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Statistical MOSFET variability



Numerical simulations of statistical MOSFET
variability
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Dopants closely to the interface determine the
statistical MOSFET variability
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Both number and positions of dopants matter
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Variability trends



Reduction of statistical variability in epitaxial delta
doped MOSFETS
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Reduction of statistical variability in epitaxial delta
doped MOSFETS
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Other sources of statistical variability

Random dopants
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The 3D ‘atomistic’ simulations are predictive — 40 nm

Collaboration with ST Microelectronics 10



The 3D ‘atomistic’ simulations are predictive — 40 nm
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n-channel MOSFET p-channel MOSFET
oV [mV] oV [mV] oVt [mV] oV [mV]
(Vps=0.05 V)| (Vps=1.1 V) | (Vps=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
I
A,=2.8

Collaboration with ST Microelectronics
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Variability at the ultimate bulk CMOS scaling (20 nm)
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Epitaxial channel transistors — 20 nm CMOS
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Epitaxial channel transistors — 20 nm CMOS
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Epitaxial channel transistors — CL + back doping
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Strong interplay between statistical variability and
statistical reliability
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Parameter n-MOS

Ly [nm] 25
EOT [nm] 0.85
X; [nm] 15
N, [E18/cmA3] 4.5
Vi [Vl 1
foff [nA] 100
lon [I—lA] 1351
Spacer [nm] 24




Mobility improvement
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Boron concentration (crm®)

Dopant Engineering
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Mobility Enhancement
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Inversion Charge Density (10% cm?)

Both NMOS and PMOS

l4sat @Nd G,,, enhanced

Gate Leakage reduced
Precision Doping Profiles
Variability reduced &
Matching improved
Potential 1/f Noise reduction
TDDB & NBTI Reliability

improved
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