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= B  A7sgEayd o Fedwel B4 g™ 4 EAE dFsach FEate} Fate] 9k seed-Cu/Ta
(TaN) /Si0O;(BPSG) /Si 7&& A8ttt #ok3 (seed layer) 9 A (Ak3bet A A, wetting) F chkdk AF=8 (DC(di-
rect current) /PC (pulsed current), 1~10,000Hz) & A{FLE (10 ~60mA /cm? o @2 F2]&2HE £astgnt. PCHE AHE
3tod 6,000~8,000 A /min®] )¢ wlE Fi& w2 S2bo] FriFAlo] o] FojHT). dX 27t (450°C, 30¥) FEHe 1.8~2.1
p2 - cm2] £ A7|XFS Jellginh. XRD sl 95k, ECD-Cu/seed-Cu/Ta/Si0,/Si FZl 4 (111) ¢Adulgkd =
utobo] A= G}, £, 0.35/m 273} 3v]7} 4 1l via holeol] F¥H o2 A3},

Abstract The characteristics of copper thin films and pattern filling capability were investigated by ECD. Prior to de-
position of copper film, seed-Cu/Ta(TaN)/SiO. (BPSG)/Si structure was manufactured. Copper deposition was per-
formed with various current waveforms(DC/PC, 1~ 10,000Hz) and current densities(10~60 mA/cm?) after pretreat-
ment(Oxide removal, wetting) of seed-layer. Conformal pattern filling was performed using PC method with fast de-
position rate of 6,000~8,000 A /min. Heat- treated(450°C, 30min) copper films showed good resistivities of 1.8~2.1.2
- cm. According to the XRD analysis, (111)-preferred orientation of copper film was found in ECD-Cu/seed-Cu/Ta/

Si0,/Si structure. Also, we have successfully achieved to fill via holes with 0.35/m width and 4 : 1 aspect ratio.
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Si(p-type 100) 7]#Atel] Hoduto® AE Abslut
(silicon oxide layer) S §44k5 349 o8l 7500A F
AR YA AR} (2= PZE) o 24 Tad 400
A FAEZE 2HHHY Fastnt. o]0 AFE A 23 A
}22A 500A FAY Cud £A¥eE Ztslqdc). A
S XL BRI A A Fo) 4m, Ze)7) 0.6ime] E
A 71}-& AT}, Via hole 2B AL #3317 93l
Houto 2@ CVD BPSG (borophospho-silicate glass) &
&g F, 035m A7 F3u7E 4:1 A via holed
Alz+atgel. Via holed] 7A-9-& o354 Z=} =0} (ion-
ized metal plasma ; IMP) 23Hege] 23} 2504 9
TaN§ S} o]o] XotZ o2 Cuf IMP 23H
kit

ECD %% 3 Asld& CuSO: - 5HLO & 0.36M,
HS0: & 1.84M 2 FA8I9]z 7 AI2E ¢4k (HCD, A
&4 (Triton-x 100) & 22+ 10~50 ppm AE 7}
shgdch. AFYL 513 A7) (function generator), 242
DC At (power supply) 2|3 33 $A) 7]} k4
£ 943} FET (field effect transistor) 222 A,
ARslg o AFAYL ¢ AR~ E E3 7}A|5s1 4]
. & d3oAE DCs PC F71A] AFYEE 434
o}, old], FFAFHUEE 10~60mA/cm?e] Mo #
34133 on/off timedlE 12 1AsHe. FAFE 1~
10,000Hz odqolx APE zP3idct. Hotzof Abspqt
AAE st 10%vol HSO,o AAF A F49t8 A4
43 (hydrophilic) 2.2 HAFA)717] 48] ADLAA| (wet-
ting agent) &1 Triton-x 1009 A X]3}c). o]F, o)
Eoio s Febehe 60~210% Fok A3} =
g 2 AY e FAGA o) Fol &g A HE AAF )

ECD F& W 42 Ads 8% ¥ AAA, 96y
A, B9 A7), 2345 47|48 £& RIGAKU it
XRD (X-ray diffractometer, X-ray source : Cu Ka),
JEOL 7<) JSM-6300 SEM, Park science instrument
ite] AUTO PROBE-CP AFM, Tencor fit¢ Alpha-
step® 500, 4 point probe (Keithley 224 programmable
current source, Keithley 196 Digital multi-Meter) 5
o 4L F3td AL EAsk . e o] dAjgel
w2 EAQHSE AnE ] 8] 1.5X107° torrell4] AF
A ejstedn). A8 L5 o) A M)A 5A
FAE A8 450C oA A28k e s AAE] A7 0%
o2 3143}
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< 60 22 A%t DC PC 74$-E w)astgdc}. PC 7
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Fig. 1. Deposition rate variation with (a) various current densi-
ties, (b) various frequencies
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e} WA e 2 F4EE5) ks Ae & 4 9l DC
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AAe PC7 ARh B SAFle Wt B2 o
£ #AF7E FAYLEH 949 $477E 2 DC
of ulst We AFAEE %7] WRolw, PCY nFH4
99 (2% 1) 9 LA 482) o4 DCY FH&4E
of 2AH 7 FE Fehiddth olgte Foge) o
£ Z3442 9 Wsks Cu o) &o] A4 AL o|FPe 2
s AHA | FEEE 27] WE Ao F2H. F,
PC 33447} Z7Hbel met A% FAXEAZe] oA
A 3 FALEL 23] B AF04 o) u)e)
RS JGeld FHEEs} Frbeke Ao AuA.
23 1(b) = PC F348§ 1~10,000Hz 77 HEA|HE
w o] e EAMSE ekl Aoleh. Fu4 F7bol weh
FA4E7} 37)8Hs @4g Rolw PC 500Hz o) 4ol A
£ 259 33452 Bolx ok FFAFUEE 40mA
/em?E 145 AE W, PCF5 Wste] BE FHEEE
6,000°14] 8,200 A /mine 2 Z7}st4c}.

% 2: FFAFUZE 40mA/cmiel TAstT PC
#3442 2500Hzo04 F%T Felubde] XRD Hug
vjehd Fojr}, 7]#o B seed-Cu(500A)/Ta (4004)
/Si0/Sie] F2E& AHgststh. F5 Whel Fdshgle
 of7] & 2,500Hz A¢F 2 ok (111) =23
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Fig. 2. XRD patterns of sputtered Cu film and ECD Cu film.
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Fig. 3. (a) XRD patterns, (b) intensity ratios of (111)/(200)
peaks with various deposition times.
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steh. 2" 2004 Jelbd Y 450CoNA 3087 AT
dxz] & A= (111) ¥z AAAe] sargw,
(200) F=Z& veptx] opch. =3, AHE]YF Cu Aok
%2°] XRD &g 29 (111) H=zmgke] Falo) Yehlz
ek, 2™ 3(a) = 53 ARdel] o} Futete] XRD o
BE e Felm o] 9o FAxAL A{FFIFLE PC
2,500Hz, FFAFUEE 40mA /em®o]gth. Z=3HA)7}o)
60% o]l wHato4ls (200) =yt Yehtz glodt
29 3() oAl A vrebd wie} o] (111) I =Z o) H] 3
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Fig. 4. Schematic projection view of atoms (a) in mono-atomic
layers of Cu on Ta at the interface (b) to illustrate atomic
matching '
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Fig. 5. Resistivity variation of as-deposited copper films and an-
nealed copper films.
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7ot Ta A7} AAACE Cust Tarlele] Awo)A]e] ¥
AE strain 76% 2 Ta layer 4ell4} Cue] heteroepi-
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Fig. 6. SEM cross-section view of (a) sputtered and electro-deposited copper film at (b} DC, (c) PC 5Hz and (d) 2,500Hz
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Ao ME FUdF FAE FAST ALS £ F et o]
23 AHAE vjRo] B o, w2 &2 T4 EYA £
AL dAE PCE AHgshe 7o) AAdstn & & A
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2% 7(a) ~ (¢) = A7) 0.35um, £¥¥)7} 4114l via
holesll&] 72134 544 el Zejtt. Via hole 4
E4e PC F5o did EAFL BolA W3T 4,500
A/min®) v}$- wg ZF 345 o= via hole Wil 35
o] AUt (2¥ 7(a)). ol via holed] 547} A%
7} e BAE BRoA JAREYR <3 via
hole 3}¢-oll v]3} A Ho 2 w2 Fito] o]Foi37] W&
A Ao Aedd. gy, FAEEE 5o, PC 5Hz
(100ms on/100ms off voltage) 2] F3 764 2,600
A/ming FHEE2 via holeo] HAZ o] 71534
(2™ 7(0), (). o9 AxE njFof & o, PCE A}
g8t} H70] 0.35m, FHu)7} 4 : 1< via holeell=
23] A8 o} A Ho] oS =L via holeoll A& 94
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Fig. 7 SEM cross sections of 0.35:m ECD-copper filled vias seeded by IMP sputtering Cu/TaN layers.
(a) 4,500 A /min( x 30,000), {(b) 2,500 A /min( % 30,000) and c) 2,500 A /min( X 10,000)

FaEAto] vg AlZE Ao 2 oA, ol2lgt EAE &
As}7) 2|3 wigto B ubate] Zitst o)Re] THEE PR
(periodic reverse) AF{-2] AR4-o] A|gkxic},

4.2 B

295y ECD®H] 98] ECD Cu/seed-Cu/ Ta
(TaN)/Si0(BPSG)/Si 7+ & A% ¥, ZA ¥ o
2 Teutete] A3 dxjeld o3t A o] wts gk
A o3 2L AEL dod.

1) Fejdete) Fa4s = AU ol uet sl A
o2 ZUEkea, PC Fa4¢ Fvbol wel Frlsicrt
B00Hz o]itell A= £35S}, S Hsle) ng Fa+&
%= 6,000~8,200 A /mino] gt}

2) Ta 71%¢el AsiFagr Feiub=te] (111)/(200)
vl PC F3b9] 93& 4] ¢dx (111) He 2 A
FHedl, o7 ol Ta 7] 7229 hetero-
epitaxial AAE F&23 Ao E Alg g},

3) PCE &g Fauiete vl 2.1~26u2-
cmelsli, 450 CTollA 3087 3 T9XBF 1.8~2.2,
2 - cmZ 48kt

4) PCE o]&3] 6,000~8,200A/min & #& &=
s &iatol) FUT EXI} 7eE s

5) PCE o143t 2,500A/min® FHEEE 70|
0.35/m, =38}7} 4 : 14l via holeol} HA3} 2213} gc}.
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