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% Jiest data velume challenge

> Eimiedl@s & tnlimited Inecrease IR iRnSsISioNs

> ExpoenentiaiNnereaseNniiestdazVvelume
% Jlester pin count challenge

> liesier cesis alimoest inearnaumbErGIipINS

e [Eull aceessibility/isineeded with limited pin count

% Jiest time challenge

— CrilcalNeain

— Hardiierparallelizenesileadinepmassively
o Limited piniceunt (accessibility proklem)
e Winng preblem: (area/peronmance constraint prokliemi)

% Jiest pewer challenge

~ Highracuvityeadinaiernighipewerconsumpuen:
e Cincuit may be damaged
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L | lIinersiScan-Arcnitecture

% SEgIments Within a scan chainlare: cempatinie
~leadtheminiearalel

% Othenwvise i Scan chain 1,1

Scan chain 1,2

—Senally,

Chain 1,N

% Evaluation .

> Data VOIUmQM ' Scan chain M,1

Output Copmressor

> PlRrcount Scan chain M,2

> Test time Scan chain M,N

> PoWERCEHSUINPLGR
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< lllinols Scan
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> ReadlUctionrand erliyirALLE SEGVIENISTARE

CONPATIBLE
2 Examples

> Pattern 1 - O0OX1O0XXXO000IXX

e ISt segment: 00X10
e 2ndl segment: OXXX0
e 3rdl segmenit: 00dXX

r COMPATIBLE = 5 hirts oenly

. Pattern 2 - oox1ox}<x0011xx

e ISt segment: 00X10
e 2ndl segment: OXXX0
e 3rrd segment: OdIXX J

r NOT CONMPATIBLE — 155 BItS
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SEgmeEnteds Addressable Sea
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» Aggressive parallelization of scan chains
»Reconfigurable partial compatibilities
»Special SAS decoder
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| SystematiciScantReconfiguration
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% While there are undetected faults

> SEIECha SEL B SEGmMENS ane e tIENMNOGEIES
> EEed thal e therAlIRGEHeeIs Wit therUheetecied faulis
> Save e generaied patierms and drepiiie detecied iaulis

“ [lhe segments selection sheuldihe dene inaway. thal
leduces the RUMBEr ofi addresses reguired to: Cover
e patterns

% No need fordoen't canes
“» The ATRPG teeliwillfdoe the optimizatien

“» POWETN canl e controlled by Choesing RewW: mamny,
Segments; e activaie at a time
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“ llake 6 segmentsiwithraddresses (000 throughr L£1-1)

> eralll'segments tegether(Call s classil)
e Run the ATPG (06l te get as many/ faulisias possikle
e [Lead patterns tegether and apply them

> liernesirsiiovirtegeer analastHieuriegemer(classil)
e Odd ana 1dad

> USeihese second and thind conliguiatiens
e dOd and did (tying 0, 1, 4, 5 and 2,3,6,7)
e dd0 ana ddi (tying O, 2, 4, 6 anad 1,3,5,7)
\WitreverR/coniiguiciien
e [Lead patterns fer the 1%t segment
e |_oadl patterns for the 21% segment
e Apply the patierns
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2 [iyeuiWant e cUl pewWerr coRsumpuien by 75%,
USe the fellowingl configurations (class IV)

> 000 0)kelEeje] il
~ 0] Qe <Fe[0) = el
> o0 cl0ab = eftle)efell

“ Einallys lirthenre any: |eft ever fiaultis, get them Wit
seral moeae (class Vi)

> 000 0000 bRl o)) R ) e



Test Cases

Clock
domains
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Test
Patterns

1.5K

20

3.4K
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s L g Ckil =DDatarVoelumeiestime SAF

letallData Velume 40 1 Vileif Compression
Ralie
SSR Data |32 3.3 Mb 12
V/olume SEegmeEnts
64 2.4Vl 16X
Segments
126 2.0/ Vb 19x
SEegments
2516) 1.9 M 24
SEegments
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s L g CkiZ=DaiarVoelumeiestime SAF

letallData Velume 120 Vel Compression
Ralio
SSR Data |32 7.5 M 16X
V/olume SEegments
64 5.8 Ml 20%
Segments
126 4.8/ M 25X
SEegments
206 37 M 32X
SEegments
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- L ) Cktl'=DatalVolume & Test Time Tk

letallData Velume O8I M| Cempression
Ralie
SSR Data |32 7.7 VB 12X
V/olume SEegmeEnts
64 5.3 Vb 18x
Segments
128 2.5 Vo 22
SEegments
256 3.6/ \Vio 20X
SEegments
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letallData Velume 300 M| Cempression
Ralio
SSR Data |32 247Vl 14
V/olume SEegments
64 14, A5 2%
Segments
126 116V 25X
SEegments
296 7.7 le 39X

SEegments
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B Normal Coverage (0SSR Coverage
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Category  Catl- Catl- Catl- Catl- Catl-
0 Confl Conf2 Conf3 Conf4 Conf5
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E Normal Coverage (0SSR Coverage

85.2

o)
o
\l

Fault Coverage

84.2

83.7 \ \ \ \ \

Category  Catl- Catl- Catl- Catl- Catl-
0 Confl Conf2 Conf3 Conf4 Conf5
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“ RUplime IS anl erder o magnitude loneer!

“ HeWw akolt reducing the nUmBEr Gl configuratiens?

> Configrd AlFGATSEQMENISICONRECIEANG GRNE SCaAN IRPUL
® 7+ Of flaulis detected! = 1,049,342
e 7 Of patterns = 3,633
> CONNeEZ: 64 separaierscan chains(Sernalmeee)
e 7 Of faults detected = 9,358
e i Ofi patierns = 366
> 5 866 =428 Sianeare Paiens

o Compared to eriginal 1,381 paiterns = 3x data reduction
> CUline SAS R ey 50%
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Il Total test data volume El SAS test data volume

— Basic ATPG runtime  —-SAS runtime
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[ 1 SR

[1Total test data volume 1 SAS test data volume
Basic ATPG runtime SAS runtime
100 + - 4000
-+ 3500
80 +
— -+ 3000
Q ~
= =
o 60 + -+ 2500 B
£ 2000 2
E :
s 40 1500 S
= na
0 1000
20 -
-+ 500
0 [ . } | [ . } | [ . ‘ | ! I | 0
Category O Category 1 Category 2 Category 3

Starting category
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1 g Power-optlmlzed_ SAS

P = Z C,AVVdde, f

< AssUme,, nermal shlft speed s 20MiHZ
> EORClassHpatiers, shlitai 205z
> EerclassHiNpauersis; st a4 0IViEZ
> EeRclassHNVpaierms, shlitairsoVHZ
> EoRclassiViliNeaiiems; shlirair L6 0IVISZ
“ |Ftester 1s imied ter 100 VIHZ

> PeWeElEeplimiZEd RaiieRINGNIS ClassHN.

“» Speed upr ey parallelizatien ANIDIy faster shliting
> AlWways 'S speealtipacion(S = INe ol SEQENTS)
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» INECESSIL IS THE MOUNEN O INVENLION

> lIEst data veltume

> Testtime

~HIESIEPINNEGUIIEMERLS

~ POWEIrOpUmMIZEC
—ViimaisereWareroVerea

~ INOrEORICaENISHEUIEMENTS
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