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Introduction: Detector Developments

A Growth in demand for IR optical filters.
A Particularly HgCdTe & InSb detector arrays.

A Bandpass filters relatively efficient transparency in
1500nm-5000nm spectral range.
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Introduction: Detector Developments

Growth in demand for IR optical filters.
Particularly HgCdTe & InSb detector arrays.

Bandpass filters relatively efficient transparency in
1500nm-5000nm spectral range.

Reduced transparency below 1500nm.

Well-blocked Narrow-Band filters especially difficult in
900nm-1200nm spectral range.

What practical issues limit transmission.?
Can new coating technology yield improvements.?



Typical Filter Construction: Single Substrate
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Typical Filter Construction: Single Substrate
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Typical Filter Construction: Single Substrate
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Conventional Manufacture: Thin Film Materials

A Physical Vapour Deposition by Thermal Evaporation.
A Typical film materials used in this spectral range.

Film Material Ref. Index Optical Transparency
(approx) Range (approx)
Germanium 4.0 1700nm i 20,000nm
Silicon 3.5 1100nm i 8,000nm
Zinc Sulphide 2.3 500nm 1 12,000nm
Silicon Monoxide 1.8 500nm 1T 7,000nm

NoC
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Conventional Manufacture: Thin Film Materials

A Physical Vapour Deposition by Thermal Evaporation.
A Typical film materials used in this spectral range.

Film Material Ref. Index Optical Transparency
(approx) Range (approx)
Germanium 4.0 1700nm i 20,000nm
Silicon 3.5 1100nm i 8,000nm
Zinc Sulphide 2.3 500nm 1 12,000nm
Silicon Monoxide 1.8 500nm 1T 7,000nm

A Material pairings with high Ref.Ind contrast preferred.
A Assists blocking efficiency & edge steepness.

NoC



Conventional Manufacture: Process Factors

A PVD by Evaporation or
sublimation in vacuum.

A Film grows by natural
condensation mechanisms.

A Films | ess
AFilms | ess order
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Conventional Manufacture: Process Factors

Bl -
PVD by Evaporation or
sublimation in vacuum.

Film grows by natural
condensation mechanisms.

Films | ess dense/l
Films | ess orderf
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Assisted by Substrate Heating
Typically 200C-300C.
Film durability improved.

Semiconductor films exhibit
non-ideal Band-Gap absorption.
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Conventional Manufacture: Practical Examples
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Conventional Manufacture: Practical Examples
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Conventional Manufacture: Practical Examples
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Conventional Manufacture: Practical Examples

100

. M
w ll \\
Evaporated Si/SiO Filter Coating: . )\

750 1000 1250 1500 1750 2000 2250 2500
Wavwvelength (nm)

% Transmittance

100

A Transparency declines well a0
before band-gap wavelength is °
reached. 5 o

% Transmittance

750 1000 1250 1500 1750 2000 2250 2500
Wavwvelength (nm)

A Transparency declines with
decreasing bandwidth. o0

60

40

% Transmittance

20

o
750 1000 1250 1500 1750 2000 2250 2500
Wavelength (nm)

m The Measure of Quality




Sputter Deposition: New Developments
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Pulsed-DC Magnetron Sputter:

88 Ar[sccm] ={\

A Enabled by new power supply technology.
A Faster than original RFsputter methods.
A Additional energy to assist film formation.
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Sputter Deposition: New Developments

Pulsed-DC Magnetron Sputter:

Enabled by new power supply technology.
Faster than original RFsputter methods.
Additional energy to assist film formation.

To To o

Films with near-bulk optical properties.
Offers new film materials for filter design.
Efficient for small custom filter batches.
Currently filters up to 100mm diameter.
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Sputter Deposition: New Film Combinations

A All films from Silicon sputter source. |
A Different compounds by reactive gas method. | 1 s Vaur
A Densification enabled by plasma energy.

SP 200

==
A Near-bulk optical properties achieved.
A Semiconductor optical losses reduced. -
Film Material Ref. Index (approx) Optical Transparency Range
(approx)
Siliconi (Si) 3.55 1000nm i 8,000nm
Silicon Nitride T (Si3N,) 1.95 500nm 1 8,000nm
Silicon Dioxide i (SiO,) 1.45 400nm i 4,250nm
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Sputter Deposition: Practical Examples

A VISTA and WFCAM arrays
have used early versions.

A Example: 1185nm for VISTA
A Bandwidth: 1.1% of CWL
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Sputter Deposition: Practical Examples
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Sputter Deposition: Practical Examples
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Sputter Deposition: Practical Examples

Sputtered Si/Si3N4 Filter
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Sputter Deposition: Practical Examples

Sputtered Si/Si3N4 Filter
1215 1220

Evaporated Si/SiO Filter
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VISTA: 975nm/985nm filters

16-detector array:

A 8x NBP Filters @ 975nm
A 8x NBP Filters @ 985nm
A Requires low-loss silicon films.

Feature Filter Set-1 Filter Set-2
Centre Wavelength 975nm +/-2nm 985nm +/-2nm
Bandwidth 11nm +/-1nm 11nm +/-1nm
Cone Angle F/3 F/3
Operating Temperature 100 K 100 K
Blocking Range 750nm-2750nm 750nm-2750nm
Blocking Efficiency OD>3.0 below 900nm OD>3.0 below 900nm
OD>3.5 above 1100nm OD>3.5 above 1100nm
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VISTA: 975nm/985nm filters

16-detector array: Design Proposition:
A 8x NBP Filters @ 975nm A Minimise silicon in filter design
A 8x NBP Filters @ 985nm A Partially oxidise Si films

A Requires low-loss silicon films. A Introduce 3" material into film design.
q g

Feature Filter Set-1 Filter Set-2
Centre Wavelength 975nm +/-2nm 985nm +/-2nm
Bandwidth 11nm +/-1nm 11nm +/-1nm
Cone Angle F/3 F/3
Operating Temperature 100 K 100 K
Blocking Range 750nm-2750nm 750nm-2750nm
Blocking Efficiency OD>3.0 below 900nm OD>3.0 below 900nm
OD>3.5 above 1100nm OD>3.5 above 1100nm

NoC



VISTA: 975nm/985nm filters

NBP Peak-Only Results:

A Sputtered films Si;N, / SiO,
A Design 3-cavity Fabry-Perot.
A Maximised transmission In-Band
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VISTA: 975nm/985nm filters

Fully Blocked Results:

A Sputtered films Si/ Si;N,
A Multi-stack blocker coating
A Sputter gas modified for maximised transmission.
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VISTA: 975nm/985nm filters

Cryo Drift Rate:

Prototype VISTA 975nm Filter
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Summary

New sputter process technology can be applied to
precision filters for demanding applications.

Improved transmission demonstrated in 900nm-
1200nm spectral range, for NBP filters.

NBP filters demonstrate reduced thermal sensitivity.
Qualified for cryogenic & space applications.

Currently possible up to 100mm apertures.
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