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outline of lecture 8

1) Theory of oxide breakdown
2) Statistics of Failure Distribution
3) Soft vs. Hard Breakdown

4) Correlated vs. Uncorrelated Breakdown

5) Conclusions



how to determine gate oxide reliability

J' LM E-

= | V3> V,>V, V?p

0

= s

O

Q

© .

& R— i
Days Years

Nonlinear projection for
processes with threshold

5 years

Empirical projection is very difficult, if not impossible ...



breakdown in thick vs. thin oxides
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theory of anode hole injection
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AHI| model: numerical calculation
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AHI model verified N
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reduced defect generation at low voltage

Accel. Factor y [dec/V]

o

- (o)) o0

N

® 1.4-2.4 nm (BL)
g 3.3-9.5 nm (IMEC)
A 2.8-7.5 nm (Berke.

B |MEC (IRPS00)

simulation
prediction

N

4

6 8 10 12 14

V¢ [volts]

V

safe

=V

test

o

wrong

/

In (TBD)

10 yr

TB D, Test

V¢ [volts]



.... but this is a statistical problem

1 CPU ~ 108-10° Transistors
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When one transistor fails, so ;i
does the IC '

Statistics connects reliability and variability in a fundamental way ...
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mean failure time vs. failure time distribution
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(simple) theory of statistical breakdown

M) N ; (= (t/ ty )a
R Eri

P= qM :(t/to)Ma (t/to)ﬁ

P,=1-p)" =@-Np/N)" =exp(—Np)

1-F(p) =R, =exp(—Np)

W =In(=In(L- F)) = 8 In(t) - M« In(t,) + In(N)

Straight-line in a Weibull plot, slope proportional to thickness
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bottom-up prediction for oxide scaling
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lifetime projection ...
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PMOS less reliable than NMOS below 2 nm
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majority vs. minority ionization ...
role of hot contacts
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soft breakdown for PMOS
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physical reasons for improved reliability

Standard reliability reliability with soft breakdown
2 O

Many BD in IC before 2 BD in the same transistor
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statistics of soft breakdown
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n- SBD Weibull Distribution
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SBD improves lifetime geometrically ...
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outline of lecture 8

4) Correlated vs. Uncorrelated Breakdown
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partially correlated breakdown
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soft BD improves dielectric lifetime
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computing number of devices with n-SBD
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computing number of devices with n-SBD
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i s:yrr'\bollz measurement
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current ratio technique
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spatially uncorrelated breakdown
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conclusions

+The reliability of modern ultrathin oxides involve delicate
interplay between reduced defect generation at low voltages,
statistics of failure distribution, and uncorrelated generation
of breakdown paths.

+The reliability of ultra-thin gate dielectric is primarily
dictated by ‘hot’ contacts — hence the difference between
PMOS and NMOS reliability. The uncorrelated breakdown.

+The physics of statistical distribution of failure times and
that of length scaling in very short channel transistors are the
same, because they are based on similar physical principles.
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soft breakdown for PMOS
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simple model for soft/hard breakdown
(a) t < TBD, only tunneling
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a simple model for SBD and HBD
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statistical distribution of perc.
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soft breakdown at reduced voltage
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G, is known, how to determine P eg ?
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features of hard and soft breakdown
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theory of correlated soft breakdown
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physical reasons for improved reliability

Std. reliability definition
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computing number of devices with n-SBD
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