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Pipelining and Parallel Processing for Low Power

Two main advantages of using pipelining and parallel processing: –
Higher speed and Lower power consumption

When sample speed does not need to be increased, these techniques
can be used for lowering the power consumption
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Prof. Dr. Müştak E. Yalçın (İTÜ) ELE6xxE (V: 0.1) Jan, 2020 4 / 14



Pipelining and Parallel Processing for Low Power

Prof. Dr. Müştak E. Yalçın (İTÜ) ELE6xxE (V: 0.1) Jan, 2020 5 / 14



Notation

The propagation delay and Power of the original filter are

t =
CLVo

k(Vo − Vt)2

and

P = CtotalV
2
o f = CLV

2
o

1

Tclk

PS: take tphl (small one).
CL : the cap. to be charged and discharged in a single clock cycle.
Ctotal : the total cap. of the circuit. Vo : supply voltage f : clock

frequency. f =
1

Tclk
and Tclk: clock period.

We will consider M-level pipeline and L-parallel. Their propagation
delay and Power are:
tpip, Ppip and tpar , Ppar , respectively.
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Pipelining for Low Power

Consider an M-level pipeline system, where the critical path is

reduced to
1

M
, then CL is reduced to

CL

M
for a single clock cycle.

In the same time that CL was charge/discharge, now only a fraction
of it should be charge/discharge

Then, the supply voltage can be reduced by β, where 0 < β < 1

The power consumption of the pipeline filter will be

Ppip = Ctotalβ
2V 2

o f = β2P

How can the value of β be determined ?

by examining the
propagation delay.
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Pipelining for Low Power

The propagation delay of the original filter is

t =
CLVo

k(Vo − Vt)2

While the propagation delay of the pipeline filter is

tpip =
CL
M βVo

k(βVo − Vt)2

The same clock speed is maintained for both filters, therefore the
following equation is maintained

M(βVo − Vt)
2 = β(Vo − Vt)

2

Then β is obtained, the reduction of power consumption can be
computed using

Ppip = Ctotalβ
2V 2

o f = β2P

Study : Example 3.4.1
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Parallel Processing for Low Power

In an L-parallel system, the charging capacitance does not change,
but the total capacitance is increased by L times.

In order to maintain the same data rate, the clock period must be
increased to LT

Then, there is more time to charge the same capacitance.

Therefore, the supply voltage can be reduced to βVo

The propagation delay of the original filter is

t =
CLVo

k(Vo − Vt)2

The propagation delay of the parallel filter is

tpar =
CLβVo

k(βVo − Vt)2

(one of L)
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Parallel Processing for Low Power

The same clock speed (tpar = Lt) is maintained for both filters,
therefore the following equation is maintained

L(βVo − Vt)
2 = β(Vo − Vt)

2

Then β is obtained, the reduction of power consumption can be
computed using

Ppar = LCLβ
2V 2

o

f

L
= β2CLV

2
o f = β2P

PS: Ctotal = LCL

Please read textbook for Example 3.4.2
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Combining Parallel and Pipeling

Pipeling reduces the capacitance to be charged/discharge in 1 clock
period.

Parallel processing increases the clock period for charging/discharging
the original capacitance.

The propagation delay of the original filter is

t =
CLVo

k(Vo − Vt)2

the propagation delay of the parallel-pipelined filter is

tpip =
CL
M βVo

k(βVo − Vt)2
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Combining Parallel and Pipeling

The same clock speed (tpar = Lt ) is maintained for both filters,

tpar = Lt =
CL
M βVo

k(βVo − Vt)2

therefore the following equation is maintained

ML(βVo − Vt)
2 = β(Vo − Vt)

2
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