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ABSTRACT

Product qualification is vital for validating semiconductor
device performance and ensuring regulatory compliance.
This study examines a 2.5 x 2 x 0.55 mm package that
initially had a 65% defect rate due to leakage failures
caused by microcracks on the silicon die.

To address this, a cross-functional team used DMAIC
methodology and turret machine technology to optimize
processes and reduce stress factors, leading to stabilization
and successful market introduction.

Since its launch in 2022, the package has had zero die crack
defects, demonstrating the effectiveness of the corrections.
This initiative is expected to generate $21.8 million in
profit over nine years, with a 67% gross margin,
highlighting the improvement strategy's value.

1.0 INTRODUCTION

Product Qualification ensures that a product meets the
required specifications and standards before market release
or production. It involves testing, inspection, and
documentation to verify performance.

Delays in product qualification can cause timeline
slippage, increased costs, launch impacts, regulatory risks,
supply chain disruptions, resource bottlenecks, missed
opportunities, and customer dissatisfaction. Identifying and
addressing the root causes of these delays is essential. This
paper focuses on a specific cause of delay.

1.1 Product Qual problem

A potential delay during product qualification was
identified as being due to leakage problems in both 100%
QA and QA sampling tests, resulting in a 65% defect rate.
Failure Analysis identified microcracks on the die as the
cause.

1.1 Die crack Explanation

Die cracks are a significant issue in semiconductor
manufacturing, impacting the reliability and
performance of electronic components. They often
occur at the die corners or edges due to the
concentrated mechanical stress that occurs during
handling and packaging.

2.0 REVIEW OF RELATED WORK

No prior issues or reports exist for new product
qualifications; this is the first occurrence.

3.0 METHODOLOGY

The Team applied the DMAIC methodology to
address the die crack issue through the Define,
Measure, Analyze, Improve, and Control phases,
ensuring effective and lasting solutions.

3.1 Define Phase — Problem Identification

Two (2) units out of 24k devices from Lot# A were
submitted for analysis after failing on MTF BIN9
(LEAKAGE_PS) at 100% QA room test. Automated
Test Equipment (ATE) units were tested at room
temperature  (25°C), and electrical verification
confirmed that units failed at BIN9 test parameters.
Units were subjected to a Bench test using the Test
Design Review (TDR), which was conducted to verify
the failing test parameters. The leakage failure
persisted on the units, as indicated in Table 1.
Destructive Analysis on units revealed die cracking as
the cause of leakage failure in the device during new
product qualification, see in Fig. 1.

ITEM [LX_LX2 H[LX_LX2_L[LX_SEL_H[LX_SEL_S| I SHDN

KGU 0.0389uA | -0.0001uA | 0.00249uA | -0.0098uA | 0.747uA

SN1 1.3519mA | 0.1809uA | 0.00328uA | -0.0013uA | 20.3644mA

SN2 1.3403mA [-14.7816uA| 0.00278uA | -0.1951uA | 0.732uA

Min=-1uA | Min=-1uA | Min=-1uA | Min=-1uA |Min=-0.2uA

SPECS

Max=1uA | Max=1uA | Max=1uA | Max=1uA | Max=2uA

Table 1. Electrical Failure Summary of Bench Test Verification
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Figure 1. Die Crack Profile
3.1.1 Business Case, Project Impact

The project supports FY21 Asia Factory Operation (AFO)
Priorities on Zero Die Crack. In addition, this also aided the
market intro of a new product with a Lifetime profit of
~$21.8M and a product lifecycle of 9 years at a Long Term
(LT) Gross Margin of 67%.

3.1.2 Goal Statement

Resolve and eliminate the corner cracks issue in the
2.5x2x0.55mm package of Product A using a Turret handler,
ensuring readiness for market introduction by the end of
Q1°22.

3.1.3 Key Organizational Goal

ADI
BMP
l Productivity I [ Resiliency ] [cms num-] lEn\immelr} ‘“""?j,“"i"‘} ‘D:'“"“’ I l Techuology J

Figure 2. ADI Bech Mark Plan (BMP), This project aligns ADI BMP with
key areas. By resolving the crack issue in new product qualifications, it
enhances productivity and improves the consistency and reliability of the
delivery process. Enhanced quality control ensures products meet customer
expectations and standards.

3.1.4 Project Scope

The project covers the qualification of 2.5x2x0.55mm
package for market intro specifically on the elimination of
microcrack on die corners using the turret handler. Excludes
passivation crack resolution which is for fab-assembly further
analysis. Lots assembled in qualified assembly subcon,
Vendor A from Vendor B Bump Assembly.

3.1.5 SIPOC (Supplier, Inputs, Process, Outputs, Customers)

Shown below is the SIPOC which illustrates the entire
business process from start to finish prior to initiating process
improvement efforts.
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Table 2. SIPOC Model

3.1.6 Why is it important or critical? (Critical to Quality)

The new product has a Lifetime Profit of $21.8M with a
product lifecycle of 9 years with an LT Gross Margin of 67%.
Eliminate die corner cracks issue on 2.5x2x0.55mm package
using turret handler will ensure market product introduction
by end of Q1°22.

3.1.7 Voice of Customer (VoC)

The Voice of Customer (VoC) is focused on discerning the
needs, expectations, and perceptions of our customers to
guide product improvement initiatives.

Voice of the Customer | Key Customer Issues(s)

Production (Final Test) Leakage failure is detected  Root cause of Die crack
during QA Test samples

Critical Customer

Requirement
Zero Die crack defect Quality

Production (Final Test) On Time Delivery Customer production

line down

No delay shipment due to visual
mechanical issues

Delivery

No additional cause incurred Cost
due to rework process

Production (Final Test) ~ Additional rework process ~ Manpower and handler/
on the production line tester allocation

Table 3. Voice of Customer (VVoC) Model
3.2 Measure

3.2.1 Process Mapping

The team employed process mapping to visually depict
workflows and processes, identifying potential points where
die crack might occur. Remarkably, we found cracks only on
certain handlers, and the pattern held true no matter where the
assembly site.

;:“:?-‘_%
i =
A

Wafer Silicon BUnp s Embly ST Final Testing
2P2M Singulation g
S18 fab PIISRDLSPI2 Bk Process 5
process Cu Pillar % ; | 2.5x2x0.55mm ">

Figure 3. Process Mapping
3.2.2 Die Crack PPM by Lot ID

Various data was gathered when the issue was encountered,
and these are Die Crack Parts Per Million (PPM) by Lot ID
and it is ranging from 70 to 296 PPM see in Fig.4.
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Figure 4. Die Crack PPM by Lot ID
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3.2.2 Die Crack PPM by Lot ID

Die cracks are evident on die corners, all the die crack
locations are found in corners of the die (PIN4, PIN10,
PIN11, PIN6). The majority or 40% of the die crack are
located at the corner of PIN4. If two corners are affected,
crack locations are on the same side see in Fig.5.
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Figure 5. Die Crack PPM by Lot ID

3.3 Analyze Phase — Identification of Root Causes

3.3.1 Die Crack Mapping

Die crack mapping is the systematic
process of identifying and recording
the locations and occurrences of die
cracks within a specific product.
During this process, it was found that
approximately 40% of the die cracks
are concentrated at one corner of
PIN4.

Figure 6. Die crack location
3.3.2 Turret Base Machine

TESTSITE3

FEEDE
BOWL

Figure 7. Turret Handler Mapping, mapping out the handler parts involved
in the die crack issue entails identifying and understanding how equipment
modules or parts work and processes contribute to or mitigate the occurrence
of die crack during manufacturing process.

3.3.3 Turret Handler Historical Set-Ups
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Figure 8. Package Comparison, there were 3 packages that could be
compared, only Product B has reported die crack issue. Same thickness of
0.55 but 2x2 in size, no die crack. Same package size of 2.5x2 but thicker at
0.75, no die crack. Only 2.5x2x0.55 has die crack.

3.3.4 Turret Handler (Test Site Module)

When the
position is
lowered then the
spring at the
bottom will
compress more

Turret Press ]|

o =

The position
decreases when
the package
thickness is thin

CHECKPOINTS

Height
increases, then
," all springs at the
top will
compress —
more force

Figure 9. Test Site Module (Checkpoints), This checkpoint is utilized to
evaluate the tools or handler components that may contribute to applying
excessive force on the device at the test site

3.3.5 Turret Handler (Measurement of Force)

Max limit — about to deactivate
the Jam sensor

The Pickup Head (PUH) must
touch the tip of force gauge to get
the force actual measurements

Adjust checkpoints 1,2,3 and 4
at maximum that the jam sensor
still enabled

Figure 10. Force Testing Preparation

The height and the gap will be measured using the
micrometer in the assembly. Moreover, the force gauge
measurements will be recorded during the test. Force gauge
stand will be used to check the force of the Pickup Head
(PUH) when plunged at the test site. Its height replicates the
axis stand height
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3.3.6 Turret Handler (Finding)
- w >

Y )

Normal Spring

SPRING FREE LENGTH
Figure 11. Force Testing Preparation
Spring under observation will be elongated with actual measurement of
47.34mm and out of specs vs. Spring free length of 41+/- 0.10mm.

41+/-0.10 mm

3.3.7 Spring Force Test Result

CHECKPOINT 1: U-Bar
4.000
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>
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2.500 / .
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Figure 12. Checkpoint 1: U-Bar As the position of the spring is lowered,
then spring at the bottom encounter greater compression.

CHECKPOINT 2: TURRET PRESS

0.300 0.400 0.500 0.600 0.700 0.800
~@~Good Spring F (kgf) ~#—Bad Srping F (kgf)

Figure 13. Checkpoint 2: Turret Press, as the thickness of the package
decreases or becomes thinner, the position of the package in a stack might be
decreased

CHECKPOINT 4: AXIS STAND

0.000 0.050 0.100 0.150 0.200 0.250
=@~ Good Spring F (kgf)  —@—Bad Spring F (kgf)
Figure 14. Checkpoint 4: Axis Stand, as the height increases, the springs at

the top undergo compression, which can result in the creation of a greater
force.

3.3.8 How the Spring Work

Hooke’s Law

Equilibrium

ceeee)

Strel-:h%d Spring
C'oi?'ecceg ‘Sg?n z
F F

An ideal spring has an equilibrium length

If a spring 1s compressed, then a force with
magnitude proportional to the decrease in
length from the equilibrium length is pushing
each end away from the other

If a spring is stretched, then a force with
magnitude proportional to the increase in
length from the equilibrium length is pulling
each end towards the other

PUH Pusher spring (black)
is being compressed during
plunging, exerting force
going to PUH.

41mm free length becomes
31mm when installed to the
handler

! —F
te Hooke's law < - ¥ —4-\
If we stretch the spring obeyed o
beyond its elastic limit, it will b Elastic region o\ Fracure
Permanent
permanently deformed. .

Figure 15. Hooke’s Law Model, when a spring is compressed, it employs a
force that is proportional to the decrease in its length from the equilibrium
state, pushing both ends apart.

3.3.9 Spring Free Length vs. Plunge Force Experiment

Bivariate Fit of Plunge Force [kgf) By Free Length (mm)

4 Linear Fit
11 i Plunge Force (kgf) = -1.59978 + 0.0557702*Free Length (mm)
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Figure 16. Plunge Force by Free Length

The force exerted by a spring is directly proportional to its length. This means
that as the length of the spring increases, the force it applies also increases
linearly. In other words, a longer spring will exert a greater force.

3.3.10 PUH Spring Length and Plunge Force Correlation

~ Bivariate Fit of Plunge Force (kgf) By Spring Length ‘

a ¥ — Linear Fit
, 4Linear Fit
Plunge Force (kgf) = -2.288819 + 0,0683896*Spring Length
w 4Summary of Fit
08 RSquare 0829324

Plunge Force (kgf)

42 a4 46 48 50
Spring Length

Figure 17. Spring and Force Correlation
Strong positive correlation of plunged forced to spring length with
summary of 0.82 RSquare.



34t" ASEMEP National Technical Symposium

3.3.10 Finite Element Analysis

A total of 8 possible mis-aligned scenarious using thr Finite
Element Analysis (FEA) was determined. When device is
shifted, the stress point is obeserved to be on the area where
the pogo pins hits the device pad without the counter force
from the die or turret head. Stress is lower at the die center,
greater on the die edges, and worst on the die corner.

I,

Beeigven

Figure 18. Assembly Simulation
3.4 Improve Phase — Selection of Best Solution and

Implementation

3.4.1 Design of Experiment (DoE)

41mm  required U-shape Axis stand- z Pusher knob- Force is
Compresses the height can be gaps can be measured using
upper turret adjusted until adjusted using the force gauge
spring, can be 0.2 without feeler gauge
adjusted from causing jam
1-5 levels
4 = Screening for Force
4 Contrasts
Lenth Individual Simultaneous
Term Contrast t-Ratio  p-Value p-Value Aliases

0.862500

0.662500

0.062500 083 03430 09781

U-shape 0.037500 0.50 06756 1.0000

0.262500 0.1144 Pusher Knob*U-shape

Axis Stand*Spring free Length

Axis Stand*Pusher Knob -0.012500 | 017 0889 1.0000 Spring Free Length*U-shape
Spring Free Length*Pusher Knob -0.062500 083 03430 09781 Axis Stand*U-shape
4 Half Normal Plot
D 4~ Response Force
 Effect Summary
o +Axis Stand —
Spriog frve LangA1AT) 16M 00002
% Ao SUnd005.04) 1626 000024
£ 05 *Sndog Fenatength Ao StandSpig e Leng®h 2291 000861
s R
S
£ 04 #Lack Of Fit
3
2 & “Axis Stand*Spring Free Lengt ::;“
Pure for
Tota Erree
0
0 05 10 15 20

Half Normal Quantile

Lenth PSE=0.075
P-Values derived from a simulation of 10000 Lenth t ratios.

4 Main Factors with 2
level interaction

Figure 19. Factional Factorial Screening, by this approach, we can better
understand the influence of each factor and their interactions on the
response during screening. This helps in identifying the most significant
factors and interactions, guiding further experimentation and optimization.

3.4.2 Handler Requalification

Transferred the conversion kit from Turret Handler B.
Perform fine tuning and Jam rate (10k), Set up index time to
200ms (10k UPH). Peel Back Force Test (PBFT) passed
during requalification. Accomplished Defect Material
Review Board (DMRB) checklist. Replaced Press Turret
Springs for Test Sitel and Test Site 5 due to >43mm of free
length see in Table 4.

MODULE SPRING FREE LENGTH PLUNGE FORCE

PART BEFORE AFTER BEFORE AFTER
Side Precisor 40.85mm 40.85mm 0.41gF 0.41gF
Vision table 41.17mm 41.17mm 0.45gF 0.45gF
Rotator 1 40.62mm 40.62mm 0.37gF 0.37gF
Precisor 1 40.93mm 40.93mm 0.42gF 0.42gF
Site 1 46.03mm 40.66mm 0.92gF 0.38gF
Site 2 41.45mm 41.45mm 0.49¢F 0.49gF
Site 3 41.52mm 41.52mm 0.49gF 0.49gF
Site 4 41.61mm 41.61mm 0.51gF 0.51gF
Site 5 44.96mm 40.94mm 0.84gF 0.42gF
Site 6 42.96mm 42.96mm 0.66gF 0.66gF
Site 7 41.93mm 41.93mm 0.55¢F 0.55gF
Site 8 41.33mm 41.33mm 0.47¢gF 0.47gF
Rotator 2 40.80mm 40.80mm 0.40gF 0.40gF
Precisor 2 41.74mm 41.74mm 0.52gF 0.52gF

Table 4. Replace Turret Spring
3.4.3 Turret Handler Mechanical Over Stress Run (MOS)

| Start
pN J
Y v
+ ol Call TPE for Send to FA
validation . J
Setup handler
based on the Turret 3
handler checklist
requirements N v N
* Do 2nd reload for ‘/ Save Data and )
retest on site 1 \_ report the result /
Test Fresh Units
~5500 Qty

smplasar
Crebeoia.
g eprans o emsasyeronia
W [t

fatate

Take ~SK Good
units

MO L ik

N

. 2
Reload for retest — —
on site 1 ( Proceed to \| e Smallest PRI s 7.
\_ production run_/ QlyBsites 25331183186
[ ] Proporion= 1 e 186=0

Figure 20. Mechanical Over Stress Flow, Only one kit is being utilized for
both handlers, thus, only handler and parameter settings can be compared.

3.4.4 Mechanical Over Stress Evaluation Result

I::) 15 valid leakage failures
15 S.6a8 = 61 during 1st insertion,
£ - contact resistances are
normal.
=
o s.411 o All tested units passed
=) | Reject unit passed when
o 4,778 o retested. No die crack
based on FA res
=
o 4.452 o
— o 200 o All tested units passed.

Figure 21. Leakage Failure set as NRB, Tester B/ Handler B, lot#
JCISXXAII with total quantity of 6,593 set as No Reload Bin (NRB). Tested
units passed. No Die Crack encountered the NRB lot.



34t" ASEMEP National Technical Symposium

3.5 Control Phase — Standardization and Fan-out

3.5.1 Update Applicable Specs and Documents

7.1.14 All Springs (Test Sites) shall be on the right specification based on the setup requirement
of the product particularly on the contact socket technology.

The Spring shall NOT BE ELONGATED _ beyond its limit as it may be deformed forever.
Deformed and Elongated Spring could induce HIGHER FORCE.

Equilibrium s
- An ideal spring has i equilibrivm lengih PUH Prsher spring (black) 5
9009 bene sompenat s
i Spring & compressd i @ Toree il plunging, _exerting  force
1 Stretched Spring masnitude proportional to the decrease ini going 1o PUH.
| m length from the equilibrium length is pushing, -
] e . from the olicr | Almm free length becomes
’ ; i :
Comoressed Sopnz 10 & spring is sireiched. then o foroe witk
M‘ magnitude proportional to the increase in
F F length fram the equilibrium length is pulling
cachs cnd towards the other

beyond its
will penmanently deformed.

Gram Force for Test Site | Free Length for Test Site

800 grams 41+2/-0MM

Figure 22. Update Turret Base Handler Specification, to prevent the
occurrence of the problem, all applicable documents and specs were updated.

3.5.2 Information Dissemination

Test Site Press Force

Pickup Heud Sprin

a5

Extra Force.

Pressure (Bar) Force (kg)
2.0 4.5
2.5 5.5
3.0 6.0
3.5 6.5
!fg:!—ﬂfﬂ- 4.0 7.0
800 200 = 600 gram 4.5 7.5
5.0 8.0

i i X Measured by MARK-10 Force Gauge Model M3-20
Figure 23. Spring Information, Information regarding spring requirement

was disseminated to test manufacturing.

4.0 RESULTS AND DISCUSSION

TURRET HANDLER A
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Figure 24. Evaluation Result on Turret A

TURRET HANDLER B
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Figure 25. Evaluation Result on Turret B

As illustrated in Fig. 24, the use of the existing defective
spring resulted in occasional die cracks in the evaluation lots.
However, upon replacing the defective spring with the new
spring, no die cracks were observed in the evaluation lots, as
shown on Fig. 25. This demonstrates the effectiveness of the
new spring in preventing die cracks and ensuring the integrity
of the product during evaluation.

Furthermore, this solution was promptly put into action, and
a comprehensive product qualification was successfully
completed. This led to the seamless introduction of the
product to the market, effectively eliminating the die cracks
caused by the turret handler machine. The swift
implementation and thorough qualifications ensured that the
product met all quality standards and was ready for market
launch without the risk of mechanical-induced defects.

5.0 CONCLUSION

The experiment showed that elongating a spring beyond its
elastic limit increases the plunge force. Key factors include
the spring's free length and axis stand height. Handler
requalification and replacement of out-of-spec springs were
necessary. Mechanical Overstress (MOS) flows were created
and successfully implemented, resulting in no failures. Spring
type and specifications are crucial for various qualifications.
Springs must not be elongated beyond their elastic limit to
avoid permanent deformation. If greater force is needed,
springs can be replaced or additional force features activated.
The required spring force can be calculated using a specific
formula.
Force per pinxnumber of pinsx1.3=spring force

6.0 RECOMMENDATIONS

The specifications of springs, including their free length and
axis stand height, should be carefully considered during new
contact technology qualifications, kit conversions, and
package thickness qualifications to control the plunge force
effectively. Regular requalification of handlers should be
conducted to replace out-of-spec springs and maintain the
integrity of the testing process. Mechanical Overstress
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(MOS) runs should be performed as part of confidence runs
during the qualification of thinner packages (less than
0.75mm) to ensure reliability. The required spring force
should be calculated using the formula: Force per pin x
number of pins x 1.3 = spring force. The position of the
spring should be carefully monitored, especially with thinner
packages, to ensure that the springs at the bottom encounter
greater compression and maintain consistency in the testing
process. Springs should not be elongated beyond their elastic
limit to avoid permanent deformation. If greater force is
needed, springs can be replaced or additional force features
activated. Further studies may explore additional factors
influencing plunge force and develop refined control
methods.
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10.0 APPENDIX

I Residual by Row Plot

& P

~ Bivariate Fit of Plunge Force (kgf) By Spring Length
11

Residual
L1
.

Plunge Force (kgf)
sidua

01 . . 123

&
o

40 60 80
Row Number

I Residual by X Plot
05 . g m ' !

e

42 a4 46 48 50
Spring Length

Plunge Force (kgf
Residual
ey

&

= = 02
4 Line: a2 m 46 48 50
e Force (kgf) = -2.288819 + 0.0683896*Spring Length Spring Length
4 Summary of Fit Residual Normal Quantile Plot

RSquare 0829324

RSquare Adj 0.827135 "

Root Mean Square Error  0.088084 -

Mean of Response 0781875

Observations (or Sum Wats) 80
Diagnestics Plots

4 Residual by Predicted Plot
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Appendix A. PUH Spring Length and Plunger Force Correlation
The relationship between spring length and plunger force can be described
by Hooke's Law, which states that the force exerted by a spring is
proportional to its compression (or extension).
(D24 indare indler spring for
450g is standard applied to T&R only.
800g is standard applied to the singulator, vision table, rotator, precisor, 3D/5S and test station (extra force & stroke).

1200g is standard applied to test station w/o extra force & stroke.

The variance spring type for press turret.
[Gram[ Color Part Number
Coppe

T Part Number

M csBSRM-06-4009-COPPE] Il csBsrMa5(1000G)

| csBsrRMo1(1100)

[CSBSRM14(600G) CSBSRMS

CSBSRMO1(1300)

[Purple Paint
1400 CSBSRMO1(1400)

Appendix C. Standard Spring Type for Press Turret

[csBSRMO1(900g)



https://openstax.org/books/college-physics/pages/5-3-elasticity-stress-and-strain

