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ABSTRACT

This repoxrt describes the work performed under NASA contract
NAS8-31905 by the RCA Solid State Division, Somerville, N.J. facilaty
and the integrated-circuits manufacturing facility in Findlay, Ohio.
This report covers Phase I of the contract and the time period from
May 1976 to December 1976.

In order for the results from Phase I (250°C) to be meaningful, data
generated from Phase II (200°C) and Phase IIL (125°C) must be considered.
Thais data, although preliminary, is included in this report. Subsequent
reports will tie the data from all three phases of this contract

together so that meaningful analyses and recommendations can be made.
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SECTION I
INTRODUCTION

The need for a practical short—term test program, the results of
which can be meaningfully interpreted to predict the long-term reliabilaity
of CMOS microcircults, has been recognized. Many months if not years
are required to run a life test under conditions reflecting actual
applications and requirements of Class A devices. The impracticality
of such a test led to the reliance by the industry on long—term
reliabalaty predictions based on interpolations of results gathered
from accelerated life tests. It i1s essential to run long (thousands of
hours)} 125°C life tests to confirm experimentally the validaty of such
interpolations for CMOS devices. There 1s a definite possibility that
accelerated tests cause the temperature thresholds of a Aev1ce to be
exceeded, thus triggering failure mechanisms unrelated to a device's
operation within its specified ratings. The somevwhat arbitrary limits

established for the use of accelerated life tests must be either

experimentally confirmed or revised in accordance with experimental data.
The varyving complexity of present day CMOS devices should he recognized as

a factor i1n reliability predactaions,

The purpose of this program 1s to determine the consistency of
the CMOS microcircuit activation energy between the range of 125°C to
200°C and the range of 200°C to 250°C, Also, this program will determine
the relationship of accelerated life~test failures to rated temperature
operation and develop a test specirfication for accelerated life tests

within the scope of the M38510 specifications.

The program encompasses three phases. Phase I i1s the 250°C accelerated
lafe test, Phase IT is the 200°C accelerated life test, and Phase III

1s the 125°C accelerated life test.



SECTION IX
OBJECTIVE

The objectaive of Phase I of this program is:

1.

To conduct an accelerated life test of sufficient duration
to generate a minimum of 50% cumulative failures in each
lot of devices. This data ccupled with data generated 1n
Phase II and Phase III should provide a basis for determining
the consistency of the activation energy among the three
temperatures (250°C, 200°C, and 125°C).

To provide a basis for recommendations of conditlons and
limits to be used as part of a microcirecurts qualification
procedure.

To determine whether any thresholds are exceeded during
the high temperature testing, which could trigger failure
mechanisms unique to that temperature.

To determine the usefulness of the 250°C temperature life

test as a predictor of long-term reliability.



SECTION IIX
DEVICE SELECTION

The choice of microcircult devices for this program was made

according to the following ecriteria:
1. Haigh-reliabilaty Class A devaices.
2. Varying degree of complexity representing the product line.

3. Availabality,

The following microcircuit types were chosen for this program:

MIL DESIGNATIOQNS GENERTC NAMES FUNCTION

M38510/050C1ADX CD4O0L1A Two-input quadruple
logic gate

M38510/05101ADX CD4013A "D-type flip-flop

M38510/05605ADX CD4024A Seven—stage binary
counter.

The devices are in flat packs with weldable leads. Solder—dipped
leads could not be used at temperatures above the solder melting point.
These devices were tested to the individual M38510/50 specifications.
Table IIT of these specifications i1s attached to this report as Table I
(CD40114), Table II (CD40L34A), and Table IIT (CD4024A). The table
specifies the electrical parameters' test condations and lamits for the
group A testang for individual microcircuits. Subgroups 1,2,3,7, and &
were performed at each measurement point throughout the test program and

are the basis for the consequent data analysis.



TABLE 11T

Group A ngpection for device type 01

Terminal conditiens {pfns not designated are open

Case Test 1imits
MIL.
Symol | STO-883 | AN 1 ]2 3 4 5 5 7 8 3 10 n ! ove L [ e [ |Suboroup 11 subgroup 2| Subgroup 3
Hathod ™ g mbot N ERERE | Vg | ® | | 8 [ | vy | cermina (Ta T B | Ty 250CHT, = B [unte
;:st Hin | Max | Min | Max jMin | Max
V]c % 1 mA - &HD e }a 1% Vde
(P03) 3 1m 2
3 1 - 24
5 1 mA R
s 1m b
7 1ma I
' 8 1mA aa !
Vie 9 -1 GHD &ND Mo -6 0 Vde
(NE) 10 1 mA 1a
1 -1 A B !
12 -t m FT
13 -1 mA FT
14 -1 mA 38
i -1 mA B
16 -1 A aA
1 | 3005 17 & |150 Y 150V | GHD o [eo 150 150y [e0 150y v 250 -750 ¢ nh
18 Bov[is0v 150V |150y 150v 150 1oV |50y '
19 150 V| GHD D 150V 150y | aun o (158 \
Vg | 20 20 Vg {50V [Ty e | eme e ey [ ow wo oo fosoy v g4 42 42 Ve
21 50V VIL] IUHI GHD GND ¥
2 6D { GHD T | Yoy [s0v 2t
z tom | 50 | ¥y 2
u GHD | END S X' I 3t
2 50Y [V 4 o ¢ ‘ a
26 od | oo Tow | Vi [s0v &y
' 27 o0 | oo T |50V |V, ar i’ !
Yoz | 9 8 v, [sov ERED oo fo | oo (e [ sed v [4es 4 g5 495 vic
29 50V|vy, oo | o L
30 ) D Viy | S0V 2y
7N ; 50V | vy, 2t
3z o | GHD iy 50 a
! §0V |V 3y
3 1 1 ¥
3 | o | etp Yo (S0 Y
4 B, o |aw SQY vy, | o ay v y
Yoz | 3008 36 I Vi 125V @D | GND oo [eyp | oHD oo oo J1esyl o [ns N 2 11 24 Vie
37 125 vy, o | oo 1
2 foND oo Y, 125V 2
39 l G | GHp 1259 | vy, 2t

w

TABLE I — Device

e g

CD4011A,

1138510/05001ADX, Group A inspection.

805/0158E-H=1IW



TABLE II1  Group A Insgecuon for device type 0] {cont )
Terminal €onditions {pins not designated are open
Case Test 1imits
MIL-
ymbel | $TD-383 A 1 2 3 4 5 5 7 8 9 10 1 12 13 1 ?uhgrggg] Subgroup 2 | Subgroup 3
Method I —Symbol W | R | v | o | & A | Vss | A | 3| @ W | w9 | vop | heasyred | Tt B0 | Tq S A2CIT RS [,
I;ﬁ“ Min | Max | Min ] Max Min | Max
Voua 3008 an @D | ah GHD G0 e | vy, [12svY 6D e [125v] av 1 g5 11 25 n 25 Yde
a I 125 vy, g0 | 6o 3v
2 GND | GND Vo |128V ay
43 ‘ GHD  {GND 125V | Yy, ay
Yo 007 4 Yo | Yo} Tonn GHD e | e | a0 faro GND | GND |SQv | 1Y 05 05 05 |vdc
45 €D | GND Eaut | Ve Y 6h9  [GxD 2y
i l GND 4h0 Yer Man T 3y
47 GND GHD 6D |6hD oo b Y | Vimg ay _
Yoz 3nn7 18 Y | Y aHn GND | Gwp | oND  [wo ehD GND 5oy | v 005 005 0 05 [vae
19 6RD | GND L i 6o |&D 2y
50 l BHD BND Von ¥ EV S
5 GND GHD (T T Vin | Vi ay
Vo s 3007 52 Ve | Vine GHD END | GND | Gnp  |ewo e e 1zsv| v 125 125 125 |vde
53 6ND | GHD Yin Vg | 0 | G0 (@0 GHD a0 frzsv| 2
54 N | GND GND o | aw | vy, GHD eve j1zsv| av
55 o | GHD GND 6D | GND | GND  |GhD Vige | Ymwe 125V @
- L)
in 3010 56 Msovii50v Boviisov]| G | Vsov)isay Bov|isovisoyv| Al 50 o4
1 together
I M0 57 15 0v] aid GND GO | GND | GND  |GND ano a0 sov| 1A 450 oA
58 B F15 0V END 18
59 GND 15y oy l
&0 6D oY A
61 END 150 A
62 G [Eay 31
§3 D 150 a
64 . 4 &ho Bp  fi50V an
I 3008 55 G0 | GHD GND GHO | GND | GND  [GhD &Hp GiD 15 0Yy| Al ; e A
together {
Lia 3009 56 Venp | sho 6B 6o | ep | &tD e 6hD o Nsoy| A | 45 0 nA
57 ' 1B
58 ' 22 |
60 H A |
70 3A
7 . 3B
72 [ 48 i
' 73 ] ' 4A

TABLE I ~ Device. CD4011A, M38510/05001ADX, Group A inspection

(Continued).

BOS/01588--11K



TABLE I1I  Group A inspection for device type 01 {cont )
Terminal cun&xsfinns [pins nt. designated are open)

Case Test 1imits
HIL-
Symbol ’stng'-laga AN 1 2 3 4 g 13 ? 8 [} 1] 1 12 13 14 Subqroue 4
e tho: Measured | T, = 25%C
Symbal 1A 18 1M 2y 2B 24 Veg 3A 3B 3y 4y a8 4R vﬂp_ termnal | A Uit
Test Min | Hax
Ko I I P S L
2 anyz 74 F ko 6D 1A 120 oF
75 < 18
75 F 28
77 F 2A
79 F 3A
79 F 8
80 F 1B
81 t A
Subgroup 9 | Subgroup 10| Subgreup 11
Ty = 2% | Ty = 128°C | T, = -55°C
A
Min | ¥ax [ Min {Max Win | Max
oL 3003 82 IN |50¥] our 50y ) sovy[ew [sevisas I s50v Isoyv [sov|iatody | 20 |75 | 30 {250 | 15 [ 160 | ns
Flia 7 83 501y o7 50V | ' 18 to 1Y
24 LA our | In | ZA to 2Y
85 T sov § . 4 { 20 to 2
85 50y ™ v out 3A to 3Y
7 ' 5% | ouT 2B to 3Y
88 5qY our | IR A to Y
8 ‘ QY owr is50v | 4B to 4Y
ton 303 ag N jsov | our 50Y {soviam [s50visovy S0V |50V is50Vi1ate1¥ ) 20 [150 1 30 {215 | 15 |120 { ns
Ity 7 21 50V |k T R ‘ ! iB to if
a2 50V ot | v | 2h to 2Y
3 ouT 1s50v | TN i i 2R to 2Y
94 50V N 3 out 3A to 3Y
95 56y I wr | ) 38 to 3Y
g6 5y Jour N 4A to 4y
o7 ‘ 59V | toor 50y | 45 to 4Y ¢
Tha 3004 o I |sov | oy 50y | 50V IGND {50Y [50v 50y fsoy d{sov! w 30 |250 | 45 [360 | 25 [200 | ns
Fig 7 ) 50V [N ouT 50y ‘ 1t
100 50V wr | IN 2y
1] wrT |Sov | M 2
102 50V M T ¥
103 cov |IN our ) 3y
104 * 5,0 ¥ ouT | IN &y
y 05 ' 50V T |sov [ a4y
T 3004 108 I [50v § ouT sov [s5o0view [s50v |5av scY [say [soy | w 40 {300 | 6p |430 4
TH eg 7 107 s0v | ouT sV ‘ I T IE R
1n8 R our | IN &
108 our |gov I 2y
110 50 ¢ I T l )
m s0v [N aut &1
12 50V T IN ay
13 50v o jioy | ay

TABLE I - Device: CD4011A, M38510/05001ADX, Group A inspection (Continued).

505/0158E-H-TIH



XAVIOTSO/0TSBER “YETORID :129TasaQ — 1T ITIVIL

‘uotTldadsur y dnoxo

1ABLE 1 Group A ingpection for deviee type 01

Cases Terminal conditibns and Hmits Test limils
Symbol sxDogta lal Measured| Subgr oup !t | Subgroup?
memoa |Symbol | Qu @y |CLKy RS | Dy |[SET; |Veg |8ETp | Dy | RS, |OLig| @ | @ |V | terminal |Ta - 25°C|Tas Units
. Test No 1 2 3 4 5 [ 7 8 9 10 11 12 13 14 Min | Mzx | Min | Max | Min | Max
\é 1 1 mA
IC(poa ; 1 A GND fiest11 15 Ve
3 1 mA m
4 1ma CIK;
5 1mA SET»
8 1mA RSy
T 1 mA] Dg
a 1 mA CLEs
ﬁIC(neg ¢ -1 mA [GND ey -
10 -1 mA RS
i1 -1 mA Dy
12 -1mA CLKy
13 -1 mA SET
14 -t mA RSy
15 =1 mA) D
16 A -1 mA Cil(‘)
Igg 3005 11 15y GND| GMND GND |GND GND GND| GND GND 15V | Nene l- 25 ~2 5 nA
See 18 GND GND None
note B '] 15V GND None
20 15v 15y Vasg
21 GND 15V Vag
22 i5Vv 15 v None
23 15V GND None
24 GND GND vss
25 By GND| GND L None
28 15V 15v] 15¥ 15 Vss
27 GND [ 15V| 15V | 15V Vss
28 GND GNDj GND GND 15y None
29 GND None
30 T 15v None
3 15v 15y Vag
32 15V GND Vgg
38 15V 165V None
34 GND 15V None
35 GND GND Vgs
36 ¥ GNDl ¢ 15y None
n 15V 1I5V| 15V 15V Vss
38 ) ) 15V | 15V 15V | GND b | Vss 4 +

AIg/nT00e -1 ~TE
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TABLE I Group A inspection for device type 01 -Continued

Cases Terminal conditions and Mrmts Test limits
c, D
MIL- * Subgroup 1 [Subgroup 2 [Subgroup 3
Symbol | STD-883 — MeasrellTa= 259C [T, = 126°C| T = ~55°C |unita
method | Symbol Q| §Q |CLK) [ RSy | Dy SET) | Vsg |SET2 Dy | RSz |[CLKz| @ Q | Vpp ]
Test No 1 2 3 4 5 6 7 8 9 10 11 2 13 | 14 Min | Max | Min | Max | Min | Max
v, 3008 39 GND | Vypa| GND | Vyyy |GND | GND | GNDP| GRD | GND 50v| @ 45 45 45 vde
OH1 40 o on Vini v GND GND o
41 GND ol Vim Vi log Q2
42 GND GND VIL]- Vim IOH Qn
VOHZ 43 VL1 VgL GND GND Gy |48 480 195
44 V§§1 ViLl GND GND N
45 GND GND Vi ViLt Qs
48 GND GND ViLl Vini Q2
Vous 47 VIL2 V2 GND GND 25 Q 12 112
48 S ViL2 GND GND Q‘{
49 GND GND Vinz VL2 Q
50 GND GND ViLa Vig2 6%
VoLl | 3007 51 L VIH1 VL1 GHD GND 50V @ [ 05 [
52 © Ly Vit Vin1 GND GND g
GND GND YiL Vigi oL Q
l 54 GND GND VIH} ViL oL '6§
v b VIH1 v GND GND [=TY 05 ] 05
o2 56 VIL1 v%ﬁ} GND GHD 0
57 GND GND VL1 Vinl Q
58 GND GND Vin1 ViLt Qg
VoL3 a8 v ViLe GND GND 5V § 125 1725 125
60 12 Ving GND GND iy
61 GHD &b ViL2 Vin2 Q2
b 62 1 GND| ¢ GND VIH2 ViLz Q2
VOoR4 63 1 GND T Vipy I GND GND YOV @ 5 0% 5 05 ip
Vora T i ViLy, T GRD ! o, 005 T 05 U 0%
Vord 65 GND GND | GND I VI 1 Qg 495 405 4 95
Vopr4 88 GND GND | GND 1 Vi1 4 Qy 0 05 0 05 005
Vold 87 1 ViH1 1 GND GND GND Q. ¢ 05 005 005
Vomr4 g8 1 Vgt I GND | GND GND 7} 495 4850 4| 495
VoL4 69 GND GND | GND 1 Vim I Q oo 005 0 05
Vo 0 GND GND | GND 1 ViEl I [} 4 95 4 05 4 99
VLl 71 I J J GND | GND GND CLK;y, J \g v, \7
VIoT1 72 3 J I GND | GND GND CLK)! T |vppy | TR Vip1 11 vy | O
vicLe 3 GND OND | GND J J J CLK3z, Vi1 Vv, V.
VicLy 74 GND GND | GND J J J CLKz,J |viL1 ViL1 Tnt ViL1 m

a16/01588-W-"TIN
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TABLE III Group A Inspectioi {or ucvive cype ¥) - Continued
] Cises T o) minal conditions and Iimits Test limiis
w1 €0 TP Y|SWbEToug Z[SUnreuy S
w ieasured |, = 25°¢C [T, = 125% T, =-557C
Symbol { STD-883 torminal | A~ A A Units
method | Symbol Q1 | @ |CLKy | RSy Dy |srT1 | vss [8ETp | D2 | RS; |[cCLKz| @ Qz | Vop
Test No i 2 3 4 5 5 7 8 ] 10 1 12 13 14 Min | Max | Min | Max| Min | Max
m 3010 15 15vV V)] 1BV 15V |GND 15V 15y| 15V 15v 15y All 8 hA,
ee inputs
note together
K
T2 7% CLK; 10 45
77 RS,
18 Dy
19 SET
80 SETz
81
82 R52
] 83 * ] ] ) cLKy
hL1 3000 84 GND GND§ GND GND GND GND | GND GND All -8 0 ~
See inputs
note together
K
I 85 CLK -10 ~45
L2 94 zs; |
87 Dy
88 SE1,
89 SETj
90 Do
91 Rig,
l 92 CLK,
v L y
Subgroup 4
Ty= 25°C
o 3012 93 L GND GND | CLK; 12 PF
94 L RS;
95 L
98 L sé’n
97 L SET,
98 L Dy
99 L RSy
100 ' L CLEs

q1¢/01585~W-"TIN



0%

ruotyoedsur ¥y dnoiap ‘XAVIOTISO/0TSBER VETORE) ~@dTas(q — IT TTEVL

(ponutiuo))

TABLE Il Group A inspection for device type 01 -Continued

Cases Terminal conditions and limits t Test limita
MIL-~- ¢ D Meagured Subgrogp T Subgroup B
Symbol | ETD-883 = . terminal |TA=25"C T oes Units
method | Symbol 3] Q1 |CLK)| RS; | Dy ([SETy | Vgg | SETa | D2 | RSs CLKz[ Q2 Qa | VoD [LA=125°C(Tp = -55°C
Test No 1 2 3 4 5 L) T 8 9 10 11 12 13 14 Min | Max | Min | Max | Min | Max
Truth 3014 101 50 GND | GND GNP |GND GND GND | GND 50V 5 0 V| None ‘\
table 102 GND GND GND GND None
test 103 L H 50V GND GND 50v]ln L All
104 L H 50V 50V 50 5 0V[ H L outputs
105 L H GND GND | H L
106 H L Bov 50V|L H
107 L H 50V |50V 50V [BO0V]|H L
18 |L [ |onp |50y 50v [GND { B L . ke notes
109 L H 50V |50V 50V |50V H L
110 H L 50V | GND| GND 50V $0V| GND| GND 50VIL H
11} H L GND 50V 50V GND | L H
112 H L 50V 50V 50V 50V L H
113 H L 30V GND GND 50ViL H
114 H L GND GND GND GND | L H
115 L H 50V GND GHD OV H L
116 H H 50v| 50V BOV| 50V 50V 50V 50V [50V|H H
' 117 H H GND 50V 5¢V]| 50V 50V 50V 50V |GND{H H L
' Subgroup 8 ubgroup 10 [Subgroup 11
Ta=25°C  [TpA=128°C [Tp= -56°C
tppy, | 3003 ) “us lour IN GND 5 0V |CLKyto |100 [500 100 750 | 70[ 500 | ne
Fig 11 €
118 ouT |IN CLK{ to
- 1
120 IN our CLKjp to
Q2
121 IN ouT CLK2 to
Qs
\PH 3007 122 ouT IN SETj to 5 825 550
Rorsi (Fig 12) Q1
123 our 1IN RS; {o
QU
124 N out SET;, to
; Q
125 N ouT RSy to
Q2
tp 3003 126 ouT IN CLKj to
L {Fig 11} Q1
127 oUT |IN CLK; to
S
128 iN ouT CLXs to
Q
129 1 T. cu?z to L
L] 9y 1

ar15/01988-W-1IN
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TABLE III Group A inspection for devace type 11 -Continued

Cases Terminat conditions and limits Test Umits 1
€D r
M]L- Subgroup 9 [Subgroup ldSubgroup 11 i."
Symbol | STD-BE3 e TA= 25°C [Ty= 125°C [Ty = -55°C |Units| &
method | Symbel Q1 @ [CL¥;| RS D1 |SETy | Vsg |SETa Dz | RSp CLK2| Q2 Qz [ Vpo .3_}
=
Test No 1 2 3 4 5 8 i 8 9 | 10 11 12 13 14 Min | Max [ Min ) Max | Min | Max =
tpry 3003 130 out IN GND G 0V|SET) to] 200 |420 [100 1630 | 70 420 { ns w
Q
Ror8| (Fig12) 191 oUT” N RSy to
1
132 m ouT SETg to
Q2
133 IN our R% to
2
1. 3004 134 ouT N L2 30 | 300 40 1450 | 25 300
(Fig 11) 135 ouUT |I¥ G
118 i ouT Q
147 IN our Qo
trpg | 3004 138 ouT |IN Q1 350 525 350
{Fig 11) 139 our IN Q
14¢ N our Q2
u1 N our Q |
ICL) (Fig 11} 142 OuT N CLK, 0 67 10 G 87 pa
_{max -143 N oUT CLK3 o 87 10 o 67 ps
See note
Q
Tm?l' (rig 11} 144 ouT N CLKy 15 15 I0 rey
Bee note 145 IN ouUT CLKjy 15 15 10 us
r
tp g 11} 146 ouT N CLK; 300 450 300 | ns
See note
Q 17 m our CLK; 200 450 300
tegy, | (Flg 13} 148 N ™ [y to CLEy 150 225 150
tSHL 149 IN IN Dz to CL¥,
TSLE 50 L ™ to CLK]|
tsLH ! 15 N IN to CLEG
tauL [ (Pig 14) 152 N IN [Dy to CLK1
tHEL 153 ™ N Dy to CLKg
tyLE 154 IN IN ID; to CLKy,
tirm 155 N N [0, to CLEp L] L e "
NOTES K The device manulacturer may, at hie optton, measure Iyy, and Iy at 25°C for each individau] input or
A Pins not designated may be "high" level logic, "low" level loglc ar open measure all inputs together
B Test numbers 17 thru 38 shall be run in sequence L Seed 4 1)
C Igy= -0 25 mA at 25°C, -0 175 mA at 125°C, -0 91 mA at -56°C M Test numbers 101 thyu 117 ahall be run in sequence and the functional testa shall
D viyp=38Vvat25°C,36Vat125°C, 3 95 Vat -55°C be performed with Vyy and Vpps SOV and > 15 0V
E Vpp=95Vat25°C, 9 25Vat 125°C, 9 75V at -35°C N L=05V maximumand H =4 5V minlmum
F = 0 5 mA at 25°C, 0 35 mA at 125°C, O 55 O The maximum clock frequency {f| requirement is considered met if proper output state changes oceur
G I\?L =11Vat25'C ’ DBV 125°C 13’5 v‘: m?;tc 55°C with the pulse repetition period s%Hn that given in the limits column prep o o
L1 . 4 . 4 = P Pulse repetition pericd = 100 u sec, 50 percent duty cyclé The maximum clock transition time (tpry1c1)
H Vipa=28v at25°C, 2 55Vat125°C, 8 0V at -55°C requirement is considered met ¥ proper output state changes occur with the rise time set to that given in
1 For input conditions see Figure 8 the Lmits column
3 For inpul voltage conditiona see Flgure 10 Q The minimum clock pulse width (t,) requirement is considered met if proper output state changes ocgur with the

pulse width =et to that given in the limlts ¢oluma
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TABLF [II Group A angpection for device type 05
Terminal conditions {pns not designated are open) T'est limits
o e
Case Subgroup 1 {Subgroup 2 | Subgroup 3
MIL- CD 1 2 3 4 & [ ki 8 9 10 i1 12 13 14 Ty = 26°C TA=125°C Tp=-55°C
Symbol | STD-883 —— Meas Units
method Test No Input |Reset { Q Qs Qg Q4 Vsg NC Q NC ) 9 NC | o {terminal | Min | Max | Min | Max | Min | Max
Iy 3010 1 15 0 Y|GND GNP 15v 1 10 10 10 [nAde
In 3010 GND (15 @V 2
I, 3000 3 GND  |GND 1
Iy, 3009 4 GND [GND - 2 | ¥ |
VoLz | 9007 5 A A A 10 50 10 |mVde
Vo2 3006 6 A A 3 A 14 99 14 85 14 99 Vidc
Voul | 3006 7 B B c c C o c c c 50V B |420 420 420, Ve
Vori | 3o 8 B B D D D D o} D D B 500 500 500 Jmvde
VicL 9 E E _ E 3 50 325 3 65 {Vdc
VIR 10 F F ] F 150 125 17 Ve
Igg 3005 11 H B 15 v 7 500 5000 580 |nAde
Iss 3005 12 I5v| 15V 15V 1 500 5000 | 500 lnAde
Subgroup 4
Ty = 25°C
Min TMex
[ 3012 13 L GND | i [ GND 1 70 [ BF
Ci sgai12 14 L GND ! 1 | GHND 2 70 | pF
Subgroup 9 [Subgr cup 10} Subgroup 11
. Tp = i5°C Tp = 125°C Ta = «55°C
Min [Max § Min [Max | Min | Max
tpaL1] S003 i5 J [ewn| G G G ¢ [GND ' G G o 50V 12 0 44 lo 56 033 [ps
16 | 11 3 88 112 o re
l 1 9 132 1 68 0w
| 18 6 116 2 24 13)
19 5 x 20 2 80 1 65 |
l 20 L] 2 64 3 36 1198
21 3 310 4 00 2 31
t 22 12 0744 0 56 0 43
PLH 23 " 0 BB 112 0 &0
24 9 132 1 68 10 99
25 6 L 224 ix 32
26 5 2 20 z 80 '1 65
l 2 ! 4 2 64 3 36 15 98
¥ 28 ! 3 319 4 00 231 | ¥
tpuy, | 3004 29 i ! I 430 550 1325 | ns
tTLd 3004 kla] 5 ] b ! B | N ! 430 550 325 | ns
“PHLZ 3003 , 31 K K ] ] -1 _1._‘! E i L ¥ f _i- 7 _...__IE-_.L. 0 8O 'l 16 & 68 { ps

oubgroup 7 Verifv truth table, figure 3@ Vpp < 5 0 Vdcand = 15 0 Vde oy, =

Bvogroup 8 Same test, terminal conditions and limits as sut group 7 “xcant Ta

1257

«JTES

Each outpat shall be meagured using the timing duegram of figure 26
Cach ovtpn shall oo reas.red using the Liming diagiam of fip -~ 7
oy 188 pAcy @ 25°C -10% pAde @ 125%C 185 pAde g - °
iy, = 250 pAdc @ 25° ¢, 175 pAde @ I25°C 310 yAw i@ -55 £
S+ figure 28 timing ajagram

joReRalh b3

VES 4 0 A0 Vde VOH =

VDD -0 0 Vde Ta - 25°C

Ao ~55 C

PO A R |

See Lt 29 tuning, diagran

Lowd widuons € S3pF Ry, 26)0 [
Check 1sg cea heovnt state t e, 207 apg 20y fyma figwre 26
Se Oipv v 4L for te | carcurt wid measurement POty

See Ppune 2 1or teet cargw | and meisu ement pu nts

“ee o ?

TABLE III ~ Device-* CD4024A, M3851C/05605ADX, Group A inspection.

(VStwpves Q636-W-TII
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Further detailed description of these microcircuits 1s given 1in
Faigs. 1 through 7. Photographs of chips with dimensions grid, magnified
photographs with detail visibility, logic diagrams, and circuit diagrams
in these figures provide a basis for comparison of the chip sizes and

complexities of the microcarcuits involved.

The table below summarizes these factors.

No. of active Number of Number of
Type S1 Area elements inputs outputs
CD4011A 1.9 mm 13 8 4
CDA013A 2.1 mm’ 64 8 4
CD4024A 4.2 mm” 134 2 7

13
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0 10 20 30 40 50 60 -
s || l I ) 73
s3> 0O 1 20 30 40 50 60 70{75
50 — 1 [ ! | 1 1 | P 1 E
4428 B FIE] v s e fr |t ¥
40— S 3
40— ‘?E 9 x 8 ol 7 s 6 ]
R N 1 i o o A T
- g T i - '!U s ff.' T »
s0— A Lo~ it iy, Ll (el 2l
- Sl e ot o L[ lasRt . )
20— B SN TII0 ce
Srlten - 1
T R R x
10— b ¢ T2 i PG (ol W 1% 3 N
£ s AT i T I R L T N Y
~I™1 i , —
LY B ——
°z ) -T ¥ l:n
Ak | c |
; B8 T I 8 1
- 92C$~22080
CD2011AH 92C5-22078 CDA013AH _L mERmmeemm
Gnid Graduations Ara In Mils (10 3 fnch)
TYPE AT B* c D CHIP THICKNESS
Mils Millimeters WVhis Mhllymeters Mils Millimeters Mils Millimeatars Mils Millimeters

-
CD4011AH | 50—-58{ 1270—~1473| 53—61| 1347 -1549{ 4—-10] 0102—-0254|33—-43 ] 0084—-0109] 5—9{0127~0228
CD4012AH | 50— 58] 1270 —1473| 53~ 61| 1347 — 1 549 -

CDAMM3AH | 41— 48| 1042 —-1244] 70-78| 1778 — 1 981

CD4014AH| 79 —87| 2007 —2209| 81—88) 2058 -2260{ 4—10{ 0102—0254|233—-43| 0084—-0109) 5 -9|0127 —~0228

ch‘{"rf\_ﬂ . - ) 925‘5:22090
Grid Graduations Are In Mils {10'3 Inch)
A¥ B* c D’ CHIP THICKNESS
TYPE
Mis Millimeters Nhls Milhmeters Mits Miltmeters Nls Millimeters Mils Millimsters

CD4023AH |53 —61| 1347 — 1549 [ B3 —61{ 13471549 | 4~10| 0102-0254 1 33—43 0084—0109; 5—9(0127—-0288
CD4024AH |73—81| 1855 —2057 | 82 —-90] 2083 — 2 286

CD4A025AH |49 —57| 1245 — 1447 | 51 —59] 1297 - 1498 I
CD4026AH |89 - 97| 2261 — 2463 | B9 — 9712261 - 2463 | 4—

#

0| 0102—-0254 {33—-43 | 0084 —0109( 5-9]0127-0228

* The photographs and dimensions of each COS/MOS chip represent a cleavage angles are 570 nstead of 909 with respect to the face of the
chip when it 1s part of the wafer When the wafer is cut mnto chips, the chip Therefore the isolated chup 1s actually 7 mils (0 17 mml larger
it both the A and B dimensions

‘F&g. 1 -- Dimensions of microelrcuit chips.
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Fig. 6 - Logic and circult diagrams for the CD4013A. (Page 1 of 2 pages.)
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SECTION IV
TEST VOLTAGE AND BIAS

The choice of bias was dactated by the desire to further accelerate
the life testing process by stressing the n-channel transistor to
possibly the worst-case condition. The available evidence suggests
that the n~channel transistor in CMOS microcircults 1s the weak link when
brased to the off condition (gate 1s low with respect to drain). The
drain-to-source and drain-to-gate potentials set up under thas bias
accelerate movement of the positively charged (usually sodium) particles.
These particles are thought to accumulate 1n the oxide, thereby neutralizing
the effect of the negatively biased gate and setting up a mechanmism for
potent1al leakage. The biases used are shown in the pin connection
diagrams of Fig. 8. The operating voltage was chosen as 12.5 volts dc to

conform to the M-38510 specifications.
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Fig., 8 - Bias connection diagrams.
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SECTION V
THE TEST

The test matrix was developed and is shown in Table IV, Devices
were selected from three lots 1n each type to represent broad process
variations. The program encompasses 3 life-test temperatures. Each
lot 1s represented by 20 test devices in each lafe test for a total of
60 test devices of each type. Each test sample of 20 test devices had,
in addition, 5 control devices which were monitored at each measurement

point together with the test devices, but were not life tested.

Prior to beginning of the contract, trial runs were started. Data
from those runs prompted the introduction of more measurerent points for
the 250°C as well as the 200°C life test. The testing at each measurement

point was broadened to include 125°C, and -55°C measurements.

25



Table IV — Test Matrix

MIL-M-38510/50 Sertes
Class A Devices

¢ CD4011A ' CD4013A ¢ CD4024A
M38510/050071ADX M38510/05101ADX M38510/05605ADX
3 lots of 60 each 3 lots of 60 each 3 lots of 60 2ach
180 total 180 total 180 total

| j

¥ ) Y

250°C Operating Bias
Life Test
20 Units/Type/Lot

200°C Operating Bras
Life Test
20 Units/Type/Lot

1259C Operating Bias
Lsfe Test
20 Units/Type/Lot

Electrical Measurements
0 hrs, subgroups 1,2,3,7,8
16 hrs, subgroups

{32 hrs, subgroups

{64 hrs, subgroups

120 hrs, subgroups

250 hrs, subgroups

300 hrs, subgroups

Electrical Measurements
0 hrs, subgroups 1,2,3,7,8
{64 hrs, subgroups

120 hrs, subgroups

250 hrs, subgroups

500 hrs, subgroups

1000 hrs, subgroups

2000 hrs, subgroups

Electrical Measurements
0 brs, subgroups 1,2,3,7,8
250 hrs, subgroups

1000 hrs, subgroups
{5000 hrs, subaroups
10000 hrs, subgroups
20000 hrs, subgroups

 J

Data Summary
and
Analysis




SECTION VI
DATA PRESENTATION AND ANALYSIS

The test measurement results obtained in the course of this program

were considered in three ways.

l'

Data from the three life-~test temperature cells (250°C,

200°C, and 125°C). This data includes farlure attributes
summary, parameter trend tables and curves, and failure

rate versus time charts.

Results that require data from failure analysis. This report
includes early failure analysis on some catastrophically failed

devices.

Tables V, VI, and VII gave the cumulative failures per type for

each life-test temperature cell versus time. In an attempt to minimize

the arbitrariness in the failure definition, the failure attributes

data 1s presented in the following ways.

1.

Column I, The failures are defined in acecordance with

the M38510/50 individual specifications limits as given 1n
Table III of these specifications (Tables I, II, and III of
thas report). All failures are counted including the con~
tinuity failures. This data is not plotted.
Column ITI. Less continuity. The continuity fairlures are
excluded from the count 1f the failure analygis reveals:

{(a) burned-out metallization indicating possibility of external
influence, (b) automated testing problems steming from
improper socket contact. The failure as in (b) is really a
good device and 1s considered as such In subsequent measure-

ment points,
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TABLE V - SUMMARY OF FAILURE ATTRIBUTES

(CD4011A)
I II 11T
ALL FAILURES LESS CONTINUITY LESS MARGINAL LEAKAGE
Temp. Lot/Hrs 16 32 64 120 16 32 64 120 16 32 64 120
250°C 40 0/19  0/19 0/17 16/17 0/19  0/19 0/17  16/17 0/19  0/19 0/17  16/17
50 2/20 6/20 8/20 16/20 2720  6/20 8/20 15/19 0/20 1/20 2/20 15/19
60 2/20  2/19  8/19 18/19 2/20 2/19 8/19 0/1 0/20 0/19 5/19 0/1
Total 4/59 8/58 16/56 50/56 4/59 8/58 16/56 31./37 0/59 1/58 7/56  31/37
% 7 14 29 89 - 7 14 29 84 0 2 13 84
Temp. Lot/Hrs 64 120 250 500 1000 64 120 250 500 1000 64 120 250 500 1000
£ 200°C 43 0/20 0/20 0/20  0/20 0/20 0/20
53 1/20 1/20 1/20 1/20 1/20 1/20 0/20 0/20 1/20
53 2/20 2/20 2/20 1/19 1/20 1/20 0/19  0/20 0/20
Total 3/60 3/60 3/40 2/59 2/60 2/40 0/59  0/60 1/40
% 5 5 7.5 3 3 0 0
Temp. Lot/Hrs 168 500 1000 168 500 1000 168 500 1000
125°C 40 0/20 0/20 0/20 0/20  0/20 0/20 0/20  0/20 0/20
50 0/20 0/20 2/20 0/20 0/20 0/18 0/20 0/20 0/18
60 0/20 0/20 0/20 0/20 0/20 0/20 0/20  0/20 0/20
Total 0/60 0/60  2/60 0/20 0/20 0/58 0/60  0/60 0/58

FA 0 0 3 0 0 0 0 0 0
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TABLE VI -~ SUMMARY OF FAILURE ATTRIBUTES

(CD4013A)
I II 1I1
ALL FAILURES LESS CONTINUITY LESS MARGINAL LEAKAGE
Temp. Lot/Hrs 16 32 64 120 16 32 64 120 16 32 64 120
250°C 41 2/20 10/20 2/20 8/18 0/20 1/18
81 5/20 7/20 15/15 5/20 6/19 15/15 5/20 5/19 15/15
21 2/20 12/20 1/19 11/19 0/19 6/19
Total 9/60 29/60 15/15 8/59 25/56 15/15 5/59 12/56  15/15
% 15 48 100 14 45 100 8 21 100
Temp. Lot/Hrs 64 120 250 500 1000 64 120 250 500 1000 64 120 250 500 1000
' 200°C 83 1/20 4/20 5/20 8/20 0/19  1/17 1/16  3/15 0/19  1/17 1/17  2/15
43 0/20 2/20 2/20 2/20 0/20 0/18 0/18 0/18 0/18 0/18 0/18 0/18
Total 1/40  6/40 7740 10/40 0/39 1/35 1/34 3/33 0/37 1/35 1/35 2/33
yA 5 15 18 25 0 3 3 9 0 3 3 6
Temp. Lot/Hrs 250 1000 250 1000 250 1000
125°C 42 0/20 0/20 0/20
82 0/20 0/20 0/20
22 0/20 0/20 0/20
Total 0/60 0/60 0/60
% 0 0 0
S
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TABLE VII - SUMMARY OF FAILURE ATTRIBUTES

(CD4024A)
1 I 11T
ALL FAILURES LESS CONTINUITY LESS MARGINAL LEAKAGE
Temp. Lot/Hrs 16 32 64 120 16 32 64 120 16 32 64 120
250°C 51 2/20 13/19 2/20 12/18 1/20 11/18
61 8/20 15/20 6/18 13/18 4/18  13/18
32 7/19  10/18 18/18 7/1¢ 10/18 18/18 7/19  9/18 18/18
Total 17/59 38/57 18/18 15/57 35/54  18/18 12/57 33/54 18/18
% 28 66 100 26 65 100 21 65 100
Temp. Lot/Hrs 64 120 250 500 1000 64 120 250 500 1000 64 120 250 500 1600
200°C 53 0/20 3/20 11/19 0/20  3/20 11/19 0/20 2/20 7/19
‘ 33 0/20 1/20 7/20 0/20 1/20 7/20 0/20 1/20 7/20
63 3/20 3/20 11/20 3/20 3/20 11/20 0/20  0/20 7/20
Total 3/60 7/60 29/59 3/60 7/60 29/59 0/60 3/60 21/59
% 5 12 49 5 12 49 0 5 36
Temp. Lot/Hrs 250 1000 250 1000 250 1000
125°¢C 52 0/20 3/20 0/20  3/20 0/20 0/20
34 0/20 3/20 0/20 0/17 0/20 0/17
62 3/20  3/20 3/20  3/20 0/20 0/20
Total 3/60  9/60 3/60  6/57 0/60  0/57
% 5 15 5 11 0 0

<



3. Column TII. Less marginal leakage. The marginal leakage
devices are subtracted from the count of Column II., The
marginal leakage failures are those which have their measured
leakages below the clamped values. The clamped values for
each type are given in the table below; they are determined by

the automated test set up.

Iss IlellL
Type 25°¢ 125°C 25°C 125°C
CD4011A 159.8 nA 1598 nA 15.98 nA 159,8 nA
Ch4013A 1598 nA 15.98 upA 15.98 nA 159.8 naA
CD40Z4A 1598 A 15.98 pA 15.98 na 159.8 nA

It 1s believed that in presenting the data this way, devices
which indicate a hagher probabilaty of becoming non-functzonal in the
application wall be segregated from those devices which have leakage

1ncreases but that would not affect system functioning.

The data tabulated in Tables V, VI and VII, "Summary of Failure
Attributes" has been plotted in Figs. 9 through 16. The graph paper
used 15 log normal since this type of accelerated testing 1s expected
to have a log-normal distribution. For the log-normal distribution,
the failure rate at any given time can be calculated. The curve allows
one to get a quick indication of whether the failure rate 1s increasing
or decreasing. In addition, this type of plot provides the abilaty
to determine the "freak" part, Lf 1t exists, and the main part of the

distrabution.

Fags. 9 and 10 indicate the failure rate at 250°C versus time,

Some observations can be made at this poaint in regard to these results:

1. The perxcent of the CD4011A 1s significantly lower than
those of the CD4013A or CD4024A.

3L
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There 1s a noticeable increase of CD4011A failure rate and

a change in dastribution between the 64 hour and the 120

hour measurement points, Indicating that perhaps some as

yet unadentified threshold has been exceeded.

The difference in failure rates between CD40L1A, CD4013A

and CD4024A suggests a desirability to consider the chap

si1ze and/or the complexity of a microcircuit as a possible

factor 1nfluencing faarlure rates. This observation supports

a conclusion arraved at in another report prepared by

RCA Solid State Division for the RADC,

Contract #F30602-73-C-0282.

The high percentage of failures observed during the early

measurement points (16 hours and 32 hours) as well as

significant fallure-rate changes between the 64 hour and

the 120 hour measurement points suggest a desirabilaty of even

more frequent measurement points. This 1s especially applicable

to the 250°C life test. Some improvement in that direction has
been implemented, following consequent recommendation, by
introducing the 32 hour and the 64 hour measurement points for
the 250°C lafe test and the 64 hour measurement poant for

the 200°C life test.

For the present, we are inclined not to recommend the 250°C

temperature for the accelerated life test for the following

reasons:

a. The three CMOS device types listed, CD40L1A, CD4AOL3A, and
CD4024A did not meet the redquirements for Class A
conformance testing delineated in MIL Std 883A Method
5005.3, Table IX(a), Subgroup 5; 250°C testaing.

b. ‘There is strong evidence that a threshold may have been
exceeded.

c. Sample selection presents difficulty because soldex—dipped
leads, the standard finish for Class A devices, cannot be
used at such high temperature.

d. Presently avarlable high-temperature carriers are too
brittle and present considerable handling problems in

the life test racks as well as the automated test equipment.

40



Figs 11 through 16 are included to give an insight into the fallure rates
at the 200°C life test and the 125°C life test. Although the early measurement
points suggest lower fallure rates, no definite statements to that effect can

be made until data from more measurement points is available,

Tables VIII, IX, and X gave for the 250°C test cell the means, the
standard deviation, and the high value at each measurement poant on the per
lot basis for the surviving devices at two measurement temperatures, 25°C
and 125°C. Fags. 17, 18, and 19 represeant plots of mean averaged over three
lots for each type and at two temperatures. The surviving units are defined
as those the readings of which did not reach the clamped values. Clamped
values are the upper lamits of the Instrument range to which the automated
measurement system i1s set. The table on page 31 gives clamped values for Igg

for each type at 25°C and 125°C measurement temperatures.

There are three ISS tests in the M58510/05001ADX (CD4011A) specifications
The results of all three of these tests were used in the parameter trend
tables and graphs. From the M38510/05101ADX (CB4013A) and M38510/05605ADX
(CD4024A) test results, three ISS tests for each type were selected to avoad
presentation of repetitiocus data., The selected ISS test data indicated the
greatest parameter shift. The leakage versus time plot indicates a fair
stabality for the surviving CP4011A, but show considerable movement for the
CD4013A and CD4024A. The 25°C measurements seems to track the 125°C measure-—
ments, indicating that for the purpose of observing leakage shift, both

measurement temperatures are equally effective.
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TABLE VIIT — lgg Trend with Time for the M38510/05001ADX {CD4011A)

Time 0 Hrs 16 Hrs 32 Hrs 64 Hrs 120 Hrs
Test #| 50 51 52 50 § 51 52 50 51 52 | 50 | 57 52 50 51 52
Lot # Unit nA nA nA | nA| nA | nA nA nA nA | rA { nA nA nA nA nA
Mean f 017|016 | 044 JO75} 11 (27 | 083|107 139} 1 104 | 127 068 | 108 (037
E 5361740{ SD 027 {036 | 069 {025(076|0191 018|013 | 017020009 | 033 03 308 |032
E HV 07 1 13§11 11 3 12 12 16 1141 13 15 1508|1084 | 12
; Mean | 065 101 1137 2 |132]| 34 | 3731322 {555(1355|348 |521 22 |176 |070
“16153050] SD '} 04 | 01 0161220440561 631(128]|787]|23]091 | 38 2820119 ({014
§ HV 12 12 17 31131 |56 | 304)| 82 38 |118| 683 | 197 108 3 09
o§ Mean § 007 | 088 }113]0¢] 14 |34 )067| 12 | 155]|161]193 | 223
™~ | 6153060, SD 009 | 01 j012}112711 |23 }]03]|032|1034|078|0564 |07%
H Vv 02 1 14 | 67|55 |1256 i2 2 25136 | 31 47
Unit A | HA pA LA ] gA | pA pA | pA DA ] A | pA HA A HA HA
Mean | 100 2| 67 74 267110031721 1317|969 | 734 [1346{808 | 728 {3014i4575 | 115
g 5361740 SD 196 | 397 16 264 19 (146 | 284 ) 20 15 1334|235 11566 3611|4151 244
£ HV 136 | 109 98 |172] 132 | 97 188 | 137 | 103|193 133 ] 104 1393 | 751 158
g Mean | 1437|641 [1262N75 1103 8] 130 11801} 971 | 1252]1961{ 891 (2308 259 |3952 |1036
§ 6153050} SD 533|368 31 |477)262 {365 B3 | 176 3976041228 |[2952 |137116002 |308
= HV 222 | 103 | 197 | 2656|124 | 197 | 284 | 126 | 200 | 292 ¢ 117 | 1086 499 | 227 | 176
Di Mean 63 1796 | 513 1767{723|485 | 771 {786 | 49 | 45 1428 | 277
S i6153060f SD 26 | 264 | 185 | 28 1251|198 13011257 |1922] 21 {182 | 163
HV 138 | 140 91 |134136 | 84 132 | 136 83 | 86 | 80 55
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TABLE IX - lgg Trend with Time for the M33510/05701ADX (CD4013A)

Time 0 Hrs 16 Hrs 32 Hrs 64 Hrs 120 Hrs
Test & 50 55 60 50 | 55 60 50 b5 60 50 b5 60
Lot # Uit nA nA nA fnA | nA | nA nA nA nA | nA | nA nA
Mean | 00 | 0O 00 |171)08 |14 00 | 00 05
#|53930217 SD 00 | 0O 00 J46}08 10 00 | 0O 10
E HV 00 } 00 00 200|130 | 30 00 { 00 30
g Mean 00 00 00 |0O0]0OB |12 oo oo 01
216123241 SD 00 00 00 |ODJO0O8 |11 00 00 02
= Hv | oo [ oo oo |oof3o[30foo|oo]| 10
é’ Mean 00 00 00 108|116 (20 {|410(|870[950(|310(|318 1398
& 6153081 SD 00 00 00 |24 |26 | 26 11400] 360 13900890117 [137
HV 00 00 00 |7031110|110 [57004 1500 | 1600 | 330 {44-7 |50-7
Unit A | pA pA L pA | MA | A A | pA 2A | A | A HA
Mean |0093| 007 [0092|027]012{019 § 067 | 25 24
E 5393021 SD 0013|0015 }{0013|0G5]|001 |0013} 25 35 28
E HY 012|012 |012}30(013|014| 110130 | 82
“5’ Mean | 011 1012 |012 (028|019 {021 | CO8 110} 013
§6123241 SD | 007 |0009 |001 |O75|036 1046 J 002 (008 | 01
= HV 013|013 (D13 )364}17 |22 013042 | 052
?(;: Mean |00723i0074 |0074§024|057 |064 | 084 | 06 | 053 ]0568i028 | 0356
N16153081 SD |0009|0007 |OQOB|0B4| 12 {14 24 11 12 1061|041 05
HV 005 (0092 002 |23 14b |54 91 35 38 |16 | 11 13
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TABLE X -— Igg Trend with Tune for the M38510/05605ADX {CD4024A)

Time 0 Hrs 16 Hrs 32 Hrs 64 Hrs 120 Hrs
Test # 60 63 67 {60} B3 | 67 60 63 67 | 60 | 63 67
Lot # Unit pA | nA nA | nA | nA | nA nA | nA nA | nA | nA nA
Mean (4581|5335 15568 |334(367 |342 } 417 |1037] 823
g 6201051 SD |10936[11098{11057]129 {1252/123 | 966 |2463 (1775
2 HV 418 { 417 | 418 565 | 564 |555 | 578 | 580 | 565
g Mean | 111|335 |288} 0 |96 {875 11 12 12
§ 6201061 SD 111|239 1286 | ¢ {07 |19 24 24 23
= HV 4 11 13 0 | 11 16 114 | 113 { 112
é') Mean | 2 31 4 225 1{14211085{ 84 20 20 172782779 761
& 6202232 5D 5 563 | 11 15961 6 j095 | 29 |278 | 261|287 | 285 | 293
HV 23 27 4 26 | 37 g a9 103 101 116011153 | 1142
Uit | pA | A HA | MA | pA | HA A | HA A | HA | pA BA
Mean | 042 | 054 |0b4 |0701077 (073§ 12 [ 12 | 19
fg 6201051 5D 061 J0B3 |083 ]186;189 {184 17 17 14
£ HY | 2341296 {29584 (841|847 | 603|676 | 524
3 Mean | 018 [021 [o021 Joi17|ois o8] 3 3 3
§ 6201061 SD | 006 [010 |010 jJOOG|011 J012 5 4 4
= Hv | 037|055 |056 1029|028 |028 | 05 | 049 | 050
Oz Mean | 012 {012 |012{024022 {022 1045 (044 | 043 §758 All
| 6202232 SD {002 (002 |002{0290i027 1027 J 050|048 | 047 1275 | clamped
HV 02 |021 j021 |14 |135 (132} 17 { 17 16 |938
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Fig. 17 — CDA0OL1A; Iz5 ve time; three-lot average of mean.
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86— © _ISSI {TEST No.50)

o —Igs3 (TEST No.60}
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TIME—-HOURS

92CM-28641

Fig, 18 ~ CD4013A; vs time; three-lot average of mean. Only one lot

I
85
was kept on life test to 64 hours. Value of ISS < 0.1 nA are

plotted on the base line.
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Fig. 19 - CD4024A; ISS vs time; three-lot average of mean. Only ome lot
was kept on life test to 64 hours.

47




SECTION VII
PRELTMINARY FAILURE ANALYSIS

Two types of continuity failures were identified; socket problems and
burned-out metallization. Test~socket problems are not considered as failures

during accelerated testing.

Lot 6153060 (18/19) has failed continuity test at the 120-hour measure-
ment point. ¥Further tests confirmed open leads in 18 devices. External
examination did not reveal lead oxidation sufficient to cause continuity
problems. Consequently, two devices were opened and examined under a
M1LCTOSCOPE., VSS metal was found open in both devices. Tig. 20 shows
photographs of one of the failed chips. No explanation for these failures
will be offered at thais point except to note that this type of farlure 1s not
likely to result from a gradual deterioration of the microcircuit. Further

failure analysis of these devices i1s needed.

The predominant failure mode for all three device types 1s total leakage,

I and/or input leakage, I T To help determine~the cause of the

S5 I ~oure
i1ncrease, leakage devices were baked at 200°C, no bras for 24 hours. These
devices are being retested to determine whether the leakage levels have been
reduced. Reduction in leakage after a high-temperature bake 1s generally

considered as an indication of mobale ion presence.
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Fig. 20 - Photographs of failed CD401l chips.

49



SECTTON VIII
CONCLUSIONS

Recognizing that broad recommendations cannot be made until additional
data 1s generated from Phases II and III, the following limited conclusions

have been reached:

1. The three CMOS devaice types tested, CD4011A, CD40OL13A and CD4024A
did not meet the requirements for Class A conformance testing
delineated in MIL Std 883A Method 5005.3, Table II(a), subgroup Z;
250°C testing.

2, The utality of a 250°C accelerated life test as a predictor for

CMOS long-term reliabality at application temperatures has not been

establashed.
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