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ABSTRACT

Wirebond quality aspects on a semiconductor manufacturing is one of the key factors to be
considered in having a robust product. Certain criteria are defined, met, and affects the output on
the product. Other variables from downstream process are also taken in account to affect the
response, specific die position or placement on die attach is one example. Without controlling this
input factor, unwanted out of specification response will occur and may result to rejections on the
next process. This paper will focus on how to address the wire tight loop on wire bond process by
analyzing the problem through systematic approach using statistical tools improving the current
performance of die placement on BGA products.

Keywords: Integrated circuit; wire bond process; die attach process; wire loop; ball grid array;
semiconductor; die placement.

1. INTRODUCTION dedication of every individual in a large
workplace to achieve a safe, innovative, quality
Continuous improvement on every manufacturing ~ products and outstanding services plays a big
business has always been the key to a roleinthe world of industry. In the semiconductor
successful supplier-customer relationship. The industry, wherein integrated circuits (IC) are

*Corresponding author: Email: jerome.dinglasan@st.com;



Pre
Assembly

Final Test

Front of Line

|
|
I I
L ——a

Note:

Die Attach

Beltran et al.; JERR, 22(2): 27-34, 2022; Article no.JERR.84217

Wirebond

Singulation

Fig. 1. Ball Grid Array (BGA) Package Process Flow

produced and assembled, technical and
management trainings are offered to improve the
quality of problem solving and assessing risk for
both customer and supplier. Six sigma approach
are one of the disciplines as discussed on [1-4]
proven to effectively addresses sporadic and
chronic issues, resulted to a robust, effective,
and efficient solution that do not compromise yet
improve the quality of end products. One
literature on [5] discussed about the
improvement done on the same package having
a defect of silhouette die in semiconductor
industry [6,7]. One of six sigma techniques like
DOE or design of experiments were performed
using different number of evaluations called legs
and come up with a resolution to address the
problem.

Our organization, together with my colleagues on
the semiconductor field of manufacturing will be
discussing on this manuscript one of the
phenomena encountered by the production line
during assembly of integrated circuits.

Challenges on every process of BGA or Ball Grid
Array semiconductor package are not new and
always anticipated, on every process of Front of
Line (FOL) and End of Line (EOL). Fig. 1 shows
the simplified process flow of the product from
front to end of line. Starting with the FOL wherein
sensitive parts of the integrated circuits such as
substrate and silicon wafer, are singulated to
become a die/dice. It will be then picked and
assembled on die attach process and connected
by gold wire through wire bonding process. To
complete the assembly, wire bonded units on the

substrate will be covered by resin on mold
process. Molded units will be subject to curing
and clearing out of excess mold parts via
chemical or mechanical [8,9]. Then it will be cut
and singulated individually using a singulation
machine. Final step of inspection will be
performed, and assembled parts will be tested
prior sending to customer to ensure quality of
products.

2. METHODOLOGY

The focus of this paper will be on the processes
affecting quality of the interconnection between
die and substrate. This will include Die attach
and wire bond processes. Using die attach
machine with bond head, it will pick and attach
singulated dice from the silicon wafer using
epoxy adhesive. Consistent die position or die
placement is set up and defined as it will be one
of the factors of a good wire bonding. After oven
curing of the epoxy, it will be connected using
gold wires to have an electrical connection and
functions to its desired output. Certain
parameters are also defined on a Wirebond
machine to have a desirable wire loop profile
from the die to the leads of the substrate or vice
versa. Looping profile as mentioned on [10,11] is
automatically computed by the machine including
its angle, kink, and wire span making it fully
optimized wire bonding process. Fig. 2. Shows
how die attach process is performed using
singulated die and die attach material, and Fig. 3
shows how wire bond process works
interconnecting the die with gold wires.
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Fig. 3. Wire bonding process on BGA packages using gold wire
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Fig. 4. Die placement requirement visual reference for BGA product
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Fig. 6. BGA product history and performance

As specific die attach position is one of the
passing requirements of the product, it also
affects the output response and quality of wire
bonded units. Die attach position or die
placement defines the location of die for X and Y
axis on the bond pad. Specific die clearance is
pre-defined on development stage to ensure
robust wire bond characteristic response. This
includes wire loop, wire span, wire to die
clearance and others. Parameters on die attach
machine is set to have specific die placement
with respect to machine capability and product’s
allowable tolerance. Fig. 4. Shows an example
die placement requirement for both X and Y axis
on BGA products that must be followed during
machine set up and processing.

If this requirement is violated or unintentionally
not followed due to certain reasons, it will affect
the quality of the units specifically on Wirebond
process. Rejections is expected and process
yield will go down. One of these rejects is the
Wirebond tight wire loop as seen on Fig. 5. To
address the problem and its nature, history of
lots and backtracking of product vyield is
considered. Fig. 6. Shows the product history
and performance for 4 months including the
production loading, and baseline for allowable
reject in PPM (parts per million) level. This is

shown to identify the current condition, and how
to respond with the problem. With this, a
systematic approach will be used to have robust
and quality corrective actions that will resolve the
said phenomenon.

3. RESULTS AND DISCUSSIONS

To determine the root cause of the problem,
input variables from the contributor process,
which is the die attach, have been identified.
Types and characteristics of these variables
have also been enumerated, labeled as
controllable or not, based on the detailed process
flow of the said process as seen on Fig. 7.1.
Three process steps were identified, and eight
key process input variables, or KPIV's are
determined as seen on Fig.7.2. From the 8
KPIV’s, 3 of it were identified as critical based on
the cause-and-effect matrix generated, as
projected on Fig. 7.3. A Cause-and-Effect matrix
shows process steps to input variables and
correlates to process outputs variables of the
said process. It connects key input variables to
the key output variables such as customer’'s
requirements using the process flow map as the
primary source. These are the determining factor
to generate a robust action and address the
problem.
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Fig. 7.1. Detailed Process flow of Die attach process

Process Inputs (KPIVs)
Characteristic of
Process Ste| e of Input Input c/N
P Typ P P Input (KPIV / X) /
Raw Material
) / Pick-up Tool Type Controllable
Information
Raw Material
A / Pick-up Tool Condition Controllable
. Information
Perform Pick-up Raw Material /
. aw Materia
tool and Ejector - Needle Type Controllable
X Information
needle centering Raw M al)
aw Materia .
A Needle Condition Controllable
Information
Human Resources Technician Knowledge Controllable
Perform Pick
height and chip Human Resources Technician Knowledge Controllable
sensor teaching
. Equipment X-Placement
Start Production quip / Bondhead N Controllable
. Infrastructure Consistency
(Pick and Place Equipment / Y-Placement
Run) quip Bondhead . Controllable
Infrastructure Consistency
Fig. 7.2. Identification of Input Variables
‘ Cause and Effect Matrix I
1 B =Roup=Eant 1. If doubtful about the impact of X on
Inconsistent | 4 _ ;. impact on Y Y, give afleast 3
Die Placement
Is Y Continuous / Discrete 3 = Moderate impacton’Y 2. Ratings should be based on impact
Discrete? of X on Y irrespective of occurrence of
Customer 9 = High impact on Y cause (X)
e 10
Priority
e Is X Operating | Unit of
Characteristic of X Count| Count X Selected /
S.No |Process Step Input Total |Continuous/Range (for| Measure N N N -
Input (KPIV / X) I Discrete? X) (UoM) 3's 9's Discarded?
Pick-up Tool Type 1 10 Discrete 0
Perform Pick-up Pick-up Tool Condition 1 10 Discrete 0
1 |tool and Ejector Needle Type 1 10 Discrete 0
needle centering Needle Condition 1 10 Discrete 0
Technician Knowledge 1 10 Discrete 0
Perform Pick
2 |height and chip Technician Knowledge 1 10 Discrete 0
sensor teaching
Start Production Bondhead A-Placement 9 90 Continuous 0
- Consistency
3 |(Pick and Place Y-Placement
Run) Bondhead o 9 a0 Continuous 0
Consistency

Fig. 7.3. Cause and Effect Matrix
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Rotary Bondhead Fixed Bondhead

Qualification Characteristics for Change: New design (Fixed Bondhead)
Characteristic Ideal Target ROTARY BH ROTARY BH ROTARY | FIXED BH | FIXED BH FIXED BH Remarks
9 Mean Std Dev BH Ppk Mean Std Dev Ppk
Die X-Placement +/- 100um 38.73 15.05 1.70 0.30 13.57 3.84 Passed
Die Y-Placement +/- 100um 12.30 21.10 1.97 3.07 11.57 4.09 Passed

Fig. 8. Rotary bond head and Fixed bond head comparison

Process Process Practical Problem Test Plan Hypothesis Statement Conclusion
Function Step
Die Bond Die X- Is there a significant difference in ANOVA o: PPOR X = PLS X
Placement POR X results and LS X results a: PPOR X # PLS X P value is < 0.05 Accept Ha
s Untitied 3 - Fit ¥ by X of X-Placement Result by P olle |4 ysis of X-Placement Run
Sum of MeanAbsDif MeanAbsDif
4 = Oneway Analysis of X-Placement Result By X-Placement Run Source DF  Squares MeanSquare  FRatio| Prob> F || |evel Count StdDev toMean  toMedian
% . L e 2158 torom| 00 )| 1s 30 1357267 1232000 1203333
rror
“ : e B B POR 30 15.04690 12.66667  12.66667
_ i 4 Means for Oneway Anova Test FRatio DFNum DFDen p-Value
2 %0 . @) Level Number Mean StdError Lower95% Upper 95% O'Brien(.5] 0.5173 1 58 04749
L T s 30 03000 26161 494 5537 Brown-Forsythe  0.0928 1 58 0.7618
£ 2 1 POR 30 387333 26161 3350 43.970 Levene 0.0411 1 58 0.8400
£ ¥ : Std Erroruses a paoied estimate of evor variance Bartiett 0.3026 1 . 05823
L N | - O Means Comparisons F Test 2-sided 1.2290 29 29 0.5823
- 4 = Comparisons for all pairs using Tukey-Kramer HSD L
-20 4 Confidence Quantile Welch Anova testing Means Equal, allowing Std Devs Not Equal
a  Apha FRatio DFNum DFDen Prob> F
S POR Al Pairs. 107.9171 1 5738 <
X-Placement Run Tukey-Kramer 2oour 0o . :
o5 4 HSD Threshold Matrix et
4 Oneway Anova Abs(Dif)-HSD 10.3883
POR Ls
4 Summary of Fit POR -7.406 31027
Rsquare 0.650428 s 31027 -7.406
Ad) Requare 0.644401
Root Mean Square Error 1432875 Positive values shew pairs of means that are significantly different.
Me 7
Dm\::m;zm Wats) D 5)6:0 Tests that the Variances are Equal
4 Pooled t Test G .
POR-LS ~ .
Assuming equal variances & 10
Difference 38.4333 tRatio 10.38832 e
Std Enr Dif 3.697 DF s8 “ s
Upper CLDF 45830 Prob>f -
LowerCLDIf 310276 Prob>t < - & [ POR
Confidence 095 Prob<t 10000 40 20 0 20 40
X-Placement Run

Fig. 9.1. Analysis of variance (ANOVA) for Rotary and Fixed Bond head for X-placement
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Fig. 10. Performance monitoring for tight wire loop defect

Die attach bond head performance and
consistency is a big factor to have a robust die
attach position or die placement as mentioned on
the first part of the manuscript. The current
design which is the rotary bond head provides
acceptable results on die attach response and
placement accuracy, but somehow produce units
with tight wire loop on Wirebond process. This is
because of the rotary design that exhibit rotation
movement during die attach and affecting X and
Y axis response of the units. To address the
phenomenon, the team have introduced the
Fixed design of the bond head. This is to prevent
any unwanted movement of the bond head
during die attach. Fig. 8 shows the comparison of
the two designs and their construction. Statistical
analysis was conducted to determine the
effectiveness of the said action. As seen on Fig.
9.1 and 9.2 respectively, using Analysis of
Variance or ANOVA test shows that there is
significant difference between the rotary and
fixed bond head responses on both X and Y
placement having a P value of 0.0001 and
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0.0400 respectively. It shows also that using
fixed bond head does not only eliminate
unwanted movement during die attach, but also
improved the performance of die placement of
units. Monitoring of processed lots after
implementation also  projected  significant
improvement on defects of wire bond process as
shown on Fig 10, reducing the defect level of
tight wire loop. With these results, it shows that
using fixed bond head is better than the rotary
one.

4. CONCLUSION AND RECOMMENDA-
TIONS

In replacing the design of die attach machine
from rotary to fixed bond head, robust and
improved die placement is achieved and
projected superb quality performance by means
of maintaining desired positon with accuracy.
eliminating the moving part resulting to unwated
movements during die attach had resulted to a
more robust process performance through



fundamental approach with the help of statictical
analysis. It significantly improves the process
yield and performance of the wire bond process
with high defect levels of tight wire loop before
the improvement. With this improvement on
semiconductor manufacturing of BGA producs,
this is highly recommended to apply and fan out
with the same or exact design of die attach
machines provided with defined machine
capability and product requirements. Continuous
improvement is also noted to be considered to
achieve desired performance on other
semiconductor devices around the globe.
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