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An Inverter

(Logic 1 voltage)

Vpp
A _DQA E + » +
Vin Vout
- — Ov -
(Logic 0 voltage)
(a) Logic symbol (b) Electronic parameters
A Z Vin | Vow
0o | 1 Ov | Vpp
I 0 VD D Ov
(a) NOT truth table (b) Electronic equivalent
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An Inverter

lllﬂ 1r1l1r
VDD *— Vop
0 — 1 1 -—/>O—~ 0
= Ov = Ov
HOI! IIOH
(a) Logic 0 input (b) Logic 1 input
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i Structure of an N-MOSFET

Polysilicon Gate

> - Met.al
Drain
Metal
Source Field
_ Oxide
p substrate Gate Oxide x 5,

SBUIkZ
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MOSFET Switching

small Large
- VGS i e - VGS a
[ [O] ® [ I
:ﬂ:: 29 [S] o o.... Il.i
Electron layer
Electrons Electrons forms channel
p-type P
* ?
(a) Cutoff (open switch) (b) Active (closed switch)
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N-Channel MOSFET

+

VGS= Ov

Gate H——‘

(control)

I
1

(a) Cutoff (OFF)

Drain

J I Current

Source

D

—} I flows
Vgs = VDD‘l

S

(b) Active (ON)
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Switching Model of n-FET

Dy_o D
! !
G=O-—/T G=1°—+ I flows
‘ !
S S
(a) OPEN switch (b) CLOSED switch
D D
I Switch is
G / controlled
G by the value
! of G
l
S S
(a) Circuit symbol (b) Switch model
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i Structure of

Polysilicon Gate

CES

0-MOSFET

VDD connection

<
n

o

o7

"y

’ P+ Drain
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n-well

\ P+ Source J \L

n-+

p substrate

n-well bias contact
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p-Channel MOSFET

Source

}
cue—]

(control)
_+ I Current

Drain

VSG=OV

R
=
EJ flows TD,]:o

V
DD

o

VSG

(a) Active (ON) (b) Cutoff (OFF)
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i Switching Model of p-FET

S S
!
G G —C /
%*ﬁ T
:
D D
(a) Circuit symbol (b) Switch model
D D
! T 1=0
G:Q.-Q+ I flows G:1°—O/
!
| :
S S
(a) CLOSED switch (b) OPEN switch
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_ol pFET

Gatee—¢

—| nFET

(a) nFET/pFET pair

—0) pFET

nFET

Q
— T —el-a o1& el

(a) nFET/pFET pair

A

G=0+—2 T

I_1
1=

|+ nFET

the g OFF

]
(b) Low gate voltage

]

—O pFET
11 ON

=0

G

nFET
OFF

?
.

(b) G =0 input
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Complementary Pair of FETs

(c) High gate voltage

pFET
L o

1| nFET
{1 ON
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The CMOS Inverter

J—

— Vo

401 Mp (pFET)

A —e +———o A

(In) (Out)
—‘ Mn ON

-4 !IOH

(2) Logic 1 input

—‘ Mn (nFET)

VDD |r1|1
—4 Mp ON
0 — 1
(In) - (Ouw)

(b) Logic 0 input
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ﬁ 3-Input CMOS Logic Gate

uln_T_ VDD

_ ) . PFET

—E . array

¢— f(A,B,C)

A ¢ FET
n

B . —e -— array

C .-
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t X

A~—’ MnA

«— lmplied connection
between transistors

B -——-—I MnB

l y
x 1s connected to y

if and only if
A=1 AND B=1

(a) nFET

CMOS Circuits

Series-Connected MOSFETSs

) .

A’—q MpA
B~—d MpB

1y

x is connected to y
if and only if
A=0 AND B =0

(b) pFET
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i Parallel-Connected MOSFETSs

I.?C

A —] — B
MnA MnB

;

x is connected to y
if either A=1 OR
B=1 (or both)

(a) nFETs

-

A o— B
MpA MpB

.

x 18 connected to y
if either A=0 OR
B=0 (or both)

(b) pFETs
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CMOS NOR2 Gate

I~ Vbp
Q| MpA
|| A B| MnA| MnB | MpA| MpB | Out
O | MpB 0 0| OFF | OFF |ON | ON | 1
A+ B 0 1|OFF | ON ION | OFE| 0
| 1 OlON |OFF|OFF| ON | 0
A’“—'_{ MnA Be MnB i 1]ON |ON |OFF| OEE| 0
1

(a) CMOS circuit

CMOS Circuits

(b) Operation summary
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NORZ2 Gate

Voo

——[ on
[ on

-

I P Vour = Vop
g-——|!ﬂﬂ u--J,E off

|"| |
"'-L_

(a) (AR) = (00}

*~ Vop
. uﬁ

ﬁﬁ

t-——| on JJ:EDH'

'—L—

.::ut=ﬂ"'

{;;} (AB) = (10}

[j-—-{i'dff 1-—| On
(b} (AB)= (01}

1 Yoo
——

e |
]

=

{11 Off
|

Vour =0V

(d) (AB)=(11)
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i CMOS NOR3 Gate

™ Vobp
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i CMOS NAND2 Gate

Ao e[

B [ MnB
A » _:NIIIA
e
(a) CMOS circuit

MnA

MnB

MpA

MpB

Out

OFF

OFF
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OFF

ON

ON

OFF

ON

OFF

OFF

ON

=IO 3>
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OFF
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(b) Operation summary
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NANDZ2 Gate

L out = VDD 0
0 i Off 1°® On
| |
N i
0 L Off 0 | Off
™A =7 -
(a) ¢AB)=(00) (b) (AB)=(01)
|j _] VDD i i VDD
| Off o) | Off ! Off
d"“. ] ' q"“. =
_____ __: Vout = VDD Vout =0v
0 Qn 1 On
e | Off 1 On
(©) (AB)=(10) (d) (AB)=(11)
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i XOR Gate in CMOS

T e
A +—C D—e B
A B|A®B — 3 E _
0 0] 0 |- A —q_ |P— B
0 1 1 } l e A®B
1 O 1 _ | -
1 1 0 |- A — A
5 -
(a) Truth Table (b) Circuit
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i XNOR Gate in CMOS
_] L 145>

A —C O—e B

A BlA®B — 3 [

0 0] I A —q |P— B

0 1 0 - + « A®B

I O 0 - _ | ]

1 1 1 A — I— A
2 .

(a) Truth Table (b) Circuit
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Cascade in CMQOS

ﬁ Logic

i

LM

Yo

L

OAI gate

AQI gate

Bip

I

(a) Logic diagram

OAI gate

AOI gate

Vbp

e

-
-

L

o— b

CT1 [
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|l}—-| I
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[ 4

Yy

(b) CMOS cascade
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i Logic ldentities

OR Identities AND Identities

A+0=A4 A-0=0

A+1=1 A-l=A

A + é = A A A = A

A+A=1 A-A=0

A =A

A+B=B+A A'B=B-A

A-(B-C)=(A*B)-C

A+(B+C)=A+B)+C
A-B+C)=A-B+A-C

(A+B)=A‘'B

A+ (B-C)= A+B)-(A+C)

(A-B)=A+B

A+A-B=A

A+A-B=A+RB
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VoD

Logic Analysis — Inverter

lllH

PFET passes Vpyy \
nFET passes O v | ‘

HOII I]FET

—
—
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i Logic Analysis — NAND Gate

lllﬂ

IVDD
_C‘MpB ACi MpA
MpA MpB nFETs
} * f=A-1+B-1+A-B-0
. | | =A+B
A |] - A B
B |
]T_ llO
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* Logic Analysis — NOR2 Gate

DD

;
—

A ® & BH
MnA MnB

I

A0_+BO+ABl
B
+B

I
Dsl

"1"
il
] MnA MnB pFETs
f=
_I
"o"
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