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Abstract— The effect of annealing time on electrical properties 
and physical properties (surface morphology) of p-n junction 
between p-type silicon (Si) and n-type titanium oxide (Ti02) 
were investigated. By varying the parameter of the annealing 
time, the Ti0 2 thin films were deposited on silicon and glass 
substrates by using spin coating technique. Characterization 
were done using current-voltage (I-V) measurement, atomic 
force microscope (AFM) and Field Emission Scanning Electron 
Microscope (FESEM).The Ti0 2 th in fdms were annealed at the 
4 5 0 T . The annealing lime varies from 30, 40, 60, 80, and 100 
of minutes. The (I-V) measurement showed that at 80 minutes 
annealing time, the conductivity is higher than other annealing 
time. The AFM investigation showed roughness of thin film 
increase with longer annealing time. The result showed that the 
electrical properties and surface morphology of T i 0 2 could be 
affected by changing the annealing time. 

Keywords—PN Junction, Titanium Dioxide thin film, spin 
coating, annealing process. 

I. I N T R O D U C T I O N 

The Ti tanium Dioxide ( T i 0 2 ) was of one of the most 
widely studied due to physical , optical and electrical 
propert ies and has many important applicat ions such as solar 
cell, and sensor [1], T h e T i O : are widely used in our life, 
such as pigment [2], in sunscreens [3, 4] paints [5], and 
toothpaste [6], T h e transparent thin fi lm of T i 0 2 can be 
applied for coat ing such as for a solar cell application and 
self-cleaning glass. The research on T i 0 2 solar cells are done 
because of the low cost and easy to fabricated [7]. 
Addit ional ly there are many method to prepared the T i 0 2 

fi lm such as thermal [8] or anodic [9] oxidation of t i tanium, 
electron beam evaporat ion [10], ion sputtering [11], chemical 
vapor deposi t ion [12], including p lasma-enhanced chemical 
vapor deposi t ion [13] and the Sol-gel method [14, 15]. The 
sol-gel method has emerged as one of the most promis ing 
methods that will give sample with good homogenei ty at low 
cost. Besides that preparing T i O : by the Sol - gel method, is 
not diff icult , easy to control and low cost compared by using 
the physical vapor deposit ion (PVD) technique. 

Since this research is done by sol-gel method or solution 
process, it has all the advantages over other method in term 
of purity, homogenei ty , felicity and flexibili ty in introducing 

dopants in large concentration. According to Nafarizal 
Nayan et. Al., the annealing process and the number of layer 
are resulting have changing of crystalline and surface 
morphology of T i 0 2 thin film. It says that, in X R D spectra of 
nanostructured T i 0 2 thin f i lm show the annealing process 
gives anatase structure [16]. Previous studies have shown the 
T i 0 2 thin fi lm have high band gap about (3 .2-329) eV, and 
need (3.69-3.78) eV for al lowed and forbidden direct 
transition [17].Pure T i 0 2 has low conduct ivi ty due 
increasing the porosi ty will let less contact between the 
particles and less surface area for electron f low [18]. 

In this work the effect of anneal ing t ime on p-n junct ion 
p -S i /n -T i0 2 were studied. The T i 0 2 thin fi lm were prepared 
using sol-gel method and using spin coating technique on 
silicon and glass substrate. The annealing t ime were varied at 
30,40,60,80 and 100 minute. The characterizations on 
electrical and physical were measure using solar simulator, 
Atomic Force Microscope (AFM) and Field Emission 
Scanning Electron Microscope (FESEM). 

II. E X P E R I M E N T A L P R O C E D U R E 

A. Preparation of substrate 

The substrate used in this exper iment is microscope 
glass and silicon p-type. The silicon and glass substrate 
were treated with acetone, methanol and distilled water in 
ultrasonic bath for 10 minutes each to remove the any 
part icle on substrate. For the silicon substrate only, need to 
dip into hydrof luor ic acid solution with ratio 1:10 (acid: 
water) .Then, the glass and silicon substrate were blow with 
nitrogen gas for drying purpose and placing the substrate in 
sample holder. 

B. T i 0 2 solution 

Using a sol-gel technique, T i O : thin f i lm was prepared 
by mixing solution A and solution B. The solution A was 
prepared by mixing the 17.29ml absolute ethanol, 5.72ml 
nitric acid and 0.74ml of t i tanium Isopropoxide. The 
solution A was stir with 600rpm about 10 minute. Solution 
B that contains of 17.29ml absolute ethanol 4ml deionized 
water and one drop of triton x-100 need to mixing onto 



solution A af ter done with 10 minute. Then the solution was 
cont inuously stirred for 3 hours at room temperature . 

C. Deposi t ion o f T i C M h i n fi lm 

The T i 0 2 solution was deposi ted onto substrate by 
using spin coat ing technique. The spin coater was set at 
3000 rpm and drops the solution for 10 t imes by using a 
dropper . Af te r that, the samples were heated at 100 °C for 
10 minute to dry the thin f i lm in furnace. The process of 
coat ing and heat ing was repeated by f ive t imes. Af ter that, 
the sample was carried to anneal ing process at 450 °C in 
d i f fe rence minutes . The T i 0 2 thin fi lm were anneal ing at 
450 °C for 30. 40 . 60, 80. and 100 minutes . 

D. Character izat ion on physical proper t ies 

The surface topology of T i O : thin f i lm was 
character izes used Atomic force microscope ( A F M ) at the 
room temperature. The A F M gives the information about the 
roughness of the T i O : thin f i lm. T h e thickness of T i 0 2 thin 
f i lm was measured by using Veeco Dektak 150. 

E. Character izat ion on Field Emiss ion Scanning 
Electron Microscope ( F E S E M ) 

Besides that T i O ; thin fi lm also was character izes using 
Field Emission Scanning Electron Microscope (FESEM) to 
de termine the surface morphology . 

F. Character izat ion on U V - V I S spect rometer 

T h e optical t ransmiss ion spectra were recorded in the 
range from 2 0 0 n m to 800nm by using U V - V I S 
spectrometer . From the information of the t ransmit tance by 
plot t ing the graph be tween (ahv) : versus hv. The ahv is an 
optical band gap meanwhi le hv is photon energy. 

G. Chacter izat ion on Current Vol tage 

T h e electrical propert ies of p-n junc t ion p - S i / n - T i 0 2 

are measure using current-vol tage (IV) measurement . 2-
point p robe that connected to a source meter was used to 
measure the I-V p-n junc t ion p - S i / n - T i O ; . Figure 1 below 
shows the schemat ic s tructure of the T i O : thin f i lms which 
has gold (Au) on top of the thin fi lm, which is used as a 
metal contact for I-V measurement . The process deposit Au 
metal on the silicon substrate is set at 6 0 n m thickness by 
using electron beam thermal evaporat ion machine. 

From the I-V curve, the information of resistivity and 
conduct ivi ty can be obtained f rom equation in Table 1. 

T A B L E 1. EQUATION FOR RESISTIVITY AND CONDUCTIVITY 

R e s i s t i v i t y 

P = Y ( a o n ) 

C o n d u c t i v i t y I n I a - - (CI.cm) p 

T h e value of resistance is obtaining f rom the gradient of IV 
curve. Where the p is resistivity, W and L is a width and 
length of metal contact and t is thickness of the thin film. 
The conductivi ty is inverse of resistivity that show ability of 
material conduct electric. 

Deposit the Au metal 
on silicon substrate 

I 
Characterizat ion on 

electrical 

I 

Figure 2 shows the experiment procedure to prepare the samples. 

n - t y p e s e m i c o n d u c t o r T i O i 

S i l i c o n s u b s t r a t e 

Characterizat ion the 
surface morphology 

Figure 1. Diagram of Au metal contact on the silicon substate 



III. R E S U L T A N D D I S C U S S I O N 
A. Electrical Propert ies 

Figure 3 shows the graphs of electrical propert ies of TiO? 
thin fi lm deposi ted on silicon substrate. The film exhibited 
d iode propert ies due to p-n junct ion or called depletion 
region is created between T i O ; thin film and p-type silicon 
substrate. Figure 3 (a), (b), (c), (d), and (e) shows the I-V 
measurement at anneal ing 30, 40, 60, 80 and 100 minutes. 
Figure 3 (a), (b), (c), (d), and (e) shows the I-V curve under 
i l lumination have high current compare with dark. This 
happen due to the electron gain energy by absorbing the light 

[19].The process measurement under illumination, the UV 
light passes through the TiCK thin film and generate the 
electron - h o l e pair when the energy of the U V light is 
absorbed [19].The result at 30 minutes annealing t ime 
exhibit more p-n junct ion behavior compare with other 
annealing t ime .During the T i O : thin film anneal ing for 40 
minute, there are huge difference of current on the current 
under illumination and dark. Figure 3 shows that, the 80 
minute annealing t ime gives the high current compare other 
minute. The sample that anneal at 80 minute annealing time, 
behaves as a resistor due to the insufficient hole- blocking 
[20], 
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Figure 3. (a),(b),(c),(d),(e) i-v characteristics TiO: thin film deposited on silicon substrate at 30,40,60,80 and 100 minutes. 



Figure 4. Conductivity of 30,40,60,80 and 100 minute annealing time 

Figure 4 shows the conduct ivi ty of the 30, 40, 60, 80, 
and 100 minute anneal ing time. From the f igure, it shows 
that increasing the anneal ing t ime to 80 minutes increased 
the conduct ivi ty of T i O : thin films due to grain size were 
improve with longer period of the anneal ing time. At the 100 
minutes anneal ing time, the conduct ivi ty of the T i O : thin 
f i lms decreased due to the T iOi thin films became rougher 
and decrease the contact surface of the thin film. The 
electrical propert ies decreased due to the electron mobility 
decrease with less contact surface of T i 0 2 thin films. 

B. Sur face topology 

Figure 5 shows the surface topology of T i 0 2 thin films 
on the silicon substrate. From the image of A F M , the 
sur faces of T i 0 2 thin f i lms are chang ings due to the 
inf luence of annea l ing time. From the images, the sample 
with 100 minutes anneal ing t ime has more peak structure 
compared with 30 minutes anneal ing t ime. 

30 minute 40 minute 60 minute 80 minute 100 minute 

Annealing Time 

I — I l l u m i n a t i o n I 

Figure 5. (a),(b),(c),(d) and (e) are AFM image at 30,40,60,80 and 100 
minute annealing time on TiO; thin film. 



T A B L E 2 . SURFACE ROUGHNESS AND THICKNESS OF THIN FLIM 

30 
minute 

40 
minute 

60 
minute 

80 
minute 

100 
minute 

Surface 
roughness 
(nm) 

0.522 9.193 11.268 13.096 14.096 

Thickness 
(nm) 

83.87 73.34 62.69 57.32 52.01 

Table 2 shows that, the surface roughness and thickness 
of T i O : thin fi lm The roughness of the T i O : thin film was 
measured by using A F M . The roughness of T i O : thin film is 
increase within increasing of annealing time. The increasing 
roughness of T i O ; thin film is due to the increasing of grain 
size on the T i O : thin film. The thickness was decreasing 
within increasing of anneal ing temperature. 

C. Surface morphology 

Figure 6. (a),(b) and (c) are FESEM image at 30,40 and 60 minute 
annealing time on TiO; thin film 

Figure 6 shows the FESEM images of T i 0 2 thin film on 
silicon substrate at 30, 40 and 60 minute anneal ing time. 
The surface morphology of the T i O : thin film was observed 
at the same magnif icat ion 150000. 

D. Uv-vist measurement 
The optical property of the T i O : thin film was investigating 
using UV-V1S spectrometer . According to M.K Ahmad et. 
Al, the range of visible region in transmission spectra of the 
T i O : is between 450nm to 1000 nm [21], Figure 7 shows the 
absorption coeff ic ient on the glass substrate, the absorption 
coeff ic ient for anneal ing 100 minute is lowest compare with 
other anneal ing t ime. The absorpt ion coeff icient in U V -
region decreased with increasing of anneal ing t ime, because 
the thicknesses of thin film were decrease. 

Figure 7. Absorption coefficient of TiO; thin film at difference annealing 
time (a) 30 minute, (b) 40 minute, (c) 60 minute, (d) 80 minute and 100 
minute. 

According to Y o u n g Ug Ahn et al, the T i 0 2 thin film 
prepared at 400-600°c have high transparency in visible 
range of light [22]. 
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Figure 8. Energy band gap for 30,40,60,80 and 100 minute annealing time. 

Figure 8 above show the energy band gap of the T i O : that 
annea l ing at d i f fe rence time. The energy band gap graph 
(Eg) can be est imated by plott ing (ahv)2 versus hv. 
Extrapola t ing the straight line part of the plot to the photon 
energy axis. T h e energy band gaps for anneal ing process are 
given in Tab le 3 .Tables 3 shows the increasing of the band 
gap within increasing of the anneal ing time. 

IV. C O N C L U S I O N 

T i O j thin f i lms have been successfu l ly deposi ted onto 
silicon and glass substrates by the spin coat ing technique 
and annealed at d i f ferent minutes . The surface topology, 
electrical proper t ies and surface morphology of the T i O i 
thin fi lm were investigated by using A F M , IV measurement 
and F E S E M . For electrical propert ies, the current intensity 
increase f r o m 30 minute to 80 minute anneal ing t ime, but 
decrease at 100 minute anneal ing t ime. It can be concluded 
that, the increasing of the annea l ing t ime will decrease the 
resistance value but at the some point the resistance will 
increase again due to the sur face to roughness and decrease 
of the contact surface. The sample at 30 minutes anneal ing 
t ime exhibit more p-n junc t ion behavior compare to other 
annea l ing t ime. From the surface topology, within 
increasing of anneal ing time, the roughness of the T i 0 2 thin 
f i lm will increase. By referr ing the electrical propert ies and 
sur face topology, the T i 0 2 thin fi lm is suitable to be used as 

solar application and as photodiode. The result of / - F curve 
shows that the T i 0 2 thin films react well with il lumination 
light and dark. 

F U T U R E R E C O M M E N D A T I O N 
Based on investigation has been done, there are several 
recommendat ion to improve the electrical and physical 
propert ies by considering using T i 0 2 doped with Copper 
(Cu). By doping process the photocatalyt ic will improve 
over using pure T i 0 2 nanopart icles. 
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