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A, NI B T I I R A AT I 3, PO R B T RS2 R AR B, P o B2 R AR B N B R AE AT i
RO NSRRI R, o WML I IK R0 NI R LMK R B, s UM HE o AR 8 0 FRIE 2 45 52 JL AR
AT DL 22 I B 2R L A5 R B B 2R, HErP 1557 nm Ab, Ta,0. 3 51 3 0 2,13, SiO, 47 51 R 0 1.46, I8 R 26
K ZHCH 5.0 X 1077/°C, 4 ST R R AN 1 X 10 °/°C, BAES B T ML T 1AM R 0.12",

B Bl Matlab #2781 24 307 28 P 2 BK R 8029 0 (111~118)X 10 7/°CR, T 7 25 W A i ' Fr Y 3t 2 v
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114 X 1077/°C B JEE MR 5 22 G0 (1 06 1% 5 B8 X 2 e DB 0 J 1) M s 8 2 7 2 s ), DR I AR S B 0 o R
Ge A FH OGRS T A RO A T SO RE LA A B T AT D A B
1.2 FERIEIT

DWDM 7 45 §E AR AR ZR 3k 1 s

F1 EFERELEEAEXR

Table 1 Technical requirements for narrowband filter film

Parameters Indicators
Central wave length/nm 1557.363
Angle of incident/ (") 0
Incident medium Air
Pass band/nm CWL+/—0.24
Ripple within passband/dB <0.2
Maximum IL within passband/dB <0.2
Reflection band/nm 1550~(CWL—0.56) & (CWL+0.56)~1 600.5
Reflection Isolation within passband/dB =13.5
Effective coating area/mm’ =1 500

R4 DWDM JE 6 A £ R 2R, DL F-P IR L al, LS )2 S8 3R K 1 5 5 2 Sy rpols |, 72 H Ak
) BRI 22 A IR B S R B IR R R E A B M S o /b A R RS Sk A R R AT AR A B
Ak J5 B BEAE B 2 4 2 Sub|3L(HL) 6L (LH) 'L (HL)*6L (LH) ‘L (HL) 6L (LLH) ‘L (HL)*6L (LH) ‘L (HL) "6 L
(LH)® L1.271H1.421L|Air, Hh H %R Ta,0,,L %R SiO,, Sub E 8 £ WMS-15, Air /R 25K, BB
ZOtig £ an & 1 TR, b K o 1557.363 nm, — 0.2 dB 4R #HF 58y 0.52 nm, 38 4 i KA A AR N 0.02
dB il A 80N 0.01 dB, —13.5 dB AR 56 4 0.79 nm , 5 5377 1 A AR K T 20 dB, £74 38 EIE B AR K
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Fig. 2 Rotating plane fixture geometry configuration
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Table 2 Process parameters of two materials
) Thickness/ Temperature/ Rate/ Flow/ Crucible speed/
Material Substance ) )
nm C (nmes™") (mLemin ") (remin ")
Ta,0, 800 K9 220 0.4 30 1/600
SiO, 1200 ZF5 200 0.8 0 1/600
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Fig. 3 The theoretical and actual film thickness distribution curves of the two materials without ion source assistance
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Table 3 Ion source parameters

. Beam Beam Accelerating ) Gasl O, Gas2 Ar Gas3 Ar
Material Angle/(°)  E/B/%
voltage/V  current/mA voltage/V /scem /scem /scem
Ta,0, 870 185 600 21 200 50 0 8
Si0, 870 165 750 21 200 50 0 8
1.005 1.005
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Fig. 4 Film thickness distribution curves of the two materials with and without ion source assistance
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Fig. 5 The energy distribution curve corresponding to different acceleration voltages of the focused ion source
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Table 4 Uniformity of the two materials under different ion source acceleration voltages

) Beam Beam ) Uniformity
Material Accelerating voltage /V
voltage/V current/mA /%
900 200 600 0.18
Ta,0, 900 200 700 0.06
900 200 750 0.05
900 165 600 0.27
Si0, 900 165 700 0.11
900 165 750 0.09
03F —=—Si0,
—e—Ta,0,
S 02f
2
£ i
<
5 01}
0 , . , .
600 650 700 750

Accelerating voltage/V

Fe6 BEHAMESLE TR mEEE NN X AR

Fig. 6 Correspondence between film uniformity and ion source acceleration voltage
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Fig. 7 The energy distribution of the ion source under different ion source voltages
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Table 5 Uniformity of the two materials under different ion source voltages

) Beam Beam ) Uniformity
Material Accelerating voltage /V
voltage/V current/mA /%
900 200 750 0.05
Ta,O, 750 200 750 0.15
600 200 750 0.17
900 165 750 0.09
Si0, 750 165 750 0.14
600 165 750 0.18
0.18 —=—Si0,
—e—Ta,0;
S 0141
ez
g L
E 010f
=)
0.06
600 700 800 900

Beam voltage/V

F8 TR &TFIREETHEMMGL M
Fig. 8 Uniformity of the two materials under different ion source voltages
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Z AN TA] o R 6 T LU Y, SIO, M Ta,05 85 1 I JAE 20 51 9 165 mA #1200 mA B, [ 2= 29 23 ¢
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Table 6 Uniformity of the two materials under different ion source currents

Material beam Beam Accelerating voltage /V Uniformity

voltage/V current/mA /%

900 180 750 0.14

Ta,0, 900 200 750 0.05
900 230 750 0.08

900 165 750 0.09

SiO, 900 185 750 0.17
900 200 750 0.28
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Fig. 9 Film thickness distribution curves of two materials under different ion source currents
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Table 7 The average etching rate of the ion source on the two film materials

. Beam Beam Accelerating voltage /  Average etching rate /
Material .
voltage/V current/mA \% (nmemin~")
900 180 750 1.02
Ta,0, 900 200 750 1.28
900 230 750 1.66
900 165 750 4.08
Si0, 900 185 750 4.3
900 200 750 4.81
52 2.0
—=—BI 165 —=—BI185
L —e—BI 185 —*—BI200
= —a—BI1200 = i ——BI230
=48 = —
g E 6t
E o £
2 44t g0
oh .\ on [ —
£ - £ L
= § 12
2 40t =
10 20 30 10 20 30
Position/mm Position/mm
(a) SiO, (b) Ta,0,

B10 R 3 T, WA AR o

Fig. 10  The etching rate of the two materials under different ion source currents.

TE M FER b, X HEATE S B 7 U5 F O RS T 50N T R TR NS T STO, B RS A 1 B 52 e R R RS 23 A it
LA 117 X8 B PRl AT U — AR AR PR, 3R 8 s o 24 8 1 URUMIT B A s A ORI, 8 1 TR Rl Y AR A R T

1216001-8



S A < T IR 2 T R DI A B D' I 4 ST T i T Y

2 249 50 W 1) 5 W) AR ARG, D DR 7 T B O R e A R e B T T RO R T R o A, A S T A S (A
A T2, R T B U5 R Y T T N 0 T 1 50 3 O A TR FE AR A% b, B U R N T A A Ak 221 i
RIS AR . DRIk, R T 1 AR I (LAY 72 A, 5 1 DU o L T ) S0 T B2 4 S0 P S R R

H1l AREFESHET,SIO R EHEEEE 54 i &

Fig. 11  Film thickness distribution curve of SiO, monolayer film under different ion source parameters
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Table 8 SiO, monolayer membrane ion source parameters

Beam Beam ) Uniformity
Number Accelerating voltage /V

voltage/V current/mA /%
Test 1 900 165 700 0.11
Test 2 900 185 700 0.11
Test 3 900 200 700 0.28
Test4 900 165 600 0.13
Test 5 900 185 600 0.20

Test 6 900 200 600 0.49

3 LWE5EHW

SR FH BALJZ 38 ST B 0 T2 S50 3 9 R L FE WMS-15 380 b it 17 2 )2 B 56, 4% 1 o 72 v R A
O 25 T W A T W R AT M JEE ) M 4 X B S B O S LA 5 2R AT R AR R sin T 40T SR A2 19 016 5 Bl Hl i A 7
PUETH 5 Y i 2 20 SR A R 9T 75 B U], KR 6 007 4 SR 45 AR R B, U Ty 2 B 8 A 1 W 42 R ) B oF A 5 g
P ER AT RN T REA R T HOR R AR BN R DG L M S LA B R 25 At K
AR FH i 4 S 359 T8 B 0 K S5 5 2 R R ) B9 T 3 )23 110 0 LR 38 RS- 357, 5 s BALASE 6 2 JE B X 7 ) 4
PR AR A AR B S s A S 2 I MR B . 7E BN 95 mm YR BT BLAR U5 ) 4% 2 mm
B—A~ 5, B 12 it . A Agilent TLS 8164A RIS 3% 43 A1 4SO 45 5 485 JE kA7 0 i, 3 A 1 45 0 i A 2 1Y)
e M 13 s , & S A RO K 22500 0.7 nmy, 38 4 B KAf AR FE N 0.5~1.9 dB , i 47 il 80 7E 0.15~
0.52dB =z [u], I & th 2k 5 th &k fA e — 2 22 5 .

9 BAREBFEIZSH

Table 9 Process parameters of filter film ion source

. Beam Beam Accelerating 5 Gasl O, Gas2 Ar Gas3 Ar
Material Angle/(°)  E/B/%
voltage/V  current/mA voltage/V /scem /scem /scem
Ta,0O; 900 200 750 21 200 50 0 15
Si0, 900 165 750 21 200 50 0 15
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Fig. 12 Schematic diagram of calculating method of 13 g &
measuring point and effective coating area Fig. 13 Spectral test curve
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Table 10 Final ion source process parameters

) Beam  Beam current/ Accelerating — Angle/ Gasl O, Gas2 Ar  Gas3 Ar
Material . E/B/%
voltage/V mA voltage/V () /scem /scem /scem
Ta,0; 900 200 600 21 200 50 0 15
SiO, 900 185 750 21 200 50 0 15
1.54 32
5 5
2 150 f 5 a8t
2 2 I
£ & |
& 146 2
. . . . 20 . . . :
0 1000 2000 0 1000 2000
Wavelength/nm Wavelength/nm
(a) SiO, (b) Ta,0,

14 AR L% %
Fig. 14 Material optical constants
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Research on Improving the Uniformity of Optical Communication Filter
Film by Ion Beam Etching
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Abstract: The demand for dense wavelength division complex narrowband filter film for 5G optical
communication is increasing, and the research on DWDM filter film is more mature at home and abroad,
but most of them adopt sputtering to form film, and there are fewer reports on the preparation of DWDM
filter film by thermal evaporation, which has research significance because the deposition rate of film
material is large and the time used is relatively small. However, due to the large deposition rate, the
accuracy and sensitivity of the film thickness monitoring system is more demanding. In addition, the
DWDM film system is highly sensitive, and if the traditional method of adjusting film thickness uniformity
by means of correction plates is used, the correction plates can be deformed due to the long coating time
and high temperature in the vacuum chamber, which makes it difficult to meet the control accuracy.
Therefore, in this paper, when preparing DWDM filter film by thermal evaporation, the ion beam etching
principle is used to correct the film uniformity in order to improve the effective coating area. The feasibility
of using ion source etching to adjust the film uniformity is firstly verified by comparing the film thickness
uniformity with and without ion source—assisted deposition. Based on this, the effects of ion source
acceleration voltage, ion source voltage and ion source current on the film uniformity of Ta,O; and SiO,
materials are further investigated by using the control variable method. Among them, the film layer
uniformity gradually becomes better as the ion source acceleration voltage and ion source voltage increase,
and the film layer uniformity first becomes better and then worse as the ion source current increases.
Compared with the change of ion source current value, the change of ion source acceleration voltage has
more influence on the membrane uniformity. By analyzing the experimental data of the monolayer film, it is
determined that the monolayer film uniformity is better when the ion source acceleration voltage is 750 V,
the ion source voltage is 900 V, and the ion source current values are 165 mA and 200 mA for SiO, and
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Ta,0;, respectively. The optical direct monitoring method is used to monitor the film thickness during the
plating of the narrow-band filter film. The signal of the real-time brightness value of the substrate is
collected, and the collected brightness data is fitted using sin curves, and the evaporation is ended
according to the fitting results. This method can accurately monitor the film thickness with relatively small
requirements for environmental noise, and the crystal-controlled average thickness method is used to
monitor the coupling layer. The inverse analysis of the experimental results is performed using Macleod
film system design software, and the filter film passband ripple is improved by adjusting the ion source
parameters for multiple experiments to adjust the thickness distribution of the two materials and modifying
the thickness of the coupling layer. The difference in the center wavelengths of the spectral curves of the
points on the final substrate that meet the technical requirements is 0.15 nm, and the center wavelengths of
the spectral curves are between 1 557.26 nm and 1 557.41 nm, all in the same channel. The maximum
insertion loss in the passband of each curve is in the range of 0.13 dB to 0.19 dB, which is less than 0.2 dB.
The passband width at — 0.2 dB is about 0.48 nm, and the passband ripple is between 0.05 dB and 0.09
dB. The bandwidth at — 13.5 dB is about 0.81 nm, and the insertion loss of the reflection band of each
curve is greater than 20 dB. The effective coating area is 2 123 mm’ by calculating the area of the circle
where the points of the spectrum meet the technical requirements.

Key words: Optical thin films; Optical communication; Ion beam etching; Film thickness uniformity;
Dense wavelength division multiplexing
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