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Qutline |

4 Digital CMOS design

. Arithmetic operators

(g Adders
— (Q Comparators

— Q Shifters
— (Q Multipliers
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Comparators |

Comparing a natural number to a constant : =

et consider a natural number 3 coded on 8
bits using Natural Binary Code

d7 d¢ 45 d4 343 dn 41 dp
=7
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Comparators |

Comparing a natural number to zero : =

Boolean function

Null = 1if

736334731 3170 1

Null =a7 +ag +as+a s +ag+ay +ar+ag
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Comparators |

Comparing a natural number to zero : =

Implementation

Null=a7+a6+a5+a4+a3+a2+a1+ao
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Comparators |

Comparing a natural number to zero : =

Implementation

Area oC n Delay oc n
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Comparators |

Comparing a natural number to zero : =

Implementation improvement

i Null
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Comparators |

Comparing a natural number to zero : =

Implementation improvement

Do_

Area oc n  Delay oc log(n)
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Comparators |

Comparing two natural numbers : =

Let consider two natural numbers 3 and b
coded on 8 bits using Natural Binary Code

d7 d¢ 45 d4 343 dn 41 dp
=7
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Comparators |

Comparing two natural numbers : =

Boolean function

a Equal bif: a;=b;and ag=bs and ... and an=b,

Equal = (37@b7) + ..., T (ao@bo)

o Equal=( e )+ ... +( e )
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Comparators |

Comparing two natural numbers : =

Implementation
Area oc n  Delay oc log(n)
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Comparators |

Comparing two natural numbers : <

Let consider two natural numbers 3 and b
coded on 8 bits using Natural Binary Code

a7 A a5 A4 33 3y 31 Ao
<7
b, by bs by bz by by by
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Comparators |

Comparing two natural numbers : <

Boolean function

a<bif: a7<b7 or (a7=b7 and (aé<b6 or (a6=b6 and ... )))

a7 A a5 A4 33 3y 31 Ao
<7
b, by bs by bz by by by
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Comparators |

Comparing two natural numbers : <

Boolean function

a<bif: a7<b7 or (a7=b7 and (aé<b6 or (a6=b6 and ... )))

a<bif: azb; + ((a;®b7) . (aghs * ((3g®by). .. )))
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Comparators |

Comparing two natural numbers : <

Implementation
Areaoc n Delay oc n
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a5 ,b5

a4 ,bé =

O
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Comparators |

Comparing two natural numbers : <

Implementation Improvement

a<bif: a7<b7 or (a7=b7 and (a6<b6 or (a6=b6 and ... )))

a<bif: azb; + ((a;®b7) . (aghs * ((ag®by). .. )))

@ (a;®b)) ).previous

\ Propagation
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Comparators |

Comparing two natural numbers : <

Implementation Improvement

Pis1 I'Gi+1 P, I'Gi

PG

| |
i1 Qe

P

b, Gis = Gipg + GPigg
O ® b; Pis1 i =Pi- Pisg
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Comparators |

bza; bgag bsas byag bzaz bray brag  bpag

PG| | PG | | PG
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PG | | PG| | PG
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PG

Area oc n  Delay oc log(n)
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Comparators |

bza; bgag bsas byag bzaz bray brag  bpag

PG | | PG | | PG

=1 =1

PG | | PG| | PG

=1

PG PG PG

PG

— a LessOrEqual b
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