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ABSTRACT

The effect of activation and electroless nickel plating cenditions on contact properties was investi-
gated for selective electroless nickel plating of Si wafers in order to obtain an optimum condition of con-
tact hole filling. According to RCA prosess, p-type silicon (100) surface was cleaned oul and activated.
The effects of temperture, DMAB concentration, time, and stirring were investigated for activation of
prype Si(100) surface. The optimal activation condition was 0.2M HF, tmM PdCl:, 2mM EDTA, 70°C, and
90sec under ultrasonic vibration. In electroless nickel plating, the effect of temperature, DMAB concentra-
tion, pH, and plating time were studied. The optimal plating condition found was 0.10M NiSO,-H,(, 0.11M
Citrate, pH 6.8, 60°C, 30minutes. The contact resistance of films was comparatively low. It took 30minutes
to obtain lupm thick film with 8mM DMAB conceniration. The film surface roughness was improved with
decreasing temperature and decreasing pH of the plating soclution. The best quality of the film was
obtained at the conditior: of temperature 60°C and pH 6.0. The micro-vickers hardness of film was about
800Hv. Plating rate of nickel on the hole pattern was slower than that of nickel on the line pattern.
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Fig. 1 Schmetic diagram of experimental ap-
paratus,
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Table 1. Copmosition of plating solution

Metal source NiSOLBHD -evmeerivriniiiiinin 0.10 mol/L
Cmplexing agent Citratic acid eeererersseesrnnennn 0.11 mol/1.
Reducing agent DMARB  cererrrmmiin e 8.0mmol/L(0.4—1.6)
Inhibitor Thiourea ----eereemremrmrae, 0.5ppm

Adcelerator Suceinic acid rererererenienan. 4.{)ppm

Wetting agent Three sodium lauryl sulfate - 0.03mmol/L

Terap. 50~90°C

pH 5.0~8.0

Time 30~300min.
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(@) tmM PdCL, 2mM EDTA 10sec.
(d} Irb PdClL 2mb EDTA 130sec

{e) 1mM PdClL 2mM EDTA 170sec

Fig. 4 SEM mophology of activted line pat-
ferns as time valuable, x 20K
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(a) 1mM PdCh 2mM EDTA 10sec

{(b) 1mM PdCL: 2mM EDTA 50sec

(¢) ImM PdCl: 2mM EDTA 90sec

soid Be FAATEY 22 7

(@) 1mM PdCi; 2mM EDTA. 130sec

{e) ImM PdCL 2mM EDTA 170sec

Fig. B SEM morphology of activied line pat-
terns as time vaiuable with uitrasonic
stirring, x 20K,

Table 2. Variation of area fraction

Spec. | 10sec. | 50sec. | 90sec. 130sec. | 190sec.
Stirring | 1.50% | 14.1% | 25.2% ; 27.8% | 40.4%
Ultrasonic| 13.1% | 24.1% | 40.4% ' 45.7% | 55.1%
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Fig. 6 Effect of time on area fraction with
stirring {1mM PdCl;, 2mM EDTA)

(a) 15sec.

(c) 45sec.
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Fig. 8 Effect of activation temperaturen on
the film adhesion

3.4 2TpH, DMABS STl olA|lASo o
= e

v oy &AdAMe AFHEE HA43
Aeld, el FEE 0.10M NiSO,, pH =
6.8, DMABS ®=1: 3.0mM= UAsA -

A7l @2 &EE 50~90T 2 v}Fo]A
XY A7 2= wile B =35 e
= 780~880HvE & zlo]|= gl e JE)
woh. zElm 330TelAH 1475 dA=] @
F ARE 820~920Hve R ¥He] Aol u|sle]
ofzt ZrlEtqgivh. o] olfi= W] & =T
2ol NizB Ato]l M&sgir] wiFolztz Aztsl
=8

Egolel En 2 0.10M NiSQ, &5+ 70T,
DMAB®] Fxi 8.0mM=z UA&A Fx4]7]
2 xZgdel pHZ 50~8.0% ¢ 7As pH
9] #alo] whubal ®ZTE9) Ax = 700~800Hv
2 & Hshd Agel glm 330CHlA 1475
o dAy] Fo #HxE 750~850HvE okzhe]
F7HE B

28 9 e FrE 010M NSO, =
=4 70T, pHi 688 2B A3 =293 g
fH el DMABe FEE 8.0~24mMi wgla
#AA 10mm J2FAT F e #HEE Vickers
ARAZ EAHG g 2oEs 29 He|oh

1100

10004

900

800

Vickers hardness ( Hy )

7001 [ Psdepositod Alter ermnlig |

600 T v y v 1
0 5 10 15 20 25 30

DMAR concentration ( mM )
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Table 4. Vickers Hardness{ Hv }

DMAB concn.(mM) pH Temp.(C)

Spec. 8.6 1 12 186 20 24 | 50| 60| 7.0 180 | 50 60 70 80 80
as-deposited 782 | 808 | 847 | 880 | 919 | 701 | 786 | 782 | 747 | 700 | 750 | 782 | 762 | 882
after annealled 820 | 846 | 880 | 920 | 970G | 740 | 820 | 820 | 81C | 790 | 810 | 82C¢ | 800 | H20
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Table 5. Sheet Resistance (2/)

g DMAB concn. (mM) pH Temp.(C)

ec.

P 3.0 12 16 20 24 5.0 1 6.0 | 7.0 | 8.0 50 60 70 80 90
as-deposited A7 1% | 26 (.22 | 24 16 {16 | 17 | 16 1 06 ) 16 | 17 | 21 | 22
after annealled | .12 | (11 f 31 0 12 | 13 ) 11 4 1 ) 12+ A3 (.11 ) AL | 12 ) 134 13
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Fig. 14 The effect of DMAB coneentration on
the particle size

Fig. 13 The effect of pH on the particle size
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Table 7. Particle size {um}

(b} 80°C

(e) 90T

Fig. 16 [ffect of temperature on deposited
fiilms. (pH : 6.8, time ; 30min.}

| DMAB concn, {mM) pH | Temp. () B
50 | 12 | 16 | 20 | 24 | 50 | 60 | 70 | 80 | 50 | 60 | 70 | 80 | 90
250 | 291 | 334 | 342 | 357 | 208 | 235 | 2583 | 267 | 198 | 200 | 250 | 261 | 2.94
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Fig. 16 Variation of thickness of line pattern
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Fig. 17 Variation of thickness of hole pattern
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Fig. 18 SEM morphology of deposited Ni-B films on pattern
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Fig. 19 TEM Image and diffraction pattern of deposited fim (DMAB-8mM, pH : 6.8)
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Fig. 20 DSC analysis of Ni-B films
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Table 8. DSC analysis of Ni—B films ('C)
theating rate:24°C /min)

Spec. Ti Tm Ts

Ni- 8 B 305.8 340.4 405,9
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Ni-24 B 3082 3394 380.6
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