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PREFACE

This program was conducted by Boeing Aerospace Company's Army Syst ms
Division in Huntsville, Alabama under Contract DAAHl-75-C-0835, "Storage
Reliability Retest Program for Minuteman Electronic 'Components." The
study was directed by Rex Provence, U.S. Army Missile Connand (M!COM).
Larry McTigue was Boeing Program Manager. Testing and failure analysis
was performed by the Boeing Minuteman Reliability Engineering Organization,
with Robert Frank as Principal Investigator.

This study is part of MICOM's Storage Reliability Technology program.
Materiel in the Army inventory - particularly missile systems - must
withstand long periods of storage and "launch ready" non-activated
dormancy. Within the Department of Defense, MICOM has lead responsibility
to develop the Data Bank and supporting methodology required to design,
manufacture and package hardware for this non-operating environment.
The results contained herein will be incorporated into the Data Bank and
used to predict storage reliability characteristics for electronic
parts of chip and bond wire design.

We wish to acknowledge the contributions of the MICOM Technical Manager,
Rex Provence, Product Assurance Directorate, whose direction and technicAl
conments made the results of this study a more valuable part of the over-
all Storage Reliability Program.

Questions on the contents of this report should be directed to Larry McTigue,
Boeing Aerospace Company, P. 0. Box 1470, Huntsville, Alabama 35807,
phone (205) 837-5520.
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ABSTRACT

Storage reliability and parameter drift rates were measured on 10,027
Minuteman chip and bond wire Resistor-Transistor Logic (RTL) devices,
which have been in storage since mid-1967 (eight years). Three parts
failed as a result of the eight years of storage. Analysis of the
failed parts showed all three were caused by oxide defects which allowed
the deposited aluminum metalization to contact the active silicon of the
die and short to ground. Thc 90 vonfidncn Zevci vaZues for Failurc Ra
and Wlan Tino Bot'wcn Failure ewo (0 O5 1O:9 failwo/i-t-hi' aid
part-1hrn/failitre, reopc' ivolY. L I f A 10 1 - . -9 r4&,f

After eight years of storage, none of the parts experlenced a single
bond wire failure, no eiternal leads were corroded or broken and there
were no package problems. This is evidence of the high storage reliability
that can be achieved with proper design, manufacturing and test procedures.

Parameter drift measurements showed the resistor elements virtually un-
changed after 9 years of storage. hcx:,ve., the trwinvtor elcmcnta sIowed
a oi6nificant degradation in gain ohavat.o -intio. The gain changes are
attributed to migration of contaminants (which are always present in minute
amounts), and/or to changes in the gold doping process used in the manufacture
of the parts. The average rate of drift ranged from 1-2% per year, depending
on the logic f nction circuit involved. Substantially higher rates of drift -
up to 7, per y ar - occurred in parts whose 1967 measured performance fell
more than one tandard deviation (-Ic) below the mean. About 2% of the
parts rieasured had drifted close enough to specification limits to be
classed as "in iplent failures" (Parts that are likely to drIft out of
specified perf rman e levels In 10 years of storage or less). With one
exception, all of these "incipient failures" were -Iv parts or worse when
tested in 1967.% The cttvoni evrelation bctacvn oiinal mcactui'ed perforranco
a': drift rate euggestn that c or .y life can be enhaned cionifiewitly by
rvjfcati, j rarto that fall bolcw th., -1: lcvcl dun 3 aceeptanc tentng.
Rejecting the 16% of the parts that fall outside the -la value would reduce
the number of parameter drift failures that could be expected during 10
years of storage from 2% of the population to less than 0.1%.

Study results are presented in two volumes. Volume I, Data Analysis
(this volum~e) presents the findings, backed by surr'nary plots and tables
of reduced test data. Volume il, Test Results, tabulates all parameter
measurements made on each part tested.

ii
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INTRODUCTION AND SUMMARY

1 .0 INTRODUCTION

In July 1961, over eight years ago, 1 lO,2TMotorola RTL electronic
parts of chip and bond wire design were placed in room temperature
storage Prior to storage, each part was burned in (168 hours @
125 C, then tested to record the performance of each paramet-er.
Starting in July of 1975, the parts were removed from storage and
the origitial test program repeated to obt.,ji Storage Reliability

I ~data for ckip and bond wire devices. As shown in Figure -I, h
reetprograma consisted of the following tw~ elemerts:

S1), Measurement of storage failure rates,followed i y analysis of
the failures to identify failure modes and niechapisi. ,s and 'to
establish product iqprovement guidelines,

1 2) Measurencent of parameter drif" characteristics and analysis of
results to establish Incipient failures, drift rate6, andI projected shelf l-f.

I ~~)4ti.~# 9&7 LYALtATO

MA REOR

fILURE RATES
* AILUME MUDS &

PARAIt T WIDL1NES

*IIPIENT FAILURES
CA~Ir? P.ATES

*PR0JECTCO SHELF~ kfit

I PAF&ETER RATE SA1SCrMr

TET(53PA1T RC~TCAVTC

"IYE

iIUE 1-PORMI VRI1
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1.0 INTRODUCTION (CONTINUED)

All 10 027 parts were subjected to b/No.G testiog to detect failed
arts eparts showing one or more parmters outside of specification
imts). These parts were then individually bench tested. Confirmed

failed parts were analyzed to establish the faitlure modes and
mechanisms.

A randomly selected saple of 2S73 prts passing Bo/No-Go testing
were run through the Parameter Drift test progrm. Selected currents
and voltages representing resistor chatcteristics, transistor gains
and leakage rates were msured and recorded. Computer analysis was
performed to compare the 1975 test values with those masured in
1967. For those parameters showing statistically significant
performance changes, a linear drift rate model was fit to the test
data and used to predict rmining storage life.

1.1 StWAjW

While all parts were ofsimilar chip and bond wire design, devices
having seven different logc functions were included in the inventory
of parts tested (Table 1!1),

TABLE 1-,. INVENTORY OF PARTS BY LOGIC FUNCTION

NO. OF PARTS NO. OF PARTS
MOTOROLA FOP FAILURE RATE FOR PARAMETER DRIFT

LOGIC FUNCTION PART NO. EVALUATION EVALUATION

twin Buffer SC 2207 1002 250
Adder SC 2208 1002 250
Double G4te SC 2210 2382 500
4-Input Gate SC 2211 1250 348
Half-Adder SC 2212 450 250
Register SC 2213 2992 625
Expander SC 2221 949 350

10027

A total of three parts failed as a result of the eight years of
storage. Analysis of the failed parts showed all three were due to
oxide defects which allowed the deposited aluminu metalilzation to
contact the active silicon of the die and short to ground. Table 1-11
suumazes the failures and the resulting failure rate statistics..

1-2



1 1.1 SUWARY (Continued)

TABLE 1-1I. FAILURE AIALYSIS SUAIRY

'I
PAO LOGIC P W s RIA. FAIL M *K W

rART 
UER X STRIPE ON- oilWECTINS TO PIN 1

EVMIUER tie S"ORM CAUSES OVIE I ECTSINCEN SOUD PA 3
61 SH CASEO BY 01X1 BEFECT

OWNE NOO PADO
TOTAL FAILURES 3
TOrTA. P -wO u STOME • M X 106
-FAILU MRA T a 0.00 a 104 (w comn11hc LEVEL
'(FAILUNES/PARTV) 0.O03 x 104 19 O WWIOENCE LEVELI

"FAR? T101WE 9 *d J 169 x109 (W0 CONFIUC LEVEL)
FAILRS (W 10N x 16 (w0% C=nUC LEVE)

Results from the Parameter Drift Evaluation aro- typified by Figures
1-2 and 1,-3 which compare 1967 and 1975 test results for parameters
representing resistor and transistor performne, respectively. The
1975 measurements taken on the resistor elements are virtuall
unchan d from the 1967 values. Note that the 1967 and 1975 tsto-
gram (Figure 1-2b) are almost identical in shape and only differ
by a 4 microwq bias. This bias is attributed to a slight difference

jin test set-up and is not an indication of parameter drift. This
conclusion is confirmed by Figure 1-2t, which shows the 1967-1975
change in the IOuT para~eter. ue nar-norwAl distribution of thisI change Is typicaYl'of scatter due to normal uasuremmnt error. ,It
shows none of the skewness exhibited by true parameter drift.

I The transistor elements did show a measurable loss of performance
during the eight years of storage. Figure 1-3 is a typIcal comparison
of changes in transistor gain. Wile the change in mean value Is
swtl1 (6 mv), the pronounced, skewnss of Figure 1-3c shows the changes
arf., due to parameter drift rather than measurement error. There is
significant performance loss in parts in the right hand tall of the
distribution (parts whose original performance was more than one
standard deviation below the 1967 mean). Degradation in the parts having
the greatest rate of drift (parts occupying the shaded -2a tail in
Figure 1-3d) is shown by the heavy arrow in igure 1-3d. Note thatIali these parts were below average performers in 1967.

- 1-3
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1I. SU4MARY (Continued)

P2 6
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SUMMARY (Continued)

10-
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d. OISTRIOUTIC3 OF PARTS SWAING GFEATEST EGPACTION

FIGURE 1-3. (CONTINUED)

The loss of performance in the transistor elements was significant
enough to class 24 parts as incipient failures. These are parts
whose performance has degraded near specification limits and could
fall out of spec within the next fe.4 years of storage. Since the
Parameter Drift study measured only one of the two output terminals
on each part, and only 2573 of the 10,027 parts (1/2 x 2573/10027
1/8 sarple), it con be reasonably expected that 8x24-200 of the
10,027 parts (approximately 2X) are likely incipient failures.

1-6
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1 .1 SU'MARY (CONTINUED)

The degradation in transistor performance as demonstrated by an
increase in both mean and standard deviation, was statistically
significant at the 99% confidence level for the Dou-ble Gate,
Register and Expander devices. These devices showed drift rates
of 0.5-1% per year in mean value and 2-4% per year in ,standard
deviation. The lower figures apply to the Double Gate and
Register, while the higher figures apply to the Expander. A
linear model (constant rate of drift) was fit to the mean and
standard deviation measured on these devices. Figure 1-4 below
shows this model for the Expander. This linear model predicts
that a part whose 1967 performance was more than 3 standard
deviations below the mean would drift out of specification limits
after 17 years of storage (by 1984).

) . 400 SPECIFICATION : *--- .400 -ln /T... 2o

LIMI

ti 0

0 8 16 24 32 40
S(1967) (1975) (1983) (1991) (1999) (2007)

YEARS Of STORAGE
(CALE40DAR YEAR)

J FIGURE 1-4. LlINEAR PARAIXTER DRIFT WXDEL FOR EXPANiDER DEVICES

I There were 14 incipient failures detected in the "SO Fxpander
devices tested (41). The drift in t'.e six w'orst devices is
sh,n by the heavy arrovs in the figure. The drift rate in these

! occasional "bad actors" is obviously muach faster than the linear
( model predi cts.

1-7
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1.1 (Continued)

Whether a linear model provides a useful projection of parameter drift
characteristics can only be determined by future testing of the same parts.
However, the general trend of increasing rate of drift for the higher
negative a parts (poorer performer,) is clearly established by the data
from the 1975 test. This trend leads to the conclusion that storage
reliability of these chip and bond wire devices can be increased by
simply rejecting the more marginal performers during initial acceptance
testing. In the case of the Expander parts, all but one of the 14 incipient
failures would have been eliminated by rejecting the 16% of the parts that
fell more than one standard deviation (-la) below the mean following the
1967 acceptance testing. Eight of the 14 would have been eliminated by a
-2a criterion, which would have required rejecting only 2.3% of the parts.

i
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SECTION 2

FAILURE RATE ANALYSIS

2. O INTRODUCTION

To determine the shelf-life failure rate of bond wire RTL Integrated
Circuits (IC's), 10,027 such devices, stored for eipht year;, were retested
to the 25C parametric limits of the Boeing specifications. The parts were
tested to these specifications by the supplier (Motorola) eight years ago.
Retesting was done on a model J283C Teradyne Test Set, programmed, calibrated
and maintained by the Boeing Advanced Electronic Design Group. Each of the
10,027 IC's was tested on a GO NO-GO basis to determine if one or more of
its parartxners had drifted outside specification limits. Those parts which
failed the GO NO-GO testing on the Teradyne were carefully rechecked on the
bench to verify their condition. Out of the more than 30,000 parts teste.',
only threc, defectives were found. The three were catastrophic failures w, lh
several parameters more than two orders of magnitude outside specificatic.o
limits. The failures occurred In the Double Gate and Expander davices, whose
circuit schematics are shon below.

II~ ,., &

1 ' I I

I~~. 1 - '-

i++T L 7 I 1 I

DOUBLE GATE EXPANDER

FIGURE 2-1. CIRCUIT SCIEATICS FOR FAILED PARTS

2
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2.1 FAILURE ANALYSIS

The three catastrophic failures were stbjected to analysis to determine the
cause of failure. They were first given a hermetic seal test with the
following results:

TABLE 2-I. LEAK TEST RESULTS

LOGIC PART GROSS *SPECIFICATION
FUNCTION NO LEAK *FINE LEAK RATE VALUE

Double Gate 1,193 No 3.6 x 10- 8 cc/sac <IxlO -8 cc/sec

Expander 228 No 9.81 x 10-8 cc/sec 1

Expander 561 No 2.19 x 10-8 cc/sec "

*025%C and one standard atmosphere

Wile the measured fine leak rates exceeded specification, they were still
small enough to conclude that no significant breakdown had occurred in the
hermetic seals. The defects identified by subsequent failure analyses were
in no way aggrevated by leakage.

Curve tracer testing of the three parts [checking from each lead to the
ground (GND) lead and to the power supply lead with a Tektronix 577 Curve
Tracer Oscilloscope] found a low resistance path from pin I (input) to
pin 4 (GCND) on Part No. 1493, a 100 ohm "short" from pin 3 (Input) to
pin 4 on Part No. 228, and a 600 ohn path from pin 6 (output) to pln 4
(GND) on Part No. S61. Experience with transistor-transistor logic devices
has shown that such low resistance paths to GNP (substrate of the die)
occur because of oxide defects or because the part has been subjected to
electrical overstress. To determine if the failures were due to oxide
effects or electrical overstress, the three IC's were delidded and micro-
scopically examined. No gross defects were observed such its might be
caused by elcetrical overstress so the glassivation was removed from each
die using buffered hydrofluoric acid. Next the aluminum metallization was
removed with dilute sodium hydroxide. It was then easy to see that the
failures were due to defects in the oxide Wiich had allowed the metallization
to short through to the active silicon of the die. There was an oxide
defect/pinhole under an aluminization stripe connected to the No. I bond
pad on Part No. 1493, under the No. 3 bond pad on Part No. 228, and under
the No, 6 bond pad on Part No. 561. Based on the above analyses, it was
concluded that the three failures were the result of deficiencies within
the parts and were not caused by externally applied overstress and
therefore that the three failures had to be considered shelf-life
failures. The failure anulysis reports are shown in, Tables 2-I through
2-IV.

2-2



' i I

* 1 TABLE -1. FAILURE ANALYSIS REPORT FOR DOUBLIE GATE PART NO. 1493
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TABLE 2-IM. FAILURE ANALYSIS REPORT FOR EXPANDER PART NO. 561
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Oxide defects in general result from manufacturing deficiencies during
wafer fabrication and in sorte instances during die probe or during wire
bonding. Such things as holes and/or tears in the masks used for exposing
the photoresist or foreign particles on the wafer during oxide growth can
ceuse defects in the oxide. These defects are harmful only when they occur
umder the metallization pattern and only if they allow the metal to short
ti.rozglh the oxide to the active silicon beneath. Improvements in manufactur-
ing techniques are possible which can reduce the nurber of oxide defects
and therefore the number of failures. Very careful cleaning procedures before
growing the oxides ;tnd a double wask set used during the exposure of the
photoresist prior to etching the oxides will produce parts with fewer
defcts.. Many manufacturers, though, are reluctant to change historicand generally" accepted manufacturinftcmqest geptt rdc

defect-free parts. In most programs, the cost of such parts is prtlhibitivc
sc there is little incentive to improve an already acceptible failure rate.

It is not possible to tell at what point in time the odde defect failures
occurred. Since the defects (holes) found in the oxide were relatively
large, it is difficult to explain why the deposited aluminization did not
rake intimate contact With the substrate silicon when the wafer was

aetllized during manufacture. If a very thin layer of oxide existed to
insulate the aluminum from the silicon substrate, what eventually occurred
to cause the short? It is possible that a vpt o thin layer of oxide could

2-4
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2.1 (Continued)

sustain the burn-in and test voltage stresses at Motorola and t.nenchemically change with age to becont a low resistance path to substratesilicon. In any event, experience in.M1inuteman has shown that most
oxide defect failures occur either in receiving inspection testing cr inequipment test after the IC's ;re installed on circuit cards. Thoughoxide defects are the most pre'alent cause of failure in the low powertransistor-transistor logic (TTL) deviced used int Minuteman, the failuresoccur and are eliminated durilag receiving testing or during functionaltest at the circuit card level rather than during field operation of theequipment. Nearly 0.04% of the TTL devices obtained from four different
suppliers fail due to oxide defects prior to field installation of theequipment, but with more than 200,000 TTL devices fielded, some for more
than two )-ears, the number of failures due to oxide defects is at leastan order of magnitude les;s than during receiving/functional test. Thismeans that in actual hardware applications, most oxide defect parts wouldbe detected and eliminated prior to storage by assuring that adequate
functional tests are carried out at the circuit card or subsystem level.

2.2 FAILURL MATE AND 1rBF

u Since there were no parameter drift failures in the 30,027 parts after eightyears of storage, the three catastrophic failures were used to compute the
failure rate statistics. The Chi S~quare (X2) distribution was used todetermine the 60% and 90% confidence level for failure rate and WfrBF.Use of the x2 distribution to establish confidence limits is treated in anystandard text on statistics. The computations are presented in Equations
2-1 and 2 2

FAILURt RATE

60% Confidence:

I X260 % x 3 failuresF11601 %
10,027 parts x 8 yrs/part x 8760 hr/yr

4.175 failures
703 x 106 hrs 0.0059 x 10-6 failures/hr (2-1a)

FRX90t x 3 failures 6.70 failures a
703 x 106 hrs 703 x 106 hrs failures/hr

2-5
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2.2 (Continued)

MII'. TIME1 T .TIEN FAILURFS

= _ _ = 169 x 106 hrs (2-2a)
T 60% FR 60% ,0059XI0 "6

1 ]
9%rrlFFR 90% -- 0 0 -9S0- 105 x I0' hrs (2-2-o)

The design, manufacture, and test procedures used to develop these parts
has obviously prodficed IC's of very high storage reliability. After eight
years of storage, there were no parnreter drift failures, no bond wire
failures, no external leads corroded or broken, and no package problems.
As Ilready discussed, in an actual hardware application the three oxide
defccts that did occur would likely have been eliminated by assuring that
nornal functional tests were conducted following installation of the IC's
on cirLuit cards,

2-6



4, SECTION 3

PARAETER DRIM' ANALYSIS

3.0 INTRODUCTION

The Parameter Drift Test Program measured up to seven different
pararreters on each of the seven types of logic function devices.
Table 3-I shows the 45 individual parameter tests that were per-
formed on a total of 2573 parts. The physical characteristics
associated with each parameter measurement (resistance, transistor
voltage drop, leakage current) are defined in the right hand
column of the table. Ilie 2573 parts tested were selected at
random in blocks of 20 or loss from the total 10027 part inventory.

j TABLE 3-I. PARAMETER DRIFT TEST MLATRIX

Ii ~~S7 MISlII TMAO'[vi WVI AX MME~ A.IW1 ~r Ti 1 ismait
Mik :s tqIs) rAll ~ al jA R( sn ?MT (350 i'ATs)

W 9A jh IIM JIM .44INO~itf rL(Pe a AT

)~ I
SAMIIO JO

- -I _ J

00X tLTt 1in11 IMOW~ )$ i|' I  o It Itl loot6 1 IIZ) list P ltma cll

7t  I)
IIAt V.G$ [ Alll I c

',I. t .. .. '_ __ _ __ _ _ "°"" t°  At"Z"".

O 1 Uir Az (S 1, IM71) 1(Ell NO IO V0 ,.(1) oI&M6SIO1R ALAurt 1U

(1-1 yet ai 1) ymIittA1 y oi 1A3 (6-0t YO%1- 1151IC CO

it 4 1~ ta t . 1( 1SJ C~lM I M t) I 47j RkWSI

Section 3.,1 sta.iarizes P~rarieter Drift results with emphasis on pin-pointing the physical elements within each device mst susceptible to
,Scion Section 3.2 provides a histogram comparison of rhte 1967 and

1975 test results for each of the 45 parameter tests dt-+ined above.

3
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3.1 PARAMIETER DRIFT SUMMARY

Tables 3-TI through 3-VI-I summarize the Test Results for the
seven parameters that were measured to evaluate drift. Each
table compares the 1967 and 1975 mean values and standard
deviations for a single parameter, starting with 1IN (T;bla 3-i).
The 1967-1975 changes in the mean value and standard deviation
were tested for statistical signific~mce via the Student t and
F-Distribution tests, respectively. These two tests are covered
In all standard texts on Statistics. Tests of significance
determine the likelyhood that the observed changes ate due to
random sampling differences (in this case, measurement errors)
rather than to trit drift. The conservative criterion of 99%
confidence was adopted for these tests. This means that there
is less than a one percent chance that the 1967-1975 change in
any parameter that fails this criterion could be explained by
mea surexent erts 3lone (or conversely, there is 99% confiderice
that parameter drift ha occurred). The "Analysis of Change"
columns at thi right of each table show the results of these
statistical tests of significance.

The two most useful parameters proved to be TOUT (Table 3-111) and
V0U T (Table 3-TV), which directly measure changes in resistor
and transistor characteristics, respectively. The VOUT measurement
Is the most sensitive of the transistor measurements, since it
d&termines voltage drop across the transistor under conditions of
minimum "on" base emitter voltage. This1knec-of-the-curve"
operational condition provided the clearest picture of storage-
induced changes in the transistor elements. The TIN 4nd VOL
measurements (Tables 3-11 and 3-V), wh1te not as sensitive as the
VoUjT masurements also provided supportive data on transistor drift.
Little quantitative information was obtained from the leakage current
measurements, TRT, IL, and ICEX (Tables 3-VT thru 3-VII), since
the 1967 tests were not carried out to the nafloamp precision
needed to define changes in these parameters. However, the 197S
measurements showed that leAmage rates were insignificant compared' with
specification values and that drift in these parameters was negligible.

As discussed in Section 1, there was no measurable degradation in
the resistor elements after eight years of storage. However, the
degradation in transistor performance was significant at the 95%
confidence level for all six logic function devices on which VoUr
measurepents were taken. In three of these families, the Double
Gate, the Register, and the Expander, changes were significant at
the 99%* confidence leve'i as indicated by the boxed-in values in

Table 2-1V. The statistics for the Double Gate and Register were
similar enough to combine these two families, which gives the bottom
row in T.ble 3-Il1.

3-2
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3.1 (Continued)

Linear paynmeter drift rate models were developed for the Double
Gate plus Register combined and the Expander. The Expander model
has already been discussed in Section 1.1, Figure 1-4. The Double
Gate/Register Model is plotted in Figure 3-1. The linear drift rate
predicted for an average part is 1/2% per year, and for a -3o part
is 1% per year. These rates are about half those predicted for the
Expander.

400

M j 30SPECIFICATION LIMIT 4 a

-- 2

S200

100
0 8 16 24 32 40

(1967) (1975) (1983) (1991) (1999) (2007)

YEARS OF STORAGE
(CALENDAR YEAR)

Figure 3-1. LINEAR PARABTER DRIFr MODEL FOR DOUBLE GATE PLUS REGISTER

The four incipient failures fron the Double Gate family are shown by
the arrows in the figure. As was the case with the Expander, these
incipient failures show a rore rapid rate of drift than the linear
-%del predicts for even a -4c; part. Extrapolatingtein r dl

suggests that a -4ii part would not Teach the 300nv specification
limit until the turn of the century. The one -4a Incipient failure
(uppermost arrow in the figure) has almost reached this limit after
only eight years of storage.

L. 3-10
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3.1 (Continued)

A reason why parts with high VOUT measurements should show the highest
rates of drift can be deduced from Figure 3-2,which is a plot of VOUT vs
transistor gain. For above average (high gain, low VOUT) parts, VOUT is
relatively insensitive to changes in transistor gain. A +2o part
(VOUT < 71 NQV) shows only a 4 M1 (S%) change in VOUT for a 10% change in
gain. For below average parts, however, VOUT becomes Increasingly sensitive
to changes in gain. A -4o part (VOUT > 193 MW) shows a 36 M1 (20%) change
in VOUT for a 10% change in gain. Transistor gain changes can occur

* because of growth of a "parasitic transistor" condition due to surface
contamination, or to migration of the gold within the silicon lattice. Gold
doping was used in these parts to suppress the parasitic transistor
condition as well as to increase part reaction speed. These gainthange
mechanisms are discussed further in Section 4.

I
"-"

16 V Q2CU C'Ud Iq Y"IVJ

IN CAI

IIN CAIN

HOUM SIA A

FIGURE 3-2. VOUT PARAMETER VS. TRANSISTOR GAIN FOR DOUBLE GATE DEVICES

There were 24 parts out of 'the 2S73 parts tested that showed large enough
increases in VOUIT to class hem t-s incipient failures. These parts are
identified in Table 3-IX. As noted in Section 1.1, the VOUT tests were
performed on a 1/8 sample of the total part - output terminal population.
Consequently, it is likely that approximately 200 incipient failures
exist in the total of 10,027 parts.

The criteria for identifying a part as an "Incipient failure" are: (1) the
1915 VOUT value must exceed 220mv, and (2) the 1967-1975 increase in VOUTmruat exceed 25nv. Of these 24 parts, all but one fell outside the -la

lnit during the 1967 tests. The lone exception is Part No. 1172 of the

Expander family. Furthermore, all but 7 of the parts came from beyond
the -2o limit. These seven exceptions are also from the Expander Family
(Part Nos. 1027, 1055, 1129, 1147, 1155, 1172, and 1201). These ctatiotie
show that the ehelf life of th-' ,e p-'itv could be aoinificatly enhanced
by rejecting parto vlsome p,'rfoiv ne fotlc morc than o:e otandard dcviation
bel*=, the *,%vi. This would rean rejecting about 16% of the parts.

3-1
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TABSLE 3-IX. It:CIPIEIIT FAILu.
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3.2 IIISTOGRAM COMPARISONS

The results of the 1967 and 1975 Parameter Dri rt measuretrivnts ha~t
been plotted on com, on scales in Figures 3-3 through -- i for \ isua I
evaluation of storage induced changes. lach plot presents results
from a single parameter test on a single Logic Function family of

parts. For example, Figure 3-3 shows the 11,(3) measurements 101r
the Twin Buffer devices. 'Iie remaining plots follow in the order
defined in Table 3-1. lach figure contains the following information:

a) a schematic showdng the test conditions used to measure thc par.I-
meter. Ihe physical elements (specific resistors and transistorr)
being measured have been circled on the schematic.

I) the 1967 measured performance distribution or histogram (dashed
line) plotted on top of the histogram of 1975 test results
(solid line). Appearing above this figure is a table of mean
values and standard deviations associated with the I967 and
1975 test results. The telta values apply to item (c descritied below.

c) a histogram of the 1967-1975 changes In individual part

performance. Parts that have drifted closer to specification
limits (degraded) appear along the negative axis.

Itach histogram comparison ha. been technically evaluated to determine
whether the 19167-1975 changes can be attributed to noimal measurement
differences or whether paramoter drift has actually occurred. !Lach
of these leaves its own signature in the histograms. Measurement
differences include: (1) a bia-, or shift in mean value, due to a
small difference in the test set up, and (2) random sarmpling errors
due to tht lirited precision to which each para-nter is mea-,ured.

The latter will tend to have a normal, or bell-shaped distribution.

hlen neasurement differences arc present, thu 1975 histogram will
have a shape very similar to the 1967 histogram, but may be shifted
to the right or left. The 197-1975 change histogram will show a

L near-normal distribution about a neon value equal to the bias
between the two test reasurerents.

lhere significant parametor drift has occurred, the I'75 histogram
will tend to be skewed, or stretched closer to the specification
limit than the 1967 histogram. The mean va-lue also nay have

( shifted toward the spec limit although there may be little change
in the above average parts. Since the below average parts tend
to drift yore rapidly than the better performers, the 1967-1975
change histogram will not be bell-shaped, but will show a pronounced
s.kewneqs in the negative (degraded performance) direction.

The criteria discussed above have been used to evaluate the histogram
c,.-parisvn. . These evaluations appear in Tables 3-X through 3-X\I.
These seven tables cover the seven families of logic function devices,
starting with the Twin Buffer, lable 3-X. The remaining six tables
irziediately preceed the Listogra-i plots for the other six logic
function devices.

The histogra- pot. -%onfirm the a siessnents already nade from the

Sunnary Tables (r'Tahles 3-11 throu-h 31111), I n fact, evaluation

1 3-13



3.2 iIISTOGIRI COIPARISONS (Continued)

of the histograms sometimos shows that drift ha oc urrd lit
parameters that did not exceed the conservative 99' vnn'idcii%:V
critrion used hi.t the statisticOd tests. The lOIrl (, sistlce)
reasuretnts still show no clear evidence of dri ft. Tht most
sensitive transistolr parameter, Vour, shows drift on each logic
function device, with significant drift occurring on the Double
Gate, Register, and F!xpander. These ar9 the three devices that
showed drift at the 99% confidence level. In all cases, drift
Is most pronounced in the below-average parts. 'The less sensitive
transistor performance parameters, TIN,and VOL, suggest that
drift has occurred on some of the dovices, but the magnitude is
small and difficult to separate fron the measurement differences.
The best indications of drift on theae parameters nppears in the
below average parl:s from the i'ouble Gate, Register, and lxpandcr
families.

The TV I RT, and ICLX ntasurennas made in 190,7 vwre not carried out

to the nanoamp precision required to quantitatively evalu;4te Ickage
current drift. llowevcr, they were sufficiently accurst'., tn stteee
with confidence that significant drift In leakage characteristics
did not occur. Because of their greater precision, the 1975 tests
showed the leakage rates actually to be lower iN some devices than
the 196? measurements indicated.
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SECTION 4

PRODUCT IMPROVEENT GUIDELINES

4.0 PRODUCT IMPROVENEW GUIDELINES

The results of this test prpgram have been assessed to establish guidelines
for increasinC storage life. Recovimendations are summarized in Table 4.-II

TABLE 4-I. PRODUCT IMPROVENMT RECOM1VNDATIONS

MMIAL n*1 In t WrnUk l mATC5
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e lol U fAIUS FAIUl& I IU flO m - IMS, PiCArn
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KWIWKlIN TIll AL =W,.W
to"

U5IRTMN U 15 5ISSIPICMWT ? IM S MW WIh XM WIPA?
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111M "W M t 0ISIIE PU I PL MUISI
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W64110S "L10 TIMN (I., AWS
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/A111 LA" N INIT N IML AN" Tl

INOWA M LM W MI (I.*,, A"OI

SIUF ff WtNK4, WIN A ,,0

1
The parts were pckaged, assembled, inspected and tested to Boeing specifi-I cations that closely followed the Military Standards and Specifiv'ations
cited it Table 4-1. There were no bond wire failures, no pack&&* problems,
and po lead corrosion/breakage after eigjht years of storage; the cited

i specifications provide adequate storage reliability for these potential

I 4-1
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4.0 (Continued)

failures modes, The only source of storage-induced catastx rhic failures
in these parts - oxide defects - can be controlled in a hardware system.
Ninuteman experience has shown that most of the latent oxide defects that
survive part level burn-in can he detected and eliminated by assuring
that adequate functional, tests are performed at the circuit card level.

Parameter drift proved negligible in the resistance and transistor leakage,
characteristics. Transistor gain wa4. the only parameter that exhibited a
significant loss of performance during the eight years of storage. This
is the one parapeter that may have to be controlled to obtain a 10-20 year
shelf life on these RTL devices. Transistor gain was not measured directly.
However, the transfer function relating VoiT to transistor gain was obtained
from a special test of the Double Gate devices. The result is shown in
Figure 4-1. Using this transfer function, and measured changes of VOUT,
hand calculations were made of the gain changes in 20 of tho parts. These
parts Included all of the Double Gate incipient failures plus other parts
selected randomly from the -lo tail of the 1967 distribution. These
parts showed reduction in goin ranging from 7 to 26%, with an average
change of 13%.

VKL LOSS OF
GAIN 4113(S Ito

WRETEA

WIII

" AZ
2 00 PALLV
i 100 -W,, , t It

FIGURE 4-1. TYPICAL OUTPUT PARAMETER VS TRANSISTOR GAIN
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4.0 (Continued)

To achieve long shelf life, the designspecifications for new parts', or the
screening test specifications for existing parts, should prevent operating
the part in a highly non-linear -region suchas shown in Figure 4-1.

If, anew part is being developedthe diffusion profiles can be adjusted to
obtain htgher gain parts in which a small loss of gain does not cause a
large dogradation in one of the ouput parameters. Screening tests can also
be use4-to reject the lower gain parts which could lead to the output
parameter(s) drifting into the non-linear region. le circuit card desigrer can

1 also limit fanout (the number of inputs driven by a single output) to
less than the Manufacturer's rattiwg to prevent operating on the steep
part of the output-gain curve. The following approach-is recommended to
achieve adequate control of transistor gain drift Auring storage:

1) Perform analysis of design to determine worst case operrting
regions.

2) Determine the part gain and/or circuit card fanout limits required
to keep the output parameters from drifting into the highly non-

I linear operating region assuming a 30% loss of guin (10 yr shelf life).

3) Establish design and/or screening test criteria to accomplish (2)
above.

The screening tests could be imposed at the wafer level. Wafers that would
yield high gain parts would be selected for long storage life applications,
with the remainder going to comercial use.

As previously stated, rejecting the 16% (-lo) of the parts with the highest
VouTj easurements (lowest gain measurements) would have eliminated all but
one of the incipient parameter drift failures. A worst case analysis of the
Minuteman logic circuits was performed to evaluate the effect of VO'JT
drifting above the 300 mv specification. The analysis showed that these

!• parts would still reliably perform their logic functions even when degraded
well beyond the 300 my limit. Consequently, these particular parts are
deemed to have adequate storage life reliability without imposing more
severe test criteria. However, other devices may be more dependent on the
gain of their transistors and should be evaluated on a case-by-case basis.

4.1 TRANSISTOR GAIN DRIFT tE-CIIANUIMS

The shelf-ife drift observed in transistor gain is attributed to one or a
combination of the following mechanisms:

1) Changes in the gold doping process, which is used to control the
t"parasitic transistor" condition', as well as to increase part
switching speed.

*Refer to pp 222-226, Fundamentals of Silicon Integrated Device
Technology, Yol. IL, Edited by R. M. Bbrger and R. P. Donovan,

1rentice-ITill, 1968, for an explanation of the "parasitic transistor"
condition.
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4. ! (Cont I nued.,

2) Growth of a "parasitic transistor": conditinn due to rjipr,.ivin orcontainantsi or toMchanges In th.e cold doping process.
in devices of this tye 4 pirasitic base-to-substrato transistor can

form due to migration of tontaxinants or gold' This parasitic trarsistorshunts part of the base current around the base emitter junction, effectively
reducing transistor gain. The gold may also mirate withinithe siliconlattice structure, thereby reducing th6 gain directly. Since all of theincipient failure parts were operating in the non-linear region characterized
by Figure 4-1. small gain changes were able to produce large increases in
thi VOUT paraweter. Selected Incipient failures are being provided to
Georgia Institute, of Technology, who will attempt to determine the physicalchanges that are cakisi ig the observed drift.
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