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— Physics, EE 101
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— CMOS Transistors
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Tri-states
Multiplexors
Latches
Barrel Shifters
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MOS Transistors as Switches
U View MOS transistors as electrically controlled

switches
U Voltage at gate controls path from source to drain

NMOS PMOS
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NMOS Inverter

A ‘DQ’ Y Questions:
e How to make R?

 What is current when A=1?
* What is power when A = 1?
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An NMOS Gate

Vv

A [B |y b

0 0 R

0 1

Y
1 0
A— s
1 1
What is logic function?
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Another NMOS Gate
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What is logic function?
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What About Now?
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What is logic function?
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NMOS Take-Aways

Input voltages turn N-types either on or off
Series transistors produce “AND”

Parallel transistors produce “OR”

Need to implement resistors separately
Significant static power

I I Iy Iy
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CMOS Inverter
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CMOS NAND Gate
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CMOS NOR Gate
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3-input NAND Gate

p e
A Vg |
B J
C

v

Q Y pullslow if ALL inputs are 1
Q Y pulls high if ANY inputis O
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General CMOS Gates

CMOS VLSI Design

Complementary CMOS

0 Complementary CMOS logic gates
— nMOS pull-down network

— pMOS pull-up network
— a.k.a. static CMOS

inputs

Pull-up OFF

Pull-up ON

Pull-down OFF | Z (float)

1

Pull-down ON |0

X (crowbar)
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Series and Parallel

0 nMOS: 1=0N

U pMOS: 0=0ON “;jg E

QO Series: both mustbeON ~ ° >

O Parallel: either can be ON . 3
QHE 0
g2 o
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Conduction Complement

0 Complementary CMOS gates always produce 0

orl

U Ex: NAND gate
— Series nMOS: Y=0 when both inputs are 1
— Thus Y=1 when either input is 0
— Requires parallel pMOS

O Rule of Conduction Complements

—

Vdd

—

Bf

—

— Pull-up network is structural opposite of pull-down

— Parallel -> series, series -> parallel
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Compound Gates

0 Compound gates can do any inverted function

a Ex: —
Y =AB+CD AND-OR-INVERT, AOI22

Al J-c A Jec
B%E %FD Te__J-o
(@ (b)

A Fecd o »ch O

A — B
© (@
Vg
c b— D
A — b— B g
Y ¢ Y
A — c 5
B 4{ }7 D (f)
(e)
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Example: O3AI

QO Y=(A+B+C)D
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Example: O3AI

QO Y=(A+B+C)D

A
B—
c—| D

D—
A B [%04 [

Vdd

Y
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Signal Strength

Q Strength of signal
— How close it approximates ideal voltage source
O V,pand GND rails are strongest 1 and 0
0 nMOS pass strong 0
— But degraded or weak 1
0 pMOS pass strong 1
— But degraded or weak 0
QO Thus

— pMOS are best for pull-up network
— nMOS are best for pull-down network
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Adders
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1-Bit Adder
| A | B | Cy | Coul Sum |
U Inputs: o 0 0 0 0
— 2 datainputs Aand B 0 1 0 0 1
— 1 Carry Input C 1 0 0 0 1
U Outputs 1 1 0 1 0
— 1bit S (sum) 0o 0 1 0 1
— 1 bit Carry Out 0 1 1 0 1
1 0 1 1 0
'i‘ % 1 1 1 1 1
1-bit
Cout<—{ Full «—Cin
Adder
S
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Half Adders and Full Adders

Ao
Bo >
Dot
Ao
Be S
Cin
- DEpeS
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CMOS Full Adder
vdd
vdd vdd A-c{
LT LT
T3
" i cing
Cin — Sum
E T2 A-l - I_-l T4 Cin-l
S e
Vss Vss A-I
Vss
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Multi-Bit Ripple Adder

As Bs A2 B2 A1 B1 Ao Bo
A N A
1-bit 1-bit 1-bit 1-bit

<— Full =« Full |« Full [« Full («—
Ca | Adder | €3 | Adder | €2 | Adder| C! [ Adder | C°

l ' ' '

S3 S2 S1 So

For N bits, time ~N Full Adder Delays
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Carry LookAhead Adders

O Instead of pure carry signals, generate 2 signals
— P: Carry Propagate: if C;, = 1 then C_, should be 1
— G: Carry Generate: C,,; should be 1 regardless
O Example: 1 bit
- G =ApB;
- P=A;+B,
— Then C;,;=G; + P,C,
O Compute Ps and Gs for each bit
U Then compute C,,, from just C;
Ci=Go+ Fy-Cy
Co=G1+Go-P+Cy-Fy- P

Ci=Gy+G, -Po+Gy-P-P,+Cy-Py-P,- P
Ci=Gs+ G P3+G - Po-P3+Go-Pr- PP+ Co-Fy-P1-Py- P
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Manchester Carry Chain Adder

pDD
Total Area:
| H u H u H 225 um xds 6
i T
q
Py —| Py —‘ Py —‘ P3 Py
€L L L Mﬁ' L
3 -+ 21 - | - 1. JM“I a
of 1.5 Cog
"°-|j|3'5 Gu-l 3 Gl-l 23 G;I 2 G;I G:I ! ¢
4 ]3 5 ] 3 ] 235 ]2
| | | | I s
* | | | | 1L
1 1 i 1 i 1
.
Crigital Irtegrated Circuis Combinational Logic @ Prantice Hall 1205
http://gram.eng.uci.edu/~ecel51/ecel51/slides2/s|d087.htm
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FIGURE 11.24 Carry-select adder
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Kogge -Stone Adder

A=1001 B=1100 Sum=10101
A3 B3 A2 B2 A1B1 A0 BO
11 0 1 00 10

2 @4@’

1 J_ i
PE® [ RTe—.
€3=1 c2=0 c1=0 C0=0  Cin=0 J ) J J ] ] b ‘
FUUUU UoUy
Legend: PiGi  Pjy Girw PiGi : ¥ 1

AiBI ‘ 16-bit

H ¢

P=Ai xor Bi P=Piand Pieer P=Pi
G=Aiand Bi G=(Piand Girw) or Gi G=Gi
Ci=Gi
Si = Pi xor Ci1
4-bit
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FIGURE 11.40 Area vs. delay of synthesized adders
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Multipliers
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011001 : 254 multiplicand
X 100111 394 5 &
T multiplier
011001 -
011001
011001 partial
000000 products
000000
+011001 =
001111001111 : 975,, Pproduct

FIGURE 11.71 Multiplication example
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Y5 Ya Y3 Y2 ¥4 Yo

Multiplicand

X5 X4 X3  Xo X4 Xp Multiplier
Xo¥s Xo¥a Xo¥3 Xo¥Y2 Xo¥Y1 XoYo
X1¥5 X1¥a Xq¥3 Xq¥2 Xq¥1 X4¥o
X2¥s Xo¥4 Xa¥z Xa¥a Xa¥1 Xo¥o Partial
X3¥s XaYs X3¥z Xz¥z X3¥1 XaYo Products
Xa¥s5  Xa¥a Xa¥z Xg¥o Xa¥V1 Xa¥o
Xs5Ys5 XsYq XsY3 XsYz XsY1 XsYp o
P11+ Piwo Pe Ps Pr Pg Ps Ps  P3 Pz P4 Po Product
FIGURE 11.72 Partial products
Copyright © 2011 Pearson Education, Inc. Publishing as Pearson Addison-Wesley
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¥a Y2 Y1 Yo
I
*q e v o o
| I | CSA
Xz 1 Array
: [ | I
X3 =
. s 1 CPA
Py Ps Ps Pa P3 Pz Pt Po
FIGURE 11.74 Array multiplier AR 2 —aeaws
Sa A Cy Critical Path A B v B
Vs i
B Sin
= Cout G = Con Cin
CO\H CIﬂ Snu[
Cost  Soum Soun Sout
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FIGURE 11.75 Rectangular array multiplier
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