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Influence of the Crystal Orientation and the Grain Size
on the Flexing Property of Tough Pitch Copper

R st

Ryosuke Matsuo

(BLE)

27y F46 (C1100) DEHHIFEICRIZFTHBAME NICHERNEOHZEICOWIHEEEZIT> =

B—%GTCIPCEHMEBE T KR

, {001}<100>A R (WAGL) ICEm L &3> T Ivik

mmknm>ﬁuwmwﬁMJhwmmbt#/7wtﬁb@nt% ERL 7z, RBRBOREER
RUODFOFER, WAHRLICERB L Y > TIVICH UNDWARLICE R L =4 > TILORE =N H TR

Sh, —BICHIREERICED EHBAISNE VT v VDFEIHER SN, TERENRIEIT 2 FLE
RDZEICHENT, REI/NSWNEEERMERICENS I EEZASPICL L,
V) EEHLS) 7p S N 3 BOMLRE A - N il
1. BL&I W FERD) B LD B, ENENOREEA IOV T

Wi B S Ak A 5 %2 4 7 € v 54 (C1100) 13
N E RS EPmoNnTBYY, 75y Mr—T
HZECHWLNTWS, 0710t 2T EILERRT IR &
72 RTEEE OB BN A 5 U B AT e S Ak % T S S
WIS, HRERBLE A S C & TW AR LA KIS
FE LM E T A LD TE 5,

NIRRT EE & LW H ALY
WHT DLW RERY, HEFMIIE LS BV
M EIT L Z & 25T 2w ) KEED. D,
72 FIUTHE D RSO L WAL KA LA =

iR I
EEIRF: Foil
PARNA AR ENEY e
JEHEE b 7259 &

Tld v,

T80 7 rp O 2 i A

FIT, R TIRW HMALRICER L7725 7€y
B RITTINT 2 AL

uEEljiTL

f AL K OV DA EBARIZ D W TR L 720

2. RRGE

FESRBCIA OFIANE EIEIES X 2 5% v TV i 728,

i

SRR A R R & L 72 FEERIEZ OB LR 3 WAL Z EIE L 72
BTN EHG, BEO T O A EE1ITRT, Nolldst
), No2 X HMEIEY > TV THh 5,

x1 FHbiY > S0 TaE
Processes of test pieces.
Sample number Previous Process Post Process Sampling Derections
L1 CR (0.17 mmt) = HT (200C, 2 h) 0°
—CR (0.035 mmt) = HT (200C, 2h) | (Longitudinal is parallel to LD)
L2 CR (045 mmt) = HT (200C, 2 h) 0
—CR (0.035 mmt) = HT (200C, 2 h)
13 150 mmt—HR and 0
1: Strip 14 CR (12 mmt) — 22.5°
i HT (general) CR (0.035 mmt) = HT (200C, 2 h) (rotated on ND axis from 0°)
15 455°
’ (rotated on ND axis from 0°)
16 CR (045 mmt) = HT (200C, 2 h) o
—CR (0.035 mmt) = HT (700C, 2 h)
21 | 9 mm ¢—CD (022 mm ¢) — § 0
9 Drawi d roll 22 HT (general) — —HT (400C, 2 h) 0°
S orawing and rofng 2.3 CR (0.035 mmt, 0.8 mmw) —HT (500C. 2 h) 0°
24 —~RT —~HT (600C, 2 h) 0

HR : Hot Rolling CR:Cold Rolling CD :Cold Drawing HT : Heat Treatment RT :Recrystallization Treatment
mmt : millimeter thickness mmw : millimeter width LD :longitudinal direction ND : normal direction
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No.l (50) & — Mk 70 2R ERE 1%, 45 I HE AL L kL BUn s 2
To7-t%, WHMBMED R 2 ik 2 EE 3 2729,
IR 79, 92, 97% ORAFHEE % fi L CTHRIE 2 35 um & L,
PRI BB R FE L 720 SIS D5 SEES LD
WL 723 2 Nol-1, 12, 1-3& L7ze WIZHMORZL L
[ %55 728, WIAFEIT% DSEDOEIEN IR LT, 2254,
ASEHT YL, #hEN%ENol4, 15& L7z K12
GoH v 7))y rhmE, WAL (Noll ~ Nol-3), 10011<210>
Ffr (W/NDW Jf7) (No.1-4), NDW 517 (No.1-5) 12l L 72
BY T IVOMRERT

TD (Transverse direction)
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NDW-orientation
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(Uonoaup [eulpnHSUOT) a1

W/NDW-orientation
{001}<210>

W-orientation v
{001}<100>

B Lot 7)) v rmeE SRR L7z 2 TV oRGR
Relationship between the sampling directions and the
oriented samples of the strips.
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: Movable plate
. Fixed plate

: Test sample

: Bending radius
. Stroke
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Simplified schematic of the flexion movement.
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RI31ZNo.l » W75 i @ WA =5 [t FIPF M % 7R 97 No.l-1,

{001}<100> (%)

Sample No.1-1 No.1-2 No.1-3 No.1-6
Area fraction of
W-orientation 48 73 97 19

IPF MAP

3  Nol¥ ¥ 7)o W7 001}<100> O HEfEE & LD-TD i o IPF
Area fractions in the W-orientation and the IPF maps of the LD-TD plane of sample No.l.
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1-2, 1.3, 16O WH M OMERIZ LN EN48, 73, 97, 19%
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EW B AR LKA OB G0 INL Twa 2 Lt
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~ 300 um, TDIH T30~ 100 pm OHKRKDFEAET S Z LA
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Average life of IPC flexing test X 10%/strokes
[ J

0

40 50 60 70 80 90 100
Area fraction of W-orientation {001} <100> (%)

R4 WAL {001}<100> OTHAEEE & IPC sRER DT H by
Relationship between the average life measured by the
IPC flexing tests and the area fraction of the
W-orientation {001{<100>
(force-quit at 1.0 x 106 strokes).

£2 No.l OHEMAYFE

Mechanical properties of sample No.l.
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512 No.1-3, 14, 15, 1-6 D iFar & 7~ 3. W /i (No.1-3)
O JE T 612 W/NDW 51z (No.1-4) K OSNDW /5 (No.1-5) A%
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LYI0), ZofR»HIEIAaIE W HMLORIZ L ) KRE L
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Average life of IPC flexing test X 10*/strokes

No.1-3 No.1-4 No.1-5 No.1-6
oriented to W oriented to  oriented to  non-oriented
{001}<100> W/NDW NDW

{001}<210> {001}<110>

KI5 BLE2ER 54 2 7V CTOIEMS 6y
Average flexing lives measured by the IPC flexing
tests on the differently oriented samples
(force-quit at 1.0 x 106 strokes).

Sample Number Oriented Crystal Yield Strength / MPa | Tensile Strength / MPa Elongation (%)
No.1-3 W-orientation {001}<100> 40 122 6
No.1-4 W/NDW-orientation {001}<210> 35 133 43
No.1-5 NDW-orientation {001{<110> 36 132 31
No.1-6 Non-oriented 43 143 12
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Sample Number

No.2-1 No.2-2

Average grain

size/um 4 10
(TD-ND)

IPF MAP
(LD-TD)

IPF MAP
(TD-ND)

100
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40

20

Area fraction of crystal direction (%)

X6

<123> W<111> W<101> [E<100>

il

No.2-1 No.2-2 No.2-3

Sample number

No.2-4

(a) No.2® TD-ND H D F#5#dk4 &, LD-TD, TD-ND

%1 @ IPF

(b) No2® LD-TD T BT % & 710
(a) Average grain sizes on the TD-ND plane and the

IPF map on the LD-TD plane and the TD-ND plane
of sample No.2.

(b) Crystal directions on the LD-TD plane of sample
No.2.

Average life of IPC flexing test X 10%/strokes
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100 A 1

10

No.2-1
4 um

No.2-2 No.2-3
10 um 18 um
Average grain size

No2% > 7 V@ IPC Jift i ik 0 “F-35 75 6y

Average flexing lives of sample No.2 after the IPC
flexing tests

(force-quit at 3.0 x 106 strokes).

No.2-4
35 um
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Sample number No.1-1

No.1-2 No.1-3

SEM Images

(Low-power
X 120)

surface after
2.0x10°
strokes

SEM Images

(High-power
% 1000)

K8 Nol-l, 12, 13128} 5 IPCIEMEEEZ DY » 7V O SEM %
SEM images of the surface of samples No.1-1, No.1-2 and No.1-3 after the IPC flexing tests.

No0.1-3 : Oriented to W
{001} <100>
surface after 2.0 % 10° strokes

No.1-5 : Oriented to NDW
{001} <110>
surface after 9.0 10 trokes

SEM Images
(Low-power
X 120)

longitudinal direCtion  ——
and stress direction 300 ym

stress direction

longitudinal direction

300 um

SEM Images
(high-power
%X 1000)

_ ongitdial —
and[stressidirection® 50 um | &

®9 Nol-3& NolbiZBif s IPCIERAERE DY > 7 VKO SEM (%
SEM images of the surface of samples No.1-3 and No.1-5 after the IPC

flexing tests.
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No.1-3
Oriented to W {001}<100>
Surface after 2.0 X 10° strokes

No.1-5
Oriented to NDW {001}<110>
Surface after 9.0 X 10* strokes

‘ D 298 um ‘ D 298 um
- — i W T a,"f|. DAL b
ND | pre o o ND i iy 'w\'v.‘,\\IJ-,\;»WWI "{"&\v,f'l.,']wfw- A il o ¥ 'r l ;'-;\f”"*ﬂ‘-"'*b ﬂt Lp-'_ A
3 um I I 3 um ’
K10 No.l-3 & No.l-51281) % IPC I ikt o iyl

Roughness on the surfaces of samples No.1-3 and No.1-5 after the IPC flexing tests.

No.1-5:
Surface af

11 No.l
53

Oriented to NDW {001}<110> TLD

ter 9.0 X 10* strokes
—»TD

S5IIBIFLIPCIEMRERZOEE 7 7 v 7 D SEM

SEM image of a surface crack of sample No.1-5 after
the IPC flexing tests.
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sample Number No.2-1 No.2-2 No.2-3 No.2-4
Avegage Grain 4 10 18 35
strokes 2.0x10° 2.0x10° 1.5%x10° 6.0x10*
SEM Images
(Low-power
X 120)
SEM Images
(High-power X
1000 or X3000)
12 No2# ¥ 71231} % IPC IR Bkt o KA IS L
SEM images of the surfaces of sample No.2 after the IPC flexing tests.
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