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Abstract — In this study, the electroless deposition of Co-B and Co-W-B alloy thin films was developed and the effect
of B and W contents on the hardness of the alloy thin films were investigated. An amorphous Co alloy film was suc-
cessfully formed by electroless deposition and the contents of B and W in the film were controlled by varying the con-
centrations of dimethylamine borane and sodium tungstate dihydrate, which were used as a reducing agent and W
source, respectively. The hardness of the thin films increased as the contents of B and W were increased because B and
W act as impurities suppressing the propagation of dislocation in a film. In addition, it was found that the content of B
and W in the Co alloy films can be increased significantly when aeration is not performed. Finally, the hardness of Co-
W-B alloy thin film was improved up to 8.9 (+0.3) GPa.
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ok wEbA H Fo Cre tiAIE Ni Ea Algdo] 718 e A7
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YA E E385}al 9= sodium hypophosphite 7|4 2] - A& A}
f3hd p7}, B 942 238813 9= DMAB (dimethylamine borane)

55+ sodium borohydride Al 2 9] $HAAIE A5 B7F BHEF Qo]
LA EFHETHB,9]

Ni (0.638 GPa)R.t} At 0 7 A7} 723 Co (1.043 GPa)le
T8 S FeA A BHE A Nidt @4 UinkR
& AT dlell B2 A7) o) F X 3L QUTH10-13]. FH
oz WA vl Aol A Ak M) al A AR R FEEA Qlvk
[8,9,14-16]. Co T3l A&} re3k Ni} mixl7|X) 2 ghA| 9] 5o u}
g} ulale|| B, P 52 T = olom, dHeaSE A 2N
= ek, ARt Co F-Aal &l W A7) o] Fo X i g5l
T Bear, U] A= Co g ubuke] Ui Ao 5
o] Qlom, FH3 Co vl Ul £3u= B AR = 240
2 whuke] E2]A Hrof tidk At Bo] o] Foj x| gk
wrebA] 2 ATl A= Cost T/ AiA o= A =7t 743k B (49
GPa)Z} W (3.430 GPa)< Hhetol] Z3HA1A Co-B B Co-W-B 3
kel A WistE AuHSktt o] F 915t DMABE A2
ARgal o, RS Az & Az E EdelA el DMABS] 4t
33 1, 2)2 CoY -INkS(2] 3) v Buk17).

(CH;),NHBH; + OH — (CH;),NH + BH;0H" 1)
BH,OH" + 30H" — B(OH),” + 3/2H, + 3¢ Q)
Co*" +2¢ — Co 3)

2. A Y

Co 43l d2}ef] ARt 7132 Cu (80 nm, PVD; physical vapor
deposition) / Ta (15 nm, PVD) / TaN (10 nm, PVD) ¥}e} -3 9] Sj
2o]H (wafer)Z, 1.5 cm x 1.5 cm F7| 2 Ayksto] A5} F
Asf) A2k 719 2ol A8 Cu Abeh-E pH 4.59] 0.2 M
citric acid &4 0 & 227+ I A AA AA3AT o] F 1.71 M2
DMAB 89| 623t FA|AA BH-S E/dstet & 78| [z
18I TH15]. Co A3l A=} -9 0.20 M sodium citrate tribasic
dihydrate, 0.20 M boric acid, 0.10 M cobalt sulfate heptahydrate,
13 mM DMABZ 75 $1.0.™, §-912] pHE potassium hydroxides
71k 12.8% 373 TE W2 A2~ (source)Z+= sodium tungstate
dihydrates ©]-8-51{t. 73l A&} Foll= 8-211] 14 (decomposition)
= WA Sleto] &ooll 54 C % 7] (aeration)E T
o, upee] 3t S flall AlEE 3]KAIA AR T e
FaE B AASAL A2 2Es F22E o] 83519
70 °CE A8} T},

Az} o] % whako] 3 7} TH -2 field-emission scanning electron
microscope (SEM; JSM-6701F, JEOL)¥} transmission electron
microscope (TEM; JEM-3000F, JEOL)S ]850 #5131t} TEM
#4241 Al Al focused ion beam system (FIB; SMI3050SE, SII
Nanotechnology) 0. = #|2}slSict. vheke] A7 43} 73 = 242t Xeray
diffractometer (XRD; M18XHF-SRA, MAC Science)?} nanoindenter
(MTS XP, MTS Systems)= #&aql oM, 4 == vl s o)A 9]
2FA] GF(squash effect)?} 7]2] G #3617 $18k] Zo]
100 nm~200 nm TXFelA S8 AEE Fa-S Yol ARSIt
Z2ks vruko] 54 Q 49 $HER2- electron probe X-ray microanalyzer
(EPMA; JXA-8900R, JEOL)E o]-&3}o] #2313t}
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T8 Co-BA ¥EF P4 BS st e ddAQ)
DMARB, sodium borohydride 5= A0 4 7155t} vhulo)
B 3 mEsk Algsls A1) wie) whet Biglsht, AWk o s
Aol e B o] #HA| 2 wel nldetH s EelM=
Z3tEE Ro® A A QU 18], Fig. 1(a)ell= g 4¢] DMAB
9] F5o W Co-B A& £ 52 ER)Qlth. DMABY] 557}
M A St Sk S 3l 5 ol ol
DMABS] % 717} A1 3l 5] Co ©o]2] k& S7F
Al717] WjFo]t}, Fig. 1(by= DMAB 550l W2 Co-B #}2-<]
Wl TS LR SEM AR O R BE 2 A0 AR 2 1
2J3to] ©F 300 nm 7712 BlehS FAE ¢ QlEE AR AIRE 2
Aaplet. =2 FAAelA, uhate] el == A7 (grain)2
1717} DMAB % Z7ell meh thas Zopal= 218 1st 4= 9l
t}. o]i= DMABS] $ 57} 5555 sl go] a4 7|3 o
&4 (nucleation) WEE 3FIAI7]7] Wi 2.2, 50 mMS] DMAB7}
A7 S well 71 F-mel s VRS sA%E 100 mM2)
DMAB7} 371 9ol A2l 2717} tha S7ksk=t, ol
5% DMABOA f-8 9] WA R Yeht= Ao s dvg)
g-olo] WS Co o]2] Shlo} shA| ] AksNEg-(2] 1-3)0] 7]
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Fig. 1. (a) Electroless deposition rate and (b) surface morphologies
of 300-nm-thick Co-B alloy films according to the concen-
tration of DMAB. Insets in Fig. 1(b) are cross-sectional SEM
images of 300-nm-thick Co-B alloy films. The deposition times
were 25 min, 23 min, 17 min, and 10 min for 13 mM, 25 mM,
50 mM, and 100 mM DMAB, respectively.
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Fig. 2. (a) X-ray diffraction patterns of the Co-B alloy films depos-
ited at different concentration of DMAB and (b) cross-sec-
tional TEM image of the Co-B alloy film deposited at 13
mM DMAB. Insets in Fig. 2(b) are SAED pattern and mag-
nified image of the dashed box.
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Heke] 73S ABHAITH19].
shlsl] ¢35l XRDS} TEM #
ig. 21 EA]%}‘E:‘;E}. Adtx o7 FH
Co-B ¥R 528 (amorphous) A EIQ] A
2 QITH14]. B AF T BE AJHA 7]39] Cu, Si
9] 3] 3] A (diffraction peak) ©]2]ol Th& I A= B2 4= ISl
CHFig. 2(a)). Fig. 2(by= Co-B B11}e] thd-& TEMO & 723t A}
o2, XRD Az FU3HA ou3t AP E Fl % ATt
ol 5Wsh 3] wako] glo] 93 2] FHE Hal 9= SAED
(selected area electron diffraction) TElof|A &= Elo] 7]——0}1:]—
Fig. 3(a)= DMAB 550l & Co-B vt=h U] BS] 3-8 EPMA
2 o] &3l =43 Aolth. DMAB %7} 50 mM7FA] 2718k
= B9 &ko] ¢k 8.9 at% A 13.4 at% = Z7FsFITh. 100 mM
DMABeO| A= tha BE] §Hgo] &0l &8, ol IE k2
DMAB?®]| &J3] §-dlo] HAEHA Yehl= @ or F59t. 3t
A|5F WA 4 02 DMABS] F%7} 57 skel whet vhet o) B &
S7Fsh, a5 2] DMABOIA &= o= A= 237t €
g1g 4= AT Fig. 3(b)> DMAB 5ol we}t P4 Co-B
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Fig. 3. (a) B content and (b) Co-B alloy film hardness according to
the concentration of DMAB.

uieke] 5 ks vekd Zlo|tt. Co-B HiEt Uiell BE] gl &

7V Aot A3 Z71sk oM Al oF 5.4 (£0.2) GPall 7
T2 e o)= Co AL oF 5u) S50t} vieke] Ar= 7

&/ (mobility)°] RS FopA| =,
whub ) A H A (grain boundary)’} o] @A Eo] AV BLE
o] 3x3kw] o] Aztel] ¥ (lattice strain)s oF7]3F 749~ 219141 9] o]
&7d0] At TH20,21]. +H B 2 Co-B BtHtoll A& A=A 2
FEFRTH= Co Ul EEE H71 Bo| Co ZAtell EE op)et
o] F$1°] AT} (propagationys Fall3t7] wtoll =7 & 3
o7 Bt} 3#|% DMABS] 557} 100 mM2! 73$-2] Co-B
Hl—ul—oﬂ /\1‘— B«] -al—a‘co] E]_g,\_ 7F ].Oﬂ X] u]_ Hl—ul—/] ﬁl,:_t §7]-6]-
St} 0]+ nanoindenter® FAET S A] 22}l Q) A o7 FH
ArH22,23]. A% =4 A, indenter®] Z7], B4 A&7, 281
indenter®] Z17]o)| whe} @7} S = Q1T o HAslely
$8te] 2 AtellA = Bhake] Zlo] 100 nm~200 nm 74 57
¥ AL o]ga3itt k4% DMABS] 51271 50 mM, 100 mM
7ol Co-B B Ul B §Hdo] 242} 134 at%, 12.1 at% ==
78] 3L 7PE7] wiizel, BE] el it it H e
%x@] 27‘4}7} ki o ZA vERd 2o E Als st
22 13 mM2] DMAB7} H7He gHo A W EHee] 9J3ks
%75“6}91‘3}. W2 A4 F = sodium tungstate dihydrateS ARE-61S)
o, szl mE AR Emo] Wske} Co sl dAE Tl A
300 nm 72| Co-W-B ¥rek2] ¥} thd SEM ARIS: Fig. 4¢]
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Fig. 4. (a) Electroless deposition rate and (b) surface morphologies
of 300-nm-thick Co-W-B alloy films according to the concentra-
tion of sodium tungstate dihydrate. Insets in Fig. 4(b) are
cross-sectional SEM images of 300-nm-thick Co-W-B alloy
films. The concentration of DMAB was 13 mM. The deposi-
tion times were 23 min, 30 min, 30 min, and 37 min for 7 mM,

15 mM, 30 mM, and 60 mM Na,WO,-2H,0, respectively.
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S A tungstate ©]-2-0] ol &2 5to] DMABS] 4ts} HE--S
AAAZ )= Aol 7108 Ao =2 Heltt.
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2 W35 UERA Zlolth, At 02 W A0 55Ut sk
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A W 8] 557 SRS vk o] W SRS o] Fhashk=
20 2 YEITE Sodium tungstate dihydrate®] &% 7}
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A8, 2 A3 oA sodium tungstate dihydrate
A ooz HIHENE 7ol 3tH24]. “12] AL sodium
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Fig. 5. Changes in (a) B and W contents and (b) Co-W-B alloy film
hardness according to the concentration of sodium tung-
state dihydrate. The concentration of DMAB was 13 mM.
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Fig. 6. Change in electroless deposition rate with and without aera-

tion. Inset is the surface SEM image of the Co-W-B alloy
film deposited at 13 mM DMAB and 7 mM sodium tungstate
dihydrate.

Ao % w2 AEE VERSITE Co-W-B BIEHS: W A0] 5 57f
7 mMY W 7HE =8 (6.5 (20.2) GPays UERS o, o] %
71557k skl wet uhek o) wat B ghee) 7hael A e



B} W gleko] R8sl Co g

s AR F Fol9 MRS WA A% 719 I o
ohugkth. 715 Fall S 1) 8 2] S A f4412
F 90w, ol §F Abat £ el PRAOE BAH T4

18 ThA] AFHAA Goo] MAS X elshs ofahe Siehs)
Fig. 6 711 12 2% $0] Maks ekl 208 2718 5
B3 A AF Sk 294 e A9k BTk 18 5

A kol AJT|A o oo wdo] we) A L, o] £ AT vk
) 207k A% 28 A7) 9el0] B F ek Fig. 6°]
A1 SEM AFRL0) A 81 o] 710 B Co-W-B Mi=he] 1wl

3= A ] Ve bA] okgk

SHAINE 275 ralehA] 2 Aol Co-W-B] 242 FA &
25} Fig. 7()°llA] 18 = gl%o], T Y sodium tungstate
E5(T mMyelA] 27)E A el ubat le] 2.58) o)/
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Fig. 7. Changes in (a) B and W contents and (b) Co-W-B alloy film
hardness according to aeration status. The concentrations of
DMAB and sodium tungstate dihydrate were 13 mM and 7
mM, respectively.
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