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Outline

|. Spatial vs. Temporal correlation
2. Theory of correlated Dielectric Breakdown
3. Excess leakage as a signature of correlated BD
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Soft BD improves dielectric lifetime
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PMOS reliability limits
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Oxide reliability impossible without SBD
Correlation determines the improvement



Standard theory is insufficient ...

Prob. of filled cell: q=(ar"/NM) N
Prob. of filled column: p =qg" M EREER

N: number of cells along row
M: number of cells along column J L

o constant!?

. For large N
Probability of 1-SBD:

S s

p

Probability of 2-SBD: - with X:( %)

P, = CZN [pz][(l— ?)N2:|

Assumption: trap generation probability does not change after SBD
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Computing Number of Devices with n-SBD
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For SBD, correlation is weak, i.e. ¢ T

P, =exp(—x)
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For HBD, correlation is strong, i.e. ¢ — o0
P, =exp(—x)
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Correlated distributions for multiple SBD
P = f(é)(xnex)

L symbol: measurement
" (Sune, EDL 2001)

£ =25%

Weibull Distribution (W)
© o & A N o M

50 8 6 4 2 0 2
x=(t/n)

By measuring first and second SBD distributions, we determine &
which allows computation of all other distributions



Outline

. Theory of correlated Dielectric Breakdown
. Excess leakage as a signature of correlated BD
. How to determine the position of the BD Spot

. Why is localization so weak!?

. Conclusions
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Post Silicon |, Leakage Current
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Post silicon |5, measurement
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Homework: SBD and leakage current

D .

|, = current per SBD
N, = # of transistors

Gate Current (l,,.)

| Theory

So far analyzed

the early stage with

few SBD

Now focus

on later stage
with many SBD

(Ileak/NTIO):
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Correlation parameter from leakage
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A new measurement for Weibull slope
and voltage acceleration
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Soft gate dielectric breakdown (TDDB)

Stress Time (s)

Note the quantized jumps and asymptotic slopes
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Conclusions

 An algorithm of determining both in time correlation is
discussed.We find that in classical MOSFET, the correlation is
weak.

1 IDDQ Leakage current due to dielectric breakdown
increases with time as a power-law.

1 IDDQ measurement helps determine Weibull factor, voltage
acceleration factor (yy ), and correlation factor () just by
using few devices at very low voltages. No need for hundreds
of devices tested for long period of time.
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