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Abstract
The power consumption is the major design condtrfainportable products. This paper investigates #ffect of
lowering the supply voltage on the energy and perémce efficiency of CMOS circuits designed witffedint
transistor types: low-power and high-performanceisl shown that for the same dynamic power constra high
performance design achieve better performance tha&nlow-power one. However, the static power coniom is
significantly higher in high-performance proces®vlrtheless leakage reduction techniques can be tasavoid this
higher static consumption.

1. Introduction

The dimension of the device in VLSI technology hesaled down significantly for the last years. sThi
miniaturization of the devices in each new MOSFEthhology generation has provided continual impnoesms in
integrated circuits performance and functionaljtreslucing the cost per function.

In the past, only specific markets required low-povntegrated circuits. The main goal of desigravgays was
achieve the better performance with acceptable p@nd area. For the last years, there was an axplgsowth in
portable systems, like mobile phones, wireless@emsedical electronics tablets and smartphonegeShe capacity of
the batteries of those portable electronic prodamtdimited, the power consumption becomes a wepprtant constrain
to the designers, and increases his importancesasnch area in microelectronics.

The researches propose numerous techniques favaailow power, on several different levels of tadstion [2-
5]. One of the more efficient approaches is de#ligndigital circuits with transistors operated ubthreshold region or
near-threshold [3]. In subthreshold designs, thetsashold current provides a near ideal voltagesfer characteristics
of the logic gates. Its impact on system desiganiexponential reduction of power at the cost diced performance
[3].

In micrometer designs, the static current is ugughored due to its insignificant value when congobto dynamic
power. The device dimension scaling increaseslt@rie field between transistor structures inciegghe magnitude of
this static current [6]. In modern designs, if nde&kage reduction technique is applied, the spadiger can respond for
more than 50% of total power consumption [7].

At technology level, two or more types of transistbave been developed to assist designers toedtiacpower
consumption. The main difference between thesestypehe threshold voltage (Vth). In Low Power (Lf#bcess the
transistor threshold voltage is higher than in HiRgrformance (HP) process. A transistor with higheeshold voltage
has higher subthreshold and saturated current wbhempared to similar transistor with lower threshetdtage. This
reduced current magnitude in LP type will reflecaihigher circuit delay.

The goal of this paper is evaluate the efficacyhefe two transistor types to achieve low powesgoption with
fewer penalties in performance. The analysis \eithe behavior when different values of supplyags are applied in
the circuit.

Section 2 introduces the basic power concepts iI©OSMircuits. Section 3 details how the experimantésexecuted
and Section 4 comments the simulation results.llifinanclusions are presented in Section 5.

2. Power in CMOS Circuits

The power dissipation in digital CMOS circuits che decomposed in two parts, which are summarizetthen
following equation:
Priotal = Pdynamic + Pstatic (1)
The first term represents the dynamic componepioafer. This portion is also composed by two pastpr@sented
in equation (2).
denami( = l:)switchin,c + Pshor-circuit (2)
The switching powePs,ichingis due to the charge and discharge of the capaditdven by the circuit. It is modeled
by the following equation:
Pswitchine = ¥2.G..Viop'.f.t (3
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whereC_ is the output load of the gatéyp is the supply voltagd, is the clock frequency and is the switching
activity of the gate, defined as the probabilitytité gate output to make a logic transition dudng clock cycle.

The short-circuit powePghor.circuit IS CaUsed by the short circuit currents that avben pairs of PMOS/NMOS
transistors are conducting simultaneously in a CMf2t, this power can to be represented for thewbetjuation. It is
well explored in [8].

Pshort—circuit = Ishort—circui'&-VDD (4)

The second term in equation (1) represents thie gtatver component of total power. It is also ahlleakage power.
It is due to the leakage current that flows in ¢ireuit such as subthreshold, gate tunneling oenga+biased PN junction
leakages for instance [6]. The static power isréfias in the equation:

Pstatic = lleakage Vob )

For older technologies (0.25um and aboW&)iiching Was predominant and the static current could berid. For

nanometer processd3y.;c becomes more important and should be consideré itotal power dissipation analysis [7].

3. Methodology

To evaluate the efficacy of low power process tsigle low power circuits, this work simulates a gktircuits and
compare power and performance results. The ciraemésdesigned with two different types of transist@ low-power
(LP) and a high-performance (HP), , the threshallfage is aproximately 0,6V and 0,3V, respectivall}.results are
obtained using the electrical simulator NGSPICE T80 predictive technology models BSIM4 are usethis analysis:
32nm LP and 32nm HP [10]. The analysis is dividethree experiments: Single inverter, 17-stagegRbscillator and
the ISCAS 85 C17 benchmark circuit [11].

The adopted strategy to reduce power is the poweestd voltage scaling, reducing supply voltage widmsistors
operating in the subthreshold region [12]. In @ihidations, the Vdd value starts with the nominalue of 1V and is
reduced in a voltage step of 0.1V while the loglethavior still correct.

All experiments follow next steps:

1. Describe the circuit with typical Vdd

2. While logical behavior is correct

2.1. Simulate with HP transistor type
2.2. Simulate with LP transistor type
2.3. Extract power and timing values
2.4. Reduce Vdd applied to all circuit (0.1V step down)

3. Compare the results for the 2 transistor typesidimdhe optimal operation point taking into accoth@ power

and delay.

4. Simulation Results

The possibilities of improve the performance of lpawer CMOS circuits is explored by reducing thpy voltage
in high performance transistor type instead usepower transistor type. The first analysis is peried in the simplest
cell, the inverter. Table 1 presents delay, poarat current results of inverters designed witthid®TM 32nm high-
performance (HP) and low-power (LP) transistoretypith Wn = 70nm and Wp = 140nm at nominal tenmjeeafor
several values of power supply.

Figure 1 summarizes the relation between dynamigep@and performance of this inverters. In this yoietit is
clearer that for the same power constraint, a pigiiermance transistor type achieve better perfoomahan low power
transistor type. It is possible since the powerp$iap values are different. The HP has supply geltamaller than the LP
for the same power constraint. Instead of thisllemaupply voltage value, the performance is béttdHP process since
its threshold voltage is almost half of the thrddhmltage of LP process. However, when Ultra-lowwer is required,
the LP process can reduce by more than two ordemsignitude the power consumption when comparédP@rocess.

Table 1 — Simulation results for inverter desigivetlP and HP process for several power supply geka
Vid I peak (UA) | Paynamic (UW) |Average Delay (ns lsub (PA) | gate (PA) lgrer (PA)
V) LP HP LP HP LP HP LP HP LP HP LP HP
1.0 6,63 1520 1,45 4,10 0,07 0,01 3,09 5519,64 18,3861,07f 1,01 1,00
0.9 4,88 8,20 0,94 2,07 0,1 0,01 2,26 2889,6Y 9,28 33,10 0,91 0,90
0.8 350 425 0,63 0,95 0,14 0,02 1,67 1587,2f 4,06 18,88 0,81 0,80
0.7 211 244 041 0,44 0,19 0,03 1,2% 903,43 1381049 0,71 0,70

[ L

) L

D L

D

0.6 0,76 153 0,17 0,21 0,34 0,113 0,94 52538 0,1y 545 0,61 0,60
0.5 0,01 0,91 0,07 0,7 1,99 0,23 0,70 308,84 ~0,0p 2,58 0,51 0,50
0.4 0,01 0,31 ~0,00 0,04 18,9 0,44 053 1824% ~0,0p 1,24 0,41 0,40
03| ~-0,00 0,03 ~0,00 0,01 201 1,79 039 107,9¢ ~0,00 055 0,30 0,30

OTOTO ™Y
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Since the static current is also an issue in nat@miechnologies, Figure 2 shows the inverter statirrent for
several values of power supply for both evaluatedcgss. The LP transistor type has significant cgdo in
subthreshold current since its threshold voltad@gher than HP transistor type. Figure 3 showsith&P transistor the

subthreshold current is reduced below the gatetgakurrent.

The second and third experiment consist in evadutite power and performance behavior of a ringllasmi and a
benchmark circuit design in both LP and HP trapsistpe for several supply voltage values. As tHated in Figures 4,
5, 6, and 7, the same behavior verified in inveatalysis is obtained.
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Fig. 4 — Operation frequency versus power of a 17-

Fig. 5 — Static current in a 17-stage ring
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Fig. 6 — Operation frequency versus power of the
C17 benchmark circuit designed in LP and HP
transistor type for supply voltage from 1V to 0.3V

supply voltage from 1V to 0.3V several values of power supply
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Fig. 7 — Static current in the C17 benchmark
circuit designed in LP and HP transistor type for
several values of power supply

Conclusions and Final Remarks

This work has investigated the tradeoffs of redudime power consumption of CMOS systems when two

transistor types, low-power (LP) and high-perforc@(HP) are available in the technology process. @dwer
reduction was obtained by reducing the supply geltaThe investigation has been done by electrical
simulations of several circuits, verifying theiroper function and getting their performance and grow
consumption values. The results show that LP ddsaggminimum power consumption (ultra-low-powegtth

is not achieved by HP. However, for a wide rangg@fver consumption, the HP design achieves a better
performance result for the same power constraint.
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