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Abstract: We have deposited the W-N diffusion barrier on Si substrate with NH; pulse plasma enhanced
atomic layer deposition (PPALD) method by using WF and NH; gases. The WFg gas reacts with Si that
the surface corrosion occurs severely, but the NH; gas incorporated with pulse plasma and WFg gas are
easily deposited W-N thin film without Si surface corrosion. Because the NH; with pulse plasma can be
active species dissociated and chemisorbed on Si. Thus the Si surface are covered and saturated with
nitrogen, which are able to deposit the W-N thin film. We also examine the deposition mechanism and
the effect of NH; pulse plasma treatment.

Keywords: NHj pulse plasma, W-N diffusion barrier, pulse plasma enhanced atomic layer deposition

(PPALD)
LM E Wt 2oy EFE ke 7 CuEEe B
?am aeht olg g TEl NS oF v
WHE A Tule]2e] FAI| 7 ALHOE ZOE  Ra Ei vuRe Azt —‘%—6}7] e of

WA ZE&| A ER o] BEXo] e A 3Fe 7R
I, 714 o] F %= (electromigration)ll 733§ &2
o] 3ol & o7t H 7 Yt 5 e Z 9] vl

HEARA o8 H58 FEEABAE 3o 8

<]

*Corresponding author
E-mail: cwlee@kookmin.ac.kr

29

Hr sjds|ord FEE0| Boh &, 789 52
FaA ol olsl B2l 5hehz Aviu ok =AY
o] 712 ¥ 2] | (deep acceptor level trap) o
A @4Eclth gepA T A=



30 °]

729 0L PAY F Uk N2 & Sy
o] FAolt} FulHdFA o TaN, TaSiN, W-N
5 GHg FE3] Yl At gtk

™H ZTZ (columnar structure)
w50l columnar grain boundariesE 3|

Z7]
T i F27 H7) gEolth mEt A=
& 23E4E Sl 2" " (W-N) S
Aeg AjtstA=d, ALl os) A3e
gl vhekg SAE7|7) of2i5l7] Wl Anke

A
243 2AE FAT T Ak 2w vkt
F&o v A5 F A4
W7)A B4 7he AHAE oln] RS AT,
IATHAN e AR PEE e R 9
IE A3 GORAE A2 B G
ZAolch Wby ghe Ay gL g
&—ﬂﬁﬁ My, £ dA et F% 4R
o ARE Bo GAEE AL PA ] A
g Ao, g AR fAske Aol Fad
Aol B gl YA AAE SHEo R

0}71 ﬁsﬁ SiCl, 7}3:Ur o0& Eéiﬁﬂ ke 7}—’:
(source gas)E AHg-3he WHo] A RH7|E &3
o9, 2 =FA = NH; 7H /‘]'%O]'”ﬂ o 7]
P& FHzetE E8319 4235 FEREA Y A
Lo} 7h27} o, k=)o) B}% d S5 (reac-
tive species)S O 2H Si ZHS /A3t 2
AFE7t #dst 1Y RS 7‘15}9}\51_ d}a}-S-
248 £ IEF stATH 2L ol g UE
o} Zgtzul 2] 8 U= Z2 o] Qzﬂi
2450 2 whuto] F2E FRE L A=A E
AbetTh. o] & $13te] Si 7]:‘4-4"“ Al %_1}
=z 3l ol g o) A Zgt=ulE HolF
oo Hatd WalEAE gae ZHale] oy
o} o
A

11‘.

SEEDEEBE BRI EEEC
Jol tistel ZALaHAT

MLdW

2. Alguty
B Ao AMg3 7198 B ES] H71E p-type
2] (100) A& 71#S o] &3t o, BlAELE 5
~6 Q-cm F o} A 71H-E A 23 F HF (10:1)

ulo|l A2 AR © 7] S| A 11A A4E (2004)

ol

[ op
g

5

[¢3
o
do
!
4 O
N ro
4
fru
X
-
ﬂ
hacd
K
iy
[
)

I
e

oX e

Jm&‘

Ea ni‘rz”]' HL"E’Q’], Z 2} 4k2-2 (chamber), &
Ao ZAANEY, w7 &), AFFA o] AlH
o2 FAH Ut o] AH| Y NHEE Fig. 19
VeIt B AR s A2 s Al
§]'6¥2Z1'7¢7<] (CVD)ol| =2 2:0]= WF,, NH; 7}
& AHgEA o, IHIEAE A A 98
]“‘7{3"1]/\11— AL (Np) 7SS ARt 22
3 WFeZ7F=9F NH; 7F=El & M2 BE 38 §
st AlHol] 2R st AFIIAE] AR
WHE-5te] 714 HEgo] dojute AS WA GESE
3t th 2] AL 7kAS ZFRAIZME Fo]7] A5k
Hg71e] F9E HAR vt A EE ke
FUZ st HAFEE o]t BHS} 7p29
& Aolsidtt. ol2 & ARl FHAIEE ¥
o, ¥HE7] WHo ¥ ZEE =
(rotary pump) ¢} B 2 E-AH X (turbo- molecular
pump) £ AH8-8}4 107 torr ©18t2 FAIAZ] B
BHAR7tAe R/ AE w2 Yol F3}
Bagl gtk QALF 02 ST o R
Lo} (NHy), ?——_}‘\‘: (Ar), B ZRI7HE (WFg) € 0.2 -
Is, purge 5s, 0.2 - 1s¥ =218 o2 S| A3}
E‘]/\E-]] H]—u]—O 50 - 200 A %E 221-0}93\1:],' %}—51_
Yol B2 Feh=utE ZolE 7o tajM = Si
713 thste] R} 7kAE X FE A0S

=
-

Electrode

WF; and N, gas NH; and N; gas

High Voltage

(~8kV)
Specimen for

temperature
control

Quartz

Electrode

q 60 mm
/ X
Thermocouple Sample Wall Temp.

(0~150°C)

Heater
(200~400°C)

Fig. 1. Schemetic diagram of PP ALD (pulse plasma
atomic layer deposition) system.
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Fig. 2. AES depth profile of W-N thin films by 100 cycles deposited on Si wafer for various substrate temperatures (a)

300°C, (b) 350°C, (c) 400°C, respectively.
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Fig. 4. Transmission electron microscopy of W-N/Si
structure annealed at 500°C for 30 min. The W-N
thin film was deposited on Si substrate at 350°C by
100 cycles of the ALD process.
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(a) (b)
Fig. 3. AFM surface morphologies of ALD W-N thin films deposited on Si wafer for various deposition temperatures
(a) 300°C, (b) 350°C, (c) 400°C by 100 cycles, respectively.
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Fig. 5. AES depth profile of W-N thin films deposited at
350°C for 100 cycles of ALD on Si surface after
NH; plasma treatment for 20 min.
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Fig. 7. AFM surface morphology of W-N films after 100 cycles deposited at (a) 300°C, and (b) 350°C after NH; pulse

plasma treatment.
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