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Plasma-Enhanced Atomic-Layer-Deposited SiO; and SiON Thin Films
at Low Temperature (< 300 °C) using ICP Type Remote Plasma for
3-Dimensional Electronic Devices

Dae Hyun Kim" and Tea Joo Park”’

*Department of Advanced Materials Engineering, Hanyang University, Ansan, Korea,

7'Department of Materials Science & Chemical Engineering, Hanyang University, Ansan, Korea

ABSTRACT

Direct plasma-enhanced atomic layer deposition (PEALD) are widely used for SiO2 and SiON thin film process in

current semiconductor industry. However, this exhibits poor step coverage for three-dimensional device structure due

directionality of plasma species as well as plasma damage on the substrate. In this study, to overcome this issue, low

temperature (<300 °C) SiO2 and SiON thin film processes were studied using inductively coupled plasma (ICP) type

remote PEALD with various reactant gases such as Oz, H2O, N2 and NHs. It was confirmed that the interfacial

properties such as fixed charge density and charge trapping behavior of thin films were considerably improved by

hydrogen species in H2O and NH3 plasma compared to the films grown with Oz and N2 plasma. Furthermore, the

leakage current density of the thin films was suppressed for same reason.

Key Words : Plasma-Enhanced Atomic Layer Deposition, SiO2, SiON, Low Temperature Process, DIPAS, ICP

.M E

Hhak o
B

2] SiOs, SION 2 SiNk self-align double patteming
(SADP) ©] mask, gate spacer, charge trap layer, etch stop, physical %
= electrical passivation layer G2} ZHo] of2] WH=A| 3o
AHE-E| L QITh [14] 2] A5 3RS 918l fin field-effect
ransistor(fnFET), gate-all-around FETS-9] 3249 72 2247}
Ao whet A3, w2 Ee, Iy 494, A
Siet ) 27, 94t sop covemge 59 9178 A2
4 Eo] @ H: [5, 6] EA) WA AFQA| o A= A2
Si0z, SiON, SiNe ¥t FA-S 913) capacitively coupled plasma

YE-mail: tjp@hanyang.ac.kr

98

(CCP)E o83 direct PEALDE =2 0[5}l ITh[7-10]
“12ju} plasma zone UJ4-o]] substrate”} 912510 plasma damage
Rk of 2, plasma WO R Qe LFYH] L E=
EAeE 32k R0l A S step coverage W Bt A Hlt
E2do] EAIA HaL ks, 6] & A= 4719 EAIE S
A3}7] $Jal, inductively coupled plasma (ICP)S ©]831 remote
PEALDE AMESIYIL & HHEA| F34olA] tiEz o2 A
2= Si A2l di-sopropylamino silne(DIPAS)E- ©]-8-5}07,
A]-2- (300 C)0l| A SO W SION BFake: JAFAIZI Tt SO, vFat
= S| 13 AR Or plasma, E= HO plasmas,
SION "huhs Z2317] 91gk AR Np plasma F4= NHs
plsmaE AME-SFCH, 7k whgAlof whE whu E4] st
£ ERlakyct



3 2 A&AF AZRS 918 ICP Type Remote PEALD & o8

gk A1 £(<300°C) Si0, W SiON s}t

of
2
8

2. 4

ot

e

2 AollA= ARl 10~12 Qem<Ql piype (boron),
prime grade (100) Si waferS 4 cm x4 cm 37|12 Aslo] AR
S}tk Si wafer= 2F 10% HF =842 A[-8-5}0] native SiOz
Uk 4715k ., defonized watr (DIW) ©] 851} 2 3
No blowing&Fgith. BE SiO,, SION 22 22 ICP type
remote PEALDE- ©]-8-5}0 300 °Cofl A ZI3ya}gich RE3-7]
A Y Al, 100 W] powerZ 217}5}1o], 13.56 MHz 2] radio
fiequency (RF) plasmas WA A Fit}. Si H-14|+= DIPASE ©|
&k, Sos A7dA1717] 918l O, KO plasmas: AFS
A= o] gstom, SONS F44A717] flal i N
(99.999%), T4 NH; (99.99999%) plasma S ASHA| 2 AR&
3191T}. camier gasis T4 No(99.999%, 300 scem)S ]85}
St} Spectroscopy ellipsometer (SE, MG-1000, Nanoview Co.)S
o] &3l F79} refiactive index RDZ 245} Cm, Xay
reflectivity (XRR)-Z ©]-§-5t0] FAE wA} AFshaL, E24
U= 9} roughnessE &7 3FSATE SiOx2F SION Bt 1 <] &}
o A% Al 2 SIONTERe] NiSi 282 ER1st7] 9l3)
X-ray photoelectron spectroscopy (XPS, ESCALAB 220i) 5412
]

Si0,, SiON Hhdte] #7124 54 H7H5 817 s, DC
magnetron sputter®} shadow mask& ©|-8-5}¢] 100nm 2] TINS
dot pattem FE| = F2F 3, forming gas (5% Ho, 95% Ar) £-]7]
of| A 400 °C2 30559t & A 2|3} th Backside ohmic contact
2 Y3 InGa eutectic alloyS AF5}%c}. MetaHnsulator-
Semiconductor(MIS) capacitor©]| T3} capacitance-voltage(C-V)
22 915) Agilent EAI80A LCR meterS AH2-5191.0.14, leakage
current density+= HP 4156A semiconductor parameter analyzerS- ©|
R

3.2 1t

3.1.ALD 33 % 221X £4

DIPASS} QL HO plasmaZ o] 88l S0y £49]
growth per cycle (GPO)3= 22} 0.19, 020 nm/cycle 2 93t
N9} NH: plasma s AH-3F SION 379] GPCi= 242} 007,
0.02 nmicycle 2 SiO, ZAo] vl3)] wj> Wtk 5 =7 &
o Sion2} SIONFH| & GPC Ao, WapA o) W ut
5790l <Jgt Aoz Y7tETh

ALDZH Aol wtute] 7] %
otk SIONQ| Z9- dfuke] NSi H-&of ufet RI7} &
2hgj o]l whel, SES] 27 AlZ|m=7) wropa], XRREAS ©]
g3to] wap AZSATHL, 12]

Table. 12 SEQ} XRRS E3)] A3} 7k vl-8A Hz A

7] Si0x9} SION vhako] whakE= 7|, roughness, RI 1]
E23 UEE A8t XRRI SEE B3 793
go] 7 Aol 1 nm olstE A= o S-S &l
Pt} o] % HE SiOy, SION BHte] F7li= SEE o] 83 &
g3ttt 2t Hhaho] roughness+= Oz, HO, No, NHs A T =2
0715, 0392, 0586, 0353 mnmo]ck. 1 nm ©]3}e] =3t
roughness S 71211 9l o, o]t A Ho| ZghE WA
Q1 HeO, NH; plasma-3-7 2] 7-¢- wfj-$- W2 roughness & 2H=
tk SiO Hfake] E2]%] UEE Op HO plasmaggof whE
Zpol7b 2] ko, SiON Hhubef A= NH; plasma-3-7g <]
7357} No plasmag- A o] H]3f E2]2 Y7} =k (O 205
glom?, HoO: 2.19 glem?, No: 2,01 glem?, NH3: 2.44 glem®) SIONHH}
o] 7%, Bt Y NiSi 280] &+F Wl gopdl
th13] 4719 ZIHE ol NH; plasmad- o2 AJ7A|7]
SION BHato] Ny plasmag-gd 02 AJAFA7] whetrch 2
NSi 282 72l Aog F4Hc) SEE B3 5743 RI
2 ZF WA & O 142, HO: 143, N2: 1.57, NHz: 1.71 ©]
th SiO ¥FEE: 029} HO plasmag-7d ol w2 RI9| g1e] &
Zpol7h laL, ideal Si029] RIZE! 148} HARSICE SEA|HL
SION H}2o] 72 NH; plasmaS ©]-8-3F 7 $-71, Na plasmaS
o] 83t 5o vlE| €53 ¥ Rl Fhg ZHet) o] =3
B3 Ux Aol 5UsH|, NHs plasmasi 02 AJAA]
71 SiON Hhato] © =2 N ko] o3t oz Ajzbe
Th[13-16]

z |

T+

()

of
-

Table 1. Physical properties of SiO2 and SiON thin films.

Material Reactant thi):ﬁss thit:skll:less Roughness RI l;‘g::;;l
Si0» 0> 14.89nm 15.16nm  0.715nm 142 2.05 g/cm':
Si0s H,0 15310m  15.070m  0.392nm 143 2.19 glem’
SiON N, 1498nm  14.12nm  0.586nm 157  2.01 glem’
SiON NH 1596nm  1589nm  0.353nm 171  2.44 g/em’
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Fig. 1. XPS spectra of ALD SiO2 and SiON films as a
function of reactant gases: (a) Si 2p, (b) O 1s, (c) N

Ls core level spectra.
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Fig. 2. Dielectric properties of ALD grown SiO2 and SiON
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