2.2 CMOS static logic gates

The design of primitive logic gates



CMOS

CMOS = Complementary MOS

This term has two meanings.

* The process technology to integrate p-ch MOSFETSs and

n-ch MOSFETs
* The circuit structure with p-ch MOSFETs and n-ch

MOSFETs



MOSFET switch
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Primitive logic gates

Combinational logic

Sequential logic
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Inverter

Truth table
Symbol —] >o— 1(1)\1 OIIJT
1 0
Schematic
__________________________ VDD() vDD(1)
p-ch — IN=0 >
—————— I--- IN o—¢ ouT > T out
| IN=17 \
n-ch
_____________________________ GND(0) < GND(0)
The terminal of OUT 1s switched to
VDD or GND.



Connection of body terminal

The MOSFET cannot A p-ch MOSFET can output VDD.
turn on the GND. .
GND '
VDD
p-ch  GND(ON)
GND
VDD
n-ch  ypp(oON) 1 GND VDD(ON) )
VDD
The MOSFET cannot A n-ch MOSFET can output GND.
turn on the VDD. 6



General form of the static logic

T VDD

INl o—@ PUN Pull-up Network
. © oUT

IN2 O—@ PDN Pull-down Network
Vv GND

A pull-up network 1s a switch network for VDD.

A pull-down network 1s a switch network for GND.



2-1mnput switch networks

VDD VDD
A —| —>— A I —>j-‘ B I :H PUN consists of p-ch MOSFETs.
B—p—
| A‘B — 0 A+B — 0
A'B =1 A+B — 1 (A*B — 2) (A+B = 2)
(A+B = 2) (A*B =2)
A —fe—

PDN consists of n-ch MOSFETs.




Function of 2-input NAND

Symbol
A —
s 1 Y

Truth table

AB Y — YZK-I—E — p-ch MOSFET network
0 0 1

de Morgan's laws

—A-B — n-ch MOSFET network

0 1 1
1 0 1
1 1 0

At first, find 2 equivalent Boolean expressions.

{ (1) The expression of each variable negation
(2) The expression of the total negation

Note: If you cannot find the equivalent Boolean expressions, there 1s no logic
circuit that consists of 1-stage.



Design of 2-input NAND

A+B —— PUN

A-B —— PDN

If A=0 OR B=0, A—||;‘j B—|E‘E é\ﬁ Iﬁ
then Y=1

o ’ A o <

PDN T
B ® <
IfA=1 ANDB=1, AlC | _i_
then Y=0
B —{|e—¢ Connection of PUN

1— and PDN 10



Function of 2-input NOR

Symbol
A
B j)"' Y
Truth table de Morgan's laws
AB Y Y = K . E —> p-ch MOSFET network
0O 0 1
0 1 0 = A+B —— n-ch MOSFET network
1 0 O
1 1T O
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Design of 2-input NOR
}D—[i

A VDD
AB — — H
© — B |—>
A+B '%_1 '%_1 = =
e oy
Connection of PUN

and PDN
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Design of AND, OR

AND — A-BZK-I—E

OR — A+B=A-B

PUN and PDN cannot build the operations shown above.

~
3 [: AND operation and OR

operation require 2 stage(*)

D_ _ D D logic circuits.

* Stage: BX&K
1-stage + 1 stage

-

13



A_‘
B —_—
e »r—v
D_‘
Y:K+§+E+

=AoBoC-D\
PD

Multi-input gates

PUV
D
A
B
N
C
D

e

e

VDD

DO not over 4-input.

Too much number of inputs
causes a delay times,
because the n-ch
MOSFETSs connected in
series reduce the current
flowing to GND.
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3-input NAND

Y=A-B-C-D-E-F-G-H
=(A-B-C-D)-(E-F-G-H)
=A-B-C-D+E-F-G-H

> de Morgan's laws

c — e D—
P —v= 2 Y
= =

| stage + 2 stages
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S-input AND

Y=A-B-C-D-E-F-G-H
—(A-B-C-D)-(E-F-G-H)

TOTMOO >

=A-B-C-D+E-F-G-H

)

> de Morgan's laws

c— r—
6 | r—

| stage + 1 stage
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Counting method of gate stages

* A number of stages 1s defined as a
maximum number of gate electrodes of
MOSFET on the path from an 1nput port to
an output port. VDD
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Example of 2- stage gate 1 Zi']
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Propagation delay

» A propagation delay (=B ZERFR) is
defined as a time between 50% points of
input and output.

* The propagation delay ¢,,,;. of the logic
circuit is estimated from the number of
stages K and the propagation delay ¢, of 1-

stage gate. tiogic = K * ta
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3-input AND-NOR gate 1

Z=(A-B)+C 10 MOSFETs
A __ X _(4) (2) (4)
B _Dy Y — B —:> °[> Y
C C
3 stages

Construction by PUN and PDN

AND-NOR and OR-NAND are also called a complex gate ((8& 4 —h).
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3-input AND-NOR gate 2

Y=(A-B)+C
_ ﬁ 6 de Morgan's laws
— (K 4+ E) : 6 6 MOSFETs, 1 stage
. — DD I_;[j t— VDD
A—|E‘h B—|E‘t — —|E‘t
(A+B)-C ~~ ’ — |
o ,% B
. Y
A s
A _ : |
(A-B)+C " c— c | F{ H‘:‘
B_l%' il J7J 20



3-input OR-NAND gate |

Y=(A+B)-C

A

B y =
S==pe

A
B

C

Construction by PUN and PDN

10 MOSFETs

4) (2) 4

—>— Y

3 stages

21



3-input OR-NAND gate 2

Y=(A+B)-C
— de Morgan's laws
=A+B+C
- 6 MOSFETs, 1 stage
=(A-B)+C — EEVDD
+— VDD |
C ' |
58— 5 i
(A-B)+C — c— B
A — ] |
A—1 —

l - Ly
o A %5 % N EJﬁ %




