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A Generic Digital Processor
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Building Blocks for Digital Architectures

QArithmetic unit
 Bit sliced data path — adder, multiplier, shifter, comparator, etc.

OMemory
- RAM, ROM, buffers, shift registers

2Control
* Finite state machine (PLA, random logic)
* Counters

OInterconnect
» Switches, arbiters, bus




Bit-Sliced Design
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Bit Adder Circuits

A B | Sum | Carry
O Consider two binary digits A an B, binary sum is denoted by A+B o | o 0 0
such that
0 | 1 1 0
0+0=0 1 0 1 0
0+1=1 1 1 0 1
1+0=1
1+1=10 Sum=A®B
Half adder
Carry=A-B
A B

| | *y
]

Half
Adder > Carry ?
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Sum



Full-Adder

sum out=A®B®C
=ABC + ABC + ABC + ACB
carry_out=AB+ AC +BC

Transistor-level schematic of the one-bit full-adder circuit
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Full-Adder Circuits

Adding n-bit binary words T s -
e " . o . + {:-.._
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.y = i—\_-\h ‘:\:.-" —-'—._1' &
+ bibbyby (12.3) N v T e by
Cy 535,55,
In the standard carry algorithm. each of the i- (a) NAND?2 logic (b) NOR-based

] . network
th columns (i = 0. 1. 2. 3) operates according

to the full-adder equation

€

a;
L b (12.4)
Cisl 5

Expressions for the network are

5 =a,8b e (125)
Ciz = 4, 'bl +C, '|:{I_. E"ﬁ.']
or

Cq=ab +c -(a +5) (12.6)



Full-adder logic networks

Et 5[:

(a) Gate-level logic (b) HA-based design

Full-adder logic networks




Full-adder truth-table

A| B | ¢ | s | c fg;i

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

Generate (G) = AB

Propagate (P) =A © B

C (G,P)
S(G, P)

G+ PCI:
P® Ci




Inversion Property

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

C (A,B,C;) = C_(4,B,C))




Minimize Critical Path by Reducing Inverting Stages

Even cell Odd cell

A, B, As; Bs

2 . R .
—>| FA p——>d FA }——> FA p——>d FA [—

Y y Y Y

So S1 S2 S3

Exploit Inversion Property




Mirror Circuits

Mirror circuits are based on series-parallel logic gates,

but are usually faster and have a more uniform layout . -

» Output 0°s imply that an nFET chain 1s conducting to 1@,1) (1.0 -
ground i {—é 0
» Output 1’s means that a pFET group provides support from ) | L
the power supply b & L ' _|peb
] . -8 g @b
0 (LY

a e l 0 g—| | 4 a
.I:'I@b II‘ 1
b e ‘

v b a @b On devices r f
+ B

0 0 0 | —a—— nFET

0 1 1 | ——a—— pFET

1 0 1 - pFET

1 1 o -g—— NFET

Figure 9.1 XOR function table




Mirror Circuits

0 Based on series-parallel logic gates
0 Usually faster, more uniform layout
0 Same transistor topology for nFETSs and

pFETs
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Evolution of carry-out circuit
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(a) Standard nFET logic (b) Mirror circuit




A Better Structure: The Mirror Adder
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Transmission-gate full-adder circuit




Complementary Pass-Transistor Logic

b a a b

b a .

7 Complementary Pass-Transistor (CPL): an J H _ adfE ] {[:
dual-rail tech. that 1s based on nFET logic @™ Ll ﬁi {l_‘ |
equations S | el

EI f=ab+a-b 7P .O<<T~Jn uT_I[/» o
f=ab+a-a (9.41) (a) AND gate (b) AND/NAND array

- - " - Y A Y T - .
—a-b+a=a+b=a-b (9‘42) Figure 9.32 CPL AND/NAND circuit

b a a b b b b b
@ CPL has several 2-input gates that can be . H ‘ | | Ho o
created by using the same transistor topology i = FJ K = fj " |
with different input sequences s J— [; e 1 h_] J] LL
» Less layout area ﬁ_j 1 [
» However, threshold will be loss and the fact that a+b a+b a®b agph
an input vlariab]e may have to drive more than one (a) OR/NOR (b) XOR/XNOR
FET terminal

Figure 9.33 2-input CPL arrays




Complementary Pass-Transistor Logic

3 Dual-rail complementary pass-transistor logic (CPL)
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Full Adder using Half Adder




Ripple Carry Adders

- A carry ripple adder chain : 16-bit binary adder

So S|1 S|2 S|15
Full Adder | C1 | Funadder | C2 | rFun Adder | Caz Cis | Full Adder
Co—> (FA) — ¥ (FA) > (FA) — > T > (FA) —>Cuse
Ao Bo A1 Bi A B Ais Bis

- Cascade-connection
- Fast carry-out response is essential
* the delay will increase significantly when the number of bit is increased




Ripple-Carry Adders

a b
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Figure 1211 An n-bit adder
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Figure 1212 A 4-bit ripple-carry adder

Figure 1213 Worst-case delay through the
4-bit ripple adder
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Figure 1214 4-ibt adder-subtractor circuit




Carry Look-Ahead Adder
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Carry Look-Ahead Adders
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Carry Look-Ahead Adders
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Figure 1218 nFET logic arrays for the CLA terms
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Manchester Carry Chains
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Multipliers

Ly gy a, ap multiplicand
a | . I;.J l)2 “l By multiplies
b axb s by Ay b, a; b, a4b,
U + y r')l iy hl @, h! g h-{
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Figure 12.39 Bit-level multiplier
Figure 12.40 Multiplication of two 4-bit words

Input

PUTT = TTTTT

n-bit shift register
I 9 T R W7 W

Output

shr e——4

shl ¢— |

Figure 12.41 Shift register for multiplication or
division by a factor of 2




Binary Multiplication

101010 Multiplicand
X 1011

Multiplier
101010\
1 01010
OO0 0O0OD O i Partial products
+ 1 01 0 10

111001110 Result




Multipliers

multiplicand
“ by by by by multiplier

(as ap agl= by  (ax by ] 20

lag d; @y aglxby (ax b, )2]

[0y dy a; aglxby [ax by ] a4

+ (aqg a; a8 ay)xbg [ ax by P
Pr Pg Ps Py P B By Iy product

Figure 12 42 Alternate view of multiplication process
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Partial product generation logic

PP, PP; PP; PP, PP, PP, PP, PP,
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Figure 12 44 Shift-right multiplication
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Register based multiplier network
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Partial Product Accumulation- Array
Multipliers
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(General Rotator
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4-bit rotate-right network
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Left-rotate switching array
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8 x 4 Barrel Shifter
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FET Array Barrel Shifter
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Thank You



