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Study on the Influence of the Gratings Composite Substrate

on the Internal Stress of the Film
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Abstract: The mechanical ruling process of fabricating large size echelle is a sub —micro groove extrusion process. The
generation and distribution of the stress in the ruling film process will directly affect the groove quality. Due to the actual
processing and testing methods , the internal stress of thin film cannot be effectively studied and calculated. In this paper, we
compared different regional compressive stress distribution and summarized the distribution regularities by adopting the finite
element simulation of indentation test and establishing the true aluminum film model with glass —chromium composite
substrate , only glass substrate model and only pure aluminum film model. Experimental results have shown that the sandwich
type composite substrate film is helpful to optimize internal stress distribution of film along the vertical direction. This research
has innovated the research method of the interaction between substrate effect and the internal stress of thin film, and provided
guidance for the ruling process of grating.

Key Words:Ruling Grating; Composite Substrate; Residual Stress; Thin Film; Indentation; Simulation

1 5 | _§ oSN B R A TR A R i, e PR T s
AR — Rl RS 38 A% 0T L DAL 1 2 PERRVLARARAT AR, SR S BRI 20 T ) eI e S Gz BT
B IR A R OGRE (58 |- Ry Rk 2 ide sk e OF b B R R S S TAR GRSz 3l , &R0 1%
R T AR RSO AT, S JRE R A | B2 Ay pbRedsr RIS TR SHDE, 2RI R MR S0~ A ARl e 7y
SEREABTE AR BHR A, U R R e sisk Aok AEEBRPPR ARSI T, I TR, i 1 B
e IR A R T2 T Ly AUz et 2 H T 2] T T AOK SRS N T, 52 %0 %)
DGR A RO =28, Forh 2D LR R EO Mg ik, BRI BRI RS}, T ELES i i I\ T 2055 R 2
Skim E#I:2019-12-24
EETWE : [H5 A RRFEE4(51405031,51575057,51075042) 5 75 M8 FIAARRAIEG TR H (20150101023]C) 5

EMEHE TN E T RRERORIITT H (KYC-JC-XM-2016-030)
VEZ I KK, (1975-) 55 S MAEH A 1 H Ao B0, EEmF5E 5 1 - RS 2 R RS 2 T




38 FRE R AU A AR AT IR N S ) 4 R BT

%54

RIS E S, AL 2 0. BRI Z R X 1%
e AR (i 2 Birzs) MR & ek I pLpt ] < He ]
RS TR SR AR A RS T R FI
P4 T IREEFTE R, (H 2 S HEHE 10 5 B0 5 42 AR SR S — e
A, M 22K 1 R e A RS P g B G A R [ i Y T
JE PR,

ZI%17] CURANIX

S\ \ /
IE'J

bl
1 ez R

Fig.1 Ruling Process Schematic of Mechanical Scribing Grating
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Fig2 The Entire Process Diagram of Ruling Grating Preparation
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Fig.3 The Various Parameters Before and After

Pressing in to the Material by Nano—Pressure
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Tab.1 Material Parameter Table
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Fig4 Parameters Diagram of Reference,the Experimental Group Film
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Tab.2 The Standard Deviation of Each Location
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Fig.5 Stress Distribution on the Upper Surface
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Fig.6 Stress Distribution on the Lower Surface
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Fig.7 Residual Stress Distribution on the Upper

Surface of the Substrate in Horizontal Direction
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Fig.8 Residual Stress Distribution on the Upper
Surface of the Film in Vertical Direction
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Fig9 Residual Stress Distribution on the Lower
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Fig.10 Residual Stress Distribution on the Upper

Surface of the Substrate in Vertical Direction
5 %518
A ST FRABER N . RIS AR A S

FEIR A, SR BROCEHU AR A RN LA, AT
BRAF T AL

TERIEIRIGOLT , WA AR ) SRR W

LRI A AE 22l NI KE 7 [l RN RN T, 3R
LT T AR D B 2l A AT L TR AR I S A AN

PR ZAEN N DA B 5 ) W PN AR ) 3 A

JrHEAT R ERCR

SE 30k

[ 1] Nevejans D, Neefs E,Van R E.Compact high-resolution spaceborne ech—
elle grating spectrometer with acousto—optical tunable filter based order
sorting for the infrared domain from 2.2 to 4.3 microm[J .Appl Opt,2006,
45(21) :5191-5206.

[2] EE B AR DRSSO S ERIG T EEmrE D .
KA EB BT A e (KD R E AU S W ERITFERT) , 2004,
(Ba InhochgStudy on the design theory and fabrication of grating,
grating dispersion and diffraction test method [ D ].Changchun: Graduate
University of Chinese Academy of Sciences(Changchun Institute of opt—
ical precision machinery and Physics) ,2004.)

[3] Yang Hai-gui,Li Zi-zheng, Wang Xiao-yi.Radial —quality uniformity
investigations of large—area thick Al films[J].Optical Engineering April
2015,54(4) :045106(1-6).

[4] 2.7.Li ,)S.Gao,H.G.YangStructural property investigation on obliquely
deposited thick Al films[J ].Surface Engineering,2016,32(3) :185-189.

(5] XUBRA", HI3E , i KA A 2L R e o L) L R 27
HARFKE 24, 2011,41(4) :560-564.

(Liu D, Yuan S,Zhong J.Research on the controlling system of a grating
ruling engine| J | Journal of University of Science & Technology of China,
2011,41(6) :560-564.)

(6] Aty , [ BUAAS , SE A T RISHCHI R AR W0 %0 7]
FOIEI L LA T4 A, 2006(6) 1 15-17.

(Li Ying-hai, Bayanheshig, Qi Xiang—dong.Manufacture of ultra—precise
diamond graver for diffraction grating[J |.Microfabrication Technology,
2006(6) :15-17.)

(7] 0)7 3, se AL ARaE A T IR B A R TR K AR IR .
HUC T R4, 2012,48(20) :39-44.

(Shi Guang—feng,Shi Guo—quan,Xu Zhi-wei.High pressure nanome—
ter indentation test of middle step grating aluminum film [J].Journal of
mechanical engineering,2012,48(20) :39-44.)

[8] Oliver,C.,and Pharr,M. “An improved technique for determining
hardness and elastic modulus using load and displacement sensing
indentation experiments, "Journal of Materials Research,1992,7 (11):
1564-1583.

(9] Wit , et X IR AR RO e i A T e R S5 L) ). Bl
MBSl ,2013(7) :227-229.

(Yang Cheng-ming, Yang Xiao—jing,Liu Yan-rong Experimental study
on mechanical properties of nanoscale contact process [J].Mechanical
Design and Manufacture,2013(7).)

[10] Bucaille J L,Stauss S,Felder E.Determination of plastic properties of

metals by instrumented indentation using different sharp indenters[]].

Acta Materialia,2003,51(6) : 1663-1678.



