Material Sciences #1£HRI22, 2022, 12(1), 7-24 Hans )0
Published Online January 2022 in Hans. http://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2022.121002

RESARERG T ZXNEEEMENS
4 BEAY RN

iuf‘ﬁl’z’ %E&il*5 ﬁ‘]“l‘iz’s’ %ﬁP¥1’25 gﬁ ;}%1’ ? 'fil’ g‘K ﬂ-&l; i%j- ‘lfiJl

RS R R AR IR AR, W K
R R AR STk, W K
I AL R Sh & SR TR B, IR AR

Woks H . 20214F12 90 FHER: 20224F1H17H: KA HM: 20224F1H24H

R

EGRT B NIMEESRERS M S EORIIBER, oW B S 5E % thpads T 2% & St
& RIVEREHIRM . 0T T AN REREE T AL/ MR, B AR EE SRR
TR, EARWHTIER AR, BT/ SR/ M S BR RS
A3, BPARMETAR KRB SR, AR 5 SR RSB IAR, RERIIEES)
TENBEESEARI: RE T MR RRITE.

X 5in

AEEM, RIERS, BERS, MUSH, Pk

Effects of Atmospheric and Hot Pressing
Sintering Processes on the Structure and
Properties of Alloy Targets

Chunxuan Liul2, Qiwen Liang!*, Xiaobo Wu23, Liuxu Cao!2, Yang Zhang?, Ren Luo},
Jie Zhang}, Yi Xie?

"Hunan Goldsky Aluminum Industry High-Tech Co., Ltd., Changsha Hunan
2Powderl\/letaHurgy Research Institute, Central South University, Changsha Hunan
*School of Metallurgical and Material Engineering, Hunan University of Technology, Zhuzhou Hunan

Received: Dec. 9", 2021; accepted: Jan. 17", 2022; published: Jan. 24", 2022

DERER

XEFIH: XIF, BROC, AN, EEE, skig, TR, KA, WG, WIE SRR TEN &S 5k
RIsZm ). MR, 2022, 12(1): 7-24. DOI: 10.12677/ms.2022.121002


http://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2022.121002
https://doi.org/10.12677/ms.2022.121002
http://www.hanspub.org

PURS S

Abstract

This paper reviews the progress of atmospheric pressure and hot pressing sintering target prep-
aration technology in China and abroad. It analyzed and summarized the influence of sintering
process on the preparation and properties of alloy targets. The effects of opening/closing ratio at
different temperatures, preferred orientation of deformed grains at high temperature, tempera-
ture and atmosphere on density were analyzed. The mechanism of resistance change caused by
pressure change was also discussed. The effects of atomic volatilization/compound decomposi-
tion/second phase precipitation and grain size growth on pore movement, electron transport
cross section change and grain boundary scattering effect are also analyzed. The changes of sin-
tering properties of humidified powder and gasified powder, sintering thermodynamic and Kinet-
ic mechanism and technical bottleneck were summarized in this paper. And it also prospected the
development direction of target preparation.
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Figure 1. The inverse pole figures for sintering face and the boundary statistical distribution [6]: (a) 1#
sample; (b) 2# sample; (c) 3# sample
I REERBESEHSHEFITHRFGTIHEC]: () 1#4Em; (b) 2#4Em; (o) 34hEm
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Table 1. Comparison of sintering characteristics
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Figure 2. Changes of porosity of open and closed pores of target at different sintering
temperatures [17]
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Table 2. Comparison of main properties of two sintered targets [19]
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Figure 3. Section morphology of Li;TisO;, ceramic target [21]
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Figure 4. Effect of sintering temperature on shrinkage ratio of TZO target [25]
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Figure 5. Effect of sintering temperature on density of TAZO target [25]
B 5. REGREX TAZO M EEE HIF2I[25]

PRESIEE 5 TAZO UM B E R BAE, WE 5 Fs, EEEE. 6 TAZO A 203 L4
SEAFIM . R TR NI E T &, A SRR E ARAE BT, A R T TAZO M & HEM 8 ik, 2
BN, TREH BRI RS, SRR KT B R R . TAZO 26 XRD B
W, IR e P, HATREIR PR TiY. APTE T ATRELL B AL AR R EE N B ZnO Y S AR .

RAAE[26] e 245 6T NbyOs $54% TiO, $EA 14 R I 5 M Bl 5 e i B2 1 BT, 2 Bl e Lo 5 805
FE St R ke . FLR B B BTN SRR B O SRR, TR R B R R, wi R ]
MR FLBHIR/DN, SRR I, (AP RE BTSRRI T 5l i LA S S ALER
Bk, SHEUNLERRSL, s PR I kAR K bR, e S A RS AL, TR R R
Wit Az /N, M PHAR SR N . B TR AR AR S A, HIBHERLE 1150°Cik B fd 3.420 Q-cm JEB&TH Tt
AT PR, FTRERIIEE . BE& beds iR B, — N 7 7 iy 8sh 7y, BV SN 58 4,
T FAN R BUR U R T S e — AN T 7 R PH R T B 55— J7 T B TR T Ti-O Wi, Tio, i
JEF RS, mAEAS Ti R — il SRt 4 A5 b o7 A5 F0 i F B 2R LR B 326

A [27 ] B AE B TARbe4s Cu(lng;Gags)Se, WU TG A S M /R S M, 15 6 WA SPS s
TR R4 (1) CIGS FEM U A s B A 2. B, a NHBHRENZE, b B M. b n 4,
BEM I 80 FE B be 45 IR BE RO i B K . PR iR BE Ty, M ARSI AT R, A FIas s mil, kiR n
IR AR TR A ST UK. FOAREHEDN RS, RURZRIEIK, W2 R i, bedi ks
PRI . IR R, SO R . B R A e 45 IR I T T K. 400°C Begh I SR A FL
PN 113.9 Q-cm, 500°CH N 35.8 Q-em, 2 J& HLBH B B 1 LT AR K, $] 850°CRedhnt, HiBH %A
F1526.4 Q-cm. FFHR T B2 WAL R SRL R/ A R AR 5 B A 1) S

B (28 [HURH il B B e e 45 £ Cu(In,Ga)Se, SEM A 5T 4 FE fh U FHE IF L CuSe & RS,
CuSe FURGBEIRGE N F%, A48 S A3 2 W38 19487 RN, YO 00 B2 8 B Culng ;Gag 3Se; df
FLI AR, T P FRARN R 5, SRR B
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Figure 6. Comparison of relative density and resistivity for
CIGS target at different sintering temperatures [27]

B 6. FREMELSRRE T CIGS SH BB B8 B B P b A
[27]

PINSCHE[20]H R E5 A% ZnO PAZEHEM, Wil 7 Fos, BERESSIRET BT P R SR I
RGNS . IXAERONBEREGEIR LT, #LRT AR S BN, SRR A AL B, X E T R
SHLRIRDN, SRR R, PRETR IR ST, SRR, S A, s EoN B BT U
(A A A RCBR B S2 IO, S BURRR Zn JRTIRIZEL O JRT AR (Vo) 2 K, S EUAEH, Hi LA 4k 2
BEAR. TRas IR T 1300°C)a, FREA 7> Zn K SEAERM WA s 6L, TS EEEM HH
B Ak 22 /Ml B B
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Figure 7. Resistivity change of ZnO target at different
sintering temperatures [29]

7. FREIGREERET ZnO ¥EA AR AL [29]

MEE-T-[30] Ga,Zn,., O P& lest K W EmE 70 B, P8 10 2 B B e &5 VR P 1 7 vy 2 B2 38 o s D/
fRa%h, MBSbiEE N 1375°CRE, FEIE i KBURTE 5.42 glem®s £E 1225°C~375°CIRETEE T, ke
BHTEIE, WMERNATAE. RN, B A N 5o beE T B i M 3, Boki R FistER e, 3
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FERBCE, WO T BB TS AEUE . TR, LR S EEGR RN, A, & SRR
SRR DLMOR B 2 A i, s B T8 H, A — S ke, (H2, i mEmke
SEIRE AN I E AR I, T EL2 8 2 A (B 3G N, DT B A M 5 P 4 A T 6 G Pl 2 M R TR %

THREBESRERELS S @Al W-Si & & MR R B & 8 Fon: MiE T &3] 1400°CHY,
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CUFZIT Si (1) 55 1414°C, AT WSi AH BB HE 70U B9 B0 0T Si LA AU IR A A7 7, 7E#JEJE 7] 20 MPa
YER T A% 5 WA R s B R B, BUE W-Si &4 rf Si S BRI, DRl i S50l Sl #i b4 2 1 i i T 2L
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Figure 8. Effect of hot pressing pressure 20 MPa, holding
time 1 h and sintering temperature on target density [31]
& 8. MIEEF 20 MPa, fRIEATE] 1 h, KRLHIEREXTEE
MEESME[31]

3. BREGE AR

HF[32] Ag-B FUM % K S0 AT R FULE AT U R JIVa P, FOORE RO AF XS 5% P8 I o 3 i i
. PUEBCEA RTINS SRR, A SR EUE AL I LRI 7R B IR B A R S MR ATZ (1
ARIETIRIELE . Miil[33] R 46% BET, CIP [k /)5 ka4 X 1TO FEM OS5 14 S S5 IR IR K 520

ITO BEA IO R B A AP (RIGRALR ST A ) 2 2 B P AR S5 M B L K &, R 3 = A
B P 3R s — e R FE L AT e S A 458

TR [ 341 R AR BEAA P LI PR B i 72 24 77 R 9.5 MPa #2131 15 MPa i, FLIH & 0% 7
W, B, FLIRECEAE NS, H HBER &, Rk, Be4iEJ#iE N 11~13 Mpa.
TE — 7 0 BBl PN 4 1 e 4 Ui B AN DRGNS () 7E— s Y N e 45 TR 70, BRI T HEER AR, I3/ b R AL
TR . S aE R Wy RIS A 1.15~1.35 glem’ s SRIBIRFELE 1250°C~1350°CINF, IR E A 8
he [/ 11~13 MPa 2 [a], FHE#EZ A 3.5°C/min~5.5"C/min I}, K305 (0 R AEE R, FLIA SR
FHXT D
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Figure 9. Micro scale densification level of ITO target (i.e. pore
size and number) [27]

& 9. ITO $B44 1M R EE B B0k (BN FL R ~T R 2) [27]

TREAZN[3S TR M2 4 1TO BEM B T2 AAE SR M DL R, 45 1K ITO U4 HiFH 22 4R L A%
F1(12.07 x 10* Q-m), 244k USSR AR, $EM B B H SR AE NI R B8, 248 A URUE J1{ER 0.02
MPa B}, SERAIR LR 26 e B B AR, k2R3N URUE 0 L H 2 5 808 i 38— R, SRR M.

WK 10 Fios, fERARAERESI8-0.02 MPa B, il % H 1) ITO ¥4 78.04%. TAEBA AR
JE TR G0 i) 4% S B0 FE 4 ) 82.68%, AR MR ATE IS OL R A AT s . SRR
JEZJ42 %) 0.02 MPa B, Be4h 5l 4 H 1) 1TO $EM E0% 15 2 M I HE B 91.84%, FU IR
BN, MR m ARSI, B ECE R A TR . M RGUE A TUERE, B A EAER
FLARBRIIFLIR, 7oA X PG ) 5 25 DR 7E 7 S 2% A T A B [R) A 7 e T B 2 5 88U B S A P 1)
fitt, rfErE AR SRR, NTT PR AE AL, IR RS B AS BOR R RS ARG IEE, W
CUE H 1TO S8 A8 I FLER B B b, R FLAR RN 25 4588 AURE TN IE(E R, WA EL
WA RR KRR T .

BRI AE[36]TT & 1AM (CIGS) VY o M B BB R 45 ) £ S MR RERIE 7T . 1 3 P Bedh Ik it
I, AMEE LR A B s, b B ] SR K IPE A, SR R R4 1) 7 720 AR INg 5 13k
13/ R R AR AR RO AL o 38 3G K 28 He T AR SR (R B S 2 . (H MR et I Jpad KRS, 1
MV EE T 07 ) H 53 2 R

THREBIES RN mal W-Si &E M rEaesgm. w11 frs, S#JEEJ19 10 MPa i,
FHXT B FEAL 90%, IR 7138 NE] 20 MPa, %A KiEER S, W-Si G&keds KBRS, KM T
10 MPa I, M DAHRESD R R B AR TR 7, e 20 HE DS 36 S BLE, SECR A R . RN, ZE&R T
KT IR, BA— @RI, AR 7 A ASe N, BT % 738 n#] 20 MPa i, 2 380
B, WS EE TR EE . JE ST 30 MPa i, BEEERINNE A K, H AT SRR L iR e 5 B A PR
(PUE <60 MPa), KR 518 SRR . BT PL W-Si & &% K /718 5 %75 30 MPa BAPY .

B RR37]e s SURUE 10 iR P RE TFT I ITO $EA4 258 VE R I 90 6 485 i s i T A K <U%.(0.105
MPa) T. 2564 il 4 1 1TO FEM R 14598 /b, H BRI

DOI: 10.12677/ms.2022.121002 18 PR R


https://doi.org/10.12677/ms.2022.121002

PURS S

92}
{12
< 88} 5
2 —a—Relative density P
S 84t —e—Resistivity =
2 1 =z
2 sof 2
[0
76| 44
-0.02 0.00 0.02 0.04

The atmosphere presure of O, (MPa)

Figure 10. Effect of O, atmosphere pressure on density and resistiv-
ity of ITO target [35]
& 10. O, SFE DT ITO B4 H 2 E FIER AR A9/ [35]

Table 3. Compactness of CIGS target prepared under different sintering pressures [36]
= 3. TRIKEEE 1% CIGS $EM B L E(36]

R4 K 71(MPa) 0 25 35 50 60 70
AU s SR 82.3% 93.5% 95.6% 96.8% S -
L FOREMERESZE, BRI,

4. RESFIEMRIR M

F/R[38] Nb 152k & Nb-Al kB2 AACFRHEM 10 & 5 PERERT 7T o /P BRI B R b i LR 22 /D
PL A SR 45 RORE A B R B AR — MR . bS5 IR 1150°C I, 28R A 1) NAZO HEA4 I BE 2
M 0.76 Q-em, TEGR S FHELE LM HAG 3.92 mQ-em, HZEIT 200 f5. FEERE NI &, AFRSHE
ZEREA B R E B s R, (BRI AR, WA 12 PR, HRESERZREE 1300°CH,
ARPRREE LA FBE A T BRI R 0.07 Qem, GBS FOEEA FEBE IR A R FE S 2.80 mQ-cm.

*
- /
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Figure 11. Effect of sintering temperature 1380°C,
holding time 1 h and hot pressing pressure on tar-
get density [31]

B 11. $RE5REE 1380°C, fRIEATIE] | h, HEE
DX R ER[31]
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12. REISHET NAZO $BA B PR ER[38)

JE Bt 39 T AR B il £ L2006 1IGZO ¥EM B 5 SRS be 4 U U A 13(a)r]
H1, 1IGZO-¢ F anb S8 AU, 600°C AT 750°C IR PR AR AT Fedb tERE B 2, {H 900°C Al 1050°C
(RIBLRERE S SR P I T2 A RS - T 13(b) 1 IGZO-m BE S E B RhBe s U5 R INE, #4135
FERAA A — B, AR TR BUR R T3 BT IGZO-m FE & AR &,
T DA% B R — 0 B e — R, M A ORI T, DR A SRR et X B8 i A o
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Figure 13. Effect of sintering atmosphere on IGZO-¢ (a) and IGZO-m (b) target densities [39]
13. RESFIT IGZ0-¢ (a)F IGZO-m (b)¥BH 2 B R FZNE[39]

5. BRESRHEI SR B2 M
etk I Ao b A WSR3 S A AT W R O CRREAE o B Beld  (SE 4, BB B AL
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BT F[32]1E Ag-B SEM & R BUR RO 5T b K BLBEAE ORI I R RE K, Ag-B #EMITFLALBR
B REAG. BEAE DRI MK, PIERE RS (g, BRI, fLRIEE. &9, HRESBTH
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HE[2117F LigTisO,, M B #M R e sl i £ S MR BRI 70 R B, W& 14 FoR, (RREETE [ his, 1
BRI AR 16.5%, BUEEN 83.8%. B fRIRET M FIZEK, SR RS FLHER, #OR i R F0
O AR T UGG R o B BRI R ZE KON 5 h B IE B R E, BRI FER 4R N 19.0%E0% N 93.1%.
PRI ()3 B 3K, SRR S8 KR BUE B AR TR, SEM MR 4E R R BUH R 3 T 85I B 1)
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Figure 14. Variation diagram of shrinkage and density under
different holding time [21]
Bl 14. REMRIRFTE FAEEME B E T LE21]

HEPIE (A0 TT 1 il R AL S T A RUR 1) 26 S BERRME RERAL AN 4 Firas, e h DRl DR S I 8] AN
LT, SRS SLAE R A RE T AT R 2%, IR B4 I 18] L A5 AT RE FRIREE A O BUR L . WA
B PR RS I (R A 2R 52, B AR As RIS TIN5 20K, 1 h B 2 h SR EACK; W Si & &
HARTRFFAAL s AsyGeTey BERELEIN MG N5 BAE N, RA A, As TR BRI R IR, B
BEITUG N BE, Houa ik o 1 AL i o ANIE R, 325 1T 0 e S A P e

Table 4. Density of target materials prepared by different hot pressing processes [40]

= 4. FRIAEILZHIZFEMBIZEE[40]
LRI PR R I 1] (h) 1 2 3
¥ (g/em’) 5.06 5.46 5.43
FHL 2 B LA (%) 92.1 99.3 99.1

HZE[ 34 R DL S AL e REAS P AR AL BT J Sk TEAE e i A v, BEAE B AR T AT DR — B
], (e 2l KPR R BEVS A 78 70 AT A% AR F L& I TR] o e (4 110 TE 1 <22 Je B9l oy 404 1l 26 R PEREAIT IL
ROLBEHE Be4h ORILIN A OSE R, E3EM I BCEVER BB 5w, (HR SRR AN AR, Xt
VLA REWS FRARBE A BUR IR L . ARVERE[251WETT T #52% ZnO P R ¥ (] % S L PERESRAE . nl&] 15
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Figure 15. Effect of holding time on density of TAZO ceramic target [25]
15. fRIBASE)RS TAZO PREREM 2 E RIS/ [25]

EERRTIFEFE TS B TARBESE Cu(lng,Gags)Se, VU TGA & ¥EA I EE IR Sl R AR I )
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RMMRTF . SKIIAR[35] R BUIE R IRIEH % TTO $EM I T 20 7038 24 5E Ko 45 I 18] A % [ 159044 1)
FLBREE D SRR, B 08 B B &, (R SRR A B FLRR B . 9 SCaHE[29] K I
W TR e 4 ZnO PEREM AR AT 1 h 8% 3 h ik, i T SR IR, WA ALIERD,
4k FBCRPHPOE TR RS AR ], ABHZR BN, XE BT M BEA D e R, KR
TR R) 23 A5 30 iR A K, VRS s X B ER R IO A o 2R [ 36 10 78 1 4MARER Al (CIGS) 1Y It B
BRI et ) £ R MERERF 7T . ZABREEIRE N 900°C R, JRTRIPY HLAE AREER, AT LATERAE AR [R] P 58 A
BRI FE . RAEBESE I E 900 CRIBELE K 11 50 MPa FIAAME T, SEAK e &5 it [R) o #E R fr) 2 S 2R B2 i 1
FAAN B

6. RE
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A, R B AR BT A 5 H AT R B AR R OC BB A R B R A SR R TR AL S A R
B RS e A J A T P 2 F RTI BRI, SRR s A b A B 2% . AT H
AR S RSREE B S A R AR RKHUR . A28 05 KRR K 1SR S R T i g
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