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4 Digital CMOS design

. Arithmetic operators

.Jd Sequential functions
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Qutline |

4 Digital CMOS design

. Arithmetic operators

| (Q Adders
— (Q Comparators

— Q Shifters
— (Q Multipliers
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Adders |

Adding two natural numbers

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

jidies

57 56 95 5S4 53 S5y SO

L I Pirouz Bazargan Sabet October 2009

O




Adders |

Adding two natural numbers

At each stage, | need to sum 3 single bit numbers 3; b; c;

The carry out of the stage 1 is the input carry of the next stage

s; and ¢, ¢ are Boolean
functions of a; b; ¢;
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Adders |

Adding two natural numbers

00 01 11 10 |3; bl. 00 01 11 10
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Adders |

Adding two natural numbers

Cisq = Ap-Dj + ;.6 + by
Cisq = 3; - (bytcy) + byg

—

e
Do-r Ci+1

Do_

Addition delay depends on the delay of c; to ¢,
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Adders |

Adding two natural numbers

Cisq = Ap-Dj + ;.6 + by
Ciaq = 3D+ @1#D) - ¢

e
Dof}

Cit
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Adders |

Adding two natural numbers

.= 3@ b; ® ¢, Ci+q = 33.by +a5.¢;+ by.c;
Ciaq = 3D+ @1#D) - ¢
Cisq = 33D+ (3®b) - ¢

S

)" Dl

di . DO—
DO-I_ Ci+1

i p
L Pirouz Bazargan Sabet October 2009




Adders |

Adding two natural numbers

The circuit generating s; and c;, ¢ Is called a Full Adder (FA)

Ci
b o e
al.l j- | DO_FDO_

Cit
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Adders |

Adding two natural numbers

dz d) 41 40
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Adders |

Adding two natural numbers

dg d4 43 a0
0 1 0
7N B V2N R AN
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Adders |

Adding two natural numbers

dg d4 43 a0
1 0 1
7N B V2N R AN
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Adders |

Adding two natural numbers

Sequential Adder

Area oc n Delay oc n cycles

O Timing should be improved
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Adders |

Adding two natural numbers

At each stage, | need to sum 3 single bit numbers 3; b; c;

The carry out of the stage 1 is the input carry of the next stage

bs a7 by by a1 by ap

FA FA FA FA [— O
| | | |
57 S 6 51 SO

I I p Ripple Carry Adder (RCA)
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Adders |

Adding two natural numbers

Ripple Carry Adder (RCA)

Area oc n Delay oc n

bs a7 by by a1 by ap

FA FA FA FA [— O
| | | |
57 S 6 51 SO

O Timing should be improved
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Adders |

Adding two natural numbers

Acceleration technics

either O or 1

b7tos Wtod Prics Wtos 5t00 33t00
| |1 | | O | |
Adder J Adder 4 Adder
I I |7 |
3t0 O

I p 7 to 4 Carry Select Adder (CSLA)
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Adders |

Adding two natural numbers
Carry Select Adder (CSLA)

Area oc nlod(d) = n1.585 Delay oc log (n)

b7_4 a7_4 bz 5 az_» brag Poag
| |

532
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Adders |

Adding two natural numbers
Acceleration technics

08 01 14 10 |3; b
2 (o\,/o\ [o

)

o
(@)
o
BN
[N
-
[N
(@)

absorption
propagation

Ci\/v v

C:
i+1 carry out depends
on carry in

generation
propagation

carry out does not
depend on carry in
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Adders |

Adding two natural numbers
Acceleration technics

00 01 11 10 |a; b,

1
O|O| 1

o1 |1 G; =a;b;

o
(@)
o
BN
[N
-
[N
(@)

absorption
propagation
generation
propagation

. = .+ . C.
Ci Gl Pl Ci
= Pi ) C;
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Adding two natural numbers
Acceleration technics

o
(@)
o
BN
[N
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(@)
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1

1

=a;b,

1

absorption
propagation
generation

propagation

. = .+ . C.
Ci le Plcl
S; = PiC)c%
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Adders |

Adding two natural numbers
Acceleration technics
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Adders |

Adding two natural numbers
Acceleration technics

b1 3 by 3
| | | |
P.G.

i I 1

Giv1=as bisr G =a; b

Piv1=31 @by P =3,® b,

G.

1
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= Giag + QP
= Pl . Pl+1
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i+1, 1

I 1+1 1 1+1 1
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Slansky Adder
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Kogge-Stone Adder
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Adders |

Adding two natural numbers (summary)

Area Delay
Ripple Carry (RCA) n n

Carry Select (CSLA) n 109(3) log (n)
Carry Lookahead (CLA) n log (n) log (n)
Magic Adder n Cste

O :
I I p More improvements ?
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Adding two natural numbers

Ripple Carry Adder (RCA)

bz az by, ax by 31 by ap
L 1 |

FA FA FA FA
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Adding two natural numbers

Ripple Carry Adder (RCA)
pipelining
bz az by ap by 3 bp A
|| | |
<
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Adding two natural numbers

Ripple Carry Adder (RCA)
pipelining
bs a3 by ap by a bp 2o
| 1 1 |
g
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Adders |

Adding two natural numbers

bz az by aj by a4 bo o
| | | | | |q

=1

3

FA
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Adders |

Adding two natural numbers (summary)

Area Delay
Ripple Carry (RCA) n n

Carry Select (CSLA) n 109(3) log (n)
Carry Lookahead (CLA) n log (n) log (n)

Pipeline Adder n 2 Cste (1 cycle)
Magic Adder n Cste

When there is no door to escape break the wall
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Adding three natural numbers
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Adders |

Adding three natural numbers

Sl‘= al@ bl@cl Cl‘+1 = al.bl‘l‘al.cl‘l‘ bl'.Cl'

the expressions are symmetrical in regard of 3, b and ¢

A full adder creates 2
numbers from 3
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Adding three natural numbers

Carry Save Adder (CSA)

\34 bjcy 3z bzcz ay byey a1 by ag bocp
FA FA FA

v/ s/

7 7
ty t3
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Adding three natural numbers

Delay = cste
Area ocn

O
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Adders |

Adding two natural numbers

Change the representation of numbers

Given a natural number 3 : 3 is coded using 2n bits

3 =30 +31 Redundant Binary Code

Example : the number 5 can be coded on 4 bits as

0000 + 0101
0001 + 0100
0010 + 001

i p
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Adders |

Adding two natural numbers

Changing the representation of numbers

a =30 +2a
b =bO + b1

Adding 3 and b in Redundant Binary Code is finding ¢
c =cO + 1 such as
cO +c1=30 +31+bO + bl

® Adding 4 numbers to generate 2

L I Pirouz Bazargan Sabet October 2009



Adders |

Adding two natural numbers

b1 31 bO 30

Delay = cste
Area ocn

O
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