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1 .  INTRODUCTION 

0 WHAT I S  AN "ASSEMBLY" TEST CHIP? 

- I T  SIMULATES THE MATERIALS AND PROCESSING OF REAL 
CHIPS, BUT NOT THE LOGICAL FUNCTION. 

- I T  GIVES ELECTRICAL READOUTS OF CONDITIONS8 PAST AND 
PRESENT, INSIDE THE PACKAGE. 

0 TRADITIONALLY ASSEMBLY-RELATED TEST CHIPS HAVE BEEN 

- USED TO MEASURE PACKAGE PARAMETERS SUCH AS STRESS8 
THERMAL IMPEDANCE, AND HUMIDITY. 

-.USED TO CHARACTERIZE A FEW TENS OF HAND-ASSEMBLED 
P I ECES . 

I - ASSEMBLED BY A SKILLED PERSON. 

I - MEASURED USING DESKTOP INSTRUMENTS. 

ASSEMBLY /TEST 
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0 TO APPLY TEST CH l PS I N  A MANUFACTURING ENV l RONMENT WE ADD 
THE FOLLOWING OBJECTIVES: 

- USE THE TEST CHIPS TO CHARACTERI ZE AND QUALIFY NEW 
WAFER AND ASSEMBLY PROCESSES. 

- EXPERIMENTS WILL INVOLVE HUNDREDS OF PIECES TO GIVE  A 
STATIST ICAL  CHAJWCTERIZATION OF PROCESSES. 

- FACTORY (UNSKILLED) ASSEMBLY SHOULD BE EASY. DESIGN 
RULES SHOULD BE FOLLOWED. 

- USE AN AUTOMATIC PARAMETRIC TESTER WITH SOFTWARE- 
CONTROLLED SWITCHING MATRIX. 

- B U I L D  A QUALITY AND R E L I A B I L I T Y  DATA BASE BASED ON A 
FEW WELL-CHARACTERIZED SENSORS. 

0 BENEFITS OF T H I S  NEW ORIENTATION: 

- ELIMINATES BOTTLENECKS I N  THE SUPPLY OF NEW CHIPS. 

- ELIMINATES BOTTLENECKS I N  ACCESS TO TESTERS. 

- CAN B U I L D  A DATA BASE FOUNDED ON A WELL-UNDERSTOOD 
SET OF SENSORS. 

- CREATES A CO)clMON REFERENCE TO A I D  COMMUNICATION 
BETWEEN THE WAFER PROCESSING WORLD AND THE ASSEMBLY 
WORLD. DOES NOT INVOLVE PRODUCT DESIGNERS. 

COMPONENTS ASSEMBLY /TEST 



- PACKAGE FAMILIES AND TECHNOLOGIES 

- ASSEMBLY PROCESS FLOW 

- PACKAGE TESTING 

- ASSEMBLY DEFECTS AND RELIABILITY JEOPARDIES 

REFERENCE : 1 NTEL QUAL I TY/REL I AB I L I TY HANDBOOK 
(ORDER NUMBER 210997-001 ) 1 NTEL L l TERATURE 
DEPARTMENT# 3065 BOWERS A v E . ~  SANTA CLARA, CA 
9505 1 0 ( 800 1538- 1876 0 OR ( 800 1672- 1 833 ( CA 
ONLY). PRICE $15.  





PRESSED CERAMIC PACKAGE 

- TOP WlTH 
GLASS - DIE (WIRE BOND AFTER 

DIE ATTACH) - LEAD FRAME 

- BASE WlTH GLASS 

FULLY ASSEMBLED 





PLASTIC PACKAGE 

DIE (BONDED AFTER DIE 
AmACH) ADHESIVE 

I 

TRANSFER MOLD 
PLASTIC AROUND 
FRAME AND DIE 





PLASTIC CHIP CARRIER 

- DIE 

CRIMP LEADS 





A D  Y PROCFSS Fl OW VERSUS PACKAGE TRl--lNOl OGY 

P CERD l P CERAMIC PI ASTIC 

DIE PREP SAW SAW SAW 
DI WASH DI WASH DI WASH 

INSPECTION DIE VISUAL DIE VISUAL DIE  VISUAL 

DIE ATTACH FRAME ATTACH EUTECT I C EUTECT 1 c (440 
EUTECT I c (440 DEG C )  DEG C )  OR 
440 DEG C ADHES I VE ( 170 

DEG C0 EPOXY. 
280 DEG C 
POLY IMIDE) 

W l  RE BOND k 1 l M  I NllM kll~ I NUM GOLD 
( ULTRASON I c 1 (ULTRASON I c 1 ( THERMOSON I c 1 

OR GOLD 
( THERMOSON I c 1 

I NSPECT I ON I N'TERNAL 1 NTERNAL 1 NTERNAL 
VISUAL GATE VISUAL GATE VISUAL GATE 

ENCAPSULAT 1 ON OXYGEN ATMOS NEUTRAL OR MOLD AT 175 DEG 
SEAL, 430 DEG REDUC l NG ATM 1-2 M I N0 CURE 
11 MIN 360 DEG C 175 DEG C 0  4 HR 

45 M I N  

LEAD F I N I S H  TIN PLATE0 AS-RECEIVED ~ E F L A S H  TR I M 
GOLD PLATE GOLD PLATE AND FORM 
OR SOLDER SOLDER 
TRIM TRIM S 1 NGULATE 

INSPECTION EXTERNAL EXTERNAL EXTERNAL 
VISUAL GATE VISUAL GATE V l SUAL GATE 

OUTGO l NG HERMETICITY 
Q.A. TESTS CENTR I FUGE 

LEAD FATIGUE 
D I E  SHEAR 
BOND L I F T  
Acous~ I c 
OPENS/SHORTS 

HERMETICITY LEAD FATIGUE 
CENTR I FUGE B 1 AS PRESSURE 
LEAD FATIGUE POT 
DIE SHEAR 
BOND L I F T  
Acous~ I c 
OPENS/SHORTS OPENS/SHORTS 



i n q  - 

P A C K A E X S T  I NG 

MIL. STD 
TFST FST COND ~ U R A T  I ON END POINT SAM. SLZE 

HIGH T 1008 200C D8C 168  HR E 360 
STORAGE 200c P 48 HR E 360 

200C P 48 HR W l  RE PULL 195  

TEMP. 1010C -55C TO 125C 1000  CYC E V H 624 
CYCLE C, D, P 

THERMAL 1011C -65C TO 150C 200 CYC E V H 624 
SHOCK C, D, P 

STEAM 121C8 2 ATM 288 HR E V 624 
C, D, P 

HUMIDITY 85C, 85% f?H 2 0 0 0 H R  E V  624 
C, D, P 

SALT ATM 1089A 35C 24 HR V, LEAD 440 
20048 C8 D, P FAT I GLlE 

SOLVENTS 2515C CHEM l CAL 1 HR V 88 
C, D, P 

MECH . 20028 1 . 5 K ~  PEAK 6 ORIENT HI E 165 
SHOCK C, D 

VIBRATION 260'7 20 G PEAK 3 ORIENT HI E 165 
C, D 

CENTR I - 2001D 20/30 KG Z ORIENT H I  E 504 
FUGE C, D 

ACOUSTIC/ 2020A 250 HZ Z ORIENT H 8  E 1 65 
PlND C, D 

DIE 2019 D l  E SHEAR TO DESTR 96 
ADHERENCE C8 D, P FORCE 

WIRE BOND 2011 W l  RE PULL TO DESTR 1560 
C, D, P FORCE 

CAV l TY 1018 100C BAKE 1 CYCLE RGA, PPM 15 
MO l STURE C8 D H20 

SEAL 2024 TO DEST 66 
l NTEGR l TY FORCE 

COMPONENTS ASSEMBLY / TEST 



int$ - 

PACKAGF TESTING (CONTINUFM 

MIL. STD 
TFST FST COND DURATION END PO 1 NT SAMa S 1 ZE 

LEAD 2004 BEND/FATIGUE TODEST 40 
STRENGTH C, D, P NO. BENDS 

SOLDER- 2025 BEND (CI DI P)  TO DESTR 228 
A B I L I T Y  VIS 

2003 100C STEAM 1 HR V I S  
C #  D# P 

- 200C BAKE 5 HR VIS 
C #  D #  P 

KEY: C = CERAMIC# D = CERDIP# P = PLASTIC# E = ELECTRICAL 
MEASUREMENTI H = HERMETICITY TEST# V = VISUAL 

COMPONENTS ASSEMBLY /TEST 



Y EFFCTS AND P A C K A K S  

F CAUSF TEST OGY 

i D IE  CRACKING DIE ATTACH DEFECT T/C, T/S C, D, P I V, E (CONTINUITY. 
, STRESS I 

DIE OFF DIE ATTACH DEFECT V 8  E(CONTINUITY) C, D 

THIN F I L M  ASSEMBLY DEFECT V, E(CONIINUITY) P 
CRACK 1 NG 

CAV 1 TY LID SEAL DEFECT RGA, E(TRIPLE TRK) D, C 
MO l STURE RES 1 DUAL GASSES 

D l  E CORROSION IONS FROM PROCESS TH8, STEAM, V 8  P8 D 
I ONS/MO I ST FROM E(TRI PLE TRK, 
ENV . MOLD/FORM CONTINUITY) 

W I RES 
- ALUM I NUM MACH l NE SETUP , BOND PULL D, C 

MISHANDLING v 1 SUAL 

- GOLD  CORROSION^ IMPLIR- BAKE + BOND PULL P I  C 
I T l E S  I N  PLAS'TIC, E(CONTINUITY, 
SWEEP DUE TO MOLD, KELVIN) 
OVERHEAT (PURPLE 
PLAGUE ) 

PACKAGE MOLDING DEFECTS T/S, T/C8 V P 
CRACKS 

SOLDERAB I L I TY OX I DAT l ON I NTER- BAKE + SOLDER P, D, C 
DIFFUSION, IONIC  STEAM + SOLDER 
RESIDUE, ETC. 

KEY: P = PLASTIC, D = CERDIP, C = CERAMIC, V = VISUAL, H = 
HERMETIC, E = ELECTRICAL 





DIE CRACKING 

EDGE VOIDS (NOT CENTER VOIDS) CAUSE HIGH TENSILE STRESS 

- 
DISTANCE (MIL) 

- U 4 0 -  

\ .- 

FLAWS PRE-EXIST IN THE MATERIAL (BACKSIDE PREPARATION) 

V) 

- SWAM 1 - 1 0 ~  FLAWSIZE 
- DISCO .1 - 1~ FLAWSIZE 

SMOOTH BACKSIDE IS VERY IMPORTANT 

\ 
-EDGE VOID 

U) y - 2 0 -  
k 
V) 

< - 4 0 -  

B 
3 

-60- 
(3 z 
0 
J 

- - -  
\ 

CENTER VOlO 

\ 
\ [\ /I 

I I -- 
I 

>\ J V 

I I I I 1 I I I 

0 10 20 30 4 0  50 60 7 0  8 0  90 
- 



X-Ray Radiograph o f  u n i t  (#5-6) 
8 X 

Schematic o f  cracks on t h e  d i e  sur face .  Arrows 
i n d i c a t e  t h e  X-Sect ion p lane.  

FIGURE 11) D ie  c r o s s - s e c t i o n  o f  u n i t  #5-6 showing t h e  i n i t i a t i o n  o f  
t h e  d i e  crack a t  an edge vo id / sepa ra t i on .  

COURTESY RAJEN D l AS, 1 NTEL ASSEMBLY/TEST 



M a g n i f i c a t i o n  - l O O X  

FIGURE 12) Die c ross -sec t i on  micrographs o f  u n i t  #5-6 showing d i e  c rack  i n i t i a t i o n  a t  
edge vo ids  and p ropagat ion  t o  t h e  d i e  sur face .  

COURTESY RAJEN D I AS, 1 NTEL ASSEMBLY/TEST 
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I 

DEFECTS AND PACKA-I Il'f JEOPmIFS 

f4NE CAUSF ST TFCHNOl OGY 

DIE CRACKI NG DIE ATTACH DEFECT T/C8 T/S C 8  D, P 
V8 E (CONTINUITY# 
s-TRESS 

DIE OFF D I E ATTACH DEFECT V 8  E( CONT I NU I TY ) C, D 

THIN FILM ASSEMBLY DEFECT V8  E(CONTINUITY) P I 
CRACK l NG 

I 
1 

CAV l TY LID SEAL DEFECT RGA, E(TRIPLE TRK) D8  C 
MO l STURE RESIDUAL GASSES 

D I E cORROS ION (ONS FROM PROCESS THB8 STEAM# V8 P8 D 
~ONS/MOIST FROM E(TRIPLE TRKI 
ENV . MOLD/FORM CONTINUITY) 

W I RES 
- ALUM1 NUM MACH I NE SETUP, BOND PULL D, C 

MISHANDLING v l SUAL 

- GOLD CORROS l ON, IMPUR- BAKE + BOND PULL P I  C 
I T l E S  I N  PLASTIC, E(CONTINUITY, 
SWEEP DUE TO MOLD 8 KELV I N) 
OVERHEAT (PURPLE 
PLAGUE ) 

PACKAGE MOLDING DEFECTS T/S, T/C8 V P 
CRACKS 

DESIGN (GEOMETRY) T/S. T/C8 V8H D, C 

SOLDERAB l L l TY OX I DAT I ON 8 I NTER- BAKE + SOLDER P, D, C 
DIFFUSION, IONIC STEAM + SOLDER 
RESIDUE, ETC. 

KEY: P = PLASTIC. D = CERDIP, C = CERAMIC8 V = VISUAL, H = 
HERMET I C, E = ELECTRI CAL 

COMPONENTS ASSEMBLY / TEST 
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WIN FILM DEFmTIm I N  PLASTIC PACKAGES, 21. 

I A 1 

8 

- 
E 10 
3 

- 10 
E - 3 
9 

0 

5 

0 

i" 
/* 

- 

*/* o / -  I I 
I I 0 5 10 

15 xl02 
15 x102 

0 5 10 N (cyclnl 
N (cycles) 

- - Fig. 6 The ef fut  of the armcortinpl for 6 vefm~s N cum. 

o none 

Fig, 4 The offset of molding twins for Al deformation I- (6 1 
A Si02 

HRUS cycles (N) of thomul $'Iock. 
x p d y i m i d r d n  

KJCA -Junction Coring Rdn,  silicon nmirk 1 
o d n A  r = 1.91 mm (Ta t  NO. 3) 
x resin0 
r 1.91 mm ( T a t  No. 1) 

15 - 

- 10 
E 

- - 10 - 
3 E 
0 

0 

0 * I I 1 /- I I 

0 5 10 15 xlo2 0 
0 5 10 15 x102 

N (cycles) N (cycla) 

Fig. 7 The offset of the t e m ~ r m n  dif trnnca of t h m J  $ ' I d  for 
6 wsus N am. 

Fig. 5 Tho offset of chip siza tor 8 vefm~s N am. o 45T*175°C 
0 2.2 mm x 3.1 mm (r - 1.91 mm) A -55'C-1W'C 
A 2.0 mm x 2.2 mm (r 1.44 mm) r -4CPCc125'C 
x 1.45 mrn x 1.8 mm (r - 0.84 mm) r = 1.91 mm ( T a  No. 4) 

(Ta t  No. 2) Do t td  line is the t h w m i u l  line due to equation (6). 

COMPONENTS ASSEMBLY /TEST 
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E CAUSF TFST OGY 

DIE CRACK1 NG D I E  ATTACH DEFECT T/C8 T/S C, D8  P 
V, E (CONTINUITY~ 
STRESS ) 

DIE OFF D I E ATTACH DEFECT V 8  E(CONT I NU I TY ) C8 D 

THIN F I L M  ASSEMBLY DEFECT V 8  E(CONTINUITY) P 
CRACK l NG 

CAV 1 TY LID SEAL DEFECT RGA8 E(TRIPLE TRK) D8 C 
MO 1 STURE RES 1 DUAL GASSES 

I D l  E CORROSION IONS FROM PROCESS THB8 STEAM8 V 8  P8 D /  
I ONS/MO I ST FROM E(TRI PLE TRKI 
ENV . MOLD/FORM 0 ! 

W I RES 
- ALUMINUM MACHINE SETUP8 BOND PULL 08 c 

MISHANDLING VISUAL 

- GOLD CORROS 1 ON8 IMPUR- BAKE + BOND PULL P I  C 
I T l E S  I N  PLASTIC8 E(CONTINUITY, 
SWEEP DUE TO MOLD8 KELVIN) 
OVERHEAT ( PURPLE 
PLAGUE ) 

PACKAGE MOLD 1 NG DEFECTS T/S8 T/C8 V P 
CRACKS 

DESIGN (GEOMETRY) T/S. T/C8 V8H D8  c 
SOLDERAB 1 L l TY OX l DAT 1 ON 8 I NTER- BAKE + SOLDER P, 08 c 

DIFFUSION8 IONIC STEAM + SOLDER 
i?ESIDUE# ETC. 

KEY: P = PLASTIC8 D = CERDlP8 C = CERAMIC8 V = VISUAL8 H = 
HERMETIC, E = ELECTRICAL 

COMPONENTS ASSEMBLY /TEST 



MODEL FOR BOND PAD CORROSION 

CHEMICALS CONTAINING CHLORIDE IONS ENTER THE 
PACKAGE ALONG THE PLASTIC/LEAD FRAME INTERFACE DUE 
TO THE INHERENT POOR ADHESION BETWEEN THESE TWO. 
DURING 85/81 TESTING, CI AND OTHER CONTAMINANTS 
MIGRATE ALONG THE LEAD FRAME/PLASTIC INTERFACE TO 
THE GOLD BOND WIRE, TRAVEL UP THE WIRE TO THE BOND 
PADS WHERE CORROSION PROCEEDS. 
MOISTURE PERMEATION MAY PROCEED BY THE SAME 
MECHANISM OR THROUGH THE BULK EPOXX 

CONTAMINATION ENTRY AND MIGRATION PATH 
FOR CHLORIDE IONS DURING ASSEMBLY AND THE STRESS 



in Q - 

ME IMUWE OF PLASTIC ENCAPSILATION ON W A C E  CONKICTIVITY, 
REF. 22. 

no encapsulath 

surf acs 

conoucnvlty (ufc)-I 

0.1 1 10 mXXM 
tim., howa- 

FIG 2 EFFEC OF Pwnc ENCAPSULATION ON SURFACE 
CONOUCTNITY, llOaC. 90% RH. 3 0 V  (.r T a b  1 
for coo. idant~ty) 

TABLE I 

P l a e t i c  Encapeulante Used i n  the  Invest igat ion  

P l a s t i c  Encapsulant Code Aqueous Ertract 

Conductivity Sm-l PH 

Epory novolac ( 1 )  m ( 1 )  0.015 3 .8  
wry novolac ( 2 )  m( 2 )  0.004 4 . 1  

Epo- anhydride ( 1 )  ~ ~ ( 1 1  0.035 5 - 4  
Epoxy anhydride ( 2) El( 2)  . 0.040 3 . 2  
S i l i c o n e  ' 8 .O ,006 4 
Silicone-epoxy S-E 0.005 4 . 2  

COMPONENTS ASSEMBLY /TEST 
- 



F C W  TFST f l  OGY 

DIE CRACK1 NG DIE ATTACH DEFECT T/C8 T/S C8  D, P 
V, E (CONTINUITY~ 

DIE OFF D I E ATTACH DEFECT V8 E( CONT I NLI I TY)  C 8  D 

THIN FILM ASSEMBLY DEFECT V, E(CONTINUITY) P 
CRACK l NG 

CAV I TY LID SEAL DEFECT RGA, E(TRI PLE TRK) D8  C 
MO I STURE RESIDUAL GASSES 

DIE CORROSION IONS FROM PROCESS THB, STEAM, V, P, D 
1 ONS/MO I ST FROM E(TRI PLE TRKI 
ENV. ~ D / F O R M  CONTINUITY) 

i WIRES 
; - ALUMINUM MACHINE SETUP, BOND PULL D, C 
! MISHANDLING v 1 SUAL 
I - GOLD CORROS l ON, IMPUR- BAKE + BOND PULL PI C 

I T l E S  I N  PLASTIC, E(CONTINUITY, 
SWEEP DUE TO MOLD, KELVIN) 
OVERHEAT (PURPLE 
PLAGUE ) 

- 

PACKAGE MOLD 1 NG DEFECTS T/S, T/C, V P 
CRACKS 

DESIGN (GEOMETRY) T/S. T/C8 V8H D, C 

SOLDERAB I L l TY OX I DAT l ON 8 I NTER- BAKE + SOLDER P, D, C 
DIFFUSION, IONIC STEAM + SOLDER 
RESIDUE, ETC. 

KEY: P = PLASTIC, D = CERDIP, C = CERAMIC8 V = VISUAL, H = 
HERMET I C8 E = ELECTRICAL 

COMPONENTS ASSEMBLY /TEST J 



BOND PAD DEGRACAT ION, REFERENCE 12. 

S e c t i o n e d  Bond - As Encapsula ted  - R = 0 
F i g u r e  12 

Sect ioned Bond - Bake 200 Hrs a t  200C - R = 6 3  6. 
F i g u r e  13 



COURTESY SYED &MAD, 1 NTEL ASSEMBLYAEST 



FCTS AM) PACKAC~BELI~II I ~ F o p m l B  

F CAUSF TFST TFCHN0 OGY 

DIE CRACKING DIE ATTACH DEFECT T/C. T/S C, D, P V, E (CONTINUITY, 
STRESS 1 

DIE OFF DIEATTACHDEFECT V,E(CONTINUITY) C 8 D  

THIN F I L M  ASSEMBLY DEFECT V 8  E(CONTINUITY) P 
CRACK I NG 

CAV I TY LID SEAL DEFECT RGA, E(TRIPLE TRK) D 8  C 
MO l STURE RES I DUAL GASSES 

DIE CORROSION IONS FROM PROCESS THB. STEAM, V 8  P, D 
I ONS/MOI ST FROM E(TRIPLE TRK, 
ENV . MOLD/FORM CONTINUITY) 

W l  RES 
- ALUMINUM MACHINE SETUP, BOND PULL D, C 

MISHANDLING v l  SUN 

- GOLD CORROS I ON, IMPUR- BAKE + BOND PULL P, C 
I T l E S  I N  PLASTIC, E(CONTINUITY, 
SWEEP DUE TO MOLD, KELVIN) 
OVERHEAT ( PURPLE 
PLAGUE ) 

PACKAGE MOLDING DEFECTS T/S, T/C, V 
1 

~CMWS--  _ -- DESIGK(EOMETRY) T/S. T/C8 V.H 
I 

D, C 

SOLDERABILITY  OXIDATION^ INTER- BAKE + SOLDER P, D, C 
DIFFUSION, IONIC  STEAM + SOLDER 
RESIDUE, ETC. 

KEY: P = PLASTIC, D = CERDIP. C = CERAMIC. V = VISUAL. H = 
HERMET I C, E = ELECTRICAL 



STRESS IN PLASTIC PACKAGES 

FAILURE MECHANISM DRIVEN BY STRESS CONCENTRATIONS 
VOIDSTRESS CONCENTRATOR 
DIE/PAD CORNER-THERMAL MISMATCH 

-GEOMETRIC DISCONTINUITY 
SIDE CRACKS-POOR LEAD FRAMWMOLDING 

COMPOUND ADHESION 
-LEAD FRAME DESIGN 
-DTF OPERATION 

VOID 

I DIE 
LEAD FRAME 



MOLDING VOIDS 

VOIDS CREATED DURING MOLDING OPERATION 
STRESS CONCENTRATIONS ARISE AROUND VOIDS DUE TO 
DISCONTINUITY 

r TEMPERATURE CYCLING OF PLASTIC PACKAGES CAUSES 
CRACKS TO FORM AND PROPOGATE UP TO THE SURFACE AND 
DOWN TO THE DIE 

WHEN A VOID EXISTS INSIDE A PLATE UNDER A UNIFORM STRESS FIELD ax (a 4 b) 

A 7  - 
Qx = t \ ~ O ~ u X  b 1 - Qx 

6- 
T 

THE STRESS AT POINT A AND B CAN BE AS HIGH AS 3 ux 



BEFORE ., PROCESS OR ENV I RONMENTAL , AFTER 
MATER I AL STRESS MATER I AL 

MANUAL MANUAL m y  MANUAL 
SOCKET l NG TO ASCI I FILES SOCKET l NG 
AUTO E A S  AUTO MEAS 

k 
E-DATA OBSERVAT l ON DATA E-D k TA 
KE I THLEY - QUALITAT l VE KEI THLEY 
DATA BASE 

- \< W " " j T A 7  

DATA BASE 

USER SELECT ,SOFTWARE CHANGE 

M T R I  OR C O N S O L . . . [  X BOX 1 
"; REPORT 1. \ 

EXPERIMENTAL BEFORE BEFORE 'PFT~' L IMITS 
WTR I X TO TO TO F ILE  
DESCR l PT l ON E-DATA AFTER E-DATA (PASS/ 

X-REF X-REF X-REF FAIL  
CRITERIA) 





- 
THEORY: 
TO MEASURE THERMAL IMPEDANCE OF PACKAGE, DISSIPATE A KNOWN AMOUNT 
OF POWER, AND MEASURE THE CORRESPONDING TEMPERATURE RISE. 

THERMAL IMPEDANCE = (TJ - Tc)/P, 

WHERE TJ I S  THE JLlNCTlON TEMPERATURE AND TC I S  THE CASE 
TEMPERATURE. TJ - TC I S  DETERMINED BY USING A CONSTANT CURRENT 
TO FORWARD B I A S  A D l  ODE (AT NEGL l GI  BLE POWER) AND BY MON l TORI NG 
THE VOLTAGE ACROSS I T . 1 =I s CEXP(V/KT 1- 1 1 BECOMES V=CONSTANT X T. 
THE CONSTANT I S  DETERMI NED BY CAL l BRATION I N  A THERMAL BATH. THE 
POWER, P, I S  DETERMI NED BY MEASURING THE CURRENT THROUGH AND 
VOLTAGE ACROSS A HEATER ELEMENT. THE HEATER AND THE DIODE CAN BE 
THE SAME, OR SEPARATE: 

AC DC 
(TEMPORAL RESTR I CT I ONS (SPAT I AL RESTR I CT I ONS ) 
REF. 2 REF. 3 

TC 9-3 
SEE REF. 1 FOR REVIEW AND SEE REF. 4 FOR MEASUREMENT GUIDELINES. 

IGN Gll l 

0 CURRENT DENS l TY I N AL LESS THAN 1xE5 &P/cM~.  

TWO REASONS : ELECTROM I GRAT I ON, THROUGH-F I LM TEMPERATURE PROF I LES . 
REF. 5 

T = METAL THICKNESS 

H = DIELECTRIC THICKNESS 

D l  ELECTRIC = THERMAL S 102 

1 0-11 10-0 10% ' 10-7 

th (cm2) ' 

COMPONENTS ASSEMBLY/TEST 



in t$ 

DFS l GN ( CONT I NUED) 

0 CURRENT DENS l TY I N  AL CONTACTS LESS THAN l X E 5  AMP/cM-Z. 

0 VOLTAGE LESS THAN 10 VOLTS BETWEEN PINS.  

0 CURRENT I N  WIRES LESS THAN 100  WIRE. 

0 CAPAB l L  I T Y  OF CAUS l NG A TEMPERATURE R l  SE OF 20 DEG C. 

0 MAXIMUM POWER D I S S I P A T I O N  OF ABOUT 4 WATTS/CM~. 

0 USE SEPARATE HEATER AND SENSOR. 

0 USE POLYSlL lCON HEATER (NO JUNCTION PROBLEMS). 

0 KEEP RESISTANCE OF DIODE INTERCONNECTS NEGLIGIBLE.  

0 SEPARAT l ON OF HEATER AND SENSOR LESS THAN 2 M I  L S  (REF. 1 1. 

- 
- 
- - . - 

- 
- 
- 

7 -  - 
" 6 

0 5 10 15 20 25 30 35 .40 45 50 55 60 - - -  -..... - - - - ..-. - , -.-. ,._,. - Dkmncm (mlls) . - 
. -,. - .- . - - -. 

,- -- . -- , - 

COMPONENTS ASSEMBLY/TEST 



T DFS l GN (CONTI NUW 

EXAMPLE: 
SIMULATE A 400 M I L  SQUARE CHlP DISSIPATING AT LEAST 4 WATTS. THE 
CH l P I S MADE OF l DENTI CAL MODULES 50 MILS SQUARE. DES l GN A 
POLYSILICON HEATER. 

DISSIPATION PER CELL > 4/64 = 0.0625 WATTS = PCELL 

ONE WIRE I N 8  ONE OUT8 SO (MAX = 100 MA 

TOTAL VOLTAGE DROP ACROSS CHlP < 1fl V8 SO FOR MODULE8 VMAX = 10/8 
= 1.25 v 

POLYS l L l CON8 OR D l FFUS l ONS HAVE TYP l CALLY 10 - 20 OHMS/SQUARE. 
SO MAKE THE HEATER ONE SQUARE OF POLYSILICON. 

PROBLEM: 
COULD ALUMINUM BE USED AS A HEATER? 



int$ 

PROBLEM: 
COULD ALUMINUM BE USED AS A HEATER? 

ANSWER: 
k l I M  l NUM TYP l CALLY HAS A SHEET RES l STANCE OF 0.05 OHMS/SQUARE 
(AND THICKNESS OF 1.2 MICRONS), SO WE'D NEED 125-500 SQUARES OF 
ALUMINUM. FOR 1 0 m  AND 1.2 MICRONS OF ALUM1 NUM, THE M I  NlMlIM 
L l NEW l DTH I S ROUGHLY 85 M l CRONS TO PREVENT ELECTROM l GRAT l ON ( 1xE5 
A/cMn2 CURRENT LIMIT) ,  AND STEEP THROUGH-FILM TEMPERATLIRE 
YARIATIONS. THE TOTAL AREA OF ~ U M I N U M  REQUIRED I S  THEREFORE AT 
LEAST 125 X (85/25.4)2 = 1400 SQUARE MILS.  THI s COMPARES W l TH 
2500 SQUARE MILS AVAILABLE ON THE MODULE. 
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KFI V I N N l RE WS l STANCE MEASUWMFNTS 

THEORY: 
THERE ARE THREE RESISTANCES OF INTEREST FOR ANY WIRE: 

TYP l CALLY, RWP OR RWL WILL l NCREASE AS THE W I  RE/PAD OR W I  RE/LEAD 
F l NGER l NTERFACE DEGRADES UNDER ENV l RONMENTAL STRESS. 1 T I S 
DESIRABLE TO MEASURE CHANGES I N  THESE INTERFACIAL RESISTANCES 
SEPARATELY. 

TO MEASURE CHANGES I N  RWP OR RWL, WE NEED 

( 1 )  A NUMBER OF BOND PADS SHORTED TOGETHER, OR A SHEET OF 
ALUM I NUM . 
( 1 1 )  GROUPS OF LEAD FINGERS BONDED TO THE SHEET. 

( I I I ) AT LEAST 4 LEAD FINGERS BONDED TO EACH OTHER. 

0 COMPONENTS ASSEMBLYITEST - 
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FOR, EXAMPLEI FORCE CURRENT THROUGH P I N  1 8  WITHDRAW THROUGH P I N  
3, AND MEASURE THE VOLTAGE BETWEEN PlNS 4 AND 5. THIS GIVES THE 
RES l STANCE OF BOND X AS 

Rx = Rxw + RXWL + RXWP 

NOW FORCE CURRENT INTO P I N  18 AND WITHDRAW I T  FROM P I N  17 AND 
MEASURE THE VOLTAGE BETWEEN PlNS 16 AND 19. THIS GIVES THE 
RESISTANCE OF THE BOND Y AS 

RY = RYW + ~RYWL.  

COMPUTE R, 

R = Rx - R Y / ~  = Rxw - Ryw/2 + RXWP. 

RXW AND RYW WILL CHANGE L I T T L E  WITH ENVIRONMENTAL STRESS, SO 
CHANGES I N R W l LL BE A GOOD MEASURE OF CHANGES I N THE l NTERFAC l AL 
RES l STANCE RXWP. WE HAVE ASSUMED THAT RXWL = RYWL. 

GOOD TECHNIQUE WOULD U T l L  l ZE A H I  GH-RESOLUTION Dm, AND A 
CONSTANT CURRENT SOURCE. TYP l CAL RES l STANCES MEASURED WOULD BE 
1018 MILL l OHMS, AND RESOLUT l ON NEEDED I S  1 M I L L  I OHM. I F A CURRENT 
OF 1k?0 MA I S FORCEDI THE VOLTAGE RESOLUT l ON NEEDED I S 100 
M I CROVOLTS . 
PROBLEMS: 
HOW WOULD ONE MEASURE RWP DIRECTLY, WITHOUT HAVING TO CORRECT FOR 
RWL ? 

WHAT HAPPENS I F  THE BOND PADS ARE CONNECTED BY IkTERCCtiNECT CF 
APPREC l ABLE RES I STANCE? 

COMPONENTS ASSEMBLY /TEST 



int$ 

FM : 

HOW B16 A CRACK IN  AN INTERCONNECT BEFORE THERE I S  A DETECTABLE 
INCREASE I N  RESISTANCE? 

THEORY: 
SOLVED BY C O N F O W  MAPP l N6 BY P. M a  HALL# REF. 13. THE N W E R  
OF EXTRA SQUARES DUE TO A CRACK I S  GIVEN BY 

NUMBER OF EXTRA SQUARES = (~/PI)LN[SEC(PI*E/~)] 

WERE E I S THE CRACK LENGTH AS A FRACTION OF M E  L I NEW I DTH. A 
GOO0 RULE OF THUMB: 70% CRACKED 6 I VES ONE EXTRA SQUARE. 

LON~D NARROW SENSORS ARE ONLY DETECTED AS 60008 OR OPEN 

10,o + I I I I 

1.0 : 

- 
- 

0.OOl . 1 I I 

0.2 0 4  0.6 01 g 1.0 
& 
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VISUAL MEASUREMENTS OF WIRE-BOND LOCATION ON BOND PADS ARE 
TED I OUS . ELECTW l CAL TECHN l QUE I S MORE CONVEN l ENT, ESPEC l ALLY I F 
LARGE NUMBERS OF WIRE-BOND LOCATIONS ARE TO BE DETERMINED. 

A POSITION-SENSITIVE PAD HAS ELECTRICAL CONNECTION TO EACH OF ITS 
CORNERS AS SHOWN: 

CURRENT I S FORCED l NTO CORNER A, AND W l THDRAWN THROUGH THE W l RE, 
W. THE POTENTIAL D l  FFERENCE I S  MEASURED BETWEEN CORNERS B AND D. 
NOW REPEAT, BY CYCL l C  PERMUTATION OF A, 6, C AND D. THE 
RESULT l NG FOUR RES l STANCES (OVER- ) DETECW l NE THE LOCAT l ON OF THE 
BALL. 



H I E  POSlTlON SIXOF? (CONTINUED) 

THEORY: 

THE THEORY I S STRA I GHT-FORWARD FOR THE CASE OF AN l NF l N l TE SHEET 
OF ALUMINUM WlTH CONTACTS ARRANGED I N  A SQUARE (AT POSITIONS A, 
B, AND 11) AND WITH THE CENTROID OF M E  BALL AT Id. ELEMENTARY 
THEORY 6 I VES THE POTENT l AL D l FFERENCE (EXPRESSED AS RES I STANCE ) 
BETWEEN B AND P DUE TO THE SOURCE AT A AS 

RBD(A) = (RHO/TCPI)*LN(IB-A~/IR-AI = 0 

WHEREAS THE POTENTIAL DIFFERENCE DUE TO THE SINK AT THE WIRE I S  

RBD(H) = -(RHo/TCPl )+LN( fB-ldI/I~-klI 1. 

SO THE TOTAL POTENTIAL DIFFERENCE I S  ~?BD = ~?BD(H)+~?BD(A) = 
RBD(H). DEFINE 

@D = EXP(~*P I %~D/RHo) 

THEN THE LOCUS OF H CORRESPOND l NG TO A CONSTANT VALUE OF ~?BD I S  
GIVEN BY 

l ~ - ~ d l / l ~ - ~ d l  = SQRT(@D) 

THIS LOCUS I S  A SET OF CIRCLES OF RADIUS PsQRT(K) / IK- I I  AND 
CENTER (K+I/K-I,n) , REFERRED TO THE CWRD l NATES SHOWN ABOVE A 
S IMlLAR SET OF LOC l CAN BE DRAWN FOR EACH OF THE OTHER 3 
MEASUREMENTS. WEN THESE ARE SUPERIMPOSED WE PRODUCE A SET OF 
COORDINATES BY WHICH THE BALL CAN BE LOCATED. 
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DERIVE THE LOCUS SHOWN ABOVE. 

SKETCH HOW THE "EQUIPOTENTIALS" WILL BE CHANGED IF THE BOND PAD 
I S  FINITE:  I F  THE BALL I S  NOT A POINT SOURCE/SINK. 

WHAT I NSTRUMENTS ETC. (RESOLUTION, AMOUNT OF CURRENT ETC. ) I S 
NECESSARY TO MAKE THIS MEASUREMENT. 

WHAT IS THE EFFECT OF THE WIRE RESISTANCE, THE RESISTANCES OF THE 
CONTACTS TO THE CORNERS OF THE BOND PADS? 



- 
PURPOSE: 
STRAINS ARE INTRODUCED INTO CHIPS THROUGHOUT THE PROCESSING 
CYCLE, BUT THE LARGEST STRAINS ARE INTRWUCED DURING ASSEMBLY. 
THE MA l N SOURCES OF STAT l C STRA l N ARE l NTRWUCED AT D I E-ATTACH 
DUE TO THERMAL COEFFICIENT MISMATCH BETWEEN SUBSTRATE AND DIE, 
AND AT SEAL DUE TO ENCAPSULATION I N  PLAST l C PACKAGES. DYNAMIC 
STRAINS ALSO OCCUR DURING THE THERMAL CYCLING AND SHOCK NEEDED TO 
QUAL l FY PACKAGES. THE P I EZORES I STANCE PHENOMENON I N S l L l CON 
PROVIDES AN OPPORTUNITY TO MEASURE THESE STRAINS. 

THEORY: 
THE PIEZORESISTANCE PHENOMENON COUPLES THE FRACTIONAL CHANGE I N  
RES l STANCE I N  THE I D l  RECT ION TO THE NORMAL U- AND SHEAR 7 
IMPOSED STRESSES FOR CUBIC CRYSTALS SUCH AS SILICON VIA THREE 
FUNDAMENTAL P l EZORES l STANCE COEFF I C I ENTS, 7J;I , Twy- : 

7 hl 
.- @I - ( I  ‘ f  K.3 + /  [ I  ( 1 )  

R I  

WHERE I = 1,2,3. NOTE M A T  THE PIEZORES l STANCE COEFF l C l  ENTS HAVE 
THE FOLLOW I NG PROPERT l ES WHEN 1, 2, AND 3 ARE THE CUBIC AXES: 

<- .- ,? - - 4 .- e 

I ;  - 112 - 4 . 3 ,  / l j L  =.7T,1 = 1/23 , x' = /I$ ) 

,Y N 'T++ = :Tss = Gk , 7 "  = //u.5- = I/,+( = a .  
IT I S  USEFUL TO HAVE A FEEL FOR THE WAY I N  W l C H  VARIES WITH 
COMPOS l T l ON AND TEMPERATURE. THEORY SHOWS ( SEE EG . REF. 14. ) 
THAT 

.& = ?(N, T )  
J 

(2) 
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STRA 1 N @ U E E S  I GN ( CONT I N U W  

NOTICE THAT 

( 1 )  THE TEMPERATURE EFFECT BECOMES LESS WITH INCREASING 
DOPING, BUT I S  STILL SIGNIFICANT (ABOUT 8.2 X PER DEGREE C) 
AT CONCENTRATIONS OF l NTEREST ( 1xE19 TO 1xE28 / c M ^ ~ ) .  

( I I ) x- BECOMES LESS W l TH l NCREAS l NG TEMPERATURE AND 
DOPING. J 

THE DIRECTIONAL ASPECTS OF THE PlEZORESlSTlVE PHENOMENON MAY BE 
STUDIED BY CONSIDERING THE RESPONSE OF A DIFFUSED RESISTOR TO 
LONGITUDINAL AND TRANSVERSE TENSILE STRESSES AS I T  I S  IMAGINED TO 
ROTATE I N  A G I VEN CRYSTAL PLANE. REF. 14 HAS SOME NICE POLAR 
PLOTS. . . 
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A N D A :  PIEZORESISTANCE COEFFICIENTS IN Si 

2. Room a p e x a m  piooresifpna coefficient8 i. the (Wl) F i 4 .  Room tempantun p i e z o q a  we- t. h e  (211) 
plnl. of Mi (10- cma/dyne). plum of Mi (10- cm /dm) .  

Fig. 5. Room temperature piuorerifpna coefflciinta in the (001) 
plane of psi (10- cma/dyw). 
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STRAl N W-l-(CONTINUED) 
I T  CAN BE SHOWN FROM (1) THAT 

THE STRESSES (PRIMED) ARE REFERRED TO X- AND Y- AXES OF THE CH l PI 
WH l CH L I E ALONG 1 18 D l RECT l ONS 8 WHEREAS THE P l EZORES l STANCE 
COEFFICIENTS ARE REFERRED TO THE CUBIC AXES OF M E  CRYSTAL, WHICH 
L I E  ALONG 100 D l  RECTIONS. 

SO MEASUREMENT OF THE FOUR FRACT l ONAL RES l STANCE CHANGES 
OVERDETERMI NES THE STRESSES. SO A CONS l STENCY CHECK I S AVA l LABLE 
IN  CASE RESISTANCE CHANGES ARE DUE TO EFFECTS OTHER THAN STRESS. 

VALUES OF P l EZORES l STANCE COEFF l C l ENTS HAVE BEEN MEASURED BY MANY 
WORKERS (REFS. 15-20). 
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0 TYPICAL RES l STANCE CHANGES DUE TO D I E ATTACH ARE FRACTIONS 
OF A PERCENT, UP TO ABOUT 2 PERCENT. 

0 TEMPERATURE OF BEFORE AND AFTER MEASUREMENTS MUST NOT 
DIFFER BY MORE THAN A DEGREE OR SO. RESISTANCE CHANGES DUE 
TO TEMPERATURE ARE TYPICALLY 0.2% PER DEGREE C. 

0 1 DENT ITY MUST BE TRACKED BECAUSE THE WAFER-TO-WAFER AND 
ACROSS-WAFER VARIATION OF RES l STANCE CAN BE AS MUCH AS 100%. 

.. . a .  ... . 
6 I 
5 

+- K-OHMS 
7 - 
2 
1 

- 

- : 
- -  
- 

- 

L .  1 

I 2 - 4 

POSITION (INCHES) 

0 A H I GH-RESOCUTION (5 1/2 D 16 IT) DMJ( SHOULD BE USED, AND 
THE MEASUREMENTS SHOULD BE 4-POI NT. 

0 BEWARE OF RESISTANCE CHANGES DUE TO EFFECTS OTHER THAN 
STRESS. ESPECIALLY I F  DICE SEE TEMPERATURES GREATER THAN 
ABOUT 4-48 DEG C. 

- 
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STRA l N GAUW- (CONTWFD 1 

DER l VE EQUAT l ONS (3) FROM EQUAT l ON ( 1 1. 

WHICH CHECKS THE CONSISTENCY OF EQUATIONS 
(3). 

W ~ A T  ARE THE PROBLEMS I N  DETERMINING THE 
TRANSIENT STRESSES DUE TO THERMAL SHOCK USING 
A P l EZORES l ST l VE STRA l N GAUGE? 

HOW MANY SQUARES SHOULD A STRESS-SENSITIVE 
RESISTOR BE? 
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SCOPE: 
0 TO DETECT THE EFFECT OF MO l STURE AND l ON l C CONTAHI NANTS. 

0 MEASUREMENTS CAN BE M= OR AC. 

0 USE A T R l  PLE TRACK FOR E. 

0 USE I NTERLEAVED STRUCTURE FOR AC. 

0 THE ELEMENTS CAN BE PASSIVATED OR UNPASSIVATED. WE WILL 
FOCUS ON PASSIVATED ELEMENTS. 

0 6000 REV l EWS OF SURFACE CONDUCT ION DUE TO MOl STllRE CAN BE 
F W N D  I N  REFS. 6 ,  7, AND 22. THIS MUST BE CONSIDERED I N  
DESIGN OF SENSORS. 

0 SOMETIMES ADJACENT METAL TRACKS ARE USED MERELY TO DETECT 
CONDENSAT ION. THIS I S  A MUCH LESS DEMAND l NG MEASUREMENT 
PROBLEM. REF. 8 I S  A GOOD EXAMPLE. 

SURFACE CONDUCTIVITY SENSOR 

1 
10-7 c 

E 
L 10-8 

AMPS E 10-9, 
C 

10-101 L I 

I 
I I 

100 80 60 40 20 0 -20 -40 
TEMPERATURE OC . 

COMPONENTS ASSEMBLY /TEST 



I S M  SENSING P M DFSIGN (CONTINUFD) 

TS US I NG TWI F T- 

O SUSTAIN 100 V BETWEEN CENTER AND OUTER CONDUCTOR. 

0 USE MINIMUM SPACING TO MAXIMIZE ELECTRIC F I E L D  (TYPICALLY 
CAN GET 1xE5 V/CM). 

0 DESIGN SUCH THAT CURRENTS WILL BE GREATER THAN 1 PA. 

0 SURFACE (OR INTERFACE) CURRENTS USUALLY DOMI NATE. THAT 
IS# 

TYPICAL RHO(BULK) AT 23 DEG C AND E ABOUT 1xE6 v/CM (REF. 9 ) :  

K G  CVD, S1H4 + 02 + pH3 6.6xE16 
AT 450 DEG C 

TYPICAL RHO(SURFACE) AT 23 DEG C AND ABOUT 1xE5 V/CM (REF. 10) : 

VF HUMIDITY ( X )  
0 

50 1.4xE15 
CVD S102 70 3.5xE13 
CVD S102 90 2.8xE12 

TENDS TO BE INDEPENDENT OF MATERIAL AND DEPOSITION CONDITIONS 
I (SEE ALSO REFS 6 AND 7). 

SO FOR TYP ICAL PASS l VAT ION THICKNESSES ( T  = 1xE-4 CM) THE ABOVE 
INEQUALITY I S  USUALLY EASILY SATISFIED. 
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EXAMPLE: 
MAT LENGTH OF 10 MICRON SPACING TRIPLE-TRACK WOULD BE NEEDED TO 
HAVE A SIGNAL CURRENT OF 1 PA AT 38 % R.H. FOR A 1 MICRON M l C K  
PSG FILM? 

SHEET R E S l S T l V  I T Y  DUE TO SURFACE I S  9xE16 (OHM/SQ). THE PARALLEL 
SHEET RESl  S T l V l T Y  DUE TO M E  BULK I S  7xE2B (OHM/SQ). ASSUME 188 
VOLTS I SO E = ~ x E ~  V/CM. SO CURRENT PER U N I T  LENGTH LEAV I N 6  CENTER 
CONDUCTOR I S  

J = 2 x E/RHO (SHEET) = 2 x E5 / 9xE16 = 2.2 x E-12 A/CM 

(FACTOR OF TWO ACCOUNTS FOR TWO CURRENT PATHS). SO REQUl RED 
LENGTH I S  

L = 1 x E-12/2.2 x E-12 = .45 CM 
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MFASWMFNTS US INI I N T E ~  

0 THE BEST PRACT l CAL APPROACH I S DUE TO MERRETT, S IM AND 
BRYANT (REF. 11 1. 

0 THEY ALSO ASSUME THAT BULK CONDUCT ION I S  NEGL IG I BLE. 

0 THEY ASSUME THAT THE ELEMENTS ARE PASSIVATED. 

0 THERE I S  NO NEED TO USE HIGH VOLTAGE. 

0 THE TECHNIQUE WORKS ON REAL DEVICES, AS WELL AS ON TEST 
CHIPS. 

0 THEY MEASURE THE CAPACITANCE, a, BETWEEN THE TWO SETS OF 
'TRACKS. a I S THE S W  OF C I , THE (CONSTANT) l NHERENT 
CAPACITANCE, AND CW, THE CAPAC l TANCE DUE TO WATER. 

0 THE INTERLEAVED STRUCTURE CAN BE MOOEtED AS AN N k m ~  
AS FOLLOWS: 

&orb4 
-tar 

. t 
substrata K L 

W CT S 4 

zo 1 - = 1 - zo 1 
7 - 2.1 - 
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0 AC NETWORK ANALYS l S SHOWS THAT CW I S G l VEN V I A  THE 
CAPACITANCE RATIO 

WHICH HOLDS WHEN THE CONDITION 

I S  SATISFIED. IN EQUATIONS (1) AND (211 

CO I S  THE CAPACITANCE PER UNlT AREA BETWEEN THE 
CONDUCT l NG F l LM AND THE SUBS'TRATE I 

CT I S  THE CAPAC l TANCE PER UNlT AREA BETWEEN THE TRACKS 
AND THE SUBSTRATE8 

Y I S  THE THICKNESS OF THE PASSIVATION DIVIDED BY THE 
TOTAL THICKNESS OF THE PASSIVATION AND THE OXIDE UNDER 
THE TRACKS8 

G I S  THE SHEET CONDUCTIVITY OF THE WATER FILM8 

S AND W ARE8 RESPECTIVELY 8 THE SPACING AND WIDTH OF THE 
INTERLEAVED ALUMINUM LINES. 

0 NOTE THE FOLLOW1 NG FEATURES 

- THE SURFACE CONDUCTIVITY I S  THE ONLY SURFACE- 
SENSITIVE PARAMETER. 

- NEITHER THE SPACl NGI NOR THE LENGTH OF THE L l NES ARE 
INVOLVEDI SO THE EQUATION I S  VALID FOR ANY 
METALLIZATION PATTERN. 

- MOST STRUCTURES HAVE COMPARABLE VALUES OF C O ~  C T ~  YI 
AND W SO THE VALUE OF THE CAPACITANCE RATIO I S  
PRIMARILY DEPENDENT ON THE SURFACE CONDUCTIVITY. 

- THE CAPACITANCE RATIO VARIES INVERSELY AS THE SQUARE 
ROOT OF FREQUENCY8 SO THE CONTRIBUTION ABSORBED WATER 
MAKES TO THE MEASURED CAPACITANCE DECREASES AS THE 
FREQUENCY I S  INCREASED. 
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IS-R FmJT DFSIGN   CONTINUER^ 
0 MEASUREMENT NOTES : 

- A GOOD FREQUENCY TO USE I S A COMPROM l SE 
BETWEEN MAKING (1) LARGE ENWGH TO MEASURE8 
AND SATISFYING (2). A GOOD CHOICE I S  1m HZ. 

- TO l SOlATE CW 8 MAKE TWO MEASUREMENTS : ONE 
AT A FREQUENCY SUFFICIENTLY HIGH TO ELIMINATE 
THE EFFECT OF CW, AND ONE AT 1 m Z .  THEN 

HOW WOULD THE CAPACITANCE RATIO BE EXTRACTED I F  THE 
HIGHEST FREQUENCY AVAILABLE COULD NOT MAKE CW 
NEGL I G I BLE? 

WOULD A CONDUCTANCE MEASUREMENT BE MORE SUITABLE? 

I S  THERE AN UPPER L I M I T  ON THE SPACING OF THE 
l NTERLEAVED STRUCTURE? 

ICH OF THE FOLLOW1 NG STRUCTURES MAKES MORE EFF lC l ENT 
USE OF REAL-ESTATE? BY WHAT FACTOR? DOES THE MORE 
AREA-EFFICIENT ONE HAVE ANY DISADVANTAGES RELATIVE TO 
THE OTHER? 
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A REMINDER OF OUR OBJECTIVES: 

- USE THE TEST CHIPS TO CHARACTERIZE AND 
QUALIFY NEW WAFER AND ASSEMBLY PROCESSES. 

- EXPERIMENTS WILL INVOLVE HUNDREDS OF PIECES 
TO GIVE A STATISTICAL CHARACTERIZATION OF 
PROCESSES. 

- FACTORY (UNSKILLED) ASSEMBLY SHOULD BE 
EASY. DESIGN RULES SHOULD BE FOLLOWED. 

- USE AN AUTOMATIC PARAMETRIC TESTER WITH 
SOFTWARE-CONTROLLED SWITCHING MATRIX. 

- BUILD A QUALITY AND RELIABILITY DATA BASE 
BASED ON A FEW WELL-CHARACTERIZED SENSORS. 

I 
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EXPERIENCE HAS GENERATED THE FOLLOWING DESIGN GUIDELINES: 

IN ORDER OF PRIORITY... 

(A) THE D I E  S lZE SHOULD BE ADJUSTABLE. I T  
MUST BE POSSIBLE TO SIMULATE THE D I E  S lZE OF 
ANY PRODUCT CHIP. 

(B) THE TEST CHlP MUST OBEY WAFER FAB AND 
ASSEMBLY (ESPEC I ALLY W I RE-RELATED ) DES I GN 
RULES. 

(C) THE TEST CHlP MUST BE TESTABLE AT THE 
WAFER LEVEL. 

(D) TEST CHIPS MUST HAVE VERY H 16H WAFER FAB 
YIELD. 

(E) A GIVEN TEST CHlP SHOULD BE 
MANUFACTURABLE ON ANY WAFER FAB PROCESS. 

(F) FOR TEST CHIPS THAT USE A PARAMETRIC 
SH l FT AS AN l ND ICAT ION (EG. STRESS 
MEASUREMENTS, OR THERMAL DEGRADATION) I T  I S 
DESIRABLE TO MAINTAIN CHlP IDENTITY THROUGH 
ASSEMBLY WITHOUT SPECIAL ATTENTION. 

(6) I T  I S  DESIRABLE TO BE ABLE TO PRODUCE A 
MAP OF ENVIRONMENTAL PARAMETERS ACROSS THE 
CHlP SURFACE. 

* COMPONENTS ASSEMBUITEST J 





-- COMPONENTS ASSEMBLY / TEST 



in t$ - 
FEATURES : 

0 VARIABLE D I E  SIZE.  

0 VAR l ABLE D l SS l PAT l ON AND TEMPERATURE SENSE 
DISTRIBUTION. 

BUT 

PROBLEMS : 

0 VAR l ABLE D l STR l BUT l ON I S ACH l EVED THROUGH 
WIREBOND PLACEMENT, LEADING TO DESIGN RULE 
VIOLATIONS: 

- WIRE OVER EDGE 

- ON-CHIP BONDS 

SOLUT I ONS : 

0 LINK POWER RESISTORS ACROSS SCRIBE GRID. 

0 L l  NK SENSE DIODES? OR MULTI PLEX. 

DES I GN 6I.J I DEL I NE EVALUAT I ON : 

A. ADJUSTABLE DIE s I ZE YES 

C. 0 8 ~ ~  DESIGN RULES ASSEMBLY NO? FAB YES. 

C. WAFER TESTABLE YES 

D m  HIGH FAB YIELD YES 

Em ANY FAB PROCESS YES 

F. ELECTRICAL I D  No 

6. DIE SURFACE MAPS CRUDE 
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C m K  DETECT I ON CHIP 
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FEATURES : 

0 ELECTRICAL MAPP I N6 OF D I E  CRACKS DUE TO D I E  
ATTACH OR WIREBOND. 

0 JUNCTIONS SENSITIVE TO T H E W  HISTORY. 

0 DIE-OFF DETECTION. 

PROBLEMS : 

0 HARD TO TEST AT THE WAFER LEVEL. 

0 RESISTORS TOO H16H I N  VALUE (ABOUT W< OHM). 

0 BOND PADS VIOLATE DESIGN RULES (ALuMI NUH 
OVER POLYSILICON). 

SOLUT I ONS : 

0 PUT FUSES I N  SCRIBE LINES. 

0 FATTEN UP RESISTORS. 

0 USE DIFFERENT SENSORS UNDER BOND PADS TO 
DETECT FRACTURE DUE TO WIRE BONDING. 

DES l GN GU l DEL l NE EVALUAT I ON : 

A. ADJUSTABLE DIE SIZE? YES 

Be ~ E Y  DES l 6 N  RULES? ASSEMBLY YES, FAB NO 

C. WAFER TESTABLE? No 

D. H 1 6 ~  FAB YIELD YES 

Em ANY FAB PROCESS YES 

Fa  ELECTRICAL ID  No 

6. D l  E SURFACE MAPS YES 
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I STRESS W U R E E N T  CH l P I 
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0 FOUR-RESISTOR, FOUR POINT STRAIN ROSETTE. 

0 FAB DESIGN VARIATION. 

0 DIODES FOR TEMPERATURE MEASUREMENT. 

0 PARAMETRIC MEASUREMENTS. 

0 LARGE NUMBER OF PADS PER SUBDIE. LEADS TO 
AWKWARD PAD LOCATIONS AND WIRE BOND DESIGN 
RULE VIOLATIONS. 

0 PROCESS VARIATIONS ACROSS WAFER OF STRAIN 
GAUGE RESISTORS ARE GREATER THAN THE 
PARAMETRIC SHIFTS TO BE DETECTED. HENCE 
MANUAL IDENTITY TRACKING I S  NECESSARY. 

R "2- t r : p 4 d u r e  
a1 3K 

d94 center a 
o PRODUCING ONE VARIANT I S  DIFFICULT - EITHER 
WASTE SILICON, DO VISUAL SORTING, OR DO 
COMPLICATED MULTI-PASS SAWING. 

0 MANY SENSORS CANNOT BE REACHED BY WIRES. 
MAPPING PARAMETERS ACROSS THE D I E  I S  
PRACTICALLY IMPOSSIBLE. 

0 MAKE SUBDIE LARGER AND PUT PADS ONLY ON ITS 
PERIPHERY. 

0 MAKE PROVISION FOR ELECTRICAL D I E  IDENTITY. 

0 MAKE EACH SUBD l E I DENT ICAL. FUNCT l ONS 
ON EACH DIE.  

0 LOCAL AMPLIFICATION OF SIGNALS, MULTIPLEX 
TO PERIPHERY V I A  CONNECTIONS ACROSS SCRIBE 
LINES. 
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DES I GN GU l DEL l NE EVALUAT I ON : 

A. ~IJUSTABLE D I E  SIZE? YES(?) 

B. OBEY DESIGN RULES? ASSEMBLY NO, FAB YES 

C. WAFER TESTABLE? YES 

D. HIGH FAB YIELD YES 

E. ANY FAB PROCESS YES 

F. ELECTRICAL ID VARIANT ONLY 

6. D I E SURFACE MAPS NO 



in 

MO l STURE/COfWS I ON SENS I NG CH I P 
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FEATURES : 

0 SIMULATES A SPECIFIC CHIP (16K DRAM). 

0 HAS 12 VARIANTS W lTH VAR l OUS MOI STURE- 
SENSITIVE STRUCTURES. 

0 PROV l S l ON FOR ELECTR l CAL l DENT l F l CAT l ON OF 
VAR I ANT 8 

0 SENSORS USED ARE TRIPLE TRACKS AND 
CAPACITORS. 

0 SPECIFIC TO ONE TYPE OF CHIP. 

0 DIE SIZE TOO LARGE (180 X MILS) TO USE 
AS MODULE I N  "ADJUSTABLE" CHIP. 

0 TOO MANY VARIANTS ON ONE WAFER. 

0 A COMPLETELY D l  FFERENT DES l GN I S NEEDED TO 
IMPLEMENT THE SENSORS I N  OUR METHOOOL06Y. 

DES l6N GU l DEL l NE EVALUAT I ON : 

B. OBEY DES I 6N RULES? ASSEMBLY YES, FAB YES 

D. H I ~ H  FAB YIELD YES 

E. ANY FAB PROCESS YES 

F. ELECTRICAL I D  No 
G.  D l  E SURFACE MAPS YES 



i n q  

GUIDELINE MEIiMAL CRACK S m S S  MOISTURE 

A. ADJUSTABLE DIE SIZE YES YES YES (? ) NO 

8. OBEYS DESIGN RULES 

- ASSEMBLY No YES No YES 

- FAB YES No YES YES 

C. ~ F E R  TESTABLE YES NO YES YES 

Dm HIGH FAB YIELD YES YES YES YES 

E m  ANY FAB PROCESS YES YES YES YES 

F. ELECTRICAL ID No No VARIANT VARIANT 

G. DIE SURFACE MAPS CRUDE YES No YES 

COMPONENTS ASSEMBLY / TEST 
1 

. 
THE PRIMARY CHAU+N(jE IS  TO PUT YES IN AU, OF 

THE F l RST THREE GUIDELINES 



- 
0 WE NEED TO SATISFY THE FOLLOWING SIMULTANEOUSLY: 

A. ADJUSTABLE D I E  S I Z E  

B. OBEY DESIGN RULES. 

C.  CHIPS TESTABLE AT THE WAFER LEVEL 

HOW DO WE DO IT? 

0 BONDING PAD PLACEMENT. 

. o PROBLEM 



i n g  

0 KEY QUEST I ON: HOW LARGE SHOULD THE MODULES 
BE? 

A 

NO. OF 
PPDS 

/ 

/ 

/ 

/ 

- 4 - -  

4 - 1  
t- [ 
+ C- 

I/ BOND P I T C H  

nrE SIZE (MILS) 
0 SMALL MODULES ALLOW 6000 S l ZE FLEX I B IL ITY 
BUT L I M I T  THE NUMBER OF BOND PADS8 AND REAL- 
ESTATE FOR SENSORS8 PER MODULE. 

0 LARGE MODULES L I M I T  SIZE FLEXIBILITY. 

0 MODULAR CHIPS TEND TO LEAD TO WIRE-RELATED 
DESIGN RULE PROBLEMS. 

o EXAMPLE: 

o PROBLEM: 

IS THERE ANY ADVANTAGE TO WAKING THE MODULES 
RECTANGULAR? 

COMPONENTS ASSEMBLY /TEST 



i n q  

7. rtlfuxw SQIUTNJ'lS (CONTINUFD~ 

B. WAFER F A B  Y OFSI~RULES OBEYED 

0 THE CH l PS MUST "LOOK" L l KE PROOUCT CHIPS IN  
FAB AND IN  ASSEMBLY. 

0 FOR MODULAR CH l PS, THE MOST D l  FF l CULT 
DESIGN RULES TO OBEY ARE WIRE-RELATED DESIGN 
RULES. 

0 THE SOLUTION I S  TO l NTERCONNECT MODULES 
ACROSS SCRIBE LINES. 

0 1 NTERCONNECT l ON ACROSS SCR l BE L l NES LEADS 
TO TESTABILITY PROBLEMS AT THE WAFER LEVEL. 



in 

0 TESTABILITY AT THE WAFER LEVEL I S CRITICAL 
TO CHARACTERIZATIONS WHICH SEEK INFORMATION 
ABOUT THE EFFECT OF ASSEMBLY ON CHIPS. NOT 
SO IMPORTANT FOR STllDlES OF THE EFFECT OF 
ENVIRONMENT ON PACKAGED CHIPS. 

o TEST CHIPS COMPRI s I NG SEVERAL MODULES MIST 
BE ELECTRICALLY ISOLATED FROM EACH OTHER 
BEFORE TESTING. 

0 USE FUSES I N  SCRIBE L l  NES AND DO A DOUBLE 
PROBE PASS. THE F l RST PASS M l L L  BLOW FUSES 
I N  THE APPROPRIATE SCRIBE LINES, AND THE 
SECOND PASS M l L L  ELECTRICALLY TEST (AND INK) 
THE ELECTRICALLY ISOLATED TEST CHIPS. 

0 FOR SOME APPL l CAT IONS POLYS lL ICON FUSES 
HAVE UNACCEPTABLY HIGH RESISTANCE. 

COMPONENTS ASSEMBLY / TEST  
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1 

0 DISTRIBUTED SENSORS (INTERCONNECTED BETWEEN 
MODULES) : PADS MUST BE ON OPPOSITE EDGES OF 
THE MODULE. FOR EXAMPLE: 

MIS 

x L ~ - # * + n - - d  

-iJ . ;hw4-ct-nnn-rk-Cn 

NOT THl S + - ~ - ~ - p + ~ ~  
.-?TI pq F'++- 

d 
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0 LOCAL SENSORS (NOT l NTERCONNECTED BETWEEN MODULES, 
ACCESSIBLE ONLY I N  MODULES ON THE CHlP PERIPHERY): 
ACCESSIBILITY RULES ARE... 

NO. PADS PAD LOCATION W l  RE ACCESS 
PFR SFNSOR ON MODUL F TO CHIP 

1 CORNER 2 EDGES 

2 BOTH SAME SIDE 1 EDGE 

2 ADJACENT S l DES 1 CORNER 

2 OPPOSITE SIDES NOT ACCESSIBLE 

0 A PROBLEM I S  THE BEST WAY TO ILLUSTRATE THESE 
RULES. . . 

1 
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PROBLEM 

YOU ARE AN ASSEMBLY ENGINEER W l T H  THE JOB OF D E S I G N I N G  A MODULAR 
TEST C H I P ,  YOUR BOSS I N S I S T S  THAT YOU SEEK THE A D V I C E  OF THE 
EXPERTS - THE LOCAL VLSl DESIGNERS.  Y O U ' V E  NEVER YET SEEN A 
DESIGN PRODUCED BY THOSE GUYS WHICH TOOK ACCOUNT OF ASSEMBLY 
DESIGN RULES. SO Y O U ' R E  NOT TOO O P T I M I S T I C .  STILL, TO 
DEMONSTRATE THE GOOD A T T I T U D E  YOU DON'T  REALLY HAVE, YOU GO ALONG 
W l T H  YOUR BOSS. WEEKS LATER THE VLSl D E S l  GNERS PRODUCE A DES l GN 
W l T H  THE FOLLOW1 NG SCHEMATIC, YOUR MOUTH WATERS. HERE'S YOUR 
CHANCE TO SHOW THOSE HOT-SHOTS (AND YOUR BOSS) A T H I N G  OR TWO. 
POINT OUT THE ERRORS I N  THE SCHEMATIC, AND PRODUCE A CORRECTED 
VERS I ON. 

" 

11 
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SOLUTION - ERRORS " 10 -7 
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11 
1 

K:  ACCESS A T  CORNERS ONLY. USES THREE PAD PER D I E .  

R3: NOT A C C E S S I B L E .  

R1, R2: ACCESSIBLE A T  ONE CORNER ONLY. 

R4 : DOES NOT USE OPPOSITE  EDGES. NOT TESTABLE ON WAFER (NO 
FUSES), WASTES A CORNER PAD, 

D :  USES CORNER PADS, SHOULD NOT USE FUSES,  

C: SHOULD BE ON A CORNER TO ALLOW ACCESS FROM TWO EDGES. 
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SmUT ION - IMPROVED LAYOUT 

~9 

> 
i2 

I 11 1, 1 2 

DISTRIBUT l NG K FROM MODULE TO MODULE FREES UP TWO PADS. I T  ALSO 
MAKES I T  UNNECESSARY TO USE THREE PADS ON THE SAME EDGE (A  VERY 
RESTRICTING REQUIREMENT). TWO EXTRA PADS AiLOWS THE ADDITION OF 
ANOTHER CRACK-DETECT I ON RES I STOR. 
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