L ecture 12

Digital Circuits(l1)
MOSINVERTER CIRCUITS

Outline

 NMOS inverter with resistor pull-up
—Transient Characteristics

« NMOS inverter with current-source pull-up

o Complementary MOS (CMQOS) Inverter

Reading Assignment:
Howe and Sodini; Chapter 5, Sections 5.3
Howe and Sodini; Chapter 13 Section 13.5.3 (Design #1)
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Summary of Key Concepts

 InNMOS inverter with resistor pull-up, thereisa
trade-off between noise margin and speed

» Trade-off resolved using current source pull-up
— Use PMOS as current source.

 InNMOS inverter with current-source pull-up: if
V,\ = High, there is power consumption even if
Inverter isidle.
o Complementary MOS: NMOS and PMOS switch-
on alternatively.
— No current path between power supply and ground
— No power consumption whileidle
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1. NMOSinverter with resistor pull-up:
Dynamics

e C, pull-down limited by current through transistor
— [shall study thisissuein detaill with CMOS]

o C, pull-up limited by resistor (t; , » RC))
e Pull-up slowest

VDD VDD
R % R g l
. Vour: Vour:
HI=LO \ LO-HI
VIN: n VIN: [
- ""‘i[ — CL Hmé““! T @
LO-HI
b b A =
pull-down pull-up
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1. NMOSinverter with resistor pull-up:
Inverter design issues

Noise margins- P |A |-P
e R- P |[RC/|-P slow switching
e 0,- P |W|-bP bigtransistor

— (slow switching at input)

Trade-off between speed and noise margin.

P use current source as pull-up
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2. NMOS inverter with current-source pull-up

|—V characteristics of current source:

— 4
O -
Equivalent circuit models :
) ( D - =
large-signal model amalkzignal model

» High current throughout voltage range

o iSUP£ ISUP
e Highsmall-signal resistancer,.
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NMOS inverter with current-source pull-up

Static Characteristics
VbD
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isup ()

load line
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| nverter characteristics:

Vout 4

Voo —j

Highr, P high noise margins
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NMOS inverter with current-source pull-up
Dynamics

Faster pull-up because capacitor charged at constant
current.
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PMOS as current-source pull-up

|-V characteristics of PMOS:

S

o

-bp
D
—|1:|p;'~. -|£}p;~.
saturation
Vsgp T
VsGp=VYT1p
0+ > 0 >
0 VsDp 0 VTp VsaGp

Note: enhancement-mode PMOS has V¢, <0.

N saturation:

- lpp M (VSG T VTp)2
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PM OS as current-sour ce pull-up:

Circuit and load-line diagram of inverter with PMOS
current source pull-up:

PMOS load line for USG=UD<':}_‘IJB

i
-

) '|D33=lﬂn /

| nverter characteristics:

MBACS cutoft
FMOS triode

Vout 4
MMOS =aturation

Y, / PRIOS triode
DD -ﬁ
MMOS saturation

/ FRMOS saturation

MMOS tricde
PMOS =saturation

U VTn Voo  Vin
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PM OS as current-sour ce pull-up:
Noise margin

e ComputeVy, =V,y=Vour
e Compute |A,(V )l

At V,, both transistors are saturated:

W, 2
| Dn — 2L rnwcox(VM - VTn)
n

Wp 2
- lpp = oL rT]ocox(VDD - Vg +VTp)
p

And:

Then:

Vu =Vt - (VDD - Vg +VTp)
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PMOS as current-sour ce pull-up:
Small-signal equivalent circuit model for V,,

S2

Vsg2=0 () OmpVsg2 = fop

- G2 D2

_|_

Vin Vgsi (D ImnVgs1 % Fon Vout
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_+.
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+ +

Vin (.l) OmnVin % f'ﬂna"lf'lrgp Vout

Av ) gmn(ron //rop)
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PMOS as current-sour ce pull-up:

NMOS inverter with current-source pull-up allows fast
switching with high noise margins

But...
When V,, = Vp, thereis adirect current path between

supply and ground
P power isconsumed even if the inverter isidle.

|deally, we would like to have a current source that is
itself switchable, i.e it shuts off when input is high
p CMOS!
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3. Complementary MOS (CMOS) Inverter

Circuit schematic:

* V=0 P Vgour=Vpp

— Vgg,=0<Vy, P NMOS OFF

~ Vggp=Vpp >~V P PMOS ON
* Vin=Vop P Vgur=0

~ Vg, =Vpp>Vq, b NMOS ON

— Vg5p=0<-Vq, P PMOS OFF

No power consumption whileidlein any logic state!
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What did we lear n today?
Summary of Key Concepts

 InNMOS inverter with resistor pull-up, thereisa
trade-off between noise margin and speed
» Trade-off resolved using current source pull-up
— UsePMOSascurrent source.

 InNMOS inverter with current-source pull-up: if
V,\ = High, there is power consumption even if
inverter isidling.
e Complementary MOS: NMOS and PMOS switch-
on alternatively.
— No current path between power supply and ground
— No power consumption whileidling
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