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Current status and prospects of refractory metal targets for semiconductors
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ABSTRACT Semiconductors are the pillar industry and strategic foundation of a country. With the development of third-generation
semiconductor technology, the manufacturing and material supply of the chip integrated circuits have become the key constraints on the
industry development. Tungsten, tantalum, and other refractory metal targets are the key materials for the semiconductor integrated
circuits, and the functional films prepared by sputtering have been applied in the various fields of electronic information industry. China
has the abundant resources of refractory metals and huge industrial scale, but the high-value target materials still rely on imports. In
recent years, the domestic enterprises have continuously improved and enhanced the raw material purification, preparation and
processing, and performance control. The preparation of high-purity raw materials and the processing of high-performance targets have
been achieved, and the significant progress in the fields of high-purity tungsten, tungsten titanium alloy targets, tungsten silicon alloy
targets, and high-purity tantalum targets have been made. The research status of the refractory metal targets for semiconductors in recent
years was analyzed in this paper, the technical progress of high purity refractory metal targets in China was introduced, and the

suggestions for future development were put forward.
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Table 1 Application and performance requirements of the refractory metal target materials for semiconductors
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Fig.1 Tungsten targets and tungsten titanium alloy targets
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Fig.2 Particle size distribution of the tungsten titanium alloy powders with different ball milling times
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Fig.3 Microtopography of the tungsten titanium alloy
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Fig.4 Element surface distribution of the tungsten titanium alloys prepared by hot pressing
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Fig.5 Tungsten silicon alloy target materials (a) and the metallographic structure (b)

PR A S A A BOR BOR s, BB
Wi, RE] A RHM AT T H S FEAR.
sk e G P ] A B REE R, RA RS &
IREES B & SR BIIRAR, SRl Ab e, 4%
BB R A B R, RE R REDHD <

[21]

100x10°, A& (ENHD <300x<10°. &k
P E T m AR ER B A R R G, Bk
SEMREE I RE, $RTF T 45HE 4 SRR IR A i 1 2 5
PEAE . 2 FIRI SR DL 4l B (89K AN RE N N R R,
FEMETE SR R T R R AR &, A 580 K



# xx B xx M

FOIE: LRGSRV PR R E °5-

)& AN 2 B =99%,., 4l =5N. H &R (hE
SHD <400x10°° AL RERE AL . R D B 25 gk
Fn 8 B INFAFI K AL B, 3l o B S BR B T4
N BT R AN ER R (VR A AT B S b B, R A5 2 1Y
by 5k S ER R A 5 3T B AN I b A
S, FEEmAEITERE . ey, 528
WEA S HUAY, 1% 20T DABE iy A 1 A X 25 B F 3
SPE, BRI RS G, RIEEERY
— M,

3 EHaiiEEnst

BE % 2 5 A B2 R H I o1 B R o RO
Cu TN A BR ity HL T 8 AR IO AT AT R, TafE N
Cu M HEHSSEM B2 TR K& . Ta HAE
A S m AR E AR S, Ta A1 Cu 2 4]
ANIBL, AP B RACA Y, Ta 5 Al [ 1547 7] i
BRI 8 BH 0 S v B T 4 D B RS P I 2 R A 2
SMUETREASJZ, 38 v T & A Bl o = 14
W, BT /NSRS, SeE s
(IRBNPERE . BHLIE AT DA SR il S BB A, F R
2 R TR A S L 1032 Bl 028 DL SRR 1 A e
ILFE R A R BRI

1 SR FHREA 37 b, SR ) 4 B e
Befms T3 7 Lo AR iy, 7 A o L [
JTFIGUREL ], FRAE S RLI 51 70 A o AR K [A] BA
K, B AR = S A SR A FH ) i A Ta SRR 32 ZEAK
FHE I, 7 e 2 R B % R R RS R 2
S)PERE ) R B oy A S5 T S [ AMEE R, S8
TS Y ST AR e . 7R RIECR 51 SR B 4
BT, AL A i BE R Al K S o) 45 45 T EY
BT RZENID.

3.1 HEMElE

o SRR 2 ) % M AR A R I SRR IR R,
AR ) E A &R ANE IR AR JRIE
S SR IE R LS, Hrp &R ana E 2 H A &
AN FEE TS, P ESD AR
(900~950 'C) FAMILIEMLE (700~800 'C) 43 3b
BT T2 A SRR RS, @it

HHALFE (700~800 C) LEHMBREME G
AR &R AN Hy F2E440. KB
SERTV N B R BE AT T A BRAEUE ) R BOR K
fath, B LR HIE SR A 2011 SR TR UG K IE I,
] 1) R R L R, EERSE IR BAA &
AR IR = R AR s R R TR R —

P FERE AT R, HER mE M (KA S
afi (1) 75 7] K
32 EEmRIERTZ

B R AR A B L T R Sl AR
(i g T2, i 2 s m AL . P E OO AR
AR X #3 Be T7 1) L ) FOORIMEE S5 48 e, 1) £ tH RO
FUAE R S 0 A AR B o ) i e 250 3
b B T RO A T A R, DA 4G 4 B
FRIRER G VIR G & iR K B ATELH] (5
EIR e 135°), HATAEFTL B, BN S
KT RAPRECHA/N, AM355],  BENUEL W &R 2
B . Xt C R AT — R AL GUR R 1
ST S B A L) T vk, @R EEARCR F 28 IR
A XHLH], AEE RS R T 90°, I AR 1PN
ANEL A T EL A, o) % H T Al R T B 2L 2]
oy A 5 R ¥ 5B
3.3 fEEBAMIEE

SN ReS B T Rs i BLAR A VR RE, RS EHAR A TR
BN 5 o34, CASRAR I S o0 AT I S v A . 4L
1) A% 1 0 P 4 it KR 5 R A AR 2 1 e 1 1 2
TP B, FL AR R R T B R AU A R 1
PR, TR R 20, P45 a8 KOS 2
B e (1) SRR e TEAZ UK R, T i 1 35 5 4y
A P45 AU . R P S50 i o AL ) SR
Wi Ja 1) A E I SO AR 230 5 R R RR KRS
MK FR. GREW, 850 CiB KM b 774 h
{100}<110>Z 73 A1 y S BT 44 B ) 2348 6 B2
1000 C B K5, 45y ({1003<110>4 5 Al y
k) BA AR, HEEEAERE; 1150 C B
KAFAFZR T {100} <110>ZU T A= H HT {112} <110>
s 2301300 C miiB kK JE, R y 4R 4EZR
L <UI2>H A R A K BRI 2R fn g 52
B R B A SCEL AR T B g, v At
B {111y <uvw>AT {100} <svw> i b B ] 3 24 F B 1
bn, o BT A 2 REFR R = T {100} HL A . 438 T
Bk B 87% I, K A O B {100} <uvw>Fl
{11y <uvw>EL 1) @ ORL S5 N K AMR R B 7 ) 404
BA TS . M RE P B T AR A . T
WIEWmMEEM B AEKER. RN,
{111} <uvw>(<111>/ND@E ) S B A A KR H,
WIUERY B A K TH 2 29 4 [F 1 {001 } <uvw>(<100>//ND)
FEORLE 1.6 5% o BUEEMREEDT B 70 T KA S 4L 4
OB K BAH LA A R . 45 I, o X
(AR T L 2R Z S T A% HLH KA BE @ L =



X BERBEEAR

xxxx F xx H

I 3R THT DX 385 1 T A% ) ER T T AZ ALl 2 R
HhCo X3 P I 2R TH] X 3SR T HE B8 R ) P 5 B3 0 2
A5 TR AR A O XA {11 1y <uvw>ZA R SR T v,
KL P B o 2 A LR AR G s IR SR TH X 3
{100} <uvw>Z 4 & RE P 35 43 24 2 FE A 887N, (R
HRAFEMEK, hitSHESHHALMINIEEE
J7 ) PR AR R RN . LR MRS B SRR B, AR
T TOR K5 BRI AT IR K, BH SR TH A O 1) B
S8 SR RS O A1 o AR IR TIOE K A5
PUBIR I A%, TUR KB a3 K, Ry

35
(a)
3.0F {100}
i 25+ (1} /\1
= /
£ 20}
N
1
Z 15¢
2 o)
= 10}
0.5
0.0 ; . . .
20 40 60 80 100 120
R AR /%

PR Z 1) {100} B g, 5540 7 iR K {111}/
SEEH N IR, (R T BN niE 6
FIT7I s 30 3 A 3 T A Ack R 7 0L T 485 B K b EE R
B, BEAE TR R v, AR E T
{1113 (111//ND(BR ¥ 171 )) A1 {100} (100//ND) B[] ¢
WL LB IZ T A, T 25 iR RO AN st/ I
TSR o IR T AR Ak B A A5 IV 5t T A% B A g
a1 2 R TEAZMLH], BRI T &6 i AFRe, AR T
L e AR Y TR SN

350 (b)

{100}
30

sioRLAS FE 21 / %

40 60 80 100 120 140
TSt LR / %

B 6 FHH{111}5 {100} B Fokidd FEE At () sl (b) 22 X4LH

Fig.6 Contrast distribution of the orientation grains in {111} and {100} of Ta bands"™: (a) unidirectional rolling; (b) cross rolling
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