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Fig.2-2 Schematic outline of the relationship begawéndentation depth and time-{ curve).

10



23 BHEHBIUIUTUoT—Y 3 oEEBE#
2.3.1 EHER

?_':L

KWFETIE, AT T —va VRBEE2HWT, g7 U —I1TAE 2R B E LA v

T T—var ) —TEREER L. AT T —vary ) =R BoREHTIT,

N

A FILHARDIT A TZER I A < HEH S TWD Sn-Ag-Cu D~ U —ILA7Z(Sn-
3.0Ag-0.5Cu(wt.%)¥ 7=, 2307 u—F v — hMIRTFIETA T orT—a
R A A AFR LT,

(1) 2 2IXIT AIL7z Sn-3.0Ag-0.5CW (X A 72HE (MBI BLERT) 2 BXF CInfig L, o
IAMEEE 623K TERMTOEFAIZHE LiAZ, @30mm £ 280mm DA > = k& ik
T 5.

(2) KRFTHARGHLEZOL, A Fy FEK 2-4@C7FT X HI2930mm & X
7mm DO FRER A TR BN T3 % .

(3) ko L& fFEHE (#80Q #100Q #1200YCHFEE(L, Kifk lum DX A ¥E L K3—
A N EARTHE RO TERE EFICT 5.

(4) ABRFEM O 24 RERIRTICHE A 428K T L RERIBES T 5.

AREORBRTIL, ULOFIETHERLEZK 2-40)0RAEZHNNCA T T —var s

U — 7Rz 3 L.

11



it
1\
!
\I

1

>avol—7HE

Melting the solder at 623K

I
Casting the ingot (¢80%280)

I
Machining the specimen (¢80x70)

Grinding with mirrored surface

Annealing at 423K for an hour

v

Indentation specimen
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Fig.2-5 Indentation testing machine.

Load cell
High-speed, high-accuracy Indenter
digital micrometer Dynamic strain amplifier
E /I Specimen
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Metal plate .
Actuator PC

Fig.2-6 System summary of the indentation testiragihine.
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Fig.2-7 Geometry of Vickers indenter.
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Fig.2-8 Indentation depth measurement method.
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Table 2-1 Load condition of the indentation creegtt

Arbitrary Load Loading rate | Constant load time
Fm [N] dF /dt[N/s] tm[s]
1 0.01 9000
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Fig.2-9 Geometry of the bulk specimen.
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Fig.2-10 Servopulser EHF- FB1.

Constant stress

Loading }
g [ >
5
(7]
(%]
et
n
< tn .
6=doald
Time, t

Fig.2-11 Loading condition of the tensile creep.tes
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==
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ZEmTE B

F_ F
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Cc

(2-3)
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0.6

A

6=136

(a) Solder specimen (b) Vickers indenter

Fig.3-1 Simplified indentation test. (a)Geometry of the solder specimen. (b)Geometry

of the Vickers indenter.

Indenter
o s ] Solder alloy

0.3

Fig.3-2 FEM model used in the indentation test. Nodes on axial planes were fixed for

the normal directions of planes respectively.
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Table 3-1 Mechanical properties used in FEM.

(a) Vickers indente

r. (b) Sn-3.0Ag-0.5Cu.

(a)
Young's modulugy Poisson's ratio
Eo[GPa] Vo
1141 0.07
(b)
Young's moduluy Poisson's ratio Yield stress | Tangent modulus
E [GPa] v oy [MPa] H' [MPa]
21 0.35 38 162
Creep constant| Creep constant
A n
6.10x10°* 12.6
- Stress-strain curve
= == Approximation
I"
©
o il
= o=
E _ " A H
0 (0, “3d
8 ......................
e 7
n S
’
/
/
U4
,’A E
’
v
Strain &P

Fig.3-3 Stress—strain

curve approximated by twaigttt lines.
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Fig.3-4 Comparison of thie-t curve obtained by experiment and that obtaineduoyerical
test.

x 107
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S X | R
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o 15k
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< Fn=IN
2 05f Loading rate=0.01N/s
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Load maintaining time, t,./ks

Fig.3-5 Relationship between indentation depth timeé (h-t curve) obtained from
numerical test.
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Fig.3-6 Comparison of relationship between stregbaeep strain rate.
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Fig.3-7 Distribution of equivalent stress at the start of constant load process.
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Indenter

N

Specimen h<m’

Fig.3-8 Process of the indentation creep test.

Indenter

N

Specimen F>F

Fig.3-9 Process of the indentation test including the depth maintaining process.
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Fig.3-10 Schematic outline of the loading for int&ion tests including the indentation

depth maintenance process.
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Fig.3-11 Determination of stress relaxation ratmgstress relaxation curves.
The stress relaxation ratefdit is the slope of the stress relaxation curve at an
indentation deptih.
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Table 3-2 Load condition of indentation creep tegh a constant indenter depth.

Indentation depthl Indentation rate| Depth maintaining time
hm[mm] dh/dt[mm/s] t m[S]
5.0x1C°
1.0x1C°
1.5x1(?
2.0x1(? 4.0x10* 9000
2.5x1(°
3.0x1(?
3.5x1(?

4.0 =
h,=3.0x 10 "mm

3.5 394N Indentation rate=4.x 10" *mm/s

3.0l -©- Experimental test

Load, F/N

-- Numerical test

o 1 2 3 4 5 6 7 8 9

Depth maintaining time,t/ks

Fig.3-12 Comparison of the load relaxation curvesny the depth 3.0xI8nm

maintaining.
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4.5
4 5x10°mm
3.5 1.0 10°mm
— 1.5x10°mm
> 3 20x10§mm
= 2.5x10
L 25 oilomm
8 5 /1__35><10mm
3 Il
1.5
il
1 // ,I l
0.5\_ ™
O | 4
o 1 2 3 4 5 6 7 8 9
Depth maintaining timet/ks
Fig.3-13 Load relaxation curve.
0.10
0.08
=
£ 0.06
vy
S 0.04
<
0.02
0.00C 1 1 1 1 1 1

02 04 06 08 1.0 1.2 14107°
(Indenter depth:j, hmZ/mm2

Fig.3-14 Determination of the new reference areacédculating equivalent stress.
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—FT, AETRETHLERM S bEn, ABEKROER 2 U — T2 i 5
DICHMTH L. A(B-18)THINLHAMERM S 1%, IERETHWLRLLET LB
P RS S 0K 3MFITHY T 5. RFIELICRFIEE OREREVE, AFEICIEME

FEFIHERR 2 WA SR E B R BERNH D ThH D.
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10 "1 =1IN I
O =Numerical indentation tpst :’
A Modified test b
. — *Experimental test n
' 1074 Tensile creep test |
4 n
B [
W
2 27MP .
S 1075k
£ 10 a\ [ __95MPa
o
*J; /]
8 g / Il
o 10 [ 25MP a "' 90MPa
@) [
/]
I
-7 ] I. ]
10
10" 10° 10°

Stress d/MPa
Fig.3-15 Relationship between stress and creenstase obtained by using new
reference area.
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3.6 #&

RETIE, AT r7—raryRBETHEY ) -7 0T A2 EHTHIIHY, FHE

BEBRICE DA T T —vary 7 ) -7 BREERL, TOMEREZHLMNTLE
Eni, AT rTr—vary ) —TRBROMERROTZD, HilokArTrT—va
VRBRERZEL, FREEEREHWTA T T — v g URBRICHE L - ERYEmE O R E
FEIZ DWW TRE L.

(1) FEEERZAVWDEZZ LT, SAVITRBRA LA T T — v a VB OWIESE
WA ROBENEYR L. 2R ThRB, 1T T —vary s V=70
fERITHBOER 7 ) — 7 ER 2RI LIRS V) — TR BROFRIC—E L7220,

2 AvFrTr—vary7IV—7RRTIX, EEZV—70THEEHT L LNT
TRV ZORKE, AT rT—var s =R RICBT DI O K FEA
ThDd.

(3) EHEEMIZAEHEH L TEFMHIAARIRFFRBRE VI LNA T o7 —a il
BRAREL, MARRIGNITRDZENRY, AT T —va B BRTERZ Y
— 7T =R &G5O Ul FEEE AR O R E IR E R L.

(4) FlCRBELZAERBEZ AL, 51k V=7 RBRORDY IS T T —

varRB T —TEREERET LI ENTED.
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FHT, RECEFHALRERSIRERBREZGBL, 177 —varydRTHELN
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L2rL, FFITE 3FICBW CHEMAERE SAVSNOFEITE L TW2RNWZ & 2B 600
L, B SICbo THERERERM SZHWL Z L E2REB LTS, EEEHR S
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SIRFFR S hp \SS T 2 BEEmE S ZIRETE 5.
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B4R EIRNMEZEZEBLEATFOT—23a2HER

Bl 21X, EEREOHBH LM B R EDRIEY V- BRE 527 ) —FTF—2 D%

)
BN 72N —RZHHAT 5 Z ENTE R0,

[1] Loading process [3] Unloading process

\ ‘ [2] Constant depth process E\

____________________________________________________

-~

>
3

dh/dt=-2.5x 10°mms |

Indentation deptrh/mm

| dh/dt=4.0x 10*mm/s

t,=9000s

r'y
v

Time, t/s

Fig.4-1 Schematic outline of the loading for indatiin test with the constant depth process.
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4.3 EFHRAAICKBDERN
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S

B

Table 4-1 Load condition of the indentation test including the constant depth process.

Indentation depth | Indentation rate Depth maintaining time Unloading rate
hm [mm] dh/dt[mm/s] tm[s] dh /dt[mm/s]

1.0x1(%
2.0x1¢°
3.0x1¢°
4.0x1¢°
5.0x1(°
6.0x1¢°

4.0x10° 9000 2.5x10°

Compression N Tensile K

A le
x'\L, 5 d
z
-67.8 -40 —20 0 20
-50 -30 -10 10

Fig.4-2 Distribution of the principal stress in the specimen of Sn-3.0Ag-0.5Cu.
(a)First principal stress. (b)Second principal stress. (¢)Third principal stress.
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IABIR S RFFABR TIIEUENET OIS DIREZ R T 52 Z L IIRETH Y, FISHmIcHE

TORDOPREEZRTDL I ENTE R,

Rag;
Indenter M r Surface of sphere

-
O / y \ _
\ \ -
\ \
\ \
\ '
i H :

.

Normal vector n

v

y
| Z Specimen Principal stress direction m
Angles for the normal vector 8

Fig. 4-3 Schematic outline of the angle betweenrtbamal stress vector and the principal
stress vector.

Line A

Line B
&X
Z

Fig. 4-4 Line which nodes located.
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Fig. 4-5 Relationship between radius and angle istex with the principal stress vectors
and the normal stress. (a)Line A. (b) Line B. @@mparison of the converged point.
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Z 2T, 74.1%% Vickers EFIZBIT2BMAED 2550 1 THY, 3-2(b)Z Y
Vickers/ =D EaTh D .
MR S hy 1 EBRfT LR TR O DM & REM OBIMR (BRATigr) & w2 v -CE

TB5Z LN TE, HEHEMBGRICESS YUV REOEMICL AV S50,

1
h=h -—- F 4-3
P ™ dF /dh *° (4-3)
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ZIT, hplIRERES, dF/dh IEZBRATBRAREL 2 IC IS D BRI O, Fus 1ZBRAT B AA
DM ETH 5.

X 4-7 1%, RFEFES 4.0X10°mm OFE T A 2 S REFRBR D O 15 5 AU 72 bR iR 2
R R A IBREIBMGS AR L, BRETEZIIEE dF/dh B —ETH D, MR AB I, A
AlCBITDERE X E TIER LM TH S, BRITBRBROMARES ZH C LT5 &,
BC M OHIARIR SIZEFREBICHEVFMERIE LI g OMIARRSZERT. Lo T, W
B OMIALIR SITHEME OITIALIRS TH LIRS hy 2K L, N4-3)2 W TEtHET
HIENTED.

PLEXY, MHALERS h I IZRHST 2+ & sl oAk aRIL, wE- AL TR S O Btk
(BRAFHIFR) 2N B TR DRSS hy Z TR T ZENTE D, —F, AIfiTRe
TeFEISHEDOFEE r1E, WHRBERT NI A—ZLBRAD LN TED. £ T,
FREHNEL O IG TR RE 2 )t B F-fAZ R S h OBIR O RIS o720, #
fiffkfe & IS IR BE D BRI Z I G T 5 2 L Al Te. S50 & Bk B O BIfRYE
%, FISHEICET 2RO r EHMHRS h OBMBRICEESHMZI DN TESH. 22
T, RA-LIRTAMSEMEZ I, 6 FEORFFR S THEFMIA LR S REFBR O G H i

LB A S LT,
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Non-contact part

Contact part

Length of the edge line in contact plgt

= Non-contact part
. Contact part _

Plastic deptt,

Y = A~ __N____

Indentation depth

Length of the edge link,

Fig. 4-6 Schematic outline of the contact statéhimindentation. (a)Contact state when the
indenter pushed into the specimen.(b)Relationskiwben the plastic depty and the
length of the edge link..

2.5 T T T Il T T T T T | T /
i Tangent of unloading curve /'
7| R S ——— /| dF -
dh
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] i
S o1.0f 5 .
0.5 i
))’ , 1 1 1 1 I! 1
0. 0.0396 0.0398 (:).04
B C

Indentation depthh/mm
Fig.4-7 Unload curve obtained by numerical test.
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% 41 DR TER SN I2E THHALYE S BEFRID B8 bR IR O FIE T2
NENAE LT, B EALTE S BREM O MAMRN D 4.4 BT~ F1E2 VT, [
4-5 TRTIERA Y FACKT B8 3 15 O oL EF-TH A b OB r ORI %I
BL, EENESAET 2ROLLE r 28E L. D, JEFARE S BERROK
B LA O 5 U IR & R(4-3)% AT, (RFFIES hy (CRHST 2 MRS hy 23
BT, ESAEICHET RO LR r LIMES h OBIFRE R 4-810RT. BIHEES hy

X, FISTE O B L, TOLBIBERITRORLEETERS LN TES.

h, =rcos73.1" (4-4)

H(4-2) & K(4-4)% e 5 &, WIVETES hy & IS HEOHLE r OBIUEA, WHEES hy
BB OBEME S Le DBRICIFE KT HZENNNDE. ThX, AV T T—v
2 CARBRICE VAT LE 3FIG I & #T 28K, HAMOBHRES LR ETHEK
REEABRTIENTED., DFD, AT rT7—ra AT D TGO
r, BRETHIR DO D MMRS hy EEAT D ETORAERRNHIRETE .
EROFECEY, FH -ME F-HAZES h OBREZHNWTA T 7 —va Vil

DEISHENZT DEROFELRHFETH I LN TE 5.
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Fig.4-8 Relationship between convergent radiasd plastic depth,.
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46 RIRFIBICETIEMRIOES

H 3 EIZBWT, I[ZATEREOEPNWMEETE, WML, 7 ) —TERNbMS 2
LxRLIZ. 2LT, EFMARRESIRFFRBROESRE LR TIIREROT 25 dek
BPEOT Ay dP S 017D 2 Enbdet =—det M L2, ZoE, WO R
WD LI d 7 V=0T RheENWNT 52 L 2EW®WT 5. £/, EFHARICE
DAL DO 2 1%, EF & B OB CHE-F 2 A T4y & 3B R T < DI
BEftE O bR, 2 DOREBTHEERVITHEET D, DI, RSRFLETILELH
DOFYEOTHREE L, 7 U —7OFT BT 5.

I TCRIEE 2200, BERFFLEBICBIT 2RSS hy OFHTH L. X(4-4)TR
TEIE, AT rT—varRRICB T2 ERNEICHET L2EROFE r 2RDDH7-0
ICITIMEE S o BB TH 5. 2 LT, ZOMMES hy X5 TR TE 55 B i
MOBRETHIENWTED. LrL, B LEOANIITRSKFLEN S L. T720bb,
JEF A IR SRFFRBRICB W CEIS I T 2K 2 B 5 720121E, RS REF
TREROWMERERS hy R—ETRITNIE LR, 22T, RICESRFLREICETH27 Y
— T OTHDIAEA T = X 1 & HEMIRIE 2 R T IMER S hy OZFEZ OV THRFT L 7.

AHITIE, 4-9 [ZRTRAMEM T, WSRFF LROZRWEFIIAL - Brfr skl 2 5
FREFEBRCHME L. 150N AT R A [F UAGAZGEREE dhvdt, FRIAZZRS h, R H
FE dh/dt THEME L 72 51 FA R S AR RFRRBR O FRATRE S & il L7z, 4-10(a) fof B &
PAZ RS ORAR AR L, B TREE 2 2 R TRt 2 92K L TR 4-10(b)=~d. O
FICRENDEFIIAL « BRI OGS, AL TREE THOME 5.16N 2> 5 BR A
WMED. —F4, OMTRTIEFIMALEIRERBROGE, WAL LR%Z O M #EIX
5.16N THEF#IAZ « FRAFalER DR RIC — BT 5723, 4-10(@) 2T L 9 ITHAATR S
TRTHERMNPLEC D720, R LEOBMHEIL 2.0INE 2D,

4-10(b) 2R T — S IBR AT BHARIE I Z J5 1T D BRATE AR OB A R L T v, R(4-3)

EHWTHED y I THDWMIERS hy ZFH5HE L7z, 4-111 R T X 9IS, BIERS
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hp 134 > F 2T —3 3 VR T 3.94x10°mm, £ 1A 7 & (£ 38 T 396x107mm
Thole., WRSRFFTROFEIZLDMIERS hy OZETIFLALERLS, RSRFLREIC
BOWTHEMES h T2 LRV, w212, ISRFLETIE, Zbhd LTI
i OO T HBEER T D22 T UV —FOTHRELD. Thbb, RIMRFLE
B OB LR TAELC 2RSS hyl2k - T, RSIREFTOEIS DI ET 2 R o5

M THILENTED.

[2] Unloading process

[1] Loading process E
40x102MME—
E 1]

=

~

=

e

Q.

[5)

o

c

O

b

© .
e !
) dh/dt=-2.5x 103mm/s |
o 4 :
< dh/dt=4.0x 104mm/s

Time,t/s

Fig.4-9 Schematic outline of the loading for indetidn unloading test.
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(OWwith the constant depth process
5.0without the constant depth process,
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2.0F .
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3.96% 102mm |

. 1 .
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Indentation deptt h/mm
Fig.4-10 (a)Relationship between the load and tlgemntation depth. (b)Unloading curves

obtained from the unloading process.

68



1

E-III;I-
w

B4R EIRNIEZEEBLEATFOT—23Y

0.045 -
& With the constant depth process
8 Without the constant process
0.040 *
0.035 | 5
3.94x 10%mm 3.9610%mm
IS
£ 0.030 |
~
o
ary
£ 0.025 [
o
S
s 0.020 [
-
(%2
LB0.015 [
(a
0.010 [
0.005 [

0.000
Fig.4-11 Comparison of the plastic depth betweenitldentation test including the constant

depth process and indentation-unloading test.
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4.7

RAHARSREICKDAIToT—2aVvEBE

X 4-12 R TIHHARB SR A T v T —v a VEBRIED 7 o — &R,

(1)
(2)
3)

4)

(5)

(6)

EEORFERS hy TEFINALR S B2 M 5.

BRA L2 D BRAT it 2 BG4 5.

BRfar BARIEIZ 33 1) 2 BRATEIAR O X dF/dh & (4-3)& AWV C, [EEOHIARES
he (26T 2 MIPEE S hy 23R 5.

AT rT—va rRBUS 2R T 572010, ERE@)TEHEM LIRS hy
EROTHEERR S 2R 5. AR SI3T+ & B OB IZ81) 58
MR S 2 BRICRD, JEFEAZ PO E LIZEREBHR CH D2, JEFHIARIZED
B CIT AL G IS M 2 Z L 2 BET D L, RO FEoIi5b5 L
METES. T7bb, VickersE+ & MWiiGE O HERME SITBEMIRS hy &

FAWT, OXHITETZLENTES.

2
s=m[ ;rjmzmmg (4-5)
COoSs/4.

BB ARER AT S X, WMEIE S hy 2 Tor o 2 A Rk ORI 2 4399),

E =L(Lfd_F e
2\ 245) dh (4-6)

ZIZT, EIEFERBIOES Y SRR,

AREtOY 7 RET, ROBEAEZHAWTHRHAETE .

—1)2 —p?
1 _1-v 1w (4-7)
E E K
ZIT, WEVEETERBORT YU ERL, BIIETOY/ETHD.
KRR S LY IV REZRDEELT, BRIV —TOTHEZENTS. 20k

¥, TRSOREF TR O iy AR AR & B9 % .
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)

(8)

9)

ERLG) O EEMMARE LY, IS EER 7 V=T OTHAEEOERESDS. BT
oilE, ERR@)THRET 2 EMERME S L X312 HWTEHAET L ENTE S,
Fiz, AR U —TOFT HEE £°1F, LFL@)THRET HEMERME S & EFL(5)
THEHHLEY 7%, XGE-14)2HCTHAET LI ENTE .

JISNERT 7 V=T OTHEEDORARE RO D720IZ, RSRFLENIHOT —
Z RN T R TEHEILT 210 EIAL Y V) — T O Bl &° % Wit 8T
A= 7 N A

RGPS E 7 V=T OT HORAKRE RFELIL, NortonH TEFLT 5.
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(1) Conduct indentation test with the constant deptitgss

at arbitrary deptln,,

(6)Make the load relaxation curye

(2)Make the unloading curve

|
(3)Calculate the plastic depth
hp = hm —L FUS
dF/dh
| |

(4)Determine the

S =2 ———
cos741

reference argq

1 2
)

C——

(7) The stress
g, =—
S
The creep strain rate
. 1 -
&=-———F
ES
|

(8) The relationship between the
stress and the creep strain rat

D

|
(9) Approximation by Norton’s law
& =A0"

(5)Derive the mixed Young’s modulls

1
g- L ( m2d
* 2h,\245) dh

|

Derive the Young’s modulus
1 _1-v? 1-V}
E E E,

Fig.4-12 Flowchart of evaluation process using meference area.
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4-1312, EFRQ)-Q)DFNEZ HWTEML L EESR 7V — 7 OF B D BIfR

rRT. 4-13 1%, Sn-3.0Ag-0.5CuiZ A 72 A 41Tx L THRFFE S 40x102 mm O£+

AHRSRFFRRZ I L TRONER R TH D, O & ERIT L7 KB 2 vz
Gl U — 7RO RER 2R L, BRIk DET LBt O AR S 68 H L

TS N2 iz, JEFMA B S REFRBROMITRE R A2 KT, O TrTR(4-5)DH 7=
SNTER 7 V=7 OTHEE LIS OBRIE, 51k

=

Fhebb, TG E T O A2 EEmE S &

(EH LR EmAE S 2 VT
RERIZE Y, RDDZ EHHE

7 V) —7REBEOFERITITIE—E L.
T5HZLT, EFIIV—TOTHREAL LT T—va

ThHs.

T
!
1

-4
10"
F—- Without new referencefarea
[ O Presented method !

5 ::D—Tensile test

% 10 :
B 10°¢ ", 3
g : /
© [ /
£ 107 "
© : /
o 10°%F ! E
g | '
6 -9 _ I” e
10°¢ 1 Sn-3.0Ag-0.5CUj
: hy=4.0x 10°mm |
10—10 L A I | P
10° 10" 10° 10°
Stressg/MPa

Fig.4-13 Relationships between the stress andrepcstrain rate in Sn-3.0Ag-0.5Cu.
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4.8

#® 8

KETIE, AT rT7—va X fOESHERL, FISHimE & #7925 meE %«

REEREARLTCERE 7 V—70FH28H L. TORE, LUTOMKE L.

(1)

(2)

3)

JEFIAIZIZ KV AEC D\ RFEIST O WAL, JEFTEHAZ L E 5 ERE 2%
LCHEINZARD. £, RRESTEITET D BRI ORI EF-5URH o B2 fili
FICBTOIBEMRESLBZZXDLILENTE, 6T, BHEIICI > THERE SR
REARETH S

T NEEBE L CRE LA EREZEZ AV, Sn-3.0Ag-0.5CUIAZA4EDE
WU =R ARAG Lc. £ORR, IR U —7RBROMRICIZE-HT D
HRBE DT

FISEICHET HEREOEMZ EEREE L OSSN ERET2 2812k, 1 %&14F
DIEA AR S REFARBR D DRUNABIOE R 7V — TR 25+ 5 2 & 23]

RETHD.
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F5E
FRANEZEZRL-EEEMTREFEZDERMYE

51 #&

BAETE, A7 rT7—varyrdBRCHYR ) —TFOTHEE T 520, TS

i

NEZEBE LZERERBICOVWTRMLEZ., A>T rT7—va yRBRo TR hmiE, JE
T L RB OB OBME S 2R E L, EFHEAEZPLETORICHET D Z L& AT
L. T7bb, A7 r7—va BBRICBWTES iR & BT 2RO ERIT, BRaF
itz O TIRET 2R S hy S IEF ORI FIRIRICE o TRIEWBETH L. TS
1 % % R L CHMEMFE 2 R E T D A T{E% Sn-3.0Ag-0.5Cu% it & L 728 - FIA AR S
REFRB O EERICET L, AFEORIME R L.

ARE T, Sn-3.0Ag-0.5CWIA DA EHI R LT, FHAMEIERIC L 2 E 7 H#5A B S R
FralBr 2 Bl L7=. F7=, ABFFE T, Z 2% T Vickers [EFIC X DAL T Z AT
LC&7. AT 7 —va ryRABRICIE, Vickers JE 7720 Tl {fhx RIEFHHWDL
TW5. 22T, RETIIMMAELE O ELZZ LSS G6 0K ERHE, BXO

ENEHWEBONDER 7 U — T RHEIC OV TERBEER & F VN CTREE L 7.

5.2 #HITHIT HARME

AHEITIE, B 4 ECTRELZIMETED, Sn-3.0Ag-0.5CWIst DR EHI % L T i A
TEDHZEEMAT D, TDHIZ, Sn-3.5Ag Sn-37Pb Sn-58Bi» 3 FHDIZATA
SERELE LT, JEFMARRESRFFRBROFRMIERZ I L. HTIcH Wz Sn-
3.5Ag, Sn-37Pb Sn-58Bi?D J1 A R A K 5-11Z" 7. ZAUEGIEABRE GRS U —7
RBRELVEONE/RTHY, CIRE Y SIH L 723 HRERICIE, F 48D
Sn-3.0Ag-0.5CUZ A 7ZE4 L Ak, K 4-1 1R TAMSEEZ AV, REFES %2 40x1072

mmé& L7-.
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RIEBEEBROM RN G, X 4-12 DFNAITHENSIENZ T 2 EH 7 Y — 7R 2 5

L7z, BRff LREOFER LV E S 2Rt 2 ¥ 5-1 1287, RERS hy 13 40x107

mm THE— L TWDA3, - 8P 7 U =7 REOMEIC L - T, BHRS hy & Ri&m

RINAZIRS hIZIIMEHZ L DBV AR TE 5. K7z, BIHERS hy0EH &[RRI,

YO UREOEE LT,

YRS hy 2 A-BNCHWT, AT o7 —a VlkBRICHE Lo ARG S 28 L

. 5-2 |27~ faf AR EHARICA(3-14)E (3-16), HH LIRS hy bt Yo 7R E

ZRWNT, I8has 7 ) =0T HhEE 2R LT,

Table 5-1 Material properties of solders.

Young's modulus | Poisson's ratio Yield stress Tangent modulus

E[GPa] v ov[MPa] H'[MPa]
Sn-3.5Ag 36.9 0.36 20 141
Sn-37Pb 33.6 0.36 23 152
Sn-58Bi 24 0.43 35 147

Creep constant | Creep constant
A n

Sn-3.5Ag 3.21x1(%® 14.7
Sn-37Pb 2.38x1CH 4.38
Sn-58Bi 1.60x1C 6.01
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Fig.5-1 Unloading curve (Sn-3.5Ag, Sn-37Pb, Sn-58Bi
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Fig.5-2 Load relaxation curve (Sn-3.5Ag, Sn-37Pi,58Bi).
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¥ 5-31Z, Sn-3.5Ag Sn-37Pb Sn-58BiliA A4, TNENTHELNIG-ER 7
V=7 OFTHEEOBRERT. K 5-312FBW\WT, Ml e KHNL, EThEET &alet
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TrT—varilR T V=TT =2 EBLIENTED. AIEO L ST, HEAERE
WWEBLT, A7y 7—varyBBRERIV 7Y 70T %% FPHT 22T MIZH
DN, FNODE L, EEACHHTIC L EBRFE R EITERE BT 5720 D
EREBERET D2 HETHD. REbETZHNT 2 V=728l 556, 7V
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Fig.5-3 Comparison between the creep propertiegioétl by the modified
method and the tensile creep test in solder altbgrothan Sn-3.0A@-5Cu;

Sn-3.5Ag, Sn-37Pb and Sn-58Bi solder alloy.
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Tz, ZORER, Vickers JE -2 HWBEIE, A 77—y a RO TR E %
BRTDHIET, AT rr—varRBRICHE L EEERREEZRET SN T, §
B U — TR RIS BT A EE 7 )T OFREENTE 52 L2 LN L.

Vickers JEFLIAMC G, WUASEETSCHEEET, KEF, N—abyFEFRIRLR
JEFERWieA T rT—va R ESnTWwWs. 22 TIE,  Vickers [EF Bk
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S b £8 B 2 28k S T O U A $EIEC K D E AR S RFFRBRICK L TR FED

i 2RI T

53.1 FEMET /L L AfEME

AEOBFEICH W2 FEM T V%X 5-4 (28T, e Ea 28 870 5 3 FE O U A $
JEF% ZIEH, Sn-3.0Ag-0.5CUlE A 7Z3EHT FIA To £ A B S PR FFABR 2 31 R R
FEERTIHEM L7, SEiwAE 607 [ ZMMEETFZ WA T T —v a EICET 2058
TESHWONZHETH Y0, JeutfME 74.0 13 Vickers [E 1 & Bl L= A, %
7o, TNLLEICKREAE 80 ZRE L. 22T, WAL FOEmAENRKE A
HIZONT, ISTORAFHEBIEN D ZENTRITE L. 22T, ABO FE 7L~
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# 5-212, AEICEM LIZFHREEROAMEEZ AT, MIARES &R S REFRFH,
BRAFIEEL T, AR OEFIALRSRFFRABREF CRFETH L. Lo b HEE-1
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B Diamond indenter
] LT Solder alloy

K

Indenter

W
0.6 "

>
Fig.5-4 FEM model for considering the geometry of indenter. Vertex angle of
indenter a was varied.

Yy

Table 5-2 Load condition of indentation test for confirming the effect of indenter geometry.

Vertex angle of the indent | Indentation dept| Indentation rat | Depth maintaing ten | Unloading rat
a [degree h [mm] dh/dt [mm/s] t mls] dh /dt [mm/s]
60 2.0x10°
74.1 4.0x10° 4.0x1C* 9000 2.5x1C°
80 6.0x10°
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5.3.2 1504 & AR RE O BAfR
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—1&0 -124 -89 53 -18
-142 -107 =71 36 ]

Fig.5-5 Distribution of the third principal stress at the start of the constant depth process.

008 —7—————
: O60 degree h,=0.43 = cos 645°r R?=0.9€;

074 degree h,=0.2% =cos 74.°r R2?= 0.895
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Plastic depthh,/mm

0.00 . . .
0.0 0.1 0.2 0.2 0.4

Radius,r/mm

Fig.5-6 Relationship between the plastic depth and the radius of reference area (6=60,
74, 80 degree).
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70 T T T
hy=4.0% 10" “mm
6.0r O 60 degree 4
O 74.1 degree
50F 2 80 degree |
<
L 4.0r
©
<
o
— 3.0r
2.0f
1.0r 3949m A&
0.0 Aﬁzug‘ f L (=39.81m . -
3.92 3.94 3.96 3.98 4.00 4.02 x10

Depth,h/mm
Fig.5-7 Unloading curve obtained by varying theetex angle of indenter.

14,0 1400 hp=4.0% 10 °mm

O 60 degree
12.0r

o 74 degree

~ 80 degree
10.01 .

Load,F/N

0 2000 4000 6000 8000

Depth maintaining timet,,/s

Fig.5-8 Load relaxation curve obtained by varyihg vertex angle of indenter.
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h,=4.0% 10" “mm T
. _s| -Tensile creep test ,{.ll ]
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B 10°F 060 degree ] 1
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Fig.5-9 Relationship between steady-state creegnstate and stres¥ €60, 74, 80

degree).
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TAENRRELRDIZONTREL 2D, £, JETERBAENE(LLTHE
PER S hy L BRI O TS v ORIRIZ, JEFBRRISC TEFOE S LR E
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FO6E

EFHAARESRFERRICEIEEV)—T VT HDEH

6.1 #&
A E T, EFEAZTOE LS OBRE S 2 B8R K 28 B8 i

i

BELTWLZLEMoNTL, BREihf CEETE 2MMRS hy SRR E A
TFrTr—va rRBREKmORMBE RN T HFEERE L. UL, ThOIEEEKE
Bra VTR Th o7z,

ZITARETIE, & 2 BOBIECHW A T o7 —3va VR EZ T, 3 fiMH
DA TR S T HA R SR FFRBR A RIS FME Lz, BB 250 FIEE2 ERO
FERICEA L, iR L EERBEIC LD FENEREOFRICLVFE TELZ L

R

6.2 HBEREHK

MBRICIE, B 2 mEMRE, M 2-51CRLicA vT T —va VRBAE W, E£7e,
bS] 2-4 (278 L7z Sn-3.0Ag-0.5CUT A 2% v 7=, AREICHEME U 72 1 F5A IR FF
B O AR 2% 6-1 12K, Vickers[E1 % AV THREFES 3.0X10°mm, 40x107?
mm, 5.0X10°mm OJE T AL S RFFABR 2 J2hi U7z, FAZGEEE, TR S RFFIER,
BROTEEE, ZZETORMEREREFLCLEETHS. HBRIL, —HOORFFEIIZOE
3o, FF9REIFEN L.

Table 6-1 Load condition for experimental test.

Indentation depth Indentation rate | Maintaining time | Unloading rate
h [mm] dh /dt[mm/s] tm[s] dh/dt [mm/s]
3.0x1(°
4.0x1(° 4.0x10* 9000 2.5x10°
5.0x1(°
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PRFFEE S 3.0X10°mm OJE T HARE S RFFABR T b bRt 2 9. R(4-5)ic
AT DI, FIRAHEABE LR S, BHRS h LEFRRICEIVIRETE
5. bbb, T TIERERTHESNRA RN GBEMERS hy ZEH T2 L%
AT MO FERIT, BT LEEBBKICK T SR OER Th 5. R 3 [\ ORI,
FIEELWEE 2RO, £, BRAABMEDOEIZL > TEZALDIEL2ERNH LD, &
FREZ LY 0.1~0.um FEE /NS RMEDN MRS hy 2 BEWT 5 yUl A &7z, 6-2(b),
() [ R TIRFFE X 4.0X10%mm, 5.0X102mmOB4 b RAEOFER L 7t 577,

6-3 1%, FIMALRE S OEFMIALIE S REFABR TR ONZBMERS hy Z/R LT
5. FEhi L7z 3EORBRICE N TR LA TCEMERS hyOIX 52X 1E, FHE+2.0%0H
Thd. £, RFES hy /NS0 E26, SHLUEKRFES hh 2z tn,

297x10°mm, 3.97X10%mm, 4.95X10°mmTh 5.
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0 2000 4000 6000 8000 10000
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Fig.6-1 (a)Relationship between the indentationtdemd the time. (b)Relationship
between the load and the time.
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0.0 X ‘ S L1
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Depth,h/mm

Fig. 6-2 Unloading curve. (B)}=3.0x10°mm. (bhm=4.0x10°mm. (chy=5.0x10°mm.
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Fig.6-3 Plastic depth obtained from the unloadingcpss.
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ZENT 5720, 6-5Z M TRT X ) I EFE iR 2 kATl L=,
F=F, —exp@t’ (6-1)

ZIZT, a bIFEHTHS.

K(6-1)% VTR 7= ff EmAE AR & (3-12), X(B-14)2HWC, 7 UV —70
THRBELAFR L. W7 V=T OTHEEOMGEE, MHARRS ZLIZK 6-6 (T
AL BYOSLOO, O, AHNL, #timfE S 2GR LELRGOIEhE 7 U —
TOTHHEORABRERT. FICHCHET 2ERKEOmBEL EEREE T2RKFIETHD
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O 3.0% 10 ’mm
5.0 O 4.0x 10%mm
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O'00 2000 4000 6000
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Fig. 6-4 Load relaxation curves.

O 3.0x102mm  F=Fy—exp(-1.09},>*" (F4=2.35N)
[0 4.0x 10 °mm  F=F,—exp(-0.94},,"® ( F,=4.03N)!
$ A 5.0%10°mm  F=F,—exp(-0.89},,>*° (F,=4.80N)
0.0 1 1 1 1 1 1 1 1
0 2000 4000 6000 8000

Depth maintaining timet, /s

Fig. 6-5 Approximation of Load relaxation curves.
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Fig. 6-6 Relationship between the stress and thepstrain rate.
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