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Manufacturing the spacer-layer mold of multi-channel

filter arrays using Fast Tool Servo

Li Shijie, Yang Chen, Huang Yuetian, Liang Haifeng, Cai Changlong

(Shaanxi Province Key Laboratory of Thin Films Technology and Optical Test, School of Photoelectric Engineering,
Xi’an Technological University, Xi’an 710021, China)

Abstract: In the target detection and identification system, the signal-to-noise ratio between target and
background can be improved by using multi-channel filter, so as to achieve accurate detection of target signal.
The fabrication technology of multi-channel filter based on nano-imprinting has high requirements for the surface
precision and structure precision of the spacer-layer mold. According to the manufacturing requirements of the
spacer-layer mold of multi-channel filter array, based on the Single Point Diamond Turning (SPDT), the high-
precision manufacturing of the spacer-layer mold is realized by using Fast Tool Servo (FTS). The surface
morphology of the mold was detected by using White Light Interference (WLI). The analysis shows that the
processing results of the multi-channel filter with 5x5 array structure are in good agreement with the design value,
and the accuracy of horizontal dimension and vertical dimension are both better than 5%, which fully meet the
design requirements. This technology provides technical support for the large-scale and mass manufacturing of
multi-channel filters, and it also provides an effective means for the fabrication of aperiodic array optical
elements.
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TF1) 2 4y R L 2 ke 811 AN T3 3 1 e 0 4, (o Lo
T RIR B K . BRI K AE 650~740 nm 78 FI Y, 2
Y& BE A 10 nm A9 10 38 18 78 47 986 R, ¥ H G(LH)
5(4L)(HL)S |A b SE Rl 2R, L AR 58 % 64 8}, 1 H
Si0,, H N4 S Zp0 kL, 2 H Hyo 7E TFCale 81
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FENE 1R
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& 1 iZHEL BRI 650~740 nm i B R YRS E
Tab.1 Physical thickness of the spacer-layer at 650-740 nm after optimized

Wavelength/nm 650 660 670

680 690 700 710 720 730 740

Thickness of spacer-layer (4L)/nm 401.6 431.6 446.6

461.6

476.6 491.6 506.6 531.6 546.6 561.6
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(BERS 1.2 mmx1.2 mm, EEHA: nm)

Tab.2 Physical thickness distribution of 5x5 array

multi-channel filter spacer-layer mold (Channel

size 1.2 mmx1.2 mm, thickness unit: nm)

Channel number X1 X2 X3 X4 X5
Y1 —145 0 -30 0 —-105
Y2 —45 —145 -90 —145 =75
Y3 0 —60 -160 —60 0
Y4 —45 —-130 -90 —-130 =75
Y5 —-105 0 =30 0 —145

HR A ¢ 2 ey o b EL A R P 0, R LB S i
(B 1 R SF) B9 R SF R 1.2 mmx 1.2 mm, /£ MATLAB H
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A7 R R ) 42 1 6 7 5 5 K () e B 4 L BB 0 (R
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(a) 2D distrubition of the spacer-layer mold
0
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(b) 3D distrubition of the spacer-layer mold

1 5x5 BEFI 200 B I8 R R BER A A

Fig.l Simulation of 5x5 multi-channel filters spacer-layer mold
L E B, AR TN T
FTS TARJEEANIE] 2 ffro, LRSS LA T 245 J5)

Mold under processing

FTS holder and diamond tool

Control system of
FTS

Pl 2 ARTIARI AR N T R
Fig.2 Schematic diagram of FTS
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(a) BRI T HuL

(a) Machining track on mold surface

When the processing radius R=2.8 mm,
the amount of feed on FTS
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/()

(b) 360° N IYIE TR FLAE SR (34 R=2.8 mm )
(b) Simulation result of the cutting depth in 360°
(when R=2.8 mm)

P 3 BLESR T BN T 0y FLAE
Fig.3 Simulation results of machining track on mold surface
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Fig.4 Schematic diagram of stitching measurement technique
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Fig.5 Vertical height distribution curve of Y1-Y5 channels
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MIEOL T, 2 H R ORE S B el . Horh, LS &
NI/ 42K A Precitech /23 A (1Y Nanoform 700 Ultra, FTS
Z G5 N i% 4N w Y FTSS500, BIVAL X T2 71 B2 (10 2% 55,
f ', AT T] AR TI AT RE AR 250 pm, i RAT R
4500 pm. AR I FR G B R E JTARR A 1000 Hz,
T Ry 20 g [A]ESE, 0 g A v BT A 4 WA D B
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FTS R G 1428405 F A 160 nm, 576 2 Hizfsi H
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Tab.3 Diamond tool parameters and cutting pro-

cessing parameters

Parameters of diamond tool Value Parameters of processing Value

Tool radius/mm 0.234  Spindle speed/r-min”’ 400

Rake angle/(°) 25 Feed rate/mm-min”’ 0.5

Conic clearance/(°) 10 Cutting depth/nm 800
Waveness/nm <250

FTS Al 107 20 A O T i, AR 3R Y 3
77 A 5 A ISR A IR IR W b 7 XU,

R I G gk R SR 45 M), N T
TINS5 W i et 3 XIS A L 5 ), 7 328 FH 4 K
KIS =X, WlEl 3(a) s . RAIZ 7=, [,
(9 4 W47 ] B2 42 R, A 0.234 mm, il T2 45 31 A9 #
L 3% THI 4538 18 8] 19 13 By 320 2o 1 0 KR 1) R 24
110 pm, §i /2 3 I X /N 200 pm (2R .
58 R, SR SE 88 % 1Y Zygo NewView 8200
WLI X5 L 3% T E 2 45 47 00 & (18] 6(a)), [A] A 2R H

(a) FTS I T3
(a) FTS processing site

(b) DFHZRIN I
(b) Stitching detection site

6 ZaliE gt R RE BRI T S B
Fig.6 Processing and detection site for the spacer-layer mold of multi-

channel filter
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(a) Surface structure on the mold (b) Surface morphology in 2D (WLI) (c) Surface morphology in 3D (WLI)

(optical microscope)
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Fig.7 Masurement results of mold surface topography
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Tab.4 Mold structure dimension error

Comparison of horizontal size sampling

Comparison of vertical size sampling

Design value/mm Measured value/mm Relative error

Difference of step height/nm

Measured value/nm Relative error

1.2 1.213 1.12% 145 147.287 1.58%

1.2 1.221 1.80% 55 56.720 3.12%

1.2 1.220 1.69% 100 101.610 1.61%

1.2 1.220 1.69% 40 41918 4.79%
MR ZET 5%
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(a) Surface microstructure on PDMS (optical microscope)
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Fig.9 Array microstructure graphics on PDMS
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