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EB junction is forward-biased > e~ are injected to the base.
Base is short = so before they recombine with holes in the base they will be swept by

electric field of reversed biased BC junction.

Ve :‘0'7*' B
emitter i hi i | collector | sub-collector
S i n’
E_] I i ! no| C

e > e >
e !

1! . !
R T e S

base Depletion region Depletion region
Forward bias Reverse bias

. =pl; , B:current gain (common emitter)

\ BE
l, = 1 e YT Vr :thermal voltage
I, =40LA
4mA usually
3mA | linear
2mA 4
ImA
l \
the slope will give you an output resistance
Vv
. =41, [1 + ﬂ]
VA
Early effect - similar to channel
20 length modulation, here you base
(-20v) region thickness is modulated by

T VCB :

Va — Early voltage (+Ve value)



. =al:
a:i<1
1+ 4

Small-signal model (hybrid- model)

, @ : common base current gain.

oo

L

—q
+

Coe —— N Vi CD OmVee

O

IC
gm AVbe aVbe _W
L
”_aIB _gm
1_de le oV
r, Neg Vi o g

C, =C, =C, +C,

[\

junction diffusion
capacitance capacitance
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Cy =C, =C,  =reversed bias capacitance - usually graded junction (but not in SiGe

transistors)

Calculate short circuit collector current

VCC

2

NONERS= Do 2. J

—T_ ct™ *
ignore I,
i, I
— —
X C/z' Cy +
iin <> rz Vie 9 Ve
B s

i, 1+ jo(C, +C, )y

h21 -

unity gain frequency is the frequency when h,, —1.

h, =1 —» f; = — On —> this is the highest frequency of operation of the transistor.
2z(C_+C ﬂ)
ol 4 97 ™
oa
C,. C, W

Read the chapter + Appendix



CMOS Technology
Smaller feature size : density 1
cost/transistor 1
complexity T
CMOS Process

switching speed T — for the same of dynamic power |
Vpp | — power decrease

leakage 1 — static power 1
cost/cm2 | (cost of mask) 0.13p $1M/step

Field oxide Gate oxide n- n- We”
p-
n- well CMOS Process
New Processes use epi-layer

TiSi

WT t 2

AL CLL enJ Trench ?

[ poly ] T [ poly |
Oxide | n* | p-well | n* | p* | n-well | p* | Oxide
P-epi (p°)
P+

IBM — 90nm trans.

Dual- well epi process

Silk layer ( Dow chemical )

8-level of metallization — 2 of them are Cu ( Copper interconnect )

0.6V supply ( digital )

SOI substrate — fr, fax > 200GHz

16
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0.9V supply ( analog )
Short channel effects

- p A
1V
n* n* 05V
P- well oV
_— -
t transit ¢ Vd
reduced dynamic power can not close the channel

—» Some leakage always exist
—» Increase static power

Si-wafer /\

Slice Molten Si
Thickness Resistivity Size
2mm(MEMS App.) P- lightly doped sub. (30-100Qcm) 4”
Imm P+ highly doped (1-10 Qcm) !
400 high resistivity ( 10k Qcm) 12”
after processing 1kQcm
200y, 100y, 50u difficult to handle
Bulk — Bulk CMOS Si
SOI — partially depleted, fully depleted
12004 of si

reduced parasitics — better performance 20% 1

better on-off characteristics Simox wafers

— implanting Oxygen in Si wafer
Si wafer

IO.Su oxide
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Photolithography

used for selective masking

Diffusion and Ion Implantation

Diffusion Conc.

L
==

\j >

depth
Ion Implantation : Dose, Energy Conc.
A
>
depth

Deposition

Field oxide, SisN, sacrificial (mask for ion implantation)
Etching

Wet & Dry etching ( RIE-Reactive lon Etching)
Planarization

For easy masking process

CMOS Process

Design rule ( 0.251) — set of minimum dimensions and spacing to get ~100% yield

Pepi (P-) 2- 3u

P+ 400u

- Si;N,
RSi0,(200A gate oxide)
Thermally grown oxide

P+
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Trench Isolation Use active mask
ST, + SN,

n- well p- well

P+

fill trenchs with field oxide(deposited)
+ Planarize

11l

[ Use same active mask for
n- well and p- well formation

n- well
V. adjust

l 10'%/c¢m?
l l 10'8%/cm?
[ |

P- We_“ Shallow doping
V;\ adjust implatat for
Threshold adjust

Deep implant for
well formation

v Poly - 0.24u

P n Z Y |
poly ] poly |
A

0.6

A

cy

Source/drain implantation
(self- aligned process)
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Select layers

R

0.14u

0.36u

Oxide deposition
Contact formation

0.14+0.28+0.3 = 0.72u
0.14U - /*

0.28u = f

L | 1 ]

\

[
y ¥

0.3u 0.3u
M1> M2> >M8

=> to form a transistor

N- well 2> V,
P- well > Gnd
contacts
VDD /
uln]
—dE — [ poy_]
[
active @
PMOS NMOS 4
Well contact
DRC ( Design Rule Check )

uses a technology file
LVS ( Layout vs. Schematic )

Extract circuit from layout — calculates parasitics
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IC Packaging
Package account for 50% of delay

Parasitic inductance Die Filp- Chip Die
+ capacitance Wire bond | | Solder Bumps
~ ~ / _/I~< O O N O I O el
5ackage Package
| | | | |
1 1T 1 1
PC board Board

Different Packages : DIP — Dual-In-Line pakage
PGA — Pin-Grid-Array

— testing is difficult  PC board

Surface mount — remove package
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