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Electronics devices are widely used among various field
such as communication, industry and home appliances
and many electronic components are connected
through soldering on the substrates which are seemed
to be the heart of electronics devices. Reliability of the
soldering materials and technology has been fully
secured through a long history of the electronics
devices and the soldering is positioned as an
indispensable tool for the current production of the
electronics devices.

Electronics devices industry has been developed
adhering closely to our daily life through various stages
such as functional diversification, profile miniaturization,
productivity and cost saving. However, high density
move of the mounted substrates and cost saving needs
are making difficulty for recycling of the used electronics
devices. Scrapped electronics devices are partly
collected while the mounted substrates are crushed for
burying etc, without recovering mostly, or left scrapped
in the natural world as they are.

Lead(called Pb hereafter)is used most cases as an alloy
with tin namely "Sn-Pb solder" and Pb for its character
dissolves gradually into acidity water, becoming as a
poisonous soluble lead compound. Fig. 1-1 shows a
mechanism for Pb dissolves into the water.

Pb +

1o — pPoo
(solder) 2

PbO + H2804 — PbSOa4 -+ H20

(acid rain)

PbO + HNOs — Pb(NOs3)2 + H20

(acid rain)

PbO + 2HCI — PbClz + Hz20

(cont.)

KIS 588 (9L)

Solubility to water

10°C 20C 80T
PbSO4 0.035 0.041  —
Pb(NOs)2 483 565 1150
PbCl2 6.7 9.9 26.2
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Fig. 1-1 Soluble mechanism of the lead in the solder against the water and solubility of the lead compound against the water.
(Lead becomes a water soluble compound by acidity rain water etc.)
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Acidity rain which is taken as a problem for atmospheric
contamination has an action to make Pb to a water
soluble Pb compound. Fig. 1-2 explains an intermix
route of the water soluble Pb compound to natural world
drinking water. There is a possibility that a scrapping of
the electronics devices to natural world may become a
source of contamination of the water by Pb.

Meanwhile, Sn-Pb solder is an indispensable important
materials for the soldering of the electronics devices.
When we consider a contamination of natural world and
intermix of Pb into human body, a development of the
Pb-free soldering materials, in view of relevant safety
security, becomes an urgent and important issue.
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Intermix route model of the lead from soldered substrates to drinking water.
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Fig. 1-2 Intermix route of the lead from scrapped soldered substrate to drinking water.
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This booklet describes on the summary of TAMURA's
approach concerning "Soldering materials Pb-free
activities" for the electronics devices, which we
sincerely hope that this will contribute to the electronics
equipment industry in view of importance of the
soldering and prevention of the environmental
contamination.

Current progress status for Pb-free activities
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Soldering conditions are a basic issue for component
mounting process and materials designing of the
electronics divices. Therefore, we are unable to
introduce the process if and when the soldering
conditions differ greatly from the traditional contents.
Fig. 2-1 shows the requirement items for Pb-free
soldering materials from view point of the current
soldering process, which intensify a stabilized
connecting reliability without changing the current
process.

Table 2-1 Requirement characteristics for Ph-free soldering
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(1) Melting point should be close to Sn-Pb solder

(1837C).

Working temperature should be close to 230C.

Same wetness as Sn-Pb solder is required.

Sufficient mechanical strength is required.

Tranditional equipment and process can be usable.

6) Low cost is required.

7) Stabilized supply should be secured.

8) Less problem for environmental conditions is
required.
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After a subject of Pb contamination for environment was
taken up in the United States, the products used Pb
became an object of control. Soldering materials for the
electronics devices were not exception, however, not
becoming a regular object of control as no replacing
materials were found due to superiority of the Sn-Pb
solder characteristics. Yet, development of Pb-free alloy
and establishment of the process are a critical study
theme.

Eutectic solder Sn-Pb (63 / 37%) is a main for Sn-Pb
solder alloy. So far, development of Pb-free solder was
made, making requirement items in Table 2-1 as a base
and approaching from existing eutectic alloy (Fig. 2-1).
However, same composition which has same as Sn-Pb
eutectic solder melting point, has not been found so far.
Today, a kind in Table 2-2 is reported as an usable
metalic composition which has a close characteristic as
Sn-Pb eutectic solder, on which a basic study is under
way.

Sn-PbH & IIA
EREDRA

Same melting point as
Sn-Pb eutectic solder

E2—1 Pb7U—BALEE&DOBERICHITZ7ITO—F
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Fig. 2-1 Approach for development of Pb-free solder alloy.
(To make closer to melting point 183C, adding various metals on the known

eutectic alloy)
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Table 2-2 Usable Pb-free solder alloy composition

Sn—Ag

Sn—Ag—Bi
Sn—Ag—Cu
Sn—Zn—Bi
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Reflow soldering process for Pb-free solder:
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Soldering work for the electronics devices are divided in
three, Reflow soldering, Wave soldering, and Rework
soldering. For Pb-free soldering, the solder which does
not include Pb in the solder alloy should be used.

For reflow soldering, various alloy composition can be
utilized as the solder is supplied by the solder paste.
Table 3-1 describes a Pb-free solder alloy which was
used for the experiment. Sn-37Pb alloy is included as
comparison.

R3—1 Pb7U—RBALSEOMEM EYMENLMEE

Table 3-1 Composition & Physical Property of Pb-free solder alloy.

#OB ARl (C) B (g/cmd) KEARS (MN/m) %2
Composition Melting Peak 1 Density Surface Tension

Sn-58Bi 141 (136-148) 8.6 380
Sn-Zn-Bi 186 (158-193) 7.6 430
Sn-Ag-Bi 210 (178-212) 7.6 470
Sn-2Ag-7.5Bi-0.5Cu 209 (186-217) 7.5 460
(alloy H)

Sn-Ag-Cu-In 216 (209-220) 7.4 540
Sn-3.5Ag 223 (219-231) 7.4 520
Sn-37Pb 184 (184-186) 8.5 500

1 St 1C/ %
%2 AT

X2 at air
X3—1(3. BIE$RAIR. = s Uik, Z L C42704
RICHT2HNEN)ERERLET, Sn—37Pbld
ARICHEBELT. WThbhhEF)EROENZ &
PHET, ThIIPbEEZTHVWEDIC. B2 ZD
HOWIFALERMBHIH L TIEN DD T2 MHED
ghnIEllLEET,
M3—2IEQFPU — R# AL L. E— b Y17
LWTFICHWBE—ILEEDORIFEILEZRL T, Bi
EECEEIE. MEOEEIPEVNDDODORIFNED
{ElzEBo5hEHA, LH L. Sn—Zn—BildERED
BREHKICHIEDERERLET, —H. Sn—
Ag—Cu—InlDW\TIF, HBRFALLW D SVE—
WEEZRLTWET, BEROLEMHICHT 264
NEPWRIIBVWHDOD, E—ILEEOMEIEZh
RETLEWZ EIPHYET,

%1 DSC thermal analysis at scanning rate of 1°C/min.

Fig. 3-1 Indicates wet spread factor for oxide copper
plate, nickel plate and 42 alloy plate, which shows
inferior wet spread factor in comparison with Sn-37Pb
solder. This means that the alloy itself has lower spread
strength against the soldering materials, as it does not
include Pb.

Fig. 3-2 Indicates vary-with-time of peal strength under
heat cycle, after QFP lead wire is soldered. Alloy which
include Bi does not show deterioration-with-time even an
initial strength is low, however, Sn-Zn-Bi shows
deterioration trend along with time elapse.

Meanwhile, Sn-Ag-Cu-In indicates a higher peal strength
than eutectic solder which means the wet spread factor
for substrate metalic materials is inferior but the peal
strength characteristic does not decrease very much.
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Fig. 3-2 Peal strength vary-with-time under heat cycle for QFP lead.
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Fig. 3-3 indicates a result of creep test. Alloy which
includes Bi shows a lower value when compared with
eutectic solder, but a composition superior to the eutectic
solder (Sn-Ag-Bi-Cu, Sn-Ag-Cu-In) is also recognized.
These compositions seem to be effective for the
soldering for the part where thermal distortion and stress
are added on.

Pb-free solder has a superior characteristic compared
with these eutectic, however, the solder paste provide
various characteristics which should be added on such
as printing, soldering, then after connecting reliability, etc.
Table 3-2 indicates a viscosity variation on rolling by
squeeze of solder paste on a metal mask. This means
that Pb-free solder's viscosity is variable when solder
paste is on rolling, compared with the eutectic solder.
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Fig. 3-3 Result of creep test for Pb-free solder alloy.
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Fig. 3-2 Viscosity variation at Sn-Ag-Bi solder paste printing time.

| B ¥ E Viscosity (Pa - s) %1 L (%)
Composition 200 stroke 1000 stroke Change Rate
Sn—Ag—Bi (RA) 380 450 18
n—Ag—Bi (RMA) 320 350 9
Sn—Ag—Bi (RMAO) 270 310 15
Sn—Pb (RA) 390 400 3

X1 Ty 774 —ILKEEET (HBT)
%2 Jrnayraqdr

%1 Viscosity meter of Brookfield Model HBT
%2 Non-halogen type.
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Wave soldering process for Pb-free solder:
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Result of the creep test shown in Fig. 3-3 gives an
impression that Pb-free solder rather fit for a through-
hole, however, there remain uncertainty factors such as
whether these compound compositions are good for
continuous operation, and occurrence of defect, etc.
Table 4-1 shows a problem list for the wave soldering
and its counter-measures.

FE4—1 Pb7 U —LICET BRI I —TIIALFORELR EXAEL X
Bl B & @ ok B &
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 AEHRDEIR & M DIEA o THI L IRE & BEAK

o FEDAREM
® ZJL—FR—JLEHN ) HEDET

o A TTEENNE
o FAEBEDNE

Table 4—1 Problem list for the wave soldering and its counter muasures.

Problems on Pb-free wave soldering

Counter-measures

® Increase of dross generation & occurrence of defect.

® Management of alloy composition and intermix of impurities.
® Instability of wave height.

® Decline of through-hole finish trend.

® Suppression of dross, prevention of oxidation (N2 Atmosphere)
® Periodical check-up, earlier exchange.

® Improvement of the soldering equipment.

® Improvement of the soldering equipment.
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Fig. 4-1 shows a generated quantity of the dross on jet
time of Pb-free solder. Those were measured
respectively in atmosphere and the alloy which include
easily oxidized metals (In & Zn) tends to increase
largely a dross generation quantity, while Sn-Ag-Bi
solder shows an increase by 15% level in comparison
with the eutectic solder.

Dross generation quantity seems to be improved to a
great extent through making it below N2 atmosphere
while dipping, if the increase is at this level.

300

200

100

FOXEEE (g/h)
Dross generatlon quantlty

Sn-37Pb Sn-Ag-Bi

Sn-Ag-Bi-Cu Sn-Ag-Cu-In  Sn-Zn-Bi

Pb71)—ldA7:E%E Pb-free solder alloy

R4—1 Pb7U—FAZEEDERFONOXDELER
Fig. 4-1 Dross generation quantity in wave of Pb-free solder alloy.
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Fig. 4-2 shows a cross section photograph for
comparison of through-hole finish trend under
atmosphere and N2, using Sn-3.5Ag solder. Dip bath
used for the experiment adopted Mr. FLIP system (Fig.
4-3) made by TAMURA. Mr. FLIP system adopts a
magnetic conduction system and capable to make a
forced supply of melting solder to through-hole part,
compared with the ordinary dip system. Fillet form tends
to become higher compared with atmosphere if oxygen
density is made to 100ppm level, however, a proper
fillet is formed even in atmosphere as far as we see in
the photograph. Difference of wetness can hardly be
seen at surface of the lead.

H4—3 7V v TRIIALLE
Fig. 4-3 Mr. FLIP system soldering bath.

Driving system by magnetic conduction:

Features

® Wave with less fluctuation.

©® Smoother surface.

® Quick response.

® | ess solder capacity.

® Material used for soldering bath : SUS 316.
® With heater of solder drain.
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Fig. 4-2 Joint cross section photographs for the through-hole in Mr. FLIP system and traditional wave system.
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TAMURA's approach toward Pb-free soldering
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There are many issues which need further research and
study for the soldering which used Pb-free solder. Pb-
free solder has superior characteristics while also has
many items to be solved. For the completion of Pb-free
activities, positive co-operation by various branches
related to current mounting process is indispensable
and the solder materials alone unable to settle the
problem.
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TAMURA Corporation is providing the market with substrate materials, soldering materials and soldering
equipment which thoroughly cover whole industry needs. Under the circumstances, a role TAMURA can
play seems great for materialization of Pb-free activities, presenting intensive approaches as described in

the below chart.
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Solder Alloy
Pb-free alloy \

SMT
Pb7 1 —
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Solder Paste
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Flux for Pb-free Pb-free activities protective materials
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HEEL 2 Z b

Substrate related
/ Heatproof resist

Water soluble preflux

\ IFAEREE
N2y I—7J., U70—

Mr. FLIP
Soldering equipment
N2 Wave, Reflow,
Mr. FLIP system

K5—1 HLT7DPb7Y—RBAEMFOERRICATTO7Z77O—-F
Fig. 5-1 TAMURA's approach toward the progress of Pb-free soldering.
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(2) v hBEFE AR

B) BEIFV

(4) PbDIBAIC & BIEFEMEAN DFE
(B)YPbT U —RAFICE S P DLE
B)Pb 7Y —AEDEHD Y T LS

KAAZLATIE, ML2DPOb7 ) —BALEEN S REVED 5N TL5Sn-Agh
BALEFRDE LAEBRISOVWTHERLET,

In the "Guide for Lead-Free (Pb-free) Soldering Technology No.1", an introduction to the
necessity of Pb-free soldering and to the results of simple soldering was made.
In regards to Pb-free soldering alloy in general, attention shall be given to the following points
in their use :

(1) Poor guality of wetting spread.

(2) Lengthy wetting time.

(3) High melting point temperature.

(4) Reliability influences due to Pb mixing.

(5) Necessary design matching with Pb-free soldering.
(6) Pb-free soldering system development.

In Pb-free soldering, therefore, it will be necessary to improve these items.
In the present guide, an outline will be given of numerous Pb-free soldering alloy and of the
results centering around the Sn-Ag series solder being studied.
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Sn-PbRIFAFEDRBEBIIALEELELT. THhESLHERKE
Sn-37PbH&IZ A EDEELERERICRALET,
hhiElr, WFhOBRICENTHL > TWET, T/,

PRBEELEVVEREL-STVET, LAL., BEFICHV
Tk, BhAMEBERLTVWET, 2D EIE. Pb7U—IiF
AFEDOHERIZARGMELE L TOREEMEREL TVET,

As a substitute solder alloy of the Sn-Pb series solder, major
alloy compositions and a simple comparison to Sn-37Pb eutec-
tic solder is shown in Table 1.

Wettability is inferior in either one of the compositions. Furthermore,
the melting temperature scores bad results. In thermal fatigue,
however, an excellent quality is demonstrated. This brings forward
a possibility for Pb-free solder as a new soldering material.

1 PbI7V—RBAFOSEEBE LB

Table-1 Classification of Pb-free solder and simple comparision

é\ﬁﬁgﬂﬁi o BRRE 22k HEARAYIEE e
y = Melting Mechanical Thermal
composition wettability temperature Cost properties fatigue
Sn—Ag X O A A O
Sn—Ag—Cu X A A O O
Sn—Ag—Bi O A A A O
Sn—Bi—Cu O A O A O
Sn—Cu X A @) O O
Sn—Zn—Bi X A O O O
Sn—Sb X O @) O O

H1IZ1E. Sn-AgRid A DBIDHM EEBAIMEE 2R L %
¥, Sn-3.5AgIE221° C DMK T H. Sn-37PbH&FEIT A S
ICHEB L TRARHP38C HE < . BIDHMIC & 2 EBLS{EH IR
HIhTWET, BIeARMT 2 MUK ELLEN ETH.
S5%BETIRRAREEENI BV ELA, KA. SEREEIZET
LET, EFEGEBIOFMICE > TR &V £ /-SNER
BESENET,
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Fig.1 shows the addition of Bi to the Sn-Ag series solder and
mechanical properties. Sn-3.5Ag is an eutectic composition of 221°C.
However, its melting point is higher than Sn-37Pb eutectic solder so
much as 38°C so that the lowering of the melting point is considered
by the addition of Bi. When Bi is added, the elongation becomes
greater. However, there is no great difference when the addition
exceeds 5% Bi. On the other hand, tensil strength declines. With the
addition of Bi, fatique life becomes low and so does the SN curve.
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2o t=2%]
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0 100 1000 10000 100000
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Bi&H ELSNiHiR
Bi contents and SN curve

E1 Sn-AgRlIA FICXET ZBIDFRM &M EDZE{L
Fig.1 - Addition of Bi to Sn-Ag series solder and change in mechanical properties
cf:Microjoining and Assembly Technology in Electoronics p77(1997).
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M2iICiE X=X 7 5 7L 2nhEEEERADOBFRETR
L%7, Sn-3.5Ag-CuTii. CUDESHEHNEMT S LD
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BNEADXIRIZEBD ShETH. 06sF2E TZ LU EIGHRFF
TEEPA, —H. EADIECUDFMIL->TIEFEAEFTE
E2TE A,

Fig.2 shows the relationship between wetting time and force by
using "Meniscograph”. In Sn-3.5Ag-Cu, wetting time tends to
become shorter as Cu contents increases. Although the effect of
the addition of Cu on wettability is recognizable, it is only in the
order of 0.6s or thereabouts. Not much more than that can be
expected . On the other hand, wetting force is not at all affected
by the addition of Cu.

1.2 5.6
1.0 0O 5.5
=z
e \%\ Eg
w £ S
== 0.8 54 R
&2 - o i
£ =5
2% 06 . —— —
? V//*Tfif/ ¢
| |
© 04 52 @
0.2 5.1
0 0.5 1.0 1.5 2.0
CuMEHE Cucontents (%)
K2 AZZX3957HKICEBSn-35Ag-Culls it 3 hhBFk & bhhERDDOREFR

Fig.2 - Relationship between wetting time and force in Sn-3.5Ag-Cu by use of "Meniscograph"

lEAZHBE  Soldeing temperature :250°C
T77vI R Flux
RIRRERE Dipping speed

H3ICiE, AR EICHE I BRNEPWRICOVWTHANEERERL
£7¥, Sn-35Ag ICH LT, CutBiZFMT 2 nWThbBES L
ZEEICH)ET, LA L. CulcBaL T, 0.8%LEILETIRIREHNE
Ky, 2% AN 2 EE<HEWET, —F. Bilk, 15%FTHLT
DEFH>THERZERLETY, BRSNS HETT, EHH
SHEEBT B L. BildsSBUTELY . ALY ROREDR I
HMETEEE A,

:5mm/s

:CF-110VH-2A

HB&H  Testpiece :Cu

REMRE Dipping time :5s

RARE Dipping depth : 1mm

Fig.3 shows the results of an investigation on wettability spread

factor on copper plate. The addition of Cu and Bi in Sn-3.5Ag causes
a tendency for improvement in either cases. As for Cu, however, the
effect becomes weaker in excess of 0.8% and it gets lower in case of
adding 2%. In Bi, on the other hand, the rate of change is small
though Bi tends to increase little by little up to 15%. Considering
mechanical characteristics, it will become less than 5% of Bi so that
no effect can be expected by solder spread factor.
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Fig.3-Relationship between Cu, Bi contents and solder spread factor in the Sn-3.5Ag series
$AMHBE  Soldering temperature:250°C
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Fig.4 shows the relationship between soldering temperature and
wetting time. There is a tendency that the wetting time is quickened
as the soldering temperature is raised. It is quickened up to about 1s
at 250°C, but it falls far short of eutectic solder. The wettability of Pb-
free solder alloy has little possibility of improvement by metal
additives and soldering temperature thus presenting a big problem.

5.0

4.0 [T

30

20 =

B Wetting time (s)

0—0
o—e
A
o

:Sn-3. 5Ag-1.0Cu

:Sn-2. 5Ag-2. 5Bi-0. 5Cu
:Sn-3. 5Ag

1Sn-37Pb

220 225 230 235

240 245 250 255

|3A7ZHEE (C) Soldering temperature
R4 Sn-AgFPb7 U —I3AZDIZA FZMTRE & D EBEOREFR
Fig.4 - Relationship between soldering temperature and wetting time in the Sn-Ag series Pb-free solder

H51. BRFEATICHTBRBALTEERARLARERT
T, 100ppmO: & BEVEEREE T A, S MEDRZEIZIFEA
ERBOOLNERA, LHPL. BRUIJO—WBAZEMIZHENT
. BAERARROBVIZHIRI $2EDH/EDH DI &P
5. HEMOREGEETEET,

Fig.5 shows the result of investigation of solderability under
nitrogen ambience. Practically no improvement is seen in
wettability though oxygen concentration is as low as 100ppm O..
In nitrogen reflow soldering, however, there is a report that it has
been effective for the reduction of defective soldering so that
expectation can be placed on the improvement of productivity.
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Fig.5 - Influence of solder spread factor under atmosphere and nitrogen ambience

[ PbIU—BAREDH > FEDMEIF )

[ Relationship between Pb-free Solder and Plating))

TTIC. Pb7 ) — I AFIZCUIRICIT T B Id A TSN LS
CEEMRNELRE, 22T, BWMOHREFEL T, B X
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It has been described already that Pb-free solder is inferior in
solderability to Cu plate. For the improvement of wettability, the
relationship between plating and solderability will be described
here.Fig.6 shows the relationship between plating and solder
spread factor. As for Sn, Sn-Ag, Sn-Bi plating, a substantial
improvement is seen in wettability on Cu plate. The same
applies to the cases using Ni plate as base material. Wettability
spread factor of more than 90% is shown in most cases. This
shows that wettability can be recovered fairly well if these plating
were given to parts and copper foil land.
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6 HEDH--ZFICKHT 22BHDPbT U —I3AFICKBIEA LD VEROLE
Fig.6 - Comparison of solder spread factor by use of two types of Pb-free solder on plating
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FNT7T9 T ZADERNEFEERARLET, BES 217
EBEZIZITOBEEAELTHYET, WFhHRE
EXRTL—TEHYP TEET, RIIWERI—FK—ILIZAT
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Table 2 shows the basic characteristics of post flux as against
Pb-free solder of Sn-Ag-Cu and Sn-Ag-Bi-Cu. There are two
types of flux prepared a low residue type and an ultra low
residue type. Both of them can be applied by foaming and
spraying.

Table 3 shows the results of through hole up rate. If resin-based
heat resistant pre-flux is used, it will cause no problems in
through hold up rate either under atmosphere or nitrogen
ambience. In water soluble heat resistant pre-flux, however,
there is a tendency to get low as reflow frequency increases.
Though water soluble heat resistant pre-flux will provide a very
effective means for the process of fining, problems will exist in
the point of heat resistance.

%2 Pb7U—RAKRZANT Ty AOEERN L5
Table-2 Basic characteristics of post flux for Pb-free use

B B ltem {E5%E217 Low residue type #BIEZRS 217 Ultra low residue type
EC—19S EC—15
HE Specific gravity 0.817 0.808
EfAE&%& Solidcontent (%) 15 6.0
HE Viscosity (mPa-s) 27 2.8
E%E%H= Chlorine content (%) 0.08 0.00
SALLAER 79(Sn—Ag —Cu) 78(Sn—Ag —Cu)
Solder spread factor (%) 81(Sn—Ag —Bi—Cu) 81(Sn—Ag —Bi—Cu)
BhAE Application RARVRTL— FARVRTL—
Foaming and spraying Foaming and spraying

3 REVLEOEBEWVICE DA —FK—IVIZAFE P YR
Table-3 - Through hole up rate under atmosphere and nitrogen ambience

(unit:%)
Condit tﬂii?? li?i%{’-‘r— ionb 1)70—4L2 Reflow treatment He# B
onditions of deterioration RT-02R WPF-106A :
humidefication Y RES Ambience | [E1ZR Time Comparison B
£ None 100 100 100
N2 1 100 100 100
&L

N2 2 100 95 100

None
AIR 1 100 100 100
AIR 2 100 94 87
4| None 100 100 100
B N2 1 100 100 100

O,
& %gﬁrﬁ’RH No 2 100 98 100
AIR 1 100 100 100
AIR 2 100 94 96

& A 72#8E,  Solder composition:Sn-3.5Ag-0.7Cu

75y 7 X Flux:ULF-210R

|3 A 72448 Soldering temperature:250C



VILE == MIBEAL TE, TLF-192 ) — X (R4) 2%
LTHWEST, WTFhb, 04mmE Yy FD T 71 SALXIS % 7]
BEELTWET, REICIE, ADP b7 —dAEDEEE
ALET, Pb7U—VILE—~R—Z NO—ZEILCAPTO Y
7 4 JV(Conventional Activated Reflow Temperature Process
Profile) € 7SR L £ ¥, FBHEX IR T 2 — 74 & DMEED
FBUOEREEERL T, E—7EBEI$230~240CE L TVWE T,
LL. U7a0-707 740k, BPROE— b XDREFKRE
TAEERL (HETILENH T,

With respect to solder paste, TLF-19 series (Table 4) have
been developed. Both of them are capable of properly dealing
with refining at 0.4mm pitch. Table 5 shows the characteristics of
Pb-free solder. CAP profile (Conventional Activated Reflow
Temperature Process Profile) of Pb-free solder paste is shown in
Fig.7. Peak temperature is set at 230 to 240°C in consideration
of parts weak in heat resistance like semi-conductors and
connectors. Reflow profile, however, needs to be set by giving
full consideration to the relationship of parts with heat mass.

£4 PbI7U—H VILE—R—ZOERN L5
Table-4 Basic characteristics of Pb-free solder paste

B B ltem TLF-201-19 TLF-204-19 TLF-301-19 TLF-302-19
ox Alloy composition (%) Sn/3.5Ag/0.7Cu Sn/3.0Ag/0.5Cu | Sn/2.5Ag/2.5Bi/0.5Cu | Sn/2.5Ag/1.0Bi/0.5Cu
Al Melting point () 215~220 216~220 207~218 214~221
fifE Particle size (um) 20~38 20~38 20~38 20~38
7799%&%E  Flux content (%) 11.8 11.8 11.8 11.8
5% &%AE  Chlorine content (%) 0.0 0.0 0.0 0.0
rhaE Viscosity (Pa-s) 210 210 210 210

* DSCICEL->THIE Measured by DSC (Differential Scanning Colorimtry)

&5 PbIU—FALOHM—BEX"
Table-5 List of characteristics of Pb-free solder paste

& & ltem Pb7!—I3A7: Pb-free solder #£& Eutectic
& &#ERK Alloy composition Sn-Ag Sn-Zn-Bi Sn-Ag-Bi Sn-Ag-Cu-In | Sn-Ag-Bi-Cu Sn-Pb
R~ (C) | 4R Solid phase 158 178 208 186
Melting 221 183
point ##H Liquid phase 193 212 220 217
B8P Strength 85 85 50 110 60 100
2J')—7 Creep 100 65 100 100 100 100
E#{L$RAR Copper oxide plate 80 75 90 80 50 100
%g § Zy/r)ViR Nickel plate 90 70 90 90 90 100
K& 8| 40 7044 42 Alloy plate 70 85 90 90 90 100
RIFREM Storage stability — X O — — _
fﬁﬁﬂﬂ-—’f@*ﬁﬁ?ﬁ'f& - . . A . . o
iscosity stability during printing

* FHEI3ASN-37Pb%E100£L7-1E Conversion value to 100% of Sn-37Pb eutectic solder

T
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250 rieing area E—7BE.230~240C
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RS Time (s)

RI7 Sn-Ag-CuRVILA—~N—Z hOBEEABREZOT 71 ILO—F
Fig.7 - An example of suitable temperature profile for solder paste of the Sn-Ag-Cu series
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HAT profile(Hybride Activated Reflow Temperature Process
Profile)

1.0

Fig.8 shows the results of checking the relationship between
melting temperature time of 217°C and connecting strength in solder
paste of Sn-Ag-Bi-Cu. It shows a tendency of connecting strength
going up as melting time is lengthened. This shows the
improvement of connecting conditions through the acceleration of
the growth of alloy layer by lengthening melting time. As it is difficult
to raise the peak in connection with the heat resistance of parts,
improvement of solderability will be possible by HAT profile(Hybride
Activated Reflow Temperature Process Profile)

09 | HAT
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0.6 F

05 ¢
04 ¢
0.3 r
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0 I I I

=& Connection strength (X10N)
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X8 Sn-Ag-Bi-Cu®l 7O—gEE (217CLE) LEEREDRER
Fig.8 - Relationship between reflow temperature range (over 217°C) of Sn-Ag-Bi-Cu and connection strength
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Test results on point penetration (first sheet)
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Fig.9 shows the results of printability in fine pitches as seen
from volume change solder paste. Even if the opening size
grows as narrow as 0.15mm, there is practically no change in
the amount of solder paste transcribed.
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Test results on point penetration (50th sheet)
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Fig.9 - Volume change in solder paste by difference in opening size
L —H%— 3 RT#ETEE Laser 3rd dimentional analyzer
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Tamura considers that through the incessant efforts of people
concerned, various types of Pb-free solder (hereunder abbreviated as
solder) have been developed, evaluations made from different
standpoints and the development accelerated toward the final stage for
mass-production. Table 6 shows what has been seen from various
viewpoints about the relationship between the solder and equipment
made public heretofore. (Not in order).

Table 6 - Relationship between solder and equipment

Sn-Pbit & I3 A 72 & D LS
o FEEE IS BT 1R250C EFLY,
e E{LI NPT L,
& TENEN B LY,
® ZJLAKR—ILDTO—T v THEL,
o FALEMARFELR®TWVW (T yIHE),
® LEERUEERE L T 0L,
O FALIZEN T4 Ly NUT MFIHRETH 3,
o FAFICKNERFHIIEL,
O FALMBEICEWBNESENGELS,
0 yTJO—TIREBEDNTYXENSLKTEILENFH 5,

NS DIFEBRIBRIIRENDEKRERTHY . V- TRAEM
HE. ) I70-RBAEMEENAICE > TEEAITHICT NELR
IR, ThHLBMAREESABZENTEET,
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As compared with Sn-Pb eutectic solder.

® Operating temperature is generally 250°C .(Too heigh)

® Easily oxidized.

® Has no fluidity.

® Through hole low in flow-up.

® Tends to cause defective soldering (like bridges).

® Coagulates relatively easily.

® Fillet lift-off is problematical depending on solder.

® Nitrogen ambience works better , depending on solder.

® The spread of wettability varies depending on soldering
temperature.

® Necessary to minimize dispersion in temperature in reflow.

These empirical phenomena being requirements for equipment, they can be
taken as assignments to be inevitably solved on the side of equipment to both
wave soldering equipment and reflow soldering equipment, that is,
specifications.
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Solder and Wave Soldering Equipment |

RODX—T— KPS LSOT7TA—FD—imELT. TN
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(1) 1ERBE
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AEMBEDEREEV LK FI v ITBLENHVET, 20O
Z EIEPIDSIEN D BATHY) . EREICH T DREDNTY X
DRIMEEBIBLEN HYET,

(2) BMERAIE
BALEZOREERILEIPTTTB 0. CORPERICAELT
EARMEEEET 22 ENEVLIMKEBT IVLENFHY %
To ERAADBHENEELWRETL & 5, RBRIFEE LB
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SRR EF, 2REEF I I —TWRFLIPY 2 v b/ XILI)
FEEFEEBEII—T /N THIBELTWET,

From key words as contained in Table 6, part of approaches made by Tamura are
introduced hereunder:

(1) Operating Temperature
It is necessary to severely check the upper limit of soldering temperature than ever
before from the viewpoint of the heat resistance of SMD mounted on boards. This
will make PID control 1) essential. It will be necessary to minimize dispersion in
temperature on jet plane.

(2) Prevention of Oxidization
Since oxidized film moves backward over the surface of solder, it will be necessary
to take measures to assure that the film will not hamper solderability, adhering to
the boards. The supply of nitrogen gas will be a sure countermeasure. It will be
necessary to go below approximately 10,000ppm from the data on residual oxygen
concentration and generation of oxides?). A good result will be obtained if the water
head difference affecting to the generation of oxides were cut down as far as
possible.

(3) Fluidity and Flow-up
The basic system will be operated by double waves. Flow-up will be dependent on
the primary nozzle. The secondary finish wave will be given by using either FLIP jet
nozzle3) or smooth flat wave nozzle?).
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(4) Defective Soldering and Flux Application
The amount of flux application and flow-up rate are in an important
correlation®. The amount of flux application can be controlled at a high
precision if Spray Fluxer "TAF40-12V, is used. Bridge defects can be
reduced if the elevation angle were properly set in the super jet wave
described before and if the peel back point were optimized in the parrot
2, 3-wave.

(5) Fillet Lift-off
Considering the coagulation characteristics of solder, efforts will be made
to adopt high precision equipment than ever before.

(6) Spread Factor of Wetting
Dipping time is also an important parameter similar to solder
temperature.
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Frankly, high precision temperature control is demanded of the reflow
soldering equipment. Broadly classified, the equipment consists of
temperature converting unit (heater), work heating unit (furnace), work
cooling unit (cooling) and work transfer unit (conveyer).

(1) Temperature Converting Unit (Heater)
Situations can be properly dealt with SMD mounted withinfrared
wavelength band, selection of a band best suited forboards and basically
with newly designed special heater.

(2) Work Heating Unit (Furnace)
After heading with the heater described above, temperature is optimized
by cooling down with hot air.

(3) Work Cooling Unit (Cooling)
Dealt with an intensified type inter-cooler system.

(4) Work Transfer Unit (Conveyer)
Stable transfer is secured with aluminum drawn rails unique of Tamura,
paying attention to rigidity.

We will be looking forward to high-precision temperature control with the
design as aforementioned and the zone configuration possible of HAT profile
as shown in Fig.8.

Notes : 1) Abbreviation of proportional, integral and differential temperature
controller

In-house technical data of our company

Slit nozzle unique of our company

Broad band nozzle unique of our company

2
3
4
5) In-house technical data of our company

)
)
)
)

An introduction was made to the results of some experiments on
Pb-free soldering. With respect to Pb-free solder, research has
been conducted actively from the standpoint of protecting
environments and many findings obtained. Examination has been
promoted rapidly for the practical use of certain findings. However,
lowering the melting point of Pb-free solder alloy down to the
present level of eutectic solder is a very difficult assignment. It
becomes very important, therefore, to examine the development of
system and peripheral technologies (parts, boards and devices)
making the most of the strong points of Pb-free solder.

Standing on comprehensive viewpoint, Tamura is pushing forward
the development of products toward the realization of Pb-free
soldering.
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1 Introduction

Environmental problems of a global scale, such as the
warming up of the earth, destruction of ozone layer in the
stratosphere by Freon gas and dioxin, have been closed up
over the world. Amidst of such environmental problems,
photochemical smog has hitherto been regarded as a
problem in the troposphere. As a cause responsible for the
occurrence of photochemical smog, the emission of
nitrogen oxides (Nox) and others has been pointed out. In
recent years, the influence of photochemical air pollutants
by volatile organic compounds (VOC) has become as an
issue mostly in countries in Europe and America.

VOC includes toxic substances like carcinogen, which have
been designated as the objects of control. On the other
hand, it is concerned with the problem of increase of ozone
layer in the stratosphere as a causative of air pollution by
photochemical smog. Therefore, many countries in Europe
and America have been taking countermeasures against
VOC as the one responsible for the ozone problem in
stratosphere and as harmful substance in the air or drinking
water.

Post flux containing VOC has been used for flow soldering
for electronic equipment. Isopropyl alcohol (IPA) has been
mainly used as the solvent, so that it has become
necessary to take countermeasures against environmental
problems. Present guidance will briefly explain about the
concept of Tamura on the issue of VOC-free in post flux.

Background of Requirements

2 for VOC-Free

In the suburbs of large cities, the damage caused by
photochemical smog has become serious through air
pollution. Los Angels in the United States, in particular, is
called the "birthplace of photochemical smog" since its
unique topography, strong ultraviolet ray, exhaust gas and
the emission of VOC from factories have created an
environment easy to cause photochemical smog. Fig.1
shows the mechanism of its air pollution by photochemical
smog. Causes of air pollution are prepared in the air with a
variety of emitted chemical substances taking part. Table
1shows the measures taken by various countries on VOC.
In the United States of America, the Clean Air Act (CAA)
has been revised at the end of 1990 after the lapse of 20
years. One hundred and eighty-nine (189) substances have
been newly designated as toxic air pollutants to cause
repercussions in countries. The list of toxic air pollutants
includes a number of chemical substances presently used
for organic solvent. Measures like emission control will be
taken for the time being, starting with substances of higher
urgency. The designated 189 substances have become
problematical because of their harmfulness including
carcinogen. These substances contain heavy metal
compounds and macromolecular organic compounds which
turn out to be granular pollutants. The majority of them are
VOC.
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Fig.1 - Mechanism of photochemical air pollution by VOC.
Various substances take part in turning them into harmful substances.
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Table 1 - Countermeasures taken by major countries in dealing with
environmental pollution by VOC and other pollutants

E Country| &£ Year AR Particulars
KE 1969 EERDOATUE{LE (CAA:Clean Air Act) D&E Enactment of the Clean Air Act (CAA) by Federal Government
gtm:ed ® S L EM A SRR DBEH R £ ® Emission control of photochemical active organic solvent
ates
o HEASEREHEN R (NESHAP:National Emission Stan- ® National Emission Standards for Hazardous Air Pollutants (NESHAP)
dard for Hazardous Air Pollutants)
R N Revision of CAA
990 CAADEE ® Intensification of emission control of VOC, from 100t/year to 10t/year
o VOCHEHMHIDA&(E 100t/ F—10t/ F ® The purpose is to eliminate areas failing to achieve environmental
o 1V L ORBEEORERBIEOBHEH BHY standards for ozone.
o A3ER0FI B ATAE S H 47 (RACT:Reasonable Available Control ® To expand the objects and scale of application of reasonable available
Technology) &A1 534 § A1 & e ey i o)
3 . PRSI, ® Count inst acid rain, exhaust fi tomobil d
o EEMTEHE. BREHSH AR BEHEEPBIAER TS il T
ECE 19844 | [EEISDRTFEADHKE] (BATNEEC:Best "Challenge from industries to air pollution” (Best available
EC block Available Technique Not Entailing Excessive Cost) technique not entailing excessive cost (BATNEEC)
0 BFEIL X b xRS LA VREFIAREERIC & 2 =R OEI | @ Promotion of the development of countermeasures and technology by use of
B the best available technique without requesting excessive costs
- =S 5 ® Enactment of laws to prevent pollution of water and air by hazardous
o HEMHEIC S BKPATERILAOHE el
SRE 1990F | IRIBREEDHIE Enactment of the Environmental Protection Law
Einr:;i(:)m e HEME L L TVOCEIETE ® VOC was designated as a hazardous substance. standards for ozone.
K1y 19865F | BIBFRELDHTE General plan for air pollution prevention technology
Germany e HEME & L TVOCKIETE ® VOC was specified as an object of control.
o4 VOCH|igEtEIKWS2000 VOC reduction program KWS2000
Holland

o ERELIABETOA Y > DI % HeHE
o VOCHIigETE, Ri7atE. EfEHH
© 1981 ED50%HliEHE

® Increase of ozone in the boundary layer and troposphere was pointed out.
® \VOC reduction program, execution plan, international cooperation

® Plan to reduce by 50% of 1981 level
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As regards the influence of VOC to environments, each
country is cognizant in common of the points listed in Table 2:

Table 2 - VOC as a factor affecting environment

e | eading substance among photochemical
substances

e Causative substance for "poisoning air"
® A cause for warming up the earth.

Post flux or solder paste is used always for the soldering of
electronic equipment. Both items include solvent related to
VOC. Although the solvent is used for the purposes of
dissolving activators and for the retention of the ease of
operation, it is totally unnecessary substance once
soldering is completed. Therefore, the majority of the
solvent is emitted into the air during the process of
soldering. Consideration will have to be given to the fact
that VOC thus emitted is causing a serious environmental
problem with the increase in production of electronic
equipment.

The most important constituent to the soldering using post
flux is the activator. For proper performing of soldering, an
appropriate amount of activator needs to be applied to
where it is required. The solvent currently used for post flux
is alcohol-based (mostly IPA) as it dissolves well activators
and resin. Items listed in Table 3 will have to be satisfied to
make such organic solvent VOC-free. VOF-007V is a post
flux satisfying such requirements for VOC-free. The basic
requirements are shown in Table 4. Furthermore, VOC-free
flux having no flammability so that it could be used safely
will be an welcomed additional requirement.

Table 3 - Requirements for VOC-free post flux

® No deterioration in solderability

® Excellent reliability

® Possible of using as a spray and of
foaming application

® No deterioration in the ease of operation

® Washing unnecessary after completion of
soldering.

In VOF-007V, water is used in place of IPA to make it Low
from VOC. However, water has a latent heat of vaporization
as large as four times as compared with IPA, so its drying
quality during the process of preheating will become an
important factor to consider. With respect to the
requirement for no washing, furthermore, securing of
reliability after soldering will become an important problem.
Figs.2 and 3 show the insulation resistance of Low VOC
post flux. Excellent in the recovery from low temperature
and practically no change is seen in insulation resistance
over a long period of time.
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Table 4 - Characteristics of Low VOC post flux, VOF-007V

1BE ltems F% Characteristics | #B&74#% Testing methods
T 1.012 JIS 23197
Specific gravity
BEFHAERE ®
Solid contents 8% JIS 23197
ME 1.8mPa-s JIS Z 3197
Viscosity
SIS 92% JIS Z 3197
Solder spreading ratio
B 7 H—KF—i&
Color number Gardener method
BREHE o
Chlorine content 0.0% JIS 23197
SAARIE R4 Gl JIS 23197
Copper sheet corrosiveness Passed 250C,5s ZzI& drying
e 2.5ugNaCl/cm? MIL-P-28809A
eanliness
3@5\ ' JIS K 2539
Ignition point
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Fig.2 - Low temperature recovery characteristic of Low VOC post flux
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Fig.4 shows a comparison of the ease of soldering
operations by use of Low VOC and rosin-based post flux. It
can be seen that the former is little different from the rosin-

based flux in the ease of soldering operation.
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Fig.4 - Comparison of conveyor speed and bridge occurrence
between Low VOC and rosin-based post flux
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Table 5 - Soldering conditions

Conveyor inclination

1EH ltems S%TEfE Set values
FATTEE 4178 manufactured by Tamura
Soldering equipment HC33-36SNX
BAERE ?
Soldering temperature 245C
TUe—NRE :
Preheating temperature 100C
AT — ZE—R 1000
Conveyor speed 1.3X 60 mm/s
759X HE BR-2TL—
Flux application method Spraying concentrate
IZATHE 1,218
Solder bath Primary and secondary bath
BATERIARERE
Solder dipping time 3~4s
NV —EREE 4
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Shown in Table 6 are the requirements for spray fluxer
for Low VOC flux as described above.

Table 6 - Requirements for spray fluxer

® Amount of application shall be constant despite
of change in room temperature.

® Amount of application shall be constant despite
of change in the quantity remaining in the flux
tank.

® Amount of application shall be constant despite
of change in time from a fixed value.

® No return shower shall be caused.

® No clogging will be caused to the nozzle.

® An adequate productivity shall be possessed.
® Easy operation

® Safe

® Head-on connection shall be possible to the
conventional soldering equipment.

Described below is a part of the latest spray fluxer, TAF40-
12V, (design concept) developed by our company,
satisfying the aforementioned requirements.

The most outstanding feature of the spray fluxer lies in the
fact that the distribution of particle size sprayed is arranged
very fine since the latent heat of vaporization of Low VOC
flux as described in the preceding Chapter 3 is higher than
IPA as shown in Table 7. It enables to secure uniform
coating without unevenness, and an adequate activity can
be obtained, having a high efficiency by preheating. The
particle size distribution in the conventional nozzle is
shown in Fig.5.

E5 #/ XIERER XIIVONER R
Fig.5 - Particle size distribution by new nozzle and conventional

100%

#7/ XJVNew nozzle

0 T T

{E3k/ XJV Conventional nozzle

/)7 Particle size

K Large size (mm)

FIFH 4 X Particle size

R7 BEOBEE

Table 7 - Heat characteristic of solvent

¥ ZREH 1m3%& =B 5 i Al _E F % #48 Heat required to BIEAM3SH 1= V) L EE#E

Name Heat of vaporization raise from room temperature to boiling point (1ms3) Heat required for 1m3 of solvent
7K Water 2260 2600

IPA 550 590 Bfif Unit (J)
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According to the results obtained, practically no return
shower is recognized due to the refining of particle sizes.
Fig.6 shows the relationship between the change in room
temperature and flow characteristics, and Fig.7 shows the
same between the quantity of flux remaining in the tank and
flow characteristics. In addition, the equipment has various
other features like easy operation as it is designed under
one-touch concept to make it easy to use.
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Technical data are prepared in a separate booklet titled "TAF40-
12V", so you are suggested to ask for it separately.

The moves for the countermeasures against environmental
pollution and environmental protection have been
intensified on a global scale. In such passage of time, not a
little influence is given by the soldering of electronic
equipment. No solution can be found with the single sector
of materials alone in coping with environmental pollution
while retaining the present level of soldering quality.
Tamura develops soldering system integrating soldering
materials and equipment, always keeping in mind the issue
of environmental protection on a global scale.
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RBBFROHEE ¥/ Please send your enquiries for Equipment to :
#Est FODFAIIAST/A 73501321 HEERILH #5911 TEL(042)955-3195 FAX (042)955-3677

TAMURA FA SYSTEM CORPORATION 591-11, Kami-hirose, Sayama-shi, Saitama, 350-1321 Japan TEL : 042-955-3195 FAX : 042-955-3677
TAMURA MACHINERY SINGAPORE PTE., LTD. c/o No.39 Joo Koon Circle, Singapore 629105 TEL : 65-6861-6128 FAX : 65-6861-3133

FASZT LESEER,/T350-1321 HER BRI _EIR#E 591-11

X BR E ¥ FR/T564-0062 ABRAFARETIEKET 3-20-8 FM¥ELRFEEIL4F
£ B E ¥ T465-:0024 ERMEZHETEREAM 3-144 HFLENL

& M B ¥ F/T612-:0004 BREERMATESXIEH2-8-23 WELL'SIEH

TEL(042)955-3195 FAX(042)955-3677
TEL(06)6338-8610 FAX(06)6338-2027
TEL(052)773-2471  FAX(052)776-1167
TEL(092)413-4211  FAX(092)413-4213

7797 AZDIFAFERME D BREE %/ Please send your inquiries on Soldering Materials to :
HLOTIG OHES 7568501 HERARMHILSE 16-2 TEL(042)934-6134 FAX(042)934-6559

http://www.tamura-kaken.co.jp/

TAMURA KAKEN CORPORATION 162, sayamagahara, Iruma-shi, Saitama, 358-8501 Japan TEL:042-934-6134 FAX:042-934-6559

BT M EEARE,T358-8501 HERARMIKILSE16-2 TEL(042)934-6131 FAX(042)934-6559
X BR E ¥ FT/T564-0062 ABRAFRETIEKA 3-20-8 FREHEIRIFELEI4F TEL(06)6338-5541 FAX(06)6338-2027
ZH B E ¥ T465-0024 BHEEHEMRERAM3-144 HEFEL TEL(052)776-1170 FAX(052)776-1167
& M B ¥ /78120004 EMEEMMIESXIEE 2-8-23 WELL' 12H TEL(092)413-4211 FAX(092)413-4213
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http://www.tamura-ss.co.jp/

A 4t/ T178-8511 REEMBRBEXRAR 1-19-43
HEAD OFFICE : 1-19-43, Higashi-Oizumi, Nerima-ku, Tokyo, 178-8511 Japan

(BREGER) BARMEKERE

FAE ¥ AE8,/T350-1321 HERHKILM ERBER AR 591-11 TEL(042)955-3195 FAX(042)955-3677
X BR & 3 PR/ T564-0062 ABRAFIRETIEKE] 3-20-8 FHIELEIFEEI 4F TEL(06)6338-8610 FAX(06)6338-2027
%EES%FE/T%S 0024 BHREHENBREAM 3-144 HEFEN TEL(052)773-2471 FAX(052)773-1167
18 FE & % Fr./T812-0004 1RFR1EMMIESX1EH 2-8-23 WELL'SIEH TEL(092)413-4211  FAX(092)413-4213
(BEGER) BEFEFHHRE
BEF WA
ETF A E S,/ T358-8501 HERAMMAHKILSER16-2 TEL(042)934-6131  FAX(042)934-1412
B R EEED /T358-8501 BERAMMIRILSE16-2 TEL(042)934-6131  FAX(042)934-6559
K B % PR/ T564-0062 ABRATIRETEKET 3-20-8 FEKE AL 4F TEL(06)6338-5541  FAX(06)6338-2027
BEHEEXMT465-0024 EMREELEHERRAL 3-144 HEFLEL TEL(052)776-1170 FAX(052)776-1167
18 [ & % Fr/T812-0004 1RMEEMTESXIEH 2-8-23 WELL'SIEH TEL(092)413-4211 FAX(092)413-4213

st FISFAI S

T350-1321 HERBRIUT _EIEMRAMRE91-11  TEL(042)955-3195 FAX(042)955-3677

TAMURA FA SYSTEM CORPORATION
FA SALES DEPARTMENT
591-11, Higashikubo, Kami-hirose, Sayama-shi, Saitama, 350-1321 Japan TEL +81-42-955-3195 FAX +81-42-955-3677

TAMURA MACHINERY SINGAPORE PTE., LTD.

c/o No.39, Joo Koon Circle, Singapore 629105 TEL 65-6861-6128 FAX 65-6861-3133

TAMURA FA SYSTEM CO., LTD. SHANGHAI OFFICE

555, Xiangjiang Road, Jiading, Shanghai 201802, China TEL : +86-21-5917-7229 FAX : +86-21-5917-7229

TAMURA FA SYSTEM CO., LTD. HONG KONG OFFICE

9/F, Block B&D, East Sun Industrial Centre, 16 Shing Yip Street, Kwun Tong, Kowloon, Hong Kong TEL +852-2389-4383 FAX +852-9131-6520

TAMURA CORPORATION OF KOREA
Chung-ang, Bldg., 4/F, 454-9 Sung Nae-dong, Kang Dong-ku Seoul, 134-031, Korea TEL 82-2-489-5354 FAX 82-2-489-5360

TAMURA H.A. SYSTEM, INC.

1800 N.W. 169TH Place, Suite C700 Beaverton, OR 97006 U.S.A. TEL 1-503-629-5001 FAX 1-503-629-9992

SO T1ER
TAMURA KAKEN CORPORATION
http://www.tamura-kaken.co.jp/

& #t,/7358-8501 HERAMAIKILSER16-2 TEL(042)934-6134 FAX(042)934-6559

TAMURA KAKEN CORPORATION
SALES DEPARTMENT OF ASSEMBLY CHEMICALS
16-2, Sayamagahara, Iruma-shi, Saitama, 358-8501 Japan TEL +81-42-934-6134 FAX +81-42-934-6559

TA FONG ELECTRO CHEMICAL INDUSTRY CO., LTD.

No.9 Alley 2, Lane 97, Ming-Sheng East, Road, Sec. 4, Taipei, Taiwan TEL 886-22-712-1315 FAX 886-22-716-0384

TAMURA KAKEN (U.K.) LTD.

Caswell Road, Brackmill Industrial Estate, Northampton NN4 7PW, United Kingdom TEL 44-1604-768888 FAX 44-1604-768808

TAMURA KAKEN SINGAPORE PTE., LTD.

67, Ayer Rajah Crescent #01-01/02 Ayer Rajah Industrial Estate, Singapore 0513 TEL 65-6779-3100 FAX 65-6778-2186

DONG HWA TAMURA KAKEN CO., LTD.

58-3, Shin-Kungi-Dong, Ansung-shi, Kyungki-Do, Korea TEL 82-031-676-2374 FAX 82-031-674-4427

SHANGHAI XIANGLE TAMURA ELECTRO CHEMICAL INDUSTRY CO., LTD.

9F, 88 Zun YiS. Road, Shanghai 200336, China TEL 86-21-6278-8870 FAX 86-21-6278-8871

TAMURA KAKEN(M) SDN, BHD.

No.167, 1st Floor Medan Kikik 1, Taman Inderawasih 13700 Prai, Penang, West Malaysia TEL 60-4-3974168 FAX 60-4-3907168

TAMURA KAKEN CORP,, U.S.A.

2050 Ringwood Avenue San Jose Calfornia 95131 U.S.A. TEL 1-408-433-9723 FAX 1-408-433-9655

ZDHLAJICEHLTHEILEHABRICONTIE, BRDEDFEL—BERETEIEN HNETDTHENUHI T HRZEL,
The details of the specification described in this catalog are subject to alteration without notice for the purpose of performance improvement.
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