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A Study on the Silicon Nitride for the poly-Si Thin Film Transistor
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Abstract

Transformer Coupled Plasma Chemical Vapor Deposited (TCP-CVD) silicon nitride

(SiNx) is widely

used as a gate dielectric material for thin film transistors (TFT). This paper reports the SiNx films,

grown by TCP-CVD at the low temperature (300C). Experimental investigations were carried out for

the optimization of SiNx film as a function of Ny/SiHy flow ratio varying 3 to 50 keeping rf power of

200 W. This paper presents the dielectric studies of SINx gate in terms of deposition rate, hydrogen

content, etch rate and leakage current density characteristics for the thin film transistor applications.

And also, this work investigated means to decrease the leakage current of SiNx film by employing Na

plasma treatment. The insulator layers were prepared by two step process; the N2 plasma treatment

and then PECVD SiNx deposition with SiHa, N2 gases.

Key Words
1. M

nde dAd dA" HREFAN AU2A A,
g g AdAgd AAAA"EE FEsty] A Al
Z2E 71zl &7z JeH1l ol#g M2 7
o] a7 w2t nEHY oEA Ay
(poly-Si) ®E WX 2E](Thin Film Transistor,
TED)E co|83te 7]&9 uHd Hz&@-S
TFTE dAsiels dFEe] 9 7(‘335]
o2l gdg HdelE TFTe A% 39 o

Awre olvl S ARE Frsto H%ﬂ%ﬂi

7" CNS%&, 5" PDA/FERo2 &5 glon,
Htoli= 2””‘—4 IMT-2000 2 #9213 poly-Si
TFT AlFel ¥k ATH3] FF 7] L9
Aust o) Rold A yxEdol TEAA
* A ddEtn JRENFTSTS

(B71%= F9A g d3F 300,

Fax: 031-290-7159

Corresponding Author @ amorp@skku.edu)

20031 79 299 F4, 20039 849 21 12 HALE,
200341 99 229 HEF AR

175

: Polycrystalline thin film tranistor, SiNx, TCP-CVD, No plasma treatment, Leakage current

o
i)
o
0

18 & TFTE
AHs}, 1% 3,
Edo)aze A 4
A A F TFTY %%
A Ao & FA} »s‘:}. A
O 2 active layer® A2 7
v]3le] o]lE =7 F7HEAL on
%‘3}. Ao R off Ao
ZhstAl =Heol ZAE okr)EiA "rH4l
‘:}7;3_;0 "74*«] A7) Al(grain boundary)$]
}Ur"]‘:} Ad Fgel 2H YA
y-Si dheke] o x| WMl=2y ¥
‘Ea——‘: A EHEC] RIS oA
*?i%ﬁgl AMANA A7t £ H

A =ak

2

4
i

R o

2

=

[e]
<
Z

<l

m‘m 2T

Fegeory gy AagdFZ TFTY °l¥=4 on
AfiE RFc Ao FEFAE]L TFT &2l
AojA ACleASt UM H71RE dFE H4d
Foluk Si Aol AyA Ha o2 s fEd
Ashiz 719 ZF Aol mlvh wekA ddF
A e fREe ohvz AW ITANY



J. of KIEEME(in Korean), Vol. 16, No. 12S, December 2003.

~
Tl AE N8t SiHeel 7}
SiNx 2] zéoqz Mxl—zﬁ
s, S

2.4 4
oL SiNx #ahe gAsie FAZ

(LFB.
1

¥ 9] transformer coupled plasmaZ ©]-&
VDE ol&3tdth BHE IAdZRY AERA
14 cmZ FA Ak o9 18 1(a)
TFoll Al AEE uEg7] 9] e
AE *}%54 A8 7]¥Hp-type, <100>,
255~40 Q-em)& HEE, ofHE, ¥ o]&F(DI
water)oll A 2}7—} 10 minZt 2&d A4xL 3
7tz AzeSGYrh. SiNx &g A3str
A E 719 4R Ad itstg A A
3 A& 3 BHF(buffered HF)ol 97} < Abslat
S AA R SiNx = F32A] No/SiHge 7}
2888 3~5002 7P A FEEr vt
v go| ZlEdy WE4EH S 20 mTor® 448t
A SAFRow, 1356MHzS rf power A& 7]
z}z} 200 Wt 300 T2 mAHSATE 7h
7bde] w& SiNx @il Si-N, Si-H
24, AFHog Ayl Y3l Fourier
Transformatlon Infrared spectroscopy(FT-IR) &
S8 BAstgen, vate) Foe 2488 34
314 #73(632.8nm) ellipsometers ©
=3 A. A4E52E Hristr] A Ll
1001 (H:0'HF)9l g5 HFNA 2 ZHA[Z
Agste] et FAAF) FA&E SH5HI
Azg MIS +2& A&t Sg2vt A
w2 AUEALS niuwdr] 93ty
A7zl Al Ny Zalznl M &
polishing A && Fe] 4 7]
Zo] 1500 A FA9 Al
e %/‘é%ﬁ%— -AEH uﬁ%ﬂﬂ‘ﬁ
(RTA)2.2 550 T2 1583t & st

2

T
Ha 7

C

=
AT E

;\9 o

|

RIR
24
A%<

T =
ol
o3
=
o

]

|

[o)
=2

1176

A5 9 T},
SiNxe| ¢@H ZA%T O]E}
Z4& 93] Keithley 617 multimeters}
ALg-8te AR

4714

T

Fluke 5100B voltage source®

£ 3312, 1IMHz2 Boonton 7200 C-V meter<}
Fluke 5100B voltage sourceZ o] &3 C-VEA &
55t FANTE AASH

AAA R

SiNx

Ptype Siwaler
Al
(b)

. SINxE&E

A48 3 transformer coupled
CVD Al BAE(a)e d7]3
E43Ae fstel ARE MISTZES o
d 2 AE(D).
Schematic diagram for deposited silicon
(SiNx) of the
plasma chemical

plasma

Fig. 1.
nitride transformer
coupled vapor

deposition system(a) and the cross-
sectional view of MIS structure in order

to electrical characteristics.

3. 23 & n&

3.1 SiNx 2t A #ot

29 2% Ny/SiH 7b2nl€g 3004 50744
A 71HA] EZA|Z] SiNx whete] FAAS T3
&%, FAE9 ¥zt Jhxujo] Fr
wel SiNx ¥hete] 2 &9 ¥Wale 20494 1.74
77 astath vt ERAAEHE AR A
threshold voltage’} 7} A e SiNx e
ZHEL I Ho® 1854 199 ¥ e 8

Ol

TarHel. APE FH Aoln I F 2UE
1.85~1.99) 7}% A3k No/SiHy 7t2=u]&2 10Y
o 1849 2AEL YEAY oA @ AAL s

W&ol F7hgel wet Be sAxaugdA Bo N
b getzotel elshe] RajEE Fol Trhatel %



S Y FHES Z= 1trogen -richdt Blglo] &

AHRA RAoZ AZHT, T No/SiHs® 742
&o| ZF/ g we} FHL£E7F 11.34 nm/minol A
4.02 nm/mine & 743 o] AL SiHg ek

Nool A% Fobel me 4REES HAE o
g Thaulg Wl mE FA4E e o

51014 6.47hx WElE R on Npo| ko
meta] ZAasE A vEden, dF 7t
H & (Ny/SiHs2 7F2=H] & 20)0]3tell A& 4wtd

Z TCP-CVDE ol&3led 300 CTollA 3
=6~9)¢8] HH[7]

24 F AT FAF(e =
o Ha= wgae BAY ¢ AL
-~
2 70F i
2651 B
r A
Y ]
o L
g 55t .
2 50F
2450 .
[T
E 4.0 —_ 1 1 ! L I 1 L 1 . =
F 412 E
AN log
v G
F \\\\\ 18 g
[ v V\ 46 ;
]
C V14 2
L Q
! ! ! I 1 1 f ! I 12 %

g 205F0 A

w 200F \

S 195F Q

E 1.90 | \

= 185} O

& 180} \o o

@ ISEL L YT T T 0

0 5 101520253035404550
Gas ratio (N/SiH,)

g 2. 7F2H]-&(Ny/SiH)ol W& FALF(ey),
N4%E, YAEE, 2HEMN).

Fig. 2. Dielectic constant (1), etching
rate(nm/min), deposition rate(nm/min),
refractive index as a function of gas
ratio (N/SiHy).

o9 3¢ 248 BE $4 A44EZ Yy

Wi, A8 Erhgel wE AREEA B2

@ Quzez Wy sdAsHd A

gt A& = buffered HF1A 120 nm/min
2 RuEy Qi8] B dAFdME FHdE] 1.74
oAl 110 nm/min®] AN e HATH FEE0|
7t wel AztE&Exzt 333 Zasithr =2
AE 1.84 ool HWiA AZ&Ert dAE A=

17

A7) AR A 7288 =5 =], Vol. 16, No. 128, December 2003.

ZFHEo] =718 ut
deFH HEY F

Age woln Uk oA
BA el AUsel Y

7}= silicon-richdt vtato] Ho] Aol FFolm =
ZHEY Tk Add gt FAo FIge] F
< <4 & AU
120
S0l @
g
2 80t
£ |
L 60
SR B
S 40f \.
m L
20} \0\.
P S R N SPUINS SO S R |
1.70 1.75 1.80 1.85 1.90 1.95 2.00 2.05
Refractive index (n)
:,_EI 3. g—x—l 1]. /\]Z_]-d\_t:,] J,].y;“

Fig. 3. The relationship of refractive index and
etching rate.

[ Si-H, 2160cm’™ N-H, 3300cm"\

(a)

'
|
'
'
1
1
1
1
'
1
1
)
'
!
1
i

IR v

|
I
'
|
'
|
|
(
|
|
|
'
|
'
'
|
'
|
|
!
|
|
'
|
|
'
)
1
i
v
i
1
'

MWW

[
]
5
¢
¢
]
¢
{

M

. ] . 1
2000 2500 3000 3500

-1
Wavenumbers (cm )

Trnasmittance (A.U.)

a3 4. 7F2ug ®stel wE FT-IR 2427,
No/SiHs ¥1& (a) 5, (b) 10, (¢) 20, (d) 50.

Fig. 4. FT-IR spectroscopy as a function of Ny/
Sity gas ratio (a) 5, (b) 10, (c) 20, (&) 50.



J. of KIEEME(in Korean), Vol. 16, No. 12S, December 2003.

a8 4= NySH.E 7havlgg 5olA 50744
7}%3}@;\1 Z.i_]—s} SiNx mul—o] FT-IR /\ﬁﬂEEl
& BoFu o} Si-He N-He 24§ o%& o
2160 cm '3} 3300 cm o] B A 2EEE Si-H
9} N-H bonde| &4 ZEZ2%E dojxvf, 1 %
R peak -.—]210117\1«] E5 %9 Si-H bond9]
F A% 57x10% em®$} N-H bond®] #
74]-? 48%107% ecm’E o] &3te] AF |
& 4 ATHOL Ny/SiHil 7hzn o] %719
d wa} Si-H bond?| peakt #4438t N-H bond
9] peak® F7HEHE & & drh oy HAIpe
Nzol o] F7hgbel wheps oAl N ghgw]
F7vghel whaEbA wbet SiNx St 23EE HY
o] #4ge& & F o N-H bondd ¥Hl==

Fol ARHS o %

Zojo] oajA EalEe S o &

o

S HH ol o

&}
o

x

k¥l

1. No/SiH4
bond ol
Hydrogen contents in related to Si-H
and N-H bond as
N2/SiHs gas ratio.

Ny/SiHs Si-H bond N-H bond

el gol oe

FABE,

Si-H, N-H

Table 1.
a function of

Total H

gas ratio (cm ®) (cm % content (cm ™)
3 855X 107 1.32% 10% 2.18x10%
5 777x107 153x10%  231x10%

10 320x10" 168x10%  2.00x10%

20 1.47%x10% 1.76x10% 1.91 x 10%

50 120X107 1.44x10%  156x10%

E 1.& FT-IR 29EdS 23 NySiHs 7t
Hlgo] 3904 507tA wWelAlZ wf Si-H, N-H
bondel A @] Fa%Ee} SiNx dhube] E g A
F2BEE dehich g Ue) s 54
o] 4& SiNx® 718 5o A Fasg g
Fe sh=dl, wmel puks AWl EA e
dangling bond& AlslE H&&S I}H10]. A
9k N-H bond® Si-H bond 5& A9 5o A
AW F9 UZE FI7HAHA, °ﬂHZl W= e
ZRAQ oA E£9E PAGA Hol "dte
AANH dHdg GFA7E dde FHE g
N/SiHs® 7h2:u8]7b F71ge] wel Si-H bondel

Al <]
287} 1088+

S 2%l ZAastn 9ow, No/SiH«e 7}
Si-H bondolA e 4 F=7t

—*Jm&—~

NFUXLQ_IEE

i
Z73 wﬂw+ﬂﬂﬁ~réﬁ
A 245x10 " AR Z7}sbuh

4°] vteEbd FT-IR 29EY FMZASLE 5

/H 61— :":

7]‘ io']aJ—NH 6{:!

Qe 7tz Hlgol

q}@ﬂ-“ﬂﬂv¢.ﬂ det. sA R spesn]go]
4%

5, 10, 20, 50 & W SiNx
FJrOlE} 7F2 "l go] 109
AfFe 212x10" AR AR
B 477x10" A9 o
o] 2034 5005-;

— o .
ek EhAet Age ddYe AW FAURE
7tz Ag oA WMED o 2R oA &
CER-ELES DR EEBIERE e
€ 43 A) 7= dlolga At En

sfF —o— (@)

10°

F —v— () 7
P —o— (0 v
0% —o— (@) v,v’af)
< d [ 5
B 10" P "
(% é- A‘A\an_ -é
107 1
r 1
10-14 Ey N 1 N t R ' 3
-3 -2 -1 0 1
Voltage (V)
a3 5 7t2u o] uE -V B4, Ny/SiHs Hl &
(a) 5, (b) 10, (c) 20, (d) 50.
Fig. 5. The current-voltage properties as a
function of Ny/SiHs the gas ratio (a) 5,
(b) 10, (c) 20, (d) 50.
3.2 N; Zel=o} Xe2ljo] oz A SN =}
gk SiNx A4 Ny ZE2nE o] 43 ¥y



Aol me

Z#3}7)
5 7w

o A 5077]'74] 7PastAA ARE A FEA).

62 N2

}\"Z_ﬁ‘:
=

ot 29

=
=
o
1=

_&mlolN_LuEw_VEmlo

GEAE FEE7) 93 SiNx
Aol N, gAzshe clgat =
T 300 ColA No/SiHs9] 7h2n|&¢

rE.l

o o g {1 mo 3w g

=

Fetzvh g9y {54 we F
9 v 4L BT gtk Np
Ao wE 2HES A8
Alour AAHcr FTHAA
ATE HiHo) Fz
AT e
= Ny Ee8t2v HelA
21281 FAO ghe

o oy f'.\‘l e

Bl

]
f

N
-

=

-{n L
B b
b

ﬂ%OI%@%_E°§_é4iA} A,

/\2 05 — | ] ] 9
= Y 11 3
=~2.00 - - 1 <]
% ] i 10 &
195 E o 1o &
1 =
9 1.90 1% =
5185_ RTACTY.NN SR —
& - : e =
£ [ -\ 16 5
é 1.80 |- ~—— 1 5 5
r u-u N .
LTS b %. 4 B
IO YR I NN NV MU T B B 3 ™

0 5 10 15 20 25 30 35 40 45 50

Nz/SiH4 Gas Flow Ratio
(a)

2.70 [ A'—r*' T T T T 7T T T ) 10
D260 F A 19 E
w250 [ \. iy 18 2

I - 17 =
S 240f 7 S
© 230 \ 16 -
22200 e L
< | | 445
&z 2.10 |
A "—\ -~ J3 B
~ 200 - - é 5 B
~m— ___aldp =
1.90 | IS NI NS NI EN TS REUNY BPRNS BEPE DU | 1 3
0 5 10 15 20 25 30 35 40 45 50
Nz/SiH ” Gas Flow Ratio
(b)
a8 6. Ny Fdt2vt ¥9AE (), Eh)d o
E =HEYN SHE5E9 AT
Fig. 6. The refractive index and deposition rate

curves with and without Na
treatment.

plasma

A7) A=A} 28 3) = 5], Vol. 16, No. 128, December 2003.

¥ 72 N, EEzvl xdAg f5d me
C-V FHE BAFa vk 27 794 H%o
C-V 42 AAHez &9 Hwgor o]FHo]
231 )
F dE Ao SINk/Si AW =Ast= A
ERE A7 EF¥AYU Hste}l SiNk 2o
EA8 = A Ee) C-V FHL SHY wto
2 o]F AT ARl ® oz AAHANY, E3
Ny Egt=vl 29X E 39S 2 +9 Pgo
29 o)Fo] t% AA YENT o= N; =
uE 5% HYE ®Zde Ae st <A
2r7l oy WELR Algdr olge tia
A Nz F2tz=vt 2AXEE 312 @%L A=
ojHEGo] A JEhkoy, N, ZEt=nl mwR
2 Fol&= ol EHo] ikt o)y vk 1o
Mg "= ERH e Az 5A
stz 2A paegs &+ Uk

[
&
51
8
El
&
@]
30 23 20 -5 -0 05 00 05
Voltage (V)
™ 7. Ne F32vkAE fia), Fbh)d o
C-V 5434,
Fig. 7. The capacitance-voltage characteristics
with and without Nz plasma treatment,
4. 83 2
wul EdA A Ao Heluntoz ALgstr)
of Mg A/1A SHL e 2PL shzauz
109 wi ofghE A4r TR 1849 FHES 7
AW, 329 nm/min® 2zZ&ExZ 7RG T3l

Z
7} :
FT-IR Z#9Ey 4% 53 % 1604 HYSo
el A FEE 20x10% cm@e e y
g 9

Bl Qo old R HFE -3 Vel deke



J. of KIEEME(in Korean), Vol. 16, No. 12S, December 2003.

b | 212x107 A9l ZAHRL BAG oY
300 Teof AL *7401]*1+ 2% SiHse] Zh2u &
S ZAFgOFEA 43 AAEY -% Zt= ddqt
2 Ag & YUk N; Shz=e BW M Al u
ool gdo] & 5*1} Azt R—}%—# Aol g
FAZ Asziutel YAHEES & F AAH SiNx/Si
Ao EAsts BodHd At sl
Ny Z&tzv ZHAHAE M9 & 45 59 wge
29 o5& dS ZA T Aoz ey

# olHE4 pLEL ¥

(]

ZdAre 2

B oA7e andleded 499974

E(RRO)Y A dddtu dRFNE M7led 4
A H2 Fd d7dEHe AY (FA¥ME

R12-2002-057-02003-0) .2 o] Fo| A
ZArE@UT

ot

i

Ao
rek

Mitsutaka
and Masaya Hijikigawa,
“Long term roadmap for products and
technology of TFT-LCD toward 20107,
Proc. 2002 IDW conf., SID, p. 291, 2002.
“Recrystallization

[1] Hiroaki
Hidehiko Katoh,

kitahara, Morimoto,

of
deposited by

[2] Kenji Nakazawa,

amorphous  silicon films
deposition

Vol. 69,

low-pressure  chemical
from SizHs gas”, J. Appl
No. 3, p. 1703, 1991.

vapor
Phys.,

8] ol 24, o3, Eolvl, FFe, Fel, Zal4,
sg® E S, FBA, 002 AV EEFE

A HoA - dRtE AR 2ET 2002,

A. Pecora, M. Schillizzi, G. Tallarida, G.

C. Reita, and P. Migliorato,

“Off-current in polycrystalline silicon thin

of the
thermally generated component”, Solid State
Elect., Vol. 38, Issue 4, p. 845, 1995.

[5]1 H. Gleskova, S. Wagner, V. Gasparik, and
P. Kovac,
for thin—film electronics on polyimide foil

[4]

Fortunato,

film transistors: an analysis

“Low-temperature silicon nitride

substrates”, Applied Surface Science, Vol.
175-176, p. 12, 2001.

[6] Luis da Silva Zambom, Ronaldo Domingues

Mansano, and Rogerio Furlan, “Silicon

nitride deposited by inductively coupled
plasma using silane and nitrogen”, Vaccum,
Vol. 65, p. 213, 2002.

[7] Joong whan Lee, Ryong Ryoo, Mu Shik
Jhon, and Kyoung-Ik Cho,

and

“Bond density

physicochemical  properties of a
hydrogenated silicon nitride film”, J. Phys.
Chem. Solids, Vol. 56, No. 2, p. 293, 1995.

[8] John L. Vossen, “Thin Film Processes”,
Academic press, p. 344, 1978.

[9] W. Lanford and M. J. Rand,
content of plasma-deposited silicon nitride”,
J. Appl. Phys., Vol. 49, No. 4, p. 2473, 1978.

[10] Yue Kuo,
deposited silicon nitride as a gate dielectric

thin

transistors -a critical review”, Vaccum, Vol

51, No. 4, p. 741, 1998.

“Hydrogen

“Plasma enhanced chemical vapor

film for amorphous silicon film



