W26 % 1M et K TR

2018 4F 1 H Optics and Precision Engineering

Vol. 26 No. 1
Jan. 2018

XEHS 1004-924X(2018)01-0070-07
B RERN R RN ANE

FREELE OMSLH AL RER, R OB
(LAEEAE BENBRA BENABEARNBEXEALH Z
rEFREREFHAGH RO PO, K 100084;
.xEMmMAF MEMIR HRAMFSTRR AEAM 947205
LEEFAHEAAERERE HAAEH, A 94720)

FE O T I K b O BRI A /0 TR A R A B T L 9% DR Stoney 23 TR AR SE i LT 1R 22 B K B [ L, AR S
PR T B0 R TR A M R B T R AR A N I T R . O R LA AR il 3 A TR T O SR R B R e
JRE B Aok G 2 b A P Ik e O AR 5 ik TR I, O 57 e U % A S I O AR 1S TR 550 A 8 o R
JE AR BT RST BT 8 S bR 4% PR A 15 30 A8 e 25 JFCA 2 80 £ B (3 0 X 5 6 0 R A7 e A A8 11 0 000 i 8 14
BRAYNLSY o A FTRZ i 0 Y < 26 T K b 6 0 AR R T o i R 58 il 4 1) — 4 A LM I 19 B AR 0 3 9 — 340 MPa, 5 3CHK
R B A5 R ATAT o AR SCHRE Y A 2 T B R TR 0 A T S 8 ) B A A IO 0 5 ik R S L 9 AR L S 8

AL 5
X B OHERPEERRERAE A R ER; BE R AT H
FE 4 %ES . TH704; THS7 X EkARIRAD : A doi: 10. 3788/0OPE. 20182601. 0070

Measurement of residual stresses in pulsed laser deposited thin films

DONG Kai-chen"??*, LOU Shuai*, YAO Jie**, WU Jun-qiao®**, YOU Zheng"'"

(1. Beijing Innovation Center for Future Chip, State Key Laboratory of

Precision Measurement Technology and Instruments,

Department of Precision Instrument, Tsinghua University, Beijing 100084, China;

2. Department of Materials Science and Engineering,
Uniwversity of California, Berkeley, California 94720, USA;

3. Materials Sciences Division,

Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA)

% Corresponding author, E-mail: yz-dpi@mail. tsinghua. edu. cn

Abstract: To measure the residual stresses in thin films with limited area prepared by pulsed laser

deposition, as well as to solve the problem of the relatively large error introduced by the Stoney

equation under certain circumstances, a measurement method for residual stresses in thin films based

on cantilever structures and numerical calculation was proposed in this article. In this method, atomic

force microscopy probes with zero initial curvature were used as substrate cantilevers, and thin films
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were deposited on the substrate cantilevers using pulsed laser deposition. The bending profiles of the
substrate cantilevers before and after thin film deposition were recorded and used in numerical
calculation, together with other parameters including the thin film thicknesses, the geometries of the
substrate cantilevers, and the Young’s moduli and the Poisson’s ratios of the involved materials, to
analyze the experimental data and obtain the residual stresses in the thin films. By using this method,
the residual stress in vanadium dioxide thin films, prepared by pulsed laser deposition in a high-
temperature environment, is measured to be —340 MPa, corresponding to the value reported in the
literature. The measurement method for residual stresses in thin films proposed in this article, which

is based on cantilever structures and numerical calculation, has the advantages of wide versatility,

good accuracy, and low costs.

Key words: pulsed laser deposition; residual stress; vanadium dioxide; thin film; cantilever;

numerical calculation
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Fig. 1 Schematic of residual stress measurement in thin

films using cantilever structures
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Fig. 2 Parameters involved in experiment
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Fig. 3 Flow chart of experiment

3.1 HERPHIERSRIE

P NANOSENSORS 73 # ) PPP-NCHR
S T 5 BB (Atomic Force Microscopy,
AFND 4R SR S 5250 i 4 08 5%, 3 32 (b1 RL R 6k
AFM #5520k — Brf 18] (4 1 115, 23 R 2R v
T 43 B B 0L T B 3. ELJR AR SCHR Y T AR
7 2 AFM 6T (0 208 JR38 43 o R O A 52 46 {off 1
(I 2 5 1) AFM 8% B R H B AR T S5 30 AR

e AFM FREF HEAT RAE . {2 W
M MEE AFM #4020, JF I B 8R4 R R 1|
e, X —B M EEH . (DK AFM £
B0 0T S, Pk E 2 1H VA B S0 R AR Y 58 A PR
PEATSEHY 5 (2) 0 5% AFM 454 %8 B, A R T
AR . AFM #RE R B 608 IR R & 4 ()
FIiR

{#i i ADE Phase Shift MicroXAM Y% T ¥



514

AT ER A < Tk O ORI A% 5% A N g 73

FEERAU AFM R B 1458 i 5 2 17 R AL HAR
RAELCR M 4 Fros . B 4 (b)Y Bl 1 18]
A AZE B RELATERZ N, AT LIA - b i
AFM R £ B A A A i il 1 W D0 RS 56 Al 2
TR RN F

() AFM R4} 19007 BAMEE IR

(a)Image of an AFM probe under optical microscope
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Fig. 4 Characterization of AFM probes before thin

film deposition experiment
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Fig. 8 Comparison of bending profiles of substrate

cantilevers before and after thin film deposition
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