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ABSTRACT

The continuing advances of die technology of integrated circuits (IC) miniaturization bringing more
complexity in the product. At unusual conditions one may encounter new challenges intrinsic to the
structure of the package. The study aims to qualify a product such as multi-stacked dice
configurations with baseline reference using same die technology. The only difference is the
substrate layout in which defined for the electrical purpose. The challenge is to understand and
resolve low intermetallic coverage (IMC) on each die which may lead to manufacturability and
reliability problems over time.
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1. INTRODUCTION

During the evaluation stage wirebond process
parameters were challenged. The change of
substrate becomes critical as it not comparable

to the existing device already manufacturable.
Using the problem definition tree, possible root
cause was being scrutinized. Fig. 1 shows the
low intermetallic coverage or intermetallic
compound (IMC) measured on the device in
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focus. The intermetallic formation between
bondwire (or simply wire) of either Gold (Au),
Silver (Ag) or Copper (Cu) material to the
Aluminum (Al) bond pad is one of the critical
factors in measuring the reliability and integrity of
wirebonding [1-4]. Worth to note that with the
continuing technology trends, challenges in
semiconductor assembly manufacturing are
inevitable [5-8]. Among the risk factors affecting
the low IMC, the main contributors attributed to
the failure were identified. First, the amount of
heat transfer from heat block to the surface of the
bond pad and second, the type of
capillary that will match to the device material
changes. The new device encountered low
IMC that led to the risk mitigation and
solution formulation to successfully qualify the
product.

2. METHODS AND RESULTS

The target IMC shall be observed accordingly in
each die depending on the temperature setpoint
given in Table 1. The impact of increasing
temperature shall be evaluated. In line with this,
the warpage level after strip heat application
shall also be also observed and prior the
evaluation decision point.
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The hypothesis of the capillary structure also
affects the IMC performance. There is an
alternative capillary available aside from the
current control. In Table 2, the other type were
included in the evaluation and will observe the
intermetallic performance.

Based on the comprehensive data collection at
different temperature controls. The impact of
bonding temperature has significant effect to the
Die 3 IMC performance. Fig. 2 describes the
intermetallic at different temperature potential
with a p-value (probability value) of 0.0151. In
terms of the effect, the lower temperature at 170
degrees Celsius (deg C) has lower effect on
intermetallic readings. As temperature increases,
IMC increases for capillary A which is the control
parameter.

The other capillary potential solution using
different bond site temperature are shown in Fig.
3. The impact of temperature were also observed
on Die 3. There is a significant effect on the IMC
response in each parameter. At p-value of
0.0057, the variation on the spread and location
of IMC are visible favorable at 180 deg C. It was
observed to have better performance comparing
to the other temperature set point.

IMC IMC Images
Diel | Die2 | Die3 Die 2 | Die 3
1 B15 75.8 737 [
2| EBLS 79.5 724
3| 833 725 712
4| BOE 76.9 77.3
5| T1E 75.8 6E.2
6 794 785 67.8
7| BL3 76.4 59.4
E| T7E& 728 79.2
a| 736 718 66.7
10| EB&AZ 70.3 753
11| E37 70.7 64.5
min % 728 70.3 4.5
max % B6.Z 735 792
average % 811 746 714
requirement per BPO 3% 75 70 70
Remarks Falled W= Falled
Fig. 1. IMC failure of the device
Table 1. IMC matrix for wirebond heat block temperature
Die Temperature
170 deg C 180 deg C 190 deg C
Die 1 . . .
Die 2 . . .
Die 3 . . .
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Table 2. IMC matrix for type of capillary

Die Capillary
Capillary A (control) Capillary B (new)
Die 1 . .
Die 2 . .
Die 3 . .
Oneway Analysis of IMC Results By Temperature Oneway Anova
o Summary of Fit
% Rsquare 0.267153
875 Adj Rsquare 0.212868
AL Root Mean Square Ermor 3.29836
2 85 e B : Mean of Response 8250097
S = e : Observations (or Sum Wgts) 30
2 g5 3 =t g =
o T JE==Ny e = g Analysis of Variance
TR =l & N S ! Sum of
= — Source DF  Squares MeanSquare FRatio Prob>F
el . e Temperature 2 107.07941 535397 49213 00151
o o o Error 27 20373783 10.8792
5 C Total 29 40081723
725 Means for Oneway Anova
. Level Number Mean StdError Lower95% Upper95%
LSL70 170 degC 10 800047  1.0430 77.865 82,145
170 degC 180 degC 190 degC 180 degC 10 829242 10430 80734 85064
T : 190 degC 10 845740 1.0430 82434 86.714
emperature Std Error uses a pooled estimate of error variance

Fig. 2. Capillary A — Die 3 IMC data at different temperature

Oneway Analysis of SENSOR IMC By Temperature Oneway Anova
100 Summary of Fit
Requare 0.317686
95 I Adj Requars 0.267144
» i Root Mean Square Error 3.918738
“ 80 T Mean of Responss §8.25157
2 9 —— Observations (or Sum Wats) 30
é & == = Analysis of Variance
5] . Sum of
E :3: e Source DF  Squares MeanSquare FRatio |Prob>F
: 80 Temperature 2 193,05012 96,5251 6,283 | 0.005
a Emar 27 414.62561 15,3565
75 C. Total 29 607.67573
Means for Oneway Anova
LSL 70 Level Number ~ Mean StdError Lower95% Upper95%
170 degC 10 89.2850 1.23%:2 86.742 91,828
170 degC 180 degC 190 degC 180 degC 10 90.7100  1.2392 88.167 93.253
190 degC 10 847397 12392 g2.217 87.302
Temperature -
Std Error uses a pecled estimate of efror variance

Fig. 3. Capillary B — Die 3 IMC data at different temperature

To determine and identify what will be the best
solution to the problem, a statistical comparison
between the two capillaries at maximum IMC
requirement were analyzed. Fig. 4 describes the
best temperature application for the two types of
capillary.

Looking at the parameters, it is better to apply
the capillary B without any failures on the
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performance. For the point of manufacturing
process control, the higher performance is better.
In this case, variation of the location and the
spread of IMC data were considered. And the
drawbacks of implementing higher side on the
unmolded strips may pose threat such as strip
warpage in the future. Looking at Table 3, all
data favored capillary B.
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Oneway Analysis of Overall IMCusing Capillary A By Temperature Oneway Analysis of Overall IMC using Capillary B By Temperature
100
g %0 =y m
: =. : @ s
3 28 4 |3 i
w EEE— H w — T
3 80 —!l— _g_ 5 85 —__E
Q = 4] —
: 2 .
= 7\ o 80
0 Targe —— £ !
s ), g
o] O Target75
70 |
170 degC 180 degC 190 degC 170 degC 180 degC 190 degC
Temperature Capillary B Temperature
Fig. 4. Capillary A and B overall IMC performance
Table 3. IMC matrix for wirebond heat block temperature and type of capillary
Die Temperature Capillary
170 deg C 180 deg C 190 deg C Capillary A Capillary B
Die 1 Passed Passed Passed Passed Better
Die 2 Passed Passed Passed Passed Better
Die 3 Passed Passed Better Passed Better
3. CONCLUSION REFERENCES

Package robustness can be attained with
minimal variability if the key factors involved are
thoroughly assessed. For this product, lower IMC
response were attributed to the type of capillary
and temperature setpoint. The data gathering
and statistical analysis made the team concluded
for the better parameter to apply. Learnings from
the challenges are documented and deployed to
the manufacturing group to promote sustainable
manufacturing excellence. Moroever, works and
studies discussed in [9-12] are useful in

reinforcing robustness and optimization of
the semiconductor device during wirebond
process.
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