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Dependance of Ionic Polarity in Semiconductor Junction Interface
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Abstract This study researched the reasons for changing polarity in accordance with junction properties in an
interface of semiconductors. The contact properties of semiconductors are related to the effect of the semiconductor's
device. Therefore, it is an important factor for understanding the junction characteristics in the semiconductor to
increase the efficiency of devices. For generation of various junction properties, carbon-doped silicon oxide (SiOC)
was deposited with various argon (Ar) gas flow rates, and the characteristics of the SiOC was varied based on the
polarity in accordance with the Ar gas flows. Tin-doped zinc oxide (ZTO) as the conductor was deposited on the
SiOC as an insulator to research the conductivity. The properties of the SiOC were determined from the formation
of a depletion layer by the ionization reaction with various Ar gas flow rates due to the plasma energy. Schottky
contact was good in the condition of the depletion layer, with a high potential barrier between the silicon (Si) wafer
and the SiOC. The rate of ionization reactions increased when increasing the Ar gas flow rate, and then the potential
barrier of the depletion layer was also increased owing to deficient ions from electron-hole recombination at the
junction. The dielectric properties of the depletion layer changed to the properties of an insulator, which is favorable
for Schottky contact. When the ZTO was deposited on the SiOC with Schottky contact, the stability of the ZTO was
improved by the ionic recombination at the interface between the SiOC and the ZTO. The conductivity of ZTO/SiOC
was also increased on SiOC film with ideal Schottky contact, in spite of the decreasing charge carriers. It increases
the demand on the Schottky contact to improve the thin semiconductor device, and this study confirmed a
high-performance device owing to Schottky contact in a low current system. Finally, the amount of current increased
in the device owing to ideal Schottky contact.

Keywords : Schottky contact, Capacitance, Junction, Depletion layer, ZTO

E =ES 20188hd % ATt Astareta T Ast AN ShEe PR N(SEA A e AT H S
"Corresponding Author : Teresa Oh(Cheongju Univ.)

Tel: +82-43-229-8445 email: teresa@cju.ac.kr

Received March 28, 2018 Revised (1st April 11, 2018, 2nd April 26, 2018, 3rd May 8, 2018)
Accepted June 1, 2018 Published June 30, 2018

709



r

A T A7)
o]o] =3O = pn =
STt shARt Abshe gt Sk
Folopshs t]2%

>
ofl
J?L'
&
2
>
& O of

=
=

o

X

M1 o
o

rlo

k]
oo oo o

>

(0
R T ot

O

)

B e
=
v )

ot o

=
%3:51 —rug

o
at

P, 247}

Hx]

£
N

i)
o

o ox I

o
=
+L\l£
S
O?.\‘..ﬂ

dlo
2oy
o

o%
(o
N

u

717}

A

oo
g
>

x
%3

oH UM
[l =g

QLS

714 el *1

)

-

T f
)

lo 2 o do
u2
M or

WL 2 W 1o o X N o )y 12
fuorle ot
2

e

23}

[

AFolME YA pn A E AW o] 2

Aol weba F4d0] el Al diste] ATEk
t}. o] 238} whgo o3k SioC uretel ApdstE 934
o2 Jhno] fES thEA AMEEl] SABh A
d207 7ZT0Z2 5&81%.0H, SioC/ZTO Hhete] %17
ZQl 4] WMstE AR SiOC ¥iete] o] 2sle] u}
ZhA ZTO H¥iete] duAdo] dwhi s =4 i3}
o] v B Qi)
2. MEuy

SioC Hhekat ZTO HhehE S338h7] 91814 n-Si 7]
& o]gsta, AHEE EFLE SioC BHAF ZTO BHA
oje, if FIIV|ER A¥Ed WHoR SH it A
AWOZ SI0CS] FEL Ar 7haE ARSI o, frvf
717} 16 scem} 20 scems AHEEte] FEt=ul g )

A olesige] geAE B3E Rt Teze) of

2 1l

710

o]

3}o] ko] dEbol webd A7)l
A AR A

Ak dske] #AAS

ZA317] Ys)H LCRYIE (HP 4284A)= l
HEAQ] AY-AFEALS AHRI] 99

W|E (HP4140B)E o]&3ted S4¥ 7|40 &
O RRE MEAAUELS ZABIA

540
$3)

P~
it

dFrES

ﬂllﬂ =N

> BAY

_1_.. n&l 32 > o oo rlo
_:L i o o

Z4

al
=

=<

3.2 H EE

[

]%g} 5ol th SioCE T38| flsiA e

of P ER 2vEE gy ow Separig
A}, FEhzohtgs e AMEE 7hae Arol,
o2 stel o] 2ste] Fo] YA LS rpo)
& WA fradoll weba] Eehznte] o] 28
e B Si0Ce] Fdo dolsh iz 2 Fl
AOM 2 ko] A7)AQ 5AS AEgt
& Ar ol w2 AsAEse) el wol

=
°
Kl

2.5¢107" 25107

sioc

6.0x107"
56x107" ﬁ:r
5.0x107"

!

-30

80x10"" F3.4x107®

7.5¢107" F3.3x107°

2

7.0x107" F3.2x10°

6.5x107" Fax10™

() aoueyoeden

Fa.0x107

Capacitance (F)

iy, 2.9x107

2 8x107*

1h 30
Voltage (V)

Fig. 1. Capacitance of SiOC with various Ar gas flow

rates

ul

o] 20 scem@l SiOC HHE-S- nEut
A5

o

Zr=t), o}x]w} Ar &) 16 scem?l A
Aot} 7w A el 29 =M, p
Zb=t}= 218 oF = 9t} Ar7bA9)

l—ﬂ

A
o

=
EA

0

Z

gkel

9
-

xolg;e_

o E
o
g2

N
!
o

M o o 4

Z7t=
1223k vrobA]
A A gke] ?7}0}04 7141*154*«1 oL 0VE TA
WA o2 et s Ar ol 1

o e-shdiel A1

ol
ol
£
X

[o K o i Ho ot Ho mo

oM it

16 sccm

Aol olFolAA e

Eoa

re



BER] GEARe] Thiel2ste] ket F4o] Tebit A

AnEee] Agojgel wol BAstelA A

S7ketgltk 3k kol o] S7kE n@

713ko] pEe] WA 54
ook webd sioculeke)

o]

uheke] ATAIE 27} Dbl @l tisto] #EEtal
t}. Fig. 2(a)& Ar §%°] 20 scem@! SiOC uFE} 919

ZTOE S ¥ IV 54& BoFrh ZToOE 33
T SIOC/ZTO "He] A grol Al S7teke A&
& 4 9tk Fig. 2(b)= Ar 9] 16 scem$! SiOC 4t
2k 9ol ZTOE 3¢ H 1V 54 HojFh ZTOE
A T SiI0C/ZTO ¥reke] A gro] A #4xst
o

Atk Si0Ce AalEo] ZTO9 Het=3 A A3t aA
Aetge] ool F43 FAsES 7] ulitolH, Al 7

A2 0] gho] 7k4Ebd A SiOC (16 scem) 532+ 39
R pd whEA B4 dehigt. And s
. = - (e}
ZT08] WUk SIOC S Ael SlERthe A o &
o)
A
35x10%
(a) SIOCZTO
w
@«
8
C
z
®
o
m
[$)
~ |Ar =20 scem
25x10™ T T T T T
E -20 -10 0 10 20 30
Voltage (V)
410"
(b} 20107 sioc
g;10™
300107 7 m10™
C
5 610"
=] Ar= 16 scem
2 500107 = p
§2umu":— 0 20 40 0 10 20 B
SIOCZTO
10 77—

Voltage (V)

Fig. 2. Capacitance of SiOC and SiOC/ZTO for SiOC film
with Ar gas flow of (a) 20 sccm, (b) 16 sccm

711

Fig. 3% Ar fr&°] th2 SioC &t $lof ZTOE
2 & AN 2] BstE HoET Ar el whebA]
719e] @E5o] depA|a glow, AdAE e fw I

Al gedvs AS & 5 Sith

40x10™
Ar=20 sccm (a)
3.0x10™" SIOCIZTO
o
3
41
Ez.umu 4
S
(1]
o
m
© 1ox107
Si0C
0.0 T T T T T
-30 -20 10 0 10 20 30
Voltage (V)
1.0x10™°
BEIx‘\[I'“t sioc (b)
8.0x107™" g
7.0x10™" 4
— 60x107" 4
& 4
= 50x107" 4
2 a1 ]
S «0x107
& 30x107"
© 2ox0m]
1.0x10™" 5 SiDCIZTO
0.0
A Ar=16 sccm
1.0%10 T T T T T
-30 -20 -10 0 10 20 30
Voltage (V)

Fig. 3. Comparison between capacitances of SiOC and
SiOC/ZTO for SiOC film with Ar gas flow of
(a) 20 sccm, (b) 16 sccm

Fig. 45 Ar 53] 20 scem$] SiOCS ©]&-3}
215 SIOC/ZTO BFete] Aol A o] A5
St} Fig. 4(a)t SiOC/ZTO HHat $jo A

4(c)E= SiOC BHEhe] oV

ol gl 47
Fig. 5 Ar <%0

18k SIOC/ZTO ubake] AlHolA e HEEA
. Fig. 5(a) SiOC/ZTO #Het ol A]

o 2 F43] Z7Fstal Utk Fig 5(b)= SiOC/ZTO

Fato] OV A A 718 BAE Zde S HolF

ATk,

et

N

oL 0 |

1y

[SUR



Tt e e =2 A A9d A6E, 2018

3.0x10°

Ar= 20 sccm (a)
25%107
2.0x107

. SI0CIZTO
15010°

Current (A)

1.0x10% 4

5.0x10% 4

sSioc
0.0

-20 -10 0 10 20
Voltage (V)

-30 30

2.0x107

b
1561079 SI0CIZTO (b)

1.0x107 4
5.0x10°4

sioc
0.0

current (A)

-6.0610° 4
-1.0x107 4

5107 Ar =20 sccm

-2.0x107
-30

T
-10 0 10 20
Voltage (V)

T
-20 30

2.0010°%

(©)

" SI0CZTO
1.5x10°

1.0x107
5001074

Sioc
0.04

-5.06107° o

current (A)

-1.0x10° 4
150107
Ar =20 sccm

200107 T T T T T
-30 -20 10 0 10 20

Vaoltage (V)

Fig. 4. I-V curves of SiOC with Ar=20 sccm, (a)
SiOC/ZTO film with Schottky contact in the
range of ~10° A, (b) characteristics in the
range of ~10® A, (c) SiOC with Schottky
contact in the range of ~107"" A

HH:_!}O]

s

oV A A 0AS] HF

= 7t AHE
HolE) 2709 Hetel ofste] A
= &A% BE 2o
ZHAl HHA OV A
EREA] SFotTh AlF] o
Fe] AGH 2o A FEol
23 A JERA Eth
E A3l o] 23] A

=1 0

ojub=

Fig. 4(c)= SiOC
< 2te 7|H% §AE ZA= &AR 2719

€
=
=

uJ—o]

N
-

-
w, N §E
go LY rlo

(o)) 7198 o}

= =2

fiL

712

5.0610°

(a)

sioc
0.0

-5.0x10° 4
SI0C/IZTO

current (A)

-1.0x10° 4

Ar =16 sccm
-1.5010° T ; T T T
-30 -10 0 10 20 30

Voltage (V)

8.0x10°%

6.0x10°

SIOCEZTO Ar =16 sccm

8.0 10
5 40 1

Voltage (V)

5.0x107%

(©)

. Si0C/ZTO
4.0x107

3.0x10°

Voltage (V)

Fig. I-V curves of SiOC with Ar=16 sccm, (a)

SiOC/ZTO film with Schottky contact in the
range of ~10° A, (b) characteristics in the
range of ~10% A, (c) SiOC with Schottky
contact in the range of ~10% A

SiOC "hehfe] ko] Alg]ol 53} ZTOEHL] S0l
E7 ThA] @G o] o] Folx| 1 AFH & SIOC/ZTO
utuko] AsheS 7hastiA &7)H el A TE A
S < &gtk
Fig. 6 Ar] %ol w2 SioC whehe] Ao ot
713} Aol A o] HEEAS Hlasksith SioC =t
2714EEA o] Yehs ko] Arel fFol wh)
tEM, Ar ol F7HESE SioC Hike] A5
EAo] 5& oA E YEht

R R



WA Ao

7h2o]28te] wt S4do] EehAlE ¥d

40%10°

2.0x10° 4
Si0C 16 sccm)

0.04

Ccurrent (A)

Si0OC (20 sccm)

-2.0x10°*

-4.0x10°

4.0x107° 8i0C 16 sccm

206107

0.0

current (A)

SiOC (20 sccm)

5

-2.0x107

-4.0%107"

-30 30

Voltage (V)

Fig. 6. Comparision between 16 sccm and 20 sccm of
SiOCs with Schottky contact, (a) 16 sccm, (b)
20 sccm

SiOC (16 scem)®] 947 7| Hgo] & o]Fo]
2 79 SioC whuke] A FIF B E 2

o)A AH R oVelA 0A7F HX]

& 9tk A M E T2 &

SAREA | whe} AFaHe] HMgH e F
o] ko] Mot 2o A, 2300
shelatieh. olHd EAel s
habo A= OVEA A 7] 7] A
FAolM= 71Tl oair] A
7l web AR F43] Sk Ay
A¥s HEALA M E D] Tl TS
& Aozt ofuE a7l elehs RS ol

=R

N

] X

Ir
)

O

o,

e

oo o m

HJHT 82 L

e

7] o]

ofr
-

°]

32
H
M
2

kol 5

o

3}
=

I )
rir
ol

713

Aol

BLUL

ol| A1

—
N
=

o] A3 A A AATEE Fo] wolx Az}
Aol Ee] FoEA HER Aol &4

Jojylt}, o]—X]UI- Ar7}2=9] o] 16 scem! 7

L71KTEA N diste] dolrr] $8jA n-Si/SiOC
Sl ZTOE F23IAL Sioce A2 7]+ ¢
IR RSN 13 54< veldon,

5 4 5}_7] =z st
=770 H]—u]— ez} /\]

o pﬁgﬂ]—J_xi] Exo] L}E}ﬁu}. Ar7p2=e]
A g AkaEol o] 23tE = ol HobA
Z_'
}E]'O

(e

]
]
= gskEo] HojA Ak
ol geh dolglAl Hlof AshAEl At
ol A pd

RETA
o

7F

O

FE OIN OH

Fol-&-0] Aa T E o

a5 o= A=

0

References

Young Joon Cho, Hyo Sik Chang, Ju Yeon Choi,
“Comparison of Methods to Remove the Boron Rich
Layer Formed at Boron Doping Process for c-Si Solar
Cell Applications,” Transactions on Electrical and
Electronic Materials, vol. 28, no. 10, pp. 665-669, 2015.
DOI: https://doi.org/10.4313/JKEM.2015.28.10.665

In Hwan Yeo, Hae Sung Cho, Ju Eok Park, Donggun
Lim, Jun Hee Kim, “Optimizing of Diffusion Condition
in Spin on Doping for c-Si Solar Cell,”Transactions on
Electrical and Electronic Materials, vol. 26. no. 5, pp.
410-414, 2013.

DOLI: https://doi.org/10.4313/JKEM.2013.26.5.410

Yuta Miura, Takashi Nishida, Masahiro Echizen,
Yasuaki Ishikawa, Kiyoshi Uchiyama, and Yukiharu
Uraoka, “Low-Operating-Voltage Solution-Processed
InZnO Thin-Film TransistorsUsing High-k SrTa,OsLi
Lu”, Japanese Journal of Applied Physics, vol. 51, pp.
03CBO05, 2012.

DOI: https://doi.org/10.7567/JJAP.51.03CB05

Teresa. Oh, “Tunneling Condition at High Schottky
Barrier and Ambipolar Transfer Characteristics in Zinc
Oxide Semiconductor Thin Film Transistor”, Materials
Research Bulletin, Vol 77, pp. 1-7, 2016.

DOI: https://doi.org/10.1016/j.materresbull.2015.11.038

Kyonghwan Oh and Oh-Kyong Kwon,
“Threshold-Voltage-Shift Compensation and Suppression
Method Using Hydrogenated ~Amorphous —Silicon
Thin-Film Transistors for Large Active Matrix Organic
Light-Emitting Diode Displays”, Japanese Journal of
Applied Physics, vol. 51, pp. 03CDO01, 2012.

DOI: https://doi.org/10.7567/JJAP.51.03CDO1




Tt e e =2 A A9d A6E, 2018

[6] T. Oh and C. H. Kim “Study on Characteristic
Properties of Annealed SiOC Film Prepared by
Inductively  Coupled  Plasma  Chemical  Vapor
Deposition”, IEEE Trans. Plasma Science, vol. 38, pp.
1598-1602, 2010.

DOI: https://doi.org/10.1109/TPS.2010.2049665

[7] John Robertson, Robert M. Wallace, “High-K materials
and metal gates for CMOS applications”, Materials
Science and Engineering R, vol. 88, pp. 1-41. 2015.
DOI: https://doi.org/10.1016/j.mser.2014.11.001

Narendra Kumar, Satyendra Kumar, Jitendra Kumar and
Siddhartha Pandaa, “Investigation of Mechanisms
Involved in the Enhanced Label Free Detection of
Prostate Cancer Biomarkers Using Field Effect Devices”,
Journal of The Electrochemical Society, vol. 164, no. 9,
pp. B409-B416, 2017.

DOI: https://doi.org/10.1149/2.0541709jes

[9] T. Oh and C. K. CHoi “Comparison between SiOC thin
film fabricated by using plasma enhance chemical vapor
deposition and SiO; thin film by using fourier transform
infrared spectroscopy”, Journal of the Korean Physical
Society, vol. 56, pp. 1150-1155, 2010.

DOI: https://doi.org/10.3938/jkps.56.1150

[10] Tae Eun Park, Dong Chan Kim, Bo Hyun Kong and
Hyung Koun Cho, “Structural and potical properties of
ZnO thin films grown by RF magnetron sputtering on Si
substrates”, Journal of the Korean Physical Society, vol.
45, pp. S697-S700, 2004.

—
o0
[}

2 02| Ak(Teresa Oh) [BA15|H)
020059 99 ~ &Al : HFoigta

olF e wwAEy} g
020059 2¢ ~ 99 : FUoigtu

AFa% N2AFY}

714



