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Post Silicon Validation Process

Test plan
preparation
v

Feasibility

study

A

Test interface
HW design

Sl / Pl
Simulation

Vaishnavi

Kalyana Sundaram
Senthilkumar
Dinesh

Lavanya

Test interface

HW
Fab/Assembl

4th Annual SWTest Asia | Hsinchu, Taiwan, November 2-3, 2023

Test program

development

—

= Qualification

S Characterization



Conventional Test Program Generation

Device Primaries Test Flow

S

l Pin Config

Test plan

DFT patterns |ate )
Test N-1

Test N
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Challenges in Market

Meeting the demands of intricate IC designs and faster time-
to-market necessitates swift, and accurate test plan
preparation followed by a production worthy test program
development with a huge Intervention of test engineer.
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Proposed Solution

Device Primaries TestFlow
specification Test 1

l Pin config

Machine learning
model N
Test limits )
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TestGenl- Test Automation IP

e Automation tool Introduced by ]

Caliber [\ mwMA"ON @

* To generate readily loadable Test

files
— Pin Config TESTGEN]< |@ nh‘\“/\

— Levels
P~
— TestFlow o
-/

. _,,.,
— Test Limits

\, /-\\.
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lllustration-Device 1

10. Operating Ranges (Note)

Characteristics Symbol Test Condition
Supplyvokage | Ve | 00000 | 20055 | V |
putvotage | v | | owss | v |
Ouputvotage | Ve | | OtV | V|
Oerating temperature _-

Input rise and fall times [dv cc=3.3 nsiV
cCc = 0. [| to 20

Note: The operating ranges must be maintained to ensure the normal operation of the device.
I lnnicad inrite minet ha tiod tno aither AW~ ar GGRAD

11.1. DC Characteristics (Unless otherwise specified, Ta = 25 °C

Characteristics

High-level input voltage Vin

Low-level input voltage

High-level output voltage ol

low=-4mA | 30 | |
--_—
Low-level output voltage £ Vi = Vg or VL Ir|_ 50 pA __m-
| 30 | — Joo [ o1 |
45 | — oo | o1 |
-—_

3-state output OFF-state oz (Vin=Vigorv
leakage current Vourt = Veg or GND

Senthllkumar

m Parameter - Test Setu
Test parameter: VOH

Test method: spec search
VCC=2V

VIL=0.50V

VIH=1.50V

| IOL=50uA
' TOH=-50uA

VOL=0.1V
Maxlimit= 2V
Minlimit=1.9V
startValue:1.5V

| StopValue=2.5Vv

Step size= 0.01V
Temp=25degC

P
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lllustration-Device 1

Supply voltage | Ve | 00000000000000000| 20155 |V |
input voltage _

10. Operating Ranges (Note)

Input rise and fall times idv e =33 Y :
_ cc 1. ) [| to ‘70 - TeSt 1 "

Note: The operating ranges must be maintained to ensure the normal operation of the device. TeSt param Eter VO H

I lnnicad inninte mnet ha tiad ta aither Wa- nr AN

11.1. DC Characteristics (Unless otherwise specified, Ta = 25 °C Test method: spec search

Characterisics | Symbol| _ TestCondiion | Vect) | Min N Typf—Wax | unit | VCC=2V
High-level input voliage --A“— VIL=0.50V
57t5s BN |

—

Low-level input voltage f ] - 2. | - VI H 1 50V
High-Jevel output voltage o0 Vi = Vi 0 = 50 nl — ) IOL=50uA
B |IOH=-50uA

o =tmA |30 | 260 | VOL=0.1V
o= |45 5o [ — [ — | Maxlimit= 2V
Low-level output voltage e Vi =WVigor Vi, Ir|_ 50 pA __m- ) ] .
[0 = Teo | o] “Minlimit=1.9V

———- startValue:1.5V

_ _— — StopValue=2.5V
3-state output OFF-state oz (Vin=Vigorv 54 +0 25 y

leakage currenF : Veout = Vee or GND Step S|Ze: O _ OlV
; Temp=25degC

Senthllkumar
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10. Operating Ranges (Note)
Characteristics Symbol Test Condition

Supply voltage | Ve | 00000000000000000| 20155 |V |
input voltage L Vw | owss | v ]

_- Sample Parameter - Test Setup

il e
=5 | 0Ot20 |

Note: The operating ranges must be maintained to ensure the normal operation of the device. TeSt param Eter VO H

I lnnicad inninte mnet ha tiad ta aither Wa- nr AN

11.1. DC Characteristics (Unless otherwise specified, Ta = 25 °C Test method: spec search

e e — e e vCC=2v
High-level input voltage Vig Vl L:O . 50V
--4@ TN |

Low-level input voltage V 5 >\/IH=1.50V
e A S |IOL=50uA

High-level output voltage ol
|IOH=-50uA

VOL=0.1V
Maxlimit= 2V

Low-level output voltage e Vi =WVigor Vi, Ir|_ 50 pA __m- . i .
| 30 | — [oo [ o1 | »Minlimit=1.9V
BN B ECTH S startValue:1.5V

lou=4ma [ 30 | — ] — [ 0% |
=8mA | 45 StopValue=2.5V

3-state output OFF-state oz (Vin=Vigorv 55 +0.25 A 4
leakage chrbrent Vour = Vee orf:‘ND Step S|Ze: OOlV
Temp=25degC
Senthi Ik . . .
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lllustration - Device 2

10. Operating Ranges (Note)

Characteristics

Supplyvoage [ Ve | ] 0 45w88 [ V|
--
o | (Note )|

Qutput voltage

Operating temperature

0toVee

P Y

Input ise and fal times javov | | 0w | nsv |

3-state output OFF-state
leakage current

Quiescent supply
current

Output leakage current
(Power-OFF)
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I O S VTS SR T N R
WVout = Voo or GND
, ——-

Perinput: Vi =34V
Other input' Ver or GND

Test parameter: VOH
Test method: Spec search
VCC =4.5V

VIL = 0.50V

VIH = 1.50V

IOL = 50uA

IOH = -50uA

VOL = 0.1V

Max limit = 4.4V

Min limit = 4.5V
Start value = 4V
Stop value = 5V

Step size = 0.01V
Temp = 25degC
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Machine Learning and Proposed Approach

Machine learning algorithms

|
Supervised learning X Semi superwsed Unsuperwsed learning
(labeled data) ' learning (Unlabeled data)

Clusterlng DlmenS|onaI|ty
reduction

LP,PS,DBPNN,PSt,BCC,
CDN,BPNN, RakEL,BRq,

Vaishnavi etc..
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Multi-label Classification Model

Supervised learning method Pi: Test parameters
. . p- . Ti: Test
- Multilabel classification:

o000 00

® Classify data with more than one target
variable

® Designed to handle complex tasks
where items can belong to multiple
categories simultaneously

Machine Learning Model
Model 1: Training the model with parameters
to arrive at different test setups

Model 2: Predicting the tests

T2 Tn
(P1,Pn,P3) U (P3,Pn-1,Pn)

e 4th Annual SWTest Asia | Hsinchu, Taiwan, November 2-3, 2023 14

Ensemble method can give
better accuracy
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Machine Learning Model 1

« Extracting unique features from device specifications

» Creating dictionary with parameters and its levels as “key - value” pair
e Features extracted - 715

* Reducing overfitting through Principal Component Analysis(PCA) technique
 Features scaled down - 355

o Zero imputation to make the sparse data as clean data

. Classn‘y Ol ESIIE e }PS: Pruned sets algorithm(Ensemble method)

Base classifier:J48
* Pruning value(pv): It defines an infrequent labelset as one which occurs less than ‘p’ times in the
data{pve Z|1<pv <5}
o Subsampling value (sv)[-N] :Subsample value defines the (maximum) number of frequent
labelsets to subsample from the infrequent labelsets.
Vaishnavi
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Comparative Model Evaluation

PS(Pruned Sets)

5 RakEL (RandoSerSK)-LabeI Pruned 56 0.44 0.985 0594

3 DBPNN (Back Propagation Neural 417 0583 0.981 0.992
Networks)

4 PSt (Pruned Sets with Threshold) 43 0.43 0.889 0.471
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VCI;I!I pl- p1-  pi-

vee VIL VIH I0H
0 20 000 200 -20.00
120 050 150 -0.05
200 165 385 0.00
320 050 150 -0.05
4 18 015 165 -0.05
5 18 015 165 -0.05
6 36 080 200 -0.10
700 090 200 0.00
8 50 150 350 -10.00
9 30 090 210 -12.00
10 3.0 090 210 -12.00
11 30 090 210 -3.60
1200 070 1.70  0.00
13 27 080 200 -12.00
1420 050 150 -0.05
15 20 050 150 -0.05
16 30 053 120 -0.05
17 20 050 150 -0.05
18 0.0 000 000 0.0
19 0.0 000 000 0.00
Vaishnavi
Kalyana Sundaram
Senthilkumar
Dinesh

Resultant Features
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p1-
VIK-
vcc

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

p1-
K
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

27 -18.0
20 -18.0

p2-
VOH-
vcc

450
3.00
0.00
3.00
3.00
3.00
1.65
0.00
10.00
4.50
450
450
0.00
3.00
3.00
3.00
450
3.00
270
2.00

pz-

VIL
0.0000
0.9000
0.4950
0.9000
0.9000
0.9000
0.5775
0.3850
3.0000
1.3500
1.3500
1.3500
0.8000
0.8000
0.9000
0.9000
0.8000
0.9000
0.8000
0.5000

p2-

VIH
4.5000
21000
1.0725
21000
2.2000
2.2000
1.0725
0.7150
7.0000
31500
3.1500
31500
2.0000
2.0000
21000
21000
2.0000
21000
2.0000
1.5000

|poz|-; vcl;:-
vee

2000 60
005 45
000 00
005 45
005 45
005 45
£00 23
000 00
4500 150
2400 55
2400 55
£00 60
000 00
4800 30
005 45
005 45
005 30
005 45
0 27
205 30

p3-
VIL
0.00
135
0.70
1.65
135
135
0.70
049
4.00
1.65
1.65
1.80
0.80
0.80
135
1.35
0.53
135
0.80
0.90

p3-
VIH
6.00
315
1.70
3.85
315
315
1.70
0.91
11.00
3.85
3.85
4.20
2.00
2.00
315
315
1.20
315
2.00
PA

p3-
IOH

-20.00

-0.05
0.00
-0.05
-0.05
-0.05

-12.00

0.00

-20.00
-24.00
-24.00

-1.80
0.00

-24.00

-0.05
-0.05
-4.00
-0.05
-8.00
-0.05

p3-
VOL-
vcc

0.0
0.0
23
0.0
0.0
0.0
0.0
14
0.0
0.0
0.0
0.0
30
0.0
0.0
0.0
0.0
0.0
0.0
0.0

p3-
0L
0.00
0.00
8.00
0.00
0.00
0.00
0.00
1.70
0.00
0.00
0.00
0.00
16.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

pl-
VOH-
vcc

4.50
3.00
0.00
3.00
3.00
3.00
2.30
0.00
0.00
0.00
0.00
0.00
0.00
3.60
3.00
3.00
4.50
3.00
3.00
4.50

pé-

VIL
0.0000
0.9000
0.7000
0.9000
0.9000
0.9000
0.7000
0.5775
1.5000
0.9000
0.9000
0.9000
0.8000
0.8000
0.9000
0.9000
0.8000
0.9000
0.8000
1.3500

pi-

VIH
4.5000
2.1000
1.7000
2.1000
2.2000
2.2000
1.7000
1.0725
3.5000
2.1000
2.1000
2.1000
2.0000
2.0000
2.1000
2.1000
2.0000
2.1000
2.0000
3.1500

pé-
IOH
-6.00
=400
0.00
-4.00
-8.00
-8.00
-18.00
0.00
0.00
0.00
0.00
0.00
0.00
-0.10
-4.00
-4.00
-8.00
-4.00
-32.00
-0.05

O o N oy B W =2 O

DPS-
short

Y . D . Y . pERy . RN . RO . ERY . R . P L N . L Y L s

Resultant Targets

1CC-
VCC=6

oD O O O O O O O O O O o O o = O 0O OO O O o O o o O =

VIL=0 VIH=6 10L=0 |OH=0 VOL=0 VOH=6

RN . P . R L R L R L PR L R L S L S L R L PR . PR L P .

- O O 0 0O 0O O 0 0O 0 0 0 o0 0 = 0O 0 000 0 o0 0o 0o =

oy Y e B B SRR o B o B = (e = = = e = =) = = = e o

O N T = = I =R = B = = B = = T = T = D G gy

oD O o O O o O 0O o O o oo o0 o o o0 o o o0 o o o0 oo = =

D O O 0 O 0O O 0 0 0 0 0 00000 000 0 oC o0 o = =

FUNCGR-
VCC=6

- O O O O O O O O O O O O O = O O O O O O O O O O —

VOL=3 VOH=3

- O O O O O 0O 0O O 0O 0O O O O = O 0O O O O O O O O O =
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- O O O O o O O o 0O o oo o o = 0O 0 oo o0 o o o oo o —=

FUNCSTR-
VCC=2

BN T | S S oy O R S RS o DR O MR TI N ) E  R

VIH=2 VOL=0.1 VOH=1.9

= BN = B = =1 = B s B = =) = e = = = = = B = = e PR = e

= = = = = B o =) = = = (20 = =) = = = =] = = = e e = = e

- O 0O 0 0O 0O O 0 0 0 0 0 0 0 = 00 000 0 0 = o = =

FUNCSTR-
VCC=4.5
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0
1
1
1
1
0
1
1
1
1
1
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Machine Learning Model 2

Phase 1.
 Targets of Phase 1 is the features for ML model 2

 One hot encoding is used to change it as feature for next phase
Phase 2:

OISRl CRIEI[eBL C: Label Powerse
Base classifier:J48

Require_dense — whether the base classifier requires dense representations for input
features and classes/labels matrices in fit/predict.(Total targets 797)

Ao [ E IR R CH SRR IMMAC (Multiclass Multilabel Associative Classification) Apriori

Produce rule set using frequent items

Rank the rule set based on support and confidence
Repeat untill no frequent item is found

Merge rules and classify objects

Vaishnavi
Kalyana Sundaram
Senthilkumar
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Correlatlon Matrix of the Targets

j Highly
correlated

CIRUINE A1 A |

[

=
p—r
——
-
—
e
—
—

WL
- 1||L Lm :alm. | ' |.!I4|ll .||.|||.. Least

_ _ correlated
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Comparative Model Evaluation

LC(Label Powerset)

5 BCC (Bayesue_m Classifier 6.9 0.231 0.992 08
Chain)

3 CDN (Conditional Dependency 54.1 0.451 0.986 0.88
Networks)

2 EREIENED R ARESE Quick 75.6 0.244 0.67 0.7998
Version)

Vaishnavi
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Test Program Generation Summary

Device : ASIC ICs
ATE platform: Advantest V93K
Total devices: 250

ATE loadable files

Pin Confiqg files: TestGeni

Levels: ML and TestGeni
Timing: Vector conversion
Pattern: Vector conversion
Test limits: ML and TestGeni
Test flow: ML and TestGeni

Vaishnavi
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Senthilkumar
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Conclusion and Future Work

* Inthe quest for precision, a symphony of Al automation plays its part, yet
the conductor's touch of human intervention ensures the perfect
performance.

e Test development time slashed significantly.

Future work:
Training the model to generate the schematic design from test specifications
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