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Abstract

In the study, in order to deposit TaN thin film using diffusion barrier and bottom electrode
we made the Plasma Assisted ALD equipment and confirmed the electrical characteristic of TaN
thin films deposited PAALD method. PAALD equipment depositing TaN thin film wusing
PEMAT(pentakis(ethylmethlyamino) tantalum) precursor and NH; reaction gas is aware that TaN
thin film deposited of high density and amorphous phase with XRD measurement. The degree of
diffusion and reaction taking place in Cu/TaN(deposited using 150 W PAALD)/Si02/Si systems
with increasing annealing temperature was estimated from MOS capacitor property and the
Si02(600 A)/Si system surface analysis by C-V measurement and secondary ion material
spectrometer (SIMS) after Cu/TaN/Si02(400 A) system etching. TaN thin film deposited PAALD

method diffusion barrier have a good diffusion barrier property up to 500°C.
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1. A &
A TaN e wjd TR Fe(Cu) B4 BYF 229 A5 =E st AF
o2 d3 Hu Yok, CM0S A e A FAHdA], Poly-Si Alo]E<] poly depletion
£ s2s7] A8 g5 A5 BAE FYE AHEska doh. 2y 9 A E(Si)
A g A3E(Sio) W W o] FA7E Hol A T FAF Wxez TaNdhet
Ad7Ha Yot (1] =3 LFrFES AHES jd 33 doA 2z JAET} S
of wk RC delayo] & azte] 54 syl 23 =Y GFriEEet vAFo] ¥ F
2 WA BAol Zge wa ok, 2y WA BH PIME Talo we o A
Ha gow T FAb #WxZHoz TaN wote] A3 Hi th.[2] & FH &2
TaNo] ¥& Y=g 22 vAYE o8& F& AFoly ¥ AFe2E §84H31 I
4 32 a2z FAEIL F7HEEA PDY O HHE AHES TaN 5342 ALDHE o] &
gk TaN dtgte] ZHd EEF9 EAoA FA Esto dA ALD(Atomic Layer
Depositon)7} o] A7 Att. ol A7] Alol(self-limiting) TF FAE& old3 &
ARG os) 3 o W) 71Eo) P CVDl HlF @I BW =X, o
oAl ¢9 #d=, B FaA T4 229 ¢44E /MY, 2y thermal ALD
= g3e %7‘—‘}%, &2 ALDEA T} 2) purging time Fo] EAF o2 AFH FHolgc},
ol 4 3t7] Y&l PlasmaZ BAHE 1L oA YA (radical)E o] ALD S5 |
AR dtRom FaAE TaN wepog gujo] EAS EAsIFPT.[3-4] B ARAME
TaN€ Plasam Assisted ALDH o2 =23} 98k An 9 da Z2g TaN vt A7) 3
=42 2242 Az2sto] XRD, TEM, C-V, 4-point probe, SINSE EalA ZAISAT,

T

TaN 9tah-g 32 3}7] Plasma Assisted ALD F8]E A3t AZdg o=
TaN ¥etg $3, 4o HEato] 1 M7]HA 54L& By, Fig. 164 B ¥ 2
o of Aulx= Wiy Fulg FHE 8UXA 7Nt proto-typelZ AZ HATH.  Shower
head 222 F8(Chamber)E ¥ 822 74 Ho| vt. Shower head® 71E22 3
Fof Eel=v} Auj(plasma chamber)} 3152 ¥H3- v (reaction chamber)® Aol Q)
. ¥hg Aol = heater blocke] vt AR E&t=vl A= ICP typed] ¥Z (remote)
=etznt B 2N Zetzulo] A& golse AF £4E 9] A g Ane EoH
A 2A Aen Eetzntz A" & JUAE /1R EAE(radical) o] vhg A
HEE golet v =2 A7 =Holoh.[5-6] Fig. 2& AA ARE 2golt. #5 5F
Aulel B 4 34 x20ld 1 JFoE AHE FAEY ¥wEr) W ETEES AA
371 9§ EZXHoz By Bz BE(turbo molecular pump)7b AF HATh. Plasma
Assisted ALDE TaN wute Z25}7] 9Tae] ) 8 = =PEMAT(pentakis(ethylmethylamino)
Tantalum) &, No| AZ 2 NH3(99.99995 %)& AH&3H3iTh. PEMATE @4 (heating tape)&
o]§3td 80 TZ FAHH FF 7122 Ard] g3 =22 Fdd. FF4HL 2.5 ~

T

o i o
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Fig. 1. Schematic of PAALD Fig 2. fabricated PAALD equipment
Fig. 3ofjx et o] 53 Al 7} 71252 PEMAT - Ar - NH3 - Ar®) &AM 2 A7k8ke 2z} vt
S 2289 Fol AYE o] FoIAEF vt Zzhe] WEItxe FFS NH3L 250
scem, PEMATE 100 scem, ¥ 3 7F2Q Ar€ 500 sceml & F-X35 . SF e AD 2%
A W9 250C o, Plasma Assisted ALD S o M= ICP typed] Z&}=vu}lo]al power:
RF 13.56MHz 9] 250Wo|t}. A 342 Ax$ Aol PLC A" ofsiA zAHgH o2 ofF
iz},

Z 2 ® TaN wt2ho] 32 wkxat EAE eldl7] Fig, 4 & 7o) MOS capacitorg #| %
4= gaizﬂ% Yol sl AL ol gdto} Aste 100 mE FHT H AR
ghzvl A4S 150 W, 550 WE 725t PAALDYHOZE 247} TaN 22& 5 nm 5230}
o] MZ Q4] E-beam WHLE CuZE: 200 mS %33’5?} Z g Bo] Yo halogen lampE o] &
&t 500scem®] 3] N2 B7]o]A 300 7 600 CTo 2=zl 50 T A2 EAF
AFL&3Frt, o] o lamping AlZFE ¢ 2.2 T 2.5 T/secd &AM 22 settingdt 3ol
A 3023 EAE F st ofF dE gAS A8 A AR 3L ol&sto] dH
ARANE S g F Cue HNO3 : H20E o] &3t &4 2Z& s5len, TaN #hehe CF4
€ ol &dte] 1A A4 § 4F AMAEE Az

lcycle
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Fig. 3. Injection of gas Fig. 4. Cross sectional MOS capacitor
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3. gz

TaN vt2te] Z&L Rig, 5 oA th+7 proto—typegl e A& ¥ Plasma Assisted
ALD ZH & AMg3ted HPAJA AD F3o] HE AL &< 3UTh. Thermal ALDY 7 5ol
AZgo] 0.75A/cycle® 3L, Plasma Assisted ALD-4 Aol A& 0.80A/cycleo]F o
cycled] W& Aol Ao APAHA EAL Boja o] ALD ¥H3o 54L& Z WFHsia
ATk,

Thermal ALD 339 Z$dle Ta:N = 37:449 Axul &2 EAstn PAALD B -9ol=
Ta:N=44:479] B]&E ZAFOCER PlasmaE 0| &8¢ A$olE Tad Hlgo] HA F7/1&
213k th. AES #4275 53 Thermal ALDZ 3 TaN vt BE¢E2 w7t o 9%
A= oF 126 =2 EAFL, PAADS B BaE o 3%, ke o 44 EATLR
% PAALDY] A% E‘] 2 BB d%g Y 4+ 9duh. Fig. 694 Plasma Assisted ALDH 2
2 & 9 TaN o] 33 A9 2H3AHE Asry] 998 TEM £AHE si3ith. 50A9)
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Fig. 5. Linear deposition rate Fig. 6. TEM images of TaN film

Fig. 7 & HR -XRDE o] &3t Eet=ul Mo W& TaN W] Y=g e Ao
o, 4& TR ALDE o83 Z$ 8.3 g/cm3T} PAALDE o] &% A9 10.51 T 10.8
g/cn3S. 2 PAALDH & o] &3¢ TaN @ w 0§ L3k uluto] FAHY,

Fig. 8-1, 8-2& 7z} ALD 2 PAALDE o]83l9 50 A #FAFE TaN ®HEhs o] &3to
Cu/TaN/Si02/51 T3 AANEHE Az 75 A2 A. 5o 544 ¢V 5Y S4& v
d Lol oL dAE & Fof Asg AfAE2(Cox)S EAE /1A Hu
of o 4 97tA] ®WslElgi o, whA(inversion) ATWAIEAE 9% 6.5 97HA W I, AT
3-€ (normalized) ASAIR 2o ALDE 0.62004 A2 F 0.64714 ¥asiglon, 150
W PAALDE 0.6591A4 A2k & 0.677h%] w3batdch. 550 W PAALD & 0.63<14] 0.67747A
A3t ol Abstet o] sk (0ol o g ol ol g st uje] skl 9
Fe F 7 U 8422 EHQU stressE 97]9 A9} TaN whete] B3 2 Cu o]-29]
FE Q% A2 FE B g [57]

714 350 T7HA Vib7h %9 wako g 71 st=d ole A E Asto 4bste
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of 2FL2E F43Y Wshh G257 BT, AT 400 TRHE GA A oo
Aol $o BFos F78 Fed ole graind Aol Cuel 2@ JaiA7t ok
% dsteh o 9FQ 2Edxz 428 Aokt AMAL d¢S FA A (58]

AW 500 Tl st @OHQOM A4 2s1geH AW EY UE £9 450 T

ks
550C A ejat WL 19 4-60]A HEo| ThA] o] WMo 2 Vib7} o] EadA Ak
g AW EF AEE ZaANT, Aste A3 glo]l gaste 54< gHud o
£ Tt At Jifo] Cu iono] FERES & & F AN, Fig.
A CuZt EAFEL 24T 7 gk, ol 550 TollA Cu o]&°] TaN
2} Abstetel Zrebd E(interstitial) g $3lo] A& AHoE F4HA
=& $98 9.7, 8]
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Fig. 7. Crystalinity with plasma power Fig. 8.1. C-V measurement of high frequency
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Fig. 8.1. C-V measurement of high frequency
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Fig. 9. SIMS profile on Si surface with annealing at 550TC

4. ZE

gat gxga gy AdFoz 3§ g3 UE TN HEe F3s7] s Ul +73 proto-
type?] Plasma Assisted ALD AH|E A3l th. Plasma Assisted ALDS] A -$o} AAEL
0.80A/cycled] AFAA ALD 52 dAUES Btk $3 @ TaN 2e vy 2 =9
xo WEE sixe uwuels TEM =X oz stk = TaN WS AFEF MOS
capacitorg& AZF3td C-V 5L B T 4 HALY H71FH EAE & .
500CH-E TaN &4t WAgg 3 2] &4t JFoz AW 29 227t w2 F718hH
B A A ¥wEE ML, sty dE A9 e e 78 A5 sy
< Az & SINS EW EA oz g9 & 4 oddct. PAALDE F&9 TaN 299 500C 7}
T2 iAo EAdE QA gol A& ¥ Plasma Assisted ALD FH]Z 53 TaN
Ak grAgto] Fa HASE B FYG
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