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W B OMEEE  (#230) : We have prepared thin Zr-B films at low temperatures as a new
material applicable to an extremely thin barrier against Cu diffusion in Si-ULSI
metallization. The sputter-deposited Zr-B films from a composite target mainly consist of
ZrBs phase with a nanocrystalline texture on SiOz and a fiber texture on Cu. The resistivity
of the Zr-B films depends on the substrate of SiO2 or Cu. The constituent ratio of B/Zr is
almost 2, though the contaminants of oxygen, nitrogen, and carbon are incorporated in the
film. The nanocrystalline structure of the Zr-B film on SiO: is stable due to annealing at
temperatures up to 500°C for 30 min. We applied the 3-nm thick Zr-B film to a diffusion
barrier between Cu and SiOgz, and the stable barrier properties were confirmed. We can
demonstrate that the thin Zr-B film is a promising candidate for thin film application to a
metallization material in Si-ULSIs.

AT ERR
(BHHHAL - 1)
IELPEHE 2 A & &t
2007 A 2,000, 000 600, 000 2,600, 000
2008 900, 000 270, 000 1,170, 000
2009 R 700, 000 210, 000 910, 000
I
FE
ik 3, 600, 000 1, 080, 000 4,680, 000
S ivar SENE &
P 053 FL - M E - EXET LY - &1 - XML

X—U— R EE, ZrBs. L&Y,



WFFEBR G S F) D7

fﬁﬁ@fﬁ‘ﬂi@fu&fﬁ YEFCTDON— R =
TELTODEFVAT LAERRT HELH
SHORBEZRTOIXT ) a EBEEK TH
0. ZTOMAMELE EBREEEOM L3, ez
BTV AT LAOoEMEEICTHFS L TE
L ZAThHDH, EMRERIEENOBT X, EEE
n— KNvy 7HZBRITLHHFREE
(International Technology Roadmap for
Semiconductors ; ITRS)[1]& H A K74 >
AT Ty, Ttk s e, 1 F2—3
T 4 A MACWERRIZEB T 23T ¥ OfsE
JEi1% 65nm / — K(2007)<C, 7nm THY .
45nm / — K(2010) CiE, 4.9nm & &N TW
5o HITIZF DR D 32nm / — FTid. 3nm
EWVO RO THL . DOBENR AN T ORFE
WHEEL SITWDH, BFZEBRA S 0)ITIE
FOMROFEL HEFLNTWehoTz, Z
D LD e, WRIRHY 72 E R 2 72 OREE 2 ik I
T2 &< EBT DT %@ioﬁ%%
ZIFET DMELORFI BT I Z &R
HiLb,

2. WO EM
(1) #FEOBEEE

L7eRo T, ZOMIEREDOEIEL 5 &
Z AL, 3nm & WO D TS, D oF AR
NYYORREHKE L, FrLVEET, H
BT DR 2 R T 2 LB R & S e
L. Z0bSiElsEs 52, N Y
ELTCOMRELZ ERMICKRIET S22 L TH
D, FUIZE 5T, 8nm N ¥ OHFLh 72 AR
HEHLZEITh D,

(2) MEORSE
RUBIME PR R E 2 RO 0%
THY., B1LAAMLRT v ¥ /ViL 8.296
eV &N @, B2, B3AA AR T
T VEEICEWN, O LT, RUZENA
ML AW TR <, RE R ILERES &R
STALEMER T D L E R LTS, F
FE, FUELIY bEREEEORVIEHRE (&
JB) & MB2 AULAM AR L, 5RE 7R 2 IRoT
HARELZED, BOBERICWAERTHL
SROMHE R AOREMEEZS (2], 2
DX D AL A WIS < | RS E <
BRI D2 0 RIEETH D, & Vbl
7rB, 1%, BRW - B\WEEEIIEEZOL D
FUKEIZ (2T 10 ) SO ERT
XEMTH D (2], ZD XD IREREDD . ZrB,
ILERA R U CORBRZ BB B 0 | iz
PEECT Ty hD ) AN EOMELE LT
b Ttng, E7MEE LT, KT,

2L 7 L Z AIN R GaN EER 2 R S 5 7~
HOFME U THZEN T TON TS, kL
L CO/ERIOME 13D TZ LS, 2002 4F
WAV A RFD Sung H[3112k->T, V=E
— h 7T X< CVDIZ L 0 ZrB, M D VERLAS
HER, 20730nm JE S OEEE V., fEEN
VX e LTHBRIFREEE2ER LTS, 2
DX 7R AE B E 2| ZrB, HREIT AR,
W 2 AR O BB AR V2 )9~ 2 RN U v
DOERZGE L2 DHERMEIEZZ BN
2o

3. WrFED ik

AWFFERRECTIE, L7z > T, ZrB, iEIBE{E
AL, HEE L TOERN XY T 7 4
V- arZ2ZWbnE L, MEHE LT
T — 2 45T, MEEHANY Y& LT
WA OV TREEZTT 9, EIRIEREE L
THEJEW 2 ANy ZIEEERD, Ir & BE
EHER LT 2 A4 v FREOE—4 y M AERLL
72, ZrB, #fE (JEX 3nm-300nm) % Si(100)
=7y Bk Si0,(100nm) /Si(100) 7 =
AR &U@u%ﬁ®ﬁ . EiE S 500°0CD
HHREICCHERE L=, S iEBTEZE
¢8%Cif@@a@mffmnm\ﬁﬂ
ZIT o7, WL OMORETIX, FD kIT
ﬁﬁxﬂy&miD\Cu%ﬁ%ﬁ%L\
Cu/ZrB,(3-10nm) /Si0,/Si fEfEME & L. NV
YRR DB E LT, ZrB, #ER L O
Cu/ZrB,(3-10nm) /Si0,/Si FEJEHEIED X ¥ 7
JHEYEB—a URBILEC S BIEOL
B IX A — Y =B 1% (AES) . X #R[EIHT
(XRD) , X #RSCET =R E (GIXR) . 51w 1WA
&% (TEM) 12 X 0 A~ 7=,

4. WF7ERkE:

BN T ZAFEM E VT, FERGRE 228
ZHZEITEH-T, BHHhD ZrB MK
(100nm) ® XRD /X% — (HEEET—K) %3
N, FER A Fig 1l d, kv, ZrB,
(ARSI A EITA (20ff) 122 < #E5 7T
v — 7 DN HERE RE 0O AR (500°C & T)
EbEVIERFETICAONZ, 2O LI,
BoTz ZrB, N T ENL T 7 ZITIEWT
R THLIZ &, BLOZOHEEEED
ToENWI EERBEL TS, ThEy, &
LN, HRREICITEACRESR
HZERVWHEZEEEBALTNDEEZD
no,

WIZ, Si0,/Si FEARIZ 400°C THERE &7z
Zr-B & (100nm) 7545 S =Bl Z — 2 D,
BALERIZ & 472 ) BAbE RN, TOE%E
Fig. 2 1R L=, £k 2 &, BYLHETD



ZrB, (100}
ZrB; (104)

e

B ZrBs (117)

=

=]

=

A

= EO0PC
¥

=

E 400rC

R.T

10 20 30 40 S50 80 VO &0
Diffraction angle 24 (deg)

Fig.1 XRD paterns of Zr-B(100nm) films in thin film
mode deposited on the glass substrate at various

temperatures.
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Fig. 2 XRD patterns of Zr-B(100nm)/Si02/Si specimens
before and after annealing at various temperatures

for 60 min.
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Fig. 3 XRD patterns of Zr-B(100nm) films deposited on

various substrates at 400°C.
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Fig.4 XTEM image of Zr-B(100nm)/Si02/Si specimens
and electron diffraction patterns of the Zr-B films,
(a)before and (b) after annealing at 500°C for 60

min.
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Fig.6 AES depth profiles from Zr-B/Si02/Si specimen
before and after annealing at 500°C for 60 min.
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Fig.7 XRD patterns of Cu/Zr-B(3nm)/Si02/Si specimen
before and after annealing up to 850°C for 30min.
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