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VIGORDetector

P rogrant The VIGO InfrareDetectorsare basedon the internal photoelectric
5 effectin semiconductorsAbsorption ofphotonsexciteselectrons to
RemarkSO 7\ u ¥ higher levels, namely from the valence band to the condudtiand.
Jructure
UsedDetectorMaterials Principleof Operation
A HgCdTéMCT, HVIsemiconductors A PVc Photovoltaigphoto diode)
A InAs/ InAsSHA3B5compounds, A PC- PhotoConductor
containigthe metal In andthe non- A PEMc PhotoHektro Magnetic
metalsAsand Sb

Type ofCooling
BasidDetectorStructureand A Uncooled(roomtemperature
Options operation)

A Standard : 3D HeterStructuresof A TE =Thermoe|ectically_cooled
the usedsemiconductorlloy (2, 3or 4 stagesof Peltiercoolery

A SL = Supdattic Structure

ﬁ M = Multiple pn-Junctions Numberof Detectorelements
| = Optical Immersion A Single ElemeriDetectors

A QuadrantDetectors

A Linear Arraysup to 32 elementg
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Detector g Cd.Te (MCT
I\/Iaterials Material of choice for HOT photodetectors

Advantages:

3 band gapunability 0-1.4 eV A MWIR LWIR

3 large figure of merit /g, A highperformance

3 lattice constant independent on xA easy band gap engineering
3 stable r and ptype doping A complex 30heterostructures

InAs/ INAsSSb
RoHS compatible alternative

Advantages:

3 RoHS compliant A completely safe for the consumer
market

3 higher temperature resistance A improvedreliability (even up to
300°C)

3 InAdInAsSIsuper lattice structures, parameter similar or even better
than MCT achievable
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Photoconductor
Pros
Simple design
High responsivit
Large areas

Detectortypes
PC, PV, PEM

Cons
Bias required
1/f noise
Long response time
for MWIR

Photovoltaic

Cons (for uncooled

LWIR PV)

efficiency
Very low resistance
conventionaldesign

Convenient to use

Cons
o
time (psrange
Modest performance
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PhotoconductiveDevices (PC)

Photoconductive Devices (PC) are detectors based on the

photoconductive effect. Infrared radiation generates
charge carriers in the semiconductor active region
decreasing its resistance. The resistance change is sen

sed

as a voltage change by applying a constant current bias.

Photovoltaic Devices (PV or PVM)

Photovoltaic devices (photodiodes) are semiconductor
structures with one (PV) or multiple (PVM) honoo
heterojunctions. Absorbed photons produce electioole

pairs, resulting imn internalphotocurrent.

Photoelectromagnetievices (PEM)

PEM detectors are photovoltaic devices based on the
photoelectromagnetieffect. It relies on a spatial
separation ofoptically generated electrons and holes in 3
magnetic field applied to the semiconductor by a

permanent magnebuilt inthe detector housing.
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O tl ons: OpticallImmersion

p . All detectors can be monolithically ResultingStandard Detectoifypes
integrated with immersiommicrolens
HyperhemlspherlcammerS|on Photoconductor PC PCIPCNTE
microlensis offered as a standard.

PCInTE
TECooling
VIGO PC, PV and PVM detectors ar Singlgunction PV PVA, PVPVIA
available as uncooled devices or photovoltaic detector PVNTE PVINTE
equipped with multiple stage TE PVANTE PVIANTE
cooling.
AGHCO9E¢ZX dot¢9¢ - thrdy, LWIRmultiple junction PVM PVMIPVM
or four stage TE cooled detectors photovoltaic detector NnTE PVMINTE
respectively.
Photoelectromagnetic PEM PEMI

Multijunction detector
Use ofmultiple p-n-junctions in series

~ A 7 N -~ s

) P “ , .
for [ Lw RSUSOUZNR [oX Yy X YLI’)I =numberof TEcoolingstages 2,3or 4

A =detectorsmadefrom InAsor InAsSb
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M O n O I |th | C Thegenerationrecombination limiteddetectivity :
Heterojunction contacts

O tical (0] — = ' _7 - p T Electrical area | »
Impmersion w85 o7t i Yo

Optical area

s
Lo [T Absorber]

Substrate

A Increasing the ratio of optical detector aréa
the electrical active detector chip improve the D*
A Lenddirectlyshapedfrom the GaAsbuffer, no Reflector
reflectoionlosses

acceptance

angle

hyperhemispherical lens
. objective

7"\" ~ N /‘:\ focal plane
S h VAR N

] Theory GaAs =~

L R (n+1) n o w R e

R k RQ n? 10,9 T OEE

D* imml D* non-imm n 10,9 i -V

u 2 arcsin (1/g,)  35.3 J, N\

Fl# 1/2nga Ay 6u 165 0
Attention : Influenceto the Rangeof Linearity n ¢ refractive index of lens material, ~3,3 for GaAs

Type of Immersion Range of Linearity* d ¢ optical (apparent) detector size

Hyperhemispherical app. 0.1mwW R Qphyswa_l detector size

Hemispherical app. 0.4mW R lens radius

h . on flatd — L¢ lens face to objective focal plane distance

Without immersion, flat detector app. ImwW h = R+R/rt lens thickness

*less than 90 % deviation from linear response
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A Detectorcooling reduces noise, increases responsivity and,
in some deviceamproves high frequency response.

A Two, three- and fourstageTE coolers are available.

A TEG s biased with DC power

A All $ecificationsare given for 300 K heat sink temperature.

Detector Temperature K ~230 ~210 ~195
V (max) \ 1.3 3.6 8.3
(max) A 1.2 0.45 0.5
Q (max) w 0.36 0.27 0.28
) T(max) K 92 114 125

Maximum Temperature Difference
) T.axrated at Q=0, at other Q theT should be estimated gsT =) T, -@@may
with Qmax= maximum heat pumping capacity
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M u Itlj u N Ctl O N Largeareaand or longwavelengthHOTdiodeshaveimpracticallylow resistanceandvoltage

U d ete Cto rs responsivity

Solution : PVM- multiple cellsin seriesalongsurfacein fabrication since1996

Features

1  Zero bias operatiog no 1/f noise

1  Very useful for large area devices
1 Perdiodicfluctuation of responsivity
1 Polarisatiordependentresponse

SEM image of a multieterojunction photodetector:
A mesa structure, Btrenches, @ non-metallisedwall
D ¢ non-metallisedregion of the device
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Packages

Remark

Thepackagesf TEcooleddetectorsare filled with
dry, heavy noble (inert) gasesfor low thermal
conductivity (Kr/Xe mixtures) Water vapor
condensationis prevented by careful sealingand
water absorbersappliedinsidethe package
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PVI-2TE, PVIA-2TE, PVI-3TE, PVI-4TE
PVM-2TE
PVMI-2TE, PVMI-3TE, PVMI-4TE

Package type Cooling Window Detector type
-
/ "
‘ /” g BNC uncooled no PC, PCI, PV, PVI, PVM, PVYMI
O TO39 uncooled no PC, PCI, PV, PVI, PVA, PVIA, PVM, PVMI
‘ PEM-SMA uncooled yes PEM, PEMI
W PEM-TO8 uncooled yes PEM, PEMI
w TO8 uncooled no PCQ, PYMQ
PC-2TE, PC-3TE, PC-4TE
“ PCI-2TE, PCI-3TE, PCI-4TE
PV-2TE, PVA-2TE, PV-3TE, PV-4TE
' To8 TE cooled yes PVI-2TE, PVIA-2TE, PVI-3TE, PVI-4TE
PVM-2TE
PVMI-2TE, PVMI-3TE, PVMI-4TE
PC-2TE, PC-3TE, PC-4TE
. PCI-2TE, PCI-3TE, PCI-4TE
\ 1066 TE cooled - PV-2TE, PVA-2TE, PV-3TE, PV-4TE
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VIGO TE cooled detectors are typically provide

with:

w °warged Al203 windows (WAI203)

w °weardgedZnSeAR coated windows
(WZnSeAR

Transmission (%)

Uncooled detectors are supplied withowindow,
but of course possible if harsh environment is
requiring a detector protection

BaF2

SIAR (3-5um)

ZnSeAR (2-12um)
~—— Al203

AI203AR (3-5um)
= GeAR (10.6um)

T
1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 8599510 15
Wavelength (um)

Fringing /Etalonging

Causereflections and interferences at window, substrate or interfaces FeraTEAZ ngng eftect

2.5E-6

Refractive Thickness, Possibldringing 206
Material index mm Delta k, cnt
Sapphire window 1,7 0,4 7,4 1566
ZnSe window 2,4 0,8 2,6 2
Silicorwindow 3,4 1 15 1066
BaF2 window 1,4 1 3,6
Germanium window 4 1 1,3 5067 — totore
GaAs detector substrate 3,3 0,4 3,8
Xenon between WII‘IdOW ar 0.0E+210011m 112011301140 1150 1160 1170 1180 1190 1200
detector 1 2 2,5 wavenumber, cm-1
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Optimum

Becausehe useddetectormaterialsHg Cdand Teare belongingio the maingroups2 and6 of the periodicsystem
Wa_ve e n gt the groupnamell-Videtectorsis usedin the InfraredWorld. ForHgCdTeletectorsit is possibleto tune the bandgapE,

Selectiorfor

by the ratio of Hg: Cdin the compound Thughe detector canbe optimizedfor a certainwavelength

Detectortype Optimum Wavelenth[pum

PC, PCI 5 6 9 10.6
-Vl (MCT) o g
PC2TE, PETE 5 6 9 10.6 12 13
[Ete Cto rS PG3TE, PG3TE 9 106 12 13
PCATE PCHUTE 9 10.6 12 13 14
PV, PVI . 5 6
PVANTE, PVhTE . 5 6 8 10.6
PVM, PVMI, PVM
nTE PVMINTE E 10
PEM, PEMI 10.6
Spectral response (Ta = 20°C, Vp, = 0 mV) Spectral response (Ta = 20°C, Vy = 0 mV)
1E+11 I f f I I | I 1E+13 f I T I I I
—
PYI-4TE3pv14TE-3.4 |
1612 T PVIATES
! DVI-4TE-5
3 AR 5 1E+11 / == PVI-4TE-6 : ‘ |
% [ — — = — = 5 =
E ' ] ] § 18420 —F— N pyamEs |
e 5 ==—==c===us
° — — — 16409 F:: | 1 \ |
—— — — = é = ==
» — — ;
\ | » | 1E+08
1R 5 0 3 5 d 5 & B8 @ &0 2 3 4 s 6 7 8 9 10 11 12
4 'S\Naveleng#{, um . d Wavelength, um
Exemplary spectral detectivity, the spectral response of delivered devices may differ. Exemplary spectral detectivity, the spectral response of delivered devices may differ.
Example UncooledDetectorSeries : PVI Example CooledDetectorSeries : PMTE
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Optimum

Becausdhe useddetectormaterialsin, Asand Sbare belongingto the maingroups3 and5 ofthe periodicsystem
Wave I e n gt h the groupnaméelll-V-detectorsis usedin the InfraredWorld. VIGOs producingtwo configurations InAsandInAsSb

Selectiorfor

Detectortype Optimum Wavelenth[um

11I-V Detectors : s

Example UncooledDetector Series : PVIA Example CooledDetector Series : PVIRTE
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