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lp = Dark current, Amps
|z = Light Signal Current [IE:HPD:,
R = Photodiode responsivity at wavelength of irradiance, Amps/iatt
Po = Light power incident on photodiode active area, Watts
Fgy = Shunt Resistance, Ohms
M = Moise Current, Amps rms
C = Junction Capacitance, Farads

Fg = Series Resistance, Ohms

R = Load Resistance, Ohms

https://www.aptechnologies.co.uk/support/SiPDs/operation
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https://www.edn.com/electronics-blogs/bakers-best/4398974/Collecting-light-power--voltaic-or-conductive-
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1
M = - (5-44)
1 - (V/ Vbr)
where the exponent n varies from about 3 to 6, depending on the type of mate-
rial used for the junction.
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Streetman (1995). "EBook: Solid state electronic device."
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When a heavily doped junction is reverse biased, the energy bands become
crossed at relatively low voltages (i.e., the n-side conduction band appears op-
posite the p-side valence band). As Fig. 5-17 indicates, the crossing of the
bands aligns the large number of empty states in the n-side conduction band
opposite the many filled states of the p-side valence band. If the barrier sepa-
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Streetman (1995). "EBook: Solid state electronic device."
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Metal Semiconductor
The equilibrium contact potential V,, which prevents further net electron L_ W _,l
diffusion from the semiconductor conduction band into the metal, is the differ-
ence in work function potentials @, — ®,. The potential barrier height @, for ib)

electron injection from the metal into the semiconductor conduction band
is &, — x, where gy (called the electron affinity) is measured from the vac-
uum level to the semiconductor conduction band edge. The equilibrium poten-
tial difference V, can be decreased or increased by the application of either
forward- or reverse-bias voltage, as in the p-n junction.

Streetman (1995). "EBook: Solid state electronic device."
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Streetman (1995). "EBook: Solid state electronic device."

The equilibrium contact potential V,, which prevents further net electron
diffusion from the semiconductor conduction band into the metal, is the differ-
ence in work function potentials @, — ®,, The potential barrier height ®, for
electron injection from the metal into the semiconductor conduction band
is &, — x, where gy (called the electron affinity) is measured from the vac-
uum level to the semiconductor conduction band edge. The equilibrium poten-
tial difference V, can be decreased or increased by the application of either
forward- or reverse-bias voltage, as in the p-n junction.
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Wong, H.-S., et al. (2012). "Metal-oxide RRAM." Proceedings of the IEEE 100(6): 1951-1970.
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Sample Substrate
(nm) (PA) (nA) (mV)
Ag/Ti0, Fused silica 50 40 3 560
Ag/TiO, Titanium foil 50 -5 -84 670

Test condition: 10 pW/mm® UV light illuminated @ A = 355 nm. Temp. =25°C .
biasing voltage=-03 V.
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The incident radiation intensity at each wavelength was
obtained wsing a calibrated Ge detector and responsivity
versus wavelength was obtained vsing the I-V curves for
each wavelength. The responsivity at 20 Vof reverse bias is
SEM micrograph of a S0% porous sample, provided in Fig. 3. Our porous samples exhibit a responsivity
of about 50 AW at (L87 pm of radiaion while the 41%
efficient Ge detector exhibited a responsivity of 0.336 AW,
This indicates that an internal gain of about 50 exists i the
porous samples at this wavelength. Exhibited gain decreases
o about 30 as the wavelength reaches 1.2 pm.

2.08F BBa4

Experimental results show that n-type PtSi/porous Si
Schotky barniers can provide gain similar to sensitive
avalanche photodetectors in 0.8-1.2 pm  spectral mange.

Raissi, F., & Sheeni, N. A. (2003). Highly sensitive near IR detectors using n-type porous Si. Sensors and Actuators 12
A: Physical, 104(2), 117-120.
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https://www.thorlabs.com/newgrouppage9.cfm?objectgroup _id=6973 13
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Silicon (Si) lenses and windows for near-IR range.
However, since silicon has a strong absorption band
at 9 ym, it is not suitable for CO, laser transmission
applications. Silicon optics are also particularly well
suited for imaging, biomedical, and military
applications.

https://www.thorlabs.com/newgrouppage9.cfm?objectgroup _id=6973

Ge Transmission at Room Temperature
(10 mm Thick Substrate)
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Due to its broad transmission range (2.0 - 16 ym) and
opacity in the visible portion of the spectrum, Germanium
(Ge) is well suited for IR laser applications. This makes it an
ideal choice for biomedical and military imaging applications.
In addition, Ge is inert to air, water, alkalis, and acids
(except nitric acid). Germanium's transmission properties
are highly temperature sensitive.

14
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Sapphire (Al,O3) has exceptional surface hardness and can
only be scratched by a few materials other than itself. This
hardness allows it to be made into much thinner optics than
other substrates. Sapphire is transparent in the UV to the IR
(150 nm - 4.5 ym).

Rutile's (TiO,) are meant for use with lasers in the
2.2 ym to 4 ym wavelength range and have an air-
spaced design. The transmission data above was
taken through an AR-coated TiO, polarizer.

https://www.thorlabs.com/newgrouppage9.cfm?objectgroup _id=6973 >
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Microbolometer is a detector for infrared radiation. When wavelengths between
7.5-14 um strikes the detector material, heating it, and thus changing its
electrical resistance.

Silicon Mitride | Thefma ssneing

: Reflector N
X Miatal Read Out Integrated Circuit (ROIC)

The thermo-sensing material should have a large temperature coefficient of resistance, TCR
(a(T)), which is defined by Eq. 1, where E, is the activation energy, K is the Boltzman
constant and T is temperature.

@(T) = (1/R)[dR/dT] = E, /KT* (1)

16
A. Perera,”Ebook: Bolometers” , Intech, 2012.
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hlaterial TCR (E2) E. (eV) op |82 cm)t Reference
Vi 0.021 016 2107 B. E. Cole, 1995
a-5iH (FECVD) 01-013 0.3-1 ~ 110" A ]. Syllaios, 2000
a-3¢:H B (PECVDY) 0.028 022 3107 A ]. Syllaios, 2000
a-e. Sy H (PECVI) 0.043 0.34 1ax10+ M. Moreno, 2008
Poly-5iGe 0.024 0.18 9102 5. Sedky, 1995
Ge, iy O 0.042 032 26x102 E. Iborra, 2002
YBalCul 0.033 0.26 110 J. Delerue, 2003

Table 1. Common materials employed as thermo-sensing films in microbolometers.

The resistivity is the exponential function of thermal activation conductance which is
expressed by:

E
= ' 5
P = pgexp( I;T) (8)

where p, po, Ea and k are the resistivity, the measured pre-factor, the activation energy and
Boltzmann's constant. In semiconductors, a can be expressed by the activation energy

The thermistor materials have either positive temperature coefficient of resistance (PTC) or
negative temperature coefficient of resistance (NTC). The first group includes materials like
metals in which the resistance increases with increasing the temperature; whereas, the latter
group are composed of semiconductor materials in which the resistance decreases with
increasing the temperature.

A. Perera,”Ebook: Bolometers” , Intech, 2012.

17
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https://www.elprocus.com/know-about-the-working-principle-of-charge-coupled-device/ 20
http://zeiss-campus.magnet.fsu.edu/articles/basics/digitalimaging.html
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Feature CCD CMOsS

Signal out of pixel Electron packet Voltage

Signal out of chip Voltage (analog) | Bits (digital)

Signal out of camera Bits (digital) Bits (digital)

Svstermn Moise Low Moderate

Performance

Responsivity IModerate Slightly better

Power Consumption High Low

Sensitivity High Moderate

Fesolution High High

Cost High Low

https://www.unifore.net/analog-surveillance/security-camera-ccd-vs-cmos-image-sensor.html
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FLIR PS-Series

NModel specific specifications

Detector Type 240 x 180 VOx Microbolometer 320 = 240 VOx Microbolometer
Freeze Frame Yes No
Digital E-Zoom Mo 2%

Focal Length 18 mm

Field of View [H = W] 24° = 18°

Waveband 75-13.5 pm

Start-up from Stand-by

<5 seconds

Focus

Automatic

Diopter Adjustment

+2

USE Port

Software Updates/Upgrades/Battery charge

TaskLight

LED

Built-In Viewfinder Display

Color LCD Display

Polarity/Detection Palettes

White Hot; Black Hot; InstAlert™

Video Output

MTSC Composite Video; 8 Hz Refresh Rate
23




Inframetrics / FLIR ThermaCam PM 290,
FLIR PM 390, PM 250, PM35

The FLIR ThermaCam PM 290, FLIR 390, Inframetrics PM 250, Inframetrics PM350
thermal infrared cameras are FLIR short wave, handheld, Focal Plane Array cameras

Product Specifications

System Type Focal Plane Array

Spectral Range Mid Wave

Detector 256 X 256

Detector Material Platinum Silicide

Measurement Accuracy 2% or 2 Degrees C

Measurement Range -10to 450 C

With Filter -20 to 1500 C

Field view 16 X 17 Degrees

Cooling Stirling Cycle

Spatial Resolution Lens Dependent

Thermal Sensitivity <0.07 at 30 Degrees C

Detector Refresh Rate ©0 Hz

24



VPR-2050-AF-FF-128-835-CTZ-HD-GS

THE VIPER

Military Grade
PTZ

Camera
System

Image Sensor

CO INFINITI

1/2.8" Progressive S5can CMOS 1/1.8" Progressive Scan Exmaor CMOS

Max Resolution

1920=1080 pixels

Lens (12-bit Rapid Auto Focus)

16mm-1025mm (2050mm with doublery HD Yoom Lens

Angle of View

19.3% - 015" Horizontal FOV 25.29° - 0.2° Horizontal FOW

Minimum lllumination @ §/1.2

0.02 Lux (Color), 0.005 Lux (B&W) 0,002 Lux (Colory, 0.0002 Lux (B&W)

Fog/Haze Filter

Motorized

Backlight Compensation

BLC/HLC/DWDR (Digital WDR)

IP Protocol
IR llluminator
ZLID

ONVIF, PSIA/GCI, HTTP, ete.

foom Laser Infrared Diode

Distance

3k (at max power), 95m NOHD

Angle

0.57 - 19.5°

Wavelength

808nm (940nm Stealth optional)

LRF (optional)
Thermal Imager
Lens (Motorized Focus)

Turns off laser if object is detected within NOHD distance
40-B35mm Ge Lens Optlonal 85-1400mm Ge Lens
40-835mm /4.4 Auto Focus foom Lens | B5-1400mm f/5.5 Auto Focus Zoom Lens

Image Sensor

High Sensitivity Coocled HgCdTe

Array Format 1280=720

Pixel Pitch 10pnm

Thermal Sensitivity (Room Temp. @ £1.0) < 20 mk

Field Of View 187-0.9° HFOV B.6"-0.5% HFOV

25






