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TEKNIK REKABENTUK KUASA RENDAH DAN PELAKSANAANNYA PADA
CAPAIAN INGATAN TERUS (DMA)

ABSTRAK

Bilangan transistor dalam SoC yang meningkat secaendadak telah menyebabkan
kerumitan integrasi turut meningkat pada masa yamga. Selain kerumitan integrasi, pereka IC
juga menghadapi beberapa cabaran termasuk untugekekan kuasa, prestasi dan keluasan
IC. Antara cabaran-cabaran ini, pengekalan kudah teenjadi satu aspek yang mustahak yang
perlu diperhatikan. Daripada meningkatkan kualgmbungkusan untuk mengekalkan kuasa,
sebaliknya, pereka IC mengamalkan teknik reka IxevitiSl kuasa rendah untuk mengatasi isu
ini. Secara umum, terdapat beberapa teknik rektubdmasa rendah, termasuk penggetan jam,
penggetan kuasa, voltan bekalan pelbagai dan segagderbincangan dalam tesis ini akan
berdasarkan teknik penggetan jam yang dilaksanp&éda capaian ingatan terus (DMA) untuk
pengurangan kuasa dinamik. Daripada menggunakaiktpknggetan jam halus (FGCG) yang
sedia ada, beberapa penggubahsuaian telah dilakakknlitar ini dengan menggunakan isyarat
set semula sebagai pin tambahan sebagai syaraaltamiintuk mengaktifkan isyarat jam pada
litar dan ini dicadangkan sebagai ‘modified-FFC@-FGCG). Pendekatan bagi pengubahsuaian
dan kaedah untuk mengenal pasti calon-calon peaggetm yang bersesuaian juga telah
dibincangkan dengan beberapa ilustrasi. Sebanydk PB8ngurangan kuasa dinamik telah
dicapai dengan pelaksanaan teknik m-FGCG dan pamggan global (GCG). Satu lagi teknik
iaitu penggetan jam saluran (CCG), yang khususmyakutujuh saluran dalam DMA telah
dicadangkan juga. Kebiasaannya, semua isyarat jada [getiap saluran DMA akan aktif

sepanjang masa tanpa mengira ia digunakan atak. t@ah itu, teknik CCG mempunyai

Xiii



keupayaan untuk mengatasi masalah ini dengan misaggisyarat jam pada saluran yang tidak
digunakan. Jika tiada sebarang saluran diperllieseluruhan isyarat jam pada pengawal DMA
(DMAC) akan digetkan dengan teknik CCG. Sepertintlekn-FGCG, teknik CCG ini juga

bertujuan untuk mengurangkan kuasa dinamik pada DSEbanyak 28% pengurangan kuasa

dinamik diperoleh dengan pelaksanaan teknik CCGGIa6 secara serentak.
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LOW POWER DESIGN TECHNIQUESAND ITSIMPLEMENTATION ON DIRECT
MEMORY ACCESS (DMA)

ABSTRACT

As the number of transistors in a SoC has beereasing rapidly, the integration
complexity has increased as well. Besides compleXx@ designers also faced some other
challenges including maintaining the power, perfance and area of an IC. Among these
challenges, maintaining power has been an impodapéct that needs attention. Instead of
enhancing the packaging quality to preserve povegrsemption, IC designers practice low
power design techniques for a VLSI design to oveedhis issue. There are quite a number of
low power design techniques including, clock gatipgwer gating, multi-supply voltage and
others. In this thesis, the discussion will be Hase the clock gating technique which is
implemented on direct memory access (DMA) for dyitapower reduction. Instead of using
the normal fine-grain clock gating (FGCG), some ifications have been done to the circuit by
utilizing the reset signal as an additional engliteto trigger the clock and this was proposed as
modified-FGCG (m-FGCG). The modification approacid ahe method to identify appropriate
clock gating candidates have been also discussbdsaune illustrations. 38% of dynamic power
reduction has been achieved when m-FGCG is impleadewith global clock gating (GCG).
Another technique, channel clock gating (CCG) whishspecifically for seven channels in
DMA, has been proposed as well. By default, all ¢tleek signals in each of the channel will
toggle all the time irrespective, it is used or.ndence, CCG technique has the ability to
overcome this redundant event by gating the clogikads when the channel is not being used. If

none of the channels are requested, the entir& sigoal for the DMA controller (DMAC) will

XV



be gated with CCG technique. As m-FGCG technighis, ECG technique is also meant for
dynamic power reduction. A total of 28% of dynampa@awver reduction is gained by simultaneous

implementation of CCG and GCG techniques.
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CHAPTER 1

BACKGROUND

1.0 Introduction

This chapter one is the research background whiegsga brief overview about the

research and some information on the thesis cantent

Section 1.0 is the introduction and Section 1.1l v discussing about the VLSI theory.

The theory of Moore’s Law and introduction of DMAere also covered in this section.

Section 1.2 discusses about the research ratipriafit being a trigger to conduct this
research. The discussion includes some powerassU& S| design and brief explanation about
the proposed design techniques. Furthermore, teonefor direct memory access to be chosen

was included as well.

Section 1.3 will be discussing about the tasks tleed to be done in this research. The
discussion includes some information about the istudhat have been done prior to this

research. Besides, the implementation details aieeincluded in this section.

Section 1.4 will provide the details of objectibsit are expected to achieve from this
research. This will also provide the main purpokéhis research. The scope of this research is
discussed in Section 1.5 and the last sectionjdett6 will be providing the complete details of

the contents in this thesis.



1.1 VLSl Technology

VLSI is a technology that integrates transistate a chip for an application. Most of the
electronic systems that being used in our daiky #fe generated from this VLSI technology.
Evolution of VLSI technology can be seen through thnovation and rapid improvement of

portable devices, such as, cellular and comput&raXolf, 2008).

The main driving factor for this VLSI technologywatution is the shrinking of the
transistors’ size. As the transistors’ size shrihle, number of transistors in an integrated circuit

(IC) increases as well.

In 1960s, Gordon Moore, the co-founder of Intetpoovation has predicted that the
number of transistors in a single chip would dowtery two years. This prediction is known as
Moore’s Law (W. Wolf, 2008; S. Rusu, 200Bigure 1.1 shows the trend of transistors count

based on Moore’s Law.
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Figure 1.1 Trend of transistors’ count based/more’s Law (A. Heavey 2007)

On average, today’s common ICs have billions arigistors (P. Zhao & Z. Wang, 2009).
ICs here include Application Specific Integratiomdits (ASICs) and System on Chips (SoCs).
SoC is a system that integrates numerous analogligitdl designs onto a single chip. In other
words, designs that were located separately inngpater are now in a single chip via SoC (D.

White, 2003). Figure.2 shows an example of a SoC block diagram.
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Figure 1.2 Block diagram of a SoC (IntellettBeoperties (IP), 2009)

Direct memory access (DMA) is one of the commaaty designs that have been used
in most of the digital design including SoC. DMAdge of the data transfer mechanism besides
polling and interrupts (A.F. Harvey, 1994). All thdata transfer in a computer or via its input or
output (I/O) devices is operated at high speedBgl, 2003; A.F. Harvey, 1994; Section 38.

Direct Memory Access (DMA) (Part 111), 2008).

DMA can be defined as a high speed data transéehamism which transfers data from
one location to another without the interventioonir central processing unit (CPU) (S. Ball,
2003; A.F. Harvey, 1994). The data transfer careibieer from 1/0O devices to memory or vice
versa. Under certain circumstances, the data #arsfo occurs from memory to memory

(Chapter 9 DMA, 1997; DMA, 1994).



For a DMA operation, the role of the CPU is taiate the DMA transaction. Once the
DMA has been initiated, then CPU will simultanequglerform other tasks or operation
independently. Both CPU and DMA can operate simeitausly, but only one of them will be
able to communicate with the memory (DMA Support KMDF Drivers, 2007;

TMS320VC5505/5504 DSP Direct Memory Access (DMANEoller, 2009).

Since there will be only one address bus and et lous, hence CPU and DMA has to
take their turn to access the memory. This is tAemmeason for the CPU and DMA to operate
independently. Figure 1.3 depicts a diagram th@lagxs the orientation of CPU, DMA and
memory together with the address and data buseanltalso be seen that either CPU or DMA
can access the memory at a time (S. Ball, 2003} iBhdue to the availability of the data and

address busses.

Address bus

CPU

MEMORY

Data bus

VT

Figure 1.3 Data transfer via DMA



A very important characteristic of DMA is its abylto perform read and write operation.
This means, DMA can be programmed either to wréta dnto memory or read data from the

memory.

The main advantage of DMA is its ability to perfordata transfer in a fast manner.
Operation of DMA is fast due to the presence of DMéntroller (DMAC), which has a
dedicated software to trigger the hardware to perfall the DMA data transfers (A.F. Harvey,

1994).

Besides that, the data transfer latency can bemized via DMA. I/O devices can
directly communicate to memory through DMA. Thiwels that, 1/O devices does not need to
depend on CPU for data transfer. And, this willueslthe transfer latency. Since both CPU and

DMAC can operate simultaneously, the overall wdtiian of a computer system is maximized.

1.2 Resear ch Rational

As discussed in previous section, the integratmmplexity in IC designs increases when
more features and applications need to be mountétkei design (S. X. H. Jian, 2008). Besides
integration complexity, the other main challengest theed to be faced by IC designers are to
fairly maintain the power, performance, and areghefdesign (W. Wolf, 2008; S. X. H. Jian,
2008; J. Frenkil, 1997). Among these factors, ugttbke power consumption has been a great

challenge for IC designers (S. X. H. Jian, 2008!.lNajm, 1997).



Power has become a crucial factor to consider asee mmnd more portable devices
invented. Longer battery life is highly significantorder to make the portable devices to sustain
more firmly in the market (S. X. H. Jian, 2008).2008, International Technology Roadmap for
Semiconductors (ITRS) has listed that IC power aon#ion as one of the top three challenges

faced by designers (P. Zhao & Z. Wang, 2009).

Figure 1.4 illustrates the trend of power consuomptvith respect to time. It can be

concluded that currently, power is one of the masues in IC design.
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:_"f‘{j. 1,000
- Nuclear Reaclor
= 100 _
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= i0 4004 BOBS
E 8008 :
= 1 8080 T 486
70 ‘80 a0 ‘00 10

Time

Figure 1.4 Chart of power density with respecinwet(A Practical Guide to Low-Power Design,
2009)

The trend of power consumption without a low powesign is shown in Figure 1.4. It

reflects the importance of low power design practicVLSI design. As a part of contribution to

low power VLSI design, two low power design techugg have been proposed in this research.



The first proposed technique is very much simitaroriginal clock gating technique.
Instead of using the clock gating technique diyeathodification has been done to it. The
modification is about the utilization of the resejnal of a register as an additional enable pin to

trigger the clock.

Figure 1.5 shows an example chart of chip powaritiution. It can be seen that registers
on clock tree consumes most power in a chip. Wais the main reason to propose a technique
that will be able to reduce the clock power. Besjddock gating can be implemented through

RTL modification and this is tally with the requinent of the proposed technique.

Example of Power Distribution in A Chip

| Data Path (14%)

B Logic [18%)

o Memaory (18%)

B Input & Output (IfO) (23%)

B Registers on Clock Tree (27%)

Figure 1.5 Chart of an example of power distribwiio a chip (L. Chen et al., 2010)

After some studies, direct memory access (DMA) Wiraalized to justify the theory of
the proposed design technique. The studies totdeMé include the number of registers and
also the design size. The size of DMA which is mrateis suitable to test out the proposed

technique.



Design size is an important factor to consideamsmplementation may consume more
time if the design is complex. Implementation timsevital because the technique has to be

manually implemented at RTL level. All these ciidemade DMA to be used as the test case.

The second proposed technique, channel clock@&@&G), is a technique that closely
tied with the architecture of DMA. DMAC has sevdmanels to perform the data transfer and,
only one channel will be used at a time. This hesnbdetected while implementing the first

proposed technique.

The clock signal for each of the channels willtbggling continuously regardless the
usage request. It can be considered as redundaet c¢fock signal toggles when it is not needed.
Hence, this undesired toggling of clock signal waties to propose the CCG technique which is

specifically to overcome this event.

1.3 Tasksto Be Done

The research was initiated with some studies onIMeBhnology and its challenges.

Although there are quite a number of challengely, power is focused in this research.

Since the implementation of the proposed techisiqué be on DMA, the studies about
DMA and low power design techniques is vital befbegin the implementation. Studies on
clock gating technique will be emphasized as theppsed techniques are based on the clock

gating theory.



The main focus of this research is dynamic powduction through proposed techniques
implementation. And, the implementations of thise@rch will be through manual modifications

of RTL. EDA tools will be used for power estimatiparposes.

1.4  Research Objectives

These are the primary objectives or goals thatdmsired to be achieved from this
research. They are:-

I. To propose and implement a low power design teclencglled modified fine grain clock
gating (m-FGCG) on DMA to achieve dynamic poweruan.

il. To propose channel clock gating (CCG) technique iamalement it to gate the clock
signal of the DMA controller block and its severanhels. This will be specifically for
the scenario when there is no request being made @ynamic power reduction is
expected to be achieved after this implementation.

iii. To implement global clock gating (GCG) techniquegditer with the proposed
techniques, m-FGCG and CCG, to identify the contimnaof techniques that can
contribute the highest dynamic power reduction.

The major contribution that intendsodelivered from this research is the combination

of proposed techniques that can achieve the higlyastmic power reduction.

15 Research Scope

This section will be discussing on how this reskaccomplished. Figure 1.6 illustrates

the details about the scope of the research. Tsearch is initiated with literature review.

10



Studies about low power design, clock gating, awtiitecture of DMA have been done for this

literature review.

Stage 1 of this research is the implementatiorgestaf GCG technique. The
implementations of the proposed techniques, m-FG@@ CCG techniques will be done

respectively in stage 2 and stage 3 of this rebearc

After the each of the techniques being implemerttezl functionality of the DMA will be
validated. The validation will be performed unthet all the proposed techniques which

implemented on DMA pass all the validation tests.

The stages shown in Figure 1.6 are not an actal@r dhat needs to be obeyed as the

GCG and the proposed techniques can be impleménizaly order. The implementation order

in this research is independent before resultsatected.

11
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Figure 1.6 Flow chart to represent research scope
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1.6  ThesisOrganization

Chapter two is the discussion of the literat@@ew which covers the related theories to
this research. The theories include the power ghsisin of CMOS in DMA. Each of the power

components were discussed as well. Furthermorde#teres of DMA were discussed as well.

Chapter three will be discussing about the metlomyothat was used to implement the
proposed design. The background details of eadheofproposed techniques were included in

this chapter

Chapter four covers the discussion of the reghlis were obtained from the proposed
techniques. The result factors that were focuse wescussed as well. Some details about the
clock gating efficiency were discussed. The gene@dmmendations regarding the applicability

of the proposed techniques and the validationegiyatvere also included in this chapter.

Chapter five is the complete conclusion that camade from this research. Besides that,

the future work that can be carried out as a sulmd@grom this research was included in this

chapter as well.
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CHAPTER 2

LITERATURE REVIEW

2.0 Introduction

Chapter two will be discussing on the basic treoand concepts that are related to the
research. This discussion is vital in order to gavbrief overview of certain subjects including

the operation of DMA.

Section 2.0 is the introduction of this chapted dollowed by Section 2.1 which
discusses about CMOS technology in DMA. Definit@mhCMOS and its technology in DMA

will be discussed in this section.

The power dissipation of CMOS transistors in DMAll we discussed in Section 2.2.
This section also has three additional subsecti@risl to 2.2.3 which will be respectively

discussing about each of the power components.

Section 2.3 will be discussing about the low pow&SI design techniques. Several
examples of technigues are mentioned in this seciibe techniques are divided in two different

groups.

Section 2.4 is the discussion of the dynamic pawduction techniques. The subsections
2.4.1 to 2.4.4 will be covering some detailed infation of the dynamic power reduction

techniques.
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Conversely, Section 2.5 will be the discussiothefleakage power reduction techniques.
Additional information about the leakage power mdthn techniques were discussed in

subsections 2.5.1 t0 2.5.2.

Section 2.6 will be discussing about the featwke®MA. There are three subsections
under this section. Subsection 2.6.1 is the disonsabout the DMA controller (DMAC) and
channels. The discussion on this subsection wivigle the information about the DMAC

channels.

Subsection 2.6.2 and subsection 2.6.3 will beeetsgely discussing about the transfer
types and transfer modes of DMA. In brief, the d&ston on Section 2.6 is vital to understand

more about the characteristics of the DMA.

21 CMOSTechnology in DMA

The overview of the test case, DMA has been dgsiign Section 1.1. It is also
important to cover some detail information on havesl the DMA is built. Almost all the digital
designs, including DMA is built by using the complentary metal-oxide semiconductor

(CMOQOS) transistors.

CMOS transistors are one of the important techyiek in most of the IC designs.
CMOS transistors are widely used due to its rediablaracteristics including cost advantage as it
is well-known as one of the low cost architectu@Q©S, The Ideal Logic Family, 1998; W.

Maly, 1994).
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The reason for the CMOS transistors are to be @asipetitive is because of the small
size. In addition to that, CMOS transistors ara lesmplex for distribution of power supply (D.

Money & N. H. E Weste, 2010; CMOS, The Ideal Logamily, 1998).

CMOS technology is designed by using two typeMASFET transistors, pMOS and
nMOS. Figure 2.1 illustrates the building block dhd corresponding circuit for both pMOS and

nMOS respectively (D. Money & N. H. E Weste, 2010/1. Rabaey et al., 2003).

——
33 5 G D g
Sticon Oxide —> (=M= =M ==
L2 | Le” | s 6— l#
n-type Substrate D
Cross-section of phIO3S pMOS ransistor
Ahzrrgrouyy
XJ 5 G D #
SﬁmnOﬁu——+>:iilllrnﬁiihﬁillrtzz
i = & _[ﬁ
p-Silicon 5
Cross-section of aMOS ovOS ransistor

Figure 2.1: Cross section and circuit for pMOS aMOS transistors (Mosfet Technology,

2010)

From the same figure, it can also be seen th&t hiHOS and pMOS has three terminals.
The terminals are source, gate, drain and substlaidy). The main difference of these
transistors is the configuration to enable them Q8vitransistors need high voltage to enable

them and low voltage is needed to enable the pk&sistors.
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Both, pMOS and nMOS transistors will be the baseuits to construct all other logics
including NAND, and NOR logics. CMOS inverter itmost basic logic which will be used to

configure other logic gates.

The CMOS inverter circuit structure is made of thiegration of one pMOS and one
NMOS transistors. Figure 2.2 illustrates the CM@&rter circuit (D. Money & N. H. E Weste,

2010; V.B. Zeghbroeck, 2011).

Voo
d| »mos
Vv Vour
nMOS — o
EE Diode
GND

Figure 2.2: CMOS inverter

When an input, either high or low is fed to a CMi@&erter, either pMOS or nMOS will
be enabled. For instance, when the input is highet on the pull-up and pull-down theory, only
nMOS transistor will be enabled therefore the |laaghacitance, Cwill be discharged and

resulting the output to be low.
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When the input is low, the pMOS will be enabledi dne current from the pb supply,
will flow to C,. C_ will be charged and causing the output to be highMoney & N. H. E

Weste, 2010; J.M. Rabaey et al., 2003; V.B. Zegbdi, 2011).

2.2  Power Dissipation of CMOS T Transistorsin DMA

Since the research is related to low power deghniques, it is vital to understand the
power components that being dissipated in DMA. Asuksed in previous section, most of the
digital designs including DMA are built by CMOS nsastors. Hence, by discussing the
information of power dissipation in CMOS circuitswill be the power dissipation of DMA as

well.

The total power consumption in a CMOS circuifgPcan be classified into two different
categories, dynamic power ) and leakage power (Bx) (J. Frenkil, 1997; F.N. Najm,
1997). RByn is the summation of switching powers(? and short-circuit power ). Pscis
also known as internal power,(P). Equation 2.1 and 2.2 explains the mathematixatessions
for total power dissipation in a CMOS circuit (Fhad & Z. Wang, 2009; S. X. H. Jian, 2008; Y.

Zhi-guo & W. Jing-he, 2008; D.I. Lazorenko & A.Ah€meris, 2006).

Prot =PLeak + Povn (2.1)
Since, Byn = Pswi +Psc

therefore, ToP=PLeak + (Pswi+ Psc) (2.2)
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CMOS has two types of modes or states, activeidlad Ryy is dissipated when it is in
active state or operating statee& is dissipated during the system in idle state. dutyh the
circuit is in idle but there will be certain amowftP, gak dissipated (P. Zhao & Z. Wang, 2009;
Y. Zhi-guo & W. Jing-he, 2008). Hence, these défarstates are the one causing ther B be
the summation of Bak andPpyn (K. Usami, 2007; M. Keating et al., 200/ urther explanation

for each of the power components are discussdteifotiowing subsections.

2.2.1 Switching Power (Psw)

Pswi is dissipated due to charging and discharging iagtof the output capacitance,; C
in a CMOS circuit (P. Zhao & Z. Wang, 2009; J. Kkienl997). Figure 2.3 illustrates a CMOS

circuit with its switching current flow sly.

O
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Figure 2.3: Switching currents flow

The dotted lines in Figure 2.3 show the flow oftehing currents, Isw which contributes

to Psw dissipation. The charging and discharging of thesCoccurred due to the varying of
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input values, either from high to low or vice ver$ae charging and discharging activity of C
have been discussed in Section 2.1 (P. Zhao & AQgNa009; J. Frenkil, 1997; P. Agrawal et

al., 2007). Equation 2.3 represents the mathenta&iaession to computesi,.

sWP=CL % (Vpp)®  f x (2.3)

where @ is the output capacitancepyis the supply voltage, fis the operating freqryeando
is the switching activity. Switching activity is @ata dependent function and it provides an
average number on how many times the data togglaugr, either from high to low or vice

versa.

2.2.2 Short-circuit Power (Psc)

As explained in Section 2.1, theoretically, onlyeoof the CMOS transistors, either
nNMOS or pMOS will be enabled. This is under theald®ndition. But, in real design, there will
be a short interval of time where both of the CMt@Ehsistors will be enabled simultaneously

(P. Zhao & Z. Wang, 2009; D.l. Lazorenko & A.A. @heris, 2006; J. Frenkil, 1997).
This event occurs when the input is in the midafiéransition from high to low or vice

versa. Figure 2.4 graphically explains the flowlef when both the CMOS transistors are

enabled.
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Figure 2.4: Short-circuit current flow
Although this event occurs only for very shoremal, but it is important as it dissipates
Psc. The mathematical expression for thig:R described in equation 2.4 below
Rc=lscxVpp (2.4)

where kcis the short-circuit current andby is the supply voltage.

2.2.3 Leakage Power (P_gak)

The two power components that were discussed enptievious sub-sections are the
components of Rn. As represented in equation 2.1, the other powempoomnt that contributes
to Pror is REeak. Poyn is dissipated only when a circuit is in active modhereas Rax

dissipated all the time, including when a circaitn idle state.
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As the size of the transistors is getting smallRiak dominates the total power
consumption. This is being a biggest concern ford&Signers to control the Rk Chart in

Figure 2.5 shows the trend ofgrk and Ryy as the transistor size reduces.

Graph of PLEAK and PoyN trends versus transistor size

m PLEAK

@ Povw

130om %0opm 65opm 45pm 32om 22nm

Figure 2.5: Trend of Rak and Ryn versus transistor size (A. Anand, 2012)

The mathematical expression fqiekk is shown in equation 2.5. The detailed expression

is represented in equation 2.6

Reak = lLeak X Vbp (2.5)

Reak = (Isus leioL + lcox + Ibrev) X Vop (2.6)

where |eak is the leakage currentsgs is the sub-threshold leakage currengpl is the gate
induced drain leakage currengok is the gate oxide leakage currentrels is the diode reverse

leakage current andpy is the supply voltage. Figure 2.6 illustrates ddine of CMOS circuit

with all the leakage currents flow.
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Figure 2.6: Leakage currents flow in CMOS

23  Low Power VLSl Design Techniques

The power issue in VLSI design has been discussegravious chapter. In order to
resolve the power issue, the packaging technolég@ndC can be enhanced. However, due to
cost, this might not be an efficient solution (derkil, 1997). Hence, designers tackle this power
issue by using various low power design technicatedifferent design levels (P. Zhao & Z.

Wang, 2009; S. X. H. Jian, 2008).

Table 2.1 summarizes some of the low power detghnology at each design levels
with their respective percentages of power redactia Zhao & Z. Wang, 2009; D.I. Lazorenko
& A.A. Chemeris, 2006). From Table 2.1, it can kersthat it is efficient to practice low power
design techniques at the early stage of the desgyit has higher opportunities for power

savings.

These techniques can be further divided into tategories, dynamic power reduction

techniques and leakage power reduction technidtigsre 2.7 illustrates some of the low power
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design technique according to its group. The detdithese groups will be covered respectively

in section 2.4 and section 2.5.

Table 2.1 Summary of Power Savings at each DestgelL

Design Levels Low Power Technique Power Savings (%
1. | System Level Dynamic Voltage Scaling 50-90
2.| RTL Clock gating, operand isolation 30-50
3. | Gate Level Technology mapping, gate resizjng 20-30
4. | Circuit Level Pass gate logic, transistor sizing -200
| Low Power VLSI Design Techniques |
Dvnamic power reduction techniques Leakage power reduction techniques
+ Clock gating « Power gating
« Logic restructuring « Multi threshold voltage (Multi-VTH)
+ Logic resizing « Multi supply voltage (Multi-VDD)
+ Operand isolation + Dynamic Voltage- Frequency Scaling (DVFES)

Figure 2.7: Examples of low power design techniques

24  Dynamic Power Reduction Techniques

24.1 Clock Gating

Clock gating is one of the typical low power destgchnique that has been used for most
of the IC designs. Simple implementation and fléiybof this technique made clock gating to
be a compulsory low power design technique to b@lamented in most of the IC design (S.

Huda et al., 2009; M. Saint-Laurent & A. Datta, @1
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