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Test Time Reduction —
Item Filter




Problem Description

According to ITRS 2.0, as the packaging technology improves, Test Time
Reduction(TTR) will become more significant in advance IC test.

The main idea of TTR is to reduce test items without losing product quality, there are

two general methods below:
1. By the large number of ICs, remove zero failure rate items.
2. By the large number of ICs, remove low PPM failure rate items.

But none of these considering the variation of product line, and most important of
all, these can not alarm quality shift.



Problem Description

Find the potential items(TTR items) that can be replaced by other test items
immediately, and monitoring it by Virtual Metrology(VM).

Iltem Filter

Original Test ° TTR Test
0-0-0- /% -0-0 ©




Remove Binary Items & Non-Completed dice.
According to test sequence, split data with 70/30 rule.

Gaussian Mixture Model(GMM) for clustering, and execute Stratified Sampling.

K-Nearest Neighbor + Density-Based
Spatial Clustering of Applications with
Noise(KNN-DBSCAN) for detecting and
excluding outliers.

Partial Least Square Regression(PLSR) for modeling.
Backward Feature Elimination for choosing the right model of TTR items.




Item Filter

e Findthe TTR items

1. Correlation
v check correlation of all test items, build prediction model for TTR items

1. Explanation
v assess if model predicting closed to baseline: Coefficient of Determination(R2)

1. Replacement
v assess if model predicting accurately: NRMSE, 99%CI of Prediction, Skew. Kurtosis

® Generate TTR Report for supporting information
v/ TTR Summary - Effectiveness
v/ VM Report - Accuracy of model
v/ Correlation Report - Robust of model

e (Calculate VM value
v/ monitor shift of each TTR items(non-testing)
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OFF-LINE TTR -
CLOSE LOOP OPERATIO

Product A

Program. ver.1 release
Total items = 1000

Product A
Program.ver.X release
Total items <= 1000

: TTR Report
Modeling  mmp (-xIs/ppt)

7

Real-time process Revise test
’ ITR Server program for TTR
Test result (.STDF) (turn on/off TTR)

Monitor ==  Review VM




Lot No. : ISH80 Lot Status

VdrLot : I5H80 Wafer Qty.
D a t a Process  CPID Start Time
Lot Yield : 96.19% Gross Die 1 2097 (96.19%)*1 End Time
TestHouse :RT LotType : Production
— Test
- LOt / Wafer - |5 H 80 / # 1 1 ) 12 No.| OCR-ID |Status |Tester|ProbeCard |LoadBoard| Program |Yield(%) [Total | Pass Vield(%)*2 StartTime EndTime
. . 11 |P60Y36-11E2 |AutoShip|1750-45 [RL-WPC-026 [RL-WLB-002 95.99MM | 2097 2013 95.99 [2018-07-01 15:20:38 [2018-07-03 00:22:01 [1981.4
- TOtal / Fa II che - 4194 / 160 ea. P60Y36-12D5 | AutoShip |1750-45 [RL-WPC-026 [RL-WLB-002 96.38HM | 2097 2021 96.38 |2018-07-03 00:48:47 [2018-07-04 06:48:49 1800

- Total / Fail Datalog Items = 3367 / 85 items

e According to test sequence,
split data with 70/30 rule
® The minimum samples is 100

——— Training - 2808
Testing : 1204

Exclude data

Remove Non-Continuous Binary ltems
& Non-Completed dice.




wall "10D

—~
-t
=
=

[
—
=
o
=
[=]
=1
|
]
-
=)
o
=
[=]
Y
=
-
]
=
=2

=
=
=
o
(=]
pu— |
=
[y ]
o
=]

Scatter of Haxbin & Histogram
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TTR item

Item Filter -
Correlation

e Check correlation of all test items, build
prediction model for each TTR items.

e Example: if Y can be replaced by X1,
X2, then Y is predicted by X1, X2.

y=ax + bx,




Coefficient of Determination(R2): R 2— 1-—

SStor SSres
(Residual Sum of Square)

(Mean Sum of Square)
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Scatter of Haxbin & Histogram

man Corr = 6.9681 , P-value = 6.0
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Item Filter -

Replacement Skew
Mean
Median Median Median
. o Mode
Diagnosis the error of model Mode-] | 1-Men : Mo | Mot
\ I I I f
- NRMSE | ! !
. |
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N o | | |
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Model variance N , ,
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TTR Report - TTR
Summary

Correlation Explanation Replacement Sample-Die 00S Testing-Item Excluded-Item TTR-Item TTR-Rate(%) TTR-00S TTR-Coverage(%)
Initial 4194 4182 3367 0 0 0 0 0
Excluded 4012 2002 2764 603 0 0 0 0
v 90 v 4012 2002 2764 603 338 12.229 2002 100.000
v 80 v 4012 2002 2764 603 572 20.695 2002 100.000
v 70 v 4012 2002 2764 603 799 28.907 2002 100.000
v 60 v 4012 2002 2764 603 890 32.200 2002 100.000
v 50 vV 4012 2002 2764 603 913 33.032 2002 100.000
Present diffe BVE \ ggestia
€re are S 3 C O Prio o orrelation & D 0 90%
: . C 5 . 7 O R Re . C = : D ) - - - - () - - 0 0
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Type Set
Real Train
Test
Pred Train
Test
Error Train

TTR VM Report:
Prediction of each TTR items

TTR Report —
VM & Correlation
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Count

3009
1003
3009
1003
3009
1003

Mean
2536
2532
2.536
2534
0.000
-0.002

Std
0.019
0.019
0.017
0.017
0.009
0.009

2446
2459
-0.033

-0.032

Max
2,610
2.594
2.601
2585
0.036
0.032

Type Set

Model Test

nRMSE

ict vs. Real Value
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) 0

Skew

0.027

Predict vs. Real Value
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Recall

TTR Correlation Report:

Testvs. Trim Test vs. Trim



Summary

Item Filter can diagnosis correlation of all test items
and suggest TTR items automatically.

TTR Report can be a supporting information for

executing Test Time Reduction which including,
a. TTR Summary. Effectiveness.
b. VM Report: Accuracy of model.
c. Correlation Report: Top 3 correlated items of model.

After Test Time Reduction, user can monitor these
items by VM value.

Model has significant effectiveness in
a. Program have high correlation in each items.
b. Program have completed data.
c. Program have continuous items.




Future Work

Real-Time TTR

Send Recipe File to Tester

- Z
|

Real-Time return STDF File

Off-line TTR modeling Real-time VM monitor
Real-time item monitor

Item control and VM monitor by Recipe File online.



Real-Time
Process if Recipe File existed

No

Real-Time TTR
Regular Test 1. Real-time VM monitor
2. Real-time item control

Test Result(.STDF)

Real-Time TTR — Close Loop Operation

Yes

TTR Server
1. TTR Model
2. VM Monitor

TTR Report
(.xIs/ppt)

No

Review OOS

Update
Test Result

N[oll if auto delete OOS RS

Modeling or Monitor

Modeling

Monitor
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Appendix




Remove Binary Items & Non-Completed dice
According to test sequence, split data into 70/30%, 70 for Correlation, 30
for Explanation & Replacement

Correlation

e  Check correlation of all test items, build prediction model for TTR items
Explanation

e Calculate Coefficient of Determination(R2)
Replacement

e  Diagnosis the error: NRMSE, 99%Cl of Prediction, Skew. Kurtosis

Export TTR Report: 1. Summary 2. VM Report 3. Correlation Report
User confirm TTR Report, decide TTR List and generate Recipe File
Send file to ATE and execute TTR(on-line)

Modify Recipe File, turn on/off TTR

Object: TTR VM(Prediction)
e SPC: Spec Control, routine review Out of Spec(OOS) dice
e PAT: Spec Control, online delete OOS dice and review
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