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4-Bit Adder
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Pipelined 4-Bit Adder

Principle of Operation:
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Example 2
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Example 2

Option 2: T P
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Example 2

Option 3: Tpd; Padder
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VLSI Architecture Example 1

Option 4. Tpd Padder
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Functional Flexibility Yes

Function Expandability  Nil ;
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Option 5:
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VLSI Architecture Example 1
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The Array Multiplier

MBit X NBit—>P=(N+M—-1) A.B;
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Require (N — 1) M — Bit Adders Require M X N AND Gates

Cmul = [(M - 1) + (N - 2)]tcarry + (N - 1)tsum + tand
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4-Bit Pipelined Multiplier

.@Jﬂ Aay]n ubm AEM uLl) w2 af |83 A%m géﬁu " | la.-. 2] 8o ggm ..é?m t;: Abm mba

Stage 1

! { Halfﬂdder ! Half Adder Half Adder
~N 1 : __]—_ Full Adder
) Full Adder Full Adder | {_Full Adder
&
Full Adder
Full Adder Full Adder _ﬁa[f Adder
s QS i Qusd Quid Lo.T[# W SN
~ From Stage 2 -l
ELECTRICAL

ELECTRONICS

COMMUNICATION

INSTRUMENTATION



Pipelining with Latches

---------------
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A non-overlapping clock essential for correct operation. Else there will be race around
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Clock-Skew Insensitive C°MOS Register
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If the D input changes during the overlap period, node X can make a transition, but cannot

propagate to the output.
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Pipelined Logic using C°MOS
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Similar considerations are valid for the (1-1) overlap.

A C°MOS-based pipelined circuit is race-free as long as all the logic functions F
(implemented using static logic) between the latches are non-inverting
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NORA CMOS

It combines C2MOS pipeline registers and dynamic logic functional blocks.
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Combinational logic
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NORA CMOS

It combines C2MOS pipeline registers and dynamic logic functional blocks.
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NORA CMOS

It combines C2MOS pipeline registers and dynamic logic functional blocks.
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NORA CMOS

It combines C2MOS pipeline registers and dynamic logic functional blocks.

VDD VDD
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Combinational logic |
(a) CLK-module (b) CLK-module

@-block ®-block
Logic Latch Logic Latch
=0 Precharge Hold Evaluate | Evaluate
=1 Evaluate Evaluate | Precharge| Hold

NORA offers designers a wide range of design choices. Dynamic and static logic can be mixed freely. A NORA datapath
consists of a chain of alternating CLK and CLK modules. While one class of modules is precharging with its output latch
in hold mode, preserving the pre-vious output value, the other class is evaluating. Data is passed in a pipelined fashion

from module to module.
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NORA CMOS

Example of a NORA CLK’ Module
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In order to ensure correct operation, two important rules should always be followed:

» The dynamic-logic rule:Inputs to a dynamic CLK.(CLK,) block are only allowed to
make a single 0 — 1 (1 — 0) transition during the evaluation period.

» The C.MOS rule: Inorder to avoid races, the number of static inversions between
C.MOS latches should be even.
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Thankyou
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