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CHAPTER ONE: OVERVIEW OF PROJECf 

Abslract 

A nash memory Read operation consists of sensing data from a random location 

in the memory array. During the Read operation, the flash cell conlrOl gate voltage is 

controlled through a read regulator circuit.[6J Minimizing the drain-souroc voltage 

variation will minimize the variations in cell curren1. Instead of sensing tm:. voltage 

variation in the bit Ilnc we arc setLSing the current nowing in a nash memory cell. This 

allows for more precise measurement of the charge stored on the floating gate. 1bc main 

goal of this proje<:t is to design a etrcuit. which does nO! rely on a precision current 

Project Goals 

• To design a circuit to sense the drain CUlTeRl flowmg In a flash memory cell. 

• To develop a robust circuit which does not rely on a prc<:iston curren!. 

l'rajCd Organization 

This project is divided mto" chapters. 

ChaptL.,. One gives an overview of the project and the goals that need to be 

anained. 

ChaplCf Two describes the basic flash memory cell structure, flash read. nash 

prognunming and flash crase operations. The NAND and NOR flash architectures are 

also discussed in chapter Two. 



Chapler111ree describes the whole project as II block diagram, also the reason 

behind this sensmg technique. II also descnbes design of the IIldividual blocks Oflhis 

desigo. 

Chapter Four CQVCB the summary of the design. 

, 

7 
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CHArTER TWO: FLASH MEMORY DEVICE 

What i~ Flash Memo ry? 

Flash Memol)' retains digital information und..,r certain conditions_ This n..'1aincd 

malL'Tial might be operational code or data files, or a combination orlbe two. The ideal 

memory subsystcm optimIzes density, preserves critical matenal in a non-volatile 

condition, is easy 10 program and reprogram, can be read fast, ;ll]d is cost-effective fOT Ihe 

application.[ 1 ,6] 

Most flash memories are programmed with hOI electron injection lcdmology. The 

erasmg lC(:hnology is the Fowler-Nordheim tunneling olTlhe floatmg gale \0 the drain 

rcgion.[ I] More detailed explanation is given in later sections_ A few orthe latest flash 

memories usc Fowlcr-Nordheim tunneling for both Write and Erase operations. Flash is 

similar to EEPROM memory.[71 The principal difference is that EEPROM requires data 

to be written or erased one byte 81 a lime. Whereas flash memory allows data to be 

wriuen of erased in blocks. This is reason it's ealled flash memory. Internal stale 

m3Chincs in the latest flash memories carry oul the Wnte and Erase operations. 

Flash Cell St ructu re 

Flash memory is built using floating gale CMOS technology. Most of the basic 

flash memories have a structure as shown in figure 2.1.[ I ,6) The flQating gale poly acts as 

a storage clement. The floating gate is iso lated fTOm the control gate by inter-poly 

dielectric and from the substrate by tunnel OJ;ide.[I) The !1oating gate can store a valuc 



, 

by virt ue of its isolation from 00(1\ the substrate and the conrml gal<:.[71 The control g::tte 

is the word line and controls the value stored and hence llIe name. 

lIIord I inc 

r ....... o-

I , •. " .1 0'" ~ 

I o d t,ng Gd te l-
I I 

Sit lin .. 

Sou r c .. Drain 

P - Substrate 

Figure 2.1. Flash Cell StruclUrc 

The dlllin is connected 10 the b,t hne and the source is either grounded or 

w nnCl;lcd 10 the nelll ~'t:1I depending on the type offlosh memory. [n a NOR fl ash, the 

source is grounded and In a NAND flash the cells arc connected in SCriCS. This will be 

discussed further in later sections 

Fla.'h I' rogn .. "ning Op€'ra lion 

[n one scenario a wrile operation. appro.,imatcly 12v.s applied between Ihe 

conlrol gale and source. Around 6v is applied between the drain and lhe so lln;e. ( I) The 

potential difference between source and drain generates hoI clC(;trons, which move from 

source to drain. The higher voltage at lhe gale aUraets electrons towards the floating gate 

from the substrate. After a len!,'1h of time enough electrons are accumulated in the 

fl oating gate \0 change the cell from erased Slate '·1 ~ \0 programmed Slate "0". This 

accumulation of c- charge causes the threshold vol tage of the flash memory celJ (the 

MOSFET formed between the control gate and substrate) to increase (so the celJ is never 



, 
conducting). When reading the cell lhe large threshold voltage causes the cclilo remain 

OFF. 

d2V 

I I c onco[ tau I 

'"' -'11 1 

Source Drain 

-+ 
-+ 

P - Substrat .. 

Figu re: 2.2. F1a~h "ragramllling OperatIon 

This method of programming is known as "I lot Electron Injection ".[1 ,81 The 

vohage applied \0 the gate and the drain depends on Ihe process technology used. These 

high vohages are obtained by using charge pump in the cirCUlI. The programmed cdl is 

represented by logic 'il" during a Read opcrntioo. 

Flash t: rase O llerltion 

The flash ernst operation uses Fowler-Nordheim tunneling mechamsm [0 remove 

charge from the fioaling gate and bnngs 1110 erased stale.[] ,8] This creates an electric 

field across the floating gale and the source through the thm oxide layer. Due to high 

voltage 81 the source, as compared \0 the voltage 81 the gale, electrons are attracted to the 

source. The elUed cell is represented by a logic "'" during a Read operation. The 

threshold voltage of the erased Flash cell decreases. This keeps the MOSFET from 

turning OFF dwing a read operation. 
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I I Co ntro f GaL a I 
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.. .. .. Figure 2.3. Hash base Opual1OI1 

Flash Read Operation 

During the flash read operation. around 5v is applied to both the gate and the 

drain. whIch is strong coough \0 tum ON an erased cell (the threshold vohage is <: 5V); 

but too weak to tum ON a programmed cell (lht threshold voltage is :> 5V). When the 5V 

is applied to the control gate of an erased cell , the cc:lIlums ON. This wh~'n del<xloo by a 

sense amplifier produces a logic ~ 1". 

." 
I I Co nt.oI Gate I 

GND +SV I n oat 1M, G~te I I I 

Source ora l" 

, - Sul;l" trat" 

Figure 2.4. Flash Read Opera tion 



When the 5V is applied!o the control gale ora progranuncd cell, th", cd! remain .. OFF. 

This wilen detected by a sense amplifier produces logic ''0''. 

NOR and NAN D Architecture 

NOR Arcbi!eo<ture 

n.e NOR archllecfure is the simplest Flash archilecuuc and is the most straight 

forward 10 prognun and erase. However, bttausc of large layout area, it is 001 suitable for 

large data storage. NOR archi tocrure ClU1 be used as a substitution for EEPROM.[ l j The 

basic archi[eo;:wrc of a NOR flash is shown in figure 2.S. In NOR architecture, each cell is 

connected \0 the bit line. When reading a value, the word line com:sponding \0 tile cell to 

be read is driven high. 

1- .. ". """ 

Figure 1.5. NOR Flu b Archilet'lure 

, 



• 
If1he cell "'"ere programmed, then the cell " 'ouldn'! tum ON lIIld lhe bl! hne 

vohage would stay the same. [[Ihe cell were erased. then the cell would have turned ON 

and discharged the bit line. 

NAND Archjleo<lure 

NANO archi tecture is known for its high density (smaller layout area) and is 

capable of carrying out high-speed Programming, Read and Erase operatiOll5. The basic 

architecture of NAND is shown in figure 2.6.[1] 

.,.- ':';;"" 
.... ,e Un .. 

S o l.c, ""'0"'.0'"."""'+_, _ ___ _ 

• • N ""'-=---11-----+++-

h'.c' ""'.,.=-"'., •• ,+ ____ #1-_ 

Figurt 2.6. NAND Flas h Architecrurf 

In the NAND 3Tchitecrure the selcct gale S(l1lrCC and select gate drain are turned 

ON conllecting the cell 10 bi t line and ground respectively. All the cells, tAcepl the one to 

be read, have their word lines (floating gates) driven to a high voltage so that they all 



, 
conduct[ II The word!'nc of the cdl to be read is driven [0 II lower vol tage, say +Sv.{!) If 

lhe cell were programmed, then II will not tum ON lind then: would rt(ll be II path from 

the select gale drain to the select gate source, Hence. the vollage at lhe bit line would stay 

high. If the cdl were erased, then Ihe small voltage applied 10 the word line would be 

sufficient 10 tum ONthe transistor. This o»Cf15 II path from the select gate drain 10 the 

st:lect gate source. Hence. the bit line voltage would go to zero. 

The sense amplifier we are developing will be used i[the Flash ~II is not p'--nCCI 

(i.e., if cell is OFF - Zero drain-source current and if cell is ON _ Conducting sigmficam 

CUlTeIlt). Further, we !>ope to develop this scheme so thai more than 2-levels can be Stored 

In II Flash memory cell. 
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CHAPTER THREE: NEW SENSE AMPLIFIER 

S)'stem Block Diagram 

The block diagram of the sensiog circuit is shown in figure 3.1. Here Rbu is used 

to modd the bit resistance. The Rbi! 81$0 models the Flash cell current Here we an: 

dClllgning. circuit 10 sense: any change III CUlTmI through the bit resistance.. lne voltage 

on the bit hne delemllncs the value: stored In a flash memocy cell. In IrlKliuona) struing 

Ov left on the bit line, ilJdicalts that the panicular cdl being read is programmed 11$ a -o~. 

I(Vbil has the precharged voltage. It shoW$ thaI the panicular cdl being read is a "I" 

Vrd+X 

)Rbi! 

> Voul2 

Vbil DiffetaJlllI] """~ Dn>u Fm:lt.k 
Amplifltr Cireuit CircUli CIICUII ". Cbit I 

figu", J. I . C lr<:uil Block I)lagrM m 

(/I some cases the: voltage althe Vbit need nol go all the way to zero to show a 

-0" being programmed. 

In the blocl; diagmn shown In figure 3.1, the current flowing In the Flash cdl w,lI 

be sensed. Here we arc gomg to.scose the change In CUI'TaII on the bit resistance Rbil. By 



sensmg th., current we Can delenninc more precisely, the value stored in the flash 

memo!)' cell. 

" 

TIle first block shown in figure 3.1 shows a differential wnplificr. One ufthe 

inputs has a reference vohage (2.5 V) and the (liher input has the Vb;! voltage. The 

differential amplifier produces an output current dependent on the voltages althe gates of 

the differential amplifier transistors. The transistor with higher gale vollage will source a 

higher current. The di ffcrcntial amplifier is a preamp for Ihe d<.X:ision circuit. 

The second block shown in figure J.l is the decision circuit. The decision circuit 

produces an output voltage depeoding on the current thai Willi sourced by the differential 

ampl ifier. This vollage difference is of the order of a few millivolts. This signal is applied 

10 the driver circuit . 

n.e third block in figure 3.1 IS the dnver cirCUIt where the signals are driven \0 

logic levels. Special type of irwel1Cf is used for the driver circui \. The output ofth.: driver 

cireuit represents Bny change in current on the brt resistance. Thrs signal is applied to the 

feedback crreui!. 

n'e founh block in figure 3.1 is a feedback eireui!. The current flowing tltrough 

Rbi! is accwnulatcd on the bit line capacitance Cbit. and i(the sensing circuit is working 

the feedback eireuit will feedback a current equal and opposite ortlte current flowing in 

Kbi\. This acts to hold the bit line voltage at R constant ofVref. Tne feedback circuit was 

designed using a switched capacitance resistor circuit. 



-
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Currrni Source 

Many applications in CMOS require a constant current source. Differential 

amplifier use current sources for llroper Oper.ltion. For CQrrect working ofth" differential 

pair, we would nood a constant current. Here the basic concept of current mirror is 

discussed followed by the design ofth" current ooutee used in th" differential amplifier. 

Current Minur 

Current mirrors and current sources work on the principle thai idClllical devices 

with equal gate-tn_source and drain-Io-source voltages cany equal drain currents.[3] 

'lout 

VOl 

Figure 3.2. N-Channd Cunent Mirror 

In f'gure 3.2, we can sec Ih31 M] is forced to cany <;:=111. TIus sets up the 

VDI orMl. Since M I 's gale voltage is equal to M2's. given both Ml and M2 arc in 

saturation, both will cany the same current The eurrent in Ml is mirrored over 10 M2. 

Thus M2 can sink only the amount of current carried through M I or less heuer. 



Bela Mulliplier 

The Beta multiplier is the current reference used in Ihe differential amphfier 

design. This circuit provides biasing Ihe differential ampl; fi(-r, which is e~plained in larer 

seclions. 

Working 

!leta mull;plier's 5Chematic is shown in figure 3.3.(2] The width ofMBl is K 

times larger than M81 and LI = L2 to provide fh = K.lh[2j 

(3. 1) 

The gme!O source vollage ofM I will be equal to the gale 10 source volrBge of M2 plus 

the vollage across the resistance. 

Figure 3.3. Buic Bela Muiliplier 

Drain current o f MOSFET in saturation is, 
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fF V G\', '" P + V I>IN (3 .3) 

Vo;s l ~J2Ip +V"' .... 
'P 

(3.4) 

From Equation 3.1, 

"""," VGS, +IR (3.5) 

V G.\"' '" V (3'1 - IR (3.6) 

SubstItuting (3 .6) in (3.4), 

-tip V",\ , - IR _ + V",,,, 
'P 

(3.7) 

Using (3.4) In (3.7). 

JUp +1': -fR =J2Ip +1': fJ "'~ k.p 7Ii1I 
(3.8) 

1~_2 hlU R'P, k 
(3.9) 

Here we are generating a IOI-lA currenl source for the differential amplifier pair. 

In this case, ti,e design variables that detenninc the current are the ratio of the gate widths 

. k' and Lhc value of the passive resislOr 'R' . In IIiis design. the ratio of the widths 'k ' is 

taken as 4. Le •. W2 ~ 4 WI. For 1 '" I OJ.lA and k .. 4, we can calculate the resistor value. 

Substituting in tqUll!ion 3.9, we have 

, 
10 - 2 LI ('-JIl' JlA R' K WI 4 

" 
(3.10) 



(3. 11) 

R = 20K!} 

We can use cascodc MOSFETs 10 reduce !he influence of OUlpUI resislance!21 Casooded 

beta mullipliet" will have a higher OUIP UI resislance compared 10 Ihc basic beta multiplier. 

The design of cascode bela multipl ier is shown In figure 3.4. 

SIOfIUl> c,,,,un 

, 

• 

Figu re 3.4. Ctncoded Bela Mull iplier 

The Slartup circuit was used 10 keep node 13 from dropping 10 lower voltage arui lwning 

OFFlrlUlSislors MB4 and MB3. 

-
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Sunul.hoN 

The transient and DC ana.Iysu for the beta multIplier in figuu 3.4 arc shown in figun: 3.S 

lind 3,6 respectively. 

I 

I 

_ ..... _d 
· .... -........ _-

. . .... -~--------,---~-~-.,------', .. 

. 
50. --+ .. 

. . 
"~"'-"'f"""'~' -' --- .: ... ••••• ! ....... :- ..••. ~. ---- -,- ... . . , 

, 
, 

· . 
.~ ..... -~ .. · . · . 

~~~ J!. .. --~-_-=i--.;._""==~= ... ==i==.;.= .. = • .... __ 10')0 .. , . ,. • I ... .., 

Figur .. loS. &Ia Multipllu T .... D.1itDI A ... llJd 

Figure l.S shows the 000\11\111 opmIhng cwrml of 10uA. FlguRl3.6 shows that as 

the VOO of the bela muillpllef is swept from 0 to S volls, th .. cum:nl vanes from zero 10 

10j.ll\. For CMOS circuits the power supply must be at leasl equal 10 the sum o fllue!ihold 

voi'-8es of NMOS and PMOS IBnSlStOfS. WeQJl itt lhattne cin:UJI operates around 

I-Sv, "'hich is approll.IRwely equal to 5I.IIIl ofllucsbold ",'lages of the NMOS and PMOS 

tnn5UIOB. In the SImulation. an ' R' ... Iue of 19.578K was used for the calculated ~alue 

of20K. 

• 
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Figure J.6 . Bela Multiplier DC A nalys is 

I)jffcrenlial Amplifier 

DlfTeremial pair is one oflhc most widely used C1rcull bUilding block. The mput 

stage of every op-amp is a difTL'fenlial pair. Differential pairs have two matched 

tmoslstors wIth their source shoncd together and connected to II current source. The 

current source used in this design was beta multiplier dISCUssed in the previous section. 

These devices must always stay in the active region. 

Working 

The circuit shown in figure ),7 is a differential amplifier with active loads.[4 ] The 

eurrents through MOl and MOl depend on the vol tage applIed to their re$p«tive gates. 

Higher voltage applied to the gate would cause more cum'!!t to flow through tile drains of 

MO I and M02. Howevt..'r tile maJI;mum eurrent lhat can be sourced by the differenual 

amplifier depends on the current source of the difTerenual amplifier. These eurrents arC 

mirrored over to M05 and M OO. The gain in this stage can be improved by increasing 

the size of M05 and MOO proponiollhl to MO) lind M04. Making 1h" widths of M05 



" 
and MD6 "N' limes larger would calise 'N' limes the curren! of IDI and 102 10 flow 

through them (be<.:ause IJ, - Nih. [D Q /l and 1D5 u NIDI). 

Vbit ----l ,. 

Figure J.7. Differential Amplifier .. -jlh Actin' load 

Sjmulations 

The differential amplifier shown in figure 3.7 was simulate<! with One input tied to 

II reference voltage; Vref of2.5V and the other swept from 2.4V to 2.6V. The currents at 

nodes Vel and Ve2 are shown in figure 3.&. The reference voltage IS supposed to be 

equal to the precharged bit line voltage. Here we are assuming that the precharged bitline 

voltage be 2.SV. 
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When we sweep Vbil voltage from 2.4" 10 2.6 'lollS, we can see tlial the curren! al 

vel and Vel (1+ and J - respectively) arc equal whell Vbit is 1.5'1. As the Vbit vohage 

increases, we can see chat the current through vel (1+) alSQ increases. For II 1000V 

dilT<,rence between the inputs of the difTl"n:11tial amplifieT. we get II 5.5uA diflerence 

between the (:um:nts 1+ and 1_ . 

Decis ion Circuit 

lbe decision circuit is an imponanl part orthe design. This is used to amplity the 

small voltage level change that occurs due 10 the current from the differential pair. The 

difference between the voltage VC I and ve2 is In the orde..- ora few millivolts.[4] The 

decision circuit enables us to detect this small voltage change and deu:flmne the value 

stored in the nasI! memory ceiL 

Wgrking 

The decision circuit is shown in red in figure 3.9. Depending on the voltage on 

Vbi\, i+ would he higher than i (or) vice versa. 
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,. 

figure 3.9 . • >ecision circuit 

When;+ is higher than t·, the voltallc vel would be higher than ve2 sin~ they [Ire 

driVIng the: same load. TIus causes MDS I and MD62 10 stay ON. MD.52 and MD6 1 are 

OFF. When this oondlliQn prevails. Vel is Ippm~lmately()v and vel Will be 

. P(I' I' " '+ -'2 , ... - ..... (3 .12) 

(3 IJ) 

(3 . 14) 

Wbm i- goe5 higher than i+, the voltage at Vel would be hlgherlhan the VOltage 

al vel . 1'bis causes M061 10 tum ON stronger and this causes M052 10 tum ON. As 

MD52 turns ON stronger, II pulls off all the currCfl[ causing MD51 [0 tum OFF. The: 
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j ... equals i·. 
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The voltageS III oode vel and VCl_ $hown in fi&\= 3.10. We can _ thalUx: 

\'(Ill'gut vel is lughcr than thai of Vel when Vbll is greater !han 1..5v. For. l00mV 

difference in the dilTerenna] pillr mput. the: voltab'C difference betwe= vel and VC2 is 

900 mY. This vo1ta~, beIng very small, has to be iIITIplified berore any decision can be 

taken 8.5 10 which of the In put is larger. 

Drh"er Cireu il 

Wortsml 

1lIc:dr1\U CUnI.1 IS. speciallcind ofmvcrter used for SWllctung poml tdjustmcnL 

The basiC Qn;Uil di~ of the do"cr eirwl\ IS sho"''TI.n figure 1.11 . 



Vout 

Vin~ 

Hgure 3.\ \. Drin r Circuit 

Thc lnInSistor MCI is ON all the !Lmc This ill because the gale of the PMOS transistor 

(MCI) is lied to ground. This will cause the outpul lO be pulled high all the Ilmc. The 

Input to this clrcui! is given to the gate oflmnSlSlor MC2. The Inpu! capacItance Oflhls 

Clfcul l is lower when compared 10 ItI~1 ofa rcgular inverter. 11lc mMimum outpul volu·se 

that can be oblamed IS VOO However the output node will not go all the wly to zero. 

This is because oflhe facl thaltheYe is a path from Vout 10 VOO through Mel, When 

Vin is strong eoough 10 tum on MC"2 U will pull Vout low_ 

Sim\llauom 

The mput voltage Vin IS swept from 0 10 5v In steps of 0.1 v. We can see from 

figure 3.12 that as the input voltage gQC!l aoove 1 v it is strong enough 10 lum on trunsiSlor 

Me2. Turnmg on Me2 causes a pDlh from Vout to ground pulling Vout towards ground. 

Here we hne 10 note that VOUI canoot go all the way 10 zero v011S because there IS 

alw1l}'$ 11 path from Vout to VOO. We can see that ,"ery low sWllching point voltage of 

I V was acttieved WIth this CircUli. 
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Figure 3.12. I}rh· .. r C ircuit S imulat ion 

S,,-itched Capacitor Circuit 

Workinl!. 

Switched capacitance cireuilS are used when we have to realize a high precision, 

large resistor value.(5J The basic circui t for a switched capacitor is shown in figure 3.13. 
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phi t ph i Z 

1- 1-

Figu re 3. 1 J. S"'ilehcd Capacilor 

PHIl and PHIZ are two non-ovcrlapplng clocks of a particular frequency. M I Ilnd 

M2 act as swilchcs. Due 10 non-overlapping clO(k cycles, only one of the two MOSFETS 

wi ll be ON al any particular lime.. The charge on esc, irVI IIJld V2 are IlOt equal. is 

esc (VI _ V2). The .verage currenllransfcrm:l at. gI\'en lime "'ill be: 

Also. 

C,- <YI - Jl21 
/ -

T 

(J IS) 

(J.16) 

(l.17) 

~ Cg (VI - I'2) .. (V1- Jl2) C),IS) 
T R"., 

(3 . 19) 

the S'4itchc:d capacilor ciraJlL 
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Allalysis 

Suppose we want to use a very large resistor in the range of 5Meg, it would take a 

lot of layout area using a diffused or implanted resistor. Switched capacitor can be used 

\0 solve this problem. Consider the voltage divider circuit shown ill figure 3.14. M I, M2 

am] Cftogether will act like a resistor of a particular value. 

For R - 5Meg and cr .. 20W we can calculate PH ! I and PHI2 

iux a
RC .• ~ 

SimulaliQ!h~ 

.~-c'I= = IOMHz 
5Meg.20j 

Cbi":J;:: 

-+T " 100 nS. 

Rbi' - SMell 

1--- - --- "'0 .. " 

fo'igure 3.14. S .... ltched Capaci tor Eumple 

The Rbil being SMcg and the Rsc realizing a 5Mcg resistor. we have a voltage 

divider here. WIth VDO at +Sv the output voltage vou! is, 

VOIII 

VallI 

R.. 
. ,,-"~ Voo 
R.- +R .. 

SMeg ! 
.S"" - .5=2.5v 

SMcg + SMeg 2 
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Figure 3.15. Swilched Capacitance Resistance 

The simulated result seen in figure 3.15 shows an output of 1.5'1. 

Building Ihe Circuit 

This project focuses on detecting any small changes in Ihe bit line current 

resuhlllg from the flash memory device. In a NAND flash memory cell, the select gale 

dram and select gate source are turned ON so that there IS a path from the drain 10 the 

source. All the word lines are kepI high e:<apt the onc \0 be programmed. Around +5'1 is 

apphed 10 the cell thaI has to be read.[ 1]lflhat cell were programmed, then it wouldn', 

lum ON due 10 higher threshold voltage caused by the e~cc:\s charge trapped at the 

floating gale. This Will cause the bi t line voltage to stay high, as there is no path to 

ground. If the cell were erased, then the +5v applied to Its gate would be sufficient 

cnough to tum ONthe floating gatc MOSFET. Once the FET IS ON, there would be a 

path from dfll.in to source. This causes a variation of current through the: bit line. Any 

small chan!,oe in bi t line current has to be detected by the sense amplifier. 
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Ihrougb the btt line and produce an output Signal froID which !be nash cell curn:nI can be 

We know that Imhally any change in the blllineCUl'TellI .... hen sensed by !he 

diffcrenli.1 amphfier produces an output curTUlt. l1usOUIpul cumTll depends on the 

difference between the voltage al Vref.oti Vbll nodes. The deciSion cln:uil amplifies the 

small voltage level change that o<x:urs duc 10 the current from the differential pair. The 

simulation is shown In figure J .IS. 

A~ we sweep the vbll voltage &om 2 10 lv, we can see thaI SWItching lakes place 

bdvo~ vel and vel. lk milli,'OI1 difference between vel and VO 15 now In the 

onicrorvoll. 
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FigureJ.16. D«isioa Circuil OUlpul 



Now we will have 10 sense the voltage diffcretlce and produce rail -IO-r<lil output 

voltage. The next stage we arc U5ing hcre is a driver circuit . This circuit can be used to 

sense the volt difference and produce a logic output. 

Drivcr Circuit 

The driver circuit works as an inverter. We have to sense any change in Vbit 

voltage and produce logic high or low at the output. As the Vbit voltage increases, we can 

see from figure 3.16 that the voltage at VCI increases and the voltagc at VC2 decreases. 

Since we want a high at the output when Vbit exceeds the reference voltage we want to 

connect VC2 node to the driver circuit . The size of the MOSFETS can be adjusted 10 sct 

the swi tching point voltage at Iv. 

Figure 3. 17. Drh·cr C inuit 

The Vbit voltage is swept from 2.4v to 2.6v. The simulation in figure 3.1 S shows that as 

the VC2 voltage goes low wi th an increase in Vbit voltage above the reference voltage, 

the output of the dri YCr circuit is driven high. 
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figure). I'. Ori,-.,. C in:uil OUlpI>l 

1be problem with !he above CIrculi is thai Vou! will not go all the way 10 urn. 

This is beauS('; the PMOS IIlInIiISlor is OS all the lime, This rcstm:C5 Inc Vou! Iiom 100ng 

all the WIly 10 uro voIlS. 'The nett circuli 1$ ' feedback circulL Smer the feedback CIrcUli 

is connected to the bit line Ihrough In NMOS switch, II is better 10 have the Vou! signal 

varying from VOO \0 ~ero. If ROt the ftedb1lCk circuit will 00\ be completely isolated 

from the billmc when rcq llired to. T his leads to adding two mON uwcrlers after the 

driver circuli to make sun: thai the signals vary from mil 10 nlil. The circuit with the 

mvmer is sho~'n in figure 3.19. 
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F1gUR 3.19. Drht'r Cln:uil ..-ilh Burrer 

We can see tmm fi&M' J.2(J thaI With the ()t.Itput buffers the signal from the dnver 

circuill$ now gomg all the way form VOD 10 zero. 'The signal VoutZ 15 the oulpUl of the 

second Inverter. The next part of the circuu will be the: feedback CircuiL 
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Figure 3.20. I>rh'ct C ircuit with Buffer Sinlulotloll 

fecdj)adj Cir .. uit 

The: last part orlile design is the fecdlm:k circuit, which C3/l sense changes in 

currc:nllhrough the bit hne.. TIle feedback ciraul'! input IS taken from the output of the 

buffer. The bufferowput voil.lllge Vout2 would go high when VbIl soes Ibove lbc 

rcfa-enoe .'lIIue. The f...-.1badc c:ut:wt is made of switched c:apacitor 1UlSlOr. The 

eapkitor value and the licql.lel'll:ies of PHil and PHU can ~ IdJusted 10 remlwe. 

Thc: fccdback CltaUll.$l:Onuolied by the buffc:r ci~1 output as Ihown In figure 

3.21 . The feedback cimlll when turned ON produces • Ctlm!I!l OJ!PO'ue 10 the current 

flowing Ihrough the bl! line.. ThIs causes the Vbil oode 10 stay appro:l.lmately at Vrer . 
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Figu~e 3.21. New Sen$c Ampllfirr 

From figure 3.22, we ~ Ihal Vbil is minally al 2.6v. Sillce this is higher Ih811 

thl: referellce voltage (2.Sv), the buffer output Vout2 goes high. The output from the 

buffer is shown by Vout2 in figure 3.22. Voul2 going high cause<; the feedback circuit to 

be activated. The feedback circuit pulls oul a precise charge from Vbit notlc. This 

simulation was for an Rbit value of 500k ohms. As charge is removed rrom Vbit node the 

Vout2 signal goes low because Ihe Vbit voltage is now lower than the reference voltage 

(2.5v). After some lime the Vbit node gets charged back to voltage VDD3, which is 

higher than VreC(2.5v) causing Voul2 10 go high. 
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Flgur~ 1,22. New St" St Amplifier Output 

When the cirCUli is run for a considcrllble time, we can see the numbel' of timcs 

VGul2 goes high (figure 3.23) vories with the bit resistance Rbil which tnodcl5 1hc fl ash 

cell. for a larger bit re::>ismnce, It lakes more time for vbit node to char~c back above 

Vrcf(2.5v). The Rbi! valUl;: can be estimated knowing the number ofhmcs Vout2 goes 

high In a given time. 

Estimating the Bit Resistancsi 

Equating the cun:nllhrough the bit miisWlCe ... mh !he (:WTCf1\ through the 

SoIVIII& for Ra... 

R . ' .. hue,. 
lIojCfodPu/su 
lIojDuJpUIHigh 

(UI) 

(3 .22) 

. 



Therefore 

R = VDI>I-V .. 
• V • 

SO (3.23) 
lIojDulpulHigh 

50 R _2.6 - 2.5 
... - 2.5 10.10' .40.10"" #ojDUlpI'IHigh 

5.10' 
R ... '" cc-~~~~C #ojDulpulHigh 

The number of times the output IS high is shown in figure 3.23 by red lines. From that 

infonnallon the resistance values are calculated below. 

For 40 highs, 

R .. = S.IO' .. 125k, The simulated resistance was 100KO 
40 

For 18 highs, 

5.10' Th · I )OO"~ R .. =-- .. 277k , es,muatedresistllncewas IU. 
is 

For9 highs, 

5.10' k . I 5 R .. = -,- = 555 ,The SIOIU ated resistance was OOKO 

For 6 highs, 

R .. '" 5.10' '" 833k, The simulated resistance was 750Kn 
6 

For 4 highs, 

R .. = S. ~O ' '" 1.25Meg, The simulatoo resistance was I Meg!} 

We could see fonn figure 3.23 that the approximation is very close 10 the absolute valllC 

used in the simulation. 
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Figure l .23. Comp~le Clrcuil ..-lIb Differt nl 8il Rn iuanc:e 
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CHAP'TER FOlJR; SUMMARY 

A ainul _ dcsignm, which uses .~mlglng IcduuqUCl$ 10 ddemune the ..... ue 

of the bIt resi51ll1lce.. This is a robu.st design. and dor:s not Idy on prea$ion ~rantry, The 

output signal goes high when there is a (;hange in the bll lille voltage. From the oulput 

signal we can dctcnmnc the cxa<:1 value of the resistance. The output ~an be oonnectcd 10 

a munter, which counts the numlx:r o r ttmes the output goes hIgh. Rcsistan<:e can be 

estimated using the (;Qunter vallIC'. In our results we saw lhal !"eSistar1(;c"s of VlIlious 

values an be CShmaled usoog thIS ciralLl design. This l:imllt can sense vanous cunntt 

\eveb. WIth ~'IIIi.lIon ,n proces$ the I"CSIstance ~~uc: might change. Silla' the !lash 

memory I' programnt«1 in. Similar "" .. y!hi! (;in:wl is also robust wlln proo;;c:S$ \'UlailOR. 

The dc:ciSIOR I;Ircuit plays _ m&JOf role on 5mSIng the mu:ro UDp d,ffeTCOCC 

bet\lttn the dtfferenhal patr I:Urrents. Thi! project out further be developed 10 \I·ork on 

low power supply and 10 00 mulu-level stOfllgc in flash memory eel! 
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