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8 2} Dichlorosilane(DCS) gas& o]43% High Temperature Oxide(HTO) thin filme] ¥, 4713 A3l
el A 2Aslednt W& wet etch rate$} S8} step coverage £4-2 2129, Si-O bond /42 Thermal Oxide$}
£ 218kt .VEA 4] thermal oxideell 2% 3tl.2v}, Time Dependent Dielectric Breakdown(TDDB) 7=
thermal oxided] 1/4 $Zolgdr} wid, ¥ HA(03cm?) oA &4 defect density level2 thermal oxideXrt}
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Abstract—In this study we have investigated physical and electrical properties of high temperature oxide (HTO)
thin film using dichlorosilane (DCS) gas. This film had low etch rate and excellent step coverage, and its characteri-
stics of Si-O bond were similar to those of thermal oxide. I-V curves also showed similar electrical properties
to those of thermally grown oxide (SiO;) while time dependent dielectric breakdown (TDDB) results revealed
1/4 value of thermal oxide. However, defect density was measured to be much lower value than that of thermal

oxide.
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Table 1. Experimental data of various HTO process conditions

Items Dep. Rate Within water thick. Wafer to wafer R.IL
Dep. Temp: Y (A/min) uniformity (%) thickness uniformity (%)
2 14 +19 +14 (N/D)
850C 3 12 +11 +16 1.443
5 0.7 +0.7 +22 (N/D)
2 4.3 +21 +0.6 1.449
850C 3 38 +14 +04 1.443
5 2.1 +19 (N/D) (N/D)
2 204 +23 +1.2 1.453
905C 3 14.5 +19 +16 1.458
5 86 +17 +19 1.448

(N/D) : Nothing data, cf) Thermal oxide=1469, LTO=1456, TEOS=1.445.
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Fig. 1. Arrhenius plot of the deposition rate vs depo-
sition temperature.

FA9 #dEE ZE AfolA £25% °lFE F
—/F-%}'ﬁg—tq, %Zé% ;ﬂ, ‘;ﬂ‘ 0.3 pMm 1—-173 O] "J‘ﬁq par-
ticle 271k 2070 ©)3tE of3 &}eic).

32 Boly Y

Oxide®] A]7H-g-<4ql HF, BOE(NH,F+HF) ol A ]
HTO film®] wet etch rateE thermal oxide, LTO,
TEOS based-oxide®} 4 ZAsle] Table 24 F
st} Fig. 2+ Z74e] £9o)x2) etch rated
thermal oxide?} etch rateZ 7o £ #e =A|F
RAele}k, o]E AHsjela REe]l HTO filme] etch
ratet= LTOvY} TEOS based-oxideel ¥]3] 22 3t&

gAFes ], A1d Al1E, 1992

Table 2. Etch rate of each SiO; film (HTO : 850, y=
3, 300 mTorr) (R=Ratio), Unit : A/sec

Etchants HF BOE
Mater. RI10:1{50:1{100:1{9:11|50:1
Therm. Ox. 6551 166( 084 | 148 | 3.1
HTO 3-850 168 | 4.13| 214 | 335 | 5.2
LTO 29.7 | 8.04| 4.09 | 528 | 6.6
TEOS 55.1 [11.8 648 | 71.7 | 85
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Fig. 2. Etch rate of the CVD oxides normalized by
thermal oxide. (R=Etch Rate)
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Table 3. Step coverage of the HTO films as a function of aspect ratio for different film thickness and deposition

temperature
Unit : Percent (%)
m 077 | 083 | 090 | 200 | 111 | 125 | 142 | 166 | 200 | 250
850C 93 | 93 | 93 | 9 | 9 | 9 | 9 | 9 | 8 | Fi
2000 & 95 | 95 | 9 | 9 | 88 | 8 | 8 | 8 | 8 | Fil
905C 4000 & 88 | 88 | 8 | 8 | 84 | 84 | 8 | 82 Fill
6000 A 84 84 84 80 Fill

0.5 um

Fig. 3. SEM photograph of HTO (850C, y=3) 4000
at aspect ratio=10.
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filme] aspect ratio=1.0¢%12] step coverage £43-&
HojFi= SEM Abzle]t). 32 % 850T 9} 905C o4
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rage3t-S& Table 3o F3tslaich. =E aspect ratio
oA FHexe Z <dggle] 80% o1 i
step coverage EAE Eth
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Fig. 4. FTIR spectra of HTOs and thermal oxide.

Table 4. Film stress of each oxide. (Thick. : ~2000
&) (HTO : 850, y=3, 300 mTorr)
C : Compressive, (Unit : X10° dyne/cm?)

ater.
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Film stress | 3.10C. 205C. [ 101C. | 0.21C.
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Fig. 5. AES depth profiles of HTO film (2000 &) under
the condition of 905C, y=3.

gor, HTO film stress¥ $2H-&%£(850C, 905C) ]|
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Fig. 4| thermal oxide$} Z2-&% 850C%} 905¢C,
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Fig. 6. SIMS depth profiles of HTO film (2000 4) un-
der the condition of 905C, y=3.
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Fig. 7. I-V curves of HTO film (850C, y=3) and ther-
mal oxide.
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Table S. I-V test results and gate voltage shift (AV,) measured after 55sec. (HTO X-100) :

gas ratio (y), ooo=Deposition temperature

&4 -

HEy - 2 AR

peak?] half width® 4] £ abo]S Holx] 9l

Fig. 5= AES #AAzolt}t o4 X%o] film
depthel] e} oxygen F=7F LA A FAHIL gl

FA% oxider} HAHGLL & 4 9ok Fig. 6-&
SIMS #AMZs}e|c}, BE A|He| X Cl peakr} 3
51913, Si0,-Si interfaceo)| ) pile-up gt} o)&idt
chlorine®] %2 oldle] HTO ul-gAlo g HE] o)
e & gloh

800~905C

SiH,CL+2N,0 ——— Si0y(s) +2HCI(g) + 2N, (g)

HhEA ol A BRo] A Fol dE-sid vluks ch-
lorine®] filmWol 42 rsbsAde F¥3c HTO
filme 2 FA7F FAETE 35 d3AH a4
Si0,-Si interface®l] pile-upE+ Cle] FE+ Z7}s5}4
He14]. B dFeMe Clo] Adiyss 7317
2, ot 33 zAwste o Adeag
glck &, FIALE F71E4-E(800T—905C)
Cle] 5= 1 order A% 27}t 7, filme] S7)7}
274852450 A>2000 A) SiO,-Si interfaceol
pile-up=l+ Cl9] of& Z7}3lgdc). Interfaceol] o}
g Clo] &A1& 7% Cio FAlAxe] 23 Si-sur-
faced| pits 5o] #FHE 5 slch 2 Aaiske]
Cl-&- 238 sodium %2} mobile ion5<& gettering®
F 9lo filme] A71d EA-& #4473 +E gtk
aye2, Hoh AR C FEE4e 984
oxideW oA Cl9] sensitivity factorE <tolo} & 3
27} ek

33. M7 &4

IV, CCST &A% $1% pattern®) =7])+ 100X 100
pm?e] et Gate 322+ POCL; dope¥ poly-Sig
AHg-stelon, gate oxided S 150 Aolgc). I-

X=N,0//SiH,Cl,

Items Current BF (MV/cm? Gate voltage shift (AV,)
Density at
Mater. —5V (fA/um?) —100 nA —10pA |[—15pA/cm?| 10 pA/cm® |—10 mA/cm?
Therm. Ox. —0.25 —10.53 —12.27 —0.05 —0.02 +0.178
HTO 3-905 -0.07 —10.15 —12.38 —0.391 —0.642 —0491
HTO 3-850 —-0.17 —9.84 —12.12 —0.562 —0.562 —0.469
HTO 3-800 —0.01 —9.82 —11.80 —0.406 —0.584 —0.433

FI3AFGs A, 19 A 13, 1992
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V &% 4] voltage ramp ratet —0.1V/sec® A
X7t} Fig. 79 850T, y=3<1 X279 HTO
film¥} thermal oxideo] ¥ -V curve® £A]13}%d
o0, Table 59l —5VeollA2] FA AFUxEe} —100
nA, —10pAciAe] Zzte] d )= %A (break-
down field strength), 2813 YAHAFE KA
213t 2725}l A1) 55sec Foll A ¥ gate voltage
shift(AV,) & vehligleh -5Vl FAHF
e #Awle] 2K exE 1Y o HTOS FAHL
So & oj%g x| k3 thermal oxide$}t A3t
Avt o 8 EAE Hvh AdgAAdA g
2345 r} il wel 234 FasEe FtE
Rol glort 800T A ZFAFE 100 nAoA —9.82
MV/cm& thermal oxide®] —10.53 MV/cmel| <3
3z glgdck oleigt dAme 71&98 CVD oxided
ByE [VEA 71 48 222 Hr}s, thin
dielectric E2AM 2] o] & 7FeAlE AAbsle Ao
t}. Fig. 82 ztzte] oA ARUEE FA57] H8)
B2g gate voltages] W3HAV,)E vhebd Aolch
A|7k8] Z7)el| whE gate voltage®] %7k electron
trappingell 7]21%l Aejck HTO filme] %7} ther-
mal oxide®c} AV, el ZAl &A=} o|RL
HTO filme] thermal oxideell w3 trap density7}
e BoFE Aon, o)y AL 2419 th-
reshold voltage shiftell <338 2 4 b 28

0.4

GEEE J=-1.5 uA/cm
4 Labetty J= 10 u.ll/cmz
GBHEE J=—1.0 nut/em
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Fig. 8. Gate voltage shift (AV,) after 55 sec under each
different constant current stress.

HAY F4 dx2E HYgeby, HTO filme trap
density ta7t Al £ e HoZ Algdch
J=—10mA/cm®e] A%, AV,ate] 23] Fasdhe
A& ok ARl 2% positive charged] Aol
7lelg Aeg AR

Table 6 CCST &% ds}o|t). Thermal oxide 73
<, AEYUEE ~10 mA/cm?ol$ls HTO filme] 3%
o+ —10mA/cm?olgict. 50% breakdownel] wHh
charge density= HTO Z32x9 wWisle] &4
wx] ¢k thermal oxided] °F 1/4 &<l 58~64
C/cm?elgich. o]#13t H3b= thermal oxider} X}
G AYF2E zZedA 7" Aeldh 2y
gdellx Agstdsel HAY F&HIAX FAe
o84 TDDB BAE ojx A= MAd" 5 UL A
o2 oasn, 24" = 7]& CVD oxideol
wlwslw WEs 5 Ao dd™ck

Table 7¢ C-V #3427 Fystact HTO film
2] total oxide charget Z3-2%.9] Jd8kg =] 3%
om, thermal oxide?} & }o]& B.o]A] ¥3tr}. Po-
sitive charge trappingS Si0,¢] breakdown pro-
cessel 8% A#e 3] Thin oxide?] 7%
trap¥ hole density, Qi olefe} o] EA|Hch

Q' (o AVe)=], JaTudt=1 @ Qu, cm”

Table 6. Charge to 50% breakdown of each material.

Thermal oxide : J=—100 mA/cm% HTO : ]
= —10 mA/cm®
Materials Qap(50%)

Thermal Ox. 20.8 C/cm?

HTO 3-905 6.1 C/cm?

HTO 3-850 5.8 C/cm?

HTO 3-800 6.4 C/cm?*

Table 7. C-V results and flat band voltage shift (AVgz)
measured after F-N electron injection (J=
—1.5 yA/cm?) for 5 min

Uems |y (1) Qo (XE12/cm) AV (mV)
Mater.

Thermal Ox. | —0.86 —-5.72 —29.6
HTO 3-905 | —0.58 —6.30 —5.7
HTO 3-850 | —0.64 —6.11 —17.7
HTO 3-800 | —0.63 —6.10 +231
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o37]4] n+ hole trapping efficiency, a+ impact io-
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Q= w91 Ak 3419 electron charge®] F=3}olth
Q,+= F-N electron injection ¥of &A= flat band
voltage shift, AVyg,ol| BlaIZFcH 4], c}at F-N elect-
ron injection®ll 2%} interface stateg} #3}7} glelof
s, o] 2L C-V curve?) distortionod -2 4 it
% <t} Fig. 92 oxide? DA F949 elect-
ron®] F(N,;=Q.;/q, q=electron charge)oll gt
AVipe] #AE Jehd 19olc) HTO filme) #-$7}
2E 7% 9lo]4] thermal oxideX.t} & hole ta-
pping rate 54& Bch FA2Eo] w@E dAd
A Holx] ¢stem, o]+ cleaning, gate elect-
roded] A7 5o FwHFA oo Ao

Table 8¢ 03cme Y& HAHNA 9 voltage
sweep test 233 F33lec). Pass rate A AHA] pass
7182 7MV/cmolglon, FHA sweep’] pass rate
ghe oxide®] defect density?} #AIE Fho]rH4].
Aol A} B5o] HTO filme) 7%, FH# sweepAl
o —100 pAol| 4] pass rateS 90% olA4e] 43+
E4-8 129l ubA, thermal oxide®] %ol 14.6%%
3] Fasiodct o2y Ao T3 o]f+ ther-
mal oxide?] 7J-%, Si-substrateol] &zl3l= metallic
711" microdefects®] density7}
¥7] dFelr, ol2¥t 542 waferd Fiel uhzt
gAa7te] zelE Bdgy gleH3, 4] €k, CVD
oxide®] 7%l 235l Si02]E2 Si-substrate$)
°dskg =A kx| ¢tk o]Ze] CVD oxided
4% A 59 sholrh

compound S-°l]

Table 8. Results of linear voltage sweep test.
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Fig. 9. Flat-band voltage shift (AVs) vs N, (the inte-
grated fluence of electron charge per unit
area).

4.2 E

DCS gasE ©]&3le] 800~905C2) 222l
LPCVD ubgo| 218) HTO thin filme Z2A]7]aL
ol5e] EeA, ArA EAe s zAldTE

7 e HAES “4rh

1) y=32 FAzANA HTO kgl oigt &4
3toll )2 = 58 kcal/mole(2.5 eV) ©] %]t}

2) HTO film& CVD oxide & 7}4 W& wet etch
rate EAL Heolewo], HF¢ BOEY| 4] thermal
oxide®] 2~2.5u]ic}

3) 85% o)A+l 3% step coverage 5AE B

Items 1st Sweep 2nd Sweep
—100 nA —100 pA —100 nA —100 pA Reliability
Mater. PR(%) BF PR BF PR BF PR BF (%)
Therm. Ox. | 82.1£166 | 811 | 853+152 | 1006 | 122+11.2 | 811 | 146*12.2 | 10.06 17.1
HTO 3-905 | 94.3%£5.6 7.61 | 98.3+28 9.93 | 94.3+56 761 | 975+24 | 100 99.1
HTO 3-850 | 992+ 14 723 | 992t 14 954 | 886*6.1 723 | 894+6.1 9.54 90.1
HTO 3-800 | 959+5.1 7.39 | 984+14 9.54 | 97.5+24 723 | 975+24 9.54 99.1

PR : Pass rate; BF : (MV/cm? breakdown field

AT A, A1 A13E, 1992

2nd PR at 100 nA

1st PR at 100na <100

Reliability (%)=
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4) Si-O bond 54 % stoichiometry+ thermal
oxides} fAbstel e, film depthe] =& oxygens]
FEE AAYA FAHAS

5) FilmWel| chlorinee] &ai3}¢12w, Si0,-Si in-
terfaceol| 4 pile-up=lsich.

6) IV B FHAHFHEE 2 HA s 1A
E ¢ thermal oxideo] ZAslgen ZF32x o)
e FA wA] ok

7) TDDB E4-& thermal oxide®] 1/4 FFo]¢
L1}, defect density?} #AE linear voltage sweep
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