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Abstract

We investigated structural and electriaci properties of Metal-Oxide-Semiconductor(MOS) structure
using Hafnium oxide(HfO2) as high-k gate dielectric material. HfO; films are ultrathin gate dielectric
material witch have a thickness less than 2.0nm, so it is spotlighted to be substituted SiO:; as gate
dielectric material. In this paper We have grown HfO: films with Pt electrode on P-type Silicon
substrate by RF magnetron sputtering system using HfO: target and oserved the property of
semiconductor-oxide interface. Using Pt electrode, it is necessary to be annealed at 300°C. This process
is to increase an adhesion ratio between HfO, films with Pt electrode. In film deposition process, the
deposition time of HfO; films is an important parameter. Structural properties are invetigated by AES
depth profile, and electrical properties by Capacitance-Voltage characteristic. Interface trap density are
measured to observe the interface between HfO. with Si using High-frequency(IMhz) C-V and

Quasi-static C-V characteristic.

Key Words : Gate oxide, HfO,, High-k dielectric material, MOS

1. A 2 Y Guls A5 S Ho=Ee 9<le]l Hy
VLSI 3249 <A w2 d3Fg 74
g9oH1-4] & & EAHozE g2 T8 53
o} dopant’t A% o] threshold voltage?] H3}<}
native oxide, SiOx %9 dFoz nFH Ao
E fHAZ FAHo] oA He A4 Fol o
1,21
Si0: & diAE I AL AelE ulgto] Jlzjef
& EHdozE
1) Silicon Substrates} A¢]E wutute] HHsH
A4
2) AolE wrak X e E3 AAA
(22 A& 3H& oA Fol Amorphous 4 H

19609t ©]¥ =2 Silicong ©]&3% Metal oxide
semiconductor field effect transistor(MOSFET)$}
AE FHAZAM AE AFH(Si0)E AHEd]
stk A2 1A, d&F, FEuA Azt
875X HA Gate lengthE Sub-microno 2 &
ol JY&e dAY W= JiEolM Gated FA
Eg ZolE Ty e AAol Y J[EY
MOSFET FZ4M 9 Si08] F#7 20 nm ¢]3t
2 gobd ¢ ¥2 direct tunneling currents
ol o]& dAE EA Aol AFaAL g}
Gateol X 9] +4 AF7} F7HE A4 ol Aaxte

- 163 -



2 o} glojok @n})
3 ¥& ARA, w& ¥4 AF
4) Silicon ABM 9] ¥-& carrier mobility
5) &%= WEUL BF ‘&ﬁ T e A4

& & 7 Ut
A ol AFT 54L& Z= 1 FAHE Ao

E vkl Tax0s, TiOsz, SrTiOs; BaSrTiOs AlOs,
ZrO;, HfOz¢l i@ 437} i3] APsn 9ot
[3-5]. Ta:0s, TiOz SrTiOs; BaSrTiO; 52 Si 7]
T e FPHoz FAHJS A+ dFHLRE B
QAR Ao et Abeld F3F AW & I
a7 7] g F& Aol EXHA FAE
Zoled gl ExHe] A7IA Dot ZrO;, HIO:
6,71} ALO; [3159) B3 & Si 719 HX9 &
A, B2 AN A #& FHE En vk
o]F oA ALOsE theE wretEe| uls) 1457t
AT ZARHk=115 Si0; k=39) 43 <A
Sizte] AW BAe]l F7 WE I FAE Aol
E wgtog sie FU AR AF HoA 1 gl
123

Zr0;9} HIO= #& FA3k=25% €L <
Wz e (heV)S Zon & dF A o
ol B d77t Haglen, Si AW oM
AANE 5T Aoz BAHJLH67]. B =&
ol HIOE o83t MOS Tx& UE o&
guko) M7)A 5 A% L olF EUE XA
o AlelE ureto 29 sMeAE E4sdTh

2. &

WA AEE Azst7l YA standard cleaning
#F}4& AF p-type Silicon (100)& E4|E A}
Si7} cleaning #3E AHUBE 7% o] A4
5 native oxide®& Hopdly] wEo] o] =&
AA7] 98- HF A& 3 FAt
ACE {FHEZIZE HIO; WHE o]&3 %t
HfO, ¥9h2 RF Magnetron Sputtering %3S ©]
439 6A/mine] F& vl&2 FEIAT. ol
Ello g HfO; et AH&sidlsn $8 =1d$
AHR7] g Arg O E¢E B9 Ar
B97leN 4 FAso ¥ 53 vj&S o
A8A 87] 918t RF powers 40WE A AIZ
3, AE fFAEAEY FA g AHrF E4E
AR 7] AAH HIO TS F& Mg =4 3

Ao olgA AFAF HIOWE FFAAZ Fd
RTA A|2=¥& o]&3}e 800TClA 30&3 EA g
g A el EAS AAsiA o 279
A& PtZ RF Magnetron Sputtering %Y o2
FHAXNAA JFLE o gstgt. Ptet HIO, #he}
9] HFo] & o]FANEE 308 T 400CoA
dHYE Ak o)9 2L WYPoF 31 FHEH
& o] &% MOS TZZ Az gl

a8z AR MOS 7x9 A7NH EAHL Lo}
B7] Astd AolE FHEZQ CapacitanceE &
ettt Agilent 4155BE o]&3te] Aol w&
Capacitance #& &A% %2, High frequency
(1Mhz) C-V meter$} Quasi-static C-V& ©]-&3}
o] Sis} HIO:9] AWl M9 Interface trap density
g Yolu gty

3.2 %

HfO; 819 $F =35 7] AsiM F3A9
7tE 94715 vHEZEA Agsidoh Ar £97)
A =E A2 Ar+O £9719A Ard 0.9
T4E vHH7bEA REE Al89 HIO, &2ANE
AESE o83t E4stgth a9 1914 ¢ 5 3
%ol Ar 971e14 TE AES Ar+0: E97]
A RHE AR AdEe] ¥E gleS ¢ F T

100% Gas : Ar+0 T
804 2 /

Sputtering Time (min)

3 1. 7t2 B4V w2 HIO; ¥ete] AES =
4 24

Fig. 1. AES depth profile of HfO; thin film as a
function of gas mixing ratio
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Fig 2. C-V characteristic as a function of HfO:
thickness
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