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ABSTRACT

Glass material used on a semiconductor device for isolating currents are one of the new
breakthroughs of the modern world. Challenges are inevitable due to its complex characteristics
and unique appearance. The study focuses on the phenomenon of reject glass die unrecognized,
picked and bonded by die attach machine on good units of the semiconductor quad-flat no-leads
(QFN) device in focus. This QFN device utilizes glass die as interposer on two active dice that
separates the dielectric current of each die. During die attach process, machine photo recognition
system failed to recognize and detect the glass die reject marking due to its unique transparent
design and will be attached on good units. Thus, resulting to gross rejection and low process yield.
Practical solutions to prevent the said phenomenon are simulated and determined by performing
selection of variables like the contrast of the reject mark related to the product structure and
compatibility through statistical analysis. The improvement drives to promote process robustness
and scrap reduction that will help the manufacturing to be competitive through innovative
resolutions on problems.
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1. INTRODUCTION

Semiconductor companies had been dedicated
to continually drive its manufacturing process into
innovation and robustness. Different methods
and techniques of continuous improvement are
introduced in a way that all aspects of
manufacturing are met and sustained. Good
manufacturing indicators from process yield,
equipment efficiency, up to optimal quality
performance and customer satisfactory products
are considered. Among these semiconductor
products is the quad-flat no-leads (QFN) device
in focus that has been produced by
manufacturing plants for power and industrial
applications. Singulated die from silicon wafer
with circuit embedded is mounted on a leadframe
and will be interconnected by a gold and copper
wire to distribute required current flow. Then
encapsulation will follow to secure and protect
the product during its application on electronic
power and industrial devices.

This product also includes glass die, that serves
as an insulator, and restricts the electric current
of another silicon die. As seen in Fig. 1 the
product’'s structure is design with die-to-die
stack-up, or die is placed on top of another die as
a design to serve its specified purpose. This
product undergoes multiple dice attach
processes from their aliases named power die,
(1) mother die, (2) glass die (3) and
daughter die (4). Included also on the structure is
a glass die between the mother and the daughter
die.
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During die attach of glass wherein die attach
machine picks the glass from the wafer and
place it on the top of die 2, certain issues were
encountered by the production line that result to
gross rejection and machine downtime. This is
caused by reject glass used and attached on
good units. reject glass die on wafer have ink
marking that serves as an indicator of bad die.
Markings were placed prior use on assembly by
the glass wafer manufacturer because of the
glass wafer’'s yield. The yield is defined as the
good units remained after inspecting or testing all
units from the wafer. Bad dice will be not
removed instead will be marked using a black
marker as a default color. This practice has been
used on different manufacturing plants on their
assembly process. With the unique transparent
appearance of the glass die, this reject marking
induces recognition problems on the die attach
machine’s photo recognition system (PRS).
Studies and learning related to PRS system are
discussed in [1-5]. Moreover, works and
discussions on the glass die are shared in [6-10].

The actual appearance of the black marking that
can be distinguished by naked eye is shown in
Fig. 2. But in the machine, it is almost
unrecognizable as the marking blends on the
glass die contrast as seen in Fig. 3. Therefore, it
will be recognized as good glass die and will be
picked and attached on the good units. to resolve
this phenomenon, an experiment will be
considered, and statistical analysis will be
performed to address the occurrence of picking
reject glass to be placed on good units.

Glass (die 3

Fig. 1. QFN product design in focus
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U Actual images of inkdot markings

Fig. 2. Glass die markings as viewed on low power microscope

Fig. 3. Glass die markings as viewed on die attach machine PRS

2. METHODOLOGY OF THE EXPERIMENT

To address the said phenomenon of bad glass
die attached on good units due to PRS failure,
we have considered different selection of
marking color. This is to match its contrast with
the transparent glass die via machine’'s PRS
detection. Fundamental requirements were also
considered like electrostatic discharge (ESD)
compliance and cleanroom protocol
requirements. Discussion on the fundamentals of
ESD and ESD controls could be found in the
ESD Association references and previous works
[11-12].

Narrowing the selection down, included on the
available resources are markers with black,

silver, and blue colors. An experiment was
planned for every sample marker to
determine the appropriate color and contrast
detectable by the machine PRS. Table 1
shows the markers’ fundamental characteristics
and its acceptable requirements. Table 2
on the other hand gives visual appearance
applied on glass die and PRS vision thru the
machine.

This marked glass die samples therefore will be
set up on the die attach machine PRS vision.
Same illumination set up, and ink mark detection
sensitivity level will be applied. A continuous
PRS detection will be performed and acceptance
response per marking color sample will be
recorded and put into scientific resolve.

Table 1. Marker sample details

Sample Color Tip Size ESD Safe Cleanroom Safe Health Hazard
Marker A Black 1-2 mm Yes Yes Yes
Marker B Blue 1 mm Yes Yes Yes
Marker C Silver 1mm Yes Yes Yes
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Table 2. Marker sample application

Sample Color Actual application  PRS Appearance Number of Samples
Marker A Black e 30
»
Marker B Blue 30
Marker C Silver § 2 30
' ¢ -
" Mosaic Plot
1.00
075
- PASS
3
2050
14
FAIL I
color
~ Contingency Table * Tests
Result .
Count FAIL PASS N DF -LogLike RSquare (U)
Total % 20 2 10.378271 0.2123
Col %
Row % Test ChiSquare Prob>ChiSq
black 12 18 30 Likelihood Ratio 20.757 <.0001*
13.33| 20.00) 3333 Pearson 14.534 0.0007*
57.14) 26.09
40.00 60.00
blue 9 21 30
s 10.000 2333 3333
8 4286 3043
30.00 70.00
silver 0 30 30
0.000 3333 3333
000 4348
0.00 100.00
21 69 90
2333 7667
Fig. 4. Statistical analysis of data from the experiment
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3. RESULTS AND DISCUSSION

The experiment conducted targets to resolve the
phenomenon of ink marked glass die on good
units using statistical analysis. From sample units
that has been inked with 3 different markers and
put into machine PRS recognition, admirable
results had observed. Based on mosaic plot of 2-
proportion test in Fig. 4, it has been noted that
there is significant difference on the 3 variables.
The silver ink marking color tested and simulated
on glass die using machine PRS can be
considered to use, having better than 95%
confidence level with higher probability of
passing results.

4. CONCLUSION
RECOMMENDATIONS

AND

As statistically analyzed and determined from the
experiment, it is practically appropriate to
consider the silver color marker to be used as ink
marking for bad glass die. With the help of
statistical tools, the best medium was selected,
factoring out other options that doesn’t gave
promising results. The silver contrast of the
selected marker gives better compatibility and
clear recognition of the machine PRS that will
prevent erroneous picking of bad dice during die
attach. Comparing with the other markers, the
silver marker can be considered as practical
solution to prevent gross rejection and promote
drastic process yield improvement. Noted also
from the evaluation the similar ideas that can be
explore and applied on the same technical
details of the product and application, as the
practicality of the said solution is not limited on

this type of product and will drive for a
continuous development and process
robustness.
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