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Goals

Apply Monte Carlo techniques

0.35 mm pitch and below

Wafer level test systems

Spring probe contactor
Performance related variable control
Pin-DUT interface

Selective improvement

Decrease the cost of test
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Monte Carlo Modeling Techniques
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Direct manufacturing distribution model
Adjustment for optical alignment method
Distance to failure model example
Isolation of variables
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Monte Carlo Modeling Techniques

(Direct manufacturing distribution model)
3-dimensioqa| normal distribution frequency plot

Normal rons’
distribution in ) )
the X-axis and

Y-axis

Distribution
model
realizing three
dimensional
rotation of the
normal
distribution
rotated about
the frequency
axis
3/2013

Frequency

Improving Socket Alignment Performance Using Monte Carlo Analysis Techniques and Manufacturing Controls 5

Monte Carlo Modeling Techniques

(Direct manufacturing distribution model)

R2 value:
=0 ~>0.9947
=0 ~>0.9951
=Y~>0.8312

Cross-section frequency

—Perfect
+ Y=0
x X=0
A Y=X

Frequency

Deviation
Comparison of normal distribution, Y=0, X=0 and X=Y frequency plots
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(Adjustment for optical alignment method)
Wafe{ contacts

Pin tips -

Cartridge

Cartridge and wafer analyzed using standard geometric analysis
techniques

Optical measurement used to determine geometric center of
cartridge and wafer

Cartridge to wafer alignment factor added to account for optical
registration
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Monte Carlo Modeling Techniques

(Adjustment for optical alignment method)

Optical registration used to align cartridge array to wafer array
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(Distance to failure model example)

« Distance to —AC (A-C) DEVICE FIT
failure aIIows —B-T (B-T) DEVICE BALL ALIGNMENT TO CBORE (101855-000)
for use of one 10000
sided CpK o

analysis <
7000

Both results in SN

i 5000
representation sl
are under 4/3 cL
CpK 2000

1000

FREQUENCY

.« AC=1.08 CpK e

. = DISTANCE TO FAILURE (MM)
BT=0.31 CpK (NEGATIVE VALUES INDICATE FAILURE CONDITION)
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Monte Carlo Modeling Techniques

(Isolation of variables)

Each variable was isolated and set to its
perfect geometrical shape

All other variables were allowed to
change under normal parameters

The resultant CpK was compared to the
baseline of full freedom of the system
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Monte Carlo Model Results

Distance to failure of a representative
WLCSP test system

Contribution to CpK of each relevant
parameter

Contribution to CpK of each parameter
as a function of individual standard
deviation

Summary
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Monte Carlo Modeling Results

(Distance to failure of a representative WLCSP test system)
Pin tip to DUT pad edge distance to failure

° i —— Pin tip to DUT pad edge #1
EaCh pln to —Pin tip to DUT pad edge #2
—Pin tip to DUT pad edge #3

contact interface Pin tip to DUT pad odge #4

—— Minimum pin tip to DUT pad edge distance

had CpK=1.36

Analyzing the
worst case for
every trial
increased the
CpK to =1.37

Frequency

* 50 independent

input variables 20 108 B

Distance to failure (MM)
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Monte Carlo Model Results
(Contribution to CpK of each relevant parameter)

Wafer contact true
position
2%

Pin tip
true position
0%

Top plunger
diameter
0%
Cavity barrel

diameter
0%

Parameter contribution as a function of CpK
+ Cartridge= 29%
» Wafer/automation= 71%
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Monte Carlo Model Results

(Contribution to CpK as a function of individual standard deviation)

Wafer contact true
position (0=0.0025)
6%

Pin tip
true position
(0=0.0008)
1%
Top plunger
diameter
7/ (0=0.0013)

0%
\ Cavity
barrel diameter
(0=0.0017)
1%
Parameter contribution as a function of CpK per standard deviation
+ Cartridge= 34%

« Wafer/automation= 66%
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Monte Carlo Model Results
(Summary)

| : : ' o | %
Failure mode analysis of cartridge to % coK

wafer indicates successful alignment CoK
Wafer contact

using industry standard methodologies diameter (0=0.01) 43% 35%
Optical registration
_ N ] U (0=0.0083)
Alignment contribution analysis indicates IR ERESy
: : (0=0.0067)
that physical geor_netr_les have the largest Cavity barrel irue
share of the contribution to CpK position (5=0.0083)
Wafer contact true
position (0=0.0025)
Deviation analysis indicates that the Pin t('g ‘B”go%%s;'“” 0% 1%
parameters closest to the interface have [V T iERta:
the largest impact per change in (020.0017)

Top plunger diameter 0%
tolerance (6=0.0013) 0

lo

26% 25%

15% 18%

15% 14%

2% 6%

0% 1%
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Manufacturing Control Techniques

 Controlled variable testing
* Tool wear study
* Improvement cost analysis
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Manufacturing Control Techniques

(Controlled variable testing)

Variables under investigation
— Pitch (0.5, 0.4, 0.25 mm)
— Machine
— Hole geometry
— Point of origin (Datum selection)
— Manufacturing variables (Feed/Speed/Stroke)
— Drill process
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Manufacturing Control Techniques

(Tool wear study)

* Improvements in hole
quality, consistency and
positional accuracy

« As accuracy in diameter and
position improved, costs
could be associated with the
effort required to make the
improvement
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Manufacturing Control Techniques

(Improvement cost analysis)

Change in @ range Cost ($) / Cost /
tolerance (mm) (mm) occurance Change
Socket Hole diameter 0.001 < @0.350 $ 0.0095 10

Hole position
Socket (with respect to 0.001 < @0.025 $0.0130 13
the array)

Owner Parameter

Pin tip position

0.001 < @0.030 $ 0.0240 24
(array)

Socket
Optical
Chuck 0.001 < @0.010 $0.0147
accuracy

DUT Pad location 0.001 < @0.050 $ 0.0070
(array)

DUT Pad diameter 0.001 < @0.350 $0.0040

All numbers are approximations to show scale
(Subject to change as more data is collected)
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Synergy Results

The resulting synergy between the
contribution analysis to CpK of the
variables affecting cartridge to wafer
alignment and the cost associated with
changes to the standard deviation of
those tolerances allowed for the
creation of the following matrix
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Synergy Results

Change in
owner Parameter tolerance @ range Cost($)/ Cost/
(mm & (mm) occurrence Change
JTP)
DUT Pad diameter 0.001 < @0.350 0.0040 4
put . Fadlocation 0001 <@0.050 00070 7
(with respect to the array)
Socket Hole diameter 0.001 < @0.350 0.0095 9.5
Socket . ole true position 0001 <@0.025 00130 13
(with respect to the array)
Chuck Optical accuracy 0.001 <@0.010 0.0147 14.7
Socket .. Fintip position 0.001 <@0.030 00240 24
(with respect to the array)

Matrix ordered to show which variables have the highest
impact per cost
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Future Work

» Analysis methodology refinement

* Industry survey to standardize cost
variables

Increased cost data
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Conclusions

Using the matrix and others like it, effort and

3/2013

capital can be focused on making
improvements where the largest benefit can
be seen for collective dollars spent

Improving Socket Alignment Performance Using Monte Carlo Analysis Techniques and Manufacturing Controls 23

2013 BiTS Workshop ~ March 3 - 6, 2013

Paper #1
12




