Combinational Logic
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Multi-input gates - (X+(y*z))’
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Half Adder

m |-bit addition (x + y)
B outputs: sum s and carry ¢
Bs=xy +xy(xXORyorx®y)
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Full 1-bit adder
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m Need a carry 1n ¢

S =Xyc;+ xyc, + xX'y'c;, + xyc;
=C;(X’ytxy’) +c; (xy+x'y’)
=C;(X’ytxy) +c; (Xytxy)’
=Ci® (x®Y)

C, = XyC; + Xy'c; + Xyc;’ + Xyc;
= C; (X'y+xy’) + xy(c;+c;)
=Ci(Xx®y) +xy
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CMOS adder

For the carry, we can first use De Morgan’s laws

X X
y C. y C;

1 1

For the xor, recall that a xor b =ab’ + a’b and (a xor b)’ =ab + a’b’
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Multiplexor

B A multiplexor (selector or mux) selects one of »
inputs to be output

S4 Sg

® Let’s make 1t easy and start with a 2-input mux
EBwhens=0,f=a b— |

mwhens=1,f=b a
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2 mput Multiplexor design

S a1 f=s’ab’+ s’ab + sa’b + sab
0 00O = s’a(b’+b) + sb(a’+a)
00 1! o0 =s’a+sb
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Making bigger muxes

You can design them directly, or just glue together smaller muxes:
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Decoders

® Decode an n-bit input to set output line 2”-1
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Programmable Logic Array (PLA)

B Since all Boolean functions can be expressed in sum of
products form, we can implement a set of n input functions
systematically in hardware using a PLA
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