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Preparation and Characterization of Titanium-Zirconium-Vanadium
Non-Evaporable Getter Film Based on Porous Silicon Scaffold

LI Yulong, LI Wei, WANG Xianyi, CAO Qing’
(School of Mechanical Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract The non-evaporable getter film has been extensively researched and applied in the field of vacuum
technology in recent years. However, its further development is hindered by limited adsorption rate and capacity. In
this study, a porous silicon scaffold was prepared using the double-tank electrochemical corrosion method, followed
by the deposition of non-evaporable titanium-zirconium-vanadium (Ti-Zr-V) getter film through DC magnetron
sputtering to obtain three-dimensional (3D) film getter. The morphology and gas adsorption performance of the film
getter were investigated using high-resolution field emission scanning electron microscopy, thermogravimetric
analyzer, and hydrogen adsorption test, respectively. The results of the hydrogen adsorption performance test
revealed that films with a thickness of 400 nm deposited on both silicon wafer and porous silicon exhibited
maximum adsorption rates of 0.035 L-s '-cm’ and 0.100 L-s'-cm”’, representing an increase of 185.71%.
Furthermore, their respective adsorption capacities were measured as 0.143 Pa-L-cm ~ and 0.353 Pa-L-cm ~ which
increased by 146.85%. Depositing the film on a porous silicon scaffold enhanced the specific surface area and
porosity of the film getter, thereby increasing contact between gas molecules and the getter surface, leading to
improved gas molecule adsorption and diffusion processes within it, thus effectively enhancing its overall adsorption
performance.

Keywords Non-evaporable getter film, Porous silicon scaffold, Ti-Zr-V, Adsorption performance

FEE  JEZRHOR AR R AR DOk 7 L2 45U 32 3032 9T 5 00, (0 A PR A% I Aol S5 0 IR A5 2 i BEL RS 1 R —
R TR . SCEE A SRS AL 8 Dl ) 48 T LR SR, P oA LU s U SR UORR T AR ZE O R A AL SRS, AR AR =
Y S5 R S5 o B s R A B R ST R T AR L IR AT L A IR S0 43 ) K R R TR A RN SR B AT T F
98 WA MERE A S HL R I, VURRE Ik i 5 2 fL Ak S 48 1 1 400 nm JEEJEE (03 R, e R A5 2R 23 R 0,035 Les™-em® Al
0.100 L-s™-cm ™, 4& 7+ T 185.71%; W 2843514 0.143 Pa-L-cm™ 1 0.353 Pa-L-cm ™, 127 T 146.85%., #5 MIIURAE 2 fL1E
SR b RS T RS AR T R AL R, YO T MRS 5 R ST 3R 1A A R Ak T AR, (R T IR SRR AR S 110 3R TR
FRERIBVE T, ARG T AR ZE BRI SR R A W PR fE

KR CARZEBORAGNEE ZALRESCEE BRESPL MRMERE
FE 42 S: TB741 SCERFRIRAG: A doi: 10.13922/j.cnki.cjvst.202402010

FEZEBIN G A TR EOE . TEEEL, W RGE(MEMS) B2 A A A LR (A
PRBUN, St 05 Je SR a Y, s A iz i RN R B A T2, AR AR ORI S
AP RADRLF I g5 KRR ALY L R T UK B S R R, 2 LR g R R AL,

75 B 89 20240228
E4TR: X ARPFIEESFELSTHE (62101172); HEEBLERAESTH (2023M743110)
* BE& At E-mail: caoqing@hfut.edu.cn


https://doi.org/10.13922/j.cnki.cjvst.202402010
mailto:caoqing@hfut.edu.cn

% 07 M

BT A HET 2 AL SCAR AR R LA AR FOR R R v R ) o M R AIE 571

A e A A v < A A T ) T A R A 2 LR A
LS| W d e A D Lo a1 O B W I
T 1 R R R A AR T 7, R AR U AR U
/N B 22 FLBR 45 B AR, (R A TR
ANASCRT A0 A AR LS T R, T L
RE RS AT B A 2 5 OO R AR P AR DR
A LA R0 B v R L 23 B O A K A LS )
], XA TR T8 R) TAEPERE ] 5, AT
FEE LA RARE P o it o I Y R R Y P
AR AN T, IR e A RIS ARG i /0 14 T
RO AR 1 A D o AEAS TR PP il LAOSURE R Ak 25 I
Tk o5 0 22 AL RE O SR, Tl R A A I ST AR
T AN [ 5 BE 8 Al 28 OB AR AL (Ti-Ze-V ) W =50
i, 283 I 23 BT 5 W S RE I G B, T O R v
M SR 9 U SR BR AT AL, 3K T <R 7 5
R 2 T A s T AR, 2 BE TR R Y
R BAE P FH R 5P P, A A% R i T AR 2 ORI <
FRHEJE A I R RE

=
1 3048

1.1 HEZFAEZE

SR FHOUURE R Ak 2% 5 ol vk i £ 22 LRk S, b4
() 52 58 A4 RE 2 B TE P OBy P A AE R (24 mm x
16 mm x 400 um), fF&E R 724 = V) E| DL s it
FET AR 2l e — SRR 2 | TS AR TR, BT DA
T BRI 2 B RE B R AT BN Y Bk RE A
BTG IR (98%) 5 XA 7K (30% ) B TR A ¥ W (4
FUEE 3: 1) H R 30 min LA 25 B 26 i v 78 1Y 42 s 42
R, B 25 B oK A TR A T 1R 10 min, 22
Ja F &R (20% ) 1= 9 ik A 20 min DL 25 B 2 1T 19
AL, SRIE 43l 25 B oK L NI AN TG K 2B
HEFEIEUE 10 min, 2 BREE 2 10 A9 A 2% Tk 7 Al
AU TE RN P2 J5 TF LR PEAT HL Ak 2% 8 1, K
N,N- - H & H i i (DMF) (99.5% ) 5 & f iz (40% )
TR G v W R FR L 2 DA AL 7 B iR oh, T
e FLIE e -6k B o B T R A, B AR R B4t
SRR, e HLTUR A BB 1K /NA 16 mm x
4 mm, ZRJG NN 64 mA YRR E HL KSRk S 1ok AL
TN SN2 RS2
1.2 #R Ti-Zr-V &

SR FH B I W A e S 1 A ik R DA e 22 LAk S 2R
VU Ti-Ze-V AR B IR A8 2 ARG 57

BB K AT BR 2 B il T S AL . DL AR
i 2in, JBEER 3mm, JEF R 1:1:1 # =JC Ti-
Zr-V GO, SERETE 99.9% UL L. BEAT 5
JFE 22 8] () 15 85 oA 260 mm, 78 I 5 7T, BT E TP iy
AR IR E ST ZE 5x107° Pas DL Ar SAE MRS
I, TARE AR F7E 1 Pa, SR FHIIEE BN 0.6 Ao
VU R 2/ 9 nm/min, 18 i3 TR 8] f6 478 il 181
TURURE
1.3 HERRS R

fift FH &5 43 B 35 & G 4 4 - W 38R (Regulus
8230) WL 5 I 2 22 FLAEE 14 T 55 245 4 L B 3 %) T
BT o T E 43 X 8000( TGAB000) M it 5
G328 () Ti-Ze-V A ZE 58 W =5 v B g i <k
REFVERAE . )5 M4 GB/T 25497-2010"", X Wz < 5
T RS AR A7 W S0 3 L AR A5 IR A R 5 I A4 o
KELRMWNERESEL, HAR IR 5 R4
TES SR [11-12] Ha] LAk 3

2 #ERE5TE

2.1 BILEMEREGH

TEHL N 100 mA/em’ (I 451F R ik 12 4>
B, BE R I R B A0BE (SEMD) B 5 A 1(a) Jir
TN B & BE LI, FLER 5], AR TE
1 pm 7247, UEBHIZ SC K i ) s il £ T 2 FLAE S 48,
Kl 1(b) N ZALaE A i #im SEM B R, FLERAE S um
Ity B HLREEH

K1 ZALakRY SEM BRFr. (a) IETH, (b)

Fig. 1 SEM images of porous silicon. (a) Front, (b) section
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Tab. 1 The composition of Ti-Zr-V film

% Ti Zr \ C 0
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Fig. 2 Morphology diagram of Ti-Zr-V thin film. (a) TZV400,

(b) S-TZV200, (c) S-TZV250, (d) S-TZV300, (e) S-
TZV350, (f) S-TZV400
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