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Study on RFID chip flip bonding to flex substrate using non-conductive film

BT L
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The purpose of this study is to develop the process of
thermosonic flip-chip bonding onto the flex substrate

CLEEAE P

using non-conductive paste (NCP) for radio frequency
identification system (RFID). Effects of thermosonic
flip-chip bonding parameters including ultrasonic power,
bonding force, and curing temperature and curing time
of non-conductive paste were investigated.

According with analytical results of DSC, a
predicted model to determine the curing temperature and
curing time for the non-conductive paste was proposed.
The experimental results indicate that the ultrasonic
power play an important role in removing partly NCP on
flex substrate during bonding process, so that gold stud
bump directly bonded on copper electrode to from an
electrical path between the silicon chip and flex substrate.
Increasing ultrasonic power results in metallurgical
bonding between gold stud bumps and copper electrodes,
bonding strength was thus promoted significantly.
Improving curing temperature resulted in bonding
strength increased, because the non-conductive paste was
cured completely. No significantly increase in bonding
strength for extending the curing time of non-conductive
paste. Bonding strength decreased with an exceeding
bonding force, which caused insufficient filling of NCP
paste between the Cu chip and flex substrate. An
adequate processing parameters can be obtained for chip
with gold stud bumps thermosonic bonding to flex
substrates with NCP as 14.46 W in ultrasonic power, 500
gf in bonding force, 140 °C in curing temperature, 40 sec
in curing time and 200°C in preheating temperature.

A thermosonic flip-chip process for gold stud bumps
onto flex substrates with NCP has been developed
successfully. This scheme has great potential to be
applied in RFID, TFT-LCD drive IC packaging.

Keywords : Thermosonic flip-chip bonding process,
flex substrate, non-conductive paste (NCP), RFID.
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Fig. 1. An analytical DSC spectrum for a fresh
non-conductive paste.




120.00°C
100.00°C

Log Z 181 +i- 0.56 thmin

90.00°C

Exo up

Fig. 2. The relationships among the curing percentage, curing
temperature and curing time for a non-conductive paste
according with DSC analytical result.
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Fig. 3. The relationship between the fluidity and curing
temperature for a non-conductive paste.

Fig. 4. SEM micrographs show (a) cross-section of the
chip bonded on the flex substrate, (b) the voids formed
between the chip and the flex substrate.

Fig. 5. SEM micrographs show (a) cross-section of the chip
bonded on the flex substrate, (b) a bump bonded on the flex
substrate without defects.

Fig. 6. SEM micrographs show (a) cross-section of the chip
bonded on the flex substrate without using ultrasonic power,
(b) the non-conductive paste was not removed by ultrasonic
during bonding.

Fig. 7. SEM micrographs show (a) cross-section of the chip
bonded on the flex substrate using 14.46 W in ultrasonic
power, (b) the non-conductive paste was removed by
ultrasonic power during bonding.
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Fig. 8. The relationship between bonding strength and

ultrasonic power for a chip onto the flex substrate.

Bonding parameters were 500 gf in bonding force, 40 s

in curing time, 140°C in curing temperature, and

ultrasonic powers were varied from 0 W to 17.62 W.
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Fig. 13. The analytical DSC
spectra for the non-conductive
pastes cured at different
temperatures, (a) 120°C, (b)
140°C, (c) 180°C.
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Fig. 14. Field emission Auger area mapping at the surface
of flex substrate after peeling test. The bonding parameters
were 500 gf in bonding force, 40 s in curing time, 140°C in
curing temperature, and 0 W in ultrasonic powers, (a)
SEM micrograph, (b) Cu mapping, (c) Au mapping.

1] o
X (Hm)

0

20 40 60 a0 oo 120
I (M)

Fig. 15. Field emission Auger area mapping at the surface of
flex substrate after peeling test. The bonding parameters were
500 gf in bonding force, 40 s in curing time, 140°C in curing
temperature, and 14.46 W in ultrasonic powers, (a) SEM
micrograph, (b) Cu mapping, (c) Au mapping.



