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Fig. 1 XRD patterns of NiPt5 alloy in as-cast and cold-rolled
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Fig. 2 Change tendency of orientation factor L(hkl) of crystal
plane of NiPt5 alloy with deformation
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patterns of as-cast and cold-rolled NiPt5

Zone axis [011] alloy samples at different deformation
degrees: (a) As-cast; (b) 10%; (c) 35%;
(d) 50%; (e) 80%
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Fig. 4 B—H hysteresis loop of NiPt5 alloy in as cast and different deformation condition

1.6
(a)
144

1.2+

e 10f —

R 0.8t

0.6
0.4+

02 1 1 L L
0 20 40 60 80

Deformation degree/%

0.32
(©

0.24F

0.08F

0 20 40 60 80
Deformation degree/%

» H/ (Bi)max/
Condition BJT (kA-m ) B/T (kJH'mﬂ)
As-cast 0.95 1.35 0.09 0.04
CR10% 0.95 2.55 0.26 0.16
CR35% 0.97 3.18 0.24 0.22
CR50% 0.98 3.42 0.23 0.26
CR80% 0.93 4.85 0.20 0.29
0.3 (b)
0.2+
0.1r
=
] 0f
-0.1 — As-cast
—— CR10
-02+f — CR35
— Cr50
-0.3 . — Cr80
-8 -4 0 4 8
H_/(kA-m™)
b
o
~ 47
£
S 3¢
mt.>
2 L
1 1 1 1 1 1
0 20 40 60 80
Deformation degree/%
0.35
(d)
030
& 025+
=
= 0.20F
=
,.lé 0.15}
jen
8 0.10+
0.05F
O 1 1 L L 1
0 20 40 60 80

Deformation degree/%

5 NiPt5 fEA ST P AL RS 58 B (B) s Bl )] He FARBLERISREE B, A1 KL BER (Biy)max 1AL H
Fig. 5 Change trend of By(a), H.(b), B.(c) and (By)max(b) of NiPt5 alloy with cold-rolling deformation



2530 B 3 W

E—W, . AR D NP & 8 8RR ik Re 563

3 g

3.1 A%LiERES NiPts & &MU EHET I

RSEIGKHER NiPtS A ai T md 5L, w&4L
il T 1A 80%. XRD (WKl 1)R B, NiPt5 &4 1L
IR FCC A B R [ VA A 2E B, L 1) T
(RD-TD) £ (200) s I FARELA . #5725 NiPt5S &8 1E dn
WL PR LB SR OILE 3(a)), BEE A LA TR & (13
I, AL TE SRS R T A B8 B B S SRR, A
BRI R 2RI, TR AT LS (LB 3(b)). 4
s FE TR B TN, 3K 57 B Al ¥ K 2 T 1)
PR RE, FRAEALARRE 2 (R RGBSR R 22 A g 45 (1L
Bl 3(c)). BEEAITE R — D30, Rk 546 i
R 5 /N X, — S o7 i Bt 2 A RO )
fn g, BRAERH SR A B SGO 2 AROLE 3(d)). BE
FARTEAWIGIM, &SRR, SRS
By, Vb SR R [ 2 RO ETIE R, M
FE T S AR i A, TR TR B SR RL (LI 3(e)),
I FE, KA B AR T RO i AR B AR R T 4
MR n KBRS RIBL, B2, NiPts §&fEailid
T v AR 5 4] Eh S 2 4 A S Al B, AR AR
B RLHTBER /N SR SO RL K R, ST T AR
BB R AL M AEE 15 T & & mw LR
TR, Ars iR B AN EH AR BT RS Y
Sk T SRR an et

3.2 AELEIES NiPts & & HNEH SRR RNE

X EX

NiPt5 & &ML N 585 B fEA LTI FE R L
PR, X RN REIR SR S By 32 2 M R fk
AR BRI R YGE T8 T REVER B AR 25 4 B
S RENESE) ., AL R RS R iR
ki, FrLh BoAAE . i)y H, ML R S o0
CEREAR YIS, 545 NiPts A& kiR, AEp
BRPEL, ASRAGTRE PR RERS SR BN, R
WA 1.35 kA/m. ABEVETE 10%)5, &AL IR
HIBEE . gugE, 1SRG AR A R EERS SR 38K,
SEHM ] H R K . B AT E KA 35%~
50%F B, ArESEERN/INAR b SRR R 5 E) dRLAS B
B, FrmU RS . AL T IS F] 80%M, Hidn AR
BIEHG W AW R, 106 BE RS Bl ARG 5 )

ERCE R Ay, Homh R . Kk, RETEe4E
P AR KRR S R ST, 5 S0 A o i v s
T sh IR R 5 2h (A BEAS , 36 Rt 7 184 o fy 2 2B K]
=1, 5HmAARR, EAFLE RS, AT RS
KT B, B I G PR, A LA & 10%
R R E I, 2 ERER R, NiPtS & 4%
Wl B BT BEAR . ZE AU TIRE B, SHOLHE . BPE SR
MREERE FEANEURR, K v LI 2 P R B, (1AL 34 (O
Bl 5(c))-5 %L IHAS ] i TR ) JE AR 35 (LB 2)ik 4T
St RIAFLIEFE S B, (22K 34 55 (200) 4 TH H 7]
FEAR A — 3, S FL I 2 I 1(200) B IS, 5l
e B, VAEIEIN T, VHIRIELS NiPtS & &Rt
PIFZE, (2000404 380 T FIREHITH = . B KHERERR S
WL T E A G, S B 5 H MG, HTEA
TR AT (AR A R B K REREAR 1 2 5
KZ, TP KL REAR (Bu)max HIZR MG S 17T AE
UREEE TNt

33 RETEI NiPtS & &S ¥EM ELtE BERYS2

ST

FESEPRA =R, W% % (Pass through flux , PTF) /&
i AU T RE 1) B AR o WAIE R (PTR)FR I & i
SR R S MR I B B AR R, Tk
5 DB SR ST 38R R R S W RE A BT 93T DS SR R 3 A
H AT SE RO E EEZARIMEG &I0R . e
W R Bl A AR T, RSO NiPts & 4 7E v
FL I o I 45 b 9 AR R R BB TR SRR 5T, AR T
NiPt5 & Gilks $EAF I REE R A EE R L. WA
FURT L, —J7TH, WHELSFEUNIPS A 4 dlhi P B £
b T SRR A AN Y R ORI N, R T U )R
e, RUBER T AL R T, 2o St ik
Wi, EaMELARELL, WA IR RO R A
W MIMAAE T80 PTE; A — 7T, AR F,
e RLR AR, BRI KA, Ni &8 AER S
MRS SR K, BRI F SR AR, H
H[100]/2 MEREAL S, [111)2 S REAL S, 24 2 BL(200)
PRI, SR RIGE S R A T 1 — 8, S e
CAREAL, BT LA (200) B[] (1 2300 6 T4 e $E A4 o =+
SR, TR (1) BRI SR AR AR B
Z, VWHELTBUNEREE . NN )5 ERE AR ) 23 1) 1
T & &AM, X 2R LA = PTF MIARA
JRIA . Rk, A FLAR AR R I R T R 2 3R L
(200) B (LM /2 NiPtS B 4 04 PR SO0 25 4 1R 4



564 hEA O RYR

2020 453 H

JE

4 Z5ig

1) NiPt5 & 4757 FLIE R A FL AU &5 ) FR A7 4 4
GEIHAS IR RE, PRI AR S R BE R /N 1 i AR IR L
KAk, BJEA T BA RS AR kL. &
RLATAL EZEZ AT AR BN B T AR B HEF

2) NiPt5S &S IBMELR PR B NARS U S
W, EAFLERER LA Hemi bl LA &
(g R, AR TR L S RN ES BRI 2 A R
o} W W BE A 20 T R A% B (I BELRS » TR B, A L AR T
ERINBINE K, 5 NiPtS & & B % b
K, (200) & THFEDL IR T BERIBL T R . NiPtS & 4%
FLIE AR (Br)max BEA FLAZTE RGN 00, Hrmi ) H.,
R MRS 02 3 BBy ) max TN EF I EK

3) AELFBUNIPS &4 aihi Py ires | i At
RE RN P 8L 77 %) W BE RS B R RS, {8436 0 LARGAK,
SMINREAAS Gy e, ARAIE T $EA s I RGE 22 PTF o
Ni & 45 G 25 1) S5 MR (200) BUA] RIS 6 12 1
MR AR, WA LA R B AT
[FIFREL (200) B[] FRIZUR 2 NiPtS A & IIOU &5 44 1
2 5 0]

REFERENCES

[1] PAGES X, BINDER R, VANORMELINGEN K, SMITS M,
GRANNEMAN E, WEISHEIT M. The effect of the second
annealing step on the Ni;,Pt,:Si film thermal stability[J].
Microelectronic Engineering, 2017, 171: 44-52.

[2] RAO KV, KHAJA F A, Ni C N, MUTHUKRISHNAN S,
DARLAK A, LEI J. NMOS contact resistivity reduction with
implants into silicides[J]. Physica Status Solidi, 2014, 11(1):
174-1717.

[3] DEMEULEMEESTER J, SMEETS D, COMRIE C M,
BARRADAS N P, VIEIRA A, VAN BOCKSTAEL C. On
the growth kinetics of Ni(Pt) silicide thin films[J]. Journal of
Applied Physics, 2013, 113(16): 1-8.

[4] EW, WM, EH, EOW, RS, KREL £AE
TG S ST AR T A I i R R R
). =4EJE, 2016, 37(3): 87-92.

WANG Yi-qing, GUO Jun-mei, GUAN Wei-ming, WEM
Ming, TAN Zhi-long, ZHANG Jun-min, WANG Chuan-jun.

Application and development trend of NiPt alloy sputtering

[5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

target in semiconductor manufacturing[J]. Precious Metals,
2016, 37(3): 87-92.

R, R, JHIKCE, 2R0UR, Bk, BKIL. Wi
e 5o Bk B A UM FORTT T E JR (D], R R 5 HOR 2R,
2005, 25(5): 372-377.

YANG Chang-sheng, CHENG Hai-feng, TANG Geng-ping,
LI Xiao-dong, CHU Zeng-yong, ZHOU Yong-jiang. Review
of ferromagnetic targets for magnetron sputtering[J]. Journal
of Vacuum Science and Technology, 2005, 25(5): 372-377.
SARKAR J. Chapter 7-Ferromagnetic sputtering targets and
thin films for silicides and data storage[J]. Sputtering
Materials for Vlsi & Thin Film Devices, 2014: 501-565.
WANG X, HARRIS H R, BOULDIN K,
GANGOPADHYAY S, STRATHMAN M D. et al. Structural
properties of fluorinated amorphous carbon films[J]. J Appl
Phys, 2000, 87(1): 621.

PERRY A C, KOENIGSMANN H J, DOMBROWSKI D E,

HUNT T J. High-purity ferromagnetic sputter targets and

method of manufacture. US, WO03/102976A1[P].
2003—-12-11.
FAEE, WL, kRE, WOW, B O, W A —H

B A S M R W &7k P E, ON
104018128A[P]. 2014-09-23.

WANG Chuan-jun, TAN Zhi-long, ZHANG Jun-min, WEM
Ming, BI Jun, SHEN Yue. Ni-Pt alloy sputter target and its
preparation method: China, 104018128A[P]. 2014-09-23.
NI D W, ZHANG G J, KAN Y M, SAKKA Y. Highly
textured ZrB-based ultrahigh temperature ceramics via
strong magnetic field alignment[J]. Scripta Materialia, 2009,
60(8): 615-618.

Mr o 3. AN Cu-12%Fe A& HR SR
SLIR[D]. FM: WL K2, 2010.

CHEN Yi. Effect of cold deformation and heat treatment on
microstructure and properties of Cu-12%Fe alloy[D].
Hangzhou: Zhejiang University, 2010.

HEE, & M. AT AR R E S B OIS AL
HLHI[T]. AT 7T 4R, 2009, 21(3): 31-36.

HAN Bao-jun, XU Zhou.

Microstructure  evolution

mechanism of Fe-Ni alloy during severe plastic
deformation[J]. Journal of Iron and Steel Research, 2009,
21(3): 31-36.

AR, BEBRRI, shaih, £, M, KL PR
BRAL AR T 1 R b e AR B e T LA L R T A
HxHERERIREMI[T]. 48244k, 2016, 52(9): 1105-1114.

ZUO Jin-rong, HOU Long-gang, SHI Jin-tao, CUI Hua,



o530 B4 3 0 EI, 5 BEIERET NiPts & IS5 L L e 565

ZHUANG Lin-zhong, ZHANG Ji-shan. Precipitates and the metals and ceramics (I )[M]. Beijing: Science Press , 2001.
evolution of grain structures during double-step rolling of [16] ™ %, SBesl. RLEERSREMEA EIM]. AU WK
high-strength aluminum alloy and related properties[J]. Acta 2ttt 2014.
Metallurgica Sinica, 2016, 52(9): 1105—-1114. YAN Mi, PENG Xiao-ling. Magnetic fundamentals and
[14] WEN M, LIU G, GU J F, GUAN W M, LU J. Dislocation magnetic materials[M]. Hangzhou: Zhejiang University
evolution in titanium during surface severe plastic Press, 2014.
deformation[J]. Applied surface science, 2009: 255(12): [17] SARKAR J. Sputtering materials for VLSI and thin film
6097-6102. devices[M]. London: William Andrew, 2013.
[15] B ¥ KHI &BSMWE&ENETEFMRADM]. Jbit: [18] BARTHOLOMEUSZ M, TSAI M. Stretching of magnetic
B HRAL, 2001. materials to increase pass-through-flux (PTF). US,
BASHAW K H J. Electronic and magnetic properties of US6514358B1[P]. 2003—02—-04.

Microstructure evolution and magnetic properties of
Ni-5Pt alloy during cold rolling

WANG Yi-ging" %, XU Yan-ting', WEN Ming" 2, GUAN Wei-ming', CHEN Jia-ling>, GAN Jian-zhuang', GUO Jun-mei'

(1. State Key Laboratory of Advanced Technologies for Comprehensive Utilization of Platinum Metals,
Kunming 650106, China;
2. Kunming Institute of Precious Metals, Kunming 650106, China)

Abstract: Nickel-platinum (NiPt) alloy sputtering target was used in semiconductor industries for the formation of
Ni-Pt-silicide to realize the contact and interconnection function. The microstructure evolution and magnetic properties of
NiPt5 alloy were studied during cold-rolling process. The results show that, during the cold-rolling process, the
microstructure evolution of NiPt5 alloy includes four stages: dislocation entanglement, dislocation wall, elongated
sub-grain with small angle grain boundary, and the formation of new grain boundary. The grain refinement is mainly
attributed to the accumulation, annihilation and rearrangement of dislocations. The coercivity of NiPt5 increases with
increasing the rolling deformation, which is attributed to the defects and internal stress induced by cold rolling that can
obstruct the movement of domain wall. The remanence is closely related to the preferred orientation of the NiPt5 alloy.
(200) plane texture leads to the increase of remanence. The high magnetic anisotropy of Ni alloy makes (200) plane
texture enable to improve the quality of target material.

Key words: sputtering target; NiPt alloy; cold rolling; dislocation; magnetic properties
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