Silicon Valley

CG Test Workshop -J

GHz
e -1».’:}/\/\'_%
P ’/"'“‘- N J;” "' s
Vi oo NV '
L'l Pabe l.f‘
Al I 4 el

Broken Scan Chains Routinely
Debugged with New Optical Technique

C. Kardach, DCG Systems Inc.
cathy kardach@dcgsystems.com



Silicon Valley

OVE rViEW Test Workshop &

e |

e Status of LVI-based scan chain debug

* LVx Architecture

e Scan chain map generation

e Fabless/foundry chain debug workflow
e Review: 40 nm stuck-at case study

e Current work: transition failures
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Status of LVI-based scan chain debug
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Status of LVI-based chain debug  Testworkshon &=

 Proof of concept on 40nm packaged parts
(NVIDIA, 2010)

— 3 die for PFA; defect found on all 3

e Yield ramp on 28nm packaged parts (NVIDIA,
2011)

— 47 die analyzed with LVI/LVP and sent for PFA
— To date PFA on 34 die and only 3 missed defect

e PFA success rate >90%

DC

+-/Systems



Silicon VaT_IIey

.?... '.. ":‘...!

DCG

ystems

LVX Architecture



LVIY
Laser voltage imaging slliconvalley

_I_I_I_L“? Test Workshop -

target frequency

Spectrum
Analyzer

bjective

ns

) LVI image @ target
[ N RF frequency
o T Componen
I orer
I
Slgnal photo- RF
Spitter detector amplifier
Laser
xre e :
1DCG patents granted M (re flec ted)

DCG image

Systems Silicon Valley Test Conference 2011

e |



Silicon Valley

Laser voltage probing  TestWorkshopk
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CAD-to-LSM-to-LVI registration  Testworkshopl

e Diffusion layers used for LSM-to-CAD alignment

e LVI & LSM images acquired simultaneously for 1-pixel
accuracy

LSM image with LVI image with
diffusion overlay = same overlay

+/S\ystems Silicon Valley Test Conference 2011 8



Silicon Valley

K

Load cell bounding boxes Test Workshop

e Accurate overlay of scan flop bounding boxes critical

* Cell bounding boxes generated by design house using
LEF/DEF
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Scan chain map generation



LEF/DEF in the chip design flow

e LEF—Library
Exchange
Format

e DEF - Design
Exchange
Format
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LEF/DEF Basics s Horonop L 00

LEF is a library of cell types and their pins

==

INVX3 NAND4X4 DFFX2

DEF contains the cell placements and routing and
annotation -
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Flop names are translated Test Workshop

Scan path for chain=chain®: begin ion=5C0, end position=5CI
gate type cell_id cell type stance_name (type)

DFF  --- --- --- 1_so2/cntr/cl/d SDFFHX02
DFF --- soo === 1 so2/dlata/bd SDFFHXQ2
DFF --- soo === i so2/dlatb/bo SDFFHXQ2
DFF  --- === === i_so2/dlatb/bl SDFFHX02
DFF  --- --- --- i_so2/dlatasb3 SDFFHXQ2
DFF --- soo === i so2/div4/dl SDFFHXQ2
DFF --- soo === i so2/div4/d2 SDFFHXQ2
DFF  --- === === i_so2/dlatasbl SDFFHX02
DFF  --- --- --- i_so2/dlatasb2 SDFFHXQ2
DFF --- soo === i so02/dlatb/b3 SDFFHXQ2
DFF --- --- --- i_so2/cntr/cl/de SDFFHX02
DFF  --- --- --- i_so2/cntr/cl/dl SDFFHX02
DFF --- --- --- i_so2/cntr/cl/d2 SDFFHX02
DFF --- --- --- i so2/cntr/cl/d3 SDFFHX02
DFF --- === === i so2/dlata/bd SDFFHX02
DFF  --- --- --- i_so2/dlatb/b4 SDFFHX02
DFF  --- --- --- i_so2/dlata/b? SDFFHXQ2
DFF --- soo === i so02/dlatb/b5 SDFFHXQ2
DFF  --- === === i_sp2/dlatb/bé SDFFHX0Q2
DFF  --- --- --- i_so2/dlatb/b7 SDFFHX02
DFF --- soo === i_so02/clkdiv/dl SDFFHX02
DFF --- soo === i s02/clkdiv/d2 SDFFHXQ2
DFF  --- === === i_so2/clkdiv/d3 SDFFHX0Q2
DFF --- --- --- i_so2/cntr/c2/de SDFFHX02 G DS VI ewer
DFF --- soo === i so2/cntr/c2/d SDFFHX02
DFF --- soo === so2/cntr/c2/ SDFFHXQ2
DFF --- === === SDFFHX02
DFF  --- --- --- SDFFHXQ2

mnrr
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Fabless/foundry chain debug Yssnaley
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40 nm stuck-at case study
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 Chip is 40nm CMOS Graphics Processor Unit
(GPU)

 The failure was identified on a production
compressed shift pattern

e 11001100... pattern through chain and looped
— Scan clock = 11 MHz
— Scan data = % scan clock = 2.75 MHz

e Binary search on LVI-data and —clock images
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Final images on 40nm case study TestWorkshop&==

- - LVI @ clock freq
LVI signal degrades in #49 All flops have clock signal,

even data-starved flops

DCG

}/Systems



Trace fan-out in GDS
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Using LVx to debug transition failures

11001100... -> 10001000...
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2" harmonic finds transition failures Testworkshop ™S

Spectrum for
Input pattern of
11001100... (50%

Only odd
| harmonics are
present at 50%

duty cycle) duty cycle
Spectrum for Even
output (fail) M harmonics

pattern of
10001000... (non- =
50% duty cycle) |
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Transition failure debug strategy Tesworkshoo =

 Probe scan chain output with LVP to verify the
pattern has changed to 10001000...

e Tune the spectrum analyzer to the 2"4 harmonic
of the data frequency

e Continue binary search using LVI to find
transition from dark flop (good) to bright flop
(bad)
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Transition failure method: results TestWorkshopl—=S

 NVIDIA debugged 7 transition failures using LVx

* Transition failure case study to be presented at
ISTFA 2011 in San Jose, CA:

S Kasapi, W Lo, J Liao, B Cory, H Marks, “Advanced
scan chain failure analysis using laser modulation
mapping and continuous wave probing.”
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COnC|USiOn Test Workshop &

e LVI-based scan chain debug: highly successful in
driving yield at 28nm

e Fabless/foundry data exchange: easily adoptable,
pased on open formats (LEF/DEF and GDS)

e LVIin 2011: moved beyond stuck-at failures

 Broken Scan chain debug: transformed from very
difficult to very easy due to LVx methodology
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