A General Inverter

VouTt
VDD VDD
VOH
VIN Vourt
VOL
VvV, V, Van V
Parameters L TIH DD TIN

Vot Output High Voltage: Vo= vour(0)

Voo Output Low Voltage: Vo, = Vout(Vop)

V,.: Input Low Voltage: 1st point where v 1’(V)\) = -1
V. Input High Voltage: 2" point where vg 1’ (V) = -1

VIL and VIH can also be interpreted as values of v, that define the edges of
the transition region, vq,7’(v,y) crosses -1.



Implementation Parameters

Vou= Vour(0) = Vpp
NMOS Inverter VoL = Vour(Vop)

Vour (Vi) =1
Vout (Vi) =-1

Voo Vour

Cutoff
Vin < Vin
Vout = Vb

Saturation
Vout > Vin-Vin
Vout = Vpp~0.5RpK,(ViN-Vin)?

Triode (small vgp)
Vout < ViN-Vin
Vout = Vopo/(1+Rpks(Vin = Vin))




Implementation
NMOS Inverter

Parameters

Vou= Vout(0) = Vpp

Voo = Vout(Voo) = Voo/(1+Rpk,(Vpp-Vin)

Vour (VL) = -Rpk, (V| -Vtn) =-1; V| = (1/IRpk,) + V,,
Vout (Viw) = -1; Triode (small vpg) is not applicable

Cutoff
Vin < Vin
Vout = Vb

Saturation
Vout > Vin-Vin
Vout = Vpp-0.5RpK,(ViN-V4) 2

Triode (small vgp)
Vout < ViN-Vin
Vout = Vpp/(1+Rpk,(Viy = Vi)




PMOS Inverter

Triode (small vgp)

Vout > VinH Vil

Vout = RoKp(Vpo-Vin-IVipl) (Voo-Vour)
Vout = Vppo/(1+1/(Rpk, (Vpp-Vin-IVipl))

Saturation

Vout < ViNnH Vil

Voutr = 0'5Rka((VDD'IthI)'VIN)2
Vout = 0.5RpK,(Vin-(Vpp-IVipl))?

Cutoff
Vin > Voo Vil
Vour=0




CMOS Inverter

*devices are matched.
*Vpp > 2V,

Vine 0 Voo
PMOS: Triode Triode Saturation Saturation Cutoff
NMOS: Cutoff Saturation Saturation Triode Triode



CMOS Inverter
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Vine 0 Voo
PMOS: Triode Triode Saturation Saturation Cutoff
NMOS: Cutoff Saturation Saturation Triode Triode



CMOS Inverter
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CMOS Inverter

VDD

ip = Kn(Ves = Vin— 0.5Vps)Vps

Ves = VIN
Vbs =Vour=0

le VOUT Vse < Vil

Voo = Vin < [Vipl
Vin> Voo = [Vipl

Ves > Vin

Vin> Vin

Vos < Vs — Vin
Vour < ViN— Vin
O<viN-Vi,
Vin> Vin

VlN: O VDD
PMOS: Cutoff
NMOS: Triode



CMOS Inverter
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CMOS Inverter

VDD

VIN Vourt

Vne O
PMOS: Triode
NMOS: Cutoff

ip = Ky(Vsg — [Vipl — 0.5vgp)Vsp
Vse = Vop—Vin

Vsp = Vpp—Vour=0

Vour = Voo

Vas < Vin
Vin < Vin

Vse > Vin
Voo —Vin > [Vipl
Vin < Voo = [Vipl

Vsp < Vsg — |Vl

Voo - Vour < Vop = Vin— [Vl
0 <Vpp—Vin—[Vyl

Vin < Voo = [Vipl



CMOS Inverter
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VIN Vourt
Vne O
PMOS: Triode

NMOS: Cutoff

Vourt

Voo Vin



CMOS Inverter
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CMOS Inverter

VDD

VIN Vourt

PMOS:
NMOS:

Saturation

Vout > Vin-Vin

iD = 0'5kn(vGS_ th)2

ip=0.5kp(Vsc— |th|)2

0.5k, (Vgs— Vin)? = 0.5kp(Vgg— |th|)2
(Ves) = (Vsg)

Vin=Vpp—Vin

Vin = Vpp/2

Ves > Vin  Vin> Vi
Vse > |Vipl Vin < Vpp— Vil

Vps > Vgs — Vin
Vour>Vin—Vin  Vour> Vpp/2 - Vi,
Vour < Vpp/2 + Vi,

Saturation
Saturation



CMOS Inverter
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PMOS:

Vourt

Vpo/2+V,

Vo2

Vp/2-V,

Vo2

Saturation
Saturation



CMOS Inverter

VDD

VIN Vourt

As V, approaches V,/2 the
transfer function resembles
an ideal inverter.

VouTt

VDD
Vpp/2+V,

Vo2

Vpp/2-V,

Vpo/2 VIN
Not really vertical, we did
notinclude A, V,, r,.

Saturation
Saturation



CMOS Inverter
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CMOS Inverter

\Z
VIN Vourt
Vne O
PMOS:

Vourt
VbD
Vp/2+V,
Vpp/2
Vp/2-V,
Vpo/2 Vi
VDD
Saturation
Triode



CMOS Inverter

\4
Voo ouT
Voo

Vpp/2+V,

VIN Vourt
Vpo/2

Vpp/2-V,

Para_meters Vpp/2 VIN
° Vou= Voo

Vo =0

Vu=?

Vie=?
Vine 0 Voo
PMOS: Triode Triode Saturation Saturation Cutoff
NMOS: Cutoff Saturation Saturation Triode Triode




CMOS Inverter

\4
Voo ouT
Voo

Vpp/2+V,

VIN Vourt
Vpo/2

Vpp/2-V,

Para_meters Vpp/2 VIN
° Vou= Voo

Vo =0

Vin = (5Vpp—2Vy)/8

ViL=(3Vppt2Vy/8
Vine 0 Voo
PMOS: Triode Triode Saturation Saturation Cutoff
NMOS: Cutoff Saturation Saturation Triode Triode




CMOS Inverter

\4
Voo ouT
Voo

Vpp/2+V,

VIN Vourt
Vpo/2

Vpp/2-V,

—_ Parameters Vpp/2 VI
Vou=Vop

Vo=0

Vi = (5Vpp=2V)/I8  NM,, = NM, = NM = (3V,+2V,)/8
VvV, =(3Vy,+2V,)/8

V|N: O IL ( DD t) VDD
PMOS: Triode Triode Saturation Saturation Cutoff
NMOS: Cutoff Saturation Saturation Triode Triode
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