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Quick Review



The Three Basic Logic Gates

o - 23 -
X :Y Xlo X2 Xl + X2
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NOT gate AND gate OR gate

[ Figure 2.8 from the textbook ]



Truth Table for NOT

S = | =]



Truth Table for AND

—O - O

O O O



Truth Table for OR

O = O




DeMorgan’s Theorem




Synthesize the Following Function

X1 X2 f(x1,x2)
0 0 1
0 1 1
1 0 0




1) Split the function into a sum of 4 functions

X4 Xy | f(Xq, X3) foo(X1, X2) | For(Xqs X2) | Fro(Xqs X2) | F11(X4, X3)
0] 0 1 1 0 0 0
0 | 1 1 0 1 0 0
11 0 0 0 0 1 0
1 1 1 0 0 0 1




1) Split the function into a sum of 4 functions

X4 Xy | f(Xq, X3) foo(X1, X2) | For(Xqs X2) | Fro(Xqs X2) | F11(X4, X3)
0] 0 1 1 0 0 0
0 | 1 1 0 1 0 0
11 0 0 0 0 1 0
1 1 1 0 0 0 1

f(Xl,Xz)zl’fOO + 1.f01 + O'fl() + 1.f11



2) Write the expressions for all four

X1 Xy | f(xq, X3) foo(X1, X2) | for(X1, X2) | Fro(Xq, X2) | F14(X4, X5)

0] 0 1 1 0 0 0

0| 1 1 0 1 0 0

110 0 0 0 1 0

1 1 1 0 0 0 1
f(x;,X,)=11,0 + 1efy; + Oty + 11}

- - ]




2) Write the expressions for all four

X1 Xy | f(xq, X3) foo(X1, X2) | for(X1, X2) | Fro(Xq, X2) | F14(X4, X5)
0] 0 1 1 0 0 0
0| 1 1 0 1 0 0
110 0 0 0 1 0
1 1 1 0 0 0 1
f(x;,X,)=11,0 + 1efy; + Oty + 11}
- I A I

)




3) Then just add them together

X1 Xy | f(xq, X3) foo(X1, X2) | for(X1, X2) | Fro(Xq, X2) | F14(X4, X5)
0] 0 1 1 0 0 0
0| 1 1 0 1 0 0
110 0 0 0 1 0
1 1 1 0 0 0 1
f(x;,X,)=11,0 + 1efy; + Oty + 11}
- I A I

)




3) Then just add them together

X4 Xy | f(Xq, X3) foo(X1, X2) | For(Xqs X2) | Fro(Xqs X2) | F11(X4, X3)
0] 0 1 1 0 0 0
0 | 1 1 0 1 0 0
11 0 0 0 0 1 0
1 1 1 0 0 0 1




Sum-of-Products Form
(uses the ones of the function)



Sum-of-Products Form
(for the AND logic function)

Row
number 1 X9 Minterm I (x7, x3)
0 0 0 Mo = flfg 0
1 0 1 mq, = flxg 0
2 1 0 mo = 331372 0
3 1 1 m3 = T122 1




Sum-of-Products Form
(for the AND logic function)

Row
number 1 X9 Minterm I (x7, x3)
0 0 0 Mo = flfg 0
1 0 1 mq, = flxg 0
2 1 0 mo = 331372 0
3 1 1 m3 = T122 1




Sum-of-Products Form
(for the AND logic function)

Row
number 1 X9 Minterm I (x7, x3)
0 0 0 Mo = flfg 0
1 0 1 mq = flxg O
2 1 0 mo = 331372 0
3 1 1 m3 = 122 1

f(x;, %) =m; =x; x,

(In this case there 1s just one product and there 1s no need for a sum)



Another Example



Sum-of-Products Form

Row
number 1 X9 Minterm I (x7, x3)
0 0 0 Mo = flfg 1
1 0 1 mq = flxg 1
2 1 0 mo = 331372 0
3 1 1 m3 = T122 1




Sum-of-Products Form

Row
number 1 X9 Minterm I (x7, x3)
0 0 0 Mo = flfg 1
1 0 1 mq = flxg 1
2 1 0 mo = 331372 0
3 1 1 m3 = T122 1




Sum-of-Products Form

Row
number 1 X9 Minterm f(x,x)
0 0 0 mo = flfg 1
1 0 1 mq = flxg 1
2 1 0 mo = 331372 0
3 1 1 m3 = 122 1




Product-of-Sums Form
(uses the zeros of the function)



Product-of-Sums Form
(for the OR logic function)

Row
number T1  To Maxterm f(x;, x5)
0 0 0 MO =21 + I9 0
1 0 1 M1 =1 + 33—2 1
2 1 0 MQ — 33_1 + X9 1
3 1 1 Ms =77 + T5 1




Product-of-Sums Form
(for the OR logic function)

Row
number T1  To Maxterm f(x;, x5)
0 0 0 MO =21 + I9 0
1 0 1 M1 =1 + 33—2 1
2 1 0 MQ — 33_1 + X9 1
3 1 1 Ms =77 + T5 1




Product-of-Sums Form
(for the OR logic function)

Row
number T1  To Maxterm f(x;, x5)
0 0 0 MO =21 + I3 0
1 0 1 M1 =1 + 33—2 1
2 1 0 My =37 + x9 1

f(x,x) =My=x; +x,

(In this case there 1s just one sum and there 1s no need for a product)



Another Example



Product-of-Sums Form
(for this logic function)

Row
number T1  To Maxterm f(x;, x5)
0 0 0 MO =21 + I9 0
1 0 1 M1 = X1 + 513_2 1
2 1 0 MQ — 33_1 + I9 0
3 1 1 Ms =77 + T5 1




Product-of-Sums Form
(for this logic function)

Row
number T1  To Maxterm f(x;, x5)
0 0 0 MO =21 + I9 0
1 0 1 M1 = X1 + 513_2 1
2 1 0 MQ — 33_1 + I9 0
3 1 1 Ms =77 + T5 1




Product-of-Sums Form
(for this logic function)

Row
number T1  To Maxterm f(x;, x5)
0 0 0 MO =21 + I9 0
1 0 1 M1 = X1 + 513_2 1
2 1 0 MQ — 33_1 + I9 0
3 1 1 Ms =77 + T5 1

flxp,x) =Mye My =(x;+x3)*(x; +x5)



More Examples



Example 2.10

Implement the function {(x,, X,, X3) =2 m(2, 3,4,6,7)



Minterms and Maxterms
(with three variables)

Row
number | 1 o I3 Minterm Maxterm
0 0 0 0 Mo = T1T9T3 M() =T + Ty + T3
1 0 0 1 mq, = Tlfgilfg M1 =T + T2 + fg
2 0 1 0 Mo — TliCQTg M2 =T + T2 + I3
3 0 1 1 msg — fléCQ.ﬁCg M3 = I —I—Tg + fg
4 1 0 0 mgy = 33172?3 M4 =T +x2 + I3
5) 1 0 1 My =— 1293 M5 =T +x2 + Tg
0 1 1 0 mMe — 123 M@ =1 +To + T3
7 1 1 1 mr = 12193 M7 =71 + 7T + Tg

[ Figure 2.22 from the textbook ]



Minterms and Maxterms
(with three variables)

Row
number | 1 o I3 Minterm Maxterm
0 0 0 0 Mo = T1T9T3 M() =T + Ty + T3
1 0 0 1 mq, = Tlfgilfg M1 =T + T2 + fg
2 0 1 0 mo — TliCQTg M2 =T + T2 + I3
3 0 1 1 msg — fléCQ.ﬁCg M3 = I —I—Tg + fg
4 1 0 0 Mg = £1T2T3 | Mas =71 + x5 + 23
5) 1 0 1 my = $1T25133 M5 =T +x2 + Tg
0 1 1 0 mMe — r1X2I3 M@ =1 +To + T3
7 1 1 1 mr = 12193 M7 =71 + 7T + Tg




 The SOP expression is:

* This could be simplified as follows:




Example 2.12

Implement the function {(x,, X,, X3) = I1 M(0, 1, 5),

which 1s equivalent to (X, X5, X3) =2 m(2, 3,4, 6,7)



Minterms and Maxterms
(with three variables)

Row
number | 1 o I3 Minterm Maxterm
0 0 0 0 Mo = T1T9T3 M() =T + Ty + T3
1 0 0 1 mq, = Tlfgilfg M1 =T + T2 + fg
2 0 1 0 mo — TliCQTg M2 =T + T2 + I3
3 0 1 1 msg — fléCQ.ﬁCg M3 = I —I—Tg + fg
4 1 0 0 Mg = £1T2T3 | Mas =71 + x5 + 23
5) 1 0 1 my = $1T25133 M5 =T +x9 + Tg
0 1 1 0 mMe — r1X2I3 M@ =1 +To + T3
7 1 1 1 mr = 12193 M7 =71 + 7T + Tg




 The POS expression is:

* This could be simplified as follows:




Two New Logic Gates



NAND Gate

f
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NOR Gate

X1+X2
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AND vs NAND
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NAND

AND followed by NOT
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AND

NAND followed by NOT
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OR vs NOR

.X1+X2

X

X1+X2

f
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OR followed by NOT = NOR

x; x, |f f x; x, |f
0 0 [0 1 0 0 |1
0 1 |1 0 0 1 |0
1 0 |1 0 1 0 [0
1 1 |1 0 1 1 [0




NOR followed by NOT = OR

x; x, |f f x; x, |f
0 0 |1 0 0 0 [0
0 1|0 1 0 1 |1
1 0 [0 1 1 0 |1
1 1 (0 1 1 1 |1




Why do we need two more gates?



Why do we need two more gates?

They can be implemented with fewer transistors.

(more about this later)



They are simpler to implement,
but are they also useful?



Building a NOT Gate with NAND

-
S = | x|
—_— O O =
—_—O = O =
O = | R




Building a NOT Gate with NAND

X —[>o— X X {} X
B X X ‘f
X X 0O 0 |1
0 1 impos.sibl.e
combinations
1 |0 1 110



Building a NOT Gate with NAND

Do_}

¥
;

impossible
combinations

-
S = | x|

Thus, the two truth tables are equal!



Building an AND gate with NAND gates

Desired AND Gate NAND Construction
A A
Q=AANDB =NOT(NOT(A AND B))
Truth Table
Input A Input B |Output Q

0 0 0

0 1 0

1 0 0

1 1 1

[http://en.wikipedia.org/wiki/NAND_logic]



Building an OR gate with NAND gates

Desired OR Gate NAND Construction

D 2D

= NOT[ NOT( A AND A ) AND

Q=AORB NOT(B AND B )]
Truth Table
Input A Input B/ Output Q
0 0 0

[http://en.wikipedia.org/wiki/NAND_logic]



Implications



Implications

Any Boolean function can be implemented
with only NAND gates!



NOR gate with NAND gates

Desired NOR Gate NAND Construction

D [ RD-D-

= NOT{ NOT[ NOT( A AND A ) AND
NOT( B AND B )]}

Truth Table
Input A Input B Output Q

Q=NOT(AORB)

0 0 1
0 1 0
1 0 0

[http://en.wikipedia.org/wiki/NAND_logic]



XOR gate with NAND gates

Desired XOR Gate NAND Construction

A—e

o) O 1

B —&

= NOT[ NOT{A AND NOT(A AND B)} AND
NOT{B AND NOT(A AND B)} ]

Truth Table
Input A Input B| Output Q

0 0 0

Q=AXORB

[http://en.wikipedia.org/wiki/NAND_logic]



XNOR gate with NAND gates

Desired XNOR Gate NAND Construction

) > 1 ] >

= NOT[ NOT[ NOT{A AND NOT(A AND B)} AND
NOT{B AND NOT(A AND B)} ]|

Q = NOT( A XOR B)

Truth Table
Input A Input B/ Output Q
0 0 1
0 1 0
1 0 0

1 1 1

[http://en.wikipedia.org/wiki/NAND_logic]






Building a NOT Gate with NOR

-
S = | x|
—_ = O O =
—_O = O =
O O O |y




Building a NOT Gate with NOR

X_D_x

j

B X X ‘ f
X X 0O 0 |1
impossible
0 1 combinations
1| 0 1 110



Building a NOT Gate with NOR

X_D_x

j

impossible
combinations

-
S = | x|

Thus, the two truth tables are equal!



Building an OR gate with NOR gates

Desired Gate NOR Construction

A A

Truth Table
Input A Input B | Output Q
0 0 0

[http://en.wikipedia.org/wiki/NOR_logic]



Let’s build an AND gate with NOR gates



Let’s build an AND gate with NOR gates

Desired Gate NOR Construction
A
A
D K-
B
Truth Table

Input A InputB | Output Q

0 0 0
0 1 0
1 0 0

1 1 1

[http://en.wikipedia.org/wiki/NOR_logic]



Implications



Implications

Any Boolean function can be implemented
with only NOR gates!



NAND gate with NOR gates

Desired Gate NOR Construction
A
A E
B
Truth Table
Input A Input B| Output Q
0 0 1

0 1 1
1 0 1
1 1 0

[http://en.wikipedia.org/wiki/NOR_logic]



XOR gate with NOR gates

R
D D 7

Truth Table
Input A Input B/ Output Q
0 0 0

0 1 1
1 0 1
1 1 0

[http://en.wikipedia.org/wiki/NOR_logic]



XNOR gate with NOR gates

Desired XNOR Gate NOR Construction
A —e¢
A
B—e
Truth Table
Input A Input B/ Output Q
0 0 1
0 1 0
1 0 0

1 1 1

[http://en.wikipedia.org/wiki/NOR_logic]



The following examples came from this book

click to LOOK INSIDE!

Make 7
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[ Platt 2009 ]




[ Platt 2009 |




[ Platt 2009 |




[ Platt 2009 ]




[ Platt 2009 |




[ Platt 2009 |




DeMorgan’s theorem in terms of logic gates

) m V2 -

a X1X2 = X1+X2




DeMorgan’s theorem in terms of logic gates

D o AD D
E %) DC [ E

(b) x1+ X, = Xx1X%




Function Synthesis



Using NAND gates to implement
a sum-of-products

%)

BT

_>_
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_J
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Da

[ Figure 2.27 from the textbook ]

Y Yy



Using NOR gates to implement
a product-of sums

V) >
X

X3
X4 —_—
X5

-

SR T TR SR T T I

& &

-

[ Figure 2.28 from the textbook ]



Example 2.13

Implement the function {(x,, X,, X3) =2 m(2, 3,4,6,7)
using only NOR gates.



Example 2.13

Implement the function {(x,, X,, X3) =2 m(2, 3,4,6,7)
using only NOR gates.

The POS expression 1s: = (X + X,) (X, + X3)



NOR-gate realization of the function

-
) -

D

2
x34'>o

(a) POS implementation

=Py

x2 P
D =D
(b) NOR implementation
[ Figure 2.29 from the textbook ]



Example 2.14

Implement the function {(x,, X,, X3) =2 m(2, 3,4,6,7)
using only NAND gates.



Example 2.14

Implement the function {(x,, X,, X3) =2 m(2, 3,4,6,7)
using only NAND gates.

The SOP expression 1s: =X, + X;X;



NAND-gate realization of the function

>

X, l_ﬁ
o

(a) SOP implementation

% [}
. . Bk

(b) NAND implementation

[ Figure 2.30 from the textbook ]



Questions?



THE END



