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<Abstract>
By using of (TDEAT; Ti[N(CyHs)21}4)and ammonia gas source, we deposited

two different TiN thin films with thermal MOCVD and dc pulsed plasma assisted
MOCVD (PA-MOCVD). The properties of TiN thin films were studied by XRD, AES,
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FE - SEM, & -step and XPS analyses in this work., The TiN films deposited by dc
pulsed PA-MOCVD have a little higher density and a fine columnar structure,
compared with thermally deposited TiN thin films. This may be due to ion bombardment
effect resulting in improved crystallinity in films. Carbon in the film may exist in the
form of carbonic radical rather than organic compound because of collision with Ar ion
in the plasma. Consequently, the content of carbon in the film of dc pulsed PA -
MOCVD was higher than that in thermally deposited TiN films, because carbon radicals
could be trapped in the film by strong negative potential of the substrate.
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B AgodME FA 300nm o Hiksiuto] ¢ Si wafer & 71% ARE AMS3AH.
HA] AJHE 2X2cr 8 7|2 Hudle] RCA MRS 33 F IPARZ 259 AFHE 58
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2z 492 Ao NH;7t2E Y gas line g 53 ATz WF2 F8AA
FAYYA 1 torr 2 FAF F de pluse ALL A8l glow WA FAAIA TIN o

Zz3 3lgct FAol BY F Ar gas & purge A A AFZ9 27t 42 EF A A
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1. Dry Pump 2. DC Pulse Power Supply 3. Throttle Valve 4. Personal Computer 5. Ar gas 6. NH; gas
7. Mass Flow Controller 8. Air Valve 9. Shower Head 10. Wall Heater 11. Substrate 12. Substrate Heater
13. Substrate Thermocouple 14. Reaction Chamberl5. View Port 16. Baratron Gauge 17. Vent Valve

18. Bubbler 19. Band Heater 20. Needle Valve 21. Wall Thermocouple 22. Shower Head Thermocouple

Fig. 1. Schematic diagram of DC pulsed PA-MOCVD system.
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Fig. 2. Flow chart of experiment.

Cu target & Ni filter & AF23 21, tube voltage & tube current & 2tZ} 30kV, 20
mA Gt} A EE 27 2 1439 o2 scanning $% 4° /min, 20 ~ 80" & 26 F gl
A 2Rsu. v g AFA vmdME FrAd wE LxE Fol7] H3td 4F
F79 vtte] g A& n vusgo & F 4 Joe AR ¥ € 3F BEE
(C, 0)& B4357) 998l Auger Electron Spectroscopy ( VG MICROLAB 310D ) & A}
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23l oen, i AL S dolry] Y3 X -ray Photo Spectroscopy ( VG Scientific
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£274e 15kV, 20mA, 300W e, 27 IAFEE 5x107° tor A1, $A471Y¥SXPS
survey / high resolution scan 218 A=W H e, analyzere Concentric Hemispherical
Analyzer @t} TiN dtule] A715 Al ulx4d-g& gotrn 7] 934 4 - point probe & ©|
23] sheet resistance & £A 331, SEM 94 A S ol&s FAE A vAYE A
=

3. 43 ¢ un&
3-1. & &
NH; & #7}sted TDEAT MO precursor 2 TiN 22h-8 thermal deposition, plasma

=
deposition ¢! ¥ 7FA] #Wgo g FA& dqr) wete 54& vuEANIY] HAH JEL
=, TAYY, NHs 5% 297 &%, 3¢, 33, pulse widthe 13 & 3o

{a) TiN thin films deposited by thermal CVD.

VBCHD 5.3y 1L A

(b) TiN thin films deposited by DC pulsed PA - MOCVD.

Fig. 3. Cross sectional SEM views of TiN thin films.

- 297 -



6 uhg-3t - oG4l - ol - oA - 2FE - HAI

Thermal MOCVD$}  dc pulsed PA-MOCVD o 98] AA3€ TiN 22te] ¥ morphology
o} s Ao WHE FA A Fog FAdo Fig.3# Fig. 49 HerA.
Thermal MOCVD X 2.2 5087t F&sle 6182nme] TiN #ehg F3 3igod, 5%
£ % ¥ 12.364 nm/ min®] t}.

a8, dec pulsed PA-MOCVD 3322 9087 3349 4363 nm<] TiN #2+& 53
99, 3 £%+ 4847nm/min ot @EtA, thermal MOCVD F3eo| dc pulsed
PA - MOCVD &Aoo ula] oF 25589 w& 3 £ & Yepn Ut

3-2. +2 @ AARA

Fig. 3(a) ¢ Fig. 4(a) & AlRdA & 4 9l5°] thermal MOCVD3 Al <& A3
TiN 222 columnar®t A8 structure & 7FA A9 column 3} column Abolol & HEW
BHgol A A E by -product ] ¥l7] BER FAHE Wl Fho] EAsto Aol XL}
2 23t3 porous ¥ gHEhe YE I glon, columnEe FARFLE EF YA, wl¢ A
B9 ¥4E vehin o

(b) TiN thin films deposited by DC pulsed PA - MOCVD.
Fig. 4. SEM views of TiN thin film surface.
a2y, Fig.3(b) & Fig. 4(b) ¢ dc pulsed PA-MOCVD &#42] TiN 292  thermal
MOCVD ol o3 A%d wute] wls] 88 columnar structure & UeERT glom,
column ¢ HZ %ol 50nm Y XU wto] A=Y o, Fig. 4(b) oA B vio}
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Zo] EBL uA§ grainSo] dome¥ A4S uYelz Aot Fig.5°14 & 7], thermal
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Atx] genh, gdurdow w1 stress 7F AXTEA, drgte) FAv FAHAE
strain energy 7} 7} 2 wWoz wtele] Ao o|Fofxy, TINY Z$¢ (111) W9
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Fig. 5. X - ray diffraction patterns of (a) Substrate (b) Thermal MOCVD TiN
(c) DC pulsed PA - MOCVD TiN.

Thermal CVD ol 2l $%¥ TIN22e 7|de W& 2X(<400T)E U3
Aol Agl el @3 glew, plasma 22 Q8 TIN®gte] AAA o] Frtste
2 BuE3 o PECVD ¥yl os 39 TINESE 24 3k0] 426° <A (2000 ¢4
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shift 8 4 th Si0 9ol Z%® TiN2®e random orientation & Yehdch'”
Thermal CVD TiN gt=te] XRD pattern §1 (b) ol A B50] 26° ol A TiOz el Z & peak
74 Uebgth. A9, de pulsed PA -~ MOCVD TiN 2Hete] XRD pattern @1 (c) ol4 %
o] 37° oAl (111)%8k2] peak 7t A HUT. ol YUeg2: thermal CVDY % ¢ 7]
ge] &xo o8 MO precursor/t &3 Hol FAHWA ubgAol Z¥ Tiol 99
Mash vt TIO, & MR ¥A4dE AL T £ Atk

PR
7l

X lo ox,

3-3. A% B4
XRD B4 z2szME 238 TINggo] 2AAE Yl %7 d@&9 Auger Electron

Scanning depth profile® % #9te] ¥ 29 A#AE Fig. 69l YehiAT Fig.6(a) =
thermal MOCVDe] 9l Z2g TiN wute] AR EH ARz A, oA AAZE 0 ~ 90secESt

- 299 -



8 BEF - ol - oS - oA - 25 - AT

& gdo F3d f7I180] A s AA Ho C F&Fo] Fad Frtste oF
90 secll M EH AA TiN gute] MHEEMo] o]fofAn, o 600sec’t HANE W SiO2 4
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o =o e AWM FA3 "olA 1, 150 secHElE U FAIE YEUE AL 07
FooAN Adeg FIHE AL BodFa gl Ti + N §F £33 90 ~ 150 sec Abo] o
A Z7t8tE Aol 1 o] Hol7lx dr}. Fig.6 (b} dc pulsed PA - MOCVDel 93} &3
® TiN 2ete] MEEMAIEZ A thermal MOCVD ¥ol 23 Z3¥ TiN &ehrtes &g
C,O¥%HL vj$ e AxE etz 9o, 9 600sec?t HUS d Si0; Ao 3
3 Z7v8E22 TiN Si0:9] AWeR Boo] doh. AEEAZME 49H9, TIN &%
2 26 ~ 33 at. %2 thermal MOCVD ¢} 22| ¥4 FZ& A3 Unz FAA disf ¢
A FFS Uz dx, C &FS 10 ~29 at. %S YERY, O F§FL 25~50 at. %
2 Jehl 2 ok Depth profile?] O FFF Mol & 4 d5o], EHAA 300sec 714
A% AAE YEEA ZAade 2E € 5 A2Y, densed FAAAH FERE 7] dE
FEHozRE F44 grain boundaryE F3 09 F4to] o] FAAATE A o] FA|A]
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(a) TiN thin films depositedby thermal MOCVD.
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(b) TiN thin films deposited by DC pulsed PA-MOCVD.

Fig. 6. AES depth profiles of (a) thermal MOCVD TiN (b) DC pulsed PA-MOCVD TiN.
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2. Ar o] 252 bombardment EFo] 93] thermal MOCVD ¥yl vla] F& ==
2age 4 F AJH

3. Plasma’} 917}®ol wal MO source Woll &xdE C7l by - product Ele] 3HE
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