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ABSTRACT 

Image sellSOl'll consist of a pixel lIJT1Iy where each pixel consists of a 

plKJtosensitive diodes and an amplifier. 11Iese photodiodes take a ponion of an image and 

oonven it imo electrons. Pixels produce an electrical signal representing the image. 

AnaJog-to-digital conveners are used to conven the measured analog ()IJtput signal into 

an easily readable digi lal fonn. The desired informatioo regarding the signal is easi ly 

acquired from this digital signal. 

Projt.'C1 Goals 

• To test the perfonnance of the delta sigma modulator used in CMOS imagers. The 

chip is fabricated in the MOSIS using 0.5um process. 

• To design a delta sigma modulator (0 reduce the effeclS of mismatch. 

]'rojec:t Organil.lltion 

Chapter one: A description of CMOS imagers and pixel implementation. In addition. the 

various types of AOCs used in the imaging system are discussed. 

Chapter two: A descri ption of different blocks used in a DSM: NMOS source follower, 

feedback circuit and oomparatoc. In addition. the operation of the entire DSM circuit is 

discussed. 

Chapter three: A description of the DSM circuit design used 10 eliminate mismatch and a 

descriplion of the D· mpflop counter. 

;, 



Chapter rour: The ~ul!s obtained from testing the DSM ehip and ato;o the simulat ion 

results obtained from the circuit designed to eliminate mismatch. 

Chapter five: The: conclusion and future work orlhe design 
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CHAPTER I: lNTRODUCTION 

CMOS Image Sensors 

Imaging systems convert an image into a signaltllal is indicative of the image. 

1lIere is a tremendous demand for integration of image sensors with circuits. 1bese 

include circui ts for driving the image sensor and for performing on-dtip signal 

processing. This level of electronic integration results in good imaging pcrfonnance witll 

low noise. This led to the development of CMOS image SCIlSOll ..... CMOS is readily 

accessible and implernelltlltion of on-cllip sigllal processing circuit is easy. This is tile 

reasOIl wily CMOS image sensors are considered 10 be more popular wl\.,l1 oompared to 

cllargc coupled devices [I]. Image sensors consist of a pixel array wilen:: cacll pixel 

consists of a pllotllSellsitive diode and an amplifier. 1bese pllotodiodes take a portioo of 

an image and COllvert it into eleclnms. Pi~cls prOOuce an electrical signal representing the 

image. Analog-Io-digital converters arc. used to convert tile measured analog output 

signal into an easily readable digital fonn. Advantages of the CMOS imager whcll 

oompared 10 cllarge coupled devices are low cost. less power cOllsumpliOIl and operation 

at low voltages and compatibility hctwecll tile electronic devices integrated on-chip f21. 

CMOS image sensors are classified inlo two Iypes depending on the pi,;el 

implementation. 

Passive Pixel " MGe SenSQr 

This topology of sensor consists of only one transistor. whicll acts as a swilch and 

a phOlodiode as shown below in figure 1.1 . When tile switcll is closed the voltage across 
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the photodiode clw~ the IX)lumn bus capacilallOC.. Pass.ive pixcl image sensors appuT 

LO be simple. but IlOISC and sc:aling problems arc SOIIlC of !he iSSlle$ associated with them 

[3). 

Ji'o',whodr -
CoIwnn bus apEiwxz 

t>l gurr 1.1 Plassin pixel ima~ SHtSOr 

"-
phouxliode ' 

RowN 

Column bu~ capacitanCe 

tlgu", 1.2 Acthc pillel im3gc sensor 



-yt 
Rowselca 

""'" -
L e'er 

{] 
r 

Digital output 

li;J 

f-. 
Analog-to 
digital 
C(lnvel1Crs 

ColluM selec:t 

Typically C MOS image seniOrS COOilS{ or an lllTay of pixels 15 5/Jown in figure 

12. I.n this archlted:ute only one row IS selected al a lime USIng row seke!: logic.. 11Ic 

such as charge integration, sample and hold, ctc . Each column of thoC pixel has an analog_ 

'TIUs- column sekel Ime is used 10 ~ the dilual value represall.u.ion 0111 of AOC or the 

analog outpUt from APS [3]. 

] 



AnaJog.I&-Digibl Con,'uter 

Allillog-to-digital conVl'ttet5 play. very important role In Imaging systems. 1llese 

conveners IR: used IQ convert lbt; measured analog OOlput signal into an easily readable 

digiti! form. Tbc desired infOl"mltioo repnling Ihc sip! is enily acquired from !his 

digiti! signal. One oflhc dn""'-'Ia: wocialCd wilb these ADCa; is ~ Ihcy limil the 

speed of the mtlre cimlil. Therefore. seIectioo of an ADC wilb high speed a.nd good 

resolution is very imponant fot the performance ofthc overall system. Various types of 

AOCs used in imaging systems arc nash ADC. integrating AOC. , igma-delta ADC. and 

successive approximaLLon AOC (5). 

Rash AIX:s arc e~tn:.rncly fast when compared to all the AIX: architectures 

mcntioned above. But the mllin disadvW1tage associated with Ihis prcliitcclure is oomplc~ 

analog design due to the use o f 2N - I comparatln connected in paraUel . This parallel 

architcclure leads to I mismatch becwec:n the comparalOr.i. an increase in power 

consumption. and an exponential inen:ase in area wilb incn:ase in number of bilS. As a 

result !Ius type: of AOC is not typlCl.lly used beyond 10 bilS of ~Iuuon [51. 

"The .$U(:CT$Sjvt>lpproliimalion AOC. abo known u bil,wclgtung convuston. 

COftSlsu of sn .. cirruit. camparollot. ~vc. approximauon n:gl$lCl" and DAC. Tbc 

analog output of DAC is c:ompucd to !he applied analog input MgrWlO get !he desi=! 

resull [6). "The performance oftlUs arctutCClUre Iics between nash ADC and dual-slope. 

AOC. whicb is discussed la.let" to litis $«UOO.. This ADC is slowe!- to speed but has bigh 

~Iution when compwed 10 Ihc nash ADC. Wbcn compwed IQ integrating AIX: they 

are higher in speed and lower in resoluuon (11. 



, 
The basic pnnclple of openstion (Of !he inll::gnt.ing AOC is that tnt digital OUlput 

is obI4inc:d by intcgnllng the Input signal o,'cr 11 cclUin time period. Some 1YJlC5 or 

hllegralUlI AOCs &rC'UI&Je-SIope ADC. dual-slope ADC and mul ti ·slope ADC. Though 

the mo.I widely used among these atelul«tlm::S is thedual~ AOC (71. 

The delta sigru moduI.alof- is !he moSl eommonly used ADC ardulccture in 

CMOS imqu senson beaouse of il5 high resolution, use of low prttiSIOI1 analog 

c:omponerolS. low to6I and compatibility wilb compoaenL A rll'$t order dellll sipoa 

modulalof iii sbowrI •• the followmg figun: 1.04. 

). 
.-.-. C , __ 

v. 
I 

v. 
+ ~ Co -

"l gu", 104 .1 1'$1 ordn Della SigrM Modulator 

The fif"Sl order delta s;pna mc:xIula1or consisa of • SUITI/Da. inlCgralOf'. quanliu:r 

(companIor) and. oounla". The counler puforms diww filtering. The UlIM Signal V. is 

fed into the mlegnltOf via a summmgjUllCtion. The OUtput 0( the inlegratOf is fed into !he 

comparator. whIch IS I j·blt quantizer. Then the OUIpt.( o(the quantizer l~ fed 10 the 

digiUlJ filler and llso 10 the wmnwiOll junction wherethe dirr~ncc. between Input and 

output signals 15 taken [81(9). 



, 
Two important techniques used by the DSM are overslIll.1pling and ooise shaping. 

Oversampling reduces the quantization noise by sampling the input signal al II frequency 

greater limn the nyquist freque ncy. Noise shaping distributes the quantization noise over 

II greater bandwidth SO thaI it is low in tnc band of imerest The following graph in figure 

1.5 shows the noise shaping of an oversampled fi rst order DSM. 

_ / _ ' ... OWioct .... D 
OF 1Ili;IIiEIT 

~-

H gun' 1.5 Noise shll ping or o versampled I" order DSM[9 ] 

The purpose of the digital filler in DSM is to attenuate the signal and the 

quantization noise, which are present outside (he bandwidth of intere&1 in order to provide 

sharp cutoff at the bandwidth of interest. The following arc the graphs that OCmonstr.lte 

the shape of quantization noise in the oUI-of-rangc bandwidth before filteri ng and after 

filtering (9). 

. .. ~. , " T 

Figure 1.6 Before filtering 191 Figure 1.7 Afte r IiIted"g 19] 



CUAP'TER 2: SENSE AMPLIFIER DESIGN 

..... -
Tbe bkxt diagram of !be delta sigma modutalOr islbown In figure 2. I. n.e 

rdC'tml:e vol. (rom lhe purl is ~ onto !be boMI capkitor III the I'(rm:ace ptIth 

IlSInc the 5n1 cut:UlllDd Ihea lhe cbuaI votta«e 15 wnpIa:I IAlIIe Slanal paUl. 

,. • l-. - ... 
llII l C'ltU;1 ,,-- 4 

- L 
-.. I--Sill ( """', V -I <OIl >et1OT 

........ 
At:u~ 2.1 . Bloct diagram or Dttl:l Sllma Modulator 

dlrren"11Ce betwClen these current.!: is red inlO the sig.m. capacuor. Tbe dirrm::na: In the 

SOt1I'Ce follower {rom pu,el 10 pUld 

1 
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l1>e voltage from Ihe sigma capacitor and the ref"",nce palh vohage are compared 

using a sensing circuil. A clocked comparator with SR latch is used as the sensing circuit. 

Feedback path is enabled or disabled ckpending on the output of the sensing circuit. 

A switclled capacitor circuit is used to implement a feedback circuit. The 

feedback circuit is enabled when the current in the reference palh is different from the 

current in the signal palh. And then the feedbaclc circuit tries 10 equalize currents in both 

the palm. The desired signal is obtained by comparing the currems in the reference path 

and the signal path and by avernging the number of times the feedback path is enabled. 

Sample lind Hold 

One of the basic SIH circuits is shown in tlie figure 2.2. When the elk signaL goes 

high M I is OIl and the input signal, V .. charges the hold capacitor (C~). When the elli: 

signal goes low M 1 is off. however. the capacitor remains charged wilh tile S8U1e vohage 

level as ~ input signal. The reason the capacitor is called a hold capacitor is because il 

holds the charge even after the switch is closed. The disadvantage of using a single 

NMOS or PMOS as a switch is the presence of charge injection and clock feedthmugh. 

which resulll; in non-linearity aoo reductiOll in resolution. 

," 
~ 

VIo~V_ 
-MI ~c 

~. 

Figure 2.2. Basic S/H eireuit 



When the clk Signal goes high Ml is on and I d\annt,1 oonsiSiing of motllle 

dwJcs is fonned under the late oxide and the capacitor is charged .... 111 the input 

voI~ When M I is off, the charse ",ndc:r the gme ox;&:: is injected 01110 either side of 

!he MOSFET. This results in some of the charge being injected towards the input sip! 

and somelOWards the hokI cap.cttor. Bccau!iC of dus inJCC'Cd charJe. the voltage 

ampkd 0IIl0 the bokI ClpEltor changes (4). 

"lgurr 2..3 Orcuil sbowinr: dIargr: inj«:t6c>n 

Input voltqC. 

c,. 

"' 
Ll,- ,_ 

'-

Figure 2.4. Circuit s hu .. -Ing clock reedthrough 
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When M I is off, a voltage divider is formed between the C.JCF and Ch. elk 

signal is fed through this voltage divider resulting in a change in voltage across the 

capacitorf4J. 

Charge injection and clock fcedthrough can be avoided by using the transmission 

gate (fG) rather a single NMOS or PMOS switch. "The advantages of using TG as a 

switch are (i) full logic level swing; it can pass logic rugh and logic low without a 

threshold voltage drop, (ii) lower resistance becauS!: the NMOS and PMOS are connected 

in parallel. and (iii) the charge released fr(>m both NMOS and PMOS devices are equal 

and opposite tending to caocel eacll (l{her. TG has a larger layout area wilen compared to 

single NMOS and PMOS devices, and requires two cLk signals. Figure 2.5 shows a 

simple sample and a Ilold circuit implemented using TG. 

"" -"-- wn 

-, "" c" .. lpF 

Voll .. gcs from tho !lite! 
elUi 

"b 
-"-- wn 

"'" -, c.=tpF 
dhi 

Figure 2.S. Sample li nd hnld cir(:ui t with T G 

"The simulation below sllows that TG I is turned on first. resulting in sampling the 

reference voltage. and then TG2 is turned on sampling the signal voltage on the hold 

capacitor. 
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VoiLage 

- vclks+12 
--,~ 

2S 0 •••••••••••••••••••••••.• - ••••••• - - ••• ., r~~~·~··~··~··~··",·. 

, ; I Oock signal, fa. TGl I , .. .. -----.. - .~ ----········1············1""·····T··r·· ········1 
. . 

'" ---.-. . . --•... .. ........ 

'" .ic.cc ... ci .. ::: .. ::: .. ,t ... ::: .. ::: ... ::: ... ::: .. ,::: .. ::: ... ::: ... ::: .. ::: .. lc .. " ... " .. cc ... ci:""''''jcc .. " ... cij 
i==t===i===i·1 """"';""~T", : I 

"7-L-~--~--~7---~I --~ 
0.002040' 08 10 

~ 

--- --_. Ti_ 

Figure 2.6. Sho .. -ing clock signal used to turn on TGs 

From the simulation below, V...r is 2.SV is sampled first, and VY1 is 2.2V is 

" 

sampled aller a delay ofO.lu. l1Ic simulation shows that the vollage on tile hold capacitor 

remains at 2.5V or 2.2V even after lhe TGs are turned off 

· . ...... .. _._ ........................................... . · . . . 
...... =1: Signal 'Olta~c L ....... .:.. .......... .l.. .......... . 

1 0 ........ -of- • ,·1 . ·········1······ I·· , ..•..... 

· . o s .............•.. ... ... -... -. --- ----- .-. --- ... -. 
00 02 0 1 06 .. " 

---- - --.. Time 

Figure 2.7. Showing rererence ~'ollage and ~ ign"l voltage 
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NMOS soun:e followers petfonn voltage to current convnsKIIII. 1lIc reference 

• l 
II 
J -
1 

rcsisIor can vary with II:ntpcntl,lrt:. JlI"l'ttU characteristICS, etc., and ( ii) Wac layout arQ. 

In 0RIer 10 overcome theI;c duad~ I s'fll1lched c:a,-:UOl" ~'SIor i5 u5ed ilUkad or 

• milStor. Figure: 2.9 shows. vohil;le 10 cum:nt convene.. implemcnll:d uslnll SCR 1\ 

CIf*:IIGr. 



" 
,~ 

~. I'<'fY~'''IC~ • 0-

J' . ~ 
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Figurt' 2.9. Voltage 10 current oonvel1iion using SCR 

t 'eedback Circuit 

The feedback: cocu;l is implememed using swi!cl>ed capacitor res istor as shown 

below. 

Figure 2.10. SCR implemented using NMOS device 

" and t> arc oon-overlapping clock signals, they are never high al the same lime for 

NMOS and never low at !he same time for PMOS. (f V",,>V .. 1 and " is high then M I is 

on and the capadlor is charged to voltage V;'I [4). 



Therefore the: charge stored on the C is given as. 

G=C·V" . .. (2.1) 

When ih is high M 2 is on and the capaciloT is discharged 10 voltage Vi<l2. 

Therefore the charge stored on the C is given as, 

Q.=C·V;" ... (2.2) 

Djff~l\Ce betwun !he charges Q. and Qz is transferred between V .. , and V..:! 

during every clock interval. 

Average ClUl'enl transferred is given by. 

I~ 

I~ 
(V., V..,) 

R 

Equating (2.4) and (2.5), 

n.crefore, 

C(V~I V .. ,)_ev", V .. ,) 

T R 

T I R:- where T=-
C I 

I ",--
Ie 

... (2.3) 

. . . {2.4) 

... (25) 

... (2.6) 

... (2.7) 

... (2.8) 

The resislorvaluc depends on the clock frequency and on the capacitance 50 SCR 

can be used for roaIiZ-ing large resistors like more than MQ by simply adjusting ille clock 

frequency. 1lle advantage of using a switched capacitor circuit is that It occupies a 

14 
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Figure 2. 12 show thai the capacitor is not comple/ely charged 10 5V and this is 

because of the prescocc of body effect in NMOS. For PMOS devices the body effect can 

be eliminated because the), C3I] be fabricated in their OWll wells and ha~c separate bodies. 

Figure 2. 13 shows SCR implemented Llsing PMOS switches. Capaci tor charges aJJ the 

way\o5V. 

'1>, 

"~ 

I'1gUl"\' 2.13 SCR implemented using PMOS device 

• .. ---....... --........ . 

-- - -.... . -... - .... 

" ···· ·_-······1 -. ....... _- .\ ...... -- -.. + ... __ ...... 1 __ ........ _.: 

'" "" 
---........ -......•. --.- ....... -. 

1 0 ~ 0 i 0 , 0 

~ 

------. Time 
'"" 

FIgure 2.14. Showing milage across the capaci lor using PMOS switch 



Input Cil't'uil or DSM 

10'10 1(1110 

,' .. , 
\ .... '-o~ -" W ~ 

~ , ...... , 
Q ~ ,., 

Y 
'" ,., 

4J 
100110 

'" 

Figure 2. IS DSM Input circuit 

, .... 

~ C. 

-" 

Unlabtled 
NMOS=2(lI2 

NMOS common drain amplifier is used 10 perform ,he vollage 10 cum:m 

conversion. M3 and M4 are made wider so thai their Vp is close 10 V"",. When Ihe 

V..,......,. is grealer than V .. pol. the cum:nl flowing through M3 increases becauSo!: the galc-

source voltage increases, but lhe cum:nt flowing in 1\14 decreases because gate-source 

voltage is less. Becaus.e of the PMOS cum:n1 mirTOr the CUlTen t flowing in M I (reference 

pam) is mirrored onto the olher side (M2). So the difference betwccn lhe currents 

flowing in the reference palh and the signal palh charges the capacitor C,. 

" 
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• • 

VollaIC 

, " •• • .............•..... _-_ .... -........................... ".----_ ........ , 

• • • 
- - -f · _······f········· ····f·············f····· 

" "~--~~----~----~----~~--~ DO 20 40 60 80100 

--------",',-=~. "' • To ..... 

Figure 2. 16 Simulation ShillO"ing inputs to the comparator 

Figure 2.16 ShowSlha1 voltages V nf and V"I ideally follow each other because or the 

reedback circuit 
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Comparator 

A docked comparator with SR Iat<:h IS used as the 5ensing circuit as shown 

o 

tlgure 2.17 Comparator ,,-ith SR latm 

Wbcn elk i$ high. MS and M6 ~ wmcd off wtoeros M1 and MS are on c:aU5i1l& 

both the outputs V_ and V_ to go low and tbe outputs oftbe SR laach 10 reltWn 

unc:hangcd. When elk is high there is no path from VDD to groond. Inputs V ... and V .. 

an:: compared when elk goes low. If V".>V_ when elk is low the current flowing M I IS 

less wilen C(lmpared to !be current flowing in M2 because V,. of M I is less Itwl V .. of 

M2. MS and M6 an:: on when elk is low whereas M1 and MS are off eausmg V_ to go 

-' ----------------------------



\0 high and Q to go low. This increases the gale voltage of M9 causing it 10 tum on and 

pulls V ..... low and <[high. The openllion of the figure 2.17 is shown below. V ... is al 

2.SVand V .. is at lV. When elk (phi2) is high both the outputs are low but when elk 

(phi2) is low and V;.p>V ..... Vwrp is high and Y_ is low . 

• -(hH1 

_ .... , - ""'''1»' 
20 O;=::~~!'f' ---- .. !.-...... -.. -.. ~~ ................ ~-.- .. . . . . 

I , I 

· . · . 15 0; .............•.. ; ........... -.. -•.... - ... -- .. , ................ : .. .. .. .. · . . . . • Q 

.. 'F!F!F!RV­
: :nmmnnnm~V_-

100 0 200 0 laO 0 500 0 

-------+. Tim!: 

"1gure 2.18 Showing the operation or Ihe comparator 

, -., .. 

Voltage 

-,,,, 
-Q .. O --- ... - .. , ................ , - -----.--...... , 20 D,········ ___ ____ , 

" ·Hm...ml···Ll······,ml··m .. ' · . , . . 
': :: 

. Q 

I 0: -- ......... ,' ...... , ... . 
, ------+_. Q 

::FrUH£F 
1000200010004000 

____ -"c' .. oc_ - • Ti"", 
., 

• elk 
~ 

SOD 0 

Figure 2. 19. Showing the operation of ngu", 2. 16 with Vinp swept f rom 2V to 2.5V 
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[)rita Sigma Modulator 

" , ~ 
i J. 
~ • 
! 
I 
I 

~ • 
, 

FiIU~ 2.20 Delta Sigma Modulator 

Voltaacs from the pillets arc sampled 1)1110 the hold capacitors. First the reference 

voltage is 5-IImplcd followed by signlll yohase. Voltages are converted iAW cum:nts using 

NMOS .5OUfCCi follower. If V_ > v .... then the cumnl fIoW1na In n:ferencc path 

(Ml) iJ IllOnl than the current f1owing.lignal puh (Mot). 1lie current f10wmg 1$ Ml is 

10 charp !he capKilor 00 node V ... c.p.cilOl" on node V"", IJ M k,,"a- voltage wbea 

COO1pIfCd 10 V ..... WbeD t;! is I0'Il' V ... WlU 10 bigh and V _ "'LIllO low C3USloa Q 10 

go low and Q 10 lugh. When Q is low Ihe feedbacl: palb Ii disabkd decrcaslO& the C\IfI'tfII 



is reference path and increasing the voltage on node V «f un!il the currents in both paths 

are equaL 

22 

Q is given to the up-counler. which eQUnts the number limes the feedback path is 

enabled. The desired signal from the column voltage can be determined by comparing the 

reference currenllO signal current and by averaging the number of limes the feedback 

path is enabled to equal ize the currents in both the paths. 



CHA(YffiR J: DSM DESIGN FOR OfFSETS 

No Offset 

Figure 3.2 is the simulation or the DSM circuit shown in figure 3.1 withoot 

offset. VnF2.SV and V,.=2JV. 

Vm--r:=::1 OSM sIIown 
'--_V~ 

V ~ --t_'~"~fi="" ='=":"-J' 

Figu,"" 3. 1 Hlock diagram of DSM .,-Ithoul offsel 

, 

" ••••••• "," -" • • -_., •••••••• "f"··· ••• -'r-'" ..... ,_ .... -- - - ,. _-

• 0 

v <>l la# 

, 0 

-, 0 
00 

.. .. 

Count:=]2 

• • 

• . .. . . - --. . .......... " 
• 

........... .......... . - .. - ...................... __ ....... . 
'l0'-_C.C·cO ____ 'cc0c-__ .ccO,,~'COC0'-~" 0 

TI~ 

SIan sensing at 2us 

" 0 

Figure 3.2 Simulation showing the count of DSM without offset 
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2 

, 

-2 ,1.___ __ 1 _______ , 
" 4 0 6 0 8 (l 10 0 '" " , 

oS 

SW1 seru;'1IJt .rIC. 2 ... 
~~ 

figure 3.3 Output of DSM cin:uit shown in figure 2.20 

Figure 3.3 shows the autput of the DSM circuil shown in figure 2.20 V _ (OUI). 

which is given to the input of the counter. When V_p is fed to the caumer mere is a 

possibili ty that the counter will counl the glitches shown in the above simulation. which 

gives an inCOfTe(;\ count. In Orner to avoid this em)r invcnen are used at the output of the 

DSM as shown in figure 3.4. 

'. =1L ::::!.::M,:.-, .JHL~_"~_f- v,,~, 

Figure 3.4 I>SM circuit wilh invertl'rli and a CQunt~r 
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Counter 

In this project an edge-trigge~ O-FF is used 1;$. coun~. The OOlput of the D-

FF dunges" the rising edge oftheclc:x:t.. 

-"-
/ " n '\~ 

T 
--, -
,~ 

'" - ~ 

-"- dk 

-"-
n 

~ n 
~ 

T T -
ci' -

fit:urr 16 D-FilpFlop 

Whenclk is bwTl andT4 _on.. n andn~off. The 0 ... is.-ued 10 

the node I. ~n df is low the output of 'OJ) Ui ........ )'5 tugh. Now .. haI clk c- hip TI 

and T4 are oITwtule 1'2 and n ..-eon. If 5e( is lugh Q=O and 0=1. When elr and set both 

go hiah and mput 0 is hip thai Q=I and Q=O and ifinpuJ 0 is low thrnQ=O and Q:1-

Whmclr is high and set ill low !hen 0=1 and Q=O forboch Iugh or low OIl.nput O. When 

elr and set both go low thai both Q and Q arc high. Figure 3.7 s~ thesimulation, 

wlltch demonstrnleS the wornng of D-FF. 

Q 

Q 



V set.+1J - clr+1'J 
-Q+21 -elk 

-d" 40 0 ------.----- ... --.--.-.. ---- ..... -----....... ,- .................... '. 

30 0 -

-

, , 

~--, ;---", • Q ----.-_.-..... , , , , , 
20. ""' ....... ' .... ' ... "' .. ~ .... ~. . ........... , ....... . , ...... _---_ ... , , , , , , , 
10 

• • .u.u
J. Jill liJi ill.J..l.ll.LlllJ.-l;f-. "": 

• • 5 0 U 0 15 0 

.. 1guft 3.7 Simulation showlDg w " 'orking of O-fT 

Figure 3.8~"5 bow 1he(l()Ulllers are~ 10 form an IUdutcaure c:aJkd 

npple-up COU,"", nus project IdeS IO-bil counter wiler.: 10 counlCB an: connecIed to 

Into the Inpul D orthc saJneCOWltc1" and also 10 the elk ollhe IIC'ltl counler. 1lIe count 

generated by each COlI*," i5 &Ivai by the OUIpUI Q. 'The output bu or the fine counter 

I"CJlfUCnts (tI.:lo) where X. is CIUleT lugh or low. Similar bl is (21.)[,) and ruWly b, IS 
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Hgure 3.8 Ripple up counter 

, -bl+6 Stansensi",.rlt'rlus 
b3+~O - b2+13 

COUIII = (2° .Q)+(2' {l)+{2' ., )+(2' ") = I 2 
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V"I .. gc 
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8 0 10 0 " " "' 
Time 

Figure 3.9 Simulation showing th ~ output of the counte r 

" " 
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With Offset 

In the DSM sensing circuit there are two separate paths one for reference voltage 

and the other for signal voltage. There is a possibility thaI there can be a mismatch 

between these paths like threshold voltage mismatch, mismatch in the resistance. eiC. 

Because of this mismatch the image will have vertical streaks, wh.ich will reduce the 

quality of the image. Figure 3. to shows the block diagram of DSM circuit with an offset 

voltage. This offset voltage isjust a model of the difference between the reference plt1h 

and the signal path. This voltage can be either positive or negati ve [41. 

V"--E~fr----t 
'; • 

DSM """wn 
In Il&- 2.20 

ngu~ 3.10 810ck diagram orDSM with off~t 

Figure 3. 11 Voltage 10 curren t coII'-crsion 



Figure 3. 11 .sho .... s the vohage to ~n1 conversion in the DSM circuit with 1111 

o ffset voltage connected in scrie$ wlih the gate of !he NMOS in signal paih. 

Current nowlnl in the reference pa1h is. 

I .., V..,. V .... ... . .. {l.1) 

Let V ....... V ... -V ... where VrtFf'Cfetmce voltage and V .. =dveshoId voluge 

I _V,+V. V .. . ... 

LecV ........... V .. _V ... whete V,.=sipl voIlaJC 

Wbcm It., - J and R. I 
IN M ) -Ie le-"--

N 

V..(..oot 
I 

/C(N-M) 
N 

(N M ) v ......... ::v."...., V .. 
N 

Figure 3.13 NIoWS the output of the DSM after the invertefS. 

• .• (3.2) 

•.. (3.3) 

... (3.4) 

... (3.5) 

... (3.6) 

J() 
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F"ogu", 3.12 DSM drnUl with in'wt~ and c:ounlrr 
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Figu~ 3.13 Simuhuion showing the output of OS!'.1 with V.,;:: .SOmV 
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Flgu", 3.14 Sho"ing the output of the rounler in n~u", J.12 
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t:Uminating Offset 

(n order 10 reduce the errects of mismatch !he inIMJlS of the DSM an: switched 

ha!fwtoythroug.h the ~nse time i.e duri n8 rlfSl haJJ of the sense lime when S is hiBh the 

offset inon!he: Ilgnal vollage path and during the other half of sense lime when S is Jow 

!he otrsa is on the n:ference vollagc path as shown in figure 3.15. Ooin81hiS wiUnert8C 

out tbe IIUlilTliUCh nJea.lJy 10 l£I'O (4). The topOlogy shown in figun: 3. 15 will wort only if 

the diffefel1Ce becWttf1 V, aDd V, is greata than V .. 

Figure 3.15 Swildllng Ihc inpu ts halfw"y through Ihe R n!;e 11m., 



When the. Input voltages an: switched the feedback ci~uil must also be 5wicched, 

v ... v .. ___ 1--' 

.'--jj---

.,-tt---

. 'Igure 3.16 . 'eedback Clrcuil when S l<; high 

v~v .. __ +--' 

Jolgure 3.17 Jo'eedba.;:k Clrcuil wh .. n S is lu .. ' 



Figlln:J J.161l!1d 1.17 ~w that !he feulback circuit u always applied to the 

refcrence path even Ihough !he focdback circuli is switdtcd. 

Duling !he fint half of the sense opcnuoo the 5("hematic of DSM is .. ~ sho ... n below . 

... {3.7) 

I..ecv.., .... _v .... _v ... 

. .. (3.8) 

Currenl f10wing In the signal paib is, 

~ ~v. ... 2 ... I .. ,:c_-!-__ _ ... ••. (3.9) 



,"" 
I I 

(N M) and R..,: I.e 
f<: N 

... (3.10) 

During the second half of the sense operation the inputs are switched and the 

feedback circuit is also switched as discussed earlier in this chapter. 

Q 

\'''--uH 

Figu~ 3. 19 VOltage to current con"ersion during s«ond hair or the sense linle 

Curren! flowing in the rc:ference path is, 

I~ ... (3.1 I) 

Let V..,. ..... =V..,.-V ... 

. .. (3.t2) 



CUtrelU flowIng in \he sig"al path is, 
36 

.. . (3.13) 

LetV ......... V .. -v .. 

...(3. 14) 

1 1 
When: ~= (N-M) and R..,~-

1-<: I.e 
N 

.. (3. 15) 

... {3.]6) 

v......, + V..,...., '" V ....... 
... ... ... ...{3.17) 

Substllubng the values for R." and R... 

.. . {3,]8) 

.. . (3. ]9) 

N: number of times the DSM circuit is clocked 

M=numberof times the output goes high 
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FiJIIR 3.20 Ihowslhe bkldI daagam orw c,. ,kle DSM ~I de$lped 10 

dlf!llMle tile dTects of pIlh miANotdl. III~ are QIlIInrctoct. !be outpUt of die OSM 

in ~ IOdunuwe the tI,tc:be:5 _ di.5c:uMed lD the eartief pan of this d\ap(er 

v, ....... 
I 

v. 

F1cure J.2:O 810dt diagnm rqt~tation of DSM drndt deiped 10 rjjminak 

ofT'" 

figure 3.21 shows the SimulatIOn orligure ].20 With an offsct voltage o r ·»ttv 

Whenever uanins the IiCnse opctIIhon or $wndung the Inpul$ in between tbe sense 

mpllli are SWlIchcd &$ 5hov--n IQ lipre 3.21 
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t<lgUrt 3.21 Siniulalion or ngurt 3.20 

Count durios the rust half oflhc stmulalion i..c:.. when the offset in on the 51grW 

voI~ path (2us 10 Jus). 

c.=bo+bl+b,+b,;(:t.-)+(2'.II}t(2' '.1:1) ... (3.20) 

•.. (3.2 1) 

... (3.22) 

Counl duri ng the $CCOOd half of the ~imulauon Le ..... hen the off SCI in on lhe 

rdetaICC vollage path (9us \0 14u:s). 

.•. 0.23) 

••• 0·204) 

J8 



... (3.25) 

Adding equations (3.22) and (3.25) will give the tOial count, 

Cowu=C,+c,;1+S 

Counl=12 

.. ,(3.26) 

" .(3.27) 
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COlin! given by equation (3.27) is same as the eO\"'! generated by the simulation 

in figure 3.2, which is the OOllnl generated by the DSM circuil without offset. 



CHAP'T'ER 4: RESULTS 

Test Setup 

,~- DO - ".,' mMCIID' o>cmo.copt 

"" 
r ....... --

Figure 4.1 Schematic diagram showing test setup 

1be power supply vohage (VDD=:SV) is applied 10 the DSM chip from the uiple 

oUllet DC power supply. Clock of frequency 10MH~ wilh amplilude of 5V is applioo to 

the chip from the waveform function generator. Refcl1'nce voltagc. which is constant, is 

applied to the chip from the power supply. The signal voltage {V II&> is varied us ing Ihe 

power supply generalor. 1be digi tal outpUl of the DSM chip is displayed on the 

oscilloscope. The amplitude of signal pulse is SV p-p and the width of signal pulse is 

lOOns. 



Resuilli Obtained rrom Testing DSM Chip 

Rc:fen:nce voIta~ (V ..... 2.5V). which is OOIIStant. 1$ applied to the chip from the 

power &upply. The Signal voltage (V..,) is varied from 2..5V to O.7V USing the power 

supply genecatOl" ..... here O.1V is !be tt=sbold volt.agc. 

11 _100. Where N ., nurnbcroftunc:5 DSM is docb:d 

V .... 2.4V 

N- M 
V ........ N 'JdI • .-

Testing ResuLts: 

V .. ",l.4V 

NM V .. __ xV.,,_ 
N 

10106, where M=uumbcr of times Qi goe5 hIgh 
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Voltage 

-" 
6 0 ....... ,-. -. -.••• ,. __ .•..•• , ..... ---, • 

' .0 .. _... . .•.. --
• 

-.... ........ -_ . • ....... 

• • • 
" •... _ .•........•......... -........ , 

00 

o 
00 

............................ 
o • 0 , 0 

ti ... 

.' '. -. 

" 0 " 0 " 0 

Figure 4.2 Showing the output or the DSM circuit sho .. ·n ill figure 2.20 

Table 4.1 Tested Hnd Calculated signals ror constant rererence ~oltage (V ,.F2.5V) 
Qnd different signal voltages 

resul ts 

1.8 



Figure 4.3 shows the comparison between Iile count generated from the 

simulations and the COIlnt generated from testing the chip. COUnt is the number of times 

Qi goes high. 



"Xl r------~:=;;;o;-...., 

OJ - r '-
20 

o 
l -~-r -, 

FiCUrt4J Ceunl ~led from testing the OSM chip (V"""",,2.SV) 

Fipre 4.4 5hows the compansoa bec .... 'ee!l tbesllifted iignal1/Ol. (V....-) 

~ from tbe SimulabOnl ...d !be sluflCd Signal vol. (v"'-> 1('lIUaICd from 

testIng the clup. 

0" 0'" .... :~ ,'" ........ 'I> .. ~ ," ""~ "," ",4> "," 
s;gr..I .. t ge 

~llUrt 4.4 Compamon bel..-ftn hand calculations and lesLi n& resullS 

... lgl,ln:: 4.5 shoo.., Lhc companson between the count generated from the 

SlmutahOos and the COWl generated from IClillng the chJp for VJ"2.6V. Coom.s tnc 

num ber of limes Qi goes high 
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Figure 4.6 5howI the eomparuon bc:t"'"Ce1i the shi~ $igrW vol~ (V....-) cmcnltcd 

fl1)Ul the JlIDllIalJons aad the 5hifted sipW voltaBe (V.-> ~ fl1)Ul teltlnl the 

dvp for V ,.,..2.6V. 

--­,--
~-

--
~lgure 4.6 Comparison bdwrf'n hand cakulatioltS lind testing resull$ 

lbc: non·lineaoty absell'cd in figure 4.3 and 4.5 is due 10 the following IUSORS, 

I) As sIgnal voltap: (V,.) Ipproaches the threshold voltage 

2) Body effcct of the NMOS source fo1!ower 

3) limIted to 100 count 
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Simulation Resull.'i of DSl\t Designed to Eliminlltl' Mismatch 

Nc:g;uive offset voltage 

Power supply ~oItase. VOD=SV. Clock of frequency IOMHz with amplitude of 

SV 15 applied U) the DSM Circuli. Threshold voltage. V ... =O.7V 

Signal vollage VV)'Ing from V .. :2.4-Q.7V 

Hand c:aJculauons: 

SimulatlOrl Results: 

Withoool off$el 

N : I(XX) . where N = number 0( UIlIQ OSM is dod:r:d 

M=6I. where MlrI1Ilmmofume the output Qi goes lugh 

Ellminale offset 

V ......... - 1:. ' ·8:s1.69V 



Table 4.2 Simulated IIDd Ca lculaied s ignals (or ""nsf"nl refel't'nce ,"01111£" 
(V..r=2.5V) and dilTerent signal \"oltages 

(M) 
no offset 

(M) (M) 
eliminate cals 
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Figure 4.7 Count generated by figure 2.20 lind by figure 3.7 with 
V..=-SOmV 
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Vrri-Vsig (VrlIt:2.5V) 

Figure 4.8 Count generated by figure 2.20 and by figure 3.1 5 .. ·ith 
V..=-SOmV 

Below figure sbows the count generated by the DSM without offse t and DSM 

cin::u it with offset (V or _5QmV) for V"I from 2.2V to 1.95V. The plO! shows that the 
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number of times !he output Qi goes high is diff~rent without offset and with the pre5C1lCC 

of offset. This results in reduction in quality of the image. 

l' • 0 
U 

'''' 
"" ,., 

Count vs Vrel-Vslg 

,." ,., 0.45 ,., ,." 
Vrel-Vsig (Vrel=2.5V) 

Figure 4.9 Showing the .. .-ount in figure 4.7 

Count v, VreIN,;g 

"" 
"" 

-" 
~ 

"" 
200 ~ 

____ no 011 .... ---'''' 
"" ,., 0.35 ,., 0.45 M 0 _55 

Vrel·V. ;g (Vrel=2.SV} 

Figure 4.10 Showing the count in figure 4.8 

Figure 4.10 shows the count generated by the DSM without offset and the DSM 

s~nsing circuit designed to ~Iiminatc offset (V.s= -50mV) for V ~I from 2_2V to 1.95V. 

llle plot shows that the number of times the output goes high is approximately !he same 

without offset and even with the presence of offset. 
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I 
Figure 4.11 shows the comparison between the shifted signal voltage (V ..... ~) 

generated from the hand calculations and the shifted signal voltage {V..port} generated 

from simulations for v..t=2.SV and V .. ,=-5OmV. 

Shifted signal voltage va Signal voltage 

'r------------------------, 

.. , 
0.' I-
0.' I-

0 

0' <::J~ C"" 

Figu re 4.11 Comparison between hand ealculations and simulated resul l.S 

Positive offset voltage 

Power supply vallage, VDD--5V. Clock: of frequeocy IOMHl. with amplitude of 

5V is applied 10 the DSM circui t. Threshold voltage. V .. =O.7V 

Reference vallllge. V..,=2.5V 

Signal voltage varying from V ... =2.4V-Q.7V 

Offset voltage, V .. =5OmV 
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tlgurt 4.12 Counilftlftllied by "gUrt 2..2O.nd by fi)l:urt J.7 ..-ilb 
V ... .somV 
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VreI-v .. (V,..,-uV) 
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tlgurt 4. 13 Count tt'n",raled by ligu,," 2..2O.nd by figure J. IS with 
V • ..5(tmV 
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Below fip~ 5hows !be cou.nl gcnenud by !be DSM without offJd and OSM 

... lIh offset (olf.Jd voltage- is SOmV) for V .. (I00I 2.2V 10 1.95V. The plot shuuo, lhat!be 

of offsa. This rcsull5 in reduction in qu.alny of Lhe image. 

Count "'. Vref·V.1g 
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~--, .. --- -, 
9 

o.J 0.315 0.. 0..(5 0..5 05S 

v,.·y.og (Y1'IIfsUY) 

FiguI"@4.14Sbo...-ing lhe countinfiguf't4.1l 
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§ 200 
0 
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" 

g., 0.35 O. 0 . .(5 0.5 0.55 

Y ... -Vsig (Yrwb2..5V) 

Figuf't 4.15 Sho...-ing the count in figuA' "-13 

I 
I 
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Figure 4.15 shows the count generated by the OSM without offset and the DSM 

designed to eliminate offset (offsel volrnge is sCmV) for V"I fmm 2.2V to 1.95V. The 

plot shows that the number of times the output goes high is appro~imatdy the same 

without offset and even with the presence of offset. 

Figu..., 4.16 shows the comparison between the shifted signal vohage (V",""",II) 

gencnu ed from the hand calculations and the shifted signal voltage (V .. """rJ generated 

from simulations for V ,.r-'2.5V and V .r'5OmY. 

Shifted ai9n8' voltage .. s Signal voltage , 
.. I • 0., • 

~ 0.' ? > 
• 0 

oW 
,., 

~--
~ ~-

" ___ cIIMII5CrnVJ 

• o~ , .. - c , 
" 

, • • , • • N 

~ " ;: o c:i c:i - - - - - - - - - oi oi 

Signal voltage 

I 

Figure 4. 16 Comparison bet ..... een hBnd calculations and s imulated remlls 



Resolulio[l or the DSM 

The resolution can be calculated by using the equation shown below: 

(2.5-0.7) _1.8mV 
1000 

" 

Table 4.2 shows thaI when the input changes from 2AV to 2.3V the dirfe~nce in 

the cOUn! is 57. from 2.3V \0 2.2V the count difference is 57, from 2.2V to 2.1 V the 

di fference is 56, from 2.1 V \0 2V the difference is 56, from 2V \0 1.95V the code is 57. 

Consider an average change of 56 counts per l00mV change in the input voll.ll.ge in order 

10 gel a beue. estimation for the resolution. $0, 

V ... lOOmV L75mV 
57 

v .. ..., =V .. ,·N""I.75mV-IOOO 

Calculations of the shi fted reference and signal voltages using V .... =O.72V instead of 

V .. =O.7V are shown below: 

Vrcr-2.5V, V...r.sM<"'2 .S·0.75=1.75V 

I) For V,;.r2.4V 

V_lluft=2.4-O.7S=1.65V Oland cals) 

1000-,;1 
V~p.n= 1000 1.75=I.64V(SIMS) 

2) ForV~r=2.)V 

V~ ..... ~=2.3-O.75=1.55V (Hand cals) 
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. 

v .. ~ 1()()O.....I18 L75",L54Y (SIMS) 
1000 

Table 4.3 Simulated and Q.llculllled signals ror conslant reren1:"ce voltage 
(V..t=25V) and different s ignal voltages 

" 



" 0.8 0.1 928 0.1 0.12 0.05 0.12 
0.75 1.75 949 0.05 0.09 0 0.08 
~1 0.8 990 0 0.025 -0.005 om 

Shilted signal voltage v' Signal voltage 
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S191181 Yoll1l90 (Vthn;(l.7) 

Figure 4.17 Comparison of voltages belw~n hand calculations and simulated resulls 
for V .... =il.7V 
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Shifted signal voltage v, Signal voltage 

.J 

f-- ,s .... "., 
.c'_.r....>C ---f--<-~~c O~ ' -.I..."-~ 

~ .. ,,--
." , , , " • , . '" -, '" 

Signal voltage (Vthn:O.75V) 

Figure 4.18 Comparison of voltages between hand calculations lind s imulated resulls 
for V .... =<l.75V 

II can be seen from the above two plot that the shifted signal voltage calculated 

using V"",=O.75V arc: closer to hand calculations wilen compared to the shifted signal 

voltage calculated using V ... =O.7V. 

= 
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Chip lmage 

l<igu~ 4. 19 shows the layout of the DSM sensing circuit shown in figure 2.20. 

lbis chip in fabricated in Q.5um process in the MOSIS. Apan from the entire DSM 

sensing circuitlesl structures of troffer, comparator. DSM inpul circuit alld nand gate 

have also been laid out. 

Test strucrure 
of an inver1er 

Test structure 
ofSR Latch 

Test structure of 
a comparator 

,,,,,,;;, circui t 

Test structure of 

Figure 4.19 Layout of USM sensing Circuit 



CHAPTER 5: CONCLUSION 

A sigma delta modulator thai eliminates the mismaleh in the signal paths of the 

sensing circuit has been designed. The inputs of the DSM are switched halfway through 

the sense time so that the offset is on referc:1ICe path fIW halflbe sense time and for 

remaining half of the sense time the offset is on the signal path. Switching the inputs 

resu lts in eliminating the olTset.s by averaging the mismatch ideally 10 zero. The output of 

the DSM is a digital output. which is used to detcnnine the analog OUtput coming from 

the pixel. 1bis digital output is givcn to the D-FF, wruch acts as a counter. The counter is 

disabled during the start of sense operation and again in between the sense operation 

when the inputs are switched, It counts the number of Limes the output of ADC lias gQne 

lIigh. lbe desired signal voltages can be detennined from this COUnI. 

Future Work 

In delta sigma AOC there can be a column misrnatcll, which means that in one 

column the threshold voltages can be 490mV and 500mV which OIher column may have 

threshold voltages of 510 and 520. This IlUsmatcll will reduce the quality of the image. A 

sigma delta ADC. wruch eliminates the effects of column mismatcll can be designed. 
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