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On 14 July 1971 MSC issued an ALERT (MSC-71-04) on Texas Instrpments 
54L series integrated circuits. This ALERT indicated that devices 
manufactured prior to the second week of August 1971 may contain conductive 
particulate contaminants. Subsequently Bendix received LSPO letter 
EHZ/10-8/L-505/B requesting a response as to the usage and the potential 
hardware impact on Array E. This ATM reviews the problem and summa­
rizes the BxA response activities. 

Revision A reflects the anticipated distribution of screened devices in Array E 
hardware, additional parts screening and failure analysis results, and a 
comparison of different logic devices and assembly areas at TI-Dallas. 
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Approved by: 
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INTRODUCTION 

The Texas Instruments Series 54L is a low power TTL (Transistor -
Transistor) logic family. The nominal power consumption of these devices 
is one milliwatt per gate as opposed to 10 milliwatts per gate in standard 
power devices. They are available in three package configurations: 

a) Metal Flatpack -- 0. 26 x 0.15 x 0.05 inches 
b) Ceramic Dual-In-Line -- 0. 78 x 0. 31 x 0. 20 inches 
c) Plastic Dual- In-Line -- 0. 77 x 0. 30 x 0. 20 inches 

with these metallizations: 

a) Metal Flatpack: 
(F, H, R, S, T styles) 

b) Cer. Dual-In-Line: 
(J style) 

c) Plas. Dual-In-Line: 

platinum - molybdenum - gold 
gold interconnecting wires 
no passivation 
aluminum m.etalization 
aluminum interconnecting wires 
glass passivation 
aluminum metalization 
gold interconnecting wires 
glass passivation 

and with these reliability levels available: 

a) SN 54L - Commer ci~l grade 
b) SNM54L - Class C per MIL-STD-883 
c) SNA54L - Not defined in MIL-STD-883 
d) SNC54L - Class B per MIL-STD-883 
e) SNH54L - Class A per MIL-STD-883 
f) SM 54L - per MSFC 85 MO 3766 

(A summary of the screening requirements for these various reliability 
level devices is contained in Attachment A.) 

The TTL-type integrated circuits offer many advantages over the 
DTL or Diode-Transistor type logic used in earlier ALSEP hardware. The 
TTL is faster then DTL, has a greater variety of circuit configurations 
available, and has more circuitry available in a given package, resulting 
in: 

, '~ 
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a) Higher Reliability 
b) Simpler Design 
c) Lower Weight 
d) Smaller Volwne 
e) Lower susceptability to noise (in the zero input condition) 

For the Array E ALSEP program, Bendix procurred 54 L devices from 
TI in accordance with the requirements of our SCD 2346201, Rev. B. The 
requirements of this SCD exceed those in the Marshall Specification MSFC 
85 MO 37 66. The flatpack package configuration was selected which has the 
platinum - molybdenum - gold metallization. Due to this complex metal 
system TI does not provide die surface passivation as is common with most 
aluminum metallization integrated circuits. Therefore, while this metal system 
does offer a number of advantages, the lack of passivation leaves the devices 
susceptible to particle induced failures. 

ALERT NOTIFICATION 

Bendix received MSC ALERT 71-04>!< on 14 October 1971 attached to LSPO 
letter EH2/10-8/L505/B requesting a response relative to the applicability 
and potential inpacts on the ALSEP program. This ALERT states that Texas 
Instruments Series 54 L devices manufactured prior to the second week of 
August 1971 may have conductive, particulate contaminants which can cause 
internal shorting. , 

Subsequent to several failures on the Apollo J -Mission tape recorder 
data conditioner at Motorola G. E. D., which were attributed to conductive 
particles, a survey of the Texas Instruments Dallas facility was taken which 
confirmed that these devices were not assembled and inspected in a rated clean area. 
Since that survey, TI has instituted several process steps which were effective 
the first of August which significantly reduces the incidence of particles 
in the 54L devices. 

The first evidence of the 54L conductive particle problem on the ALSEP 
program appeared in the Teledyne Telmetry transmitter. An SM 54LOOF 
device failed short during a Flight Acceptance test on 4 November 1971. 
Failure analysis was performed at TI' s Dallas facility at the request of TTC 1 s 
reliability department. The internal short which had appeared during a mon­
itored vibration test was caused by a loose piece of gold preform found inside 
the device. 

':'see Attachment B for ALERT 
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The next failure occurred in the Command Decoder during an in-process 
test on 10 November 1971. The failed part was taken to the Goddard Space 
Flight Center for analysis by ALSEP Reliability personnel. The failure 
was caused by an iron particle which formed a "hard" short between metal­
lization paths on the die. (see Attachment C for the detailed report). 

Within the next few days, several 54L d~yic~s failed in-process tests 
at Bendix. At about this time ALSEP Reliability initiated a full- -scale 
investigation, looking into the failure and part rejection history of the devices 
procured for the Array E program. In addition, a parts tracking and usage 
survey was prepared in order to account for each 54L part handled 
by Bendix for Array E hardware. (Attachment D contains a parts usage/tracking 
survey and a failure/rejection summary of the 54L devices). 

A special NASA/BxA program review meeting on the . impact of the 
54L ALERT on the Array E program was held on 18 November. At this 
meeting, a summary of the TI 54L problem was presented, which included 
the ALERT history, the BxA failure experience, and Array D and Array E 
usages. A conductive particle screening method developed at North American 1s 
Autonetics Division was reviewed and discussed. Based on this discussion and 
those held on 19 November, MSC directed BxA as follows: 

a) The ALSEP Array E program will continue by plan on all assemblies 
currently assembled containing 54L parts manufactured prior to the 
32nd week of 1971. 

b) Failure Analysis will be performed on the those failed chips now 
at BxA. 

c) All 54L parts not in assemblies will be sent to Autonetics for 
prescribed screening. 

d) All parts failed in Autonetics screening will be subjected to 
failure analysis. 

e) Further action on items assembled in Qual and Flight hardware will 
be determined based on Autonetics testing of both the BxA parts 
and the lots provided from other users. BxA to collect data from 
Autonetics. 

f) Specific attention to functional performance of all electronics 
assemblies using 54L parts will be made during operating vibration 
all failures will be processed in normal fashion. 
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g) All 54L parts found discrepant will be handled formally. 

h) BxA will provide and update periodically a performance/failure 
Matrix. 

A daily tracking of 54L parts failures at BxA, testing at Autonetics, 
failures at Autonetics, and other pertinent status of these devices was initiated 
on 22 November 1971. Throughout the rest of November and December 
of 1971 status meetings were held by Reliability each Monday, Wednesday, 
and Friday to co -ordinate the 54L IC tracking and parts availability with 
Manufacturing, Engineering, Quality and Material Control. 

NAA SCREENJNG 

There are several common screening tests oriented to detecting particles 
in electrical components: pre -cap visual inspection, monitored vibration, 
particle impact noise detection, and x-ray. Due to the close metallization 
paths, such as 0. 3 mils on the Series 54L chip, particles large enough-to 
cause failure are quite often small .enough to escape these screens. However 
North American's Autonetics (NAA) division developed a monitored vibration/ 
shock test for particle screening of integrated circuits on the Minutemen 
program. 

The NAA screen consists of a conventional monitored vibration test 
with a mechanical shock impulse superimposed. The chips are vibrated 
in the 11plane 11 of the die at 23 cps, and a 175 g shock pulse of 10 milliseconds 
duration is imparted normal to the plane of the die once every 7 seconds. It 
is intended that the vibration will move any particles around on the die surface, 
and the shock pulse will overcome electrostatic charges that build up after 
four or five impacts during vibration and cause the particles to 11 stick''. 

To evaluate the extent of TI Series 54L particle contamination 
and to evaluate the effectiveness of the Autonetics screens, MSFC and MSC 
personnel collected 120 devices and submitted them to NAA for screening. 
Of these 120 pieces 43 of them were manufactured after TI became particle 
conscious and began instituting corrective actions. Of the 120 devices tested, 
8 failed, and it was noted that each of the failed parts was manufactured prior 
to May 1971. With the large number of failures experienced during the first 
test, it was decided to subject 65 of the "good 11 units to vibration again. 
There were no additional failures during the second run. These results 
provide a high degree of confidence that the Autonetics monitored vibration/ 
shock test is highly effective in detecting particle contaminated devices. 
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A particularly important result of the tests performed for MSFC and 
MSC is the high failure rate of 54L95 devices; 4 of the 8 failures were 54L95. 
This high failure rate may be attributed to two major factors: 

a) Increased complexity which requires more metallized paths that 
are also closer together. 

b) Larger semiconductor die which requires a preform to be used during 
die mountingo This preform is a source for potentially loose slag. 

There are two additional device-types that must be placed in the category of 
the 54L95 relative complexity and use of gold preforms. These are 54L91 
and 54L93o 

(A detailed discussion of this problem which was prepared at NAA is contained 
in Attachment E.,) 

RESULTS OF BXA SCREENING AT NAA 

Following the program review meeting in late November 1971, all 54L 
series devices (BxA P/N 2346201-XX) were removed from bonded stores, 
incoming inspection, and PC board kits that were in-process or were awaiting 
fabrication. Altogether, 2196 parts, 1901 from BxA and 295 from subcontractors, 
were collected for shipment to NAA for the monitored vibration/ shock screening 
test. Subsequent to these initial screening tests, 36 54LOO devices from Array D 
residual stock; and 220 devices from a 1972 rebuy were also sent to NAAo 

28 Bendix and 3 subcontractor devices failed the vibration test. Each 
failed device was analyzed to determine failure mode and to verify the presence 
or absence of conductive particleso After a curve trace check was performed 
and anomalies noted, each device was decapped and examined for particles 
under a Scanning Electron Microscope. The contaminants found were then 
identified under the Microprobe as follows: Silicon, Silicon dioxide, Kovar, 
Gold, Gold slag, Copper, Aluminump and organic materials. Attachment F 
contains a detailed summary of the vibration failures. 

In addition to the monitored vibration screening given each device, a 
gross and a fine leak test were performed at NAA. These tests were added to 
the screening requirements to assure that handling and the vibration/ shock testing 
did not degrade the hermetic seal of these devices. 
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Of the 2129 Bendix and 292 subcontractor parts that passed the monitored 
vibration test, 14 Bendix and 70 subcontractor parts failed the subsequent 
hermeticity test. However, it is believed that 61 of the subcontractor's parts 
which indicated a gross leak were not failures, and that the apparent leak can 
be att.Tibuted to either the double-sided tape on the bottom of the flatpack or 
a blue dot which is under the tape (see Attachment G for further discussion). 

A detailed summary of the first 18 hermeticity failures has been published 
in BxA internal memorandum 9721-2706. This letter and a tracking summary 
showing all NAA hermeticity failures is contained in Attachment H. 

Upon completion of the Autonetics screening, 10 pieces randomly selected 
from those which had successfully passed were returned to NAA for a screening 
effectiveness evaluation. Each device was examined with a curve tracer and 
then given a dye-penetrant leak test; the parts were then decapped, and given 
a thorough visual examination. (See Table I below) 

Three devices exhibited soft knee breakdowns on the curve tracer, which 
should have been sharp; however, these devices do function normally. None 
of the 10 devices showed any evidence of a dye-penetrant leak, although three 
had poor lid welds due to uneven weld surfaces. Eight of the ten devices were 
contaminant-free, the other two contained conductive particles. Slag was 
found in varying degrees in the bottom of each package; this was due to oxidation 
of the silicon-gold eutectic when the die was "scrubbed-in". 

TABLE I (10 CoDU'ol Pazot1) 

~ Date Code S/N Curve Trace Particle Anal. Seal Anal. J2Ie Pentetrant 

54L04 7108A lSOZ lead lZ (+)to 11 (-)soft good Poor lid Passed 
jtmction break down weld 

54L04 7108A lZlZ lead Z (+) o£ 6 (+) to 11 (-) good Poor Ud Passed 
soft junction break down weld 

54Ll0 711ZA 337Z good good good Passed 

54Ll0 1Hil./l. Z37Z good good good Passed 

54L20 7114A 219Z good excessive gold good Passed 
slag. One 10 
mil particle 

54L20 .7ll4A 069Z good good good Passed 

54L93 7123A 333Z good good Poor lid Passed 
weld 

54L73 7108A l33Z good good good Passed 

54L95 7111A 039Z good Z Kovar good Passed 
particles & 
1 glass 

~4L~~ '7111A 03SZ Pin 6 to vee •olt junction good good Passed 
breall. down 
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PARTS REPLACEMENT 

The ALERT MSC-71-04 recommends that for high reliability space 
applications, the 54L - Series devices 11 

••• should be subjected to an 
effective screening test for conductive particles. 11 Subsequent to this 
ALERT, the MSFC ALERT (MSFC-71-21)':' was issued which contained 
a more definitive recommendation: 

''In all single failure point applications, all 54L91, 54L93, and 
54L95 devices, regardless of date of manufacture, should be 
replaced with devices that have successfully passed the monitored 
vibration/ shock test. 

"In critical single failure point applications, all other TI 54L devices 
manufactured prior to 28 July 1971 should be replaced with devices 
that have successfully passed the monitored vibration/shock test. 11 

(With the exception of a few 54LOO, 54L04, and 54L93 devices, all 54L series 
integrated circuits in Array E hardware were manufactured prior to 28 July 1971 ). 

To determine the effect of a 54L IC failure in the Array E ALSEP, the 
location and application of each IC was reviewed and a criticality as signed 
according to the following table: 

Criticality 

1 

2 

3 

4 

5 

6 

':'see Attachment I for ALERT 

Effect of Device Failure 

Loss of system 

Loss of expe rim en t 

Data loss in Central Station degrading more than 
one experiment 

Loss of redundancy 

Partial science data loss within an individual 
experiment 

Engineering data loss 
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The results of this criticality analysis were issued on 3 December 1971 in 
the "ALSEP 54L Summary". This document has been periodically updated 
through revision H (Bx.A internal memorandum 9721-2780) and forwarded to 
MSC; see Attachment Lfor the results ofthe criticality analysis. Table 2 on page 10 
summarizes the anticipated distribution of screened 54L devices in Array Ehardware. 

The criticality analysis revealed potential single-point failure modes 
in both the command decoder and data processor. These modes were removed 
by redesign of the D/P board 2349445 and C/D boards 2367625 and 2370075. 

Based on the criticality analyses and the results of the NAA screening, 
Bx.A was directed by MSC to: 

1) Use the existing Array Equal hardware with no 54L parts swap out. 

2) Do no rework of already-build C/S flight hardware; these boards 
completed will be redesignated flight spare. 

3) Build all C /S flight components using flight spare PC boards 
and NAA screened 54L parts. 

4) Build/rework ;;~.11 LSG boards with NAA screened parts. 

5) Make no 54L change outs in the LSP experiment. 

6) Build LMS boards 2347540, 2347550, and 151-550 (UTD) with NAA 
screened parts; the one 54LOO device on board 2347555 will be a 
screened device. 

7) Build a new 18 layer board for LEAM with NAA screened parts. 

8) Replace all 54L parts that fail in Qual and Flight hardware with 
NAA screened parts. 

9) Rework the Array D MUX spare with NAA screened parts. 

Texas Instruments expects to introduce a modified low power 54 series 
device with quartz passivation sometime in late 1972. Until that time all new 
procurements and rebuys of 54L integrated circuits will require the NAA 
monitored vibration/ shock screening. 
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I.SG 

LMS 

LEAM 

LSPE 

CMD.DCDR. 

Data Proc. 
(incl. 90 Chan. 
MUX) 

PCU 
PDU 
XMITTER 

*BDHI 
*llD#2 
· 1\D# 3 
~-J\DH4 

>~-BOH6 
., 1\IJ# s 
•14AI-A2 
*S\Ibtotal 

<234'1~50 

*2347540 
"'*2347555 

1 Sl-660•(UTD) 
151-686~UTD) 

$151-SSO(UTD) 

~ 
Z Dual Sensoro 
Single Sensor 
BDIIl (Matrix) 
BDIIZ (Matrix) 

*18 Layer Logic 
Power Supply 
Subtotal 

Z347815(BD#I) 
2347825(BDII2) 
2347835(BDII3) 
8 EPA's 
Z3467JO(MUX) 
2346720(A/D-A) 
2346725(A/D-D) 
Subtotal 

Crit I 
Po~rts 'Yo 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

*Z367652(Demod) 0 
*236762S(Decode) 0 
*2370075(Contrl) 0 
*2367615(Seq) 0 
*Subtotal 0 

*2349445(A/D) 0 
*2349455(INTFC) 0 
*Z349450(T/CW) 0 
*2349415(Demand) 0 
*Subtotal ,:.0 ___ _ 

*2370060 
''236l.HOO 

SYNTHESIZER 

TOTAL 

0 
0 
0 

0 

Crit 2 Co·it 3 
p,, rl,; _:!. ~!.:'---.':! 

31 100 
13 10!1 

4 l0t1 
23 100 

4 lOll 
I 100 

0 
76. 100 

' 0 
21 100 

100 
0 

26 0 
2 100 

50 48 
0 
0 
2, 0 
1 0 
j 100 

0 

0 
0 
n 
0 
l) 

0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

7_ 43 _o ___ _ 

46 
22 
23 

0 
0 
2 
7 

0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

100. 

0 
0 
0 

_ o ___ _ 

0 0 
0 50 100 
a too o 
6 100 0 
s 1 00 ..;;.5.:,0 _ ___;1:..:0;..;;0 

0 
10 100 
0 
0 

10 100 

0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 

251 48o/o 50 100% 

*Indicates item will contain 100% screened parts for Flight, 

Cril 4 
P.t rts 

0 
0 
0 
0 
0 
0 
0 

,, 
' 

_o __ -_ 

0 
0 
0 
0 
0 
0 
_o __ -_ 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 .-
_o __ -_ 

22 
4Z 
56 
33 

153 

2( 
0 

90 
80 

194 

z 
2 
2 

100 
100 
1'00 
HlO 
lOO 

100 

100 
100 
100 

100 
11110 

·0 

Crit ~ 
P.trt~ 

0 
4. 100 
0 
0 
0 
2 100 

!0 100 
36 toO 

75 100 
2 100 
0 
4 0 
z 0 
0 

83. 93 
16---0-

5 0 
0 0 
0 0 

64 100 
0 

85 75 

0 
0 
0 

JZ 
4 
0 
I 

37-

0 
0 
0 
0 
0 -

0 
0 

0 
0 

----
0 
0 
0 
0 
0 

0 
0 
0 

353 'f•Q'j', 241 

====== 
73o/o 

**Indicates item will be reworked to use screened parts in most rritial applicationa !for Fli~ht. 

Crit t. 
P~l rt s 

0 
0 
0 
0 
0 
0 
0 
0 

0 
ll 
2Z 

1 
0 
0 

34 
0 
0 
0 
0 
0 
0 
0 

0 
0 

30 
0 
0 
0 
0 

30 

0 
0 
0 
0 

.. ,o 

100 
0 
0 

33 

0 

0 

0 ------
0 
0 
0 
0 
0 

0 
0 
0 

64 17!'~ 

Note 1 - Criticality numbers: I = Loas.of system, 2 = Loss of experiment, 3 = D~a loss in C/S degrading more 
than one experiment, -4 = Loss of redunda;cy, Jj = Partial science data lo~s for an individual experiment, 
6 = Engineering data l~ss. -

Note Z - The percentage of acrecnerl parts In the syst.-m for criticality 2 wo•olrl in•c rea•e from 48% to 60% if the 
system uses all screened p.ctrts except for LSPE. 

Note 3 • In the event of part failure, vibration acreencd parts will be used for repl.,.<.ement on Flight (and Qual) 
regardleos of thia plan. 
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DEVICE DIFFERENCES/NEW PROCUREMENTS 

In response to a MSC request for information on possible differences in 
the manufacture of logic devices for the Minuteman program and NASA pro­
grams, Bendix Reliability visited TI-Dallas to survey the assembly area and 
ascertain what differences exist. This survey/review revealed that different 
assembly areas do exist, due to differences in logic construction and speci­
fication requirements. The design differences are the primary reasons for 
the different assembly lines, and the MSFC 85 MO 3766 specification does not 
require clean room assembly areas. 

Texas Instruments expects to introduce a modified low power, 54 series 
device in the second half of 72. A tungsten-titanium alloy will replace the moly­
bdenum in the present moly-gold system, making quartz passivation feasible 
and thus eliminating the conductive particle problem. With the moly-gold 
system, quartz passivation is not feasible without an extra layer of moly­
bdenum, which cannot be used because the etching of the added layer undercuts 
the original moly layer. 

(The above mentioned differences are discussed in Bendix Letter 
#72-970- 5365 to MSC; this letter can be found in Attachment K of this document). 

Bendix recently procured additional quantities of several 54L devices 
to replenish the depleted supply available in ALSEP stores, which was caused 
by the replacement of many non-screened flatpacks and the rebuilding of several 
PC boards containing 54L devices. To facilitate timely deliveries of these 
replacement parts, the Bendix and GSI pre- cap inspection were waived. 
Therefore, to determine the acceptability of these devices for use in Array E 
hardware, Bendix Reliability visited TI-Dallas to review the in-process screen­
ing result~, subsequent to capping, and to compare them with previously pro­
cured devices. The parts were found acceptable. A copy of the report to 
MSC has been included in this document as Attachment J. 
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SUMMARY 

On 14 July 1971, MSC issued an ALERT on Texas Instruments 54L -
series integrated circuits. This ALERT indicated that devices manufactured 
prior to the 2nd week of August 1971 may contain conductive, particulate 
contaminants. On 14 October 1971 Bendix received LSPO letter EHZ/ 10-8/ 
LSOS/B requesting a response as to the usage and the potential hardware 
impact on Array E. 

The first proof of this failure mode existing in ALSEP hardware appeared 
in the TTC transmitter on 4 November 1971. Subsequently several deviccs 
failed during assembly of central station components at Bendix. At this time 
ALSEP Reliability initiated a 54L parts usage and tracking survey to determine 
the exact status of all PC boards containing 54L parts, the number of rej Pcted 
parts, the number of failed parts and the quantity of parts remaining in stores 
available for special screening. 

Bendix was directed by MSC to stop• work on all PC boards net compl.ete 
and not yet started, and to send all available IC' s to North American's 
Autonetics division for the monitored vibration/ shock screening test, which 
had been developed for the Minuteman program. 1. 3% of the 2452 devices 
screened failed the test, and another ~o/o failed gi6S"s and/or~leak test­
ing. All of the 1!_ vibration failures exhibited the failure mode defined in the 
MSC ALERT 71-04. -

A Criticality analysis of the application of the each device in Array E 
hardware was performed to help provide a rational basis for swapping out or 
leaving each IC unchanged. This analysis also revealed several single point 
failure modes in both the comn1and decoder and the data processor; these 
were removed with minor design changes on three PC boards. All critical 
parts in Flight hardware were replaced or the PC boards were rebuilt. In 
the qualification hardware, only devices that fail during in-process testing 
(and subsequent) are being replaced with screened parts. 

Bendix Reliability visited TI-Dallas to ascertain the effect and/or 
possible impact of differences existing between the assembly lines for the 
MSFC 85 MO 3766 devices and those for the Minuteman program. The 
differences in the two lines reflect primarily the difference in logic constru­
ction and design of the two device types; in addition, the Minuteman devices 
are assembled in a clean room environment, a requirement which is not 
imposed in the MSFC speco 

Texas Instruments expects to introduce a modified 54L device having 
quarts passivation sometime in late 1972. Until such time that a qualified, 
passivated device is available, all rebuys, as well as new procurements, 

will require the monitored vibration/ shock screening at NAA. 



""• ftE "'· nv. 

A 
A l'M lORl 

'1 :t l :\ I - t•., t \ I 
P4~1i OF 

BxA Hesponse .Sununary 

DATE 30 March 1972 

ccJ;.:l',\1: 1 ::l;iJ oF Ti':Xf\:: JJ;;;·j'l:u;.::·:I:'j:: m:1 1 .~ i''IJ TI'Y u;vEL~: I1VAILAHr.1·; 
FOH ~1; -:YI·:J-.H:~ l>>:VJ Cl ::~ 

.--- -- --r----
~T /\NDJ\1\0 CLA~:s C CLASS C ~ CL/,SS ll CL/\SS 1\ 

I L/\T P1\Ct-: (Lt:VCL I, SN;\1) (Lt:Vll II, SNA) (I [V(llll, SNC) (I CV!:L IV, SNHJ 

----- -r---------- ·------
40 ): pru:,:.p ~~o x Pn'c<~P 40 X preCJ() t <OX 0'"'" 

40 X prt·l·~,> 

000 X prc-::~p -) - ··M:-:-::::=.-:.-·:::-.:·:--~- ----
100 X ptccop ( 100 X jjtec,lp ~ 100 X prrc;~p 

~:ndrtion B Condtt•on il . __ ,:_ondtt•on A _ -:- Condition A 

FinJI Seal rinal Seal final Seal l'inal Seal finJI Se.1l 

-
4H hottr l>Jka 48 hour bake 48 hour bake 4(; hour bake 4~ h_"_'~'-~~::_~~-_j 

(r,,~-.~.-;:~~;~ . 

Tc!l'p Cycle Temp Cycl~ Temp Cycle Temp Cycle Tamil C1•cla 
- ------"-=--

~t" $-~;,,"~-) . 
500 G's 
--··-·· ·-

Can\tifugc ~ttif<Jgc Centrifuge Centrifuge d;,:;,~f~~gJ .. . -:) 

20K G's KG's 30K G's 30K G's ~K ~:·s 2 planes · 

--~-Lrak --~-~ Fine Leak f inc Leak Fine Leak Fine LNk 
5 X 10-1 & X 10-1 & X IQ-7 1 X 10·8 1 X 1(1•8 

------
Elect. Test DC@ Elect: Test DC 01 Elect. Test DC 6> Elect. Tcs\ D.:~ Eire\. Test DC 01 
-5&0

, 'Jff>. 12&°C -5S0 ,25°,•125°C -55°, 25°, ~ 12S°C ... ~5°. 25°, +12~,oc -55°, 25°, + 125°C 
-

Gross Leak ~sslcak Gross Leak Gro!s leak Gro» l.rok 
(Ethylene Glycol) 33) (883) (883) (883) 

@0 Ourn·in Ourn-in n-in 

163 hours 1GB hours hours_ 
--- -- --

( l:lccL Tcu DC(' Elc.:t. Te>t DC (l Elect. Trs\ DC @l 

·55° + 125°C -55° +125°C -55° & + 125°C 

Elect. Test IIC G_fct. Tcst/\C_:) Eloct. Test'AC 01 Elect. Test AC (~ Elect. Test 1\C @l 

(S3rnplc bias) r,oc +25°C 25°C t25°C 
f----- ----- -----

@_~"_Y ___ ) 
-

Gr<'IIP A Lot Group II Lot Group A l<lt Group A Lot Group 1\ Lot 
AcC'rpt.•nce Ac•·••ptar.cc Acccp\dn<:c Acceptance A<;cCpt.tnrc 

final VrstJJI 0:~-~~:0 Final Visual F ina I Visual f-inJI V1.N~tl 
(S~r11pi~.,• hJsis) 

-- --1---
l'ack l'<•clo. rack rack Pa,·k 

~·----------·~· --- ---· 

~i~J;l'8 CNtif,ctltC of C~o·rtif1c<ttC' of Ct·rt.fl(at" of 
,j"lll.,)l"l(t.\ C0mrlrJ!l~C' Compli,,ncc Comp!:Jnct• 

-- --
Ship Ship Ship Ship Ship 

---
t• II 

'J'J1:i:; :infon::at:ir•n <t}'}'1:ie;, to ~> 1 1-r.cd.C'S lk\':i('t'S ,,.jt,]J lt.:ll.C ('();[(>~ }'riOr l;o 70110. 
__ ......_. "'WWWW2ii""&l'i!".,. 

NOTJ:~;: 1. Pn·-t':!p C'0lld :i U <'ll:: A ,r.., l' )'''l' )'t'<]\1 i n·m<'llts of r-:11 .-STD-8~\), '1\.:r.t 
~k (.)l, ,,1 2~)10. 
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r-:------ -----,----- ·--, -
STAI~O/\IlD CI.M.'iC CLASS C + CLI\SS n CLI\SS 1\ 

. fl.I\1'1'/,C.:I( (Lf:VCL I, :;:liM) (U:VrL II, SNA) (I ~Vr:L Ill, SNC) (LC:VrL IV, SNH) 

------------- ----- -
40 X prccop 40 X prrc.1p 40 X pn·c;.p 40 X pr<cap 40 X pretJP 

(_~~;; ~;~. ::.~,; ) ------------- .. .- -··· ·----=-'"-
1 O:) X prcCJi> 100 X precop ~0 X l•''cap · ) 

Concl.t•0" 0 Cc'ldltll)n B Condition ll 0~~~~~:'" - <-c--- -
fill;oiSral J'inol S<·,,l rinf'l Scat Final Scol frnJI Seal 

4ll houc I.JiJI.:c 48 hour t>.>f.c t,s hour b.lkl' 4!l hour bol.:c 49 hour l•Jkc 

- (~hc-,~;,:~1 S.1o.:1< 2J --
lrmp Cycl~ Te111p Cycle Temp Cycle Temp Cycle Temp C\·cle 

@~-~-ho~ 
OOG's 

-·-· --· ---
Centrifuge ~:=J Centrifuge Centrifuge (Ccntr;fuge 
?OK G's < ~OK G's 30K G's 30K G's 2 planes 

Fine lc3k GFonc l.enk-~ Fine Leak Fine Leak Fine lc3k 
s x 1o-i 5 X 10-B s x 10· e S X 1Q·8 5 X 10-s 

Elect. Tc•t DCC~ Elect. Test DC(~ Elect. Test DC Q Elect. Tc•t OC (l Elect. Test DC@ 
-~5c. 25° • 12!J°C -5&0

, 25°. +1 ~S°C -55",25°,-t12£,°C -ss•, 25°, +12:,•c -55°, 25°, +l25°C 

Gross Luk ~:=) Gross teak Gross lc,•k Gross Leak 
IE thylcnc Glycol) ) (893) (883) 1083) 

cu•n-in ~~ Burn-in Ourn·in 

lG~_'""'~- --- . 163 hours 240 hours 

c~lcct. Test [)C '-) Elect. Test DC~ Elect. Test DC @I 

&5° + 125°C -ss• •l25°C -ss• & •125°C - ... 

Elecl. T;s! r\cj-El"ct. Test 1\C Elect. Tcst'AC Gl Elect. Test AC ~ El~ct. Test AC @l 

(S~mplc bi,,.) +25°C +25°C 25°C +2!>°C 

-
I -

@iav.._. __ ) 
Gw11p A lot Group 1\ Lot Group A lot Group A tot Group A lot 
Acc(·ptance Acccpt~ncC' Arcrpl\lncc" ~cceptancc Acccptoncc 

F in31 Visu~t E·~~~~-) F ina I Visual FinJI Visual Fin31 Vi;u~l 
(S,1mplc bJsi>) 

----------
P<•Ck Puck Pack rack Pack 

----- -- ·- -. ---1-· ···---------
Crrtofo~:;-1,-:-~,f-J C\"'rtlficJU" of Ccrtif1c3tc of Certificate of 
\.ornp!i.1nce Compli.mcc Comprivncc Compli~li)C(' 

-- .. :::.:.--:::::~;=::.::_ 
Ship Ship ~hip Ship Ship ~ 

·, 
Tilis infon:::;t:ion a}•plh'i: to 91-:;cr:ics dcv~·,·s \'lith tbtc cod0s 7040 and later. 

tiOTl~~~: l. l'rc-C'::p ec•:trlitions ,\ .~ H lX'l' rc;~uii·er.:cnts of l>!IL-STD-033, Test 
l·:ctllo,l 20.W.l 

,.., 
t., C:i rc·l C'!~ r1,.n.-··.!·~ 

)C\'vl ::, 

,-, l I • I 1\ '"'"' f~ 
- ••.•• 'l , .... -· ai:. vnnous r<.>l:i.:1h:ility · 

FJ\C1:.:: 'l'J 'l'J'L f.:·trl;\'l.i n·~ N.·~>:;ld.l.l'r, ll.'C'. l_J, 19uS); n,\('1! IV 1\l•V. ,\, Pullctjn, 
~krt.(·,·:lH'l' ;·~~~ 1 :.-r\1 

.-
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MSFC 85M03766 
SCREENING REQUIREMENTS 

DATI 30 March 1972 

1. Pre-cap visual inspection (per requirements of MIL-STD-883, Method 
2010 A, Condidition A) 

2. High temperature stabilization bake: 48 hours at 200°C 

3. Temperature cycling: -65°C to tl50°C, 10 cycles 

4. Acceleration: 30,000 G, Y 1 Axis 

5, Fine leak test: < 1 x 10- 8 STD cc/ sec 

6. Gross leak test 

7. Serialization 

8. Electrical test: DC at 25°C 

9. Burn-in: 240 hours at +125°C 

11. Delta calculations at 25°C 

12. X-ray: MSFC spec. 355B 

13. QA lot acceptance: Electrical AQL 1% (if read and record data is not 
available at -55°C and +125°C) 

14. External visual 

15. QA preship inspection 

Attachment A 
(Sheet 3 of 3) 
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ItA TIONA!. AERONAUTICS 1\NO SI'I<C£ AOMINISTRI\TiOil 

ALERT 
1. G[NERIC ClASSifiCATION 

Mictu?lectronic Circuit 
l<'latpack 

PAGE 

DATE 

2. ALERT NO. 

MSC-71-0l, 

3. DATE 
14 7 

16 OF 

30 March 1972 -
X 

:" 
..... C) 
() m 
'i z 
~ 

m 
:XI 

1-' n 71 
11) 
() n 
c+ 

~ 
~---~~R~·~~-t~i~~P~a~rt~le~oo~M~·-'~"~"~''~'~~~ob~l~~m~sl _______ ~-~~~ ---------r----------~D~A~Y~I~M~O~.-~IY~E~A~R~ 
4. MA,._UrACTUAER AND AODflEf.S 5. PROCUHf.MWT SPECifiCATION 6. REFERENCE 

Tc·xns Instruments 
Dl,llos, Texas 

Various (See 10.) 
7. MANUfACtURER'S DESt::iNATION 8. LOT/DATE CODE OR SERIAL NO. 

SN-5111-Series (S..-e 10.) 7017, 70?0, 7039 
9. SPECIAL REQUIREMENTS OR EII!VIRONMENT llkl"',_,~~onot••-lltfftit-.rro!MI,.,itwn-•JqJOM/.1 

One fnilure occurred during equipmr~nt (iUalificat5(]n vibration testing; 
two failures occurred during first energization of' devices in equipment. 

10. PROBLEM SITUATION AND CAUSE !Sb,. f.:trof prob/MI Wttl-- l•ituremoo .. ndtrWChMtiun -proj«rMdfvnt:riottl 

Investigation of 3 failures of 5llJ.-S('ries inteGrat<"J circuits used in the Apollo 
J-Hission tape recorder data conditioner revealed con<iuctiv<:" metullic 
contamination in the devices. The parts involved ure: 

Date Code '{020A 
Date Code 7017A 

1. 
2. 
3. 

SN 54LOliT-ll 
SNC 54L73T 
SM 54L95R-l Date Code 7039A - '(manufactured to the requirements of 

MSFC specification 85 MO 3766). 

11. ACTIONS TAKEN ISt.r. elt«tiono ,..., to,_, ,_ PfOb/lm lihNitiott.l 

Nine (9) devices, SNA 54L73T, Date Code 7017A, were opened and exwnined for. 
metallic contamination. Conductive particles were found in l~ of these devices, 
however, the method used to open them is suspect of gl'!nerating contamination. 

A survey of the Texas Instruments Dallas facility confirmed that these devices 
were not assembled and inspected in a rated clean area, even though the production 
1 ine was certified by NASA to the requirements of M3FC specifications 85M03766 nnd 
8'iM03877. Texas Instruments has instituted several process steps to be effer.t.ivf! 
the second we('k of August, 1971, intended to r<"duce the incidence of pnrtlcle:: in 
srries 541. dcvi<'es. 

12. RECOMMENDATIONS FOR FURTHER ACTION f!u-rlonl IDPIIIWM MOJrrencf.l 

F'or hip;h relinhilJty r.prwe a.pplicatlonn, 51tL-flcrieu devlcea ni10Uld lw Jli'<K:IJrr·d, 
li::: a minimum, tn the "II" level of 'l'exas Instruments' Mi\Cll IV rd.inhi 11t,y :qx•t· i r i­
r.11tion, or equivalent, 11nd should be subjected to an effectivC' acn!ening tP:.;t l'<ll' 

conductive partjcles (such as the screen developed by Autonetics for thlz; tYlw 
failure mechanism). 

13. CONTACT POINTS FOR INFORMATION IN6mc, •ffrii•t;on, r.iophOt>~/ 

V. Schwab AC 602, 949-3865 
14. MANUFACTURER 

NOTIFIED 

Motorola Government Equipment Divic;ion, 4 ') 71 
ScottRdale, AZ DAY MO. YEAR 

15 ALERT COORDINATOR IN•""'· •lfilmriotll 

H. M. Stewart, HeliRbility Divis:lon 
M.'\lllll'd Spacecraft Center, Houston, Texas 

11. ACTIONS TAKEN 

: SIGN~TURf: OF ALER:o~NATOO' 

¢'"~ ~~ 4--fi<-~1 

MSFC has reinstated the certifi<;r.t.krn of the facility through 
September, 1971, based on these proc~ss improvements. The effectiveness 
of these process changes has not yel. been evaluated on the product. 
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Internal 
Memorandum 

Date 12-22-71 

To S. J. Ellison 

From R. Dallaire 

LotterNo. 9721-2660 

Aerospace 
Systems Division 

Ann Arbor. Michigan 

Subject Trip report to Goddard for 54L failure analysis, Nov. 10, 1971 

Four 54L parts have failed in Array E. The first was the Teledyne 
Transmitter failure. Second and third, which failed in the C/S b\1ildup, 
were electrically tested before opening at BxA. One had a broken bond 
wire, and the other cause of failure could not be dctcrn1ined. 

Alert MSC-71-04 was received prior to the fourth failure being 
decapped. This part failed in the Command Decoder and had an apparent 
internal short. Since BxA has no facilities for opening these 54L parts 
without adding contamination, the fourth failed part was not opened at BxA. 
It was extensively tested electrically before being taken to Goddard Space 
Flight Center. 

The failure analysis at Goddard went as follows: 

1. The failed part was given a sine vibration sweep, 10Hz to 
20KHz, 20 g's, for 15 minutes in the z 1 Plane. If the failure was due to 
a loose particle contaminant, it would have shaken loose. 

2. The part was electrically tested. The test verified that the 
failure mode was unchanged. 

3. After testing the decapping method on a similar good part, 
the failed part was carefully decapped by grinding away the top edges and 
peeling off the lid. The contaminants that could be introduced (if any) 
would be Silicon Carbide or Kovar. 

4. Both opened units were examined optically. The general appear­
ance of both devices was good although the post bonds appeared to be slightly 
over bonded. One large (approx. 1. 5 mils x • 5 mils) particle contaminate 
was found in the failed part which could not be dislodged with a nitrogen blow. 
This particle was bridging two metal runs (see the attached photos). 

5. The parts were then examined under a Scanning Electron 
Microscope (SEM) "':'hich confirmed the existence of the particle and did not 
reveal any others. 

Attachment C 
(Sheet 1 of 4) 
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6, The failed part was then analysed under a Microprobe for X-ray 
spectral analysis. The contarninant was determined to be at least 95o/o 
pure iron. No traces of gold, nickel, cromium, or colbalt was found. 
Therefore the contaminant particle could not have been introduced by opening 
the part. 

7, By tracing through the circuitry on the chip, the location of 
the short in the circuit on the circuit diagram was determined, The theoretical 
failure mode introduced by a short in this position exactly duplicated the 
observed failure mode. Figure 1 shows the location of the short in the circuit 
diagram, 

8, A partial Autonetic vibration screen test was attempted in 
order to determine the effectiveness of the screen, Due to test equipment 
limitations, only the vibration at 23. 5 Hz at 6 g' s for 15 minutes was per­
formed; the simultaneous sohmoid shocks were not attempted. Optical 
examination after vibration showed the particle to be still lodged. 

Conclusion 

The cause of failure has been positively identified to be an iron 
particle contamination introduced at T. I. prior to capping, The contaminant 
is now lodged so firmly that vibration cannot shake it loose. 

The contaminant caused failure demon.strates the applicability of the 
Alert MSC- 71-04 to AlSEP hardware. Since the alert applies to all 54L 
parts prior to August, 1971, the Array D 90 and 16 CH. MUX's are also 
suspect since they also contain the same types of 54L parts. Disposition 
of Array D and E hardware is to be determined, 

Attachments 

cc: R. Roukas 
A. Ron1ans 
T. Fox 
J. Hendrickson 
R. Hiebert 

R. •.Y. Dallaire 
ALSEP Reliability P. E. 
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CH-:CUIT TYPES S~!54L73, St!7~l73 
DUAL J-K fMSTm-St/\VE FLir-FLOPS 

funrtltnol •lock dio9ram (oath lllp·llop) 

K 

ClOCK 

.1000 20k0 56 kO 

20kn 

.,~,~ ...................... ClOCK 

ATM 1081 I A 

PAGE 
19 OF 

DATE 30 March 1972 

97Zl-2660 
P;1gc 3 

20k0 mn 

LOCATit:J!V 
r:JF SHO((I 

TOOTHIA 
FLIP-HOP 

10 OIHl~ 
fLIP-fLOP 

- SU ORDERING INSTRUCTIONS PAGE 1·1 -

Figure 1 
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Figure 2 - Photo Micrograph of Iron Particle 320X 

Figure 3 - SEM Photograph of Particle 17 SOX 
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PAC CODE 

ATM 1081 
A 

PAGI '2 4 OP: 

DATE 30 March 1972 

1'/\G[ 1 of 7 
222 :·:~ 

DR/CAR NO, ·------· 

RA'flOh!/.._L(: 

f_~OUli:J~: 

Dvrino Oual\Hcat~Nl lest (SpHC rH9ht \')brvUon.) (;If the h~)(! Rcrordcr Da·t~ CCIIH~H)C,fl.. 
(H:It.:) ~/1\ /,102 c:n /.r1r\ l r.~, Hl7l, b)t Cl'l'(lr ovcf'f10h' ~~~s f\l.•scrvcd ilftcr ~till't ihg v·i!Jr: · 
tion in tht! >:ad~ dudn9 trw !.econd (Ju.:s) test vll, phr.sc. Subsequent f<l\1u1·c ill'•illy~i~. 
I'C\'~u1ed H••·t lntc~t'iltccJ (.)rcuH (l/C.) [/ti 51~n41,~!!,!;(1::,l,Te>:t.s ln~tru~.cnt!, (ll) 
P/11 S!~~4l9Sf-!·l, hod e:n [r:.itter·Co))~<;tor·sh~rt c:ilu~c:d by il Jr.etr.lHc partHlc. ltd~ Cot'\ 
l·;os fro:n ll lot coded 71J39A (j!Jth \>eel~ of 1970). Toto l opl!ratir•g tir.~c I'C!Corded h'cS 40~ 
hours. . · 
On f.~ilY 11, 1971 dvt·~r;~ Qv~.H(icilt,on lt!st (ldph tt':npcl-~turc • rn~>:imum volt<J9c:) C>f Tc.pe 
RecordC>r t>~to CondHit·nt>r (ii~DO ~·/!~ AlO~,· the 6/cUlS c'utrvt \\oS notC'd to he vnste;b)<' t: 
1:~5!'f, The p.-c,blc~n. v~~ intcn·,)ttcnt end dtH to:r,R)<'tiN) of QvalH'irilt.iN, 1c~t tht' 
su!.pcct l/C (P/l\ Sl~(;!-4l73; lJHb Code 701'/i'.) 1;t1s opened (,.\unc 16, 1971) and H:vc:n P"rti; 
~~Cl'C found. · 

On l~ay 13, l97l dvdn9· i'nHi~l por:cr UJ'> C'>f lllOdl!'c 'evcl te!".ts (pd(ll. to HP) (lf ll gvH!.: 
l>:tcnsion t;,:>dulc c,f thC! WDC Mother f?>i1lll''e 1 subs.t-qul'ntl)· tn,ced to i>n J/C, occl!rre>d.. 
Thh P/1: hos b 5l·F"!Ds7~·i!0~), 11 1'/1\ SH!J4L73, dr.tc c0ded 701711. lhH fidlurc rw~ cJ)~.!' 
bcPn detcnnincd tt.' be due tC> an [!nHt<:r·Co))ector ~.hod caused by mctbllic pHticle cc.,r. 
tamtnation. · 
One oti1C1' fi:-1 lure. at the m:>oulc level has (.llso occvrrcd invoh·ing P/H 51~Pl-44Cflg031, 1: 
P/H Sl/::.ljl.04'f·l1, dlltc code:d 70cOA. 

Q>_g_lJ~;S l 0.:£: 
0d,n9 to the Pt's~.H,le tt•vedty t,f tlr\s prof>)c.o;n, the- l:R RcHilbnHy l·~lln:.ger aCW'it~~n':~ 

·· l·~r. C. !·~:.rrp!w o1 HAS/·,-(;[ (I~&QM v'i~istrd P.atoroh ilfld Tt->:ns Inst.ru:ncnt.!i Co. on 5/l:~/l 1 

and 5/13/71 rcH~r.cti\•c))•, to invC>stigot.e chcun.:.tances svrrotJnding thl'~C fuilvre~, 

EFHCTIVITY1 

ll3 .. 115 

APPf\OV /d.S: 

A J.L- 1 

,. 
I 

A 
i 

----
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f'l.C CODE ,_4 • !·~~ . 

Pl~JliS~~-LC!l{ (cont.) 
In c>:ur:Ji n in~ !',~tore•) il' $ f~. i1 vn.' analysis , the procccfu res \\'ere cons i clcrcd 
t.ilti!.filctor.\' in th;1t ilnC•:l•ulir:S h'et'C i~t•)iltc.'d toil ~pc·cifiC f1ot pilei: ilnd 
ftJrth<'t' i:IH: 1.\'lcd t" il ~.pccHi c ili'C~ll of the J C ci rcvHry, b,\' the use .of " 
cur\'C! trHn prior to opr:ni ng lhr: 11 iJ t l'iJc.l:, 1\dc·:?tJuC..\' of thr: r>t'OCf!(itJrc \,'3S 
\'CI'Hicd Ly findin~l the: cr,ntnnriTrilt!.·.!. in tiH! !.uspcctcd ilt'eils. P.~~mific<~tion 
pJ,ote>gnq.dl~ 1\C'rt> ti:l:cn using £J !iCiJnning clcctl·on rrdcroscope in CilCh in:;tilnCC! 
priot• to procc<•ding \·lith fu1·th!.!l' in\'c:~ti~Jatiorr5. Somn Cl'itici!;r;l could be · 
tnildc· conccl'llin9 the 1irst invr:~ti~!iltion 1:hr:rr l::>torolil lilb personnel m:>vod 
til~ plll'tit1c 11ith e; ci;n:>l llilil' br'ush rJnd tltc pt~rticlo (tkscribr.c.! ?·!· o fiokc 
approxinntf'lY 0.8 rr.n (O.DJOe") \li)S lo!;t. On the subsqvcnt investigations, 
rn)cro~'l'<>be l.'ilS pcrfor;;,::cf prirJt' to iJny attc:n?t to m~vc the pilrticlc. · AU 
fJol'tic)cs 1-;cre 1css thun 1 mil (O.DOl") in i1ny dirr.c:nsion. 

g)ct·oprobc dt~t£1 incHce.ted the fol'.lo-..ting: 

sg5t1L 9ti device_~. 1{1 « Fe .. Cr 
Slf5ljl. 73_device ~ 1\i ft Fr: - Cr ilnd AL 

S"54L 04 device • particle.lost • fla~c appe~rance • most lf~~ly 
source! h'OU) d be wr:1 ding s hg from eutccti c bond 
of chip tQ l',oilder or cap lJond stitch weld. 

Cobalt C>l' go1d Has not found, indiciltirtg that the rrtatct'iul ltas for~ign 
to the p~rc·nt device hntct'iblS, All t'iJdiOfWiJPhY h'c)S pcr·formcd at l·'r:>torola's 
Semiconductor' Loboratorics. 

lt !>hould be noted, th~t io11o;dng the tn·icropt•obt? or)et~Uon, the attt>chcd 
Plll'tic.1c: in th(• SJ.~SitL% device Has fot·eshortc:ncd iiP!J;n·c:ntly by thf.! l'ild)o ... 
gr{.Jphic. bo:~tbllt'dlli:nt. Subsequent pOi·:et·irH) t>f the cirwii t•csu)tc-cJ in nOl"l-:l~l 
oper£stiCJn. Thi~ l·:t~s a1HI true of the S!\5:;LO~ and Sl\~ttt.73 devic:f!s i.lfter· 
the piJrtic)cs 1\erc moved. R('i)li'ocem~nt of til~ fl<1\ pacl:s on th~ module 

· · b()l)rds fWCJ\'\d~d nw.-nol r;,odu1e opt!rbtion. Fo11~;dng discussions at J:::>torolil, 
t.hc W~ l:c·1it,bHity (Jf\d fU,S/•J!'$C reprcst·ntoti\'C ~~·ere DCCOll•?~nied by l·::>tDI'Olil 
to lt>>:us lnstru:n(·nis in Dbl1£Js fo1· discus~ions l."ith l~r. P .. ShanUc, Prc,gram 
f{anl!gel', and L l·:~curuso, Pt'ojcct £nginccl'ing, for these .dr:vices. 
At 1'1, diHtJssiClnS I.'CI'C held on PHts m:~nuft~ctul'ing, Q/\ t'CCOI'ds h'erc rt!V1c~;•cd, 
~nd V~l'l' ilnd pitr·tic1c failvr'C histories I'.'CI'C ol>ta)ncd. 1M p~t·t)ncnt dis· 
cussion points h'!.!r<: as fol1o1:s: 

J:!.t'l\.i_i~C_t_y I'' 1).2 • 
(\11 !il,L Scrie!. dc\'iccs inc1l!ding those to th~ Hvntsvnle $pe>c arc rnanufr.cturcd 
on the sDr~e prodvct.icl:1 11nc using the Selin~ peN))e:. Diffcrc:nc:cs in par·t ch~.s· 
Hlt:Hic:ons illld dc~.i9n:>ticns in this. t·cport i.ll'~ cifc~ctc~d b.l' ln~.pe>ctit'll trit~l'iil 
Qnd t~!.til'l!l pcdot'ii•C!d 1n proccssin~1. /\11 !>U Scrie::. pi;rts or·c asse::blcd 1n 
a good hcu~.('l;u·pin0 c·nviron::,cont dc.-~i!)nutc·d i.JS o Clii!>S 100 clcun roo:11 <~t:>iosphcre, 
i.e. nonr.:,) bvildinq Dir fi1troti0n \IIHJ tc~~~)crDttll'(: controls. 11\C' Hz 
pur~c l·:cldin? ci,bin(!t ,·ecc'i\•c!. 1\-;-. fto:n a bl/1\:. !>ti.tit·n <'·!'I'~'O,\:im;~1ely 1 rr,UC' 
bh'~y. riltr/ltion dJtD ft>l' thi!.~!-,\'Stc:u \:i:S ltnitUDinob1c ~nd filters ~;ere not 
lC•Cittc·d ct the tndt~ .. Possib)r: ~o~rcc:s of st~in1r:ss stcd P<'rticlr:5 1~crc parB 
1n•n5t•<•rt tri'.n, ~ur·~dc~) l•:'.'c·nr, n.'o:;, idr i:nd f:'l? pur[:e !>.\'Hc·:r.s. /111 pilrts 
iii'C tr,.n~;pllrl<:li in ~t;Jildt:~.!· !>t('t'l \t'il)'S tt~C~ liP ilitd MC (lf"(•J) to tiH~ l'CO:ll 
1ddl~ 1:c•r·f: i1> in pr\'~ll'I:'S$, CCl\'l'l'!- .;n: u~cd 1:hc·n p1-.rts oru in tram.it Ol' qorc·t'. 
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.QlSc~:::_s_~_(~ (cont.) 

r>:PlMIIED PH03t.tH 

PP.OlJLU~ f~EPOH'f !\0, ':'195·1 

T\~en'ty~fQLII' to th1rty~!.1X hc•urs cnn c1ilpse fo)1c,..:ing 100X vi!.tHll insprctic1ns 
i'lnu f)lli.ll c;;ppir:1 ('l'>l?l'iltiNlS, The ltOX vi~.u:Jl prc:c,~p ex~ndn~til·n~. im: 
ll()l'l'l)l1)' rerfCJl",:.(·d itlf•0~)i>tely r·rior tr1 1DrlX 1n~~·lttir•ns. Pi1rt~. ere· 1\Clt 
d!:r:tcd. H~.·r·vc:1·, Ci.t!1 i~ t'h·rn,~ ?TJ,r.~:f';l :cc..e;1~r::i:.;, ~~d Ll~[·Ld. 1 , ! f , ' '. ~ ,t I t i ' I 1 < i ( f : 1 · ~ • 1 .. ;. ~ • ' ' '.t \><' 1 : .' ' ; 1 i ."' \. .) '· ~ · -' \ J 

tr:;·.,r~.turt C)'C!li•D, ~:~r.:·.:.·:·nl1 f~nr: Jr:,.i: \.C'.t'., ~r,d ~\ ~r;,q Hi:.: LDilr:. of 
b\1rt1· )n, /1l1 r~~rt~. ill'l' 10:1;, ins~~c·ct.cd end te:~t<:d by n,;,wt'i•Cturin9 ond 
iH.fd) U l>na lly s ~n<i) l e tc s ted by Qwa lit.)' Cc>n t 1'0 L 

.Jnsr•t'ctic•n >:~rays for the 5!·:54!.95 lot il\ qllc·sUol'l \~r.rc l'evic:·.xcd on b 22X 
\'im·wr. The S!~~t.L95 ~ S/li £,!iO recC>ros indicuic-d this device to be c1Ciln, 
ln vic·h'll\!} fOtJI' dC!vices t.hvt ,,•cre rejected fro:n the sc;me lot for CCJI\totninil· 
tit1n H 1:~!> noted th(.t one fi1il PHtitle;. 1:ert> the Sl!ia11cst pr.rticlc!. thut 
covld bC! !>crccnrd by >:·r~ys; i.e ... thc 1/2 r.1i1 drtlJit bcmci 1:irc 1·ns not 
Vl$ib1c. Jn ~dditivn, the ~rca of cutc:ctfc weld (chip to hc~dcr) produ~0d 
M >:ftrii.Y den~it.y th<;t tOIJ)o mo!>l: scrccning dC>tcctic•n of smo1l particle~. 
Som~ 2 rnil Pcll'tic1r.:; i\Tt>tmd tile rc:riph(:·ry of thet chip 1:erc vcr.v appilr<~nt. 
TJ st.<:tcd t.hH .Pc'll't'ic1cs fot:nd in tht' fv11r!d dc.viccs l·wrc smal1ct· thon the 
screens required by in!.pcc.tion spccif\ciltions and the cnp~l>ility of x-rilys. 

·Rc\'iet~ of the in~pect)on records veriHcd this statement. 

f/\JI.liP.r Hl STOHY: --.. ··-----....... _,.. 

Joqt1ll·ics hy rm Reliability h~ve established the fo1lo1dng fai1ure his tory 
of 54l devices: · Approx. 
Dute neportcd Uvmbcr of Tot~l 

s;cmt.i,min~n~ Cock: By . fllil..!!.!.:£i . Dt•vi ccs 
70-ll Langlc.y SHS4l95 1 l rOJO ~!cld SplHt~1· 

fi.SFC 0 30,000 ...... GAEC .. ..... 0 3,3~8 
... .., .... lCDCh Contr-ols . ...... 0 84 
70-20 l{otOI'O lll SI~54L04 ' l Sos·pt·ct 1:c 1 d 

( '\P' I·Hss i em) (Pre ATP) Sp)ilttCl' 

70·39 lt,:>t6ro l i\ Sl~~4l95 
("J" Kiss. ir.>n) 

1 2,050 St11inlcs.s St(>~ l 

70~17 Re>t Ol'O 1 a SU5H73 1 Stainless Steer 
("J" l'·iHi<,n) and A1vminum 

70-17 l·~'torola SH54l73 l Gohf, Sniwfi, 
("J" Mission) Alvminu~ 

TJ '''OU)d not Pr0\'1c!c the> tote1 rl\Jmber of f>l!rts rn:snuf~ctvr< .. d since 1att· 1961) 
bvt 1nd)cirtcd dcli\·cry of ;>:;O,OJ:) in 1970 i:nd C!;.,ODD up to l~;,y 1~7L . 
f.on!'crv~t,vc·1y th)~ 1:ou1d proj[!ct to t.pprO>~iJi;(Jtc:1y 1 rni11ion delivered C.'C:\'iccs 
from lbt~ l9~G to daLe. 
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F/111.!1!:[ H!STOf:\' (cont.) - .. --·- ... ··-~-- .. ··-
lhesr stat'i~.t)c~. pli>cc thc inc1doncc n'tc optimistically at 1 in ?.O':ll~ 
units. Pcssh,i!.tica)ly, 'J,). f'roduc:c·d ?.~Ol: units in 1970, t'.nd all failures 
OCWI'rCo in unitS PI'OdtiC.C'd dlil'il\9 the: (9 I.'CCk pcriNI beth'CCI\ date t'C>~CS 
70-n 11nd i'O<,~. ihc 1iltel' ;:ppro:Jch y)l~lds l in 2C,OOO units for Ulis 
pr.dod. !'.~tid p;JI'tic1c c.ont1m"r1oth)n sho1·ts have not been t'CPOI'tcd in 
othCI' peri t.1ds f Ol' this proL:uc ti tm 1 inc. · 
l'.nwn 1cst Hh.ton• on f1:ilcd lots· ------·· .. - -·-----
(o';:>tOt'(l)b rcwrcl~. indicate: thot the fe>)lcy,dng nvmbct· of units \'tcl'c purcht:scd 
fro:n lot codes th~.t ~;·cr~ processed. outing c1r ncilt• the scm(! lvC!Ck fo1· fi}i)ed 

. pari~. 3nd opvr~tcd suc~essfun.l.' durir~g maJlUfactu,t')ng lind ATP tc;stir1g: ... 
UriH~. ·- ·D:stc Codes' -- ----
GO Doviccs 70·20 
40 D&vices 70·30 
1~ Dcvi~es 

113 Devices 

70-3B (Between· 2 fail date weeks) 

70-17 

248 DJviccs Total 
lha llOtcd 11nits satisfactod1y co:npletcd l·btoroh m~nufacturing c1cctrical 
c;hccl:s thilt scr·ccncd 2 of V•c J!.otoroh filil urcs, 
Odcntil-tic•n of tfH! Ul\its llnd devices 1dthin the units indic~tc that A\'T 
should be an effective screening procrss. Sub Mll size particles, and the 
inlornal ~pacing of circuitry does indicbtc, that thP particle must be pl~ccd 
er.actly to produce r<?sults r,otr.d. 'To date, the /\pC>11o pro9t'am has c•xpedt1nccd 

· · th'O fvi1ures thiit pilsscd 1\\'7, one due to~ loose pC~rtic.1e and one due to a 
particle ~tt~ch~d at one end. · 
Apo))o CSJ', !>~l 1/C usilgc is as folloi\'s: 

£nd 
.U£m 
Diltc'l 
~loclul il tor 

.TRDC 

ORR 

P.ET 

P11rtic.le r. ffcld 
Svb-S;rt. 
>:~ n,,,\. ~pre. 

ltlpha ~p::c. 

~II 1\ilp Cl31ii0l'i: 

l'.otorol il 
Scottsdvlc, Ariz. 

Motoro)a 
Scottsdu1c, Ariz. 

lcllch 
AzusQ, Ci11if, 

GAC 
Bethpage, I~.Y. 

lRI! 
Hc~dondo (\(•i\Ch 

Nn~l'\n.n Scit•ncf.! & 
rno)1\('('l'lnQ 
C~l;l!'l'i i;~,r,. K1!.~ 

r~in·hi1d 
S~'C•!:!·t·t, H,Y, 

' . " ~ 
··:· •: , ... .i••:'t' ....... '• 

54L 's 
~ed 

lS 

150 

4 

98 

l6 

299 
2!19 

!.l 

Attachment E (Sh.,.Pt Lt ,...f' 7' · 

Vehicle 
Usag_£ 

113/114 

113/114 
I 

113/114 

ALL 

"3 o~~u· 

l l 3 o:n Y 
l) 3 o:iL \' 

All 
. . . . -· ... , 

I I If • , I 
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fl~L~P-r J_{l S T.Q~~~ ( c:on t. ) 
Otf,er 5~ L Sct•i c s dcv1 ce u.s crs a rcn 

fQ!.l.!.r~ c t o r 
M:>tot·o 1 a 

Sfngct· l~carfott 

Locl:hccd 
Hughes 
T.R.H. 
IMSA 
JPL 
Co1lins f!lldio •· 
All (Atrbot·ne lnstrvm(.)nt Lab) 

222~ 

ProJl!:i~ 

/~pol lo Scyleb 

lH l-ILT 
P~!l~ Classified 

lnt~hat J\' 
Advonccd Pioneer 
\
1D r1 OLIS 

Vwious 
V~dous 

Lin l:n O'd n 

l'l•.l>L !J of 7 

Gcncrill Time· Uilf:nwn 
Bend{>: Unkno1m 
Martin Denver fvalu~tion for Vil:fng 

On Jvnc 10, 1971 l:R di t•cct.c~d l·',~tot·o 1 1> to open and c·>:"mi ne ten (l 0} 1/C' s 
dl)tr: coded 7017 for conductive ~)i!rtic1es. This effort tJi)S f>cen completed 
and thr: t•csuHs ilrc doe;tu.-.::nt.e:d in Test ~~~m::>l'ill1du·n 1\o. 1350 (I·H~.ched). 
l·htot·o)i, toutH'I ioosC! conductive ~ilt'Uclcs in four of thr: nine llflits 
c>:amincd, spc:>cimc:ns 2, 4, f3 and 1(1, {Spcc~m~n 6 H~s acc;idcntly c!cstroycd). 

A s tl!lrnt~ I'Y of the con duet i vc il nd non- conductive rn:~ tct·iill found te>gcthi?J' 1d th 
o. possible sout·cc· fo11ws: 

A 1 , ·ca , l·~g, T1 
Hai Cl · 

. A\, Cll, 1~, S~ 

A), )~, Si 

Cu 

Pb 
Ba. 
p 

s 
rc 
rc, l:i • Co. 

Au~ Si 
Zn 
tH ... 

Attachment E 
(Sheet 5 of 7) 

Tbl~ • Finger Cots 
flody sa l.t 
Gdndtng ,,•heel 
CC\'C'I' ghss 
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P/\C CODE ..J·!i:~ 

[Al q!llLJ!JYl(lHY (cont.) 
Of the f(Hil' pr,~vic>tiS fid1uros repvl'tcd, t\,'O of thC> c-c,nductivr. p;1rt.1c1e>s \·:rrc 
·1oent.H1cd i;S s1il'in)£:s~ ~t(:(:) Prcr.vr..~!Jly intrc,~uc.c:d into the J/C's during 
the thill\trrt>cttwin9 cycle I•Y trc,nspt,rting the unC<:I'Pt·d chips on st<:in)c·~.s 
s1ce1 trc•,l'S. lttC! o1.1tC:l' h:o foi1urcs I.'C!rc idr:ntifit·d b!> i.i) prllb~;b)c· 1:01d 
sphUCl'\ £Jnd 2) ciuc to pilrtic)c~. con!.)sting <'f gt'11d, si1ic.on ilnd gold, MH~ 
alunrlmrn. Ho stuinlC'~!'i !.tcr:) pill'ticlc~ 1-:r:rc {ound in the nine s~mplt>s i.nd 
{t is concludc·d that the pi>rticlcs in thC!sc Si.l"r')c·s \,'CI'C either introciuced 
du1·i ng the opening of the: de vi CC's 'o1· er-n be trHcd to dc:v\cc m:J teri a 1 s. 

C.Ol:Cll!S l 0~1~: 
Jf}..,The lr:ilnuf£Jcturing r:1r.thods of o11 .th1·ce device cliJsscs (St!S4L, SH54l, 

}'!" Sl{£!•t.l) c>:po~r: th~ thn:r: cli.lssps cqua11y to cont~:ni.nilticm. 
~. 'fhc ulU!i•llte solut.icm is lJ fJiJ~sivating hycr on the ch1p StJt'fi.lcc. 
3, >:-ray ilt\d prcSt>l\t IJI'€'·top inspt·ct\ons ore inadequate to preclude prc,blc;ns. 

~. Present highe~t c1&ss (SJ::5~L) tests \dl1 not pt·ovide ~ 100/.', SCI'ccn. 

't<'\~sion EHc·ct Evil1ll2_tiQ_Q 
I 

1. The lRDC uses 150 of th~ 5~l s~~ics l/C's. Prior to release of C.O. 
l{o. 79(.(,90 eHectiw: S/C 112 tht·u ))5, f~ilvrc C'tf iHI..V (lM of 115 devices 
\-:ou1d Mt ~ctuvtL' the Tf:DC to the• fili1 s<tft> rn:>dc, lhc noted E.O. rnodi­
f'itl.tion a11c,,·s $\·:itching the i!H)C to the {oil sofc FJ(}c.le by ~n·ound 
conn,t~nd. Thcrt-fot·c· the uni.i 1:ill ~ut0:r,iltic.a11y shift to fi:lil s~fc as 
Od9'il\l1lly dcsi!)nl;'o ft'·l· C~O)' of 35 foi1lirr:~ <:nd con be co:m,;,ndcd to !>h''itch 
H li"Y o~· the rc;;~ilining 115 V•l S~;rics devices fail. 

Th~ tt.·o rcrn;,inin(\ DltR's ~s~i\'lllC·d .to "J'' mi!.sions (S/H 7 • S/C 113 "nd , 
S/K 23 • S/C 114) h~ve measured flutter ch~r~cteri~tics of 0.61 ~nd 0.7i 
r~spcct.)vcly. · ihh degree of nuttcl' h'ould r.Dt serious1.\' dcgrC~de repro· 
dutcd dbtu in the event it 1\'ilS m~cessHy to usc the by·pilSS r;,ode c,f the 
1J{DC •. 

2. lh~ DDta Recorder Reproduccr'(DnR) use 4 of these devices. 
~n.v of these clcvices \·:ould c~u~e loss of c,Hher of tv.·o dt~til 
Dc\'ict•s instz;11ed in these uni.is \·:ct·c rr,:•nVf!lctur·cd by ll in 
~nd·G9-&1 dote coded p~riods. 

f11·0urc ·of 
chilnn01s. 
the 69-21 

3. The Datu f.l::~du1utor (D:·n vse:s lC of th~sc Ol'VlCC'S. TI\O arc used in the 
caHbri•tc u,:H1c. lhc n~:nttininn 16 dc-vhc:s t're /lssoc.)iitcd 11it.h the three 
{'IU;~C: tuodulcJt!~d sub Ci>l'l')crs. · ThC'H' ilt'C: ~·7Gl~lfz (G,. l~l~S phy b~cl: <lilt\\}, 
7{)Cl~Hz ((,4 l:!~S l'l~ill tirr.~ d;:t(l}, (1!\d )02td~l\z (f.'!.?. t:l~S fi)C.\' bilCI~ datu)· 
/;,1'.\' 1/C 1ai1UI'\' (>CC\JI'I'iltq in ill)_\' ()1 the:;(' c.hu\\1\C:t~ \\OUld r<·~;vH in thr. 
lc,s!. of tht~t thilnrw1. r.H Scr\e>s dt•\'ice~ utn1zetl in t!tc D:·\ \\Crc 1\J:liW­
hctur(:d by ll in thl' 69-~1 c1llO 70-03 di\t(' code periods. 

Sttrr t _1 JLiiJJ.:Ul~!J~i~·:.:~i_!_C~i 
R<'l,l'\·sc·nt1.ti\'(' s\l·:,~)rs of f,t.t. l/C's lo'CI'P. obtzlincd frCI-n l~otorc•1a, teach, 
l(•):i''· ''''l'''::::'nts ilnd L)rC ;nd !.\J!>,ic:t.tcd to~, r.pc:ci<;l !.C:rc~·nin~·~ tl·S\ 
OC\'t'll•i''-'d by /o.vtt'lwtir.!.. 11~~ tl'·t \:,,s ~pr:cHict:lly ln~-tHt1H·6 ;Cl t;l'il'd 
~~~i;1l rcnduct.ivc nniclu. 1:itlnr: the l/C p~ti:;~M. 1hr t(·st ~uhjC'cg \hc-
1/C to ,·n i':l'f'rl':-:it.~t~·),\' 70 1: ct·•t)n~•C'V~ !-ir,!~ vit·ti:\iL,n, int(·rsper~t·cl 1:1th 
btl \ll'l'I'O~:in ... tc );'(•;, H.J l•ill HU•:t0 ~ll:.1cl: C\'l'I'Y 7 ~t;c<1nd~ .. 1!1(' inl,vt·· ''"d 
{)\l'fj'·' 1 ~~~· ·1:i, J/ ... -- tl<t:<.."•''' :.·~• t•v~l1 .,,,,,_.:,·~..:. l:,,,,c<tur,fi·I,,,;G)f· :.··'/.~.:· /<· :-T 

Attachment E tct.,,..<>'- f. , .. ,of •n 
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}~"PI.[~~lG!~L_lt\FO!~I'.'~~fJ_(~i (cont. } 

11'1tich 1ilst~ 30 rrdniJtn. fifty-t1·:o (t,?.) dcdcPS h'l.'r!.! sub:rdttcc.! "'~ "HR" 
.svrp1ir:d i:nd si>:ty·d~ht (C8) b!. "I~SfC" supplit:d. Eight (C) fai1UI'CS 
\I(:I'C: l'CCOl'OC·d of tht! 120 pi C:CC!. tc~ ted, 
'The r:inht fci1ed dC!vic..C'~ h'e1·e hilnd Cilt'l''i.C>d tD lc·>:os lnstt·u:nent!>, D<~1lbs, 
lt>>:os and illlill,\'sis pc~dvril"C>d. rive ()f the ci~!ht dC:vicc:s 1·:c:r·e found to 
h~·VC: )oo~.c: pi!l'ticlr:!. 1-:lthin the P"<:l:c:~c \\'hem 1.ho dcvic·CS 1·:m·c Dpuned. 
lhc rcsvHs of the iinu1.Y!.is 3t'e t11l.JU1ilt(.!d bulo~o:. 

J>IH . 
7045 lR{)C I{C'~t·ly CVCI')' irflpi;ct ... 

ltClrd faUvt·c: n:::1:sincd 
~t. tctt CCII\C)ll$iOn. 

One loose p~rt1c1e -
3 >: 4 mi 1 M ir-on 1d th 
tt'ilC:c of gold. 

Sl~5ftl95 ( S/H 557) 703§. TflDC 22 titin. at 20 1rdn, One thin loc•!>C flill:e­
hr.rd ''fai1urc - .I'Cm:sincd ovr.l ~i >: 9 lni1 ~ go)d 

Sl'.54L95 (S/11 508) 7039 

7039 
'. 

SNC54L73 7017 

Sl\C54l~5 · .. '10&0'. 

SH54l10 7016 

Sl\5t,lOD 7020 

TROC 

TRDC 

TRPC 

')ROC 

TRDC 

iiWC 

. 6t test conchJ$ion. 1\'ith t1·oce of iron. 
T~,ro fi>:cd pHt'ic1cs. 

?. rn1n. ,3 min. Thrl!e 1oo~e pc.rticlcs ~ 
01~ t•cst c,.f tc:.st. · .4 mil and ·th'Cl 1 1a'i1 -Ci1C.: 

{}C>)d <1nd one silicon. 
Ono fixed parLitlc. 

17 min •• ~2 min. then One fixed particle 
r~ndo:n fll\lurC!· 1dth 4 lflils long. 
itrtj)DCt<{JI~ b t Ct.JI)Cl VS ion. 
1 mi IL , 17 nli o. , ?.2 m\ n, T\\'0 Ot' three f'l>:C?.d 
Ol~.l'l'St of tc~t. pilt'ticlcs 2 lili15 11nd 

one 1 >: 7 rni 1s. 

5 ~i~. h~rd fbil~rc - l\\'0. loose "jJ1.rtklcs 
.rem~i~cd ~t test 3. mi) dio ~ cob;J1t 
conclusion with trDcc of rDld. 

One fixed p~rtirle. 

then 01~ 

. 

2" 1/2 min. One loose purt1c1c -
rest. of test. l x 3 mil • gold with 

trace Df silicon. 
One fixed p~rticla. 

llt,·;~:::di t'ltc - CNl t i 11l/OlJS T11·o fi>:cd parUcles, 
\·~ \ { h ('(l C 1\ ) lr1;' i) C t ~ hill'Q 
f u i1ll rc t·c-~n;: i n c d il t 
test conc)l!!-\vn. 
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Daw 5 January 1972 

To L. Deusterberg 

Letter No. 97 21-266 3 

' From R. Hiebert 

Subject 67 U. T, D. Gross Leak Flat Pack Rejects 

Of the Flat Packs sent from UTD for the Autonetics screer., 67 parts 
were rejected at gross leak. (All 67 parts passed the fine leak test on 
the initial Autonetics screen). The gross leak appeared after five boxes 
of parts were tested without a failure. On the sixth box containing 16 
parts, the first ten parts were all observed to have bubbles and the test 
was called off before the remaining parts could be run. All UTDs' devices 
had tape insulators on the back of the package. 

The 67 parts were ret~sted for fine and gross leak at Autonetics with Bx.A 
Quality and Reliability as well as DCAS observing the results. The re­
sults are tabulated in Table I for these parts, Of the 67 po-rts retested, 
three passed both fine and gross leak test with no evidence of bubbles on 
the part. One device (SM 54L 71 S/N 1 00) failed fine leak with a reading 
of 1. 2 x 1 o- 7. 

All of the remainiri'g 63 parts had bubbles coming from the device. The 
devices were carefully observed and the bubbles were observed coming 
from the device in three different locations: 

Type A: Bubbles were observed being emitted from the blue 
dot under the tape. 

Type B: Small bubbles were observed coming from the periphery 
of the tape for about one second. 

Type C: Bubbles appeared to be coming from one location at or 
near a given lead, 

All eleven parts exhibiting a Type "C" bubble emission wer~ retested 
after removing the b.pe from the. back of the package, Two devices were 
rejected as gross leaker. (See Table II). One of the two rejects exhibited 
a short burst of bubbles. No visual anomalies could be eeen under high 

Attachment G 
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magnification, The other unit had a stream of bubbles coming from 
lead number 7. Visual examination revealed a void in the glass seal 
for the lead seven feedthrough. These two devices as well as the fine 
leaker were retained ~y Autonetics for additional analysis. 

All of the remaining 61 devices are not suspected as gross or fine 
l~aker since the source of the bubbles is known not to be from the interior 
of the case or, as with nine of the eleven type C bubble emissions, when 
the tape was removed, no bubbles were observed. The parts should never 
be fine or gross leak tested with tape on the package. 

RH:mc 

Enclosures 

cc:: S. Ellison 
J. Hendrickson 
T. Fox 
D. Cook 
M. O'Mara 

Attachment G 
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SM 54LOO 
S/N 
908 
935 
936 
911 
924 
914 
923 
909 

SM 54L73 
S/N 
231 
215 
244 
233 
263 
249 
257 
217 
232 
248 
235 
259 
219 
250 
242 
225 

SM 54L71 
S/N 
016 
021 
041 
127 
100 
003 
068 
010 
113 

54L ALERT 
BxA Response Summary 

/ 

TABLE I 

F.mission Type 
A 
A 
A 
A 
A 
A 
A 
A 

Emission Type 
A,B,C (lead 1 2) 

B 
B 
B 
B 

B,C (lead 2) 
B 
B 
B 
B 
B 

B,C (lead 11 & 12) 
B,C 12 

A,B 
A,C (lead 8) 

B 

Emission Type 
passed 

A,B 
A 

C (lead 8) _
7 (fine leak 1. 2 x 10 ) 

B 
A,B 
A 
B 

Attachment G 
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S/N 
no 
949 
910 
948 
937 
953 
913 
9?2 

S/N 
253 
256 
229 
258 
238 
266 
267 
255 
241 
234 
236 
228 
230 
243 
221 
222 

S/N 
Ill 
086 
040 
091 
126 
042 
090 
007 
116 
125 

ATM 1081 
A 

PAGE 34 Of 

DATE 30 March 1972 

E:misHiou Type 
A + C (lead 7) 

A 
A 
A 
A 
A 
A 
A 

Emission Type 
B, C lead 7 

B 
~.c lead 14 
:B,c lead 9, 10 

B 
B 
B 
A,B 
A,B 
B 
B 

A,B,C (lead 6) 
B 
B 
B 
B 

Emission Type 
A 
A 

passed 
A 
A 

Passed 
A,B 
A,n 
A,B 
A,B 
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(Units retested with tape removed -- Type "C" Emission) 

SM 54L73 
S/N 
231 
249 
259 
219 
242 
253 
229 
258 
228 

SM 54LOO 
920 

SM 54L71 
127 

Lead (s) 
12 
2 

11, 12 
12 
8 
7 
~4 

9 and 10 
6 

7 

8 

Atta chmen~ G 
(Sheet 4 of 4) 

Retest results 
No leakage 

No leakc.>ge 

Gross leak 

Gross leak - minor 
indication 

A 

1972 
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Internal 
Memorandum 

Date 4 February 197 2 

To R. Dallaire 

Frnm R, Hiebert 

I, 

LPtter No 97 21-2700 

Aarotlpece 
Systems Division 

•;,,,,,,, 18 Hermetic Seal Failures Sent to Autonrlics for Failure Analysis 

The devices all failed hermetic seal test as indicated in Table I. 
The units were all given the dye penetrate- test and delidded for 
observations. The pictures are at Automtics and have not been 
returned to BxA for these parts. Eleven parts had dye penetrant 
noted in the cases. Dye will, on occasic:m, not penetrate a leaker, 
In some cases, the gross leak test will seal the leakage which will 
inhibit the dye from penetrating the packege. Two gross leakage 
paths were observed visually. One of these devices had a cracked 
glass eyelet seal and one device had a pe<Ntr lid weld. One of the 
devices had excessive amounts of oil and dye in the case indicating 
a real gross leak, One device had an or.ganic type of growth on 
the bar indicating the package was a gro.n leaker, 

Four devices had curve traces with soft Jmee breakdowns, low 
breakdowns, and/or shunts, These fourJrad no dye penetrate or 
visible evidence of leakage, although pa'I'.ticles were observed in 
some of the four parts. These soft knee !Dreakdowns can be as­
eociated with oxide defects, 

Seven devices had particles in the case: !two of the devices had 
unidentified particles and five had gold :particles, two of which· 
were loose. Gold slug is caused by oxygnt present when the bar is 
scrubbed in, 

Two devices had a chip from the bar whkh was loose in the case, 
These chips were caused by tweezers used to hold the bar during 
the scrub in operation, 

Table I is a matrix of a:ll the parts by S/lf and observations, 

~;.- '- .... :: ~~. .!..-; u i ~q i[l 

· · J. f.Tcndrfckrwn 
1', Fox 

~~@-f~ 
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TABLE I 

OBSERVATIONS ON 18 HERMETIC FAILURES 

Type S/N Leak Dye Obaervatione Particle Obaervatione 

I L71 038 Fine No Oxide anomalies, C. T~1'analylia indicates None 
soft knee breakdown• 

z LZO 065 Gross Yes C. T. analysis indicates 1oft knee break- None 
downs 

3 L73 IZ4 Fine Yea C. T. analy•il indicate• an unetable low Other than growth -
resistance path. Organic growth noted in None 
case on bar 

4 LZO 4ZO Groes No Chip out of dye looee in caee Gold &lag attached to 
bott~ cue ~ Sll.tlCIN 
p- • 

5 L1Z1 150 Fine No C. T, analysil was good. Oxide anomalie1 Gold elag not loose 
observed but caused no electrical anomalies 

6 L73 769 Gross Yel C. T. analyeh indica tel eoft knee break- Gold lla~ looae in 
down. Chip out of bar C&le (1 ...... \1,.\U..., 

""""""~. 
7 LSI 187 Grose No C. T, analyeie was good None 

8 LOO 1157 Gross Yes C. T. analysil indicated eo!t knee break- 3 smtJ.l alan particles 
down 

9 LZO 398 Gross No,' C. T. analylie indicate~ ahunt path in circuit Loo1e gold slag ( 'Z.) 

10 L93 300 Gross Yee Excessive dye and lots of oil in case. Lots None observed 
of shunt pathe. Unit hae a real grou leak 

11 LZO 134 Grose Yes C. T. analysis indicate• soft knee break- Stationary unidentified 
down particle on bar 

lZ L30 171 Gross Yes C. T. analysis good. Crack in glasa ual None 
(eyelete) in caee 

13 L30 010 Gross Yea C. T. analysis indicates low breakdown None 

14 L73 84Z Grose Yes C. T. analyeie indicates eoft knee break- None 
down. Poor lid welds 

15 L04 39Z Gross Yea C. T. analysis indicates excessive shunt None 
paths, excessive dye in caae 

16 L04 1Z91 Fine No C. T. analysis indicates shunt paths and None 
low breakdown&. Contamination on edge 
of bar 

17 L04 157 Gross No C. T. analysis indicates low breakdown Small gold colored 
in pin Z observation. Di!fuaion fault, particle on bar 
substrate to collector 

18 L04 045 Gross Yes C. T. analysis good. Excessive dye in None 
case 

14 liT€' (l) c. T. = c.u~ve -r£Ac.~ 
NO I(' Lt.) ~ ... £.'T1C.\.." cor-n ~>.t'r'lt~A-nON ~rt.. ~ P,o.a.TS /'loT ~ll:li,OIJI.~ 'i ~tf'DI\:r~o S•N~C" T~+c.-s~ 

p,.,e.r1t ~lilolt.trO ~.c. ~'f' /l.ta'T'n. ~~,..,. Vld&fG<l't0-.1 ~r .. 
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(PLEASE TYPE ALL INFORMATION· SEE INSTRUCTIONS ON REVERSE) 

J1 G!'NFRIC CLASSIFICA~·ION 

- " -·-,.r...;:~c:--.... ~· 
;. :-"' 

1
• 

1 H • Microclcctroni c 
t~-~.:.~~u ~ li Circuit Flatpack 

(R~po1 t1ng P"'" anc1 Mrttt•r~als Probl~msl ----

NAT!0r·•lll AfRONAUTIC$ 1\NO SPACF An~ ·~ 'iiRI\TION 7AI.FHTNO 

MSFC-71-21 

4. MANLJF 1\CTURER 1\NO /\DORESS 5 PROCUREMENT SPECIFICATION 6. Rf:F-[RENCE 

Texas Instruments, Inc. !-fSC-71-04 
P. 0. Box 5012 
Dallas, TX 75222 

Various (See 10) 
1. MANUFACTURE f1'S (~)£:~S-:-:.,-:G:-N-:-A-:T:-IO:-N-+8:-.-L-:O-:T:-/-O-A~T-E-C-O-D-E-· _O_R_S_E_H_I_A_L_N_O_.-...f 

1--=-------------l..-~.lli::..,~ili Vnrious 

1

9. SPtCII\ I. REOUIR EME NT S OR ENVIHONME N I lll•qu,•m•nto ptx•d un ot oxrr•tn# •nvitunmentr<> wlti<h mm w•• ••xpo,.d.J 

As stated in HSC-71-04 one failure occurred durin!? equipment qual! fication vibratio 

1 tcr.t in,;; two failures occurred during first cncq;ization of devices in equipn1ent. 

J10. PROI~L [ r,l Sl TUA TION /\~0 CAUSF tSuue fiiCtr of problem •nd t:~UU' - '•IIUTI mode.• dnd ntt:Ch.1m~m - PIOJI.'Ct and ftmf'liOnJ 

1 As sL.,tcd in ~1SC-71-Q!, investigation of 3 failures of 5qL·S~rics integrated 
i cirCld ts used in the Apollo J-Mission tape recordct· data conditioner revealed 

I. Co!ld .• ctivc metallic contamination in the devices. The parts involved arc: 

l. SN 54L04T-l.l Date Code 7020A 
j ~. SNC 54~73T Date Code 70l7A 
j 3. SN 54L95R-l Date Code 7039A - (Manufactured to the requirements of MSFC 
I Specification 85M03766) 

11 ACT IONS TAKEN (Sroro ~II ..ctrOIII t~ken to ~om·crrhc ptobl•m litu•tiCIII.J 

Since one of the failed devices had been processed to MSFC Drawing 85M03766 and 
man11facrured on a MSFC Certified Line, MSFC re-evaluated the Dallas line. This 
resulted in the certification being suspended on July 15, 1971. TI immediately 
instituted corrective actions: Laminar flow clean benches were installed in the 
pr(;cap visual inspection area; weld shields were added in the sealing chambers; 
visual inspection of device lids (prior to scaling) was initiated; and hard glass 
conlalners replaced aluminum conlainers for storage of package lids; spray wash 
after precap. prior to seal; and inverted storage of units after spray wa:;h and 
privr to seal. The line certification was then reinstated effective July 28, 1971 
(Continued on page 2) 

12. A[COMMENDATIONS FOR FURTHER ACTION I!Wggow<>nltoorr~••"ttocurr.n".l 

In critical single failure point applications, all 54L91, 54L93, 54L95 devices, 
rcc;.n·dless of date of manufacture, should be replaced with devices that have 
suc,essfully passed the monitored vibration/shock test. 

In critical single failure point applications, all other TI 541 devices manufac­
tur~J prior to July 28, 1971, should be replaced with devices that have success­
fully passed the monitored vibration/shock test. At this time, Autonetics has 

(Cn· • i nnNI on P<l''" 2) 
13. CONTACT POINTS FOH INFORMATION IN•mtt, •llrlr•rion, tot•phon•t 

Ron Barlow, A.C. 205/453-3987 
NSFC, S&E-QUAL-QT 

14. MANUFACTURER 
NOTIFIED 

8 Nov. 1971 
DAY I MO. T YEAR 

1& ALER i COORDINATOR INJm•. •flil•.rionl 16. SIGNATURE OF .O.LERT COORDINATOR 
ElL:abcth G. Nanning, S&E-QUAL-QRA 
Gcvrge C. Harshall $pace Flight Center 
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11. ACTIONS TAKEN (CONT'D) 

In addition, two other improvements are scheduled for the near future. 
A class 10,000 horizontal laminar flow clean room for chip inspection 
through package seal will be in operation by December 31, 1971. 
In first quarter of 72 a quartz protection system f(\r chips will be 
available. 

To determine the extent of particle contamination of the TI S4L 
devices, MSFC and MSC jointly arranged for monitored vibration/shock 
testing of 120 devices at Autonetics. Of these, 77 were manufactured 
prior to May 1971 and 43 subsequent to that time, (It was in May 
that TI became aware of the failures and instituted improved handling 
and storage procedures.) Eight devices manufactured prior to May 
failed the Autonctics test. There were no failures in the group 
manufactured after May 1971. 

Of the eight failures, four were 54L95 type. All eight were opened 
and loose particles were found in five units including thcee of 
four 54195. This high failure rate may be attributed to two major 
factors: 

l. Increased complexity which requires more metallized paths that 
are also closer together. 

2. Larger semiconductor die which requires a preform be used 
during die mounting. This preform is a source for potentially loose 
slag. (This applies to 54191, 54L93, 54L95 devices,) 

While no failures were experienced on 54L91 and 54L93, based on 
similanty in chip size and mounting method to 54L95, it is recommended 
they be categorized with 54L95. 

In light of the large number of failures during the first test, it 
was decided to subject 65 of the good units to the monitored vibration/ 
shock test again. There were no additional failures during the second 
run. These results provided a high degree of confidence that the 
monitored vibration/shock test is effective in detecting particle 
contaminated d~vices. 

12. RECOMMENDATIONS FOR FURTHER ACTION (CONT'D) 

the only known facility capable of performing the monitored vibration/ 
shock test effectively. For information concerning the Autonetics 
test contac.t: 

Mr. Jack Mann 
North American Rockwell-Autonetics Division 
3370 Miraloma Avenue 
Anaheim, CA 92803 
Telephone: 714/632-8777 

Reference Autonctics Test Procedure IOD273/77, "Particle Contamination 
Screen." 

Attachment I 
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Subject: 

Attachment: 
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Ae,·ospace 
Systems Division 

3300 f'lym.;:h<lh f\, .• l 
Ann .Arbdl. ~\.~~. . .-tl,,, 1 : 
Td (JI3) lioC.-7/,;,; 

The Oondix Cu• i . " : · ' 

BxP. 0. 5069(TF) 
72-970-5443 

Mr. P. Donald Gerke, Manager 
Lunar Surface Project Office 
National Aeronautics and Space 

Administration 
Houston, Texas 77058 

13 March 1972 

Response to Action Item from the Array E Parts Status 
Meeting held at MSC on 7, 8 March 1972. · 
(Review of TI-SM54Lxx Lot Test Data) 

Screening Results 

Dear Mr. Gerke: 

The subject action item reque!:lted Bendix to provide MSC with lot screen­
ing ir1fvrmatiun for t~.t cc •y peb ui :;oil.. oc~ ~ .. ., :intocg:.. Cl.i.c~ .:.~ ......... i~.;. 71 .. ,.,., 
devices were procured for use in Array E hardware without Bendix and 
without GSI pre-cap inspection. 

Bendix Reliability and Quality Assurance visited TI-Dallas on 6 March 1972 
and reviewed screening data for the following parts: (1) SM54LOO (DLC: 
7144 A), (2) SM54LOO (DLC: 7145 A), and (3) SM54L04 (DLC: 7147 A). The 
results have been summarized and are included in the Attachment. 

The review of screening results showed that lot yields were: 

(1) 
(2) 
(3) 

SM54LOO (7144 A) -- 68% 
SM54LOO (7145A) -- 51% 
SM54L04 (7147 A) -- 44% 

( 94 of 139) 
(hJ6 of 207) 
(116 of 266) 

and that the majority of the fallout was distributed a~ong three tests: (a) the 
40X and lOOX pre- cap inspection, (b) an in-process electrical test equivalent 

Attachment J 
(Sheet 1 . of 7) 
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13 March 1972 
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to the EM2, but not required by 85M03766, and (c) x-ray. 
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To determine the significance of the device fallout, each of the above screen­
ing tests was carefully evaluated for effectiveness. Thc.65o/o AQL sampling 
verified the effectiveness of the lOOo/o pre-cap inspection in removing con­
taminated and visually defective devices. Similarly, the results of the 
EM2 screening indicate that the in-process electrical test, which was 
aqded to the screening sequence by TI, is effective in removing functionally 
marginal and defective devices. - However, the initial reaction after 
reviewing the results of radiographic inspection (8o/o, 4%, 4o/o rejection) 
removes some of the confidence built up by the pl"evious screening. A 
deeper examination of the x-ray rejection revealed that most devices 
rejected are not Rctually discrepant. Causes other than device defect are 
usually responsible; typically, only 5-10% of devices rejected for extraneous 
matter actually contain foreign materials. The :remaining devices are 
reJected for apparent discrepan.cies which can generally be attributed to: 

(1) contamination on the plastic trays wl!Jich hold the devices 
during the x-ray exposure, 

(Z) x-ray- film flaws, 
(3) false images; e. g. scrub-up materiru, and 
(4) gold plate sticking to the glass heade:Irs, etc. 

Therefore, these apparently high x-ray rejectio:m rates are not real and they 
do rep-resent acceptable rejection levels (equivalent to approximately.6o/o, .3o/o, 
and.3% as opposed to 8%, 4%, and 4o/o), 

Conclusions: 

The review of the lot screening data, which has "been summarized in the 
Attachment below, indicates the results are cons~stent with lots previously 
pr~cured having Bendix and GSI pre-cap inspecti.Dns, In addition, it must be 
noted that these devices were c:apped subsequent to "cleaning up the line" and 

Attachment J 
(Sheet 2 of 7) 
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line recertification by MSFC. Therefore, Bendix believes that referenced 
SM54Lxx devices are acceptable and should be approve~ for use in ALSEP 
Array EQual, Flight, and Flight Spare hardware. 

Very truly yOPUrs, 

~ector 
ALSEP Prog11·am 

TWF:b 
cc: P. Clyat1t 

J. Langf•ord 
E. Smith 
A. J!;cke:n:mann, M::,t-/Boeing 

Attachment J 
(Sheet 3 of 7) 
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ATTACJIM.E:NT 

Contained herein is a summary of the lot s crcening test 
resu]ts for the following devices: 

(I) SM 54LOO (DLC 7144A) 

(2) SM 54LOO (DLC 7145A) 

(3) SM 54L04 (DLC 7147A) 

TTpnn .,.,,;"'wing the ibt?. tab~lated bel~w, it •.vill be nctcd 
that "read and record" data at -55°C and tl25°C is not 
available for the devices from DLC 7144A and 7145A. 
Texas Instruments did not have the on-line caoabilitv to 
identify the serial numbers at temperatures other than 
Z5°C. MSFC waived this requirement and allowed TI to 
perform the EMZ tests at -55°C and +125°C on a GO/NO 
GO basis, provided that TI perform a 1 o/o AQL sampling 
check. Subsequent to DLC7150, all devices have the 
"read and record" data for EM2 testing; a TV camera 
was added to the automatic test set-up which provides 
serial number identification for data correlation, 

Attachment J 
(Sheet 4 of 7) 
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SCREENING RESULTS 

Device Type: SM54L04 

Date Lot Code: 7147A 

SIN Range: 1889 - 2019 

Screening Test Start Qty. 

1. 100X Pre-cap * (passed,65o/o AQL) Z66 

2. 40X Pre-cap ~· (passed.65% AQL) 169 

PAGI 45 OP 

DATE 30 March 

Sheet 2 of 4 

BxP. O. 5069(TF) 
72~970-5443 

End Qty. o/o Fallout 

169 36o/o 

163 4o/o 

3. High temperature stabilization bake: 48 hours at 200°C 

4. Temperature cycling: -65°C to +150°C (10 cycles.) 

5. Acceleration: 30,000 g's, Y1 axis 

6. Fine leak: <1 x 10-8 STD. cc/sec 163 148 

7. TI performed an in-process electrical tes:t (same as EM2 below) which is 
not required by !.'5:M03766 at thi:: point 

8. Gross leak: 131 131 

9. TI serialized the devices at this point 

10. Electrical Measurements (EMl), DC 
@ 25°C 131 130 

11. Power Bm·n-in: 240 hours @ +125°C 

12. EM 2: DC@ +125°C li 30 123** 
DC@ +25°C 1.23 121 
DC@ -55°C 1'21 121 
AC@ +25°C 1:21 121 

**four (4) devices rejected due to data lOS$ on magnetic tape 

13. X~ray: per MSFC-STD-355 . L21 116 

*lOOOJ., inspection nerfnrmed in-prnrPAfl;, fl)llnw• .. cl hy C)A c:l'lmpli.n~ 

Attachment J 
(Sheet 5 of 7) 
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SCREENING RESULTS. 

Device Type: SM54LOO 

Date Lot Code: 7145A 

SIN Range: 632 - 749 

Screening Test Start Qtl• 

1. 100X Pre-cap~' (passed .65o/o AQL) 207 

2. 40X Pre-cap * (failed .65% AQL) 154 

3. 40X Repeat (passed.65o/o AQL) 138 

~TM 1081 A 
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End Qtl• o/o Fallout 

154 26% 

138 10o/o 

137 lo/o 

4. High temperature stabilization bake: 48 hours at 200°C 

5. Temperature cycling: -650C to +150°C (10 cycles) 

6. Acceleration: 30,000 g 1s , Y1 axis 

7. Fine leak: <:1 x lo-8 STD CC/SEC. 137 137 

8. TI performE'rl an in-pr("lcess el~drical t~>~;t (el'lmP. t~s .RM7. hAlnwl whif'h is 
not required by 85M03766 at this point. 

9. Gross leak 119 118 

10. TI serialized the devices at this point; one pa.rt lost 

11. Electrical Measurements (EMl), 117 117 
DC@ 25°C 

12. Power Burn-in: 240 hours @ +1Z5°C 

13. EMZ: DC@ 25°C 117 114** 
DC@ 125°C1 no read and 114 114 
DC@ -55°C record data 114 113 
AC@ 25°C 113 113 

*"<data lost for one device; two (2) devices failed test 

14. X-ray: per MSFC-STD-355 113 108 

15. 1% AQL for EM2 resulted in no failures. 

*100o/o inspection performed in-process, followed by QA sampling 

Attachment J 
(Sheet 6 of .') 
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SCREENING RESULTS 

Device Type: SM54LOO 

Date Lot Code: 7144A 

SIN Range: 750 - 856 

_ecreening Test Start Qty. 

1. 100X Pre-cap* (passed .65o/o AQL) 139 

2. 40X Pre- cap~< (failed .6 5o/o AQL) 128 

3. 40X Pre-cap* (passed.65o/o AQL) 122 

Sheet 4 of 4 

BxP. 0. 5069(TF) 
72-970-5443 

End Qty. 

128 

o/o Fallout 

8o/o 

122 So/o 

119 2o/o 

4. High temperature stabilization bake: 48 hours @ 200°C 

5. Temperature cycling: -65°C to tl50°C (lQl cycles) 

6. Acceleration: 30, 000 g 1 s , Y 1 axis 

7. Fine leak: < 1 x 10- 8 STD·cc/sec 119 116 3o/o 

8. TI performed an in-process electrical test l(same as .I:!.;M.~ below] which is 
not required by 85M03766 at this point. 

9. Gross leak 

10. TI serialized the devices at this point 

11. .E.:lectl"ical Measurements (EMl), 
DC@ 25°C 

12. Power Burn-in: 240 hours @ +125°C 

13. EM2: DC@ 25°C 
DC @ 125°C 1 no read and 
DC @ - 55°C record data 
AC@ 25°C 

14. X•ray: per MSFC-STD-355 

107 

106 
104 
104 
;}03 

)103 

107 

106 

104 
104 
103 
103 

95 

Oo/o 

1o/o 

2o/o. 

Oo/o 
lo/o 
Oo/o 

8o/o 

fs. io/o AQL for EM2 resulted in one failure at -55°C --final yield was 94 devices. 

+100o/o inspection performed in-process, followed by QA sampling 

Attachment J 
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'Mr. P. D. Gerke, Manager 
Lunar Surface Project Office 
National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 

9 February 1972 

Closeout of Action Item No. 590 

Table I: TI .: Dallas, NASA Logic Design Comparison 
with Minuteman Logic Design 

Dear Mr. Gerke: 

The subject action item requested Bendix to provide MSC with information 
on the :Texas Instruments assembly line for the manufacture of 54L series 
integrated cir..:.uit<>. It wei.:; :;uggt:stcd that there arc different assembly 
lines for Apollo and other contracts (i. e., Minutcn1an). 

In response to this action item Bendix Reliability visited TI-Dallas on 
4 February 1972 to review differences in 54L "assembly lines" and to 
survey the assembly areas. The TI-Dallas review/survey revealed that 
there were (and still arc) different assembly are;;,s for NASA and Minute­
man p:~.:.ograms for the following reasons: 

1. Logic constr\tction and design is considerably different between NASA 
and Minuteman parts which is the primary r-eason for different assembly 
and manufacturing areas. (Sec attached TaWe I for differences) 

z. NASA Spec. MSFC 85M03766 specification did not require clean room 
assembly areas. 
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Design_!~iffcrcnces - The design difference details are presented in the 
attached Table I. Comparisons arc made between NASA and Minuteman 
parts. Significant points are summarized below: · 

Item !_ - 54L (85M03766) wit.h flat pack package: This part is the 
low power TTL ust:d for ALSEP <>.nd other Apollo electronics and is 
the only one that is not passivated, Lack of passivation is a problem 
when conductive particles arc present. The reasons why passiva­
tion is not feasible on this present design arce given in Table I. TI 
also indicated that MSFC is planning to have Tl change the metalliza­
tion system and add passivation under new cfllntract. 

Itc~-~ - 54L TTL in ceramic dual in-line p:acl~a.ge: This. p:-.rt 1.:ees 
a diff cr ent metallization system than the flat: paclc and is passivated. 
The package size and the fact that the part c<an only be mounted on 
one side of a PC board is the main reason fo11· using the smaller 
flatpacl<. The 54L TTL C-dip is built to 851\,103766 requirements 
for NASA and presently TI is completing bas;eline qualification to 
use this part for Minuteman ground installati~ons. 

Item 3 - 54 &: 54H with either flatpack or C-dip package: This standard 
power and high speed (higher power) logic i::;; made in Houston, is pas­
sivated, and uses different metallization sy:;: tern than 54L. ALSEP also 
uses 54 standard power logic (in flatpack ca:se) but since the part is 
passivated, no particle contamination probl<.;ms have been noted. 

Item_i_ - "Custom" logic in 10 lead flatpack: This item was made for 
Mim1tcman fligl1t nse starting in 1965, The logic is not TTL but is 
simple DTL logic. This part' was originally- unpassivated. Particle 
contarnination bccan1e a problcn1 in 1968 an& '.:he construction was 
modified to add l)assivation. 
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Item 5 - RSN DTL & RSN TTL in "H" package: This item was 
developed by TI for Wright-Patterson in 1971 for radiation hardened 
requirem<mts. The entire line has some "54L TTL functions" but 
design construction and number of logic functions available differs 
from the SM54L line. This line is to be marketed for Minuteman 
III flight usc and other radiation hardened programs. 

Clean Room Ass_9mbly - NASA TTL 85M03766 assembly operations have 
been done in a class 10, 000 horizontal laminar flow clean room since 
January 1972. Prior to that, assembly operations were. conducted in an 
open area about 100 feet from the present clean roo1n, Also, in August 
1971, several r 1 eanlines s procedures were instituted prior to ·moving into 
th.c clea11 rovJ.'I"l. These \'".tcl~c: 

1. Monitor particle count durh1g weld operations. 

2. Use of welder head shield to prevent weld splatter, 

3, After packages are inspected they are inverted to keep foreign 
matter from falling into the package. 

4. Package lids are now inspected for particles that may cling to lid, 

The radiation hardened logic (e. g. Minuteman) has always been built in a 
clean room. 

Recommendation 

Particle contamination is due to both "foreign" particles induced in the 
package due to non- clean conditions and particles which may come from 
inside the package during non-operating environmental screen tests (such 
as acceleration and thermal cycling). 

J . 
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The "foreign" particle problem is now resolved by TI' s use of clean 
room and new cleanliness procedures. Particles of gold' slag may 
posE;ibly still be found in packages after environmental test. It should 
be noted that 85M03766 requires a "eutectic" die bond (rather than 
cement or epon), which may produce gold slag particles which can 
continue to be a problem in the unpassivated 54L natpa.ck. 

Therefore, BxA concurs with the MSC-LSPO that operating vibration 
screening (followed by hermetic seal tests) be co•ntinued for all un­
passivatcd devices that usc bonding systems capable of producing 
particles, This should be done regardless of cle<lln ro01n facilities used. 
Thc.d: iti i:o :;<~.y, U!t: SM 5·1L iu ihc Ilci.Lpc~.ci..;. :;huulu io«:l vibrc1Liou tH:rc .. mt;lll Lu 
the Autonetics procedul'C rugarclless of Date Cock, Also, this screen 
should be used until the die bond system is chang(<:>:d or until the device is 
modified to <~t:ld pi! ssiv:>tion. 

·' 

Very truly ym.1rs, 

::f!Jf~ 
~, W, Fenske, Director 
ALSEP Progr-am 

TWF:b 
Attachment 
cc: P. Clyatt 

J. Langfnrd 
T, J.· Nelson 
D, J. Schwartz 
A. Ecker·mann, MSC/Boeing 
E. Smith 
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!":1.~$41, (851>1.0376!.) 
ZH!o2n (MM037C.6) 
S~.l.t~ · L (Mach 1'1} 
S'\".A 5'L (Ma<h IV) 
s~c;: t. (Mach lV) 
s:,:or.:s~ L (l>~ach IV) 

54L 
tes:.r.H766l. 
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l"tn; Ill 
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BxP. o. 4991 (1H) 
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TI - DALLAS, NASA LOOIC DESIGN COW.P.\R;,SON WITH Y.!N'JTEW..AN LOGIC DESIGNS 

Packftge 

14 Lead - Kovar 
:Clat?aek 
(, Z6 x • 15 x • OS 
high) 

14 Lead - Ceramic­
Dip 
(. 7 85 X • 2.80 X • 180 
high) le 
6 X area of F.P.r. 
Z4 X volume of F. P. 

Meta!Uzatfon 
Syotem 

Gold over 
j!.:o!ybdenurn 

Alumir.um over 
Titanium­
Tungote!l 

Paooivation 

No!le (Z) need 
new metal to 
pase!vate (3) 

Ouarts 

Wire nand 
~:ysten'\ 

G•>lc: Ball Bond 
to d:.e 

Aluminum 
u~trasonic 

b'>nd 

Die Attach 

Hand ecru'> eiltcon to 
go~d (L9!, ~3. 95 
use pre!orm, other• 
do not) J);ote that 
bottom o! .silicon ill 
not mcta!~:.zed, mak­
ing die at!a c~ di(fi .. 
cult anc! :~ay be 
related to gold slag 
pro~lf'!m. Also, large 
preform for L')O' a is 
a eouree ol gold . 
slag (1) 

Ultrasonic die 
attach si!icon to 
gold 

R.emz.!"i<s 

(1) Autonetice vibra~ion screeD reco~~···..:~c 
because o! !ack o! !'.:-~e:va'.:0:1. Al9o, :,o·-~ =1~'?. 

partic!es wi!l cor..t:.n.1e !o h~ a p:-o'J!C!"'!l :-• ~a:-~ '!SS 

o! ~limina•.ion o! "!o:-eir.n." partidc pro·_.~r:~ o:. 
li!l~. 

(Z) Quartz passiv<l!i•Jn no! !-:asib~e ... ~·!!.ho~~~ ~~:-a 
moly'Ut!c-,~,;m l2.yer. E:.ct:-a mo!y l~ycr ~-')! -..:~;~-~ 

bt:-cause e!ch of !:-ais ~ay~r r~·.1ses :.-~';,·ra1 ,_._<::­
U"l-=ercut o! orig~na! mo~y !J.y .. !' .. 
(3} TI cor~.it!erin~ chan·:in~ to T-..tngs~~~-~; !:~"'!!em 
fn3tc~d o! molybder.:...:.m. un'1t!r afld ov•.·r ~··<--! !'> 

quartz. pa~sivation can ~lC us~d. ":'ungs!<:;:-Ti!J.!\!.U!'!': 
ZO tirnes less sudceptible to lateral etch i•.:.n<ie:cut:) 
than moly. 

(1) Early 197Z expet:t to co:r.;>lt!te basea."i'! <;'.:21 
to U!"C sl!ven logic -::ypes !or Mi::.uter::1an g :-oun~ 
equipment. 

~~ 5Ji-! j ;·;at;-ack '>r C-clip !Aluminum ove,_. Quartz Colol (2) Ball Dependa on (!)54 r. S4H dice man•o!ac!".lred a:c~cl ,._ .... ,alec L'l 
S:.-!5~ (E:!o-!037E.~l I c!esc:ribeC a!Jove ;T~tanium- (l) Fond Package HO"..:sto~ .. May be as~em:,!ed in H..,us~o!1 O!' 

5)-jr,: !t (SSM~37~6) !'T•~ngot•A Da.!las, 

2H5. '' ts:MoJ166) i I (%)Cold bone! to a!•:m!n••m metal I~ wul-er tl-a!l 
&old to gold. or a!u:":'linum to alum;n,tm.. 

"C.t::.lll.:>m" D'!'L 
("_J._t Mim .. !eman 
Fli.tf: Spec-19~5) 

RS~ [oTL a. RSN 
1'7L 11) (W!'ight­
P.\!h J·son AFB 
Spec 11)71 
?. H~: ..t:ion 
E1rc!tned Spec 
R ~(c;i remente) 
(2) 

10 Lead - Kovar Gold over 
!latpaek with d!e!ectrici:Molybdenwn 
iso!2.!ion (ie, ceramic 
spacer i!l fieac!er) 
A:>?rox. same size L 
ahape ao H Lead 
Koval F,P.) 

''H'' package is 14 
Lead ce,_-amic 
pac}.age approx. 
sar.1e size tr sr.ape 
as 14 Lead Kovar 
!latpack 

Aluminum 
Metallization 
and chromlwn 
resioto:e (1) 

Extra. Moly I Goloi 
layer over gold, 
th'!n qt!artz 
(l), (Z) 

Quartz .Aiu"ninurn 
Eoed 
v:!~·~ 

Bonded to ceramic 
spacer which ie 
bonded to Kovar 
case (!or radiation 
hardening) 

Epon a.ttach of 
e!licon chip to 
ceramic package 

(1) Originally des! ~~neC. with moly-gold 
unpassivated system. L"l ! 9~8 s'".-itd:~C to a !T".oly­
go:d-rnoly-q•.lartz o;ys!~m to o~!ai:1 ?~s~i·.·at:0:-. and 
elitninato:.: par!icle con~c:-: rn!na!lon ;:>r':l~ .. !~~-· 
(2.) Large li~e wiC•.!-:.s anrl very si!TI.p!e g~(..rr..e!ry 
wi~h large spaci:tg :nakc e!-;h o! to? rr:oly Ia.ye-: 
feasible without e~·,ere undercut o! Erst :no!y :ayer. 

(1) Several "54L TTL Functions" availab:e b·1t 
construction is di!~erl'!n:: [:-om ordinary 54L'XX 
pal'!s <:!·.1~ to ra<!iatio:1 h~:-Ceni:1g ~i'!, use o! 
J~rgcr E:.e wiclths and use o! cl::ron:"!£1.:.1'!"!. reS!!:~c-rs 

in aCdition to Die~·:c!!"ic isolation of heaCr!r/ cc:.se). 
(2} Tl try~ng to se:l !or } .. ~~nutcman IIL 

b:l 

~ 
::0 
(D 
{I) 
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0 
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{I) 
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TI 
PIN 

54LOO 0 
54L04 0 
54Ll0 0 
54L30 0 
54L93 0 
54L95 0 
54L74 0 

54LOO 0 
S4L04 0 

S4LOO 0 
S4L04 0 
S4L10 0 
S4L20 0 
S4L73 0 
S4L93 0 
S4L78 0 
S4L74 0 

54LOO 0 
54L04 0 
54Ll0 0 
54L30 0 
54L73 0 
54L74 0 
54L01 0 
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DATA PROCI<:SSOR 

CRITICALITY SUMMARY 

Criticality S\llnmary 
2 3 4 5 6 Remarks 

Data Processor AID Conv. (Redundant) 
2349445 

0 0 4 0 0 
0 0 2 0 0 
0 0 2 0 0 No comment 
0 0 2 0 0 
0 0 4 0 0 
0 0 4 0 0 
0 0 6 0 0 

Data Processor Interface (Redundant) 
2349455 

z 0 0 0 0 Lose experiments for criticality 2 
8 0 0 0 0 due to loss of clock/demand to 

experiment. Outputs are wire/or. 
Each LOO or L04 pair loses 1 
experiment (quantities shown are 
redundant). 

Data Processor - Timing + CW Gen (Redundant) 
2349425 (Qual) 2349450 (Flight, Spare) 

0 0 22 0 0 
0 0 14 0 0 
0 0 16 0 0 
0 0 6 0 0 No comment 
0 0 22 0 0 
0 0 2 0 0 
0 0 2 0 0 
0 0 6 0 0 

Data Pro<.·essor - Demand Matrix (Redundant) 
2349415 

0 0 10 0 0 
0 0 8 0 0 
0 0 12 0 0 
0 0 4 0 0 No comment 
0 0 6 0 0 
0 0 8 0 0 
0 0 32 0 0 

Attachment L 
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TI 
PIN 2 

54LOO 0 0 
54L04 0 0 
54Ll0 0 0 
54L20 0 0 
54L51 0 0 
54L72 0 0 
54L73 0 0 

54LOO 0 0 
54L04 0 0 
54L20 0 0 

54LOO 0 0 
54L04 0 2 
54Ll0 0 0 
54L20 0 4 
54L74 0 0 
54L93 0 0 

ATM 1081 A 
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DATI 30 March 1972 

COMMAND DECODER 

CRITICALITY SUMMARY 

Criticality No. 
3 

0 
0 
0 
0 
0 
0 
0 

50 
0 
0 

0 
0 
0 
0 
0 
0 

4 5 6 Remarks 

C/D Demodt~lator A, B 
2367645 Qual 

2367652 Flight 

2 0 0 
4 0 0 
2 0 0 
2 0 0 No comment 
2 0 0 
2 0 0 
8 0 0 

C/D Decode A, B BDS 
2367625 

2 0 0 
16 0 0 
24 0 0 

C/D Seguencer 
2367615 

8 0 0 
6 0 0 
5 0 0 
7 0 0 
3 0 0 
4 0 0 

Attachment L 
(Sheet 2 of 12) 

Will require complete rework if 
these parts are changed, 

Change of these parts will probably 
cause loss of board, Board contains 
long lead items (NHOOO lA op amps) 

Note: For criticality 2 lose 
experiments due to power shut down. 



TI 
PIN 2 

54LOO 0 0 
54L04 0 2 
54Ll0 0 0 
54L20 0 0 
54L30 0 0 
54L72 0 0 
54L73 0 0 
54L78 0 0 

54L04 0 0 

54L30 0 0 

54LOO 0 0 

54L ALERT 
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COMMAND DECODER (continued) 

Criticality No. 
3 4 5 6 Remarks 

C/D Control Logic A, B 
2370075, Qual, Spare, Flight 

0 20 0 0 This board was not yet built; 
0 2 0 0 therefore will get screened 
0 8 0 0 parts. 
0 4 0 0 
0 z 0 0 
0 6 0 0 
0 12 0 0 
0 2 0 0 

PCU (Redundant) 
2370060 

0 2 0 0 No comment 

PDU (Redundant) 
2362800 

0 2 0 0 No comment 

S-Band Transmitter (Redundant) 

0 

Synthesizer 

2 0 0 

Attachment L 
(Sheet 3 of 12) 

Parts from DLC 7142, which 
is not particle suspect. 



TI 
PIN 

54L93 
54L04 
54LIO 
54L20 
54LOO 
54L95 
54L54 
54L73 

54L73 
54L10 
54L72 
54L78 
54L86 
54LOO 
54L04 

54L10 
54L04 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 

ATM 1081 I A 
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LSG 

Criticality Summary 

Criticality No. 
2 3 4 5 6 Remarks 

LSG A/D Converter/Dig. Mux 
lloard # 1 

0 0 0 0 If 54L IC's have to be replaced then 
3 0 0 0 0 a board is necessary. Qual and flight 
1 0 0 0 0 PC boards have not been potted at 
1 0 0 0 0 this time. There is one spare PC 
6 0 0 0 0 board. Some parts have to be 
3 0 0 0 0 reprocured,other parts will be 

10 0 0 0 0 transferred from board to board. 
6 0 0 0 0 

LSG Digital Lines BFR/RCVR Commands 
Board #2 

0 
0 
0 
z 
0 
3 
8 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

1 
1 
1 
0 
1 
0 
0 

0 
0 
0 
0 
0 
0 
0 

If 54L IC's have to be replaced then 
new board is necessary. Signetics 
8T80 & 8T90 can be replaced in this 
board. There is sufficient quantities 
of Signetic IC' s in stores. Swap 
board to board on other parts; see 
memo 984-ME-165. Problem is 
transfer of parts. Replacement of 
more than 3 to 4 IC' s will require 
new PC board. At this time this PC 
board for qual or flight have not been 
potted. If the board is potted it is 
difficult to remove 54L IC' s but can be 
done. This board has not been 
attached to the mother board. There 
is 1 PC board spare. Some parts 
have to be procured others can be 
transferred from board to board. 

LSG Analog Output Buffers I Analog Mux 
Board #3 

1 
3 

0 
0 

0 
0 

0 
0 

0 
0 

Attachment L 
(Sheet 4 of 12) 

If 54L IC' s have to be replaced, board 
can be reworked. Flight and qual PC 
boards have not been potted at this 
time. There is one spare PC board.' 
There is one spare PC board. There 
are Philbrick op amp in this board. 



TI 
PIN 

54L78 
54L7l 
54L20 
54Ll0 
54LOO 
54L93 
2346207-22 

54L78 
54L73 
54LOO 

54L78 
54L30 

54L51 
54L04 
54Ll0 
54L73 
54L78 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0 
0 

0 
0 
0 
0 
0 

'""'· 
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LSG (continued) 

Criticality No. 
z 3 4 5 6 Remarks 

z 
z 
1 
z 

10 
5 
1 

z 
1 

0 
1 

0 
0 
0 
0 
0 

LSG Tilt/Sncw Servo Control 
iloard #4 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

If 54L IC's have to be replaced new 
board is necessary. Flight PC 
board have not been potted at this 
time. Qual board is potted. There 
is one spare PC board. Replace 
Signetics 8T80 and 8T90. There 
are suggicient quantities of these 
IC' s in B/S. Other parts can be 
swap from board to board or 
reprocured. 

LSG Mass Change Servo 
Board #6 

0 
0 
0 

0 
0 

0 
0 
0 

0 
0 
0 

LSG 
Board #8 

2 
0 

0 
0 

LSG Shaft Encoder 
Board # 14 Al & A2 

0 
0 
0 
0 
0 

5 
4 

19 
1 
1 

0 
0 
0 
0 
0 

Attachment L 
(Sheet 5 of 12) 

If 54L IC's are to be replaced the 
PC board can be reworked. Qual 
and flight PC boards have not been 
potted at this time. There is a 
spare board. 

If 54L IC' s have to be replaced PC 
board can be reworked. Flight PC 
board have not been potted at this 
time. Qual PC board is potted. 
There is one spare PC board. 

If 54L IC's are replaced new boards 
are necessary. Qual and flight PC 
board have not been potted at this time. 
There are spare PC boards. Some 
parts have to be reprocured other parts 
will be transferred from board to 
board. 54L lC' s are criticality 5. 



Tl 
P/N 2 

54LOO 0 7 
54L04 0 11 
54Ll0 0 5 
54L20 0 6 
54L30 0 1 
54L73 0 10 
54L78 0 3 
54Ll21 0 3 
(2346207 -22) 

54LOO 0 2 
54L01 0 1 
54L04 0 4 
54Ll0 0 10 
54L54 0 2 
54L73 0 1 
54L121 0 2 
(2346207-22) 

54LOO 0 2 
54L04 0 7 
54Ll0 0 
54L20 0 0 
54L51 0 6 
54L54 0 2 
54L78 0 5 

NO. REV. NO. 

54L ALERT ATM 1081 A 
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LSPE 

CRITICALITY SUMMARY 

Criticality No. 
3 4 5 6 Remarks 

LSPE C/S Electronics 
Digital Processor 2347815 (Board #1) 

0 0 0 0 If criticality 2 parts arc changed 
0 0 0 0 old board must be scrapped. New 
0 0 0 0 board and all other parts on hand. 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

LSPE C/S Electronics 
Digital Processor 2347825 (Board #2) 

0 0 0 0 If criticality 2 parts are changed 
0 0 0 0 old board must be scrapped. New 
0 0 0 0 board and all other parts on hand. 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

LSPE C/S Electronics 
Digital Processor 2347835 (Board #3) 

0 
0 
0 
0 
0 
0 
0 

0 0 1 
0 0 7 
0 0 5 
0 0 1 
0 0 8 
0 0 4 
0 0 4 

Attachment L 
(Sheet 6 of 12) 

If criticality 2 parts are changed 
old board must be scrapped. New 
board and all other parts on hand. 



TI 
PIN 

54L20 

54L04 

54L04 
54Ll0 
54L30 
54L93 

54L73 
54Ll21 
(2346207-22) 

ATM10811 A 
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LSPE (continued) 

Criticality No, 
2 3 4 5 6 Remarks 

LSPE - 16 Channel Mux 

Board #2346710 
0 0 0 0 4 0 AID digital board 2376725 must 

be scrapped. AID analog board 
Board #2346720 2376720 and MUX board 2376710 
0 2 0 0 0 0 are o, k, 

Board #2346725 
0 2 0 0 

0 
0 
0 

0 
0 
1 
0 

0 
0 
0 
0 

0 
0 
0 

0 
0 

2 
0 
3 

0 
0 

0 
0 
0 

LSPE Explosive Package Assembly 
Firing Circuit Assembly 2348393 

Signal Processor 2348355 

0 
0 

0 
0 

(8 boards req'd) 

2 
2 

0 
0 

Attachment L 
(Sheet 7 of 12) 

There is no problem in replacing 
replacing these parts. 



TI 
P/N 

54LOO 
54L04 
54L10 
54L20 
54L72 
54L73 
54L93 
54L95 

54LOO 
54L04 
54L20 
54L30 
54L73 
54L78 
54L93 
54Ll21 
(2346207-22) 

54L04 
54L10 

54LOO 
54L010 
54L51 
54L78 

54L ALERT ~TM 1081 I A 
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LMS 

CRITICALITY SUMMARY 

Criticality No, 
1 2 3 4 5 6 Remarks 

Counting & Data Compressor (nxA) 2347550 

0 0 0 0 9 0 
0 0 0 0 6 0 
0 0 0 0 3 0 
0 0 0 0 6 0 PC is available for replacement 
0 0 0 0 3 0 
0 0 0 0 6 0 
0 0 0 0 18 0 
0 0 0 0 24 0 

Signal Conditioner & Command Decoder (BxA) 2347540 

0 3 
0 6 
0 6 
0 0 
0 1 
0 4 
0 1 
0 0 

0 
0 1 

0 
0 0 
0 0 
0 0 

0 0 0 0 ML-PCB 
0 0 0 0 Not yet fab. for flight. 2 spare 
0 0 1 2 blank boards on hand. 4 weeks to 
0 0 0 3 fab/test. May have two weeks 
0 0 0 0 delay due to "piggy-back" board fab. 
0 0 1 5 All other parts believed to be 
0 0 0 0 available, Will have flight fab. 
0 0 0 1 with NAA screened parts. 

Emission Control Board (UTD) 151-550 

0 0 0 0 
0 0 0 0 

HousekeeEing (BxA) 

0 0 0 0 
0 0 0 1 
0 0 0 6 
0 0 0 15 

Attachment L 
(Sheet 8 of 12) 

No comment 

2347555 

One IC need to be removed from 
this multilayer board, C.R. 
rating of II due to 90th frame 
marker through chip. 



TI 
PIN 

54LOO 
54Ll21 

54LOO 
54L04 
54L20 
54L30 
54 LSI 
54L71 
54L73 
54Ll21 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

54L ALERT ATM 1081 I A 
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LMS (continued) 

Criticality No, 
2 3 4 5 6 Re1narks 

Pre Amp/Discriminator (UTD) 151-660 

0 
0 

3 
3 
2 
3 
2 
3 
9 
1 

0 
0 

0 
0 

0 
4 

1 
0 

No comment 

Sweep Hi-Voltage P/S (UTD) 151-686 

0 
0 
0 
0 
0 
0 
0 
0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 2 0 

Attachment L 
(Sheet 9 of 12) 

Assembly mounted to and wired to 
Emission Control Board, Unit must 
be disassembled for rework. New 
board not suggested since 50o/o of 
board is not flat pack circuit, also 
many parts are long lead items. 
Since board is polywire, IC may 
be removed with greater probability 
of success than with multilayer boards. 
IC' s are soldered to feed through 
nickle studs; wire is welded to back 
side of stud. 



TI 
P/N 

54LOO 

54L04 

54LOO 

54L72 

54LOO 
54L04 
54L20 
54L30 
54L72 
54L73 
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LBAM ---
CRITICALITY SUMMARY 

Criticality No. 
2 3 4 5 6 Remarks 

LEAM Matrix - Board H 1 

0 1 0 0 0 
Module 10126028 
0 1 0 0 0 

0 

0 

1 IC and a module in this board. 
Module 10126028. If module and IC 
is replaced board can be reworked. 
Parts have to be procured. Replace­
ment module is easy. Module fab. 
by Time Zero. 

LEAM Matrix - Board #2 

Module 10126007 
0 1 0 0 0 0 

1 module in this board. Module 
10126007. Module has a Harris op 
amp. Spare module being fabricated 
and waiting for 54LOO IC from the 
54L IC's screened at Autonetics. 
Replacement of module is easy. 

LEAM Power Supply 

OSC Module 10126001 
0 1 0 0 0 0 

If 10 KHZ OSC is replaced PC 
board can be reworked, Replace 
module is easy. Parts have to be 
procured, New module fab. by Time 
Zero. Fab. time Z weeks + new 
parts. 

LEAM Logic Board Assy. Central Electronics 

0 0 0 
0 2 0 
0 0 0 
0 1 0 
0 0 0 
0 0 0 

0 27 0 
0 14 0 
0 8 0 
0 z 0 
0 z 0 
0 11 0 

Attachment L 
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New MLB is being fabricated by 
Vostron. Parts will be assembled 
on the MLB by BxA. The only 
problem is the need of 54L IC' s 
screened at Autonetics, No 
modules on this board. 



TI 
PIN 

54LOO 
54L04 
54L73 

54L04 

54LOO 

54LOO 
54L04 
54L73 

54L04 

54LOO 

54L ALERT ~TM 1081 I A 
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LEAM (continued) 

Criticality No, 
1 2 3 4 5 6 Ren1arks 

(1st) Microphone Board· Dual Sensor 

0 0 0 0 0 There are 3 IC' s and 5 modules in 
0 0 0 0 1 0 this board. Modules 10126015 (1), 
0 0 0 0 1 0 10126010 (4). Replacement of more 
Module 10126015 than one module new board is needed. 
0 0 0 0 0 There arc 6 Harris op amp in this 
Module 10126010 (4 rcq'd) board, Parts have to be procured. 
0 0 0 0 1 0 Replacement of module is easy. 

Module to be fab. by Time Zero, 

(2nd) Microphone Board - Dual Sensor 

Same as (1st) Microphone Board above 

0 0 
0 0 
0 0 
Module 
0 0 
Module 
0 0 

Microphone Board - Single Sensor 

0 
0 
0 

10126015 
0 

10126010 
0 

0 
0 
0 

0 

0 

1 
1 

1 

0 
0 
0 

0 

0 

Attachment L 
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3 IC and 2 modules in this board. 
Modules 10126015 and 10126010. 
Replacement of more than one 
module new board is needed. Parts 
have to be reprocured. Replacement 
of module is easy. Module to be fab. 
by Time Zero, 



TI 
PIN 

54L04 
54LIO 
54L30 
54L72 
54L93 

54L20 

54L04 

54L04 
54Ll0 
54L30 
54L93 

54L ALERT 
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ARRAY D 

CRITICALITY SUMMARY 

Criticality No. 
2 3 4 5 6 Remarks 

90 Channel Mux (Red\mdant) 

0 0 0 0 0 4 
0 0 0 0 0 4 
0 0 0 0 0 z No comment 
0 0 0 
0 0 0 

Board 2346710 

0 0 2 
0 0 6 

16 Channel Mux 
2376710 Mux 

2376720 A/D (Analog) 
2376725 A/D Digital 

0 0 0 0 4 0 

Board 2346720 
0 2 0 0 0 0 

Board 2346725 
0 2 0 0 0 0 If criticality 2 parts are to be 
0 2 0 
0 0 0 
0 3 0 

0 0 0 
0 1 0 
0 0 0 

Attachment L 
(Sheet 12 of 12) 

replaced. 2376725 board should 
be scrapped. Other boards can 
be saved. All parts including 
board on hand. 
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