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Sensitivity of Electroplating Conditions on Young’s Modulus
of Thin Film

Sang-Hyun Kim"

ABSTRACT

Young’s modulus of electroplated nickel thin film is systematically investigated using the resonance method of
atomic force microscope. Thin layers of nickel to be measured are electroplated onto the surface of an AFM silicon
cantilever and Young’s modulus of plated nickel film is investigated as a function of process conditions such as the
plating temperature and applied current density. It is found that Young’s modulus of plated nickel thin film is as high as
that of bulk nickel at low plating temperature or low current density, but decreases with increasing plating temperature or
current density. The results imply that the plating rate increases as increasing the plating temperature or current density,
therefore, slow plating rate produces a dense plating material due to the sufficient time for nickel ions to form a dense

coating.
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Wl AlE (beam bending test), 3% A3 (resonance
method) o] AtE o] gehd AT o)HF &
3 HYEL 7143 48 FA5] Sdske W)
U Agn 53 22 AlHE ARsjor s £t
A FA4uE pulsor &ty] Wil Az} A
2 vl g FUHE g}
2 AForE MEMS F&
AE YA uwteto) sAH EARS ddEA &R
e HHE Atk o e 9xEv A
(Atomic Force Microscope)?] F-7& o] &3sle 9zt
v SERE AMgec = oure FA
F 39> (resonance frequency)s ZA 37 Ysto
7HHQ EAANE AR g3 9AdEnE
Hlo Al A F8= 7] %5 (tapping mode: QAR A <)
AEHE AFEANA e FTAFVEE e :
71%)& olR@o. FAsuA ste YA gt
BAEu e 9Er  FwHol  AJEB(electro-
plating) ‘IO E ZHZFEr olwe] oFn o FI
T35 AFd YAyl T/ WaE o]&d}
o g A7lEF FHRAEZTLE 2 34 A
FEE) gqd JAA 24, 53 @A
(Young’s modulus)& 73l WS AA )

T2 WOl AHH R

2. 5

0x
A=l
hu

U et @4AS F40) AHEEE A4
w7 gre FAFASE JBue A5 2 8

T =

Akel g Bon g Hoz XA’

1 k
27\ 0.2427 p,bhL

vac —

A7 @, © JEFHAA ] JFR F
B8 JeRn b,h, L& 47 uEne] £
7 R FdolE vehdint Eg p T TR UE,
kv 2Z 4 (spring constan)E YERTH 1A
T AFAAMY ITAFHFE ARG Azt A
& Be ojEfol WERF A (1) Ax HLd
’6‘%3] Aol

T FAFIF( @, )E FA(fuid), &
"‘%'@01]"1% F7@nAM 9 FAFIF( 0, )E o
- S39 Zo] 4A BEEL”

A
v
=

89

1
4r,(o;) 2
er (@‘j) r (@f)

o @

vac

A7V @, & Qp © FAANMY FAFHAS
9} Q Fh(quality facton)E YERJICE I, T+ 7t
zZ} f-A g4 (hydrodynamic function) I 2 %}v’%‘-%’-
(real)$} 34 %-(imaginary components)E “ERYT
o] &ro] g FAF FHL o T 58
o] itk @R FNFHS, L Q ;e A
)7 FuloA AFHE 7oz A SHY
Ak 4 ()T )T ol&3td dAFuA o
of ~2ZPAFE F7oA e FAFIgOl g

gz & gol x@AW’
k=0.1906p,6°LO, T (w,)o 3

B dFodA AMgEE 9xdud AqEne
Fde] YA wigto] HZ=Hw oo AT Yy
A3lE B¢ ¥ o] &(laminar composite beam
theory)= o] &3A T F glod o o=
xddh ?

_3E1 _3b )
+h, 4
IE 2 ( (z; -z, } @

A7\ E, & k& "”294 FE SAF
(effective Youngs modulus) 2 FAE YEN 1, z

= fhzo) om};ﬂ T vtk @79 Az
2 Jehdch z, & ZH7} ¥F(bendingy2 o
g stE 23 (resulting stress)o] 00} He fZH

9} FHS(neutural axis)yE& v|ste olw o] A=
t}g3} Zo] xPECh

ZEfZihi
SR 5
TS ©®)
14 AHgsE AAdvZ 2R As

Al
% ATH 4 et SAe Ados 44z
2 A OF @F clgsel 438 Ua wud



244

YT A58 AsE

g3AxsE T8 5 9ol
3. Algdy

£ =394 E A7) = F(electroplating) g og
AE5E YA et gdAsE 73] Yso o
BHog @Wol ASHI Y ARHUBARM;
Nanoscope IIIA of Digital Instruments)& A8k},
Fig. 1 2 A&l i@ A8s Jepdch 243
AHEEE AAE UA uto] AHFHD AadZ
(working electrode)2. 2 AHEEE AE U
73 9188 (NSC16/Si,N,: MikroMasch, USA), &
A “4tA 3 (insoluble counter electrode, platinum wire,
model CHI115: CH Instruments, Inc.), A7|1=8 &7]
(electrochemical fluid cell) 28]z ALY FFHA
(power supply)® TFAECE AZEF £ Y(plating
solutionyE W# wte} HF Al L7]o] gl YA o]
2%& ddstA GAE7] A8l all-sulfates W2 &
M AMEEG OB (225~ 400)x10 2 g/cem® o] YA
B2 A (nickel sulfate)? (30~45)x10°g/cm’ o B
AH(boric acid)Z FA} @}

Fig. 1 oA BE upo} Zo] Axdn| B9 9|
BE A7=d 8719 EviholdenE AT
Agn el Fad F 59 HY FFFA o
Agdrh oA Aol FFHA YA o)L 3
T §4% LRI} WrHoz wkgsd YA
upeto] ol o] Fol ASErh YA uiwto] g
Adn) 7 FR o & HWolnt HFH7| 8 o
BE HAF(SiN, )2 HAstn dFHe ¢ 4
vt A=A BFA(Cr/du)s AF3Go we 3

42
ofj
rlo
1
rir
jye]
=3
!
o
<
O
Hu
o F
oh
38
H
2L
ol
>
2L
b= i
)

EE AdxSe dAde] gag won Ay
AHEEE AdSe] BREe 7.85x102em? o2
2 479 34d AFE=o ue 498 AFE
A8 Ao} gt

AR Ao ER) HFE YA dgom
3 B AFo] Frsln o] BR F
AFo4 W E g 58 UA dge 9
g ojgno] FAFIF WaFe dAEvA F
oA AFeE 7|FeE 7 F don I+ 3
Z 2t 449t 459 UFE gt FAE
8§ &4 AA(surface profiler, DEKRAK)E o] &3}

90

o FAsigch. Ud wate ogdn FgHe] gy
ol HZEm ojue GAyt 7 AF ARG
AZFd g ute FAE vepdoh S3dE %
g FA9 FY(uniformity)yS BAFSH7] H5HS
vt g9 FAS sRE Y FAE A6

power supply

counter electrode

nickel solution (all-sulfate) electrachemical fluid cell
Il

Fig. 1 Schematic drawing of experiment set-up

Table 1 Comparison of measured dimensions and
resonant frequency of initial AFM cantilevers

Dimensions (um)
No. L b h wy(kHz)
Al 230.5 39.75 6.645 166.69
A2 232.5 40.35 6.610 163.19
Bl 232.0 39.10 6.690 167.89
B2 229.2 4145 6.550 160.40
Cl1 230.1 40.15 6.550 166.05
C2 227.5 40.20 6.505 167.11
D1 234.5 39.50 6.650 163.50
D2 2275 40.25 6.615 169.70
El 230.5 40.03 6.595 166.61
E2 234.0 39.50 6.685 166.45
Fl 228.5 40.23 6.630 169.26
F2 231.0 40.12 6.620 167.44
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Table 1 o) EHHUT AP Fule FA AAR
v] 7 (Scanning Electronic Microscope, ESEM-E3)& Al
43tom ZA4 9= snmolth

~ inlet tube

(b)
Fig. 2 (a) Experimental set-up picture (b) AFM,
electrochemical cell and electrodes
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Table 2 Applied current density and allowed plating time
per step of each sample cantilever

No. Current Derzlsity Plating Time per
(mA/cm®) Step (second)
Al, A2 8.6 90
B1, B2 17.2 45
C1,C2 344 225
D1,D2 51.6 15
El, E2 68.8 11.25
F1,F2 86.0 9

12 A9 Q2R gt HZ A e
uA dete] BAE SA5Ach 44
Ao #d3E Ast] 2 LR FH A
FA% g 3 ARl
g A "t FAE 238 Aozt JAA
O Aol 4.6% olstAh =’ 7 HAA A0l A
doluage] FAE 2.0% 05 AL TE UE
et Fig 3 & A%257F 40°CE 9 &4 A%
@AdlA SR U dete) $ FAE debad

IS

and O{N,

"
g TR
(o N

)

1z

ofj

Bz Uz wete] TR 43 Azl FAEs
= 288 &+ 9Tk AF o2yl ds5w
wpube] ASEL Aol wheh SASAW Aol
A =39 g 239 Aozt don ok &
4 o] oAt AA 4 swRol HgE 43
Azte) Aolz skl AP & Aok B
Agex e FAFHEG BATE A3
Azbo) obd AZHE wtel TA FFg W]
W FA AE Ao] o@ wue) B3 T



23R EIAYTGHA A25W A8 %

Table 3 Resonant frequencies and spring constants of plated cantilevers (T =40 °C, o, :kHz, k:N/m)

1% step 2" step 3" step 4" step 5% step

No. 2 k @ k @ k O k 2 k

Al 166.03 47.68 168.60 55.26 169.77 62.10 172.25 70.52 174.88 78.83
A2 16226 46.73 164.88 53.95 166.37 60.94 169.21 69.35 171.22 76.84
B1 165.14 46.77 166.75 5332 168.02 60.24 171.37 68.85 174.09 77.52
B2  164.30 48.26 165.54 54.89 167.91 63.02 169.26 69.80 171.86 77.93
Ci 162.11 45.84 163.44 5230 165.12 58.78 166.03 64.88 167.79 72.52
C2 164.17 46.40 165.41 52.67 166.76 59.40 168.64 66.37 170.68 74.23
D1 158.04 44.01 157.90 49.06 159.02 54.83 159.87 61.12 161.63 67.89
D2 166.47 47.96 167.01 54.06 167.92 60.20 168.77 66.55 171.73 74.26
El 160.37 44.43 158.66 48.68 158.14 54.08 159.18 60.36 160.96 64.63
E2  158.41 43.65 157.25 48.24 156.66 53.44 156.53 58.90 157.04 63.99
F1 162.11 45.53 158.90 48.87 157.11 53.10 156.25 57.26 154.21 61.19
F2  157.81 43.67 154.83 46.99 152.40 50.76 151.00 55.02 149.94 58.92

total plated nickel thickness (im)

2 3
plating step

Fig. 3 Total plated nickel thickness of each cantilever
during plating step (7 =40 °C)
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Fig. 4 Young’s modulus of electroplated Ni thin films as a
function of the applied current density plated at
T=40°C
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T=40°C

Table 4 The measured Young’s modulus of nickel in the

literature
method Young’s modulus (GPa) (mA/cm?)
tensile test’ 92
nano 93
beam bending’ 85~ 205
resonance® 131~ 156

43 284N sl (Uncertainty Analysis)
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Table 5 Relative uncertainty of each parameter

No. u nomina relative

1 uncertainty
T/NEE 0.004 1.1845 0.34 %
7134 0.006 1.1866 0.32%
A F o 1~2 170 ~1.0%
Qg Yol 0.05 40 0.125 %
oy Yol 0.05 230 0.022 %
Q # 143 %
Reynolds= 1.13%
FA g 0.0034  0.5719 0.59 %
2T 2.56 %
e Al 421%
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