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Abstract

The current widespread use and development of MEMS systems in aerospace, electronics and
power, and biomedicine has resulted in the mechanical properties of Ti-based alloys not being
able to adapt to the current application environment. Amorphous alloys exhibit excellent me-
chanical properties due to the lack of crystal defects such as grain boundary and dislocation.
Based on this, in this paper, the compositional changes of Zr, V, and Nb elements in Ti-based thin
films are regulated by magnetron co-sputtering technique through controlling the target parame-
ters, and Tisgo.6Z1r6.0Ve.9Nbes amorphous alloy thin films with a completely amorphous structure are
successfully produced. The amorphous alloy film exhibits an excellent combination of properties
compared to crystalline films, including: 1) excellent mechanical properties: high hardness and
modulus of elasticity: 7.01 GPa, 162 GPa; and 2) good film quality: high densities as well as low
roughness. In addition, the reasons for the excellent mechanical properties of this amorphous thin
film are explained: 1) structural factors: the amorphous structure does not possess structural de-
fects such as grain boundaries and dislocations; 2) deformation mechanism: for amorphous mate-
rials, the deformation mechanism is dominated by the shear banding mechanism, and the formation
of the shear banding is a complex process that consumes a large amount of potential energy, and
thus can withstand higher applied loads. The present study provides new research ideas for the
study of Ti-based amorphous thin film family systems and promising candidates for MEMS systems.
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1. 5]

e dh B S CURE BB IAE L R TR E A1 S E RN SR E SRR E, W BA SR A
SHE, TR SRR AR RE[L]. BT AL Ti iR B S EEsREE . i e A A
WA, BRI 4 (Ti) A 95 42 )& (Cu, NIZEJR T RF EAEEE K225, ik Ti k& 4 i
A S SRR T 12 N T X M B AR AR WS R S 2 s [2] . il
Ti-Al-N [3]& &M EA T 12A R (EE LN 33 GPa). #UE MEM B SR b, WM T 1A
PRI . IR . (22, FEE LR RG(MEMS) [4] [S1M)Z M A, BT AR 2R
ZIEFRE I TAE, XL FEOIMRI 1R T oSRAWTHR T . AL G000 Ti 256 il T 1778 ik
b, SEMEH MR TIESSS, DB LEEIMMNHTR. ik, @y &EEREH
R Ti 2B S RER b IRoX — ] #.

Har, W BN HAER ZREAERESMEE = K38 duk, FarDUARRER. S, TR
TERGRE A PR, SR S 3R S AR B 52 2RO BR- 1o 40, Ti 2k f& 4 Ti-Zr-Cu. Ti-Zr-Si
%, HEAARMAEREREE ), XE0E AR AERIEREE 10 Ti-Zr-Be EmEE, HTEAAHT
% Be, FULAHKKPEAR T H AT R[6] [7] [8]o #RT, AR &hE S i T 7E PURUS T2 Hhv4 S e n] 1A 3
2 10° Kis, MWAR MR T TLRGRE A PR IR . Ak, AR5 4 RO HLAR T: B8 7 T th 58 S kK T B

Tk
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WAEf A4, . Ti-Ni-Cu [9] [1019F fhsifsE, FRI A A R g3 5 Ak sk, LAt i g2 v Re
Ti-Ni-Zr [11]3E &b & SR I B s B AL R RIS, B RIFmidae thae. thabh, Ti-Ta[12] K%
e M A G T AL R 2=t e e RE, R B F7E R R TR 2 A R

BT, A @RI EOR, kel Ti ARG A S H % . U R, £ Ti %
HE&FEINV B Nb JCEREA BT Ti Bk /AR thAh, & Nb IRt RESR A Ti Bk R AR
mn e ) S AR e VERE[13]-[18]. 1H2, fE Ti ZEIEAL MR R A V. Nb fUBFFe a2 itk M
TR Ti HEAA R SR AR AR ST RE FT, LA BT R VNN, R BOE ESE L] Zre V. Nb
JCERANINZE Ti B . %07 AT DURA B R R 75 M RE i s AR S 1Y T JE IR S, X0 Ti 2
e d A SR SRR RS, [FIB HR TL R G0 (MEMS) R 47 I A4 L o

2. SERE T BRI

Bk, FRAT s [ e I S AR T A K A E A A (~20°), Gl fEE RIS Ti AU Ti-Zr-V-Nb
(L:1:1:1) &5, fEEARA 1 x 1 em ) Si(100) g 1E 77 TEAS I Ll £ T Ti-Zr-V-Nb JE gh i . RS SEAF Ti
A Ti-Zr-V-Nb (L:1:1:1) A & 4R AR 99.99% (& H k). T Ti B TR onsR, Wi EmaEs
FERAET 1 x 107 Pa, JRilidt Ar it ok fil S ikt =2 Py 1 R4l BE Ar (99.9995%) 1 5t M/, I
HIAF5 %) 30 scom, FEPURRIEFE A TS 70 1 Pao Ak, Ik = I S e TR SRR e R, AR K
WAL 12,5 nmimin, BEAEIRS I FE N T ORIEE R RS S, R R BH AT e R T 5
rimin. B4 ) BEAA S BRI ORI T A EE ) Zry V. Nb R AR, ASCHTHI I Ti SR
KA. Ti150 W, Ti-Zr-V-Nb 15, 30, 45, 60 W. Jy 7 J7{E#E N, ZEACHHRICHN Ti-Tialloy 15,
30, 45, 60. Pl & EME A 1 um.

Ti SR AR 2 28546 PR Re BT 14 FH B9 XRD 43 RATHHX(XRD, MiniFlex 600)[#) X-ray 4 Cu-Ka 54k,
Xof A o R S AT TR . SRR SR R A A B, R B2 BRI (X (EDS, JEOL) AN 4 4 B 6% (SEM,
JSM-6700F) X} Ti-Zr-V-Nb JE ffE AT T 5o LA RIESRAE . Ti JEE A &R 12 ERe, @it fEgKk
JE 3k (Bruker T1980)F14:Hi47 Berkovich Hsk B AT 4K IR A FE DA B S 8Os N : Bk
Bfif: 10 mN, InEk - PREK - BN AN : 5-2-5s,

3. HR5ITR

1 TR Ti 3446 & Ti-Tialloy 15, 30, 45, 60 () XRD i, SRR AHFEZES, .
M Ti-Tialloy 15 J& B /NI AR B H O R, BN : 20~ 37.5°, 39.5°, i Tialloy & H 15 W
HInE) 30 W, I Ti-Tialloy 30 [ rCa g i 4% A8 g B — Lo DL R A i A Ve, WA 4333 0 26 = 39.5°,
72°, 84°, BE% Tialloy & &k — B85 45 W, Ti-Tialloy45 b0l iZ #4248 i — b, 20~ 39.5°,
BEAN, MR SR EE T A, LS S REE Tialloy & &R TFmBE AL, R — 2 E 7
Ti-Tialloy 15, 30, 45 N@A&AEEE, H AT R AE R g-Ti M. 2R1, BEFE Ti-alloy & &30
F 60 W, HATH WL AR A1 kg, [FIRHOFHEBY R, X ERSE Ti-Tialloy 60 HIE& &4
.

N T B I Ay DA TESRAR A, X Ti SRR R 4 I HE T EDS AR IR DA K T HL T
FTSH(SEM), Wil 2. 14 3 Fraws Kl 2(a)~(d) 20 milxf RS Ti BLiffs & Ti-Tialloy 15, 30, 45, 60 170
IR S 4 L (at .%), B : Tigr aZrosVooNDbogs Tigr aZr27V27Nbs o+ Tigs 92140V, 9NbDs 2+ Tigo 6216 0V6.sNDg 5.0
GERRW, BEFE Zr. V. Nb TR S EMTHE, MRS 0 SR A RS, X5 R —3.
3 PRI NTEIE) SEM B8, 4] 3(a)~(d) A RN TR TieraZrosVosNbogs TieraZrr7Vo7Nbg e
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B &R

Tige0Zr40V4oNbso+ TigeZlsoVeoNbes. X T AN S, BEE Zr. V. Nb iR S ENFE, SRR
W14 H1~200 nm JR/NEI~100 nm, X5 XRD Z53FEAY) & . Behk, KT TigsoZraoVaoNba, MEITF,
B ER B0 1 DA S REURE 2 vy T B i S v, (ER, ATD PR T LA T (00 DL b R I SRR 454, i b
Fo BHBPIZE, 22Zr. Vo Nb T2 S EIAT] 19.4 at. %t (0 3(d)FiwR), FiE R TigeZrsoVeoNbes IE
mn RS I AN A 5 SRS, E RN R M AR . X R EAR TR S S ATE
e ARGRIG, B, MK REPEMECE, XvdEmE RS R I 1 It RE B e 1 HEA.
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Figure 1. XRD patterns of thin films of Ti-Ti alloy 15, 30, 45, 60 show that the structure of the films changes from a crystal-
line alloy to an amorphous alloy with the increase of the content of Zr, V and Nb elements. The XRD patterns show that with
the increase of Zr, V, and Nb elements, the film structure changes from a crystalline alloy to amorphous alloy

1. S#BE Ti-Tialloy 15, 30, 45, 60 A XRD &%, REAREE Zr. V. Nb TR A EMEINEREMHRSEETA
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Figure 2. (a)~(d) correspond to the atomic percentage (at.%) of each element in the Ti-based thin film systems Ti-Ti alloy
2. @~A)PRIRES Ti BEEEAKR Ti-Ti alloy 15, 30, 45, 60 FETEMMRMETE HEE@EL%), BI:
Tig74Zr08VogNbogy Tig1 4Zr27Vo7ND3 oy TiggeZrsoVaoNbsoy TigoeZlsoVe.oNDg s
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Figure 3. (a)~(d) correspond t0Tig7.42ZrpgVooNbog, Tigr4Zrp7V27Nb3 5, TigseZr40V49Nb,s 5 and TigygZrsoVeoNbg s films SEM
images , respectively
3. (a)~(d) 7 AR RL TigraZrosVooNbogs TigraZrs7Vo7Nbs oy Tige9ZraoVagNbgos TigoeZrsoVesNbe s SEARHI SEM El

N7 =B SR, X T B EAR R TieraZrogVooNbog TigraZra7VazNbs,
Tigs9Zr20VaogNDa o TigosZrs0VeoNDgs 73 AIBEATAK EIRIMAX, a1E 4 Fross h TiEWE ., #E 4 kmt
FA SRR X At — 28O, B ZAi B R o o Mo A1 N 2350 R G AR W B0 (6 78 AR A8 o X T
T Tigr4ZrogVosNbos M E > Nos Nmax 218 149.3 nm. 155.9 nm, IHZEA7 2 (Ah = hpay — ho)ZIN 6.6 nm. [
HZr. V. Nb ZERHE—2E N3] 13.1 at. %, hov hmex 775 FFKE] 142.2 nm. 145.6 nm, IFEAFZ0H
34nm. XHEWE, BEE Zr. V. Nb S EEH &, SSHRE PG R IRE g . S AN
7&, M Zry Vo Nb S EBE— PN, 3oy hpe BT FFARE]: 134.6 nm. 136.8 nm, #f32f7F22979 2.2 nm.
ZARKY], WA RS AR AR AR RS, HPU AR I RE R T
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Figure 4. Displacement-load curve spectra of thin films Tig74ZrygVooNbog, Tigr4Zrp7V27Nb3s, TigseZl40V49ND, 2,
TiggsZre.0Ve9Nbg s, Show that with the increase of Zr, V, Nb element content of the film creep resistance gradually increases
4. TEBE TigraZrosVooNDbogs TigraZrs7Vo7Nbs oy TigeoZraoVaoNDa2y TigosZlsoVeosNbss FINLFE - EkTET MLk EE, Z<EA
BEE Zr. V. Nb TR =0 INE RIS T M 58 &
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T EANIEMT AT H R, ) TR SR RERE Zr. V. Nb GRS EARMITLE, wlE
5. Hr, Zone 1 FiRnm AKX, BE% Zr. V. Nb JCE N, I E H(GPa) 3
PEAE B E(GPa)H 5.19 GPa, 138.2 GPa iZ#ii%] 5.84 GPa, 150.1 GPa. iX ] A& 3= E IH AT ikl R ~f 1)
WS, B AR A AT R, dhn RS 5 46 g e R L, 45 XRD BIRE &I AS R Tige 92 0VaoNby 2
124 5 56 K TR Tigr.aZrogVooNbogs TigraZrp7Va7Nba oo BEAL, 5] 3(a)~(c) L AEHEAL SRR T I8/ E %
UEHE o SRR BN B 5 080D e oRELE 52 21 AN INEA I E & SR AL I = A B SR A MERR N 77, G LR HE
FARL ] o BRI HERA L ) R RIS, 3X BEERIE 1R B 2 R B RE AL S MEVE AL, dn: 2074
B S T, WIS RS A, BEE Zr. V. Nb Jogdt— B3N, WBE#HEAL N w4
AR, AT DL R 17 A A T A RNt M A SR AR T Zone 2w, FEHL, TR AT B
P E48: 7.01 GPa, 162 GPa. X8 4m IHF TAE M WA IIILE, B BA 5 AN I .
MFTREA, ERES SRS SN REHIFEERT LKA, B B ESEE P s RaI(AE, E#)
AN LA AR S R B V) RSl . TS UIA E BOR B TAEAMMEG FER T, B BRI s
B MBI V) AR X (STZ), 1 STZ BT LME R BTN AR AL s Bl A (1T 3G K, STZ et
Tk R M RO BTG =, TR B ) . [RINE,  WRRR Y U] 75 B S ) RE A RE T O A BY
Pl o BRI, XFF TigoeZreoVeoNbes IEeniE R 5, A 5 5y A B DL S S i i

E, GPa
H, GPa

150

/ Zone 1

L 1 L 1 L 1

0 5 10 15 20
contentof Zr, V, Nb, at.%

Figure 5. Thin films Tig74ZrqgVogNbog, Tig14Zr>7V27ND35, TigeoaZlsoVaoNbso, TiggsZls0VeosNbegs Elastic modulus and

hardness variation with Zr, V and Nb elemental content line graph

[El 5. AR Tig4ZrogVooNbogy Tigr4Zra7Vo7Nbs oy TigeeZrsoVaoNbyoy TigoeZrsoVeoNbe s S MEARE . FEERE Zr. V.

Nb TR EETUITEE

Zone 2

4. BE

ASCE T AR SRS BRI A S E RS Zr. V. Nb JCERTE Ti JEE 5 A a2 254k,
R H BT ERAS S MIN) TigoeZreoVeoNbss JEfn A & . 1ZIEM& &L S 5 A AH LRI H
MF LR E R, 4. 1) RN SIS ERi&E: 7.01 GPa, 162 GPa; 2) RIUFMHE
BT R R BOE I DA AR B o RIS, AR Bl iR dh B R A 0 7 ) 2t Re IR A 1)
eSS RR I, B B0 TR S A S AL SR EG Bk T RIR I T AR R R A L
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o 2) JrzApLbIEeAE, Bl A KRG (Ao, T8 88) S B AR Dl i BT D0 R A
ge {HRZ, XTIV R G T B B AR RS Y BT UV AR X, T BT U1 AR X AT DA N BT Y)
AL R BEE BT B HIER,  BY VIR AR XAE SRS IR b sk b AR OB v, TR BUIR AR BY )
o RIS, WRARBY DI G BRI v (K RE A RETE BB D)ty o AL AR Sl A S5 A AR LT de S S M AT
SEONPLRIFI2A e . ASCEED Ti SRS RF IR R 2 7 —Ewt7i 8, oy MEMS R4i85E
N EE b Fenv S

&E 3k
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