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On 14 July 1971 MSC issued an ALERT (MSC-71-04) on Texas Instruments
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
EH2/10-8/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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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: platinum - molybdenum - gold
(F,H,R,S, T styles) gold interconnecting wires
no passivation
b) Cer., Dual-In-Line:; aluminum metalization
(J style) aluminum interconnecting wires
glass passivation
¢c) Plas, Dual-In-Line: aluminum metalization

gold interconnecting wires
glass passivation

and with these reliability levels available:

a) SN 54L - Commercial 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 Volume

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 3766. 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 EH2/10-8/1L505/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 541 devices.

The first evidence of the 54L conductive particle problem on the ALSEP
program appeared in the Teledyne Telmetry transimitter. 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'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 devices 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/BX,A 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's
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 SCREENING

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 ''plane'' of the die at 23 c¢ps, 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 "'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' 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 541.95 devices; 4 of the 8 failures were 54L.95.
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 mounting., This preform is a source for potentially loose slag.

There are two additional device-types that must be placed in the category of
the 54L.95 relative complexity and use of gold preforms. These are 54L91

and 541.93.

(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 54L00 devices from Array D
residual stock, and 220 devices from a 1972 rebuy were also sent to NAA,

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 particles, 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, Aluminum, 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 tha 61 of the subcontractor's parts
which indicated a gross leak were not failures, and that the apparent leak can
be attributed 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 1 (10 Control Parts)

Type Date Code S/N Curve Trace Particle Anal. Seal Anal. Dye Pentetrant
541,04 7108A 150Z lead 12 (+) to 11 (~) soft good - Poor id Passed
junction break down weld
541.04 7108A 1212 lead 2 (+) of 6 (4} to 11 (-) good Poor 1id Passed
soft junction break down weld
54L10 7112A 3372 good good good Passed
54L10 F1i3A 237Z good good good Passed
541.20 7114A 219z good excessive gold good Pasgsed
slag. One 10

mil particle

54120 “T114A 0692 good good good Passed
54193 T123A 333z good good Poor 1id . Passed
weld
S4L73 T108A 1332 good good good Passed
54195 T111A 039z good 2 Kovar good Passed
particles & )
1 glaes
4198 T111A 0382 Pin 6 to VCC soft junction good good Pussed

break down
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PARTS REPLACEMENT

The ALERT MSC-71-04 recommends that for high reliability space
applications, the 54L - Series devices ''. . . should be subjected to an
effective screening test for conductive particles.' 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 541.91, 54193, and
541.95 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. "

(With the exception of a few 541.00, 541.04, and 541.93 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 assigned
according to the following table:

Criticality Effect of Device Failure
1 Loss of system
2 Loss of experiment
3 Data loss in Central Station degrading more than

one experiment

4 Loss of redundancy

5 Partial science data loss within an individual
experiment

6 Engineering data loss

*see Attachment I for ALERT
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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 (BxA internal memorandum 9721-2780) and forwarded to

MSC; see Attachment L for the results of the criticality analysis. Table 2 on page 10
summarizes the anticipated distribution of screened 541, 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,
BxA was directed by MSC to:

1) Use the existing Array E qual 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 all LLSG boards with NAA screened parts.
5) Make no 54L change outs in the LLSP experiment.

6) Build LMS boards 2347540, 2347550, and 151-550 (UTD) with NAA
screened parts; the one 541.00 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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PLANNED ARRAY F 541, FLIGH! PART uTiLiZAVION
SHOWING PFRCENT OF VIBRATION/HERMETIC SCREFNED PARTS

Crit 1 Crit 2 Crit 3 Crit 4 Crit 5 Crit &
Hem Board # Ports Y% Parts % Parts % Barts % Parts % Parts %
158G *BD#L 0 - 31 100 0 - 0 - 0 - 0 -
*BDE2 0 - 13 100 0 - Qo - 4. 100 [\ -
TBDA3 ¢ - 4 100 0 - 4} - 1] - 0 -
*BD#4 0 - 23 100 0 - 0 - [ - [ -
*BRDH6 0 - 4 100 Q0 - 0 - 0 - 4 -
TIDES Q - 1 100 v - 0 - 2 100 0 -
*14A1-A2 0 - 0 - 0 - 0 - 30 100 0 -
*Subtotal o - 7. 100 o - 9 - 36 1oo 0 -
LMS x2347550 o - [ 0 - 0 - 5 100 0 -
2347540 [ - 21 100 ] - 0 - 2 100 1L 100
*%2347555 ¢ - 1 100 0 - 0 - 0 - 22 0
151-660(UTD) 0 - o - 0 - 4] - 4 0 1 0
151-686({UTD} 0 - 26 0 0 - o] - 2 0 0 -
*151.550(UTD) 0 = 2 loo 0 - 0 - [ - 0 -
Subtotal [ - 50 48 0 - 0 - 83 93 34 33
LEAM 2 Dual Sensors 0 - o - 0 - o - 16 [ 0 -
Single Sensor 0 - 0 - 0 - "0 - 5 0 0 -
BD#1 (Matrix) 0 - 2. 0 ] - 0 - [ 0 [
BD#2 (Matrix) 0 - 1 0 0 - R 0 - 0 4] 0 -
*18 Layer Logic 0 - 3 100 0 - [V 64 100 o -
Power Supply 0 - 1 0 0 - 0 - 0 - 0 -
Subtotal [ 743 0 - 0 - 8 75 0 -
LSPE 2347815(BD#1) 0o - 46 0 0 - 4] - [ - 0 -
2347825(BD#2) [ 22 0 0 - 0 - 0 - 0 -
2347835(BD#3) 0 - 23 0 0 - 0 - 0 - 30 0
8 EPA's [ 0 - 0 - [ - 32 0 0 -
2346710(MUX) 0 - o - 0 - 0 - 4 1] 0 -
2346720{(A/D-A) 0 - 2 0 0 - 0 - 0 - 0 -
2346725(A/D-D) 0 - 7 [ ] - 0 - 1 0 0 -
Subtotal [ 100. 0 0 - 0 - 37, 0 30 0
CMD, DCDR. %*2367652(Demod) 0 - o - 0 - 22 100 0 - [+
*2367625(Decode}) 0 - 0 - 50. 100 42 100 0 - 0 -
*2370075(Contrl) 6 - 3 100 0 - 56 100 0 - [
#2367615(Seq) 0 - 6 100 0 - 33 100 0 - 0 -

i =Subtotal [ 8 100 5¢ 100 153 100 0 - 0 -
Data Proc, *2349445(A/D) o - o - 0 - 24 100 0 - Q -
{incl. 90 Chan. *2349455(INTFC) 0 - 10 100 0 - 0 - 0 - 0 -
MUX) *2349450(T/CW) 0 - 0 - 0 - 90 100 0 - 0 -

*¥2349415(Demand) 0 - 0 - 0 - 80 100 0 - 0 -
¥Subtotal [ 10 100 [¢] - 194 160 0 - 0 -
PCU *2370060 0o - [ 0 - 2 100 0 - 0 -
PDU *2362800 0 - o - 0 - 2 100 0 - 0 -
XMITTER SYNTHESIZER [ 0 - 0 - 2 0 0 - 0 -
&IRSIEEYS{ t. TOTAL 0 - 251 48% 50 100% 353 99% 241 73% 64 17“'.;_
*Indicates item will contain 100% screened parts for Flight,
' **Indicates item will be reworked to use screened parts in most critial applicationsa for Flight,
Note 1 - Criticality numbers: | = Loss.of system, 2 = Loss of experiment, 3 = Data loss in C/S degrading more

than one experiment, 4 = Loss of redundancy, 5 = Partial science data lows for an individual experiment,

6 = Engineering data loss.
Note 2 - The percentage of screcned parts in the system for criticality 2 wonld imcrease from 48% to 60% if the

system uses all screened parts except for LLSPE.
Note 3 . In the event of part failure,vibration screened parts will be used for replacement on Flight (and Qual)

regardless of this 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 541 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 results, 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 EH2/10-38/
1.505/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 devices
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 rejccted
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 na complete
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 3, 4% failed gross and/or fine leak test-
ing. All of the 31 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 command 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 spec,

Texas Instruments expects to introduce a modified 541, 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,
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Shoh- MMyl - SHASh- - SNCHN - SNHG) -
STANDARD CLASS C CLASS C + CLASS & CLASS A

TLAY PACK

{LEVEL I, SNM)

{(LLVEL 11, SNA)

(LEVEL NI, SNC)

(LEVEL IV, SNH)

40 ¥ pricop

40 X precap

40 X precap

40 X precap

40 X precap

100 X precap
Condition 8

100 X precap
Conditton 8

100 X wcc.\n
Condition A

100 X precap
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Final Scal

Final Scal

Final Seal

Final Seal

Final Seal

48 haur boke

48 hour bake

48 hour bake

48 hour bake

48 hourr bake .

Thermat Qh(n.b(
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Temp Cycle

Tv{np Cycle Temp Cycle Temp Cycle Temp Cycle
Mech S f\u.k
1500 G s
Centrifuge Centrifuge Centrifuge Centrifuge C(‘H(Ilfu(“
20K G's 30K G's 30K G's 30K G's 30K G's 2 plones
Fine Leak Fine Leak Fine Leak e Leak Fine Leak
s X 10-7 5 X 107 5X10-7 . 1X10-8 1 X108

Etlect. Test DC @
-55°, 25°, 125°C

Elect.Test DC @
-55°,25%, 4125°C

Elcct, Test DC @
-58°, 25°, 4125°C

Elect, Test OC @

-55°, 25°, +126°C

Elect. Test DC @
-55°, 25, +125°C

Gross Leak

Gross Leak

U

Gross Leak

Gross Leak

Gross L.eak

{Ethylene Glycol) (§33) {883} (883) (883)
Burn-in Burn -in
168 hours 240 hours

Etect. Test DC @
-655° 4125°C

Butn.in
168 hours

Elect, Test DC @
-55° +125°C

Elect. Test DC @
-55° & 1125°C

Elect. Test AC
{Samplc bias)

F t Test ACQ
C

Elect. Test AC @
+25°C

Elcct. Test AC O
25°C

Eicet, Test AC@
+25°C

(% Ray )

Group A Lot Group A Lot Group A Lot Group A Lot Group A Lot
Acceptence Acceplance Acceptance Acceplance Acceptance
Ty J
Final \ :sual( Fina! Visual Fina!l Visual Finat Visual Final Visual
(Sarpie basis) .
Pack Pack Pack Pack Pack
uhﬁ{al:—of Certificate of Certificate of Certlicate of

Comphiance Comphiance Compliance Complisnce

Ship Ship Ship Ship Ship
" il

Yhis dnformation applies

to

Pre-cop conditions A & B per requivements of MIL-S1D-833,

NOUVES 1,
felhod 2010,
o0 Civeles denote ¢
TROM:  TT TTL Murketing Bows

Sli-series devices with date codes prior

hanges

Joetter, Dov

Attachment A

in roguirements

ciber 11,

1960,

(Sheet ‘1 of 3)

to 70h0,

at various reliabilily

(‘(\—v

Test

loeve
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SHYh-- SHMG - o sursho . SroSk- SMHsh--
- d —_
SYANDARD CLALS C CLASSC + CLASS R CLASS A
"FLAY PACK {LEVEL 1, 5NM) (LEVEL I, SNA) (L EVEL Hi, SNC) (LEVEL 1V, SNH)
40 X precap 40 X precap A0 X precop 40 X precap 40 X precap
100 X precap 103 X precap 100 X precap 100 X precoap
Cond.tion B Ceondition 8 Caondition {3 Conchition A
Finul Scal Finat Scal Final Scal Final Seal Final Seat
48 hout bake 48 hour bake 48 hour bake 48 hour bake 48 hour Lake
Thernud Snock )
Temp Cycele Jemp Cycle . Temp Cycle Temp Cycle Yemp Cycle

. . Mec h:;\“ock

’ moo G's
(ch(viluéc Ccr:t:r\uj: Centrifuge Centrifuge Centrifuge
20K G's 30K G's 0K G's 30K G's 30K G's 2 plancs
Fine Leak Fine Leak Fine Leak . Fine Leak Fine Leak
5 X 10-7 5% 10-8 5x10-8 ) 5 X 10-8 5 X 10-8

Elect. Test DC @ Elect. Test DC Q Elect. Test DT Q@ Etect. Test DC @ Elect, Test DC @
-55°,25°,125°C -65°, 25°, +125°C -559, 25%, +125°C -55°%, 25°, +125°C . -55°, 26°, +125°C

Gross Leak Gross Lt:?k——_ Gross Leak Gross Leak Gross Leak
{Cihyieae Glycol) (£83) {883) (883} {883)

Buin-in Burn-in Burn-in

1068 hours 163 hours 240 hours

Elect, Test LC @ Elect, Test OC @ Elect. Test DC @

~565°  +125°C -55° +125°C -55° & 4125°C
Elect. Test AC Tlect, Test AC @ Elect. TestAC @ - Elect. Test AC @ Elect. Test AC @
{Sample bias) +25°C +25°C 25°C +25°C

( X }iay )

Group A Lot Group A Lot Group A Lot Group A Lot Group A Lot
Acceptance Acceptance Acceptance’ Acceptance Acceptance ‘
F‘mal Visuo , Fina!l Visuat Final Visual Final Visual Final Visua!
(Samiple basis)
Pack Pack © Pack Pack Pack
\,m.m e of Certificate of . Centificate of Certificate of
(‘om')lnncL Compliance Compliance Compliance

Ship Q‘np Ship Ship ) Ship A

This infor.':;:'it:iop applics to Sli-serics dcv.i\(‘(‘s with date codes 7040 and later.

NOTES: 1. Pre-cap conditions A & B per 1(\11111*oru1ts of MIL-STD-833, Test
Fethod 2010,1

2. Circles dennte ohangen in yoquicoments ab various reliability °
levels, : ' '
FROM:  TT 9L Markeling Newslelbber, Doe, 1, 19693 MACH IV Rev. A, Mlletin,

Scplomber 78, 170

Attachment 4 (Sheét 2 of 3)
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MSFC 85MO0O3766
SCREENING REQUIREMENTS

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

High temperature stabilization bake: 48 hours at 200°C
Temperature cycling: -65°C to +150°C, 10 cycles
Acceleration: 30,000 G, Y1 Axis

Fine leak test: € 1 x 10"8 STD cc/sec

Gross leak test

Serialization

Electrical test: DC at 25°C

Burn-in: 240 hours at +125°C

Electrical test: DC at -55°C, 25°C, +125°C, AC at 25°C
Delta calculations at 25°C

X-ray: MSFC spec. 355B

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

External visual

QA preship inspection

Attachment A
(Sheet 3 of 3)
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(3

BATIGNAL AERONAUTICS ARG SFACE ADMINISTRATION 1. GENERIC CLASSITICATION 2. ALERT NO.
MSC-71-0k

A g‘- E pT : Microelectronic Circuit T
o Flatpack 1 TE 7 7

{Rapoiting Perts and Materizls Problems) DAY T Mo, T YEAR
4 MANUFACTURER AND ADDRESS 5. PROCUREMENT SPECHHICATION 6. REFERENCE

Texas Instruments Various {(See 10,)
Dallas , Texas 7. MANUFACTURER'S DESIGNATICN 8. LOT/DATE CODE OR SERIAL NO.

SN-5lL-Series (See 10,) 7017, 7020, 7039
9. SPECIAL REQUIREMENTS OR ERVIRONMENT (Asguiraments pleced on or extranse srwironment to which item wes expased.)

One failure occurred during equipnent gualification vibration testing;
two failures occurred during first energization of devices in equipment.

NOILVII4ISSYID DI1H3INTD

10. PROBLEM SITUATION AND CAUSE (State facts of probiem end ceumt — faifure mode snd mechanism — project and function)

yoedaerd ‘3Inolt) OTUOILD2T20IOTH

Investigation of 3 failures of Shi-Series integrated circuits used in the Apollo
J-Mission tape recorder data conditioner revealed conductive metallic
contamination in the devices. The parts involved are:

1. SN S4LOLT-11 Date Code 'TO20A

2. SNC sLL73T Date Code T7017A

3. SM SUL95R-1  Date Code 7039A - (manufactured to the requirements of
MSFC specification 85 MO 3766).

]

11. ACTIONS TAKEN /Srare o/! actions taken to t the probiem Ntust
Nine (9) devices, SNA SLKL73T, Date Code TOLTA, were opened and examined for .

metallic contamination. Conductive particles were found in 4 of these devices,
however, the method used to open them is suspect of generating contamination.

HO~TL~0y
‘ON 1431V 81

A survey of the Texas Instruments Dallas facility confirmed that these devices
were not assembled and inspected in e rated clean area, even though the production
line was certified by NASA to the requirements of MSFC specifications 85M03766 and
895M03877. Texas Instruments has instituted several process steps to he offective
the second week of August, 1971, intended to reduce the incidence of particlen in

scries 5kl devices. CONTINUED Off 1T 1A

12. RECOMMENDATIONS FOR FURTHER ACTION (Suggestions to prevent recurrance.}
For high relinbility spnce applicatlons, ShL-Sericu devices ahould he procured, .
ac a minimum, to the "II" level of Texas Instruments' MACH IV relinbility speciri- g,
cation, or equlvalent, and should be subjected to an effective screening test ror
conductive particles {such as the screen developed by Autonetics for this type W
failure mechanism), ) &

‘OM X3IGNI 43019 61

13. CONTACY POINTS FOR INFORMATION (Naie, ettilintion, telephons] 14. MANL;FACTURER
NOTIF{ED

V. Schwab  AC 602, 949-3865 L
Motorola Government Equipment Division, Scottsdsle, AZ DAY T Mg.] Ygg;

15 ALERT COORDINATOR (vume. affitiativn) 16. SIGNATURFE OF ALERT COORDINATOR
B. M. Stewart, Reliability Division ¥ 2
Manned Spacecraft Center, Houston, Texas /4ﬂ£2§; T Ly

11. ACTIONS TAKEN

MSFC hes reinstated the certification of the facility through
September, 1971, based on these process improvements. The effectiveness
of these process changes has not yel been evaluated on the product.

Attachment B
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Internal ix{ Aerospace
" - Systems Division
Memorandum -
Date 12-22-71 Letter No. 9721-2 660 Ann Arbor, Michigan

To g.J. Ellison

From R. Dallaire

Subject Trip report to Goddard for 541 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 buildup,
were electrically tested before opening at BxA. Onc had a broken bond
wire, and the other cause of failure could not be determined. e e

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, Plane. If the failure was due to
a loose particle contaminant, it would have shaken loosc.

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) which confirmed the existence of the particle and did not
reveal any others. ’

Attachment C
e (Sheet 1 of 4)
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BxA Response Summary

pATE 30 March 1972

9721-2660
12/22/71
Page 2

6. The failed part was then analysed under a Microprobe for X-ray
spectral analysis. The contaminant was determined to be at least 95%
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 cffectiveness 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 solenoid 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. 1. prior to capping. The contaminant
is now lodged so firmly that vibration cannot shake it loose.

The contaminant caused failure demonstrates 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.

0 s,

// R. 4. Dallaire
ALSEP Reliability P, E.

Attachments
cc: R. Roukas
A. Romans
T. Fox
J. Hendrickson
R. Hiebert

Attachment C
(Sheet 2 of 4)
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PAGE L7 OF
pATE 30 March 1972

9721-2660
Page ?
CIRCUIT TYPES SN54L73, SK74L73
DUAL J-K MASTER-SLAVE FLIP-FLOPS
functional block dicgram (cach fHip-flop)
>
) o

ot ] ‘

CLEAR

K O]

e

om0 J

]

{éc

CLOCK
schemotic (each flip-flop)
’ \l“.
500 2 20k 56 k2 380 2040 500 0
TO OTHER
FLIPTLOP
Q Oeesemag h}— \—{-J s 1° ]
12 iy 12k
g—e CLEAR
60 40k 3 S8k0 56 k2 T 40K 60 kO
56 101 56 K02
— A \7__{:‘
« yooN )
\__(f B
202 | 4 20 iy
> GNO
[41e o
NOTE: Componcat valves shewn ore Samingl, L
LocAar/on Farior

— SEE ORDERING INSTRUCTIONS
420

Figure 1

OF SHORT

PAGE 111~
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BxA Response Summary

DATE 20 March 1972

Figure 2 - Photo Micrograph of Iron Particle 320X

Figure 3 - SEM Photograph of Particle 1750X

Attachment C
(Sheet 4 of 4)
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(;y)vru Axfyn)§$;2syigﬁgﬁxz£;<xuq;};A11(»T' PAGE ]‘Ore7
| 222 %
EXPLATNED PROBLEM
PROBLEM REPORT NO, __4496-1
PAC CODE . 4-536 DR/CAR NO, '

RATIONALL:

PROBLER: . . e
Durino Qualification Yest (Spece T1ioht Vibration) of the Tape Recorder Data Conditicn:
(VRUC) S/ AY02 en Aoridt 24, 1571, B3t ervor over{low was observed after starting vibr:-
tion §n the X axis during the second Cua) test vib phese. Subscquent failure analysis
revealed thit Integrated Circeit (1/C) T/K 51-TVAA0AL0LY Texes Instrunents (¥1)
P/ SHEALYSR-1, had en Emitter-Collector short cavsed by a meta)lic partitle.  This cev
wes from a lot coded 70394 (39th weel of 1970). Tots) operatipa time recorded wes 404
hours., . :

On Iay 11, 1971 during Qualification Test (hioh temperature - maxfmum voltsge) of Tepe
Recorder Data Conditicner {(TRDL) &/K 103, the G4KBS output was noted to be unsteble &
135°F, The prodlem wes intermittent end ef{er completion of Qualification Test the
suspect 1/C (P70 SKCLALZ3: Date Code 20174) vas opencd (dune 16, 1971) and seven perity.
were found, ‘ B .
On Fay 13, 1970 during initiz) power up of module leve) tests (prior to ATP) of a Buftc
Extension module of the TEDC another failure, subseauvently traced to on 1/C, occurred.
This P/ was & SY-BI037¢005), T1 PR SNLAL?3, date coded 7007h,  This failure has alen
been deterimined to be oue to an Emitter-Collector short caused by mets)ifc particle cor-
tamination, : '
One other failure. at the module level has a)so occvrred fnvolving P/N 51-P144883031, 1
P/N SNEALDST-1Y, date coded 70204, S - ' :
DISCUSSI0K: S .
Oxing to the possfble ceverity of this problem, the NR Reliability Manager accompév‘gf
CMe. € Morphy of BASA-GE (REQA) visisted Motorols snd Texas Instruments Co. on /1e/77
and 5/13/71 respectively, to investigate civcusstances surrounding these foilures,

EFFECTIVITY:
N3 - 15 e
A
Y
‘ ‘ ey DAYE
OV /LS S ',/ e R
/FPROVALS: SUPERVISOR/DEPT i s /‘ / J/i[f.’_g“s-‘-“f- "‘// ? l: VAR !
' o~ Sy [ R .l / ’. .\ ._'..,;
BESIGN LG st ey ola Ul G L28 /0
‘_ P[“A ,}') . “..:z_b' r:‘)j ,I( »' "(!.\‘_'.: ‘/:«/ ':..‘, ”;'o {’;;i
. . o hal_Sre . ——;,» - v-v!'- "
RCL PROJ
- LT ARAED .-

A bt At T Qe aant 7 -
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DISCUSSI0N (cont. )

In exemining lotoroYa's feilure analysis, the procedures were considered
cotisfactory in that sncaalies were isolated to 8 speeific flat pack and
further enetyzed to & specific ares of the JC circuitry, by the use of &
curve tracer prior to opening the flet peck. Adequacy of the procecure was
verificd by finding the contaminates in the suspected arcas. Magnification
photogrophs were token using @ scanning elcctron microscope in each instance
prior to procecding with further investigations.  Sowme eriticism could be
made concerning the first investigation when Votorola Lab personnced moved
the particle vith ¢ cam2l hair brush and the particle (described as & flake
approximately 0.8 mil (0,0006") was lost. On the subsequent investigations,
microprobe 1ss performad prior 0 any attempt to move the particle.r AN
psrticies were less thon 1 midl (0.081") in any dimension,

Hicroprobe data indiceted the foNowing:
SES4L 99 device - K - Te « Cr
SI54L 73 device « N - Fe - Cr 2nd AL

SHBAL 04 device - particle lost - flake appearance « most 1{kely
: source would be welding sleg from eutectic bond
of ¢hip to Leader or cap bond stitch weld.

Cobalt or gold was not found, indicating that the materis) was foreign
to the parent device materisls. A1 radiogrophy wes performed ot Fotorola's
Semiconguctor Leboratories.

1t should be noted, that following the wicroprobe operation, the stioched
particle in the SMSAL2Y  device was Toreshortiencd apparently by the radios |
grophic bombardrent. Subscquent powering of the circuit rvesulted in normal
operotion, This wes aleo true of the SKG4LD%  and SNG4L73  devices after
the particles were moved, replaceiment of the flat packs on the module .
boards provided normal module operation, Follewing discussions at Fotorola,
the KR Reliobility end NASAZUSC representstive were sccompenied by Fotorola
to Texos Instruments in Dslles for discussions with Mr. R, Shankle, Program
Fanager, and E. Macaruso, Project Engincering, for these devices.

At TI, discussions were held on parts manufacturing, QA records were reviewed,
snd user and particle failure histories were obfained. The pertinent dis-
cussion points were as follows: . '
tenufacturing - ' ‘
K11 4L Series devices including those to the Huntsville spec are manufactured
on the some production Yine using the same people.  Differences in part classs
{fications and desionstions §n this wveport sre effected by inspection criteria
snd testing performed {n processine. AN B4l Scries parts sre asseabled In
& qbod fhousckeeping envivonmont designated o8 o Class 100 ¢lean room atmosphere,
f.0. norial building air filtrstion and teioerature controls, The N
purge welding cabinet receives Np from s bull stotien approximately ¥ omile
away, {ltration dota for this system wes unatiainablc end filters were not
Yocated st the units. Possible sources of stainless steel particles were poris
QEEnSPort {ravs, suroicel teaerer, roen aiv end (N purpe Systems. A1 parts
5 : gre tronsperted v staintess steel Lrays face 0p and arc open 16 the room ‘
P while work is in progress,  Covers ore uvsed when perts are in {ransit or storcc.
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DISCUSSICK (cont. )
Twenty=four to thirty-six hours can elapse fo)loxing 100X visual {nspections
and finad cepping ererotions,  The 40% visual precap examinations are
noreslly perforied fnnedistely prior to YOOX fnspections.  Parts sre not
vibroted. Hovever, coch o oiven ¢, 20,0000 teepters Uip tosd igjsPQrL

AR BN R : oo g T gt R A e A R G
£riprtore creitng, il end (inn Yoo 16087, and o1 eset 162 Tours of
burn-ine AN perts are Y005 inspected ond tested by wsnutficivring and
additionally sanple tested by Quality Control, :

Jnspection x-rays for the SMSALO5 Yot in question were revicwed on & 223
viewer.  The SKH4LY5 - S/K LG50 vecords indicated this device to be clean.
In viewing four devices thot were rejected from the same Yot for contomsna-
tion it vas noted that one mi) perticles were the smallest particles that
could be screencd by x-raysy i.e..the 1/2 mil circuit bund wire was not
visible, In sddition, the arca of eutectic weld (chip to header) produced
an x~rey density (hat cowld mesk screening detection of smal)l particles.
Some 2 mil particles avound the periphery of the chip were very apparent.
TI steted that particlies found in the foiled devices were swaller than the
screens reauvired by inuspectiion specifications and the capability of x-rays.
“Review of the inspection records verified this statement.

ERILURT_ 1ISTORY -
Inquiries by NR Reliability have established the following failure history

of H4L devices: kpprox.
bate leporied . . Kumber of C Total - .
Code By . Fallures Devices  Contominant
70-11  Lengley SMHALOS 1 1,000 Held Splatter
swe= MSFC o oo 0 30,000 e
Treeee - GRECT e 3,348 mee.
wwws * Leach Controls 0 84
70-20  lotorols SNH4L04 - Suspect Neld
C ("0" Fission) (Pre ATP) Splatter
70-3%  lotorola SIH41L95 ] 2,060 Stuinless Steel
(10" Kission) '
70-17  Fotorola SKH54173 } . Stainless Steel
("9" Kission) C ‘ and Aluminum
7017 Fotorola SNB4L73 1 ’ Gold, Silicor,
(“9" Fission) Rluminum '

TI would not provide the tota) number of parts manufactured since Yate 1966
but indicuted delivery of 250,030 in 1970 and £5,000 up to May 1971, ‘
Conservatively this vould project 1o epproximately 1 midlion delivered devices
from Yute 1906 to date,

\
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FAILURE HISTORY (cont.)

These stetistics place the ingidence rote optimistically at ) in 200K
units,  Pessinistically, 1.). produced 2500 units in 1970, and all failures
otcurred o units produced during the 29 week pericd between date codes
70-11 and 70-39, The Yater approsch yiedds Y {n 28,000 units for {his
period.  Metal particle conteminstion shorts have not been reported in
other periods for this procuction line,

Pnown Test History on Fedled Lots

‘wiorols recerds indicate that the fo]]owmnq number of units were purchised
from Yot codes that were processed. uring or near the seme week for faw)cd
,parts and opersted cuccessfu)ly durwng manufacturing and “ATP testmng

Units . _ -Date Codes

80 Pevices 77 - 70-20

40 Divices , ' 20-30

15 Devices _ 70-38 (Between 2 fai) date weeks)

113 Devices ' ‘ 70 17

L LY

248 Davices  Toial

The noted units satisfactorily completed Motorols manufacturing clectrical
checks that screencd 2 of (he Foterols failures,

Orfentation of ihe units ond devices within the units indicate that AVT
shoud be an effective screening process.  Sub MIL size particles, and the
interna) spacing of circuitry does indicate, that the particle wust be placed
exactly to produce results noted, To date, the Apollo program has experienced

*two foilures thot passed AVT, one due to & loose particle and one due to a
particle attached st one end.

ApoYlo CSK 54L 1/C vsage 15 as follows:

End © BhLts Vehicle

Jien Supplice Used Usage

Data - lotorola 18 113/114

Modutatonr Scottsdale, Ariz,

TRDC Fotorola 150 113/114
Scottsdole, Ariz, , o :

DRR Leach . 4 . 113/14
dusa, Calif, .

KLY OKC ' | 98 ALL
Bethpage, N.Y. ‘

Particle & Field TRV . 16 113 ONLY

Sub-Sat, Redondo Keach . .

h-Ray Spec, hoericen Science § ‘ 209 13 ONLY

Rpha Spoc, Engincering 209 113 OhLY
Cambridoe, HMass -

» 3" Pap Comers Fairchild A : ALL

Syosset, K.Y, ‘ ‘

U\/ :", .(‘-"‘ v e ‘“.-"':' ‘.'l,\ ,:. .‘_-r.' R [SPR I ' RN
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FATLURE HISTORY (cont, )
Other 54L Scries device users are:
Contructor Progrem
Katorola ' hpollo Skylab )
Stnger learfott LI KET
Lockheed , P95 Classified
Kughes Intedsat 1V
T.RM. - kdvanced Pioncer
NASA ) Vorious '
uPL ) Various
Collins Radio I Various
RIL (Airborne Inctrument Lab) Unknown
General Time ” ‘ Uafinown
Bendix Unknown
Martin Denver Lo Evaluation for Viking

On Junc 10, 1971 IR directed Fotorola to open and cxamine ten (10) 1/C's
dote coded 7017 for conductive po:twcles. This cffort has been completied
ond the results are docunznted in Test Vemorandun No. 1250 (wtizched).
Fotoroli found loose conductive particles in four of the nine units
exomined, specimens 2, 4, 8 and 0. ($pcc1m°n 6 was accidently destroyved).

R swmmury of the conductive und non- conductive material found together with
& possible source follows: .

AY, Ca, Mg, TH _ " Telc - Finger Cots

e, €V S Body salt
"R, Cay K, S§ Grinding wheel

R, K, §i .. Cover glass

Cu Electrodes/wire associated

with velding process

Pb © - $pYder on tinncd leads
Ba '  Gless fmpurity

p . Blass impurity

S ~ Blass tmpurity

Fe ) Glass impurity

Fe, K1, Co c Cover (KOVAR)

Ay, 53 o Pevice - Lutectic

n o . Solder on tinned lesds
Pt ~ Device

LI
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FRILURE HISTORY (cont.)

Of the four previous failures reported, two of the conductive particles were
1dentificd ss stainless stee) presunsbly introduced into the 1/C's during
the menulocturing cycle by fransporting the uncapped chips on stziniess
gleel trays.,  The other wo failurves vere identificd as o) probable veld
splatfer; and 2) due to particles consisting of godd, silicon and gold, and
aluminua, Mo stainless stee) porticles were found in the nine semples ind
1t 1¢ concluded that the particles in these samples were either introcuced
during the opening of the devices ‘or cen be treced to device materials,

CORCLUS I ONS ¢

e The wanufocturing rethods of »11 three device clusses (SM54L, SN54L,
)ﬁg‘ SNCHAL) expose the three classes coually to contamination,

2. The ultimate solution s ¢ pussivating Yeyer on the chip surface.
3. ¥-ray and present pre-tap inspretions are inadeovate to preclude problems,
4, Present highest class (SM64L) tests will not provide a 100% screen.

Kission [{{ect Evaluztion , ;

1. The TRDC uses 150 of the 54L Serdes 1/C's. Prior to release of E.0.
Ko. 796600 effective §/C 112 thru 115, failure of any one of 115 devices
w0uld not actuate the TEDC to the fail safe mode, The noted E.O0, modi-
ficution allows switching the TRDC to the fei) ssfe wode by arpund
command.  Therefore the unit will sutomatically shift to fai) safe &s ‘
orfgina)ly destoned for any of 35 failtres end can be comnanded to switch
§¢ any of the remsining 115 B4L Series cevices fail,

The ©wo remsining DRR's assinned to "3" missions {S/N 7 - $/€ N3 and
S/ 23 - S/C 114) have measured flutler chavacteristics of 0.68 end 0.7%
respectively. - This dearce of flutier would not seriously degrade repro-
?Kggd data in the event it was necessary 10 use the by-pass mode of the

2. The Data Recorder Reproducer (LRR) vse 4 of these devices. Fetlure of
sany of these devices would ceuse loss of either of two data channels.
Devices installed in these units were kanufacfured by T1 in the 62-21
snd 6S-51 dote coded periods,

3. The Data Modulator (DY) wses Y& of these dovices. Two are used in the
calibrite wode. The remaining 16 devices are associvted with the three
phose modulated sub corriers.  These arc 576Kz (64 KLS play back data),
1601z (64 YBS rea) time data), and M024K8z (61,2 KBS play back qata).
kay 1/6 failure occurving o any of these chunnels would result in the
Yost of that channel. B4l Series devices utilized in the Dit were manu-
€octurcd by T1 in the 68-5) and 20-03 date code periods.

SUPPLEIY NTAL INTORMATION _

Representative sawples of H4L 1/C0% vere obtzined from Votorols, Leach,
Texes Yoctrumonts and BSTC ing wubjeeted (o & special seroening tvgi' ‘
developed by futenctics.  Tha test wes specificedly fnstitvied 10 ewived
sa)) conductive rarticles vithe the 1/C prekeoe, Ihe test subjects Ahe
170 to on spproxiiatedy 20 1 continvous Sine vilration, intorqursod wth
an approxitute 1705, Y0 ndllisceend shock every 7 seconds,  The dnbuts ond
0‘"",‘\\" LI K (Y J/C.- NG Coriien U\Iél-/ Sl T o AUAR IO O AL e Ve
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SUPPLEKERTAL IRFORBATION (cont.)

which Yasts 30 minwtcs, Fifty-two (52) devices were submiticd as "KR"
supplicd ond sixty-cight (€8) as "I'SFC™ supplivd, Eipht (&) failures
vere recorded of the 120 picces tested. ‘

The efght foiled devices were hand carried to Texas Instruments, Dallas,
Texos and analysis perforised,  Five of the eight devices were found Lo
heve Yoose porticles within the packege when the devices werve opened,
The results of the snalysis are tobulated below.

P/R
SHoaLhY 7045  TRDC Neaﬁly every impzact-  One loose particlie -
- hord fallure reasined 3 % 4 mil « dren with
‘ ot test conclusion, trace of gold.
SHS4LSS (S/N §57) 7038 TRDC 22 win. 2t 26 min, One thin Yoose flake-
. B havrd {ailure - .remzined oval & x 9 il -~ gold
.ol test conclusion, with trece of iron,
. Two fixed perticles.
SH54LOS (S/N 508) 7039  TRDC 2 min,,3 min, Three Yoose perticles -
OR vest of test.: A mid oand-two 1 il -Oac
8016 and one silicon,
. ne fixed particie.
SHHALYS ‘ 7038 TRDC 17 min.,22 min, then  One {ixed particle
o tendon {alures with 4 mils long.
- irpect-OK at conclusion,
SRCH4L23 70017 TRDC ) min., 17 min., 22 min, Two or three fixed
Co O rest of test, particles 2 mils and
one ) x 7 mils.
SKC54L95 - “7050 “IRDC 5 miv, herd feilure - Two loose particles -
. . Lemyined at test, - 3.mi dis ¢ cobdlt
conclusion with {race of ¢old.
One fired particle.
SRS400 7006 TRDC  2-1/2 min, then OK One lovse purticle -

rest of test. . 1 X 3mit - qohd with
. trace of silicon,
: One fixed particle.
SN54L00 7020 TRDC  lwencddate - continuvous Two fixed particles.
with cach fipact - hard
failure remeined ot
test conclusion, '
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Internal Ben:dix 4 Aerospace

« J Systegns Division
Memorandum SR
5 January 1972 Letter No. 9721-2663 ~

L. Deusterberg

R. Hiebert

67 U.T.D., Gross Leak Flat Pack Rejects
B S S E ST S U S e

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 retzsted for fine and gross leak at Autonetics with BxA
Quality and Reliability as well as DCAS observing the results. The re-
sults are tabulated in Table I for these parts, Of the 67 pzrts retested,
three passed both fine and gross leak test with no evidence of bubbles on
the part. One device (SM 54L 71 S/N 100) failed fine leak with a reading

of 1.2 x 10~7,

All of the remainiﬁg 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 were retested
after removing the tape 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 geen under high

)
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maghification. The other unit had a stream of bubbles coming from
lead number 7, Visual examination revealed a void in the glass geal
for the lead seven feedthrough, These two devices aa well as the fine
leaker were retained by Autonetics for additional analysis.

All of the remaining 6! devices are not suspected as gross or fine

leaker 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,

R, Hiebert
RH:mc
Enclosures

cc: S, Ellison
J. Hendrickson
T, Fox
D, Cook
M. O'Mara
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TABLE 1
,,,,, -
SM 541.00
S/N Fmission Type S/N Emission Type
908 A 920 A + C (lead 7)
935 A 949 A
936 A 910 A
911 A 948 A
924 A 937 A
914 A 953 A
923 A 913 A
909 A 922 A
SM 54L73
S/N Emission Type S/N Emission Type
231 A,B,C (lead 12) 253 B,C lead 7
215 B 256 B
244 B 229 B,C lead 14
233 B 258 B,C lead 9,10
263 B 238 B
249 B,C (lead 2) 266 B
257 B 267 B
217 B 255 A,B
232 B 241 A B
248 B 234 B
235 B 236 B
259 B,C (lead 11 & 12) 228 A, B,C (lead 6)
219 B,C 12 230 B
250 A,B 243 B
242 A,C (lead 8) 221 B
225 B 222 B
SM 54L71
: S/N Emission Type S/N Emission Type
016 passed 111 A
021 A,B 086 A
041 A 040 ' passed
127 C (lead 8) L 091 , A
100 (fine leak 1.2 x 10 ') 126 A
003 B 042 Passed
068 A,B 090 A,B
010 A 007 A, B
113 B 116 A, B
125 A,B
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TABLE II
(Units retested with tape removed -- Type 'C'" Emission)
SM 54L73
S/N Lead (s) Retest results
231 12 No leakage
249 2
259 11,12
219 12
242 8
253 7
229 4 L,
258 9 and 10 )
228 6 No leakage
SM 54L.00
920 7 Gross leak
SM 54L71
127 8 Gross léak - minor

indication
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Internal p ‘S‘m?&nmc& imion
o stems Divis
Memorandum g Y
Date 4 Febl‘uary 1972 Letter No. 97 21-2706 Ann Arbor. Michigan

To R. Dallaire

from R, Hiebert
18 Hermetic Seal Failures Sent to Autonetics 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 Autonetics and have not been
returned to BxA for these parts. Elevenparts had dye penetrant
noted in the cases. Dye will, on occasiom, not penetrate a leaker,
In some cases, the gross leak test will seal the leakage which will
inhibit the dye from penetrating the packsge. Two gross leakage
paths were observed visually, One of these devices had a cracked
glass eyelet seal and one device had a posr 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 organic type of growth on
the bar indicating the package was a gross leaker,

Subwect

Four devices had curve traces with soft Inee breakdowns, low

breakdowns, and/or shunts, These fourkad no dye penetrate or
visible evidence of leakage, although particles were observed in
some of the four parts. These soft knee breakdowns can be as-

sociated 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 oxygen present when the bar is
scrubbed in,

Two devices had a chip from the bar whith 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 all the parts by S/X and observations,

A0 7 Mt X 3“’&'

Robert W. icbert

heict B Ldhyeon
J. Hendrickson
T. Fox
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TABLE ]

OBSERVATIONS ON 18 HERMETIC FAILURES

Type S/N Leak Dye Observations Particle Observations
]
1 L71 038 Fine No Oxide anomalies, C. TI. )nnnlylin indicates None
soft knee breakdowns
2 L20 065 Groas Yes C. T. analysia indicates soft knee break- None
downs
3 L73 124 Fine Yes C. T. analysis indicates an unstable low Other than growth -
resistance path. Organic growth noted in None
case on bar
4 | L20 420 Gross No Chip out of dye loose in case Gold slag attached to
bottom of ca etoond
PMT\&JA se4S
5 | Llz21f 150 Fine No C. T. analysis was good, Oxide anomalies Gold slag not loose
observed but caused no electrical anomalies
6 L73 769 Gross Yes C. T. analysis indicates soft knee break- Gold slag loose in
down., Chip out of bar case (34 Bircon
pramest,
7 | LSt 187 Groses No C. T. analysis was good None
8 | LO0O | 1157 Gross Yes C. T. analysis indicated soft knee break- 3 small glass particles
down
9 L20 398 Gross No C. T. analysis indicates shunt path in circuit Loose gold slag (7—)
10 193 oo Gross Yes Excessive dye and lots of oil in case. Lots None observed
of shunt paths, Unit has a real gross leak
11 ¢ L20 134 Gross Yes C. T. analysis indicates soft knee break- Stationary unidentified
down particle on bar
12 L30 171 Gross Yes C. T. analysis good. Crack in glass seal None
(eyelets) in cage
13 L30 010 Gross Yes C. T. analysis indicates low breakdown None
14 | L73 842 Grose Yes C. T. analysis indicates soft knee break- None
down. Poor lid welds
15 Lo4 392 Gross Yer C. T. analysis indicates excessive shunt None
paths, excessive dye in case
16 { L04; 1291 Fine No C. T. analysis indicates shunt paths and None
low breakdowns. Contamination on edge
of bar
17 | LO4 157 Gross No C.T. analysis indicates low breakdown Small gold colored
in pin 2 obeervation. Diffusion fault, particle on bar
sybstrate to collector
18 Lo4 045 Gross Yes C. T. analysis good. Excessive dye in None

case

NaTEO) €. T = cyeve TemeE
NOTE (L) PpeTICLE CONMTAMINATION {0t TWenE PALTE NOT  FRLviousty REPORTED SINCE THese

ParT® FALZDO Yewmene TEIT ARTER. Passirg VIgesTION TEST,
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(PLEASE TYPE ALL INFORMATION - SEE INSTRUCTIONS ON REVERSE) .

NATINNAL AFRONAUTICS AND SPACE ADA T STRATION 1 GENFERIC CLASSIFICATION ? ALFRT NO. <

e TNy MSFC-71-21 8

TR UL Microelectronic - A

ol =l N Circult Flatpack 3 Date 2

atpac 16 Nov._ 1971 &

{Repor ting Parts and Materials Prablems) DAY | MO. | YEAR a

4. MANUFACTURER AND ADDRESS 5 PROCUREMENT SPECIFICATION 6. REFERENCE 58:;

Texas Instruments, Ine. O
i ce 10 MSC-71-04

P. 0. Box 5012 Various (Sce 10) . 2

Dallas, TX 75222 7. MANUFACTURER’'S DESIGNATION 8. LOT/OATE CODE-OR SERIAL NO. b

3

SN-34L-Series Various Q

9. SPECIAL REQUIREMENTS OR ENVIRONMENT (Requirernents placed on or extreme enviranment to which rtemn was exposed.}
As stated in MSC-71-04 one failure occurred during equipment qualification vibratio
testiny; two failures occurred during first energization of devices in equipment,

=4

10. PROCLEM SITUATION AND CAUSFE (State facts of prablem and cause ~ larlure mode and mechanism - project and function)
AS stated in MSC-71-04 investigation of 3 failures of 54L-Series integrated

circuics used in the Apolle J-Mission tape recorder data conditioner revealed
cond..ctive metallic contamination in the devices. The parts involved are:

SN S54L04T-11 Date Code 7020A

SNC 54L73T Date Code 7017A

SM 54L95R-1 Date Code 7039A - (Manufactured to the requirements of MSFC
Specification 85M03766)

yoedield
IFNDITH DIULIFDITP0ADTR

L.
2.
3.

11 ACTIONS TAKEN (State ait sctions teken to correct the probiem situation.}
Since one of the failed devices had been processed to MSFC Drawing 85M03766 and
manufactured on a MSFC Certified Line, MSFC re-evaluated the Dallas line. This
resulted in the certification being suspended on July 15, 1971. TI iomediately
instituted corrective actioms: Laminar flow clean benches were installed in the
prcecap visual inspeccion area; weld shields were added in the sealing chambers;
visual inspection of device lids (prior to scaling) was initiated; and hard glass
contarners replaced aluminum coutainers for storage of package lids; spray wash
after precap. prior to seal; and inverted storage of units after spray wash and

The line certification was then reinstated effective July 28, 1971,

1¢~1£-04SR
ON 1831V 81

prior to seal.
(Continued on page 2)

12. RECOMMENDATIONS FOR FURTHER ACTION (Suggestions to prevent recurrence.)

In cvitical single failure point applications, all 54L91, 54193, 54L95 devices, UI:
regardless of date of manufacture, should be replaced with devices that have ;:5
successfully passed the monitored vibration/shock test. E;g
In critical single failure point applications, all other TI 54L devices manufac- ng
turcd prior to July 28, 1971, should be replaced with devices that have success- é><
fully passed the monitored vibration/shock test. At this time, Autonetics has &:S
{Corzinued on page 2) -

13. CONTACT POINTS FOR INFORMATION (Name, offitration, telephone) 14, MANUFACTURER o
Ron Barlow, A.C. 205/453-3987 NOTIFIED -

8 Nov. 1971

MSFC, S&E-QUAL-QT

DAY | MQ. ] YEAR
15. ALER 7 COORDINATOR (Name, atfituation] 16. SIGNATURE OF ALERT COORDINATOR
Elicabeth G. Manning, S&E-QUAL-QRA .
George C. Marshall $pace Flight Center R “f

NASA FORN 86 MARCKH 197 Previous Edtions Are Opsoiete,

Attachment I
(Sheet 1 of 2)
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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 for chips will be

available,

To determine the extent of particle contamination of the TI S54L
devices, MSFC and MSC jointly arranged for monitored vibration/shock
testing of 120 devices at Autonctics. Of these, 77 werc manufac¢tured
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 Autonetics 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 three of
four 54L95. This high failure rate may be attributed to two major

factors:

1. 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 54L91, 54L93, 54L95 devices.)

While no failures were experienced on 54L91 and 54L93, based on
similarity 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

wag 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 vibrgtion/shock test is effective in detecting particle
contaminated devices., '

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 contact:

Mr. Jack Mann .

North American Rockwell-Autonetics Division
3370 Miraloma Avenue

Anaheim, CA 92803

Telephone; 714/632-8777

Reference Autonetics Test Procedure I0D273/77, "Particle Contamination
Screcn."

Attachment I
(Sheet 2 of 2)
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Aerospace 3300 Plymouth R
LOERIRCE Ann Arbor, Nache o
Systems Uivision 277 {5 M
The Bendix Cor et
BxP, O, 5069(TI)

72-970-5443

Mr. P. Donald Gerke, Manager

Lunar Surface Project Office

National Aeronautics and Space
Administration

Houston, Texas 77058

13 March 1972

Subject: 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)

Attachment: Screening Results

Dear Mr. Gerke:

The subject action item requested Bendix to provide MSC with lot screen-

ing information for thiee vy pES vl >4, seiice in'u:gl dicd Ciicuitd., slcae
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) SM54L00 (DLC:

7144 A), (2) SM54L00 (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) SM541.00 (7144 A) -- 68% ( 94 of 139)
(2) SM54L00 (7145 A) -- 51% (106 of 207)
(3) SM54L04 (7147 A) -- 44% (L16 of 266)

and that the majority of the fallout was distributed among three tests: (a) the

40X and 100X pre-cap inspection, (b) an in-process clectrical test cquivalent
Attachment J o
(Sheet 1.0f 7)
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Mr,. P. Donald Gerke
13 March 1972
Page 2

to the EM2, but not required by 85M03766, and {c) x-ray,

To determine the significance of the device fallout, each of the above screen-
ing tests was carefully evaluated for effectiveness. The¢.65% AQL sampling
verified the effectiveness of the 100% pre-cap inspection in removing con-
taminated and visually defective devices, Similarly, the results of the

EM2 screcning indicate that the in-process electrical test, which was

added 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 (8%, 4%, 4% rejection)
removes some of the confidence built up by the previous screening, A
deeper examination of the x-ray rejection reveaied that most devices
rejected are not actually 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 discrepancies which can generally be attributed to:

(1) contamination on the plastic trays whkich hold the devices
. during the x-ray exposure,
(2) x-ray film flaws,
(3) false images; e, g. scrub-up material, and
~ (4) gold plate sticking to the glass headers, etc,

Therefore, these apparently high x-ray rejection rates are not real and they
do represent acceptable rejéction levels (equivalent to approximately.6%, .3%,

and.3% as opposed to 8%, 4%, and 4%).

Conclusions:

The review of the lot screening data, which has heen summarized in the
Attachment below, indicates the results are consistent with lots previously
procured having Bendix and GSI pre-cap inspections. In addition, it must be -
noted that these devices were capped subsequent to '"cleaning up the line' and

Attachment J
(Sheet 2 of 7)
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Mr, P. Donald Gerke
13 March 1972
"Page 3

fine recertification by MSFC. Therefore, Bendix believes that referenced
SM54Lxx devices are acceptable and should be approved for use in ALSEP
Array E Qual, Flight, and Flight Spare hardware.

Very truly yours,

. enske, Director
ALSEP Progvam

TWEFE:b
cc: P, Clyatt
J. Langford
E. Smith
A, lickexmann, Ms>t/Boeing

Attachment J
{Sheet 3 of 7)
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ATTACHMIENT

Contained herein is a summary of the lot screening test
résults for the following devices:

(1) SM 54L00 (DLC 71444A)
(2) SM 54100 (DLC 7145A)
(3) SM 54104 (DLC 7147A)

¢ noted

Tpon reviewing the data tabi’.lat:dlbs;lcw, it will be ne
that '"'read and record' data at ~-55°C and +125°C is not
available for the devices from DLC.7144A and 7145A.
Texas Instruments did not have the on-line cavabilitv to
identify the serial numbers at temperatures other than
25°C. MSFC waived this requirement and allowed TI to
perform the EM2 tests at -55°C and +125°C on a GO/NO
GO basis, provided that TI perform a 1% AQL sampling
check, Subsequent to DL C7150, 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: SM541.04
Date Lot Code: 7147A
S/N Range: 1889 - 2019

Screening Test Start Oty End Qty. % Fallout
1.” 100X Pre-cap * (passed.65% AQL) 266 . 169 36%
2. 40X Pre-cap * (passéd.65% AQL) 169 163 4%
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, Yl axis
6. Fine leak: <1 x 10"8 STD, cc/sec 163 148 9%

7. TI performed an in-process electrical test (same as EM2 below) which is
not required by 85MQ3766 at this point

8. Gross leak: ' 131 131 " 0%
9. TI serialized the devices at this point

10, Electrical Measurements (EM1), DC
@ 25°C R31 130 1%

11. Power Burn-in: 240 hours @ +125°C

12, EM 2: DC @ +125°C ‘L30 123 % 2%
DC @ +25°C 123 121 2%
DC @ -55°C 121 121 0%
AC @ +25°C r21 ' 121 0%

** four (4) devices rejected due to data loss on magnetic tape
13, X~ray: per MSFC-STD-355 . | 121 116 4%

*¥100% inspcction nerformed in-process, follaw.ad hy QA =amp!ingn

Attachment J
(Sheet 5 of 7)
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SCREENING RESULTS

Device Type: SM54L00
Date Lot Code: T145A
S/N Range: 632 - 749

Screening Test Start Qty. End Qty. % Fallout
1, 100X Pre-cap* (passed.65% AQL) 207 . 154 26%
2, 40X Pre~cap * (failed.65% AQL) 154 . 138 10%
3, 40X Repeat (passed.65% AQL) 138 137 . 1%
4. Hightemperature stabilization bake: 48 hours at 200°C

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

6. Acceleration: 30,000 g's, Y, axis
7. Fine leak: <l x 10~8 STD CC/SEC. 137 137 0%

8, TI performed an in-process elﬁ-rtnczﬂ test (sama as FM?2 helaw) which is
not required by 85MO3766 at this point.

9. Gross leak o 119 118 1%

10, TI serialized the devices at this point; one part lost

11. Electrical Measurements (EM1), 117 117 0%
DC @ 25°C
12. Power Burn-in: 240 hours @ +125°C
13, EM2: DC @ 25°C 117 o 114k 2%
DC @ 125°c} no read and 114 114 0%
DC @ -55°C) record data 114 113 1%
AC @ 25°C . 113 113 0%

#% data lost for one device; two (2) devices failed test

14. X-ray: per MSFC-STD-355 113 108 - 4%
15. 1% AQL for EM2 resulted in no failures.

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

Attachment J
(Sheet 6 of /)
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SCREENING RESULTS
Device Type: SM54L.00
Date Lot Code: 7144A
S/N Range: 750 - 856
Screening Test Start Qty. End Qty. % Fallout
1. 100X Pre-cap* (passed 65% AQL) 139 . 128 8%
2. 40X Pre-cap* (failed .65% AQL) 128 122 5%
3. 40X Pre-cap* (passed.65% AQL) 122 119 2%
4, High temperature stabilization bake: 48 hours @ 200°C
5, Temperature cycling: -65°C to +150°C (10 cycles)
6. Acceleration: 30,000 g's, Y, axis
7. Fine leak: <1 x 10"8 STD cc/sec 119 116 3%
8. TIperformed an in-process electrical test {same as MZ below) which is
not required by 85MO3766 at this point,
9. Gross leak 107 107 0%
10. TI serialized the devices at this point
11. Electrical Measurements (EM1),
Dc @ 2§°C 107 106 1%
12, Power Burn-in: 240 hours @ +125°C
13. EMa2: DC @ 25°C 106 104 2%
DC @ 125°C) no read and 104 104 0%
DC @ -55°C ) record data 104 103 1%
AC @ 25°C 103 - 103 0%
14, X=ray: per MSFC-STD-355 103 95 8%
15. 1% AQL for EM2 resulted in one failure at -55°C -- final yield Qas 94 devices.

*100% inspcction performed in-process, followed by QA sampling

Attachment J
(Sheet 7 of 7)
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72-970-5365

‘Mr. P, D. Gerke, Manager

Lunar Surface Project Office

National Acronautics and Space Admnustratwn
Manned Spacecraft Center

Houston, Texas 77058

9 February 1972
Subject: Closeout of Action Item No, 590

Attachment: 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
intcgrated civcuits., It was sugygested that there are different assembly
lines for Apollo and other contracts (i, e., Minuteman),

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 are) different assembly areas for NASA and Minute-
man programs for the following reasons:

1. Logic construction and design is considerably different between NASA
and Minuteman parts which is the primary reason for different assembly

and manufacturing areas. (See attached Tabie I for differences)

2. NASA Spec. MSFC 85MO03766 spec1f1cauon did not require clean room
assembly areas, -

Attachment K
(Sheet 1 of 5)
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Design Differences - 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 1 - 54L (85M03766) with flat pack package: This part is the
low power TTL used for ALSEP and other Apollo electronics and is
the only one that is not passivated, Lack of passivation is a problem
when conductive particles are present, The reasons why passiva-
tion is not feasible on this present design are given in Table I. TI
also indicated that MSI'C is planning to have T1 change the metalliza-
tion system and add passivation under new centract.

Item 2 - 54L TTL in ceramic dual in-line package: This part uces
a different metallization system than the {lat pack and is passivated.
The package size and the fact that the part can only be mounted on
one side of a PC board is the main reason for using the smaller
flatpack., The 54L TTL C-dip is built to 85M0O3766 requirements

for NASA and prescntly Tl is completing baseline qualification to
use this part for Minuteman ground installations,

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

Item 4 - "Custom' logic in 10 lead flatpacl:: This item was made for
Minuteman f{light use starting in 1965, The logic is not TTL but is
simple DTL logic. This part was originally- unpassivated, Particle
contamination became a problem in 1968 and the construction was
modificd to add passivation.

Attachment K
(Sheet 2 of 5)
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Item 5 - RSN DTL & RSN TTL in "H" package: This item was
developed by TI for Wright-Patterson in 197] for radiation hardened
requirements. The entire line has some "54L TTL functions' but
design construction and number of logic functious available differs
from the SM54L line. This line is to be marketed for Minuteman
III flight use and other radiation hardened programs.

Clean Room Assembly - NASA TTL 85MO3766 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 {rom the prescnt clean room, Also, in August
1971, several cleanliness procedures were instituted prior to 'moving into

the clean rouvin, Thesc were:
1. Monitor particle count during 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, DPackage 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).

4

Attachment
(Sheet 3 of 5)
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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
possibly still be found in packages after environmental test. It should
be noted that 85M0O3766 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 flatpack.

Therefore, BxA concurs with the MSC-LSPO that operating vibration
screcning (followed by hermetic seal tests) be continued for all un-
passivated devices that use bonding systems capahle of producing
particles, This should be done regardless of clean room facilities used,
That is to say, ihe SM 54L in the {laipack should be vibrailon screcned Lo
the Autonetics procedure regardless of Date Code. Also, this screen
should be used until the dic bond system is changed or until the device is
modified to add passivation,

Very truly yours,

; A

,’/ W

. {f. W. Fenske, Director
W ALSEP Program

TWE:b
Attachment
cc: P, Clyatt:
J. Langf{ord
T, J. Nelson
D, J. Scliwartz
A, Eckermann, MSC/Boeing
E. Smith
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TAELE I )
TI - DALLAS, NASA LOGIC DESIGN COMPARISON WITH MINUTEMAN LOGIC DESIGNS
_ Devica Type . Metaltization Wire Bond i
{Snee. ) Package System Paasivation System Die Attach Rermzris
$4%. 14 Lead - Kovar Gold over None (2) need Gold Ball Bond Hand ecru% silicon to | (1} Autonetics vibration screen recommaearcad
ENIT4TL (85M03765) Flatpack Molybdenum new metal to to d.e gold (L92, ©32, 95 because of lack of prasivation, Also, 102 :lag
2346241 (85M03766) | (.26 % .15 x .05 passivate (3} use preform, others particies will continie o he a prolem rvzar” ass
S>M* L (Mach 1Y) high) -

SNA34L (Mach 1V)
SNC3 L {Mach IV)
SNES:L (Mach IV)

2o not} Note that
bottom of silicon is
not metallized, mak-
ing die attach diffi-
cult and may be
related to gold slag
problem, Algo, large

preform for L90's is

a gource of gold
slag (1)

of elimina‘ion of "foreinn” particle proulem o:.
line,

{2) Quartz passivatinn not fzasible without
molybdeam layer. Extra moly layer not
Lecause etch of this layer causes [nteral wich
undercut of originral mo'y layer,
{3) TI corviderin

hanzing to Tungsten-T tanic

instead of molyhdenum under and over 2o
quartz pacssivation can bYe used. Tungs! Titanium
20 times less susceptible to lateral etch (undercut
than moly.

541, 14 Lead - Ceramic- Alumirum over | Quarts Aluminum Ultrasonic die (1) Early 1972 expect to complnte baseline gual

(B53/433746) . Dip Titanium- uitrasonic attach silicon to to uee seven logic types for Minuternan ground

{BAC Minuterman (.785x.280 x.180 Tungstea bond gold equipment.

Grouid Spec- high) is

1972; {1} 6 X areaof F.P, &
24 X volume of F. P,

84 a-- S4i{ I'jatpack or C-dip Aluminum over | Quartz Gold (2) Ball Depends on (1) 54 & S4H dice manufactured and passi-atec in

SM54 {82M0I766) described above (Titaniume (1) Pond Package Houston. May be asaembdled in Houston or

SM5281 (85M237REY "x‘qngstgn Lallas,

2346, 17 (B3Li03706) {2) Cold bond to &!uminum meta} is weeker than

gold to gould or aluminum to aluminim,

"Cus.om” DTL 10 Lead - Kovar Gold over Extra Moly Gold Bonded to ceramic (1) Originally designed with moly-gold

{NAt Minuteman flatpack with dielectric/Molybdenum layer over gold, spacer which is unpassivated system, In 1948 switched ¢to a moly-

Fligtt Spec-1955) isolation {ie, ceramic then quartz ' bonded to Kovar - | goid-moly-quartz system to obtain nascivation and
spacer ia Header) (1), .(2) case (for radiation eliminate particle contzmination problem.
Approx. same size & hardening) (2) Large line wid'hs and very simple gecmetry
shape as 14 Lead with large spacing make eich of top moly layes
Koval ¥, P,) feasible without ecvere undercut of {irst moly layer,

RSV ETL & RSN “H' package is 14 Aluminum | Quartz Aluminura Epon attach of (1) Several "54L TTL Functions™ available tut

TTL (1) (Wright. Lead ceramic Metallization Eord silicon chip to construction is different from ordinary 54LXX

Patterson AFB package approx. and chromium wires ceramic package

Spece 1671
Hadiadon
Hardened Spec
Rzquirements)

2)

sarme size & shape
as 14 Lead Kovar
flatpack

resistors (1)

parts due to radiation hardening fi2, use of
larger line widihs and use of ckromium res:isiers
in acddition to Diel-ciric isolation of headrr/cese).
(2} TI trying to sell for Minuteman IIL.
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DATA PROCESSOR

CRITICALITY SUMMARY

Criticality Summary

TI
P/N 1 2 3 4 5 6 Remarks
Data Processor A/D Conv. (Redundant)
2349445
541.00 0 0 0 4 0 0
541,04 0 0 0 2 0 0
541.10 0 0 0 2 0 0 No comment
541,30 0 0 0 2 0 0
541.93 0 0 0 4 0 0
541.95 0 0 0 4 0 0
541.74 0 0 0 6 0 0
Data Processor Interface (Redundant)
2349455
541,00 0 2 0 0 0 0 Lose experiments for criticality 2
541.04 0 8 0 0 0 0 due to loss of clock/demand to
experiment, Outputs are wire/or.
FEach L.00 or 1.04 pair loses 1
experiment (quantities shown are
redundant).
Data Processor - Timing + CW Gen (Redundant)
2349425 (Qual) 2349450 (Flight, Spare)
541.00 0 0 0 22 0 0
541.04 0 0 0 14 0 0
54110 0 0 0 16 0 0
541.20 0 0 0 6 0 0 No comment
541,73 0 0 0 22 0 0
541.93 0 0 0 2 0 0
541.78 0 0 0 2 0 0
541.74 0 0 0 6 0 0
Data Processor - Demand Matrix (Redundant)
2349415
54100 0 0 0 10 0 0
541.04 0 0 0 8 0 0
54L10 0 0 0 12 0 0
541.30 (¢} 0 0 4 0 0 No comment
541.73 0 0 0 6 0 0
54174 0 0 0 8 0 0
541,01 0 (o} 0 32 0 0
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COMMAND DECODER

CRITICALITY SUMMARY

TI Criticality No.
P/N 1 2 3 4 5 6 Remarks

C/D Demodulator A, B
2367645 Qual
2367652 Flight

54100 0 0 0 2 0 0
541.04 0 0 0 4 0 0
54L10 0 0 0 2 0 0
54L.20 0 0 0 2 0 0 No comment
54L.51 0 0 0 2 0 0
54L72 0 0 0 2 0 0
541,73 0 0 0 8 0 0
C/D Decode A, B BDS

2367625
541.00 0 0 50 2 0 0 Will require complete rework if
541.04 0 0 0 16 0 0 these parts are changed,
541.20 0 0 0 24 0 0

C/D Sequencer

2367615
541.00 0 0 0 8 0 0 Change of these parts will probably
541.04 0 2 0 6 0 0 cause loss of board, Board contains
541,10 0 0 0 5 0 0 long lead items (NHO001lA op amps)
541.20 0 4 0 7 0 0
541,74 0 0 0 3 0 0 Note: For criticality 2 lose
541.93 0 0 0 4 0 0 experiments due to power shut down,
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COMMAND DECODER (continued)

Criticality No.

TI
P/N 1 2 3 4 5 6 Remarks
C/D Control Logic A, B
2370075, Qual, Spare, Flight
541.00 0 0 0 20 0 0 This board was not yet built;
541.04 0 2 0 2 0 0 therefore will get screened
541,10 0 0 0 8 0 0 parts,
541.20 0 0 0 4 0 0
541.30 0 0 0 2 0 0
541.72 0 0 0 6 0 0
541.73 0 0 0 12 0 0
541.78 0 0 0 2 0 0
PCU (Redundant)

2370060

541.04 0 0 0 2 0 0 No comment
PDU (Redundant)

2362800

54L30 0 0 0 2 0 0 No comment
S-Band Transmitter (Redundant)
Synthesizer

541,00 0 0 0 2 0 0 Parts from DI.C 7142, which

is not particle suspect.
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LSG

Criticality Summary

TI Criticality No.
P/N 1 2 3 4 5 6 Remarks
LSG A/D Converter/Dig. Mux
Board #1
541.93 0 1 0 o o 0 If 541 IC's have to be replaced then
541.04 0 3 0 ] 0 0 a board is necessary, Qual and flight
54L10 o] 1 0 0 0 0 PC boards have not been potted at
541.20 0 1 0 0 0 0 this time. There is one spare PC
541.00 0 6 0 0 0 0 board. Some parts have to be
541,95 0 3 o 0 0 0 reprocured,other parts will be
541,54 0 10 0 0 0 0 transferred from board to board.
54173 0 6 0 0 0 0 '
LSG Digital Lines BFR/RCVR Commands
Board #2
54173 0 0 0 0 1 0 If 54L IC's have to be replaced then
54110 0 0 0 0 1 0 new board is necessary. Signetics
541,72 (] 0 0 0 1 0 8T80 & 8T90 can be replaced in this
541,78 0 2 0 0 0 0 board. There is sufficient quantities
541.86 0 0 0 0 1 0 of Signetic IC's in stores. Swap
541.00 0 3 0 0 0 0 board to board on other parts; see
54L.04 0 8 0 0 0 0 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/Analog Mux
Board #3
541.10 0 1 0 0 0 0 If 541, IC's have to be replaced, board
541.04 0 3.0 0 0 0 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.
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LSG (continued)

TI Criticality No,
P/N 1 2 3 4 5 6 Remarks
LSG Tilt/Screw Servo Control
Board #4
54178 0 2 0 0 0 0 If 541, IC's have to be replaced new
54172 0 2 o 0 0 0 board is necessary. Flight PC
541,20 0 1 0 0 0 0 board have not been potted at this
54L.10 0 2 0 0 0 0 time, Qual board is potted. There
541,00 0 10 0 0 0 0 is one spare PC board. Replace
54193 0 5 0 0 0 0 Signetics 8T80 and 8T90. There
2346207-22 0 1 0 0 0 0 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
541,78 0 1 0 0 0 0 If 541 IC's are to be replaced the
54L73 0 2 0 0 0 0 PC board can be reworked, Qual
54100 0 1 0 0 0 0 and flight PC boards have not been
potted at this time. There is a
spare board.
LSG
Board #8
54178 0 0 0 0 2 0 If 541, IC's have to be replaced PC
541.30 0 1 0 0 0 0 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,
LSG Shaft Encoder
Board #14 Al & A2
541.51 0 0 0 0 5 0 If 541, IC's are replaced new boards
541,04 0 0 0 0 4 0 are necessary. Qual and flight PC
54L10 0 0 0 0 19 0 board have not been potted at this time,
54173 0 0 0 0 1 0 There are spare PC boards. Some
54L.78 0 0 0 0 1 0 parts have to be reprocured other parts

will be transferred from board to
board. 54L IC's are criticality 5.
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LSPE

CRITICALITY SUMMARY

TI1 Criticality No.
P/N 1 2 3 4 5 6 Remarks

I.SPE C/S Electronics
Digital Proccssor 2347815 (Board #1)

541.00 0 7 0 0 0 0 If criticality 2 parts are changed
541,04 0 11 0 0 0 0 old board must be scrapped. New
54L.10 0 5 0 0 0 0 board and all other parts on hand,
541,20 0 6 0 0 0 0

541.30 0 1 0 0 0 0

541,73 0 10 0 0 0 0

541,78 0 3 0 0 0 0

541,121 0 3 0 0 0 0

(2346207-22)

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

541.00 0 2 0 0 0 0 If criticality 2 parts are changed
54101 0 1 0 0 0 0 old board must be scrapped. New
541.04 0 4 0 0 0 0 board and all other parts on hand,
54L10 0 10 0 0 (o] 0

541.54 0 2 0 0 0 0

541,73 0 1 0 0 0 0

541121 0 2 0 0 0 0

(2346207-22)

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

541.00 0 2 0 0 0] 1 If criticality 2 parts are changed
541.04 0 7 0 0 0 7 old board must be scrapped. New
54110 0 1 0 0 0 5 board and all other parts on hand.
541.20 0 0 0 0 0 1

54151 0 6 0 0 0 8

541,54 0 2 0 0 o 4

541,78 0 5 0 0 0 4
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LSPE (continued)

TI Criticality No.
P/N 1 2 3 4 5 6 Remarks
LSPE - 16 Channel Mux
Board #2346710
541.20 0 0 0 0 4 0 A/D digital board 2376725 must
be scrapped. A/D analog board
Board #2346720 2376720 and MUX board 2376710
541.04 0 2 0 0 0 0 are o. k.
Board #2346725
54104 0 2 0 0 0 0
54110 0 2 0 0 0 0
54130 0 0 0 0 1 0
54193 0 3 0 0 0 0
LSPE Explosive Package Assembly
Firing Circuit Assembly 2348393
Signal Processor 2348355
(8 boards req'd)
54173 0 0 0 0 2 0 There is no problem in replacing
541121 0 0 0 0 2 0 replacing these parts.

(2346207-22)
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LMS

CRITICALITY SUMMARY

TI Criticality No.
P/N 1 2 3 4 5 6 Remarks

Counting & Data Compressor (BxA) 2347550

541.00 0 0 0 0 9 0
54L.04 0 0 0 0 6 (]
54110 0 0 0 0 3 0
54120 0 0 0 0 6 0 PC is available for replacement
54172 0 0 0 0 3 0
541.73 0 0 0 0 6 0
541.93 0 0 0 0 18 0
541.95 0 0 0 (1] 24 0
Signal Conditioner & Command Deccoder (BxA) 2347540
54100 0 3 0 0 0 0 ML-PCB
54104 0 6 0 0 0 0 Not yet fab. for flight. 2 spare
54L.20 0 6 0 0 1 2 blank boards on hand. 4 weeks to
541.30 0 0 0 0 0 3 fab/test. May have two weeks
541,73 0 1 0 0 0 (U delay due to ''piggy-back'' board fab,
541,78 0 4 0 0 1 5 All other parts believed to be
541.93 0 1 Y 0 0 0 available, Will have flight fab.
54L121 0 0 0 0 0 1 with NAA screened parts.
(2346207-22)
Emission Control Board (UTD) 151-550
541.04 0 1 0 0 0] 0 No comment
54L10 0 1 0 0 0 (]
Housekeeping (BxA) 2347555
541.00 0 1 0 0 0 0 One IC need tobe removed from
541.010 0 0 0 0 0 1 this multilayer board, C.R.
541,51 0 0 0 0 0 6 rating of II due to 90th frame
541,78 0 0 0 0 0 15 marker through chip.
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LLMS (continued)

TI Criticality No.
P/N 1 2 3 4 5 6 Remarks

Pre Amp/Discriminator (UTD) 151-660

541.00 0 0 0 0 1 No comment

0
54L121 0 0 0 0 4

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

541,00 0 3 0 0 0 0 Assembly mounted to and wired to
541.04 0 3 0 0 0 0 Emission Control Board. Unit must
54120 0 2 0 0 0 0 be disassembled for rework., New
54L.30 0 3 0 0 0 0 board not suggested since 50% of
54151 0 2 0 0 0 0 board is not flat pack circuit, also
541.71 0 3 0 0 0 0 many parts are long lead items.
541,73 0 9 0 0 0 0 Since board is polywire, IC may
541.121 0 1 0 0 2 0 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,
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LEAM

CRITICALITY SUMMARY

TI Criticality No,
P/N 1 2 3 4 5 6 Remarks

LEAM Matrix - Board #1

541.00 0 1 0 0 0 0 1 IC and a module in this board,
Module 10126028 Module 10126028, If module and IC
541.04 0 1 0 0 0 0 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 1 module in this board. Module
541.00 0 1 0 0 0 0 10126007. Module has a Harris op
amp. Spare module being fabricated
and waiting for 541,00 IC from the
54L IC's screened at Autonetics.
Replacement of module is easy.

LEAM Power Supply

OSC Module 10126001 If 10 KHZ OSC is replaced PC
541,72 0 1 0 0 0 0 board can be reworked. Replace
module is easy, Parts have to be
procured, New module fab., by Time
Zero. Fab., time 2 weeks + new
parts.

LEAM Logic Board Assy. Central Electronics

541,00 0 0 0 0 27 0 New MLB is being fabricated by
541.04 0 2 0 0 14 0 Vostron. Parts will be assembled
541.20 0 0 0 0 8 0 on the MLB by BxA. The only
541.30 0 1 0 0 2 0 problem is the need of 54L IC's
541.72 0 0 0 0 2 0 screened at Autonetics., No
54173 0 0 0 0 11 0 modules on this board.

Attachment L
(Sheet 10 of 12)




541, ALERT ATM 1081 A

BxA Response Summary

PAGE 63 OF

pate 30 March 1972

LEAM (continued)

TI Criticality No.
P/N 1 2 3 4 5 6 Remarks

(1st) Microphone Board - Dual Sensor

541.00 0 0 0 0 1 0 There are 3 IC's and 5 modules in
541.04 0 0 0 0 1 0 this board. Modules 10126015 (1),
541.73 0 0 0 0 1 0 10126010 (4). Replacement of more
Module 10126015 than one module new board is needed.
54L04 0 0 0 ] 1 0 There are 6 Harris op amp in this
Module 10126010 (4 req'd) board, Parts have to be procured.
541.00 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
Microphone Board - Single Sensor
541.00 0 0 0 0 1 0 3 IC and 2 modules in this board.
541,04 0 0 0 0 1 0 Modules 10126015 and 10126010,
541.73 0 0 0 0 1 0 Replacement of more than one
Module 10126015 module new board is needed. Parts
541.04 0 0 0 0 1 0 have to be reprocured. Replacement
Module 10126010 of module is easy. Module to be fab,
541,00 0 0 0 0 1 0 by Time Zero, .
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ARRAY D

CRITICALITY SUMMARY

TI Criticality No.
P/N 1 2 3 4 5 6 Remarks

90 Channel Mux (Redundant)

541.04 0 0 0 0 0 4
54L10 0 0 0 0 0 4
54L.30 0 0 0 0 0 2 No comment
54L.72 0 0 0 0 0 2
541.93 0 0 0 0 0 6
16 Channel Mux
2376710 Mux
2376720 A/D (Analog)
2376725 A/D Digital
Board 2346710
54120 0 0 0 0 4 0
Board 2346720
54104 0 2 0 0 0 0
Board 2346725
541.04 0 2 0 0 0 0 If criticality 2 parts are to be
54L.10 0 2 0 0 0 0 replaced, 2376725 board should
54130 0 0 0 0 1 0 be scrapped. Other boards can
54193 0 3 0 0 0 0 be saved, All parts including

board on hand.
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