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® FElectroPolishing

— Improve morphology, chemical composition
and corrosion resistance.

® Electrochemical Micro-Machining
— Fabricate meso/micro scale features.
® FElectroChemical Mechanical Polishing

— Increased flatness, roughness and surface
properties.

® Electrolytic surface roughening
- Improve morphology, roughen.
® Electro plating
- surface coating.
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® A current passes from the anode, where metal
on the surface is oxidized and dissolved in the
electrolyte, to the cathode. At the cathode, a
reduction reaction occurs, which produces H2.
Reversal of electroplating process.

Anodic dissolution.

Consumes water only, theoretically.

Zero stress.

No degradation of the anode electrode.
Smooth surface.

No Burr.

_electmlyte

Oxide |
film — h}fdmg-:n gas .;.
"- ' H,O -2 H* + OH"

1
1
annd cathode . M+ +n(OH") - M(OH),, i

oxygen gas : | 2H+2e > H, ]
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Electrochemical Micro Machining (EMM)
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® Electrochemical Micro-Machining (EMM )
deals with meso/micro scale features.

® Anodic dissolution of conductive workpiece.

® Multi-physics of electric field, flow field and
chemical reaction.

Feed in

electrolyte

Inter-

electrode Anode

(Workpiece)

Gap k3 - ;i‘ii"‘: =
—"I H Overcut |

=
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Die Sinking :

10 EMM

athode tool

Photo masking




/ﬁfﬁ\
(ETa ) AAT A/ L Y W8 R
"‘i:*x,-,,-f"’“““m"""'"' s

o v & chip B Bl 42- ECMP

ElectroChemical Mechanical Polishing (ECMP)

® Mechanical polishing enhanced by electrochemical reaction on surface.

® Metallic surface layer is transformed into M(OH),.
® M(OH), 1s brittle and loose, can be polished more efficiently.

® CMP for Si wafer vs. ECMP for metals.
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® Improve polishing efficiency 5X Optical Microscope (X 50)
® Improve polishing effectiveness 2X - -

Roaghnes profile & Wavines prefile, & dassian Filtar, cudoff 00025 mm

e

sslaﬂfsslsaﬁ 3

I Boughmem protile & Wawnes protde. Gaussan Fifler. cutor 008 gm

BhEBEoaua b

After ECMP : Ra 0.02um
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ElectroChemicalPolishing (EP)

@® Smoothing through higher electric
distribution at peaks.

® Selective dissolution in viscous layer.
® Crrich passivation layer.

electrolyte surface ) )
| Passivation
Viscol r ' | ayer
Substrate--metal 3 electrolyte suﬂy/
Suhstrate--metal

Substrate--metal
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) CADICARICAM, =14, 11"
o

20pm After polishing
(EP processed) Modified:

Morphology: e Cr/Fe from 0.24:1 -> 1.6:1
e Uniform corrosion from 0.095 -> 0.021 (mmpy)

e R, from 0.14um ->0.02pm
e R, from 1.3um ->0.22um 11
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The current product design trends of "light, thin, short, and small*, It
necessitates the development of micro-technologies such as micro-machining,
micro-ECM, micro-EDM, laser beam machining, photo-etching, and EBM, etc.

Micro-structures such as micro holes, fine grooves, micro channels and micro surface
texture are essential geometrical profile for micro-components.

® Micro cylindricity hole ®:1.5mm L:5mm
® Cylindricity spec. 1 um
® Concentricity spec. 5 um

J:_
R

1.5mm

( ECM Broaching ) ( ECM broaching process )

A

A 4
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® Simulation by COMSOL Multi-Physics
— AC/DC
— Acoustics
— Chemical species transports
— Fluid Flow
— Heat transfer
— Structural Mechanics

® Pre screening by electrolyte temperature
— Joule heating model
— Laminar flow model

® Tool design and process parameter simulation
— Cathode tool

— Voltage, fluid pressure, process time

® Machining profile simulation
— Cylindricity of front sectional profile
— Concentricity of cross sectional profile

Cathode tools

44
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® Simulation by COMSOL
— AC/DC
— Fluid Flow
— Heat transfer
— Structural deform

® Conditions:
— Pressure:100 Pa and 10,000 Pa
— Voltage: 8 Vand 15V
— Time: 300 sec.

® FEM Model

Cathpde tooll

Kymmelry b
* Cathode tool-

® Material property:
Electrolyte Cathode tool &
15%Na,NO;(aq) Workpiece (SS304)
Density
(ke/m?) 1050 8000
Specific heat
(I/ke.K) 4200 500
Thermal conductivity q
(W/m.K) 0.0015T+0.1689 6.7422+0.2865T
Electic Conductivity K=9.496[1+0.08(T-T,)] 1.38x106
(S/m) ; T;=293.15K '
Viscosity
(Pas) 0.001

: ___ Outbetchanne] |

of electrolyie. |
Backend of outler|
channe|

S A

oy

workpiece

45
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Pre-Screening by electrothermal effect - Thermal filed effect analysis

® The sharp edges cause high current density

areas and high temperatures.
= Streamline: current density; Color: temperature. @

| & 110.7

® The cathode tool A and D are chosen for the

110

advanced simulation of inner cylindricity — N
.. 4.5 j .
and concentricity because of the lower | 5
A ’
. | =T W
temperature electrolytic. et , ,.'- | § &
High current density ll | | |
3.5 F".‘, I.. .I‘. s ] '. ——— ] v 4 70
The highest temperature on 6 cathode tools under different conditions & High temperatureae | S
3 | '_'I"l ./, ... | I , GO
Applied voltage LY 15V I,r) S
/ - 50
Electrolyte forced convection flow forced convection flow &3 £ - - . 40
Cathode Tool Mo pressure 100 Pa 10,000 Pa Mo pressure 100 Pa 10,000 Pa P \, .
A 30
A H076C | 8319T | 6801°C | 189197 | 15972°C | 139.57°C \
i i b 1
B 117.73°C | 10874°C | 99.94C | 207.39°C | 18894°C | 182.22°C E Gl e o 3 LS - WIRRCTw
C 12194 | 1o1a1 | 1o7cen | 208077 | oozesT | 18781 Current density and temperature distributions on cathode tool A
D 95.82°C 8166 | 7343C | 163.64°C | 145197 | 139.63C
E 123.187C | 122.92°C | 11689°C | 210387 | 209.92°C | 204.01C
F 1071C | 10838C | 97.17°C | 189.24°C | 19851 | 171.73°C
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Simulation of Front section profile (cylindricity) by A and D cathode tool

Front section profile

‘ e TN ® Tool A and D are chosen
e | . to anaylze on cylindricity
o E | and concentricity.
_ ® Feed rate of tool:
* ey Bt 0.1 mm/s.
Stream line: clectrical lines; color: current den '\-'il}'[.-'h'll'lli . Stream line: electrical lines: color: current density{ ASoe § .
ey s - <o @ Process time 61 sec.
T N- Tool D : 3
3 ighest current I
ity distribution |~
1 Y EETREEOR T @ Tool A can produce better
204X 107 AL cylindricity than tool D
Iu 2 [ri et ¢ . )
. tool D . because it can provide an
‘ ' more uniform distribution
TR T o e e O e . 1 ofcurrent density than D.

Electrical field distribution in the ECM system by cathode tools Aand D of 15V
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In order to reduce the protrusions, the simulation was Simulation Conditions :
carried out. ® Feeding rate:

— Constant feed rate 0.1mm/s

53 e e T 53 4 TR
' g — 2 staged feed rate
Moving speed : : _ :
‘1 |Cathode Tool D o 4 Moving speed ; 2/3 distance, 0.1mm/s
: 0.1 mm/s — 1/3 distance, 0.066 mm/s
3 34 1 mm/s
: Bearing E | Bearing Simulation results:
> 2 > 2] T
' Skow down moving speed o cathode tool by 13 ® As the feed rate slowed down,
i " g wAo MmyS the dissolution volume increased.
: ‘ ® The inner surface isn’t smooth.
03 s L dER T NIE 3 AEPpre B e . .
TR R e————— @ ¥arying feed rate isn’t a good
084 086 o0& O oM oOM 0% O0m  0& 084 Q&6 0B OM 072 07 Q6 Q78 QB0 . .
g . method to improve the mner
{mm) X(mm)

surface profile.
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cathode tooNA
Inner surface/
L
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Ximm

Inner wall profile of bearing after ECM of 15V
with stationary cylindrical cathode.

Use a cylindrical cathode with
good cylindricity

High current density areas won’t
transfer from blade to corner

Provide uniform etching rate on
the inner surface

Process time 30 sec.

Get a smoother inner surface
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The comparison of Oyoq) and O by three

E 4.8 mun. & .
‘A different cathode tools
| Cathode | TodlA(0.lmm's) TeolD(C.. mms) | ToclA(D.066mm's) | Cylincrical
O | 507x103  503x107 | 105x107! | 512x 107
Ttotal 0 qin Oraim(om) | 134x 107 188x107 | 573 x 107 | 489x 107
5mm 7
® The 0 pain Of tool D is worse than tool A.
® Reducing feed rate doesn’t improve the final
i i: (0.2 mm g I surface.
— ; @® The profile cylindrical cathode tool
improves the standard deviation of
*  Ototal * the standard deviation of inner diameter cylindricity by 4 to 10 times comparing to
of whole bearing tools A and D.
*  Opain + the standard deviation of inner . . . .
diameter of main portion of bearing @ The cylindrical cathode is a better choice to

improve the inner cylindricity.
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The cross-section of workpiece

b

Inner hole

® Out of roundness 20 pm between
the X and Y direction

® Rotating cathode tool

® Working Gap:
0.2 mm and 0.05 mm

Mn] n«r\a1 Ia Y /hf\“f\f\““'“‘ﬂ n-:4-v 7\
lial 1101110 ( CULICCLIUICILY )
gap 0.2mm
electrolyte |
'\. workpiece
gap 0.05mm |
r"- Fas o/ electrolyte 1
(i W — |
2 workpiﬁ

Different gaps between electrode and workpiece
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® Beginning of ECM

— The electrode gap in the Y direction is smaller than the electrode gape in X direction
— Higher current density distribution occurs in Y direction

— Material current density isn’t uniform
® After 120 seconds

— The inter-electrode gap enlarges and becomes even

— The current density distribution is more uniform

Time = 0 sex s current density distribution (Am') Tk Time = 180 sec : current densty distribation {4/m')

L2
1. CM 120 sec.

L]

Cylindrical Electrode

A2l S A6 AL 02 B 0 B4 D 0K LD T4isue’ L AL BE ALk -1|.4 B2 0 02 04 L6 B LB ¥aams

Current density distribution before and after ECM process with cylinder cathode tool.
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Effects of process parameters on Concentricity

® Linecarly proportional relationship
e e o] ' between dissolved thickness and
"""" ' 3 time in large gap
® [n simulation of 0.2mm gap, it
would takes more than 180 sec. to
reach the value of concentricity

Gap 0.2mm ; 8V Gap 0.05mm ; 8V

spec 5 pm.
Gap 0.2 ; 15V . . .
R ® In simulation of 0.05mm gap, it
SRS takes only 65 sec and 114 sec to
:I|I LI . - : raalizn ~rAanrantrictty crinr S 111 iy
I e -— % _ 1vallzve L/Ull\./CllLllUlL-y DPCU. J Hlll Uy
"""" ] »: : 8V and 15V respectively.

g e ® Smaller gap has high dissolution
263 y EXErre rate , large gap would be better in
controlling the dissolution

tricit 1ssolved thi '
Concentricity and dissolved thickness change thickness.

with different voltage and time
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® From the simulation of electrothermal effect coupled with dynamical flow,
we selected cathode tools A&D because they generated lower electrolytic
temperatures.

® In the simulation of cylindricity:

— In feeding tool system, we can’t have a fine, smooth inner surface profile aftery yECM
process because of the transformation of high current density area.

— In non-feeding tool system, the cylindrical cathode tool may provide a finer inner surface
profile and o,y under 1 pm.
® In the simulation of concentricity:

— In the simulation with 0.05 mm gap, the dissolved rate is high and easy to reach the
concentricity spec. 5 pm in shorter time.

— In the simulation with 0.2 mm gap, it may take large to reach the concentricity. But the
dissolved thickness is easy to forecast.
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