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Abstract—Herein, the organic semiconductor methyl orange The molecular weight and melting point of MO is 327
(MO), is investigated for the first time for itseetronic applications. g/mol and ~300°C, respectively. Primarily, MO is a pH

For this purpose, AI/MO/n-Si heterojunction is fabted through
economical cheap and simple “drop casting” techaidthe current-

voltage (-V) measurements of the device are made at roofsatyrated bonds (i.e. richnesseiglectrons) due to which it
Moreover, the

temperature under dark conditions. The/ characteristics of
AI/MO/n-Si junction exhibits asymmetrical and régig behavior

indicator that is mostly used in chemical labor&®rfor
indicating the pH. However, its chemical structwentains

has the semiconducting properties.
environmental stability and solution processabila MO

that confirms the formation of diode. The diodegmaeters such as . . . .
rectification ratio (RR), turn on voltage (M o), reverse saturation made it one of the good candidates for the orgalictronic

current (p), ideality factor (n), barrier heighigf ), series resistance @PPlications. For this reason, MO is chosen forféication

(Ry and shunt resistancR¢) are determined frorhV curves using
Schottky equations. These values of these parasneter also
extracted and verified by applying Cheung’s funusio The
conduction mechanisms are explained from the fatwaias |-V
characteristics using the power law.

Keywor ds—Electrical properties,
heterojunction diode, Methyl Orange, Cheungs Foneti

|. INTRODUCTION

of heterojunction device in this work.

In the present investigation, we have fabricatefiA&/n-Si
rectifying junction using MO as the active orgamaterial by
an inexpensive deposition method- drop casting niecie.
Various parameters of Al/MO/n-Si
rectification ratio, barrier height, reverse satiora current,

Organic/inorganic jgdeality factor, shunt and series resistances ammtuction
mechanisms were evaluated frdrAV characteristics at room

temperature in dark. This study confirms the agpion of

MO in the field of organic electronics which we kav

ERY recently, organic semiconducting materials havgvestigated for the first time.

attracted great attention in the fabrication oftifging

diodes [1], [2] and many other devices such aamimsensors
[3] organic photovoltaic devices [4], organic fielefffect
transistor (OFETS) [5], [6] and organic light ennitf diodes
(OLEDSs) [7]. This is mainly due to their advantageslow
cost [8], tunability of electronic properties vishamical
synthesis and ease of device fabrication. Also,awmiqy
semiconducting materials exhibit interesting eleatr and
optical properties [9]. In literature, some auth@1®], [11]
have reported the rectifying diodes by using snoafjanic
compounds that exhibited good stability as compated
polymeric materials. These materials have been dstraied
suitable for the fabrication of organic electrodievices [10],
[12].

Among these small organic semiconductor
Methyl orange (MO) is also a non-polymeric semiagctihg
material in the form of orange crystalline powder.
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Il. EXPERIMENTAL

In this work, commercially available organic senmidactor
MO having molecular formula (@H1sN3NaO;S), purchased
from ACROS, was used for the fabrication of theM@/n-Si
heterojunction diode. The molecular structure of M@hown
in Fig. 1. For the device fabrication, 3.0 wt. %usion of MO
of was prepared in distilled water at %D by using magnetic
stirrer for five hours. For the film deposition,ettprepared
uniform solution of MO is drop casted on etched alshned
n-silicon substrate. The MO/n-Si sample was kepiryofor 48
hrs at room temperature under nitrogen environm@éftien
the MO film got dried, Aluminum (Al) electrode wégermally

moleculedeposited on the top of MO film at 2.1%30mbar using
EDWARDS AUTO 306 Vacuum thermal evaporator system.
The schematic diagram of the fabricated AI/MO/N-Si

heterojunction is shown in Fig. 2.

The current-voltagel{V) measurements were made on the
Material Development Corporation (MDC) Probe statio

connected to a Keithley 237 voltage source/picoateme

O Na'
/y /_
\ N 0
N N o

/

Fig. 1 Chemical structure of MO

junction such as
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Fig. 2 Cross-sectional view of AI/MO/n-Si device 0.0 e ennt
Ill. RESULTS ANDDISCUSSIONS -2.0x10°
The |-V characteristics ofl/MO/n-Si are shown in the Fig. 6 a4 - 0 5 2 6 3
3. The current in the device can be analyzed bwgusi Voltage (V)
thermionic emission theory. According to this thgothe

relation between current and voltage of the dewviea be
expressed as [13],

RSN

Where | is the reverse saturation current and is expreased
follows [14],

and q is the electron chargéjs the applied voltage, ‘As the
effective Richardson constant equal to 112 A/éth for n-Si
[15, 16], A is the effective diode area, T is thesalute
temperature, k is the Boltzmann constant, n is iteality
factor and ¢ is the barrier height. The value of n is

Fig. 3 Forward and reverse bia¥ curve for AI/MO/n-Si
heterojunction diode

(1) Fig. 4 shows semi logarithmieV curve of the device. The
ideality factor “n” was calculated from the slopé lmear
region of the forward bias IV curves and found to be 23
using equation 3. For ideal diode the idealitydaés unity but
in this case the higher value of n may be due ¢oittkerface
states, non-uniformity of the MO deposited film,riee
resistance or interfacial layer between the neili@and MO
film. While the reverse saturation curregisl determined from
the y-intercept of semi logarithmic curve and italue is
8.49x10° A. Applying (4) on Fig. 4, the value ofg is
calculated which is 0.52 eV.

@

l, = AA'T? - 2
o= AT expf - 24 @

-11 .
determined from the slope of the linear regionhaf torward 124 '0_28'49"10
bias semi lod-V characteristics through the relation [17], ”'33
®p=0.52 eV
-13-
-9 _dv 3
kT d(In 1) ) 149 £
E -15- .".
The barrier height can be obtained from the follay@quation . 0
[18], 16 14
. 17 L
kT AA'T? "
2 = i [_j “
q | o -18 —T T T T T T T
8 6 -4 2 0 2 4 6 8
From Fig. 3, the turn on voltaga,¥, onis determined as 4.1 V, Voltage (V)

while the rectification ratio (RR), which is thetimof forward
current to reverse current at same voltage, is é13.5 V.

Fig. 4 Semilog I-V characteristicsf AI/MO/n-Si heterojunction
diode

The series and shunt resistances of the AI/MO/n-Si
heterojunction can be found by plotting the junctiesistance
against applied voltage as shown in Fig. 5. Thaesbf series

resistancdRs and shunt resistané®y, are calculated as 44@k
and 15.3 M, respectively.
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The values of the diode electronic parametersrikg, and ®p=0.56 eV /'
¢ can be found by different methods. Here the vabidkese 13.94 /'
key parameters are verified by Cheung and Cheuncfiins 13'8_' _/'
[19]. Where the Cheung'’s functions are expressed as e

Fig. 5 Plot of the junction resistance between M@ B-Si
heterojunction

Fig. 6 av/d Inl vs.| relationship of AI/MO/n-Si heterojunction

13.7 1 /
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=n—+| 5 1 /
dinl q R ®) T 136- /'
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and 13.4 1
H(1)=IR +ng @) 8.0x10° 1.6x107 2.4x107 3.2x107 4.0x10”

Current (A)

The Plot of &/d(Inl) vs I, shown in Fig. 6, is linear and
gives Rs as the slope and nkT/q as the y-axis intercepg Th
values of n andRs have been determined as 23.5 and 4488 k
respectively. From HI}-I plot, shown in Fig. 7, the value of
@ is calculated to be 0.56 eV. The values obtainedhis

method are in great agreement with the values migted by region Il has slope of 2.2 which shows space chéingited
applying the thermionic emission theoryl#® characteristics.  current (SCLC) region and region Ill has slope 8ich

The conduction mechanism through the junction can Bepresents trapped charge limiting current (TClegjion.
studied by power lawl (~V™ from double logarithmid-V

curves, where different values of the m provide the
information about the different mechanisms andvague is
found from the slope of the linear regions of theulde
logarithmic curves.

Fig. 7H(l) vs. | relationship of AI/MO/n-Si heterojunction

The forward lodrlogV characteristics shown in Fig. 8
consist of three distinct linear regions. The slopeegion | is
1.3 which is close to unity so it defines the ohmégion,
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Fig. 8 logl-logV curve to explain the conduction mechanismin
Al/MOIn-Si heterojunction diode

IV. CONCLUSION

This work reports the fabrication of AI/MO/n-S
heterojunction diode by a simple deposition technique i.e. the
drop casting technique. The electrical properties of MO are
investigated from |-V characteristics using thermionic emission
model and Cheung’s functions. The key diode parameters such
as rectification ratio, turn on voltage, ideality factor, and
barrier height are also extracted from |-V characteristics. The
conduction mechanisms are investigated from -V
characteristics as well. It is concluded from this study that MO
could be used aone or in combination with other organic
semiconductor materials for the fabrication of organic
electronic devices.
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