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Overview of Power Consumption

®* Average power consumption
— Dynamic power consumption
— Short-circuit power consumption
— Leakage power consumption
— Static power consumption

* Dynamic power dissipation during switching
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Overview of Power Consumption

®* The average power consumption can be expressed
as

Pm*g = ?Ciond I/B?D = Cfarm’ IJSD fC‘LK
®* The node transition rate can be slower than the
clock rate. To better represent this behavior, a
node transition factor (¢ ;) should be introduced

— 72
Pm'ﬂ i aTCIoad I DD fCLK

[=

* The switching power expressed above are derived
by taking into account the output node load
capacitance
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Overview of Power Consumption
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The generalized expression for the average power dissipation
can be rewritten as

#ofnodes
Pa‘vg = Z aT i Cf]?f PTDD f CLK
i=1
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Transition Activity

a Switching activity, P, ,,, has two components
e A static component — function of the logic topelogy
e A dynamic component — function of the timing behavior (glitching)

2-input NOR Gate

A B Out
0 0 1
0 1 0
1 0 0
1 1 0
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Statie transition probability
Po-1= Pout=o X Pout=1

=Py x (1-Py)

With input signal probabilities
Py = 1/2
Pg.,=1/2

NOR static transition probability
=3/4 x 1/4 = 3/16

COMMUNICATION INSTRUMENTATION



Transition Activity

Assume signal probabilities

A B Out Pa=q = 112

0 0 0 Pp=y= /2

0 1 1 . .
Then transition probability

1 0 1 Po—1= Pout=0 X Pout=1

1 1 0

=12 x 112=1/4
If inputs switch in every cycle

P, .. =1/4
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Transition Activity

Po1= Pout=o X Pout=1
NOR (1-(1-Pu)(1-Pg)) x(1-Py)(1-Pg)
OR (1-Pa)(1-Pg) x(1-(1-P,)(1-Pg))
NAND PaPg X (1'- P,Pg)
AND (1 - PsPg) x P,Pg
XOR | (1-(Py+ Pg- 2P4Pg)) X (Py+ Pg- 2P,Pg)

0.5 A—Dol >
Z
0.5 B
For X: Py ;1= Py x P;=(1-P,) P,
=05x05=0.25

ForZ: P, ,,=Pyx P, =(1-PyPg) PyPg
=(1-(0.5x0.9))x(0.5x0.5) =3/16
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Transition Activity

® Low-Power Gate-Level Design
® Low-Power Architecture-Level Design
® Algorithmic-Level Power Reduction

® RTL Techniques for Optimizing Power
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Gate-Level Design — Technology Mapping

®* The objective of logic minimization is to reduce the
boolean function.

* For low-power design, the signal switching activity
IS minimized by restructuring a logic circuit

®* The power minimization is constrained by the
delay, however, the area may increase.

® During this phase of logic minimization, the
function to be minimized is

> P.(1-P)C,
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Gate-Level Design — Technology Mapping

* The first step in technology mapping is to decompose
each logic function into two-input gates

®* The objective of this decomposition is to minimizing the
total power dissipation by reducing the total switching
activity
al = (1-(0.2 *0.2))(0.2°%0.2) = 0.0384

A02 —| 2=00384—a2 = (1 — (0.04 * 05))(0.04 * 0.5) = 0.0196
‘ a=0.0194
B 02— } ) @ =0.0099

C 05
D 05
8—} AO2 | o =0.0384
B 0.2 ——
C 05—
D 0.5—— @=0.1875
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Gate-Level Design — Technology Mapping

NG Switching “Activity Minimization in
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(a) (b) fsop=ﬁ§+xz+&_’z+ﬁx

Figure 2. Minimal sum-of-products implementation for Example 3
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Gate-Level Design — Phase Assignment

High activity nodes High activity nede
A Z{ >0 A'.B A 3 A'.B
B B 7

High activity node

High activity node

e \

A >

4/24/2022 12

ELECTRICAL ELECTRONICS COMMUNICATION INSTRUMENTATION



Gate-Level Design — Pin Swapping

critical path critical path

'Y
| 4

M3 T CLchc: rged
N
M2 L C, discharged

L.
m1 L, discharged

delay determined by time to delay determined by time to
discharge C;, C, and C,, discharge C,

» An input signal to a gate is called critical if it is the last signal of all inputs to assume a
stable value.

» The path through the logic which determines the ultimate speed of the structure is called
the critical path.

» Putting the critical-path transistors closer to the output of the gate can result in a speed-up.
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Gate-Level Design — Pin Swapping

a—dqwf;qwq | aﬂ[:bﬁqjﬂ[:dﬁq
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Gate-Level Design — Glitching Power

* Glitches
— spurious transitions due to imbalanced path delays

* A design has more balanced delay paths
— has fewer glitches, and thus has less power dissipation

* Note that there will be no glitches in a dynamic CMOS
logic

A A /
] /
B
B—}” o /
: Dl \
\/
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Gate-Level Design — Glitching Power

* A chain structure has more glitches

* A tree structure has fewer glitches

C :)D_ Chain structure
: -

B —}_\—} Tree structure
St
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Static Glitch Example

Consider the following circuit with 1

5 L\ AND!
delays where only one input (input 150 b T B 120
b) changes... ) v —
0-31 ] 1 —f=ab+b'c
NV T 1>777
Draw a timing diagram to see what 1 ) 0->1
happens at output with delays. 1T c ——" AND2
From the logic expression, we see
that b changing should result in the b
output remaining at logic level 1... \
N
Due to delay, the output goes 1->0- INV \ 1)
>1 and this is an output glitch; we A\
see a static-1 hazard. AND1 1
i I\'-. i
AND2 L e
f i \“ﬂ-—b.
| OUTPUT GLITCH!!!
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Static Glitch Elimination

bc
0001 (1110

d ——
0|0 |4140]0
1 o[l A 1]

f=ab+b'c + ac

The extra product term does not include the changing input variable, and therefore
serves to prevent possible momentary output glitches due to this variable.
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Static Glitch Elimination

The redundant product term is not influenced by the changing input.

e — AND!
b S We. N,
v
NV 1->1
! x\T: AND2 —J_'\‘=
1 c—93 — " f=ab+b'c+ac
3
—— AND3
1>
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Gate-Level Design — Precomputation
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Gate-Level Design — Precomputation

A<n-1>
B<n-1>

A<n-2:0>

) >

Precomputation logic |

B<n-2:0>
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Gate-Level Design — Clock Gating

gating. latch - ;]:; -
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Gate-Level Design — Clock Gating

Fail DFT rule
clk checking
T
Add control _lpin
to solve DF
violation
problem
clk
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Gate-Level Design — Input Gating

oK _l t '_.\ I
|
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Reduced-Power Shift Register

multiplexer

CK(f/2)

Flip-flops are operated at full voltage and half the clock frequency.
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Thankyou
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