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Micro channel forming of ultra thin copper foil

S. W. Baek, B. Y. Joo, S. H. Rhim, S. I. Oh

Abstract
The objective of this research was to establish the size limitation of micro metal forming and analyze the formability of

foil. Flat-rolled ultra thin metallic copper foil(3 ¢#m in thickness) was used as a forming material and foil was annealed to
improve the formability at the temperature of 385C. Forming die was fabricated by using etching technique of

DRIE(deep reactive ion etching) and HNA isotropic etching. For the forming die and copper foil were vacuum packed
and the forming was conducted as applying hydrostatic pressure of 250MPa to the vacuum packed unit. We successfully
obtained the micro channels of 12~14 ym width and 9 ym depth from micro forming process we designed. We also

investigated the thickness strain distribution of foil from experiment and FE simulation result. Micro channels had a good

formability of smooth surface and size accuracy. We expect that micro metal forming technology will be applied to

production of micro parts.
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Fig. 1 A stack composed of die-workpiece-polyester
film-plastine
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(a)As rolled (b)As annealed
Fig. 2 In-plane grain structure of 3.0 ym thick copper ‘
foil
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Table 1 Fabrication process flow of Si wafer die for
micro forming

Process flow

Detail process

Cleaning

H2804 : H202(= 4 : 1) for 10 min at 120C
Rinse/Dump for 60 sec
HF : H20(=1: 10 for 10 sec

Spin dry

Spin coating

HMDS: 500 rpm (5 sec), 2500 rpm (7sec)
AZ1512:500 rpm (5 sec), 4500 rpm (35 sec)

Soft bake for 90 sec, 95°C on hot plate
Exposure UV, 67.5 m)/cif
AZ300 MIF solution : H20(= 6 : 1) (70 sec)
Development
Rinse/Dump for 60 sec
Hard bake for 90 sec, 95 Con hot plate
DRIE Depth: 9 tm
PR ashing 02 plasma, 1 hour
H2S04 : H202(=4 : 1) for 10min at 120C
. Rinse/Dump for 60 sec
PR strip
HF : H20(= 1 : 10) for 10 sec
Spin dry
Wafer dicing | Cut into square plate of 12£12 mm in size

Isotropic etch

HF : HNO3 : CH3COOH(= 3 : 5 : 3) for

several seconds

Table 2 Die dimension of Si die for micro forming(w:
width, d:depth)

Die_w12d9 Die_w14d9
[100}oriented | [100]oriented
material single crystal single crystal
silicon silicon
width(um) 12 14
depth(um) 9 9
wall angle(®) 77 77
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(a)DRIE
Fig. 3 SEM views of DRIE die and die after HNA
isotropic etching for micro forming

(b)HNA isotropic etching
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(a)Strai_ght

(c)Concentric
Fig. 4 SEM views of Si wafer die for micro forming
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Fig. 6 SEM views of 3 ym copper foil at die contacted
side
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Fig. 7 SEM views of 3 /m copper foil at plasticine
contacted side
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Arc length along deformsed chaunet ¢

(b)Thickness strain of deformed channel
Fig. 8 Sectioning image of channel and comparison of
thickness strain distributions of 3 (m copper
foil with simulation result
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