SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

AR NI IEAINSEBIMADCURIEE @R

@A, 58X
HEEEE (#)
A,
RIRFS LA S AT 5 7R

>|_
B
=

I
i
il
S

]

Rt

mE=

&

B B
S5

https://hdl.handle.net/2324/7361473

HERIE#R : IEEJ Transactions on Sensors and Micromachines. 130 (9), pp.437-442, 2010-09-01. &
[ER
N—=2 3

HEFIEGR 0 EXRFR 2010

KYUSHU UNIVERSITY




Extended Summary

AT pp.437-442

Copper-Filled Through-Hole Electrode of a ZnS Window Material
for Sealing a Thermal Infrared Sensor

Takafumi Fukumoto Non-member (Nissan Motor Co., Ltd., ta-fukumoto@mail.nissan.co.jp)

Naoki Okamoto Non-member (Osaka Prefecture University, nokamoto@chemeng.osakafu-u.ac.jp)

Yoshimi Ohta Member (Nissan Motor Co., Ltd., ohta-yoshimi@mail.nissan.co.jp)

Yasuhiro Fukuyama Non-member (Nissan Motor Co., Ltd., ya-fukuyama@mail.nissan.co.jp)

Masaki Hirota Member (Nissan Motor Co., Ltd., m-hirota@mail.nissan.co.jp)

Kazuo Kondo Non-member (Osaka Prefecture University, kkondo@chemeng.osakafu-u.ac.jp)

Keywords : wafer level package, plate, through-hole filling, infrared, sensors

The through-hole electrode for the wafer level packaging
(WLP) was formed aiming at the lowering the cost of the infrared
sensor. As for the ZnS substrate that became the window material
of the WLP, plating was very difficult and its adhesion was so low.
However, it was succeeded in the through-hole filling because of
the new method of the direct nonelectrolyte plating. Concretely,
the blast process was performed to the ZnS substrate of Imm
thickness. Then, the through-hole with both sides tapered can be
formed, and its aspect ratio is 7. In addition, the compound
process such as the Cu substitution plating and the Ni
nonelectrolyte plating was done to the through-hole, the plating
film with the high adhesion was able to be formed also in the
through-hole uniformly. It completely filled it to the through-hole
by giving the Cu electroplating. The sample was able to confirm a
very high sealing properties measured 1.0 x 107° Pa*m’/sec or
less by He leak test. As a result, It is turned out that it is effective
to use ZnS substrate for IR window material, and the cost
reduction of the infrared camera can be possible.

Figure 1 (a) shows an atomic force microscope (AFM) image of
the ZnS substrate surface after Cu substitution plating, and Fig. 1
(b) shows the line profile. The exterior of the sample after Cu
substitution plating appeared the same. However, the AFM images
revealed that the diameter of the particles was from 20 to 100
nanometers and that they were several tens of nanometers thick.
Nanosized particles were investigated by X-ray photoelectron
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Fig. 1. AFM images of the samples after Cu immersion
plating.

spectroscopy (XPS) and were found to be copper oxide (Cu,0O).
Figure 2 (a) shows a schematic diagram of the ZnS/Cu/Ni
interface. Granular deposits of Cu species were first adsorbed on
the ZnS substrate. Then, Ni was deposited around the Cu granular
deposits and NiS was formed on the surface of ZnS by a chemical
reaction. Figure 2 (b) shows the resultant cross section when this
compound process was applied to the through-hole in the ZnS
substrate. A uniform plating film of about 15 pm to 20 um in
thickness was formed in the hole. Figure 3 shows the filling state
for different electroplating deposition times. Observation of the
cross section confirmed that the through-hole was filled
completely without any gaps.
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Fig. 2. After Ni electroless plating.
(a) Schematic diagram of ZnS/Cu/Ni interface.
(b) Cross-sectional view of through-hole.

Fig. 3. Cross-sectional view of through-hole filled by
Cu electroplating. Deposition time: (a) 3 hr, (b) 9 hr, and
(c) 18 hr.
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The through-hole electrode for the wafer level package (WLP) was formed with the aim of lowering the cost of infrared

sensors. It has been difficult to plate a ZnS substrate for use as the window material of WLPs because of low adhesion. However,

through-hole filling was successfully accomplished in this work by applying a newly developed method of direct nonelectrolyte
plating. Concretely, a blast cleaning process was performed on a ZnS substrate of 1 mm thickness. Then, a through-hole with both

sides tapered was formed with an aspect ratio of 7. A compound process of Cu substitution plating and Ni nonelectrolyte plating

was applied to the through-hole, forming a uniform plating film with high adhesion in the hole. Finally, the through-hole was

completely filled by Cu electroplating. A He leak test confirmed that the sample had high sealing properties, with a measured leak

rate of 1.0 x 107'°Pa~m’/sec or less. The results showed that a ZnS substrate can be used effectively for IR window material,

making it possible to reduce the cost of infrared cameras.
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Fig. 1. Structure of wafer level package for infrared sensor.
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Fig. 2. Schematic procedure of through-hole filling.
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Fig. 3. Through-hole ZnS Via.

(a) Top view.  (b) Cross-sectional view.
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Table 1. Cu immersion plating bath condition.

CuSO,*5H,0 0.5~1.0 mol/L
H,SO, 1.0~2.0 mol/L
Temperature Room temperature
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Fig. 4. AFM images of the samples after Cu immersion

plating, (a) Map profile of surface. (b) Line profile of surface.
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Fig. 5. XPS sprctra after the surface of ZnS substrate is
plated with Cu.
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Table 2.  Ni electroless plating bath condition.
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Fig. 6. Schematic diagram of ZnS/Cu/Ni interface.

(a) After Cu immersion plating. (b) When Ni electroless plating started.
(c) After Ni electroless plating.



Fig. 7.

Cross-sectional view of through-hole after Ni

electroless plating.
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Table 3. Cu electroplating bath composition and bath

condition.
Basic bath
CuSO,*5H,0 0.5~1.0 mol/L
H,SO, 1.0~2.0 mol/L
Additives
SPS 5 ppm
PEG 500~1000 ppm
Cl— 100 ppm
JGB 10 ppm
Conditions
Current density 5,10 mA/cm?

Temperature Room temperature

Agitatating speed 500~1000 rpm

()
Fig. 8.

(b)
Cross-sectional view of through-hole filled by Cu
electroplating. Deposition time: (a) 3 hr, (b) 9 hr, and (c) 18 hr.
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