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A bstract
First, ZnO nanorod s were su ccessfu lly synthesized by simple evaporation

method ,u sing single stage controllable horizontaltu be fu rnace and qu artz tu be
withou tcatalyst.The ZnO nano powd er was mixed with (10 and 20%) of TiO 2

powd er(weightratio),then ZnO -TiO 2 thick films were synthesized u sing simple,
low-cost efficient screen print techniqu e. The thick films were heated  at 500 C  ̊for 
one hou rto remove the organic bind erand any impu rities.The prepared thickfilms
were examined withX -Ray,and FESEM to stu d y the stru ctu raland morphology of
the films,the X -ray resu lts show thatthe films are polycrystalline with sharpand
highintensity peaks ind icatinghighcrystalinity of the prod u ct.The FESEM pictu res
show nanorod s withd iameters less than 100 nm and severalmicrometers in length
of ZnO with TiO 2 nanoparticles.ZnO -TiO 2 d evice was bu iltu pby electrod ing the
thick films.The I-V characterization of the films were stu d ied in d ark and light,
then photo d etection parameters were estimated and itwas fou nd to be efficientand
highresponse in UV range d etection.
Keyword s:nanostru ctu res,ZnO ,simple evaporation.

ZnOالنانویة التركیب ك كاشف ضوئي -TiO 2 ص الاغشیة السمیكة دراسة خ صائ

الخلاصة
nanorod)الخارصین بتراكیب نانویةفي البدایة تم تحضیر اوكسید  s) باستخدام تقنیة التبخیر

البسیط باستخدام فرن انبوبي وانبوبة كوارتز بدون عامل مساعد حیث تم تبخیر معدن الخارصین عند 
7درجة حرارة  على التوالي. 10-90م وبوجود غاز الاركون والاوكسجین وبنسبة خلط 00

الطباعة على الشبكة وھي واستمرت العملیة مدة تم تصنیع اغشیة سمیكة من الخلیط باستخدام تقنیة 
بسیطة وذات كلفة واطئة وفعالة، ان ھذه الطریقة تعطینا اي تصمیم او ابعاد للغشاء وبالتصاقیة جیدة 

م 500بین الغشاء والقاعدة. بعد ذلك تم تسخین الاغشیة المحضرة لمدة ساعة وعند درجة حرارة 
ص من الرابط العضوي واي شوائب اخرى. تم دراسة الخصا ص التركیبیة و دراسة السطح للتخل ئ

Xللاغشیة المحضرة بفحصھا ب باجھزة ال -ray,FESEM حیث اظھرت فحوصات الحیود
بالاشعة السینیة ان الاغشیة ذات تركیب متعدد التبلور مع قمم حادة ذات شدة عالیة مما یدل على 

nanoتبلور جید للمادة، واظھرت صور المجھر الالكتروني الماسح  rod s100طار اقل من وباق
نانومتر وباطول مختلفة تصل بضعة مایكومترات ل اوكسید الزنك ان اھذه التراكیب النانویة تعزز 
وتحسن من اداء الكاشف. تم بناء الكاشف الضوئي بعد تقطیب الاغشیة وبنفس تقنیة الطباعة على 

ص الكھربائیة في الظلام والاضاءة وحساب العوام ل الكشفیة للجھز حیث الشبكة وتم دراسة الخصائ
اظھر الكاشف استجابة عالیة كفاءة جیدة في منطقة الاشعة فوق البنفسجیة.

، تبخیر بسیط.ZnO: تراكیب نانویة ،الكلمات المرشدة
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IN TRO D UC TIO N
he nano sized ZnO with the featu res of large volu me to area ratio high
u ltraviolet(UV ) absorption,and long life-span has been wid ely u sed as
catalyst gas sensor ,active filler for ru bber and  plastic, UV  absorber in 

cosmetics and anti-viru s agentin coating[1] ,ZnO nanoparticles can be synthesized
by variou s approaches inclu d ing sol–gelprocessing homogeneou s precipitation
mechanicalmilling,microwave method ,spray pyrolysis,thermalevaporation [2]
and chemicalsynthesis [3].H owever,ZnO nanoparticles are prone to aggregate d u e
to the large su rface areaand highsu rface energy.In ord erto improve the d ispersion,
itis necessary to mod ify the su rface of ZnO nanoparticles.Some researchers have
revealed severalphysicaland chemicalmethod s formod ifyingthe su rface of ZnO
nanoparticles. The chemical su rface mod ification, which can be classified  as su rface 
grafting and  esterification, is the most promising method  becau se of the strong 
covalent bond  between the su rface mod ified  particles and  polymer chains [4]. 
D u ring the last two d ecad es,metal-oxid e semicond u ctors (M O S) had a great
amou ntof attention fortheirapplications in severalareas su chas med icald iagnosis,
toxic gases sensors and opto-electronic ind u stries [5] .Recently the N ano-stru ctu red
materials appeared to show higherefficiency d u e to gain in the ratio of the su rface
to volu me ratio and their single crystalline N anostru ctu re and other physical
properties [6] .ZnO is one of the (M O S) materials thatplayed a good role in
d ifferentapplications in electronic sensors and opto-electronic d evices in respectof
having many ad vantages su ch as low cost,having agood electronic mobility,and
showingagood thermaland C hemicalstability [7 ] .ZnO is one of the II-V Isemi-
cond u ctors,ithas ad irectwid e band gap–(3.37 eV )and excitation energy (60 meV )
[8 ] ,has greatattention forresearchers becau se of its opticalproperties whichmake
itimportantmaterial.
In aP hotocond u ctivity measu rements are among the mostvalu able techniqu es to

explore the optoelectronic properties of photocond u ctive semicond u ctors.
P hotocond u ctivity is d efined as electrical cond u ctivity resu lting from photo-
ind u ced electron excitations in which light is absorbed . In semicond u ctors,
photocond u ctivity arises d u e to photo-generation of electron hole pairs after
absorption of photons which increases carrier d ensity and cond u ctivity of
material.A photo d etector is a d evice that measu res photon flu x or optical
power by convertingthe energy of the absorbed photons into a measu rable
form [9] .P hotocond u ctivity (P C ) is an importantproperty of semicond u ctors by
means of whichthe cond u ctivity of the sample changes d u e to incid entrad iation.

E xperiments
The preparation of ZnO nanostru ctu re is carried ou tin asingle stage controllable

horizontaltu be fu rnace (40 cm) with a qu artz tu be (50 cm) long and (3cm) in
d iameter.The qu artz tu be was cu tand the two end s of the tu be been altered to be
su itable and fitted forentry the gas mixtu re and exit the gas in the otherend . A
pu re metallic Zinc powd er(merick)Germany (99.9%)is u sed as araw material.(1
gm)of Zinc powd eris placed in ceramic boat(1x1x10 cm).The boatwas placed at
the centerof the tu be fu rnace,and the Si/SiO 2 su bstrates are positioned d own the
stream of the gas flow.B efore increasing temperatu re The qu artz tu be is pu rified
from resid u al gases u sing pu re A rgon for 3 minu tes, then we increase the
temperatu re insid e the fu rnace to 7 00  C  ̊with gas mixtu re (A r+O 2)flowingatarate
of (100,200 and 300 sccm) witharatio of (10:1).The flow of gases was controlled
by two flow meters.W hite cotton like powd eris d eposited on the su bstrates and the
wallof the tu be.The fu rnace leftto coold own natu rally to collectthe prod u ct

T
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TiO 2 nanoparticles were synthesized by Sol-gel method in ad vanced material
laboratory in P hysics d ept.,college of science,A l-M u stansiriyah University and
examined by X -Ray d iffraction.Then d ifferentweightratios were taken forboth
ZnO -TiO 2 (90% -10%),(8 0% -20%).Then these ratios were mixed togetherinsid e
atesttu be and ad d ingasmallamou ntof Ethanoland the mixtu re was stirred forone
hou ratroom temperatu re then d ried and screen printed atd ifferentsu bstrates,the
screen printed  films were heated  in a box  fu rnace at 500 C  ̊to remove all organic 
materials,stu d y the (TiO 2–ZnO )thickfilms properties.This mechanicalmixingnot
contains meltingorphase transformation bu taffects the properties of ZnO films.
The prod u ctis collected carefu lly.A su itable amou ntof P V A was ad d ed to prod u ce
the ZnO -P V A paste.The paste is screen printed in (1 cm)squ are pattern,the screen
printis asimple techniqu e to prepare the thickfilms This techniqu e gives exactand
d esire d imensions forthe film pattern with agood ad hesion between the film and
the su bstrate.A nd then the thickfilms are d ried in airthen,heated in abox fu rnace
to 500  C  ̊with a rate of 8  C ˚/min for one hou r to remove impu rities and  the organic 
material.Then the films were examined by d ifferentd evices to stu d y its stru ctu ral
properties.O hmic contacts interd igitated electrod e ID E metalmasks were fabricated
by the screen printtechniqu e u singsilverpaste as cond u ctingmaterial.

Resu lts and D iscu ssion
The prepared thick films were examined by X -Ray d iffractometer (miniflex II

Rigaku , Jaban) (C u , kα), and  Field  Emission Scanning Electron M icroscope 
(H itachiS-4160) (FESEM ).C omparing with (JC P ED ) card allthe peaks are for
ZnO and TiO 2 no otherpeaks of impu rities was appearing.The estimated crystallite
size shows thatthe crystallite size growthin the d irection (100)and increased in the
d irection (101)and noteffected in the d irection (002)forboth mixing ratio.The
otherstru ctu ralparameters were calcu lated and illu strated in table (4-4)also from
the X RD pattern itis clear thatthe d ominate growth were in the d irection (101)
ind icatingpreferringgrowthalongc-axes in thatd irection.The otherpeaks ind icate
the pollycrystallinity natu re of ZnO .The crystallite size is calcu lated [10,11] by the
relation:
� = 0.9 � /� � � � � … (1)

W hile cellparameters (aand c)were estimated u singequ ation (2)

� � � 	 = a

� 4/3(h� + k � + hk + i � a �
c �
�

�
… (2)

B ecau se of the heattreatmentand preparation cond itions the films u nd ergoes strain
and d islocation in its stru ctu re these parameters were calcu lated [12] by equ ations
(3)and (4)respectively.

� � � � � /4 … (3)

� = 1/ � � … (4)
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Figu re (1)X RD pattern forZnO -TiO 2 thickfilm.

Table (1)stru ctu ralparameters forpu re and mixed ZnO thickfilms.

P lain no.
D (crystallite

size)
nm

L attice
parameter
a(A ˚), c(A ˚) 

D islocation
D ensity δ x  1015

(line2/m 2)

M icro
strain

Ƹ x  10-3

ZnO

(100)
29.3

3.229-5.27 0

2.36 1.69

(002)
29.3

1.8 3 1.465

(101)
27 .28

2.031 1.58

ZnO :10%TiO 2

(100)
28 .3

3.229-5.27 0

1.7 1 2.29

(002)
30.7

1.53 1.8 9

(101)
30.9

1.52 1.96

ZnO :20%TiO 2

(100)
21.4

3.229-5.27 0

2.29 1.7 1

(002)
24.1

1.8 9 1.53

(101)
29.1

1.96 1.52
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Figu re (2)FE S E M pictu res forZnO -TiO 2 thickfilms.

The resu lts in figu re (3),(4),gives the I-V characteristics behavior of the (n-
ZnO /p-Si)d evice in the forward and revers bias.Two regions are recognized ;the
firstone represents recombination cu rrent,the firstcu rrentestablished when the
concentration of the generated carrier is larger than the intrinsic carrier
concentration (ni),i.e.(n* p>ni

2),whichlead to recombination process formass low
applicable.The second region athighvoltage represented the d iffu sion orbend ing
region which d epend ing on serried resistance and in (M O S)case represented the
tu nnelingregion.From the comparison between the resu lts obtained foralld evices
prepared atd ifferentmethod s cond ition,itis recognized the valu es of the cu rrent
improved forsimple evaporation method d u e to d ecrease in the resistivity forn-type
ZnO film resu lts in an increase in the electron concentration.This cau ses ad ecrease
in the hole concentration and thu s ared u ction in Is.The id eality factoralld evices
were estimated atthe optimu m cond itions and ithas been fou nd to be ranging
between (1.97 -3.6).

Figu re (3)I-V characteristic for10% TiO 2.
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Figu re (4)I-V characteristic for20% TiO 2.

Figu re (5) explain the change of resistance after illu mination to 37 0 nm light
from X e lampfor60 second and then the lightwas shu td own to stu d y the recovery
for the films prepared by mixing method with d ifferent TiO 2 ratios and
hyd rothermalmethod .The resistance d ecreases afterillu mination by 48 %,56% for
mixing ratio 10% and 20% ind icating that increasing TiO 2 ratio enhance the
response forUV lightthis is d u e to the rou ghness increase cau sing increasing in
absorption portion.
The responsivity,d etectivity and the qu antu m efficiency for allcond ition were
calcu lated [13,14] accord ing to equ ations (5,6,7 ) respectively and illu strated in
table (2)

iP
I

R
ph

 … (5)

fA
I
R

D
n





* … (6)

ƞ = 1.24
� �

�
… (7 )

Table (2)The Responsivity,D etectivityand E fficiencyestimated atwavelength
(37 0 nm)fordifferentpreparation conditions.

P reparation
C ondition

Responsivity
Rλ (A /W)

D etectivity
D * (cm.H z1/2/W )x1012

E fficiency
Ƞ 

10%TiO 2 0.52 6.9 0.0017 4
20%TiO 2 0.48 6.7 0.00160

C onclu sion
ZnO N anorod s and tetrapod were su ccessfu lly synthesized by simple evaporation

method .The stru ctu re of ZnO is fou nd to be wu rtzite hexagonalcompared with
(JC P D )card .The micro strain and d islocation d ensity were estimated and fou nd
varied with preparation cond itions.The cellparameters were calcu lated and fou nd
mu chclosed withthe typicalresu lts.The ratio of the organic bind erto the material
affects the ad hesive of the film with the su bstrate.A lso,the rate of the heating
temperatu re contribu tes in improvingthe ad hesion.
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The prepared films show high responsivity and d etectivity in the UV range as
photod etector.

References:
[1] R.Y .H ong, J.H .L i,L .L .C hen,D .Q .L iu ,H .Z.L i,Y .Zheng,J.D ing, "
Synthesis, su rface mod ification and  photocatalytic property of ZnO  nanoparticles" , 
powd ertechnology,18 9,426-432,(2009).
[2] M .L .C u rrid al,R.C omparelli,P .D .C ozzli,G.M ascolo,A .A gostiano,C olloid al
oxid e nanoparticles forthe photocatalytic d egrad ation of organic d ye,M ater.Sci.
Eng.,C ,B iomim.M ater.,Sens.Syst.2328 5–28 9,(2003).
[3] W .Q .A o,J.Q .L i,H .M .Y ang,X .R.Zeng,X .C .M a,M echanochemicalsynthesis
of zinc oxid e nanocrystalline,P owd erTechnol.168 148 –151,(2006).
[4] S.C hakrabarti,B .K.D u tta,P hotocatalytic d egrad ation of mod eltextile d yes in
wastewateru singZnO as semicond u ctorcatalyst,J.H azard .M ater.B 112 269–27 8 ,
(2004).
[5] L eu ng,Y .H .;D ju rii,A .B .;Gao,J.;X ie,M .H .;W ei,Z.F.;X u ,S.J.;C han,
Zinc W .K.oxid e ribbon and comb stru ctu res:synthesis and opticalproperties.
C hem.P hys.L ett.,394,452,(2004).
[6] L iu ,F.;C ao,P .J.;Zhang,H .R.;L i,J.Q .;Gao,H .J.;C ontrolled selfassembled
nanoaeroplanes, nanocombs, and tetrapod -like networks of zinc oxid e.
N anotechnology,15,949,(2004).
[7 ] Zhang,H .;Y ang,D .;L i,S.;M a,X .;Ji,Y .;X u ,J.;Q u e,D .C ontrollable growth
of ZnO nanostru ctu res by citric acid assisted hyd rothermalprocess.M ater1.M .H .
H u ang,S.M ao,H .Feick,H .Y an,H .Kind ,E.W eber,R.Ru sso,P .Y ang,Science
292,18 97 ,(2001).
[8 ] W .W .W ang,G.M .Zhang,L .G.Y u ,X .B ai,Z.X .Zhang,X .Y .Zhao,P hysica.E
36,8 6,(200 7 ).
[9] Ravi Shankar, Rajneesh K. Srivastava, S. G. P rakash, “Stu d y of D ark-
cond u ctivity and P hotocond u ctivity of ZnO N ano Stru ctu res Synthesized by
Thermal D ecomposition of Zinc O xalate”, D epartment of Electronics and
C ommu nication,University of A llahabad ,A llahabad -2011,Ind ia.
[10] Z.Kebbab,M .M ed les,F.M ilou a,R.M ilou a,F.C hiker,N .B enramd ane,
experemental Stu d y on Stru ctu ral and O ptical P roperties.of ZnO Thin Films
P repared by Spray P yrolysis Techniqu e. International Scientific Jou rnal for
A lternative Energy and  Ecology №  6 (62) 200 8 .
[11] Riad A .S.,M ahmou d S.A .,A . Ibrahim A .Stru ctu ral and D C electrical
investigations of ZnO thin films prepared by spray pyrolysis techniqu e //P hysicaB .
296,319-325,(2001).
[12] P .S.Kireev, " Semicond u ctors P hysics" , Translated from Ru ssian by
M .Samokhvalov,M IR P u plishers,M oscow (197 8 ).
[13] L iwen Sang,M eiyong L iao and M asatomo Su miya, A C omprehensive
Review of Semicond u ctor Ultraviolet P hotod etectors:From Thin Film to O ne-
D imensionalN anostru ctu res,Sensors 13,1048 2-10518 2013.
[14] ] Fawen Gu o,B in Y ang,Y ongbo Y u an,Zhenggu o X iao,Q ingfengD ong,Y u
B i and Jinsong H u ang," A nanocomposite u ltraviolet photod etector based on
interfacial trap-controlled charge injection" , natu re nanotechnology,
10/1038 /N N A N O .8 7 .2012.


