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Forming and Bonding Microchannels for the
Manufacture of IC Chip Heat Dissipators
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Ni Microchannels of 100um in width and 50um in depth are manufactured by employing
LIGA technology. Such LIGA-fabricated microchannels are bonded to Ni cover plates using
solid-state bonding and diffusion soldering methods. Experimental results show that a satisfactory
joint can be obtained after solid-state bonding at 1300°C for 10 hrs under 0.4 MPa pressure.
However, the surfaces of the specimens must be ground and polished before bonding, which
may result in a decrease of the microchannel depth for about 4um. In addition, the deformation
of microchannels will take place due to the high temperature creep. When the surfaces of Ni
cover plates are vapor-deposited with 3um thick In films and then bonded to the LIGA-fabricated
microchannels at 300°C for 2 hrs using the diffusion soldering method, a tensile strength of
8.1 MPa can be achieved. A lower bonding strength is obtained when the Ni cover plates are
deposited with 1um thick Sn films. In either case of diffusion soldering, a sound interface can
result. In comparison with the solid-state bonding specimens, there are fewer cavities at the
interfaces of the diffusion soldered specimens and their microchannels will not deform.
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Fig. 1 Typ|cal morphology of microchannels manufac-
tured by LIGA technology.

Fig. 2 Appearance of bumpy particles and parallel
streaks on the surfaces of the LIGA-fabricated
microchannels.
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Fig. 3 Appearance of center-line crevices at the bottom
of the LIGA-fabricated microchannels.

Fig. 4 Occurrence of recrystallization in LIGA micro-
channel specimens after annealing at 1000°C
for 10 hrs.

75—



J.M.SE., Vol. 34, No. 2 (2002)

R o3 5 RS BT - FHES LIGA
SR BN RSE NERBERNL (& 6) »
RN HAVBIMEE B8 > AR REN SR
2 RIILAE LIGA 3R 4 A TR R <13
¥ o 2 H BT SREE i i K o
EHEHE LIGA BRI R A B <
[ & Z e T E R B A MRS B B AR A
B FEREFETER LIGA B My M
FL o RIIL - B2 LE LIGA BRI 221 5
LA 1500 SR AES G5 IT I > 5 2L 1um Kz 0.3um
FLERMIIE - RILEITEIEE S - (52 7
Z BRI NESE o TR AP R LIGA /)
TERE RS D KK 4pum o HIA[EIRERE & 5¢
ARGANR F[E] RER R IE > B T ER IR
ZRESEVE > G H B R S A {5 S T 15 LU
R o R SRR A (AR RE
BB R 1300°C o KEfH] 10 /MRE > A ] #5E]

B A SR RS LIGA (8 N
AT SR LR - T S PR AT s 5
12 ([E 7b) 5 JCHE SRR R - 55

T AT 52 IBE S TRIK - F R AT N iE B 1

&

II.I'I.I|_.|.11'.|

Fig. 6 Sound edges of the LIGA microchannel speci-
mens formed naturally without cutting.

Fig. 5 Occurrence of edge defects in LIGA micro-
channel specimens after (a) diamond cutting,
and (b) discharge cutting.
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Fig. 7 Typical microtunnels created by joining a
microchannel specimen with a Ni cover plate
using solid-state bonding technology.
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Fig. 8 Severe deformation of the microtunnels induced
by the creep behavior of microchannels after
solid-state bonding at 1300°C for 10 hrs under
0.4 MPa pressure.
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Table 1. Tensile strengths (MPa) of the micro-
channel specimens bonded to Ni
cover plates at various temperatures
for 2 hrs using the diffusion soldering.

Specimens | 200°C | 250°C | 300°C | 350°C
Ni/In/Ni 4.2 6.4 8.1 7.5
Ni/Sn/Ni - 7.3 5.2 3.5

Fig. 9 Typical microtunnels created by joining a
microchannel specimen with a Ni cover plate
using solid-liquid interdiffusion bonding tech-
nology. (The Ni cover plate has been pre-
coated with a 3um thick In film.)
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Fig.10 Typical microtunnels created by joining a
microchannel specimen with a Ni cover plate
using solid-liquid interdiffusion bonding
technology. (The Ni cover plate has been pre-
coated with a 1pm thick Sn film.)
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