APPENDIX A

CHINESE TECHNICAL REPORTS

Note: Throughout the Chinese Technical Reports, B stands for the multinational

organization that this study chose. H stands for one of the rival companies of this

multinational organization.

155



WIRE BONDING PROCESS

FINE PITCH WIRE BONDING
ON 56L SDIP PRODUCTS
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(KGROUND:

Shortly after inventing, the transistor, Bell laboratories developed a
echnique called thermocompression bonding, Bell then began contact
equipment designers to provide the production machines. The year was 1957.

Kulicke & Soffa Company manufactured the first commercially available
bonding Machines for the infant semiconductor industry. The wire bonding
lechnique became generally applied.

Differently from the ori;:inal way, today, the thermosonic welding method
s the most often used way of wire bonding. It used ultrasonic energy and heat
lo weld the gold or copper wire from the bond pad of die to the lead of lead
rame, thus, the internal connection of electronic circuit formed. Ball bonding
lakes its names from the shapes of the wire’s end just prior to welding.

The requirements of today’s high performance products have made fine
pitch wire bonding a key semiconductor assembly capability. The introduction
of fine pitch not only reduces the cost and raise the output, but also, make the
device precision than ever before. It make it possible to bring customer more
precious goods with smaller IC.

ECTIVE:

To access the capability of current wirebond models available in MCEL to
bone fine pitch devices, an evaluation of fine pitch wire bond on 561 SDIP
conducted from Jun/98 to Aug/98. Following is the evaluation reports.

RODUCTION:

The evaluation divide into 3 phases, evaluation vehicle by 68HO8MQ16,
wire bond machine is KNS1488 TURBO and 1488 PLUS. From phase 2, 1488
TURBO is the only tested machine. By the end of phase 3, a Qual lot of XC
device was conducted.
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ALUATION FLLOW:

Phase 1:
To confirm the capability of 1488 wire bonder

on handling material on 103 pad pitch; determine
the important parameters.

Phase 2:
Optimize the wire bond machine parameters for
betler in process responses,

- Phase 3:
Run evaluation lot by shift by operator, to determine
the possibility of production.

XC Qual Lot:
Per request of A a Qual lot was
conducted for test the reliability of material.

ALUATION INFORMATION:
ire bond machine: 1488 Turbo & 1488 Plus

[488 Turbo is the continuous improve program version of 1484LXQ
thmugﬂ,h redesign of the nucroprocessor architecture, this machine could make °

long, straight, low loops in 120 mﬂlnscaconds

alnation schedule:

PHASE1l | PHASE2 |  PHASE3
37JUN/98 3/JUL/98 31/JUL/98 2/AUG/98

wmaterial and tool:

Lead Frame: H006624507 pad size 300%300mil
Epoxy: SUMITOMO CRM-1078
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Mold Compound: — N/TTO MPSOOOCTT ~

]

; Capillary: MICROSWISS 484FD-2093-R35
i,sfs'.s'mnbl vy Information:

Dic P/N: D5046000J55G

Die Size: 173.9%177.9 mil

Min pitch: 103.6 micron

Pass opening:  86.2 micron
Bond Diagram: 67ASE04727W
Package: 56L SDIp

ALUATION:

HASE 1
Evaluation conducted on two model of wire bond machine: 1488plus and turby
"W is Sumitomo NL3, the experiment is debugged in two sections:

* Parameters set for 1488 plus:

190 deg C
200 deg C 200 deg C
50 tenth-mil 50 tenth-mil
60 tenth-mil 60 tenth-mil
15 msec - 15 msec
35¢ 40 ¢

48 mwaltt 40 mwatt
1-sqr 1-sqr

1-volt 1-volt

0 0

SOOI
CIOIOICIO
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L oopmg

LE2 worked

Loop. hezg/zl

-1 60

Wire size

|Lomil

Loop factoz,.‘w 2 150 pg;jé'cnt | Ball sizeratio 1.5
Theta b ‘“4‘3 LE4 75
Contacf threshola’ 50 Kink height 55 tenth- rml

0 tenth-mil

Reverse loop

55 tenth-mil

|15

Laop tra]ec(()f Y

5

10

110 Contacl angle

op factor . 10 Tol gorz ection 0 B
Impact profile ... |200 __tImpact time o
*Result of 1488 plus: (g)

| MAX | MIN [ AVER |RANGE]| S Cpk

Wire pull | 1.0 75 | 9.1 35 | 8 2.13

Ball sheal 463 29.7 35.8 16.6 | 4.0 1.73
Wire peer. 8.5 5.5 7.1 3.0 .02 1.67

Other data such as wire sweep, and die shear are under spec.

* Parameters set for 1488 turbo:

60 tenth-mil

_ ,‘ Second bond
%ﬁb}jbfaiw e 190 deg C
szle lempem{um 200 deg C

60 tenth-mil

10 tenth-muil

10 tenth-mil

| 15 msec 20 msec
Bond force 35¢ 40 ¢
Bond powe 133 mwatt 40 mwatt
1-sqr l-sqr
1 1-volt ]-volt
10 0

o LF2 worked
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| Contacr threshold s ]unk /7etght | 55 tenth- rml
Defta Zoop | =30 tenth-mil | Reverse Zm)p _ 2155 tenth-mil
EFO gap 5| Loop trajectory. 5
Loop facror 2 (U | Contact angle 0
Loop factor 3 0 Tol correction 1o
Impact profile 200 Impact time 12

*Result of 1488 turbo: (g)

b MIN | AVER |RANGE| S ° [ Cpk
Wirepuli | 938 7.5 8.7 23 | 053 2.95
Ball shear | 35.6 243 29.1 | 113 | 279 1.68
Wire peer | 8.3 5.8 6.9 2.5 0.55 1.76

Result of ball placement: (micron)

.

Bx: Ball size(x)
By: Ball size(y)
Tx: Target error
Ty: Target error

Sx: Ball size std dev(x)
Sy: Ball size std dev(y)
Cx: Target error std dev(x)
Cy: Target error std dev(y)

The result shows that: besides the ball placement, other data all
above the requirement of spec. Further evaluation needed Jor improve the
ball placement performance.

USE 2:

\-_...ﬁ

Second phase evaluation emphasized on improving the performance of ball
ﬂtement with two kind of wire: Tanaka FA funa: Qumitasa NI 2 tiune
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Pre head temperature

| First bond(pad)

Second bond

190 deg C

Bond site termperature
P

200 deg C

Tip offset

170 1 Lc,nth 1111[

Bond velacu V.

6 tenth-mil

1200 d% ST
70 tenth- mll

190 deg C

6 tenth-mil

-30 tenth-mil

| 10

10

Impaclqprof le

180

Bond time 20 msce 15 msec
Bond force 35¢ 40 g
|Bond power. 40 mwatt 40 mwalt
|Power profile 1-sqr 1-sqr
USG I/V S@[(’CZ‘ 1-volt 1-volt
USG delay 0 - 0
Looping: LE2 worked
\Loop heiohi S0 1.0 mil
L pﬁ’factor 140 percent 1.85
Theta y 23 50
C tacz‘ z‘hreshold 140 50 tenth-mil

55 tenth-mil

5

0
0
2

Compare with phase 1, the most important parameters of bond force,
bond time, and bond power were changed as same with impact profile.

*Result of Sumitomo NL3 wpe: (g)




Balishear | 359 | 265 30.5 9.4 1.99 1.76
Wire peer 7.5 5.3 6.4 2.2 0.56 142
Loop 8.82 7.34 8.25 148 0.27 N/A
height(mil) o

Ball = = | 0.66 048 0.55 0.18 0.06 | N/A
heIght(mll) ~

Result of ball placement: (mil)

Bx: Ball size(x)
By: Ball size(y)
Tx: Target error

Ty: Target error

Sx: Ball size std dev(x)
Sy: Ball size std dev(y)

Cx: Target érror std dev(x)

Cy: Target error std dev(y)

* Result of Sumitomo FA type: (g)

helghf(mn)

Result of ball placement: (mil)

0.07
0.07

0.05
0.06
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By: Ball size(y) Sy: Ball size std dev(y)
Tx: Target error Cx: Target error std dev(x)
Ty: Target error Cy: Target error std dev(y)

Result shows that the Cpk of ball placement were improved compared
with phase 1, the difference between were rednced.

THASE 3 and XC Qualification lot:

With the same parameters sel as phase 2, the third evaluation lot was
released to production line, besides F/E process, the assembly data tests
vere taken also .

The operation of the lot was conducted by production line operators
nstead of engineers in phase 1 and 2, the purpose is to examine the capability
of process.

Since the Gold wire of FA type shows the same performance with NL3
ype, and FA type is the qualified G/W in TianJin plant, we used only FA type
in phase 3 and qual lot.

“Result of Phase 3: (g)

aftl

) 581.18 1410 170 494 N/A | 1.72
thickness(u-inch)

et et

4.02 82.7 N/A 12.37
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By 257 Sy 0.06 T*c 0.01 TJ 0.07
(,pk()x) [.51 Cpk( Yy 1.47

* Result of Qual lot: (g)

MAX | MIN | AVER | RANGE S Cpk
Wue pull ‘ 8.8 7.3 8.1 1.5 0.39 >3
Ball shear o 387 26.0 31.4 12.7 3.19 1.71
Wirepeer | 80 6.0 7.1 2.0 049 | 2.11
Loop hclght(nul) 8.06 7.02 7.67 1.04 0.25 N/A
P'nck‘lge » 294 2.15 2.628 0.79 N/A | N/A
war p‘we(mll) ] |
Plating 581.1 {410.8 170.38 494 3.1 [ 1.72
tluclmcss(wmch)
Compmltlon(%) 84.24 180.22 4.02 82 3.27 237
Solderability . |Pass
Physical dimension test | Pass

Result of ball placement: (mil)

Bx: Ball size(x) Sx: Ball size std dev(x)
By: Ball size(y) Sy: Ball size std dev(y)
Tx: Target error Cx: Target error std dev(x)
Ty: Target error Cy: Target error std dev(y)

Result shows significant improve of ball placement Cpk, the trial run
production is successfully.

Following analysis will show the Cpk trend of the three phase
evaluations and XC Qual lot.
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ALYSIS OF EVALUATION
The data rend of the key data valve shown as following charts.

Wire Pull Cpk Bail Shear Cpk
1.78
1.76 B
5 b 1.74 N
@ AT d ey
1.7
188 Il | 1 J
O
MR CE N
FF T
Wire Peel Cpk Ball Placement Cpk
2.5 u 2 2
2 .
B 15 | By L 1113 \4}-«:@ 1.5
- 1 -~
0.5 0.5
0 1 1 1 1 O Il ) 1,
NS A ~
< é & & & §
Q¥ & @" &

Based on the confirmation run on 1488 turbo, significant difference on
die placement capability was seen on S6L SDIP product., the trial run also
shows that the assembly line can deal the production of 100 micron level pad
pitch device., it is the first lot of fine pitch material tested in TianJin plan,
this
experience is very helpful for further evaluation.

MARK:

* Although the evaluation shows good result, there still some points need
unprove Bali placement still need improve. and if O Di~feL=-- -

N
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* The assembly parameter definition requires more study on DOL,

*.The gold wire ol FA type is not a finepitch type, so, it better to evaluate a
finepiteh type wire.

*The overall performance of material still expect the XC Qual lot result.

ERLOOK:

The definition of what is considered fine pitch has changed very quick.
A few years ago, manufacturers were struggling to reach 115 ' m bbnding
pitch; today, 90 11 m is a growing application that is producing excellent yiel,
in many production environments. An 80 1 m process is in qualification for
QI°Ps, and feasibility studies for 70 i m QFPs and BGAs have produced ver
good results .So, the evaluation of our plant is low level study compare with
the fashion,it is urgent for MCEL to caich up with the leader level.
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No PMC Study on SOIC28WDB Package with Fast
Cure Molding Compound
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packground

we know, PMC process has much contribution to our assembly cycle time as well as it to
ity of our products. Many investigations are being performed aimming to eliminate this
kess. TJ plant had passed the BOM standardization qualification with No PMC process
IC8714/16 last year and no additional process was required. Molding compound used in
squal is MP8000 series and EMEG600CS series which arc both categorized in fast cure

e For SOIC28WB, same project will be launched. Before this, we have to determine if w.
iliminate PMC or how many hours it can be shorten through study on compound
pertics base on current process. '

ICindustry, we mus( go through the validation test for major process/material change.
ke other word, we must pass reliability test, The reliability performance has close relatio
xchanical interaction between the plastic package and the silicon device it surrounds.
imal expansion, dynamic modulus and adhesion studics are used to describe this
raction. So, our investigation was divided into two stages, one Is compound properties
arison between PMC and No PMC, another is the reliability test.

Performance of Molding Compound Before and After Postcure

#ts the high glass {iller content of the IC encapsulant compound are very stiff, high
dalus, brittle material, Although the coefficient of expansion for this type of materizl is
Lithe combination of high curing temperature and high modulus can lead to serious
mmally induced stress that can damage the silicon device or result in cracking of the epo>
hage during temperature cycling. Any fissure in the IC package can provide a path for (
ress 0l nroisture contaminants that can cause failure of the device. Thermally induced
sscan also cause adhesive bond failure between the epoxy and the copper lead frame,
ik allows another means for moisture to reach the device. Therefore, the heat history is
Timportant in order to get elements with high reliability. Economics.is the drivin.g fore
isdustry interest in no postcure epoxy packages. At the same time., mlcroclectr‘oluc .
farmance requirements remain high. Thus, these key characteristics need special scrutin
iregard to no-postcurc and postcure. . ,
estady is mainly on comparing the performance of molding compound befox‘fa and after
wure. Four type of commercial molding compound were selcc.ted for evaluation and

red as A, B, C, M. A, C and M arc all belong to fast cure family.
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fand analysis (T) - effect on Tg

dles epoxy chemistry, its heat history is an important crosslink factor. Up to 95% of
gtial crosslinks may be established during molding of integrated circuits. Additional
sink occures during postcuring of molded parts in an oven for 4-16 hours. Mold and
gre temperature may vary form 160 - 190degree. Most often, postcure conditions of 2-
wat 170degree are employed.

be1 and Fig. 1 presents Tg data versus postcure time. It is always significantly higher
wpostcure. Therefore, high Tg-specification generally can not be served without postcu

Table 1 postcure effect on Tg

Table1 Postcure effecton Tg

cure Tg degree
condition A B Cc M
NPMC 103 129 130 111
170@2 hrs 127 154 142 132
170@4hrs 149 167 149 155

wrk: Tg is measured by DMA which is defined the temperature at the peak of the tan delta.

[ RN
BT Sl
Q e ikw

T ()

Fig. 1 The postcure effect on Tg
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ind analysis (Z) - elTect on adhension propertics

pportance of good adhesion of the epoxy to the silicon device for excellent package cra
ice was discovered as the result of a special test design to simulated the stress
girations at chip corners to observe epoxy cracking. If there is good epoxy-silicon

son the thermal stress that develops at low temperature in the element of epoxy will
fite into the silicon. However, if there is poor adhesion over the surface leading up to tl
orner, the stress in the element no longer couples into the silicon but will cause an

gse in the stress at the corner.

ww in table 2 and Fig. 2, the effect of postcure on adhesion to metal lead frames is

alent on the compound type. The adhesion of Molding compound A with postcure to
wleadframe was found lower than that of no-postcure, while Molding compound C

ol higher adhesion to copper leadframe after postcure.

Table 2 Postcure effect on adhesion to Copper lead frame

Table2 Postcure effect on adhesion to cu lead frame

cure adhesion(kgf)
condition A Cc
NPMC 129 111
170@2hrs 167 1585

||anec
I 0@2mvs

Fig. 2 Adhesion to cu lead frame
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pand analysis (3) - elTecton CTE

ficient of expansion (CTE) are generally governed by filler type and level, not by postet
npostcure conditions. As displayed in Table 3 and Fig. 3 , however lower CTE after

e have been noticed except B.

Table 3  Postcure effect on CTE(25 - Tg)

cure CTE (mm/mm/degree)
condition A B C M
NPMC 32 27 26 36
170@4hrs 25 60 24 22

L}
CTE (mnedvan'c §

¢iCoefficient of thermal expansion of no-postcure verus posture

ind analysis (4) - effect on moisture absorption

td fully cured by various mechanical measurements, there remains, in fact, a measurabl
mof unreacted epoxy groups. This phenomenon, we believe , has its origin in the

sgical constraints in highly crosslinked networks that render inaccessible to a fraction of
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fproups during the Tinal stages ol cure. The poslcure step in the stoichiometric and
grich formulations caused an additional crosslink.

dlect of postcure on moisture absorption depends on iC’s moisture condition. Moisture
glion in Fig. 4 and table 4 showed that postcure increase moisture absorption. The
smenon has been explained an increase in free volume with postcure.

Table 4 Postcure effect on moisture absorbtion

(dippered in deion water at room temperature for 10 days)

cure Moisture Absorption(%)
condilion A B C M
NPMC 0.66 0.13 0.16 0.55
110@4hrs 1 0.18 0.28 0.68

T

Cem VPO s
; ‘ 4

Kauture
Absarpln (51

i
A It i ¥ i

|

I
i Moisture absorption of no-postcure versus poscure

te5 Postcure effect on moisture absorbtion
tEaposure to hast 85degree/85% R1)

cure
_____condition A C
Cuced al 180°C /40s 0.33 0.41
Cured at 180°C /60s 0.43 0.56
2hrs PMC 40s 0.39 0.55
__ 4hrs PMC 40s 0.47 N/A
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Fig.S Moisturc absorption of no-postcure versus poscure

i analysis (5) - effect on modulus -

ws the CTE, the modulus is governed by the filler content, since filler is the predomina
dient with a high modulus in the order of 69Gpa(10Mpsi), compared to only
pa(0.5Mpsi) for the organic portion of the compound.

Table 6 Postcure effect on storage modulus

cure Srorage Modulus(Gpa)
candition A B C M
NPMC 13.5 4.9 12.6 10.5
170@2hrs 12.9 5.4 12.8 12.6
170@4hrs 12.4 49 14 11.4
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Fig.6 The effect of postcure on storage modulus

Table 7 Postcure effect on flexural strengh

clre Flexural Strengh(Kgf/mm2)
condition A at 140°C Aat170°C Cat190°C Cat 240°C
PMC 2 2.1 1.13 0.82 0.75
hrs
leliability Performance Evaluation .

tn above investigation on molding compound , we build 7 lots with different mold
fiion to compare the impact of no-postcure and postcure process on IC reliability
frmance. The different molding conditions are as following: ‘

(mpound type in mold cure time post mold cure time
C 60s 0 hour
40s 0 hour
40s 2 hours
A 60s 0 hour
40s 0 hour
40s 2 hours
40s 4 hours

npound C&A are hoth fact cvrn funa Vo X
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pevaluation was aimed to choose appropriale molding condition for further no or [ess
gure qualification on SOIC28 wide body. One type of micro controller MC68HC705P6
gn as vehiele for this evaluation.

phility is the probability that a semiconductor device will perform its specified function
ien enviornment for a specified period of time . In other words, relibility is quality over
gand environmental conditions.  [§ has always streesed reliability and quality
silerations in designing any new product and developing new process. ‘

jthas no expection this time. But, how to choose reliability test for this evaluation? It ha
ime and is not necessary for us to finish a full reliability test table designed for a formal
jification. According to the requirments of AEC-Q100 & MIL-standards, we choose
TAUTOCLAVE) and HAST(pressure-Temperature-Humidity-Bias) as the test items.
dition of PTH: 12ldegree, 15psig, 100% relative humidity, 144hours.

ilion of HAST: 85%RH/121degree/15psig plus abias level which is the nominal rating
evice.

iles, for surface mount package, preconditioning process is required before standard
innment test is performed. The procedure for preconditioning test is as following:

65 dege; 10cycles) --- >Backing (125degc; 24hrs) --->T(85degce/85%RH; 168hrs)
IR(245 degce)

wding to AEC-Q100, pre and post stress electrial test must be performed on samples at
mand hot temperature.

labiliry result:

[R(24S dege) precondition  precondition - pass
ST 48hrs pass
96hrs pass
1245 degce) precondition precondition pass
ITH 96hrs pass
144hrs pass
lonclusion

nugh above investigation on compound properties, we have further understanding upa
ling compound that we are using. To some aspect, we can sce there is no significant

e between after and before PMC to fast cure type compound. In the other hand, the
pound vendors had their products achieved low stress by rubber type elastomer, achies

lreliability by special additive, and so on. This can offset the influence of no-PMC proc
ime extent. And all lote undaer Aiffaua—t 25 o T T v
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fibtlity Test with no Tailurce was detected, TS aIves us more conlidence on quantymg ne
Il process on SOIC WB package.
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WIRE BONDING l’I{(;CPJSS

PPF STUDY ON D/B PROCESS
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PPF STUDY ON D/B PROCISS
- Background

CRM-1064M/MA epoxy are used for PCIC/SOIC PPF. Their outgassing
is less and is reported having better dic adhesive characteristic. But
L064MA was found having low die shear problem during production. This
will affect other following process (such as wire bond) and reliability
feature of device

Many works have been done to search the root causes and resolve them.

- PPF Epoxy Die Shear Characteristic

The die shear characteristics of CRM-1064M/MA. provided by epoxy
vendor are shown as figure! and figure2. From the figures we can see:
l. Die shear strength for PPF is lower than that for Ag-plated copper L/F
which is being used by now
2. Die shear strength will obviously reduce at high temperature(hot shear
feature)
S0, die shear should be focused on during production evaluation, which
is also the most important characteristic of die bond process.

20 .

4 BL_CRM-1064MA
15 [BSRM-1064MA - RN 1064 M

D1E SHPARSHEAY - 3

e STRENGTR

STRENGT w2 b0 5

(kefi2*2mm)
Room Temp, SE 1

Of Sty 150

350
— N ! ne (N
Figure2 Die SREaP& L Hgth vs I\I‘Eﬁﬂc’:ﬂzﬂq{\ent Temp.
1

Figurel Die Shear Strength for PPF and Ag-plated L
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- Problem Description

Our problem occurred (0 CRM-1064MA used lor SOIC &/14/161.D
package.

SOIC 16LD (H00980A706) PPF and SOIC 8LD (H00976A704) PPF
was first used on production line. Their die shear quality was found not
acceptable. For example, our first evaluation results for HO0976A704 are
as follow:

Device: MC34119
Die Size: 49*58mils
D/S Spec: 2.26kg
L/F Vendor: Mitsui/DCI
Die Bonder: ESEC 2006HR
Die shear raw data: (Unit: kg)
Mitsui: 1.60 1.26 2.56 1.99 3.92 2.68
DCI: 2.83 122 0.81 1.03 3.93 2.10
All the data with underline are lower than SPEC.
The same thing was found to H00980A706, too.
An experiment was done to compare different die shear feature of PPF
and Ag-plated copper L/F. It shows that PPF has worse die shear strength
than Ag-plated just as figurel shows.

Experiment information:
Device: MC 34119

Die Size: 49*58mils
SPEC: 2.26kg

Die Shear raw data (Unit: kg):

L. PPF (H00976A704):

2.46 4.01 4.35 3.19 5.81 2.24 4.32 4.09 3.95 3.92
max: 5.81  min: 2.24 average: 3.83

2. Ag-plated (H00976A502):

4.81 575 7.17 4.73 6.14 7.22 5.13 7.28 4.89 5.86
max: 7.28  min: 4.73 average: 5.90
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Besides ate snear data is lower for PPF than Ag-plated Uf, it’s observed
that there is almost no epoxy residual on I/ flag for PPF while there is
always more than 60% residual on flag for Ag-plated. This also means that
epoxy has less adhesive strength with PPF.

-~ Solution

Through our former experiment and analysis, below respects were found
having heavy impact and should be pay attention:

1. cure method, cure temperature and epoxy

2. epoxy thickness between die and flag pad

3. test method for die shear

Our experiment design is based on these three respects.

Experimentl
~~~~~~ IFeature of snap cure:

First, experiment was conducted on HO0980A706. It focuses on the
effects of snap cure temperature, epoxy and deference between snap cure
and oven cure.

Snap cure has big difference from oven cure. Its temperature profile was
measured as Figurel. It can’t provide the same stable temperature profile
as oven cure: the temperature readings at different positions in tunnel are
different from each other and for one L/F, the temperature at side strands is
lower than that at center strand. This is a potential root cause of unstable
die shear strength.
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Figured Temparature profile of snap cure

-

Experiment information:

Die/Bonder: ESEC 2006HR
Wire/Bonder: UTC-105 with snap cure
L/FF: HO0980A706 (PPT)

Die Attachment: CRM-1064MA
Device: SC78202DR2

Die Size: 80*95mils

D/S SPEC: 5.0kg

Experiment results and conclusion:

T ablel : Unit: kg
! Max Min Average
1. Tunnel cure vs Oven cure:
Cure condition
180degree C/140s+200degree C/140s 7.17 3.43 5. 86
Sdegree C/140s+175degree C/140s 7.23 4. 08 6. 05
15degree C(280s5)0ven Cure 13.22 8. 66 10. 77
2. Different epoxy lot:(200degree C/180s+200degree C/1805)
o1# 712153 9.62 3.61 6. 87
ot# 801121 10. 76 3.74 7. 25
ot# 801282 9.33 4.11 7.04

Conclusion: t.Oven cure has much better die shear strength than tunnel cure.
2. There's no significant difference between different enoxv lot
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Experiment2
----- ~-Comparison of diffcrent /f:

This experiment was done to compare different /1 from Mitsui and
DCI respectively.
Die size: 50*53mils
SPEC: 2.12kg
Mitsui I/f: max min  avg

749 10.86 8.85 548 4.28

838 532 233 421 254 1086 233 596
DCT /f:

7.80 4.69 431 4.15 472

3.647 2.69 1.12 3.04 422 7.80 1.12 4.04

The results show that die bond performance of Mitsui If is better than
DCI, so our following evaluation experiment focus on I/f from Mitsut.

Experiment3
----- -Die Attach Thickness

Although snap cure has negative effect on die shear, but we don’t think
i’s the only and the most important root cause for a so bad die shear
problem. Our next focus is on epoxy thickness.

Two functions executed by epoxy is:

I. Attach die to flag
2. Cushion internal stress

Epoxy thickness is the most important parameter Lo these two functions.
If epoxy is not thick enough, the functions could not be achieved.

Motorola SPEC about epoxy thickness is 0.3-2mils. But by checking our
status on production line, the thickness range is only 0.2-0.3mil, which i3
even lower than SPEC. It does need to be improved.

Experiment information:
Device: MC34119
L/F: HO0976A704
L/F Vendor: Mitsui
Die Size: 49*58mils
Die Bonder: ESEC 2006HR
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D/S SPEC: 2.26kg
Expertment results is as Table2,
Table2:

[ Thin Epoxy: ( 0.2-0.3mil, not meet SPEC )

1 2 3 4 5 6 | max | min |rangel std | cpk

avrg

8.48|6.85]| 894 9.36| 4.4010.08
8.05]848|9.28| 858 6.80| 6.82
4.68 | 9.2210.00{ 8.1119.95] 7.91
4.77173214.32|4.70] 9.80|10.00

b KON |—

.54

Thick epoxy: ( 0.4-0.6mil, meet SPEC )

57313671831]|525|8.18]8.06|10.08] 3.67 | 6.411.99/0.88

96719151 811|642 9.11{10.37
10.93] 9.13 | 6.6510.05/11.91| 8.15
9.97110.50{ 9.38| 9.97 | 5.25]10.60
8.46 | 9.97 111.03] 9.96 | 9.59|10.29

o[BI =

8.45110.81| 6.44 |10.48| 547 | 7.58 [11.91] 6.25]| 6.66 | 1.71]1.34

9.13

JMP analysis was used for above data.
(-Test
Difference  t-Test DF Prob>|{|
Estimate 0.92722 2.234 118 0.0273
Std Error 0.41497
Lower 95% 0.10546
Upper 95%  1.74898
Assuming equal variances

Epoxy thickness is an important parameter according to the above

result.

Experiment4
~~~~~~ Cure Temperature

Three different cure temperatures were selected to determine the impact.
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Table3:

cure lemp I ! g i 3! max | i franpe] sld avp
Gor 9t et a4 9ll
180 200 2 TO93 9 13 | 6.6 |1 0s] 1091

) 1 1108 641 [0 ABE o 17
| LO 37 997 [toho) 938 | 997
) oot 816 1997 10.037 9.96
0 a8y [ 60 959 [ 12911160 525 | 6.4 [ 1.66 ] 916
| 10271 806 | 1066] 8.57 110.72
200 220 2 SO 6797801 480 829

4 TAG LIS 83 1048
| G2l G2 o] 6l [ 846
) Gaod | 6421930 970 [ 9.28
§ todol 68 { oo L G.67 [ g2h Jr22al 480 70 {192 [ B3]
| PO 6 o | 720 od7 [ 8.0l
17h 17 2 LU 696 ) 7.72 112667 7.98

J g0 a7 086 6,841 7.08
1 GO2 746 | 628 | 9321600
) pan 12200 0040174 611
6 05 L oas L 602 684 622 P1R2.66] Ha7 | 729 [ 211 ] 7906

Unit: kg

Above data was analyzed using JMP.

Analysis of Variance

sSource DF Sum of Squares Mean Square F Ratio
Model 2 21.49158 . 10.7458 2.9122
Error 87 321.02796 3.6900 Prob>F
C Total 89 342.51954 3.8485 0.0597
Means {or Oneway Anova

Level Number Mean Std Lrror

high 30 8.30767 0.35071

low 30 7.95900 0.35071

medium 30 9.12500 0.35071

Std Error uses a pooled estimate of error variance

From the ANOVA result, HO is failed to reject. But, Prob>F is very
close to the critical value of 0.05. So the cure temperature is an important

;nnt [ S S N
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Experiments
------ Comparison of measurement method

During our experiment, we find that unproper test method is also
affecting our results.

One L/F with die attached was separated into two parts for MCEL and
Mitsui to measure respectively. The test results were quite different.

Experiment information:
Device: MC34072

Die Size: 65*74mils

D/S Spec: 3.78kg

L/FF: HO0976A704 (SOIC 8LID)

TEST 1:

Test Location : MCEL

Equipment : Bondtest-30

Raw data(kg) : 0.72, 1.73, 2.48, 2.58, 3.28, 3.45,3.81, 4.04, 4.04,
5.03,5.18, 5.28, 5.87, 6.69,6.71, 727, 8.22, 9.67

Below spec  : 6 outof 18

Within spec : 12 out of 18

Total average : 5.5 kg

TEST 2:

Test Location : Mitsui Japan

Equipment : Dage BT100 (Arctek)

Raw data(kg) : 9.0, 10.0, 10.0, 11.0, 11.0, 11.0, L 1.5, 12.0, 12.0, 12.0,
12.0, 12.5, 12.5,12.5, 12.5, 12.5, 12.5, 13.0, 14.0, 15.0

Below spec  :none

Within spec : 20 out 0of 20

Total average : 11.9 kg

PERPUSTAKAAN UNIVERSITI MALAYA

The possible causes for the large discrepancy:
(1) Different measurement equipment
(2) Variation (decreased strength) introduced by clamping methods.

\ Comparison of measurement methods
MCEI. |
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Equipment : Bondtest-30 Dage BT100

Clamping : One-direction clamp Vacuum on bottom of pad

Separation:  Dic pad not separated Dic pad separated from
from leadframe leadframe before test

Tool Manual positioning Automatic positioning 10

um above die pad surlace

The sketch of the two testing set ups shown as figure4 and figures.
Comparison of measurement results (See F igure6 ):

Visual examination of the die pads after testing shows that the gripping
clamps of the Bondtest-30 machine leave strong dent marks on the
underside of the dic pad, and cause the die pad to warp. Mitsul currently
uses a fixture jig that pulls a vacuum on the bottom of the die pad, but
previously used a similar clamping machine to that of MCEL. In past
experience, it was shown that excess clamping of the dic pad may cause
deformation that weakens the bond between the epoxy. In extreme cases,
pressure from the clamp can cause the die to pop off even before the test is
run. Same phenomena was observed by us, 100.

Experiment results show that PPF is stiffer than copper I/f, the die is
more likely tend to separate from the flag pad when the flag is clamped
heavily. So, operators are noticed to use as small clamp force as possible to
avoid it. New jig is being designed which don’t need clamp force to fix the
flag pad.

In order to eliminate the negative effect of jig, we use another jig o
conduct experiment. The new one just press the I/f around leads instead of
clamping the flag pad, so no direct force is used on flag.

We got the die shear data as below:

Unit: kg

Old jig: 1.60 129 256 199 3.92 268
New jig: 749 1086 8.85 548 428 838
Using JMP to analyze the raw data and the result is:
-Test
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ViICEL CLAMPING MITSUI CLAMPING

Clamps
squeeze in
vertical ﬁ H R\
ireclion
onlv
]) Frame held
Frame held in place
in place |__by vacuum
by hand
Die pad not
see priter;o from Die pad
1ez%€%rame rated from
leadframe
Figure4 Different clamp method
MCEL MEASURING MITSUI MEASURING
/{ Die L{:’. Epoxy /{ Die ‘\«_/_Epoxy
Die Pad Die Pad

l' Manually align on pad

UL Manually position the tool L . | T - }
U ,T Automatic positioning
10um A N
T
Measure o Measure

Figure5 Different Shear Method
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I Experiment Design

According to the result of previous study, three input variables are
selected, they are epoxy thickness, cure temperature and jig. Mean of dic
shear strength before & after wire bonding and their stand deviation are
selected to be output responses. The experiment design is as below:

Pattern Epoxy Cure Jig  Standard
thickness time Order
--- -1 -1 -1 1
+-- | -1 -1
-t -1 1 -1 3
4t 1 1 -1 4
-+ -1 -] 5
A=t 1 -1 0
ot -1 L 1 7
bt 1 1 1 8
Note: level choice:
Epoxy thickness: thick -1
thin 1
Cure temp.: 180/200degreeC -1
175/175degreeC 1
hg: old -1
new 1

The epoxy thickness was measured as:

Tabled:
Unit: mil
Unitl Unit2 Units Mean
1 2 1 2 | 2
Thick|0. 6810. 7810. 4210. 54{0. 40]0. 48{0. 55

Thin lo. 1210. 220, 16]0. 240. 18{0. 16]0. 18
2. Raw Data
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TableS5: Raw data of experiments

Before W/B(ds1)

Order} 1

2

3

range) mean

1

5.68

6.05

8.22

8.24

11.27

5.37

6.85

7061709 7.72

5.90

7.36

8.98

4.27

5.63

5.02

3.37

4.89

5.47

3.001 492|545

5.58

5.06

8.16

9.00

712

9.87

7.85

8.69

5.55

6.95| 6.52 |12.41

6.86

8.21

4.33

5.19

2.40

3.05

3.51

7.66

3.20

2881348 3.26

5.26

3.90

7.35

8.86

8.08

10.39

8.04

11.68| 14.54

12.86]11.17111.35

7.19110.43

7.79

9.49

7.08

10.19

6.33

5.61

7.33

7601 56.701 8.86

4.58

7.60

11.48

6.10

6.47

13.64

6.73

7.97

11.55

12.29]15.60{13.38

9.50{10.52

o~ O | DI

8.85

10.36

8.95

6.00

4.96

4.73

6.80

10.18] 9401 9.53

5.63 |

7.98

After W/B(ds?2)

Order| 1

2

3

4

5

6

7

range| mean

5.11

5.08

3.51

4.24

5.37

6.21

4.20

3531398809

4.58

4.93

3.21

1.34

3.36

4.06

3.17

4.89

3.16

2.80) 2.85] 2.57

3.55

3.1

2.58

5.27

2.4

2.82

311

3.71

4.32

3.59|31714.72

2.69

3.62

4.01

3.00

4.88

3.79

4.35

3.73

2.23

31412111 3.58

2.77

3.48

6.62

7.78

5.28

7.70

6.28

6.64

5.46

6.74] 2.71] 6.79

5.07

6.20

5.65

4.10

5.37

6.32

5.61

5.58

6.73

7.47| 7.08 6.59

3.37

6.05

4.33

5.59

710

5.96

5.63

4.74

7.22

530(6.21110.94

6.61

6.30

oI~ O (O (e {0 N |

4.14

4.24

2.79

545

5.11

5.16

5.80

5.8916.27]3.73

3.48

4.86

Table 6: Raw data array for DOE

Std
Order

£ W) O o—

o0 ~1 O n

Random Epoxy

Order

~ W oo by h —

2

1

cure  jig

thickness time

1

-1
-1
-1
-1
1
1
1
I

mean of

7.36
5.06
8.21
3.90
10.43
7.60
10.52
7.98

stdev ol

dfs]

1.69
1.52
1.95
1.54
2.33
1.54
3.43
2.15

.

mean of
d/sl

1.93
3.11
3.62
3.48
6.20
6.05
0.28
4.80

stdev of

d/s2

1.40
0.94
0.89
(.88
1.47
0.99
1.87
.19

Note: d/s1 is die shear strength before wire bonding
d/s2 is die shear strength after wire bonding

d/s2
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3. Data Exploring

Table 1 is the data of experiment. According to the Bayes Plot
epoxy
hickness*temperature*jig is significant to the die shear. For stand
deviation, no factor is significant. It indicates that the variance of die shear
is same within the experimental region.

(Figure7),

Figure7: Bayes Plot
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(b: Bayes Plot of d/s after w/b
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Before wib, the significant factors is thickness and measurement

method. But after w/b, thickness*temp. and thickness*temp.*jig also
two above. This doesn’t mean these

two input factors really have so much effects on output. A reasonable

become noticeable inputs besides the

explanation should

" Of course this effect is unstable. So, a very bad wire

be that wire bonding affects the die adhesive strength.

bonding machine
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an extreme example is that dic will “fly off” from flag pad during wire
bonding.

The wire bonder status includes: heat block temperature, window clamp
pressing status, heat block mechanical dimension and ele.

Exclude non-significant input & output variables, and refit the model,
the result is as below:

Mean of d/sl:
Summary of Fit

RSquare 0.982849
RSquare Adj 0.959981
Root Mean Square Error 0.461732
Mean of Response 7.63125

Observations (or Sum Wgts) g

Analysis of Variance
Source  DF Sum of Squares Mean Square  [F Ratio

Mode] 4  36.652227 9.16306 42.9793
Error 3 0.639591 0.21320 Prob>F
CTotal 7 37291818 0.0056
Parameter Estimates

Term Estimate  Std Error t Ratio Prob>|t|
Intercept 7.63125 0.163247 46.75 <.0001
Thickness -1.49875 0.163247 -9.18 0.0027
Temperature  0.02 0.163247 0.12 0.9102

lig 1.5005  0.163247 9.19 0.0027
Thicknes*Temp 0.28875  0.163247 1.77 0.1751

*lig

Effect Test

Source  Nparm  DF Sum of Squares F Ratio  Prob>F
Thick ! 1 17.970013 84.2884  0.0027
Temp 1 1 0.003200 0.0150 09102
lig 1 1 18.012002 §4.4853 0.0027
Thick* 1 1 0.667013 3.1286  0.1751
Temp*jg
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Summary of Fit
RSquare
RSquare Adj

Root Mean Square Error
Mean of Response

Observations (or Sum Wgts)

Analysis of Variance

Source
Model 4
Error 3
CTotal 7

DF  Sum of Squares

Parameter Estimates

Term
Intercept
Thickness
Temperature
lig
Thick*Temp
*lig

Effect Test
Source Nparm
Thick |
Temp 1

Jig |
Thick* |
Temp*Jig

0.996951
(0.9928806
0.109091
4.810375
8

Mean Square

11.674868 2.91872
0.035702 0.01190
11.710570
Estimate Std Error
4.810375 0.038569
-0.448875 0.038569
-0.262875 0.038569
1.023375  0.038569
-0.376125 0.038569
DF  Sum of Squares
1 1.6119101
1 0.5528261
1 8.3783711
1 - 1.1317601

IF Ratio
245.2540
Prob>F
0.0004
t Ratio Prob>|{
124.72 <.0001
-11.64 0.0014
-6.82 0.0065
26.53 0.0001
-9.75 0.0023
F Ratio  Prob>F
135.4456 0.0014
464529 0.0065
704.0180 0.0001
95.0996 0.0023

L.J ¥ 1 T
ALY

PERPUSTAKAAN UNIVERSITI MALAYA
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Figure8 Prediction Profile

Using Prediction Profile (Figure8), we can find the most desirable die
shear value and corresponding inputs levels. From the Cube Plot (Figure9),
we also can find the point of (-1,1,1) is the most desirable.

11y A1 24 o
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-t e oo .+ e et e e~
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G695/ 0. 0PN
Jig i

LRI A TARAR
LaAn?

Ph knesn 1

Figure9 Cube Plot

. Conclusion

Epoxy thickness and jig have significant impact on die shear value.
The stand deviation of die shear is same within experimental region.
The most desirable value is appeared on the point of (-1,1,1).

Lol 1) m——

5. Confirmation Run
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The confirmation experiment results is as table 6. It correlated with the
DOE results very well.

Table 6 Unit: kg

thick thickness SPEC: 2.26
13.34| 849 | 8.68 | 12.12] 9.83 | 12.77]10.24| 9.93 [12.19] 9.41
8.81] 7.94 [10.04/11.82{10.67/11.98]10.32| 9.49 112.90| 7.56
9.34 112.99] 9.92 114.75/10.91] 6.88 | 8.49 | 9.36 | 9.43 | 8.47
max | 14.75 min | 6.88 mean] 10.30
thin thickness
6.70] 944 | 867 | 582 899 | 438 ]| 3.94 ]| 4.69| 8.30 | 4.30
8.02 | 721]1935[554]1592]323[3.15[6.72{7.03| 540
4.691745| 6551|5571 409|385 330|568 951]6.23
max | 9.51 min { 3.15 mean| 6.09

- Conclusion

Three root causes were proved to be negatively affect the die shear
feature of PPF. Different method was adopted to resolve them:
[. According to the results above, a thick epoxy can provide better die
shear feature than thin epoxy. It’s important for production line to control
epoxy thickness to overcome PPF low die shear problem. It’s also the
requirement of SPEC.
2. Wire bonder status must keep good fo reduce its negative impact on die
bond feature.
3. Design new jig (o eliminate measurement error.
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WIRE BONDING PROCESS

PPF STUDY ON W/B PROCESS
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PPF STUDY ON W/B PROCESS
BACKGROUND

Pre-plated L/F calls for quite different equipment and process setup,
due to its special plating structure compared with current silver plated
copper L/F. Because gold wire will be bonded to the inner lead of L/F and
metal intermetallic is formed to provide the mechanical and clectrical
connection, the change (o the plating material of L/F surface can lead to a
changed nature of wire bonding. Study and evaluation is necessary and
has been conducted.

SOLUTION
[. Material
(1) Leadframe

Actually so-called Pre-Plated Leadframe has several different designs
around the world. The first PPF(4-layer: nickel-nickel + palladium alloy-
nickel-palladium) is innovated and patented by H many
years ago. The main disadvantage of this design is the price, due to the
necessary license charge of the supplier, and only Shinko has gotten tie
manufacturing license. However it is reported that the 2-layer(nickel-
palladium) design is comparable to 4-layer design in terms of manufacture
capability but no license is needed. So most of 3 manufacturing sites
siart with this 2-layer PPF. The third dominant design is 3-layer
structure(nickel-palladium-gold flash), which is preferred by some Japanese
customers.

Now 3-layer nickel palladium leadframes will probably be selected instead
of 2/4-layer design for PPF production according to the strategy of FMO PPF
leam. METL has reported significantly improved bonding quality with 3-layer
PPF. We are going to start the evaluation, too.

(2) Gold wire
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All gold wires we arc using now has 99.99% gold. Test-bonding with
different types of gold wire finds no difference in terms of bonding quality. So
we believe gold wire is not a key point in optimizing PPF wire bonding.

(3) Die Attachment

Through evaluation, CRM-1064MA. epoxy was adopted for PPF by
sector. It’s reported as a low outgassing and high die shear attachment
material. But low die shear strength problem was found for the
combination of 1064MA and PPF in MCEL. This brings much difficulty
. o W/B process. Much effort has been involved to solve this problem.

Besides snap cure process has shortcoming for epoxy cure, €poxy
hickness was found taking an important role to solve die shear problem.
By adjusting the thickness, die shear strength of PPF was proved
mproving much.

1. Process
(1)  Bond Parameters

The main issue PPF bring to wire bond process is the quite different
second bond characteristic, When using the Ni-Pd player instead of silver
plating, more energy is needed to form good intermetallic compound
when gold wire is bonded to the L/F. So bonding parameters are adjusted
specially. Bonding time, power and force are all setat a higher ‘level than
usual copper L/F, the TCM form can be referred to for the details. Below
is an example for it:

Example: Parameter contrast for PPF vs silver plated copper L/F:

PPF Copper
Lead Bond Time (ms) 6-15 15-25
Lead Bond Power (mW) 100-130  170-200
Lead Bond Force (g) 100-130  140-170
Lead S_Force (g) 110-160  160-180
SPC. 1 0-2 [-2

This reference comparison is for Shinkawa UTC-105 wire bonder,
other wire bond machines are as the same.
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quality if L/F or the bonder is in unacceptable conditions. In other words,
the bonding parameters can be easily optimized through experiment
design once all other factors are good enough.

(2) Lead Tilt Problem

Besides parameter optimization, L/F inner lead design was found
having big impact on assembly quality.

Although PPF. has same physical dimensions with the copper
leadframe, flatness of inner leads turns to be a important property for
PPF. Wire peel strength was found to be very low for PPF during
evaluation. After much effort to optimize wire bonding quality of
stamped, we find that L/F manufactured with current B
specification can not meet the flatness requirement needed for normal
PPF production.

Inner Lead
0.0005 max

7
l, N A
S ———— =
A T
0.0015 max (Unit: inch)

Figure 1. Before Modification

Inner Lead

0.0010 max
‘ |

-
- —
"
T ——
—

T 0.0004 max

(Unit: inch)

Figure 2. After Modification
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The inner lead dimension on L/FF drawing document is show in f{igurel.
lhis design show a bad bondarability for PPI. Below lists some wire pecl
hta of PPF using this “unproper” SPLC.

Leadframe Part No.; HO0980A 706
Package: SOIC 16LD

Lot No. Date M/C No. Max Min
P4SVEHO0007 23/May/98 SWB-19 9.3 2.0
P4SVEHO0010 24/May/98 SWB-29 9.3 2.3
P4SVEH0049 25/May/98 SWB-27 10.5 2.0
P4SVEH0059 26/May/98 SWB-35 9.0 2.3
P4SVEHO0221 30/May/98 SWB-29 10.3 2.0
P4SWEH0047 31/May/98 SWB-29 9.0 3.0

From the data above, we can see that wire peel is a difficult problem to
ssembly line.

Through experiment and analysis, the “angled coining” inner lead
design was proved to be the root cause of the bad peel strength. The
modified inner lead drawing is as figure2. A downward “angled coining”
for the lead tip of inner lead before modification is changed to a “flat
coining” ( no downward angle).

After modification of lead tilt design, this problem never occur online.
All peel strength collected is above 4.0g. METL confirmed the
modification is effective.

Amendment on the flatness spec has been suggested to FMO test
bonding on the new samples turns out to be positive. However, SPEC
modification lead to new stampling tools and new measuring equipment
which is very expensive. So, the new spec has not been published as a
new issue so far. It’s decided that stamping tools would only be modified
on an ““as needed” basis. |

The “flat coining” stamping tools available by now we know include:
« HO0980A704 (SOIC 16LD)

« HOCQ980A706 (SOIC 16LD)
* HO0978A704 (SOIC 14LD)
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Not only wire bonding process, but also the solderability perlormance are
very sensitive to surface contamination and/or damage of PP, so finger coat is
a must when handling PPE products once direct contact with L/F surface is
necessary. It must be emphasized that palladium layer will also be oxidized
when exposed to high temperature circumstance such as epoxy curing tunnel or
bond site, so N2 should not be eliminated from these places. This has been
verified by actual practice stated in a few documents provided by the suppliers
and [riend assembly sites. This oxidation will probably degrade bonding
quality to unacceptable level. A study has been initialized by FMO PPF team
and been in progress to evaluate the storage time of finished units up to 5
years in normal warchouse condition.

(4) Capillary

Capillary with smaller face angle is supposed to be better for wire bonding ,
the capillary we are using for PPF has a face angle ol 4 degrees, which is also
used in METL for the same products.

Capillary usage limit is changed to 600k points from 1,200k of copper L/F.
This limit is transferred from METL. Experiment show that the lifespan can
be expected longer if lower bond parameters be used.

(5) Quality verification

Ball shear and wire pull strength will not be affected(at least, not s
significantly) as long as the bonding temperature is kept the same. Only a few
of part No. of PPF was modified lead tilt SPEC, so the wire peel inspection
during assembly should also be of much importance.

Wire peel test is introduced for PPF production control in our process,
though it is not applied for PPF production in METL. From engineering
standpoint, this is absolutely necessary before our engineers and lechnician get
more knowledge on PPF production. The acceptance criteria of wire peel test i ;
decided on a consensus between process, production and QA people.

J.Equipment:
(1) Conversion kits
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must been stored in the dedicated conversion kit rack when it is idle. The
window clamp-heat block system must be adjusted so that all inner leads of
PPF are Nrmly clamped. The heat block with protrusion is preferred for SOIC
8/14/16/28 LD PPF, it can make the clamping condition more robust. But {lat
heat block is better for QFP or other high lead count PPF, the reason lies in the
improved flatness of coin area when the lead count increases.

(2) Bonding temperature

Higher temperatwre is better for PPF bonding, but will also degrade ball
bond performance due to the poor high temperature property of die adhesive,
So 200c or 205¢ is commonly used in =~ P for PPF bonding. Temperature
is so important for PPF bonding that calibration must be done regularly to sce
that bonding site temperature is in line with the key-board setting. There are ¢
few other reasons why higher bonding temperature is not set in the production,
e.g., higher temperature accelerates oxidation on L/F surface, higher
temperature leads to significant parameter adjustment for first bonds

(3) Contamination
Because L/F will be conveyed by the indexing system of wire bonder and stay
there for more that ten minutes, the workholder of wire bonder must be kept

clean enough (o avoid possible contamination. This includes the heat block
surface, supply pipe of N, gas, .
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Baking process for MSL3 experiment
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281d SOIC Kobold Assembly Characterization
Baking process for MSL3 experiment

whlem Description:

Current Tianjin’s soic28ld MSL data can only support level 3 (with elevated rellow temp

fidegC), as requested by Bosch, we need to bake and drypack all its product before shipping

a0 out.

leally, we should bake the tested good product before tape&ree! process for soic281d , but

re plastic Lube can not withstand high temp 125degC Ghrs, our production people had to unload them
netal(copper) tubes, it is not practical for mass production, as it requires manual work and is easy
jeause handling induced defect(include ESD issue).

tseries experiments had been made to find the alternative solutions, we need verily following

dion: -

hat is the moisture absorpation rate and package weight increase in production environment? '
faw long the package could be stayed in production floor after baking without any significant weight

increase? :
xed a method to simulate the moisture absorption checking done by our customer, how could

we pass their incoming inspection on package weight increase.
mperiment :
There are a series of experiment were performed to verify the above questions:

eperiment | Condition: . ]
toose 10 units of soic28ld device is J31D to go through baking oven and weight every 6hrs,

speriment 2 Condition:

(hoose 10 units of soic281d, device is J31D. baking for unit] to unit5 when 168hrs.

Test flow:

Weight after T/F , weight after suction 2 hrs, weight afler B/L 6 hrs 125degC, weight each 24111-5.
Unit1---unit5: Trim Form---->Weight------ >Soaking(2hrs,room temp)—--->Wcight-—w}I:Bakmg
(6hrs, 125degC) Weight------ >Weight after every 24hrs------>Baking after 168hrs staging.

Unit6---unit10: weight after suction 2 hrs, weight after B/L 6 hrs 125degC, wei‘ght each 24hrs.
Unitl -—unitS: Trim Form--—->Wcight—--~-->Soaking(Zhrs,roon} temp)---->Weight---->Baking
(fhrs, 125degC) Weight------>Weight after every 24hrs----->till 216hrs.

apertment 3 Condition of MSL3:

{hoose 20 units of soic28ld, device is J31D.

Test flow:

(wose 20 units---->weight----->baking(125degC, 6hrs)-—>T/H(30degC/60%rh, 240hrs)—
~e->weight ----- >[R(245degC, 3cycles)---->weight------ >check delamination&crack

fate: MSL3 stands for moisture absorption level3)
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atent o Condition:

song POHamEs of soje28ld, deviee is J3 1D,

Y

;\' 1Y X

?

cetiony Hoor lor TOShrs-- - -weight the package again
woight these units,

aperiment |

wisate absorphion weight inerease:

v the mm bakig tme under 125degC.
s were selected to go through baking oven and their weight loss was recorded every  Ghrs.

~,

< the stoy lor 128degC Ohrs berore T/ and go through the remaining process ---->stored in
------- “baking the package 125degC 6hrs—

sl 1 2 3 4 5 8 7 8 9 10
wrame | 07831 0.7823]  0.786] 0.7865| 0.7849] 0.7859] 0.7795| 0.7847 0.78] 0.7852
g 07825 0.7816| 0.7854] 0.7856| 0.7839] 0.7852] 0.7788| 0.7841| 0.7794| 0.7846
K 0.7824] 0.7815| 0.7854| 0.7857|. 0.7838] 0.7851| 0.7787| 0.7842] 0.7794| 0.7847
B 07823 07815 0.7853] 0.7856] 0.7837| 0.7851] 0.7787| 0.7841] 07793 0.7845
B 07823] 07815 0.7852| 0.7856| 0.7837] 0.7851] 0.7786] 0.7841] 0.7793| 0.7844

e ghsorplion relative weight increase:

e snuk unit2 unit3 unitd units unité unit? units unit9 unit10
i 0 0 0 0 0 0 0 0 0 0
#
© 1-007662] -0.08048| -0.07634| -0.11443| -0.1274| -0.08907| -0.0898/ -0.07646} -0.07692) -0.07641
5 | -0 0B939| -0.10226| -0.07634| -0.10172| -0.14015] -0.10179| -0.10263] -0.06372| -0.07692| -0.06368
w10 10216| -0 10226| -0.08908| -0.11443| -0.15289| -0,10179] -0.10263; -0,07646| -0.08974| -0.08915
R 1.0 10216 -0.10226 -0.10178| -0.11443| -0.15289] -0.10179] -0.11546] -0.07646/ -0.08974| -0.10188

e unitg

unitio
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nsion:

sbaking can clfectively remove moisture built inside the package.

hhe longer baking time(than 6 hrs), the moisture remove is not significant. 80% more of the
re inside the package are removed by the first 6hrs of baking.

:the attachment for the detail data of experiment 1)

periment2:
ke out moisture absorption rate test:
s 10 units of soic28ld, device is J31D. baking for unit! to unit3 when 168hrs.

st [low:
ight after T/F , weiglit alter suction 2 hrs, weight alter B/1 6 hrs 125degC, weight each 24hrs.
itl--~unit3: Trim Form---->Weight------>Soaking(2hrs,room temp)--~->Weight---->3aking

irs, 125degC) Weight--~--- >Weight alter every 24hrs------ >Baking afler 168hrs staging.

i6---unitl 0: weight after suction 2 hrs, weight afler B/1 6 hrs 125degC, weight cach 24hrs.
if---unit3: Trim Form---->Weight------ >Soaking(2hrs,room lemp)---->Weight---->Baking
ks, 125degC) Weight------ >Weight after every 24hrs----- >till 21 6hrs.

ire absorption weight increase:
before suclion|after suction |afler B/l [24hrs [48hrs  |{72hrs  |96hrs 120hrs {144hrs {168hrs [192hrs [216hrs

0.7837 07837 0.783| 0.783] 0.7831] 0.7832} 0,7832] 0.7833| 0.7833| 0.7833
0.7849 0.785| 0.7843| 0.7844] 0.7844| 0.7844| 0.7845( 0.7845| 0.7845| 0.7845
0.7858 0.7858| 0.7851] 0.7853| 0.7853] 0.7853| 0.7852| 0.7852| 0.7852| 0.7851

0.7819 07821] 0.7815| 0.7814| 0.7816] 0.7815| 0.7814]| 0.7815| 0.7815| 0.7814
0.7867 0.7868| 0.786] 0.7862| 0.7862| 0.7861] 0.7861| 0.786| 0.7861| 0.786

0.7811 0.7811] 0.7801] 0.7805| 0.7804] 0.7804] 0.7803| 0.7803| 0.7803] 0.7803 0.7803} 0.780
0.781 0781] 0.7803] 0.7804| 0.7804] 0.7805( 0.7805| 0.7805| 0.7805| 0.7805| 0.7806 0.780
0.7806 0781| 0.7804] 0.7804] 0.7804| 0.7804| 0.7804| 0.7804| 0.7804| 0.7805| 0.7805 0.780
0.7816 07816 0.7807| 0.781| 0.781| 0.781] 0.7809{ 0.7809| 0.781| 0.7809] 0.7809 0.78
3 0.7818 0.7818| 0.7811| 0.7812] 0.7812] 0.7813] 0.7813] 0.7814| 0.7814| 0.7814 0.7814 0.781

ure absorption relative weight increase:
ibefore |after after B/l |24hrs _ |48hrs  |72hrs  [96hrs  |120hrs |144hrs 168hrs |192hrs [216hrs
suction |suction
0.7837] 0.0000| -0.0893| -0.0893| -0.0766| -0.0638| -0.0638} -0.0510| -0.0510 -0.0510
0.7849] 0.0127] -0.0764| -0.0637| -0.0637] -0.0637| -0.0510] -0.0510 -0.0510f -0.0510
0.7858] 0.0000] -0.0891| -0.0636| -0.0636{ -0.0636/ -0.0764| -0.0764 -0.0764; -0.0891
0.7819] 0.0256] -0.0512] -0.0639| -0.0384] -0.0512 -0.0639| -0.0512| -0.0512| -0.0639
0.7867] 0.0127| -0.0890| -0.0636| -0.0636| -0.0763| -0.0763| -0.0890| -0.0763 -0.0890
0.7811] 0.0000] -0.1280] -0.0768| -0.0896| -0.0896} -0.1024| -0.1024| -0.1024 -0.1024! -0.1024| -0.0896
0.781] 0.0000| -0.0896| -0.0768| -0.0768| -0.0640| -0.0640| -0.0640| -0.0640 -0.0640| -0.0512| -0.0512
0.7806] 0.0512] -0.0256| -0.0256| -0.0256| -0.0256| -0.0256| -0.0256 -0.0256] -0.0128{ -0.0128] -0.0128
0.7816] 0.0000] -0.1151| -0.0768] -0.0768| -0.0768| -0.0896| -0.0896| -0.0768 -0.0896| -0.0896| -0.0768
1§ 0.7818] 0.0000] -0.0895 »;9_;__0‘767 -0.0767] -0.06401 -0 AR4ANT A asnt ~ =Tt
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omary:
wking for 2hrs does not cause any significant weight increase, as soaking is done in room temp,
sidering that a relative large mount of water is removed after baking.

frunit! to units, they are baked afier 168hrs baking, it is found that there is weight increase after
Tdays staging, this can guarantee that when our customer unpack the drypack and perform similar
mming inspection of moisture absorption by ways of baking, they will not find any weight loss,
wlying package is dry. So there is impact on moisture absorption between our recommended baking
meess with conventional baking process.

e is no significant change/increase in terms of package moisture absorption among different

uging hours within 6 days after 125degC baking. The max moisture absorption rate is less than

ii%. (see the attachment for the detail data of experiment2)

irecommand that the cycle time between T/F and drypack could be controlled within 72 hrs.

Experiment3:

aperiment2  Condition of MSL3: ,

frMSL3 the stress condition is 30degC/60%RH for 192hrs . this represent a production
sironment the condition during transportation is protected by dry pack. This means that for
age with MSL3 rating , the shelf life(under production condition) is 192hrs. so adopt the
iowing process for test the max moisture absorption after MSL3 procondition which could
st as guarding band.

(hoose 20 units of soic28ld, device is 131D.

5t flow:
E&}se 20 unils----->weight----->baking(125degC, 6hrs)-—-->T/H(30degC/60%RH, 240hcs)—

~-->weight ---—- >IR(245degC, 3cycles)---->weight------>check delamination&crack
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re absorption weight increase

before bake |afler bake jafterT/H  |after IR

0.7875 0.7871 0.7874 0.7872
0.7829 0.7826 0.7832 0.7828
0.7856 0.7852 0.7858 0.7856
(.7859 0.7854 0.7861 0.7858
0.7895 0.7891 0.7899 0.7895
0.7861 0.7858 0.7865 0.7861
0.7872 0.7869 0.7878 0.7875
0.7869 0.7866 0.7872 0.7869
0.7824 0.782 0.7827 0.7823
0.7883 0.7879 0.7885 0.7882
0.7858 0.7853 0.786 0.7856
0.7848 0.7843 0.785 0.7847
0.7845 0.7842 0.7848 0.7845
0.7851 0.7847 0.7855 0.7851
0.7856 0.7853 0.786 0.7857
0.7837 0.7833 0.7839 0.7836
0.7878 0.7873 0.7879 0.7876
0.7867 0.7862 0.7868 0.7866

0.787 0.7864 0.787 0.7867
0.7859 0.7855 0.7862 0,7858

nre absorption relative weight increase:

) |before after bake |afterT/H [after IR
bake
0.7875 0| 0.038115| 0.012705
0.7829 0] 0.076668| 0.025556
0.7856 0| 0.076414] 0.050942
0.7859 0| 0.089127| 0.050928
0.7895 0} 0.101381| 0.050691
0.7861 0| 0.089081] 0.038178
0.7872 0| 0.114373] 0.076249
(.7869 0| 0.076278| 0.038139
0.7824 0| 0.089514| 0.038363
] 0.7883 ol 0.076152] 0.038076
i 0.7858 0| 0.089138| 0.038202
/ 0.7848 0| 0.089252| 0.051001
3 0.7845 0 0.076511] 0.038256
§ 0.7851 0| 0.10195] 0.050975
5 0.7856 0| 0.089138] 0.050936
8 0.7837 0! 0.076599 0.0383
1 0.7878 0| 0.07621| 0.038105
8 0.7867 0| 0.076316| 0.050878
9 0787 0f 0.076297| 0.038149
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mary:

e moisture absorption after [R(245degC,3eyceles) is 0.070%.

spection the package under SAT/SAM, the result is normal, and is the same

tatus of one before MSL3 test. The package can be withstanded 240hes T/H until we
ure that there is no crack, no delamination within the package.

om the data of experiment 3, we can see thal max moisture absorption after MSL3 Lest
076%, which could be set as quarding band.

see the attachment for the detail data of experiment 3)

periment 4:

e 10 units of soic28ld, device is J31D.

Hflow:

ing the strip for 125degC 6hrs before T/F and go through the remaining process ---->stored in
fuction floor for 168hrs---->weight the package again----->baking the package 125degC 6hrs——
weight these units.

ithe following process for testing the moisture absorption rate after baking,
[finish-—->baking on strip--—->T/F ------ >staging 24hrs----->weight------- '
>weight after every 24hrs staging,.
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ire absarption weight increase
after 24hrs 48hrs 72hrs 96hrs 120hrs  [144hrs  |168hrs  [192hrs
hake
0.7809] 0.7809] 0.7808| 0.7808| 0.7808| 0.7808| 0.7808 0.7808] 0.7808
0.7796| 0.7797] 0.7798/ 0.7798| 0.7799] 0.7799] 0.7799] 0.7799 0.7799
0.779] 0.7781] 0.7791| 0.7792] 0.7792] 0.7792] 0.7793} 0.7793 0.7793
0.7778| 0.7779 0.778 0.778 0.778| 0.7781] 0.7781f 0.7781] 0.7781
0.782] 0.7821] 0.7822| 0.7822| 0.7822| 0.7823| 0.7823| 0.7823 0.7823

ure absorption relative weight increase:

. fafter 24hrs 48hrs 72hrs 96hrs 120hrs  |144hrs  |168hrs  [192hrs
Thake

0/ -0.01281| -0.01281| -0.01281| -0.01281/ -0.01281| -0.01281| -0.01281
0.01283] 0.02565| 0.02565| 0.03848| 0.03848| 0.03848| 0.03848| 0.03848
0.01284| 0.01284| 0.02567| 0.02567{ 0.02567| 0.03851| 0.03851| 0.03851
0.01286] 0.02571| 0.02571| 0.02571| 0.03857| 0.03857| 0.03857| 0.03857
0.01279] 0.02558] 0.02558| 0.02558| 0.03836| 0.03836| 0.03836| 0.03836

SIOICIoIO

mary:

teare no significant change/increase in terms of package moisture absorption
ug different staging hours with 6 days after baking. The max moisture

iption is less than 0.04%.

yele time between T/F and drypack could be controlled within 72hrs, then the max moisture
pion is within 0.03%.

the attachment for the detail data of experiment4)

mally, the factory environment does not contribute significantly to package water absorption
hin 6 days after baking at prior trim & form process.

210




281d SOIC Kobold Assembly Characterization

3. Conclusion:

‘Thus it proves that our approach of “baking before trim and form™ can reach the same effectiveness
Of moisture removal as that of normal baking process if we can control the production cycle time
From trim and form to tape & reef within 3 to 6 days, which is easy to be met.

~ Again, baking process position is not a key factor affecting moisture removal effectiveness under
Normal production environment and cycle time compared with drypacking process while laler is a
j(ey {uctor as severe transportation condition and longer staging time (half year to one year) under

Unknown temperature and humidity may be the fatal to moisture absorption.
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APPENDIX B

MALAYSIAN TECHNICAL REPORTS

Note: Throughout the Malaysian Technical Reports, B stands for the multinational
organization that this study chose. A stands for one of the rival companies of this

multinational organization. C, D, E, and F stand for some of the engineers of this

multinational organization.
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STACKING PREBAKE AND VACUUM SEALING

FOR PBGA SUBSTRATES

Abstract

Parts received from suppliers may have
different moisture content level. If those
moisture is not dry out, the moisture
within the substrate creates blistering
effect between the interface of die attach’
and die, also interface of soldermask to
die attach. Thus, substrate prebake in
magazines has been a practice in KLM
PBGA assembly. The limitation of this
method is the capacity of each oven load
is only 6 to 10K units. Prebake using
substrate stacking and vacuum seal
method has been studied in this paper.
For this method, each oven load can be
16 to 27k units. Initially, substrates
were prebaked in stack for 3 hrs 10 min
minimum at 125°C.  Substrates were
then vacuum sealed for 50 strips/packet.
The packet was staged for 16, 35, 44 and
56 days. Response taken was CSAM
Tzero after diebond cure, The results
conclude that the vacuum seal method
can last up to 56 days and the effect of
stacking prebake is as effective as
prebake in magazine. Substrates after
MSL3+ soaking and stack prebake also
showed no blister delamination. Total
staging time in open air is found to be 10
hrs from prebake out to diebond cure in.
Monitoring result for stacking prebake
implementation shows Zero
delamination.

Phenomena of Blister Delamination

There are several aspects need (o be
addressed in order to understand the
moisture  characteristic ~ within  the
substrate. Fig. 5 shows the moisture
penetrate into substrate through solder
resist and BT resin results of the relative
humidity (RH) of a  working
environment. As the package reflow at
220 C, the stresses that causing the
blister is exactly equivalent to the vapor
pressure generated from transformation
of water to vapor pressure, Fig. 6
indicates the vapor pressure increase
exponentially as the temperature go
beyond 200 C. Assuming that the unit
reflow at 240 C, the water vapor
pressure is 33 times of the atmospheric
pressure, which is a very high stress for
the interfaces with the PBGA unit
Definitely, this stress will create
delamination.

M/
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H20 from Ambient (60% RE) will be absord by the expansion generate a sudden shock o

solder mask and BT-laminate (organic)
Hew, H20
; g Beren e SOlder mask
emsiree CUPPET
~ BT laminate

H20

stress = F/A

= vapor P,
Rellow P
220C

epoxy

Aller Precond., package is soak with I-copper

H2Q. As il reflow, water lorm vapor

Fig. 5. Organic substrate with moisture
reaction during reflow

PT-Diagram of Vapor-pressure Curve for Pure [120

{moisture)

solder resist

Prasre (ot
e ez s & xii3E

interfaces thus crealing

delamination. Inversely, as the unil cool
down
condensation is -49 times.
create sudden shock to interfaces .and
=pressure?worsen the delamination further.

reflow, the  vapor

This also

alter

Pressure-Volume Diagram for H20 Fluid

201 L .
T.cn/lncnl =374 C One mol of H20
- Okygon Hytrogen aloms
:”__‘/""Salura!ad Liquid ) &
: - :
3 B Gas phase ' e ,
! d
Liguid & vapor saturalod vapor
phaso
9 I‘l l') 9'! ﬂ" D'i ﬂ.‘ ﬂ‘l !'I Q" |' l'l ll) l‘l |l| [}

WK (Wtaeirol
Note: 1 mol H20 consist of 1 oxygen and 2 hydrogan atorms

k«g(‘:x ln?%ﬁ.'ﬁ:
~ )
o 11
?ﬂ 1 “at 240C reflow, %: —_
1 H20 vapor prassure 33 X r
i” of atmospheric pressure
4 e
¥,1
8.8, prebake = 125C
L] Aot t t g}
° b T Rpetature' &) ® A 100C, vapar pressuce
aqualvalent lo dim. press.,
thus, it bolls

Fig. 6. The effect of temperature on the
waler vapor pressure.

In the aspect of the moisture or vapor
volume as an effect of pressure, Fig. 7
shows the Pressure-Volume (PV)
diagram for one mol of pure water.
Water can exhibit as liquid, gas and
mixture (gas/vapor) phases depending
on the pressure and water volume/mol.
In order to further understand PV of
water in effect of temperature, the Van
der Waals equation of state is used (see
Fig. 8). Fig. 9 indicates the volume of
the water (moisture absorbed within
substrate) expands 49 times / mol H20
as the unit reflow at 240 C. This volume

Fig. 7.
walter

PT diagram of one mol pure

The Van der Waals Equation of Stie:

P = RT -
Vm-b Vin?

where, P = pressure (atm)
R = universal gas constant (L.atm/(K.mof))
T = tempecature (K)
Vi = molar volume (LZmol)
2 & b = Van der Waals constants

Nota: Al high prassure, most Huid will not behave as an ldeal Gasor

Parlgct Gas. (ideal Gasis PV = nRT)

Fig. 8 PVT by Van der Waals Equation
of State

PVT Behaviour of Pure Fluid (I120)
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30mm substrates ==> 12 hrs

Pressure-Volume Diagram for 20 Fluit A0mm substrates ==> 8 hrs

Volumaeo Expansion as Liquid change t¢

vapor phase »

vaporvel . 1 Q7 =49 times
Liquid val

FIR N

E:

Liquid & vapor

oc

H0C

0022 por mol H2O

240C

o o4 w1 a1 a1 e
H20O {Utae/mal)
HNola: 1 mol HO consist of 1 oxygen and 2 hydrogon atoms

t —+ t +
a a1 03 0y D4 uh

Fig. 9. PVT diagram for pure water

Problem Description

Current magazine prebake method has
many constraints :

1. Capacity and equipment constraint
Capacity of Magazine Prebake for one
full load is only 6K of 40mm substrates
or 10K of 30mm substrates. [n Dec 99,
the demand at Die Bond per shift is 15K
of 40mm substrates and 8K of 30mm
substrates. Thus, 4 Prebake Oven is
needed to fulfill the demand at Die
Bond.

Problem : From Q1’00 onwards, runrate
ramps up nearly 2x causing Die Bond
demand to increase to 24K for 40mm
and 10K for 30mm. [f prebake method
remain unchanged, at least 2 more ovens
have to be added for substrate prebake
and many more in future as the runrate
continues to ramp up rapidly.

2. Production Inflexibility

Staging time in N2/open air between
prebake out and epoxy cure in has been
controlled as stated below in order to
avoid black spots/blistering due (0
moisture absorption.

Problem : Die bond can not finish the
substrates before expiry time. Thus
expired substrates need to be prebake
again.

Solution Proposal and Expected
Benefits

§. . Stacking prebeke for higher output.
Condition : 50 strips/stack and 54 stacks
per load. See illustrations below :

T AT DRO R AN

Fig. 10. Front view of oven with trays
for stacking prebake.

Fig. 11. Top view of a tray which is
designed to hold 6 stacks of substrates
per tray.

Output of stacking prebake is 2.7x
higher than magazine prebake.
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Substrate Magazine Stacking
Type Prebake Prebake |
30 mm 10K 27K
40 mm 6K 16.2 K

Table 1. Output comparison.

With higher output, only 2 ovens are
required for stacking prebake to supply
for diebond’s demand in QI'00.
Therefore the other 2 ovens can be freed

up for epoxy curing and PMC (for

LI9PBGA and 240 recipe).

2. Vacuum Sealing shortly after prebake
to provide better production flexibility.
Substrates with vacuum sealing will be
allowed to stage up to 7 days as in ASE-
CL. i

3. To convert N, substrate slorage
cabinet to open air to reduce N, usage.

Experiments and Results
All data is collected at T-zero/T3 Csam.

. Stacking prebake vs Magazine
prebake with vacuum sealing using 272
PBGA §23835W003 substrates (0.56
mm (hickness) with magazine prebake
oven settings

2. Stacking prebake with full load (6 x 9
stacks on new trays) using 357 PBGA
WOI1 substrates (0.36 mm thickness)
with magazine prebake oven settings

3. To obtain oven profile with full load
(6 x 9 stacks on new trays) through
optimization of oven settings

4. Stacking prebake with new oven
settings and full load (6 x 9 stacks on
new  trays) using 272 PBGA
S23835W003 substrates (0.56 mm
thickness)

5(a). After soaking in  MSL3+
precondition, stacking prebake with new
oven settings and full load (6 x 9 stacks
on new trays) using 0.56mm thickness
substrates : 272 PBGA S23875W002 (4
layers) and S23835W003 (2 layers)

5(b). Vacuum sealing for center strips
after prebake and die bond after 14 days
with 10 hrs staging in air

6. To obtain oven profile with new oven
settings and full load in 2nd prebake
oven-

Constants : Ablestick 8360 die attach
epoxy, 357PBGA 860 device ink dice.

Experiment 1

Stacking prebake vs Magazine prebake
with vacuum sealing using 272 PBGA
S$23835W003 substrates (0.56 mm
thickness) with magazine prebake oven
settings

Experimental method :

l.  Prebake : Stacking prebake (50
strips/stack) & Magazine prebake was
done in one oven (with magazine
prebake oven seltings) with stacking
prebake on top shelf (20 stacks, 6K
substrates) and magazine prebake on
bottom shelf (20 slotted magazines, 3K
substrates). Total substrate quanlity is
9K :

2. After prebake, substrates were
vacuum sealed with 50 strips per packet
within 2 hrs. In that SO strips, half were
stacking prebaked and half were
magazine prebaked. Moisture indicators
were placed in each packet.

3. After vacuum sealed, packets of
substrates were staged in air for a period
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of time before they were opened up for
die bond. After opening, substrates were
staged in open air in magazines for 4 hrs,
6 hrs, 8 hrs and 10 hrs.

Fig. 12. Ilustration of material
arrangement in prebake oven (front
view).

Fig. 13. Substraces after vacuu sealed
(50  strips/packet) with  moisture
indicator.

T-zero Csam Result

teddays | Mastrelnd | Suging ime biwvecuun sodl qpnigrd ey arei|  CSAM T
b color changn A Plarved A Sackirg

8

o4

o

g

: __Ihs®mes o

. A0bs 0hs VI8 (IR 418 (<1R]

After 56 days of vacuum sealed,
substrates (both stack prebake and
magazine prebake) can be staged in open

air for 8 hrs without any black spots.
However at 10 hrs of staging time, black
spots (<10%) are seen in both stack and
magazine prebake substrates.

5
: ..';‘L’ i

S PR RN S YNCK I MV

Fig. 13.
staging in air before epoxy cure.
black spots are seen.

Magazine plebake and 8 hrs
No

S GeenT
FRERTE TReE

BT PRERIKE NIOLR O SEONYEANDE LE SEHEBRE, BINOR IV POLOYY AN
Fig. 14. Stack prebake and 8 hrs staging
in air before epoxy cure. No black spots
are seen.

Total staging time in open air = 10 hrs.

Flg 15. Magazine prcbal\e and 10 hrs
staging in air before epoxy cure has
black spots (<10%).

Stack prebdke and 10 hrs
staging in air before epoxy cure has
black spots (<10%).

F'xg 16.

Total staging time in open air = (2 hrs.
Experiment 2

Stacking prebake with full load (6 x 9
stacks on new trays) using 357 PBGA
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WOL 1 substrates (0.36 mm thickness)
with magazine prebake oven settings

Substrates are placed in stacks on the
trays as illustrated below :

N LW A LT O

“Fig. 18. Stack position in each tray.

After stacking prebake, substrates were
loaded into magazines and staged in
open air for die bond. Staging time
between prebake out to epoxy cure is 10
hrs 45 mins.

Result

T-zero Csam Result shows no black
spots/blistering. 20 strips were sent for
MSL3 at 220°C VP reflow and all of
them pass.

Tray Stack Slrip Position in Stack
Paosition Position Top | CenterjBoliom
A il /6 | 076 | 06

IR BN R O

Table 2. T-zero Csam result,
Table 2. T-zero Csam result.

Some units have grey epoxy edges due
to epoxy settling. No delamination after
MSL3/220°C VP for units with such
grey epoxy edges.
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Fig. 19 T-LC[‘O Csam for umts with grey
epoxy edges.

Flg 2() T 3 Csamfor unlts ”w1th vg.rey
epoxy edges. No delamination is found.

Control samples with magazine prebake
were also built in the same oven with
full load (40 slotted magazines).
Staging time between prebake out to
epoxy cure in is 10 hrs 20 mins., T-zero
result shows no black spots.

This experiment has proven the effect of
of stacking prebake to be as effective as
the current magazine prebake.

Experiment 3

To obtain oven profile with full load (6 x
9 stacks on new trays) through
optimization of oven settings

Temperature profile of prebake oven is
consist of 4 segments :

A. N2 purging time

B. Ramping up time

C. Hold/Cure Time

Fig. 21.
oven.

Temperature profile of prebake

The purpose of this experiment is to
obtain stacking prebake profile within
Prebake Profile Spec : hold time at
125°C +/- 5°C for 3 to 4 hrs.

The first profile for stacking prebake
with full load was run with magazine
prebake settings. The hold time was
found to be 2 hrs 53 mins only, 7 mins
below spec. After some settings
adjustment and optimization, profile was
obtained within spec.

D. Cooling Time
Total process time = A+B+C+D
b QuedTomn Limii=(254152140____
14
1]
25
> 4—p - -

current setting new setting
purging 2 mirs 200ins
rampleet up 30 wins Abw
hokd time at 3 hrs 10 sring 3hws 30 mire
125°C +/- 8°C
cooling 40 rrins 4 ins
total process tima| 4 hes 40 mins 5 hrs 30 mins

Fig. 22, Oven settings adjustment and
optimization for stacking prebake.

With the optimized oven settings, 3
profiles were run, with one profile for
cach shelf. There were 27 points in each
profile : 9 points on each tray (front,
center, back stacks) and 3 points on each
stack (top, center, bottom position).

Result

Hold time at 125°C +/- 5'C for the 3
profiles are all within Spec. Peak
temperature is 127.2°C.
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minimum maximum

Top Shelf 3hrs 12mins [ 3 hrs 45 mins

Center Shelf | 3hrs 15mins | 3 hrs 50 mins

Bottom Shelf | 3hrs 10mins | 3 hrs 50 mins
Table 3. Hold time at 125°C +/- 5°C.

This result is compatible with the
average hold time of 3 hrs 10 mins for
conventional magazine prebake which is
obtained with current settings during
oven profiling after PM.

With the new settings, profile is also run
with magazine prebake to check out the
hold time. The result is within spec aL 3
hrs 25 mins minimum. Therefore the
new setlings is proven to be flexible for
both stacking prebake and magazine
prebake.

Experiment 4

Stacking prebake with new oven settings
and full load (6 x 9 stacks on new trays}
using 272 PBGA  S23835W003
substrates (0.56 mm thickness)

The purpose of this experiment is to
confirm the effectiveness of the new
seltings, which logically should be beiter
than the magazine prebake settings.

Substrates were placed in the oven with
the arrangement similar to Experiment 2.
After prebake, substrates were loaded in
to magazines and staged in open air for
die bond. Staging time between prebake
out to epoxy cure in was 10 hrs 30 mins.

T-zero Csam Result
Good result was obtained with no black
spots/blistering.

Tray “Stack Sirip Position In Stack
Position Position Top | Center ] Bottom
AT T o o8 | 06
b o6 |08 (0733

3 o6 06 | 0I5 |

4 o6 | o6 |

5 (0[] o6 6|

(a8 [8{H 73] [47£5

Table 4. T-zero Csam result for new
oven settings check out.

Experiment 5 (a)

After soaking in MSL3+ precondition,
stacking prebake with new oven seltings
and full load (6 x 9 stacks on new (rays)
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using 0.56mm thickness substrates : 272
PBGA S23875W002 (4 layers) and
S23835W003 (2 layers)

Substrates were pre-soak in MSL3+
precondition (30°C/60%RH for 9 days).
The purpose of soaking is to simulate the
condition of incoming substrates in the
worst case of wetness to test out the
effectiveness of stacking prebake in
handling the wettest substrates.

After soaking, substrates were placed in
the oven with the arrangement similar to
Experiment 2. After prebake, substrates
were loaded in to magazines and staged
in open air for die bond. Staging time
between ‘prebake out to epoxy cure i
was [0 hrs 30 mins.

T-zero Csam Result

Even after soaking and with 10.5 hrs of
staging, no black spots/blistering was
found. This further proves the
effectiveness of stacking prebake in
drying up moisture in wet substrates.

Tray Stack Siop Posltion In Stack
Position Pasition ~Top~ [ Cenler [HoNGm
AT e 0l |05
R CEe
F e

B

—

Table 5. T-zero Csam result for stacking
prebake after MSL3+ precon. soaking.

Experiment 5 (b)
Vacuum sealing for center strips after
MSL3+ soaking and stacking prebake

After MSL3+ soaking and stacking
prebake, center strips of each stack were
vacuum sealed into one packet within 2
hrs. Moisture indicator was placed in
the packet of 54 strips. It was then
staged in open air at frontend for 14
days. After 14 days, substrates were
loaded into magazines and staged in
open air for die bond. Staging time
between prebake out to epoxy cure in
was 10 hrs 5 mins. This gave a total
staging time of 12 hrs 5 mins.

T-zero Csam Result

Resuit for 9 center strips with one from
each way showed no black spots.
However, black spots (<10%) were
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found on 4 strips which was blistering
caused by moisture absorption due to
long hours of staging time.  This
confirmed the result in Experiment 1
where substrates staged in open air for 8
hrs had no black spots but at 10 hrs of
staging time, black spots (<10%) were
seen in both stack and magazine prebake
substrates.

Tray Stack Center Strp
Paosition Fosition 1-zero (CSAM Result
A 1 0/6
2] 3 08 ~
C -5 476 (<10%)
] 2 2/6 (<10%)
[ 4 06
F B A5 =Z Ty
G 6 05
H 1 0/6
T 3 KIS G0 .

Table 6. T-zero Csam-Result for strips
with vacuum seal after MSL3+ precon.
soaking and stacking prebake.

Fig. 2
spots.

-4 Oy R ST LA
3. T-zero Csam of strip with black

Experiment 6

To obtain oven profile with new oven
settings and full load in 2nd prebake
oven

Temperature profile check out for 2™
stacking prebake oven with full Joad was
done with 9 TC wires : one at each tray,
at the center of stack no. 3.

10

Qven Door

Fig. 24. Top view of tray with
placement of TC wire at the center of
stack no. 3.

Result
Temperature profile for 2" prebake oven
is within spec. Peak temperature is

126.9°C.

Hold time at 125°C +/- 5°C is shown
below :

maximum
3 hrs 40 mins

minimum
3 hrs 22 mins

Discussion and Conclusion

» Experiment 1 and 2 have proven that
Stacking Prebake is as effective as
Magazine Prebake. No black spots with
up to 10 hrs 45 mins of staging time.
Black spots of <10% are seen at 12 hrs
staging. ‘

+ Experiment 3 shows that as the load
increases, longer prebake time is needed
to dry up the moisture in substrates.
Therefore stacking prebake cycle time is
5.5 hrs, which is 50 mins longer than
magazine prebake cycle time.

+ Experiment 4 confirms  the
effectiveness of new oven settings for
stacking prebake, No black spots are
seen at 10.5 hrs of staging time.

» Substrates prebaked after MSL3+
soaking show no black spots after 10.5
hrs of staging. However after 14 days
of vacuum sealed and with 12 hrs 5 mins
of staging time, black spots (<10%) are
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found in 4/9 strips which confirms the
result in Experiment 1.
* Therefore, total staging time is (0 be
controlled at 10 hrs.
* Vacuum seal after stacking prebake :
« Stops the clock of moisture
absorption even up to 56 days (2
months).
» Practical production contro!
will be 7 days as in ASE-CL.
« Substrates after stacking
prebake have to be sealed within
2 hrs.
« Staging time between vacuum
seal opening and epoxy cure in
will be controlled at 8 hrs to
fulfill the 10 hrs of total stagmg
time.

In this studies, ALL slaging data is
established in OPEN AIR. This proves
that N, environment is NOT required for
substrate staging. Thus N, kamban will
be converted to OPEN AIR to reduce N,
usage.

Correlation and  Validation of
Stacking Method

Comparison of the stacking staging time
from substrate prebake out to die bond
cure in has been observed.

ASE-CL Stacking Prebake Method

ASE-CL. has performed a stacking
prebake study by moisture weight gain.
Eight Daisho and WWEI substrates each
were prebake in stack at 125C. Then the
strip were placed in 30C/60%RH
chamber. Substrate weight was taken at
30, 60, 120, 180 and 3600 minutes. Fig.
26 shows the stacking method use with a
weight on top.

11

ASE-CL stacking prebake

Fivwns = v

8 Daisha and 8 M'W subsicatis M £+ ay
ware baked & of 4 houts e HAE Nt
STO ®uwhial wmgm of subsurales aNer tamoving o
125C bake ov

ST Dansho and VWE( suh;u-atu wore Ihea placed " M
3I0CH0% RH charmber. » 5
“Wevght maa;ummmls fot ud) smp wam faken a1
30, 60, 120, 180, and 3560 mi

Hack

1000 Wt BBobairaky B Rk £ aprvans * AW M Eah 15t | aps chom, i ASEAE

Fig. ' 26 Stacking prebake method by
ASE-CL

Fig. 27 shows the final weight % of the
Daisho moisture gain after a given time,
The slope from 30 to 180 hours is steep
which translate a greater moisture
absorption.  This is a typical trend
moisture absorption curve for substrate,
In the case of current production
environment which is 25°C/45%RH, the
slope gradient is expected to be lower,
Thus, there is a significant difference
between 10 and 12 hours of staging time
as they fall within the slope region,

SR b SR Y . SN0 ) ¢ St dve St Fon Bing §ove Sheg P B g

Hiromc vont “Nodhubraty Fro Fiokr Dnpusmipesl” WWSEE Tanh Papudrnge Sy i AN 4 S

Fig. 27 Daisho %moisture weight gain

Implementation of Stacking Prebake

Wins Uhven
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« Stacking Prebake was implemented in
wwd8'99 after (raining was conducted
for operators and supervisors,  Staging
time is guard band to 8 hrs,

« Only 2 prebake ovens are required to
supply for dic bond demand based on the
runrate in Q1°00. The other 2 ovens are
freed up for epoxy cure and PMC.

« T-zero monitoring is done for the first
few loads by random sampling from
production lots after epoxy cure (one
inked strip/AQ). No blistering or black
spots are observed so far.

« MSL3/220VP monitoring for 3
production lots (5-10 units/lot) shows
no blistering delamination.

See Appendix A & B for Csam pictures.
Vacuum Seal Implementation Plan

« Original plan was to implement
together with stacking prebake in
ww48°99. However it was delayed due
to dry-pack machine constraint : only
one m/c is available at PBGA backend
FOI for dry-packing of engineering lots
(NPI).

+« In ww52'99, Engineering group has
managed to obtain approval from ATX
for not doing dry-packing for NPI
engineering lots. This allows the dry-
pack m/c to be relocated to frontend
(substrate prebake area). Due (0
manpower constraint, relocation will
only be done in ww03'00.

¢« Training for operators will be in
ww03'00 after dry-pack m/c relocation.
Substrates will be sealed in plastic
containers from substrates supplier to
prevent warping.

12

« Vacuum seal implenentation is

planned in ww04'00,

« T-zero and T3/220VP monitoring will
be done upon implementation.

Advantages

e Cost avoidance of buying at least 2
prebake oven to support the Q1700
runrate (2 x USD22K/oven = 44K).

e Increase of output by 2.7x per

loading.

o Reduce no. of oven required » Save
energy and floorspace.

o Converting N, (at 80scfh flow rate)
to open air gives an annual saving of
USDI1.3K

e  Vacuum sealing improves
production flexibility and provides

easy production planning and
minimizes changes of substrate
rebake.
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Production monitoring  Csam pictures
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Failure Analysis: Signal Conditioner Key Off Timer Issue

ABSTRACT (Helvetica 10 Bold) - This
report details the failure analysis (FA} procedures
conducted in response to a wafer probe yield loss of
about 5% at MOS8 for the past one year. The
estimated cost impact is abow USF250K/year.
Microprobing has narrowed the failure site down ro
SJaulty flip flop in the Key Off Timer Cirenitry.
Electrical characterization leads to the discovery of
open metal 2 1o metal 1 via, Using advanced FIB
tungsten deposition, detailed verificaion of failure
can be reconfirmed. Specific defect information was
relayed back to the fab so that corrective actions
could be pursued.

KEY WORDS ~ KOT, Open Via, FI8

INTRODUCTION

Mos 8 five inch wafer probe test was having about
3% yield loss due to Key Off Timer (KOT) failure
for the past one year. The estimated cost impact is
about US$250K/year. Wafer mapping performed
revealed, positional fallout at the bottom of the
waler. The probe failure samples were assembled and
tested, confirming the KOT failure. Three units from
probe failure samples were submitted for analysis. A
thorough and systematic analytical approach leads o
the identification of the root cause was due to open
melal 2 to metal | via. The use of advanced Focus
lon. Beam (FIB) tungsten deposition tool enabled
detailed verification of the failure. Specific defect
information was relayed back to the fab for corrective
action,

ANALYSIS

Curve tracing on all units showed no anomaly, X-
ray analysis did not show any wirebond anomaly.
Three units were verified to fail Key Off Timer tests
using the bench test setup. The setup involves
sending a sequence of commands to the KOT register
address and then reading the return data. The failing
units have the data always at $00 to $03. A
correlation good unit has the data changing with each
read ranging from $00 to $FF.

Allanits were decapsulated, visnal inspection did not
reveal any anomaly, Light emission analysis was
performed on all units but no light emission spot
was detected, Liquid crystal analysis was unable to
be performed because the liquid crystal changed state
during device powerup.

Sin 1 and 2 were depassivated using Reactive lon
Etching (RIE) for microprobing. Microprobing has
narrowed down the defective area to a toggle flip flop
in the KOT circuitry whereby the output was stuck
low instead of a clock signal. Figures 182 show the
KOT circuitry schematic and identify the failing Oip
flop.

Figure 1:
schematic identilying failing fip flop.

g wreprmsbo .

pr

L87 Eon

Key Off Timer (KOT) circuitry
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Figure 2: Detailed of the failing flip flop
schemalic.

Figures 3 & 4 show the partial layout of the flip
flop and the probe points, Figure 5 shows the
various probed signals on this flip flop. All the
clock input signals to the flip flop were present.
Powered curve trace was carried out at the input and
output circuits of the flip flop but no anomaly was
observed. Next, similar routed signals were probed
and it was noted that the QB (Q Bar) output signals
probed at QBI and QB2 points were in the opposite
state (see Figure 5). These two signals should be the
same as QB and QB2 are connected through metal 2
*tometal 1 via. This indicates possible open via
between the two points.

Key N L .
Figure 3: Partial layout of the failing flip flop -
marked in red box.

e ]
Figure 4: Layout of the failing flip flop shows the
various signals. "X" indicates some of the signals
lhat were probed. Further probing confirmed open
viaat QB1.

Seal et 40000 m Delay §00 (w/0lv I
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Figure 5: The various probed signals Trom Lhe
failing fip Nop.

Focus lon Beam (FIB) was used to open a small
window down at metal | for probing. Curve trace
confirmed an open metal 2 to metal | via at QB L.
FIB cross sectioning was performed at the center of
the open vin, Voliage contrast imaging conlirms thal

* the via is open (Figure 6).

£

Figure 6: Voltage contrast imaging of the open
via,

Figure 7 shows a comelation voltage contrast
imaging on a good via. Wright etch was used to
stain the sample for belter imaging. Scanning
Electron Microscopy (SEM) showed what was
believed to be an interlevel oxide layer above the
metal 1 layer blocking the via connection to it
(Figure 8 and 9). Figure 10 shows a correlation good
via. Both s/nl and 2 were found with similar failure
mechanisrm.
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Figure 8: SEM imagmg on s/nl shows that an
interlevel oxide layer was above the metal | layer
blocking the via forming a connection.

Note: Passivation layer removed.

Figure 9 SEM imaging on s/n2 shows that an
interlevel oxide layer was above the metal 1 layer
blockmg the via forming a connection.

Note: Passivation layer has been removed.

Figure 10: SEM imaging on a correlation good
via.

Ta reconfirm the open via, FIB was used on s/n 3 10
reconnect the QB signal at the failing [lip flop. A
verification on the bench setup showed that the unit
has partially recovered. The returned read data was
changing from 300 to $07. Hence, the next stage
flip flop QB signal was suspected to be in opposite
state as well. FIB was used (o open probe windows
on the QB signal and probing confirming another
open via. FIB reconnection of the QB was
performed. Verification on the bench has return read
data changing from $00 to $OF. The unit still did
not recover, The next successive stages of the {lip
flop were probed and reconnected uantil the (ifth stage
flip flop (Figure 11). The unit has finally recovered
with the return read data changing with each read.
FIB cross sectioning confirmed that all the vins were
open at all five successive flip flop.

Figure 11: Image shows FIB reconnection of lhc
QB signal on five successive stages of the flip fops.
Unit has recovered. The open vias were circled in the
picture,

Metal etch was done on s/n 1 1o determine the
presence of the interlevel oxide between metal | and
2 via. The results indicated that the bad via hasa
layer between the metal | and 2 via. SEM picture
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clearly indicates that there has a layer separating
metal I and 2 via (Figures 12 and 13).

Figure 12: After metal etch, SEM image indicates
that there is a layer (believed Lo be ILD) separating
M1 and M2,

KLN 2.SKU . %30,000 13no"
Figure 13: After metal etch, SEM image on a
good via,

CONCLUSION

This report detailed a thorough failure analysis
procedure  for identifying the root cause and
understanding of the fail mechanism of the KOT
circuitry on the signal conditioner IC. All units
faited with positional open metal 2 to metal | via at
QB signal on the flip flop in the Key Off Timer
(KOT) circuitry. The cause of the open via is due to
insufficient anisotropic metal 2 to metal 1 via etch.
Specific defect location on die has been relayed back
to the fab for corrective action. The findings has
resolved a year of problem and estimated cost
savings of US$250K/year. Mos8 will be increasing
the eich time after a series of DOEs on control
walfers. Further investigation on the fab process is
recommended.
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Bondability and Reliability for Ultra Fine Pitch Bonding Process M 3
With Small Ball/Large Wire Capability

Abstract

With the rapid advancement in wire bonding
technology, ultra fine pitch (UFP) bonding
with 60pm bond pad pitch (BPP) and below
has fast become a reality. While the standard
capillary design meets many current industrial
needs from their proven reliability, demands
for small ball size formation with large wire
size in UFP bonding application requires a
different tool design and configuration (o
contain the amount of gold squashed out
during bonding. Using an unconventional
approach in bonding tool design, a small hole
to wire clearance for larger wire size with
adequate chamfer diameter (CD) have been
achieved.

Research and development on special tool
design for UFP bonding on QFP and BGA
material has been carried out to address the
issue of small ball formation with large wire
size. This paper discusses the bonding tool
design aspects to control the desired MBD
with the use of 25um Au wire on a 60um BPP
platform. The intent is to establish the design
feasibility to be used on the 50 and 40pm BPP
al a later stage. Comparison of various
bonding responses between standard and new
bonding tool design obtained in both
laboratory and manufacturing environment
was also demonstrated.

2.0 Introduction:

In UFP bonding, the most difficult tasks are
the small ball consistency with a reliable stitch
formation. In most cases, the eventual mashed
ball diameter (MBD) is only 5 to 8um smaller
than the bond pad opening (BPO). Such tight
constraint on the ball bonds would require a
consistent small ball - formation, high PRS

Ca T

control on the bonding tool dimensions. In
addition, the use of large wire diameter (23 or
25um) requires the hole diameter to be at least
30um for a consistent looping. These
constraints, together with those problems like
open wire, bond lift off, looping performance,
surface contamination, ete, have now become
a critical process control requirement to
achieve a stable wire bond process yield.

3.0 Objective

The main intent of this study is to establish
and demonstrate the actual bonding response
capability of the UFP .capillary with the new
design concept on a 60pm BPP platform.
Reliability performance of the bonded wires is
analysed through etching test and cross-
sectioning afier the temperature cycle test.

4.0 Experimental Setup
The evaluation was performed on a high

frequency wire bonder, using lest chip die
atlached on BGA 256 substrate and QIP 208

copper lead frame with silver coating.

Special capillary for 60um BPP was used
based on the capiliary design consideration
(See next section). SPT capillary, DFXE-
33ZB-AZM-1/16XL was used for the BGA
device and DFXE-30ZQ-AZM-{/16XL for
QFP device,.

A 25um diameter gold wire was used for this
purpose.

For the optical inspection and measurement, a
high power microscope of 0.5um resolution
was used for ball height, ball size, and loop
height measurement. ‘

230



PT—

Ball shear strength and stitch pull test was
performed on the shear tester. For the ball
shear test, the shear height was set at 3pm.

All responses and mcasurements were taken
with a sample size of 25 readings.

Temperature cycling was performed at -150°C
to +150°C for the BGA device. Ball shear and
wirepull reading were taken at 100, 500, 1000,
and 2000 cycles.

4.1 Capillary Design Considerations

For the ultra-fine pitch bonding, the given BPP
and BPO requires a much smaller wire
diameter (WD) of 20um and below. Although
this offers an advantage in cost reduction and a
simple and straight forward capillary design,
the problem takes place in wire sweeping
during wire bonding, and molding process,
The solution has reverted back to use larger
wires ranging from 23um to 25um. However,
various problems rises on using larger WD on
a smaller BPO as explained below.

Firstly, for a WD of 23pm, the minimum hole
size need to be at least 28um. Considering a
tolerance of +2/-0 pum, the minimum CD need
lo be at least 34um for a reliable stitch bond.
Such a CD size will almost be impossible to
achieve an average ball size of 38um for a
50um BPP bonding.

Secondly, considering that the smallest Free
Air Ball (FAB) size at 1.4 times the wire
diameter (WD) that the current bonders can
attained consistently, the deformed ball size
cannot be further reduced as shown in Figure
i
Figure 1: Ball sizes comparison for larger wire
size

To address the above-mentioned issues, a
unique capillary configuration know as DFX
capillary has been designed to contain the
amount of gold squashed out during bondins

control on the bonder, such design has proven
to be able to control the desired mashed ball
and hence reduce the ball size to a smaller
dimension. The effect of such capiflary desu,n
is illustrated in Figure 2.

In addition to the special capillary design
configuration, consistent ultrasonic transfer is
crucial for the ball size formation. This can be
achieved by using the slimline bottlencck
capillary with higher tip breakage resistant and
consistent dimension repeatability.

Small Wire
Small MBD

Large Wire
Large MBD

Large Wire, Small MBD

Figure 2: Special capillary configuration for small
ball/ large wire capability

4.2 Results & Discussion:

A comparison study was carried out to check
on the the performance of both the Standard
and the new DFX capillary . Results were then
discussed based on the bonding responses
performance as well as the intermetallic
coverage.

4.21 Bonding Response

A design of experiments
conducted tn detarmaina st -

(DOE) was
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capillary on a QFP platform. A selected single
was used for bonding
response comparison with the result as shown

point parameters

in Figure 3 and 4,

: Capillary Design Standard DFX
! Design Design
Device QFP 208 QFP 208
Capillary Type SBNE-30ZA |DFXE-30ZA
Wire Diameter pm 23 23
Ball Dmtr pm
Average 42.6 39.2
Sid Dev. 0.59 0.56
Ball Shear Strength,gm
Average 15.4 1.9
Std Dey. 1.04 0.66
Ball Shear Stress N/imm®
Average 106.4 96.8
Std Dev, 53 39 -
Wirepull Strength,gm
Average 5.8 5.7
Std Dev. 0.2 0.2

Figure 3: Bonding response comparison for standard

and DFX design capillary

Standard Design

DFX Design Capillary

Figure 4: SEM picture for stamdard aned DFX design
capillary

4.22 Inter-metallic Analysis

[nter-metallic analysis was analyzed through
the etching test to further understand the effect
of the new capillary design on the inter--
metallic formation. From the pictures shown in
Figure 5, no significant difference was
observed between the standard and DFX
capillary.

Standard Design

. + [N aYad '

Figure 5 Intwrmatnllin awelisin Fao -4
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from the bonding response and inter-metallic
analysis, it can be seen that the DFX design
capillary is capable of producing a smaller ball
size as compared to the standard design with a
minimum  ball shear stress of 90 N/mm’
(6g/mil*). Hole and CD dimensions remain the
same for both capillary designs.

Having validated such design concept, a
similar experiment was conducted with the
new DFX design but with a larger hole and
CD dimensions. The main purpose is to
investigate the possibility of using a bigger
hole diameter for larger wire application while
maintaining the average bonded ball size at
42pum.

=

[ Capillary Design DFX
Design
Capillary Type DIXE-33Z20Q
Wire Diameter pm 23
Ball Dmtr pm
Averape 41.9
Std Dev. 0.62
Ball Shear Strength,gm
Average 15.8
Std Dev, 0.75
Ball Shear Stress N/mm?
Average
Std Dev., 112,5
4.2
Wirepull Strength,gm
Average 5.6
Std Dev, 0.3
;
SEM Picture L

TR PR AT D O T T R G P )
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4.3 Reliability Analysis

Having understood the bonding behavior of
the DFX design, reliability study was
conducted with  temperature  cycling  at
condition -150°C (o +150°C for a standard 256
BGA device on various bonded ball thickness.
Again, Esec3018 with 125KHz was used for
this purpose.

Since the evaluation is mainly to check on the
realibility of the different ball thickness
resulted from the new capillary design,
important parameters such as Bond Force,
Bond Power and Bond Time were kept
constant  whilst three different Free Air Ball
(FAB) parameters were used. Delails of the
evalualion parameters is as in Figure 7,

Eval #1 Eval #2 | Gval I3

1* Force 280mN | 280mN | 280mN
1* Time 1Sms 15ms 15ms

|* Power 23.1% 23.1% 23.1%
2™ Force | 530mN | 530mN | 530mN

2" Time 15ms 15ms 15ms

2" Power | 25.50% | 25.50% | 25.50%

Auto FAB 40 42 44

F igdre 6: Bonding response for DFXE-332Q

Results from the various bonding responses
have indicated that a similar ball size can be
achieved with a larger CD and hole diameter
with acceptable bond quality. Therefore, a
larger wire size can be used with such a design
feature for UFP application with controlied
ball size

Figure 7: Evaluation layout

All samples were then subjected to the
lemperature cycling at condition -150°C to
+150°C for 100, 500, {000 and 2000 cycles.
Responses were taken both after wirebonding
process as well as after cach cycle.

Eval #1 Eval #2
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Eval #3 Stitch bond

L Process Response Auto Free Air Ball (FAB)
40.00 42.00 44.00
Ball Dmur Avi16.32 Avid9.21 Av:50.62

(m) SD:2.17 Si.49 SD:1.78
- Ball Hgt Av:5.50 Avil1.35 | Av:(5.80
ARer WO (um) S0:1.76 | SU:225 | SD:1.94
Wirepull Av:8.45 Av:8.27 Av:i3A45

{2m) $0:0.24 SD:0.19 SD:0.22

Wirepeel Av:6.21 AviS.68 Av:5.88

(&m) $D0.35 | SD04Z | SD0.55

Figure 8: Bonding responses after wire
bond

Note: Data was based on average value

Rasponses After Ternperature Cycle

o

=M B = 1OOTAC " BO0TKC TG 000G

Figure 9: Responses after temperature Cycle

With the same bonding parameters, a smaller
FAB setting result in a lower ball height but
with a higher ball shear reading. This may be
due to the efficient transfec of the ultrasonic
energy through the capillary to the smaller
amount of squashed gold that helps to develop
the intermetallic formation between the Al pad
and the Au ball, This observation was verified
with an etching test on those units with
different ball height readings as shown in
Figure 10,

Ball Height = 6um

Ball Height = {6um

Figure 10: Intermetallic analysis for different
ball heights

Result indicates that the inter-metallic
coverage for the thinner gold ball is
approximately 15% more than for the thicker
ball. A sufficient coverage of inter-metallic is
very crucial in the UFP bonding that requires
small and thin bonded ball to cater for the
narrow pitch requirement and at the same time
did not sacrifice on the bonding performance.

In addition, the degradation of the interface
between the bonded ball and the Al pad during
temperature cycle was also studied by
monitoring the ball shear strength. Fluctuation
in the ball shear stress was observed at each
read out with the highest reading recorded at
2000T/C. No interface degradation was
observed for all units. In fact, there was an
increase in the ball shear stress at certain read
out.
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On the other hand, wirepull and wirepeel
strength using the new capillary design
concept were comparable o the standard
design before temperature cycle test. However,
a gradual decrease in the pull and peel strength
was observed in most cases but still beyond
the above the 4gm minimum limit. Such
aobservation has litde impact on the FAB
setting since the stitch quality was basically
controlled by the FA, OR and T dimensions of
the capillary.

fn addition to the various bonding responses, a
cross section on the ball bond was performed
on units for eval#tl with the results as shown
below Figure 11.

S00T/C

1000T/C

2000T/C

Figure 11: Cross section analysis

Measurement for the inter-metallic thickness
revealed that compound thickness varies from
[.5um to 3um with no significant difference
between 0 and 2000T/C.

On the overall, temperature cycling effect did
not have significant impact on ball height
variation,  Likewise, stitch  performance
remains within the acceptable quality after
temperature cycling.

5.0 Conclusion

Wire bonding experiment with the new
capillary design concept for ultra fine pitch
bonding has shown that the ball and stitch
bonds can be bonded with equivalent quality
as compared to the standard design. The
bondability —and  reliability tests  have
confirmed that the new capillary design can be
introduced for volume production, without any
bonding reliability issue. Results from the
bonding test have also demonstrated that a
minimum ball size of 10% larger than the CD
dimension can be achieved in a production
environment for a 25um wire size on a 60pum
BPP. The findings and reliability data provide
a useful platform for such design to be used on
even smaller pitch bonding application, which
required a small ball size formation with large
wire size.

6.0 Future Development

With the development and verification of the
new capillary design on a 60pm BPP, the

emphasis by the assembly houses is to
inenmnaratad e nbs e
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testing has demonstrated that such design is
capable of bonding on a 50pum BPP platform
with a 23pum wire size with aceeptable bond
quality.

Figure 12; 50um BPP capability
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Radio Frequency Strip Oppose Emitter(RIFSOE)
Competitive Constructional Analysis

aBSTRACT - A and 537g
competitor device was analyzed for constructional
analysis. Conventional techniques and tools such
as visual inspection and optical microscope
together with advance failure analysis tools such
as scanning electrons microscope(SEM), Energy
Dispersive X-ray(EDX) and Focus lon Beam(FIB)
were wilized to reveal competitor package and die
constructional features. For comparison purposes,
only the dic and elemental material identification
Srom /9 10035 device were compared 1o

MRF19030 as bath devices are housed
in a different package but similar  application.
Analysis findings on ﬁ an 0/ 5
devices package and die indicates differences in
numbers of MOSCAPS used, wire material, wire
bonding quality, die constructional pad layout, die
thickness, passivation layers, number of metal
layer scheme, gare length and gate thickness .

KEY WORDS - /4 /0034 device, B
MEF19030 device, Focus lon Beam, Scanning
Electron Microscope(SEM), Energy Dispersive X-
ray(EDX) Analysis.

1,0 INTRODUCTION

One A 10035 device in Radio Frequency
Strip  Opposed Emitter(RFSOE) platform  was
submitted to 8 Product
Analysis Laboratory for constructional analysis.
This request was submitted by Wireless
Infrastructure System Division(WISD) Packaging
fienchmarking Team. The intention of this analysis
18 1o perform a package and die level analysis on a

competitor part.

This A 10035 is a 30W, 1.9 - 2.0 Ghz
device housed in a Al164 package.
This  A1164 is similar to B NIe0o
Package. However /3 does not have g

similar device in application that is housed in this
package.'On the other hand, /& MRF19030
device share the similar application to
10035 device but housed in a Microd400 package
that have a different package case outline.

For comparison purposes, both the die and

clemental analysis  from 10035 and

MRF19030 wili only be compared as

both device are housed in a different package case
outline,

Below are the outline on how the constructional
analysis was conducted on the 10035 and
/3 MRF19030 device:-

L. Package Measurements

2. Package Decapsulation

3. Visual inspection

4, Package and Die Material [dentification

5. Die Cross-Sectioning and Chemical Staining

2.0 PACKAGE MEASUREMENTS )
Tool maker microscope was used for package
outline and wire loop measurements for both
and device.  These
measurements includes the die size, wirebond pad
size, Flange dimension, Lead dimension, wire
diameter, lid dimension, window frame thickness,
internal  cavity dimension and  individual:
MOSCAPS dimension and thickness. Table [
summarizes the measurements dimension for both
: . and B devices. In addition,
maienal analysis results for both 10035
and 9 10035 package and ‘die is also
included in table 1.

The wire loop dimension and post to pad or pad to
pad wire length were also measured and shown in
figure 18 for better visualization. This
measurements is only documented for 4

10035 device due to different wirebonding scheme.
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Comparison 10 B MRF19030 might not be
comparable.
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Table 1. Compilation of versus 5 device

measurements, The table also include the package und die
material identification inclusive of DIE and MOSCAP quantity
and dimensions.

3.0 PACKAGE DECAPSULATION

The ceramic lid for both A and B
was removed by using a tweezer from the window
frame after heating the unit header at 250C on a
heater block for a minute. This is done prior 1o
some of the internal package measurements. Figure

2-5 shows

10035

and

MRE19030 dc\;iccs before and after the ceramic

lid removal.

10035 device prior to
This device is housed in ﬂ

Figure 1: Optical view showing
ceramic lid remaval.
A1164 package

Figure 2 : Qptical view showing the ﬁ 10035 deviee after
ceramic lid removal. Photo slso shows that the device of u single
dic diebonded on a header placed in between two MOSCAPS.

Figure 3 : Optical view showing 6 MRFI19030 device
prior lo ceramic lid removal.  This devices is housed in n
microd00 package that have 3 smaller packnge case outline as
comparedio A 10035 device

TROAn e T re by

I

gure 4 : Optical view of . MRFI9030 deviee after
ceramic lid removal, This device consist of three MOSCAP as
compared wiwo for 4 10035 device.
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4.0 VISUAL INSPECTION

Low power and high power microscope were used
to inspect for both A - 10035 and 3
MRF(9030 devices for any unique features.
Optical inspection revealed that A 10035
device is constructed with 2 MOSCAPs(Figure )
compared to 3 MOSCAPS for

MRF19030 device(Figure 6). Both device, is only
constructed with a single die( Figure 5 and Figure

6).

Fi;,ure 5 Opucul vncw (oéuslng on the wnrebondmg, schcrm.
between the LEADS, MOSCAP and DIE for © A 10035
device

F‘Bure 6: Opucnl view focusmg on lhc warebondmg schcmc
between the LEADS, MOSCAP and DIE for
MRFI19030 device. This optical view also reveal that the
\;Ercbond between MOSCAP3 1o gate Tead is skewed evenly to
the lef,

Optical inspection on the wirebonding of /9
10035 device revealed that the drain wire
connection from DRAIN post to MOSCAP! is
skewed to the right and almost touches the DRAIN
wire connection from DRAIN post to DRAIN pad
on the die( Figure 7).

B device on the other hand, shows no
abnormalities on the wire conneclion except (or
MQOSCAP3 o GATE post connection where the
wires were skewed evenly to the lef( Figure 6).

Figuee 7 1 Enlarged optical view of the red box depicted from
figure 5 on 10035 device, The highee wire loop is
skewed (o the right. Close examination indicated that the higher
wire loop does nat touches the lower wire loop.

Further optical inspection on the die revealed that
the pad layout for both 10035(Figure 8)
and B MRFI9030 device( Figure 9) are
difterent, 10035 drain pad iy smaller in
comparison 1o MRF19030. Furthermore

10035 have individual drain bond pad as
compared to B MRFI9030, that share a
common bigger drain bond pad.
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Figure 8 : Optical view showing 4 10035 die with
wirebonding intact. Red arow shows the active ares
measurtements. No evidence of ESD protective cireuit was
located on the dic.
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ORAIN PAD

(D

Figure 9 : Optical view showing B MRF19030 die with
wirchonding imact.  Red arrow shows the active aren. ESD
protective circuit is indicated by the green box. This die have
two ESD protective circuit lied (o the gate at both ends of the
die.

No ESD protective circuit was visible for A
10035 device as comparedto 4 device that
utitizes 2 ESD protective circuit tied to both ends
of the gate pad. Figure 9 shows one of the ESD
protective circuit on part depicts by the
green box.

In addition, scanning electron microscope(SEM)
was used to show lhe details of the feature
observed on A. 10035 and B8
MRF19030 devices.

Figure 10-18 shows the SEM wirebonding
micrograph between Drain post, on the die and on
the MOSCAP for 4  device. No comparison
were made to MRF19030 due (o the package
differences.

Figure 10 : SEM  microgruph showing the MOSCAP! wire
connection to DRAIN LEAD( have 8 high loop wires) and
DRAIN LEAD w0 DIE( have 15 wires). Fourteen(14)
wircbonding connection from DIE to MOSCAP2 1o GATE
LEAD(not visible here in this microgruph)

7 5 ; g .
Figure 11 : SEM micrograph of 4 . 10035 device at the
DRAIN LEAD post indicated by the red circle in figure 5 on
A 10035 device. Wedge wirebonding was used.

Flgure 12 : SEM  wircbonding micrograph at the DRAIN
LEAD post for . A .. 10035 device with magnification of
400X. No pad tail was visible from the wedpe wircbonding, The
wircbonding impression on the DRAIN LEAD post is pressed in
between as shown by the arrows,

¥

e
Figure 1Y SEM dic wircbonding micrograph for
10035 tilted at 10 degree. [t is observed that the wire connection
from DRAIN LEAD past to die{ DRAIN wire) has a blunt edge,’
indicated by the red arrow.,  Wircbonding from DIE 1o
MOSCAP2 to GATE LEAD(GATE wire) post has # narow
look edge, painted by the blue acrow
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W " : B
Figure 14 : SEM  micrograph showing the details of
10035 device single DRAIN wire tilted at 10 degree. The
quality of wircbonding is not good. There seems o be an access
wire impression on the bond pad as shown by the arow. Side
view also shows that the wire bond tool does not pressed the
wire evenly as visible By the middle bump, pointed by the blue
arrow.

Figure 15: SEM micrograph showing the details of A
;2035 device single GATE wire tilted at 10 degree on the die
nd pad.

: 3 8 g % B8t 6t
Figure 16 : SEM  miorograph of 10035 device
wircbonding on MOSCAP2, The wire connection is from GATE
pad to MOSCAP2 10 GATE LEAD post.

AL
Figure 17 : SEM miccograph showing the details of A4 -
10035 device single GATE wire connection on MOSCAP2.
Similar unpressed middle bump Jeature is observed for this
wedge wircbonding.

- 10035 device tilted at
40 degree showing the wire loop. The wire length und wire loop
dimmension was also included in this micrograph All the
dimensions are in mils.

Figuve 18 : SEM micrograph of

50 PACKAGE AND DIE MATERIAL
IDENTIFICATION .

Energy Dispersive X-ray(EDX) analysis at 15kV
and SEM were used together during the analysis (o
determine the clemental identification
qualitatively.

(]
All the elemental identification for die passivation,
die attached material, Flange plating, Lead material
and window frame material were summarized in
Table |.

6.0 DIE CROSS-SECTIONING

Much advance equipment such as Focus lon

Beam(FIB) was used to cross-section both the
A and B  dic. The cross-section area

were depicted on figure 19 for A4 die and

Figure 20 for G- die.

Both of the cross-section area were selected in
between the drain and gate pad. Prior to milling,
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ungsten was deposited an the top portion ol the
area for cross-section. This tungsien layer is to
protect the top part of the passivation layer from
collapse when milling was condueted.

1 TR AT K A0 BV L
Miga (BIORT l,; E Hyhn ey > Ty

.Figurg 21 : SEM micrograph of . £ " 10035 cross-sectioned

* die magnified at 12000X showing the junclion details. Take
note that lungsten was deposited on top of the passivation layer
for edge protection during FIB ecross-sectioning. This dic uses
only | metul scheme.

DI A > W ottty
L% S CE s i e VPRI
4 ! . :

Figure 19 : Oplical view of 4 10035
cross-sectioning was conducted wilizing FIB 1o understand the
dic cross-section  structure.  The cross-sectioned  finger * is
conducied  between the GATE wire und DRAIN wire us
indicated by the red box

v § G Bued Kaolwn ¢
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Figure 22 : SEM micrograph of /& MRFI9030 cross-
sectioned die magnified at 12000X showing the junction details.
Take note that wngsten was deposited on top of the passivation’
[nyer for edge protection during FIB cross-sectioning. This die
uses 2 metal scheme

Figure 20 © Optical view of CUMREI9030 die finger Some measurements were also done on the metal

where the cross-sectioning was conducted wtilizing  FIB to thickness, gate length thickness and width, Figure
undcrs}and the dic cross-section structure. The cross-sectioned 23 depicts the A die  cross-scction
finger is conducted between the GATE wire and DRAIN wire as measurements and Figure 24 depicts the 8

indicated by the red t . .
¥ the red Box die cross-section measurements.

SEM were later conducted on the cross-section
area of both 4 ( Figure 21 ) and
die(Figure 22) 10 observed the details of the die.
Prior 1o that both the cross-sectioned die were
chemically stained for a few seconds using Wright
elch to highlight the die boundaries.
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Figure 23 : SEM micrograph of 15 cross-sectioned
dic magnified at 12000X showing the junction details with
dimension included. All dimensions are in microns. This die
passivation layer thickness is 0.37 microns

Y LT 58 kel B WAL R
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Figure 24 : SEM micrograph of . ~@  MRF19030 cross-
sectioned die mugnified at 12000X showing the junction details.
All dimensions are in microns, This die passivalion layer
thickness is 047 microns

6.0 CONCLUSION
The constructional failure analysis  has
suceessfully  identified  several features

incorporated in 10035 device as
compared to B . MRF19030 device. Those
differences are outlined as below:-

L. The numbers of MOSCAP, where 4
utilizes only a single MOSCAP as compared
tothreefor B  device

2. A device uses gold wire as compared to
aluminum wire for B device

3. There were differences in 4  and
B device construction pad layout

where 4 have a smaller and individual
bond pad for gate and drain wire as compared

to B that requires bigger bond pad size
and each drain pad shares the same drain
hondling pad

4, A

compared to
5.93 mils

5 A
mils) as compared to B
thickness of 7.47 mils.

6 ./ diedoes not have any ESD protective
circuit as comparedtc B die.

dic thickness thinner(4.46 mils) as
B having a thickness of

have a bigger dic active area(37.80
die having a

7. EDX analysis on /A die passivation
indicated that it is passivaled with silicon
nitride while B die is passivated with
. silicon oxide,

8. From the die cross-sectioning it is noted that
A - die uses only one metal layer scheme
as compared to two metal fayer scheme for

g dic

9. From the dic cross-sectioning, it is noted that
the gate iength for die is shorter (0.50
microns) as compared to 0.59 microns for

-~ die. /) gate thickness is also
thinner(0.28 microns) in comparison (o
B pate thickness of 0.44 microns.

These form of analysis helps package and die
benchmarking team to improve our existing device
The paper is published in Quality Labs Quarterly
Knowledge Presentation Web Site and circulated
10 B operation. and Wireless
Infrastructure System Division{WISD) Packaging
Benchmarking Team.
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01 (Active) Bridging Defect Found on 87.5% UDR2 Technology

ABSTRACT - Sub-lots of SSP26311GC80 DSP
device exhibited 10% pin leakage failure at hot and
room tests. Failure analysis on the failed device
showed that the source of the pin leakage failure was
01 (active) bridging defect found on ESD thick field
transistor. Further analysis revealed that the leakage
occurred from source to drain of the thick field device
because of the 01 bridging. The 01 bridging happened
due o the difficulty in patterning or etching the long
and narrow field region between the two active areas
al the wafer fabrication site, MOSI1. The findings
have led to a recent process improvement change in
MOS11 where POI resist process of J224 mask set
with 87.5% UDR2 TLM 0.42um technology has been
changed. Erratic resulls can be seen on their class
probe structure that is similar to the bridged structure
in this report. The resist thickness has been reduced fo
help resolve the narrow spaces such as this. The
change, subsequently, affects other UDR2 and CDR
designs in MOSII. No 01 bridging defect has been
reported since then. This paper outlines a systemiic
and thorough failure analysis approach in identifying
the failure mechanism and describes efforts taken to
help resolve the issue.

KEY WORDS - Digital Signal Processor (DSP)
Unified Design Rules 2 (UDR2), Semi In Len
Scanning Electron Microscope (SEM),
Communication Design Rule (CDR), Focused Ion
Beam (FIB), Electro Static Discharge (ESD), 01
Bridging.

1. INTRODUCTION
Six sub-lots from wafer lot, E115070 exhibited 10%
leakage at hot and room tests. Ten units with pin
leakage failures had been analyzed. Failure analysis
done on the units revealed that the leakage failure
was due to 01 bridging defect found on ESD thick

fleld transistor. The defect was induced during
wafer fabrication process.

2. FAILURE VERIFICATION

The units were verified in the product analysis
laboratory using a curve tracer. Curve trace results
showed that leakage could be found at various pins
on all of the units. Figure | showed a typical [V
curve of leakage pin. It was noted that the leakage
pins were from pins {34 to 144 (Table ). Leakage
ping that were unable to be detecied by the ATE
were also verified and the result revealed an early
breakdown during Vdd power up process (Figure
2)

Unit Leakyye Pin
) 1IVETIAD
X LROD
1 PWFCFIXD
El VA UORIXD
S5 LAAROM
v JEETRINIEL
7 HT{TCK)
[ 143INCT2)
Y 14380 T2)
4] 143 (SCTH

Table 1. Deails of leakage pins.
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pA S iy

h«'

500 mv/div

Figure 1, A typicul IV curve revealed leakage on pin 139 (TDO).
Similar leakage wus observed on the respective failing pins,

Green Curve: good unit, Red Curve: bad unit.

10
pA/div

2 V/div

Figure 2. A typical IV curve revealed an early breakdown on pin
143 (SC12) when powered up to 3.3V. Green curve; good unil.
Red curve: bud upit.

3. DECAPSULATION

The BGA Glob Top package was de-capsulated
using the B&G Decapsulator. The package mold
compound requires a mixture of fuming nitric acid
and sulfuric acid to dissolve them with no residual
mold compound left around the bond pads. The
package was then cleaned with acetone.

4. VISUAL INSPECTION

The units were inspected using X-ray. No defects
were abserved on the die surface.

5. FAILURE ISOLATION- NON DESTRUCTIVE
TECHNIQUES

5.1 LIGHT EMISSION ANALYSIS
Light emission analysis revealed a light spot on the
respective leakage pins (Figures 3 and 4).

Figure 3. Light emission analysis revealed a typical light spot on
leakage pin (139 ~ TDO) as indicated by a white arrow. Similar
light emission was observed on the respective failing pins.

Figure 4, A close up view of the light spot on the leakage pin (pin
139 - TDQ) as indicated by a white arrow, Similar light emission
was observed on the respective failing pins.

5.2 LAYER DEPROCESSING
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Jnits 1, 2, 3 and 4 were de-processed and i ’
) and inspected Figure 7, Optical micro
. graph revealed
mWf by laycr, /3‘\11 an(})maly was found on the ESD protection diode of a correlation unit (Traccngosz?n;(%{x]g;@%s)n'
hick field transistor of the respective failing pins ‘
Figures 5 to 8). It was observed the defect could
t0 be found from pins 134 1o 144,

Figure 8. SEM micrograph revealed no anomaly on ESD
protection diode of a correlation unit (Trace Code - XQAB994S).

. R S 6. FAILURE ISOLATION - DESTRUCTIVE
Figure 5. Optical micrograph revealed a ypical anomaly on ESD TECHNIQUES :
ction diods where the Hght emitied (plo 139 - TDO). THls .
sty was ohsorved on all pins, from pins 134 10 144, 6.1 FOCUS ION BEAM (FiB)

FIB cross-section revealed there was no groove-
undemeath the poly lines on unit 5 as compared
with good units (Figures 9 to 14). The groove in fact
is the presence of field oxide. When the active areas
are bridged, only gate oxide is present. Therefore,
there is no field oxide, so the "groove" is not there.

Figare 6. SEM micrograph revealed a typleal anomaly on ESD
pesssction diodo where the light emitied (pin 139 - TDO). This

onall the pins from plas 134 to 144,

R

revealed no groove underneath both poly

Figure 9. FIB micrograph
lines as indicated by white arrows (pin 134 -IRQD)..
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g 3 i ; X
Figure 10..FIB. micrograph revealod-a -greove-undemeath the left
poly line but not on the right poly line as indicated by a white arrow
{pin 134 -IRQD).

Figure 11, FIB micrograph ravealed a groove undemeath the poly
lines on ESD protection diode of a correlation unit (Trace Code
XQAB9945),

B WIEK &h{ B SN B S

Figure 12, S‘E;M;niicrbgmph revealed there was no field oxide
undermenth both poly lines as indicated by black arrqws.

Phokibi, ALy

AAIRASR  Dop A4
Ho. X 43 m:!rgm

IPRPHVIPIE TR - '
Figure 13. SEM micrograph reveafed there was a field oxide

uriderneath the poly of a corelation unit (Trace Code -
XQABY945).

Mg ANRFKS, |
Figure 14. A close up SEM micrograph revealed thers was a field

oxide underncath the poly of a correlation unit (Trace Code -
XQAB9945),

7. LAYOUT ANALYSIS

Layout analysis showed that pins 134 to 144 were
from J22_MG_IUP| module. The defect site was at
each of the IOOIPTDSV circuit, (Figures 15 -and:
16).
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Figure 15, Dic layout showed a lypical pin (pin 139 - TDO) from
J22_MG_[UP{ module where an anomaly was found on ESD
thick field transistor (I00LPTD5V),

Figure 16, ose,up die layout shocd a2 lypicl pin (pin 139 -
TDO) from J22_MG_IUP1 module where an anomaly was found
on ESD thick field.-transistor (J001PTDSV).

8. FACE LAPPING

In order to further examine the failure, unit 6 was
face lapped close to the poly. Optical microscope
revealed that the defect found on the ESD thick
field appeared to be poly patterning defect (Figures
17 to 19). The poly looks like it was mis-patterned
because some parts of the poly are higher than
others. The poly is lowered where the bridging
occurs. Two tested good units from the same wafer

lot were sampled for inspection. It was observed
that one of the tested good units had similar poly
patterning defect but in a lesser extent (Figure 20).

PR o o 3 4 IRES &
Figure 17, Optical microgeaph shows the defeet found on ESD
thick field transistor appeared to be appeared to be poly patteraing
defect (pin 144 - SC11). '

Figure 18. SEM micrograph revealed a poly patterning defect on
ESD protection circuit (pin 144 - SC11).

s, : L e
Figure 19, A close up view of the poly patterning defect, on ESD
proteglion circuit {pin 144 - SC11).

248



wafer lot, EL15070. This anomaly was observed on most of the
pins from 134 through 144,

9. FURTHER DISCOVERIES

Extra effort was taken o further understand the
defect from MOSLL, The defect found is termed as
01 (active) bridging. The 01 bridging occurs due to
the difficulty in patterning or elching the long and
thin field region between the two active areas. Small
variations in the lithography tool focus or resist
thickness can cause the problem to appear, In order
to resolve the issue, the resist thickness was
reduced.

10. RESULTS

This is a successful product analysis to directly
determine the cause of this high leakage failure, Key
to this finding is Ol bridging defect, The method
was formulated in KLM product analysis lab. This
showed the 01 bridging defect clearly, The product
analysis findings have led to several process
improvements especially in helping MOS!1 to
identify the defect due to patterning or etching
issues. No failure of the same nature was reported
since then, The method used during the analysis to
remave the residual mold compound left around the
bond pads on BGA Glob Top packages was fan out
to IES, WSSG and NCSG Failure Analysis Groups
in Oak Hill and Toulouse. The documentation is
available on the compass web site as part of the
knowledge sharing process.

11, CONCLUSION

The methodological product analysis approach has
successfully identified the Ol (active) bridging
failure. The use of an innovative method to de-
capsulate BGA Glob Top package enables light
emission analysis o be performed to identily the
leakage spot. The key finding which relates to the

0l (activc) patterning process has led to several
process  improvements. The (wo main  areas
identified that need improvements are prabe test and
wafer fabrication processes. It was discovered that
the probe program for mask set 4J22A was having a
test coverage issue. A discussion on updating the
lest program has taken place. It was concluded that
with the advent of the new mask set 0K36A, mask
set 4J22A was to be eliminated and a more robust
probe test program is envisioned. A new type of
resist which will have an increased depth of focus
from current process of 0.8 - 1.0um to 1.2 - [.5pm
is Lo be implemented. This increased depth of focus
will result in increased resolution capability,
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APPENDIX C

THE QUESTIONS OF INTERVIEWS WITH THE SENIOR PROCESS

ENGINEERING MANAGER
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Do the Chinese and Malaysian engineers communicate in English with

superiors, colleagues, and subordinates?

What post are the Chinese and Malaysian engineers holding and what

departments are they attached to?

How long have the Chinese and Malaysian engineers been working for this

multinational organization?

. How many engineers among the Chinese and Malaysian engineers studied

overseas?
How often do the Chinese and Malaysian engineers write technical reports?

For what purposes do the Chinese and Malaysian engineers write technical

reports?
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No PMC Study on SOIC28WB Package with Fast
Cure Molding Compound
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tkground

now, PMC process has much contribution to our assembly cycle time as well as it to tl
jjof our products. Many investigations are being performed aimming to eliminate this
s, TJ plant had passed the BOM standardization gualification with No PMC process o
W14/16 last year and no ‘addltlongLProcess was required. Molding compound used in
il 15 VIP8000 " serxes and EME66OOCS series which are both categorized in fast cure

for SOIC28WB, same pro ject will be launched. Before this, we haye (g determine if we
minate PMC or how many hours it can be shorten through study on compound

rties base on current process

mdustry, we must go through the validation test for major process/material change.
other word, we must pass reliability test, The reliability performance has close relation
hanical interaction between the plastic package and the silicon devxce it surr ounds.

al expansmn dynamic modulus and adhesion studies arc used to describe this

ttion., Soa our investigation was divided into two stages, one is cgmgggaﬂyg&p&”w
irison between PMC and No PMC, another is the reliability test.

l?erformance of Molding Compound Before and After Postcure

~

o the high glass filler content of the IC encapsulant compound are very stiff, high
lus, brittle material. Althoggh the coefficient of expansion for this type of material is
he combination of high curing temperature a and  bigh modulus can lead to serious

e o M.

ally mduced | stress that can damage the snhcon devnce or resg[g in crackmg of the epoxy
ige durmg temperature cyclmg Any f fissure m the ic ‘packagé can provide a path for th.
s of moisture contaminants that can cause fallure of the device. Thermally induced

can also cause adhesive bond failure between the epoxy and the copper lead frame,
gllowsgnﬁoﬁbﬂcr means for moxsturc to reach the devxce. Thcreforc, the heat lustory is
mportant in order to Eéré'l"éments with hxgh rellablhty Economics is the driving force
dustry interest in no postcure epoxy packages. At the same time, microelectronic
'mance requirements remain high. Thus, these key characteristics need special scrutiny
regard to no-postcure and postcure.

fudy is mainly on comparing the performance of molding compound before and after
ure, Four type of commercial molding compound were selected for evaluation and

das A, B, C, M. A, C and M are all belong to fast cure family.
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md analysis (1) - elfecton Tg

s epoxy chemistry, its heat history is an important crosslink factor. Up to 95% of

jial crosslinks may be established during molding of integrated circuits. M

ink occures during postcuring of molded parts in an oven for 4-16 hours. Mold and

re temperature may vary form 160 - 190degree. Most often, postcure conditions of 2-8
at 170degree are employed.

1 and Fig. 1 presents Tg data versus postcure time. It is always significantly higher
ostcure. Therefore, high Tg-specification generally can not be served without postcure.

Table 1 postcure effect on Tg

Table1 Postcure effect on Tg

cure Tg degree
condition A B C M
NPMC 103 129 130 111
170@2 hrs 127 154 142 132
170@4hrs 149 167 149 165

k: Tg is measured by DMA which is defined the temperature at the peak of the tan delfa.

b o RS

1]

J B0 They
e ot TN

Fig. 1 The postcure effect on Tg
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analysis (2) - effect on adhension propertics

artance of good adhesion of the epoxy to the silicon device for excellent package crack
e was discovered as the result of a special test design to simulated the stress

ations at chip corners to observe epoxy cracking. If there is good epoxy-silicon

the thermal stress that develops at low temperature in the element of epoxy will

into the silicon. However, if there is poor adhesion over the surface leading up to the
ner, the stress in the element no longer couples into the silicon but will cause an

in the stress at the corner. T |

in table 2 and Fig. 2, the effect of postcure on adhesion to metal lead frames is

nt on the compound type. The adhesion of Molding compound A with postcure to
eadframe was found lower than that of no-postcure, while Molding compound C

i higher adhesion to copper leadframe after postcure,

Table 2 Postcure effect on adhesion to Copper lead frame

P

Table 2 Postcure effect on adhesion to cu lead frame

cure adhesion(kgf)
condition A
NPMC 129 11
170@2hrs 167 . 165

Fig. 2 Adhesion to cu lead frame
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t analysis (3) - cffect on CTE

ent of expansion (CTE) are generally governed by filler type and level, not by postcure

. h 3 ‘. 5L
Stcure conditions. As displayed in Table 3 and Fig. 3 , however lower CTE after
have been noticed except B.'

Table 3  Postcure effect on CTE(25 - Tg)
cure CTE (mm/mmidegree)
condition A B8 C M
NPMC 32 27 26 36
170@4hrs 25 60 24 22

=

CTE (memgm/e)

3 Coefficient of thermal expansion of no-postcure verus posture

nd analysis (4) - effect on moisture absorption

' fully cured by various mechanical measurements, there remains, in fact, a measurat
n of unreacted e

cted e poxy jrougs. This phenomenon, we believe , has its origin m the
gical constraints in highly crosslmked networks that render maccessnble toa fraction



'groups during the Iinal stages of cure. The postcure stép in the stoichiometric and
-rich formulations caused an additional crosslink.
ffect of postcure on moisture absorption depends on it’s moisture condition. Moisture

ption in Fig. 4 and table 4 showed that postcure increase moisture absorption. The
imenon has been explained an increase in free volume with postcure.

Table4 Postcure effect on moisture absorbtion

(dippered in deion water at room temperature for 10 days)

cure Moisture Absorption{%)
condition A B C M
NPMC 0.66 0.13 0.16 0.55
170@4hrs 1 0.18 - 0.28 0.68

ghie l
Iu 1704 'lhri

Wokstue
Absorplian (X }

T el B R e . M 2 A T T % 4 S TR B S T AT 4 o 41 T B e DG U B S

A4 Moisture absorption of no-postcure versus poscure

ible 5 Postcure effect on moisture absorbtion
{Expasure to hast 85degree/85% RII)

cure
condition A C
Cured at 180°C /40s 0.33 0.41
Cured at 180°C /60s 0.43 0.56
2hrs PMC 40s 0.39 0.5%
4hrs PMC 40s 0.47 NIA
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Fig.5 Moisture absorption of no-postcure versus poscure

+

and analysis (5) - effect on modulus .
e as the CTE, the modulus is governed by the filler content, since filler is the predominant
edient with a high modulus in the order of 69Gpa(10Mpsi), compared to only
Gpa(0.5Mpsi) for the organic portion of the compound.

T T TT L. FEpPP FOTT -

Table 6 Postcure effect on storage modulus

cure Srorage Modulus{Gpa)
condition A B8 c M
NPMC 13.5 4.9 12.6 10.5
170@2hrs 12.9 5.4 12.8 12.6
170@4hrs 12.4 4.9 14 114
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Fig.6 The effect of postcure on storage médulus

Table 7 Postcure effect on flexural strengh
clre Flexural Strengh(Kgf/mm?2)
condition Aat140°C Aat170°C  Cat190°C C at240°C
PMC 2 2.1 1.13 0.82 0.75
hrs
eliability Performance Evaluation .

on above investigation on molding compound , we build 7 lots with differ ent mold..ng
ition to compare the impact of no-postcure and posteure process on IC relmbxllty

o

rmance The different molding conditions are as following:

‘ompound type in mold cure time post mold cure time

60s 0 hour
40s 0 hour
40s 2 hours

A 60s 0 hour
40s 0 hour
40s 2 hours
40s 4 hours

Pound C&A are both fast cure type. Vendors recommended that they have the cap.lblhty

lieve no postcure process but this also depend on moldmg condition in user’s pr
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suation was aimcd (0 chioose appropriate molding condifion for furfher no or I1éss

qualification on SOIC28 wide body. One type of micro controlier MC6SHCT05P6 ws
s vehicle for this evaluation.

ity is the probability that a semiconductor device will perform its specified function in
enviornment for a specified period of time . In other words, relibility is quality over
environmental conditions. B has always streesed reliability and quality
tions in designing any new product and developing new process.

as no expection this time. But, how to choose reliability test for this evaluation? It has
nd is not necessary for us to finish a full reliability test table designed for a formal
ation. According to the requirments of AEC-Q100 & MIL-standards, we choose
iﬁ""i‘OC‘LAVE) and HAST(pressure-Temperature-Humidity-Bias) as the test items.
nof PTH: 121degree, 15psig, 100% relative humidity, 144hours.

n of HAST: 85%RH/121degree/15psig plus abias level which is the nominal rating of
e, -

for surface mount package, precoriditioning process is required before standard
ient test is performed. The procedure for preconditioning test is-as following:

s dege; 10cycles) -— >Backing (125degc; 24hrs) —->T(85dege/85% RH; 168hrs)

(245 dege) ‘

1g to AEC-Q100, pre and post stress electrial test must be performed on samples at
md hot temperature.

ry resuli:

5 degc) precondition  precondition pass
48hrs . pass
96hrs ' pass
(245 degc) precondition  precondition pass
1 96hrs pass
144hrs pass
gh abov have further understanding upon

zh above Investigation o comppqp,@j;@;sft?; %v&?é-‘zean “see there’is no significant
compound that we are using. To some == n the other hand, the

’ ure type compound. 1 :
¢ between after and before AT 3 f?:iecd low,ystrqs,s,hx,xyhbgr,..typs:¢.!a.stomgr,,a_9h49y_9s

sund vendors had their products acl

o i -PMC proces;
' L i (fset the influence of no PM 82
Areliability by special additive, and so o This S8 0 ( through chosen

i it thly we
e extent. And all Tots under different molding condition smOQTLy W2
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ility test wilh no Tailurce was detected. THIS gives us more confidence on qualilying no
progess on SOIC WE package,
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M2

Failure Analysis: Signal Conditioner Key Off Timer Issue

ABSTRACT (Helvetica 10 Bold) - This
repont details the failure analysis (FA) proceditres

All units were decapsulated, visual inspection did not

conducted in response to a wafer probe yield loss of
about 5% at MOSE for the past one year, The
estimated cost _impact & abowt USI250K/year.

reveal any anomaly, Light emission analysis was
performed an all ynits BUT 0 Tigh{ 2mission spol
was detected. Liquid crystal analysis was unable to
be performed because the liquid crystal changed state

Microprobing has narrawed the failure site down to
Jaulty flip jﬁwp in the Key Qff Tomer Clrcuitry.
Electrical characterization leads (o the discovery of
open metal 2 to metal [ via, Using advanced FIB

during device powerup.

S/n 1 and 2 were depassivated using Reactive fon

tungsien deposition, detailed vertfication of failure

Etching (RIE) for microprobing. Microprobing has

can be reconfirmed, Specific defect information was
relayed back to the fab so thal corrective_ actions.

narrowed down the defective area toataggle flip flop

in the KOT circuitry whereby the output was stuck

could be pursued.
KEY WORDS ~ KOT, Open Via, FIB

INTRODUCTION
Mos 8 five inch wafer probe test was having about
5% yield loss dus to Key Off Timer (ROT) Enllurc

for the past one year. The estimated cost jmpact is
‘56—55‘57” ut Ulaycar'. Wafer _mapping__performed
revealed, positional fallout at the bottom of the

waler. The probe fallure samples were assembled and’
tested, confirming the KOT {ailure. Three units from
probe failure samples were submitted for analysis, A
thorough and systematic analytical approach leads to

the identification of the roof cause was due (o open

- metal 2 to metal { via, The use of advanced Focus

Ton Beam ggﬁig tungsten_deposition tool _enabled
detiled verification of the failure. Specific defect
information was relayed back to the fab for corrective

action.

"ANALYSIS

Curve tracing on all units showed no anomaly. X-
ray analysis %ﬁ,nm-s,how any wircbond anomaly.
Three units were verified to fail Key Off Timer tests

usinE the bench test setup. The setup involves
sending a sequence of commands to the KOT register
address and then reading the retumn data, The failin

units _have the data always at $00 to $03. A
corfelation good unit has the data changing with each

read ranging from 300 to SFF.

Tow 1nstead of a clock signal. Fipures 1&2 show the
ROT clrcultry schematic and idchL [y the faling flip

lop. . i
———

igure 1: Key Off Timer (KOT) circuitry
schematic identifying failing flip flop,
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Figure 2: Detailed of the [lailing (flip flop
schematic,

Figures 3 & 4 show the partial layout of the flip

flop and the probe points. Figure 5 shows the

various probed signals on this flip flop. All the

clock input signals to the flip flop were present.

Powered curve trace was carried out at the input and

output circuits of the (1ip {]op bul 1o anomaly was

observed. Next, similar routed signals were probed

and it was noted that the QB (Q Bar) ouiput signals
probed at QB1 and QB2 points were in the opposite

staie (see Figure 5). These two signals should be the

same as QB 1 and QB2 are connected through metal 2
to metal 1 via. This indicates possible open via
between the two points.

Figure 3: Partial layout o the f'aiing flip flop -
marked in red box.

E . s 7]
Figure 4: Layout of the failing flip flop shaws the
various signals. "X indicates some of the signals

scsen (350

oK m"ilt{l{!’l’l”,l'!{\f

40000 1 Delzy 500 re/Div Bl

> o J.

g .

ofs 0.8

Qo2 & - v

Figure 5: The various probed signals from the
failing flip flop.

Focus lon Beam (FIB) was used to_open a_small
window down at metal I for probing. Curve trace
confirmed an open metal 2 to metal | viaat OB L.
FIB cross sectioning was performed al the center of

the open via. Voltage contrast imaging confirms that

the via is open Zﬂgurc 6).

Figure 6: Voltac contrast imaging of the open
via.

Figure 7 shows a correlation voltage contrast

imaging on a good via. Wright etch _was used to

that were probed. Further probing confirmed open
via at QB1.

stain (he sample for belter imaging. Scannin
Electron_Microscopy (SEM) showed what wag
believed to be an interfevel oxide layer above the
melal | fayer blocking the via connection to it
(Figure 8 and 9). Figure [0 shows a correlation good
via. Both s/nl and 2 were found with similar {ailure
mechanism,
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o & : iR ’“".C‘u‘ma “5‘1‘«‘*&:” )
Figure 8 SEM imaging n s/l shows that an
interlevel oxide layer was above the metal 1 layer

blocking the via forming a connection,
[ote: Passiirgdon layer removed,

N

Figure 9: SEM imagg_gg on s/ hows lhat an
interlevel oxide layer was above the metal 1 Jayer

blocking the via forming a connection,
Note: Passivation layer has been removed.

Figure 10: SEM lmngmg on a corrclauon good
via,

To reconfirm the open via, FIB was used on s/n 3 to
reconnect the QB signal at the (‘mlms flip ﬂop A
verilication on (he bench setup shawed that the unil
has partially recovered. The returned read data was
changing from 300 to $07. Hence, the next stage

flip flop QB signal was suspecled to be in opposnlc
state as well, FIB wasu ws.
b ing..anather

ont i
open via, FIB reconnection of lhe QB  was
performed. Verification on the bench has return read

data changin %hfrg_m ‘The unit still did

not recover. The next successive sm pes ot‘ the flip
flop were probed and reconne

with the return read dala changing wizh each read,
FIR cross sectioning confinmed Eng all the viag wm;

apen al all five successive flip flop.

A3 SIT AT

£ pe

Flgure 11: Image shows FIB reconnection of the
si nal on five successtve stages of the ip flops.

recovered. The open vias were circled in the

pictum.

to_detenmine the

Metal etch was done on s/n 1
_presence of the interievel axide between metal | and

2 via, The results indicated thal the bad via has a

layer G&TWeen the meial T and 2 via. SEM picture
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clearly indicates that there has a layer separating

metal { and 2 via (Figures 12 and 13),

b i
Figure 12: After metal etch, SEM image indicates

that there is a layer (believed to be [LD) separating
Ml and M2,
e,

KLH 2 .SKU  %30.,0006 13an a8
Figure 13: After metal etch, SEM fmage on a
good via.

CONCLUSION

This report detailed a thorough failure analysis
procedure for identifying the root caus
understanding of the fail mechanism of the KOT
circuitry on the signal conditioner IC. All units
{ailed with positional open metal 2 to metal | via at
QB signal on the Tlip flop in the Key Off Timet
(KOT) circuitry. The cause of the open via is due to
insufficient anisotropic metal 2 to metal 1 via etch.
Specific defect location on die has been relayed back
to the fab for corrective action. The findings has

resolved a year of problem and estimated cost
savings of US$250K year. Mos8 will be increasing

e _etch time after a series of DOEs on_control
wafers. Further investigation on the fab process is
recommiended.
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WIRE BONDING PROCESS

FINE PITCH WIRE BONDING
ON 561 SDIP PRODUCTS
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173.9%177.9 mil

103.6 micron

86.2 micron

Diagramd 67ASE04727W
56L SDIP

At b K

Xpeameny

NITTO MPSOOOCH
MICROSWISS 484FD-2093-R35

200 dek 200gde5
50 tenth-mil 50 tenth-mil
60 tenth-mil 60 tenth-mil
15 msec * 15 msec
35¢g 40 ¢
48 mwatt 40 mwatt
1-sqr 1-sqr
1-volt 1-volt

0

0

0

0

0 (

0
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55 tenth-mil

5

0
0
0

L

-,
a2y

60 tenth-mil

10 tenth-mil 10 tenth-mil
15 msec 20 msec
35¢g 40 ¢

33 mwaltt 40 mwaltt
1-sqr 1-sqr

1-volt 1-volt

0 0

e

1.0 mul

1.5
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35

55 tenth-mil
55 tenth-mil
5

123
150
-30 tenth-mil
15
110
10
1200

0
0
2

esult o :@'

qvaluatz@ reeded for zmproe the

[l
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S
(&
PR

st

190 depC
200 e\

70 tenth-mil

6 tenth-mil

6 tenth-mil

) &
AL

10.

JINCA / 7
diidrivere changed as same Wil

20 msec 15 msec

35¢ 40 g

40 mwatt 40 mwatt

1-sar 1-sqr

1-volt 1-volt

0 0
LEF2 worked
50 . 11.0mil
140 percent . 185
23 e 50
40 ‘ : ¥ 150 tenth-mil
-30 tenth-mil | Revers 55 tenth-mil




35.9 20.5 30.5 9.4 1.99 1.76
7.5 5.3 6.4 2.2 0.56 1.42
8.82 7.34 8.25 1.48 0.27 N/A

0.66 048 055 | 018 | 006 |N/A
]
Result Of fgllplacement:\mil)

*@Zgult f Sumitomo F.
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1.72

2.37

0.06
0.04

f'rm;;. )

7] ﬁ%; }/ &1 a&» ‘*‘Q .;’. ‘

sigmjﬁcant/ im rav; of YalS

W lion is successfully.

- iée
8

aluations gnd XC Quqll ,;.m-,

276



0.06

0.07

- Cpkm*

>3

1.71

2.11

N/A

N/A

1.72

2.37

_ hows szgmf cant/ in

aluations jnd XC’ uqi®, u’i’fa
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nis e

&@ is very helpful for further @aluatu&)

stlll need i lmprove .and 1f OLP(of s PreErasD) is

¥ sy
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»':’"M‘-.

Q, 1 h,o 1 xeqmrcs more s(ud on DOL.

d' e

.

h 750 it bctter to cvaluate a

ERL ()018

) a( Jféfiﬁfea@\ibz T 1@éess is in (Lualzf catio) fm
Feakibylity studies Jfor 70 tin QFPS and BGAs have produced very

good {esults b, the valiation of our pLig: low (@elsiudy compare with
z/ze{aslizﬁz,}? is urgent for MCEL to catch iip with tlze(fea(fer ' é’ﬁ&l
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@ondability hnd Reliability for Ul EEEETRvEon A @ ocess > M3
With Small GalPLarge Wire "dp«)blll()’) )

/Kﬁl")‘lsbt 1}0

With the rapid @vmu.mu in

e, e
has fast becomc a c_a 1y WhllC the étanﬁgrﬁ)
apillacydesigimeets many current industrial

feeds) from thexrprov;n(@n’gguu ?@"&M%)

for smaﬂ@llsm (ormaticp with large Qi

pYapplicalion requeres a

and (onhgurauo
squashed oul

IcBaldformatiopwith large @ire)
(Paperdiscusses Lhd
to control the desired MBD
(se bf 25um A on a 60pm BPP
e intent is to establish t,h
to be used on the 50 and 40um BPP

was also demonstrated.

2.Introduction)
he smll ﬂy

BD) 1s only 5 to 8pm smaller

mwumm:- BPO). Such light
on -@L(m ould require a
consistent  smallCbal)Xformation? high PRS

high positional accuracyland a tight

conlrol) on the( bondlno L&
addition? theqisexol lar ’L
25pm) requires the @W

30pum  for a

e
aclnc,vc a '%mbh_

The main{inten? of this @

and clemonslr'\le the actual Sondingresp
Gapability)of the UFP( C'lpl“a ith the new
ign. ¢onceptZon a 60fMm BPP cplatform

RENability rf“i;mqm of the bondedls

for 60pm BPP was used
; cotisideration >

| DEXE
' 6XL was uﬁ%}m BGA

A m,;h‘
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@D afearkuength) and silighOpulk testsvas
performed on the §h egter. Kor the (bag)
(shcaﬁgs;) lhc:‘\gﬂ@heig;t, vas §et at 3um,

All r@'spongcs) and /measurements” were taken
i W ey
with a sgmpli snzp})f 25 readings

@T@_@Egﬁvas performed at -150°C
to +150°C for_the BGA device Ballheapand
@UD"EEQLD were taken at 100, 500, 1000,
and 2000(6}:3!9

4,1@@@5@:@@:1“(19-@&0% —

For the. : the given BPP

and BPO requires a much smaller (Wirg
@lameteD(WD) of 20pum and below. Although

this offers an@dvantag® in@'mductiqmgym§

during ,wmqm and¢ 221
e8¢ n’has reverted back to use Targer
@iregranging from 23pm to 25um. However,

vanous@r%?lg@(ises on using larger WD on
a smaller BPO as explained below.

Firstly, for a WD of 23um, the @M

¢Slzgneed to be at least 28um. Considering a
Coléranceof +2/-0 pum, the @RIMGMLD need
to be at least 34pm for a rcliablc
Such a CDxBizeawill almost be impossible to
achieve an 'e*"iillof 38um for a

50um BPP b ndi

Secondly, considering that the smallest Free
Air?Ba)) (FAB) gizeat 1.4 times the

etey) (WD) that the current bnders)
attained consistently, the deformed¢bal

To address the above-mentioned issug@a

unim(%ﬁ@@ggf Riratips® know as DFX
~Capillary >has_been designed to contain the
EmouToo! 61

f uashed out during ¥Gnding)
Together with high (precisionyfmpacf)Torc

(Conizol-bn theBonder? suclydgSigidhas proven
to be able to control the desired mashedCbal
and hence reduce the dal e@ to a smaller

dime nsiop? The'e flﬁ;ﬁof such(‘c\':g;zilléiy@(dﬁgig&
is illustrated in([f‘@g;@ 2. )

ln/"éddili?_lo the special (&i’é—i’l‘l@/lésig;p
. Ty et P -
«onliguralion) consistent: ultrasonicransfee is

crucial for lhqmﬁdnﬁﬁ%h. This can_be

achicved by using_the rﬁm};’ w_()EL,ancZk
eapillary With higher tip bj%gg%ismm and

consistent dinfensi@cpcambilily.

Large MBD

Large Wice/Small MBD

A of (DOE) was
conducted to determine the optimized¢proc
\@df}ﬁw\/@r both the standard Ind DFX desigy
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BE———

used for

(f;c*\pl ary on a ()l l’(plal or@f\ selected smgl%
ng

gﬂpmnt&pm

3 ;md 4

1eur

(,’Ba} ligzl;c{\r %ucnb&h um
Aysige

)

SBNE-30ZA

]
-

12.6
0.59

15.4
1.04

106.4

Qmwnm/ D

rDLSI&J\ esign
=

QFP 208 QFP 208

DFXE-30ZA

23

39.2
0.56

11.9
0.66

96.8
39 -

(Pl &

4, 22 Inlu me

ey lc/urzDaml DFX .

caplllary

tMmlvsnD

was analyzed Lh%
T {
@

“15kY

%
X1, 800

~=TGrm 008@ 2625 SEI
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From th and jner-metallic
halysis it can be seen that the DFX¢desigh >
Capillanuis capable of producing a smal!er@
128 as Lomp(u"d to the x{landar esigp wih a
minimum @i’pﬂxg}yzstrcss of 50 Nimm?
(6g/mil*)r Hofe)and CD dimension® remain the
same for both Capxlhry)dcsngns

Having vahd_gt_c’glﬁw such @c_s@ toncem, a
similar g_pygr_lm,em) was conducted with the
new DFX_ esx@bul with a hrae@j,,aand

CD d’\mj_rl@ 5. The main pﬁrp_g&: is to
(:rposmblhlyﬁ)f using.a. bigger

M or TargerayTt ap;}hﬁfﬁg@\vhlle
maintaining zhc verag bondec (bal 1ze

42p.m

. pzlhr )u,lh/ DE:;
Oss

DFXE-332Q

23

41.9
0.62

15.8
0.75

-

112.5
4.2

5.6
0.3

@s from the various -:ﬂﬁ : ‘_",
avé indicated that a similar M T be

achleved with a larger CD_and fiole) .

4.3 @Mnalws)

e

——— oo

Having understood the (andn@ bchavxor)ol"
the DFX (dEsigny ~reliabilit .y»x/‘ﬂggy) was
condugted with d€mperature yeling Dal
'condxtlon 2150°C to +150°C for a s(aiidard.256
BGA device. dn various bondcd’BalﬂJuckmss/
Ag,'nn “Tsec3018 with 125KHz was used ‘For
thns,fpurpose

Slngy,ﬂL,evaluatton,\s mainly to check on_the

rcahbn]:ty)ﬂ' the i tfuruntcp_g_[l) Lhm}gm?
Tesulted lrom,,ul\mw pillary o Legﬁ

im ortant garameters such as

ond ower
" N

consmnt whils

q_Eval' ¥l [Ceval ¥2 [(Evalds3
ey
1* Force/ | 280mN | 280mN | 280mN
1% imgd, 1 5ms I5ms 1Sms
I¥Power | 23.1% | 23.1% | 23.1%
2™ %“%a 530mN_| 530mN_| 530mN
2" Wiin 1 5ms 15ms 15ms
2" Power) | 25.50% | 25.50% | 25.50%
LR
Auto FAB 40 42 44

sy S

S )W then subjected to the
peraty {cﬁbt c ndmon lSO°
e orl 0, 500, 100

" sponSes/were taken both after ¢vi
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{ Proccg 5 d/{csnon_g.c) _Auto FreoW 3'\1 (FAD)

o 1.40.00 42.00 44.00
CBalfDmy | Avid633 | Avido2l Av:50.62

"(le),‘ §D:2.17 | SDild9 | SD:L7Y

Saliigt) | Avis.s0 | AvilL3S | AV SO .
Afer WB | o, | SDit76 | S0:2.23 5D:1.94
ire AviB.3 AviB.27 AvRAS
; s0:024 | SD0.19 | SD:0.22

AV "1TAviEal AvS.O8 | Avis.sd
sp:035 | sDoar | SDw0ss

%@aﬁc‘ ,

indicates that the inter-metalli
Goverag® for the thinner ol @ is
approx:mately 15% more than for the thicker

sufficient caverage »f_inter-metallic is
very crucial in the UFP Konding) that requires

@: R@after ( small and th%ii%pﬁn y :tothc:t:; t:gru:lllz

narrow Qite
did not sacrifice on the .
m a lower ‘aD oHt but

allcr
p Tbls may be

=

With the samc
FAB
with a igher :
due_to the efficient -&3?’7 of the ultrasonic
hrough the .gdpillagy-Jo the smaller
mountof squashed g hat helps to develop
the intermetallic f6rmation
CW@V&S verified

with an with

a1} m
different (ei shéwn in
@10‘

e

there was an
at certain read

oul.
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On_the other hand, §j

(Arg,,n%@ using, the new pll ary
AGitceft) were comparable 10 e (ﬁ’tandwrd
,di“:mgn before gmperature: /lyc,lc(( s However
a gradual dectensein thupuli Tand (6(.(:1,&[(@&[]

wias observed i most £ .,c:é)bul still beyond

the above the <gm mipimum {mip Such
“fnpa

zh\c:l\.mnn)lms e tjon the FAB
?mung) since the @ q&v’jw'\s basically
controlled by the FA, OR and T dim/@
the ¢ga (plllary T

In qdditionlo the variousd@iondingCesponses A
Gross. sectlgﬁ::on thy ﬂ@as performed
on {iits iar»fc&/a M with tl res@as shown

I

below E:;?ym

2000T/C

@11: Gross secti @

@ for the inter-metallic@

revealed that compound(hickne3s varies from

[.5um to 3um with no signi;lcant@

between 0 and 2000T/C.

On the @

mﬂlﬁ be bonded with
red to the. tanda’r"

c also demonstrated that a
10% larger than the CD

on a 60pm BPP, the

p 1phas$ y m

incorporated such capilia
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