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A Generic Digital Processor
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Building Blocks for Digital Architectures

- Bit-sliced datapath (adder, multiplier,
shifter, comparator, etc.)

- RAM, ROM, Buffers, Shift registers

- Finite state machine (PLA, random logic.)
- Counters

- Switches
- Arbiters
- Bus
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Bit-Sliced Design

Control
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Tile identical processing elements
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Full-Adder

A| B | ¢ | s C, SCEE;

0 0 0 0 0 delete

0 0 1 1 0 delete

0 1 0 1 0 propagate
0 1 1 0 1 propagate
1 0 0 1 0 propagate
1 0 1 0 1 propagate
1 1 0 0 1 generate
1 1 1 1 1 generate
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The Binary Adder

A B
v

Cin—., Full |
adder Cout

Sum

S = A(—DBG—)Ci
= AI_5>(_3i +AB(_3i +Z\I§Ci + ABC
C, = AB+BC; +AC,
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Express Sum and Carry as a function of P, G,
D

Define 3 new variable which ONLY depend on A, B
Generate (G) = AB
Propagate (P) =A®B
Delete = AB
CG(G, P) =G+ PCi

S(G,P) = P®C,

Can also derive expressions for S and C, based on D
and P
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The Ripple-Carry Adder

Worst case delay linear with the number of bits
td - O(N)

tadder *(N=Dtearry *tsum

Goal: Make the fastest possible carry path circuit
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Complimentary Static CMOS Full Adder

T
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28 Transistors
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Inversion Property

B
.

«— >

S(A4,B,C,) = S(4,B 5)

C (4,B,C;) = C_(4,B,C;)
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Minimize Critical Path by Reducing Inverting Stages

Even Cell Odd Cell

B,

Co,

Exploit Inversion Property

Note: need 2 different types of cells
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The better structure: the Mirror Adder

Vbo
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24 transistors
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NP-CMOS Adder

Carry Path
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NP-CMOS Adder
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Example: Domino Adder

a, —||_ b, —] | Do_q

b, a—l :
cik — e
Propagate Generate

15
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The Binary Multiplication
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The Binary Multiplication

101010

101010 AND operation

Partial Products

000000

+ 101010

111001110
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The Array Multiplier

O O O q
X$ XE;L xg xlg Y, %o
HA FA FA HA

L

FA FA FA HA

Z7 ’ Zg ’ Zs ’ Z, l Z
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The MxN Array Multiplier
— Critical Path

| J_l_‘ !
HA |- FA FA | HA
J I | ]_L‘
FA |- FA |« FA |e HA <« Critical Path 1
Critical Path 2

! l 1 l | l | l Critical Path 1 & 2

FA L 1 FA |4 FA |4 HA

gy~ M -1+ (N =202

caﬁy“:N_l:'Isum”N_ e, 4
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Carry-Save Multiplier

0 S 2 S O

Vector Merging Adder

(V-1 +( V-1t

mui’t curry r:md merge}
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Adder Cells in Array Multiplier
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Identical Delays for Carry and Sum
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Multiplier Floorplan

STUDENTS-HUB.com

HA Multiplier Cell

FA Multiplier Cell

Vector Merging Cell

X and Y signals are broadcasted
through the complete array.

(—s)
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The Binary Shifter

Right nop Left
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Layout Strategies 1or Bit-Sliced
Datapaths

Control Wires (M1)
ontro
Wires (M) ./ \.
) S 5
S N s/
E / Well .§
E ........... it oo- = \
N gt 2
............ s GND.
GND Voo GND
Approach I — Approach IT —
Signal and power lines parallel Signal and power lines perpendicular
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