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Cadmium selenide and bismuth oxide nanoparticles were synthesized by chemical bath deposition tech-
nique. CdSe nanoparticles have a negative conductivity (n-type) and Bi:Os have a positive conductivity
(p-type), both are formed p-n heterojunction. Bi2O3 semiconductors were deposited by spray pyrolysis at var-
ious substrate temperatures (100, 200 and 300 °C) for every 10 sprays on CdSe semiconductors have been
prepared on the glass substrates by CBD. The electrical characteristics for Bi2Os/CdSe diode at (100, 200
and 300 °C) under dark and illumination have been studied. The substrate temperature was affected by the
diode parameters such as the forward and the saturation current. Threshold voltage has been decreased as
increasing the substrate temperature at 300 °C. Ideality factor of Bi2Os/CdSe nanoparticles was changed
with substrate temperatures, it was increased and have maximum value at 300 °C. Bandgap energy has
minimum value at 100 °C and it increases by approximately 0.15 % when compared to the substrate tem-
perature 300 °C. Cross-sectional area of Bi203s/CdSe nanoparticles were investigated by cross-sectional SEM
at (100, 200 and 300 °C). The surface has become roughness at 300 °C and it led greatly stimulated grain

growth.
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1. INTRODUCTION

Bismuth trioxide nanoparticles have a wide interest of
many researches due to some important characteristics’
factors of their values such as mechanical strength, photo-
conductivity, energy gap, transparency and refractive in-
dex [1-2]. Many applications are suitable for BioOs example
optoelectronic, solar cell, photo detectors, sensors and anti-
reflecting coating [3] because it has distinctive characteris-
tics such as high photosensitivity to ultraviolet radiation
[4], high refractive index larger than 2.4 and high oxygen
conductivity 1-1.5 (chm-cm)-! [5]. These thin films were
fabricated using different techniques such as anodic oxida-
tion [6], CVD [7-8], sputtering [9], Laser ablation [10] and
chemical bath method [11-14].

CdSe-based nanostructures have many applications
in different fields such as solar cells [15-17] and thin-
film transistors [18]. They have been electrical conduc-
tivity n-type. In this paper, CdSe was prepared by CBD
method on glass substrates, then Bi203 (p-type) semi-
conductor nanoparticles were deposited on CdSe films
by spray pyrolysis at various substrate temperatures
(100, 200 and 300 °C) and the electrical properties were
discussed.

2. EXPERIMENT DETAILS

CdSe Nanoparticles were synthesized by adding
0.5M sodium sulphite on the 0.5 M Se powder, which has
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been put in a reflux system with distilled water and
heated for 3 hours to be form sodium selenosulphite.
Moreover, we prepared 0.5 M CdClz and 1 ml ammonia
in the (10 ml) distilled water after that they were mixed
with the Sodium selenosulphite and they were placed in
the bath about 20-24 hours at room temperature.

Bismuth oxide nanoparticles were synthesized from
mixing 4.08 gm of bismuth nitrate Bi (NOs)s which it
dissolved in 70 ml of deionized water by adding 4 gm of
potassium hydroxide KOH and 2.5 ml ammonium ni-
trate NH4NOs. The solution was heated for about 2
hours by CBD technique where it is formed Bi2O3 nano-
particles. After that the precipitate is separated from
the solution using filter paper and the solution is used
by spray pyrolysis at (100, 200 and 300 °C) substrate
temperatures on the CdSe layer for every 10 sprays and
the distance was 20 cm nozzle to substrate.

3. RESULTS AND DISCUSSIONS

Figures (1-3) show (I-V) curve for Bi2O3/CdSe diode
at various substrate temperatures (100, 200 and 300 °C)
under dark and illumination states respectively.

The temperature has been affected by the diode electri-
cal properties. The real reason is the increase in minority
charge carriers due to electron-hole pairs which lead to de-
crease in the junction voltage VB because the relative de-
crease in the concentration of majority and minority charge
carriers, Moreover the width of the depletion region also
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decreases. One of the negative results of the increase in
temperature at 300 °C is the increase in the leakage cur-
rent or saturation resulting from the minority carriers
which due to the loss of an important property of the crys-
talline diode, which is preventing the passage of current in
reverse bias as shown in Fig. (1, 2 and 3).
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Fig. 1 — I-V Plot of Bi203/CdSe diode at 100 °C
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Fig. 2 — I-V characteristics of 200 °C sample under dark and
illuminated states

800

—— Dark
—e— Light

600

)
;

200+

Current (uA

Voltage (V)

Fig. 3 — I-V curve of sample under dark and illuminated at 300 °C

The forward current does not grow with the same
strength as the reverse current when the temperature is
increased, as can be seen from Figure 4. It depends
mainly on the concentration of impurities (donors and
acceptors). It can be seen that the decrease in the barrier
voltage with the increase in temperature at 300 °C is the
direct reason behind the increase in the forward current.

The voltage-current equation for a crystalline diode

is given by [19]
v
KT
I=1Is <eT - 1) )
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q electron charge (Columb) and K Boltzmann’s constant

J/K).
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Fig. 4 — The forward current vs. voltage at (100, 200 and 300 °C)

But increasing the temperature led to increase the
saturation current Is and therefore the barrier voltage
must decrease as show in Fig. 5.

We are noting that the forward current does not start
to flow except at a certain voltage called the threshold
voltage or the cut-off voltage and it is inversely propor-
tional to the reverse saturation current which is given in
eq. (2) [18] and tabled in Table 1. Threshold voltage has
maximum value 0.831 V at substrate temperature
100 °C and this value decreased to 0.381 V at 300 °C for
Bi203/CdSe nanoparticles heterojunction.
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Fig. 5 — The saturation current vs. voltage at substrate temp.
(100, 200 and 300 °C)

Ideality factor n can be determined from eq. (3) as
[17-19].

_ g ,dW)
n=rr (dln(l)) ®)

Ideality factor in term voltage was affected by
changed substrate temperatures and it was depended to
the Bi203/CdSe structured diode. We noticed that the n
was increased and has maximum value 2.6 with increas-
ing substrate temperature at 300 °C in the heterojunc-
tion, but it has minimum values 1.5 and 1.8 at 100 and
200 °C respectively, these values are close to the ideal
behavior of the diode as shown in Table 1.

Energy bandgap E; was calculated by eq. (4) [17].
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The bandgap energy has minimum value 0.291 eV at
100 °C and this value increased to 0.443 eV with in-
creasing substrate temperature at 300°C for
Bi20s/CdSe heterojunction as shown in Table 1. This
means it was proportional directly to both reverse satu-
ration current and temperature.

Table 1 — The Results of Electrical Parameters for Bi2Os/CdSe
Heterojunction Semiconductors

Substrate Threshold | Ideality Energy
temp. /°C voltage Vg/ | factor n bandgap
Volt E;(eV)
100 0.831 1.5 0.291
200 0.468 1.8 0.347
300 0.381 2.6 0.443

Surface of the Bi2O3/CdSe diode with substrate tem-
peratures (100, 200 and 300 °C) were studied by cross
sectional SEM as shown in Fig. 6 (a,b and c) respec-
tively. In Figure 6. (a) we observed that the slower layer
growth by lengths (1.4 — 1.5 pm) and the result in a thin,

Length: 1.61 pm

Length: 1.62 um

Length: 2.05 ym
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Fig. 6 — Cross sectional SEM for Bi:0s/CdSe at (a) 100 °C
(1)200 °C (c)300 °C

flat layer, but less dense. Fig. 6 (b) an increasing sub-
strate temperature at 200 °C led to increase the thick-
ness to approximately 2.1 um. The reason may be that
the heat gives the deposited atoms kinetic energy, caus-
ing them to move across the surface and settle into their
correct positions. In the two figures (a and b) the layer
appears compact and adheres more regularly to the sub-
strate. In Figure 6 (c), the surface has become clumped.
This indicates that the temperature (300 °C) greatly
stimulated grain growth, resulting in high surface
roughness. The spaces between the clumps become more
pronounced, which may indicate that crystal growth has
become random.

CONCLUSION

Bi203/CdSe heterojunction parameters were affected
by changes in the substrate temperatures at 100, 200
and 300 °C. The forward current and the saturation cur-
rent were increased when the substrate temperature
was increasing at 300 °C. The cut-off voltage of
Bi203/CdSe diode decreased from 0.831 to 0.381V at sub-
strate temperatures 100 and 300 °C respectively. The
ideality factor values were 1.5 and 1.8 at 100 and 200 °C
and it increases to 2.6 at 300 °C. Energy bandgap for
Bi203/CdSe was changed from 0.291 to 0.443 eV by in-
creasing the substrate temperature at 300 °C. From
cross sectional SEM, we observed that the layer growth
by lengths (1.4-1.5 pm) and it was increased the thick-
ness to approximately 2.1 um at 200 °C. At the temper-
ature 300 °C, the surface has become clumped and the
crystal growth has become random.
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Burororsnenns rerepomnepexony HanodactuHok p-Bi20s/n-CdSe 3a pisaux remmneparyp migkia-
OKU

S.A. Najim!, A.A. Sulaiman?!, KM. Muhammed?

L University of Mosul, 41002 Mosul, Iraq
2 Sahl Nineveh University, Mosul, Iraq

Hanmouactuakuy cesteHiAy KaaMio Ta OKCHIY BICMyTy OyJIM CHHTE30BAHI METOIOM XIMIYHOI'O OCAYKeHHS Y
BauHi. Harnouactuaku CdSe MaoTh HeraTuBHY HIpoBiaHICTE (n-TuI), a BioO3 MaoTh MO3UTHUBHY IIPOBIAHICTD
(p-Tu1r), 00MABI YyTBOPIOIOTE p-n rereponepexin. Hamisnposiguuku Bi2Os Oyiin ocamskeH] METOIOM POSIIHIIIO-
BaJIBHOTO IIIpOJIidy 3a pisHmx Temieparyp migriaagxu (100, 200 ta 300 °C) mis xokuux 10 posmmiieHs Ha
"amiBnposigunku CdSe, orpumani Ha ckiagHnx maknaagkax merogom CBD. Bymm mocmimkeni esrekTpudaHi
xapakrepuctukn mgioga Biz0s/CdSe 3a Temmeparyp (100, 200 ta 300 °C) B TempsaBi Ta Ha ocBiTieHHl. Temrre-
paTrypa miIRJIagKy BIIMBAJa HA TaKl MapaMeTpH JIi0/a, K IPsAMUA CTPyM Ta CTpyM HacudyeHHs. [loporosa
HAIIpyra sHUKyBajacs 31 30iabireHHsaM Temmepartypu miakaankn Ha 300 °C. KoeditienT imeanpHoCTI HAHO-
gactuHOK Biz03/CdSe 3amiHOBaBCa 3 TeMIeparypor MigKIAIKK, BiH 301IbITYBaBCA Ta JOCATAB MaKCHMAJIIb-
Horo. 3uavenus npu 300 °C. Exepris 3aboponenoi 3ouu mae minimanshe 3Havenss npu 100 °C ta 36imbmry-
erbest mpubauauo Ha 0,15 % mopiBHsaHO 3 Temmeparypoo migkmaagku 300 °C. Ilnoma monepeunoro mepepisy
uauouactTHOK Biz0s/CdSe mocimrkyBasiacs 3a I0IOMOTOI0 ITOTIEPEYHOr0 CKAHYIOYOr0 eJIEKTPOHHOTO MIKPOC-
roma (SEM) mpm (100, 200 Ta 300 °C). [TosepxHs craBasna mopcrkoo mpu 300 °C, 1m0 IpusBeso g0 3HAYHOTO

CTUMYJIIOBAHHS POCTY 3€pPeH.

Kmiouori cnosa: Hamouactuuru BizOs, [Tmisku CdSe, Cupeit, CBD, I'erepomepexis.
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