Lect. 20: Inverters (s&s 10.1-2)

Digital Electronics
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How to implement logic gates?

=» Inverters are the basic building block!
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Lect. 20: Inverters
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Lect. 20: Inverters

Real inverters
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Lect. 20: Inverters
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=>» smaller V,, larger V.
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Lect. 20: Inverters

Transient Characteristics
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Propagation Delay: tp =
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Lect. 20: Inverters

How to implement an inverter? CS amplifier configuration
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Vin > Vp, MOSFET ON = Vopr small
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Lect. 20: Inverters

NMOS inverter with R: VbD
+
Transfer Function using load-line analysis R % lIR VR
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Lect. 20: Inverters

load line
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Lect. 20: Inverters
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Lect. 20: Inverters

Dynamics VDD VDD
RE RE
VourT: l Vour:
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= v ~
pull-down pull-up

For faster operation:  Small RC

For large noise margin: Large |A,| =» Large R
=> Better way of implementing inverter?

Electronic Circuits 2 (07/1)




Lect. 20: Inverters

load line

Use current source instead of R sUp=Ip 4
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Lect. 20: Inverters

Dynamics:
VDD VbD
isup (V) isup ()
VouT: L VouT:
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pull-down pull-up

Faster pull-up because capacitor charged at constant cur-
rent.
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Lect. 20

Simplest current source?

Use PMOS
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Lect. 20: Inverters
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PMOS load line for Vgz=Vpp-Vpe
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NMOS saturation!!
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Lect. 20: Inverters

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

But... when V;x = Vpp. there i1s a direct current path
between supply and ground
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Lect. 20: Inverters

Complementary MOS (CMOS) Inverter
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Vs = 0 < Vi = NMOS OFF
Vsap = Vop > —Vry = PMOS ON
*Vin =Vpp = Vour =0
Vissa = Vop > Vi = NMOS ON
Vsap = 0 < —Vi, = PMOS OFF

No power consumption while idling in any logic state.

=>» The most popular building block for today’s digital electronics!
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Lect. 20: Inverters
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MMOS cutoff
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Rail-to-Rail logic




Lect. 20: Inverters

Estimation of important parameters for CMOS inverter: V,, A, (Vy), NM_, NM,,
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For Viy (Vin= Vour = Vi)
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V\, can be engineered with controlling k /k,
Assuming V; =-V,and k =k, V= Vpp/2
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Lect. 20: Inverters

Estimation of important parameters for CMOS inverter: V,, A, (Vy), NM_, NM,,
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Lect. 20: Inverters

Estimation of important parameters for CMOS inverter: V,, A, (Vy), NM_, NM,,
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Lect. 20: Inverters

Estimation of propagation delay: Consider two inverters in a row

Voo Voo

i
i A
N B
4.] ‘ —I'_]—-—‘ - Model with

0,
— an equivalent capacitance C
_ .
e T

Between v, and ground
. | el S| 1)
E QL* ! i ||E\j

(
Eomemmra

() =
0 !

Vo - J Y inw Voo | o s
4 v, Yob|
e e R y/
: L1 s 0 c 0 :

Electronic Circuits 2 (07/1)




Lect. 20: Inverters

Estimation of propagation delay: Consider two inverters in a row

I"Jm: I"'fn.u

o

“ : | o BIE =< 0.
g s SR iy

e
m——
= ==

C=2C  +2C 1, +Cpyy +Cy, +C 3 +C, + C,
Factor of two for C since voltage on both plates changes in the opposite direction
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Lect. 20: Inverters

Estimation of propagation delay

Loy =
— 0 1y .
Voo - ‘ Y ipa Voo | k
g o ST V’SD\ n L
G k E 1.7C

Uy

} : oy =
(W
kp (L)pVDD

Vop
vy o—| 05
Voo | i S
|
ol . 1
0 tpry t —_
I, = 5 (tPHL +1o, )

t, goes d(Swn as Vp goes up and L goes down
Each cycle Q = CV is charged and discharged over V,
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Dynamic power consumption: fCV?
=» Make them smaller, smaller, smaller, smaller, smalier, smaiier
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