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1. 0 Introduction 

The PSK (Phase Shift Keying) transmitter subcontract (SC- 935) was 
let to Teledyne Telemetry Company (TTC) to fulfill the requirements in 
the NASA Contract NAS9- 5829. An ALSEP Reliability Program Plan 
(BSR 3024) was written in accordance with NAS9- 5829 to provide for a sub­
contract reliability program plan. TTC has a BxA approved Reliability 
Program Plan, #2005177B, providing for a PAA (Parts Application 
Analysis). 

The phase modulated transmitter is an S- band frequency unit limited 
to 10 watts input and a minimum one watt output. 

This FSK transmitter PAA is updated from that PAApresented at the TTC 
, CDR to the present Revision A version based on the design presented at 
final design review (FDR) held at TTC. 

Major reason for changes and details are as follows: 

a) To en..hance modulation, "Speed-up" capacitors were added 
to the mixer input 

b) Ferrite beads (not included in this PAA) were added to the 
modulation input line adjacent to the connector for EMI 
attenuation 

c) Micro-minature USCC filters (integral capacitor-inductors) 
were added to the telemetry lines for EMI radiation suppres­
sion. 

In general, all the changes were incorporated to provide EMI and 
IFM attenuation and electrical improvement. Table l provides a 
detailed breakdown of all changes including additions, deletions, 
corrections and number of value changes. These changes are in accor­
dance witb TTC schematic 2005178C plus E.O. s Dl and D2. 

2. 0 Requirements 

The PAA requirements include derating criteria as established for parts 
in A TM 241E and failure rates as given in A TM 605A. 

This report was initially produced for presentation at the TTC PDR. 
It was revised for CDR, FDR and finalized at this post FDR writing. 
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TABLE 1 

PARTS CHANGES AFTER CDR 

.~-----.-~-~-------·-····-·----.-----.. ~----- -----·~------·-··-······------~-----. -····-·--· ···- .. 

I Housing & 

Device Type Synthesizer Pwr Ampl. Isofilter Regulator TLM 

Capacitors 
Parts Added C317, C318 -- -- 4 C422,C429,C430,C43I,C504 
Correction C362(was C361) C426,C427 -- FLl,FL2 

(listed twice) Added 
Value Changes (14 chgs to pts) (3 chgs) 
Deletions -- C40 9 FLI, FL2 (In C3, C421 

Reg. Ass'y) 

Resistors i 
Parts Added R344, 345, 346, 

347, 348 
Value Changes (9 chgs to pts) 1 

Semiconductors 1 
' Added \ Q309 
f 

' I 

j Inductors l! 

l Added --
l 
...... ~.,.,_,.,..,~-------·----·----·-~·-- -·-.----·-~-.·--··--------

i 

i 
' 

I 
!l L404. L407 

--· -···~ ~ ~-------~·-

L60I, L602 

_/ 
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The design was analyzed, based on the following functional blocks: 

a) Synthesizer (temperature compensated crystal, PSK modulator, 
multiplier) 

b) Power amplifier 

c) Isofilter 

d) Housing and regulator 

3.0 Summary of Analysis Results 

All parts analyzed met the requirements of the derating criteria given 
in ATM 241E. 

Earlier analysis indicated collector-emitter voltages of power amplifier 
transistors were beyond the 50% derating limit. Circuit modifications elimin­
ated the collector-emitter (with open base) voltage as a functional parameter. 
The breakdown voltages characteristic is presently established from collector 
to base where the voltage is at 50o/o of the rated value. 

7 

Junction 1:emperatures of the two power amplifier transistors and step 
recovery diodes were the highest of all the devices in the transmitter. Worst 
case is the 2005209 (2N5764) power amplifier transistor with 127.7 oc in accord­
ance with ATM 241E. 

4. 0 Analysis Details 

Table 2 gives the number of parts and related failure rate per hour for the 
transmitter subassemblies. The synthesizer has a majority of the parts with 70% 
of the total, excluding telemetry parts. The derating of the parts and type parts 
used in the synthesizer limits the failure rate to less than half of the total failure 
rate, excludi::1g the telemetry. 

The telemetry parts and failure rate are shown for information only as any 
failures in the telemetry will not affect the transmitter mission requirements. 
(See ATM 1005, FMECA, Appendix A for detailed analysis.) Only the ther­
mistor and filtercon are non-standard parts in the two temperature sensing 
telemetry circuits. These non-standard parts are controlled by source con­
trol drawings. 

The synthesizer has 131 parts, including 12 semiconductors, as shown in 
Table 2. The passive parts, such as resistors and capacitors have very low 
failure rates and although comprise a majority of the parts, provide only 10% 
of the total failure rate. The active parts in the synthesizer are primarily 
diodes and transistors. 

Three diodes and nine transistors have a total failure rate in the synthesizer 
equal to 90% o£ the synthesizer failure rate. Thus, these parts have the highest 
fr,Uu.:re probability of all the parts in the synthesizer. 
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TRANSMITTER SUBASSEMBLY FAILURE RATE SUMMARY 

Trans~ Subassembly No. of Parts :\ X 10-S 

Synthesizer 131 .066596 
Power Amplifier 36 . 015211 

Isofilter 10 . 020126 
Housing and Regulator 11 . 027140 

Total 188 .129073 

Telemetry 24 . 069228 

The two power amplifier transistors contribute about a third each to 
the overall power amplifier failure rate, These active elements are 
the major components in this two stage power amplifier. 

In the isofilter, the isofilter circulator has the high failure rate for 
that subassembly, based on a failure rate derived from MIL-HDBK-217A, 
Low Population Parts. The rate of. 02%/1000 hours is high when con­
sidering the fact that it is basicly a passive component. 

The ho•·sing and regulator comprise the areas for remaining parts. 
Table 2 shows a total failure rate of . 027140%/ l 000 hrs for this area. The 
MEMA comprises 74% of this failure rate as it consists of an integral 
package of IC' s, discrete semiconductor elements and discrete passive 
components. 

Table 3 summarizes the number of parts and failure rates in each 
functional block and the entire system. Totals at the bottom of Table 3 
are for each functional block. 

7 
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TABLE 3 

PAA SUMMARY 

r ~ T · 
I Power Amplifier~~~ Isofilter 

·r---~~~ic.:_:y~ 
Capacitors 

1 Coils 

I Resistors 

Diodes 

Pts 
·-y·--------------·-··+t---·---~-,,.-------·------- ----· 

Pts , A Pts 
_..,,·-·~----~-~----~-

j 
1 s9 .oo34o8 
. 17 .000340 

41 . 000828 

3 . 022750 
9 • 037240 

~-------t---------- -----
26 , .. 001451 

4 .000080 
4 I . 002780 

I 
2 l . 010900 

5 
2 
1 

1 
Trans is tors 
Microcircuits 

· ( 3) I 
MEiviA - - - I 

1 . 002000 

A 

• 000050 
. 000040 
.000020 

.000016 

Crystal · 1 . 000020 - 1 

1 • lsofilter - - - I - \1 1 I • 020000 
!_.._______ t ~· t _j Tota_l (2 ) . !----~--~-6659~-- ·---;·~-- ~-~;~;;--;·-- 10 --1-~-~-;~~- 2~----
f·,··----··-·---.'l::.---- --- --·---·---- --~---·· ------- ··---·- ----------~-

NOTES: -5 
(1) All As are x 10 failures per hour 

--·-·---
Housing it Sum 

& Rr-<:rulator _j -------r·-·-----·~ -> ________ ---- I I A 
~~-f A i Pts I 
c--------1-------

8 . 000120 

1 .000020 

1 .007000 

1 .020000 

11 . 027140 

98 . 005039 
23 . 000460 
47 . 003648 

5 . 029766 
11 . 048140 

1 . 002000 

1 . 020000 
1 . 000020 
1 . 020000 

188 I . 1 2907 3 
-·-·-·----P---- ----- --· ---

(2) Total does not include 24 telemetry parts in the detailed PAA. 

(3) Microelectronic Modular Assembly 

, . 

.'/ 

, .. A 
/~~ii~~ 

~ 
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The last two columns of Table 3 gives the total of each part type and 
the total failure rate obtained. 

Table 4 is a summary of parts in each ten percent ( 10%) stress 
range. Approximately 79% of the parts have less than 1 O% of rated stress. 
Eight percent 1 (8%) of the parts have stresses between 41 and 50% 
That leaves 13% of the parts in the three ranges between 11 to 40%. 

Fourteen of the highest stress level parts are in the power amplifier. 
All are capacitors which have very low failure rates. Although the 
transistors in the power amplifier are close to the derating limit with 
respect to voltage, power ratios are . 14 and • 24 for the 2N5481, 2N5764) 
respectively. 

7 



I ALSEP Array E, PSK Transmitter 
Parts Application Analysis 

1110. r·•o. 
ATM 1006 A 

M 

' 
PAGE 7 

DATE 12-1-71 

TABLE 4 

TTC PSK TRANSMITTER DERATING SUMMARY 

Stress - % 

0-10 149 

11-20 11 

21-30 4 

31-40 9 

41-50 15 

50-100 0 

Totaf Parts: 188 

5. 0 Conclusions 

The parts most critical in this design are those microwave semiconductors 
which have only recently (within the last few years) reached the production 
line status. These include the 2N548l, 2N5764 and the Hewlett Packard 
step recovery diode. The power ratios for the transistors are low (as 
given in previous paragraph) and the diode has an actual power dissipation 
to rated dissipation of less than 10%. Thus, these parts are used with 
conservative stress levels, enhancing the probability of long life for the 
transmitter. 

All parts analyzed met the derating criteria specified in ATM-241, 
Revision E, lfAcceptable Parts List in ALSEP Array E~" 

7 
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PARTS APPLICATION ANALYSIS Page A14 of _ __z[L_ --
(INDUCTORS lk TRANSFOR.ME_RS) 

DATE: 12-1-71 
SCHEM~-200'5!78 SUB ASSEMBLY: Pow;:r Amp 
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