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The purpose of this ATM is to document the results of the Parts Applica-
tion Analysis study conducted on the A/D Converter portion of the Dual 90
Channel Multiplexer. This A/D Converter represents the Bendix designed
unit which uses a high degree of o537 and MSI integrated circuitry.

The A/D Converter was integrated with the Bendix designed 90 Channel
Multiplexer. The A/D Converter design provides for complete redundancy for
ALSEP analog housekeeping engineering status data. Of the two converters,
one is on standby and full capability can be restored in the event of any failure
by switching the redundant unit,

The stress levels shown were determined in the basis of electronic
piece parts operating at their nominal values of resistance, capacitance,
etc., and nominal application of voltage and current signal levels. A conser-
vative temperature average of 55°C was used for determining device ratings.
The resultant stress ratios provided the basis for determining the devices'
failure rate. In addition, all stress levels were evaluated in terms of max-
imum applied voltage and current levels to preclude misapplication during
peak or translational periods,

Because of the extensive use of integrated circuitry, a new Parts
Application Analysis form has been created for microcircuits. This form
allows the reliability engineer to evaluate the application of an integrated
circuit on the basis of junction temperature, derated applied voltages, fan-in,
and fan-out. These derating criteria items are thought as most important
in NASA Document MSCM 5320, which discusses deraling requirements for
electronic devices. In addition, the reliability engineer may evaluate the
integrated circuit application on the basis of speed and clock width require-
ments. This second set of items, although not mentioned anywhere as
derating or application requirements, insure that Bendix is applying it's
integrated circuits properly and they will perform any or all of the many
functions required of them.
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The attached summary sheets demonstrate that all parts are applied
well within both ALSEP and Bendix established derating criteria. From the
analysis, it can be concluded the multiplexer is designed in a manner to
ensure reliable and long operational life.

Prepared by: /z;*’aé"«* L. Asa €lae
Rodney J./DaHaire
A LSEP Reliability Department

Approved by: A

. J. Ellisdn, Manager
ALSEP Reliability
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Table I

A/D Converter Derating Summary

Stress Quantity* Comments

0-12% 27 -

13 - 25% 2 -

26 - 35% 3 -

35 - 50% 0 -

51 - 60% 1 Tantalum Capacitor,

Allowed 60%

*The quantity listed reflects the number of parts operating at the speci-
fied stress levels. Not included in Table I are the integrated circuits
which can not be derated in the standard manner. See '""Parts Application
Analysis - Microcircuits' of this ATM for the stress levels of the

integrated circuits.
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Page 4 of

PARTS APPLICATION ANALYSIS

SUMMARY

DATE: 7/23/70

t4

ASSEMBLY: 90 Ch., MUX SUB ASSEMBLY: A/D Conv. SCHEMATIC NO: 2345516

Analog Board

BS-322

TOTAL NO, TOTAL
DEVICE TYPE USED FAILURE RATE COMMENTS
%/1000 Hours
CAPACITORS 9 .001579
RESISTORS 13 .008404
DIODES 2 . 009870
TRANSISTORS 1 .001950
MICROCIRCUITS 5 .013950
CRYSTALS 1 . 006000
CONNECTORS
COILS & CHOKES
. 041753
TOTAL ASSEMBLY FAILURE RATE %/1000 HOURS
MEAN-TIME-TO-FAILURE HOURS

MISSION SUCCESS PROBABILITY




PROJECT: AISEP

PARTS APPLICATION ANALYSIS

SUMMARY

ASSEMBLY: 90 Ch. MUX SUB ASSEMBLY: A/D Conv.

Digital Board

Page 5 of

DATE: 7/23/70
SCHEMATIC NO: 2345521

TOTAL NO, TOTAL

DEVICE TYPE USED FAILURE RATE COMMENTS

%/1000 Hours
CAPACITORS 1 . 000175
RESISTORS 1 . 000167
DIODES N
TRANSISTORS 0 | eeeeea-
MICROCIRCUITS 8 .001000
TRANSFORMERS
CONNECTORS
COILS & CHOKES

. 001342

TOTAL ASSEMBLY FAILURE RATE . 043095 %/1000 HOURS

MEAN-TIME-TO-FAILURE 2,280,000 HOURS

MISSION SUCCESS PROBABILITY

BS-322

. 99622 for one vear
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PARTS APPLICATION ANALYSIS

ATM 904

Page ¢ of 14

RESISTORS
PROJECT: A1sEP DATE: 7/23/70
ASSEMBLY : pMultiplexer - A/D Conv. SUB ASSEMBLY: A/D Converter, Analog Board SCHEMATIC NO: 3345516
7 — 1 LTl AT AN
sr ) ofef | E /i el B e fEwly o6 BELE
&58 E8ieé § Y FY 5 S8 3 o &8ss se Sy SEF 155 [28 [od e
& F § §F/%°) /)% § vy Ilf:s" &8 85 8

Rl | RCR07G333J5__ |Al. Brad 133K1s5% l2s0 |2.4 1% 55° | Osc. Bias Resistor 1671lA N 1,001 1 | .o00167
R2 |RCRO7G51105  lal, Brad 510 {5% f250 2.4 2% 55° | Osc. Bias Resistor |167 1A § 1. 001 1 | .000167
R3 |RCROZGS111S  |Al. Brad  |s39 |59 250 4 2% 55° | Osc. Bias Resistor | 16714 N 001 1 ] .o000167
R4 |RCRO7GI021S L Brad 11K 5% leso | 9 |49 55° | Qsc. Bias Resistor 16714 § 001 1} .000167
R5 _IRCR07G332JS _ |AlL. Brad. |3.3|5% 250 3 12% 55° | Osc. Bias Resistor | 16714 N 1,001 1 ]| .000167

R6  |deleted : § :
R7 |RCRO7G272JS Al. Brad 2.7 5% 250 12 15% 55° | Zener Current Bias | 167 :A JE II.OOl 1 .000167
R8 |RNR55E3012FR_|Al. Brad  [30.1K 1% |250 | 1.2 |d% 550 | Ramp Voltage Divider |. 167 ‘A 'E . 001 1 | .oo00167
R9 |RTR22DP502P _ |Bourns sk 15% lso0 (<1 €9 55° | Ramp VoltageDivider 032 1A E 1 1 | .003200
R10 |RNR55E4992FR _[Al. Brad [49.9K| 1% [250 |.5¢ |1% 55° | Ramp Voltage Divider 167 1A E 1. 001 1 | .000167
R11 |RTR22DP202P _ |Bourns 2K 5% 500 | <1 Ki% 55° | Ramp Voltage Divider |. 037 LA ?.',; i1 1 | .003200
R12 |RCR07G103JS  |Al, Brad 10K |5% [250 | neg.|£1% 55° | Noise Sup. 16714 B 1,001 1 | .000167
R13 {RCRO7G472JS  |Al. Brad |4.7K[5% [250 5.3 |2% 55° | Pull-up Resistor 16714 N 1,001 1 | .000167
R14 |RCRO7G123]JS  lAl, Brad 12K |5% |250 |12 5% 55° | Pull-Down Resistor |- 16714 § 1. 001 1 | .000167
R15 | RCRO7G102JS _ |Al. Brad. 2K |5% [250 [25 |10% 55° | Level Shifting 16714 S . 001 1 | .000167

v N i

N

. N |

19 20 21
FAILURE RATE SOURCES (FOR COLUMN #14)
A ATM 605 B CALCULATED MTBF. HRS TOTAL FAILURE RATE s 00840 3/1000 HRS
C D

renu s2sr

BS-321A
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Page

PARTS APPLICATION ANALYSIS

RESISTORS

7-30-70

DATE:

PROJECT: AlSEP
ASSEMBLY

2345521

SCHEMATIC NO:

6

SUB ASSEMBLY: A/D Conv., Digital Board

4
&

MUX - A/D Conv.
&
£
s
&
£

+ 90 Ch,

. 000167

1

. 001

TOTAL FAILURE RATE .. 000167 %/1000 HRS

21

Hod

/7.

45 V Noise Suppresion

559

CALCULATED MTBF.

2%

20

3.2

RCRQTG2R755

FAILURE RATE SOURCES (FOR COLUMN #14)

A ATM 605

R

19

(Resistors)

renu erst

BS-321A
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PARTS APPLICATION ANALYEIS Page 8 of 14

CAPACITORS
PROJECT: A1sSEP DATE: 7.23-70
ASSEMBLY: Multiplexer - A/D Conv. SUBASSEMBLY: A/D Converter, Analog Board SCHEMATIC NO: 2345516
Q 1 2 3 4 ) /e &8 /1 8 /8 10 11 12 13 4 15 ;16 17 1} 10
43 - 4 5 &
g 3 & & s fE (3 ¥ & 3 sg !/ £ & & & %
) g So & £3 o [&N ¥ & &F & S I & &
I $E€ ¢ /& fos [ fess/s S[E& [55/5E k€ LR 5T R e
= SSF Y R SFF 5 [F35/8 & s &I (589 §56s vl /SN S8, 38 /&8 [E58 [8&
° 3 Fo v & & g L fs&s/ V& /88 L CALS g"/~*' 3 o& &
Fo v & 3 v £ @S & P & % SR & o N
= 3 é’ & A3 s & 3 ] F& ™7 FTR ¥ L) Ay
2 =48 ¥ $ [/ & ¥ S/ ’ N < T
< of Y,
L '
Cl CKR12BX103KR jAerovox L01uf}i0% 100 1 4 4% Clock Feedback 0175 B 01 ] . 000175
= N 3
ce2 CKRI1Z2BX103KR jAerovox 0lul 100 | 4 4% Clock Feedback 9175 \ 1 . 000175
!
C3 WM2DM20F512F0t Elmenco | 5100 100 12]12% Ramp Integration gie7 % 1 L 000167
]
4 CKRI12BX472KR |Aerovox K700 100 24124% lAnalog Noise Sup. Q0167 § 1 000167
i
CKR12BX680KR |Aerovox 68 100 12112% Comparator Noise Sup.}0039 % 1 . 000039
]
() CSR13E225KR Sprague R.2 uUf 201 6 30% +12V Noise Sup 0214 \\ 1 000214
1
c7 CSRI13E225KR Sprague PR.2 4f 201 6 30% +12V Noise Sup Q214 1 000214
e
c8 CSR13E225KR Sprague £.2 yf 2015 25% +5V Noise Sup, 02141 Y & 1 000214
1
C9 CSRI13E225KR Sprague  R.24f]|10% 20 |12 60% ~-12V Noise Sup. 02148 ‘g .01 1 .000214
)
&

W7/ 777l 77 L FOR USE OF RE

20

21

FAILURE RATE SOURCES (FOR COLUMN #14)
s _ATM 507A
D

CALEULATED MTBF TOTAL FAILURE RATE _- 001579 _ ¥ 1000 uRs

BS-321A
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PARTS APPLICATION ANALYEIS

CAPACITORS

7/23/70

DATE:

PROJECT: A1SEP

2345521

SCHEMATIC NO:

SUBASSEMBLY: A/D Converter, Digital Board

ASSEMBLY: Multiplexer - A/D Conv.

. 000175

.01

¥ ‘1000 HRS

. 000175

TOTAL FAILURE RATE

18 V1"

12

+5V Noise Suppressionl.0173 B

21

HRS

CALECULATED MTBF

100

10%

LO0luf

Aerovox

CKRIZ2BX103KR

_Cl

20

B _ATM 5074

FAILURE RATE SOURCES (FOR COLUMN #14)

(Capacitors)

BS-321A
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PROJECT: ALSEP

ASSEMBLY: Multiplexer - A/D Converter

PARTS APPLICATION ANALYSIS

(SEMICONDUCTORS)

Page 10

DATE:

ATM 904

7/23/70

SUB ASSEMBLY: ,,p ¢ Analog Board SCHEMATIC NO: 2345516

——
M MAX. TEMP °C AVG PWR DISSIPATION (mw) |POWER RATIO|  MAXIMUM VOLTAGES DIODE PIV FOR RELIABILITY USE CNLY
TYPE N A RATED AT p | L |Yceo| VcB |Veeo| Vex Circulr | PART 5 14 S| MEFlT c
Jtc C o ey {FUNCTION [SPECIAL = O O
cKT DESIGNATION, uofaale 305 S 25°C R NPT R RN N R | a o O lenviron 2 1 u |1 LN 1ly o] romaL
SYM SEMICONDUCTOR, A e Sfa wlu spa c Mlccl c |{Ba|S=] 2 $ A ¢ A € | appLi- | MENT Epgg)l R {L-T}A Lia N| FAILURE
c {1 T C|A B M T BfT A T QEE T T T T T | caton = [ 1o L T RATE
NO. POLARITY Shhoulf Flt vl c ? oo | = U E U E U (Detine) & E[R Phur
v v Ao i L A vEly sl Y P g | o> A D A D A E 1 AL qum (%/1000 HRS)
RAT olgor] B B v on|c L fambor| 3 L L ] ‘)S:;::ll! 1000 [TYPH]
E T | ¥ N T g case) v v v v v H I R |HRS)
1 1 3 R | s e Tc |1 T iy sTA |1 Cln 18 13 14 15 16 1 n 1 » 21 Sa  j» fa lw | Py
R R Cur- = |
Diode, Switch- rent H |
ing TXIN914 o], d 10.5 et £
8 - g
CR1 FCH 55" [200 360 298 W [ 3% 75 | 12 jung E 'a 11.00217
= I
Zener 6.4V DicH-__o ) 240 Voltage g |
CR2 ; 5571175 9 Refer- g
DT60826V son 24 |10% e L 1| .0077
. = T
Transistor o Switch E ‘
Q1 NPN T.I1.155 175 400 334 <l 1<% 75 3 50110 ing H 1A 1 .00195
Jan TX2N2222A m E i
H |
g |
-
2
E
= 1
=]
E
E ]
|
=
.
: |
——
£
g
i
H
g
_&
= FAILURE RATE SOURCE (See Column 29) » * 01182
A _ATM 605 c NOTE: It is assumed the transient and peak power does not exceed the safe limit, TOTAL FAILURE RATE ———_—=___ %/1000 HRS.
B o

92498

BS-321A




ATM 904

PARTS APPLICATION ANALYSIS Page 11 of 14
{MICROCIRCUITS)
PROJECT: ALSEP DATE:__ 5/23/70
ASSEMBLY: 90 Ch. MUX. - A /D Converter SUB ASSEMBLY: .A/D Converter, Analog Board SCHEMATIC NO: 2345516
= M T MAX TEMP °C VOLTAGES INPUTS outputs | speep fcLock FOR RELIABILITY USE ONLY
= A wipTH| CIRCUIT
53 TYPE {"J : éc[ id A DM /é DM FAN | %OF FAN | L % OF FUNggION RATE ; 5 Eul5e
3 cu ] EA El b jmax | out | o MAX fmiv %
8_ CKT DESIGNATION F E T8 ITN| TN R X T AN % JORV | = A ACTUAL APPLI- :00/0 | ALY vl TovaL
3 SYM A vl Ecluc ] an u Al b % % CATION e g fal|tT| FalLure
c. NO. 7 AE| DT | AT ]| TMm A TM™ " ) | ar RATE
7S u LN | L1 Euy L £ U N o 1E L |PER
e R T 0 o [PRY] b M G { e € |Tvpe| (1000 HRS)
E N N 1
. 2 . RO . . ; . . w . - N w“ " B " .. Jo fo o |=
NGIA J
SM5400F R ol o f130% Clock Gens - 00030
X1 |BxA 2346207-1 |T.I. |Dig. |55°c|150”}75° [5.15(5.0 |4.85 < 20% NGIB 00030 A 1| .00090
{
T 2% NGIC 0003 !
un- ock Geng ng03q A ||
L used NGID q,
L}
|
1M 102F/883 o o}, 0 80% ]180%
in. §55 15 75 . . % . .
X2 (s 23s0307.1 | N/ |Lin 0 +15.60+12 | +11.4 v v 1% Buffer 0043%c 1] .00435
1
|
LM 111H/883 . o o o 75% Compara- 1
. 5 3 . . 004 .
X3 BxA 2340311-1 N/S | Lin, |55 150 90 ilS 6i12 ié 3 v 1% tor 00 OBI C 1 00405
I
LM107F/883 . o o o Ramp 1
. 155 .
X4 \pxa 2340312-1 | V/S | n 15070757 (118 Q112 §47.8 3% Generators .00408 C 1] .00405
1
NGZA | '}
SM 5400 o [} o 1% Latch . 0003
T.I. §Dig. | 55 15 . . 4.85
X5 |BxA 2346207-1 8 047 |5-1515.0 | 4.8 { 10% NG2B .00033A { | 1] .00060
Un- NG2C '
[‘}ffd Unused ‘00033
used NG2D .0003Q A
T
I
1
i
|
i
§
1
= FAILURE RATE SOURCE iSee Column 19} * NOTE:  DERATED VOLTAGE IS DETERMINED BY *
A ATM 605 c N/A Rel. Rpt. :/,me;z:gxi:(y:;,;?\n/:::wv:ﬁx, TOTAL FAILURE RATE et o e 01395 %/1000 HRS
B D

8xA 679
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ATM 904

PARTS APPLICATION ANALYSIS Page .12 __ of _ 14
{MICROCIRCUITS)
PROJECT: ALSEP DATE:___ 1/23/70
ASSEMBLY:_90 Ch. MUX, - A/D Converter SUB ASSEMBLY: A/D Converter, Digital Board SCHEMATIC NO: ___2345521
M T MAX TEMP °C VOLTAGES INPUTS OUTPUTS | sPEED [CLOCK FOR RELIABILITY USE ONLY
A WIDTH| C!RCUIT
TYPE ﬁ Z é Q g d é LJJ [E) lxl lc\ g M FAN | % OF FAN | L % OF FUNg’?ON RATE : s|em 5e
| T MAX | M
KT DESIGNATION R e [SHAnl Ut ERl & |5L I;: A, SSU 0 ATUAL|  appLI 1‘3‘;0 | n|LF]ag] ToTAL
SYM ¢ Ut Ecluctai u Al Do * CATION 1 SirLILTE FAILURE
NO. § Ae | DT AaT) Ml A | Tw™ ; HRS) | E et RATE
U LN I Lt E u L E U N o 1 ELlpen
R T 0 o] oM DM G 122, 7 [7vee| w1000 mms)
E N N !
5 2 3 . s . i s s 0 0 12 @ i 1 1 » » o o jon {=
T
NGlA \
SM54L10F11 . o o o 10% Cntr. Cons-00040! |
.1 . 55 6 5.3 [5. 4.7 nir. Con i 11.0012
X1 1 sxa 2346201-3 | -1 |Pis 15071 ©0 0 20% trol NGIB .00040} } 00120
IR
75% NG1C .000401A [}
Cntr, { i
Control 1 /
—
|
SM 54L93F11 . o o [¢) Counter
T.1 . ss 6 5.3 |5, 4.7 . ! .
X2 BxA 2346201-14 I. | Dig 150 5 0 20% Syncro. 0018 'A 1 00180
]
NG2A 1N
SM 54L10F11 . o o o 20% Cntr. Con€ 00040 , ||
L1 . |55 5. . 4.7 2 H .
X3 | Bxa 2346201-3 [ -1 | P8 150 1 65 31°-0 J 10% trol NGZB .0004O=A ; 1}.00120
|
30% NG2C . 000401 A
Cntr, Con. :
I
SM 541.93F11 o <] o |
4 T.I. Pig. |55 . . .7 9 . .
X BxA 234620114 Dig 150 60 5.3]5.0 4 20% Counter 00180}A 00180
' i
SM 54193F11 o o o I
T. 1. ig. | 55 . . . . .
X5 BxA 2346201- 14 Dig 150 65 5.315.0 4.7 20% Counter OOISO:A 00180
T
SM 54130 o o o Overflow |
X6 BxA 2346201 -5 T.1. Dig 5 150 65 5.315.0 4,7 10% Detector OOIZQ' 00120
T
SM 54104 . o o ol . Output |
. . . . 7 . .
X7 BxA 2346201-3 T.I. §Dig. |55 150 60 5.315.0 4 10% Buffer 0012()I 00120
L
= FAILURE RATE SOURCE (See Column 19 - NOTE: OERATED VOLTAGE S DETERMINED BY =
A ATM 507 ¢ XMAijNOM*:C/RATEl\}/MAX Vnom) TOTAL FAILURE aTE = 01020 %/1000 HRS
. o MIN " YNOm * 8 VoM - VRATED MInN!

BxA 679
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PARTS APPLICATION ANALYSIS Page __13  of ___14
(MICROCIRCUITS)
PROJECT: __ALSEP DATE:__1/23/70
ASSEMBLY: 90 Ch. MUX. - A/D Converter SUB ASSEMBLY: __A/D Converter, Digital Board SCHEMATIC NO: 2345521
™ T MAX TEMP °C VOLTAGES INPUTS outputs | seeep |cLock FOR RELIABILITY USE ONLY
A WIDTH| CIRCUIT
TYPE ﬁ YP /éa f;\lJJ éf) H é EM FAN % OF FAN | L % OF FUNS;ION RATE '[g e
NATION I iN [max | ouT MAX o
KT DESIG R ELTB | TNl ] Rx| T [Ra | (M]O 2 ACTURL|  APPLI- 1(%/ Py Lezel qorad
SYM 2 ul | Ecluc] Al u Al Dy % CATION oog | €|r1itT] FAILURE
NO. T AE| DTl AT TM| A | TM i RS E 8t RATE
u L N | Lt Evy L EU N e | E L JPER
R T o o Dm DM G 15, £ [rvee| %1000HRS)
E N N |
. 2 , B L s s » s s 10 I 1 1w 14 15 16 " i lis |2 fa |z
- T
20% HiA .00020
SM 54104 o o o : o |
. }Dig. 5. 5. 4.7 10% )
X8 BxA 2346201-3 T.1 ig. | 55 150 60 3 0 HIB OOOZO:A 1}.00100
o I
ll;)/" HIC .00020]
n- H1ID .00020lA
Used i
T
10% HIE .ooozo{
10% Output BuiZ 00020 A
HIF H
|
|
|
1
|
1
]
1
i
]
i
|
[
!
|
1
T
}
!
I
T
|
t
i
I
» FAILURE RATE SOURCE (See Column 19) b NOTE: DERATED VOLTAGE IS DETERMINED BY: *
ATM 507 c Ymax = Vnow * 6 (VaaTeD max - Vvom) TOTAL FAILURE RATE . 00100 %1000 HRS

VMIN *VNOM 6 {VNOM  VRATED MIN!

BxA 679
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PROJECT: ALSEP

ASSEMBLY: 90 Ch.

PARTS APPLICATION ANALYSIS

MUX - A/D Converter

(MISC, PARTS)

SUB ASSEMBLY: A/D Converter, Analog Board

Page 14 of

DATE: 7-23-70

14

SCHEMATIC NO: 2345516

;‘ FOR RELIABILITY USE ONLY
N TEMPERATURE] ELECTRICAL on BASIC : s ;
CIRCUIT TYPE DESIGNATION ‘l_{ RANGE STRESS PERCENT CHARACTERISTICS AILURE! O PART |Fs,¥‘£ TOTAL
(CEC, MIL OR MFR) H oC RATE | U SPECIAL FAILURE
SYMBOL DUTY and I R ENVIRONMENT | popg RATE
and ¢ (%/1000t C
NUMBER CONSTRUCTIO g CYCLE APPLICATION HOURS)} E {DEFINE) ;IIUL’l'lq {%/1000 HOURS)
N R MAX | MmN |RraTED] UsE } (SEE] PLIER
E C 4 #15) i
1 2 3 R 4 5 s 7 9 | s e
N ]
Crystal, 2 MHz 0.6 2 MHz Clock Pulse ! ]
Y1 | BxA 2340313-1 Monitor |125 |-55 {2mWjmW 40% | Generator A ' . 0060
1 3
] |
] t
I 1
| §
‘ L
H 1
1
| I
| 1
il
T
I
|
i
1 i
1 T
| |
|
{
|
| i
1 t
1 '
| T
| 1
i I
}
' i
| 1
1
I
1
! 1
t 1
i 1
: I
I H
15 16 17
R FAILURE RATE SOURCES (FOR COLUMN 11)
a. _Philco B CALCULATED MTBF—____ HOURS TOTAL FAILURE RATE- 000 £/1000 ROURS
c. D._Mil Std 217 Chart XXV

BS-321A

RO Form 9258




