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Development of Stainless Steel Foil with Superior Cyclic Fatigue Resistance
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Abstract

In order to clarify the factors affecting the repeated bending durability of SUS301 foil, which is
used as a reinforcement plate for the back of flexible display panels such as foldable smartphones,
the material was evaluated in terms of lattice strain, texture, and surface roughness. It was found
that the following material design factors are important to suppress fatigue cracking in reinforcement
plates: (1) suppression of fatigue cracking by increasing compressive strain, dislocation density,
and y/a’ interface strain; (2) formation of bendable microstructures by controlling texture; and (3)
suppression of stress concentration by reducing surface roughness. We believe that this guideline
will be a key factor in enhancing the overall performance and reliability of our products, increasing
their competitiveness, and will be a breakthrough in next-generation technology.

2/NELT IR EHITEHANDIS A RE R,
0 3% L TR ARl
e s, 73R VHRAR O HTHR 7

[l

#e R LN T A RS2 KT S8 5,
1L 10~20 HEIAH

A—bT7 5 ) DIEHL, 800 KL oS To
TFNTTIVAT— N7+ DY 72020 FE55 2023
FO4EMTH T%ICHEL, WHITILRENH L, 7+
WETNAT— 87+ VI ) LT ) OENH D,
B KM, AU /87 Mk b BIIZRD S
NAHEMIMEE L LT, wrsdE, #02 U il g A,
SRS D o WTHIZIZ A EL 7SR OVDSER S48,
ZIEMBIEMEICZ L L, 2SAOVE NSRS E L CaE
§E%° CFRP EsHas SNTHWO NS, ERE ) 7272 A
PBOBESZ#E T 512

W OMERZ NS BRLENRDH DY L LaNE, iz

(EOAY I3 Sl (o oWk C i 5

T EIROBLIERZ /8% — =0 7§ DO T L VIS
Harh 2B L 72 ST A SOV OB ik s A ST
W52, KT, SAIVETIOREE LTSNS
SUS301 $E D) & LTI AR E 2 5 2 5T %2 W]

SN T B0, T OTA, SEEHE X ORI
SOBED BEHE L 7245 ROV TR 5,

2. EBAHE

2.1 fHEM

fEEths & L TR IR TSRS SUS301 &= Hv 72,

HEEAHHILIE S 30,m (FE T2 50%) 38 £ 08 40um (F T 73

* 0T IAN&YTITVER) EE
IETESET B I 3434 T 743-0063

TGRSR SRERER AR v —7

AT ry— (Bl WHEHI V-7 <RI yv—)



@R UESICENEZXT > L XEDRRE

1 HEAMOIEFHERK
Chemical component of SUS301
(mass%)
C Si Mn P S Ni Cr Fe
0.10 | 047 | 0.57 | 0.029 | 0.003 | 6.64 | 16.51 | Bal

%) L7 B X)IHHELEL L, EEMBEER D7 OB
Ve L7214, 350~800C DAKEFZFMAPTCTTar7
== 7 (DRI TA L350 2 EME L 72 s I3RS
HEHESSH] (Rolling direction: RD) &3PATIZ7 4 X 5 1 40
mmx £ Z 150mm (YW L7z BIFRERR O G520 5 O
B BIET 5720, YN % #1500 = A1) —#KCTHFE L
B % A L7z

2.2 #V)R U KBS

0 S LB ABER I IE 2 7 2 2 7 AR () #od
WA 7 7 53 2OV RERFE DRIIMR % V72, BR
FIEEAOFRASHFER TN % 5 & ) 1B I3 iE
U720 #0 R LB EERIE 180° VY, 1Hz O M ECE N
U720 7B, 180° BT 7-BR 0 P HEREL BT A ARIE S5
S DO BT 0.75% & 7 5 £\ HIT 2% 5 L 72,
#E 0 3% LT AR AR SO IS RL I e VR Y SBRA
MEAEITHEWIT 5 F THEML 720

2.3 X #REFr (XRD)

X MEFETHEFOTAEME Lz HAER Cu MR
HWCTEEBIL 40kV, EEIL40mA & L7z, F72, B
THLF—=ATF A+ () HOM, BEIFFREDO/NS <)V
TV A b (o) MZEBNS 72002, \iA(20) % 40~
140° DFPHT, 0.01° AT v 7C 1°/min T—KICME L 720
G EH Voight A%t 7 4 v 574 » ZWCWA T A Ta 774
VIRERTT, {111} 3B LT {110}, OEMFE & FHlE (FWHM:
Full width at half maximum) Z&Hli L, #1703 ADOTRIEE
L7z E512, #EMIRHOFAED 720 X MREA ML HlE
L7z B—=%—% =2y h® Mo #i% H\\T, %EE 40
kV, BEER 200mA & L72o NI TT 74— AME L7z
f&, {111}, {200} , {220} , {311} % I\ T A nil & ¥
S % AT L 720

2.4 REHEE Rz DAIE

FIEHL X Rz OHIEIL, JIS B 0601:2001 (2t~ T, FIE
HIEPATICFEN L 720 WIS, HIE R S 1.25mm, 77 v
b4 7 (Ae) 025mm, #1 v M+ 7 (1s) 0.0025mm, filigto7E
FH S 03mm/s, WEME0.7mN TH Y, HIEFITFE
2umR, Jeinb & M 60° M i L7z B DEHITS
PHTLLEEHIIL, ZOF39fE% R L 72,

3. BREER

3.1 TARENEZ 2MAMANDHZE

MiF A G 0 5l L sl P AT ) 132 s 12 (I
BL, RELGUTE20ERED D 59 — DS REE
DI T %o WHIEINIIST HEALER) & B DL
TR 1V A 7 VOMRERITEET 5. KIZ, BN
HRTH D, BT % LRI ZBIEEANIER S,
P ATEE TR SN2 0T, MHAR CHET 2
b DITHMERIERE SN Do Z OIEMEIS BRI
LB 2R T& % %0 Z OFEIEHMIGT 13 36
ZOMEREMFIIRECRY, BROEREZIIEYT 2, &k
DHFIZBERIHHEE O S (WA 5385T) ©
Hbo BELMATENI SEALED)IHE SN, AHORK
HEWiiFsd. 230, RIEHEOMY & LA R o
FIL, EAEBIOMS], ERIC ORI, 2 LTI
b CRELEALEE) PLETH D,

Z 2T, AR ET M ST A — 5 DERILD7:
OIZ X BEEPEZ T, WOESTH 5 y O
O HOIREEE LT {111} WRFE, < L CEA#%E O
LT {1y PR R FRG L 7229 BI1IR$ L9012, TA
ImBED 5 LRI, THFEAME AT 2 (EME O3 HDWA) o
#7550C I, M aEE B BMEE (TEM) BEREIRT &
N, Bl M, C, DZBEOHTHIT y D CriEEAMET L,
HEEME DT 50 2Dk, HHEEIIET O3 A0
A THIRT 245, 700C Cld, O HHEFTh 2L
FHHE o O (y HANOWLRE) Ty FIC Cr G S,
M,.C, D3RS o [ARES, ARG X 0 TR FE A E >
AT %o F72, PRHEIETERALEB X DY 400C 55
RECHAL, 550CTHMADBING. 2L, M,C, OHF

M,;C; precipitation

2.076 - 3 - 0.75
{ yel %
! I
2.075 - W 070
1
1
~ Sy " 065 _
< 2om- g RER o/ :
0 T O 1! L
= Y - 060 =
] é fa
& 2073 - ! 2
) 1 (VT
£ : - 055 &
1
-
= 2072 : =
b ! 050
=
e 1
2071 _ .-~ i
- : - 045
:
2.070 - i - 040
T T T T T T T
0 100 200 300 400 500 600 700
TA temperature (°C)
1 30um3ED TABEICHSERR, FEROZEE

(TEM BEDXHNIE M,.C, £7R7)
Lattice spacing and FWHM as a function of TA tempera-
ture for 30 um thick specimens (The M,,C, precipitates
are shown by arrows in the TEM image.)

B A& # gk B W H4a245 (2025)



@R UESICENEXT > L XEDRRE

IS X DAL L 72y HHANOIRINC X B8 A LR SN
o ZOfER, B2 &)U, {11} mHEE (111}
PAENR IR D K U HN T A BB ICAHRI L 720 20,
RO (EHEOTAOHK) &P EIROH A (AL
BEORR) T R LT A RIEE NS %,

wIz, TR (SEES—E0 %22 Tlidt o 72tk
T OBFE B TCOTLIRITIE S 2 WEEE) (2B L Cff 4 fad
L, ylod FFHOBEETOTAOREZ R L7, B3I
FALZZXBIA 70774 VIIRT L1, y M
Z7C of FHAHSHARE 2B S 41 800C LL T Tld RIR (Reference
Intensity Ratio : ZHEGREEIL) 29 12K 2 4 HG 5558 THY 20%
BT %o T72, KBITRT LIS, yHE o FHO MR
{111} /{110}, CBEEHET O ) 1 TA I L PRI LAY
700C TR &R b, TOZFEL, #YELHENT275HT
WH5E L7z PR A OZALICRIE T 50 L2At> T, K4
(RS & ITHIIFELL {111} /{1103, & B REA B2 1 H AR

2.074 H I 0.56
\
2.073 — \(\D — 0.54
—
=L \\ Compressive strain —
0 2072 4 b\x 052 L
5 N s
= - z
Y 2.071 — — 050
= =
o —
> —
I 2.070 — 048
-
i
!
2.069 — — 0.46
Resistance to plastic deformation

2.068 — — 0.44
T I T T I I T T I

48 50 52 54 56 58 60 62 64
Number of bending fatigue cycles (x 10%)

X2 30um SEOERER, FEE S FEFTEORER
Relationship between the number of bending fatigue cy-
cles and the lattice spacing and FWHM of {111} for 30 um
thick specimens

1.0230 4
E5) o>
: g0,
1.0225 —{€ & 5
° Measured
’
2 Ly profile ’
1.0220 4 2 Q
“ g .
=) =] ) G, P /
Sio2s{ > 2
< 42 43 44 45 46 47,
25 26(° ) @
o 1.0210 — )/
-~ ’
D/
- -
10205, __ __--
1.0200 —
T I I I
0 200 400 600 800

TA temperature (°C)

3 40um3ED TAEBE L (11 1}y/{1 10}dﬁFa‘ﬂI§EJ:I:0)F£H%
Relationship between the TA temperature and the fraction
of {111 }y/{1 10}, lattice spacing for 40 um thick specimens

H A& # 8 B W H4a245 (2025)

BERDE 5 I TA #EE Tl 550C IS e $ 5 1.022 1228

FPFAES B0 2R, EaB L7z M,C OBRIZE 5 {111}
HRIEOMD OB L HR SN L, ZO ylod BEEWETOT
LB plol AT EEOWERIS TN, AR By % HH Lk
W L 2 ANEW DI ET 2 JIH§ 5 2 L AR S
Nb, 3612, DTADORE SIS U/ZINLFHR o I
LA VA ADBERPHE SN TN, TO#ED) K
L P 5B o VIR & A HERER LSBT L2 52
By LLHRIND, ERELTTI0C THRD y/a BEKE
FOTARDPREL B EPES, HITHAEIRNE RS,
FWIEZ UL, plo BERTOT AOEKIL, BHEEEDO
W, > F DERABE O 2 ERL, AHE, AN
LT AERNO—DEEZ SN,

32 YIWHLAENEZ SMAMNDRE
B 5IZRs )12, 0L AREDOZERE TR R LT

2 _®\ Rolling direction
\
= \
\
L. \
D 15
) \
] o <
o
o \
) \ Bending habit angle
< 10 S
£ s
-ag) el o~
o~ ~
“ 5 & 9 700°C
Inflection point Q‘L
(550°C) \
Q

I I I I I I
10205 1.0210 1.0215 1.0220 1.0225 1.0230

{111},/{110},-

4 40um SEDRITEAE L (11 1ly/{1 10}, EfEIRREEDREfR
Relationship between the bending habit angle and the
fraction of {111}y/{110}a, lattice spacing for 40 um thick
specimens

1]
o
|

»
=]
|

(2]
|

[=)
|

Number of bending fatigue cycles (x 10%)
&
|

o
=)
|

0 20 40 60 80 100
Cutting angle (° )

5 40umADTIH LA & FESEEORGR
(AR X £7 (110) 2R a[X)
Relationship between the cutting angle and the number of
bending cycles with the X-ray (110) pole figure for 40 um
thick specimens



@R UVERICBNEZXT L XEDRE

AR O ELY R L7z Ko X # (110) 24 X &
R 2L, FEFAIZFAT(0°) Tl Brass 57 {110}
<112>THY, TDETHS {111} 1 LTEED LI
AT S 20° 72X 90 EFH L 2 A TH B #EDXLHH
A i R D 30° 1, Goss L {110}<100> [ 23T\
HATHY, {111} A3 55° THIRIHFAET Do Schmid K
T THIS N D B RS AMIS I DS R & 7 % 45° 12w
(11} DB\ 72, TRDBRAEEL, #0LHhT
ARSI KIC -T2 HER SN D, 512, 90°13,
(11} AEE D L UXPATISEWHLTH Y, $DZERL
B, 20O ZHBBESHEELE 2040 R LA
FBAME T Lz b8 sh s, 2F ), EIEA»S5E))
LA 30° T Che b e ) K L F I A R $DS% < 2 5 D
(&, AT DB L GV 72O TH 5,

RIAR O X9 129 57 B2 & 30 3 2 kAR it & LC, JEA
O3d, BAEEORA, 2L CHLES)Z I3 % y/o
REOT AR L7ze —HT, WhmLMAIE “ihath
BT OBETHY, “HNES TIZEN L, OF, T
DEASI O L TEE F 72T T, TR0,
NERBEL (ENS ), ISR LT HAYE
FeoL, TG (FnE),

WIZE) ) LA B2 A ERmIIR S 720
2, BIDH LA TRE (ALY 5 RD Ot ni [ O A
(ERE5E) \EH L7z WY M UAREEZ R 72556 D RD
DHAR OB 2B 6 1277 (a) Brass {05 DFAFEE 0°
T, <112> FIZAES TR OEREAF S, {110} <112>
O T X% 7R, (b) Brass HV. 5D A 35°127%0 5 L
<001> ~ERE L, Goss J17 {110}<001> it ri[X % 7R~ $ o
(d)90° TIE <11I> ~OEREAIRE 2D, <111> H3HT
FHINZ AT % B0 Sfilize <111> S EEIZL L 2 B 720,
90° (2D NI EANSFIBIES R E e b0 #1 K L HHFTT
AR A D L\ DL, 35°FFE T <001> ~OEFREH B S
n, BFAMPS <111> 2SR E EHFHL 72508 TH
b0 DFED, <001> DFE OB THED & LT Al %
(¥ %,

DEDXHICEIY M LAEEEZ S, DF LS
T X 21250 B\ RO & o C, # & Lt
AR ELETELIENHENE 572,

3.3 RAMINEZDMAENDEE

JEREO— VOREMS A ZE T 52 LICL)REM SO
e 30um EDOHE % FIEL 720 Dk, 650CTTA L7z
SRR T, R R LTI A S 6 AENC BT A
ZUFE A BB % B A L 72 AZGEAEMEEUL N=12 O HfE
L, MEREE L DR L R ARV lmm DLEO
FURBA SRR L7z B 7 1RT &9 ISR IR T
MSRzAREL LD EWAL, RE RS BEFEAIZ
B2 BIRENZ bbb, BROREEHEET S

06 - 5
i (b) 35

111

Fraction of <001>

112 14 1.6 1.8 20
Number of bending fatigue cycles (x 10%)

6 40um SEDRE) R LEFTRAREE S <001> ARIDH
KOBR (KHhDFEELKIE RD)

Relationship between the number of repeated bending du-

rability cycles and the fraction of <001> with inverse pole

figures in the rolling direction for 40 um thick specimens

12

10 4

Number of cracks
o
L

—O T
0.15 0.25

Surface roughness Rz (um)

E7 30umiBICH T BREMRS Rz EBREEEHOBER
(FEABIE SEM (& V) BRI U - THIBIE S DI F)
Relationship between surface roughness Rz and the num-
ber of cracks for 30 um thick specimens (Inset shows the

fracture origin observed by SEM.)

0.05 0.35

728, BEZLIEEETE ST 0 M CHERTT 2 SEM Bi% 9% &,
KM EEONTEN 21 L 7oA B Sz Kl
ANOIE B & ORIE B O MFER OIS EHS O
MPHEE L TREDFEELZMEIELEEZEZONLT
O, #0 R LTI AN Z 560 5 113K 2 FHEIcT 572
FThRL, MEWOHF A X, s LU0 b EE 2 K1
2% B LHER SN D,

4. %
SIRIEOMY L LTI A0S, Bl AT
RGEFT, BandFa X LTI A PZHIET 2. 20
ERIZIZEMIOT A, BAHEES LU yla RO HON

il

B A& # gk B W H4a245 (2025)



@R UESICENEXT > L XEDRRE

KIZ L B FT RIS, FEAHBREIEIZ X 23D Zwv
MMROIER, L CREM S EAEWROKRIZ L 557
FH ORIV EECTH D, NS DERIZAZDOMIAI
LERAE, &BHAO#)ELIMFIALEZR LSS
FERTIRST A RME T A FAARIBHIT RS O ki 8
T A= ALFEEERILL, BRI EROLEE LD,
SR O E % U5 2 72O OWIZE & BHES I3k Y
RO N, KIERTF7  ay—1cBFs5 7L —2 AL —
1275 LHEET 50

W

>k
1) T« MR R 71 7TEHREE 74 (4), 635-639 (2020)

2) Cai et al.: US20210325929 A1 (Oct. 21, 2021). Support Backplate
and Method for Manufacturing the Same, and Foldable Display
Apparatus.

3) Yee et al.: US20210104694 Al (Apr. 8, 2021). Display Apparatus
and Method of Manufacturing the Same.

4 /NG - FTHH. 56, 458-461 (2017)

5) B 5 Bk M EI 7 B il « SRR 5 WUE 4 &
XA, 2014

6) Chung, F. H.: J. Appl. Cryst. 7, 519-525 (1974)

7) Das, A. et al.: Philo. Mag. Lett. 91, 664-675 (2011)

8) I (I AHEEHEML. 49, 13-18 (1983)

PRI Takuya HIRAGA

HE7r IHN&~TY 7V (kE)
SEECHEMFET SR HRE
IR 7V —T <3V v —

(B WHERILV—T <32V v—)
INCESET B IH3434 - T 743-0063

U CRAOEE Mitsuharu YONEMURA

| HARELEkR (FR)

e BT SERT  EREIsEE

V=T 4 ) —F v —  fd(T5%)

AkfE—  Keiichi KIMURA

H A8k (7k)

S AMTIIGERT BRI SEE EERTgE R
i (T25)

B O#g7rIHIN&~TY TN R
WETIZERT Bt e v 5 —

MR BEA R BRSS 7V — 7 FAEIFER)

H A& # 8 B W H4a245 (2025)

FLESH  Kensuke MISAWA

H A 8k (7k)

S AT ZERT  FrA R
JHEMETEE WHEE R EERRA

VTHERSSE  Narumi KONDOH

H A gk (k)

eI AT ZERT  FrA R

- AR E BRgEE R FEWER

e #Z  Yuji KUMA

HEk7r I AN &~T ) 7V ()
SREIC A EER SRR
TN TN =T T—T) =5 —
B &EELE THE)



