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Abstract: As the mechanical scratching of diffraction gratings still depends on the experiences of oper-
ators, it gives poor grooved quality and can not be pre-controlled. This paper proposes a diffraction
grating production method: film classification test engraving method based on an aluminum thin film
deposition process status quo, and reveals the microstructure and mechanical properties of different
thin film samples based on X-ray Diffraction (XRD), Scanning Electron Microscope (SEM) and
nanoindentation experiments. The study results show that the grating ruling can be approximately e-
quivalent to a wedge under the pressure of the process, so that the slip-line field can be used to obtain
the solution analytically and carve the slot on time trial for the “low elastic modulus class” film. Mo-
reover, the finite element simulation can be used to pre-control the slot for “elastoplastic class”. The
method can implement the pre-classification of the films, and can determine the tool processing param-

eters for different types of films with different methods. Futhermore, a near-perfect trough is
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scratched. Experiments show that the time-consuming and pre-engraving test times are reduced and

the graving quality and efficiency are improved. The method lays the foundation for improving the charac-

teristics of more sophisticated gratings.

Key words: diffraction grating; mechanical scratching; grooving technology; pre-control

1 31 =

75 B M AT 25 L 25 T 4 A0 A% Bl O 1 X AR
B RZ O T . TR AR AR 210 e %5 B2 i 2040 Sk Ot Oy
T HLAR 20300 i L =8 B R g AR 3 e X T
ZLANSCHE v BB S S R R G 2 AR HT L
Z05 0 O HIAE . MU 2 Rl A A 4 W1
A 2030 TR 4 T B2 CUngR 50 1 25 AT
B R A6 T BOCAIMETE i A

SCHHLAR 2050 B AR = A 2 A B A I 200 4R
MIDT . BT S EHEORGUE R R AR R
EE EEMHASRIEE., EEN, PR
BHOCHLIT T 1958 41 S TF ta Wl A7 S Gl B AR
ST BAE ) 608 7 i R PR P AR L B F T T T
oy i 5 G i K AR AR S . E NI
FA A9 S G A AL A 20 ) T2 O ¥R AT 5 L A T A
[F] o 042 ] AT A figh e o 7 Tt 8RR TS o L o
MR A 2 22 5 1 220 R i A S o 2 R
i) A 20 ) 5 08 % AR ) Bkt 5 2000 e i A &
U EA TR AN BE AR AR A X R 1 A
i . BRI T 7 SORH 28 5 Bt 88 70 2 i HL ik
Z0 300 B AN AR vy TR B KL BT BN ARUE L I DR
3 ICTEAL S B RO AR OB O . EIN AN 2
L GR 5 35 B B8 Z0 R LA 4 WA 20 0] S 2
NI 20 7 T 1) 5 0 B T AR T T R T
8 IF B T — s R B OGRS B 1045 20 R A
T o Uil 20 VR 9 4k v 220 R Al R BT i 5 AR Y A
GE AN A iR E

BT S 2 B v R S 2 Jal T IR AR SR
H X 8t 4 75 5 (X-ray Diffraction, XRD) & H ¥
A5 B 5% (Scanning Electron Microscope,
SEM) ik 56 . 5 48 75 1 A [m] 3 5 FE AR 1Y 0 0 25
s 2R A IR 5 0l IR i 3 AR A5 T MR Y ) 2
SRS FHAE s SR o AR AR AN ) Al W 285 4 R A1E e
FEIU 00 ) SRR PR R TR A3 ik 0 7 B A
SEOCHHEIAE L . AT I RO AR B ZE P T
R B L

2 UAMALAE Z) X R AE T2

2.1 HERAXIE

T 220 50 J 5 B2 — AR 1~ 20 e 1) T H B
AR % 7 28 35 N 26 i v R SR A T B
5 R L UURL VR A S A . R
TIE 9 A JEE B K oA T 4L U4 ) L AT 2 B — B
[ 5 A7 ¥ 20, S 52 RO RE B A 52 1

AT B GBI 22 Ja 2 A e A 220 0 7 4
WL 2 S R Y R . 2 AR BE T Rz R A
5 Z2 M A AR S R 1K 20 R S AL 5 R — TR
AT BARRAT PAR M AR R e . TR . 220 R R
e SR ] 0f 4 HOBURE N RN E R 2t 2
YA 20300 A RE 3 B HH X 52 4 B9 HEJE & 33X R AN ELR
(NS - N B NIDE s 4¢iR- NP8 = 9 A NG N
LA

I OO 45 g e S g o S e R AR B
Jt LAAS A0 8T i 9 T SO 45 4 % o A S A 4l
IH B 4 220 30 D' AR FA 1 B A T 1%
2.2 MEZWMEERSHT

Z0 ) i T B B A2 Z2 R N R R
TR ) DO 2 2 45 g S N A 5 ) DR i 22
B I B T B 4540 2 80 2R S RO 23 T
BH(GEFR A T4 Z 800 45 1 2 X iRl o i 7 A=
SO H R P T AT AH B A AR R L A R
TE WA K

3 FREEEHAMEMI S FIHRAE
2T

THEEE A RO 45 4 e H O 2R AR SUN
T B Bk th 4 AN TERBRRE AR, 1E4T XRDM JE i1
Kl 5 SEM 32 DL 36 AIE H: 3300 45 74 5 #E 17 90 K
FEIR 3 LA R AE ) 2# R RE
3.1 XRD FHEHMEHHNE

M XRD 3 Homr JTCOLIEL 1), 7 5 i 2R X
S, UE I 45 i RGF . TR] I S HOAT S 0 ) 2 6 B L O



1668 b

%21 %

B 4 A FEASER IR Y Feam g 20 {H 1% A Scherre 24
3L D=K2/Beos 0 1, a[ T HAF 5] 4 ASFEAR (473
SR R SEL 4> B k254, 6,42, 1,44,37. 2 nm, H
H.D R B R SF s K R 80,8954 S X
PRI, R 0. 154 06 nm; B o117 5 48 2 15 585 0
PSRy

8000
7000
6 000
3 5000F
4000
3000
2000

1000
ok J L o N

Intensity/(a.

-1 000 s L L s " "
20 40 60 80 100 120

20/(°)

BEl 1 FeAMy XRD i1 4 B
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Tab.1 Average of elastic modulus
s 1 2 3 4 5 P

E/GPa

39.59 34.13 31.97 27.33 37.42 34.088
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Tab. 2 Average of hardness measurement

S 5 1 2 3 4 5 6 P
i .

701.56 647,05 631.28 571.0 543.65 593.59 614. 69
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Fig. 6 Geometric structure of sharp chopper

ZIKF P,

————IE - THp,

.
A T LT TP

HHp,

W7 JIRIERZ%HFH

Fig. 7 Orthogonal reference plane of tool

Nb Jeiihgk

atfie  ERCTHS
. ’ff?y
| T~ f?]g S
il Mt~y L
Ep RS Selwsd, \T 7

,/

- e
— L
P8 A ICHEAL b 22 %
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Fig. 10 Grating end face with high-powered microscope
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Fig. 13 Cross-section of aluminum deformation
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Tab.4 Test results of orthogonal simulation
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