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The Energy Band Structure

conduction band
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Controlling Conductivity

c = gnu
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MOS Transistor
transfer resistor

1930 J. Lilienfend applied for
i Jan. 28, 1930 J. E LILIENFELD 1,745,175
a patent regardlng a ﬁeld_ BMETIOD AHT .l.fu.jmris-. FOR CONTRULLING ELEUTEIC CURZENTS
effect device in USA |
1935 O. Helil - similar patent in UK
1960 Practical manufacturing of
a field-effect transistor
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MOS Transistor

Metal Oxide Semiconductor
Various names: MOSFET, MIS, IGFET

Polysilicon gate Dielectric layer

Metal electrode

Drain and source islands

Semiconductor substrate

o of the substrate: 0.01 - 0.1 Qm

n+ concentration: 10> - 102 m?3
t. .. 1-100 nm
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The MOS Capacitor

e
Al
Oxide

¢ Accumulation V<o

¢ Depletion V>0

P-type silicon

)

¢ Inversion V550
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NMQOS Cross-section

Gate
Source Drain
Metal
Polysilicon
| L] sy Silicon dioxide
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P-type substrate
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Classification of MOS Transistors

N-channel
P-channel

Depletion mode
Enhancement mode
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NnMQOS Transistor with Biased
Gate

Metal
Polysilicon

Silicon Dioxide

N-type diffusion
P-type substrate

o Channel
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Beginning of The Strong Inversion
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Conducting nMOS Transistor

V>0
Gate V.-V >V >0
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Conducting nMOS

at The Beginning of Saturation
V>0
Bramka V.-V.=V, >0

V=0 Zrodto Dren
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Saturated nMOS Transistor

V>0

Bramka

VD >VG'VT
0 Zrédto Dren

Vs
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P-type enhancement mode

N-type depletion mode

P-type depletion mode

N

MOS Symbols
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nMQOS as A Switch
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PMOS as A Switch
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MOS in Linear Range

L=L +2L,
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MOS Output Characteristics

linear

::": Ups=Ugs-Vr

saturation
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MOS Transfer Characteristics
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saturation

linear
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Channel Length Modulation

V>V
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Model LEVEL1

|
0 Ups=Ugs-Vr Ugs=5

linear

Uss=4

saturation
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SPICE DC Parameters
for Tum MOS

Parameter

Description
0.7 Threshold voltage

KP

2.5*105 Transconductance coefficient

GAMMA

0.4

0.5 : Bulk threshold parameter

PHI

0.37

0.36 Surface potential at strong
inversion

LAMBDA

0.01

0.01 Channel length modulation
parameter

LD

0.1*10¢

0.1*10°¢ Lateral diffusion

2*108

2*10- Oxide thickness

2*106

4*101¢ Substrate doping density
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What's new in LEVEL3

* Modified threshold voltage model, taking into
account the drain induced barrier lowering (DIBL)

* Longitudinal and transversal electric field dependent
mobility model

* Improved channel length modulation and saturation
voltage model

* Weak inversion (subthreshold) range

Technical University of Lodz - Department of Microelectronics and Computer Science



Trapezoidal Charge
Approximation
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Subthreshold Range
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Temperature Influence on MOS

Characteristics

Ios

A




MQOS Capacitances

CGS CGD CGDov
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MOS Capacitancies

Polysilicon gate

- Dielectric layer
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MOS Capacitances
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MOS Capacitances

Linear range (C_;, = 0)
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g Capacitance-Voltage

Characteristics
Ci=CoxLeffWeff

A c/C
I
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What's Missing in LEVEL3

* Hot carrier effect
* Punch-through

* Non-uniform substrate doping




MOS - Summary

Operation range Pin voltages
Cut-off UG5< UFB
Linear, non-saturation, triode UssV 71 Ups<Upyys
Saturation, pentode UssV 11 Ups=Upsar
Sub-threshold, weak inversion Urg=Ugs<Vr
J IDS IDS
N-type enhancement mode —
_l Uss Ups
b b
| Uss
P-type enhancement mode —Q Ubs
-
_J bs bos
N-type depletion mode —
_‘| Uss Ups
b b
_J Uss
P-type depletion mode  — Ubs
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