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Random dopants Polysilicon/high-k

Granularity
Line edge roughness



VD = 50mV

VD = 1.0V 

RDD+LER+PSG 

Compact models



Performance/power/yield trade off is a necessity





Drift-Diffusion (DD) with 

quantum corrections.

Ensemble Monte Carlo 
(MC) with ab-initio 

impurity scattering.

Non-Equilibrium Green s 
Functions (NEGF).

Enabled by the power of cluster and grid computing 



In collaboration with ST Microelectronics



 n-channel MOSFET p-channel MOSFET 

 VT  [mV] 

(VDS=0.05 V) 

VT  [mV] 

(VDS=1.1 V) 

VT  [mV] 

(VDS=0.05 V) 

VT  [mV] 

(VDS=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 
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Gate length @SRAM is almost twice as big as in logic

There s almost no SRAM channel length scaling from 45nm to 32nm

663 nm

125 nm

55 nm

Intel on 32 nm node:

Logic gate pitch is 112.5 nm

Logic gate length is 30 nm
SRAM cell area is 0.172 μm2

Intel on 45 nm node:

Logic gate pitch is 160 nm

Logic gate length is 35 nm
SRAM cell area is 0.346 μm2

Same scale
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Different surface density at different orientations 

<100> <110> <111>

111(L)> 100(M)> 110(H)

Cooper

H. Dadgour et al.



N. M. Idris et al.



Brown et al.



IBM 32 nm 
(IEDM 09)

•F. Arnaud, et al. 

•IEDM 2008
REALITY



Combined with different MGG size

Intel

IBM



32nm VT (mV) 22nm VT (mV)  

Vds (50mV) Vds (1.0V) Vds (50mV) Vds (1.0V) 

RDD 5.3 6.1 6.4 8.1 

LER 3.3 8.6 5.8 13 

Trap (1e11) 11 11 5.1 4.8 

Combined (1e11) 13 15 10 16 
 

32 nm FD SOI 22 nm DG
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32nm VT (mV) 22nm VT (mV)  

Vds (50mV) Vds (1.0V) Vds (50mV) Vds (1.0V) 

RDD 5.3 6.1 6.4 8.1 

LER 3.3 8.6 5.8 13 

Trap (1e11) 11 11 5.1 4.8 

Trap (5e11) 24 25 13 12 

Trap (1e12) 36 37 18 17 

Combined (1e11) 13 15 10 16 

Combined (5e11) 25 27 16 19 

Combined (1e12) 37 38 20 23 
 

32 nm FD SOI 22 nm DG
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200 microscopically different transistors 
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Direct Extraction

PCA Approach

Naive Approach

BSIM4

 

 

STDV error

PCI - 15%
Naïve - 85%



PCA

NPM

Inverter 

propagation 
delay





Correlated process variability +

3 different level of statistical variability





Statistical variability has to be taken very 

seriously at 32 nm technology generation.

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

Statistical compact model techniques are 
necessary to support statistical design.

Best practices for statistical compact modeling 
need to be established.


