Generator is 
driven to produce zero output under the following two conditions: 

o During Calibrate Cycle: The Cal Cycle logic control function 
switches to a "0" state, turning QS "ON", and thus grounding 
the input to the Differential Amplifier. At the same time, S2 
is switched to a 11 0 11 state, cutting off Q2. This reduces the 
gain of the Differential Amplifier to unity. Also, S3 is simul­
taneously switched to a ''1" state, turning on Q3 and Q4 and 
connecting the positive and negative plate voltages to ground 
through a pair of 2 kilohm resistors. 

o Upon a Manual Low Energy CPA Volts ON/OFF Command: 
When an OFF command is transmitted, the LE CPA Volts 
logic control function switches to a 11 0 11 state. The OFF 
mode of the LE Step Voltage Generator is then generated 
in the same manner as during Calibrate Cycle, Step (b) 
above. 

See Figure 5. 2. 7 -4 for timing of the "CaT 
Cycle logic control function. 

The output divider circuit provides a step­
ped down voltage used for monitoring and analog-to-digital conver­
sion. Table 5. 2. ?A shows the Low Energy Monitor voltages. 

The monitor voltage is given by 

+E 
E = _ __.,P_ 

mon 3 

The monitored voltages are then fed to the 
analog-to-digital converters (q. v. ). The commutated voltages are 
therby transformed by the A/D Converter into a binary readout pro­
portional to the log of the monitored voltage. 
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5. 2. 8 Velocity Filter Step Voltage Generator 

A simplified block diagram of the Velocity 
Filter Step Voltage Generator is shown in Figure 5. 2. 8-1. 

The purpose of the Velocity Filter Step Vol­
tage Generator is to generate a maximum of 120 voltage steps which 
are applied to the Velocity Filter plates. These 120 voltage steps 
are sub-divided into six energy ranges of twenty velocity steps each, 
or of ten velocity steps each, depending upon the reset mode in 
effect (See Section 5. 2. B. 1 below). 

The potentials generated are shown in 
Table 5. 2. BA. Voltages monitored for analog-to-digital conversion 
are shown in Table 5. 2. BB. Velocity Filter Voltage data is read 
out during Word 7. 

Appendix F shows a worst case error analy­
sis of the Velocity Filter Step Voltage Generator. 

5.2.8.1 Velocity Filter Counter 

parallel counter, 
l 0 configuration. 
properly address 

The Velocity Filter Counter is a five-bit 
operated either in a divide-by-20 or a divide-by­
The Counter provides a binary count necessary to 

the Ladder Switch and Network. 

The counter is stepped once per SIDE Frame 
(at Word 9) by the Advance SIDE Frame Counter pulse (generated in the 
Logic Timing Section) to produce a total of twenty velocity steps or (when 
Command 4 or Command 6 is executed), a total of ten velocity steps. 

The Command 4 and Command 6 logic control 
function is normally at "0" state. During this condition, the Detect-19 
circuit is operative. At the twentieth velocity step, an Advance Low 
Energy Counter pulse is generated by the Detect -19 circuit during 
Word 9 to advance the Low Energy Counter one step. When Command 
4 or Command 6 is executed, the Command 4 and Command 6 logic 
control function switches to a "1 11 state. During this condition, the 
Detect -9 circuit is operative, and the Advance Low Energy Counter 
pulse is generated during Word 9 at the tenth Velocity step. (See 
Section 5. 2. 7. 1, Low Energy Counter). Figure 5. 2. 8-2 shows tim­
ing relationships for the Advance SIDE Frame Counter pulse. 

After counting through the Twenty Velocity 
Steps (or, when Command 4 or Command 6 is executed, the first ten 
Velocity steps), the Velocity Filter Counter is reset by means of the 
Detect -19 or Detect -9 circuits and associated logic to begin the 
counting sequence over again. 
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Velocity Step Energy Step 1 

1 28.9505 

2 26.3036 

3 23.7924 

4 21. 4170 

5 19.1773 

6 17.0734 

7 14.5672 

8 13.2727 

9 11.5759 

10 10.0149 

11 8.5897 
12 7.3002 

13 6.3513 

14 5,1283 

15 4.2460 
16 3.4995 
17 2.8887 

18 2.4136 

19 2.0742 

20 1.8706 

Energy Step 2 Energy Step 3 Energy Step 4 

16.7146 9.6502 5.5715 

15.1864 8.7679 5.0621 

13.7366 7.9308 4.5789 

12.3651 7.1390 4.1217 

11. 0720 6.3924 3.6907 

9.8753 5.6911 3.2858 

8.4203 4.8300 2.8068 

7.6630 4.4200 2.5543 

6.6834 3.8586 2.2278 

5.7821 3.3383 1. 9274 

4.9593 2.8632 1. 6531 

4.2148 2.4334 1. 4049 

3.6669 2. 1171 1.2223 

2.9609 1. 7094 0.9870 

2,4515 1. 4153 0.8172 

2.0204 1. 1665 0.6735 

1.6678 0.9629 0,5559 

1.3935 0.8045 0.4645 

1. 1956 0.6914 0.3992 

1.0800 0.6235 0.3600 

TABLE 5. 2. SA: Velocity Filter Plate Voltages 
(Plate -to- Plate} 

Energy Step 5 Energy Step 6: 

3.2167 1. 8572 

2.9226 1.6874 

2.6436 1.5263 

2.3797 1. 37 39 

2.1308 1.2302 

1.8970 1.0953 

1. 6100 0.9556 

1. 4700 0.8514 

1.2862 0.7426 

1. 1128 0.6425 
1::1 

0.9544 0.5510 Pl 
·:r-l 

0.8111 0.4683 
(ll 

...... 
0,7057 0.4074 0 

w 

0.5698 0.3290 

0.4718 0.2724 

0.3888 0.2245 

0.3210 0.1853 
0.2682 o. 1548 

0.2305 0.1331 

0.2078 0.1200 



~-------- - -- -----~------ ---- ----------- --------~ - - . - ----- ---------------

! 
I 

\velocity Step Energy Step 1 Energy Step 2 Energy Step 3 Energy Step 4 Energy Step 5 Energy Step 6! 
i 

l i 

l 
j i 

I 

1 1 4. 8251 2. 7858 1. 6084 o. 9286 o. 5361 o. 3095 · 

I 2 4. 3 8 3 9 2. 53 1 1 1. 4 61 3 o . 84 3 1 o. 4 81 1 o. 2 81 2 
I 
1 3 3.9654 2.2894 1.3218 o.7632 o.44o6 o.2544 

1 4 3. 5695 2. 0609 1.1898 o. 6870 o. 3966 o. 2290 

5 3.1962 1.8453 1.0654 0.6151 0.3551 0.2050 

6 2.8456 1. 6459 0.9485 0.5476 0.3162 0.1826 

7 2.4279 l. 4034 0.80600 0.4678 0.26900 0.1593 

8 2.2121 1.2772 0.73800 0.4257 0,24500 o. 1419 

9 1. 9293 1. 1139 0.6431 0.3713 0.2144 0.1238 1:J 
Pl 

10 1. 6692 0.9637 0.5564 0.3212 0.1855 0.1071 (JQ 

C1> 

11 1. 4316 0.8266 0.4772 0.2755 0.1591 0.0918 ....... 
0 

1. 2167 0.7025 0.4056 0.2342 o. 1352 0.0781 *'" 12 

13 1.0586 0.6112 0.3529 0.2037 0.1176 0.0679 

14 0.8547 0.4935 0.2849 0. 1645 0.0950 0.0548 

15 0.7077 0.4086 0.2359 0. 1362 0.0786 0.0454 

16 0.5833 0.3367 0.1944 0. 11 23 0.0648 0.0374 

17 0.4815 0.2780 0.1605 0.0927 0.0535 0.0309 

18 0.4023 0.2323 0.1341 0.0774 0.0447 0.0258 

19 0,3457 o. 1993 0. 1152 0.0665 0.0384 0.0222 

20 0. 3118 0.1800 0.1039 0.0600 0.0346 0.0200 

i 
I 

TABLE 5. 2. 8B: Velocity Filter A/D Monitor Voltages 
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The Velocity Filter Counter is reset when 
any of the following conditions exist: 

o The Velocity Filter Counter reaches the twentieth Velocity 
step (or, when Command 4 or Command 6 is executed, the 
tenth Velocity step). 

or 

o The SIDE Frame Counter is reset, which is caused by the fol­
lowing by means of the LE, HE VEL Ctr Sync pulse: 

l) SIDE Frame 127 (or 10, 39, or 79, depending upon the 
ground command in effect is reached. 

2) Power is applied to the system. 

3) A command is executed which resets the SIDE Frame 
Counter. 

Resetting is performed to synchronize the 
Velocity, Filter Counter with the SIDE Frame Counter. See Figure 
5. 2. 8-3 for timing relationships between Power On and the LE, HE, 
VEL Ctr Sync level. 

See Figure 5. 2. 8-4 for timing of the LE, HE, 
VEL Ctr Sync pulse. The BD5 pulse is used to reset an element within 
the Velocity Filter reset networks. 

Table 5. 2. 8C shows the binary output address 
of the Velocity Filter Counter. 

5.2.8.2 Velocity Filter Decoders: Ladder 
Switch and Network 

2 The output of the Velocity Filter 
Counter feeds an "N toN " Decoder. The Decoder output addresses 
the Velocity Filter Ladder Switch and Network. The Ladder network 
furnishes an analog voltage to the amplifier, depending upon the address 
programming the Ladder network. Table 5. 2. 8D shows the complements 
of the decoded states addressing the Ladder network. See Figure 5. 2. 8-5 
for the equivalent circuit of the Ladder Network. Command 9 (VF Volts 
On/Off) is executed to turn the Velocity Filter voltage OFF, the VF Volts 
On/Off ~ogic control function switches to a 11 0" state. This causes the 
''N to N " decoder to address the Ladder Network to furnish 0 volts to 
the amplifier. At the same time, the Range Decoding Logic is caused 
to address the output divider and feedback network of the amplifier as 
follows: 

S1 S2 S3 

0 0 1 
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TABLE 5. 2. BC: Velocity Filter Counter Output Address 

-j 
Velocity Step Velocity Counter ! 

! 

5 4 3 2 1 

1 0 0 0 0 0 

2 0 0 0 0 1 

3 0 0 0 1 0 

4 0 0 0 1 1 

5 0 0 1 0 0 

6 0 0 1 0 1 

7 0 0 1 1 0 

8 0 0 1 1 1 

9 0 1 0 0 0 

10 0 1 0 0 1 

11 0 1 0 1 0 

12 0 1 0 1 1 

13 0 1 1 0 0 

14 0 1 1 0 1 

15 ,., 0 1 1 1 0 

16 0 1 1 1 1 

17 1 0 0 0 0 

18 1 0 0 0 1 

19 1 0 0 1 0 

20 1 0 0 1 1 
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TABLE 5. 2. 8D: Velocity Filter ~dder Address 
(Output of N to N Decoder) 

NOTE: Logical Outputs are to be in Form ofF N" 
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This causes Q1 and Q2 to be cut OFF (refer 
to Figure 5. 2. 8-1) and Q3 and Q4 to be ON. Thus, amplifier gain is 
minimum (unity) and output attenuation is maxU:num. The Velocity 
Filter generator is now OFF. 

During Calibration Cycle (Side Frame 120-
127), the c~ Cycle logic control function switches to a "0" state. 
The "N toN " decoder and the Range Decoding Logic are thus addres­
sed to maintain the Velocity Filter voltage at a level above Velocity 
step 5 (Energy level 1 ). 

As mentioned previously, the Low Energy 
Counter is advanced once for each twenty or ten Velocity steps, 
depending on whether the Detect 19 or Detect - 9 circuit is opera­
tive. The Low Energy Counter, in addition to driving the Low Energy 
Decoder (q. v.) also addresses the Energy Range Decoding Logic. 
Its output decoded state (see Table 5. 2. 8E) controls the feedback 
(and hence the gain) and the output attenuation of the Differential 
Amplifier. 

5. 2. 8. 3 Velocity Filter Amplifier 

The Velocity Filter Amplifier is a single 
input, double output balanced differential amplifier. The switching 
of Q1, Q2, Q3, and Q4 (Simplified Block Diagram, Figure 5. 2. 8-d 
is controlled by the output of the Energy Range Decoding Logic to 
change feedback impedances (and hence gain) and the output attenua­
tion. Figure 5. 2. 8-6 shows a simplified schematic of the Velocity 
Filter Amplifier feedback switching, addressed to Energy step 1. 

Since the Range Decoding Logic is addressed 
by the Low Energy Counter, it is evident that the overall transfer 
function of the Velocity Filter Amplifier is adjusted each time the 
Low Energy Counter is advanced. Since the Velocity Filter Counter 
is reset at the same time the Low Energy Counter is advanced, the 
Ladder network and the Energy Range Decoding Logic step the 
amplifier through six energy ranges of twenty (or ten, if Command 
4 or Command 6 is executed) Velocity steps each. Table 5. 2. 8F shows 
the Ladder network output voltage for each Velcoity step, and Table 
5. 2. BE shows the amplifier gain and output transfer function for each 
Energy step. The output divider, consisting of the 60K and 30K resis­
tors (Figure 5. 2. 8-1) provides a stepped down monitor voltage for 
analog-to-digital conversion (Table 5. 2. 8B). 

E = mon 

The monitor voltage is given by 

V plate -to -plate 

6 
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4 I 1 0 3 o. 144 

5 l 0 1 /3 o. 144 

6 ~ \ 0 ~ 1 0. 144 
------

Attenuator Feedbaclr. 
Switching Switching 
I 

Table 5. 2. BE Energy Range Decoding Logic Output Address; Velocity 
Filter Amplifier Gain; Output Transfer Function. 
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TABLE 5. 2. 8F: Velocity Filter Ladder Output Voltage 

Velocity Step 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Ladder Output Voltage 
(Volts) 

11.72 

10.57 

9.48 

8.46 

7.50 

6.59 

5. 51 

4.94 

4.22 

3.54 

2.93 

2.37 

1. 964 

1. 435 

1.054 

0.732 

0.468 

0.264 

0. 117 

0.029 

E
1 0 

to Amplifier 
(Volts) 

6.47 

5.87 

5. 31 

4.78 

4,38 

3. 81 

3.25 

2.96 

2.59 

2.24 

1. 92 

1. 63 

1. 421 

1. 148 

0.951 

0.784 

0.648 

0.543 

0.467 

0.421 
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The monitored voltages are then fed to the 
analog-to-digital converters. The;commutated voltages are 
thereby transformed by the A/D Converter into a binary readout pro­
portional to the log of the monitored voltage. 

5. 3 High Energy Ion Detector 

5. 3. 1 Calibration Pulser: Calibration Rate Counter 

The High Energy calibration system employs 
the same Calibration Pulser and Counter used by the Low Energy cali­
bration system. Separate decoders, however, are used. See Section 
5.2.1. 

5.3.2 -3. 5 kV Power Supply 

Section 5. 2. 2 covers the operation of the -3500 
Volt Power Supply, which supplies power to both the Low Energy and 
High Energy channeltrons. 

5. 3. 3 Channeltron Preamplifier 

The High Energy Channeltron Preamplifier is 
electrically identical to that used in the Low Energy Detection system. 
See Section 5. 2. 3. 

5.3.4 Dead Time Circuit 

The High Energy Dead Time Circuit is electri­
cally identical to that used in the Low Energy Detection system. See 
Section 5, 2, 4. 

5. 3. 5 Log Count Rate Meter 

The High Energy Log Count Rate Meter is 
electrically identical to that used in the Low Energy Detection system. 
See Section 5, 2. 5. 

5. 3. 6 High Energy Accumulator 

The High Energy Accumulator is a twenty-bit 
counter which accumulates the number of output pulses of the High Energy 
Descriminator (Dead Time Circuit) during the accumulation interval. The 
High Energy accumulation interval is the period of time between the begin"­
ning of Word 6 and the beginning of the next Word 4's BD1 pulse. See 
Figure 5, 3. 6-1 for timing relationships of the accumulation interval and 
readout. 
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See Figure 5. 2. 6-2 for a block diagram of 
the accumulator. 

The accumulator consists of two ten-bit 
counters with associated logic. The accumulation process is as 
follows: 

The counters initially are cleared when the 
first Word 6 occurs after application of power. At Word 6, the Logic 
Timing gates the output pulses of the High Energy Discriminator (Dead 
Time Circuit} to produce the Advance HE Ace pulses. 

The ten-bit counter A (Figure 5. 2. 6-2) addres­
ses the Detect - 999 circuit. When 999 counts have been detected, a 
toggle pulse is generated to advance the ten-bit counter B. At the same 
time, ten-bit counter A is reset. At this time, for example, the deci­
mal equivalent of the contents of the counters are as follows: 

Counter B(Most Significant Digits} Counter A (Least Significant Digits) 

0 0 1 0 0 0 

or, 001, 000 

Thus, Counter A represents the least signifi­
cant digits and Counter B the most significant digits of the total accumu­
lation count. 

The Advance HE Accumulator pulse is inhibited 
by a Detect -999996 circuit in the Logic Timing section to prevent over­
fill of the counters. The Reset HE Ace pulse is generated to reset the 
accumulator when either of the two following situations ocuur: 

a) When the End Data (ED) pulse and Word 6 are present. 

b) Xl 0 Accumulation Interval mode is in effect and the 1Oth 
accumulation interval in each SIDE frame is reaehed. See 
Figure 5. 3. 6-1, HE Accumulator Timing Relationships, for 
the exact timing of the Reset HE Ace pulse. 

The accumulator also addresses the Strobe 
Gates, which convert the data to serial form for readout. High Energy 
Accumulator data is read out in Words 4 and 5 as shown in Figure 
5.3.6-1. 

5.3.7 High Energy Step Voltage Generator 

A simplified block diagram of the High Energy 
Step Voltage Generator is shown in Figure 5. 3. 7-1. The purpose of the 
High Energy Step Voltage Generator is to generate a total of twenty voltage 
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steps which are applied to each plate of the High Energy Curved Plate 
Analyzer. For each voltage step, a positive and negative potential is 
generated, one for each plate. The potentials generated are shown in 
Table 5. 3. 7A. Also shown are the voltages monitored for analog-to­
digital conversion. High Energy Voltage data is read out during Word 
3. Appendix VI shows a worst-case error analysis of the High Energy 
Step Voltage Generator. 

5.3.7.1 High Energy Counter 

The High Energy Counter is a divide-by-twenty 
parallel five-bit counter, providing a binary count necessary to properly 
address the Ladder Switch and Network. The counter is advanced once 
per SIDE Frame (at Word 4) by the Advance High Energy Counter pulse, 
which is generated by the Logic Timing Section, to produce a total of 
twenty energy steps. 

The output counting sequence of the High Energy 
Counter is shown in Table 5. 3. 7B. This is the address to the High Energy 
Decoders. After counting through the twenty energy steps, the High 
Energy Counter will recycle to Step 1 to begin the counting sequence over 
again. The complements of the five bits shown also are available to per­
form additional logic functions in the system, as described in other sec­
tions of this report. 

The High Energy Counter will reset to Step 1 
whenever the SIDE Frame Counter is reset. This occurs under the fol­
lowing conditions: 

o SIDE Frame 127 (or 10, 39, or 79, depending upon the ground 
command in effect) is reached. 

o Power is applied to the system. 

o A command is executed which resets the SIDE Frame Counter. 

Resetting is performed in order to synchronize 
the High Energy Counter with the SIDE Frame Counter. 

Figure 5. 3. 7-2 shows timing relationships 
between Power-On and the Power On Reset logic control function. 

Figure 5. 3. 7-3 shows the timing for the 
Reset HE Counter logic control function. 

Figure 5. 3. 7-4 shows the timings for the 
Advance High Energy Counter pulse. 
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TABLE 5. 3. 7A: High Energy CPA and A/D Monitor Voltages 

I 
iEnergy Step Nominal CPA Voltage, Volts Monitor Voltage, Volts 

>!< 
(For Positive & Negative 
Plate) 

1 437 14 

2 406 13 

3 375 12 

4 344 11 

5 312 10 

6 281 9 

7 250 8 

8 219 7 

9 187 6 

10 156 5 

11 125 4 

12 93.6 3 

13 62.5 2 

14 31. 2 1 

15 12. 5 12. 5 

16 8.75 8.75 

17 6.25 6.25 

18 3.75 3.75 

19 2.50 2.50 

20 1. 25 1. 25 

>!<The nominal plate voltage is with respect to ground, and will carry the 
sign of the associated plate. 
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TABLE 5. 3. 7B: High Energy Counter Output Address 

Energy Step 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

s
4 

=HE CTR 5 

s
3 

=HE CTR 4 

s2 = HE CTR 3 

s 1 =HE CTR 2 

s
0 

=HE CTR 1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

1 

1 

0 

1 

Decimal Equivalent 1 

1 1 1 0 14 

0 1 1 0 13 

0 1 1 0 12 

1 0 1 0 11 

1 0 1 0 10 

0 0 1 0 9 

0 0 1 0 8 

1 1 0 0 7 

1 1 0 0 6 

0 1 0 0 5 

0 1 0 0 4 

1 0 0 0 3 

1 0 0 0 2 

0 0 0 0 1 

1 0 1 1 26 

1 1 0 1 23 

0 1 0 1 21 

1 0 0 1 19 

1 0 0 1 18 

0 0 0 1 17 

Ladder Address 
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5. 3. 7. 2 High Energy Decoder 

The five-bit binary output of the High Energy 
Counter to be decoded is carried along five lines. The first four bits, 
the Ladder Address, (S0 , S, s

2
, and Sy Table 5.3. 7B) are fed to the 

High Energy Decoders, while tlie complement of the fifth bit is used to 
control the switc Ling of the Modulator. 

The High Energy Decoder inverts the first 
four bits (S

0
, s

1
, s

2 
and s3 , Table 5. 3. 7B) of the counter output, which 

are then used to drive the Ladd.er Switch and Network. 

The High Energy Decoder can be inhibited upon 
command when it is desired to turn off the High Energy CPA voltage. 
When command 11 (High Energy CPA Volts On/Off) is executed, the 
HE CPA Volts On/Off logic control function switches to a "0" state. 
This inhibits the H1gh Energy Decoder, drives the Ladder Switch and 
Network to produce ~ero output and causes the Modulator Switch to 
turn the Modulator off. 

The High Energy Decoder is inhibited auto­
matically during the system's calibration cycle (SIDE Frames 120 
through 127). At this time, the High Energy Cal Cycle logic control 
function switches to a "0" state. This will inhibit the High Energy Step 
Voltage Generator as above. 

See Figure 5. 3. 7-5 for the timing of the HE 
Cal Cycle logic control function. 

5~.3 .• 7. 3 · Ladder Switch and Network 

Outputs of the Decoder (4 bits) feed the Ladder 
Switch and Network, which converts the Decoder digital output to an 
analog voltage. The Ladder Network is referenced by a precision vol­
tage source (+15V ± 0, 2%) buffered by the +15V Buffer Amplifier. 
Figure 5. 3. 7-6 shows the equivalent circuit for the Ladder Network. 
The Ladder is shown as addressed to High Energy Step 1. 

5. 3. 7. 4 Modulator Switch 

The Modulator Switch is controlled by two 
inputs. One input is the complement of the fifth bit (S4, HE Ctr 5, 
Table 5. 3. 7B) of the five-bit binary count generated by the High 
Energy Counter. During High Energy Steps 15 through 20, bit 
HE Ctr 5 is at "0" state. During High Energy Steps 1 strough 14, 
this bit is at a "1" state. 

The other input to the Modulator Switch is 
taken from the High Energy Decoder. 
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Normally, this input will be at a "1" state. 
When Command 11 (High Energy GPA Volts ON /OFF) is executed, or 
during SIDE Frames 120 through 127, this input will switch to a 11 0 11 

state (See Figure 5. 3. 7-5 for timing during Cal Cycle). 

When either of the two inputs to the Modula­
tor Switch is at a "0" state, the Modulator is turned off. 

5. 3. 7. 5 High Energy Amplifier 

The equivalent circuit of the High Energy 
Amplifier is shown in Figure 5. 3. 7-7. Refer also to Figure 5. 3. 7-1. 

The High Energy Amplifier section consists 
of a single-input balanced-output Differential Amplifier, a chopper­
amplifier (modulator), a 1-to-18 step-up transformer, and a pair of 
bridge rectifiers (one rectifier for each of the two transformer secon­
daries). The modulator is driven by two ± 5V square waves, 180° out 
of phase with each other. 

During High Energy Steps 1 through 14, the 
Modulator Switch causes the switching FET's Ql and Q2 (represented 
in Figure 5, 3, 7-7, HE Amplifier Equivalent Circuit, by SW1 and SW2) 
to be open, and the Modulator section to be operating. El and E2, in 
Figure 5. 3. 7-7 represent each transformer secondary and its asso­
ciated rectifier. 

inverting differential 
E 

Gain is then given as 
amplifier: 

that of a standard 

Gain= 
0 Rl + R2 

= 

E. 
l 

= 

3, 33 M ohm 

0. 1 M ohm 

Gain= 33.3 

R 
0 

Where R = output impedance 
of the La'ader Switch and Net­
work = 100 K 

During High Energy Steps 15 through 20, the 
switching FET's are closed and the Modulator is turned off. Amplifier 
gain is then given by: 

Gain= Rl 
~ 

0 

133K ohm =------lOOK ohm 

Gain= l, 33 



Rl 

Page 129 

I OPEN FOR STEPS 1-14 
1 CLOSED f:OR STEPS IS-20 

l 
I + 

J---e----r------1 

I DIFfERENTIAL FRCM LADDER 
SWITCJ.It NETWORK l AMPLIFJER 

£MONITOR 

I 

I 
I 
I SW2 

+1----. 

OPEN FOR STEPS 1-14 
:CLOSED FOR STEPS 15-20£ z 

l 
l 
I 
I ---I .-_-
J . .- R4 

R2 

--

FIGURE S.:3 .. 7-7 

..... 
l 

-EP 

HE 
A1i1PLIFI£R 

1~-------

1 

I 

+EP 

£/=E2=0V 
FOR STEPS 

15-20 

J-1/G/-1 ENERGV AMPLIFIER EQUIVALENT CIRCUIT 



Page 130 

Table 5. 3. 7C shows the Ladder output voltage, 
amplifier gain, and nominal plate voltage for each energy step. 

Voltages monitored for analog-to-digital con­
version are taken from the divider formed by R4 and R3 (Figure 5. 3. 7-1 ). 

For the high steps, 1-14, monitor voltage is 
given by 

E = mon 

For the low steps, 15-20, monitor voltage is 
given by 

E = +E 
mon p 

Table 5. 3. 7A shows the monitor voltages for 
each High Energy voltage step 

The monitored voltages are then fed to the 
analog-to-digital converters (q. v. ). The commutated voltages are 
thereby transformed by the A/D Converter into a binary readout pro­
portional to the log of the monitored voltage. 

5. 4 Cold Cathode Gauge Experiment 

5. 4. 1 Electrometer 

An Auto-Ranging, Auto Zero Electrometer 
monitors current outpf1s from the se:r:tor or the Calibration Current 
Generators in the 10 ampere to 10 ampere range. Its output 
ranges from -15 millivolts to -15 volts. Output of the Electrometer 
is fed to the A/D converters for analog-to-digital conversion and is 
read out according to the format in Figure 3. 0-3, A/D and Status 
Sub-Com Sequence. 

See Figure 5. 4. 1-1 for a simplified block 
diagram of the Electrometer. The Electrometer consists of a high­
gain, low leakage differential amplifier with switched high impedance 
feed-back resistors and auto-zero network. 
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TABLE 5. 3. 7C: High Energy, Ladder Output, Amplifier 
Gain, and Nominal Plate Voltages 

Energy Step No. Ladder Adder 
Output Voltage 

Amp Gain *Nominal Plate 
Voltage 

1 13. 12V 33.3 437V 

2 12.18V 33.3 406V 

3 11. 25 v 33.3 375V 

4 10.32V 33.3 344V 

5 9. 38V 33.3 312V 

6 8.43V 33.3 281 v 
7 7. 50V 33.3 250V 

8 6. 57V 33.3 219V 

9 5. 62V 33.3 187V 

10 4. 68V 33.3 156V 

11 3. 75V 33.3 125V 

12 2. 81 v 33.3 93. 6V 

13 1. 87V 33.3 62. 5V 

14 0. 938V 33.3 31. 2V 

15 9. 38V 1. 33 12. 5V 

16 6. 57V 1. 33 8. 75V 

17 4. 68V 1. 33 6. 25V 

18 2. 81 v 1. 33 3. 75V 

19 1. 87V 1. 33 2. 50V 

20 0. 938V 1. 33 1. 25V 

*with respect to ground, carries the sign of the associated plate. 
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The output voltage and input current are 
related by the following expression: 

Where E = Output of Electrometer 
0 

I = Input Current 

IL = Leakage Current 

RF= Feedback Resistance 

When input current is zero, output voltage 
should be zero; however, due to leakage and other factors such as 
temperature variations, output voltage becomes R (I ). This vol­
tage is the Electrometer offset voltage and is canc~lle:Jti by introduc­
ing an error signal (Auto Zero network) that is equal but opposite to 
the offset voltage into the amplifier. Zero adjustments are thus 
performed to compensate for error factors. 

The electrometer operates in three auto­
matically selected overlapping ranges: 

Range 1 (Most Sensitive) 
Range 2 (Mid-Range) . 
Range 3 (Least-Sensitive) 

Range 1 senses currents from approximately 
10- 13 to 9. 3 x 10- 11 amps. 

- 9
Range 2 senses currents from approximately 

-12 
3. 3 x 1 0 to 3. 2 x 1 0 amps. 

Range 3 senses currents from approximately 
10- 9 to 9. 3 x 10- 7 amps. 

Figure 5.4.1-2_?tfOWS atypi~ftp1ot ofpres: 6 
sure vs. CCIG_9urrent in the range of 10 torr to 10 torr and 10 
amperes to 10 amperes. Figure 5. 4. 1-3 shows the Electrometer 
transfer function, A/D readout counts vs. input current (theoretical 
curves and measured curves), for a typical system. 

See Figure 5. 4. 1-4 for a simplified block 
diagram of the Electrometer Range, Auto Zero, and Calibrate 
switching. Automatic Range switching is accomplished by the 
switching of two feedback resistors across a permanent feedback 
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resistor. Auto-zeroing is accomplished by switching in the Drift 
Correction amplifier in the feedback network. Calibration is 
effected by switching in one of three calibration current generators. 

Figure 5. 4. 1-5 (a) shows a simplified 
block diagram of the range comparators. Figure 5. 4. 1 -5 (b) shows 
the comparator logic. The state of the outputs of the two compara­
tors is shown for each corresponding Electrometer output leveL 
The feedback resistors and the calibrate current generators 1 limit­
ing resistors are switched in automatically to cause the output of the 
Electrometer to be at midrange (15 mV to 15V). Figure 5. 4. 1-6 
shows the Electrometer comparator decoding network. States of 
the relay drive logic are shown for each range. 

Figure 5. 4. 1 -7 shows a typical relay-
driver configuration. 

Automatic ranging is accomplished as 
follows: 

The Electrometer output is divided down and 
compared against a -15 mV reference and a -2. 95V reference by means 

of the two comparators. Output of the comparators feed the compara­
tor decoding logic (Figures 5. 4. 1-5(b) and 5. 4. 1-6). Output of the 
decoding logic is gated to drive the relays which will insert the pro­
per feedback resistors to cause the output of the Electrometer to be 
in the range of -15 mV to -15V. At the same time, the proper cur­
rent generator will be switched in to complete the requirement that 
the output of the Electrometer be between -15 m V and -15 V should 
the instrument be in Calibrate mode. The decoding logic specifies 
that if the input current to the Electrometer is too small, relays 
will close or open to adjust feedback to drive the Electrometer to the 
next more sensitive range. If the input current is too large, relays 
will close or open to adjust feedback to drive the Electrometer to the 
next less sensitive range. In both cases, this process will continue 
until the Electrometer output is mid-range and the comparator out­
puts are both at a 11 1 11 level (see Figure 5. 4. 1-5(b). 

During Cal Mode, output from the CCIG 
sensor will be automatically disconnected from the Electrometer 
input and connected to ground through a 10 kD resistor. 

Refer to Figure 5.4.1-7 for timing dia­
grams of the Electrometer switching. Timing for Auto-Zero, CCIG 
switching, and current calibration is shown. Since switching of the 
Auto-range feedback network and the individual current generators 
is a function of range, typical timing only is shown for switching of 
an individual current generator. 
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The Electrometer Power Supply furnishes 
the following supply voltages: 

o +BV to Seal Break Circuit 

o 0. 625V to Electrometer Tubes 

The range monitor network is a voltage divi­
der operating off the Electrometer power supply and the range-select 
relay coils. Its output level indicates the Electrometer range in effect: 

RANGE DC LEVEL MONITORED 

1 Approximately 8V 

2 Approximately 4 V 

3 Approximately 2. 7V 

The relay coils are driven by a load-and­
temperature compensated power supply consisting of a programmed 
voltage divider. The +8V source is divided down to +5. 5V which is 
regulated by thermistors and a switched load. The +5. 5V is the power 
source for the relay coils. 

5.4.2 Sensor 

The CCGE sensor is a plasma discharge 
device which effects conversion of density to direct durrent. It is 
mounted in a sealed case and protected by a dust-cover seal from 
premature contamination. The Cold Cathode Ion Gauge assembly 
(CCIG) is shown in Figure 7-1. 

The sensor is powered by 4. 5 kV and draws 
approximately 1 !J.A maximum. Output current to the electrometer 
is a function of pre_s6mre, and i~ 11j_hown plotted in Figure 5. 4. 1-2 for 
pressures from 10 torr to 10 torr. 

5.4.3 Seal Mechanism Power Supply 

See Figure 5.4.3-1 for a simplified block 
diagram of the Seal Mechanism Power Supply. 

When system power is applied, the Power On 
Reset logic control function pulses momentarily to a "0" state, resetting 
the flip-flop. This causes the driver to hold the SCR CRl off. C1 charges 
to +BV. 
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When any command containing Command 2 
is executed, one -time Command 2 causes the flip-flop to set, thus 
allowing the driver to fire the SCR. Cl discharges through the seal­
break element and the SCR. The CCIG seal is then broken by the heat 
generated by the energy transfer. 

The lock-out plug holds the gate of CRl at 
ground potential. This prevents firing of the seal during ground tests. 

The Seal Monitor provides a de level to the 
One-Time Command Status monitor to indicate status of the seal. A 
"0" level at the Seal Monitor indicates the seal has fired, 

5,4.4 Seal Mechanism 

The Seal Mechanism (squib) is customer 
furnished equipment. It is a pyrotechnic device attached to one end of 
the CCIG seal. Breaking of the mechanism releases the seal to expose 
the CCIG to the lunar environment. See Section 5. 4. 3. 

5.4.5 4500 Volt Power Supply 

Figure 5. 4. 5-l shows a simplified Block dia­
gram of the 4500 volt Power Supply. 

The 4500 volt Power Supply is used to develop 
a 4500 volt potential to be applied to the Cold Cathode Ion Gauge (CCIG) 
anode. 

The supply consists basically of a regulator, 
converter, a voltage-multiplier network, and associated feedback net­
work of the Low Voltage Power Supply. The regulator furnishes approxi­
mately 24 V to the converter for conversion to a 5kHz squarewave to be 
applied to the converter transformer. Output of the converter trans­
former is applied to a voltage multiplier network (stacked standard 
doublers). The output is then filtered and applied to the CCIG anode. 
The output is also divided down for Analog-to-Digital conversion, and 
monitored at various SIDE Frames (during Word 2) according to the 
format in drawing 609206. 

During pre-flight tests at ambient air pres­
sures, a lockout plug is connected to the system, grounding the collec­
tor of Q2 (Figure 5. 4. 5-l, Simplified Block Diagram of the 4. 5kV Power 
Supply). This causes the regulator to be inhibited and the high voltage 
output to be zero. Prior to flight (or simulated flight), the lockout plug 
is removed, causing the 4. 5kV Power Supply to be ON when power is 
applied to the system (the CCGE HV ON/OFF logic control function is 
normally at a "1" state). When Command 13 (CCIG High Voltage ON I 
OFF) is executed, the CCGE HV ON/OFF logic control function switches 



+3DV 
INPUT 

LOCX-OUT 
PLUG ~6.BV 

TOA/D 
CONVERTERS 

(REF DRAW/,VG GD95B..:i) 

24V CONVERTE?t I ~MULTIPLIER I 2X/09_a_ 
NETWORK • • ...; 

I 

J:EEDBACK. 
51 Xv~-----e.....--------4~ NETWCAX 1------------J 

FIG. 5.4.5-1 SIMPLIFIED BLOCK DIAGRAM) 
4SOOV POWER SUPPLY 

f-tJ 
Ill 

(JQ 
('!) 

,_. 
~ 
~ 



Page 145 

to a "0" state, turning OFF Q1. This causes the base of Q2 to be dri­
ven, turning Q2 ON. This in turn inhibits the regulator and turns the 
high voltage OFF. Executing Command 13 once more turns the high 
voltage back ON. 

5.4.6 Temperature Sensor and Monitoring Circuit 

See Section 5o 1. 2 for a general description 
of the Temperature Sensors and Monitoring Circuits 0 

5. 5 Ground Plane 

5. 5. 1 Ground Plane Step Voltage Generator 

A simplified block diagram of the Ground 
Plane Step Voltage G-enerator is shown in Figure 5. 5-1. The purpose 
of the Ground Plane step Voltage Generator is to generate a total of 
twenty-four voltage steps (twelve positive and twelve negative) which 
are applied to the Ground Plane screen. The generator is stepped 
using five bits of digital information from the Ground Plane Counter. 

The potentials generated are shown in Table 
5. SA. Also shown are the voltages monitored for analog-to-digital 
conversion. Ground Plane Voltage data is read out during Word 2 of 
SIDE Frames 13, 15, 29, 31, 45, 47, 61, 63, 69, 77, 79, 93, and 95. 

Appendix VII shows a "worst case" error 
analysis of the Ground Plane Step Voltage Generator. 

5.5.1.1 Ground Plane Counter 

The Ground Plane Counter is a,£ive-bit binary 
counter, providing a binary count necessary to properly address the 
Ladder Switch and Network. The counter is stepped by the Ground 
Plane Counter Advance pulse, which is generated when the SIDE Frame 
Counter recycles to 000. The Ground Plane Counter Advance pulse is 
generated at Word 9 during the last SIDE Frame before stepping to 
SIDE Frame 000. The Ground Plane Counter is automatically reset 
by the Power On Reset pulse when power is first applied. This is 
done in order to synchronize the Ground Plane Counter with the SIDE 
Frame Counter. 

Under normal conditions, the Command 1 
logic control function is at a "1" state, preventing the Counter Inhibit 
circuit from operating. This allows the Ground Plane Counter to be 
stepped. When Command 1 (Ground Plane Stepper On/Off) is executed, 
Command 1 switches to a "0" state for 17 microseconds 0 This then 
causes the Counter Inhibit circuit to be operative, thus preventing the 
Ground Plane Counter from being stepped. 
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TABLE 5. 5A: Ground Plane and A/D Monitor Voltages 

:Ground Plane Voltage Step EGP A/ D Monitor Voltage 
! 
I 

1 0 7. 50V 

2 0.6 7.65 

3 1.2 7.80 

4 1.8 7.95 

5 2.4 8. 10 

6 3.6 8.40 

7 5.4 8.85 

8 7.8 9.45 

9 10.2 10.05 

10 16.2 11. 55 

11 19.8 12.45 

12 27.6 14.40 

13 0 7.50 

14 - 0.6 7.35 

15 - 1.2 7.20 

16 - 1.8 7.05 

17 - 2.4 6.90 

18 - 3.6 6.60 

19 - 5.4 6. 15 

20 - 7.8 5.55 

21 -10.2 4.95 

22 -16.2 3.45 

23 -19.8 2.55 

24 -27.6 0.60 
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When Command 1 is again executed, Command 
T switches to a "0" state for 17 microseconds. This causes the Counter 
Inhibit circuit to be operative once more, allowing the Ground Plane 
Counter to be stepped again. 

Figure 5. 5-2 shows the timing relationships 
for the Ground Plane Counter Advance pulse. Table 5. 5B shows the 
Ground Plane Counter binary output. See Figure 5. 2. 8-3 for timing 
of the Power On Reset pulse. 

5.5.1.2 Ground Plane Decoders; Ladder Switch and 
Network 

The output of the five-bit counter addresses 
the Ground Plane Decoders and Polarity Switches. The decoded out­
put of the Ground Plane Decoder is a six-bit address which is used to 
control the Ladder Switch and Network. The Ladder Switch and Net­
work, referenced by a precision t15V source through the tl5V Buffer 
Amplifier, furnishes an analog voltage to the Ground Plane Stepper 
Amplifier, depending upon the address programming the Ladder Net­
work. Refer to Table 5. 5C for the Ladder network output voltages. 

Figure 5. 5-3 shows the equivalent circuits 
for the Ladder network and Polarity Switches. The Ladder is shown 
addressed to Step 1, and the Polarity Switches are shown in Positive 
Configuration. 

Table 5. 5B shows the binary address available 
from the Ground Plane Counter. Also shown in Table 5. 5B is the 
address to the Ladder network and Polarity Switch. 

5.5.1.3 Ground Plane Amplifier 

The amplifier consists of a single-input, 
single -output differential amplifier with associated feedback and 
terminating impedances, along with an output divider and bias cir­
cuit to provide a monitor voltage for analog-to-digital conversion. 

The amplifier is operated in two configura-
tions: 

o Positive configuration. As the Ground Plane Counter is stepped 
through the first twelve voltage steps, the Polarity Switches 
cause Ql and Q4 to be ON and Q2 and Q3 to be OFF (See Figure 
5.5-1). 

Refer to Figure 5. 5-4 for the equivalent circuit and gain equa­
tions. This is the standard configuration for a non-inverting 
differential amplifier. 
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TABLE 5. 5B: Ground Plane Stepper Address Logic 

Address to Ladder Polarity 
Step No. Ground Plane Counter (Output of Decoders) Switch 

GPS5 GPS4 GPS3 GPS2 GPSl S6 S5 S4 S3 S2 S1 S+ S-
\ 

1 0 0 0 0 0 0 0 0 0 0 0 1 0 

2 0 0 0 0 1 0 0 0 0 0 1 l 0 

3 0 0 0 1 0 0 0 0 0 1 0 1 0 

4 0 0 0 1 1 0 0 0 0 1 1 1 0 

5 0 0 1 0 0 0 0 0 1 0 0 1 0 

I 6 0 0 1 0 1 0 0 0 1 1 0 1 0 

7 0 0 1 1 0 0 0 1 0 0 1 1 0 

8 0 0 1 1 1 0 0 1 1 0 1 1 0 

9 0 1 0 0 0 0 1 0 0 0 1 1 0 

10 0 1 0 0 1 0 1 1 0 1 1 1 0 

11 0 1 0 1 0 1 0 0 0 0 1 1 0 

12 0 1 0 1 1 1 0 1 1 1 0 1 0 

13 1 0 0 0 0 0 0 0 0 0 0 0 1 

14 1 0 0 0 1 0 0, 0 0 0 1 0 1 

15 1 0 0 1 0 0 0 0 0 1 0 0 1 

16 1 0 0 1 1 0 0 0 0 1 1 0 1 

17 1 0 1 0 0 0 0 0 1 0 0 0 1 

18 1 0 1 0 1 0 0 0 1 1 0 0 1 

19 1 0 1 1 0 0 0 1 0 0 1 0 1 

20 1 0 1 1 1 0 0 1 1 0 1 0 1 

21 1 1 0 0 0 0 1 0 0 0 1 0 1 

22 1 1 0 0 1 0 1 1 0 1 1 0 1 

23 1 1 0 1 0 1 0 0 0 0 1 0 1 

24 1 1 0 1 1 1 0 1 1 1 0 0 1 
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TABLE 5. 5C: Ground Plane Ladder Network Output Voltage 

I 
I 
!Ground Plane Voltage Step 
I 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

Ladder Output Voltage 

0 

0.232 

0.464 

0.696 

0.928 

l. 392 

2.088 

3.016 

3.944 

6.264 

7.656 

10.672 

0 

0.232 

0.464 

0.696 

0.928 

1.392 

2.088 

3.016 

3.944 

6.264 

7.656 

10.672 
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The output of this configuration is a positive voltage, which is 
applied to the Ground Plane Screen. 

o Negative Configuration. As the Ground Plane Counter is stepped 
from the 13th through 24th voltage step, the Polarity Switches 
cause Q2 and Q3 to be ON, and Ql and Q4 to be OFF(See Figure 
5.5-1). 

Refer to Figure 5. 5-5 for the equivalent circuit and gain equa­
tions. This is the standard configuration for an inverting dif­
ferential amplifier. 

The output of this configuration is a negative voltage, which is 
applied to the Ground Plane Screen. 

The output divider and bias circuit provide 
stepped-down monitor voltage (positive for all twenty-four steps) for 
analog-to-digital conversion. 

This E is given by: 
mon E = mon 

EGP 
15 +z-2 volts. 

Table 5. 5A shows the monitor voltages for 
each Ground Plane voltage step. 

The monitored voltages are then fed to the 
analog-to-digital converters. The commutated voltages are 
thereby transformed by the A/D Converter into a binary readout pro­
portional to the log of the monitored voltage. 
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6. 0 EXPERIMENT TEST SET 

The Experiment Test Set {ETS) is provided to perform the functions 
needed to test and verify the proper operation of the SIDE/CCGE 
Experiment. 

These functions are: 

o ALSEP Simulation - Providing the operation power, command sig­
nals and communication signals required to operate the Experiment. 

o Data Reduction and Conversion - Processing the derived SIDE/ 
CCGE data for visual display, printing and transmission. 

o ALSEP Interface Monitoring - Providing operation monitoring 
when ALSEP is interfaced with the SIDE/CCGE Experiment. 

o Trouble- shooting - Providing the diagnostic equipment necessary 
to locate and analyze equipment malfunctions. 

Figures 6. 0-1, 6. 0-2, and 6. 0-3 show, by block diagram, the possible 
ALSEP/SIDE/CCGE/ETS interfaces. Figure 6. 0-4 shows the block dia­
gram of the ETS. Figure 6. 0-5 shows a typical Instrument/ETS Test 
Setup. Figure 6. 0-6 shows a front view of the ETS configuration. 

See Appendix VIII for the Master Drawing List for the ETS. The major 
subassemblies of the ETS are: 

Data Processor: Accepts digital data from the SIDE/CCGE, processes 
the data, and routes it to the Printer, Data Phone, and Display Unit. 

Printer Unit: Prints hard copy data from the Data Processor /Print/ 
Phone Unit. 

Display Unit: Displays data from the Data Processor/Print/Phone Unit 
visually on nixie tubes. 

ALSEP Simulator Unit: Transmits timing and command signals which 
simulate the function of ALSEP and supplies power to the SIDE/CCGE 
during test. 

Monitor Unit: Monitors various data points, supply voltages, and 
interface signals. A Hewlett-Packard 3439A Digital Voltmeter is 
mounted in this unit. 

Oscilloscope/Counter Unit: Contains a type 422 Tektronix oscilloscope, 
and a Hewlett-Packard 3734A counter. 

6. 1 Display Unit 

The Display Unit is a passive instrument used to visually 
monitor various functions of the SIDE/CCGE Experiment. Operating 
controls consist of the power ON/OFF switch and the Overflow Lamp 
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test switch. The test switch is used to verify lamp operation prior to 
each Experiment test. No other operation of the Display Unit is required. 

The visual display presented by the unit represents a binary to decimal 
decoding of the ten words contained in each SIDE frame. A total of 127 
SIDE frames are displayed during each Experiment cycle. The following 
is an explanation of the data contained in each SIDE Frame. 

SIDE FRAME (Word 1) - For display purposes, two separate readouts 
are provided for Word 1. REAL TIME SIDE FRAME indicates the sta­
tus of the SIDE Frame Counter in the Experiment. The SIDE FRAME 
display will normally be the same but can be made to hold upon reach­
ing a selected frame by operating the Frame Select switch on the Data 
Processor Unit. Normal readout will be a number from 000 to 127 
representing the decoding of the last seven bits of Word 1. The first 
bit of the ten bit word is the parity bit giving the odd or even status of 
the previous SIDE frame. The second and third bits are O's and repre­
sent Word 1. These two bits are used for cueing during printing, Data­
phone transmission or when interfaced with ALSEP. When the Parity 
On switch is operated on the Data Processor Unit, all ten bits are 
decoded. This results in a readout from 512 to 639. The overflow 
lamps will light whenever the count exceeds 999. 

STATUS (Word 6)- The STATUS display is a four digit readout repre­
senting the decimal decoding of a ten bit word indicating the status of 
the Ground Plane Stepper, Command Input Register, Electrometer 
Range, Mode Register, Dust Cover and CCIG Seal and Calibration 
Rates 1 thru 4. Only the last seven bits are normally decoded giving 
a decimal display of 0000 to 0127. When the Parity On switch is 
operated the first or parity bit and the second and third bits, 1 's 
indicating Word 6, are also decoded giving a decimal display of 0384 
to 1023. To determine the function being monitored, refer to Figure 
3. 0-3, A/D and Status Sub-Com Sequence, 

ANALOG SUB-COM (Word 2) - Temperatures, voltages and other 
Experiment functions being monitored by the Analog-to-Digital Con­
verter of the Experiment are displayed under ANALOG-SUB-COM. 
The three digit display represents a decimal decoding of the A/D 
Converter's eight bit output. The function being monitored by the 
A/D converter can be determined by referring to Figure 3. 0-3. 
Decoding of the eight bit word will give a decimal readout of 000 to 
255. Any number in excess of 255 and/or the lighting of the overflow 
lamps indicates a malfunction. The correct display of the A/D Con­
verter's output will be found in the Test Specification for the unit under­
going test. 

HECPA VOLTS (Word 3), LECPA VOLTS (Word 8), VELOCITY FILTER 
VOLTS (Word 7), - These three-digit readouts are also decoded dis­
plays of the output of the A/D Converter. Interpretation of the display 
is the same as for ANALOG SUB-COM. 
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HE ION COUNTS (Words 4 & 5), LE ION COUNTS (Words 9 & 1 0) -
These six-digit displays are derived from the decoding of a 20-bit storage 
register in the experiment. The registers automatically reset at 999, 997, 
therefore, lighting of either the right or left overflow lamps indicates a 
malfunction. Two overflow lamps are provided since the six-digit read­
out is composed of two ten-bit binary numbers. 

For the block diagram of the Display Unit, See Figure 6. 1-1. The sche­
matic is shown in drawing 609667. Figure 6. 1-2 shows a front view of 
the Display Unit. 

6. 2 Data Processor Unit 

Drawing 609685 shows the schematic diagram of the Data 
Processor Unit. See Figure 6. 2-1 for the block diagram. Figure 6. 2-2 
shows the Data Processor Unit, front view. The Data Processor Unit 
receives both the experiment data from the SIDE/ CCGE Experiment and 
the timing signals from the ALSEP Simulator Unit, and provides the decod­
ing logic necessary for the operation of the Dataphone Set, Franklin Prin­
ter, and Display Unit. 

Also provided by the Data Processor Unit are the controls 
for parity check, accelerated mode of operation, test mode, Dataphone 
transmission, and selection and retaining of displayed data for a desired 
SIDE frame. Also provided are the following buffered test points~ 

Oscillator Command A 

Shift Pulse Command B 

Data Demand Command C 

Even Frame Mark Command D 

Experiment Data Command Execute 

The following additional test points are furnished: 

SD (Send Data 

IT (Interlock) 

RS (Request to Send) 

The data to be transmitted appears at this test 
point. 

A positive six-volt potential is provided by the 
Dataphone Set when the Dataphone is prepared 
to send or receive data. This Interlock signal 
is used by the Data Processor logic gates to 
indicate that the Dataphone is ready. 

When the Dataphone Set is prepared to send or 
receive data, and the Data On Line switch is 
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actuated, RS will switch from -1 OV de to +1 OV de; 
this level is sent to the Dataphone Set. 

When the Dataphone Set receives the RS (Request 
to Send) signal, it will provide the CTS signal to 
the Data Processor, That is, CTS will switch 
from -6 V de to +6 V de. This indicates that the 
Dataphone will now accept data. 

This is a 2 kHz square wave constantly furnished 
by the Dataphone Set as a modulating signal for 
the Data Processor. 

Due to design changes, these test points are no 
longer used. 

This test point monitors the inhibit signal which 
de-activates the Printer and the Dataphone when­
ever the ALSEP Simulator is operated in the accel­
erated mode. 

This test point monitors the Word Pulses for each 
SIDE Frame. 

In addition, test points are provided for monitoring the fol­
lowing supplies: +4 V, +12V, and ground, 

When the Display Select switch is operated, either of two 
conditions may be selected: 

o When the Real Time Display portion of the switch is lit, the Dis­
play Unit will display real time data. 

o When the Frame Select Display portion of the switch is lit, the 
Display Unit will, when the SIDE Frame counter reaches the SIDE 
Frame selected by theSIDE Frame Select thumbwheel, display 
and hold data for that particular SIDE Frame only. 

For operation of the Parity ON/OFF switch, see Section 
6. 1, Display Unit Operation. 

When the ALSEP Simulator is operated in the accelerated 
mode, the XlO Mode indicator will light. 

When the Test-Mode switch is actuated, the ALSEP Simu­
lator provides test data for checking out the ETS. The Test Data advan­
ces the SIDE Frame display from 000 to 127, then back to 000. The test 
Data also advances the counts on all displayed words. 

A 110 V - 3 amp fuse is also provided. 
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6. 3 ALSEP Simulator Unit 

Refer to Figure 6. 3-1 for the block diagram of the ALSEP 
Simulator Unit. Drawing 609668 shows the schematic diagram. See 
Figure 6. 3-2 for a front view of the Simulator Unit. The ALSEP Simula­
tor Unit consists of three experiment control sections, test points to 
monitor the internal functions of the unit, a running time meter, the 
power-on/off switch and fuse. for the unit itself, and the SIDE/CCGE 
experiment. The fuses are, from right to left, the ALSEP Simulator 
Unit, experiment operating power, and a spare. The spare experi-
ment operating power fuse is provided since this fuse will be blown in 
testing the experiment 1 s over-voltage protection circuit. The following 
is a description of the individual experiment control sections. 

The Timing Controls section simulates all of the ALSEP 
digital interface signals. These signals are derived from a crystal 
controlled oscillator operating as a clock generator. The rates of 
the digital signals are determined by dividing counters within the 
unit. Each interface line is variable in amplitude and rise time in 
order to test operating limits of the SIDE/CCGE experiment. The 
normal operating position for the Amplitude and rise time switches 
is 4. OV amplitude and 6 f.LS rise time. When these switches are in 
any other position the Abnormal Operation indicator will light. 

Four timing function controls are provided on the front 
panel of the ALSEP Simulator Unit. However, Frame Mark is no longer 
operational due to design changes in the experiment. 

The amplitude, rise time, and rate of the Shift Pulse 
signal is variable. The normal rate is 1060 bits p-er second. If the 
Bit Rate switch is set to either 530 or 10,600 BPS, the Abnormal 
Operation indicator will light. In addition, in the l 0, 600 BPS posi­
tion, tne Xl 0 Mode indicator will light on both the ALSEP Simulate r 
Unit and the Data Processor Unit, and the Printer Unit will be 
inoperative. The Xl 0 Mode of operation is used only to test the 
experiment under accelerated operating conditions or in order to 
arrive at a selected SIDE Frame in less time. The data displayed 
during Xl 0 Mode operation is not valid. A Stop switch is included 
as an operating function of the Xl 0 Mode indicator. When this switch 
is actuated the clock generator is turned off and the Timing Controls 
are not operative. The Shift Pulse controls the rate at which data is 
shifted into both the experiment and the Data Processor Unit. 

All of the Timing Controls and Command Controls are 
interrelated in that they are derived from the same clock generator. 
The Data Demand pulse is a de level change maintained for one word 
time causing the readout of the experiment data registers. Tre Even 
Frame Mark pulse is a short duration pulse used to synchronize the 
SIDE Frame Counter in the Experiment. 

The Command Controls section simulates the five com-
mands from ALSEP to the experiment. The Amplitude and Rise Time controls 
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operate in the same manner as those in the Timing Controls section. 
Any deviation from the 4. OV and 6f.LS settings will cause the Abnormal 
Operation indicator to light. Each command is set by actuating the 
lighted switch below the selected command function. Shifting of the 
commands into the Command Input Register of the experiment is 
accomplished by operating the Command Executed switch. The five 
command switches will light when actuated. After actuating the Com­
mand Executed switch, the Clear Command Lines switch will light. 
This switch must be operated before further commands can be sent 
to the experiment. The rate at which the commands are shifted into 
the Command Input Register of the experiment is determined by the 
Bit Rate Switch. 

The Operating Power section of the ALSEP Simulator 
Unit consists of three switches, a variable voltage control and a 
current meter. Functionally, these components control the opera­
tion and output of a 0-SOV power supply contained within the unit. 

The Fixed 29 Volts /Variable 0-50 Volts switch makes 
the SIDE Voltage control operative. In the Variable 0-50 Volts posi­
tion, both the heater voltage and operating voltage are continuously 
variable. The Abnormal Operation indicator will light whenever 
this switch is in the variable position. 

During normal operation, the Exp On/ Exp Off switch 
provides a fixed +29V to the experiment and also starts the running 
time meter located on the connector panel of the ALSEP Simulator 
Unit. The total operating time of the experiment is recorded on this 
meter. 

The Heater On/Heater Off switch provides a fixed +29V 
to the heaters in the experiment. Normal operation of the experiment 
is possible with this switch in the OFF position except when the experi­
ment is undergoing environmental testing. 

The SIDE Current meter indicates the "total" current 
being drawn by the experiment from the 0-50V power supply. The 
meter reading will vary depending upon the positions of the Operating 
power switches and/ or Side Voltage Control 

6. 4 Monitor Unit 

The Monitor Unit provides a means of continuously or 
selectively monitoring the interface lines between ALSEP and the SIDE/ 
CCGE experiment. Due to design changes in the SIDE/ CCGE instru­
ment, only the INTERFACE test points and the switch positions corres­
ponding to the INTERFACE test points are now functional. 

The Digital Voltmeter installed in the Monitor Unit can 
be used independently or as an integral part of the unit. By jumpering 
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the input jacks of the DVM to the adjacent test jacks on the Monitor 
Unit panel, the test points selected by the central switch will be dis­
played by the DVM. In order to use the DVM independently without 
disconnecting the jumpers, rotate the central switch to the EXT posi­
tion. 

Interface test points that are not de functions can be 
monitored by connecting the oscilloscope or counter directly into the 
appropriate test jack. These signals are available at the test jacks 
regardless of the position of the central switch. 

For the schematic of the Monitor Unit, see drawing 
609669, Figure 6. 4-1 which shows a front view of the unit. 

6. 5 Printer Unit 

The Printer Unit is a commercially available Franklin 
Printer, Model Cl220D-8-6Bl2-SR. The data format for the printer 
is shown below. See Figure 6. 5-l for a front view of the Printer Unit. 

WORD 9 WORD 10 

WORD 7 WORD 8 

000 WORD 6 

WORD 4 WORD 5 

WORD 2 WORD 3 

Cue Dot 000 WORD 1 

DATA FORMAT - PRINTER TAPE 

CAUTION: The Operate /Inhibit switch should always be in the Inhibit 
position before turning the power switch on. 

6. 6 Oscilloscope I Counter Unit 

The Oscilloscope/Counter Unit contains a commercially 
available type 422 Tektronix Oscilloscope and a Hewlett-Packard 3734A 
Counter .. 

Figure 6. 6-1 shows a front view of the Oscilloscope I 
Counter Unit. 
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FIGURE 6.6-1 OSCILLOPE/COUNTER UNIT 
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7. 0 MECHANICAL/THERMAL DESIGN 

A brief introduction to the ALSEP objectives, associated experi­
ments, and the "SIDE" general features can be seen in Tables 7-A, 7-B 
and 7-C. 

7. 1 Basic Mechanical Design Configuration 

The Suprathermal Ion Detector Experiment (SIDE), de­
signed to measure the flux, number density, velocity and energy per 
unit charge of positive ions in the vicinity of the lunar surface, consists 
of an aluminum parallelepiped electronic package approximately 15" x 
12" x 4-1 I 2" (undeployed configuration) and weighs approximately 20 
lbs. (earth weight). See Figures l. 0-1 through 1. 0-6. (Appendix D 
shows special handling instructions.) 

A Cold Cathode Gauge Experiment (CCGE) used to determine 
the lunar ambient density and the rate of loss of contaminants left by the 
Lunar Module (LM) and Astronauts is separately packaged (by National 
Research Corporation) and housed in the Suprathermal Ion Detector 
housing. Data from the SIDE and CCGE Experiments are transmitted 
by means of a special flat ribbon cable (also physically housed in the 
SIDE package) to the ALSEP Central Data Station for telemetering to 
earth. Although several packaging configurations, internal and ex­
ternal, were designed and tested the resulting final configuration shall 
be discussed herein. The composite SIDE has demonstrated, through 
various modes of testing, the capability to survive a mock launch, 
lunar descent, and lunar thermal extremes (±_250°F). Various unique 
devices are employed in ALSEP/SIDE for its "earth to lunar" excursion. 
Several mechanical features to be discussed herein are: dust cover, 
solenoid and latching mechanism, ground screen deployment, tool 
handling adapter, folding lunar legs, lanyards for dust cover, leg and 
CCIG deployment, leveling gauge, various special electronic welded 
modules, and select materials such as thermal paints, epoxies, mirrors, 
etc. 

Special handling instructions are shown in Appendix D. 

7. l. 1 ALSEP/SIDE/CCGE Deployment on Lunar Surface 

See Figures l. 0-1, l. 0-2, 1. 0-6 and l. 0-7. The 
Suprathermal Ion Detector (SIDE/CCGE) is attached to a Pallet sub­
assembly by means of bur (4) Boyd Bolt fasteners (provided by cus­
tomer}. The astronaut disengages the fasteners and the instrument with 
a special cane -like tool. The SIDE is then carried with the astronaut 
handling tool, engaged in the top plate adapter (on the upper end of this 
experiment), to an appropriate deployment site. A ground screen secured 
to the SIDE experiment is then removed and deployed. The ground 
screen deployment is similar in action to that of the opening of an 
umbrella. The ground screen will spring open when removed from 
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its carrying tube; it is to be placed on the lunar surface prior to full 
deployment of the SIDE. The combined leg and dust cover lanyard is 
then removed to permit the thermal isolation legs (3) to be fully extended 
and to "arm" fhe dust cover release solenoid. The package is placed 
over the ground screen; and the Cold Cathode Ion Gauge (CCIG) cover is 
then removed by the astronaut. Removal of the CCIG cover exposes 
the CCIG and its lanyard for deployment. See Figure 7-1. 

7. 1. 2 CCIG (Cold Cathode Ion Gauge) Deployment 

The CCIG is rigidly held in a cavity in the 
SIDE package on two "Holding and Positioning" delrin pins, and 
clamped in place with a vertically adapted Boyd-type bolt. The con­
necting cable and releasing lanyard is stowed and held in place by a 
spe cia! spring loaded cover. See assembly procedure for the stow­
ing of cable on lanyard (Appendix D). The astronaut deploys the 
CCIG by first unlocking the CCIG vertical bolt with a disassembly 
tool. The CCIG cable cover is then removed by the astronaut by grip­
ping the CCIG cable cover and lifting the cover while moving the bottom 
section outward. A slight downward motion will then free the cover. 
With the cover removed, the cable and lanyard are exposed for 
removal of the CCIG. A pull on the uncoiled lanyard releases 
the CCIG from the support of the delrin pins. The CCIG slides out 
on its spring .. like nesting slides and is then deployed on the lunar sur­
face beyond the edge of the ground screen (See Table 7 A). 

7. l. 3 Operation of Dust Cover and Solenoid Mechanism 

An aluminum dust cover 12" x 4-1/2" x 3/4" is 
used to protect the entrance apertures and the second surface mirrors 
from lunar dust caused by the ascent of the LM. The cover is spring­
loaded to open by means of an earth command signal. The command 
signal, when given, energizes an electro-mechanical solenoid and 
mechanism arrangement. This in turn trips a dust-cover hold down 
latch, causing the dust cover (single unit) to spring open,thereby 
exposing the two apertures, a top screen grid, and the second sur-
face mirrors. A solar cell detector senses the sun to provide a sig­
nal which indicates that the dust cover operation is completed and the 
cover has been opened. 

7. l. 4 Deployment of ALSEP /SIDE Interconnecting 
Flat Ribbon Cable 

The astronaut utilizes a tiedown release tool 
to release the Boyd-bolt fastener in front of the Bendix cable reel 
which allows the reel to be ejected from the base of the SIDE package. 
This makes it accessible for the astronaut to fully remove and deploy. 
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7. 1. 5 Packaging Design, Inner and Outer Assemblies 

o Inner Assembly Design: The inner assembly is constructed of 
a gold-plated aluminum flat web assembly flanged on the peri­
phery with four thermal insulation hold down bolts. This inner 
assembly physically supports nine (9) electronic subassemblies 
of varying dimensions and configurations called Blivets. See 
Figure 7-3. The inner assembly also contains the low energy 
and high energy channeltrons and their respective curved-plate 
analyzers. Several Blivet assemblies are interconnected through 
a special connector terminal board. The CCIG cable and ALSEP I 
SIDE interconnect cable which originates in this area is then 
brought out through a special access opening. When the Inner 
assembly has been assembled, gold-plated covers are installed 
to provide a protective and thermal barrier. These covers have 
mylar liners. Four large 8-1/2 inch long by 1/4 inch threaded 
fiber glass G-1 0 bolts provide the thermal isolation and physical 
tie-down to the exterior housing. The fundamental principle of 
the thermal design is such that the inner electronics housing is 
isolated from the outer housing to the maximum degree possible 
(There are no direct paths - only thermal high-impedance con­
nections). 

o External Housing Design: The external housing is a welded 
aluminum shell, approximately 15 11 x 12 11 x 4-1 I 2 11

, designed 
to house: 1) the inner electronic assembly; 2) the Cold Cathode 
Ion Gauge; 3) the ALSEP/SIDE inter-connecting cable reel. The 
inner surface of the exterior housing is gold plated to provide 
the "Dewar11(Thermos Bottle) effect. The collapsible ground 
screen is mounted on the exterior surface of the external hous­
ing for accessibility. A thermal spacer assembly with the g:>ld­
plated apertures, secondary surface mirrors, and dust cover 
are assembled to the top of the external housing. Other acces­
sories added to the over -all external assembly are: top screen 
grid, bubble level, carrying tool adapter, earth-direction arrow, 
CCIG and lanyard assembly, collapsible legs and lanyard, ther­
mal base blanket and name plate. The exterior is painted with 
Sl3-G (Appendix H) thermal paint. The leveling (bubble) gauge 
is provided in order to permit the astronaut to align the experi­
ment within five degree tolerance level with the lunar surface. 

7. l. 6 ALSEP/SIDE Collapsible Leg Design and 
Deployment 

The ALSEP /SIDE package, when fully 
deployed, rests on three outstretched legs and foot pads made of 
G-1 0 fibre glass material. The legs are spring-loaded and fold 
beneath the external housing where they are retained by means of 
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a pull pin and lanyard arrangement. The legs are foam filled and rein­
forced at the foot pad end by Castall 301 bonding material and by special 
collars and pins at the upper pivotal end. The top end is pivoted within 
a magnesium yolk on a steel pin (See Figure 7 -4). Legs are painted 
white with 3M paint. 

7. 1. 7 Sine and Random Vibration Tests 

Extensive sine vibration tests were conducted 
at AETL (Advanced Engineering Test Labs Facility) on a mechanical 
ALSEP /SIDE simulator to establish a high confidence level of the 
structural design. Tests were conducted in the acceptance and quali­
fication test levels in both random and sine vibration modes. The 
levels of testing were established in accordance with Bendix inter-
face specifications. These tests resulted in the highlighting and sub­
sequent correction of several areas of weakness. 

Additional tests were performed at AET L 
for all the flight high-voltage blivets (700 + 900) to further ensure 
a higher physical margin of safety. See typical test data and reports 
in Appendix A. 

7. l. 8 Ground Screen Design and Deployment 

The Ground Screen (see Assembly drawing 
609439, Appendix C) consists of aluminum rods and one steel rod 
(1 /8" diameter) forming the ribs of an umbrella approximately 26 
inches in diameter. These rods or ribs are held in a circular pattern 
by a thin steel braided wire making 8 rows or webs. At the center of 
this pattern is a spring-loaded hub which mechanically deploys the 
Ground Screen from a closed umbrella position to that of a flat, cir­
cular pattern. An extractor or astronaut tool adapter is pinned to 
the tip of the steel rod to provide a means for the astronaut to extract 
the Ground Screen from its encasement tube. See deployment proce­
dures in Appendix D. 

7. l. 9 Electronic Packaging Welded Module and 
Blivet Assembly 

The electronic packaging design is based upon 
the cordwood welded module concept in order to achieve the required 
packaging density within the volume available. Discrete components 
are positioned between mylar positioning wafers and welded with wire 
ribbon as shown in Figure 7-5 (typical). Welded modules containing 
integrated circuit flat-packs are shown in Figures 7-6 and 7-7 (typical). 

The modules are welded together to form an 
electronic subassembly, called a blivet, by means of epoxy glass position­
ing boards, mylar matrix, epoxy glass hook-up boards and interconnect­
ing weld ribbon. See Figure 7-8 for a typical assembly. Nine (9) blivets 
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are required for the ALSEP/SIDE assembly. The relative locations 
' and positions of these Blivets in the inner housing assembly are shown 

in Figure 7-3. Blivet 100 assembly with its respective hookup and 
positioning board drawings is somewhat typical of the basic blivet con­
cept and is shown in Appendix C - drawings 609519, 609520, and 609521. 

7.1.10 Channeltron Mechanical Configuration (High 
Energy and Low Energy) 

The channeltron type used in the ALSEP/SIDE 
package is shown in Figure 7-9, Reference Table 7B. The channeltron 
is potted in a specially designed potting cup with castall 301. This 
subassembly is then assembled and sylgard potted into its respective 
welded module. Copper shielding and hook-up leads are then installed 
to complete the channeltron assembly, Low Energy or High Energy. 
The relative position and location of the channeltrons can be seen in 
Figure 7-3. 

7.1.11 ALSEP/SIDE/CCGE Qualifications Vibration 

The ALSEP/SIDE/CCGE systems 2 and 4 were 
extensively tested at Bendix on Pallet 2 for the full sine and random 
vibration requirements. Although a pallet and side mounting support 
failed on S/N 2 (believed due to excessive "g" load; see attached letter 
dated 6 November, 1967 in Appendix A), the four SIDE mounting sup­
ports were subsequently redesigned and successfully re-tested. See 
Appendix A for pertinent test data correspondence and test require­
ments related to Bendix testing. 

7.1.12 Special Studies and Calculations 

Special studies or calculations relating to 
the mechanical/thermal consideration of the ALSEP/SIDE Package 
are tabulated below: 

Item Description Remarks 

A Stress analysi& ALSEP legs, Appendix F 
new design. 

B Outgassing rate of inner package Appendix F 
assembly. 

c Solenoid testing. Appendix F 

D Thermal expansion calculation, Appendix F 
dust cover. 
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· ALSEP/SIDE 
.Type 

MODELS: CEM-4010, CEM-4013, CEM-4020, CEM-4028 
t 

ALSEP/SIDE 
Type 

FIGUKE 7- f 
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SPECIFICATIONS I 
CHANNEL TRON® ELECTRON MULTIPLIERS 

' CHARACTERISTIC 
MODEL y 

4010 4013 4020 4028 
MECHANICAL: 

SHAPE CIRCULAR CIRCULAR HELIX HELIX 
270° 

(} 

840° 840° SUBTENDED ARC 270 
CONE DIAMETER"' None 3mm None 8mm 
CONE ANGLE - 45° - 45" 

CHANNEL I.D. 0.040" 0. 040" 0.040" 0.040' 
CHANNEL 0. D. 0.080" 0.080" 0.080" 0.080' 
RADIUS OF CURVATURE 0. 85" 0. 85" 0. 24" 0.24" 

ELECTRICAL: 
0 0 

SPECTRAL RESPONSE I500 A to below 2 A 
MINIMUM GAIN 5 x 107 with 3000 vdc applied 
OUTPUT PULSE HEIGHT 

DISTRI BUT! ON Full width half maximum 50% 
OUTPUT CURRENT PULSE 

WIDTH 20 nanoseconds (nominal) at 5 x IQ7 gain 

BACKGROUND COUNT RATE** 
(avg) at 3000 vdc < 0. 5/sec < 1. 5/sec < 0. 5/sec < 4. Of sec 

DYNODE SURFACE RES I STANCE I X 109 .Q I X 109 .Q I X 109.Q I X 109 s.? 

MAX. OPERATING PRESSURE I x w-4 Torr I x w-4 Torr I X 10-4 Torr I X w-4 Torr 

MAX. OPERATING VOLTAGE 4 kv 4 kv 4 kv 4 kv 

MAX. DC ANODE CURRENT 10% OF BIAS IO% OF BIAS 10% OF B lAS 10% OF B lAS 
FOR Ll NEAR ANALOG RESPONSE CURRENT CURRENT CURRENT CURRENT 

SEE NOTE 2 SEE NOTE 2 SEE NOTE 2 SEE NOTE 2 

NOTE: l. ALL SPECIFICATIONS ARE NOMINAL UNLESS OTHERWISE NOTED. 
2. BIAS CURRENT IS EQUAL TO THE OPERATING VOLTAGE DIVIDED BY THE DYNODE 

SURFACE RES I STANCE. 
* MODEL CEM-40IO WITH IOMM CONE AVAILABLE AS CEM-4019. MODEL CEM 4020 WITH 

lOMM AXIAL CONE AVAILABLE AS CEM 4039 
''*<4. 0/SEC FOR MODELS CEM-4019 & CEM-4039 

TABLE 7-B 
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Mirror inspection criteria 

Solar cell acceptance criteria 

Dust cover study 

Thermal paint meeting and 
notes 

Dust cover paint evaluation 

Stress and deflection calculation 
of external housing 

Channeltron stress report, 
Sylgard encapsulate 

Bubble-level; design and test 
evaluation at Wyle Labs 

ML Memo dated 
16Mayl968 

ML Memo dated 
22 May 1968 

Appendix F 

ML Memo dated 
8 May 1968 

Appendix F 

Appendix F 

Appendix F 

ML Memo dated 
12 June 1967 

7.1.13 ALSEP/SIDE/CCGE Material List and 
Miscellaneous Vendor Literature 

Various materials utilized in the ALSEP/ 
SIDE are listed in Appendix H. These materials were selected 
initially from the ALSEP program approved lists and added materials 
were submitted and approved during the course of the program. 

7. l. 14 ALSEP/SIDE/CCGE Assembly Plans 

An assembly plan typical of the complex 
fabrication procedures required for the ALSEP/SIDE Package is 
shown in Appendix E (Chassis Assembly Plan AP609512). 

7.1.15 Master Drawing List 

The Master Drawing List (MDL) is a complete 
listing of all Marshall Laboratories' drawings relating to each ALSEP I 
SIDE/CCGE System. All configuration variations such as part number 
additions, deletions, or revisions are so noted in the MDL. Typical 
MDL's are MDL 609770-102, ML323-6 and up (Appendix II) and the 
flight spare number 2 (spare parts list) ML323-9. 

7.1.16 Interface and Top Assembly Drawings 

The interface drawing P/N 609778 (Appendix 
C) depicts the mechanical parameters determined during the various 
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stages of test, development and fabrication of the Bendix pallet, the 
Marshall Laboratories SIDE package, and the NCR CCIG unit, This 
drawing establishes the latest SIDE configuration at this time. 

The final assembly drawing P/N 609770-102 
covers the overall mechanical features of the ALSEP/SIDE package 
such as the geometry, special instructions, notes, supporting draw­
ings, and partial material lists. 

7.1.17 Special Tools and Fixtures 

Special tools and fixtures, both simple and 
complex, were extensively used throughout the fabrication of the 
ALSEP/SIDE package. Various fixtures for the potting of b1ivets, 
potting of channeltrons, alignment fixtures for the curved plate 
analyzers, as well as special housing fabrication tools were developed 
in the course of the ALSEP/SIDE/CCGE development, 

The alignment fixtures developed for the 
high energy and low energy detectors, P/N T-609277 and P/N 609279 
(Appendix G) respectively, are typical of the varied and complex tools 
required in the ALSEP /SIDE fabrication operations. 

7.1.18 Cleaning Materials 

Several cleaning rna terials are available for 
cleaning operation of mirrors, gold surfaces, and painted surfaces. 
Materials are listed below: 

0 Alcohol - Methyl 

0 Freon- TF (Pure) 

0 Freon- TP-35+ (Isopropyl Alcohol) 

0 Freon- T E-35+ (Ethyl Alcohol) 

0 BonAmi + Distilled Water 

The following are recommended cleaning 
materials to be used with respective surfaces. Note: all cleaning 
materials are to be applied with clean, soft cloth for ease of appli­
cation and minimum residue, 



SURFACE 

White Painted Surface 

0 

0 

3M Paint 
Sl3G Paint 

Mirrors 

Gold Plated Surfaces 
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CLEANING FLUID 

Freon TP-35, Apply very lightly 
Use BonAmi plus distilled water 

Use methyl alcohol with soft cloth 

o Metal (Deposit - Electro) Freon TP-35 
o Lexan Vacuum-Deposits Freon TP-35; Caution: Very light 

rubbing permitted only. 

Gold Tape Freon TF - Pure 

7.2 Thermal Design 

7. 2. 1 Thermal Simulator 

Extensive thermal design studies and tests 
have provided a system capable of withstanding the lunar thermal 
environment designated in Bendix specifications. (See Tables 7C 
and 7D.) A thermal mechanical simulator was fabricated with actual 
ALSEP/SIDE housing, legs, secondary surface mirrors, thermal 
legs, thermal spacer, thermal paint, simulated internal masses 
and electronic equivalent heaters. Thermocouples were placed 
throughout the SIDE package to obtain an accurate temperature pro­
file during the simulated lunar day and night tests. See Thermal 
Simulator Wiring Diagram SK609992 (Appendix B). 

The thermal simulator has demonstrated its 
capability to maintain the temperature of the internal electronics 
at -40°C to +80°C during a simulated lunar day temperature of +120°C 
and a lunar night temperature of -157° C. See Appendix B. 

7. 2. 2 ALSEP/SIDE/CCGE Thermal Design Features 

The following is a list of the final built-in 
thermal design features employed to withstand the lunar thermal 
extremes. 
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ALSEP/SIDE THERMAL DESIGN FEATURES 

Item General Description 

1 Thermal Survival Heater 

2 Second Surface Mirrors 

3 Inner housing assembly with exter­
nal gold-plated covers suspended 
within external housing facing gold 
plated inner housing walls - air gap 
and thermal support bolts provided. 

4 Thermal Space Assembly (Top 
section of inner and outer assem­
bly) 

5 Thermal (S-13G) paint 

6 Aluminized mylar and silk mesh 
thermal blanket on bottom exterior 
of case. 

7 G10 fiber-glass base on external 
housing. 

8 Thermal isolation legs; support 
and isolation of lunar surface 
from ALSEP/SIDE package. 

Remarks 

See Figure 7-1 0 

See Appendix B 

The Dewar (Thermos 
Bottle) Principle is 
applied here. (See 
Figure 7-11, ALSEP/ 
SIDE/CCGE Internal 
Assembly). 

Supports thermal mir­
rors and thermally iso­
lates inner and outer 
housing by means of 
plastic bumper screws 
(Reference drawing 
609770). 

This paint is applied to 
exterior housing surface, 
(SpecificationS -43012) 
provides thermal control 
with minimum degradation 
due to solar radiation. 

This blanket is placed on 
bottom of external housing 
between the three thermal 
insulation legs. 

Reduces thermal leakage 
path from external housing 
to inner housing. 

G-10 fiber-glass provides 
low thermal leakage path. 
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7. 2. 3 Summary of Thermal Studies and Tests Performed 
(See also Appendix B) 

Report No. 

M/L Technical Note 
1500. 94 ( 13 January 
1967) 

Aerotherm Report No. 
6 7 - 14 ( 1 0 July, 1 9 6 7) 

Aerotherm Report No. 
67-17 (25 August, 1967) 

Aerotherm Report No. 
67-22 (16 October, 1967) 

Test specification for 
SIN 6 dust cover and 
solenoid - June 1967 

NASA Report 44-07-24 
(23 August, 1967) 

Correspondence from 
Aerotherm (30 April 
1968) 

Marshall Labs Thermal 
Leg Considerations 
(12/19/67) 

Bendix Letter 9713-
09-407 (20May 1968) 

Aerotherm Ref. P. 0. 
No-. 24883 (30 April 
1968) 

Description 

Test Report, Thermal Simulator 
ALSEP /SIDE. 

Thermal Design of ALSEP/SIDE, 
Early Design and Redesign. 

Lunar environmental simulation 
testing of ALSEP/SIDE simulator. 

Lunar night simulation tests. 

Lunar night dust cover and sole­
noid evaluation, S/N 6 Test Spe­
cification. 

ALSEP/SIDE Thermal model test 
(For lunar day environment). 

SIDE ThermalPerturbation due to 
holes in Inner Radiation Shield. 

Thermal considerations with new 
leg support design. 

Bendix Thermal/Vacuum Test 
Analysis "SIDE" Experiment. 

SIDE Thermal Perturbation due 
to holes in the Inner Radiation 
Shield. 

7. 3 Astronaut Training Unit 

The Astronaut Training Unit (ATU) is identical to the 
flight models in the areas of outer envelope structure, mounting 
configuration, weight (Lunar and Earth) and center of gravity. Lunar 
and Earth weights are achieved by removal or installation of a spe­
cial lead weight. 
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The interior of the ATU is empty except for the special 
weight. The dust cover, identical in appearance to that of the flight 
units, is nonoperable. 

Astronaut training requirements influenced the develop­
ment and modification of various features of the AT U. Among the 
modifications that led to the final unit were the detent, cradle and 
strap for ground screen support, the lockout plug, earth arrow mark­
ing, and simulated thermal blanket. See Figure 7-12 for the assem­
bly drawing of the ATU. 



0 

c 

B 

A 

) 

6 

5 

'© 

/ 

· e 0 

P.ARTI.At- V/C...V 
.S.......O"""'/A/c:J L £0-J /A/ £KTEA/OtCO 
~/T/0;(/ 

5 

,4 -~T-"RU I!J0t.7 
E O TO ~...WOVE 

LEAL) WE/O#T 

0 

t------::,-.------ /..3. 000 Nf.AX-----------------1 

r------'----- /O . ooo f,.Te.c )-----------1 

0 7V ..Ar"MOYI!"' Lt!5A L:J W£16~T, ,.f'"£~0~ T.4'£FA-".AL ;.o.AC£.1?. 
~0~ A/V.T /A/0/C. AF£"0 ~ ,e&.;YOV£ JA/C/6.JJr. 
~..ct:;.,dC£ T~£.£?;(--'.AL ..SPAC~.-Ii? 

I EARTH IIV£16~T -""lLdS "-0~ ~.-UA/ARW€"16NT .:JL&s "-0~ 

NOTIS, UNLESS OTHElWISE SPECIFIED 

4 

2 

Pag 203 

/ .5.:?.50 
MAX 

Figure 7-12. Assembly Drawin .,, 
Astronaut T rainin 
Unit. 

I 

0 



8. 0 NEW TECHNOLOGY 

Reporting Organization: 
California. Contract Number: 
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Time-Zero Corporation, Torrance, 
Sl966-14. 

8. 1 Thermal Design Techniques, ALSEP/SIDE/CCGE 
Mechanical Structure 

I Title of Disclosure 

Thermal Design Techniques, ALSEP/SIDE/CCGE 
Mechanical Structure 

II Abstract 

Substantial Thermal Design activity resulted in an 
instrument capable of withstanding extreme lunar thermal environ­
ments, ranging from +120°C to -157°C, ambient. Internal tempera­
tures are maintained between +80° C and -40° C. This accomplishment 
was achieved through relatively sophisticated thermal control coatings, 
second-surface mirrors, a special thermal blanket, utilization of the 
Dewar principle, and other techniques. 

III Description 

a) General Purpose: See item II 

b) Improvements and/or advantages: See item (c) 

c) Various techniques were used which advanced 
the art of thermal design. Among these are special treatments of sur­
faces of the SIDE/ CCGE instrument. A summary of studies and inves­
tigations made on various surface treatment techniques follows: 

Low a./8 (ratio of thermal absorption to emittance) 

1. Second Surface Mirror (SSM). The SSM probably has the lowest 
a and lowest ratio Cl/8 of all available coating systems. It also 
exhibits negligible ultra-violet (u. v.) degradation, at least for 
the SIDE application. According to References 9, 10, and 11, 
ground and flight (Orbiting Solar Observatory) data on 1" x 1 11 

squares or 1 11 diameter discs demonstrate that a = 0. 05 and 
e: = 0. 78 have been reliably achieved. SSM 1s are commercially 
available (e. g., Optical Coatings Laboratory Incorporated, 
Santa Rosa, California, per Reference 12). 

2. White Paints. The solar absorption of white paints has repeatedly 
been demonstrated to degrade from exposure to u. v. radiation; 
e. g., see Reference 4. The Illinois Institute of Technology 
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Research Institute (IITRI}, among other organizations, has been 
developing white paints with reduced susceptibility to u. v. degra­
dation. 

a. Z-93 (IITRI Coating}. Based on References 13, 14, and 
15, this is the best white paint from the standpoint of 
low a.je and low u. v. degradation. Experience has demon­
strated, however, that Z-93 is difficult to apply, requires 
a high cure temperature (at least 270°F), and is brittle 
after application. 

Properties, obtained from Reference 14, for a new coat­
ing are: 

O.l3:S:a.:OS:O.l8 

0. 79 :os: e :os: 0. 92 
for 7 5° ~ 8 ~ 0 ° 

where 8 = angle between normal to 
surface and direction of 
radiation 

e Hemispherical = 0. 88 

b. S-13G (IITRI Coating). Based on Reference 15, this is 
the coating recommended for use on the SIDE wherever 
white paint is required. S-13G does not exhibit thermal 
properties as favorable as those of Z -93; however, S-13G 
is easy to apply and does not require a high-temperature 
cure. 

Properties, from Reference 15, are: 

a. ~ 0 2· a. 
New Coating · ' after 1000 sun-hours~ 0. 3 of u. v. 

radiation 

c. NASA Goddard Coating No. 9. Properties, from Reference 
15, are: 

a.New Coating~O. 22; a.after 1000 sun-hours~ 0
· 37 

of u. v. radiation 

d. Dow Corning White, No. Q-92-007. Properties, from 
Reference 15, are: 

cx.N C t· ~ 0 • 22 ; a. f 1000 h l(/.
0 · 37 

ew oa 1ng a ter sun- ours 
of u. v. radiation 
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e. 3-M Velvet Coating No. 202-Al 0 White. This is the 
coating originally planned for the complete exterior 
of the SIDE. Based on TRW measurements and Refer­
ence 15 the performance of this coating is similar to 
that of Dow Corning Q-92-007. 

0./E: :s: 1 and Low E: 

0 0 

1. Silica, Si0
2

, (,..., 3000 A thick) over silver (,..., 2000 A thick) over 
aluminum. This coating is discussed in Reference 9, and can 
apparently exhibit a'?1 E: ~0. 1. An inherent problem with this 
coating system is guaranteeing that SiO is used and not SiO 
(or SiO ), because SiO is rapidly degraaed by u. v. radiation. 
For excf'mple, data quoted in Reference 13 for a similar coat­
ing system employing SiO indicate that a. increased from 0. 16 
to 0. 25 after 96 sun-hours exposure to u. v. radiation. 0. C. L. I. 
(based on Reference 12) can apply silica, silver and aluminum 
directly to the SIDE or to appropriate sheets, in the thickness 
desired; verification of coating resistance to u. v. radiation is 
advisable. 

2. Boeing Barrier Anodize Coating. According to the discussions 
of Reference 10, the Boeing Company has developed a special 
anodizing process for aluminum. Available properties are 
a.~ 0. 1 and 0. 05 < E: < 0. 5, depending on the thickness of the 
anodized layer. Hardware must first be coated with a layer 
of pure aluminum. Based on the information obtained from 
References 10 and 16 the coating exhibits very good resistance 
to u. v. radiation. 

3. Sand-Blasted Aluminum Alloy. a.~e:wO. 15 can be achieved but 
a. is very sensitive to the degree of sandblast, based on the 
discussions of Reference 10. Surface contamination is a poten­
tial problem with this surface because it is porous and difficult 
to clean. 

4. Mosaic Pattern of Second Surface Mirror and Specular Aluminum. 
On the basis of analyses performed, it appears that a.~ e~ 0. 15 can 
be readily achieved if approximately 10 percent of the surface is 
covered with SSM's and the remaining 90 percent with vacuum 
deposited aluminum. In this case, reasonable properties of the 
aluminum are a.~ 0. 12 and E:~ 0. 03. With such a system it is 
important to assure that adhesive used to attach the SSM's does 
not outgas and contaminate the surfaces. Also, if the aluminum 
is applied by adhesive, gas escape holes should be incorporated. 
This basic system was proposed during the conversation of Refer­
ence 10. 

5. Mosaic Pattern of Second Surface Mirror and Specular Gold. This 
system is basically the same- as No. 4. Here, reasonable pro­
perties for the gold are a.~ 0. 25 and E:~ 0. 03. 
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6. Mosaic Pattern of White Paint and Aluminum or Gold. This 
system is the same in principle as those of Nos. 4 and 5. With 
about 20 percent of the surface covered by white paint (degraded 
by roughly 2000 sun-hours of u. v.) and 80 percent covered by 
aluminum or gold, a.~ E:% 0. 25 can be obtained. The advan­
tage of this system is its relative ease of application compared 
to Nbs. 4 and 5, 

7. Mosaic Front Surface Aluminized Kapton. Such a coating system 
is available from the Schjeldahl Company and is currently desig­
nated Gl02000-3; according to Reference 13 the properties are 
a.~ 0. 20 and E:~ 0.15. Schjeldahl is developing a process for 
controlling the amount of aluminum in order to achieve a.~ E: ::::7 

0. 15 for a specific TRW application. Based on References 
13 and 17 the level of u. v. degradation for this type of coating 
system is minimal. Approximately 90 percent of the exposed 
surface of this system is vapor-deposited aluminum and 10 
percent is Kapton. 

Coating Numbers 1, 2, 3 and 7, above, are regarded to be in the 
develop~ ntal stage so far as usage on the SIDE is concerned. 

Very Low E: 

1. Specular Aluminum or Gold, Vacuum Deposited Directly on 
SIDE Hardware. Discussions of References 10, 13, and 18 
indicate that when aluminum or gold is vacuum deposited on 
polished surfaces E: ~ 0. 03 is readily achievable (neglecting 
corners, holes, etc.). Also, both materials have adequate 
atmospheric oxidation resistance. 

2. Specular Aluminum or Gold Tape. Several commercial pro­
ducts are available. One is P1essure Sensitive Gold Reflec­
tive Tape No. Y -9184, Minnesota Mining and Manufacturing 
Company. 

S-13G paint was selected for use on the SIDE outer package. The 3M 
Velvet was also used, to a lesser extent, on the dust cover. Further 
details on thermal design can be found in Appendix B. 

Following is a summary of SIDE/CCGE thermal design features: 

SIDE/CCGE THERMAL DESIGN FEATURES 

Item General Description Remarks 

1. Thermal Survival Heater See Figure 7-1 0 

Second Surface Mirrors See Appendix B 



Item 

3. 

4. 

5. 

6. 

7. 

8. 
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SIDE/CCGE THERMAL DESIGN FEATURES (Cont.) 

General Description 

Inner housing assembly with 
external gold plated covers 
suspended within external 
housing facing gold plated 
inner housing walls - air 
gap and thermal support 
bolts provided. 

Thermal Space Assembly (Top 
Section of inner and outer assem­
bly). 

Thermal (S -13G) paint 

Aluminized mylar and silk 
mesh thermal blanket on 
bottom of case. 

Gl 0 fiber glass base on 
external housing. 

Thermal isolation legs; 
support and isolation of 
luner surface from ALSEP/ 
SIDE package. 

Remarks 

See Drawing 609770. 
The Dewar (Thermos 
Bottle) Principle is 
applied here. 

Supports thermal mir­
rors and thermally 
isolates inner and 
outer housing by means 
of plastic bumper 
screws. See Draw-
ing 609770. 

This paint is applied 
to exterior housing 
surface, (Specifica­
tion S-43012) provides 
thermal control with 
minimum degradation 
due to solar radiation. 

This blanket is placed 
on bottom of external 
housing between the 
three thermal insula­
tion legs. 

Reduces thermal leak­
age path from external 
housing to inner housing. 

Gl 0 fiber glass provides 
low thermal leakage path 
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NOTES REGARDING ATTACHMENT OF SECOND 
SURFACE MIRRORS TO STRUCTURAL SUBSTRATES 

1. Range of expected top plate temperatures for operating Supra­
thermal Ion Detector Experiment: 

0 0 
( -1 0 6 C to + 6 0 C) 

2. Adhesive between second surface mirrors and substrate should 
be sufficiently flexible to allow for differential coefficient of 
thermal expansion. This problem is reduced by using small 
mirrors. 

3. For thermal reasons it is advantageous that the adhesive bet­
ween second surface mirrors and substrate be white, if the 
adhesive is visible in the gaps between adjacent mirrors. 

4. A controlled gap should be incorporated between adjacent mir­
rors. The gap width during mirror installation process should 
be such that adjacent mirrors will not touch one another over 
the entire top plate operational temperature range as well as 
the adhesive cure cycle temperature range. 

5. All materials (adhesives, paints, etc.) should be outgassed and 
second surface mirrors carefully cleaned prior to delivery of 
each instrument. 

6. The following companies are known to have experience in the 
use of second surface mirrors: LMSC, Boeing, TRW, Hughes, 
and Aerojet. 

NOTES 

1. Standard size of second surface mirrors produced by OCLI is: 
Length = 1 inch; Width = 1 inch. Other sizes can also be pro­
duced. 

2. OCLI recommends that quartz be cut to final size prior to 
deposition of coating system. Second surface mirrors can be 
cut by scribing the quartz and breaking the mirror but this 
procedure weakens the bond between coating system and 
quartz. 

3. Corning commercial grade number 7940 fused silica is the 
recommended substrate for the coating system. 

4. The coating system (silver under inconel) is designated OCLI 
SI-IDD Solar Reflector coating. 



Page 210 

Features believed to be new: Design approach and application. 

Does the contractor intend to file a patent application? No 

IV Applications 

Military and aerospace thermal control 

V Degree of Development 

Development completed. 

VI Technological Significance 

Major Improvement 
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8. 2 Design of High-Speed, Maximum Stability Charge­
Sensitive Amplifier 

I Title of Disclosure 

Design of High-Speed, Maximum Stability Charge­
Sensitive Amplifier. (General Purpose - See Item 
II below) 

II Description 

a. 

b. 

c. 

The purpose of the charge-sensitive preampli­
fier is to amplify and shape the output pulses 
from the detectors with the least addition of 
noise, and with maximum stability. 

Improvements - the circuit represents a 
noticeable improvement in the design of a 
charge-sensitive amplifier possessing maxi­
mum stability and high-speed. 

The following is a simplified description to 
illustrate how the basic feed-back technique 
produces a highly stable charge-sensitive 
preamplifier. 

What is commonly referred to as "charge 
sensitive preamplifier," is an operational 
amplifier with both capacitive and resistive 
feedback, as shown in Figures 8. 2-1 and 
8.2-2. 

A charge sensitive amplifier was designed 
for the following characteristics: 

0 

0 

0 

0 

0 

0 

Low Noise Figure 

Minimal Stray Capacitance Effect 

Higher Gain Stability 

Minimal Output de Drift 

Better Temperature Stability 

Circuit Simplicity and Higher Relia­
bility 
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I. --J>-
If! 

FIGURE 8.2-/) CHARGE SENSITIVE PREAlv!P BLOCK 
DIAGRAM 

I. 
1/) 

Cf(A+I) 

·FIGURE 8.2-2, PREAMP EQUIPMENT CIRCUIT 
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FIG_ 8.2-3 CI-IARG£- 5EN.5!TIVE All1PL!ri£R 0v!TH 

t)UTPVT DE TECTCJR..) .5Cf.I£N1ATIC. 
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If the assumption is made that the incoming sig­
nal pulse width is small compared to the RC 
decay time, the following expression is obtained 
from the equivalent circuit for E

0
. Then 

E ~ 
0 

Q. 
1n 

(CD+ Cf) + C 
A f 

-t 

x e 

where T ~ Rf Cf if A> 10 and CD<< Cf (A + 1) 

Examination of this response function, for 
values used, shows the gain decreases by only 
1. 7o/o for a 5 pf change in detector capacity. 
However, in a pulse count mode operation, 
the threshold levels are usually set at a mag­
nitude 10 to 100 times below the average pulse 
height. A change of 1. 7o/o at the threshold 
level virtually does not affect the pulse count 
accuracy. Changes in open loop gain can also 
affect the accuracy. It can be shown that a 
change in open loop gain of 50o/o then, changes 
the output of the amplifier by only about 4. 3o/o. 
Thus, a 50o/o gain variation also does not affect 
the pulse count accuracy for the same reason 
as pTeviously described. 

The amplifier is a direct coupled complemen­
tary design which offers the inherent benefits 
of simplicity and the associated reliability of a 
minimum number of components and a rapid 
recovery and protection from large signals 
and system transients. Extremely fast sig­
nals approaching a "delta-function" can be 
passed by this amplifier. 

Refer to Figure 8. 2-3. Transistors Ql and 
QZ provide a cascade pair input. This com­
bination results in minimal input capacity, 
feed thru capacity, maximum voltage gain 
with a minimum phase shift enabling stable 
operation even with unity feedback. Q3, a 
common collector state, provides the current 
gain necessary to drive the feedback network 
and following stages. Performance of an 
amplifier of this type is voltage gain of better 
than one hundred (100) with bandwidth in excess 
of 50 MHz and an input capacity less than five 
(5) picofarads. 



d. 
Page 217 

List any previous publications of the dis­
closure: none. 

III Degree of Development 

Development Completed 

IV Technological Significance 

Design Improvement 

8. 3 Free-Running Switching Mode Power Regulator 

I Title of Disclosure 

Free-Running Switching Mode Power Regulator 

II Abstract 

Free-running switching-mode power regulator is used 
to achieve higher efficiency, greater thermal control, reduced electri­
cal stresses on components, and reduced size and ratings of compo­
nents and heat - dissipating devices. 

III Description 

a) General Purpose: Non-linear power regula-
tor is used to achieve higher efficiency. 

b) Improvements or advantages: See item {c). 

c) Description: The requirement for high effi-
ciency power regulators for space applications is well known. Con­
ventional linear regulators are usually inefficient, and require higher 
rated components due to increased electrical stresses. Linear regu­
lators continuously dis sip ate power in the transistor, and thus require 
larger heat sinks. 

The main advantage of switching voltage regu­
lators over conventional linear series regulators is their greater effi­
ciency. Efficiency ratings of up to about 90% can be realized. 

The free-running switching-mode regulator 
consists of a series switch between the voltage source and load. The 
switch is closed when the output voltage drops below a specified level, 
and opened when the output voltage rises above another specified level. 
The switching frequency and the output ripple are related to the differ­
ence between the two specified levels {system hysteresis), the loop fil­
ter and other design parameters. Refer to Figure 8. 3-1 for a block 
diagram. The transistor serves as a switch and is either shut off or 
saturated. Thus when the current is high, the voltage is low, so the 
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power dissipated in the transistor is minimum. The error (or com­
parator) amplifier may be any suitable type of de amplifier. The cycle 
is divided in two. During the first part, t , in Figure 8. 3-2, the tran­
sistor is conducting and the diode is back-biased by the total input vol­
tage. Since the voltage across the choke is assumed to be constant, the 
current through the choke, which is also the transistor current, will 
increase linearly with time, according to E.- E

0 
== LM/M. When 

the output voltage reaches a predetermined level, a voltage comparator 
circuit turns the transistor off. At that time, the current in the choke 
has reached the value I , which is the maximum value of current 
that will flow through max either the pass transistor or the choke. 

During the second part of the cycle when the 
transistor is shut off, the current in the choke starts to decrease; 
the voltage across the choke reverses polarity. This polarity change 
is in a direction to turn on the diode, and the choke then becomes 
clamped to the capacitor, which has the output voltage E across it. 
The choke current therefore decreases linearly, accordi~g to 
E = Lb.i/6t. When the choke current falls below the load current, 
th<e capacitor will supply the difference to the load. The capacitor will 
then discharge. When the voltage across the capacitor falls below a 
level determined by the voltage comparator circuit, the transistor 
will again be turned on. The ripple frequency will vary with fluctua­
tions in input voltage and load requirements. 

d) 
application? No. 

Does the contractor intend to file a patent 

e) List publications pertaining to this item and 
where they may be obtained. IEE Transactions on AEROSPACE; Volume 
AS-2, Number 4, October 1964. 

III Applicaticms 

Power regulators, where efficiency, thermal control 
and component size and ratings is critical. 

IV Degree of Development 

Development Completed. 

V Technological Significance 

Major Improvement 

8. 4 Vacuum-Encapsulation of High- Voltage Modules 

I Title of Disclosure 

Vacuum-encapsulation of high-voltage (3. 5 to 4. 5 kV) 
modules to ensure sufficient outgassing to prevent arcing, leakage, 
and corona effects. 
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II Abstract 

Sylgard 182 potting resin is used in critical high-voltage 
subassemblies. Encapsulation is performed under vacuum to ensure 
elimination of trapped air or gas bubbles. This process in combination 
with designed vent holes and gap lengthening techniques minimizes the 
possibility of arcing, leakage, and/or corona effects in high voltage 
supplies for space operation. Sylgard 182 has a further advantage of 
non-carbonization when subjected to high voltage arcing. 

III Description 

a) General Purpose: See item II 

b) Improvements and/or advantages: Encapsula-
tion is performed under vacuum to remove trapped air from the potting 
material to protect against outgassing in subsequent vacuum operation. 

c) Description: Manufacturer's specifications for 
Sylgard 182 potting resin are attached. The following is a discussion 
on the vacuum-potting technique used. Typical encapsulation of a high 
voltage power supply subassembly is discussed. 

ENCAPSULATION PROCEDURE 

Surface Cleaning: Assembly is cleaned thoroughly using 99% isopropyl 
alcohol followed with de-ionized distilled water. All dirt, grease, resin 
and foreigh contaminants are removed before proceeding. 

Mold Preparation: Module molds are made of plexiglass and/or plate 
glass to assure visual inspection during pouring and curing operation. 
Molds are released with Vel or Dreft detergent and water solution. 
Mold sealing is done with a Sylgard dam along all seams and exits. 

Barrier Coat 1332: Is applied to areas where cure inhibitors are pre­
sent. See S40638 3. 5. 

Primer Application: Surfaces to be treated with Sylgard primer are 
cleaned and dried before application. The primer is applied by brush­
ing or wiping to surfaces that are at room temperature. The excess is 
drained on a paper towel and air dried at room temperature for at least 
30 minutes. 

Measuring: The ratio of Sylgard to the curing agent is 100:10 parts by 
weight. Use of a thinner to vary viscosity is prohibited since the thin­
ner has a high rate of outgassing. Unwaxed lily cups or glass beakers 
are used for mixing. All mixing is done with care to minimize entrap­
ment of air. 
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NOTE: Moisture and impurities are kept from entering resin. It is 
of prime importance that the mixing not be done in the presence of 
epoxies. The Sylgard mixture is placed under vacuum (5 mm of mer­
cury) and degassed until all bubbles break. 

Embedding: A dispensing cartridge is filled with Sylgard and an air 
hose connected (See Figure 8. 4-1). A dispensing needle is inserted 
as close to bottom of assembly as possible leaving approximately 
1 I 16" clearance and is secured into position. A 15 psi pres sure is 
introduced to allow Sylgard to slowly wet the assembly from bottom 
to one-half the height of the assembly. After visual inspection to 
assure absence of air bubbles, the remainder of the assembly is fil­
led and another visual inspection is performed. Upon completion, 
dispensing equipment is withdrawn and the assembly is placed into 
a clean area and allowed to cure for 24 hours at the specified curing 
temperature. 

IV Degree of Development 

Development Completed. 

V Technological Significance 

Major Improvement. 
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MalQer~~Ja~s 

SYLGARD 182 Potting and Encapsulating Resin 

Sylgard~~' 182 resin is a low viscosity, solv.entless silicone 
resin designed for potting, filling, embedding and en­
capsulating. It is supplied as a nearly colorless fluid that 
flows easily, even around intricate parts. 

Features of the Fluid Resin 
Sylgard 182 resin is easy to process and use. The 
resin and its curing agent blend readily, and the low 
viscosity of the cataryzed material (under 4,000 centi­
poises) coupled with its long pot life (about 8 hours 
at 77 F) make it practical to use in automatic dispensing 
equipment. 

Neither the resin nor the curing agent is known to 
produce any toxic effect upon contact with the skin, nor 
to give off any noxious fumes during mixing or curing. 

Sylgard 182 resin cures at moderate temperatures, and 
without exotherm. When mixed with the correct amount 
of curing agent, the resin will cure in 4 hours at 65 C 
( 149 F); cure can be accelerated by using higher tem­
peratures. The rate of cure is constant regardless of 
sectional thickness, or the degree of confinement. 

Features of the Cured Resin 
When set up, Sylgard 182 resin needs no further after­
bake. It can be placed in service at once, at any oper-

ating temperature between -65 C to 200 C. Other 
features of the cured resin are: 

• transparency- embedded parts can be inspected 
visually; 

• easy repairability- sections of the resin can be cut 
out for replacement of components; new resin can be 
poured in place and cured to re-form <1 tight scai; 

• physical and electrical sfobi/ify -retains properties 
from -65 to 200 C ( -85 to 392 F), over a wide 
range of frequency and humidity; 

• firmness and flexibility- Shore A Scale hardness of 
approximately 40; elongation of approximately 100 
percent; 

• mechanical strength- tensile strength in the range 
of 800 to 1,000 psi; 

• good damping qualifies -low transmission of vi­
bration and shock; 

• self-extinguishing- as tested in accordance with 
ASTM D 635; 

• no depolymerizafion -will not depolymerize when 
heated in confined space; 

• fungus resistance -non nutrient when tested in ac­
cordance with MIL-E-5272. 

SPECIFICATIONS FOR SYLGARD 182 RESIN 
(These values are Dow Corning quality control standards) 

As Supplied 
ASTM D-1298, Specific Gravity at 25° C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.05±0.03 
ASTM D-445, Viscosity at 25° C centistokes ............................ 4,000 to 6,500 
Shelf Life at 25° C, minimum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 year 
Pot Life at 25° C (with 10 pph curing agent added), minimum .................. 8 hours 
APHA Color, maximum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250 
Cured properties using 10 parts by weight of curing agent to 100 parts by weight of resin. 
After 4 Hours at 65° C: 

ASTM D-792, Method A, Specific Gravity ................................ 1.05±0.03 
ASTM D-676 Hardness, Shore A Scale Durometer points, minimum .................. 35 
ASTM D-149 Electric Strength*, volts per mil, minimum .......................... 500 
ASTM D-150 Dielectric Consfant, maximum, at 102 cps .......................... 2.88 

at 10• cps .......................... 2.88 
ASTM D-150 Dissipation Factor, maximum, at 10" cps .......................... 0.002 

at 1 0" cps . . . . . . . . . . . . . . . . . . . . . . . . . 0.002 
ASTM D-257 Volume Resistivity, ohm-em, minimum .......................... 1 x 1013 

After I hour at I 50° C: 
ASTM D-412 Die C, Tensile Strength, psi, minimum .............................. 800 
ASTM D-412 Die C, Elongation, % minimum ................................... 100 

*Tested on specimen 0.062 inch thick, using 14-inch standard ASTM electrodes, 500 volts per 
second rate of rise. 

The information and data contained herein are based 
on information we believe reliable. You should thor­
oughly test any application, and independently 
conclude satisfactory performance before commer­
cialization. Suggestions of uses should not be taken 
as inducements to infringe any particular patent. 

(Continued on next page) t 
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PREPARING AND CURING 

Mixing 

A curing agent for Sylgard 182 resin is supplied with 
each order. Just prior to use, the two are blended in 
the ratio of 100 parts of resin to 10 parts of the curing 
agent, by weight. Thorough mixing is easy, since both 
resin and curing agent are supplied as low viscosity fluids. 
During mixing, care should be taken to minimize en­
trapment of air. Any entrapped air should be removed 
before the resin is poured. 

If the resin is allowed to stand for about one hour, most 
of the entrapped air will escape. For more complete 
de-airing, the usc of a vacuum is required. The vacuum 
should be applied slowly; otherwise, the material may 
foam and overflow the container. (As a rule, containers 

·should be no more than half full.) Maximum vacuum 
should be held for 3 to 5 minutes after all bubbles 
have collapsed. 

The pot life of Sylgard 182 resin depends upon the 
temperature. The following graph illustrates this point. 

Pot Life vs. Temperature 

(The criterion of pot life is the increase in viscosity beyond 
which the material no longer handles conventionally.) 

2 
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The pot life of the activated resin can be significantly 
increased by refrigeration. For instance, holding the 
material at -20 C ( -4 F) will extend pot life to about 
thirty days. 

NOTE: Moisture should not be allowed to get into 
the resin. 

Varying Curing Agent Concentration 

Variations of up to ten percent in the concentration of 
curing agent in Sylgard 182 resin have little effect upon 

set-up time or on the properties of the final cured part. 
Lowering the curing agent concentration by more than 
10 percent will result in a softer, weaker material; in­
creasing the concentration by more than 10 percent will 
result in an overhardening of the cured resin, and will 
tend to degrade physical and thermal properties. 

Varying Resin Consistency 

The consistency, or viscosity, of Sylgard 182 resin in 
its uncured form can be lowered by the addition of il 

thinner devised especially for use with Sylgard brand 
resins. This thinner may be used in amounts ranging 
up to 35 parts of thinner per I 00 parts of resin, by 
weight. Used in these amounts, the pot life and curing 
time of the activated resin arc not significantly affected. 
Certain properties of the cured resin, however, are 
affected by the usc of thinner- namely hardness. brittle 
point, and weight loss. Details arc given on the data 
sheet describing the thinner. 

Preparing Containers and Components 

Containers, molds, or components which come into con­
tact with Sylgard 182 resin should be clean and dry. 
Containers or molds which have been used to handle 
room temperature vulcanized silicone rubber, organic 
rubber, or plastics should not be used, since traces of 
these materials may inhibit the cure of Sylgard 182 resin. 

Adhesion 

Whenever maximum adhesion between the cured resin 
and the surface it contacts during cure is desire:d, a 
Sylgard® brand primer should be used. This primer is 
available from Dow Corning; instructions for use are 
provided with the primer. 

Suitable Release Agents 

When Sylgard 182 resin is to be cured in molds, the 
mold should first be treated with a release agent to 
prevent the part from sticking. 

Suitable release agents include Lunn-lease*. Dup<1nl1l 
WAQ or household detergents such as Vel or Drcfr. 
Lunn-lease is diluted to about I 0'/~, concentration in 
acetone before application; Dupanol WAQ, to a 3 to 
5% concentration with isopropanol; and Vel or Dreft, 
to a 2 to 5% concentration with water. 

Potting and Embedding Procedure 

When pouring Sylgard 182 resin into the container in 
which it is to be cured, care should be taken to minimize 
air entrapment within the system. Where practical, it 
is suggested that pouring be done under vacuum, 
particularly if the component being potted or em­
bedded has many fine voids. When this technique 
cannot be used the unit should be evacuated after the 
resin has been poured. 
* Lunn Laminates, Inc., Huntington Sta., New York, N.Y. 

) 
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PREPARATIONS AND CURING (continued) 

Activated Sylgarc.l 182 resin can be cured with dry heat 
or by techniques involving immersion in hot liquids. 
Satisfactory sources of dry heat include circulating or 
noncirculating ovens, infra-red lamps, or heat guns. 

A resin film on dip-coated parts may be set up by 
immersing the coated part for 30 to 60 seconds in a 
glycerine bath maintained at a temperature of !50 C, 
followed by a post-cure in dry heat, for about I 0 minutes 
at 150·C. -

Cure temperatures for Sylgard 182 resin range from 
65 C (149 F) to 150 C ( 302 F); longer curing times 
are necessary at the lower temperatures, as is shown in 
the following chart. 

Curing Schedules* 

ture 

100 c (21 

150 C (302 F) 15 minutes 

* With relatively massive parts, additional time in the oven 
should be allowed to bring the part up to temperature. 

Another method used in dip-coating is to preheat the 
part to a temperature of 150 C, then immerse it in 
unheated activated Sylgard 182 resin for 30 to 60 
seconds. Experimentation may show that the time 
should be varied somewhat to obtain the desired resin 
thickness. After the part is removed from the resin and 
allowed to drain, it is cured in an oven for 10 to 15 
minutes at 150 C. 

The success of this method is dependent upon the heat 
capacity and the configuration of the component being 
dip-coated. Suitability should be determined on a trial 
basis before being employed on a large scale. 

APPLICATIONS 
Sy1gard 182 resin is used as an embedding and potting compound to provide resilient 
environmental protection for modules, relays, power supplies, delay lines, or complete 
electronic units. 

This silicone resin can also be used as a dip coating material for encapsulating 
components and circuit boards. 

ENGINEERING DATA 

Operating Temperature Range 

Cured sections of Sylgard 182 resin are usable over a temperature range of -65 
to 200C (-85 to 392 F). 

When parts are embedded in Sylgard I 82 resin, differences in thermal expansion 
values between the resin and the embedded parts -and the shape of these parts­
may influence temperature limits at which such systems may be used. For this reason, 
thermal operating limits for embedded components should be accurately determined 
by laboratory tests before large scale use. 

Compatibility 

Sylgard I 82 resin has been cured in contact with a large number of different materials 
that are found in electronic units. The materials tested included metals, plastics, 
glass, asbestos, natural and synthetic fibers, and ceramics. Sylgard I 82 resin was 
found to cure satisfactorily in the presence of nearly all such materials. Exceptions 
that have been noted arc butyl and chlorinated rubbers, some room-temperature­
vulcanizing silicone rubbers, and unreacted residues of curing agents used with a 
few types of plastics. 

Corrosion 

No corrosion has been observed on common metals- notably copper- when 
used with Sylgard 182 resin. 



As Supplied 

Page 226 
TYPICAL PHYSICAL PROPERTIES 

(These values are not intended for use in preparing specifications) 

Color ................................................................ Light Straw 

Silicone Resin Content, percent ..................... : . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 

Specific Gravity at 25 C (77 F) ................................................ 1.05 

Viscosity at 25 C. centistokes .................................................. 5,500 

Viscosity, immediately after adding curing agent, centistokes ........................ 3,900 

Shelf Life at 25 C ........................................................... I year 

Pot Life* at 25 C (with curing agent added) .................................... 8 hours 

======--
• Time required for catalyzed vi~cosity to double at 25 C. 

As Cured (4 hours af 65 C) 

Color ............................................ Transparent; colorless to light straw 

Hardne~s. Shore A Scale .................. · ...................................... 40 

Specific Gravity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.05 

Thermal Conductivity, cal per [(em) (degt"ee C) (sec)] ........................ 3.5 x 1<>-" 

Linear Coefficient of Thermal Expansion, in/in/degree C (-55 to 150 C) ......... 300 x 10 ... 

MIL-I-16923 C Thermal Shock Resistance, from -55 to 155 C ............. Passes 10 cycles 

Weight Loss*, percent, 
after 1,000 hrs at 150 C (302 F) ............................................. 1.6 
after 1,000 hrs at 200 C (392 F) ............................................. 3.2 

Water Absorption, percent after 7 days immersion at 25 C (77 F) ................... 0.10 

Brittle Point, degrees C, lower than .............................................. -70 

Refractive Index ............................................................ f':430 

Radiation Resistance, Cobalt 60 Source . . . . . . . . Still usable after exposure to 200 megarads; 
hard and brittle after 500 megarads 

Flammability (ASTM D 635) ...................................... Self-extinguishing 

* Specimen size: 1 inch by I% inches by 1116 inch thick. 

TYPICAL ELECTRICAL PROPERTIES 
(These values are not intended for use in preparing specifications) 

General Data"' High Frequency Datai 

Cured, then 
Aged 

1,000 hours 
As at 200 C 

Cured (392 F) 

ASTM D 150 Dielectric Constant, 
60 cps ......... 2.70 2.65 
10' cps ........ 2.70 2.65 

ASTM D !50 Dissipation Factor, 
60 cps ......... 0.001 0.001 
10' cps ........ 0.001 0.001 , 

ASTM D 257 Volume Resistivity, 
ohm-em ....... 2 X JO" 2 X JO" 

ASTM D 149 Electric Strength, 
volts per milt 550 600 

''' 0.062 inch-thick specimens, cured 4 hours at 65 C. 
t % inch Standard ASTM Electrode, 500 volts per second 

rate of rise. 

Properties 

Dielectric Constant (ASTM D 150) 

at 1 x 10• cps 

at 3 x 10' cps 

at 
-sse 

2.90 

2.86 

at 8.5 x 10" cps . . . . . . . . . . . . . . 2.81 

Dissipation Factor (ASTM D 150) 

at I x 10" cps 

at 3 x 10" cps 

0.0200 

0.0240 

at 
23C 

2.79 

2.77 

2.73 

0.0081 

0.0120 

at 
150 c 

2.50 

2.48 

2.45 

0.0026 

0.0040--. 

at 8.5 x 1 0" cps . . . . . . . . . . . . . . 0.0290 0.0199 0.0073 

------------· --- ----·------~---~-------

+These values were determined at the Massachusetts Institute 
of Technology Laboratory for Insulation Research. 

(Continued on next page) t 
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EFFECTS OF ENVIRONMENT ON ELECTRICAL PROPERTIES 

OF THE CURED RESIN'' 

ERect of Temperature 

3~~------~--------~---------r--------, 
60 cp•, I kc 
ond 0.1 me. 

I 

2.0L-------..J,:--------~=-------:+:-----=' 
0 50 100 ISO 200 

0.0 I 

~ 
I --I 

lk. {,me:. 

0.000 I 
0 50 100 ISO 200 

lOIS 

1011 ._ ____ .._ ____ ..._ ____ ..._ ____ _, 

0 50 100 ISO 200 
TemperatureJ degree' C 

ERect of Aging af 96% Humidify and 23 C 

~ 
0 
:; 
c 
0 

3.or-----,-----r------r----,-----, 

60 cps, 1 kc, 0.1 me. 

~ 2.5r---------r---------r---------+---------r------~ 
~ 
:! 
0 

2.0 L-----':------'-------L-----:'------1 
o 2 4 6 a 10 

~ 
.z 

I I I 

I I 

0.1 

,_g 0.0 

·~ 
0 

I L 60 cps 

1/ I kc, 0.1 me. 

0.00 1~ 
0 2 6 8 10 

101 • 

1\ 
' 

1012 

0 2 6 8 10 
Agln9 Timo, hundreds of houn 

*Using 54 mmfd fixed air capacitors, Cardwell type ER-50-FS, ASTM D 150. 
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ELECTRIC STRENGTH VS. RESIN THICKNESS 

1500 

0 
0 

Tested according to ASTM D 149, using 
V..·inch s;tondord ASTM electrodes, 500 
volts per second rate of rise. 

Specimen Thickness, mils 

150 
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