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Micro Channel Forming with Ultra Thin Metal Foil
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Abstract

Our research dealt with micro fabrication using micro forming process. The goal of the research was to
establish the limit of forming process concerning the size of forming material and formed shape. Flat-rolled
ultra thin metallic foils of pure copper(3.0 and 1.0 zm in thickness)and stainless steel(2.5 ¢ym in thickness)
were used for forming material. We obtained the various shapes of micro channels as using designed forming
process. 12~14 tm wide and 9 ¢m deep channels were made on 3.0 gm thick foil and 6 ym wide and 3 tm deep
channels were made on 1.0 zm thick foil. Si wafer die for forming was fabricated by using etching technique.
And the relation of etching time and die dimension was investigated for fabricating precisely die groove. For
the forming, die and metal foil were vacuum packed and the forming was conducted with a cold isostatic
press. The formed channels were examined in terms of their dimension, surface qualities and potential for
defects. Base on the examinations, formability of ultra thin metallic foil was also discussed. Finally, we
compared the forming result with simulation. The result of research showed that metal forming technology is
promising to produce micro parts.
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(a) As roll

(b) As annealed
Fig. 1 In-plane grain structure of 3.0 1 thick annealed
copper foil

(a) As rolle (b) As annealed
Fig. 2 In-plane grain structure of 1.0 ym thick annealed
copper foil
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(a) DRIE die (b) Die after isotropic etching

(c) Isotropically etched straight die grooves of 12 /m
wide

Fig. 3 Silicon wafer die for forming of 3 ¢/m thick foil
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(c) Cross (d) Letters
Fig. 4 Various shapes of silicon wafer die for forming
of 3 /m thick foil
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(b) Die dimension changes after isotropic etching
Fig. 5 Die dimension changes after isotropic etching
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Table 1 Dimensions of silicon wafer dies for forming of
3.0 ¢m thick foil

DSi,iso'W12d9 DSi,iso'WI4d9

Single crystal Single crystal

Die material silicon ([100]- | silicon ([100]-
orientation orientation

» 8 tm wide 10 ym wide and
Initial geometry
and 9 ¢m deep 9 (m deep
Die width, W(um) 12 14
Die depth, H(an) 9 9
Wall angle,© (" ) 77 77
Fillet radius, R, (zm) 3 3

Table 2 Dimensions of silicon wafer die for forming of
1.0 ¢ thick foil

DSi,iso'W6d3

Single crystal silicon ([100]-

Die material X .
orientation

Initial geometry 3 tm wide and 4 ¢m deep

Die width, W(um) 5.6
Die depth, H(um) 32
Wall angle,© (" ) 77
Fillet radius, R, (4m) 1.5
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Fig. 6 Schematic diagram of micro channel forming
process

(c) Cold lsostatlc press
Fig. 7 Equipments for forming process
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(e) Letters
Fig. 8 Micro channels made on copper foil of 3.0 /m in
thickness(viewed at the die contacted side of foil)
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(c) Cross
Fig. 9 Micro channels made on copper foil of 3.0 ¢m in

thickness(viewed at the plasticine contacted side
of foil) .
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(a) Straight
Fig. 10 Micro channels made on copper foil of 1.0 zm in
thickness(viewed at the die contacted side of foil)

(b) Cross
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(b) Cross
Fig. 11 Micro channels made on AISI304 foil of 2.5 /m

in thickness(viewed at the die contacted side of
foil)

(b) Copper foil of 1 /m

o

(c) AISI 304 foil of 2.5 tm

Fig. 12 Enlarged views of straight channels(viewed at
the die contacted side of foil)
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Fig. 14 Merged images of sectloned channels made on
AISI304 foil of 2.5 gm in thickness and die
grooves
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Fig. 13 Thickness strain distributions of straight

channels made on copper foil of 3.0 im in ¢ 100
thickness
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(a) u=0.5 at die wall (b) u=0.6 at die wall
Fig. 17 Simulation results: forming of straight channels
made on copper foil of 3.0 um in thickness

(b)At side surface

(a)At top surface

(c) Foil tearing

Fig. 18 Defects found on channel surface
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