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Statistical EM Budgeting(SEB) Introduction

Q Historically designers have compared interconnect DC average current to a
conservative fixed limit as,

S =Jdesign / Jmax

O Soif S <=1, the “design” is reliable, while any interconnect with S > 1 needs to be
redesigned. From the process reliability perspective, EM degradation is inherently
statistical. There is always observed a wide dispersion in the times observed for
identically sized and stressed segments of interconnect to progress to failure.

0 When reliability design is designed to mean “achieving a chip-level reliability goal,
fixed current density design limits become mathematically arbitrary. Only the total
statistical risk to the chip is the meaningful. Then if the EM reliability impact of each
segment of interconnect at each stress level can be accounted for, the chip-level EM
reliability goal can be budgeted among classes of interconnect or chip design
subdivisions to minimize the performance limitations.
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SEB Methodology

O Statistical EM Budgeting (SEB) is a design-specific EM reliability evaluation
method which combines design inputs with EM performance for each
interconnect wire to compute a total failure rate for the product. A “pass” is
ascertained if the design stay within the failure budget.
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O SEB gives the designers some flexibility in design without imposing a hard
EM limit for the whole product, thus enabling higher performance without
compromising reliability.
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Failure in Time (FIT) Calculation per Wire

(-10)° In(Sp" *(LT/MTF))
FIT, = *In 1-®
LT o

U

LT = lifetime eg 5 or 10 years.

U

® = std normal cumulative distribution probability

U

Sdc = severity ratio of Idc, I/Imax:
I-> from design,

Imax-> defined in design rule manual.

U

n = current density exponent (from foundry)

U

MTF = median time to failure
MTF(Tfit)=MTF(Tamb) * exp(Ea/Kb *(1/(Tfit+273)-1/(Tamb+273)))
Tamb=Ambient Temperature; Tfit=Tamb+ AT from self-heating

0 o =sigma, spread in lifetime distribution (from foundry)

© 2017 ANSYS, Inc. July 31, 2017 ANSYS UGM 2017



Why SEB

g EM challenge on advanced FinFet process

q EM is significantly impact on FEOL thermal coupling and self-heating
q Very difficult to sign-off EM due to EM limit degraded significantly.

g Life Time

q EM spec definition in DRM are based on 10Y life time. How about 5Y life time?
q Real application: 5% x Life time 125c + 95% x Life time 85¢

g From one net to a design
q If every net satisfy EM spec, the design have high reliability? NO!
For example :

Condition: TSMC N10, 10Y life time

Sdc ( I/lmax)=0.8, fail rate =0.15%(1500PPM). If there are many nets with Sdc more
than 0.8, the total fail rate is more high.

Usually, SOC fail rate < 0.1%
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FIT calculation

O Statistical EM Budgeting is a design-specific EM reliability
evaluation method which combines design inputs with EM
performance for each interconnect wire to compute a total failure
rate for the product. A “pass” is ascertained if the design stay
within the failure budget.
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Thermal-Aware SEB Flow
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Self-heating impact on EM
[ [owconediieny || GEwehey

Number of EM violations 2581 2664
Max EM violation 168% 197%
Total FIT 23 416

EM@105 w/o SH

>100 >110 >120 >130 >140 >150 >160 >170 >180 >190

EM@105 w/ SH

>100 >110 >120 >130 >140 >150 >160 >170 >180 >190
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Self-heating Result: instance delta T

The max delta T is 11.8C
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Wire Temperature: Max temperature 116.5C

Wire Temperature Color Map

[] Apply settings to all WT maps
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FIT correlation

use Year use Hour [Sde tEnp MTE sigma FIT FIT in RedHawk|[Errer %
5 4 3500 1.01 105 [ 1. 7T3E+05 0. 2% | 6. 47613E-06 G. $7A2EE-0A =0, OOE859%
5 4 3800 1.68 105 1. 73E+05 0,249 | 1. 20544F400 1. 20541E+00 0, 00234%

© 2017 ANSYS, Inc.

July 31, 2017

ANSYS UGM 2017

NANSYS



EM sign-off by thermal-aware SEB

O Designer should fix 2664 EM violations by traditional EM sign-off
method.

O Now design can be sign-off if fix less than 200 violations.
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