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Power dissipation of integrated circuits is the most demanding issue for very large
scale integration (VLSI) design engineers, especially for portable and mobile
applications. Use of multiple supply voltages systems, which employs level converter
between two voltage islands is one of the most effective ways to reduce power
consumption.

In this thesis work, a unique level converter known as universal level converter
(ULC), capable of four distinct level converting operations, is proposed. The schematic
and layout of ULC are built and simulated using CADENCE. The ULC is characterized
by performing three analysis such as parametric, power, and load analysis which prove
that the design has an average power consumption reduction of about 85-97% and
capable of producing stable output at low voltages like 0.45V even under varying load

conditions.
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CHAPTER 1

INTRODUCTION AND MOTIVATION

1.1Introduction

Portable devices like cell phones, personal digasdistants (PDA), laptops,
digital cameras and a variety of such other devareshighly popular among various
users in the market. This requirement for portapHias put forth number of restrictions
on the size, weight, and battery life of such desi¢Chandrakasan 1992, Mohanty
2001]. Low power design is the key to meet the dedsafor such lightweight and
longer battery life devices. Hence, power dissgais one of the fundamental design
concerns that current day very large scale inttegr§VLSI) design engineers have to
cope with while dealing with integrated circuit ags. Power minimization is not only
essential for portable devices but also necessarynfproving reliability of high-end
microprocessors and data processing which incledg time data processing and
decoding of audio/video data [lgarashi 2000, Mofa2®01]. Significant research
progress has been made during recent years to eeithec power dissipation of an

integrated circuit.

1.1.1 Sources of Power Dissipation
The total power consumed by a circuit can be ladlgicategorized into four
types: (i) capacitive switching power, (ii) poweonsumption due to short circuit

current, (iii) sub-threshold leakage power, angd filewer consumption due to leakage



current [Sadeghi 2006, Chandrakasan 1992, Mohabit ]2 This can be shown using
the equation (1):
Pota = aC Vaof + 1¢.Vag + lan.Vaa + | gareleakage: Ve [1]

In the above equation the first term representspibwer consumption due to
switching activity in the system. This type of pave®nsumption is called afynamic
power. In equation (1) is the switching activityC is the capacitance of the lodds
the clock frequency andlyy is the supply voltage. The second term of theagqno
represents the power consumption due to staticenturor dc current. This type of
power consumption is called as static power. Thaicstcurrent arises due to the
presence of path for direct connection betweenageltsource M, and ground. The
power consumption due to static current is hightglesirable in low power designs.
Finally, the third and the last terms in the equaf{il) represent the power consumption
due to leakage currents. Leakage current resudis) fsubstrate injection and sub
threshold effects [Chandrakasan 1992].The othemfaf leakage current is gate
leakage current, arising from gate oxide which iestty dependant on gate oxide
thickness. Among these four, types the power copsiem of an integrated circuit is
mostly dominated by the dynamic power consumpt®adeghi 2006, Mohanty 2001].
This is because the dominant feature in any wedigieed circuit is its switching
activity [Chandrakasan 1992].

1.1.2 Techniques for Power Reduction
It is evident from equation (1) that the power agngtion varies quadratically

with the supply voltage. Thus, lowering the suppbitage will reduce the power



consumption quadratically. This is one way of aeimg power dissipation reduction of
an integrated circuit. But, this method is not gdased as an efficient way for
achieving power minimization because lowering syppbltage will increase the
propagation delay of the circuit [Mohanty 2005].

Researchers have developed a variety of techniqoeseduce the power
consumption which include transistor sizing, muéiphreshold voltag€V+y), using
multiple channel lengths and oxide thicknessesédduction of various forms of power
consumptions as presented in equation (1). Tramwsssting is an efficient method to
achieve a good tradeoff between power minimizadod performance of the design
[Ishihara 2004]. It has been proved that by traosisizing for equal rise and fall time,
the short-circuit component of the total power ghiason can be maintained at less than
20% [Veendrick 1984]. However these techniquesesuffom certain drawbacks as
described. First of all, the power reduction achgk¥rom transistor sizing reduces as
soon as the slack in the circuit begins to disapfehihara 2004]. As stated above, the
power dissipation reduction by lowering supply agk affects the performance of the
circuit as it increases the propagation delay. Bome applications, this low
performance can be improved by pipelining and peliain, but it increases the latency
of the design [Chandrakasan 1992, Ishihara 200KJo,Ahe power reduction by these
techniques suffers from the effects of increaséeakage current. Thus, compared to
these methods one of the most effective ways teetgeower dissipation is by using
multi-voltage systems wherein the chip is suppkath multiple voltages. Through a

multi-voltage system power reduction can be achldewethout the degrading the



performance of the system. This technique doesaffett the latency of the system.
The biggest advantage of this scheme is that saitméction techniques can be used
for processing the chip. And also there is no needreating parallel / pipelined data
paths which in turn result into heavy area penaltyeasing the latency of the design

[Sundararajan 1999].

1.2Need for Level Converter

Multiple voltage supply systems are most efficiamd commonly employed
techniques for low power designs. The idea behims technique is to use multiple
supply voltages for a single chip by dividing tmeigrated circuit into regions, called
voltage islands, operating at different voltages. The circuits whigre on the critical
path are supplied higher voltage levebfM) and the circuits which are off the critical
path are made to run at a lower voltage levelx(y [Usami 1997]. A level converter is
needed at the interface of a gate operatingmi \And a gate operating abM;. The
insertion of level converter between two voltagansls is essential to avoid the static
current which might lead to undesirable power comstion [Yu 2001]. Thus a level
converter can be defined as a simple circuit wisimhverts the voltage at its input from
one voltage level to another. A level converten d¢s inserted according to the
requirement of level conversion in a circuit. Legehverters which are inserted only at
the interface of the cells operating at differeoltage levels are synchronous level
converter. The level converters which are insedagiwhere in the circuit wherever

level conversion is required are known as asynatusrevel converters [Usami 1997].



A detailed description of multi-voltage supply sssis is given in [Usami 1997]. This
concept of level converters can be more clearlyanpd through Fig. 1.2 which shows
a multi- Vpp system where the system is divided into volta¢gns operating at dual
voltages Vbpy and \bp.. Transistor level circuit diagram of and AND gaadan
inverter which are working at different voltageseTinverter 11 is operating at lower
voltage (\bpL) and the AND gate 12 is operating at higher vadtd¥ppn). The two
gates are connected directly without any level ester such that output of 11 is driving
the gates of 12. In such scenario, when the inpdenN1 swings from high to low, then
output at node N1 is not sufficient to turn off thell up network of I3 completely. At
the same time the pull down network is also switche, as a result of this there exists
a direct path for static current flow frompy to ground. This flow of static current is
highly undesirable as it consumes more power. Tausyel converter is inserted at the

interface of the voltage islands operating at déife voltage levels.
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FIGURE 1.1 Direct connection betweenp/ and \bpy circuits demonstrating the need
for voltage level converter.

The level converters in literature can be basyoaditegorized into two types: (i)
level-up converters and (ii) level-down converters.level up conversion the input
voltage (\bpL) is converted to a higher voltage levelpfy). On the other hand level
down conversion the input voltagedp) is converted to a lower voltage levely(/).
From the system performance point of view, it isyvenportant to decide where and
what type of level converter should be inserted aithieve the required target
specification. Algorithms like clustered voltageabieg (CVS) and extended clustered
voltage scaling (ECVS) help such kind of decisioaking [Usami 1997]. In CVS, all

the gate which are running at same voltage levelgaouped together and the level



converter is only required at the interface betwdentwo regions at different voltages
[Kulkarni 1999]. On the other hand, ECVS technigsienore flexible which allows
insertion of level converter wherever it is reqdiia the circuit [Usami 1997].

Designing a multi voltage system is a very compbeacedure and also has a
significant number of design constraints are inedlvlt is important to consider all the
design constraints to build a highly efficient I@e@wer circuit. A level converter itself
consumes power for its operation and hence neetls tccounted for. Thus, a proper
tradeoff must be maintained between the numbeewdlIconverters used and the target
power savings [Ishihara 2004]. The other challemyelved in designing an efficient
multi-voltage SoC is to minimize the cost of legeinversion and maintain an efficient
power distribution network [Ishihara 2004].

In this thesis, a unique level converter calledsarsal level converter (ULC) for
a dual voltage system is proposed. This level cdavdas capable of four types of
operations such as: (i) level up conversion, é)dl down conversion, (iii) blocking of
signal and (iv) passing the signal. The detailstiod design implementation and
simulation results of ULC are discussed in chaderchapter 4 and chapter 6
respectively. The layout details are describedhapter 5. The future works for the

design are discussed along with the conclusioheaend, in chapter 7.



CHAPTER 2

RELATED RESEARCH WORKS
Level converters are very important for multi-vgiéasupply systems. In the
recent years, a lot of research has been going liohwconcentrate on the aspect of
power reduction through multi-voltage system orpshiSoCs) and level converters. In
this chapter, a review of the research work donenuiti-voltage systems and level
converters is presented. Section 2.1 shows vargaearch work done for multi-voltage
supply systems. Sections 2.2 and 2.3 discuss @f various researches done in level up

converters and level down converters.

2.1 Research in Multi Voltage Systems

The ever growing need for low power design for @as day to day, especially
for mobile applications has motivated the very ¢éaggale integration (VLSI) design
engineers to study and work on various techniqaepdwer reduction. As discussed in
chapter 1, the most commonly used and, importargfficient method for power
dissipation reduction, is by using a multi-voltagigpply system which make use of
level converters. The key to design a multiple ag#t system is to divide the integrated
circuit into regions working at different voltagevkls. For designing such systems
algorithms like clustered voltage scaling (CVS) atdely used. CVS methods allows
synchronous level conversion which means that diteding the integrated circuit into

different regions or cells working at different temes, level converters are inserted



only at the interface of two cells. Authors in [Wsal997, Horowitz 2004] discuss in
details about multi voltage supply systems and oei algorithms followed for
assignment of ¥p to cells. These algorithms mainly decide where amat type of
level converters should be used in the circuifUsami 1997], the authors have studied
the CVS structure in detail and proposed a nowehitecture called the extended CVS
(ECVS) and they have also proposed a synthesisnigpod of the structure. This
architecture allows inserting a level converter rehever there is a large slack between
the gates. Slack is defined as the difference batwhe required time and the arrival
time of the signal at the gate [Usami 1997]. Théhars have proposed an in-house
tool called power slimmer which controls the legehverter insertion by synthesizing
the ECVS structure from a gate-level mapped netliECVS scheme allows
asynchronous level conversion which allows insgrarlevel converter anywhere in the
circuit. In [Horowitz 2004], the authors proposdezghnique where in it reduces the
number of interface level converters leading tdustered voltage scaling. In [Igarashi
2000], authors describe gate level power minimaratising dual supply voltages. The
concept that the authors have proposed is thahalfates and flip flops which are off
the critical path are made to run at a reducedlgumitage to save power. This is done
by performing static timing analysis for a giverrcaits with a single ¥p and
extracting the gates which are not on the critjgath and assigningpé. to them. In
[Mohanty 2005] the authors have proposed variousimization methodologies for

power reduction of an integrated circuit takingoirdonsideration the design process



variations. The authors have created a unique poeduction model which can be

easily integrated into behavioral tasks.

2.2 Research in Level Up Converter

While designing a multiple supply voltage systeinis essential to consider the
overhead caused by the level converters [Roy 2002}educe this overhead, generally
multiple voltage systems implement pipeline flipgs along with level converters at
the end of low ¥p clusters [Roy 2002]. The flip flops combined widvel converters
perform the operation of latching and level coni@rsat the same time. Such flip flops
are called as a level converting flip flops. Inhjlsara 2004], key properties and design
metrics of a level converter for dual-py systems are examined. The authors have
studied the traditional level converter circuitkeli cross coupled level converter
(CCLC), single supply diode voltage limited buffexvel converter (SSLC), pass
transistor half latch (PHL) and pre-charged circ&@éveral new level converting flip
flop circuits called LCFFs are also proposed am$éhnew designs are compared to the
above mentioned traditional level converting citsuin terms of level converter
performance and robustness as well as system per&rmance and robustness. The
proposed level converting flip flops exhibit impex energy-delay product values,
reduced system-level power and better immunity uppy/ noise without incurring
significant layout are penalties.

In [Yu 2001], [Chin 2005], [Kulkarni 1999], and &8eghi 2006] the authors

have studied a conventional level converter ciréunbwn as dual cascode voltage
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switch (DCVS). The DCVS circuit is a small circwithich consists of a PMOS pair
connected back to back which act as a differemt#t. Each of the above referenced
papers proposes new level converter designs cansgdeCVS as a baseline design. In
[Sadeghi 2006], authors propose a new level coawvarircuit based on the keeper
transistor concept in pass transistor logic. Thepke transistor is used as a level
restorer in the pass transistor logic [Bellaoua®5]9 Then the authors have compared
the performance of the proposed circuit and thditicmal DCVS by calculating the
delay, power and energy-delay product. Five nemasyonous level converting circuit
designs are proposed in [Kulkarni 1999]. The simararesults show that the proposed
designs consume 8-50% less energy at equivalebetber speeds as compared to the
other designs at 0.13um CMOS technology. A nevell@onverter design has been
presented in [Chien 2005]. The design is based ©W® In this paper the authors have
compared the speed and power consumption of teéed#l converter design and DCVS.
In [Yu 2001], a new level converting circuit callsgmmetrical dual cascode switch
(SDCVS) is proposed. The authors have addressttetoontention problem of DCVS
and provided a solution for the same in this paphe authors state that the contention
problem will give rise to increased delay time gmver consumption. Two additional
NMOS are added to the DCVS design to eliminatectiregention problem.

Two new logic level converter designs are presemdtam-Seog 2003]. The
two designs are dynamic logic level converter (DIa@yl dynamic logic level converter
for duty ratio conversing (DDLC). These two desigre applied to a 72 Mb DDR

SRAM which allow the chip to operate at a low vgkaof 1.2V when the supply

11



voltages are around 1.5V or 1.8V. The DLC designscsis of a self-resetting dynamic

CMOS logic which makes it much faster in operation.

2.3 Research in Level Down Converters

In [Kanno 2000], a distinct level down convertingcait is proposed. This
circuit consists of a differential input pair ciftacting as the level converting circuit.
This level converter provides stable operation lfmwv voltage and high speed use
[Kanno 2000]. The circuits make use of thin gatedexMOSFETS which enable a
faster level conversion. The differential inputrpaif this level converter offers a high
immunity against power supply bouncing.

Table 2.1 shows the different research works welleonverters categorized on
the basis of type of the level converter proposedhnology used for simulation,

calculated power consumption values and the despgnoach followed.
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TABLE 2.1 Table showing the research work in les@hverters.

[Nam- 2003 .001um < | - Level up| Dynamic Level
s éb(\)lé]tg%ro 3] Year Techno- ?ECI)%% Power | Type of Convgstgrgn
name -logy Consumptl Circuit approach
ion pW
[Ishihara 2004 | 0.13um | 287 ps 10% Level up LCFF
2004]
[Kulkarni DCVS and
1999] 1999 | 0.13um | 25% 7.3% Level up| Keeper transistor|
[Yu 2001] 2001 | 0.35um | 60% | 220.57 | Level upSDCVS
Keeper transistor
[Sadeghi 2006 0.lum Level up| in pass transistor
2006]
Level | Differential input
[Kanno 2000 | 0.14um down | pair operation
2000]
[Chin 2005 0.18um Level up| (DCVS)
2005]
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2.4 Research Contribution of this Thesis

The research work presented in this thesis contguto the design
implementation and characterization of a exclusiesign of level converter called
universal level converter (ULC). The design implenagions done for this thesis
include the schematic as well as the layout ofddxsign.

This level converter is one of its kind becauseadheave been either level up
converter or level down converter proposed so Tdre uniqueness of this design,
which separates this design from the other desigrnhat it is capable of four types of
level converting operations on the input signale3d operations include (i) level up
conversion, (ii) level down conversion, (iii) pasgithe signal and (iv) blocking the
signal. Thus, ULC can be used for multippvbased dynamic power reduction as well
as power gating for power reduction. In this thesmk, various power and design
constraints which are essential for low power desigre considered. The ULC design
is optimized by performing various analyses. Thalgses include power analysis,
parametric analysis, and load analysis. With treasayses the power consumption of
ULC under varying load conditions can be determirddo it is proved that the design
of universal level converter produces a stable wutinder low voltage conditions and
varying loads. The schematic implementations dmatacterization of the design are
made both at 90nm and 45nm technologies. The lagestgn is done for 90nm
technology. The characterization, simulation resudtind layout design are also

performed.
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CHAPTER 3

TRANSISTOR LEVEL SCHEMATIC DESIGN OF UNIVERSAL LEVE

CONVERTER FOR 90nm TECHNOLOGY

3.1 Overall View of Universal Level Converter

Universal level converter (ULC) can be simply definas a system which
performs four distinct level converting operatioos the input signal. These four
operations include (i) level up conversion, (iiyé¢ down conversion, (iii) passing of
signal and (iv) blocking of signal. Level up consi@n can be stated as conversion of a
low voltage signal (¥pL) to a higher voltage level @bn). While in contrast, level
down conversion can be defined as conversion aflaehn voltage signal (My) into a
low voltage (\bpL). Passing of the signal indicate bypassing theaitp the other side
of the network without doing any operation on thgnal and blocking indicates
completely stopping the input signal from appearatghe other side. The universal
level converter can be programmed for all the abfowe mentioned functionalities
depending on the type of requirement. The type pdration to be performed can be
selected using the two control signals. Figureshdws a high level block diagram of

the proposed ULC.
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FIGURE 3.1 High level view of proposed universaldeconverter (ULC).

As shown in the diagram, ULC has in all five inguibs and one output pin.
The input signal is applied at pWin and output is taken acro¥sut. SO andsl are the
pins for the control signals. The dual supply fdt@Jconsists of ¥py and \bp.. The
level converter employs four separate circuits gwmtrespond to the above mentioned
four distinct operations. Figure 3.2 shows the itkdaview of the different blocks
which constitute to the design of ULC. THeCLC block is used for level up
conversion, whileDL block is used for level down conversion. The pagsand
blocking functionality is achieved through thpass circuit and block circuit. The
schematic details of these blocks are discussedlgh®he outputs from these four
blocks are coupled to the output of ULC throughdtiplexer. The two control signals

s0 and s1 are used to select the preferred operaitioLC.
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FIGURE 3.2 Detailed block diagram of universal leeenverter demonstrating its

operational capabilities.

3.2 Schematic Details of Universal Level Converter
ULC employs four different blocks for the four disit operations performed on
the input signal. A wide variety of circuit topolieg can be used for building level

converting circuits. In this section the detaitégbkcription on type of circuits used for
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level conversion and the working of ULC though was blocks of ULC with the help

of detailed transistor level circuit diagrams otle#dlock is given.

3.2.1 Level Up Converter

The level up converter is responsible for conversiba signal at lower voltage
(VppL) level to a higher voltage @én). This block makes use of cross coupled level
converting (CCLC) circuit to achieve the up convemsfunctionality. The CCLC
circuit is an asynchronous level converter, whiokams it can be inserted anywhere in
the circuit wherever level conversion is necessBgcause of this flexibility, CCLC is
one of the most commonly used designs to suppressi¢e current [Ishihara 2004].

Figure 3.3 shows the transistor level circuit daagrof cross-coupled level converter.

Vddh Vddh
pmos pmos
W=T20nm | {(O— — ]| W=720nm
L=00wum L=001um
- E :‘FFH
>0 vou
mmos e
=3
i=931 Smm W=360nm
1 =0umn
M3
% % ]
vin BB .

FIGURE 3.3 Transistor level circuit diagram of gaoupled level converter (CCLC).
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As shown in the diagram, CCLC consists of two PM@#sistors connected in
a back to back fashion. This cross-coupled PMO$ actis as a differential pair. So,
when the output at one side of the circuit goes i transistor on the opposite side is
turned on and the voltage at the other side gdtesgup. To understand the working of
the circuit let us assume that input voltage of signal at Vin is low. Due to this
transistor M5 is in cut off and M3 is switched oechuse of the inverter. This provides
a direct connection to ground pulling N1 to groutis will bias M4 and it will switch
into conduction and a higher voltage is given d@pat

The reverse process takes place when the inpugswiom low to high. When
the input voltage at Vin is high, transistor M5imsswitched on and M3 is in cut-off.
M5 provides a direct connection to ground pulling & ground. And this will give a

lower voltage at the output.

3.2.2 Level Down Converter
The level down converter is responsible for conugrthe high voltage (Mw)

input signal to a lower voltage level §M ). A differential pair level converter which
acts as a level down converter circuit is usedadnieving the functionality of level
down conversion. Such type of level converter fimgplications in high speed DSP
chips [Kanno 2000]. The differential input pair dowonverter circuit is very efficient
for high speed and low voltage devices. [Kanno 200thas high noise immunity
against supply voltage bouncing [Sanchez 1999]. Aigh noise immunity for a level

converter circuit is very helpful for low voltageesigns because when,yis scaled
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down according to the low power design requiremmritwhile doing so, noise in the
circuit is not considered [Kanno 2000]. This hapatt on the output quality of overall
system.

The circuit diagram for the differential input léwvdown converter is shown in
Fig. 3.4. The circuit runs at a dual voltage whidmsists of Wpy and \bp.. The circuit
consists of a cross-coupled PMOS pair made up oakt2 M3, similar to the level up
converter circuit. The lower voltage signabpd/ is applied at inverter operating at

Vppu. The higher level of the signal is converter tower level at the output side.

Vddh Vddi

M2
pmos
W=T720nm
2 Vout
Vin
s mos % 1]
A W=360nm
unos
— [=90nm
W=360nm
L=90nm
oS
W=360nm
L=%0nm

FIGURE 3.4 Transistor level circuit diagram oféé@own converter.
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3.2.3 Blocking Circuit

The blocking circuit completely stops any kind adreal at the input side from
appearing at the other side. This feature is vemyartant in cases when total isolation
from the input signal is required for reductionstandby leakage power. The blocking
circuit is built by using a tri-state circuit whiaghakes use of a transmission gate. The
tri-state buffer circuits acts as a high impedaoreuit when it is in hot enabled”
mode. The state of high impedance can be definasth#és of the output circuit which is
not is driven by the circuit. The circuit diagraor the blocking circuit is shown in Fig.
3.5. As shown in the circuit diagram the blockingceit employs a transmission gate
and an inverter to achieve the functionality ofddimg the signal. Table 3.1 shows the
truth table for tri-state buffer circuit which shewthat the circuit acts as a high
impedance circuit when gb = 0 i.e. it is not endblélere Z indicates the high
impedance state. This type of circuit is very hamdyen designing a data path or
multiplexers.

gh

¢

.
Vin M3 Vout
WO
=3 tinm
L="zm
FMOE i
W=T10mm
L="zm

12
I'-.L_G_

FIGURE 3.5 Transistor level circuit diagram of btagg circuit using a tri-state buffer.
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TABLE 3.1 Truth table for the tri-state buffer aiit.

gb Input Output
0 0 Z
0 1 Z
1 0 0
1 1 0

3.2.4 Passing Circuit

The function of passing circuit is to bypass theuinsignal as it is to the other
side of the circuit. In other words it acts as dférubetween the input and output. The
passing circuit is designed with the use of a traasion gate. The circuit diagram of
passing circuit is shown in Fig. 3.6. Transmissgates are specifically used to build
the pass circuit because of its ability to pasergfrO or strong 1. The circuit shown
below acts as a pass circuit when the signal &t lggh (1) and that at gb is low (0)

passing a strong 1 to the output.

9

MO
| HEOE |
v - A== 0o
I L=s0zm. ) j Vout
: pzal i}

z
R =T20zan

L=rzam

uti b |

gb

FIGURE 3.6 Transistor level circuit diagram of pagscircuit.
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3.2.4 4:1 Multiplexer

Multiplexer is a circuit which can couple severaplts to a single output. In
other words, multiplexer acts as a multiple inmihgle output switch. As it is already
discussed, the ULC design employs four individuaicwts to obtain the level
conversion functionalities. The circuits produceurfoindependent outputs which
constitute the ULC output. There has to be a mégnshich these four signals can be
connected to the output terminal and any outputadigan be observed at the output
terminal according to the requirement. Thus, amMultiplexer circuit is used to couple
the outputs of the four blocks to the output temhiof ULC. Taking into consideration
the power consumption constraints for low powernglesthe multiplexer circuit is built
by using transmission gates. Because the multipleixeuit with transmission gates use
lesser number of transistor as compared to the iplerer circuit using gates.
Consequently, lesser transistor will lead to lowewer consumption.

Two 2:1 multiplexers, composed of transmission giatge used to build a 4:1
multiplexer circuit. The circuit has two controbsials sO and s1 which decide the type
of signal at the output terminal of ULC. Fig. 3lYosvs the high level block diagram of
4:1 multiplexer. The transistor level circuit diagr of 2:1 multiplexer using two

transmission gates and two transistors is shoviign3.8.
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FIGURE 3.7 High level block diagram of 4:1 muléper.
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FIGURE 3.8 Transistor level circuit diagram of 2nlltiplexer.
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The input signal to the controls sO and s1 playey wital role in deciding the
output of the universal level converter. Dependinghe values of these control signals
the multiplexer circuit couples one of its four utp to the output. The Table 3.2

describes the type of output of ULC depending envilues of sO and s1.

TABLE 3.2 Type of operation of ULC based on consignals sO and s1.

Select Signal
SO S1 Type of Operation
0 0 Blocking operation
0 1 Passing operation
1 0 Level down conversion
1 1 Level up conversion

The transistor level diagram of universal levelwenter is as shown in the

circuit diagram given in Fig. 3.9.
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FIGURE 3.9 Transistor level circuit diagram of ueisal level converter at 90nm

technology.
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CHAPTER 4

CHARACTERIZATION AND SIMULATION RESULST OF ULC AT
90nm TECHNOLOGY

The detailed simulation procedure followed for f4@ng the results of universal
level converter (ULC) in its various modes of opiena are discussed in this chapter. In
the later part of the chapter the three chara@Boms carried out on ULC are

discussed.

4.1 Simulation of Universal Level Converter

Simulation of any design facilitates verificationf overall system level
operation. The schematic of universal level corereits built using the virtuoso
schematic editor in Cadence and the circuit is &bed using Spectre simulator. All
simulations are performed using the 90nm modelksfileom predictive technology
models (PTM). For schematic design, a W/L ratio4of is used, and the device
parameters for PMOS are taken as W= 720nm and Qnm9and for NMOS are W=
360nm and L = 90nm. The values of threshold vokaye,) for PMOS and NMOS are
-0.339V and 0.339V respectively. The values for dinal voltage supplies are used as
Vopn = 1.2V and Vp. = 1.02 (85% VpH). The test bench for the simulation setup is
shown in Fig 4.1.

As shown in the diagram, the dual voltage sourcgs\And \bp, are connected

to pins \bpy and \bp.. The value of load capacitance used is 45fF. Time\fn
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represents the input pin where a piecewise volsageal is applied as inpusO andsl

are the control signal pins which decide the typeutput of ULC.

" vddn
Vddh e 4 Vout
" Vddl ) Vout D
@ Vel ———a ULC J___‘ )
(_) 50 L S| l
v ® -
sl

FIGURE 4.1 Simulation test bench for universal lesenverter.

The circuit is simulated in thanalog design environment (ADE) using the
BPTM_90nm technology model file. A transient analysis forOh8ec is performed
during simulation and the output of ULC is obserueds different modes of operation
as discussed Table 3.2. The Fig. 4.2 shows theubwf the universal level converter
in all of its four modes of operation. The univérsael converter can also be used in a
programmable logic mode where in the values of rmbrgignals sO and s1 change
according to a specific time duration or clock signrhen depending on the current
states of sO and s1, the universal level converiiéoperate accordingly producing the
output results for that specific sO and s1 values that period of time. The design is
tested for its functionality for such programmabtevironment by running a simulation

in which the states of sO and s1 changes everyeddis and the universal level
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converter is produces the desired output dependmghe values

simulation results are shown in Fig. 4.3.

1.

of sO and sl1. This
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FIGURE 4.2 Simulation result of universal leveheerter showing the outputs for all

the four modes of operation.
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FIGURE 4.3 Simulation result of universal leveheerter showing the outputs for all

the four modes of operation in a programmable aesivironment.
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The output plots of Vout against Vin for level upnwerter, level down
converter, blocking circuit and pass circuit indivally are shown and discussed in

sections 4.1.1 through section 4.1.4.

4.1.1 Level Up Converter

The level up converter is built using a cross cedplevel converter and it is
responsible for converting a lower voltagepfy) signal at its input to a higher level
(Vppn) at the output. During simulation of ULC, a traerdi analysis for 100nsec is
performed where both the control signals so andrelhigh. With these input states of
the control signals, the output of the ULC is thepait of the level up converter circuit.
As shown in the output plot in Fig. 4.4 the inpignal at pinVin is a piece wise linear
voltage signal at 1.02V. This signal at a lowertagé level is converted to a higher level

of 1.2V by the level up converter circuit.

1.

Veut_levelup

75 ."I

Vi)

25

0.0

T
50.0 75.0 100
time [re]

FIGURE 4.4 Output waveform for level-up converswith Vpp. = 1.02V, \pbpy = 1.2V

and load = 45fF.
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4.1.2 Level Down Converter

The level down converter is made up of a circuitclhhemploys a differential
input pair for the level conversion. This circust iesponsible for converting a higher
voltage (Mbpu) signal at its input to a lower level ). During simulation of ULC, if
sO is maintained low and sl is high then the ougbudLC is the output of level down
converting circuit. The input signal in this casealso a piecewise linear signal at a
voltage of 1.2V (Mpn). This signal is applied atin terminal of ULC. As shown in the
output plot a transient analysis is carried outf00nm where a piecewise linear input

signal at 1.2V (Mpn) is given and at output signal at 1.02v is obsgrve

Trareiem Respores
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FIGURE 4.5 Output waveform for level-down converswith Vppy = 1.02V, \bpL =
1.2V and load = 45fF.
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4.1.3 Blocking of Signal Operation

When sO is low and sl is also low then ULC actsadaslocking circuit. The
blocking circuit is a circuit which blocks the irtpsignal completely from appearing at
the other side of the circuit. In other word, tHecking circuit completely isolates its
input side and the output side. Irrespective ofitipait signal a substantial output signal
is not obtained. For verifying the working of tluscuit a transient analysis fopdec is
carried out with an input of pulse voltages givépia Vin. The output is shown in Fig. 4.
From the output it is evident that even when thauinis as high as 1.2V the output
voltage is very low below 0.36V which is less thitae threshold voltage of PMOS and
NMOS which is used in the design. For this outputamsient analysis forpkec is
performed to ensure that the circuit blocks thenaigover an entire length of a longer

input voltage signal.
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FIGURE 4.6 Output waveform of blocking of sigiogleration.
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4.1.4 Passing of Signal Operation

Passing of signal indicate bypassing the inputaigmoutput as it is. ULC can be
made to work as a passing circuit when controlaigd is low and sO is high. In this
mode of operation of ULC, whatever input signapplied at pirVin, it is passed to as it
is to the output side without doing any operatiortlee signal. In other words, this circuit
acts as a simple buffer circuit. This is shownha plot given in Fig. 4.7. As shown an

input signal at 1.2V is applied which is bypassedutput as it is.
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FIGURE 4.7 Output waveform of passing of signalragen.

4.2 Characterization of Universal Level Converter
In low-power circuit designs, it is of paramountpantance to consider various
design constraints concerning power consumptiongtovoltage level and load it can

drive and many more. Our design of universal lesaiverter mainly focuses on low
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power multi-voltage circuits applications. Thus,istvery essential to consider these
design limitations. Keeping in mind these designstmints and to make sure that the
universal level converter design is essentiallpw power consuming circuit in itself,
the ULC circuit is studied and analyzed under wasiomput conditions. And the circuit
is characterized by performing following three gsak:

0] Parametric analysis,

(i) power analysis , and

(i)  load analysis.

These characterizations are discussed in the folgpaubsections.

4.2.1 Parametric Analysis

Parametric analysis is a process in which the tilmehavior is observed while
continuously changing one of its input parameté@fse parametric analysis tool from
the analog design environment is used for performing this analysis. In this type
analysis, a transient analysis is carried wheréheoutput voltage is observed for a
varying input voltage. For this analysis the vatie/ppy voltage is kept at a constant
level which is 1.2V and the voltage abd( is varied from 0.1V to 1.02V with an
increasing step of 0.102V. The value of controhalg sO and s1 are both kept high to
achieve the level up conversion functionality. Tdwtput signal is observed at the
output terminalVout of ULC. The plot for the parametric analysis fqgr conversion is
shown in Fig. 4.8 which confirms that the circuibguces a stable output even for

voltage \bp. | as low as 0.6V.
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FIGURE 4.8 Parametric analysis for up-convertecutrshowing the output (Vout)
waveforms when the pb, is varied from 0.1V to 1.02V with an increasingsof 0.1V
and constant yon = 1.2V.

The same steps are followed for level down convgrégametric analysis. The
values for the control signal are kept at sO as (0W) and s1 as high (1.2V). In this
case also Wpy is kept at a constant higher voltage ansh\Vis varied from 0.1V to
1.02V with an increasing step size of 0.102V. Tlpat plot for the down converter
parametric analysis is shown in Fig. 4.9. From phat it can be determined that the

down converter circuit can produce a stable ougwen for Vdd| as low as 0.73V.
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FIGURE 4.9 Parametric analysis for down-convetteeuit showing the output (Vout)
waveforms when the pb, is varied from 0.1V to 1.02V with an increasingsf 0.1V

and constant Mpy = 1.2V.

The parametric simulation results for the passudirare shown in Fig. 4.10. For
simulation the same steps described above aren@iioBut in this case to achieve the
functionality of blocking signal sO is high andislkept low. The value of p5, is varied

from 0.1V to 1.02V with an increasing step of 0.2We results show that the pass circuit

36



is able exactly represent the input voltage abitfput even for a lower voltag@€s25V.
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FIGURE 4.10 Parametric analysis for pass cirslidwing the output (Vout)
waveforms when the pb is varied from 0.1V to 1.02V with an increasingsbf 0.2V
and constant Moy = 1.2V.

Looking at these plots it can be proved that UL@Ggia stable output for the

supply voltage as low as 0.6V which is a desirgbtgerty for a low power design.

4.2.2 Power Analysis
Power analysis includes determining the total poe@isumed by the overall
universal level converter circuit. The total poveensumed by individual blocks which

make up the universal level converter is also dated during power analysis. Power
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analysis is be done by using theowser and calculator tools of analog design
environment during simulation of the circuit. Thetal power of the universal level
converter is the sum of the power consumed by e¢he five blocks of ULC and it
can be calculated using the following formula:

Pulc = Pcclc + Pdl + Polock + Ppass. [2]

During the power analysis, the total power consulmgdLC at three different
loads is calculated. This is shown in Table 4.1eskh calculations show that the
average power consumed by ULC is33AuW. From the power analysis it can be
concluded that the proposed design of universatlleonverter consumes very less
power as compared to the other level converteadhadr technologies. This comparison
shows a total of 87.2% of power consumption redurctait a 90nm technology from
those of other level converters at a greater teloigyo

The tables from Table 4.2 through Table 4.7 shoiws tetailed power
consumption of the individual level converting kscof ULC, including the power

consumed by each transistor.
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TABLE 4.1

converter under three different capacitive loaddions.

Table showing the average power congsurbg the universal level

Total Average

Power Consumptiof Power
Load Circuit (MW) Consumption
(HW)
Level-UP Converter 16.10
Level-Down Converter 10.575
10fF 4:1 Mux 0.22426
Block Circuit 0.026244 26.928
Pass Circuit 0.002242
Level-UP Converter 16.2702
Level-Down Converter 10.50702
4:1 Mux 0.613143
45fF Block Circuit 0.024201
Pass Circuit 0.00256 27.4801
Level-UP Converter 16.477
90fF Level-Down Converter 10.5725
4:1 Mux 1.12139
Block Circuit 0.0262963 28.1982
Pass Circuit 0.002489
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TABLE 4.2 Power consumption of level up converter.

Sub circuit Transistor Type Average Power

MO PMOS 4.933uW

Inverter M1 NMOS 3.525uW

- M2 PMOS 0.4029pW

-- M3 NMOS 0.574pW

- M4 PMOS 4.087pW

- M5 NMOS 1.084pwW
Total average power 16.477uW

TABLE 4.3 Power consumption of 4:1 multiplexer ciitc

Transistor Type Average Power
MO PMOS 0.0302uwW
M1 PMOS 0.220pW
M2 NMOS 0.00022puwW
M3 NMOS 0.299uwW
M4 PMOS 0.0001 W
M5 NMOS 0.00003uW
Total average power 1.121uW
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TABLE 4.4 Power consumption of level down convedgcuit.

Transistor Type Average Power
MO PMOS 4.058uW
M1 PMOS 0.6784pwW
M2 PMOS 0.711pw
M3 PMOS 0.0695puwW
M4 NMOS 2.990uwW
M5 NMOS 0.447pW
M6 NMOS 0.3229uwW
M7 NMOS 0.285uW
Total average power 10.572uW

TABLE 4.5 Power consumption of pass circuit.

Transistor Type Average Power
MO PMOS 0.124 nW
M1 NMOS 0.117 nW
Total average power 0.242 nW
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TABLE 4.6 Power consumption of blocking circuit.

Sub circuit Transistor Type Average Power
MO PMOS 0.00009 W
Inverter M1 NMOS 0.019pW
- M2 PMOS 0.006pW
-- M3 NMOS 0.0005pW
Total average power 0.02pw

4.2.3 Load Analysis

Load analysis is a very important category of asialyor any electrical system
design. Load analysis helps the designer in ura®igig the transient behavior of a
system at different loads which mainly helps inifyerg the overall system functionality.

The universal level converter is used as an interfaetween two circuits (or
gates) operating at different voltage levels. Theright be many chances when the
output load of the level converting circuit is cgarg quiet often. Thus it is of great
importance that it should be made sure that thégdesf ULC produces the desired
results even under such varying load conditionserdtore a load analysis on ULC is
performed where the output load capacitance otitteeit is varied and the effect of that
on the output signal is observed. During the loaal\sis of the universal level converter
the output of the circuit by varying the capacitioad at the output from 1fF to 200fF is
studied. From this analysis it can be concludetl thaC produces a stable output under

varying load conditions. This is again an importalessign feature for voltage level
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converters. The Fig 4.10, Fig. 4.11 and Fig. 4H@nsthe output plot for load analysis on

level up converter, level down converter and passiits.
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FIGURE 4.10 Output for level up conversion unddfedent load conditions with load

varying from 10fF to 200fF.
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FIGURE 4.11 Output for level down conversion und#gferent load conditions with

load varying from 10fF to 200fF.
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FIGURE 4.12 Output for level down conversion und#ferent load conditions with

load varying from 10fF to 200fF.
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CHAPTER 5

CUSTOM LAYOUT DESIGN OF UNIVERSAL LEVEL CONVERTER A

90nm TECHNOLOGY

Next step in the standard design flow of any irdégpt circuit, after schematic
implementation, is creating the layout of the scagen Layout creation is followed my
parasitic extraction, several design optimizatiod &nally fabrication of the integrated
circuit. In this thesis, a layout has been creébedhe design after testing and analyzing
the universal level converter circuit. A layout delses the various layers using which the
integrated circuit can be fabricated while manufengy. The layers in a layout describe
the physical characteristics of the device. In dulstom design all the layers of the design
are drawn by the designer manually taking care tahlbiuhe design rules. On the other
hand, in automated design by instantiating thedstahcells [Tutorial 1]. The layout of
universal level converter has been designed usatgfce virtuoso layout design tool.

All the layout designs use the standard procesgmidat (PDK) for 90nm
technology from cadence callegbdk 90nm (generic process design kit) downloaded
from the Cadence foundry solutions PDK is a complete set of technology files that
enable custom IC circuit design within cadenceauslC design environment [Tutorial
1]. All the layouts of ULC and the different blockds ULC are created at a 90nm
technology. A W:L ratio of 2:1 is used for PMOS ahdMOS where the device
parameters for PMOS are W= 1um, L = 100nm anddh&dtMOS are W = 500nm and L

= 100nm. The designs are verified by using the fessiesign rule fileassuraDRC.rul

45



anddivaDRC.rul in DRC check. The layout designs of ULC and thekdoare discussed

in the following sections.

5.1 Layout Design of Level Up Converter

The layout for the cross coupled level up convedeshown in Fig 5.1. It has a
total of 6 transistors and it has one output anel ioput. The inputs and the outputs are
shown by theVin and Vout rails. Vpp represents the voltage supply rail for the level

converter.

FIGURE 5.1 Layout design of cross coupled levetapverter circuit.
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5.2 Layout Design for Level Down Converter
The layout for the level down converter circuisl®wn in Fig. 5.1. The level -
down converter circuit has two voltage supply r&dsy andVpp.. The input is

connected to th¥in rail and output to th¥out rail.

FIGURE 5.2 Layout for level down converter circuit.

47



5.3 Layout Design of Blocking Circuit

The layout for the level down converter circuit ssown in Fig. 5.3. The
blocking circuit consists of an inverter and a siamssion gates. The inverter is shown
of the right side part of the design and on théiethe transmission gate. The inputs,

output and voltage supply are connected Vin, Vand the Vdd rails.

FIGURE 5.3 Layout of the blocking circuit.
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5.4 Layout Design of Passing Circuit
The layout for the level down converter circuisisown in Fig. 5.4. The layout
of the pass circuit is very simple only consisting two transistors forming a

transmission gate.

FIGURE 5.4 Layout of pass circulit.
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5.5 Layout Design of 4:1 Multiplexer
The layout is as shown in Fig. 5.5. It has for ingils Vinl, Vin2, Vin3 and

Vind and one output rafout. The voltage supply rail is shown Byp .

F.i. ] T
E ]
E _
il

FIGURE 5.5 Layout of 4:1 multiplexer.
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5.6 Layout Design of Universal Level Converter

=
1

|
flrit |

FIGURE 5.6 Layout of the universal level convedicuit.
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The layout of the universal level converter is lagvgn in Fig. 5.6. The universal
level converter has one input signal Vin whichapnesented by thein rail. The dual
voltage supplies are connected throMghy andVpp, rails. The output is connected to
the output railsVout . This layout consist five circuits, level up cemter, down
converter, pass circuit, block circuit, and 4:1 tipkéxer circuit, built as a single

circuit. The control signals are applied througrasd s1.
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CHAPTER 6

SIMULATION AND CHARATCTERIZATION OF UNIVERSAL LEVEL

CONVERTER AT 45nm TECHNOLOGY

The circuit of the universal level converter isaalsuilt and characterized at
45nm technology. The circuit diagram of the uniatisvel converter remains the same
as described earlier in chapter 3. But the moitkd,fdevice parameters and the supply
voltages will change according to the technologyedus The simulation and

characterization details of ULC at 45nm technolagy discussed in this chapter.

6.1 Transistor Level Schematic Design of Univetsalel Converter

The circuit diagram of universal level converted&hm technology is similar to
that built at 90nm technology. The ULC consist ofiff circuits dedicated to the four
distinct level converting operations. A 4:1 muléper, made of transmission gates, is
used to couple the four different outputs to thegl output of the universal level
converter circuit. The input signal is applied asahe Vin pin of ULC. sO and sl are
the control signals which are used to select tipe tyf output at Vout. The transistor

level schematic of universal level converter atm3echnology is as shown in Fig. 6.1.
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FIGURE 6.1 Transistor level circuit diagram of umisal level converter at 45nm

technology.

6.2 Simulation Results of Universal Level Converter

The simulation set up for 45nm technology is sasshown in Fig. 4.1. But to

simulate ULC at this technology a BSIM4_45nm tedbgg model file from PTM
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(predictive technology model) is used. For thisesohtic design, a WI/L ratio of 4:1 is
used, and the device parameters for PMOS are Wsr36dnd L = 45nm and for
NMOS are W= 180nm and L = 45nm. The values of tho&kvoltages V) for PMOS
and NMOS are -0.22V and 0.22V, respectively. Thgdgl values for the dual voltage
supplies are used a%py = 0.7V andVpp. = 0.595 (85% V¥pu). The dual voltage
supplies at pind/ppy and Vpp. are connected to voltage sources. The value a loa
capacitance used is 15fF. The pin represents the input pin where a piecewise
voltage signal is applied as inpg@ andsl are the control signal pins which decide the
type of output of ULC. The circuit is simulated the analog design environment
(ADE) and a transient analysis for 100nsec is perforthethg simulation. The output
of ULC is observed in its different modes of opematas discussed Table 3.2. The Fig.
6.1 shows the output of the universal level corererh all of its four modes of
operation.

The ULC can be used in a programmable logic enwremt where the control
signals sO and sl1 change with time and the outpuhe ULC is also expected to
change accordingly. The ULC design at 45nm techmpoles tested for such
requirements and Fig 6.2 shows the output resaltsdch scenario. The sub sections
from 6.1.1 through 6.1.4 discuss the simulationultes of each block of ULC

independently.
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FIGURE 6.1 Simulation result of universal leveheerter showing the outputs for all

the four modes of operation.
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FIGURE 6.2 Simulation result of universal leveheerter showing the outputs for all

the four modes of operation in a programmable aesivironment.
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6.1.1 Level Up Converter

For level up converter simulation, a transient gsial for 100nsec is performed
with both the control signals so and sl as highthWihese input states of the control
signals the output of the ULC is the output of lgnel up converter circuit. As shown in
the output plot in Fig. 6.3 the input signal at pim is a piece wise linear voltage signal
at 0.595V. This signal at a lower voltage levetaverter to a higher level of 0.7V by

the level up converter circuit.

=0 =1

¥ imi)
B
a
9

T T
o 25.0 S50.0 75.0 100
time [ra)

FIGURE 6.3 Output waveform for level-up conversiwith Vpp. = 0.595V, \bpy =

0.7V and at a of load = 15fF.

6.1.2 Level Down Converter

During simulation of ULC if sO is maintained highdasl is low then the output
of ULC is the output of level down converting ciitc’he input signal in this case is also
a piecewise linear signal at a voltage of 0.¥¥pf) applied atvin terminal of ULC. A

transient analysis is carried out for 100nsec aedutput result is observed.
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FIGURE 6.4 Output waveform for level-down conversiwith Vpp. = 1.02V, Vppy =

1.2V and at load = 15fF.

6.1.3 Blocking of Signal Operation

When s0 is low and sl is also low then ULC acta Bkcking circuit. The output
is shown in Fig. 4.3 as below. From the outpusitlear that even when the input is as
high as 1.2V the output voltage is very low bel@6V which is less than the threshold

voltage of PMOS and NMOS which are used in thegtesi
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FIGURE 6.5 Output waveform of blocking of signalkogtion.

6.1.4 Passing of Signal Operation

ULC can be made to work as a passing circuit whwertrol signalsl is low and sO

is high. As shown an input signal at 0.7V is appheéhich is bypassed to output as it is.

Trarsiem Resporse

S0

FIGURE 6.6 Output waveform of passing of signalragen.

s50.0

time [re)
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6.2 Characterization of Universal Level Converter
It is very essential to characterize any desigi i$ to be used for low power

applications. By doing the power consumption arallttad the design can handle can
be determined. The ULC design is characterizeddsfopming three analyses:

0] parametric

(i) power

(i)  load analysis
The output results of ULC for these three analyaes shown in the following

subsections.

6.2.1 Parametric Analysis

Parametric analysis is nothing but varying onehef parameters and observing
the effects it has on the output. Tharametric analysis tool from theanalog design
environment is used. A parametric analysis on the universaklleconverter is
performed for it level up conversion, level dowmeersion and pass signal mode of
operation. A transient analysis for 100ns is cdrnvehere in the output voltage is
observed for a varying lower voltag¥pp,). The value of ¥py voltage is kept at a
constant level at 0.7V and thep) voltage is varied from 0.1V to 0.595V with an
increasing step of 0.1V. The output signal is obsérat the output terminadout of
ULC for the level up conversion, level down convensand pass circuits. These results

are shown in Fig. 6.7, Fig. 6.8, and Fig. 6.9 resigely.
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FIGURE 6.7 Parametric analysis for up-convertecutr showing the output (Vout)

waveforms when th¥pp, is varied from 0.1V to 0.595V with an increasingsof 0.1V
and constan¥ppy = 0.7V.
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FIGURE 6.8 Parametric analysis for down-convertecuit showing the output (Vout)

waveforms when th¥pp, is varied from 0.1V to 0.595V with an increasinigsof 0.1V

and constan¥ppy = 0.7V.
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FIGURE 6.9 Parametric analysis for pass cirshdwing the output (Vout) waveforms

where theVpp, is varied from 0.1V to 0.595V with an increasitgpsof 0.1V and

constantVppy = 0.7V.

The parametric analysis results prove that the arsal level converter circuit
can work very efficiently at 45nm technology evénoaver voltages like 0.45V. This is

a very important lower power design property.

6.2.2 Power Analysis

The power analysis for ULC at 45nm technologyasealin the same way as for
ULC at 90nm technology. The analysis includes datowg the power consumed by ULC
on the whole and also the power consumed by eaotk bdf ULC and the power
consumed by the transistors. For doing this analys browser and the calculator tools

of analog design environment are used after simulating the circuit diagram. Toial
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power consumed by the universal level converter lmamgiven as the sum of power
consumed by each block that constitutes the ULG hal power consumed can be
found out by using the formula:
Pulc = Peclc + Rdl + Pblock + Ppass.
The power consumption calculated for the univetsakl converter and the
different blocks of ULC at three different loadsisown in Table 6.1. From these power
calculations it can be concluded that universaéleonverter has a very low average

power dissipation of about 3.583V.
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TABLE 6.1 Power consumption of universal level certer for three different loads.

Power Consumption

Total Average

Load Circuit (LW) Power
Consumption

Level-UP Converter 1.899uwW

Level-Down Converter 1.170pW

10fF 4:1 Mux 0.842uW
Block Circuit 0.0184uW 3.3082uW

Pass Circuit 0.0033 pw

Level-UP Converter 1.958uwW

Level-Down Converter 1.170pwW

45fF 4:1 Mux 0.2555uW
Block Circuit 0.0184uW 3.5118uW

Pass Circuit 0.0033uw

Level-UP Converter 2.029uwW

Level-Down Converter 1.170pW

90fF 4:1 Mux 0.4048uW
Block Circuit 0.018404W 3.7790uW

Pass Circuit 0.0033uw
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The following tables from Table 4.2 through Tablé gdhows the detailed power
consumption of the individual level converting kscof ULC, including the power

consumed by each transistor for a load of 10fF.

TABLE 6.2 Power consumption of level up converter.

Sub circuit Transistor Type Average Power

MO PMOS 0.255uwW

Inverter M1 NMOS 0.337uW

-- M2 PMOS 0.101pwW

- M3 NMOS 0.640pW

-- M4 PMOS 0.158uw

-- M5 NMOS 0.170pW
Total average power 1.89uwW

TABLE 6.3 Power consumption of level down converter

Transistor Type Average Power
MO PMOS 0.338uW
M1 PMOS 0.0595uwW
M2 PMOS 0.201pW
M3 PMOS 0.0470uW
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M4 NMOS 0.256uW
M5 NMOS 0.0450uW
M6 NMOS 0.134pW
M7 NMOS 0.0880uW
Total average power 1.157pwW

TABLE 6.4 Power consumption of 4:1 multiplexer.

Transistor Type Average Power
MO PMOS 0.0170pW
M1 PMOS 0.0317uW
M2 NMOS 0.0344pwW
M3 NMOS 0.0004pwW
M4 PMOS 0.00002pwW
M5 NMOS 0.0004pWwW
Total average power 0.0842uwW

TABLE 6.5 Power consumption of blocking circuit.

Sub circuit Transistor Type Average Power
MO PMOS 0.0164pwW
Inverter M1 NMOS 2.509 pW
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-- M2 PMOS 0.0002pW
-- M3 NMOS 0.00164uwW
Total average power 0.0184uwW

TABLE 6.6 Power consumption of pass circuit.

Transistor Type Average Power
MO PMOS 1.439 nW
M1 NMOS 1.884 nW
Total average power 3.323 nW

6.2.3 Load Analysis

In load analysis of ULC, the circuit output is obhssl for a varying load
conditions. The effect on the output for a varylogd from 1fF to 200fF is studied in
load analysis. From this analysis it can be coreduthat the ULC produces a stable
output under varying load conditions. This is agam important design feature for

voltage level converters. The Fig. 6.10, Fig. 6aht Fig. 6.12 show the output plot for

load analysis on level up converter, level downvester and on pass circuits.
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FIGURE 6.10 Output for level up conversion unddfedent load conditions with load

varying from 10fF to 200fF.
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FIGURE 6.11 Output for level down conversion undifierent load conditions with load

varying from 10fF to 200fF.
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FIGURE 6.12 Output for level up conversion unddfedent load conditions with load

varying from 10fF to 200fF.
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CHAPTER 7

CONCLUSION AND FUTURE WORKS

A novel level converter circuit called universalvé¢é converter (ULC) is
presented. This design is capable of performing thstinct types of level converting
operations. The circuit of ULC is built and tese®0nm and 45nm CMOS technologies.
The simulation results prove that the circuit césode used in a programmable logic
mode where the functionality of the circuit candie®nged according to a clock signal.
The design is characterized by performing paramepower and load analysis. These
three analyses prove that the proposed level ctmrvdesign is not only a low power
design but it also provides a stable output un@eying load conditions. The parametric
and load analysis results prove that the desigonofersal level converter produces a
very stable output at low voltage such as 0.7V0an® design and 0.45V at 45nm design
with a varying load fro 1fF-200fF. The power an@ysesults prove that the universal
level converter has a power dissipation reductibabmut 85% - 97% as compared to
other level converter designs at a different tettgyo The ULC consumes an overall
average power of about 3.58K at 45nm technology and about 27.A856 at 90nm
technology. The layout of ULC and the individuabdits of ULC is created successfully
at 90nm technology and verified for its correctnegperforming a DRC check using the
divaDRC.rul and assuraDRC.rul files.

Future extension can be made to this thesis bo#itlematic and layout level.

The schematic can be further scaled down to lowehrtology keeping in mind the
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various design constraints for low power desigre @lelay aspect of the universal level

converter can be studied at more detailed level.
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