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MOS INVERTER

(cMOS INVERTER)




CMOS Inverter

Complementary MOS (CMOS) Inverter uses
pMOS in pull-up network
nMOS in pull-down network

Voo
As shown in Figure
When input ig HIGH i ‘Hp
5MOS is OFF 4=
nMOS is ON
Therefore the O/P is LOW 4 o— I
When input low i
oMOS is ON H =
nMOS is OFF !
Therefore the O/P is HIGH |




CMOS Inverter

Advantage of CMOS Inverter

Never pMOS and nMOS are ON together due to
which there is no direct path to current take place
between Voo and ground.

Therefore if we neglect leakage current, the static
power dissipation is zero.

Logic swing is between o and Voo.



Voltage Transfer Characteristics

VTCis shown in fig which is divided into five

regions depending on the operation of nMOS
and pMOS.

In between pt Aand B
nMOS in cutoff region

pMOS in linear region
In betweenpt BandC

nMOS in saturation region
pMOS in linear region



Voltage Transfer Characteristics

L ondition tor saturation:
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Voltage Transfer Characteristics

V.. =V, —V

ot 1m tp=
Region above this line,pMOS operates in linear
region.

Below this line, pMOS operates in saturation
region with satisfying the condition

TL'I'H E[ F or F-;ml _—F _Itp

At point C, Slope is 1 this is Vi
Between D and F,

both the nMOS and pMQOS are in saturation region.



Voltage Transfer Characteristics

At C,
/P voltage = O/P voltage
which is also called threshold voltage of the inverter.
Between F and H,
nMOS in the linear region and
pPMOS in the saturation region.
At pt G,Slopeis -1, known as V.
Between H and |,
nMOS is in the linear region and
pPMOS in the cutoff region.



Voltage Transfer Charateristics

V

T _I”
uut_rm Tln

Above this line nMOS in saturation and satisfies the
condition

FDS 2 HI}S _F;n or, F':znul 2 FF'Ln o Fm :

Below this line,nMOS works in linear region.

We observe that the VTC curve of a CMOS inverter is very
sharp compared to the resistive load and nMOS load
Inverter circuits.



Calculation of ViL

In between pt Band D
nMOS in saturation region
pMOS in linear region
Therefore we have the following equation
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Calculation of ViL

Differentiating w.r.t. Vin

-Iil'l. {I-{l]'i - I{;F[[] } =

b b r r r E';Fr.m r 4 fﬂfuu
JHF[(LU-LL[ - I(LflLfl }+ {Lin - i:a]_fl']-:l' B Llp]( dlf{uzl }_{hm[ ) }DD]( dHHI J‘

At point C, the slope of the curve is -1 and
Vin=VIL. Therefore, we write above Eqn
as follows:

ﬁ[] [VIL - F[n )= Jﬂp [{ I,-:m[ - VDD )= [VIL - If.r]_,"l']_,"l' - Iﬁ;.[:-Hj + {Fum - I,FI_'JI.'J }]



Calculation of ViL

Ba ML =Vin) = Bpl2Vou =Vop = Vi + Vi |
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Calculation of Vix

Between F and H,

nMOS in the linear region and

pPMOS in the saturation region
Therefore we have the following equation

ﬁ 2 JBp 2
?H[E{F{}':i_n =V bs.a —Vbsal= ?“}r{‘rﬂ-n ~Vp)
B, a

?[E{Fin o fin ]Fuul - Fﬁn] = ?{Fin o FDD o F;LP )



Calculation of Vix

. . . dv dv
Differentiating w.r.t. Vin, ffn[!fzmlﬂﬁn—ﬁn}( d;ﬁ‘“]—i*@iﬁ]}ﬁﬂ!ﬁ—!"DD—H,,}

At point G, the slope of the curveis -1 and Vin= V.

Therefore, we write above Eqgn as follows:

ﬁ {EIUUI H +I :J JB [VIH F :J
'B—+l Vi =Vpp +V +’8—[2qu[ + V)
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Calculation of VoL

O/P of CMOS Inverter is given by

T — I
qul =1 DS.n

l/P=logic ‘1’ (i.e., Vin > VDD + Vip),
the pMOS transistor is turned OFF, and
the nMOS transistor operates in the linear region.

Since there is no static current in the circuit, there
is no voltage drop across the nMOS transistor.



Calculation of VoL

Therefore, we have the following expression:

Ipn ﬁ [2“{:"311_} Wosn —Vsnl=0

2
j“—{:"a n _V[[] JVDS-[] _VDS-H =0

By solving, we get ), _op _

DHn}TDHn 0

Vbgan =0

O/P voltage

Fuut = Fi—i'.ﬂ_ =0



Calculation of Von

|/P=0 (i.e., Vin < Vin),
the nMQOS transistor is turned OFF,and

the pMOS transistor operates in the linear region.
As there is no static current in the circuit, there is
no voltage drop across the pMOS transistor.

Hence, the output voltage is given by the following
equation:

Vout =Vou =Vpp



Calculation of Vin

Threshold voltage when I/P voltage=0O/P voltage Vi =Vin = Vou
OnVTC,Vthis defined at E, when nMOS and pMOS both
operates in saturation region

Therefore, we can write following equation
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Example

|:>> Calculate the critical voltages and noise margins for a CMOS

inverter, given the following values:
Vop =350V, V=04V, V; =04V, ,=50 uA/V? and f, =20 nA/NV?
Solution

P
2Fn::rl.tl o FDD + Iflp + = Fln

— P
IL =
)
Py

A 50
_zﬁmfflu+pﬁ41+§ax&4
- 5

241
20

_ oy =5.0-04+10 _2W,, —44_
ELS " 1 3L5 ot
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Example

p 2 _Po 2
?TI [En - If[n )" = T {j{I - IJF]_,"I']J ][I out VDD} uul .‘PF]_,"I'L',I'\j J
29 0. STV, —1.26—0.4)" =
2
—[zm STV, —1.26=5.0—=(=0.4)V,,, —5.0)=(V,, —5.0)*]

Or,

25(0.57V,,, —1.66)* = 10[2(0.57V,,, —5.86)(V,, —5.0)= (Vo =10V, , —25)]

out out

Or,

—1.8924F

out

25(0.32497> + 2.7556) =

out

10[2(0.57V5, —2.85V, — 5.86V,y +29.3) =V, + 10V, + 25]



Example

Or,

Or,

Or,

Or,

)
YIS 2
3" 1 ““:I]-'I.]Lil'l.

— 4731V, +68.89—11.4V> +57V,

out out

+117.2V. . =586+ 1072

ot ¥t

—10V,,, —25=0

6.7225V 2% +116.89V

out out

—=542.11=0

Vo, +17.388V

out out

—50.64=0

. ~17.388++/302.34+322.56 —17.388+24.998
I-i_fl'l.ll = E = 3

=3.805Vand —28.193V




Example

Positive value is acceptable for Vout
Hence Vi is calculated

Vg =0.57V,, —1.26=0.57x3.805—1.26 = 0.90885 V

B

VDD + V[p + —"{EI*LHI + an}
i = B =
= +1
Py
50 .
S.0+(=04) + =5 (2Wy +0.4)
- 50
—+1
20

_5.0-04+5V,, +1.0

out
25+1

SV, +5.6
=M= 1437, 416



Example

Or,

Or,

Or,

Or,

Or,

Py

[E{Fin _ fin ]Fuul - ’::_m] = ?{Fm _FDD _F;LP];

Ba
2

50 , 20 )
Elz{l *43'Timut o ﬂA}Hml o H;u J = ?“ ~43Hml +1.6-5.0- {—[},4))_
35.75V5, =10V, — 25V, —10(2.0449V, —8.58V,,, +9)=0

9.69972 —75.8V

ot out

+90=0

2

2 —7.815V,, +9.279=0

544/ _ +4.895
v = 7.815x+61.074-37.116 _ 7.815+ 4 893 6355V and 1.46 V

2 2




Example

The acceptable value of V; 1s 1.46 V, as the other value (>power supply) 1s inva-
lid. Therefore, V' can be calculated as follows:

Vi =143V, +1.6=1.43x1.46+1.6=3.6878 V

ot

Therefore, the maximum value for logic ‘0” and minimum value of logic “1° of the
output voltage are as follows:

Using these values, the noise margins are calculated as follows:

NM, =¥, -V, =0.90885—0=0.90885 V

NMy, =V = Vig =5-3.6878=1.3122 V
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