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Variability classification
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- Variability in 65 nm (L=60 nm, W=140 nm)

University
of Glasgow

m(3.551-0.555
N 0.547-0551
0.543-0.547
0.539-0.543
0.535-0.53%
B(3.531-0.535
0.527-0.531
m0523-0.527
m0519-0523
m(515-0519

T. Hiramoto (Tokyo Univ)



- Variability in 65 nm (L=60 nm, W=140 nm)
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OPC and strain related variability
65 nm example Synopsys (SISPAD 06)
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Strain induced variability
After W. Fichtner

30nm Cap

University
of Glasgow

wiccsl=NeR=R=E=E=]

500 20

000
Stress (MPa)
w
8
a4
a /
¥
h 5 ©
© o ) o
Mobility Gain (%)

250 nm Pitch 125 nm Pitch




Statistical variability
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- The most comprehensive
- technology available
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Hierarchical statistical simulation
and verification

Standard design tools flow

Hardware + Software
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Glasgow statistical 3D simulation tools
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Enabled by the power of cluster and grid computing
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Variability in 45 nm LP transistors
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- Good agreement with measurements

n-channel MOSFET p-channel MOSFET
oVt [mV] oVt [mV] oVt [mV] oVt [mV]
(Vps=0.05 V)| (Vps=1.1 V) | (Vbs=0.05 V)| (Vps=1.1 V)

RDD 50 52 51 54
LER 20 33 13 22
PSG 30 26 - -
Combined 62 69 53 59
Experimental 62 67 54 57




Potential distributions
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Combined variability in bulk MOSFETs
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- Transport (scattering) related variability
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- The |mpact of the transport related varlablllty
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- Bulk MOSFETs are here to stay longer:
But they will be longer too

Physical gate length in past ITRS was too aggressive.

University  Thg dissociation from commercial product prediction will be adjusted.
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Physical gate length of High-Performance logic will shift by 3-5 yrs.
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SRAM on a relaxed scaling path

Intel on 45 nm node: Intel on 32 nm node:
Logic gate pitch is 160 nm Logic gate pitch is 112.5 nm
University Logic gate length is 35 nm Logic gate length is 30 nm
ofGlasgow SRAM cell area is 0.346 umz SRAM cell area is 0.172 umz
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Same scale

°DELLING

; = Gate length @SRAM is almost twice as big as in logic
: ﬁ/ﬁ@ .
: "®F° i There’s almost no SRAM channel length scaling from 45nm to 32nm




ITRS variability reduction scenarios in
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Metal gate granularity (MGGQ)
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Metal gate granularity (MGGQG)
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Metal gate granularity (MGG)
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Sigma Delta VT [mV]

32 nm high-k/metal gate MOSFET
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Variability in high-k/metal gate MOSFETSs
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SOl and DG variability

32 nm FD SOl

22 nm DG

32nm oVr (mV)

22nm gV (mV)

Vs (50mV) | Vi (1.0V) Vs (50mV)] Vs (1.0V)
RDD 5.3 6.1 6.4 8.1
LER 3.3 8.6 5.8 13
Trap (1ell) 11 11 5.1 4.8
Combined (1e11)] 13 15 10 16




University

of Gl

asgow

Summary
d Background

1 Statistical variability

d Statistical reliability

Q Statistical compact models
d Conclusions




Statistical reliability: electrostatics
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Threshold voltage variability increases
with NBTI
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- Trapping produces ‘anomalously’ large
Threshold voltage shifts
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The reason for ‘anomalously’ large
threshold voltage shifts
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SOl and DG variability

32 nm FD SOl 22 nm DG
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32nm gVr (mV) | 22nm oVr (MV)

Vs (50mV)[ Ves (1.0V) Vs (50mV)] Vs (1.0V)
RDD 5.3 6.1 6.4 8.1
LER 3.3 8.6 5.8 13
Trap (1el1l) 11 11 5.1 4.8
Trap (5ell) 24 25 13 12
Trap (1el12) 36 37 18 17
Combined (1ell)] 13 15 10 16

Combined (5e11)[T267 |27 7746 |10 |

Combined (1el2)| 37 38 20 23
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Test bed 35 nm MOSFET
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Two stage parameter extraction
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BSIM parameter selection

80 50
——4 Parameter Statistical Extraction ] —— 5 Parameter Statistical Extraction
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of Glasgow 8 Q 4.
8 40 o
s L 2 20]
W 20| - T
10+
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Error(%) vt E4rror(‘£>) v
Number of | Average RMS Maximum RMS Standard
parameters | fitting error(%) fitting error(%) Deviation
BSIM | PSP BSIM | PSP BSIM | PSP
| 16.8 16.5 30.1 27.8 43 423
2 10.5 11.8 22.5 24.6 3.5 3.93
3 8.5 9.1 21.5 219 4.1 2.96
4 3.99 5.44 9.75 13.9 1.4 2.22
5 2.85 2.59 6.75 8.2 1.15 1.25
6 1.56 1.58 3.6 5.2 0.6 0.63
7 1.16 1.32 2.8 3.6 0.45 0.59
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Statistical compact model parameter
correlations
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Deviation from Normal distribution
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Naive approach vs. PCA
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Bl Statistical Nonlinear Power Method (NPM)
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- Performance/powerlyield trade off
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Conclusions

o ] Statistical variability has to be taken very
of Glasgow seriously at 32 nm technology generation.

a Statistical reliability, enhanced by statistical
variability is becoming an important issue.

a Statistical compact model techniques are
necessary to support statistical design.

O Best practices for statistical compact modeling
need to be established.




