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Silver Sinter Paste, FlowMetal® for Optical Semiconductor Devices

s R
Naoya NAKAJIMA

Abstract

Output power of optical semiconductor devices, for example, light emitting diodes, laser diodes, is recently

getting higher and higher according to enlarging applications. It is important to improve heat dissipation of the

devices because heat given off from semiconductor chips deteriorates the devices. Therefore, we have developed

silver sinter pastes as jointing materials, which can show high thermal conductivities and low temperature

sinterability, for high-power devices. A newly developed silver nanoparticle-based paste in this study can be sintered
at temperatures of lower than 200 °C and shows a high thermal conductivity of 240 W/m-k. It is suitable for

high-power optical semiconductor devices because it also has a good printing property for airpowered dispenser and

a high joint strength of 100 MPa.

Keywords: Silver sinter paste; Low-temperature sinterability; Thermal conductivity Ag nanoparticles; Optical

semiconductor device; Light emitting diode; Laser diode
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Table 1 Target of silver nanoparticle-based jointing materials for high-power optical semiconductor usage
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Figure 2 Designing and decisive factors of silver nanoparticle-based jointing paste for high-power

optical semiconductor usage
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Figure 3 Shear strength of silver nanoparticle-based
joining pastes
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Figure 5 Thermogravimetric curves of the silver
nanoparticle-based jointing paste

3.2 HARBERETE

o MBS R OBIRERIE T =T -7 T
> H| (Wiedemann-Franz law) 2 & V) %458 H
DRELCHET L2 EATE LY, T, BnE
REBLXZEROIISBOMEIC L 59— 2 Tl
WZHBIT % &) FERHITH 5 AT, BaabR
I TNVERIGFHETATA BT T A RIZRE L 7281
J R F-BEAG R D BEUREER D S BYRBE 2 HE L 720
C ORER BRI IL240W/m- K E B S, B
METH B ETTHMITAL (Au-20Sn) D57.3W/m
KEWB L TABULERERMEE R DL LD DA o
720 TOX)ITEHVERESR 2 W T 5/ h 1%
ARIE FERT Y TOBILIMEIZ L b %o THK
SNDECHAEICTIETELMEEE R 5,

3.3 ZEmiEHE

PR F v TOEREIZBWTIE, BEMOEAE)
B ip v EBAETAIZEAM BT HIT S bl b THAT
AR L, #IE T &5 &B8ET v 7O LI E
THEAMDPA —N—T7 00— L CERWAEEET| &2
SIS D 5720, MmO EM T LEEBAT S
CENREMBHTS)ZATEEE LD, INEFET
572002, HEAF v TS TE T ER MmO IR T
BT—IRKIICHWO N ZT 7OV AT 4 A4 —
(2 ZVPEE - 0.2mm) 12 & B BAB AT ER % F b
L. &M L7HBEMOERB L OBAZEEZ T VIV~
A7 0Aa—TTHELL,

Figure 6 |2 & A L 72 # &M O/VBIE . % . Figure 7
1224000 Ny NEAHROBMREHRER LRI BAEI
2000 K M2 200 Ky MEXEL) . TFIGME, 7K
i, /MEREH L7220 O, 24000 Fv b &4
B S BATTIRE & OB EIZELD v
b, BIUERNGEMEEE b EEST, DEL
TBATELZLDPHERTE2. LEORRLY, &
WO L2 EAMIZFRIENSWIZ DL LT, &
MR ANVEE ) 2 5ET 5 N EN 5727
O, BATOEAMEA T UHATEETH S &V 2 b,

BANDO TECHNICAL REPORT No.23/2019



FEEO00d . T terearts
e g

ﬂt.sui;¢a-1,$-g4b¢~ >-ir g 60

“aé"‘kd"‘igﬂ‘ O & 400

Ry

@’@’

r

R i

Dot number

Figure 6 Optical microscope photos
of dispensed dots; a) initial;
b) after 24000 shots

4. #&

[

REFFTld, B8R T v 7OEH LIS TE S
EWERER R AT L L L b, RESEE. B A
Bk, BATTEIC OV b MR A S R T A
MFlowMetal®* D B FS 12 DWW Tl X7z, BHTld, k7
F - R OBE > SEEMOBEEE T, MTOTHRE
FHMENTIT> TV b 720, IS EET 2 5% R
FIZEHULTE B L W) TlRA TR,

RIFCRIZE L -3l 2 O BaHIcowTid, B
FEME B - RINEFE B Z OMREMERRE b & <L BRI
AT AT ISR EIGE A G L T b KD
BEMIZOWTH, FHHIIBIT2IIIHFT T
DEMEEL TV 2,

S

Naoya NAKAJIMA
20124 AAL
HHEHEL v 5 —

Figure 7 Variation of dot diameter dispensed

References
1) T. Zhou, T. Bobal, M. Oud, and J. Songliang, “Au/Sn
solder alloy and its applications in electronics

packaging”, Internal Report of Coining, Inc.(1999),

pp. 1-7.

2)MEER N F—=F 72V LE— 20,2
(2016)

B)EMLEL N F=F 27 = VL E—- 1,225
(2018)

4) Q.S. Mei, K. Lu, “Melting and superheating of
crystalline solids: From bulk to nanocrystals” , Prog.
Mater. Sci., Vol. 52(2007), pp. 1175-1262.

5) K. Gloos, C. Mitschka, F. Pobell, and P. Smeibidl,
Cryogenics 30, 14 (1990)

1) HS

BANDO TECHNICAL REPORT No.23/2019



g

TANDERRKR/ 1 X eWHld 5T L — FOERREZFHES

Flexible Support Structure of Blade for Suppressing High Frequency
Noise in Windscreen Wipers

HhEp fate I & JNH s

Ken NAKANO Hironori YAMAGUCHI Tomoki HACHIDA

ATl HHiH A HH L
Hirokazu MATSUKAWA Toshikazu TAURA Hirofumi MIYATA

Abstract

To suppress high frequency noise appearing in windscreen wipers, the support structure of a blade has been
examined through experiments with a homemade apparatus (i.e., the rubber blade/ glass-disc apparatus lubricated by
water provided by mist). As a result, by supporting the blade with the flexible structure that has a freedom of the
pitching motion about its longitudinal axis, it has been found that the high frequency noise appearing for the rigid

support is suppressed.

Key Words: Noise; Accessory and device noise; Test and analysis technology
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Figure 3 Temporal changes in frictional force acting on blade
(left: rigid-support (RS) structure; right: flexible-support (FS) structure)
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Figure 5 Spectrograms obtained from Fig. 4
(left: rigid-support (RS) structure; right: flexible-support (FS) structure)
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Figure 6 Temporal changes in sound pressure
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Figure 7 Spectrograms obtained from Fig. 6
(left: rigid-support (RS) structure; right: flexible-support (FS) structure)
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Figure 8 Spatiotemporal map of water film thickness behind blade
(left: rigid-support (RS) structure; right: flexible-support (FS) structure)
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Development and Application of Simple Measuring Instruments for Surface Particles
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Nobuo SONODA Tetsuya SAKAMOTO Toshio ARAI
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Yuichiro AOKI Yasuyuki ISHIDA

Abstract

Mainly in the process of manufacturing electronic components and electronic materials, measures against

contamination in the production line are necessary for reducing the defect rate. For this problem, we developed an

effective measuring instrument, BANDO DEC-20®, with application examples.

Using this, it is possible to measure visually-sized particles of 30um, and the statistical processing with photos of
evidence enables particle management on the production line. By customer's reputation, it is inexpensive and easy to

use compared to the prior commercial instruments.

Keywords: Contamination control; Surface particle measurement; Environmental monitoring; Fallen dust;

Cleanliness; Particle counter; BANDO DEC-20®
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Figure 4 Validation of the length of 1 pixel by
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Development of Polyurethane Formula for Reactive 3D Printing

PNt
Jun OHNISHI

Abstract

il B

Tsutomu SHIOYAMA

3D printing is widely used in the industrial fields, mainly in the manufacturing companies. However, most of the

applications are design verification of prototypes, and practical use is very limited. Especially, most of resin and

rubber materials are not suitable for practical use. Therefore, with cooperate organizations in the SIP project, we

have promoted the development of the first crosslinked polyurethane materials in the world, that can withstand the

practical use. In this work, we developed the outer sole material of running shoes as a business creative model. And
by the evaluation of the Kobe Marathon (2017, 2018), it was established that the polyurethane system had the
practical performance for the outer sole of shoes. This system is also applied for 3D printing of the objects that have

graded elastic modulus.

Keywords :3D Printing; Polyurethane elastomer; Rapid-curing; Collisional mixing
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Figure 9 Modeling of outer sole
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Polyurethane OCA Suitable for Optical Bonding
with CP (Cover Plastic Materials)
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Keywords: OCA; Optical bonding; Polyurethane; Curved display; Cover plastic materials; Free Crystal®

1. Introduction of BANDQO’s OCA “Free Crystal®”

1-1. Thickness

Conventional OCA manufactures mainly focus on
smartphones and tablets and pursue thin OCA. So, the
thickness range of general OCA for these usages is from
0.05 to 0.25mm. However, BANDO' s polyurethane OCA

“Free Crystal®” was originally developed for optical
bonding with LCM metal bezel in industrial and automotive
displays. Therefore, it has a wide thickness range from 0.30

to 2.00mm as shown in Figure 1.

RELEASE FILM 507100 2 m
Polyurethane OCA
30072000 wm
RELEASE FILM 1007125 m

Figure 1 Structure of BANDO’s OCA “Free Crystal®”

1-2. Optical Reliability:

For the automotive display use, it is required to pass the
tough RA tests. Conventional acrylic and/or silicone OCAs
sometimes change its color to white or yellow after high
temperature/ high humidity test and UV test. On the other
hand, “Free Crystal®” is very stable even after various RA
tests. The test results are shown in Figure 2, Table 1, Figure
3 and Table 2.

Silicone OCA

Acrylic OCA
Figure 2 Whitening of conventional OCA (in 85°C/85%)

Table 1 Haze measurement (%) of Free Crystal® (t=1,000um)

HTHH HT uv
851C/85% 95T 300-400nm
Initial 0.20 0.20 0.20
1,000h 0.20 023 0.27
]
|
Y¥i=1_2 | | YI=36.3
[ {
{
.I Imitial 250hrs | 500hrs -‘I,ﬂDDhrs\

i st

Figure 3 Yellowing of conventional acrylic OCA (in UV test)

Table 2 YI* measurement of Free Crystal (t=1,000 um)

HT/HH HT uyv

85G/85% 95C 300-400nm
Initial 049 049 049
1,000h 076 0.65 0.56

“¥1=Yellow Inclex
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1-3. Achievement of both good adhesion and softness
As for the conventional OCA, there is a tradeoff
relationship between adhesion and softness. Acrylic OCA
has high adhesion, but it is hard, and silicone OCA has
softness, but its adhesion is not strong enough. However,
“Free Crystal®” achieves both adhesion and softness well.

Table 3 presents this relationship.

Table 3 Relationship between adhesion and hardness

Adhesion® Hardness*™
Conventional Acrvlic Iligh Flard
acA Silicone Low Soft
Froc Crystal® | Polyurcthans Higzh Miclelhe

*hdhasion -
T *Ha-dness ---

vs Glass 180°peel, seahng speed: 3Cminymin
measurad 2y MDB-1 hardness metar

2. Two maijor challenges for optical bonding
with CP

2-1. Expansion and shrinkage of CP
CP has huge dimensional change in the thermal range
from -40C to 85C. On the other hand, dimension of
non-alkali glass used as LCD glass is almost unchanged as
in Table 4. If using thin and hard OCA, it cannot absorb the
gap of dimensional change of CP and glass and this causes
some issues: warpage, delamination, LCD MURA as shown
in Figure 4. If thick and soft OCA was used, it can follow
the gap of dimensional change between CP and LCD glass,
so it can avoid above issues as shown in Figure 5. Recently,
some thick OCA materials are appeared in the market, but
“Free Crystal®” is the best choice for CP lamination as
described in Table 5.

2-2. Outgassing from CP
From the view point of cracking resistance and easy
formation by mold, many players select polycarbonate plate

as CP. However, polycarbonate tends to have outgassing

Z P-:will ae changac)

Conlnd

&

llea ne

Mepend Abkrin<

- -
“ —  Lelamirane -—-_ -

LUL: Pl s - -

Figure 4 CP optical bonding with thin and hard OCA
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Figure 5 CP optical bonding with thick and soft OCA

Bz T2 LR

issues especially under high temperature condition. This
outgas is moisture trapped in CP as in Figure 6. GC/MS in
CP of each company shows no peak as in Figure 7. And
after heating (110C x2h), it has been found that CP of each
company has weight reduction: 0.15wt% as shown in Table
6. From that GC/MS results, this 0.15wt% means moisture

as outgas.

oy
A

Cluyy

E—

-' Heated

(Y

¢ Dulgas

cr+

Class

Figure 6 Outgas from CP

Table 4 Dimensional change of CP and LCD glass

CP-A CP-B CP-C non-alkali glass
linear expansion coefficient 6.5*10%¢C | 7.0 1050 | 7.0*105¢ 0.3 *105¢
Dimensional Change 7" display 1.4 1.7 1.7 0.07
(-40°C~-85C) 12.3" display 2.5 2.7 2.7 0.1
Table 5 Comparison of thick OCA materials
LML s PL DAL fomelic DA ailicuns QA Lrare
| hicknusy LTI | Poer? ERIEA | e
[=ottreas Gininid Mz Lo Gaad
RARTEHIT Lo UL 2T Fuan e
T B ot o RS o Mu ypecerg Lnp Loy [ gl =g e precn o
I'riARs Sirrps Simala Siripla Lnmiplizated
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CR-a CF-H CR-C

Mo pEakit
Liirgas — Kaisture

Moo peaks!
Uurgas — klaistL e

Mo pesakss
Uhurgas - Mot

Figure 7 Results of GC/MS in CP of each company

Table 6 Weight reduction of CP after 110Cx2h

CP-A CP- B CF-C

O 18w | Q0 BwEX | 001 Gt

Weight reduction

There are some solutions to avoid bubbles caused by
outgas from CP. One of the solutions is hard coating, but it
is not easy to coat uniformly on molded CP. So, focusing
on other solutions, we made the following combination
samples and put them into RA tests. This showed the
relationship between OCA/CP thickness and bubble
issue described in Table 7 and Table 8. When having no
pretreatment on CP, thickness relationship should be “OCA
=CP" in order to avoid bubble issue. And pre-treatment
make it "OCA=CP*3" .

<Structure of samples>

CP/Free Crystal/Glass

<OCA thickness>

0.3~1.5 mm

<CP thickness> CP = pure polycarbonate
0.5~ 3.0 mm

<CP pre-treatment>

Treatment (A)~(C)

3. Test with actual components

We did the comparative evaluation of “Free Crystal®”
(t=1.0mm) and acrylic OCA (t=1.0mm). We put the
samples which is laminated polycarbonate and LCD cell
into three RA tests. Figure 8 describes this evaluation test.
Consequently, we got the results “Free Crystal®” is superior
to acrylic OCA in each test. As for acrylic OCA, the defects
described above were found in the tests. Test results are

shown in Figure 9, Figure 10 and Figure 11.

o Polgsurkaurias, =7 o, Me prreebeasalonenl,

y; o
- #
. r
o
ﬁéﬁ_.-v B Ldemme wa Sery e D008 T O
- LT el
TESTIERS e
i 175 ey mHith
T 25T arm) ZC00h
HeabiDpele o 2070 S0 mine= 00 S ) pralu BN

Figure 8 Sample structure of actual component test

Mo bubbles, W Deliermatian, Mo MRS

BANTIOS FLOCA 1.0 m
[0 A0 S 0

Dalay bublile

Acmylic GO 1.0mm
[ D A o T Tl

Figure 9 Heat cycle test result

Table 7 Relationship between OCA/CP thickness and bubble issue under 95°C/dry condition

[ reatment (A) I reatrment (B)

Iteatment (C)

TP T kries i) I ST PR (R ) 2T T e
Ih= A Ihr $——————= | "Ik Ih - = |kl
« |Thn 4 Th- | 4 | TH2 |
E R iR |
? ¥ 3 ¥ ] ¥
= ik ¥ Tk O [ Trex
| Mo bubbles | | Bubible Bubibles

Table 8 Relationship between OCA/CP thickness and bubble issue under 85°C/85% condition

I reatrment{A) | reatrment{H) I reatment{C)
CF Thisress oy LF [hs-aas ] CF IRlckess e

1°In 4 M "Ick |hir |4 »| 1ok i w Thio
a Thr 1 _Thin 2 I
L] LA E
:‘_-: T :‘_G » = L 3
O ek O Trick I

Mo bubbles Eubble bubkbles
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BAMDID' 2 PRI OCA,
T.0mm 9%2HG00q

Acylic DCA
1.0mm
o8 x500h

Warpage

Figure 10 High temperature test result

Acrylic OCA 1 Dum
BSTL/85% % S00N

r

Mo Whilening Whilcning

Figure 11 High temperature / High humidity test result

4. Conclusion

BANDO' s PU OCA have advantages in (1) Thickness From above concerns, we conclude that BANDO's thick
Range, (2) Optical reliability, (3) Adhesion and Softness. OCA “Free Crystal®” is the best suitable OCA for optical
There are 2 big issues in optical bonding with CP, and bonding with CP.

thicker OCA may solve them.
1. Expansion and Shrinkage of CP
2. Outgassing from CP

=% AR K #H AL

Masaya MIYAKE Daisuke TAKAGI Yuki YABUTA
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