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» Semiconductor introduction

» R/Statistics applications

» Some recent cases

» Patent: Product Bit Analysis

» Patent: WAT Classification Analysis
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Process data

Defect inspection and review:
ilnspection tool: KLA, Compass; review tool: SEM, Leica

Wafer | WIPI(MES, iEMS) Fab out
StaI’F Inline metrology: ADE AEIL CD, etc. mi:asurements
v v
Defect EQ par MET WIP
(KLARF) data




» Huge and complex production data

— Mass product weekly volume:
* CP: 50 lots * 25 wafers * 500 dies = 625K dies
« WAT: 50 * 25 * 80 parameters * 5 sites = S00K measurements
* WIP: 400+ steps, continuous equipment parameter data

— Complexity
* Data complexity
— Yield bins and zones, WAT scale, defect within-die location

* Relational complexity
— CP-WAT link at wafer/site levels, CP/bit-Defect, CP-WIP

 Extreme valuable information

— Large stake: 150K+ wafers / month
» Efficiency: generate reports from hours/days to automated report

* Free engineers to do engineering!

Solve 4 days earlier with 50 wafers/day = 200 wafers!
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Item Low Up Color ——IN1n

2000 0f 0.0002 8

2000{ 0.0002f 0.0005 7

2000{ 0.0005f 0.0008 6

2000f 0.0008f 0.0011 5

2000{ 0.0011{ 0.0014 4

2000f 0.0014f 0.0017 3

2000f 0.0017 0. 002 2

2000 0. 002 0. 005 1

2000 0. 005 10{black

2001 0f 0.0002 9

2001 0.0002f 0.0005 8

2001 0.0005( 0.0008 7

2001f 0.0008f 0.0011 6

2001f 0.0011{ 0.0014 5

2001 0.0014f 0.0017 4

2001 0.0017 0. 002 3

2001 0. 002 0. 005 2

2001 0. 005 10 1

2002 -10f -0.002[black max
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« Memory bit data characteristics
— Lattice-like 0/1 (pass/fail) data

— Different coordinate systems: electrical address, logic address,
physic address

Binary TIFF File Hexadecimal Format Readable Text Format
e R R b1 PO oo 00 00 00 00 00 00 00 00 00 i
: g ! & BIT:X,Y,Fail

o000+ 53 0 01 00 0 9 0 0F 0 30 €2 01 89 00 0 0t ¢ 0040 00 00 00 00 00 00 00 00 00
3 0100 00 00 00 00 00 00 00 00 00 00 BIT:62847 ,623 .1

00 00 00 00 00 00 00 00 00 00 00 00 BIT:64112 048 1
[2] 0o oo oo oo 0o 0o oo 00 o oo ) ) : ?

00 00 00 OO0 0O 0O 00

; 00 00 00 00 BIT:99159,2125 .1

E‘ 00 00 00 00 00 00 00 00 00 00 00 UDBIT:95u92,69u3,1

.E'H!!!I’ 00 00 00 00 00 00 00 00 00 00 40 00 5

9 00 00 00 00 00 0Z 00 00 00 00 00 00 BIT:20788,11248,1
s 1000 01 00 00 01 00 00 00 00 00 00 00 BIT:88592 _11868,1
11 00 00 03 00 00 00 00 00 00 00 00 00 BIT:41688, 12815 1

CO000040t: 00 30 0 00 OC 00 06 1 03 20 1 00 00 00 03 OC 4
CO000050E 00 30 04 01 0 00 01 0 00 30 £1 60 00 00 11 01 ;
COD0ODGOE: 03 30 01 00 OC 00 76 01 00 30 12 0103 00 01 OC
CO000070E: 00 30 01 00 OC 00 15 01 03 30 1 00 00 00 01 OC
CO000030E: 00 30 16 01 03 00 01 OC 00 30 0 10100 00 17 01 5
CO000030t: 04 30 01 00 OC 00 48 4€ 11 20 14 01 05 00 GL OC 4
CO0000A0E: 00 30 FE 00 OC 00 L6 01 05 20 C1 00 00 00 06 01
CO000030E: 00 30 26 01 03 00 01 OC 00 10 C2 00 00 00 23 01
CO0000=0k: 03 30 02 00 OC 00 03 OC 02 30 31 01 02 00 10 OC
CO0000:01: 00 30 0E 01 OC 00 32 01 02 20 13 00 00 00 28 01 4
CO0000=0E: 00 30 <D 0L G2 00 28 CC 00 20 4¢ 0L 00 00 49 01
COB000£DE: 03 30 06 00 OC 00 5 01 00 20 C6 47 11 00 &

cooo130k: -2 30 fl1 07 O 00 A2 0 22 30 €1 67 00 60 13
COD0OL10L: 6L 87 65 47 6 6 72 2C 56 65 7 73 69 6T SE 34 4
COD0D120L1 20 20 S8 23 3C 2 28 3C 96 31 €0 4> 6F 6L 23 4F

COO0O130: 67 76 20 31 32 20 31 3 31 34 31 9433 24 23 32 4 ov
CO000140k: 30 30 <7 00 31 £3 33 3¢ 20 39 36 20 41 68 5 7€ 5 0.

L= = ST, R

C0000LSOK: 53 6F 66 73 2C 49 SE 63 2 2C 20 41 6C 6C 23 72 ;
CO000L60E: 69 67 68 74 73 Z0 72 65 73 65 72 75 65 64 01 OC ;
C0000L70r: 00 30 00 00 OC 00 03 OC 00 10 FF 27 44 Id 53 CE ;

COUDDI30E: 62 2D €S 1t OE 8 47 22 23 3 Es 35 54 Bi 13 CE 5 12 0000 00 00 00 10 00 OO0 00 OO0 00 o0 -
s sraunmanEsca. : 00 00 00 00 00 00 BIT:95487,13611,1

11 29 51 5C 63 18 €8 89 DE 18 4E 2€ ;
8C 8 515 34 3121 €3 M1 12 22
L 08 91 44 6% 9D 8 89 04 42 33
C00001=0r: 74 23 2K 8) 13 B2 T3 9% 22 21 (9 53 44 Bi 27 44 ;
CO000LE0k: ES EC 03 O 4% 44 70 12 20 38 €2 13 28 18 13 AT ;

13 00 00 00 00
0

00 00
1400 00 oo [ad oo oo oo 00 10 00 BIT:57135 ,14572 1

»  Universal demands of Product Bit Analysis(PBA)
»  All Memory/Flash and Logical SRAM products need Bit Analysis to find

out EFA (electrical failure analysis) root cause
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* Problem
— Predict good/bad yield group from WAT data

e Model building

— Based on historical data and good/bad wafer groups
— Select “useful” WAT parameters, f#isWATS
— Principle Component Analysis, 24447

— Discriminant analysis, #5147
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