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EVALUATION

The objective of this study was to evaluate existing MIL-STD-883 Quality
Assurance Procedures and establish, if necessary, new methods for screening
complex microcircuits. Specific emphasis was placed on preseal visual in-
spection, because of the difficulties being encountered in performing this
test on microcircuits having layered metallization or for devices where the
complexity is greater than 250 equivalent gates. This study considered the
risk associated with relaxing or eliminating certain device visual screening
requirements and replacing them with in-process wafer and 1ot inspections.
The following investigations were performed in conducting this study:

a. Visual mapping of wafers to locate and classify defective circuits.

b. Preliminary testing of devices with known defects to develop alter-
nate testing procedures.

c. Development of in-line controls to identify defective wafers.

d. Verification testing of devices fabricated on wafers that were
subjected to the newly developed in-1ine wafer control screens.

e. Analysis of the verification test results and development of screer-
ing procedures for complex microcircuits.

This study successfully demonstrated that alternate test procedures in
lieu of the 100% high magnification internal visual inspection are feasible.
In the verification testing, the proposed wafer controls, in conjunction
with a Tow magnification visual inspection, proved to be effective in min-
imizing failures resulting from visual defects, while at the same time,
increasing the initial electrical probe yields. These alternate tests,
which consist of a specific wafer control procedure and minor changes in the
low magnification visual inspection, will make it possible to require the
high magnification visual inspection, only as an optional test.

The end product of this study is a proposed new test method for screen-
ing complex microcircuits. RADC, as the Preparing Activity for MIL-STD-883
"Test Methods and Procedures for Microelectronics" will utilize . the results
of this study as the basis for recommending, to Government/Industry sources,
the adoption of this new test method for use in screening complex micro-
circuits for military applications.

“

é?)i‘lﬂmx (/ /‘»J”./’ PPN /
EDWARD P. O'CONNELL

Project Engineer




SECTION 1

1.0 INTRODUCTION

Problems are resulting from attempts to employ existing screening, and
quality assurance procedures in the procurement of complex microcircuits for military
systems. This is due to advances in device processing technology that have significantly
changed device physical dimensions. For example, in the period 1968 to 1974, the
following changes in complexity occurred: components/chip increased from 50 to 3000;
chip area (sq mils) increased from 2000 to 20,000; area/component (sq mils) decreased
from 10 to 0.2. This trend is continuing as evidenced by the usage of microprocessors
and other LSI devices in military systems. As a result of this advancing technology,
Precap Visual Inspection as currently specified in MIL-STD-883, cannot be effectively
performed on LS| devices due to the larger chips and smaller area per component. Yet
the use of LSI devices has increased the probability of the occurrence of visual anomalies.
In addition, a number of complex microcircuits use multilevel metallization, or have
unique processes which preclude the performance of any reasonable Precap Visual
Inspection of the die. Therefore, procedures must be developed to identify Visual In-
spection requirements that can be most effectively performed during in-line processing as

sampling inspection tests on each wafer as opposed to the present end-of-the-line Precap

inspections.

1.1 OBJECTIVES

The basic objective of this study is:

o to establish an effective screening and quality assurance procedure
for complex microcircuits by use of in-line wafer sampling in-
\

spection as opposed to the present end-of-the-line acceptance

inspections,




o to develop alternate testing procedures that will detect known
defects in complex microcircuits as part of packaged device
screening,
o to perform a final verification test to evaluate the effectiveness of the
in-line wafer sampling and alternate testing procedures developed
by this study.
1.2 STUDY APPROACH

This study consists of four activities as shown in the study plan of Figure 1.2.

o

Wafer mapping of completed complex device wafer defects and develop-

ment of in-line wafer process controls by Visual Inspection.

Preliminary verification testing consisting of screening of packaged
devices with known defects to develop an alternate testing procedure.
Verification testing of devices produced utilizing the developed in-line
wafer process controls to evaluate the effectiveness of those controls

and the alternate testing procedure.

Recommendation for changes to MIL-STD-883 to incorporate
screening and quality assurance procedures for complex micro-

circuits as developed by this study.
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SECTION 2
2.0 DEVELOPMENT OF IN-LINE WAFER PROCESS CONTROLS

In order to select the wafer sampling plans and required wafer process
controls, two parameters were investigated. The first parameter studied was the location
of visually defective circuits on completed wafers. This was accomplished by recording
the location on the wafer of each defective circuit. This data formed a series of wafer
maps showing the frequencies of defects across the wafers. The second parameter studied
was the defect itself and its cause. This was accomplished by identifying the defect and
then making an assessment as to the process step at which it occurs. Once these param-
eters were recorded, the data was assessed and analyzed to establish the in-line wafer

inspection procedures for the final verification test devices.
2.1 DEFECT LOCATION AND CAUSE

To investigate the location and cause of visual defects, data was taken on

the following three separate sampling groups.

o A sample of five custom LS| CMOS wafers with 100% inspection of
each circuit (wafer mapping).

o A sample inspection of the center row on each of 41 custom LS| CMOS
wafers,

o A sample inspection of the center row on each of 51 complex bipolar

wafers from a vendor's MIL-M-38510 certified production line.

Every circuit inspected in each of the three sampling groups was inspected
under a metallurgical microscope at 150X to 200X magnification minimum and classified

by defect category, cause of defect and type of defect.

The defect classifications were coded as follows:
A. Category
a. Batch defects such as alignment or etching process problems
which normally affect all wafers in a given lot or all circuits

on a given wafer,




b. Repetitive/random circuit defects such as missing metal in the
same location on each circuit which are mask or design related.
c.  Random circuit defects such as missing metal caused by handling

or process faults.
Cause of Defect

a. Handling

b.  Oxide etch

c.  Metal etch

d.  Metal deposition

e.  Mask tear or foreign particles on mask or in photoresist

f. Alignment

g Diffusion
h.  Others
Paragraph of
MIL-STD-883
Type of Defect Method 2010.2
a.  Scratches 3.1.1.1
b. Voids 3.1.1.2
Metallization corrosion 3.1.1.3
d.  Metallization adherence 3.1.1.4
e.  Metallization probe 3.1.1.5
f. Metallization bridging 3.1.1.6
Metallization alignment 3.ls1.7
h. Diffusion faults 3.1.2.1
i. Passivation faults 3.1.2.2
i Foreign material 3.1.6.1
(Paragraphs b and ¢ only)
k. Glassivation defects 3.1.7
la Metal blistering 3.1.1.4

e O ———




NOTES: If more than one defect was found in any one circuit, each of the defects
are indicated in the grid for that circuit.
Example of code;
o caa represents a random circuit defect caused by handling seenas a scratch.

o OK - indicates a good circuit.

2.1.1 Wafer Mapping

For the 100% wafer Visual Inspection and mapping, five wafers were selected
from four different vendors representing metal gate CMOS and silicon gate SOS technology .
All wafers selected for the mapping were residual devices from one of Harris' custom LS|
programs.

Table 2.1.1-1 summarizes the wafers selected for the inspection. Figures
2.1.1-1 through 2.1.1-5 are the wafer maps generated from each wafer. From the wafer
maps of Figures 2.1.1-1 through 2.1.1-5, an additional set of wafer maps were generated.
These maps, Figures 2.1.1-6 through 2.1.1-10, show the number of defects found in each
individual circuit. Analysis of the data from Sample 1, Figure 2.1.1-6, revealed a high
concentration of visual defects around the edge of the wafer and one row below and one
row to the left of the center. Sample 2, Figure 2.1.1-7, shows a high concentration of
visual defects near the bottom of the wafer and a band of defects scattered across the
center of the wafer. Sample 3, Figure 2.1.1-8, shows a high concentration of visual
defects around the edges and near the center of the wafer. Sample 4, Figure 2.1.1-9,
shows a high concentration of visual defects around the edge of the wafer. Sample 5,
Figure 2.1.1-10, shows a high concentration of visual defects around edges of the wafers
and in a band across the bottom third of the wafer. The visual defect patterns asobserved

on these wafers can be explained as follows:

The edges of the wafers are where the manufacturer picks up the wafer during
processing. This edge loss is expected. The high concentration of defects near the bottom
of some wafers was caused by the scribing of the lot numbers on the wafer. The high
defect counts near the centers of Samples 1, 2, and 3, are due to anomalies in the

manufacturer's tooling.




TABLE 2.1.1-1

WAFERS SELECTED FOR 100% VISUAL MAPPING

Sample Wafer Die Size
Number Technology Vendor Size in Mils
1 Metal Gate CMOS A 24 © 149X 187
2 Metal Gate CMOS B 3% 196 X 203
3 Metal Gate CMOS C 2. 181 X 184
4 Silicon Gate SOS D 2 126 X 157
5 Metal Gate CMOS B 3" 216 X 204

Identification of vendor code:

Vendor A: Harris Semiconductor (HSD)
Vendor B: Solid State Scientific (SSSI)
Vendor C: RCA Semiconductor (RCA)
Vendor D: Hughes (SOS wafer)

Vendor E: National Semiconductor (NSC)




cai
cek

ceh
cei

cei
ceh
caa

caa
cei
ceh

OK

OK

ceb

OK

OK

OK

OK OK
OK ceb
OK OK
ceb
cek
ceb cef
cef ceh
cei cef
ceh cef
ced
cef
ceb
SAMPLE 1.

cdb caf cek OK
ecf cab
ceh

OK caa OK cbi ceh
cbi

OK caf cef cef ceb ceh OK

cef cef ceb OK OK chl ceb ceb

ceb ceh cef caf
ceb cab
cef
OK ceb chl OK OK chl cel ceh
cei
s ceb
cal
ceh cef aeh aeh OK. cek ceb caa
cfh cfh ced cei
cef ceb OK OK cef cgh cei cei
cek cef caf
cef cel chj ceh cef caf
ceb ¢ef ° caa cei cei
ceb
cef cef cef cef «gh caa
ceb caa cesh
2 ce’.
ceb ‘-

o

VENDOR A METAL GATE CMOS CUSTOM LSI ARRAY
2" WAFER 149 X 187 MIL DIE i

FPIGURE 2.1.1-1
h/




cek
cek
cef
cek cef
cel cei
cei OK
ceh
oeb cel
ce) cef
cek
ceb
ceh ocef
cel
cef
ceb
OK
SAMPLE 2.

OK

cej
ceb

OK

cei
ceb
cef

ceb

ceh

ceb

cek

OK

ceb
cef

VENDOR B METAL GATE CMOS CUSTOM LSI ARRAY - 3" WAFER 196 X 203 MIL DIR

ceb
caa
cef

OK

OK

oef

cel

OK

cef

cek

ceb
cef
ceh

OK

OK

OK

OK

ceh

ceb

oK

cef
ceh
ced

OK

oK

OK

ceb
cek

cek
caa
caf
ceb
cef

cel
ceb

cei
ccl

ceh
ccl

ceb
cef

cel

oK

ceb
cef
cek

oK

ceb
cef

cab

QK

OK

OK

OK

ceb
cef
cef

oK

oK

ceb
cek

cek

FIGURE 2.1.1-2

oK

oK

ceb
cek
cef

oK

cha
ceb
cef

OK

caa

caf

ohk

cef
ceb

ceb

caa
caf

10

cef

OK

chj

OK

caa
cab
ceb

ohk
cet

cef

ceb
cef
cdb

OK

cek

cef
caa
caf

ceb
cei

OK

caa

oK

ceb

oK

cek
cei
ceh
ceb

OK

cef
ceb

OK

ceb
cef
ceh

ceb
cef
cef

oef
oceb

cef

cef
ceb

ceb

ceh

ceh

ce)j

cef

cef

cef
ceb

ceb
cef .
cei

oK
oK
oeb

- |




-
& =
e ———

cas
cth
ceb

ceaa
cek

cfh
ceb

ceb

cef

oK

cfg

ceb

chj
caa
ced

SAMPLE 3.

ocab

cel
ceh
caa
caf

ceb
cef

cek

ceb
cef

OK

ceb
cei

ceb

ceh
ceh
cek
cei

oeh
cel
ceb
cek
caa

cek

cef

ceh
ceb

cfh

ceb

ceb
chj
caa
cat

caa
caf
cab
che
cdd

ceb
cef

ceh
cfh

cab
cef
cfh
cek

ceb
cef

ceb
chj
chh

oeb
cce
chk

ceh
cek

ceb

oc)

ceb

ced

ceb
cef

ceb

caa

oK

caa

ceb

ceb

ceb

cek

ceb

caa
caf
ceb

ceb
caa

ceb
caa

ceb
Caa
cat

ceb

cef
cek

cdb
caf
caa

caa
caf
cab

ceb
ceh

VENDOR C METAL GATE CMOS CUSTOM LSI ARRAY - 2" WAFER 181 X 1684 DIE

FIGURE 2.1.1-3

11




OK
ceb cel
ceb,
cef?
caa

oK -:abP
caa cel
caf c.:p
aobp

OK

ceb
cn!:
cek

caa caa
caf
cek
OK ceb,
oK ceb,
oK OK
ceb OK
ceb, cek
ceb’
ceb, cek
cek
cek [ 3
csbp

I:'\ﬁ>

cek

OK

caa
cek
cak
Cabp

cebp

caa
cak
caf

oK

ceby

OK

OK

OK

oK

oK

cebp

cebp

ceby

ceb,

oK

OK

ceb,

oK

ce)

cebp

OK

cek
ceb
def

oK

OK

OK

OK

OK

oK

oK

cek

ceby

cel

colp

oK

OK

OK

oK

cebp

oK

cek
caa
caf
ceb

ceby

cek

OK

ceb

P

OK

oK

OK

cebp

oK

ceb

c-bp

oK

cebp

ceb

cef

OK

OK

oK

cek

cek
cel
cefp

cebp

cel

OK

oK

OK

b
C.p

OK ceb ceb

cel ceb
c.?p cef 4
caa ceb ceb
ceb cef cef
cef cotp
caa caa ceb
cef
cebp
cefp,
OK cef,
cobp

OK

cef,
cex”

ceby,

cef

NOTE: [ after the type of defect Indicates a metallization type defect in the polysilicon. Polysilicon defect on not
presently coversd by method 2010.2 of MIL-STD-883,

SAMPLE 4.

AGURE 2.1.1-4

12

VENDOR D SILICON GATE CMOS TEST CELL 2" WAFER 126 X 157 MIL DIE




ceb
caa
cab
caf

OK

cek

OK

ceb

OK

cek

ceb
cef

OK

oK

ceb

cek
chl

cek

cek

ceb
cef
ceh

OK

OK

oK

OK

cek

ceb

cek
ceb
cef

cek

cgi

SAMPLE 5.

cef cef
ceb ceb
OK OK
ceh cek
ceb
ceb ceh
ceh
cef OKR
ceh
ceh ceb
cek cek
OK ceb
ceb oK
cek
ceb ceh
cek cef
ceh caa
cab
cek
ceh oK
OK cei
ceh
ceb cei
Caa
cab

VENDOR B METAL GATE CMOS CUSTOM LSI ARRAY - 3" WAFER 216 X 204 MIL DIE

FiguRs

ceb
cek

cef
cef
cek
caa

OK

cei
cef
caa
ceh

ceb
cek

ceh
caa
cak

ceb
cef

caa
cab
cef

cef
cek
ceb

oK

ceb
caa
cef

cab

cef
caa
ceh

ceb

2.1.1-8

13

ceb

caa
caf

OK

cei

OK

oK

ceb

cek

ceb
cek

cab

OK

cek
caa

cak

cef
ceb

cek
ceb

caa
caf

ceh

cek
ceb

cei

cei
ceb

cek
ceb

oK

cek

cab
cek
cek

cek
ceb
caa

caa

caa
cek
ceb

caa
cef
ceb

cef

ceb
cef

cei
cek
ceb

OK

cek
ceb
caa
cef

cek
ceb

caa
cek

cek

caa
cab

ceb
cef

cek
ceb

ced
ceb

oK

OK

ceh
cef
ceb

ceb
ceh
cek
ceb

cgh
cek

ccb
caa
caf
ceb

OK

ceh

ceb
cef

cek
ceb
caa

cek
caa




NOIIVDOT X6 T TTIAWVS NO SIO3JIFA TVASIA JO HIEWON “9-T°T°Z WNOIL

*3unocd 30933p 3ISIYLTY 23IvOTPUT sIaqunu PITDITD  °Z
*3I9SUT 3693 SIJWITPUT X T :SAION
(pe3oadsuy 83 TNOITD [®3IOL) 08 = ¥ S L 8 6 L L 6 8 L S 4
(83TNOIF) @AT3O®3eq T®30L) 66 =¥ ¢ L S v L L L 9 ¥ 0 ¥
(s30939q JO ToqumN Te3ol) 9TT = 2T L €T 8 9 2T ST 9T 0T L o0 oI
08 65 9TT
El 8 vT ® z z © 34 T @
8 L €1 gt B w2 XX T T 0
zt 0T 61 g & Tt ot A r&@ T T 01
Zt 0T Ve z ¥ ¢ o o1 @O 1 o B
8 9 121 B X % 0 w.p, T T DX X R
A & St ® ¢ 1 o 0 1 T 0 0 0.2
01 9 9 TR R G SR RE CHE N
9 z € z T 0 % X B B D
v 3 9 o ® 1 ¢
BT T LR T SR T

Te30L 1e30] 1230l

KOZ ZDXIMMmMM

14




NOILVOOI X6 Z TdWVYS NO SIO3IJIA TVASIA JO YIAMINN °L-T°T°Z MNOIJ

‘3unod 3IDeFep ISSYHTY 93IWOTPUT SIaqumMuU PI[OIT) :ALON
(pe3oadsuy s3TNOIT) Te3OL) TPT =9 6 TT ZT T »T »T #T €T 2T OT 8 ¥
(83TNDITD 2ATIVBFQ Te30l) 86 =¥ 8 0T 8 0T 6 9 21 S 6 L 9 14
(8399390 jo Iequmy Te3ol) 8L =8 0T LT ST LI LT 6 2ZZ LT #T ZU ZTI 8
B ¢ ) ¢ 86 8LT
3 S ST ®& .z 1 @@ "
8 L 6 G AR L R P R R €1
0T 6 61 r T ®r T B2 (A
13 S L R N HES EL AY BN ¥ T T
z1 8 €1 E T % OB TED T 08 X 01
€1 3¢ 61 2 6 Ot ) Tgh ¥ X AP LNT L T 4k
€T 0T LT 28 AR X A kN T
€T 6 0z b T T B o8 o2 B £ BT L
€1 8 LT 6.7 48 0. @ o B & 8 (& 0 &2 8
zt 8 v 5 A SN N B N SR TN R R S
181 9 L Lo Wy T Wl 0 W 32 5000 28 2T aE v
6 S L : SR N - T T 3
L b 0T ¢ 0.0 0 ¢ i® O z
v z € I 0. 4 2 1
pejoadsur  s3inoIfo  s30e3ed ¥ €T 2T 11 O 6 8 L 9 & ¥ € ¢ 1
83 TNDITD 9AT30939d JO °ON YIEWAN NWNTOO
1°30L 19300 Te30L

KOZ ZOXmm&

15




NOIIVOOT X€ € TIJWVS NO SIDIJIIA TVASIA IO YIGWAN *8-1°T1'Z INO1a

*3Unod 30939p 3ISAYBTY 93BOTPUT SBIBqUNMU PBTOIT) 7
*3I3BUT 3893 S33BOTPUT X T :SAION
(p93oadsur 83 TNOIT) Te3I0L) §9 = § 9 6 6 L 6 6 9 S

(83TN2ITD BATIDAISQ Te3IOL) 29 = G 9 6 8 L 6 8

n
n

(s30933aq 3O I3qumN Te3ol) 8ZT = ST 6 9T 0Z 6T 8T 9T 6 9

s9 z9 82T
s 5 5T : ® ®© 00O 6
9 3 S Ty AT 10 e (T == LT 8
6 6 0z ® vt ® ¢z 1.z ¢z ® 1 ¢
6 8 1T Tk T e @5 Tl T A 0 T MDD
L L vT © % T .4 it . x X %
6 8 9T © ©® &t ® t 1.1t 9 ¢ »
6 6 91 S Gy LA A S R €
9 9 0T T T T X T v % z
s s 0z GEGNGCNONG) T
pa@3oadsul 83TNOITD 8309389q 6 8 L 9 S v € Z 1
S3TNOXTD ®AT3IO933a 30 "OoN YIGWAN NWNTOD
Te30L Te3or 185

16

e e e

KO ZDEMMMA




NOILVOOT X8 ¥ TIAWVS NO SIOIJIAA TVASIA 0 YIGWAN

*6-T1°1°'Z WNO1J

*3UN0D 30938p ISBYLTY 33LOTPUT SIIqUMU PITOITD ‘gz
*3I98UT 3693 833VOTPUT X °T : SALON
(pe3oedsur $3TNOITD T¥IO0L) BTT =€ S 8 8 OT OT OT 6 OT OT OT 8 8 9
(83FMOIFD @AFIO83I8Q Tv30L) 69 =€ S S ¥ S S S Z 9 ¥ 6 S S ¥
(830939q jo IequmN T®30L) LIT =0T 6 OT v 8 9 TT Z 6 ¥ ST L 8 L
8TT 69 Lt
T & 8T € ¢t & © ® 1 ® Tt
L2 9 ot < S T B T EE A sal e oW ot
T 6 €1 0= 0T S e e R R B 3
€1 v 6 ¢ 0 8 U 90 0.9 - M-T T B 3 .u_
st 6 91 @ % Y% 0 b0 w e L u
12 S 01 © ¢ & t 6 © o % 0o o 0 O 9 T h =
st 8 91 o RO AR B LU LR UH EUE SR (R SR A . 2
€T 8 6 p e SEEN ) (R Gl AR T R R G S y =
11 8 (1} 4 T T 0 0o T 0o ¥ T 1. ® % £
L S 9 8 % 2.k R8T z
1
Pe3osdsul  s3ynoafo  83093%a ST ¥T €T ¢U 1t 0L 6 8 L 9 § ¥ € ¢
e teaes Teles S —

17




NOILVOOT X8 § TIAWVS NO SIDEJAA TVASIA 40 WIEWAN'OT-T°T°Z FMAOIJ

*3unod 30339p 3IsaybTY @3edTpUT SiBqUMU peTOITY

*3I98UT 3893 BOIVOTPUT X °T :SILON
(pe3dedsur S3ITROITD TVIOL) 621 = § 8 0T 2T €T €T €T €T 2T TIT OT ¢ z
(83TNOIYD ©AT3IOeI8Q TRIOL) 10T =S 9 8 TT 2T 6 TIT 6 6 L L z
(s30939q jJO IaqumN T®3IOL) 8ZZ = ¥T ST LT TZ €2 TZ 2€ €T 9T ¥T ST 8 6

("3

o = wINHIN ® ¢« ® ©® v
L L 8T e R R S €1
6 L 8T .t € ® 90 T 0o T T zt
14 5 14 ®@@®® t o ¢t o T & & 1 184
T T 9z R S R A Al R T S ot
zt 8 2t G R TN e WL B R G S SRR 6
€T 8 92z ® o o © 0 £ € T ®» 0 ¢ DG *
zt ot 8T t TR 9 ot % % W)k
4 L €1 A B R SR RGeS BRSO RN 9
3¢ 8 2 T S et DR B I Sl DI BN SR S
01 8 ST L A (B W g e R TR AV v
6 Z 91T T 1 T O OO 8 T 3
9 9 0t € R e R z
1 1 T 1 1
pe3oadsur  s3nodTo  §3093ed €t LT IL OT % 6 & 9 & % & € A
83TNOITD 9ATIOIFB3Q 3o °*ON YIAEGWAN NWNTOD
Te30L 1e30L e300

18

KOZT ZOXmMM




An additional breakdown of the data from Figures 2.1.1-1 through 2.1.1-5
is shown in Table 2.1.1-2. From the Table it can be seen that defect cause, e, mask
tears or foreign particles on mask or in photoresist, accounted for the largest number of
defects on each wafer ranging from 65.6% to 86.3% of the total defects observed. The
second largest cause of defects was defect cause a, handling, accounting for between
12.7% to 21.8% of the total defects observed. The total of these two defect causes
represent 94.14% of the total defects observed on all wafers as can be seen from
Table 2.1.1-3. The largest number of the handling defects were scratches representing
55.03% of the total . An additional 24.85% of the handling defects were metallization
bridging. The largest percent of the defects caused during photoresist were voids
representing 39.49% of the total. The next largest defect type was the 21.51% metalli-

zation bridging defects.

2.1.2 Sample Wafer Inspection

In order to investigate a larger sample of wafers and other technologies,
circuits were inspected on wafer just prior to electrical probe. These wafers like the

previous samples, all had a glassivation layer. The wafers selected for this part of the

study are summarized in Table 2.1.2-1,

2.1.2.1 CMOS Wafer Sample Inspection

An additional 43 CMOS wafers from Vendor B were sampled by inspecting one
row across the center of each wafer. The wafers selected for the study are summarized in
Tables 2.1.2.1-1 and 2.1.2,1-2, with the raw data in Appendix A. A review of the
data of Table 2.1.2.1-1 indicates a high concentration of visual defects in rows 1
through 6. The high concentration in the first two rows could be explained by handling
since the manufacturer picks the wafer up on the edge during handling; however, the
defect count on rows 3 through 6 cannot be explained. From Table 2.1.2.1-2 it can be
seen that handling (code -a-) and defects caused by the photoresist process (code -e-)
are once again the highest defect cause accounting for 16.8% and 77 .4% of the total
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TABLE 2.1,1-2  MATRIX OF TOTAL NUMBER OF DEFECTS BY DEFECT CLASSIFICATION OBSERVED ON
FIVE (5) WAFERS INSPECTED 100%

Defect
e Cause of Defect 2 Type of Defect
Category a b ¢ d . f 9 h &Cave o b ¢ d e f 9 h } i k |
Sample A 7 12 Ab 7
Number s Ae 12
1 Ca [ 2 5 2
c LU S B - SEE SR R ey 2
Total 15,9, My n, el oy 2 g“ : !
Percent 13.7 7.6 0.8 0.8 73.7 0.8 1.6 1.6
Toral Defects - 118 ce 19 2 2z Lo SR
Co 2
Ch 1 1
Total 6 22 2 28 % % 1 5 2
Parcent 5.1 18.6 1.6 2.7 30.5 13.5 0.8 4.2 1.4
a b c d . f ] h L] b c d . f '] h | | k }
2 A Co " 7
» Cb
Ce 2
c 2 2 1 s cd 1
Percent 127 1105 &7 2.7 Ce L 2 @ 12 Ea ey 3
Total Defects - 180 g;
Ch 1 ey
Total 6 57 2 5 2 1 4 23 6
Percent 8.9 31.7 11 2.2 6.7 6.1 2.212,8 3.3
a b c d . f 9 h L] b c d (] f 9 h i i k |
A Ca 7 4 7
3 . (=3
Ce | 1
c 8 1 3 3 84 5 4 cd 2 1
Percent 21.8 0.8 2.3 2.3 65.6 3.9 34 oo “ : no2 : 4 L,
Totol Defects - 128 C
Co
pat 1
Total R0 2 ) 18 2003 4 5w
Percent 13.3 3.0 1.5 1.5 4.0 1.5 10.2 3,1 3.9 109 0.8
a b € d o f 9 h a b c d (] f (] h i | k |
Ca 10 4
b
4 [] =
16 10 cd
Parcent 1.7 8.3 Co 55 v 12y =8
Total Defects = 117 Co
Ch
Total 10 55 2 123 5
Percent 8.5 47.0 19.7 0.8 19.7 4.2
a b c d . f ] h a b c d . f 9 h 1 | k |
Ca 24 1N 9 3
Cb
& . Ce !
a7 1 174 2805 4
Percnt 20.8 0.4 77.0 0.9 0.9 o e % LT -l
Total Defects - 226 o 2
Ch [
Total 25 75 ) 21 10 5
Percent n. 3.2 19,0 9 44 2.6 0.4
Total All Wafers 12 10 7 5 595 6 4 1
Totol All Wafers 1% 10 7 5 W 6 4 1 7 2% 2 6 0 % 2 g 4 1 N6 15
Percent 16.8 1.3 0.9 0.6 77.4 08 0.5 1.7 9.4 3.7 0.2 0.8 20,1 0.2 10.7 5.3 1.4 151 2.0

Totol Defects - 769
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Defects
Caused by
Handling

caa
cab
caf
cai

cak

B
Total

Defects

Caused

During
Photoresist

aeh
cea
ceb
ced
cef
ceg
ceh
cei

cej

cek
cel

Total

No. of
Defects
Observed

71
19
32

N

12

235

128
2
53
37
4
108
10
595

TABLE 2,1,1-3

Percent defective caused by photoresist

and handling in the five wafer sample.

Percent
of Total
Defects

9.23
2,47
4,16
.26
65
16.78

6.89
4.81
.52
14.04
130
77 .37

Percent
of Handling
Defects by
Defect Type

55.03
14.72
24,81
1.55
3.88
100.00

Percent of

Caused during
Photoresist

by Defect Type
2.02
.33
39.49
67
21.51
.33
8.91
6.22
67
18.15
1.68
100.00

Total % visual defects caused by handling and by photoresist

Process ———————————————————————————————————————

e .

94.14%




TABLE 2.1.2-1

WAFERS SELECTED FOR SAMPLING

Technology

Metal Gate CMOS LSI
Metal Gate CMOS LS|
Metal Gate CMOS LSI
Bipolar MSI
Bipolar MSI

No. of
Wafers
Inspected
24
9
10
38
13

22

Vendor

B
B
B
E
E

Wafer

Size

3II

Die Size
in Mils
205 X 168
204 X 216
186 X 183
87 X 113
83 X 92

DS v
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defects respectively. The defect types did vary slightly between this sample and the
previous 5 wafer sample with variations between scratches (code --a), voids (code --b),
and metallization bridging (code --f). However, from Table 2.1.2.1-3 it can be seen
that even though the defects did vary slightly, 94.36% of the total defects were caused

by handling or the photo resist process problems which positively correlates with the

94.14% detected for the same causes in the 5 wafer sample.

25

e P




TABLE 2.1.2.1-3

Percent defects caused by photoresist process
and handling observed on 43 CMOS wofer sample

Percent
Defects No. of Percent of Handling
Caused by Defects of Total Defects
Handling Observed Defects by Defect Type
caa 4 .58 5.33
cab 19 2.74 25.33 i
caf 42 6.08 69.33
cai 1 .14 1.33
caj 7 1.01 9.33
cak 2 29 2.67
Total 75 10.85 100.00
Defects
Caused During
Photoresist
ceb 148 21.41 25,65
cef 195 28.22 33.80
ceh 81 | § . 14.04
cei 11 1.59 1.91 ‘
cej 6 .87 1.04 §
cek 133 19.25 23.05
cel 3 43 o2
Total 577 83.50 100.00

Total percent visual defects caused by handling and by photoresist
Process ,~======eeeemmeemcecescnocscesmmeaoocancans 94.36%
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2.1.2,2 Bipolar Wafer Sample Inspection

In order to investigate other than CMOS technology, a 51 wafer bipolar
sample was inspected at Vendor E's facility. The sample wafers selected for the study
were from a well established MIL-M-38510 certified production line. The data taken on
these wafers is in Appendix A. As on the CMOS sample, one row across each wafer was
inspected. Each circuit was inspected in the row just above the test cell insert. The
data from this sample is summarized in Tables 2.1.2.2-1 and 2.1.2,2-2. Once again,
the data shows a high concentration of visual defects near the edge (see Table 2.1.2,2-1).
The defects are more equally distributed across the wafer in other areas than observed in
the CMOS samples. Similar to the other samples the largest cause of the defects were
handling and photoresist problems representing 79.76% of the total (see Table2.1.2.2-3).
However, this sample had 17.2% foreign material (code --j) as compared to 1.4% and
2.3% in the other two previous CMOS samples. A summary of the comparison of the

defects caused by handling and by photoresist operation on all three samles are shown
in Table 2.1.2.2-4,

2,1.3 Electrical Mapping

In order to more fully assess the location of the samples to be selected
during the wafer inspection, 97 electrically probed custom CMOS LS| wafers from
Vendor B weré mapped. This mapping was accomplished by indicoting the location of each
electrically good circuit on a grid as shown in Table 2.1.3-1. As indicated in the
Table, the highest concentration of electrically good circuits were clustered slightly to

the left of the center of the wafer.

Plotting a composite of the visually defective circuit from the five CMOS
wafers that were 100% mapped and superimposing the locations of the highest frequency
of occurrence of electrically good circuit reveals a high concentration of electrically

good devices occurring in areas of high concentration of visually defective die (see

Table 2.1.3-2).
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TABLE 2.1.2,2-3

Percent defects caused by photoresist process and

handling observed on 51 bipolar wafers.

Defects No. of Percent Percent of
Caused by Defects of Total Handling Defects
Handling Observed Defects by Defect Type

caa 62 10.4 70.45

cab 2 «33 2.27

caf 3 .50 3.40

cah 8 1.33 9.09

caj _13 _2.17 14.77
Total 88 14.71 100.00

% of Defects
Defects Caused during
Caused during Photoresist
Photoresist by Defect Type

beh 3 .50 77

bef 5 .83 1.28

ceb 61 10.20 15.68

ced 1 .16 .25

cef 37 6.19 9.51

ceh \ 81 13.55 20.8

cel 12 2,00 3.08

cej 88 14,71 22,62

cek 101 16.89 25.96
Total 389 65.05 100.00

Total percent visual defects caused by handling and by photoresist
ProCess === =~ === e e 79.76%
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TABLE 2.1.2.2-4

Summary of all three samples showing percent visual defects caused
by photoresist operations and handling.

DEFECTS CAUSED BY HANDLING

(CODE -a-)
No. of %
Defects of Total
Sample Observed Defects/Sample
5 Wafer Sample 129 16.78
43 CMOS Wafer Sample 75 10.85
51 Bipolar Wafer Sample _88 14.71
Total All Samples 292 14.18

DEFECTS CAUSED BY PHOTO RESIST
RELATED PROBLEMS

(CODE -e -)
No. of %
Defects of Total
Sample Observed Defects/Sample
5 Wafer Sample 595 77 .37
43 CMOS Wafer Sample 577 83.50
51 Bipolar Wafer Sample 389 65.05
Total All Samples 1561 75.85

Total % visual defects caused by handling and by photo resist operations----=90,03%.

31




 ® N o N e W N~

e e e
o W N = O

15

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

v
v
v v vV v v
vV G Vv ® ¢
v® ® vV G
GV@V@G@
v@ < v
G v G VvV G
v@@ v v
G G G G vV v
v v

V = Highest Probability of Visual Defects

G =

Highest Probability of Electrically Good Circuits.

(- Highest Probability of Visual Defect and Electrically

Good Circuits Occurs in Same Location.

TABLE 2.1.3-1. LOCATION OF VISUAL DEFECTS VS.
ELECTRICALLY GOOD CIRCUITS.
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1 TV SR
2 5 A 7 1% a7 13 24 3. 3
3 5 25 17 94 91 24 24 23 B 9 7 1
. 5 19 24 271 26 27 GO 13 12 16 2 2
5 I 17 22 27 GD 25 19 @9 23 21 8 9 5
6 10 B9 25 32 17 (9 (9 €) 16 21 20 17 11 9
7 3 9 16 20 GO 26 20 12 23 24 24 13 15 9 2
e 9 25 @) 27 22 23 Q9 26 B9 (@) 22 20 10 16 5
9 3 25 25 () @) 18 16 25 15 25 17 18 12 11 8
10 2 13 15 6)) 17 G G 25 22 25 15 16 6 4
1 35 7 A9 29 94 27 29 @0 6 16 9 I T 4
12 3 9 14 30 19 27 20 16 10 14 8 8 3 1
13 S 11 18 13 14 9 8 9 3 4
14 2 T N e e e A
15 I GRS S

NOTE : Circled numbers indicate highest

locations of good circuits.

TABLE 2.1.3-2. NUMBER OF ELECTRICAL GOOD CIRCUITS BY WAFER LOCATION
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2.1.4

Summary of Results from Visual Inspection

A. Cause of Visual Defects

o

o

Visual defects caused during the photoresist process due to mask-
tears or foreign particles on the mask or in the photoresist are
the largest cause of visually defective circuits in wafer form
accounting for over 75% of the total defects in the three samples

studied.

Visual defects caused by handling are the second largest cause
of visually defective circuits in wafer form, accounting for over

14% of the total defects in the three samples studied.

Random circuit defects accounted for greater than 95% of the

defects observed.

Batch defects and repetitive random circuit defects accounted for

less than 4% of the defects observed.

Different technologies; metal gate CMOS, bipolar, and silicon
gate SOS, revealed differences in percent defective, and types of
defects, however, photoresist defects (code -e-) and handling
defects (code -a-) accounted for over 79% of the cause of the

visual defects for each technologies.

Less than 1% alignment defects were observed in all samples.

Defect Location

o

All wafers irspected show higher concentration of visually de-
fective circuits around the edge of the wafer, however, on some
of the CMOS devices there was also a high concentration of
defects near the center of the wafer.

The locations on the wafer that have the highest probability of

finding an electrically good die are near the center of the wafer.
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2.1.5 Conclusions from Visual Inspection

A. Cause of Visual Defects

o

In order to control the wafer process and reduce the visual defects

the photo resist process and handling of the wafers must be

controlled.

Although the type of visual defect varies for different tech-

nologies, the causes of the visual defects are relatively the same.

The present visual process controls self-imposed by the manu-
facturer during wafer fabrication controls the batch defects but

does allow a number of random circuit defects to escape.

Some defects, such as mis-alignment of oxide cuts, were
probably hidden by the metallization and the glassivation levels

and therefore were not detected in the study samples.

If the number of visual defects is reduced the electrical yield

should improve.

B. Defect Locations

Circuits near the center of the wafer should be sampled for wafer
acceptance since the highest probability of finding an electrically
good die is near the center and since some of the samples showed a

high concentration of visual defects near the center.
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2.2 IN-LINE WAFER INSPECTION PROCEDURE

In order to develop the specification fo control and eliminate the defects

found in Section 2.1, the following tasks were accomplished:
o Effective in-process wafer inspection points selected.

o Effective process controls implemented at the selected

inspection points.

o Sampling plans developed which systematically remove

defects by wafer worst case location sampling.
o  Comprehensive inspection criteria defined.

o  Escape probability determined based on the sampling plans.

The resulting specification developed is diagramed in Figure 2.2 and is included in
Appendix B as Harris Specification Number 131252, This specification was used
in the verification testing of Section 4.0. The rationale used to accomplish the

above tasks is outlined in the following paragraphs.

2,2.1 In-Process Inspection Points

Based on the inspection results and conclusions from Section 2.1, the
in-process wafer inspection points were selected. The main objective in selecting
these points was to reduce and contro! defects caused during the photoresist processes.
The points in the process selected for the inspections were the same steps at which most
semiconductor manufacturers normally inspect the product as part of their own in-house
process control. This allows implementation of these wafer controls without disruption

of the manufacturer's normal product flow.
These inspection points consist of:
o Post development inspection

o Post oxide etch inspection
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o  Post metal etch inspection

o Die inspection after wafer scribe and break.

In addition to these inspection points, a first off wafer inspection was also selected
to control mask defects, since the photoresist process orient defects are highly dependent

on the mask quality

2,22 Type of Process Controls Implemented

Once the in-process inspection points were selected, the types of control
to implement at each inspection point were developed. The development of these con-

trols is outlined in the following paragraphs.

2,2,2.1 First Off Wefer Inspection

The first off wafer inspection was established as a tooling acceptance
inspection to control mask quality. This inspection requires a wafer to be aligned,
exposed, developed and pass an acceptance criteria prior to using the mask on the
remaining product in the lot. In addition a control of mask usage was set at 7
contacts per mask. In general, as will be seen in the verification test of Section
4.0, a better manufacturing approach on LS| than mask contact control is to use pro-

jection alignment systems which do away with mask to wafer contact.

2.2.2.2 Post Development Inspection

The post development inspection was established

o As an alignment inspection fo detect and control both operator and

mask caused misregistration.,
o As arough wafer inspection to detect and control handling defects.

o  As adetail wafer inspection to detect and control random process

oriented defects,
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This inspection point, like the first mask inspection, acts as a control gate since wafers
can be reworked at this point (prior to etch) without any impact on final product quality.
Therefore, the most thoroughly economically feasible inspection was established at this

inspection point.

2.2.2.2.1 Alignment Inspection

The alignment inspection, which is a 100% screen since wafers are indi-
vidually aligned, is set up to control worst case operator error by inspecting the first
whole circuit on either side of the wafer. (Flat edge of wafer being the bottom.) As a
check on the worst case rotational alignment of the mask the first whole circuit on the
wafer at the top and bottom is also inspected. The inspection of these four circuits
guarantees that all circuits on the wafer will be aligned. Most manufacturers do not
inspect to the outside edge of the wafer for alignment as required here, since they
assume the outer circuits to be the poorest yielding part of the wafer. Therefore, any
devices which may pass the electrical testing from the outside edge may be misaligned

creating potentiai fieid failures.

2,2.2,2.2 Rough Wafer Inspection

The rough wafer inspection is a 100% screen set up as a control on handling

defects by inspecting each wafer under ultraviolet light with the unaided eye.

2,2,2.2.3  Detail Wafer Inspection

The detail wafer inspection is also a 100% screen of the wafers, with a lot
acceptance on each wafer. A sample of circuits is selected near the center of the wafer,
thereby giving a worst case inspection point. The sample at the center is based on the
result from Section 2.1, showing that the highest concentration of electrically good and
visually defective circuits is located near the center of the wafer. The inspection is

accomplished under 100X to 200X magnification with a metallurgical microscope.
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2,2.2.3 Post Etch Oxide Inspection

The post etch oxide inspection was selected as a lot acceptance inspection
to control batch and random circuit defects introduced at the etching and stripping

operations. This inspection is accomplished by:

o A sample rough wafer inspection under ultraviolet light

with the unaided eye.

o A sample detail wafer inspection at 100X to 200X

magnification with a metallurgical microscope.

Since reworking the wafer after oxide etch could have impact on final

product quality and is usually not feasible, the inspection is set up as an etch control
by sampling wafers from each lot. The rough wafer inspection and the detail wafer
inspection is performed in the same manner here as at the post development inspection

except on a sample wafer basis.

2,2,2.4 Post Etch Metal Inspection

The post etch metal inspection was selected as a 100% wafer inspection
point (screen) to select acceptable wafers for processing into military circuits.
As in the post etch oxide inspection, a rough wafer inspection and a detail wafer inspec-
tion is performed, This inspection point is designed to replace the 100% high magnifica-

tion preseal die inspection currently required by MIL-STD-883,
2.2.2.5 Die Inspection

The die inspection after scribe and breaking of the die is a 100% screen
performed at low power only (30X to 60X) under both a metallurgical and stereo
microscope and is designed to remove defects caused by handling, probe, scribe, and
breaking occurring after the last wafer inspection point.  Refer to Appendix B,
Specification 131252, Sheet 2, for inspection details.
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2.2.3 In-Line Wafer Sampling Plans

To arrive at the required sampling plans the results from the wafer inspections
of Section 2.1 were analyzed. A statistical expectation of the process outputs of the
three samples of Section 2.1 was computed using the classical process capability study
approach; however, since the process capability (% defective) was much higher than in
non-batch processed manufacturing processes and since the sample size would have to be
small to make the inspection economical, the classical determination of sampling based
on process capability was abandoned as not being feasible for wafer process control .
Therefore, the only realistic way to arrive at the required sampling plans would be to have
them based on a process improvement objective rather than on the process capability as
found by the samples inspected in Section 2.1. In addition, for a reasonable yield to be
achieved on an LS| circuit, the visual defect count should be less than what was observed
in the study samples of Section 2.1. Based on these premises, we selected what we con-
sidered a maximum economical sample size and a maximum LTPD for the post development
inspection and derived a set of sampling plans that would give a systematic defect elimin-
ation procedure to control defects as the wafer moved through the process. The rationale
used to arrive at these sampling plans is given below. A summary of the LTPD's of the
sampling plans is outlined in Table 2.2.3 with the Operating Characteristic Curves for

each plan shown in Appendix C.

22335 Sampling Plan for Post Development Inspection.

For the detail circuit inspection at post development, a sampling plan with
aLTPD of 40 ! was chosen with the sampling plan developed as shown in Table 2.2.3.1.
The sampling plan has acceptance criteria for individual wafers based on the number of
defective circuits per wafer. In addition lots for which the number of rejected wafers

exceeds the inspection plan are also rejected.

In order to keep the sample to a reasonable size a number of the operating
characteristic curves chosen actually had a LTPD between 32 and 44 (see Appendix C).
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TABLE 2.2.3

SUMMARY OF LTPD's OF
WAFER IN-LINE SAMPLING PLANS

Inspection LTPD
First Off Wafer
Inspection 32
Post Development 40
Post Etch Oxide 34
Post Etch Metal 45
42




Number of
Wafers in Lot

NO O NONs O

10

11

12

13

14

15

16

17

18
19 through 21
22 through 24
25 through 28
29 through 32
33 through 34
35 through 38
39 through 42
43 through 44
45 through 46
47 through 48
48 through 50

SAMPLING PLAN FOR DETAIL
INSPECTION AT POST DEVELOPMENT

Number of
Circuits per

Wafer to Inspect

15
12
10
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TABLE 2.2.3.1

Acceptable Number
of Defective Circuits
Allowed for Each

Wafer Inspected
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2.2.3.2 Sampling Plan for Post Etch Oxide Inspection

For the detail circuit inspection at post etch oxide a sample plan with a
LTPD of 34 2 was chosen. From experience we have found that due to the batch pro-
cessing, the defects observed after oxide etch are normally across the entire lot rather
than oriented to individual wafers. The acceptance criteria for this inspection is based
on the number of defective circuits found in the entire sample. The sampling plan for

this inspection was developed as shown in Table 2.2.3,2.

2.2.3.3 Sampling Plan for Post Etch Metal Inspection

For the post metal etch inspection a sampling plan with a LTPD of 45 was
chosen. Since this inspection is a 100% wafer inspection to select the wafers which are
acceptable for hi-rel products, a LTPD slightly looser than the other inspection points wos
chosen. As can be seen from reviewing the post etch metal sampling plan, the sample
sizes have been he!d as small as possible to make the inspection time reasonable, The

sampling plan for this inspection is developed as shown in Table 2.2.3.3.

2,2.3.4 Sampling Plan for First Off Wafer Inspection

For the first off wafer inspection a sampling plan with a LTPD of 32 was
chosen. Since the mask must be capable of producing product which will be acceptable
at the post development inspection, this LTPD was chosen to enable meeting the 40% LTPD

value required at the post development inspection.

To choose a tighter sampling plan for this inspection would require too large a sample size
to be economical for this inspection. The sampling plan for this inspection is shown in

Table 2.2.3.4.

Once again the LTPD varied slightly between sampling plans. In this case
the LTPD's were between 27 and 34 (see Appendix C).
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TABLE 2.2.3.2

SAMPLING PLAN FOR DETAILED
POST ETCH OXIDE INSPECTION

Acceptable Number

No. of No. of Total No., of Defective Circuits
No. of Wafers per Lot Circuits per of Circuits Allowed for
Wafers in Lot to Inspect Wafer to Inspect  to Inspect Circuits Inspected
1 1 6 6 0
2 2 6 12 1
3 3 6 18 2
4 4 6 24 4
5 5 6 30 )
6 S 6 30 6
7 5 6 30 )
8 5 6 30 6
9 5 6 30 )
10 3 6 30 6
1 5 6 30 6
12 5 6 30 é
13 6 6 36 8
14 6 6 36 8
15 6 6 36 8
16 8 6 48 1
17 8 6 48 11
18 8 6 48 11
19 8 6 48 1
20 8 6 48 11
21 10 6 60 14
to
50 10 6 60 14
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TABLE 2.2.3.3

SAMPLING PLAN FOR POST ETCH
METALLIZATION INSPECTION

Acceptable Number
Number of Circuits Number of of Defective Circuits

per Wafer Less Than Circuits Allowed for

or Equal to to Inspect Each Wafer
100 7 1
200 7 1
300 10 2
400 10 2
500 10 2
600 10 2
700 13 3
800 13 3
900 13 3
1000 13 3
1100 13 3
1200 13 3




B

TABLE 2.2,3.4
SAMPLING PLAN FOR FIRST OFF WAFER INSPECTION

Acceptable Number of
Number of Circuits Number of Defective Circuits

per Wafer Less Than Circuits Allowed for
or Equal to to Inspect the Wafer
100 6 0
200 6 0
300 10 ]
400 10 1
500 10 1
600 10 1
700 13 2
800 13 2
900 13 2
1000 13 2
1100 13 2
1200 13 2
47




2.2.4 Inspection Criteria

The inspection criteria was derived by modifying the present MIL-STD-883B,
Method 2010.2, Condition B, criteria at Preseal Visual so that it properly applies to the
wafer fabrication process. In addition, normal process oriented defect criteria were
added. In order to allow the specification to cover as many processes as possible, a
statement has been included in the specification to allow the manufacturer to use any

additional reject criteria not specifically called out by the specification.

This inspection plan is outlined in Figure 2.2 and is included in Appendix B
as HESD Specification Number 131252 as it was written and implemented in the verifi-

cation study.




2.2,5 Probability of Escape

The probability of escape P (E) is the probability that a defective circuit
will get through the In Process Inspection Procedure of Section 2.2, This probability
is considered in three parts: (a) the probability of a device with an oxide defect
escaping any one post etch oxide inspection, (b) the probability of a device with a
metal defect escaping post etch metal inspection, and (c) the probability of device with

either an oxide defect or a metal defect getting through the entire wafer process.

2,2.5.1 Probability of a Die with an Oxide Defect Escaping

The probability of a die with an oxide defect escaping is computed by the
following equation:
o PEQ) =P L) PP
o P (EQ) is the probability of an oxide defect escaping
o P (L) is the probability of a lot being accepted for a given sampling plan

and given process percent defective.
o P (P) is the probability of a given die being defective.

The P (L)'s for typical lot sizes and typical process percent defectives for
LSI circuits, shown in Table 2.2.5.1-1, were taken fromthe Operating Characteristic
Curves of Appendix C. For the process percent defectives and the lot sizes indicated in

Table 2.2.5.1-1 the P (Eg)'s are shown in Table 2,2.5.1-2,

2.2.5.2 Probability of a Die with a Metal Defect Escaping

The probability of a die with a metal defect escaping is computed by the

following equation:
o P(Em) =P (W)P(P)

o P (EM) is the probability of a metal defect escaping.
o P (W) is the probability of a wafer being accepted for a given
sampling plan and process percent defective.
o P (P) is the probability of a given die being defective.
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TABLE 2,2.5.1-1

PROBABILITY (P (L)) OF LOT BEING ACCEPTED

No. of
Wafers Process Percent Defective
per Lot 5 10 20 30 40
5 .98 .93 44 .15 .05
10 .98 .93 44 .15 .05
20 .99 .95 .50 14 .07
40 .98 .94 .65 15 .05
TABLE 2.2,5.1-2
PROBABILITY (P (Eo)) OF AN OXIDE DEFECT ESCAPING
No. of
Wafers Process Percent Defective
Per Lot 5 10 20 30 40
5 .049 .093 .088 .045 .020
10 049 .093 .088 .045 .020
20 .049 095 .100 .042 ,028
40 049 095 .130 .042 ,020




The P (W)'s for typical numbers of die per wafer and typical process percent
defectives for LS| circuits, shown in Table 2.2.5.2-1, were taken from the operating

characteristic curves of Appendix C.

For the process percent defectives and the number of circuits per wafer

indicated in Table 2.2.5.2-1, the P (Epy) are shown in Table 2.2.5.2-2,

2.2.5.3 Probability of a Die with Either an Oxide Defect or a Metal Defect Escaping

The probability of a circuit with an oxide defect or a metal defect escaping
based on a typical process requiring four oxide etches and one level of metallization, and

considering each inspection independent, is computed by the following equation:
P(ET) =1-Q (EQ)QEM)

P (E) is the probability of a circuit with an oxide defect or a metal

defect escaping
Q(Eg)=(1-P EQ)
Q Ep) = (1 - P Ep)

The P (ET)'s for the cases considered in Tables 2.2.5.1-2 and 2.2.5.2-2 are shown in
Toble 2.2.5.3-1 .
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TABLE 2.2,5.2-1

PROBABILITY (P (W)) OF WAFER BEING ACCEPTED

No. of
Circuits Process Percent Defective
per Wafer 5 10 20 30 40
100 .93 .83 .52 30 A7
200 .93 .83 .52 .30 A7
300 .97 .90 .65 .36 .16
400 97 .90 .65 .36 .16
TABLE 2.2,.5.2-2
PROBABILITY (P (EM)) OF A METAL DEFECT ESCAPING
No. of
Circuits Process Percent Defective
per Wafer 5 10 20 30 40
100 .046 .083 .104 .090 .068
200 046 .083 .104 .09 .068
300 .048 .081 .130 .108 .064
400 .048 ,081 .130 .108 .04
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TABLE 2.2.5.3-1

PROBABILITY P (Ey) OF A DIE WITH EITHER

AN OXIDE DEFECT OR A METAL DEFECT ESCAPING

No. of No. of

Circuits Wafers

per Wafer per Lot 5 10
100 5 219 379
200 10 219 379
300 20 .221 .383
400 40 .221 .383

83

20

.380
.380
.429
.502

30

.243
.243
.249
.249

Process Percent Defective

40

.140
.140
.164
137




2.2.5.4 Conclusions from Probability of Escape Calculations

Reviewing the probability (Pgpy) of a metal defect escaping indicates that
the wafer inspection for metal defects is reasonably tight, only yielding a 4.6% to 13%
probability of a die with a metal defect escaping depending on the number of circuit/

wafers and the process percent defective of the incoming wafers.

The probability (Pgp) of an oxide defect escaping through one level is also
reasonably tight with a probability of escape between 4.2% and 13% depending on the

lot size and process percent defective of the incoming wafers.

Where the probability of escape becomes high, as would be expected, is
when a number of oxide levels are considered independently. These probabilities (Pgy)
(for a typical 4 oxide level and one metal level process) are between 13.7% and 48.9%,
depending on the lot parameter as indicated in Paragraph 2.2.5.3. The probability
analysis considers each oxide level inspection as an independent variable, not accounting
for the interrelated defects in an actual case. This simplification is certainly a worst case

assumption.

The escape probabilities derived herein are a considerable improvement,
considering that the present method of visual inspection as required by MIL-STD-883, only

looks at the product after the metal and glassivation levels are completed.

The actual probability of a latent defect escaping is very minimal since some
of the underlaying oxide and visual defects will be screened out by electrical and environ-
mental tests, and the alternate screening tests derived in Paragraph 3.0. The proof of this

statement is shown by the final verification test of Section 4.0.
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SECTION 3

3.0 PRELIMINARY VERIFICATION TESTING

The preliminary verification testing consisted of two phases. The first phase
developed the alternate screening tests to be run on the packaged LS| devices to be
employed to detect uninspectable known visual defects. Phase two consisted of selecting
and assembling a group of LS| devices with known visual defects and subjecting them to
the alternate screening tests of phase 1. The results of phase 2 were then analyzed to

establish the alternate screening procedure to be utilized for the final verification testing.
3.1 ALTERNATE SCREENING PROCEDURES

In order to evaluate alternate screening techniques to use on packaged LSI
devices, as alternatives to the high magnification preseal visual inspection, the following

screening tests were developed to use in screening the preliminary verification test

samples.
o Electrical measurements
o Extended stabilization bake
o Extended temperature cycling
o Burn-in

3.1.1 Electrical Measurements

Test Condition:

o High speed functional testing with test vectors with a probability of

detection of greater than 95% on random logic devices.

o Complete parametric testing with stimulus applied to the device

for 500 milliseconds on leakage test prior to test measurement.

o Measurement to be made at maximum rated voltages or currents

where applicable.
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3.1.2

3.1.3

Extended Stabilization Bake

Test Condition:

Method 1008.1, Test Condition C (+150°C), with test duration
extended to 168 hours. The extended test time is an alternate to the
24 hour, +150°C test presently called out by Paragraph 3.1.2,
Method 5004.3 of MIL-STD-883.

Extended Temperature Cycling

Test Conditions:

1. Method 1010.1, Test Condition D of MIL-STD-883 (-65°C to
+200°C), extended to 100 cycles with electrical end points at 10, 20,
50 and 100 cycles.

2. Method 1010.1, Test Condition C of MIL-STD-883 (-65°C
to +150°C), extended to 100 cycles with electrical end points at 10, 20,
50 and 100 cycles.

The Extended temperature of +200°C and the extended number of cycles

(100) are alternates to the 10 cycles required by Method 1010.1, Test Condition C
of MIL-STD-883 (-65°C to +150°C), called out by Paragraph 3.1.3 of Method
5004.3 of MIL-STD-883.

3.1.4

Burn-in Test Procedures

Test Conditions:

1. Steady State Power Burn=in at +125°C - Method 1015.1, Test
Condition B of MIL-STD-883, with test time extended to 1176 hours and
electrical end points at 168, 336, 504, 672, 840, 1008 and 1176 hours.

2. Dynamic Clock Driving Burn-in at +1250C ~ Method 1015.1 of
MIL-STD-883, with 125 KHz, 250 KHz and 500 KHz clocks applied at
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device inputs and output load of 22 pF to ground - test time and electrical

end points the same as test condition 1.

3. Dynamic Pattern Generator Burn-in at +125°C ~ Method 1015.1
of MIL-STD-883, with the test vector clocked through the inputs at
500 KHz and output load of 22 pF to ground - test time and electrical

end points the same as test condition 1.

4. Steady State Power and Reverse Bias Burn-in at +125°C - Method
1015.1, Test Condition C of MIL-STD-883 - test times the same as test

condition 1.
3r2 PRELIMINARY VERIFICATION DEVICE SELECTION

For the preliminary verification test samples five different devices were
selected. These devices were three custom LS| CMOS arrays, 128239, 128240, 128243,
and two CMOS test cells, the Harris test cell and the SCL 5999 test cell. (See Table 3.2)

3.2.1 The CMOS Arrays

The 128239, 128240, 128243, are custom random logic CMOS arrays de-
signed for the Space Shuttle Pulse Code Modulation Master Unit utilizing the Harris ESD
Computer Aided Design cell library. The pin functions and the burn-in circuits used during
device screening are shown in Tables 3.2.1-1 through 3.2.154. The burn=in circuits for
the 128239 and the 128240 are dynamic clock driving configuration with 125 KHz,

250 KHz and 500 KHz, 12 volt pulses applied at the device inputs during burn-in. The
outputs were all loaded through a 22 pF load to ground. These burn-in circuits were
developed by Harris ESD as a worst case burn-in for these custom devices. In order to
compare the clock driving configuration to another configuration, the 128243 is arranged
in a pattern generator burn-in configuration where the actual test pattern (test vector)

is pulsed through the inputs at 500 KHz during burn-in.
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Specification
Number
128239

128240

128243

SCL 5999

TABLE 3.2

PRELIMINARY VERIFICATION TEST DEVICES

Function

First Stage
1/O Buffer

Second Stage
1/O Buffer

Decoder
Logic

Harris
Test Cell

Test Cell

Technology

Metal Gate
CMOS

Metal Gate
CMOS

Metal Gate
CMOS

Metal Gate
CMOS

Metal Gate
CMOS
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Vendor

B

Die Size

in Mils

216 X 204

186 X 1823

205 X 168

212 X 212

67 X 66

Package
Used
48 pin DIP
48 pin DIP
40 pin DIP

40 pin DIP

40 pin DIP




TABLE 3.2.1-1

128239 PIN FUNCTIONS AND
BURN-IN CONFIGURATION

Input Output
No. Input Function No. Output Function
1 All Zero Load 1 Inhibit Priority
2 CMD WD RDY-RAM STR 2 AR BIT O
3 Load /O Not 3 RAM Input 2
4 Load Ram Input 4 Op Code A'3
5 1/O Clock 5 RAM Input 1
6 Comp/MDM ) Op Code A'4
7 Load Counters 7 RAM Input 3
8 ROM 36/RAM 3 8 Op Code A'5
9 ROM 37/RAM 2 9 Op Code A'6
10 ROM 38/RAM 1 10 NRZ Out
1 ROM 39 11 End of Msg Not
12 ROM 40 12 Correct Add Not
13 ROM 41 13 I/O Bit 10 Comp I/O
14 ROM 42 14 Add No Resp
15 ROM 43
16 ROM 14
17 ROM 13 Power Vppj - 12.0 volts DC
:g :H; Vpp2 - 5.25 volts DC
20 BIT 3 Ground
21 1/O BIT 12

Burn-in Configuration - Dynamic Clock Driving

1. 12 volts DC at Vppj, Inputs No. 1 and 3.

. 5.25 volts DC at Vppy-

Ground at Inputs No. 2, 9, 10, 12, 13, 14, 15, 16, 18, 19, 20.
125 KHz 12 KHz, 12 volt pulse at Inputs No. 8, 11, 17, 21.

. 500 KHz +50 KHz, 5 volt pulse at Inputs No. 4, 5, 7.

o O A WN

. All output functions connected through a 22 pF load to ground.
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TABLE 3.2.1-2

128240 PIN FUNCTIONS AND
BURN-IN CONFIGURATION

Input Output
No. Input Function No. Output Function
1 All Zero Load 1 R14
2 Cmd Wd Rdy - RAM Str 2 1/0 Bit 12
3 Load 1/O Not 3 RI 5
4 1/O Bit 20 4 Rl 6
5 1/O Clock 5 RI 7
6 WR 3 6 RI 8
7 WR 4 7 RI 9
8 WR 5 8 RI 10
9 Load Pulse 2 RI T
10 Priority Req Clk 10 /O 19
11 WR 2 n /O 18
12 WR 1 12 /017
13 ROM 28/RAM 11 13 /013
14 ROM 29/RAM 10 14 1/O 16
15 ROM 30/RAM 9 15 /O 14
16 ROM 31/RAM 8 16 /O 15
17 ROM 32/RAM 7 17 All 1's
18 ROM 33/RAM 6
19 ROM 34/RAM 5 Power Vbp - 12.0 volts DC
20 ROM 35/RAM 4
21 e RA{A nput Vbp2 - 525 volts DC
Ground

Burn-in Configuration - Dynamic Clock Driving

1. 12 volts DC at Vpp1, Input No. 3, 6, 7, 8, 11, 12,

5.25 volts DC at Vpp2-

Ground at Input No. 1, 20, 19, 18, 17, 16, 15, 14, 13, 9.
125 KHz £12 KHz, 12 volt pulse at Input 21.

250 KHz 25 KHz, 12 volt pulse at Inputs 2, 4.

500 KHz +50 KHz, 12 volt pulse at Inputs 5, 10.

All output functions connected through a 22 pF load to Ground.

N OO 0 ON
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Input
No.
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Input Function

AR Bit 0

ROM 12 or I/O 13
ROM 11 or |/O 14
ROM 10 or I/O 15
ROM 9 or I/O 16
ROM 8 or I/O 17
ROM 7 or I/O 18
ROM 6 or I/O 19
ROM 5 or 1/O 20
ROM 4 or I/O 21
ROM 3 or I/O 22
Address Clock
Load Counters

500 KHz

Clear Counters

e e —

TABLE 3.2.1-3

128243 PIN FUNCTIONS

Qutput
No.

Power
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Output Function

Bit 1

Bit 2

Bit 3

Bit 4

Bit 5

Bit 6

Bit 7

Bit 8

Bit 9

Bit 10

Bit 11
Decode 29
Decode 26
Decode 22
Decode 17
Decode 15
Decode 0
Load Pulse

VDD] e ]?.0 VO“’S DC
Vop2 - 5.25 volts DC
Ground




TABLE 3.2.1-4

128243 BURN-IN CONFIGURATION
PATTERN GENERATOR

The following Test Vector Pattern,which is the same as that used for the high speed
functional testing,was applied to the inputs of the device during Burn-in with a

500 KHz clock. Rated power of Vpp1 = 12 VDC and Vpp2 = 5.25 VDC was applied.
In addition, all output functions connected through a 22 pF load to ground.

-
CDNOLEWN = ?z

SEER223IABYRRRBRBLEIIIRRIBN

Device Inputs

12345 ..... ....15

00000 00000 00111
00000 00000 00010
111171 11111 10010
11111 1111110110
11111 11111 10010
00000 00000 00010
00000 00000 00110
00000 00000 00010
00000 00000 01010
00000 00000 00010
00000 00000 01010
00000 00000 00010
00000 00000 01010
00000 00000 00010
00000 00000 01010
00000 00000 00010
00000 00000 01010
00000 00000 00010
00000 00000 01010
00000 00000 00010
00000 00000 01010
00000 00000 00010
00000 00000 01010
00000 00000 00010
00000 00000 01010
00000 00000 00010
00000 00000 01010
00000 00000 00010
00000 00000 01010
00000 00000 00010
00000 00000 01010
00000 00000 00010
00000 00000 01010
00000 00000 00010
00000 00000 01010
00000 00000 00010
00000 00000 01010
00000 00000 00010
00000 00000 01010
00000 00000 00010
00000 00000 01010
00000 00000 00010
00000 00000 01010
00000 00000 00010
00000 00000 01010

—

Test
No.

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72

73
74
75
75
77
78
a4
80
81
82
83
84
85
86
87
88
89
90

Device Inputs

12345 ..... ....05

00000 00000 00010
00000 00000 01010
00000 00000 00010
00000 00000 01010
00000 00000 00010
00000 00000 01010
00000 00000 00010
00000 00000 01010
00000 00000 00010
00000 00000 01010
00000 00000 00010
00000 00000 01010
00000 00000 00010
00000 00000 01010
00000 00000 00010
00000 00000 01010
00000 00000 00010
00000 00000 01010
00000 00000 00010
00000 00000 01010
00000 00000 00010
00000 00000 01010
00000 00000 00010
00000 00000 01010
00000 00000 00010
00000 00000 01010

00000 00010

00000 00000 00000
00000 00000 00010
00000 00000 00000
00000 00000 00010
00000 00000 00000
00000 00000 00010
00000 00000 00000
00000 00000 00010
00000 00000 00000
00000 00000 00010
00000 00000 00000
00000 00000 00010
00000 00000 00000
00000 00000 00010
00000 00000 00000
00000 00000 00010
00000 00000 00000
00000 00000 00010
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Test
No.

91

92

93

94

95

96

97

98

99
100
10
102
1063
104
105
106
107
108
109
110
m
12
13
114
115
116
nz
18
19
120
12)
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136

Device Inputs
12345 covos 450018

00000 00000 00000
00000 00000 00010
00000 00000 00000
00000 00000 00010
00000 00000 00000
00000 00000 00010
00000 00000 00000
00000 00000 00010
00000 00000 00000
00000 00000 00010
00000 00000 00000
00000 00000 00010
00000 00000 00000
00000 00000 00010
00000 00000 00000
00000 00000 00010
00000 00000 00000
00000 00000 00010
00000 00000 00000
00000 00000 00010
00000 00000 00010
00000 00000 00010
00000 00000 00000
00000 00000 00010
0000 00000 00000
00000 00000 00010
00000 00000 00000
00000 00000 00010
00000 00000 00000
00000 00000 00010
00000 00000 00000
00000 00000 00010
00000 00000 00000
00000 00000 00010
00000 00000 00000
00000 00000 00010
00000 00000 00000
00000 00000 00010
00000 00000 00000
00000 00000 00010
00000 00000 00000
00000 00000 00010
00000 00000 00000
00000 00000 00010
00000 00000 00000
00000 00000 00010

(D> At the end of Test No. 72, 1984 toggles (0, 1) are added to Input 12.




3.2.2 Harris Test Cell

The Harris Test Cell is a representation of a CMOS computer aided cell
family. This test cell was used by Harris ESD as a design verification tool in developing
a cell library. The test cell is made up of a number of individual logic cell sets. As can
be seen from the Pin Functions of Table 3.2.2-1, each cell set has a separate output. The

burn-in configuration also shown in Table 3.2.2-1 was a steady state power burn-in.

3.2.3 SCL 5999 Test Cell

The SCL 5999 test cell is a CMOS test cell made up of the following test

components:

Step Matrix
o 0.3 mil metal run

o 0.4 mil metal run

Oxide Matrix

o  Metal over N+
o  Metal over N-
o Metal over P+

o Metal over P-

2 X 2 Transistors (CMOS complementary pair)
Diffused Resistors

o P- diffused resistor

o P+ diffused resistor

o N+ diffused resistor

Multiple Contact
o Metal run with 1200 contacts
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Input
No.

NO O A WhN—

TABLE 3.2.2-1

HARRIS TEST CELL

PIN FUNCTIONS AND BURN-IN CONFIGURATION

Input Function

Stimulus A
Stimulus B
Stimulus C
Stimulus D
Stimulus E
Stimulus F
Stimulus G

Power (nominal rating)

1

VbD1 +5.5 volts DC
Ground

Burn-in Configuration

1

2

Input Stimulus and ground
Grounded (Input No. 1 thru 7)
+7 volts DC at Vpp;

(absolute maximum rating)

Output
No.

NO O AW —

10
11
12
13

14
15
16
17
18
19
20
21
22
23
24
25

26
27

28

64

Output Function

Output Buffer Pad 2

Output Buffer Pad 2

2-Input AND, 4-Input AND
2-Input AND, 3-Input NAND
3-Input NOR, 3-Input OR
2-Input NOR, AB Decode
Inverter, 3 Bit and MPX, Full
Adder, 2, 2, and 2 NOR MPX
Register

SS Inverter, 3 Bit and MPX
Full Adder - oo

2 Bit and MPX

HS 2-Input NAND HS NI Buffer
HS 4-Input NAND

HS Inverter HS EX-OR
2-Input OR delay, 4-Input OR
Delay

2-Input NOR

Divide by 8 Ripple Counter
Divide by 8 Up/Down Counter
Divide by 8 Johnson Counter
Hi-Z Inverter

Inverter String Oscillator
NAND Pair Delay

NAND Pair Delay Reference
NOR Pair Delay Reference

Hi Speed 2-Input NOR
4-Input NOR

High Speed Inverter Pair Delay
Reference

High Speed Inverter Pair Delay
STD Speed Inverter Pair Delay
Reference

STD Speed Inverter Pair Delay




Bipolar Combination
o Bipolar transistor
¢ Zener diode

o Bipolar diode

Quad 4 P MOS transistors
Quad 4 N MOS transistors

Each of the test components (see Table 3.2.3-1) are connected to the out-

side package pins. Table 3.2.3-1 also provides details on the burn-in configuration. The

individual test cells were subjected to burn-in per MIL-STD-883, Method 1015.1,

Condition A, B, or C, as applicable to the test component.
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TABLE 3.2.3-1

SCHEMATIC DIAGRAM AND BURN-IN CONFIGURATION POR SCL 9999 TEST CELL
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3.3 PRELIMINARY VERIFICATION DEVICE ASSEMBLY AND ALTERNATE
SCREENING

The five preliminary verification device types were separated into visual
defect categories, assembied into 40 pin and 48 pin DIP packages, electrically tested

and screened to a matrix of the alternate screening tests developed in Section 3.1.

3.3.1 Preliminary Verification Device Die Sort

The die from the five device types selected for the preliminary verification
study were visual inspected under the high magnification requirements of Method 2010
of MIL-STD-883 and sorted into the defect categories as indicated in Table 3.3.1-1.
All the array dice (128239, 128240, 128243) were previously rejected by Vendor B to
MIL-STD-883, Method 2010 , Test Condition B. The visual defects were formed into
a matrix by defect category and device type as shown in Table 3.3.1-2 prior to being

started into assembly.

3.3.2 Preliminary Verification Device Assembly

The devices were assembled into 40 pin and 48 pin ceramic DIP packages
as shown in Figures 3.3.2-1 and 3.3.2-2. The die attach was accomplished with Dupont
5504 epoxy. The die wire bonding was with 1.25 mil aluminum wire. The packages were
braze sealed at +300°C under vacuum. The matrix showing the assembly steps with the
number of devices rejected at each assembly operation is included as Table 3.3.2-3.
Once the devices completed the assembly sequence, the number of devices by defective

category were once again tabulated. These results are shown in Table 3.3.2-4.
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TABLE 3.3.1-1

DEFECT CATEGORIES OBSERVED IN
PRELIMINARY VERIFICATION SAMPLES

Type of Defect

Bridging Metal
Metal Voids

Foreign Material

Photoresist/Diffusion

Questionable

Inspection Criteria or
Paragraph of MIL-STD-883
Method 2010.2, Used for
Die Inspection

3.1.1.6)

3.2.1.2

3.1.6.12
Paragraphs b and c only

3.2.2and 3.2.7

Other foreign material or
contamination not rejectable

by Method 2010.2

1 The criteria of Test Condition A was used here since 50% separation
between metal interconnection is easier for an inspector to judge rather
than the 0.1 mil criteria of Condition B. In general, there are wide
variations between manufacturers on the implementation and interpre-

tation of this criteria.

2 The criteria of Test Condition A was used here since it is difficult to
determine if an unattached particle is only attached at the top surface
of the glassivation. In general, there are wide variations between
manufacturers on the implementation and interpretation of this criteria.
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3.3.3 Preliminary Verification Device Electrical Testing

As a potential alternate screening method the electrical test times were
extended and maximum voltages applied on all devices as indicated in Paragraph 3.1.1.
This was the only change between the electrical testing at probe and the initial electrical

testing after packaging.

The CMOS arrays (128243, 128240 and 128239) and the Harris test cell
were also comprehensively functionally tested at 500 KHz as the main mode of testing
with DC parametric data read and recorded on leakage currents. The SCL 5999 test cell

had DC parametric testing performed on the key electrical parameters as shown in

Table 3.3.3-1.

The electrical defects by visual defect category are shown in Table 3.3.3~2.
Since the SCL 5999 test cell had a probe criteria to pass the device based on any element

being good, the initial electrical test results are not included in the summary.

3.3.4 Preliminary Verification Device Matrix Screening

After completion of electrical testing, the devices were separated by visual
defect category into the test matrix as shown in Table 3.3.4-1. The results from this
matrix are summarized and analyzed in the following paragraphs and utilized to develop

the alternate screening procedure.

3.3.4.1 128243 Custom LS| CMOS Array - Screening Summary

The screening summary for the 128243 Custom LSI CMOS Array is shown in
Table 3.3.4.1-1. As indicated in the Table, 23 devices categorized by various visual
die defects were temperature cycled from -65°C to +150°C for 100 cycles per Test

Condition 2 of Paragraph 3.1.3 without any failures occurring.

An additional ten devices were temperature cycled from -65°C to +200°C
for 100 cycles per Test Condition 1 of Paragraph 3.1.3. As indicated in Table 3.3.4.1-1
one device failed functional testing after 100 cycles. Failure analysis of this device

revealed a lifted post bond.
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TABLE 3.3.3-1

Test Component
Step Matrix
Oxide Matrix

2 X 2 CMOS Transistor

Bipolar Transistor

Bipolar Diodes

Quad P-MOS Transistors

Quad N-MOS Transistors
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