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3.7 Other Logic Operations
Boolean expressions for the 16 functions of two variables
Operator Function Algebraic Standard
Name Symbol Values forx, y = Expression Comment Library
00 | 01| 10| 11 Gates
Zero 0 0 0 0 | F=0 binary constant 0
AND Xey 0 0 0 1 | Fi=xy x andy v
Inhibition xly 0 0 1 0 | Fo=xy X but noty
Transfer 0 0 1 1| F3=x X v
Inhibition y /X 0 1 0 0 | F4=XYy y but notx
Transfer 0 1 0 1|Fs=y y v
XOR xOy 0 1 1 0 | Fe=xy +Xy xory but not both v
OR X+y 0 1 1 1 |Fr=x+y Xory v
NOR X1y 1 0 0 0 | Fg=(x+Yy) not OR v
EquivalenceXNOR X®y 1 0 0 1 | Fg=xy+Xxy X equalsy v
ComplementNOT y' 1 0 1 0 | Fy=Yy noty v
Implication xOy 1 0 1 1 | Fuu=x+y if y, thenx
ComplementNOT X' 1 1 0 0 | Fio=X notx v
Implication xOy 1 1 0 1 | Fiz=X+y if X, theny
NAND X1y 1 1 1 0 | Fuu=(xy)' not AND v
One 1 1 1 1| Fs=1 binary constant 1

3.8 Digital Logic Gates

Gate library - the collection of logic gates that we use in constructing logic networks.
Standard gates- gates in the gate library.

Name Graphic Symbol Functional Number of Gate Delay (ns)
Expression Transistors (with respect to the Inverter)
Inverter ~{>% F=x 2 1
Driver %> F=x 4 2
AND 1 F=xy 6 2.4
OR ) o> F=x+y 6 2.4
NAND 1 F = (xy) 4 1.4
NOR ) o> F=(x+y) 4 1.4
XOR ) o> F=xOy 14 4.2
XNOR ) o F=x®y 12 3.2
To show that XOR' = XNOR

xOy)=xy +xy)’

=(xy)' Xy’
=(X+y) (x+y)

=XX+XY +yX+yy

=xX@y
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Ex. Full-adder design

Solution 1: First, we derive an expression that contains a minimum numb
operators. The expression frcan be reduced to two XOR gates:

SEX Y GEX Y G XY G HXYiC
SYiEXY) G Y XV G
=xDwea+xOy)g
=xOwa' +&Oy)c
=x0Oy0Og

Ciut =X ViG+X Y GH+XYiC +XViC
=% Yi (@ +G) +C (6 Y+ )
=xYie1+6(x D)

Xi Yi

=

Q?

Si
Solution 2: Transform the expressions using De Morgan's theorems.
s=xbOyc'+x@y)c
=xOw)c+xOy)c
=(x Oy Oc

Ct =X ViG+X VW CG+XYiG +XYiC
=X YiGHEXYIGEXNY CGHEXYICGHEXYICG XY C
=XYi+tXCGtHYiG
=X Yi G (% +y)
=[xy e (© (6 +y))]

In addition, we can also implemeqt® y; with two NANDs and one OR gate:

X OV =Xy +x Y
= (6 yn) ("W
= (6 y) (6 + W)
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Xtyi+G i+1 | S
0Ol 0]| O 0 0
0| 0] 1 0 1
0O|1] 0 0 1
0|1 1 1 0
10| 0 0 1
1] 0|1 1 0
1|10 1 0
1] 1|1 1 1
Input/Output Delay
Path (ns)
C to G 4.8
ctos 4.2
Xi, ¥i t0 Gy 9.0
X, i t0S 8.4

Niimher of transistors 46

Input/Output Delay
Path (ns)
C to G 2.8
ctos 3.8
X, ¥i t0 Ciny 5.2
X,Yit0s 7.6

Number of transistors = 36
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Ex. Full subtractor
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b, | x y b | d Comment
0 0 0 0 0 | x-by,-y=d=0-0=0
0 0 1 1 1| 0-0-1=borrow?2-1=1
0 1 0 0 1 | 1-0-0=1 with no borrow
0 1 1 0 0 | 1-0-1=0 with no borrow
1 0 0 1 1 | x=0-1=-1 because ob,,=1, therefore,
borrow 2-1=1. Finally, 1-0=1
1 0 1 1 0 | x-bj,-y=borrow 2-1-1=0
1 1 0 0 0 | 1-1-0=0 with no borrow
1 1 1 1 1 | x-by,=1-1=0. Then 0-1=borrow 2-1=1
bmy 00 01 11 10 bmy 00 01 11 10
. 0 ; 1 sl ot xy . 0 . 1 3 . 2
—X'b,,
4],1 L —7] 6 4 5 7 6
1 i1 i 1)< yb,, 1 1 1

bOUt = X'l)ln + X,y+ yhn

Bu

b

d
Circuit for Full Subtractor

d = Xxy'by, +xyh, +X'ybi, +xy'by,
=by, (XY +Xxy) + by, (Xy +xy')
=b,, (xOy)' +bj, (xO'y)
=b, Ox0Oy

l— ><
— <

FS

out
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3.9a Multiple Inputs

The AND and OR operations are both commutative and associative, so they can easily be extended to have multiple
inputs.
The NAND and NOR operations are commutative but not associative, but we can think of multiple-input NAND
and NOR operations as the complements of the AND and OR.
NAND(X, Y,z ...)=(Xyz...) ZX1yt z1t ..
NORKX, Y,z ...) = X+y+z+ .. )ZXlyl zl ..
The XOR and XNOR operations are both commutative and associative, so they can be extended to have multiple
inputs.
xOyOz=xy +xy) Oz
=Xy +Xy)Z+ (XY +XY)'Z
=Xy +xy)Z+(xy) s (Xy))z
XYy +XY)Z+ K +y)e (x+y)z
SXY'ZHXYZ+XZ+HX Y Z2+HYXZ+Hyy2Z
=XYy'Z+XyzZ+Xyz+yxz

Name Graphic Symbol Functional Expression Number of Gate Delay (ns)
Transistors (with respect to the Inverter)
3-input AND D= F =xyz 8 2.8
4-input AND = F = wxyz 10 3.2
3-input OR D F=x+y+z 8 2.8
4-input OR =D Fow+x+y+z 10 3.2
3-input NAND ﬂ F=®xy)' 6 1.8
4-input NAND = F = (wxy?' 8 2.2
3-input NOR = e F=(X+y+2) 6 1.8
4-input NOR =D F=W+x+y+2) 8 2.2
3.9b Multiple Operators
Name Graphic Symbol Functional Expression Number of  Gate Delay (ns)
Transistors (with respect to the Inverter)
2-wide, 2-input AOI Qj} F=Wwx+y2 8 2.0
3-wide, 2-input AOI _ F=(uv+wx+y? 12 2.4
2-wide, 3-input AOI % F = uvw+ xy2’ 12 2.2
2-wide, 2-input OAI %} F = (W) (y+2))’ 8 2.0
3-wide, 2-input OAI %:} F = ((u+v) (W+x)(y+2)’ 12 2.2
2-wide, 3-input OAI %D» F = ((U+v+w)( x+y+2))’ 12 2.4




