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Fig. 1-1 Fusion mechanism for nanoparticles.
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Fig. 1-2 The flow chart of this research.
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Table 3-1 Characteristic of silver nanoparticle material A and B.

_ Exothermic _
_ _ Layer of Nanoparticle Weight
| Dispersion _ _ peak
Material o organic diameter loss
liquid _ temperature
material (nm) (%)
°C)
A Water Acetic acid 100 230, 311 4
B Toluene Oleylamine 20 360 12
3.2.2
(1)
2
Thermogravimetric/Differential
Thermal Analysis TG-DTA Seiko Instruments TG/DTA6200
5 /min
(2) Transmission Electron Microscope ; TEM
TEM Cu TEM
TEM  H800 200kV
3)
A 100ug Al
Differential Scanning Calorimeter; DSC 10 /min
200 /min DSC
B A
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Scanning Electron Microscope ;
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Fig.3-2
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Small Cu disk @ [::>
5 mm diameter Heating in air
2 mm thick S
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5 mm thick

(—)

Fig. 3-2 Shear test sample specifications and shear test method.
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Fig. 3-3 Shapes of specimen for FIB sampling.
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Fig. 3-5 Results for TG-DTA of three nanoparticle materials: (a) material

A, (b) material B.
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Fig. 3-6 TEM images of nanoparticle: (a) material A and (b) material B.
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Fig. 3-7 SEM images of material A and B after heated to various temp

(Heating rate: 10 /min).
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Fig. 3-8 Shear-test results for material A (bonding temperature: 250°C,

pressure duration: 3 min).

‘Bond layer

Dark region

Fig. 3-9 SEM images of cross section of bond under applied pressure of 5
MPafor 3 min for material A: (@) low-magnification image, (b) expansion of

area (a)-(1), (c) expansion of (b)-(1), and (d) expansion of (b)-(2).
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Fig. 3-11 TEM images of Ag-to-Cu bonded interface at 250°C under 5 MPa:

(a) lattice image (interface), and (b) expansion of Region A.
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6 38.01 61.99
S 87.32 12.68
4 93.98 6.02
3 97.52 248
2 9r.77 2.23
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Fig. 3-12 Results of EDX measurements of diffusion of Cu and Ag atoms at

250°C under 5 MPa.
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No. Cu(mass%)  Ag(mass%)

11 94.92 5.08
10 95.54 4.46
9 95.12 4.88
8 03.34 6.66
/ 96.08 3.92
6 2.46 97.54
3 4.33 95.67
4 3.67 96.33
3 94.57 45.43
2 11.2 88.8
1 7.33 92.67

Fig. 3-13 Results of EDX measurements of diffusion of Cu and Ag atoms at

400° C under 5 MPa.
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Fig. 3-14 Shear test results for material A (bonding temperature: 250°C,

pressure duration: 3 min, pressure: 2.5MPa).
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Fig. 3-15 Results of observation of Ag-to-Au bonded interface at 250°C
under 5 MPa: (a) SEM image (interface), and (b) HRTEM image.
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Fig. 3-16 Results of EDX measurements of diffusion of Au and Ag atoms at

250°C under 5 MPa.
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Fig. 3-17 Shear strength results for material B (pressure duration: 3 min).

Fig. 3-18 Cross-sectional SEM images of material B with applied pressure

of 5 MPa at 400°C: (a) low-magnification image and (b) expansion of (a)-(1).
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Table 3-2 Results of evaluating shear strength of silver nanoparticle materials
A and B.

_ Nanoparticle Exothermic Weight Shear
Dispersion _
M aterial g diameter peak temperature loss strength
liqui
(nm) (°C) (%) (250°C)
A Water 100 230, 311 4 30 MPa
B Toluene 20 360 12 1 MPa
3.3.7
Fig.3-19 A
250 3min 5MPa
175 200 250 Fig.3-19 3
Fig.3-19 Pb-5Sn 300
Sn
1 250 Pb-5Sn
Fig.3-20 250 SEM
Pb-5Sn CugSns; Cu CusSn
Cu;Sn Cu
Cu;Sn CusSn
A
250
Sn
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Fig. 3-19 Shear strength variations with elevated-temperature holding

for bond samples using of material A (temperature: 250°C, time: 3 min,
pressure: 5 MPa).
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4.2

4.2.1
Fig.4-1
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Fig. 4-1 Appearance of silver-oxide (Ag,0) particles used in testing.
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4.2.2

Table4-1

o) 200

140 200

Table4-1
Table 4-1 Reducing materials of alcohol.
Material Boiling point () Number of OH | Molecular mass
glycerine 171 3 92
ethylene glycol 198 2 62
triethyleneglycol 287 2 150
myristyl alcohol 289 1 214
4.2.3
(1)
TG-DTA
Seiko Instruments TG/DTA6200 10
/min Differential Scanning
Calorymeter DSC DSC7

Gas chromato

graphy  M-2500

a7




(2)

DTA X
X-Ray Diffraction XRD PW 3040/60 X’Pert Pro PHILIPS Cu-Ka
SEM
TEM SEM
TEM
4.2.4
(1)
Fig.3-2
3 Jrs C1020) Cu Ni
2um Ni Ag 0.5um Au 0.5um
3 Fig.3-2
Cu
(2)
3 SEM
0.25pum

15kV 180sec
TEM FIB Fig.3-3
TEM TEM 9000

300kV
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4.3.2
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Fig. 4-5 Total ion chromatogram for reaction product gas by Gas

chromatography.
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Fig. 4-6 DSC measurements of silver-oxide (Ag,0) particles: (a)

silver-oxide particles with the addition of myristyl alcohol.

54



3
(b)
2_
=) 2A0.0-4Ag O
= 1t
8 of i
LL
8 -1f
I
2| 78J/g
S0 100 200 300 400

Temperature (°C)

500

Fig. 4-6 DSC measurements of silver-oxide (Ag,0) particles: (b)

silver-oxide particles alone.
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Fig. 4-7 Heating-induced shape change of silver-oxide (Ag,0) particles
with added myristyl alcohol: (a) at 140 , (b) at 180 , (c) at 220 , (d) at
260 , (e) at 290 , and (f) at 500
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Fig. 4-8 TEM images of cross section of Ag,O particles heated up to
130 inair and quenched: (a) TEM image, (b) magnified view of region A
in (a), (c) diffraction pattern of Area in(a), and (d) diffraction pattern

of Area in(a).
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(b)

Fig. 4-9 TEM images of cross section of Ag,O particles heated up to
150 inair and quenched: (a) TEM image, (b) magnified view of region A

in (a), and (c) diffraction pattern of region A in (a).
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Fig. 4-10 Mechanism of in-situ formation of Ag nanoparticles using Ag,O

micro-scaled particles (Presumption).
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Fig. 4-11 Bond strength with respect to bonding temperature.
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Bonded €ectrode

250
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Fig. 4-12 SEM images of cross section of sintered Ag layer heated up to

various temperaturesin air.




Fig. 4-13 SEM images of cross-sections of bonds formed with silver or
gold plating at bonding temperature of 300 : (a) silver sintering layer and

silver-plating interface and (b) silver sintering layer and gold-plating

interface.
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(@  Agsinteringlayer

Ag plating

Fig. 4-14 TEM images of cross-sections of bonds with silver or gold
plating: (a) low-magnification image (Ag/Ag), (b) low-magnification image
(Ag/Au), (c) electron-beam-diffraction diagram of area in (b), (d)

electron-beam-diffraction diagram of area in (b).
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Fig. 4-14 TEM images of cross-sections of bonds with silver or gold

plating: (e) and (f) high-resolution images (Ag/Au).
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Fig. 5-1 Photographs and schematic of trial power module for evaluation of
heat resistance: (a) photograph of chip mounted area, (b) photographs of trial

power module, and (c) cross section of trial power module.

71



5.2.2

- 40 125 30min
5.3
5.3.1
Fig.5-2 (a) A
(b) (c) Pb-5Sn
1sec
Pb-5Sn (c) 0.15 /W A
(a) 0.10 /W (b) 0.12 /W
30% 20% Ag
SnPb
A (a) (b)
4
(4.1) CO, Fig.5-3 A
250
1MPa 3min A
Pb-5Sn 40W/mK 0.15 /W
0.10 /W 0.12 /W
A 160W/mK
140W/mK 100W/mK
SiC Si

72



o
w

g €
o
802
&
.% Steady value 0.10°C/W ||
S o1 I
£ n
T
e
l_
o
0.3 o
)
o
g 0.2 Steady value 0.12°C/W | |
7
¢ : §;><K<§><>
E 0.1 d
T
e E )
l_
0.3
g (c)
g
9 0.2] | Steady value 0.15°C/W [
3 7 N
g &
w 0.1
j5 |
|_
0

0.001 0.1 10 1000
Measuring time ()

Fig. 5-2 Transient thermal characteristics of (a) material A, (b)

silver-oxide and (c) conventional Pb-5Sn sample.
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Fig. 5-3 SEM images of cross section of bonded interface at 250°C under

applied pressure of 1 MPa for 3 min: (a) material A, (b) silver-oxide.
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Fig. 6-1 Results of bond strength evaluation with respect to bonding
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Fig. 6-2 SEM images of bond cross-sections using Ag,O paste for bonding
temperature of 350 : (a) low-magnification image and (b) enlargement of

area (1) in (a).
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Fig. 6-3 TEM images of bond cross-sections using Ag,0O paste for bonding
temperature of 350 : (a) low-magnification image and (b) high-resolution

image.
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Fig. 6-4 Exothermic temperature survey result of silver-oxide reduction.
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Fig. 6-5 Temperature survey result on the surface of a semiconductor chip.
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Fig. 6-6 Shear test results for Ag,O bond material (bonding temperature:

400°C, pressure duration: 10 min, pressure: 2.5 MPa).
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Fig. 6-7 TEM images of Ag/ SUS bonded cross-sections using Ag,O paste

(bonding temperature: 400°C, pressure duration: 10 min, pressure: 2.5 MPa):
(a) low-magnification image, (b) EDX result od point in(a), and (c) EDX

result of point in (a).
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Inter layer

Fig. 6-7 TEM images of Ag/ SUS bonded cross-sections using Ag,O paste
(bonding temperature: 400°C, pressure duration: 10 min, pressure: 2.5 MPa):

(d) HRTEM image of Ag/ SUS interface.
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Fig. 6-8 TEM images of SiC / Ag bonded cross-sections using Ag,0 paste

(bonding temperature: 400°C, pressure duration: 10 min, pressure: 2.5 MPa):
(a) low-magnification image, (b) EDX result od point in (a), (c) EDX
result of point in (a) and (d) EDX result of point
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Fig. 6-8 TEM images of bond cross-sections using Ag,0 paste (bonding
temperature: 400°C, pressure duration: 10 min, pressure: 2.5 MPa): (e) and

(f) HRTEM image of SiC / Ag interface.
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500nm

Fig. 6-9 TEM images of Ti / Ag bonded cross-sections using Ag,0O paste

(bonding temperature: 400°C, pressure duration: 10 min, pressure: 2.5 MPa):
(a) low-magnification image, (b) EDX result od point in (a), (c) EDX
result of point in (a) and (d) EDX result of point
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Fig. 6-9 TEM images of bond cross-sections using Ag,0O paste (bonding
temperature: 400°C, pressure duration: 10 min, pressure: 2.5 MPa): (e) and

(f) HRTEM image of Ti / Ag interface.
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Fig. 6-10 Bond strength with respect to bonding temperature.
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Fig. 6-11 SEM images of cross section of Cu samples bonded using Ag,O

paste: (a) 250 , (b) 300 , (c) 350 , (d) 400 , and (e) EDX analysis.
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