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Digital Integrated Circuit (IC) Layout and
Design - Week 4, Lecture 7

= http://www.ee.ucr.edu/~rlake/EE134.html
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Reading

0 Week 1 - Read Chapter 1 of text.
0 Week 2 - Read Chapter 2 of text.
0 Week 3 - Read Chapter 3 of text.
0 Week 4 - Read Chapter 5 of text.
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Review
0 MOS Transistor (Ch. 3)

= Modes of Operation
» Deep sub-micron MOS
= Latch-up (finish up)

New

alnverter (Ch. 5) b
» Voltage transfer curve (VTC) ¥ ‘
= Switching Point _
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Current-Voltage Relations
A good ol’ Transistor
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Modes of Operation (Good ol’ Transistor)

a Cutoff:
Ves < Vq

o
I
o

a Resistive or Linear:

Vbs <Vgs - V1 & W
Ves > Vr Ip =t -Cox -

V2
(Vos —Vr)-Vps - gs

O Saturation

Vps > Vgs - Vr |
Ves > Vr D~

Cwﬁﬁ
2

Ves —Vr Y (1+AVps)
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A Model for Manual Analysis

Vps>Ves—Vr Saturation:

Ve =Vpo+ }/'(\/‘2961-' + I/SB‘ _\/‘2¢F‘)

k,n W 2 ’

IDZT'T'(VGS_VT) '(1+A'VDS)
G o D
ID VDS < VGS — VT Resistive:
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I =K -—\(V.. -V, )V, —2D5
D n I (GS T) DS ’

S
with

EE134 6




EE141

Current-Voltage Relations
The Deep-Submicron Era
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Regions of Operation - Simplified

¢ Define Vor="Ves—Vr Visar ™ _LC,YC
x10™
25
VD‘S' = VD.S‘A T \
| i : Velocity 1
Linear . yeodty
151
- : Linear
= 1+ E ] Relationship
”l ":- . VD.SAT = VGI
ps'~ Ver Saturation
o 0.5 . — " ]
Vps (V)
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A Unified Model for Manual Analysis

define Vi =V — V57

G for V,<0:1,=0
®

3 _@— p| for Vg, >0:
I w Va

min

with ¥,

—min (V. V. T
win — M0 (Ver, Vig, Vpsar)

b ID=k'-f-(VGT-V - ';i“)-(H){-VDS

)
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Simple Model versus SPICE

x 10
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Transistor Model
for Manual Analysis

Table 3.2 Parameters for manual model of generic 0.25 um CMOS process (minimum length
device).

P (V) T (V%) ¥asar (V) K (AVY) AV
NMOS 0.43 0.4 0.63 115x10°¢ 0.06
PMOS —-0.4 -0.4 -1 30x10°¢ -0.1

| keep all signs positive for PMOS and use Vg, Vgp, lsp.
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Ch.5
The CMOS Inverter: A First Glance
Voo
all
Vln VOUt
1 FE
- E -

CMOS Inverter

N Well

VDD PMOS

—c| ]F;OS

In | Out
(0 |
Polysilicon

—] [ nmos
i

NMOS

EE134 14




EE141

Two Inverters

Share power and ground

Abut cells

V,

EE134

L Connect in Metal

15

CMQS Inverter
First-Order DC Analysis

VDD VDD
g Rp
———o V
Vout ¢ out
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CMOS Inverter Properties

a Full rail-to-rail voltage swing
" Von=Vpp & Vo =0

aLogic levels independent of transistor size
» “Ratioless” logic

0 Low output resistance (kQ range)

aHigh input resistance

O No direct current path in steady state
(ignoring leakage)
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CMOS Inverter: Transient Response

Rp tpHL = f(Ron-CL)
=0.69R, C,

Vip=0 Vin=Vop
(a) Low-to-high (b) High-to-low
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Voltage Transfer
Characteristic

PMOS Load Lines

IDn ‘
Vin = VDD +\‘€35p
Ipn=-Ipp
Vout= Voo +Vosp
VOU(
IDp IDn IDn
V=0 AVin=0
Vin=15 Vijn=1
17‘ Vbsp Vbsp Vout
GSp™" : :
Vesp=25 Vin = VoW -
in = VoptVesp Vout= Vpp*V\bsp

EE134

IDn =- IDp
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CMOS Inverter Load Characteristics

I
Dn A

d
PMOS A . ; NMOS

Vin =15 Vip =1
\ n
Vi, =2 =05
v, =25 \A V. =0
~t in
VOUI
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CMOS Inverter VTC
Vout A NMOS off
PMOS res
o
N NMOS sat /7
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Switching Threshold as a function of
Transistor Ratio
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Vout Voo = 7(V0H7VOL) _ Vip
IH Ir
g g
v _ Vig _ Voo =V
OH N Vig = Vig—— Vip = Vet
4 g
NMyg = Vpp—Vig NMp = Vi
A
Vout A NMOS off
PMOS res
~ S NMOSsat  »
PMOS 4
N %/
Vin ,
0 NMdSsat
VOL \Vi VV >' = MOS sat
IL IH
. ie - / NMOS res
A simplified approach o . PMOS st NMOS res
= / PMOS off
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Inverter Gain

g =

gain

.18 I I . .
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Impact of

2.5

l7Goo<:1 NMOS «——

Process Variations

ominal

Bad PMOS
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