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Abstract

The proliferating deployment of micro-electromechanical systems (MEMS) in aerospace, power
electronics, and biomedical sectors imposes rigorous mechanical demands on structural materials,
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which conventional Ti-based alloys increasingly fail to meet under stringent service conditions. Alt-
hough amorphous alloys exhibit superior mechanical properties due to the absence of crystalline
defects (e.g., grain boundaries and dislocations), their intrinsic plasticity deficit critically constrains
practical implementation. To address this limitation, we devised a “controlled microstructure pro-
gramming” strategy. By introducing ytterbium (Yb)—an element with high positive mixing enthalpy
and significant atomic size mismatch—into Ti alloys and exploiting the ultrahigh cooling rates in-
trinsic to magnetron sputtering, we achieved atomic-level microstructural control, fabricating TiYb
thin films with a biphase amorphous architecture. The resultant material demonstrates exceptional
mechanical properties transcending crystalline film benchmarks: (1) Ultrahigh hardness (7.8 GPa)
and elastic modulus (163 GPa); (2) Homogeneous plastic deformation manifested by smooth load-
ing curves, confirming activation of multiple shear bands that effectively suppress the characteristic
brittle fracture of amorphous materials. This performance enhancement originates from biphase
synergy: Enhanced strength stems from the Yb-rich amorphous phase impeding single shear-band
propagation via its inherent high hardness/strength; plasticity improvement arises as the softer Ti-
rich amorphous phase nucleates shear transformation zones (STZs) and embryonic shear bands,
driving sustained evolution of multiple shear bands under stress and substantially augmenting
plastic flow capacity. This work establishes a pioneering design paradigm for Ti-based thin-film sys-
tems and delivers a high-potential candidate material for next-generation MEMS devices demand-
ing extreme mechanical reliability.
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TS T IS XA S Tl A R RS i i A2 o

2. SERR T BRI

KR SEE SR TE Si (100) b (1 x 1 cm?) LPURL Ti-Yb &4 M. FEtKS Ti#. Yb ¥
A M 2008 207, SEMSEESN 99.999%. 4T Ti MRS, R = AR ESM T 1x 104 Pa. YRl
T, FRELIE A 99.9995% 48 Ar <, it Bl B E THERIE 50 scem, RS TAEELERFT 1Pa. 4t
JRIREFEHITE 200°C, Frif A f5 7 TP aa piAR ol ik 1 15 S S i 1R CP IR R 29 12.5 nm/min)$ il
R 1 pm. ARFREZ AN, ARG LS omin ik, BT Ti SERT Y BRI Th 3 0 5
HlCER L. Ti #D)ZREE Y 150 W Yb #EDIZ 437124 10 W, 50 W F1 100 W, FHRZFIFE i bric A S1.
S2 J% S3.

18 FIBC 4% Cu-Ka SRS AR X SHZEATEH(XRD, MiniFlex 600)FAE 45 # . Fy2 L fg il it gk
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Figure 1. XRD patterns of the thin-film Ti alloy system, demonstrating the structural evolution from
crystalline to amorphous and ultimately to biphase amorphous architecture with increasing Yb content
E 1. EETi &&4F0 XRD EiE, RIAKEE Yb RS EMEMEREWHESEETHIE
BSASH—PETATEIERE

NARGWHI TiYb HARAR RIS F M RERRIE, BATX S1~S3 RAIFEFHT T 90K IR MHR (K 2).
MR G5 FIEMWHLE R T Yo & B A N BB A . W T REESH ST HE(Yb Zh% 10
W), 442K IR 28 52 7R S AR BT AR 17 42 (ho) e K ALAS (hmax) 73 1A 149.2 nm A 155.7 nm, §FARN7# Ah =
6.5 nm (WK 2(b))o 1X—HKIIHE A SR AR R I AL Z I PUd B MERE . 2 Yb Tha4E % 50 W (S2
FE)EE, Dol Nmax 73531l P 22 135.3 nm A1 139.9 nm, MR B8/ 4 Ah=5.6 nm (JLIE 2(b)). iX— &3 FFAK
IREAS T (2 14% (0 F0R) B B T n AT RHPUIR S PERE (0 o X R PERESR T PR R T 2 RE 25 TR R
BEE Yb & &I, Ti-Yb IEIRE KRS 170 R AT AT NAEO R BE BT R T dn &SR S VR & 4584 (1 XRD
GERPNR) o X022 R 57 o 25 4 BE AT S8 BELAG A PR SR B (U 7 48) 1032 80 [16] [17], AT S sk ) 00 A2 e
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Figure 2. Load-displacement curves for thin films S1~S3, confirming enhanced mechanical performance with
progressive Yb incorporation
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FERIE AN IR V8 T B AR AT N 5 O 45 MR B8 A O . T B AR ) S1 A S2
FIR, PR R R s Fe B - 17 8% ih 28 2 0 SR )4 IR VR SRR HE (L] 2(c) SR B F Sk FTR) o IXFh S
BRI R B R AT (L ] 3(C) Fi Sk TR VR T b AR AL e A B T8 B8 AN (R BV Y B 7 T A% 54 T [17] [18].
JE 1 RE MR I, ST R IR S AR, IR & 73 79 9 H = 5.1 GPa Al E = 140 GPa, 1M S2 # BT+
% H=6.1GPafll E =155 GPa (MLI& 3). XM /721 R4 vl VAR T 22 RO S i 45 i TR i —— Bl
Yb SEMM, Ti-Yb IERAER KN TR M T AR mIRA SR [19]. XM 2 REL MR
HRBARS A, R 1R REM Zonel XLV F Zone2 XIk(ILIA 3).

55 A IR A T L PR 2, XU AR S S F 1) S3 oS FE B L 58 A AN RN I AR TR RRAIE o HL3ReT - 7 %
2R R 2P Ss, AOR B SRR R AL RS B B (L] 2(c)) o XFARTEAT I AR5 T8 B 3
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Figure 3. Plots of elastic modulus and hardness versus Yb content for thin films S1~S3
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