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Effect of Electropolishing on Surface Quality of Stamped Leadframe
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Abstract: The effect of electropolishing for stamped leadframe on the removal of the edge burr and
residual stress relicf was examined. The present study showed that the electropolishing could be used for
enhanced surface quality of stamped leadframes. The electropolishing was performed at the condition of
60% phosphoric acid electrolyte, 5 ampere of current and 3 cm electrode gap at 70°C for 2 minutes for
Alloy42 type leadframe, and 50°C for 1.5 minutes for C-194 type leadframe. The FWHM values from
X-ray diffraction showed that residual stress of electropolished leadframe recovered to the level of as-
received raw materials and surface roughness measured by using AFM turned out to be improved by 0.079
um and 0.014 pum (Ry) for alloy 42 and C-194 type leadframes, respectively. The plated thickness
using XRF showed the improved uniformity in thickness variation by 0.4~0.5 um and grain growth,
which is favorable for interface adhesion, was also observed from the bake test samples. We could certify
dimensional stability of leadframe with inspection by means of 3D-topography and hardness
measurements.
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Table 1. Chemical compositionons and mechanical properties of leadframe materials

* Alloy42
Chemical composition C Si P S Ni Cr Co Al Fe
Specification (%) 0.02 0.3 0.8 0.025 | 0.025 | 42.0 0.1 0.5 0.1 Bal.
Hardness (HV) Tensile strength Elongation
210~230 620~ 750 N/mm? min. 8%
* C-194
Chemical composition Zn Fe . P Cu
Specification (%) 0.05~0.2 2.1~26 0.015~0.15 Bal.
Hardness(HV) Tensile Strength Elongation
140~ 155 49~ 53 Kgf/mm® min. 4%

vlolzg Ax; & #7)48tEA] A7d A3E (2000)
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Fig. 1. A schematic diagram of experimental procedures.
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Fig. 2. A schematic diagram of electropolishing experi-
mental set-up.

Table 2. Experimental conditions for electropolishing
Alloy42 (2.24 cm?)
C-194 (2.12 ecm?)

Work Piece (Area)

Electrolyte H;PO, (60%)
Electrode (Area) 98%-Copper Alloy (14.57 cm?)
Electrode Gap 3.0 cm

Constant Current Value 5A
Temperature(C194/Alloy42) 50/70+5°C

Time 30~180 sec
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Fig. 3. Characteristic voltage-current density curve of
leadframe duing electropolishing, (a) Alloy42 and
(b) C-194.
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(a)

(c)

(b

Fig. 5. Scanning electron micrographs of leadframes, Alloy42 type leadframe (a) as-stamped and (b) after electropolishing,
C-194 type leadframe (c) as-stamped and (d) after electropolishing.
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Table 3. Microroughness of leadframes before and after
electropolishing

(unit: pum)
Spec.
Rpmax Ra Rims
raw materials 0.1 0.085 0.106
Alloy42 ]
as-clectropolished 0.063  0.079
raw materials 0.8 0.624  0.780
C-194
as-clectropolished 0.016  0.014

Microelectronics & Packaging Society Vol. 7, No. 3 (2000)
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Fig. 6. Atomic force microscope topography of leadframes, Alloy42 (a) raw materials and (b) after electropolishing C-

194 (a) raw materials and (d) after electropolishing.
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Table 4. X-ray diffraction analysis data

Aol vz Asjdrt a3 51

Elastic Diffraction angle (28) Strain (g) Residual stress (o)
modulus
(GPa) Raw materials as-stamped  after EP.  as-stamped  after EP.  as-stamped after E.P.
50.7182 50.8382 50.7582 -1.6514 -1.5714 -257.62 -247.11
Alloyd2 156
74.6342 74.6742 74.5942 —-1.5840 —1.5040 —245.14 —234.63
50.4782 50.5182 50.3583 -1.5712 -1.4113 —-189.64 -170.343
C194 120.7
74.1543 74.1143 74.1143 —1.5038 -1.5038 -181.51 —181.51
Table 5. Full width at half maximum intensity
Alloy42 leadframe (unit:26)
* Alloy42 type leadframe
Diffraction degree 50.72 74.63
> raw materials 0410 0.385
é (a) stamped leadframe 0.623 0.483
electropolished leadframe 0.442 0.339
o (b)
— * C-194 type leadframe
L el Diffraction degree 50.48 74.15
raw materials 0.319 0.444
stamped leadframe 0.383 0.498
C-194 leadframe electropolished leadframe 0.316 0.440

Intensity

(b)

(c)

50 04 50 52 5100 7347 7395 7443 74 91
Diftraction angle, 28(deg.)

Fig. 7. X-ray diffraction spectra of Alloy42 and C-194
stamped leadframe, (a) raw materials, (b) as-
stamped and (c) as-electropolished surface.

A& 4 ok 8 Table 59 YERA ¥h71E9] Wt
£ 5 A Antie] - A vhrpEo] Al vzt
o 7HHA B EHE RS G o, gukgo =
A5 Bade S8l 4 A5 XA FH 7] ws)
£ glo] Sld 9] Zo] YolXle Aoz d#A UL
229 A AvtE S HH N7bEe 382 A5y
FL AXEAM B SHAZFO] I~5um PJ=9] B
AAnE S8 AAHASS A=A g}

Table 6= Y 27004 =& o] o] Foj3 =
Z2H YY) A SFFA AL Ha4 Axgk

Table 6. Plating thicknesses of stamped leadframes before
and after electropolishing

(unit: um)
Average Deviation

non-electropolishing 5.45 0.51
Alloy42

electropolishing 6.13 0.47

non-electropolishing 5.66 0.42
C194 .

electropolishing 5.78 0.37

o2 Uehd Zolt. AslAntEe) 3T B}
HeldntE ARA) e Aol vla) Tk e g 7
LEERER EREERNEDER S B

FHE AL AFFH AR E 2 7EH = ST
2rg=s o
N -L-11T o0&

&5 Arke PEe S ok 4
A

o 23 &do|(Ag lump), 2 ¥ (contamination), H Y
(discoloration), AF8}Hoxidation), =F5 3 (nodule)s F
S EFEF) QAEAAN F=IELH F

= AzkEep)
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Table 7. Adhesion force of polyimide tape on Alloy42
leadframe before and after electropolishing
(unit:gf)

Ave.

Measuring data

nom 1662 151.1 175.6 1952 177.6 173.1
electropolishing
as-

. 165.6 190.9 206.5 161.0 169.4 178.7
electropolished
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ulo]l AR} L #7]4 s3] A] A7 35 (2000)

(d)
Fig. 8. Scanning electron micrographs of Ag plating area, as-stamped (a) before and (b) after electropolishing, as-bake
test (c) before and (d) after electropolishing.
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Fo39 Ao 20 G a 242 Yepd
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Table 8. Changes of leadframe dimension before and after electropolishing

(a) Alloy42 type leadframe

(unit: mm)

Item Spec. As-stamped After-electropolishing
Frame Thickness 0.127£0.0076 0.1274 0.1237
Frame Length 187.55410.1 187.5562 187.5541
Frame Width 30.734£0.051 30.7397 30.7371
Ext'l Lead Width 0.356+:0.025 0.3557 0.3485
Int'l Lead Width min. 0.149 162.7292 162.7268
Int'l Lead Space min. 0.08 0.1251 0.1224
Dambar Width 0.2031+0.051 0.2302 0.2266
Hole to Hole 17.78 £0.051 17.7843 17.7805
Hole Diameter 1.524+0.025 1.5130 1.5126
(b) C-194 type leadframe (unit: mm)
Item Spec. As-stamped After electropolishing
Frame Thickness 0.254+0.0076 0.2540 0.2514
Frame Length 196.59610.127 196.7621 196.7606
Frame Width 24.638%0.050 24.6458 24.6433
Pad Size 3.556%0.050 3.5679 3.5676
Ext’l Lead Width 0.4572£0.050 0.4220 0.4186
Int’l Lead Width min. (.24384 0.2839 0.2829
Int’l Lead Space min. 0.101 0.1619 0.1616
Dambar Width 0.5588+0.050 0.5512 0.5483
Hole Diameter 1.524+0.025 1.5158 1.5122
Table 9. Hardness of Alloy42 and C-194 leadframe surface before and after electropolishing
(unit:HV)
Measuring data Ave.
Alloy42 Raw materials 211.3 2194 223.6 215.6 220.0 218.0
as-electropolished 210.9 211.4 226.8 210.8 2155 215.1
Raw materials 151.7 153.1 1435 141.6 146.0 147.2
C-194 as-clectropolished 1523 152.8 152.0 141.5 142.9 148.3
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