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ABSTRACT

Driven by the company vision to become a high-volume manufacturing (HVM), increasing
throughput in the manufacturing line is critical to meeting market demands. The ever-growing
demand for integrated circuits in part requires additional capital investment to purchase new
equipment such as die bonders to support the new requirement. Making the best of existing
resources is often the most common approach to deal with this challenge. Defining the correct
method and making the most of the secondary parameters necessary to increase the bonding
speed by means of a creative analysis that made this article interesting. The objective of this
project is to boost productivity by maximizing UPH to improve the epoxy writing process at Attach,
which is a bottleneck area. Optimization of the dispensing sequence and the dispensing direction
to improve and speed up the epoxy dispensing process unit per hour.
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1. INTRODUCTION

In back-end semiconductor manufacturing, the
die attach process is a critical step. At first
glance, die attach seems to be a simple process

step in the semiconductor manufacturing chain.
However, the continuously increasing
requirements of today's applications set high
standards in die bonding [1-5]. The die bond
process is one of the critical processes in
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semiconductor manufacturing and one of the
bottleneck station. Improvements in mechanical
indexing, motor speeds, and processing times
have been made.

The most commonly used types of die attach is
epoxy, possibly used by 70 to 80 percent of
manufacturers today [6-8]. However, as the
entire scope of packaging changes to meet
increasing demands for higher accuracy, greater
speed, the ability to handle small die, the ability
to handle a variety of substrate types and the
need to address technology challenges, die
attach is advancing.

The epoxy bond is formed by attaching the die
to the leadframe using epoxy glue. A drop of
epoxy is given to the package and the die is
placed on top of it. The package needs to be
heated at an elevated temperature to ensure that
the epoxy is properly cured [9-11]. Epoxy
Dispensed by dispensing the needle or the
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nozzle by controlling volume on the leadframe.
The location of the dispensing is controlled
by a vision control system in a die attach
equipment.

In most cases, the adhesive dispensing pattern is
designed so that when the die (adhesive) is
placed over the adhesive and the pressure
applied, the adhesive is pressed out without
trapping the air. The standard pattern is selected
automatically based on the X & the Y size of the
chip.

UPH is Units per hour or Machine Speed is
calculated based on total units’ output per hour.
Driving package costs down and, as a result,
equipment suppliers are expected to provide
improved performance machines, as die bond
speed has a direct correlation to the cost of a
package [12-15]. The faster the machine, the
lower the capital equipment depreciation cost is
attributed to the package.
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Fig. 1. Die attach process
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Fig. 2. Epoxy dispense
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Fig. 3. Epoxy dispense pattern

Pareto Chart for Die Attach Epoxy Working Element
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Fig. 4. Die attach working element

Dispensing Patterns can vary from simple dot
dispensing for small die (<5 mm on a side) to
complicated patterns of lines for large die as
shown in Fig. 2 (*>20 mm on a side). The
challenge for larger die is to have the adhesive
spread to assume the shape of the die during the
die placement process. There are many
approaches to this problem and it can consume
considerable process engineering time for critical
applications.

Base on the Die Attach Epoxy working element
at 65.5% of the total time processing is on epoxy
or glue dispense. The focus of this study is on
how to increase the actual Glue Dispense speed.
To increase capacity by as much as 20% with
zero investment, is through maximizing indexing
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and motor speed, and Optimize the dispensing
method to reduce processing time. All were
done with utmost consideration of product
quality.

2. EXPERIMENTAL DETAILS

The first experiment for the dispensing of epoxy
is to evaluate a different dispensing sequence or
mode for the dispensing of epoxy writing. To
achieve the best for the big die bond quality at
the highest throughput, below are the 2D
rheological simulations that can be investigated.
Different dispensing sequences of X patterns, 8
sequences and 6 sequences have built a 2D
model to investigate and to study their effect on
machine's dispensing speed and UPH.
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Perform the Evaluation on
different Dispense sequence
for X pattern
(8Sequence vs 6Sequence)

Epoxy Dispense

Die Attach

Perform UPH Study and
Visual Inspection for Epoxy
BLT, DT and DST.

Analyze the data and
defined response

Fig. 5. Epoxy dispense sequence for X pattern evaluation

The second evaluation is in the direction of
dispensing during epoxy dispensing. There are
different approaches to the dispense direction,
the first is the existing Ascending Y direction and
the second is the Alternative Y direction which is
proposed for this study. Which dispensing
direction will give higher speed and UPH is
dispensed to the machine.

Diagram of Experimantalstucy

Low UPH due to low dispense speed and bond
speed

Evaluate the different Dispense & Bond Direction
during machine running, Ascending Y Direction
(Existing) vs Alternate Y Direction (Proposed).

3. RESULTS AND DISCUSSION

After the completion of the evaluation, statistical
validation was carried out using 2 Proportion
tests to check the effectiveness of the actions.
The first statistical validation is for the dispensing
sequence of X patterns, 8 sequences, and 6
sequences. The statistical result is shown at a

Perform the Evaluation on
different Dispense & Bond
Direction
(Ascending Y Direction vs
Alternate Y Direction)

Epoxy Dispense

Die Attach

Perform UPH Study and
Visual Inspection for Epoxy
BLT, DT and DST.

Analyze the data and
defined response and UPH

Fig. 6. Epoxy dispense direction evaluation



Capili; JERR, 18(1): 39-44, 2020; Article no.JERR.61977

Normality Test 2 Sample T test
Nomaity Test or & Sequence Two-Sample T-Test and Cl: 6 - Sequence, 8 - Sequence
. 0 ?“: ;‘% Method Boxplot of 6 - Sequence, 8 - Sequence
P 1 =3 1 mean of 6 - Sequence 750
: o ° p= mean of 8 - Sequence &
fa Zs Difference: . - R
2 7 P-Value=0.644 S
e // N?::;laredis:;;: ?ed Descriptive Statistics = “\\
1P Sample N Mean StDev SEMean - Y
200 “asﬁ_s‘wm""‘ o 6-Sequence 10 363750 398 13 S0 \,
) 8-Sequence 10 235040 24 0.76 N \
Nommaty Tt o Sequmce — .
= Estimation for Difference 9
= T Pooled 95% Ci for =) “\
i = Difference _ StDev Difference \
™ / 1287.10 329 (1284.01,1290.19) Fp e —
i o
. it P-Value=0.143 Test
: B Data are showed Null hypothesis Hep - =0
s 7 // Normally distributed Alternative hypothesis  Hy: pis - p: 2 0
L
sho s me s we s
Fig. 7. Epoxy dispense sequence statistical validation result
DST (Die Shear Test) Normality Test 2 Sample T test
NormaltyTost for Ascending ¥ Two-Sample T-Test and Cl: Ascending Y, Alternate Y
] < Method
: T 1 mean of Ascending ¥ Boxplot of Ascending V, Alternate Y
= ;('. s mean of Alternate ¥ a3
o e Difference: iy - p:
£z o 4 s »
: 2 PValue=0.339 & SP—
- § Data are showed 2
s - Normally distributed Descriptive Statistics
. T Somple N Mesn stoev stmean » -
* Ascending¥ 34 2719 175 030 o sl
AtemateY 34 2789 141 024 =7
|
Estimation for Difference
: Pooled 95% CI for 25
Difference  StDev. Difference
< : -0.703 1590 (-1473,0.067) 24
-
= : 23
= Test Ascending Y Altemate ¥
) Null hypothesis i - s =0
Alternative hypothesis  Hy: i - ps 2 0
T-value DF| P-valu
2
Fig. 8. Epoxy dispense direction statistical validation result
Table 1. Summary of improvement
Parameter From To
Dispense sequences 8 sequences 6 sequences
1 5
(8]
4 7!
8 Sequence (Existing) 6 Sequence (Proposed)
Dispense Direction Ascending Y Alternate Y
r o

Dispensing Time 594 ms 420 ms
Machine UPH 2037 2514

95% confidence level that there is a significant sequences in terms of the UPH response. 6
difference between 8 sequences and 6 sequences show higher UPH or output compared
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to 8 sequences. It shortens the distance or
speeds up travel time to generate an X pattern.

The second Statistical validation was performed
thru the direction of dispensing during epoxy
dispensing. Using statistical 2 Proportion tests it
was shown at a 95% confidence level, there is a
significant difference between Ascending Y
direction and Alternate Y direction in terms of
UPH or speed in dispensing. Alternate Y
direction showed higher UPH due to shorter
travel time to complete the dispensing for the
entire leadframe.

Implementation of both the Dispense parameter;
the Dispense sequence of 6 and the Alternate Y
dispensing direction will reduce the dispensing
time from 594 ms to 420 ms, this will result in a
23% improvement of the Attach UPH from 2037
UPH to 2514 UPH.

4. CONCLUSION

Optimizing the speed and time of the equipment
beyond the usual settings to test the limits of the
process. New standards have been established
in the Die attach process. The proper definition of
critical speed parameters and methods will
increase additional capacity. The most significant
parameters for increasing the speed of
dispensing of die bonders are the dispensing

sequence and dispensing direction. These
parameters are often neglected during
programming and setup, but with proper

evaluation of the machine parameter, the goal
can be achieved.
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