Lab 2 Summary

Carry cell design



Prelab 2

* Design task: design with MOSFETs the carry bit-
cell for an 8-bit ripple-carry adder!

* The 8-bit carry logic is to be implemented by an
iterative logic array consisting of eight instances
of the bit-cell that you have designed.

* The carry bit-cell has three inputs (two bits a, b
and a carry-in memory bit), and one output, the
carry-out memory bit to the next more significant
bit.



Iterative logic arrays: FULL ADDER

Find Boolean equations
from truth table!

BOOLEAN TRUTHTABLE
ag b0 A B CIN COUT  SUM
0 0 0 0 0
0 0 1 0 1
0 1 0 0 1
Cout — | FA |— ¢, 0 1 1 1 0
1 0 0 0 1
| 1 0 1 1 0
1 1 0 1 0
Sumo 1 1 1 1 1
a, b, ag b ac be a,b, as by a, b, a; by ag by

Sum, Sumg Sumg Sum,  Sum, Sum, Sum;  Sum,

2014 Integrated Circuit Design 3



Iterative logic arrays: FULL ADDER

. . BOOLEAN TRUTH TABLE LOGIC FORMULAS
Find Boolean equations A B CIN | coUT sum couT sum
from truth table! 0 0 0 0 0 [=OR(AND(A:B;CIN);
b 0 0 1 0 1 |AND(NOT(COUT);CR(A;B;CIN)))*1
Ao B 0 1 0 0 1 0 1
| | 0 1 1 1 0 1 0
1 0 0 0 1 0 1
1 0 1 1 0 1 0
Cout FA Cin 1 1 0 1 o 1 o0
| 1 1 1 1 1 1 1
Sum, Design full adder by divide and conquer
a, b, a,; b,
X4 X2 X4 X2
COUt Carry | Cln COUt Carry | Cln
logic logic
Design 8-bit full adder Isoug'?ﬂ Size of , f:g'?ﬂ
as an iterative logic array! SUM cell:

Sum,

Sum,
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Iterative logic arrays: FULL ADDER

Find Boolean equations Propagation delay estimation:
from truth table! Assume carry cell has logical effort g and
a, b, parasitic delay p.

‘ ‘ 8-bit adder delay: A first crude estimate!
d=8*(p+g*2+p,,+1/2)=8*10=80 - t,,= 400 ps

Cout — | FA [ — ¢, Corresponding to 1.25 GHz clock frequency
‘ But load from SUM cell was neglected and will
slow down the design!
Sum,
a, b, a; by
X4 X2 X4 X2

COUt Carry | Cln COUt Carry | Cln
logic logic

— Size of SUM

Design 8-bit full adder SUM

. . ) logic 5| logic
as an iterative logic array! | SUM cell |

Sum, Sum,
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Designing the carry cell

COUT=(K + é)(C,N + AB) =AB+C,, (K + §)

Y=(A+B)C,+AB

>1

O

out Cour
P Ve

R

vss = Cour=AB+C,, (A+B)

> 0O Wr
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Designing the carry cell

A Cour=(A+B)(Cyy+ AB) = AB + Cyy(A+B)
A— s

o— A Y=(A+B)C,+AB
4L | .
[ bemy e 3B
—{ A . - >1 |—
B
A— B—E EH—B

vss = Cour=AB+C,, (A+B)
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Designing the carry cell

Cour=(A+B)(Cyy +AB)=AB+C,(A+B)

L
A—O| B—O| |p—A

O— B
N - Cour Cour
| i
— A

> 0O Wr

S

vss = Cour=AB+C,, (A+B)
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Designing the carry cell

COUT=(K + 5)(C,N + AB) =AB+C, (K + I§)

VDD /I/ Logical effort g=2,
Parasitic delay p=4
A—||aB-d[4 4[p—A
— A ]
—d|4 40— B c 2 >1
| ] B Cour ouT 2
J B A C >1 —
2 2\ B
E 3 A 2
B
A 2 B—|2 2 B
_{ ‘| y:l }_ 8-bit adder delay: Improved estimate!
Vs 47 d=8*(p+g*2+p, +1/2)=8%(4+2*2+1.3)=74.4 >

t =372 ps
Cour=AB+C, (A+B) &
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2015 hand-in examples

Vo
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2015 hand-in examples

vdd

0L

a, by

7

Carry
logic

D out

o —(4 A —
Cour Cin ‘DCH

Design structure chosen by a

y AI 5 _| 5 : number of 2015 students!

2016-09-13 MCC092 Integrated Circuit Design

11



2016-09-13

2017 hand-in example
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2017 hand-in example
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Textbook solution

0

5

o 9 s

il I S

62
.|
(@]

o

c

—+

|

a3 X4 X2 |

0 SUM |

bO logic |

L —— — _I |
Sum,

Design structure as proposed in
textbook!

2016-09-13

X2 carry cell X2 SUM cell
A —F |
5|~ —E- —

c —t : \NI—
\ ;cou@\ 5
A\l | T
e S
i [ ||I:|! 1 |
g — i |

4} '€>Cout

(b) X4
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Textbook solution

CARRY DELAY (CIN input)
d=4+2x(6+12)/6+1+(6+6+6)/12=4+6+1+1.5=12.5

~ X2carrycell X2 SUM cell
A ~E 4 — 21— 4 i 2
B 5 4 4 dba ——4[ 4
C 4 E it 4 =L 4
i ¢ EEOUtr(iE 4 s C{> S
- T
| i X4
—t 2 | =2 2
2 i :
i -2 - E z 2 2
CARRY LOGIC > Cout
(Czi”4p7;) , 8-bit adder delay: Consider also SUM cell load
=t/+ =
g=(2+4) d=8*(p+g*(2+4)/2+p, +3*2/4)=8*(4+2*3+2.5)=100

=2x(2+4)/3=4
p=2x(2+4)/ > t,,= 500 ps

2016-09-13 MCC092 Integrated Circuit Design 15



Textbook solution

What if we resize
MOSFETs in SUM cell?

~ X2carrycell X1 SUM cell

A 4 — a—iF 2 q[ 2

B 5 4 4 it 2 —1— 2

C 4 i 2 2
I iCoutﬁE 2 S G> S
. Tl
—t 2 g 1L 1
; It 2 :; 2 It 1 1
2k 1

CARRY LOGIC > Cout

(Cinput) 8-bit adder delay: Consider also SUM cell load
g=(2+4)/3=2 d=8*(4+2x(1+2)/2+1+(2+1+1))=8*(4+3+1)=8*10=80

=2x(2+4)/3=4
p=2x(244)f > t,,= 400 ps
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Textbook solution

What if we resize
MOSFETs in SUM cell?

____)S_Z_gg_r_r_x_c_e_l_l___ X1 SUM cell
A s ——dfs—iE> i 2
B | 4 4 k2 ——[ 2
C 4 ! =2 —q[ 2
| I ECOU‘F{E ’ S S
] Tl >
l | i IC
! iC 2 ! i | « ;
I e 5 In 1
: I |I:' 2 1 1 11
L I 2 10
I 2 C 2 i L - 4 m
S é;----' 5 11,8
—(4>—Cout 8 14,5
CARRY LOGIC 10 16
(Cinput) X2
g=(2+4)/3=2 @«
p=2x(2+4)/3=4 Which size is

optimal? X27? X4?
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Textbook solution

CARRY DELAY (CIN input)
What if we resize the MOSFETs as shown in red, what is the parasitic delay, p, now?

X2 X1

I 2 —
4t 2

e

|
]
-

I

4> s

B
BN
wl

”J IC
T [ [
IC 2 |FI IC 1 R
In In
I 2 %} C I 1 1
C
CARRY LOGIC > out
(Cinput) CARRY DELAY (C input)
g=(2+4)/3=2 d=3+2x(1+2)/2+1+(2+1+1)/2=3+3+1+2= 9 units/stage
p=(2+4+2+1)/3=3 - t,,= 360 ps
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The End

Q & A session!
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