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1. Integrated-Circuit Devices And Modeling

1.1 Semiconductors and pn Junctions
1.2 MOS Transistors

1.3 Device Model Summary

1.4 Advanced MOS Modeling

1.5 SPICE-Modeling Parameters

1.6 Passive Devices




Semiconductors

= Semiconductor = crystal lattice structure (free electrons + free holes)
= Intrinsic silicon has equal numbers of free electrons and holes

. . . . 16 : 3
= |Intrinsic carrier concentration, N, =1.1 x 10™ carriers/cm




History of Semiconductors

= |ncandescent lamp(8f & S) : By Edison (1879.10.21)

= Vacuum Tube(&lS2) : By John Ambrose Fleming(1904)
Ex) ENIAC: First computer

- Consists of 17,468 Vacuum Tube + other devices

& Size, power, stability issue




tory of Semiconductors

= \World war II:1939.9 ~ 1945.8




tory of Semiconductors




History of Semiconductors

= Transistor

In 1947: The first point contact transistor was developed

v John Bardeen and Walter Brattain in Bell Lab.)

In 1956: The Nobel Prize winner

v" William Shockley was included

Shockley




History of Semiconductors

= |n 1958: The first IC was invented

» By Jack Kilby of Texas Instruments

v The Nobel Prize winner in 2000




History of Semiconductors

1964 First MOS IC

.....

| g '._

2011 Intel i7

1971 Intel 4004 microprocessor
(2,300 transistors, 144mm?) (560,000,000 traMsistors, 296mm?)




pn junction

Fig. 1.1 A cross section of a pn diode

= Anode : p-type, Cathode : n-type

Depletion region
1. Diffusion of free carriers of p side & n side

2. It extends farther into the more lightly doped side
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Diodes (=PN junction)
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Diode’s Application: LED
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Semiconductor material

Infrared

A= T60

Gallium arsenide (Gahs)
Aluminium gallium arsenide (AlGaAs)

610 < A < 760

Aluminium gallium arsenide (AlGaAs)

Gallium arsenide phosphide (GaAsP)
Aluminium gallium indium phosphide (AlGalnP)
Gallium(lll) phosphide {GaP)

Orange

530 <A < 610

Gallium arsenide phosphide (GaAsP)
Aluminium gallium indium phosphide (AlGalnP)
Gallium({lll) phosphide {(GaP)

Yellow

570 < A < 530

Gallium arsenide phosphide (GaAsP)
Aluminium gallium indium phosphide (AlGalnP)
Gallium(lll) phosphide {GaP)

Green

500 < A< 570

Traditional green:

Gallium({lll} phosphide (GaP)

Aluminium gallium indium phosphide (AlGalnP)
Aluminium gallium phosphide (AlGaP)

Pure green:

Indium gallium nitride (InGaN) / Gallium(lll) nitride (GaN)

Blue

450 < A < 500

Zinc selenide (ZnSe)

Indium gallium nitride (InGaMN)

Silicon carbide {SiC) as substrate

Silicon (5i) as substrate—under development

Violet

400 = A < 450

Indium gallium nitride {InGaN)

Purple

multiple types

Dual bluefred LEDs,
blue with red phosphor,
or white with purple plastic

Ultraviolet

A =400

Diamond {235 nm)

Boron nitride (215 nm)

Aluminium nitride (AIN) {210 nm)

Aluminium gallium nitride (AlGaN)

Aluminium gallium indium nitride (AlGalnN)}—down to 210 nm

Pink

multiple types

Blue with one or two phosphor layers:
yellow with red, orange or pink phosphor added afterwards,
or white with pink pigment or dye.

White

Broad spectrum

Blue/UV diode with yellow phosphor
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MQOS Transistors
. Diode o |: Bipolar Transistor

MOS(Metal-Oxide Semiconductor) Transistor

CMOS circuit (Complementary MOS): contains n-type and p-type transistor

Sio,

_ 4
1' -+
"
|

»

Bulk or substrate

n channel p
Fig. 1.10 The important dimensions of a MOS transistor

= The used MOS technologies in the Lab, the minimum channel length is about
0.35um and 0.18um

* psubstrate is connected to the most negative voltage (NMOS)

= n well is connected to the most positive voltage (PMOS)
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/'Symbols for MOS transistors

= MOS transistor are actually four-terminal devices

| | c) (d)

(a) ) (

Fig. 1.7 Commonly used symbols for n-channel transistors

(d)

Fig. 1.8 Commonly used symbols for p-channel transistors
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3. Basic Current Mirrors and Single-Stage
Amplifiers

3.2 Common-Source Amplifier
3.3 Source-Follower or Common-Drain Amplifier
3.4 Common-Gate Amplifier

3.5 Source-Degenerated Current Mirrors
3.6 Cascode Current Mirrors

3.7 Cascode Gain Stage

3.8 MOS Differential Pair and Gain Stage




Amplifier
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Common source stage
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M, III_' v, \ Output Sensed
at Drain
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Trade-off : Voltage headroom and gain.
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/'Source follower stage

B The voltage gain is positive
gmvl(ro HRL) _Vout]_ Vour _ gm(fo HRL) and less than unity

———————————————————

———————————————————




MOS Cascodes
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Voo
VDD
5 I4
+—o Vout
VOUt
Vh .—II: MZ
Vm D_II: M1
Common Source Common Gate Source Follower Cascode
RL
- ngD (A = O) ngD (A = 0) RL +i gmlgmzrolroz
In
* Inverted gain » Non-inverted gain | = Gain is lower than 1 | = Higher gain
* High R,,, High R, | * Low R, High R, | = High R,,, Low R, * High R,,, Higher R
= \Voltage bulffer, = \/oltage swing is
Voltage level shifter degraded




