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Abstract

ZnO rs a drrccl and wrdc band gap scmrconductrn8 malerral Il s optrcal and cleclncal propenrcs

hrs dcprctcd a Sreal polcnnal appllcal lon for lhc LIV detcctron Spccrficalll dcslgned and custom

fabncatcd un-doped thrn film ofZnO Eprla\rall) EroNn on sapphrrc (0001) substratc uas

studrcd to rnvcstrgalc thc possrblc devrcc output charactcrlstlcs dcslrablc for UV dctcclron

apphcahons Dctarled elcctrrcal and elcctro_optlcal anallsls of thc dcvlcc structurc \!ils

pcrformcd on sophtsllcatcd mechlncs to ) rcld thc rcqursltc slgnaturc for thc utrlll) of the

spccrficd matrrx for scnstng and dctcclron mcchanlsm ln ZnO Elcctro_ophcal anrlysls

rncludc dcvrcc paramctcrs such as absorptlon cocffictcnl. optlcal band 8'p moblllly'

carfler conccntrrlron, l-v charactenstlcs I hc un-dopcd cplta\lally grown ZnO on sapphlre

substratc sholrcd n'typc behavtor The cntta\ral lno rs chcap and cfficlcnt solutton for

UV dctectron appltcatton tn \Ihtch no tntcnttonal doprng rs requrred Doplng nol onl! adds

a cosl factor but could.ffccl thc UV sensrng Jbrlrt\ ol lno Thc EpMxral ZnO mobtlrt)

whlch rs far bctter $hcn comparcd to standard AI dopcd 1nO lhat malcs Epllaxlal ZnC) lo

worL rn rntrlnsrc photoconduchvc modc De\lcc englnecrs may utlllze thrs knowledgc lo

manufacture lo\.r cost ZnO sensors and LJV dclcctors
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mechanlsm for dlffcrently destgned structulcs have been proposcd Synthests of nanoscale

n1aterrals hare brought a rcYolutlon ln clectronlc u'orld [5] Senlrconductor naterlals are

prcferrcd chorces for funchonal Nano dcvlccs Nano t'abflcatlon have allowcd the synthcsrs ol

semlconducong materuls ln the form ofNano de\1ces andNano rods Now. Nano dcl rccs haYc

sho$'n full functronalrty usmg scmrconductlng malerlals especlally tn the fomr of srnglc

electron kansrstors, clectnc ficld cft'ect s\lrtchcs, brologrcal and chcmlcal senslng and

lumrnesccnce for onc drmenstonal (1-D) semlconductlng slructurcs [6] h such apphcatrons

semrconductutg o\rdcs arc of partlcuhr tmportance Among these o\ldes 71nc o\ldc (ZnO)

has shown rcmarkable propertles lor Nano devlce appllcatons \I'hen comparcd to GaN Sun

radlatrons can causc damage to scmlconductlng matcrlals but semlconductlng o\lde t e ZnO

rs qurtc resrstaDt to sun radratlons ZnO ,s a dliect and wldc bandgap semlconductor h.l\lng

bandgap energy ol3 37e\' [t's opltcal and electncal propertrcs ha5 deprclcd a greif potentral

lor rhe LIV dctecuon applrcanons Wtdc bandgap makes ZnO Sood for apphcatrons rn UV

$avelcngth range l*e UV laser drodcs, hght cmlttlnS drodcs and LIV detectors [7]

Optoelectromc de!rces ba\ed on ZnO are matnly destgned for thelr scnsrtrvrt!'to LIv Photons

but thcre alc de\1ccs whrch are based on the phenomena of stlmuLated eml\slon, laslng and tTV

lunrnesccnce ZnO has a blndrng energy of60meV Thcrmal rontzahon encrg! ofzno Ls less

as compared to rts brndrng cnergy ol room tempcrature So. thls brndrng energ) Jnd lastng can

onll be achr$ed by usmS exremel) hrgh qualrt)'ZnO films [8] ZnO electrontcs stans by the

dcr elopment ofZnO thrn tilm,i that arc pure and ofhrgh qualttl These thln films are crlher rn

the form of smgle crystal films ha\rng quantum \rclls or mlcro crvstalllle films Thcre arc

vanous method by whrch hlgh qualtty ZnO thtn films can be !:roun Somc methods lnclude

dtonrc-laycl depos(lon. mctalorgamc chemtcal vapor deposrtlon. and molccular beam epltaxy

and pulsed laser deposrtron [9] Usrng ZnO films drffcrent structures for UV dclectors for

prJctrcal apphcatrons can be dcvelopcd c g p-n lunctlons. photoconductors. and Schottky

1S



contac( de\,ccs The Fabrlcatlon proccss of zno has many adrantagcs as comparcd to III-

\,lLtfldcs scmLconductors ZnO fabrrcalron hcs lowcr cost. lowcr gro[th cqurpmcnt and hrghcr

qualrty natr\c \ubstratc [10] In order to undcrstand pholocurrcnt nlcchanlsm on ZnO UV

dcrcctors duc to thclr dcfccts c g prescnce of oxygcn racancrcs and ztnc ttrlcrslttlals tl rs

rmponanl lo analPc rls clcctrlcal and oPtlcal propcrtlcs In thls (hesls Llcclrtcal and opltcal

characrcnu atton ofun-dopcd cpltaxlall)' grown ZnO on Sapphlrc substratc ls pcrfonlled for UV

dcteclor apphcattons

1.2 Problem Statement

Lol ofrcsearch ts done on doped ZnO based Uv delectors' addlng dopant tn UV detcclor nol

only rncrcases a fabrrcatlon process but also make UV detcctors qulet c\pensl\e So rcscarch

uork rs requrrcd for maLtng un-dopcd UV detcclors as effcctne as doped tIv dclectors

rcsulllng rn an cconomlcal solutlon ln UV detcctor appllcatlons

So tn ordcr to makc UV dctcctors clllclcnr and economrcal, rvc studl and anallze thc usagc of

un-dopcd cprrartally grolvn ZnO on Sapphrrc as Potcntlal substrate sclectron for cffcctlvc

ullhzatron rn dcvlcc manufactuong for UV dctcctor appltcatron

1.3 Motivation

ZnO has many opltcal and clcctrtcaladvantages as compared to scmlconduclors cspeclally for

Uv dctcctlon appLcatron ZnO fabrrcatron has lo*cr cost, lo\\cr gro"lth cqulpmcnt and hlgher

qualrt) natr\c \ubstrate l'hc lowcrcost fabrlcahon lslhcmaln almof thls rcscarch work Thc

marn motrYatron ls to rcmovc the doplng process and to utlllTe thc purc ZnO for U\' dct'ctlon

apphcaoon Ihal r\ $h\ rn thls lhcsls L.lccrncal and Optlcal charact'nzatlon of un_dopcd

Lprla\rallvgro\t'nZnOonSapphrresubstratclspcrformedforU\dctectorapplLcalrons

15



Chapter No. 2

Background TheorY

2.1 Properties of Zinc Oxide

2.1.1 ZnO as bulk material

In cOstallrne (brm Ztnc ortde mostlv cxlsts ln he\agonal !{unzllc and cubrc zrnc-blcnd

ltrucrurcsandltlsalsorarcl\obscrrcdascublcrocLsaltslructurcIll]Thcmostcommon

form ol ZnO a\lsts ln \\urtzllc structure Thls structure ls stablc at room tcmpcrature ZnO that

c\rsls ln thc fonn ofztnc blcnd slruclurc ls normall) nol stable In otder to stablh''c ZnO Tlnc

blend structurc. ZnO rs gro\\'n on substr.ltcs ha\'lng cublc slructurc lat(lcc form Houcvcrztnc

and o, dc ccntcrs arc tctrahcdral tn both Lhc cases Il l] Rocl salt struclurc ls mostly formcd al

hrqh pressurc abor'c l0 GPa ZnO rs a drrcct and \\'ldc bandgap semlconductor ha\ lng bandgap

cncrgy ols lTcV wlth largc cxcrton brndrng encrgl of60 meV Il). 12] Tcmp'rature varratron

can crusc a great changc rn clcctron mobrltll' of ZnO Elcctron mobrlltl of ZnO t:

approxrmatcly -2000 cm: (V s)at 80 K Holemobrlrl) rs appro\rmately 5130 cml (V s) [1]l

The nonto\rr bchavlor ofZnO maLcs It ver) uscful for practlcal applrcatlons Ccnerall) Zno

shous n-typc charactenstrcs N'r1pcdoprngcanbcachtercdbl rePlacrng Zn \rllhGroup Ill

clcments lrlc Al, Ca. In orb; rcplacrng oxy8cn \lth Croup-Vll elcmcnls Lkc Cl lIl]l

llo$cler, P-tpc doprng ts vcry drfficult to achtcvc Thc maln rcason ts thc low solubrlrtr of

p-tlnc dopant an<J thelr compcnsatron b) n-l1pc abundant tmpurrttcs [13]

2.1.2 Physical Properties

ZnO rs a scmrcooductor havrng propcnrcs qultc slmllar to GaN $hrch malcs lt potcntral

c.rndrdatc for optoclcctrontc applrcatron ln UV rcglon ZnO rs II_\/l semLcondu(tor Il-\'l

11



scmlconductors e(tst ln thc form ofcublc Tlnc'blendc or wurlTlrc \tructurc Il4] IncascofZnO

lon\ c\tst ln bctwccn cor'alent and lonlc scmlcondlrclor ZnO crlstal strucrurcs \\u(7llc 7lnc

blcnd and rock salt are sho*n bclou

Frgur. 2.1 ZnO crystal structurcs (al Cubr. Rock Salt (b) Cub'c Zinc-Bl'nd (cl H'x"on'l wunlrtc
l1l111

Undcr normal condlllons most stablc form of Z)1O ls uurtTlte WurtTlte structure I\ a

combrnalron of catLon I c 'Zn and .lnlon I c O' Lattlcc conslnnt of ZnO he\agonal unll ccll

rs rcportcd lobcJ=J l50A andc=5 106 A Il'1] Thcc'a rano forZnOhcragonal closc paclcd

unlt rs I 60 As ZnO has a Iarge dlrccl band gap scmlconductor al room lempcraturc thercfore

ZnO rs color lcss and lraNparcnt ln purc forrn

Duc lo l'lrgc b'rnd gap somc advantages assoclatcd \r'lth Zno arc as follo\rs

)- BrcaLdo,rn voltagc\ arc hlgh

z lllcctronrc notsc ts lo\

i Devrcc can \\ork at hlgh lcmpcraturcs and hlgh powcr opcratlon ls posstblc

> L.lrge clcclrlc ficlds can be malntalncd

Un-dopcd ZnO rs N-tlpc matcrral' maln reasons lnclude prcsencc of somc dcfccts rn ZnO

structurc llkc o(ygcn vacanclcs or Zlnc ln[crslltlals N_t]PcdoPlnglsachlc\cdsubstllutlonof

Zn urth group- lll elcmcnts trkc Al. ln Ga or h)'subslrtutron of orygcn rvtth group'Vll

clcrncntr lrlc Cl I Ho\\cver p-t)?e doPrng ofZnO rs \ery drlficuh to achrcvc ZnO- [:lcctron

moblh(v \arlcs stronrlly ulth lcmpcraturc and has a ma\lmum \aluc of- 2000 cm: (\' s) at tlo

(b)(a)

18



K rvhcrcaholcmobrtrtvvalucs\crresrntherageof5-30cmr (V s)[l-s l6] AsamatcrralZnO

rs relatr\cly sof( havlng appro\u1atc hardness of4 5 on Mohs scolc ZnO clasttc constants arc

smallcr as comparcd ro III-V senlrconductors such as GaN [16] Ilavrng hrgh conductrvtty. hrgh

heat capaclty low thcrmal cxpanston and htgh meltrng tempcraturc makcs ZnO a bcncficlal

mdleflil for ccratnlcs

Somc ofrhc bastc physlcal propcntcs of ZnO arc sho\n rn rhc tablc bclo$'

I-.rllrco constanl I2.{95nn1.

5l069nm

Densrly

Slable Stmcturc

Mcltrng Pornt

Thcrmal conducll\ tty

U'urtzrle

r975 'C

06Wcm

Rcfractr\c Indcx (rl) Zrnc Blcnd n=l 008

\f, urtzltc n= I 029

I 37 cV - drrect

5 rl(106 v cm | )

lU( I(]Tcm\ |

-76

Encrgy Band Gap (E-*)

Brcakdo* n Voltagc

Drclec!nc Constant

Saturauon velocrty

Brndrng Encrgy

Llectron Lflecnvc Mass 0:4sm

Ilole Effccuvc Mass 0 59 
-em

Propcrtics Vrluc

5606g cm

f2blc 2.1 Ph\ sicrl Proportr.s of 7-nO llt, lsl
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Research sho\rs that optrcal and electrrcal propcrtres ofZnO thrn films are grcatly aflectcd bt

the quallry of the crystal used Many \ubstratcs nratcrlals are uscd fol ZnO thrn film deposrtlon

hke SrO:. Sr. glass. qu.inz MgO. GaAs and sapphrrc (Al:Or) [17] As compdred to othcr

matcrrals the most commonly used matenal as a substrate for ZnO ts sapphlre The laltlce

nllsmatch between ZnO and lts substrate malenals rs hstcd ln the table below

[- r"rot*ut Lattrce Constant Lattrcc Mrsmatch

a(A ) ct/\,

He\agonal I252 5:t3

Trblc 2.1.1 Lrttrcc ]Ursmrtch Bcth..n ZnO rnd its Substntc I l7,l8l

\anostructurc ofZnO arc preferabll gro\\! on sapphrre substrale duc to same hexagonal rype

lattrcc slructurc I7] For eprtaxlal grorl,th of ZnO \apphrre subsrrale could reduce the dcn\rty

ofstructural delects and allow lesldual free ZnO layers Sapphlrc provrdcs a largc area ofarrays

and lntercoDnccted rods Thesc rods hkc struclurc could llmlt tha strarn and cracks developmenl

rn devrcc structure

2.1.3 Chemical Properties

ZnO rs fouDd ln naturc rn the form of $hrtc pou'der The common name ofzno ls zlnc uhlte

(rr as zlncrtc A small amount ofmangancse and some other clements are also prescnt ln Ztncrte

h rs observed that crystalbnc ZnO ls thermochromrcs rn naturc u'hrch mcans upon heallng lts

Crysral Srructure

AIN Hexagonal I lll .19tt0 45

.t- Al2O3 I{exagonol I 151 12 983 l8

Sr (-ubrc 5 430 .10 I

G.rN Hexagonal 3 ls9 5 I135 l8

20



color changcs fiom tvhltc to Ycllow and uPon coollng lt comes back to lts \r'hltc color [18] Al

hleh renlpcraturc- Ihc obscned chanBc ln color ls malnly duc to loss ofO\)gen thal rcsults In

rhc fonn.rtlon of;/,nr .O

Chcmrcally ZnO can bc drssolvcd rn Acrds bul lt rs not solublc ln \vater or alcohol

ZnO + 2llcl - ZnCl: * ll:O

Lrle acrds. bascs can changc thc solld fon11 of ZnO to Zrncrte rvhrch rs soluble

ZnO + 2NJOIl - ILO - \a:(7-n (Olllr)

Ccmcnt ltkc producr can ba obtalncd from ZnO To oblaln ccmcn( lrLc products ZnC) rs rcacted

$ rth aqucous solullon of llnc chlondc Such producls arc uscd ln dcnttstn Ataboul 1975"C

ZnO dccomposes rnto Zrnc r'apors and orygen. sho\\ lng lts consldcrablc slablllty Il 8l

2.1.4 Applications of ZnO Material

ZnObaredLEDS.solarcclls'FET\.Nanogenerators.UVdctcctorsha\'bccnrcporled

rntcnsl\cl) Thcse wldc apphcatlons makcs ZnO a compctlll\c and approprrate malertal tn

prcscnt rnd firturc oploclcclronrcs fabrrcalron Betng nontoxrc rnaterlal ZnO find broad

app|carons tn cvervdal usc rncludrng medrcrne Il9l ZnO cmcrglng appllcatrons forecasl

sho$s lhar therc wlll be more than I btlhon dollar tnvestmcnt Ln emergrng ZnO bascd devrccs

b) rhe cnd ofycar 2016

2.2 Sapphire

Sapphrrc (\l:Or) crystal ha\ qurtc unrque oPtrcal. phl'srcal and chcmrcal propertrcs Al'Or rs

c\tr.mcl) hard matcflal and lts structure remalns rntact rn stablc form cven at hlgh tcmperaturc

lhcrmal propcnrcs of sapphrrc are vcrl good and hclng a lransParent malenal makes lt good
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for optrcal appllcatrons SaPphlre ls a stablc matenal and lt ls nol

acld or alkaltnc materlal. whlch lllakcs lt an c\cellcnt matcrral

opucal U\'and lnfrarcd appllcattons Bclng anlsotroplc tn naturc'

lts opucal prope(lcs tlpon changtng lts crlslallographlc dlrcctlou

affccted by thc Prcsencc ot

fbr harsh cnvlronmants for

AlrOr showcd a ! arlatlon ln

jq8

1300

-,1

15 l

l-
I

Spcerfi. I{cat cal tg K)

Band8ap (cV)

56r I0"

0 t8

Tlblc 2.2.1 Propcrtrcs of SepPhrre ll0l

2.2.1 Properties of Sapphire (AlzO:)

Some physrcal and chemrcal propenrcs of Sapphrre arc shorvn ln thc tablc belotv

Propcrtics \'21ue

('rvsttl '[\Dc Trrgonal

Dcnsrty (g cm

ML-lrrnE Pornl ( K)

Thcrmal Conduclr\ Ity (Wi (m K))

Thcnnal Expansron.

Crystal 'tlpc

Molccular u'crghl

l)rclecrflc Constant

Rc\r\lrvltv (Ohm
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2.3 Working Principle of UV Detectors

\\'hanc\ cr d pholon of sufficlcn! cnergy strlkes thc surfacc of Uv dclcctor lt c\crtcs an clcctron

lrom a non-conducttns form to a conductlng foml. as a rcsult of that currcnt or \ohage ls

gcncratcd rn thc dctcclor lt should bc nolcd that thls electronlc c\cltatlon only occurs lfthc

lncrdcnl photon cncrSy rs cqual to or grcatcr ll1xn lhc e\cltallon cncrg) [] I] So thc condltlon

for cxcrlatron to occur rs glvcn bY

Or

E-. < hv

E".. < 1.24lr

(l)

(2)

U'hcrc E.,. rs thc e\cttatron cnergv ln clcclron r olts and i. ts thc lvar clcngth ln m!cromel'rs

A good LIY detcclor has a rcsponse trmc thal ls \cry small, thc maln reason ls thal photon arc

drrcctl\ rn contact !\'tth thc clcctrons ofthe UV dctcctor matcrlal Uv dctccllon hascd on such

lnteractLon r\ referred to as a photo cffcct [21]
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Chapter No. 3

Literature Review

It\\asl9:l0sre\carchB'orlonZnOsrartednratnlybecauseofltsoptoclcctronlcsprospccts[It]

It has a drrcct Nrdc band 8ap EB=3 37c\/ at 300K [22] ZnO rs qurtc srmtlar to GaN rn

optoclcctronrc applrcatlon CaN ls also a \ldc gap scmlconductor wrth F*=J 'lcY at 300 K In

1970s and lstios ZnO \*as lhcorencally provcn to bc uscd as a ferromagnetlc nraterlal fbr

\ aflous splntronlc aPpltcatlons but thls ldca \t as not pr.tcltcal bccause It \\ as lmposslblc to dope

ZnO rn botlr p dnd n tlpcs nl lhat trmc Zn(J research marnlr locus on bulk samples uhrch

covers toprcs lrke doprng. crystal gro$th c\cltatlons lumtnance. laslng and band structurcs

\\'hen \anopa(lclcs of 7nO wcrc fabrrcatcd they shou'cd grcat \ crsatlllty

ln numcrou\ appllcatron\ tncludlng oploclcctronrcs ZnO rras fabncated

iorms hLc Nano rods, Nano tubcs. Nano tt tres, Nano bclts. Nano sprtngs

Nano bo\ \ ell.

Some of thc marn propcrttcs that madc ZnO sultablc for oplLcal appllcatlon

dctccuon are as follows

Propcrtics

Drrecl band gap= I37 cv

and compatrbrlrty

nr dlf[crant Nano

Nano combs- and

crpecralll'for LIV

trcrtatron Encrgr- 60mc\/

Emrssron

Transparcn( conductr\ rtv

Prezoclcctflc behavror

T.blc I I Optical Propcr(ics of Zno []ll
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Rcscarch rvorl on ZnO staned man) <lecades ago btrt rccently a tot of academlc and rcscarch

lnstlutrons laboratoncs around the Slobc are lntercsled tn cxplolhng the Nano fomr ofZno

Jnd rts aPpllcatlon A llst ol_some rcscarch worL ts grYcn belo$

I{ur Zhang [23] at ZheJrang LTntversrrv Chrna fabncatcd ZnO nano\\ tres bv a srnlplc chcnltcaL

rol-ecl proccss ZnO nano\\'lrcs tabrlcaled by thls approach wcre vcr) unllbrm and thclr

dranlctcr \as aboul60 nm

Srng Sub Krm []-11 at Chonbul Natronal Unrvcrsrtv South Korca has fabrrcated ZnO \ano

colurrrns b; mct.tl organlc chcmlcal \apor dcposltlon (l\{oC\,D) Thc} grcrr'Zno on sapphtrc

[000t ] and Ca\ hrdrvrdual ZrrO Nano columns $'crc used lo fabncatc Frc]d effcct transLstors

rn ordcr to perform clcclrlcal charactcrlTctlon for detcrmrntng lts potentlal rn Nano scalc

clcclronrc dcvtces

^ 
Chnssanthopoulos [25] at Unl\crslt] of Patras Grcece l\ \\orllng on gro\\th of ZnO

nnnostructurc\ on carbon nanolubcs by themral cYaporatlon It ucs concludcd frofl thclr

c\peflmcn1 that 7nO Nano rods are rhc baslc bulldlng unll and therr self-asscmblY rc\ull\ ln

drffcrcnt tlpcs ofrmportant structurcs lrkc Nano hedgchogs poll pods Thesc spectal structurc

dcpcnds on lhc locatton oIZnO

Mrnhn Zhang [16] er at Is Lnvolved rn labrrcatron of ZnO Nano rods by usrng \\ct chcmrcal

method ZnO slruclurc Nas found lo bc N urtzlle strurturc Thc rcsults shou cd thal ZnO dc\ lcc

can detcct the bluc ltght at 466 nm ind ycllow'green hghl at 5-{2nm

xuclrang Qrao []7] at Ihrazhong Unr\crslty ofScrcnce and Technology' Chrna rs rnrolvcd ts

fabncatrng ZnO nanopartlcles by chemlcal routlng Thelr cxperLmcnl rcvealcd that the rod lllc

srllcturcs ofZnO nanopartlclcs changcs to prtsm hLe form bv rncrcaslng reactlon tcmperaturc
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Rcsults sho$cd photolumrncsccncc band of about 380 nm uhrclr dePrctcd hrgh optrcal

charactcrrstlcs n'lth great potcntlal ln oploclectronlcs de\ lccs

Ycong Ilwan Ko. [2ti] aI Kyung IIee Unrvcrsttv. South Korca rs rnt ohcd rn the studr'-s ol ZnO

nanoslrucmres dopcd r\rth dl{fercnt l}Dcs ofpol;mcrs for tabrlcatlng optoelcctrontcs dcrlces

and scnsors Lrpcrrmcnts ha\e sho\n that doplng of ZnO $rth Polynrcrs c'ln glve nc!\

appllcallons along $lth olhcr propc(lcs llkc nlcchanlcil flc\lblllU

I \\' Jr. []91 al Nattonal Chcng Kung Unrverslt\. Tarwan havc uscd molecular bcam cprlax\

N{BI forgroNtngZnO Nano films on sapphlre substratc Elcctrodc contacl Ncrc fontlcd from

Ag. Pd and \r Resuhs sho*cd that barncr hcrght rn casc of n g ZnO rs 0 736 eV and rn casc

ofNrandPdrs0T0lcVand06lScV\\'henlhcwa\clengthof3?0nmrsusedamong\\rthlV

bras ma\rmum ophcal rcsponsr\rt)'\{asobsen'etobc0066A\\'005lAi\l'00gAWrncasc

o[Ag Pd. and \r rcspcctrvclY

Y Lu. [j0l al Rl]lgers Unlvcrsrl]. Neu lcrsey. USA used n-l]?c ZnO epltatral film\ for

labrrcatrng Schortkv UV dctcctors substrale uscd $rs saPphlre Scholtky mctal Lonlacl \ra\ oI

A8 Othcr ZnO pholoconductl!c dctactor $as fabrrcated uslng Al as ohmrc Lonldct for

comprnng result\ ZIO dctcctor labncntcd by thrs t!-chnlquc showcd a fcst photo response and

hrgh efficrcncy

Jryrng Zhang. [31] ct Chlncsc Acadcmy ofscrcnces labrlcatcd ultravlolct (U\/) dctcctors usrng

SchortLy t)TJe ZnO metal scmrconductor mcta I (MSN{ } They Pcrformcd dlffercnt mcasurcmcnl

rcst for d.Icrmlntng lts clcclrlcal optlcal and structural propcnlcs Pcak rcspon\' of0 ll7 n \\'

\\a\ obscnad at 360 nm

fakafumr Yao. [32] at Inshtute lor Materlals Rescarch Tohoku Unrvcrsrty JaPan

r\pcnmenlally proYed th.tt ZnO can bc uscd for optlcal detcctlon cspeclall) ln U\/ rcglon Thc\'

26



fdbflcatcd ZnO films by plasma-asslstcd molecular bcam eplra\y(MBE) E\pcnmcntal results

shoued lhc srgntficance ofZnO grown on drfferent cpl-layers on Sapphrre [0001] subsratcs

Thrs rcsearr,h work showed that ZnO can bc used for excltatlofl optlcal devlcc aPpllcahons

becausc ofhrgh excltatlon and brndlng cncrS)

X C Zhcng. F3l aI Qufu Normal Unlvcrsrty. Chrna prcsented dlft'crent characterrstrcs ofZnO

Iilm based ultrar tolct photoconductl\ e detectors ZnO film was gro\r'n on glass substrale uslnq

pulse lascr dcposrtron tcchnlque Detcctor stnrcturc \\'as based on nletal se lconductor lnctal

planar Quantum cfficlency obscned \vas qulte hlgher and peak \'aluc was found io bc around

360 nm Rc\cJrch work reveals that photo gcncratcd holes are neutaltzcd by oxygcn tons

(ncgan\ ely chargcd), these lons play a v(al rolc rn Photoconductl\'e behavtor of ZnO lllms

Lcr Luo. [34] at Unlterslty of C.rltfomril. Berkeley. USA fabncated i devlces that resultcd rn

lhe hctcrolunctlon of n tvPe ZnO nano* lres gro\rn on \ubsrate ofP-tlpe slhcon ThcDlrmeler

of nano\lrcs \\ds obsen'ed to be 70-120 nm ln range Research work showed lhat thc

pholodrodc rcspon\e of 0 07 A W for ultrar rolet lrght har tng rvavelcngth 365 nm

SJ Chang, [35] at Natronal Cheng Kung Unrvcrstty. Ta1\Yan fabncatcd metal lnsulator

scmlconductor based ZnO photodetectors Research rvork compared results of MIS and MSM

bascd photodetectors

El-]'adounr [36] at Untvcrsrte de Mc(z cl Supc lcc. France prcpared ZnO Nano film on

sapphrrc substratc by uslng metaLorganlc chemlcal vapor dePos(lon technlquc

Charactcrrzatron lechnlques used u'erc Raman sPcctroscopy and X'rar dtffractron TE and TM

modc cxctt.rtton uscd for detemmlng refractlvc lndex

Q Humayun, [37] at Unrversrt Malaysra Perhs. Malaysra fabncatcd ZnO Nano rods doped

\\lth Tln (Sn) on a glass substratc Scanntng clcctrrrn mrcroscopc \ras used for Posl anneallng

21



c\amrnatron UV spcctrophotomctcr \\cs used for measunng bandgap Yalucs Elcctrlcal

propcrlrcs \\erc studled at lncreased and nonnaltenlpcrature for UV senstng appl'cat'ons

'l'Okada,[38]atKyushuUnr\ersrty.JapanuscdsapphlrcsllbstratcforgrowrnS2-DZnO\ano

walls uslng pulse lascr dcposltlon technlques Rcscarch uork locus on ultra \rolct dctcctlng

propcrllcs and licld cmlssron Rcsuhs sholrcd good ficld cmlsslon and dcrrsc tibrrcated lras

good lor Uv dctcchon

-facksoo 
Jr l-191 at Chonnam Natronal Unl\crslry, Korec proved that ZnO bascd IJV dclcctor

Jrclo$ cosl and a\trcmel) scnsrtr\c Thcrcsponsrvrtyofdetcctorcanbcln]provedbladlust!ng

thc drmcnslons and lcnglh o[ clcctrodcs and Nano rods Thc clcctrodcs wcrc alTrngcd ln 'l

squarc forrn Just lrke a U hcatslone brtdge ZnO Nano rods har rng dramelers of f0 to 70 nm

\vcre preparcd usrng hydrol)'srs technrqu.

,\ Rosl.rmr l.{01 at Unrversrtl ofTabrrT. Iran prepcrcd a lot\ cost ZnO bascd UV dcleclor Cu

clcctrodcs \\cre uscd and ZnO shccl\ wcrc prePared by sono_chemlcal tcchnlquc I \'

characlcnstlcs and olhcr optlc,tl proPcrtlcs \erc rcporled Rcstrlts thortcd that Propo\cd ZnO

bn\ed dctcctor has fastcr rcsponsc (lme as comparcd to con\ cntlonal one

SrmonS r\ngl4l]al Unrvcrsrl) oIArLansas. USA uscdquasr symmctrrc U'hcalstone bndgc

lonfiguralron [or fabrrcatrng mctal scnllconduclor metal ZnO UV dct'ctor OptlLal

responsr\11)'wa\mcasurcdtobcashrghas5JA'\\'lcmpcra(urecffcctsandrcspon\l\ltlcan

bc controlled b1 controllrng the lcngth and drameter ofrods In rqo quadrants

C \ t-ru [42] at fhe Instrtute of Physrcal and Chcmrcal Rcscarch (RlKhN), Japan used

sapphlrc ( AlrOl) as substrale to gro\ ZnO films usrng metalorgantc chcmrcal vapor dcposltlon

(MOC\/D) lcchnlquc Phoioconduco vtt;. lV charactcrlstlcs wcre ln\csllgatc Rcsearch
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t^
$.

!:
t\

showed drat dttlcrcnce rn photo responsc from bulk and surface process Photo responsl\1t)

ua\ calculatcd to be 1.1 W at I V blas

JL I-lu [.1-]l alUru'\'erstry ofCalrfomra. LISA fabrrcated ZnO filnl dopcd rvrth GaN on sapphrre

substratc u\rng plasma a\slsled molccular beam cpltaxy Ohmlc contacts wcrc formed from

Al/Tl fmrsslon and absorptlon proPertlcs uere studled uslng dlffercnt photolumlnescence

technrqucs Resulr shorvcd peaL response of I 6lt A'1V

Lle I-uo ct nl [-14] prcscntcd UV photodlodes uslng hetrojunctlon ol n-t]?e ZnO Devrce $as

madc usrng n-qpc ZnO on ( 100) Sr substratc IV charactcrrstlcs deplctcd rectltyrng behatlor

ofhetroJunctron Photo rcsponse of the dcYrce was 0 07 A'\\' for UV lrght

Q xu er al [.16] manulaclurcd mctal-semtcondr]ctor-metal lMSM) L v dctectors on ZnO films

dopcd \\ r1h Al by usrng nlagnetron sputterlng Detcctor shoued rcsponslvlN of 'rbout J A \i\'

m UV rcgron Detector had shou'ed a fast photo response

X D Chcn et al [47] fabrrcaled nltrogm doped ZnO,'p-Sr hetroJunc(rons usmg ron lmplantatron

ZnO lllms formed are n trpc and hrghll rcsrsttre ZnO'p'Sr folloscd Ohmrc bcharror rlthc

bras voltagc rvas lorger than 0'1 V

Srngi et al [.18] obscrved lnt.nse broadband photolumlnesccnce emrsston from Zno"Porous

Sr films Porous Srhcon (PS) samples *erc fabrrcated b) elec(rochcmtcal anodrzalron of 51

[afcr fhln films wcre deposlted by spln coatlng techntque The qualrtl ol'ZnO Nano

cr)'stallrtes Improvcd wlth annealtng t modcratc temperanrre These ftlms can bc uscd as a

photo lumrnance source across most of the \ lslblc speclrum
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A M Suharl cl Jl [49] prcsented Lry solar blrnd dctectors usrng ZnO films by pyrolysrs

ihcrmal chcmrcal spray technlque ZIO thln films \\cre grol'\ n on quanz substratc Photo

rcsponsr\ lt) ofdevlcc uas obscncd to bc I24 A1 '
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Chapter No. 4

Experimental Techniques

Expe mental techmques used lor the characteflzatlon ofEplta\lal ZnO on sapphrre subsrate

rncludes

Optical Analysis
;. Fllrpsomctry

Electrical Analysis

> Hall Effcc1 Measrrement

i ASMEC Analysrs

Thcse optrcal dnd elcctncrl anatysls tcchnlques are drscussed rn detall ln the follou lng scctlon

4.1 Ellipsometery

Elhpsomclcry tcchnrque rs used lor measurlng ihe rallahon ln polanzatlon of llght. $h1ch ls

rcllectcd from the surfacc under obscnallon In other $ords Elllpsometer]' ts an tmpcdanee

mea\ulement. $hlch g,\'cs the amPlltude and phase Marn pararnet'rs that can be mcasured b)

ellrpsometcry rnclude film thlckness. absorptlon coefficlent. opttcal constants and ltne wtdth

[50] Elllp\omctry usc\ polanzcd hght for et(ractrng optlcal Propenrc\

\\ henc\cr Lght comes ln contact \\lth an ophcally achYated surface. lt ls reflected from a

surfacc As the result ofreflcctton, thc amplrrude ofthe llght u a! e wlllbc reduced and lts phase

*rllbe shrfted So, tn case of multrp]e reflcchng surfacc, a lot of hght beams rcflected from thc

surfacc lntetact wlth each othel and form maxlma and mlnlma [50] These maxlma and mlnlma

hclps rs measurmg thc optlcal vanables wrth Eleat preclsron uslng clhPsomclrv bccause lt
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dcpends on anglc mca\urcmcnt and tt

of thc datcclor

rs frcc from rcflcclancc- scns:tlr rt] oflrght and amplrtudc

ln ordar to understand lrght

polarrzcd ltglrt rs rncldcnt on a

polaflzatror'l constdcr a

smooth surfacc and tt ts

plane surl'aee as

reflectcd as shown

shoun bclo* -l'hc

rn thc flgurc bclo\\

lnr rlL'r)l \r:rnr.rl

Figurc 4.1 Schcm2trc of Pol2riTcd Light Rcfl.ction from r Surf2cc [51]

Polarrzcd ltght can be dr!'rdcd lnto t\\o components I e P-componcnl and S-component P_

componcnl rs consldercd parallcl to planc of llght of lncldcnt and S'componcnl r\ !onsldered

pcrpcndrcular to pla[c of ltglrt of rncrdcnt lt should bc notcd that rn clLrprsomclcrv whcn

hncarly polarrzcd hght ls reflcctcd from lhe surfacc lhc drffcrcncc rn phase shrlt rs ob\encd at

g0degrccs.tndthlsphaseshlf-idlffercnceB'lllmakcthcrcflcctcdllghtclltptlcall}polarlled

$lnch r5 lhc fundnmcntal prrncrplc for clhpsomctrlc mcasuremnts

Somc applrcatlon ofspectroscoplc clllsomctcry arc llstcd bclow

Samplc thlcknc\s can bc ohtarncd cspccralll thln filln thlclncss

Samplc s Relractlvc rnde\ (n) can bc mcasurcd

Samnlc s L\trnchon cocfficrcnt (k)can be a\tracled

tnformatron about thc Reflcctron of thc samplc can be obtalncd

Rcll(rlcti

Pi.rrrc ol
rnctdcllcc

12
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. Llgh! Transmrsslon cdn be extracted

. Struclurdl analysl\ can bc pcrfonncd to dctcrmlnc Anlsoropy

. Depolarrzatlon bchavrour of thc samplc can bc observed

. Effect ofhght rcsultmg ln Scatlenng (lUueller lrratrt'r)

. Latcral dnd vertlcal materral non-unlfomlLtlcs

. Effect of lrghr on Crystal modficdtlon

' Sample fomposltlon can bc detcrmlncd

' Informatton can e\tracted aboul the Impuntles ln the samplc

. Onerrtatron oforEantc molecules

' Sample'sConductlvlty

' Sample s Doplng profiles can be determrned

. Sdmple s Surfacc dnd lnlcrface roughncss can be obtalned

l'hc cqurpmcn! used flom optlcal me.rsurement l\ Spectroscoplc Elllpsomctcr SE It00 PV

4.1.2 Spectroscopic Ellipsometer SE 800 PV

Spectroscoprc elhp\ometer SE 800 PY Is an cxcellcnt tool for thc analysls of antr-rcflcctrc

coaungs on texturcd crystalllnc and multt-cDstal slltcon solar cells \41th thN equlpment one

can castll'measurc the refrachte lndex. e\tlnctlon coefficrent absorptlon coefhclenl 'md

optlc.rl band gap o f the materral SE 800 PV I5 bascdon thc Stcp Scan Analyscr mcasurcnrcnt

modc [.10]



Frgurc {.2 Spcctroscopic Ellipsom.tcr SE 800 PV lm2gG courtcs} b) Advancc Elcctronrcs Lab llUl

Thrs spactroscoplc elhpsometer pro\ldes casy opera(lon for research and dcrelopmcnt

SpectraRay-3 elLpsomctersoft$arc l5 used foranalysls Thrs sofruarc compnscs ofluo modes

ofopcrauon [551

4.1.3 UV-VIS Absorption SPectrum

The Absorptron spcctrum ofZnO sample ts obtalned from Psl delta measurements' whlch were

obtalned b)'SE\TECH elhpsometcr rn lhc rangc of from (enter \r'a\elength) nm Absorbance

mcasurcment as a funchon of wa\elength Is used ro calculate absorpnon coef{lclcllt (o] and

opucal cncrqy band gaP (E-') Opocal Energy band gap can be calculated from absorpnon

cocfficrcnr. whrch depends on film thlckncss absorbancc [51] Absorptron cocfficlent (d) rs

gncn by

a =2.303(dt).............................. (4.1)
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\\'bere A rs .rbsorbance and t rs thc film thlckncss The absorbancc coefflclent ls calculatcd as

a functlon ofwalclcngth

Opncal RJnd gap can bc calculatcd b) plottrng the graPh be!\\een ((Ihu ;r and photon cnergl'

[51] ]'hrs can be representcd by Tauc equatlon as follo\a's

uhu = B ( hu - EgoPt )r ......,............ (4.2)

\\'herc Il rs a constant. hu rs photon energy rn cV and r has drffcrcnt ralues (1 2. l, i 2.2)

when the graph 1s plottcd between (ohu )'? and photon energy (hu) dre curvcd ltne rs

extrapolalcd to the polnt\thare (ohD )2 approaches to Tero Thc pornt where (ohu ): approaches

io zero gr\es the optlcal band gap ofthe matcnal

4.2 Hall Effect Measurement

Sclenllst nJmed Hall dlsco\cred Hall Effcct rn 1379 Hall Elfect measutements can bc takcn

by analyzrng a cu[cnt carrylng conductor or semlconductor undcr thc mfluence of magnetre

field Hall Effect measurement finds many appltcatlon ln thc characterlzatlon of

semrconductots matenals J5ll Thcsc measurcments grre tnformatton about camcr dcnslry.

resl\trYlty and mobllrt\' \/an der pauu rechnlque rs used for Hall mcasu rement el aluatron of a

grlen sample

4.2.1 Yan Der Pauw

Thls technlques rs a mo\t aommon method for measunng the rcslstlvlty. samPlc type (N_

q?c P-t)?c). camcr conccntratron and Hall cocffictcnt ofa samplc ln thls techuque four-polnt

probe rs placed around thc sample [54] Van Der Pauw measuremcnts help m determLnlng the

folloulog parameters
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z Rcsrsh\ ltv

)- Doprng Protile (N-t)?c or P-t)?e)

- Shect Carrrer Dcnsrtv

, Mobrhry

Van der Pau$ techruque can be aPplted on a samplc lf lt nlecls thc follo\\ lng condrtrons

z Samplc should be flat and have umfbnn thlckness

z Sarnple should bc rsotroprc

z Contacts should bc placcd at the edges oflhe samplc

> Contact ,rrca should bc less as compared to the enllre area of the sample

4.2.2 Sample Preparation for Van Der Pauw

Four ohmla contflcts drc to bc placcd on thc sample for taklnS thcse measuromcnts Thc\e

contacts should be o the boundar)' of the samplc Contacls should be as small as possrble

Below dragram shows thc corrcct conlacts for Van der Pauw mcasurcmcnts

EI]
(c)

Noa Rccornrrr c rr(lc(l

Frlurc 4 3 Correct contect m.thod tor v.n dcr Pauw Technrqua [54]

(.) ( lr)

l5(tu.rr-G or' r'ccllrrrglc:
.trc c(l=c<

or irr\i.lc.he
]'cr-i0rctcr

In FL8ure.13. (b) rs uscd forHall llffcct mcasurement ofour samplc
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4.3 Hall Measurements

4.3.1 Resistivity Measurement

ln ordcr to rrcasure rcsrStr! ll) of the sanlplc contact are madc on thc cdgcs oi lhe samFle and

current ls passcd through one srdc of thc edgcs llle lll and thc \ olragc across the opposllc of

thc samplc ts measurcd r c Vrr So. 81'Ohnrs las

Rrr.u = Vl/ Irr (4 3l

4.3.2 Hall Voltage

Ilall !oltaSc rs calculatcd by srmpll mullrplyng the clcctrlc ficld strcnglh wrth the *rdth of

the matcnal. \hrch rs 8r\cn bY

Vrr = € 1/................................. (4.4)

But €: IB'qnA (4 5)

Vrr = IB/ qn, (.+ 6)

\\'hcrc n, r5lhc shcct dcnsrty

4.3.3 Mobility

MohrLtv can bc e\presscd tn lerms ofshect rcsrstancc and shcet dcnsrty as

t. = l/ q n, R................................ (4.7)
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4.3.4 Hall Effect Measurement Equipment

Hall Eflcct mcasurernent equlpmcnt used rs probrng d!-vrce th.it supports a range ol DC I lall

measurements It can mea\ure mobtltry as a functlon of tcmperarurc and ficld HaLl Ltfect

slstem rnclurlcs a software for east systcm operatlon. deucc and s]stem le\el analysrs and

dara Jcqulsrtron [.14] 'l-he HallEffect slstcm ts shou'n m thc figure below

a

7j
f-
...'=

Frgurc 4.4 Hrtl Effccl Ntcesurcm.nt Syst.m im.gc courtcsy b] Adv.nca Electronlcs Lab lllrl

4.4 ASMEC

ASMEC st.rnds for aulomatrc sysrcm for materlal electro phystcal charactenzatlon Il Ls an

c\lrcmely \ensltLve cqurpment that can measura current m the lage oI Plco Ampcrcs [55] lt

compnscs of Cryogcnrc cylmder m Nhlch thc sample to be observed ts placed Cr)ogenlc

cvlrndcr rs conncclcd to ASMEC whrch 1s conncctcd to computcr for obscrvlng the data Somc

trfthe fearures ofASMEC svstem are enlstcd rn the table belou

Current Sensrtrvtty

Charge Sensrhvrt)

Range of El r.r s \/oltagc

lpA

5 x l0 r6C

-13 5V to +13 5v
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Range ofRatc *rndo$ t0ps-200s

Icmpcranlre 7lK-500K (F\lcndablc)

Intcrfacc 
Probc_stahon f \tcmal
Acqulsrtlon

Dcep lc\el concantratron 5 r l0 "

scnsltl\ rty

Tablc 4.{ AS\lEC Syst.m Fcrturcs lril

4.4.1 Applications

^SMllc 
finds appllcatron ln manv Nano chrp rehabrlrtl measurcments somc ofrhose

mc.rsurcmcnts arc cnllstcd bclou

. Krnctrcs of frcc and trapprng charges

. C-V Ch.rraclerrzatlon (Pulsc and llnc scanncd)

. J-\'ch.lr.lclcnstrc

. Charge-DLTS

. Pholo-sumulaled lnlemal Fteld Tran\lent Spcctroscopy (PIFTS)

. l-.lectncalE\crtalron

. Optrcal I.\crlatron

. IPh(t)

, Vph(l)

' Q(r)

. Ae(r)

' l(l)

. LmrssLon Rccomblnatlon Ratc

. ]! lnonty Carrtcr Concentratron

. Vlnonty caorer [-rfc lrmc
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Burlr-rn Voltagc

Resrstl\ lty,/ConductlYttY

Actlvauon Fncrgy

Concenlratlon of non-compcnsated donors and accePlols

Dlclcctrlc constant

Chdrgc Analysls

Crr er ConcentratronlDecp Le\el conccntratlon

Farlurc rnodc Analysrs [55]

';.+

-- 5ra .JqJ
Figurc 4.5 AS\tEC S\ slGm tmagc couftesy bY Advanae Electronias Lab llUl

ASN'lEC Systcm used for the measurement of lV characlcnstlcs. IPII. \rPrr mc'rsurement ls

4.4.2 ASMEC MEASUREMENT
4.4.2.1 lY Characteristics

IV Charactcrrshcs ofthe samples wcre analyzed by usrng ASMEC System lV cun e Srvcs the

rdca about possrblc values ofcurrcnt and \oltages thar can achrate thc sample for Lry detectton
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applcatlon [,15] 1\-ormally the IV characlcnsucs of a UV Detector can be expressed b\ the

followrng relahon

Iry)= I. lerp (eV/z*T)-l l- eG ............................ (4.7)

In the abore cquatton L rs refcrred to as a saruratlon cuficnt. n ls ldcallty factol, k ls Bollznunn

constant T l\ absolute tclnFcrature. \'ls appllcd roltage and G ls thc 8e[eratron rale The

factors I. [cxp (c\'/"r{T)-1] and eG are rcferred to as dark current and photo currcnt

respcclrvcl)
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Chapter No. 5

Experiments, Results & Discussion

5.1 Sample

SampLc uscd for crpcrrrncnratton rs un-doped thrn film of ZnO I prta\rall) Srorvn on sapphrrc

10001)sub\tralc'fhrclncssoflhcthrnfilmrs500nnwrlhathrckncss\anattonoIaboul5oo

Rc\lsu\rtv ofthc sample ls l0-1000 O-cm cnd Ept orlenlahon ls'0001> Dlmenslon ofthc

samplc rs l0 xl0 r 0 5mm Onc srdc ofthc samplc rs ZnO llprtarral laycr and thc othcr srdc rs

polrsh.d The \urfacc roughncss ofthe sample rs < 5A

5.1.1 Procedure

[-prta\ralL] groN n ZnO on sapphlrc sltbslrate samplc rs firsl uscd [or spcctroscoptc clhpsomctrl

mcasurcmcnts Thc samplc tr analyzcd under Elhpsometcr SENTICH-300 for film thrc[ners.

rclraclrvc rnder. and psr-dclta mcasurament\ ln sc\cral repclrlron\ Altcr obtalnrnB ophcil

mcasurcncnts thc samplc rs prepared b) maskrng for repcated clcctncal measurcmcnt Thc

mask uscd lor elcctrrcal mcasurcment rs sho$n ln Flgure 5 I

t'rgurc 5.1 yask scd for Crc.ting Con(.cts
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Usrng thc masl sho\\'n ln FlSure 5 l. stlver (Ag) contacts \!ere dePoslted on ZnO film The

thrckncss ofAg contacts u'as 10004 Hall Effect measureme ts l{ere takcn and sheet resr\tance'

mobrlrty. conducllvlty. rcslstl\lty \\'ere measured After IIall Efltct measurcments ASMEC

was used tbr measurlng the current-voltage charactensnc ofthe sarnlle together \\ lth the photo

response chJlacterlstlcs deslrable for detectlon lnechanlsm for such devlces

5.2 Results and Discussion

In thrs sectlon. the re\ults and analysr< ofexperlmental measuremcnts ofcpltd\lillly gro\ n ZnO

on \dpphrre subsllate are prcsenled lor UV dctcctlon apPllcahon

Thc rcsults lnclude detJllcd optrcal and electnc.ll charactcrlslt"t 6qhlgred b1' repcated

measulements Optlcalresults lncludepsFdelta measurement abortlon cocfficlentanalysts and

calculrtlon oloptlcal band g.rp ofthe dc\'lcc structurc Electncal 'rnalysls tncludc compartson

of Hall Effcct mcasurcmerll \\rth thrt o[doped ZnO Vrtal paramcters llke carrlcr mobrhty'

carfler concentrahon were also comparcd Frnally thc I_V analysts curves rvete obtamcd and

photo current (lpu) and photo voltagc (Vru) analysts \\as done to access thc possrblc fIV

detcctrofl appllcatlon for thrs samplc

5.2.1 Optical ProPerties

Thc optrcal propertres o[ Eprla\Ial ZnO on sapphlrc substratc have been lnveshgated Thc

propertres rnclude psr delta measuremcnt, Refractlve lnde{ nnd cxttnctton coeflLclent and

absorphon cocfficrcnt analysls and finally oPhcal band gap ofthc sample uas ca]culated ZnO

uas reprcsented by Tauc Lorentz model and Sapphrre was represented by Caushy l'ryer
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]-hc t'rgurc 5 2 2 shou s rhc Psl response ofthc samplc plorted agalnst u dt elength ThcoTcrall

regrrneofthe.\!arclcngthlsconsldcrcd It ls obsened that the c[or ls qulelloq' rf \e llmrt thc

opcratron ln thcI 'reglon Thus. the above graph provcs that the samplc gt\cs bcst results lf

operatcd rn thc UV reglmc The actual Psr graph obtalned rs acrually the average of all thc

graphs that are obtarned by takrng rcadrngs a! dtfferent pomts oflhe sample

Thc averagc Psr graph rn fulI rcglme 1s shown Frgurc 5 2 3

{ri

| ,l

F-1rP,i r;

lli F,/rn;

-'llF..:i!

10Ir R,& rq

1rn F!r .!

'ln--:r-t

l-i .ra, p,

0-

's?1

1J

i,10 JT 1c1J

Wavelenglh (nm)

Figurc 5.2.3 Avcregc Psr CrrPh

In |rgurc 5 2 -j thc bold red ltnc sho$s thc average graph lor Psl mcasurements Itcan!learl]'

be obscryed that the ln the UV rcgrcn thc sample deprctcd a ltnear beha\ ror *hlch sho\is thal

rha sample \1orks bcst ln the UY reglon

9ll&lTLrJ:"t0
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5.2.t.1.2 Dclta Graph in l-ull Rcgimc

I hc Delta Graph obtatncd b; ta|rrrg drffcrent rcadrngs from lhe sarnplcs rn lull rcgrntc can bc

obrcncd tn Frgure 5 2 'l

(E

E

400

l5u

300

100

50

c
300 500 500 7m

Wavelength (nm)

Figsrc 5.2.4 Deltr Graph rn Full Rcgrmc

Thc I-rgurc 5 l-{ shors thc hncar bcha\ror tn the UY regron *hrch

applrcatLons

rs good for LIV detcctron

Thc actual Dcltd graph rs obtarncd b) lahng thc a\crage of all the readtng talcn at drffcrcnl

pornts ofthe samplc uhrch rs shoun rn Frgure 5 2 5
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400

:00

100

50

0

:nr qr& i!

- 

tc ied,n?

(!

o)o - 

rh ieadnl

'ln Fe,]il

500 7m

Wavelength (nm)

Frgurc 5.2 5 Avcrrgc Dcltr Gr'Ph

The red bold ltnc shows thc aYcrage Delta graph Thc Rcd lrncar lrne rn the U\/ rcgtmc rn

Frgure 5 3 5 clcarl) shoNs that thc sample shoued er.cellcnt rcsponsc ln the Uv regron

5.2.1.1.3 Psi Graph in tIV Regime

U\frcgron ior thc sampJc rs seParatel) analyzed and the graph for UV rcgtmc ts shown rn

Frgure 5 2 6

500
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l8

?6

(!

?0

18

320 340

Wavelength (nm)

t-igurc 5.2.6 Psi GrlPh rn f v Rcgimc

The abor e graph shorvs hnear behavror ln the mlddlc of LIV reglme The Llnear beha\ tor

dcplcls good dctcctlon rn thc UV leglon

The Psr graph for IJv rcglme rs obtarncd by takrng the avcragc ofall the pornrs on the sample

The avcragc graph obLuncd 1s shown rn Flgure 5 2 7

.:.:'ili"

!i4''l--=.

Wavelength (nm)

Figurc 5.2.7 Avcrlgc Psr Grrph in L-\'Rcgimc
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5.2.1.1.4 De lta Greph in Uv Rcgime

Deltd Graph ln U\'reglmc ts obtalned b) taklng measurcmenrs

and the final rc\ult rs the avcrage ofall thc readlng Thc Delta

al drlferent pornt on the sample

Graph rs Frgure 5 I E

6o
r0

g 15

o
tc

340300:80

Wavelength (nm)

t'igurc 5.2.E Dcltr Graph rn Uv Rcgitrrc

The arcrage dclla graph rs shou'n rn Ftgure 5 2 9

340

Wavelength (nrr)

t;:::;

Figurr S.2.9 Arrrrg. Dlrlt2 Crrph in f \' Rcgrmr
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The a\ erage graph tn t-lgurc 5 2 9 shows

Thls rndrcales thc stabrJtry ofthe sample

lmear beha\lor of lhe

rn W regtmc

samplc ln the UV Regrmc

5.2.1.2 Absorption Cocfficient and Optical Band Gap

The absorptron cocfficrent grvcs the rdea about thc absorptlon oI Lght and hou much 'r llght

car penetrate Lnto thc santPle It depends on thc materlal and also onthe \\'avelength ofllSht

Scmlconductlng materrals hare a sharp edgc 1n thelr absorptlon cocfficrent [51] Ahsorptlon

coefficrcnl r\ gl\en bv

Where k rs the exhncllon cocfficrent and )' ts thc [a\'clcngth By ustng aborc formula thc

absorptron cocffictent at dlfferent uavclengths are determrncd AbsolPllon coc[ficrent as the

functronoluave lenglh rs uscd to calculate thc optrcal band gaP oflhe sample Opttcal energr

gap !an bc detcrmrncd b) uslng the Tauc equatton [51]

Graph lor indrng opucrl band gap rn shom 1n Flgurc 5 2 l0

l- r eelrtzl

e

1

:o a5 30
En ergy (h v) (ev)

t-igurc 5.2,10 Grrph for Finding th. Opbc.l Band Gep
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InFrgurc52l0.

axrs

The opucal band

!i hcre (ohr'): = 0

Photon cncrg] rs reprcscntcd on \-.Lxrs

gap can be found by cxtrapolatrng the ltncar

Thrs can easrll'be obsencd rn thc F,gurc 5 2

and {o]r\'): ts reFrcsentcd rrn th('v-

portron of thc graph to \-axrs

ll

c!
I

E
C)

o)
C\

_c.(U

o oooo8

o,ooo06

o oooo4

o.ooo02

o.ooooo

2.5 3.O 3.5
Energy (hv) (eV)

Figur. 5.2.11 Ertrlpolatioo for finding Optic2l Brnd Grp

Thc pomt whcre (crhv):= 0 ts 3 23 eV ar shou,n m Ftgure 5 2 1l Thcrefore. thc ophcal band

gap ofZnO on sapphrre \ubstratc rs estlmatcd to be I 2lcv Othcr rcscarch \aorks hke Snkilnl

et al [56] also pro!es that obtarned optrcal band gap rs good for UV detcctron Thrs optrcJl

band gap pro,,es that our sample ts rery cfficrcnt for UV dcrectton appllcatlons and rt also

malchcs $lth othcrs resc.uch \rork [57. 58]
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5.3 Hall Effect Measurement

IIall Effcct measurcment \ho$'s that Epttarlal ZnO on sapphrrc

semrconductor The Hall paramcters 1br n-t1pe ZnO film whlch are

conductl\rty. and Hall cocfficrcnt) are rllustrared tn Tablc 5 l

subsratc rs n-t)?e

rncludcd (rcsrstrr rq',

Shect Rcsistrncc Rs(ohn/sq)

Rho(ohm-cm)

Conductivity Con(1/ohm-cm)

Ns(/cm'l)

N(/cmr)

Mobility(cm2 /\'s)

31981 I I

15 99

0 06251692

-2 37126.1E+l I

-5 742528E+18

67 97

Iablc 5.3 lJeU Effcct M.rsurcmcnt Rcsults

In Table 5 3 rt ls observcd that carrrer concentratron has negatl!e s1gn. Nhlch deplcts that thc

devrce 1\ N-T)?e howocr the samplc rs ttn-doped ZnO r\ naturally N-t)?e \emlconductor

mJtelral The natural N-Dpe behavror ofZnO thrn films rs duc to lntnnslc dcfects prescnt rn

ZnO struclurr' lrkc orygcn vacancres and zrnc lntcrstrtrals Eprlaxlal ZnO Ln sapphrre also

pos(ess a mrsmirtch rn lhere structurc rvhrch also leads towardr thc N-tlpe behalror of the

dcvrcc
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5.3.1 Comparison of Hall Measurements of Doped

ZnO and Un-doped Epitaxial ZnO

Semplc

EprtaxralZnO

(undopcd)

znotAl l2%l

Crrricr
Concelltration

(c--t)

Nlobilit!
(cm2A,s)

67 97

485

135

Rrsistirrtl
(ohm-cm)

15 99

0 054

5 74 x 1013

2 37 x 1013

1 15 x 1013zno. Al (4%) o4

_lrblc 
5.3.1 Comprnson ofHall Nlcasur.mcnls ofDopcd ZnO and UD-dopcd Epitariel ZnO

The Table 5 3 I sho\r,s thc companson of Eprtaxral ZnO wrth that of Al doped ZnO sample

u'hrch arc the areragc of multrple measurements on thc de\lce \tructure The results ofAl

dopcd ZnO sample wcre prescnted by Wang et al [55] Lln-doped Eprtaxral ZnO shoBed the

same camcr conccntratlon as of the order of l0r\ cnt r The mobr ltty of our samplc ts qulct hlgh

as comparcd to lhc othcr dopcd ZnO samples Hrgh rcslstl\r() rs desrrable for alJourng

mrnlmum dark tuncnt lor UV delectlo[ appltcatton Epltaxral ZnO has shotvr a remarkable

lncrease rn rcslstlrrty makrng lt an ldeal low cost candtdate for UV dclectton apphcatrons In

Tablc 5 I I rt can bc observed thar thc mobr Llly and resrstl\ e of un-doped ZnO samplc ls hlgh

as comparcd to doped ZnO sample The marn rcason rs that un-doped ZnO samplc rs eprraxrally

grown. rn cprtaxral gro\r th an arom stts on anothcr atom l\ orderly manner *hrch rcsult rn

dtomrcall) flat surfacc structures 'fhls organtzed ZnO matnx rcsults rn hrgh mobtlrty and hrgh

reslsfi\,lty nt the same me
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t_; N

I - Mot rl'ty-

5.3.3 Mobility

-
E
=

Eecrnc Current (A)

Frguro 5.3.1 Eftcct of Currcnt on l\lobilrtl of th. Samptc

5.3.2 Carrier Concentration

10'

lf ro'

Electnc Current (A)

I'igurc 5.3.2 Clrrier Conccntrrtion of thc srmplc plotted rg2lnst currcnt

Carrrcr concentratron bchar ror rvas obscrred $,lth the rncreasrng Hall cuncnt Frg532shous

Ihat rn thc practrcal worlnrg regron ofcurrent. the camcr conccntra(lon ls sllghll) lncreasrng

l e our devlcc rs operatronal wtthtn the currcnt rangc of I0_^ to 10o Amperes In tlus sub

mlcroampere reglon lhe carrer concen(ratlon avarlablc for surtable dclectlon mcchlnrsm rs

[rnearlt tncreasrng

54



Shcct reslstancc as shown ln F'rg 5 3,5 rs dccredsmg $tth the tncrcase ln electrlc curcnt Thc

decreaslng lcnd of thc shect reslstance ls due to the change m ZnO matrl\ cau\cd by the

scaficrmg ofelectrons due to hcavy currcnt flow

5.4 ASMEC MEASUREMENT
5.4. I I-V Characteristics

The current voltrge (l-V) characterrst,cs of re cpltaualZnO on sapph[e substrafe rs

rllus(ratcd rn the llgure 5.1 l

_ | 300K
r 310K

=a<
-
O

08

a1

06

05

04

03

02

01

00
23

Vdtage (V)

Flgurc 5.4.1 1-\'Charectcrrshcs of ZtrO Semplc

I he Lncar behavror rs assoctated\r.lth thc ohmlc nature ofrhc dettcc Tlro rcadtnss !rcrc trlen

at sLghtly drffcrent temperahlles Thc curlcnt curl,e mo\cs upwards wth thc lncreasc ln
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tcmpcrdnrre The \alue olcurrcnt ls \'cry loN ln the rangc ofNano Amperes Lo* ralue oflhe

aurent deprcts that the dcrrce consumcs less cncrgy and cfficrent results can be obtarned

u rrhou! any hcat lossc\ Llnear I-V beha\rorm NaDo-scale currc[t reglne makes the de\lces

T,crv efficrent lbr LIV detcctlon appLcatlons

-5

-;3 -ro

4540300500

5.4.2 Ipla and Vpu Response

Photocurrent response ofthe sanrple rs shonn rn rhe Frg 5 4 2

-15

2o ?5

Trme
(msec)

Ftgur.5 4.2 photocurr.nt Rcspohsc

when the samplc ls rllumlnated $lth a llqht sourcc of2,:360[m thc photoconductron occurs as

rt can bc scen rn the FLg 5 4 2 Photocurrent, [pH rs produced whrch shous that the samplc ts

photoconduchve and ts good for UV detcctlon Thc llght sourcc produces penurbrtlon rn thc
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ZnO atoms matnx and altcr a ccrtarn amount of tlme the ZnO atom\ retums to thclr orlgtnal

place dcplctlng thc normal bchavror

Srmrlarly. photo roltage rcsponsc ofthe sarlple rs sho$.n rn thc Frgurc 5 4 3

3

Trme
(msec)

Figurc 5.4.f Photo ! oltagc R.sponsc of thc Samplc

When the samplc rs rllummated urrh a hght source of ).:3 60nrn. thc phoroconduchon occurs

and \'(rtagc rs rnduced for fc\ mrlhscconds Photo yoltagc (\.rn) ts thus produced uhLch

suggcsts lhat thc samplc rs photoconduchYc and rs good for UV dctechon

-10
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Chapter No. 6

Conclusion and Future Work

6.1 Conclusion

Malor findrngs of rhrs uork are as follous

. Specrfically desrgrrcd and clrstom fabrrcdted un-dopcd thrr film of ZnO Fprla\rallv

rou'n on sapphrre (0001) substrare uas sttrdrcd to ln\cstrgate tbe posstble derrcc

ourput cha.actcnsttcs deslrable lbr lMetectron appllcatlons Detallcd clectncal and

clectro-opIcal analysrs of the devlce structure was performed on sophrstrcated

machrncs ro ytcld the requlstte stgnature lor rhc utrlrt.v of thc spccrficd matnr for

scnsrng and dctectron mechanrsm rn ZnO

Thc un-dopcd cprlaxrally gro$n ZnO on sapphrre subsrratc sho\\'cd n-t1pc bchar ror

The eprtaxral ZnO rs cheap and efficrent solutron for UV detechoo apphcahon rn u hlch

no mlentronal doprng rs requrred Doptng not onll'adds a cost factor but could affect

the UV scn\tng abrlrtv ofZnO

The rcsults for ZnO Eprtarral de\lce sugge\ts .r strong c,rmcr lnteractlon Thts

lntcractron ma), resul( m ncu latttcc ln relaxatton and recomblnatron channels

assocrated $tth electron-holc encrgv transfer Thts behavror may not bc accompltshcd

s'lth lntcntlonal doprng Thrs ncu cvrdence of carner tnteractton leadrng to possrblc

recomblnatlon mcchanrsm may result rn fast photoconducuvc behatlor Thls ts funhcr

substantrated bv rhe Eprtaual ZnO mobrhty whrch rs far berter r*hcn compared lo

staDdard Al dopcd ZnO that makes Eprtaxral ZnO to rl orl rn rntnnsrc phoroconducrtr c
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modc De\'lce englncers may utrLzc thrs knouledge to manufJcture lor\ cost ZnO

\ensors and ln' delcctors
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6.2 Future Work

The rcsults prcsented rn thLs thesls shou'ed that $'e can achreve good UV dctecnon rvtth

Fprtarral ZnO on Sapphrre substrare rvrthout lntentlonal doplng makmg the de\'lce co\1

cffecwc and more efficlcnt Therc are numbcr of possrbrlrtlcs ro flunher rnvesogatc thcse

rcsults such as

r Rcsearch on hcterojunctlon fomred as the result oi ZnO dcposrtron on Sapphrre

s hrch maY funher cnhance the l'ast rcsponse for UV delectron

. The prepared devrce may .rlso bc utllucd ro nrvesuga(c thc Mctal-O{rde-

Semlconductor (MOS) devrces for swltchug vaflatlons ofoptrcal c.lpaclty

. 'l'hc desrgn ofthc desrgn nl.rY also be loolcd al Blth an rntroductloi of crlhcr a

buffcr Iaycr bet*ccn thc un-doped rcgron and substratc to mrntmrzc the cffect of

rntellaces or rntroducrng very controlled "delta doptng profilc rn thc eprtarralll,

Srot+n ZnO to resrst thc effcct ofullra-lo\1 and sprkcd doprng sensttl\1t) lmpactlng

on the lattl!e relaxatron and recombrnatton proccss m ZnO mamx
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