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Fabrication of Micro-Structure with Electroless Nickel
Plating for MEMS Applications

Jin Huh and Jae-Ho Lee

Dept. of Metallurgical Eng. and Materials Sci., Hongik University

Electroless deposition of nickel were conducted in different bath conditions to
find optimum conditions of electroless nickel plating for fabrication of micro struc-
tures in MEMS applications. In LIGA or LIGA-like process, the operating tempera-
ture and pH is restricted and optimum operating conditions were different from
conventional electroless deposition of nickel. And then to find optimum conditions,
the effects and selectivity of activation method on several substrates were investi-
gated. The effects of inhibitor concentration and temperature on deposition rate
were investigated. The activation energy of electroless deposition was calculated as
33.6KJ/mole. Micro structures were fabricated with varying thiourea concentration.
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MicroElectroMechanical Systems(MEMS)+ micro-
electronics, microactuator, microsensorg T4 ¥ &
A okd A A" o F micromachining 71&% IC &
4 E3L AT Az Jed o4 Fa REY
ZYGA glo] AzHe Ao Z micro I7]e A
71, 71AH FFo| t5 @ BA Y FHo|npY

ulo]32 FZEER AMHE AEe dvFo=
Cu, Ni, Al, Au Fol9 2 5 JAL 7|48 43
o] $43le] mlolag F& FREY ABE B
AFEHIL A

MEMS 9] “}°]i§.:r"_7-:% A zell HZ LIGA
¢t LIGA-like ¥74e] ®eo] A7 glon, o

FAAANE 4 BxH FHAA A&+ photo-
maskE Alg3te] AgHg o4 AlA Y T
= ¥HEA ol A7 ojfdd EEES YA
I AR=FE ol43lY FREL AZY F EF
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F409tg YaAge Rez A7FGd 9z
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AT Bo| 5387 o uMFREe 4Ho]

ox~% Aoz JlYEx ¢upy
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TZE AZE A zEoz Ay 9% A

& 3R M domw 19 wE FEE A
Aol el BHE Fu Aok o]& A AL 7
Aol Hgo] 7t AL AxsHAT o8 7]
A4 X 22, =gd% 2Exdd nE A
gAel sl A T HBYTE BT =7 210 =

T4z =5 dute] ddd diA n e
A =739 Az =ge 549 AMdA o
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2. AEYY

=ed9e AEoz YALL FA4 YA(NISO,
7TH,0)& A&y ey YA 2= sodium
hypophosphite(NaPH,0,-H,0)& A1&&4 kS %
84 &= sodium citrate(NaCgH;0;-2H,0) 2} sodium
pyrophosphate(Na P,0,-10H,0), sodium acetate
(NaC,H40,-H,0), potassium sodium tartrate

Table 1. Composition of electroless nickel plating bath

(CHOKNa-4H,0)2 ®gA 71 A (A A)
2% thiourea(H,NCSNH,) & Al &3¥ey pHe
NH,OHz z=43¢ch =F8e =4 & Table 19
e o

AHog AEAY BF2 YARY A% T
v g ElElg g FvEa vdzAd EiEs A
3tE dFu), fee PCBE #4sted Trichlo-
roethylene(CICH : CCl,)ol) Yo 527t 2238 4}
&3l gx% ¥ eEebgd & HF, HNO39 H0&
1:3:49) vl g2 e g0z 3t Ay
& AAZA o glasse BAHHF) 10% 8407,
PCB, +&l& #4HHS0,) 5% &q ez 242zt 5&,
5%, 187t o A% vhg 8437 A48 33
¢ AR & =3¢ P

A g #43= =850 B 7IAE
A A zrlZeutgoe] dol F & AE YHE
Ttgo Fuh B dFdAMe oE AVA g e
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1) o)1 8l9} #4 3} (Sensitization and Activation)

@® SnCl, 10g& 94 50mLo ¥& ¥ F2/FFE
1000mLE 4lE &9 40ToA 28T AF Y
of %1 3}

@ PdCl, 0.25g& 94 25mLol] ¥& ¥ &
2 1000mLE THE gofd 40CAAM 287 F
o 843

o o
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ol

S
=

=
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Solution I Solution III
Nickel source NiSC,-7H,;0 25g/L NiS0O,-7H,;0 25g/L.
Reducing agent NaPH,0,-H,0 25g/L NaPH,0,-H,0 25g/L.
Complexing agent Na,P,0, - 10H,0 50g/L Na,CegHs0,+2H,0 50g/L
Stabilizer H,NCSNH, 0~4ppm H,NCSNH, 0~4ppm
pH adjuster NH,0H NH,OH
Solution 1T Solution ¥
Nickel source NiSO,-7H,0 25g/L NiSO,-7H,0 25g/L
Reducing agent NaPH,0,-H,0 25g/L NaPH,0,-H,0 25g/L.
Complexing agent NaC,H30,-H,0 5g/L NayCeHs0; - 2H,0 50g/L
Buffer H;BO; 15g/L H3;BO, 10g/L
Others - - NaCl 5g/L
Stabilizer (NH,),SO, 2.5g/L - -
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2) gl 2E-J A o)el(Catalyst and Ac-

celerator)

@® PdCl, 0.5g3} SnCl, 25g& H4F 300mLe]} ¥
& ¥ FTHTE 1000mLE WE LA 60T A
52 A3

@ FAHE0%)N F2dA 287 A

3) ¥4 3}(Activation)

PdCl, 1g& 94 10mLa Y& F Z§4=2
1000mLE =HE §do] F20M 527 A

AL FR A =Fde 2P F =&
Z271g AN a9 e =7 $E9 A=
E89ue FAFAAE0A(SEM)e 2 xALEY
. vlolzg FZE AFE 9% B=& thick
PR(PMER P LA-900)& Al&3te A Fslgon
Fig. 19 Yetd &AM 2 vlojaz T+2E8L Ax3
At £ nlolazg FRE Axe HF AL
7] A8 &= A9 FEE WHAIHA
A8 =58 FYssch

3. A &1
1 21 =39 MY

AEAYE A7 dA g@A4d3 de 4
ot gdsl, Mgl a-ddeolE, g3z |
A71H A~ ety T, #8, €%9, PCBY
Ao FAs =Feo ARE Yoy =g F
3 A & sodium pyrophosphate®} sodium citrate®
WA A HsiAe dageg BAHNJew A
Table 2] ettt o2 71X M 2ds] =39
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Develop
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I: PR Strip o

Fig. 1. Flow chart of micro-structure fabrication
process.
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Ot =8 H1u d&4 498 S4dd £58
Y e 7 RE JdellL Ax £FL HY
o 48 93y d4¥E FosA Rie Ly
€ 7HAE Ae JEE x& Yo &F o]
FAHA ¥e A$E Jehdn

32 T W9 ME

2 A7 EHL njojag F2E ARJ Yo
o LT AdEr] g8 o8 24 =FY
ol o] =F& &AMt Sodium acetateE 23}
Az L3 TFYL 50Co)ddM EF ¥hgo]
dojrix] @kgkomw potassium sodium tartrateE
A2 AR ZFdA A= 70T E A =F
Hhg-o] dojurx] @gkrt. 28} sodium citrates}
sodium pyrophosphate® X342 A} &3 =29
AME el 27l EFufytgo] doju Aol
E=FEden ward AL FAHA HAFPF Ao
Helch

Sodium pyrophosphate &€ ¢] 7.9 pH 9.5 o3}
ANE ZFY FdEol & R HA gof A=
of A7} e sodium citrate £Hol] nHjs)
AP =7t ol gk wepM B A7 e e 7

Table 2. Selectivity of electroless nickel plating

. Substrate . . \
Solution Mothod Ti | Cu JAlumina| Glass |PCB
Activation elNe X X X
Catalyst ~
I & Accelerator 410 ~ & &
Sensitization
¢
& Activation 410 © o X
Activation Ol O X X X
Catalyst
m & Accelerator 410 © o o
Sensitization
¢ X
& Activation 410 0 a

O; Good adhesion, A ; Poor adhesion, X ; No deposi-

tion.
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Fol AAHE FAHH =FHoZ sodium citrateE
AR 2 Alge fdoz AYIHY

33 29 9%

exy BAd =7 FHA oM Fad W
F9 Yol TF L£xo B HJIdL v AA
drh 229 4gE uFsy] s 2= 407,
50T, 60T, 70, 80CE WHHAFIAt ZEHL
Sodium citrate® #H3A 2 A14H SFHL ALE
st om pHE 10002 zYsd )

258 HIAIHA =& E FT 298
Fig. 2¢] Yetflon =g&xrl 254 w2t A4
Hog ZFvlsle %S HYoh Fig. 29 JEeld
A¥ gos log(rate) vs. 1/T9 a#H=ZE 1@
¥ 7187 @& AN =5 wge 843 9
UAE& 78 4 Uk ol & Fig. 3o veiiod
aHEe] €72 HE T8 43 QA g
£ 33.6 KJ/moleo] €t

3.4 QtYXN o A&

QtA A thioureas] ¥%& 1, 2, 3, 4ppme 2 3
7tste] 2o W ZAoE #AYP e Fig 44
AR Hrll WE =E4Ed HdE JEl
t}. Thioureadl F=7} F71gd wWa =d@&Ee
Zaste A%E BYon 4ppm o] IS
o U zFo] ¢Ads A4 =AU

AAA Hrle wE UA siehg zALE] s

:LE:
r
o
5
L % % 7 %
Temperature (C)

Fig. 2. Deposition rate with temperature.

SEMe 2 sd& #Fsvh. SEM o HAng
Fig. 59l Jelliled thiouread] H7lol oz}
Z=F3Fol mAsA dAdsE Aoz BFFHACH

35 ojoja 2 Fxg9 M=

Azd =F E=E PdCl, 1000ppm&foz 5
7 84847 ¥ =F£R9 FHANA 23
=53¢ FYsigon GFAY 9EE FE thou
reag O~1lppm F7}3ct vlelaz F2EE A
#3l7] st 29 PRE dzzlde 4§ PRo)
B2 pHE 1002 zAsgoen 60Co|4L PR
E=g SAA7IEE 50T RHd =28 ¢
3 3t o}

Thiourea & 7132 €& 4%, 543%= PR
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1T

Fig. 3. The plot of log (rate) vs. 1/T.

Deposition rate (umvhr)

Thiourea (ppm)

Fig. 4. Deposition rate with thiourea concentra-
tion.
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Fig. 5. SEM micrographs of deposited nickel with an addition of thiourea. (a) No addition, (b} 1ppm, (c)

2ppm, (d) 3ppm.
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lolag FZEE Axsges 2#E Fig 69
2zt Jehdi o). Fig. 69A 2B So] wj$ #
Ad&A A Aol BE=HYew PR AL o
g =89 AL A=A gt

2 A thiourea”l lppm H7IE & A$7t +
ZEo 47 #gHe] 7 U Aoz Holy
EFEE7 =deg £E459 $49 FY H

& A5t HL2Ho) Wt 0.3~1ppm Apoldl A
H7hatd o

FAds =gol Y= AFE BEE] A8 &
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A7 =g YA 308, 2417 4414 B¢ =5
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Fig. 8. SEM micrographs of micro-structures. Substrate was activated by PdCl, 500ppm solution. (a) thi-
ourea 0.3ppm was added. (b) thiourea 0.5ppm was added. (c) thiourea 1.0ppm was added.
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Fig. 7. SEM micrographs of micro-structures with plating time. Substrate was activated by PdCl,
500ppm solution and thiourea 0.3ppm was added. (a) 30min, (b) 2hrs, (c¢) 4hrs.
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1. 48 712 2 8AE& Al&8 YYdA potassi-
um sodium tartrate2} sodium acetate®& 3}a| =z
ALg3lE =Ede 4z 70, 50C o)l E

Aol A7|Zef whgo) dojupx) Frou, sodium
citrate®} sodium pyrophosphate& #3lAlg Alg&
B EFRE G2 ME &) whgo] doju}
UAde] =&tk o]2RE H&FH| sodium
citrate®} sodium pyrophosphate’} A& ¥ 234
9€ ¢ F Utk

2. 2571 YA =F&xd vAEs 9% @
29 A9, 2345 2571 718 g 5
oz Fvisldon ol o A3 Jduix
= 33.6KJ/mole7} $ktt.

3. ¢AA 2 thioureaE H7HA EF&£E7 ZHA
HHom 4ppm ol H7F Al Ar|&u) wigo] ¢
A3 dAHAJ EF thioureaE A7 what
=8 Futel 432 MAdEE ol BRI
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4. TR =T o &3y mlojaz FEE A
% Al PR ®¥®o] Zaf BA4sHE A& LA 3o
of 3le olz B3 & Fxo EFY U9
ARA s=E HASAAAN 2HY & Ao FA
8 ZF& olgstd AxHE violaE FEREL 4
st ded =z oy FdatA 4 gstAth

7
B a4s dFgdg SA/2AT AL (No.
96-0102-10-3)o)) <& o]l Fo]How ol ZAE=
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