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ABSTRACT

The sense amplifier plays an important role to cedine overall delay and power dissipation
of the memory. This thesis work explores the desigd analysis of voltage mode sense
amplifier and current mode sense amplifier usinghtde Graphics (V2006.4_4.1) at 180nm

process technology.

The voltage mode sense amplifier circuit has bessigded and simulation has been done on
Mentor Graphic. A delay of 9.5ns and power dissgrabf 243uW was found.

Next, the current mode sense amplifier has beeigriss. From the simulation results it is
found that the net delay of sense amplifier is 8.and power dissipation is 0.21uW. This
shows a significant improvement in delay and posissipation in comparison of the voltage

mode sense amplifier.

The current mode sense amplifier is further deslgnsing a low power and high speed

circuit design technique which reduces the powssigdation to 0.073uW.

Finally, the layout for voltage mode sense amplifiad current mode sense amplifier have

been drawn and layout versus schematic simulaéisunlts has been compared.
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CHAPTER 1. INTRODUCTION

CHAPTER

1 |NTRODUCTION

Moore's law was the breakthrough and evolutiorhaagemiconductor industry. Moore's
law gave the idea to integrate large memory bleakis logic circuits on a single chip but
the on-chip memory limits the speed and performari¢he overall system. The limiting
factor is the increasing bit line capacitance, Wwhesults in increased time to develop bit
line differential voltage and increase in the delagr fast and power efficient memory

design, both time and signal swing on the bit linesds to be minimized.

1.1 MOTIVATION

From the past few decades, the growth of the @eitts industry is very fast and also the
use of integrated circuits in computing, telecomioations and consumer electronics. In
the 1958 there was only a single transistor oncthip called single transistor era and at
present day ULSI (Ultra Large Scale Integration¥tegns with more than 50 million

transistors in a single chip [1].

Power consumption awareness began worldwide ard@9@-1992. Before that, only
functional markets required low power integratedwdts. Power dissipation was not the
main issue’ just proper output and the circuit afien were the main preference [3]. The
low power intend in circuit design is used becanfse

1. If the system dissipates high power, then extragdess required for the cooling

system, thus the system will become very bulky\aitichot be portable.
2. Due to the extra cooling system the cost of théesyswill increase.
3. Due to the sky-scraping power dissipation the perémce and reliability of the

system decreases.
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CHAPTER 1. INTRODUCTION

4. Memory is the main and important field of desigonday the size of the memory is
decreasing and the storing capacity is increaskg).the storing capability is
increasing, the time response for the data wriang reading from the memory
should be very fast. For this purpose differeneg/pf sense amplifiers are used.

1.2 NECESSITY OF SENSE AMPLIFIER

In the memory, it is common to reduce the voltageng on the bit lines to a value
significantly below the supply voltage. This redsideth the propagation delay and the
power consumption. Noise and other disturbances lmagccurred in the memory array,
for this sufficient noise margin is obtained eventhese small signal swings. During the
interfacing of the memory to the external fielde tamplification of the internal swing is
required. This is achieved by tlsense amplifiers. Design of a high performance and
efficient sense amplifier is very important for dgs SRAMS but with increasing
parameter variations, the developing of a reliand fast sense amplifier is a big problem

in itself.

Sense amplifiers play a major role in the functiipaperformance and reliability of
memory circuit. Reduction in delay and power isuaef by using sense amplifier in

memory circuits.

1.3 THESISORGANISATION

The primary goal of this thesis is to make obviau®w power and high speed circuit,
used in the memory design for sensing the datallsapi This thesis is organized as

follows:

Chapter 2 explains the 6T SRAM and its read and write operatiith size constraints
of the memory cell. This chapter also introduces sense amplifier, need of sense
amplifier in the memory design. Finally, this cheppdescribes the different types of

sense amplifiers.
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CHAPTER 1. INTRODUCTION

Chapter 3 briefly introduces the different sources of povagssipation that occur in
CMOS digital circuits and also the different teaues of reducing power dissipation in
CMOS digital circuits.

Chapter 4 tells about the tool and technology used for tasigh and simulation of the
6T SRAM with precharge circuit has been done. ln#his chapter explains the voltage
and current mode sense amplifiers with their laymg simulation results.

Chapter 5 describes the conclusion of the work done and &#but the future scopes of
the work.
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CHAPTER 2. MEMORY DESIGN AND SENSE AMPLIFIER

CHAPTER

MEMORY DESIGN AND

SENSE AMPLIFIER

Modern digital systems require the capability adristg large amount of data information
with high speed. Memories circuits or systems suiggtal information in large extent.
Memory circuits are of different types like SRAMRBM, ROM, EPROM, EEPROM, Flash
and FRAM, each form has a different cell desige, blasic structure and organisation. The
total market share for semiconductor memories eeted to be over $45 billion in 2003,
which is twice as large as it was in 1998 and fuitther increase [1]. Reliability and power

dissipation are large concern of the semicondun&mory designer.

The propagation delay and the power consumptioth®fmemory cell can be reduced by
lowering the voltage swing on the bit lines. Byueithg the voltage on the bit lines there will
be a very small difference between bit and bitdat it will be very difficult to differentiate
logic ‘0" and logic ‘1’ on the bit lines. This prédm is eliminated and better results are
achieved by the Sense Amplifier. The sense ampigienainly used in the digital memory
circuit design, where it can detect even the smiadinge in the current and voltage of the
circuit. This chapter focus on the 6T SRAM andetéint types of sense amplifiers.

21 THE MEMORY CORE

The most compelling issue in design large memasiés keep the sizes of the cell as small
as possible, this should be done so that other rtapiodesign qualities such as speed and
reliability do not highly affected. There are difat type of memories likeead only,
volatile, non-volatile, andread-write memories. Here only SRAM is discussed.
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CHAPTER 2. MEMORY DESIGN AND SENSE AMPLIFIER

22 STATIC RANDOM ACCESSMEMORY (SRAM)

RAM is a volatile memory. The data stored in thismory is lost when the power supply is
switch off. It retains its memory patterns for asd as power is being supplied. Basically,
RAM can be classified into two categories:-

1. Static RAM (SRAM)

2. Dynamic RAM (DRAM)
SRAM utilizes a flip flop mechanism. SRAM is a typesemiconductor memory. It does not

need to be refreshed but it is volatile memory.

WL

VDD

sz [ wa

i

M5 0B

BLB M1 ;| _||; M3 BL
7

Figure 2.1 Six-transistor CMOS SRAM cdll.

The SRAM cell should be sized as small as possibéechieve high memory densitids6T
SRAM is shown in Figure 2.1. It is made of 6 tratmis so it is called 6T SRAM. In this 6T
SRAM two inverters (M1, M2 and M3, M4) are crosaipted. Each bit of data is stored on
these four transistors in an SRAM cell. This steragll has two stable states which are us ‘0’
and ‘1’. Two additionalaccess transistors M5 and M6 are used to control the sgte a
storage cell during read and write operations aedd are connected to thi¢lines andword

line. For the accurate operation the size of the tsémrs are designed properly.

Thapar University, Patiala



CHAPTER 2. MEMORY DESIGN AND SENSE AMPLIFIER

2.21 CMOSSRAM READ OPERATION

Assume that a ‘1’ is stored at Q, so the ‘0’ wil &t Q bar. Both the bit lines are precharged
to I'.,. Read cycle will not be start until the word lireelow. As the word line will be high

both the access transistors M5 and M6 will turneduod the read cycle initiate.

WL
’
VDD —|_
5{ M4
. 5 )
¢ F] QB¢ Q=1 M6
M5
BLB BL
M1 ]}7 Voo

Figure 2.2 Simplified circuit of CMOS SRAM cell read operation [2].

During a correct read operation, the values stare@ and Q bar are transferred to the bit
lines by leavingBL at its precharge value and by dischargBigbar through M1-M5. A
careful sizing of transistors is necessary for igadhe data from memory. A simplified

circuit of read operation is shown in Figure 2.2.

As the ‘1’ is stored at Q, due to which the tratmwidM1 will be turned on and the transistor
M3 WILL turned off as the ‘0’ is stored at Q bamrafsistor M5 is already on due to high
word line, a direct path will be forms between Badrland ground as both the transistors M1
and M5 are on. Now the BL bar will be dischargetigh transistors M1 and M5.
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CHAPTER 2. MEMORY DESIGN AND SENSE AMPLIFIER

SIZE CONSTRAINTS

During the read operation transistor M1 is on du¢he value ‘1’ stored at Q. Word line is

already high so both the transistors M5 and M6oareTransistors M2 and M3 are in the off
mode due to the value stored at Q and Q bar. Tes sif the transistors M1 and M5 are of
the type that a high value voltage cannot be gémetaQ bar, if this happens due to the high

voltage at Q bar transistor M3 will become on ardiract path is occurred betweln.and

ground. So the size of the transistor M1 must leatgr than transistor M5 so that it discharge
the node Q bar. Transistor M4 is on as the ‘Otisex] at Q bar. The value stored at Q should

be nearby ‘1’ so that the transistor M1 can rencain

2.22 CMOSSRAM WRITE OPERATION

The simplified model of CMOS SRAM cell during writgperation is shown in Figure 2.3.
For the proper SRAM write operation, assume that s stored in the cell Q, then the value
stored at Q bar will be ‘0’.due to the values stioaé Q and Q bar, transistors M2 and M3 will

turned off.

WL

Y?{M4
b Py

. 1 M6
M5

VDD

M1 1}_ Voo BL=0
BLB=1 ==

Figure 2.3 Simplified model of CM OS SRAM cell write operation [2].

As the word line becomes high the write cycle wtlrts. For the write cycle value ‘0’ is to
be stored at Q, for this bit line BL is kept at.'&s the write cycle will start, a path will be

formed between supply voltage and BL and BL sthatrging. By keeping the proper sizes of

7
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CHAPTER 2. MEMORY DESIGN AND SENSE AMPLIFIER

the transistors, the transistor M6 will discharpe hode Q very fast as compare to the
charging of the node by transistor M4. Due to t& tlischarging of the Q a value ‘0’ will be
set at this node.

SIZE CONSTRAINTS

During the write operation transistor M6 is on fas word line is high, and the value stored at
the Q is ‘1’. This node is discharging through sigtor M6, as well as transistor M4 is on

and charging the node Q. The sizes of the tramsidfidd and M6 are of such type that the
value stored at Q will be ‘0’ after write operatioks the transistor M4 is charging node Q,
the size of the transistor M6 must be greater thamsistor M4 so that it can discharge the
node Q rapidly than the charging.

According to the sizes M1>M5>M2

According to the resistance M1<M5<M2

2.3 SENSE AMPLIFIER

When reading a memory cell, bit lines are initigdhecharged. In the memory operation, one
of the bit lines goes down and one remain chargéd. pulling down of the bit line is very
slow because the discharging through MOS is lowtardcapacitance of the bit line is very
high. So, delay will increases in reading the adtthe memory. Sense amplifiers are used to
detect small variation on bit lines and producéguling.

A sense amplifier used in the memory architectarshiown in Figure 2.4. In this, a square
memory is designed, for selecting the proper rowréading or writing the data a row
decoder is used. Column decoder is used to selpaiper memory cell. Sense amplifier is
connected with the memory cell so that it can deded amplify the signal. A proper sense

amplifier is used in design the memory.
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BitLine
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Figure 2.4 Sense amplifier in memory ar chitecture.

24 FUNCTIONSOF SENSE AMPLIFIER [2]

1. Amplification: In certain memory structure, amgpgddiion is required for proper
functionality since the typical circuit swing igrlited. In other memories, it allows
resolving data with small bit line swings, enablmeguced power dissipation and delay.

2. Delay reduction: The amplifier detects and amgdifsmall transition on the bit line to
large signal output swings, due to which a smalhgvinput is used and the delay will
reduce.

3. Power reduction: Reducing the signal swing onibé&d can eliminate a substantial part

of power dissipation related to charging and disging the bit lines.

2.5 SENSING APPROACH

Figure 2.5 shows a fully differential two stage seg approach along with the SRAM bit
differential amplifier. A read cycle proceeds aldws:
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VDD VDD

WL

VDD

BL
BLB

.

44

SRAM Cell

xb

X sA

| Output
Figure 2.5 SRAM sensing scheme.

1. Bit lines are connected ti},; through the PMOS transistors. In the first stéye, bit
lines are pre-charged 13, . By pulling PCB low PMOS transistors will turned on and
the bit lines are prechargedlls,. At the same tim&Q transistor will turned on and it
equalizes the voltage on both the bit lines.

2. The read operation is started by disabling thechisrge and equalization devices and

enabling the word line. One of the bit lines islgdldown by the combination of the

transistors and one remainiat, . A difference in voltage will set up on the bitdis but

the bit lines swing is limited.
3. Bit lines are connected to the sense amplifier.s8eamplifier will take the bit lines
swing as the input and it will amplify the signaldaproduce the proper rail to rail swing

output.

26 CLASSFICATION OF SENSE AMPLIFIER

10
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CHAPTER 2. MEMORY DESIGN AND SENSE AMPLIFIER

Sense amplifier is the main circuit used in the menaesign. There are mainly two types of
sense amplifiers and they can be categorized into:-
1. Voltage mode sense amplifier

2. Current mode sense amplifier

Voltage mode sense amplifier detects the voltagéerdnce between the bit lines to
determine whether a “1” or a “0” is stored in themory cell. It amplifies the voltage signal
and transfers it on the output circuits, where €urmode sense amplifier detects the current

difference between the bit lines.

2.6.1 VOLTAGE MODE SENSE AMPLIFIER

Sense amplifier which detects the voltage diffeeean the bit lines is called voltage mode
sense amplifier. There are some voltage mode seng#ifiers like single ended sense
amplifiers, differential amplifiers and current mor sense amplifiers. Different types of
sense amplifier are used in different types of mgneells according to the proper design and
efficient performance. According to the characterssof the amplifiers, they are used in the

design.

26.1.1 SINGLE ENDED SENSING

Memory cells used in ROMs, E(E)PROMs and DRAMsialerently single ended . Single
ended amplification is required for these typesmeimory cells. An interesting variant, called
the charge redistribution amplifier Figure 2.6pften used in small memory structure. The

basic idea is to exploit the imbalance betweerrgelgapacitancé,.... and a much smaller

e

The two capacitors are isolated by the pass ttamdsl. The initial voltages on nodes L and

S (Vzo + Vs ) are pre-charged 13, ,-V;, andV,; by connecting node S to the supply voltage.

Because of the voltage drop over N, only precharges tt,, .-1%,,. When one of the pull

11
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CHAPTER 2. MEMORY DESIGN AND SENSE AMPLIFIER

down devices (M2) turns on, node L with its largg@acitances slowly discharges. As long as

V., .-Vin <V} transistor M1 is off, anli; remains constant.

4

Vref
|
VLY

§
M1

~{ M2 4{ M3 S—CY — o)

N N

Figure 2.6 Charge-redistribution amplifier [2].

Vi

_/—

Once V1drops below the trigger voltads,(-1%,), M1 turns on, a charge redistribution is

initiated, and nodes L and S equalize. This capé&aery fast due to the small capacitance
on the latter node. A small voltage variation onléd translates into a large voltage drop on
node S. The circuit thus acts as an amplifier. f@sellting signal can be fed into an inverter

with a switching threshold larger thiin, .-V.,. to produce a rail-to-rail swing.

2.6.1.2 SINGLE TO DIFFERENTIAL CONVERSION

Single ended sense amplifiers do not have the prpsracteristics that they can be used in
the memory design. These amplifiers cannot be us#te Larger memories (>1MBit). Even
a small noise signal can affect the functioningha single ended sense amplifiers. A noise
signal produced at the node L or S may turn onttaesistor M1 and affect the circuit
operation. So the single ended sense amplifierscanwerted into the differential sense

amplifiers [2].

The basic concept behind the single-to differerd@lversion is shown in the Figure 2.7. A
differential sense amplifier is connected to a lgrended bit line on one side and a reference
voltage, positioned the ‘0’ and ‘1’ levels, at th#ner end. Depending upon the value of the

BL, the amplifier toggles in one or the other direq. It is not an easy task to create a good

12
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CHAPTER 2. MEMORY DESIGN AND SENSE AMPLIFIER

reference source because the voltage level vaBeth the inputs of the differential sense

amplifier should be complementary to each other.

WL

T X xb

Diff.
Cell S.A.

BL

‘ Output

Figure 2.7 Single-to-differential conversion circuit [2].

If a high voltage is present at BL then source ag#t should be zero and vice versa. The

reference source is designed in such a way thatst be opposite to the BL.

2.6.1.3 DIFFERENTIAL VOLTAGE SENSE AMPLIFIER

A differential amplifier takes small-signal differgal inputs (the bit line voltages), and
amplifies them to a large signal single-ended dutibus generally known that a differential
approach has the advantages over its single-enu@uterpart —one of the most important
being the common-mode rejection. That is, such raplifier rejects noise that is equally
injected to both inputs. This is especially attraecin memories where the exact values of bit
line signal either ‘1’ or ‘0’ is not exactly knowand might vary over quite a large range.
The impact of those noise signals can be substaespecially when we realize that the
amplitude of the signal to be sensed is generatiglls The effectiveness of a differential
amplifier is characterized by its ability to rejgbe common noise and amplify the correct
difference between the signals. The signals comiooboth inputs are suppressed at the
output of the amplifier by a ratio called the commmode rejection ratio (CMRR). Similarly,
spikes on the power supply are suppressed by@aalled the power-supply rejection ratio
(PSRR). Differential sensing is therefore considdhe technique of the choice.

13
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CHAPTER 2. MEMORY DESIGN AND SENSE AMPLIFIER

Unfortunately, the differential approach is onlyedily applicable to SRAMs memories,
since these are only the memory cell that offeraecurate differential output. Figure 2.8
shows the most basic differential sense ampliffenplification is accomplished with a

single stage, based on the current mirroring candépe input signals (bit and bit bar) are
heavily loaded and driven by the SRAM memory célle swing on those lines is small as
the small memory cell drives a large capacitivadloBhe inputs are fed to the differential

input devices (M1 and M2), and transistor M3 and&dttas an active current mirror load.

The amplifier is conditioned by the sense ampli@eable signal, SE. Initially, the inputs are
precharged and equalized to a common value, wiitleasSow disabling the sense circuit.
Once the read operation is initiated, one of thdres drops. SE is enabled when a sufficient
differential signal has been established, and theplifier evaluates. The gain of such the
differential-to-single ended amplifier is given by

Aszyse = G (Th2722)

M3 I IE M4

bit —H; M1 M2 ;H— bitb

SE—‘ M5

Figure 2.8 Basic differential sense amplifier [2].
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CHAPTER 2. MEMORY DESIGN AND SENSE AMPLIFIER

Where g,.. is the transconductance of the input transistansl r,. the small signal device
resistance of the transistor. Tize of the MOS transistor is very high in the satuatiegion

of the MOSFET .The transconductance of the inpwticgs can be increased by either
widening the devices, or by increasing the biagerur. The latter also reduces the output
resistance of M2, which limits the usefulness a$ tpproach. A gain of around 100 can be
achieved. However, the gain of sense amplifietgpgally set to around 10. The main goal
of the sense amplifier is the rapid production mfoaitput signal. Gain is hence secondary to

response time. Multiple stages are required toeaehihe desired full swing signal.

2.6.2 CURRENT MODE SENSE AMPLIFIER

Current mode sense amplifier is used to detectuneent difference between the bit lines to
determine whether a ‘1’ or ‘0’ is stored in the noagncell. It directly measures the cell read
current and transfers it to the output circuitsisTdpproach can overcome the restriction of
gain reduction brought on by voltage mode sensdifen@t low power supply voltage. The

simplest structure of the current mode sense ampi$ described in the following. The

conventional current sense amplifier basically ¢iasof four equal sized PMOS transistors
as shown in Figure 2.9. It features a current sgnsharacter since it represents a virtual

short circuit to the bit lines, which transfer @&l current directly to the output circuits [4].

V1+V2 V1+V2

Vi V2

MPlj I I MP2

CBL CBL
R L L -

V1 V2

M P?j | T | MPA4

Yeo
DLB

DL
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Figure 2.9 Conventional current mode sense amplifier [4].

Suppose the cell is accessed and, storing a |&@jim“the cell, it draws a current |. The gate
source voltage of MP1 will equal that of MP3 siribeir currents are equal, their sizes are
equal, and both transistors are in saturation. Vhlsage is represented by V1. The same

applies to MP2 and MP4. Their gate voltages areesgmted by V2. It follows théi,,, is

grounded, the left bit line will have voltage V1+Vvand the right bit line will also have

voltage V1+V2. Therefore the potentials of the twwblines will be equal and independent of
current distribution. This means that there exastgrtual short circuit across the bit lines.
Since the bit line voltages are equal, the bit loed currents will also be equal. As the cell
draws current I, the right hand leg of the sensplifier must pass more current then the left
leg. The drain currents of MP3 and MP4 are padseali¢h the current conveyor is therefore
equal to the cell current. But if a logic ‘1’ isosed in the cell, a current would then flow out
of the cell and cause the left hand leg to passnearrent than the right hand leg. This

difference in current implies a logic ‘1’ is beistpred in the cell.

Owing to an intrinsic precharge property, curresrisumption for the current sense amplifier
decreases, yet sensing speed improves. The vehaat circuit character ensures equal bit
line voltages, thus eliminating the need for hiteliequalization during a read access. The
sensing delay is insensitive to bit line capaciésnsince no capacitor discharging is required
to sense the cell data. Therefore, current sengpéifeanhas better performance than voltage

sense amplifier in terms of smaller delay and éessent consumption [4].

16
Thapar University, Patiala



CHAPTER 3. POWER DISSIPATION AND ITSREDUCTION IN CMOS CIRCUIT

CHAPTER

POWER DISSIPTTION AND ITS
3 REDUCTION IN CMOSCIRCUIT

Power consumption is one of the basic paramete@ngfkind of integrated circuit (IC).
Power and performance are always traded off to meesystem requirements. Power has a
direct impact on the system cost. If an IC is comsig more power, then a better cooling
mechanism would be required to keep the circuitnarmal conditions. Otherwise, its

performance is degraded and on continuous useyitb@@ermanently damaged.

31 POWER AND ENERGY DEFINATION

It is important at this point, to distinguish betmeenergy and power. The power consumed
by a device is, by definition, the energy consurpedunit time. In other words, the energy
(E) required for a given operation is the integraltbé power ) consumed over the

operation timeTop), hence,

E= [ P p(t)dt (3.1)

Here, the power of digital CMOS circuit is given by

P=Clpy V:f (3.2)

Where,C is the capacitance being recharged during a transl}, is the supply voltage,

Izis the voltage swing of the signal, ahds the clock frequency. If it is assumed that an
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operation requiren clock cycles T,z can be expressed ag f. Hence, Equation (3.2) can be

rewritten as

E =V n CVup
(3.3)

It is important to note that the energy per openrais independent of the clock frequency.
Reducing the frequency will lower the power constiarpbut will not change the energy

required to perform a given operation [1]. Since émergy consumption is what determines
the battery life, it is imperative to reduce themgy rather than just the power. It is, however

important to note that the power is critical foahdissipation considerations.

The power consumed when the CMOS circuit is in eee be decomposed into two basic

classes: static and dynamic.

3.2 STATIC POWER DISSIPATION

The static or steady state power dissipation ofcuit is expressed by the following relation
[1]

1‘:“=:"‘: f_-':'c:ll‘.'.',l:
(3.4)

Where,l....is the current that flows through the circuit whtere is no switching activity.
Ideally, CMOS circuits dissipate no static (DC) moveince in the steady state there is no
direct path froml;,to ground as PMOS and NMOS transistors are nevairoaltaneously.
Of course, this scenario can never be realizedaatige since in reality the MOS transistor is
not a perfect switch. Thus, there will always bakkge currents and substrate injection
currents, which will give to a static componentGMOS power dissipation. For a sub-micron
NMOS deviceW/ L = 10/ 0.5, the substrate injection current is ofdhder of 1- 10Q:A for a

Vpp of 5V [8].

Another form of static power dissipation occurs tbe so-called Ratioed logic. Pseudo-
NMOS is an example of a Ratioed CMOS logic famiitythis, the PMOS pull-up is always
on and acts as a load device for the NMOS pull-dowtwork. Therefore, when the gate
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output is in low-state, there is a direct path fiiiyy to ground and the static currents flow. In

this state, the exact value of the output voltaggetids on the ratio of the strength of PMOS
and NMOS networks — hence the name. The static poaresumed by these logic families
can be considerable. For this reason, logic famiiach as this, which experience static
power consumption, should be avoided for low-podesign. With that in mind, the static
component of power consumption in low-power CMO$Suwis should be negligible and the

focus shifts primarily to dynamic power consumption

3.3 DYNAMIC POWER DISSIPATION

The dynamic component of power dissipation arisesfthe transient switching behaviour
of the CMOS device. At some point during the switghtransient, both the NMOS and

PMOS devices will be turned on. This occurs foregatltages betweeli, andVy, - Vi, .

During this time, a short circuit exists betwels and ground and the currents are allowed
to flow. A detailed analysis of this phenomenonMaendrick reveals that with careful design
of the transition edges, this component can be Below 10-15% of the total power, this can
be achieved by keeping the rise and fall timedldha signals throughout the design within a
fixed range (preferably equal). Thus, although shuinrcuit dissipation cannot always be
completely ignored, it is certainly not the domihaomponent of power dissipation in well-
designed CMOS circuits. Instead, dynamic dissipatioe to capacitance charging consumes
most of the power. This component of dynamic podissipation is the result of charging

and discharging of the parasitic capacitancesarcittuit.

The situation is modelled in Figure 3.1, where plagasitic capacitances are lumped at the
output in the capacito€. Consider the behaviour of the circuit over oné @ycle of
operation with the input voltage going frals, to ground and back tif;; again. As the
input switches from high to low, the NMOS pull-dowatwork is cut-off and PMOS pull-up
network is activated charging load capacita@cep to ;5. This charging process draws
energy equal t€V;, from the power supply. Half of this is dissipatetmediately in the
PMOS transistors, while the other half is storedt@nload capacitance. Then, when the input
returns tal; 5, the process is reversed and the capacitancedbaiped, its energy being in
the NMOS network. In summary, every time a capaeitiode switches from ground 5,

(and back to ground), energy13, is consumed.
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VDD

Oul

Figure3.1 CMOS Inverter for Power Analyss.

This leads to the conclusion that CMOS power comgion depends on thewitching
activity of the signals involved. We can defiaetivity, o as the expected number of zero to
one transition per data cycle. If this is couplathwhe average data rafewhich may be the
clock frequency in a synchronous system, then tfexteve frequency of nodal charging is
given the product of the activity and the data:rateThis leads to the following formulation
for the average CMOS power consumption:-

Payn = aCVy f (3.5)

This classical result illustrates that the dynampawer is proportional to the switching
activity, capacitive loading and the square of supply voltage. In CMOS circuits, this
component of power dissipation is by far the magpartant accounting for at least 90% of
the total power dissipation.

So, to reduce the power dissipation, the circustigieer can minimize the switching event,
decrease the node capacitance, reduce the voleigg sr apply a combination of these
methods. Yet, in all these cases, the energy dfeavn the power supply is used only once
before being dissipated. To increase the energgieity of the logic circuits, other
measures can be introduced for recycling the engrawyn from the power supply.
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34 POWER REDUCTION

For a CMOS circuit, the total power mode, the powesipation is due to the standby
leakage current. For dynamic power dissipationietfage two components. One comes from
the switching power due to charging and dischargihipad capacitance. The other is short
circuit power due to the nonzero rise and fall tiohénput waveforms. The static power of a
CMOS circuit is determined by the by the leakageresu through each transistor. The

dynamic powerRp) and leakage poweP(eax) are expressed as
Pp = a CVi,f (3.6)
Preax = ligax - Voo (3.7)

Wherea is the switching activityf is the operational frequencg, is the load capacitance,

V5 IS the supply voltage, angeax is the cumulative leakage current due to all conepts

of the leakage current.

The dynamic power dissipation of the circuit canovercome by reducing load capacitance

and power supply; . If the supply is reduced the delay of the cirawill increase and

circuit will effected badly. If the threshold voffa Vi is reduced then the leakage current of

the circuit will increase and hence the static powe

35 POWER REDUCTION TECHNIQUES

Any circuit used in the designing is preferred ba basis of its characteristics, so the circuit
should have high speed, gain, less delay, anddes®r dissipation. There are different

techniques which are used for the low power disgipa

351 MULTITHRESHOLD-VOLTAGE CMOS(MTCMOQYS)
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The multithreshold-voltage CMOS (MTCMOS) circuit svgroposed by inserting high
threshold devices in series into Iow, circuitry. Figure 3.2 shows the schematic of an

MTCMOS circuit. A sleep control scheme is introddi¢er efficient power management.
VDD

SL —{ MP

Vobv
L

nt
i -
N

#

Vssy
SLB MN

VSS

Figure 3.2 Multi-threshold CMOS(MTCMOQOS) [§].

Two high 4 transistors are used, highr WMOS is connected to the power supply, where
NMOS is connected to the ground. Due to theseigtms a virtual power supply and ground
are appeared respectively on the drain terminaksad the both transistors. In the active
mode, SL is set low and sleep control high(MP and MN) are turned on. Since their on-
resistance are small, the virtual supply voltage,( andVssy) almost function as real power
lines. In the standby mode, SL is set high, MN BiRlare turned off and the leakage current

is very low. In this only one type of high, transistor is enough for leakage control [5].

3.5.2 VARIABLE THRESHOLD CMOS (VTCMOYS)

Variable threshold CMOS (VTCMOS) is a body biasdesgign technique. Figure 3.3 shows
the VTMOS scheme. In order to achieve differeneshold voltages, a self substrate bias

circuit is used to control the body bias. In thevacmode, a nearly zero body bias is applied.
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While in standby mode, a deeper reverse body kiapplied to increase threshold voltage
and to cut off leakage current. Furthermore, ifvacatnode, a slightly forward substrate bias

can be used to increase the circuit speed whilecied short channel effect.

Standby
Voo VBP |
-1 —T— Active
In Out
- -
Vge —— —8&——  Active
VBN |

Py Standby

Figure 3.3 Variablethreshold CMOS (VTCMOS) [5].

3.5.3DYNAMIC THRESHOLD CMOS (DTCMOYS)

For dynamic threshold CMOS, the threshold voltagealtered dynamically to suit the
operating state of the circuit. A high thresholdtage in the standby mode gives low leakage
current, while a low threshold voltage allows fogher current drives in the active mode of

operation.
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Figure 3.4 Dynamic threshold CMOS (DTCMOYS) [5].

Dynamic threshold CMOS can be achieved by tyingghte and body together DTMOS.
Figure 3.4 shows the schematic of a DTMOS invei@&aMOS can be developed in bulk
technologies by using triple wells. Stronger adagatof DTMOS can be seen in partially

depleted Silicon-on-Insulator (SOI) devices.

The supply voltage of DTMOS is limited by the diodailt-in-potential. Thepn diode
between source and body should be reverse biassitdly, this technique is only suitable

for ultra-low voltage (0.6 and below) circuits [5].
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CHAPTER

DESIGN OF SENSE AMPLIFIER
4 AND SIMULATION

In the design of the memory cell, for obtaining tiedter results like less power dissipation
minimum delay sense amplifiers are used. Diffetgpes of sense amplifiers are used in
memory design according to their performance. Télaydof the sense amplifier should be

very small so that it can detect even the smalhghaon the bit lines as the read and write
operation get starts. Sense amplifier reducesahepdissipation of the whole circuit. While

design the sense amplifier, it is kept in mind ttreg delay and power dissipation remain
minimum. This chapter describes the design of geltand current mode sense amplifiers and

compare their simulation results.

41 TOOL AND TECHNOLOGY USED

As the number of components on a single chip addnt@ogy both are increasing and keep
on increasing. It is very important for a desigtiet on which technology and on which tool
he designed the circuit. As the design technologyeiases, the delay time decrease but the
leakage current of the circuit increases. As theui® size of technology decreases the
threshold voltage of the MOS decreases, due tal¢kecases of the threshold voltage MOS
turned on at the lower voltage so the delay of d¢imeuit decreases and also the power
dissipation as the supply voltage decreases. foddkign of voltage and current mode sense

amplifiers in this chapter, the 0.18 technologysed.

Tool used in the design of the circuit plays a vienportant role. The design of the circuit

also depends on the tool used in designing that whte response time for simulating the
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schematic, it is easy to handle or working withAilrameters and the characteristics of the
circuit are depends on the tool. Mentor graphiassed for the design of the different types of

sense amplifiers in this chapter.

42 6T SRAM DESIGN WITH PRECHARGE CIRCUIT

Preacharge circuit is used in the memory desigmp@tirup or charging of the bit lines. The
6T SRAM cell with the precharge circuit is showntle Figure 4.1. Transistors M7 and M9
are used for the charging of the bit lines up ®W3p. Bit lines are connected to the supply
voltage through the PMOS. When the clock giverhmtransistors M7 and M9 is low, then
both the transistors are turned on and chargingeobit lines takes place.

Vhn Vhnn
Clk1 {ﬁ M7 CIk3 Clk2 {i M9
ﬁ M8
W I .
it 1
M10 M2 M4
) Q Jol
Clka . : QB M6
M5
M1 M3
BL 9% . +E BLB
4

Figure4.1 6T SRAM with the precharge circuit.

Transistor M8 is used in the circuit for the eqeaiiion of the voltage present at the bit lines.
This transistor remains on only during the readrafgen, during the write operation it

remains off. Transistor M10 is used for providimg tow level of voltage at one of the bit
line. This transistor remains on during the wrigge@tion, during the read operation it

remains off. Transistors M5 and M6 are the accemssistors which are connected to the
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word and bit lines. Transistors M1, M2 and M3, M4 &onnected to form cross coupled

inverters.

421 SIMULATION RESULTS OF SRAM MEMORY

The 6T SRAM is shown in the above Figure. Differeloicks are applied on the inputs of the
precharge circuit transistors. The clock givenh® WL is shown in Figure 4.2. The voltage
level of the word line remains low during the 02@ns. During this time period transistors
M7 and M9 are turned on as the clock at their inpubw. The clock given to the inputs of
these transistors are shown in Figures 4.3 andesgdectively. During this time period, a
value ‘O’ is stored at QB and a value ‘1’ is stoedQ. During this time period 0 to 20ns
transistor M10 is in off state and transistor M8nsn state for the voltage equalization on
the bit lines. The clock given to the transistor8 &d M10 are shown in Figures 4.5 and 4.6

respectively.

0.0N 20.04 40,0 E0.0M S0.OM_ 100,04 120.0M 140.0M8 1B0.ON 18000

irme [s)

Figure4.2 Clock given totheword line.

For the write operation, one of the bit lines skidoé at low voltage level. As the voltage of
the word line becomes high, write operation stafte write operation is performed during

the time period 20 to 90ns. During this time perimadnsistor M10 become on and a low
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0.0M 20.0H 40.04 GO.ON B0.0M 100.0H 120.0H 140.04 160.0H 1800
irme (5)

Figure 4.3 Clock given tothetransistor M7.

0.0N 20.0M 40.0M 60.0M 80.0M 100.0H 120.0N 140,00 160.0N 180.0
Ti e

Ime {5}

Figure4.4 Clock given tothetransistor M9.

Voltage level is set on the BL as the transistoriM@ff during this time period. The voltage
at the BL is very low and transistor M5 is on, ke node Q discharges through transistor
Mb5and BL start charging. In this way a value ‘Osisred at node Q. The simulation result of
the write cycle is shown in Figure 4.7. A value [4'stored at time 20ns and as the write
cycle starts ‘0’ is stored in the memory cell.
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0.0N 20.0N 40.0N BO.ON 800N 100.08 120.0N 140.0N 160.0M 180.C

Ime (5)

Figure4.5 Clock given tothetransistor M8.

Figure 4.6 Clock given tothetransistor M10.

For the read operation, both the bit lines sho@digh. Read operation is performed during
the time period 90 to 180ns. During this time peri@nsistor M8 turn on, transistor M7 is in
on state and transistor M10 remains in off stateh& time, both the bit lines are precharged
up to the power supply and both the access tramsiste on. The value stored at the node
QB is ‘1, due to which transistor M1lis turned ondathe BL is discharges through the

transistors M1 and M5. The simulation results @@ in Figure 4.7.
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G0.0N G0.0N o 120.0H 140,08 160.0M 180.0
Tir

0.0M 20.0M 40.0M i N 120000 140.0M 160.0M 150.1

Figure 4.8 Simulated results of the voltage at the bit lines.

During the read and write cycle, the voltages atlti lines are shown in Figure 4.8. It is very
clear from the waveforms that there is only a smaltage difference between the bit lines.
This is very difficult for a circuit to recognishdse bit line voltages as ‘0’ and ‘1’. None of

the bit line is either low or high. To overcomestproblem sense amplifiers are used.
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43 DESIGN OFVOLTAGE MODE SENSE AMPLIFIER

Sense amplifier is the main part of the memoryglresvoltage mode sense amplifiers detect
the low voltage level signal from the bit lines gardduce a high swing signal as an output. A
design circuit of voltage mode sense amplifierhigven in Figure 4.9. In this, transistors M5
and M6 are the input transistors. These transigto¥sconnected to the bit lines. Output is
taken through the cross coupled inverter via SOZ@HN. Two extra transistors are connected
in parallel to the PMOS transistors. The circuit@nected to the ground through transistor
M9. The gate of this transistor is connected wiih transistors M7 and M8. A clock is
applied on the input of these transistors.

VDD

1
owdy e

SO L v SON

-3
INN 4@% M6 g INP

M9

N ey
%

Figure 4.9 Voltage mode sense amplifier.

43.1 SIMULATION RESULTS

Bit lines are connected to the input of the semsplifier. A clock is given at the signal EN.
When the signal is low, transistors M7 and M8 wiitned on and the transistor M9 will

remain in off state. Due to these transistors Md B8 will turned on. If the input INN is
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low, transistor M5 will be off and if the EN signialhigh then there will be no path to ground
and a high voltage will be obtained as an outpi@@tnode and a low output at SON node.

This is shown in Figure 4.10.

n.om oy LEL 28 A1176M) Ly BLON_ 100.0N 120.0M 140.0M 160.0M 180.1
Time {5)

Figure 4.11 Output of voltage mode sense amplifier with 0.2 pf bit line capacitances.

The voltage sense amplifier depends on the bitdapacitances. As the bit line capacitances
of the memory cell increases the delay also ine®athis is shown in Figures 4.11. This is

shown in this Figures that as the capacitance ase® delay also increases. The waveform
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obtained in Figure 4.10 is without any capacitanddse delay obtained is 4.1ns. If the
capacitance is 0.gf then the delay is more than 9ns. This circuit gestEs 243.8uW power.

Layout of voltage mode sense amplifier is showRigure 4.12.

Figure4.12 L ayout of voltage mode sense amplifier.

44 DESIGN OF CURRENT MODE SENSE AMPLIFIER

The delay of the voltage mode sense amplifier ees as increases of the capacitances. So,
voltage mode sense amplifier is not the perfecicehwvhere the time is primary concern.
This designed sense amplifier is based on the mumede approach. The sensing speed is
independent of the bit line and data line capacg#anand a separated positive feedback
technique is employed to give the circuit high shdew power operation. As the density of
memory devices increases, certainly the assocpeabitic capacitances also increase. Large
capacitive loads cause a major sensing delay in anerdevices, so high speed sense
amplification of small memory cell signals is theykto achieving a fast access time in
SRAM. Conventional sense amplifiers are based dtag® sensing techniques, which are
sensitive to parasitic capacitance. Recent appesatth designing sense amplifiers employs
current sensing techniques the advantages in tésped are obvious and very attractive,
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especially if the supply voltage is low and the oers are large. A current-mode sense
amplifier using MTCMOS technology, which gives fastcess time and low power
consumption, is presented. In addition, it is irssére to both bit-line and data-line

capacitances.

The circuit is shown in Figure 4.13. This designbesed on the multi threshold voltage
CMOS technique. A high ¥PMOS transistor P2 is connected to the power suppich
generates a voltage near to supply voltage atade . The current conveyor (P3-P6) used
in the conventional current sense amplifier is aeddor column sensing. The pre-charge
equalizing device is omitted because the currenvegor intrinsically keeps the bit-line at
equal potentials once CL is initiated. The N5-N@ &v-P8 are formed in ways similar to
positive feedback latches. N1 and N2 connect thatimodes and pull down the data-lines
close to the ground level. The transistors N7 aldake the separating transistors and the
transistors N3 and N4 are the equalization tramsistThe data-line capacitance are
represented by CDL, CL is the column-line selestgnals.

VDD
ck —{[[ P2
P3 P4 P7 — —1| Pé€
Outf1 { } Outlr
| .
f—
PE ’ P€ N8
7 | SEN - N
gnd ’
N5 }— —{%{ N6
! S S
Vo | | &
" g}_‘q;(—— < A T
| | I |
’ v N3  SENB

<T7N2

Figure 4.13 Current mode sense amplifier with MTCM OS technique.

The inputs to the current- mode cross-coupledhlate at the sources of the N5 and N6. Due

to the low impedance at the input nodes, the cusgmals at the data-lines are injected to

34
Thapar University, Patiala



CHAPTER 4. DESIGN OF SENSE AMPLIFIER AND SIMULATION

the cross-coupled latch without charging or disgimy of the data-line capacitances.

Therefore the sensing speed is insensitive to lhibline and data-line capacitances.

441SIMULATION RESULTS

The design is based on the MTCMOS technique. Is thchnique, a high vPMOS is

connected to the power supply. A clock signal ipli@d at the input of this transistor. This
clock is shown in Figure 4.14. This PMOS will bened on only when the circuit required
the power supply otherwise it will be off. Powepply is not connected to the circuit when

PMOS is off, in this way power dissipation is reddclt provides a virtual voltage at node T.

During the time period 0 to 20ns the circuit isstandby mode. When the sense amplifier is
in the standby state, the signal “SENB” is at hig¥el and the signal “SEN” is at low-level.
In this condition, the N3 and N4 are turned onthenodes A and B are pulled down to low-
level. Hence, the N5 and N6 are at the cut-offestahd the P7 and P8 are operated in the
linear region due to their gate voltages beingoat level. Since the “SEN” is at low-level,
the N7 and N8 are at the cut-off state, which saparthe cross coupled latch, therefore,

there is no DC current flow in the sense amplifier.

Figure 4.14 Clock given to the high V+ PMOS.

During the time period 20 to 180ns the circuitrisactive mode. During the read operation,
both WL and CL lines are activated. The “SENB” idcav-level, which turns off N3 and N4,
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and the “SEN” is at high-level to turn on the crassipled latch. When a particular memory
cell is accessed, a differential current signalesgpp at the common bit-lines BL and BLB.
The current conveyor (P3-P6) transports the diffeaécurrents to the data-line. Because the
output nodes of the cross-coupled latch are at-legdl, at the standby state, there is a large
current driven by P7 and P8 and a particular rasutbtained at the output. The simulation

results are shown in Figure 4.15.

Figure 4.16 L ayout of the current mode sense amplifier.

36
Thapar University, Patiala



CHAPTER 4. DESIGN OF SENSE AMPLIFIER AND SIMULATION

It is observed from the Figure 4.15 that a delagrd/ 8.2ns is obtained using current mode
sense amplifier as it is independent of the capacds. The sense amplifier differentiates the
both voltages after a delay of 8.2ns as the Wiciwate at 20ns and sense amplifier amplify
and detect the signals at 28.2ns. This current meelese amplifier using MTCMOS
technique dissipates only 73.37uW power. Layouthef current mode sense amplifier is

shown in Figure 4.16.

45 RESULT SUMMARY

It is proved that the delay in current mode senselifier is very less as compare to the

voltage mode sense amplifier. Current sensingdspendent of the bit line and word lines

capacitances where voltage mode sense amplifiegndispon the capacitances. The delay in
the voltage mode sense amplifier increases asasesein the capacitances. Comparison of
delay and power dissipation of current mode andagel mode sense amplifier is shown in

Table 4.1.

Table 4.1 Comparison of current mode sense ampéifid voltage mode sense amplifier

VOLTAGE MODE CURRENT MODE SENSE CURRENT MODE SENSE
SENSE AMPLIFIER AMPLIFIER AMPLIFIER USING MTCMOS

CAPACITANCE

(PF) POWER POWER POWER
DELAY
DISSIPATION  pELAY(ns) DISSIPATION pgLAY(ns) DISSIPATION
(ns)
(W) (W) (L)
0.0 4.1 243 8.2 0.23 8.2 0.073
0.1 6.5 243 8.2 0.23 8.2 0.073
0.2 9.5 243 8.2 0.23 8.2 0.073
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As shown in the table that the power dissipatiothefcurrent mode sense amplifier is much
lower than the voltage mode sense amplifier. lal@ observed that voltage mode sense
amplifier has less delay where the bit line capacés is very small and the current mode
sense amplifier is independent of the capacitances.
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CHAPTER 5. CONCLUSION AND FUTURE SCOPE

CHAPTER

CONCLUSION AND FUTURE
5 SCOPE

CONCLUSION

* The simulation results show that the delay of tbéiage mode sense amplifier is
9.5ns whereas the delay of current mode sense feenj@i 8.2ns. So the delay of the
sense amplifier using current mode can be redug&b%.

* The power dissipation of the voltage mode sensdifinps 243uW and the power
dissipation of the current mode sense amplifier0Oi21pW. Hence, the power
dissipation of sense amplifier can be reduced 100(es using current mode
operation.

* The power dissipation of the circuit can be furtreztuced using MTCMOS technique
in current mode sense amplifier. The power disgpausing this technique is
0.73uW. Therefore, the power is reduced by 33%woaspare to simple current mode
sense amplifier.

e Also for smaller memories voltage mode sense amaplghows about 50% better

performance than current mode sense amplifier.

FURURE SCOPE

The power dissipation and delay of the sense amptiircuit can be further reduced by using
several low power and high speed techniques likeCMDS, DTCMOS and Adaptive
CMOS. As we go for the higher technology the leagkpgwer dissipation becomes a severe
problem. By using these techniques this problembmasolved significantly. Also different
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CHAPTER 5. CONCLUSION AND FUTURE SCOPE

sense amplifier circuits using low power and higked design techniques can be employed

for reducing the power dissipation and delay ofrttemory.
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APPENDI X

APPENDIX A

LVSFOR VOLTAGE MODES SENSE AMPLIFIER

HARHHHHH AT AR AR R A R R R

HH HH

HH CALIBRE SYISEM HH#
HH HH

HH LVS REPOR HH
i HH#

HARHHHHH AT AR AR A R R R

REPORT FILE NAME: himvoltagesram_1_anand.lvsorép
LAYOUT NAME: himvoltagesram_1_anand.calibre.gds
SOURCE NAME:
/home/student/himvoltagesram_1_anand/himvoltagestaanand.src.net
(‘himvoltagesram_1_anand’)

RULE FILE: /home/student/_tsmc018.rules_
LVS MODE: Mask

RULE FILE NAME: /home/student/_tsmc018.rules_
CREATION TIME: Mon Jun 28 15:20:32 2010
CURRENT DIRECTORY: /home/student

USER NAME: student

CALIBRE VERSION: v2006.2_30.26 Fri Jul 7 22:37

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkhkkhkkkkkkkkk kkkkkkkkkkkkkkkkkkkkk
kkkkkkkkkkkkkkkhkkkhkkkhkkkkkkkkkkkkkkkkkx

OVERALL COMPARISONESULTS
kkkkkkkkkkkkhkkkkkhkkhkkkhkkkhkkkhkkkhkkkhkkkhkkkhkkkhkkkkkk kkkkkkkkkkkkkkkkkkkkk

kkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkk

B M
## #oox o

# # # CORRECTH |

## # #\__J

# R
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APPENDI X

Layout  Source Compdrigype

Ports: 7 7

Nets: 10 10

Instances: 5 5 MN (4 pins)
4 4 MP (4 pins)

Total Inst: 9 ----- 9 )

NUMBERS OF OBJECTS AFTER TRANSFORMATION

Layout Source Compdnkype

Ports: 7 7
Nets: 8 8
Instances: 1 1 MN (4 pins)
4 4 MP (4 pins)
2 2 SMN2 (4 pins)
Total Inst: 7 7
kkkkkkkkkhkkkkkhkkhkkkkkkhkkhkkkkhkhkkhkkkkkhkkhkkkkkhkkkkkhkkkk *kkkkkkkkkkkkkhkkkkkkk

kkkkkkkkkkkkhkkkhkkkhkkkhkkkkkkkkkkkkkkkkkx

LVS PARAMETEBR

kkkkkkkkkkkkkkkhkkhkkkhkkkhkkkhkkkhkkkhkkkhkkkhkkkhkkkhkkkkkk kkkkkkkkkkkkkkkkkkkkk

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

0 LVS Setup:

/I LVS COMPONENT TYPE PROPERTY
/I LVS COMPONENT SUBTYPE PROPERTY
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APPENDI X

/I LVS PIN NAME PROPERTY
I LVS POWER NAME
/I LVS GROUND NAME

LVS CELL SUPPLY NO
LVS RECOGNIZE GATES ALL
LVS IGNORE PORTS NO
LVS CHECK PORT NAMES NO
LVS IGNORE TRIVIAL NAMED PORTS NO
LVS BUILTIN DEVICE PIN SWAP YES
LVS ALL CAPACITOR PINS SWAPPABLE NO
LVS DISCARD PINS BY DEVICE NO
LVS SOFT SUBSTRATE PINS NO
LVS INJECT LOGIC NO
LVS EXPAND UNBALANCED CELLS YES
LVS EXPAND SEED PROMOTIONS NO
LVS PRESERVE PARAMETERIZED CELLS NO
LVS GLOBALS ARE PORTS YES
LVS REVERSE WL NO
LVS SPICE PREFER PINS NO
LVS SPICE SLASH IS SPACE YES
LVS SPICE ALLOW FLOATING PINS YES
LVS SPICE ALLOW UNQUOTED STRINGS NO
LVS SPICE CONDITIONAL LDD NO
LVS SPICE CULL PRIMITIVE SUBCIRCUITS NO
LVS SPICE IMPLIED MOS AREA NO
/I LVS SPICE MULTIPLIER NAME

LVS SPICE OVERRIDE GLOBALS NO
LVS SPICE REDEFINE PARAM NO
LVS SPICE REPLICATE DEVICES NO
LVS SPICE STRICT WL NO
/I LVS SPICE OPTION

LVS STRICT SUBTYPES NO
LAYOUT CASE NO
SOURCE CASE NO
LVS COMPARE CASE NO
LVS DOWNCASE DEVICE NO
LVS REPORT MAXIMUM 50
LVS PROPERTY RESOLUTION MAXIMUM 32

Il LVS SIGNATURE MAXIMUM

/I LVS FILTER UNUSED OPTION

/I LVS REPORT OPTION

LVS REPORT UNITS YES
/I LVS NON USER NAME PORT

/I LVS NON USER NAME NET

/I LVS NON USER NAME INSTANCE

/l Reduction
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APPENDI X

LVS REDUCE SERIES MOS NO

LVS REDUCE PARALLEL MOS YES

LVS REDUCE SEMI SERIES MOS NO

LVS REDUCE SPLIT GATES YES

LVS REDUCE PARALLEL BIPOLAR YES

LVS REDUCE SERIES CAPACITORS YES

LVS REDUCE PARALLEL CAPACITORS YES

LVS REDUCE SERIES RESISTORS YES

LVS REDUCE PARALLEL RESISTORS YES

LVS REDUCE PARALLEL DIODES YES

LVS REDUCTION PRIORITY PARAEL

Il Filter

LVS FILTER sch_filter_direct_open OPEN SOURDIRECT

LVS FILTER sch_filter_direct_short SHORT SOUROIRECT

LVS FILTER sch_filter_mask_open OPEN SOURCE $KA

LVS FILTER sch_filter_mask_short SHORT SOURKMESK

LVS FILTER lay _filter_direct_open OPEN LAYOUDIRECT

LVS FILTER lay_filter_direct_short SHORT LAYOUDIRECT

LVS FILTER v OPEN

LVS FILTER i OPEN

LVS FILTER e OPEN

LVS FILTER f OPEN

LVS FILTER g OPEN
*kkkkkkkkhkkkkhkhkkhkhhkhhhhkhhhhhhkhhhkhhhhhhihkikihixk *kkkkkkhkkkhkkkkkhkkkkhik
*kkkkkkkkkkkkhkkkhhkhhhhkhhhhhikhkhrix

INFORMATION AND WARINGS
kkkkkkkkkhkkkkkhkkhkkkkkkhkkhkkkhkhkkhkkkkkkhkkhkkkkkhkkkkkhkkkk *kkkkkkkkkkkkkhkkkkkkk
kkkkkkkkkkkkkkhkkhkkkkkkhkkhkkkkhkkhkkhkkkkkhkkk
Matched Matched Unmatchddnmatched Component
Layout Source Layou  Source Type

Ports: 7 7 0 0

Nets: 8 8 0 0

Instances: 1 1 0 0 MN(N)

4 4 0 0 MP(P)
2 2 0 0 SMN2
Total Inst: 7 7 0 0
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o Initial Correspondence Points:

Ports: gnd vdd inp so son enainn

kkkkkkkkkkkkkkkhkkkhkkkhkkkkhkkhkkhkkkhkkkhkkkhkkkhkkkhkkkkkk

kkkkkkkkkkkkkkkhkkkhkkkhkkkkkkkkkkkkkkkkkx

SUMMARY

kkkkkkkkkhkkhkkkhkkkhkkkhkkkhkkkhkkhkkkhkkkhkkkhkkkhkkkhkkkkkk

kkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkkkk

Total CPU Time:
Total Elapsed Time:

Thapar University, Patiala

APPENDI X

kkkkkkkkkkkkkkkkkkkkk

kkkkkkkkkkkkkkkkkkkkk

0 sec
0 sec

46



APPENDI X

APPENDIX B

LVSREPORT FOR CURRENT MODE SENSE AMPLIFIER

HHHHAHHHHHA AR R R R

#HH HH

i CALIBRE SYISEM H#H#
i HH#

i LVS REPOR HH#
HH HH

HARHHHHH AT AR AR R A R R R

REPORT FILE NAME: himanshusensemem_1_dihesireport
LAYOUT NAME: himanshusensemem_1 rahealibre.gds
SOURCE NAME:

/home/student/himanshusensemem_1 anand/himansbosams1 anand.src.net
(‘himanshusensemem_1 anand’)

RULE FILE: /home/student/_tsmcOliks

LVS MODE: Mask

RULE FILE NAME: /home/student/_tsmcQlles
CREATION TIME: Wed Jun 23 17:07:23120
CURRENT DIRECTORY: /home/student

USER NAME: student

CALIBRE VERSION: v2006.2_30.26 FulJ7 22:37:10 06

kkkkkkkkkhkkkhkkkkkhkkkhkkkhkkkhkkkhkkkhkkkhkkkhkkkhkkkhkkkkkk kkkkkkkkkkkkkkkkkkkkk
kkkkkkkkkkkkkkkhkkkhkkkhkkkkkkkkkkkkkkkkkx

OVERALL COMPARISONESULTS
kkkkkkkkkhkkkhkkkhkkkhkkkhkkkhkkhkkkhkkkhkkkhkkkhkkkhkkkhkkkkkk kkkkkkkkkkkkkkkkkkkkk

kkkkkkkkkkkkkkkhkkkhkkkhkkkkkkkkkkkkkkkkkx

B HHHHEE
## #oox o

# # # CORRECTH |

## # #\__J

# R
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APPENDI X

Layout Source Compdrigype

Ports: 11 11

Nets: 14 14

Instances: 6 6 MNp(ns)
3 3 MP (4 pins)

Total Inst: 9 ------ 9

kkkkkkkkkkkkkkkkkkhkkkhkkkhkkkkhkkhkkkhkkkkhkkkhkkkhkkkhkkkkkk

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkx

LVS PARAMETER

kkkkkkkkkkkkkkkkkkkkkhkkhkhkhkkkhkkkkkkhkkkhkkhkkkkkkkkk

kkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkk

0 LVS Setup:

/I LVS COMPONENT TYPE PROPERTY

kkkkkkkkkkkkkkkkkkkkk

kkkkkkkkkkkkkkkkkkkkk

/I LVS COMPONENT SUBTYPE PROPERTY

/I LVS PIN NAME PROPERTY
I LVS POWER NAME
I LVS GROUND NAME

LVS CELL SUPPLY NO
LVS RECOGNIZE GATES ALL
LVS IGNORE PORTS NO
LVS CHECK PORT NAMES NO
LVS IGNORE TRIVIAL NAMED PORTS NO
LVS BUILTIN DEVICE PIN SWAP YES
LVS ALL CAPACITOR PINS SWAPPABLE NO
LVS DISCARD PINS BY DEVICE NO
LVS SOFT SUBSTRATE PINS NO
LVS INJECT LOGIC NO
LVS EXPAND UNBALANCED CELLS YES
LVS EXPAND SEED PROMOTIONS NO
LVS PRESERVE PARAMETERIZED CELLS NO
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APPENDI X

LVS GLOBALS ARE PORTS YES
LVS REVERSE WL NO
LVS SPICE PREFER PINS NO
LVS SPICE SLASH IS SPACE YES
LVS SPICE ALLOW FLOATING PINS YES
LVS SPICE ALLOW UNQUOTED STRINGS NO
LVS SPICE CONDITIONAL LDD NO
LVS SPICE CULL PRIMITIVE SUBCIRCUITS NO
LVS SPICE IMPLIED MOS AREA NO
/I LVS SPICE MULTIPLIER NAME

LVS SPICE OVERRIDE GLOBALS NO
LVS SPICE REDEFINE PARAM NO
LVS SPICE REPLICATE DEVICES NO
LVS SPICE STRICT WL NO
/I LVS SPICE OPTION

LVS STRICT SUBTYPES NO
LAYOUT CASE NO
SOURCE CASE NO
LVS COMPARE CASE NO
LVS DOWNCASE DEVICE NO
LVS REPORT MAXIMUM 50
LVS PROPERTY RESOLUTION MAXIMUM 32

/l LVS SIGNATURE MAXIMUM

/I LVS FILTER UNUSED OPTION

/I LVS REPORT OPTION

LVS REPORT UNITS YES
I/ LVS NON USER NAME PORT

/I LVS NON USER NAME NET

/I LVS NON USER NAME INSTANCE

/l Reduction

LVS REDUCE SERIES MOS NO
LVS REDUCE PARALLEL MOS YES
LVS REDUCE SEMI SERIES MOS NO
LVS REDUCE SPLIT GATES YES
LVS REDUCE PARALLEL BIPOLAR YES
LVS REDUCE SERIES CAPACITORS YES
LVS REDUCE PARALLEL CAPACITORS YES
LVS REDUCE SERIES RESISTORS YES
LVS REDUCE PARALLEL RESISTORS YES
LVS REDUCE PARALLEL DIODES YES
LVS REDUCTION PRIORITY PARAEL

/I Filter

LVS FILTER sch_filter_direct_open OPEN SOURDIRECT
LVS FILTER sch_filter_direct_short SHORT SOUROIRECT
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APPENDI X

LVS FILTER sch_filter_mask_open OPEN SOURCE $KA
LVS FILTER sch_filter_mask_short SHORT SOURMESK
LVS FILTER lay_filter_direct_open OPEN LAYOUDIRECT
LVS FILTER lay_filter_direct_short SHORT LAYOUDIRECT
LVS FILTER v OPEN

LVS FILTER i OPEN

LVS FILTER e OPEN

LVS FILTER f OPEN

LVS FILTER g OPEN

kkkkkkkkkkkkkkkkkkkkkkkkhkkkhkkkhkkkkkkhkkkhkkhkkkkkkkkk kkkkkkkkkkkkkkkkkkkkk
kkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkkkk

INFORMATION AND WARINGS
kkkkkkkkkkkkhkkkhkkkhkkkhkkkhkkhkkhkkkhkkkhkkkhkkkhkkkkkkkkk kkkkkkkkkkkkkkkkkkkkk

kkkkkkkkkkkkkkkhkkkhkkkhkkkkkkkkkkkkkkkkx

Matched Matched Unmatchddnmatched Component

Layout Source Lato Source Type
Ports: w1 o o
Nets: 14 14 0 0
Instances: 6 6 0 0 MN(N)
3 3 0 0 MP(P)
Total Inst: 9 9 0 O

o Initial Correspondence Points:

Ports: vdb vdd vcb in7 outl gnd senb lyaen out2

kkkkkkkkkkkkkkkkkkkkkkkhkkkhkhkkhkkkkhkkkkkkkkkkkkkkk kkkkkkkkkkkkkkkkkkkkk
kkkkkkkkkkkkkkhkkkhkkkhkkkkkkkkkkkkkkkkkx
kkkkkkkkkhkkkhkkkhkkkhkkkhkkkhkkhkkkhkkkhkkkhkkkhkkkhkkkhkkkkkk kkkkkkkkkkkkkkkkkkkkk

kkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkx

Total CPU Time: 0 sec
Total Elapsed Time: 0 sec
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