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Abstract

Power dissipation is one of the critical desigatérs in microelectronics industry which opensabspace
for advance development in deep sub micron faboicatechniques for the devices. Low power desigiuces
cooling cost and increases reliability, especifdiyhigh density systems. Moreover, it reduceswviiegght and size
of portable devices. In order to achieve the aitatic and dynamic component plays the main rolgdmver
dissipation of CMOS circuits. With the advent ofangenerations, power consumption of modern digitedgrated
circuits becomes a serious issue which is incrgasomtinuously. To overcome this problem, a nevaitlas been
proposed which reduces the consumption of powexctlyr by controlling the supply voltage and bodwading,
dynamically, and this can be done by DVTS schemendd, Dynamic Voltage and Threshold scaling scheme
preserves the leakage power during the active rabtle circuit.

Keywords. Dynamic Voltage and Threshold Scaling (DVTS), LBawer Design

Introduction

Area, performance, cost and reliability are the
main concern for any VLSI designer. Low power dasig
technique is more beneficial as power consideratane
one of the important concern during the fabrication
processes. Perhaps the primary driving factor leenb
the remarkable success and growth of the class of
personal computing devices like portable desktapdjo
& video based multimedia products and wireless
communications systems which demand high speed
computation and complex functionality with low pawe
consumption. Minimizing power consumption in VLSI
designs is the most important and desirable omerat
be performed. We discussed on the various techsique
for reducing the power consumption.

Power Dissipation Rootages

CMOS is the widely used technology for
manufacturing digital & analog ICs. There are three
major sources of power dissipation in a CMOS ctrcui
P = P Switching + P Short -Circuit + P Leakage
P Switching, known asSwitching Power, is due to
discharging and charging capacitors driven by thauit.
P Short-

Circuit is known asShort-Circuit Power, generated
by the short circuit currents that occur when paifs
PMOS/NMOS transistors are conducting concurrently
[9]. P Leakage is known dseakage Power, generated
from substrate injection and sub-threshold effects.

Power Minimization Techniques
Voltage Scaling
Voltage scaling is perhaps the most effective

method of saving power due to the square law
dependency of digital circuit active power on thpEy
voltage [10]. Total power consumption for
microelectronic devices can be represented by:
Pio= Ciot Vaa” f + Vad loft

The first term in above equation represents

“switching power” (dynamic), while the second term
represents “static power” which happens due to the
leakage in the design. For low power desigp ¥caling
is preferable but it decreases the circuit spestkesis —
V+, is reduced. To deal with this, systems may w@tiliz
dynamic voltage scaling to permit the lowesppV
essential to meet the circuit speed necessitiedewhi
saving the energy used for the computation [11, ¥g}
scaling enhances the gate delays unless the thdesho
voltage of the transistors is also scaled down. Duie
minimization of the threshold voltage there is a
considerable rise in the leakage current of theststors.
Hence, there is a clear trade-off among the agiomer
and off-state leakage for a specified applicatieading
to methodical selection of )4 and \4 for performing an
assigned task [6].
Reducing the physical Capacitance

Three basic types of capacitance in digital cissuit
which are —

i. Gate Capacitance,
ii. Diffusion Capacitance, and

http: // www.ijesrt.confC)l nternational Journal of Engineering Sciences & Research Technology
[3430-3432]



[Shivani, 2(12): December, 2013]

iii. Interconnect Capacitance.

All these three components are scaled down byahees
factor, then the net power dissipation is scaledrdas
well [12]. Gate and Diffusion Capacitances are dixe
during the cell design, whereas Inter-cell and @lob
Interconnect Capacitances can be controlled byCthe
tools performing the global routing. Physical cafzate
mainly reduces by the transistor sizing [8].
Reducing the switching frequency

Switching frequency may be reduced on several
levels in the design process beginning from ciréaiel
to the architectural level [13]. Power dissipating
minimize during the transition of number from ‘@ t'.
There is several logic styles to design and somthexe
styles are: Static CMOS, CPL, MCML, and a variety o
dynamic logic styles. Generally, most logic styles
perform delay power tradeoffs, but not always in
proportional amounts [10]. The best style is thatch
minimize power dissipation at constant throughput.

DVTS Technique
Dynamic voltage and threshold scaling (DVTS)

manages both dynamic and leakage powers by adjustin
supply voltage (¥p) and body bias voltage £Y). Total
power of any digital circuit at desired
performance level can be optimized by DVTS and this
technique has been successfully proven on Si far lo
power & high speed applications. DVTS offers
considerable power savings compared to DVS when
leakage power is a large fraction of total powef [1
The power savings increase with increasing logjuttile
The moderate performance of Application-Specific
Integrated Circuit (ASIC) with long logic depth &w
activity and/or high temperatures gain the mosthwit
DVTS.
DVTS Overview

Reduction of active leakage power is possible
by dynamic {4 Scaling (DVTS). Adaptive change in
V14 to a higher value thru 3¢ when sagging during
computation occursThis will communicate an adequate
amount of essential throughput for the current \aa#l.

Hardware of DVTS contains a feedback loop
which has voltage controlled oscillator (VCO), &
charges pumps. For a certain workload the clock
frequency of the system is determined by the operat
system in run-time. The DVTS hardware reaches #st b
possible Wy for the given clock frequency by animatedly
adjusting the Wz.
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Fig.1 Dynamic V1 scaling by adaptively changing
the body bias

(ChrisH. Kim et.al, Prude University, West
L afayette, IN 47907, USA [1])

Fig.1 shows how the DVTS system adaptively
reins the body bias to change theyV When the
workload is less than the maximum for a given time
period, the operating system will propose a loweck
frequency to the hardware [1for raising Wy and
reducing power dissipation, DVTS hardware will
increase the PMOS body bias and decrease the NMOS
body biasTo save the stand by leakage powef, ¥an
be increased as much as the upper limit g When
there is no workload at allFor reducing the total
power, clock frequency will proportionally reduce.
Scaling the supply voltage and reducing the clate r
together with the frequency saves power signifigant

2].

Modulesof DVTS System
Vpp Controller

Vpp Will be scaled according to power
consumption and time delay.

Vs CONTROLLER

Vgs is the voltage between source andteaties
where \is will affect threshold voltage. In DVTS
approach both M, and \gs will be scaled to decrease
total power consumption [2].
Advantagesof DVTSOver DVS

Further we here demonstrate how this scheme
DVTS employed better result as compared to DVS
scheme in terms of various parameters and become
advantageous. Below some advantages are discussed.
Minimum Power Transition L oss

During charging/discharging cycle, under the
DVS scheme Y, ground capacitance is the power
overhead. Even though there is no computation durin
this cycle and transition energy is consumed. kerye
low-to-high and high-to-low transition of supplyltege,
current is evoked from power supply. Whereas, in
DVTS the supply voltage is fixed to which less siion
energy loss occurs during charging and discharging
process [5].
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No Requirement of Voltage Converters

DVTS systems employ the same supply voltage
all through the chip, no voltage level converters a
essential. Although the conventional level conwerte
keeps static power consumption. The dynamic power
consumption is hefty as much as necessary to cancel
the power savings gained from supply voltage sgalin
[71.
Voltage Boosting Facility Via Simple Hardware

Buck converters are used in DVS systems
which requires external inductors and having more
power consumptions, but not in DVTS system. DVTS
system uses charge pumps to generate the body bias
voltages which provide effortless solution for biiog
the voltages.
Cross Talk Reduction

Noise immunity is improved in DVTS scheme
by increasing W, specificallyfor all noise susceptible
circuits such as flip-flops, registers etc. Heragnal
integration becomes more important issue for adron
family devices so that cross talk reduced betwémiles
energy levels.

Conclusion

The paper emphasise basically on DVTS
scheme whose outcome explains as to how the overall
reduction in switching frequency achieved alonghtite
physical capacitance and voltage scaling profidenfor
power minimization of all sub-micron family devices
over to the DVS scheme. The aim of work is to resol
the problem of power dissipation, which is an impot
concern in deep sub micron fabrication of devices.
Hence, we investigated the same through variousroth
merits of DVTS in comparison with DVS scheme. Thus,
by considering these factors, we can use this t#dobwg
for designing and characterising new cell libraoy diltra
low power cells in deep sub-micron region and which
can also help at RF level works. Now, it can be
extrapolated that for huge leakage currents, DV3S i
more beneficial over DVS.

References

[1] Chris H. Kim and Kaushik Roy, “Dynamic+y{
scaling scheme for active leakage power
reduction,” Purde university, West Lafayette, IN
47907, USA

[2] Archanadevi.C, Vishnu Vardhan Rao. G,
“DVTS Approach to Digital CMOS Circuits for
Decreasing Total Power Consumption,”
International  Journal of Scientific &
Engineering Research, vol. 4, no. 7, July-2013.

ISSN: 2277-9655
Impact Factor: 1.852

[3] J. Kao, M. Miyazaki, and A. Chandrakasan,
“A 175- MV multiply-accumulate unit using an
adaptive supply voltage and body bias
architecture,” IEEE J. Solid-State Circuits, vol.
37, no. 11, pp. 1545-1554, Nov. 2002.

[4] T. D. Burd et al, “A Dynamic Voltage Scaled
Microprocessor System”, |IEEE Journal of
Solid-State Circuits, vol. 35, no. 11, pp. 1571-
1580, Nov. 2000.

[5] K. Nose and T. Sakurai, “Variable supply-
voltage scheme for low-power high-speed
CMOS digital design,” IEEE J. Solid-State
Circuits, vol. 33, no. 3, pp. 454-462, Mar. 1998.

[6] Y. RRamadass and A. Chandrakasan, “Minimum
energy tracking loop with embedded DC-DC
converter enabling ultra-low- voltage operating
down to 250 mV in 65 nm CMOS,” IEEE J.
Solid-State Circuits, vol. 43, no. 1, pp. 256-265,
Jan. 2008

[71 R. McGowan, C. Poirier, C. Bostak, J.
Ignowski, M. Millican, W. Parks, and S.
Naffziger, “Power and temperature control on
a 90-nm Itanium family processor,” IEEE J.
Solid-State Circuits, vol. 41, no. 1, pp. 229-237,
Jan. 2006.

[8] T. Burd, T. Pering, A. Stratakos, and R.
Brodersen, “A Dynamic voltage scaled
microprocessor system,” IEEE J. Solid-State
Circuits, vol. 35, no. 11, pp. 1571-1580, Nov.
2000.

[9] T. Kuroda, K. Suzuki, S. Mita, T. Fuijita, F. and
V4 for low power and high speed
applications,” in Proc. Asia South Pacific Des.
Autom. pp. 469-474, conf., 2000.

[10]K. Nose et al, “\,-hopping Scheme for 82%
Power Saving in Low-voltage Processors”,
Proceedings of IEEE Custom Integrated Circuits
Conference, pp. 93-96, May 2001.

[11]T. Kuroda et al, “A 0.9-V 150-MHz, 10-mW,
4mm 2, 2-D Discrete Cosine Transform Core
Processor with Variable Threshold-Voltage
(VT) Scheme”, IEEE Journal of Solid-State
Circuits, vol. 31, no. 11, pp. 1770-1779, Nov.
1996.

[12]K. Usami and M. Horowitz, “Clustered Voltage
Scaling Technique for Low-Power Design”,
International Symposium on Low-Power
Electronic Design, pp. 3;&pril 1995.

[13]S. Narendra, D. Antoniadis, and V. De, “Impact
of Using Adaptive Body Bias to Compensate
Die-to-die 4 Variation on Within-die ¥
Variation”, International Symposium on Low-
Power Electronic Design, pp. 229-232, Aug.
1999.

http: // www.ijesrt.conC)I nternational Journal of Engineering Sciences & Research Technology

[3430-3432]



