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Measuring Sharp Spectral Edges to High Optical Density Light You Need
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High Quality of Today’s Thin Film Filters

» Sharp Spectral Edges: > 1 OD per nm
* Quality Enabled by Optical Monitoring to 0.1%
*Optimization Tradeoffs

* High Transmission
* Low Ripple
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High Quality in Volume

Notch Filter - 475RB
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Limitations of Manufacturing Test Technology

* Limited to ~ OD5 by Noise Floor
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Limitations of Manufacturing Test Technology Light You Need

» Spectral Bandwidth

* Angle of Incidence

Detector

(frglt)= | flr)gli—t)dr

Sample’s transmission (f) is convolved
with system’s point spread function (g)

The point spread function is broadened by:
Spectral bandwidth of monchomator

AOI distribution in sample chamber

AOI distribution is different in x and y planes

White Source
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 Spectral Bandwidth Varied 40
from 0.04 to 2 nm
« Effect on a Bandpass Filter 30-
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Limitations of Manufacturing Test Technology Light You Need
 Spectral Bandwidth Varied
from 0.32to 5 nm

- Effect on an Edge Filter
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Limitations of Manufacturing Test Technology Light You Need

 AOI Distribution Limited
by 3mm Aperture (5mm clicks) g4

« Effect on a Bandpass Filter
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Limitations of Manufacturing Test Technology Light You Need
Deconvolution of Simulated Measurement Deconvolution of Simulated Measurement
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Laser Based Design Verification Testing Light You Need

* Tunable Laser
» Convolves Laser Line (and ASE floor)

* ASE is 40 to 50 db down

\ \ Sample Power
\ \ Meter
Laser Diode
Grating

External Cavity Laser
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Laser Based Design Verification Testing Light You Need

» Spectrophotometer Limited to OD4-OD5
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» Laser Scan Matches Model at OD8 WVW\%
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Perturbation Experiments Light You Need
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Perturbation Experiments

» One way to simulate collapsed filter

» Typical Depositions have less variation
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Layer Number

Thickness T "~
Variation (%) ‘
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Manufacturing Test Plan Light You Need

» Spectral: Measure Transmission with
Automated Spectrophotometer

« Spatial: Test OD and Pinholes with Array
of High Brightness LEDs
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Specifying High Optical Density Light You Need
» Required Optical Density Depends on J/sec and time of observation
Jisec sec Wavelength Jisec Sec Wavelength Jisec Sec Wavelength Jisec sec Wavelength
0.001 0.1 4 88E-07 0.000001 0.1 4 88E-07 0.001 1.66E-07 4.88E-07 0.000001  1.6BE-07 4 88E-07
oD T  #Photons oD T  #Photons oD T # Photons oD T # Photons
0 1 2E5E+14 0 1 25E+11 0 1.E+00 4 1E+08 0 1.E+00 4 1E+05
1 1.0E-01 2E5E+13 1 1.0E-01 25E+10 1 1.E-01 4 1E+07 1 1.E-01 4 1E+04
2  10E-02 2E5E+12 2 1.0E-02 2 5E+09 2 1 E-02 4 1E+06 2 1.E-02 4 1E+03
3 1.0E-03 25E+11 3 1.0E-03 2 5E+08 3 1 E-03 4 1E+05 3 1.E-03 4 1E+02
4  10E-04 25E+10 4  1.0E-04 2 5E+07 4 1.E-04 4 1E+04 4 1.E-04 4 1E+01
5 1.0E-05 2 5E+09 5 1.0E-05 2 5E+06 5 1.E-05 4 1E+03 5 1.E-05 4 1E+00
6 1.0E-06 2.5E+08 6  1.0E-06 2.5E+05 6 1.E-06 4 1E+02 6 1.E-06 41E-01
7 1.0E-07 2.5E+07 7 1.0E-07 2.5E+04 7 1.E-07 4 1E+01 7 1.E-07 4 1E-02
8 1.0E-08 2.5E+06 8 1.0E-08 2.5E+03 8 1.E-08 4 1E+00 8 1.E-08 4 1E-03
5 1.0E-09 2.5E+04 9 1.0E-09 2.5E+02 9 1.E-09 41E-01 g 1.E-09 4 1E-04
10 1.0E-10 2.5E+04 10 1.0E-10 2.5E+01 10 1.E-10 4.1E-02 10 1.E-10 4 1E-05
1 1.0E-11 2.5E+03 11 1.0E-11 2.5E+00 1 1.E-11 41E-03 1 1.E-11 4 1E-06
12 1.0E-12 2 5E+02 12 1.0E-12 2 5E-01 12 1 E-12 4 1E-04 12 1E-12 4 1E-07
13 1.0E-13 2 5E+01 13 1.0E-13 2 5E-02 13 1.E-13 4 1E-04 13 1E-13 4 1E-08
14 1.0E-14 2 5E+00 14 1.0E-14 2 5E-03 14 1E-14 4 1E-06 14 1E-14 4 1E-09
15 1.0E-15 2 5E-01 15 1.0E-15 2 5E-04 15 1 E-15 4 1E-07 15 1E-15 4 1E-10
16 1.0E-16 2 EE-02 16 1.0E-16 2 5E-05 16 1 E-16 4 1E-08 16 1E-16 41E-11
17 1.0E17 2 5E-03 17 1.0E-17 2 5E-06 17 1E17 4 1E-09 17 1EA17 4 1E12
18 1.0E-18 2.5E-04 18 1.0E-18 2.5E-07 18 1.E-18 4.1E-10 18 1.E-18 41E13
19 1.0E-19 2. 5E-0A 19  1.0E-19 2.5E-08 19 1.E-19 41E-11 19 1.E-19 41E-14
20 1.0E-20 2.5E-06 20 1.0E-20 2.5E-09 20 1.E-20 4.1E-12 20 1.E-20 41E-14
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Conclusions Light You Need

« Transmission specifications met with index and thickness precision
* Optical density to OD8 met with physical homogeneity
* Quality Control ensured with spectrophotometers and OD test sets

* Most accurate representation: measured T and modeled OD
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