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BJTs
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BJTs
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VCE = VBE + VCB = VBE - VBC

2

WB NA

—qVip 1kgT )

Jo=¢q e

Lundstrom EE-612 FO6 9



outline

1) Introduction
2) Bipolar transistors
3) Derivation

4) Discussion

Lundstrom EE-612 FO6

10



MOSFETs and BJTs
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MOSFETS below V;

2
JC —_ q& ! quBE/kBT (1 _ e_qVCE/kBT) A/Cm2
WB NA
I, =J:-Wi, Vg = Y Wy — L
k. T /q
tn = BE VCE — VDS Dn — (kBT /Q)Au’eﬁ

Lundstrom EE-612 FO6 12



MOSFETSs below V; (ii)
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Now make this look like a MOSFET expression.
Relate yg to V.
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Surface potential and gate voltage
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MOSFETSs below V- (iii)
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Surface electric field
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MOSFETSs below V (v)

(ni/NA)= ?
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MOSFETSs below V. (iv)
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subthreshold swing
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subthreshold swing (ii)
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what controls S ?

v
S =2.3m(k,T /q) %

1) Temperature

2) Interface traps

m=1+(C,+C,)/Cpy

3) 2D electrostatics
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off current
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off current and V-
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loy and lorr
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log e VS. oy
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Fig.10a: Nfet Ion/Ioff performance.

“65nm CMOS Technology for low power applications,”
A. Steegen, et al., 2005 International Electron Devices Meeting 4



below vs. above threshold

Why was our derivation restricted to subthreshold?
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below vs. above threshold
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below vs. above threshold

(kBT /q)(
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reasonable above threshold result, except
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off current
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W

(KT s vy g7
)(m—l) eQ(Gs T) B (1_

vy

Lundstrom EE-612 FO6

—-qVy Imk,T
I =e¢]T B
D

-qVpe lkpT
eQDS B)

33



subthreshold swing (ii)
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