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Optical Waveguide Microstructure Mould Made by

Fly-cutting Technique

PENG Wen-giang, WU Yu-lie, Li Sheng-yt, LIU Yong
(College of Mechatronics Engineering and Automation, National Univ. of Defense Technology, Changsha 410073, China)

Abstract: The fly-cutting technique has wide application in optical microstructure manufacture. A unique method is put

forward to achieve fast and high quality optical waveguide microstructure mould manufacture with fly-cutting technique after an

analysis of the present complicated process technique. Fly-cutting orthogonal test was conducted to get the optimal process

parameters for machining the waveguide mould. It is found that the microstructure surface roughness is sensitive to the cut depth

first, the next two are the spindle speed and the feed speed. The optimal process parameters involve such figures as cut depth of

25um, feed speed of 20mm/min and spindle speed of 800r/min through the experiment analysis considering the stability of the

fly-cutting system and machining efficiency. The optical waveguide mold with microstructure surface root-mean-square roughness

of 17. Inm was obtained through the optimal process parameters.
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Fig. 1 The tool path in the fly-cutting process
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Fig.2  Simulation of the optical waveguide

microstructure fabricated by fly-cutting
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Fig.3 Diamond tool used in micro-mould fabrication
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Fig.4 Fly-cutting system
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Tab.1 Fly-cutting process parameters and the levels

Wz ] JiiRZ N ik gTY
s (pm) (mm/min) (1/min)
A B C
1 5 5 400
2 10 10 600
3 20 20 800
4 30 30 1000
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Tab.2 Scheme of fly-cutting process
A B C
S IR AR Rk
(pm) (mm/min) (1/min)

1 1 1 1
2 1 2 2
3 1 3 3
4 1 4 4
5 2 1 4
6 2 2 1
7 2 3 2
8 2 4 3
9 3 1 3
10 3 2 4
11 3 3 1
12 3 4 2
13 4 1 2
14 4 2 3
15 4 3 4
16 4 4 1
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Tab.3 The influence of process parameter levels

AWk i n iy F i
A1 24.35n0m 24.53nm 30.58 nm
A2 32.14nm  22.51nm  24.67 nm
A3 23.65nm  24.81 nm  23.76 nm
KFE4  17.32nm 25.62nm  18.44 nm
W2 14.82nm  3.11nm 12,14 nm
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PR 3 R I LS HOKF- 1 22 (E AT 0,
R EHE LS50 M Bz T 5 i m
WNIAEFS 12 T 48 30pm I, AT (906 I T i A
Fm e o [FIHAE [ e HA T 2S5, Sl
% P8R 25 i B TR R, DA O 45
10mm/min , 35154 3 >4 1000r/min B, 3545 896
P PSRRI, BT LR R)ZH 2
A AN AB,C, o X S HUK TR 22
HER LLEAT 1, 25 2 BOMASE 5O I vl 248 ) 2 T Joit
HNFEIFEE N 0z ) & > ERhEE > dh 4.



5

B30 MR T T 2 il

3.2 BRIEXMHERRERERNZIT

T T X G S AAs A 2 1 Jor i 14 52 i
5 B WA AT RUR X6 S s it 1T
TN LTz T8 i Sum A2 L] 10w, &5 3R
AL J3E B 1 iz ] 8 3 i 3G 0, 3 Rl g
SRR WA ] I AR R, B T r A
W a NI T IT AR AE Tpm Ze gy, i /N IZ )]
o b S BuR DA RSN PR E S Ey E PO R NS
SPRRT A R W DR AT, A2 ) 1A Ak 7= 2
RSB B EE SR, AE BN T3 1 JE Jiad e v
FHEREZHIBEAIE R I R A .
Nz J) et 10wm i, B DI TR EE A3 0, 71 2
DT HI T D AR, 9T H AR A X M, A
XTI 300, A /Y 2 1 i it — 2R Tt
SO N Bl B B ] A FH R B iz ) 4 DL v
TAERCR . T RRMTIZI BN il fe b
Xf IR RO il , X T H i AR R
DA BEREFR I KR IT IZ TT

34

32t
30}
28}
26}
24}
2}

) B 2% T AE 4% BF /nm

20
18

16

5 10 15 20 25 30
HZJJE/ vm

K5 5z ]G RS B2 G R K
Fig.5 Relation between the cut depth and surface roughness

3.3 HLASWHEHRERENFMN

PEZE RGN T G4l 1 2 TR A 32 79 52 T
K6 s, MIEIRT I, 455 AE S ~30mm/min
RARIN , DI T (ol ) 2 T HELRES J32 Y 22 Ak i AN 3
dnm, [RA] PUA B IE G W47 T100 ' 5 Bt
H AT RO T R 25 00 R by 2 T ot
BAHERGI R, 76343y 10mm/min 6, 40245
P TR 2 TR B e/ )ME 22, STnm, 45 B B
X TR A P 2 TETAELRE B2 532 Wi A O, HL 253 i~ 1)
1 AR 1 I A | O =
3.4 EFHEEXMHEHRERENN

Al OGS DI TR ) 2 TR 2 1) S
W7 Bros e AIETRTLAE ), 3254 87 400 ~
1000r/min ZE AR, Fifi 35 3= 4l % 7 (1 385 0, f4h 1

26
255
251
g
£
1 2451
®
=2} 24+
1=
w o 235f
#
= 23t
22:5:F
5 10 15 20 25 30
#4458 /(mm/min)

&6 45 R THDRE BE ) ¢ R &

Fig.6 Relation between the feed speed and surface roughness
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Fig.7 Relation between the spindle speed and surface roughness
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Fig.8 Waveguide mould and the microstructure on the mould
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