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Measurements of the Mechanical Properties of Electroplated Gold Microstructure

HER - &EAEHE-RHRET
(Chang-Wong Baek * Yong-Kweon Kim * Yoomin Ahn)

Abstract - Mechanical properties of electroplated gold microstructures were determined from the micromachined beam
structures. Cantilever and bridge beam structures of different length were fabricated by electroplating-surface
micromachining technique, which is specially designed to realize an anchor structure close to an ideal fixed-boundary
condition. Fabricated beams were electrostatically excited and their resonance frequencies were measured by optical
system composed of laser displacement meter with dynamic signal analyzer. Young’s modulus and mean residual stress
were calculated from the measured frequencies of microbeams. In addition, stress gradient was measured using

deformation of released cantilever beam structure.
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Fig. 2 Bending of the cantilever due to the internal
stress gradient

B} d¥doly June Tue wyge W FrAs}
s 983 9 Qolvez AWYY. Py e
W dolg ¢m Afeel WYL FPAA ¥ Jevle
ARY & Qow, W WY AFHA $9 2§ o
3¢ 4 ok

3. 48 4y
31 ¥ =32 ol 8¢ ololaz W 72 A

Ate wyez JiAY EA4L 337 94 T
4% 4 7 A8 =8 AL oj8sld 1¥g 33 e ¥
gie] A FFo| 715§ vlelaz ¥ FREE Az
o}, A A F-(anchor) M F3 ¥ dH59 75 HAFzhol AYE
A7bste] AAH o) o] FFE AU 4 glen, 7
T AT Aol HAEE ¥Asd TEA AUH dEg 9
A # JEEF AT Yo Z22 FA FafL HEA AL
£ A AYE mEdo 100 m=Z P, 100~
1000 pm B Fd HolE 7INE ¥ FZEEL A
At 18 4ol FE2E AFS Y% AA FHEE e
Wl (100) 42 & 719 9o HAde g a3uge ¥4y
d F AR 9 FF AFE =2F /WSS F3stn 9E
Foh(ad 4(a). 2 Sl A= @gd 9 #ByA FFE
AAE A% wte gAY 40b), Z3HE =1Y
s dAMsld 66 m FAY A4EE HAIH2Y
4c)). 8% Hdl ¥ RE =I3E AT AR e F
Z e dstn A4S Held-s QT 14 47 vlrz=
e 28 ¥ AAYE BETS AZFoH(aY 4d). o)
WA O: RIE 33202 AR E AzZsln 4z vfxzg
AbE gl 4tgiutal RIE ¥ =g stie 4stet 28 4
Aztate] AMAFHLY 4(e). o] FYS 2 RIE ¥ 8% 4
gut go EAde AFo AAVES EEFHeE AAY
4 AoH12l. e AH FTRE =L 98 3 2
29 F @4std AR 2 W Yo =3EL YA
I8 A, § EFE PFTHIE 4dg). vz =
SN ESLZ AAZN ¥ F2E HIYZE AN B9
SurA A2 Eeb2nl o) A(ashing) BAHE ALS
AASH TF s W fLREol oy

(

g R oo
o

L jo
oz fm
ofj al
tlo

o
2

silicon substrate

&
VeV, +v,, sinot
38 3 714 &Y 5% S HE8 Y 7x=29
NetE
Fig. 3 Schematic view of test beam structure for the
measurement of mechanical property
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Fig. 4 Fabrication process flow

(h) mold removal and release
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Table 1 Measured Young's modulus

averaged | deposition )
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{yam] [mA/cm?]

A 3.30 419 3H.2
B 341 2 426 35.8
C 3.34 45 374
D 405 52.3 439
E 421 4 52.1 43.8
F 4.00 488 40.1
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Table 2 Measured mean residual stress

sample ZZ:;T; o, = 01— ) 9
D mA/em? [MPa] (MPa)
A 438 73.0
B 2 441 735
C 43.7 72.8
D 40.1 66.8
E 4 41.7 69.5
F 4.1 735
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Fig. 11 Calculation example of stress gradient using

second-order least square fit (for sample A)
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Table 3 Measured stress gradient

current .
sample k mean stress gradient,
o [MPa/m]
[mA/cm’] m
419
B 2 426
C 6.23
" E 136
F 4 125
G 127

5 5% d3 @

4E Z3L A%t9 ARE HA vlojag JBR T2
29 342 I¥ Ha)st & o)A I % o
ojuf 2§ 20149t 2ol § WHe] EAe], 1Y 3 A}
Zol HWAA FHdA HF Fogd AHF 74
(clamping)€ 2& & gt g e Y 23 HE 3
€ 24 gol g 2x7t EAY 7 A 2bn e
H 9y YAo| IF &Y A& seltn VoA, IF &
g Aol oAy HAME B FE WM £4HY
o] Futs|ojof Hr} o]g Fo] FRE o 2PV 99
ol ¥4ETtH JE FA Ao A7t AT F7F Aot
olgt B FREA A% 23 2N AEE LolE] A3}
o F¥LLUEFEM) 2% T Fax HHE TR
c}.

A 7kA e FEM sido] syt A A2 19
3olM e Zo] 44 F2ER HAY e ddlA 1%



el 3F 8EE A4 Wy PR A4 A}y 2EE
oA dolzl wrEe F ¥W¥el 9 FxEB iy &Y
g TP oA Lo FFE He] A4 WY 4%
AF gdHol EastE Aol ey HHE TP
AH YL LAY HAAM B ARG B LB FA
gako g A E 7ete We 44 WY A o HAA|
A oW BgdAde] dygol AA ALY 2HE FREAN
ol Wy &S 217t 1 % ojU7t HEE 9yg
A718 2439t oA dojd FF &Y Ex:= 44
Az FA & PAHHE FF Y YYE FAHE 5
dsA FEY Fe o, JEA FHE AL 4A A
g F2E Y9 24 W¥HE Y JMgA 2EAR
Atk wa2kx] e A 7hA F 49 FEM 84 A9 E v
oz o83 YAoIHE Hour A FTZE AH
7} 3R FoFo nAe dFL 438 5 A

Mg A3 ALY T 249 YAH BHLS FAHE
$e AHEEIR ¥x "3 A8 g AMEsAG. ALl
AHEE 9E8L 82 GPa, %o¢& HlE 04, 88 FxE 40
MPa, 374 =& 220 MPa, d4&L2 05 "WEE 193
g/em® o]tH18), ¢ 82 ANL A A4S 7)A HY =
23¢¥< ABAQUSE ol&3t9t. #4 zde 19 129
Zom AAE 71 20 /A< 3344 solid 848 A&
ol quadratic 8424 FHE& 84 $2E W9 P& AY
SHAL AlAtE il AHEEL 84 FE AR BAY FS
dol wgoz 5 7, & waoz 12 A, T4 PYgog 5
MY 84, & % 300 /49 8ielxm W o] WEoz 15
N, & wgoz 4 /], FA Y¥o2 2 /9 84, F F
120 el 24F AMEsAT AA zHegE 1AL BEA
o uletdlel WMeg TAAHT

4 date] ot W Zolst HolALE G A A £
e 2{HAFF Aot AAXY, 4 37t BRFE 1 %
oJEAM WE Ao)7t glgel WEHAY wEty 2 49
o] ZAgd I¥F Y Z 24 WYl § WY AR

O8 12 MEE AR We i o4 o 2
Fig. 12 Finite element modeling of the fabricated cantilever
beam
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Table 4 Resonance frequency data of ideal Euler beam. and
actual curled beam

resonance frequency [Hz]
current density current density
beam = 2 mA/cm’ = 4 mA/cm’
length [zm] Euler curled Euler curled
beam with beam with
beam beam
stress stress
100 121585 119608, 148333.6 145343
200 30396 29490 37083.4 35884
300 13509 12977 16481.5 15816
400 7599 7255.2 9270.9 8849.5
500 4863.4 4624.7 5933.3 56475
600 33774 32025 41204 3917
700 2481.3 2347.8 3027.3 2870.7
800 1899.8 1794.5 2317.7 2196.3
900 1501 1416 1831.3 17377
1000 1215.85 1145.6 1483.3 1406

current density = 2mA/cm’
—=8— curled beam with stress
—e— guler beam

cument density = 4mA/em’
—a— curled beam with stress
~—v-— euler beam

resonant frequency {kHz]
g
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Fig. 13 Calculated resonance frequencies of curied beam
with residual stress and ideal Euler beam
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Table 4 Summary of the measured mechanical properties
of electroplated goid

current stress
density

[mA/cm’]

E, o,

[GPa] [MPa] gradient, ¢

[MPa/ ]

439+0.1 | 49%07

420+%1.2 | 129%03
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