SPAD

Single Photon Avalanche Diode
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Avalanche effect

Avalanche Photodiode(APD)

Electric field

http://en.wikipedia.org/wiki/Impact_ionization



Gelger-mode APDs(single photon avalanche diode)
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Geiger-mode APDs(single photon avalanche diode)
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Operating Conditions and Performance

Single-photon counting resolution

The intensity of the signal is obtained by counting (photon counting)

the number of output pulses within a measurement time slot,

while the time-dependent waveform of the signal is obtained by measuring the
time distribution of the output pulses (photon timing).

Dark count

photon-generated carriers, thermally-generated carriers (through generation-
recombination processes within the semiconductor) can also fire the avalanche
process.

Therefore, it is possible to observe output pulses when the SPAD is in complete
darkness.

The resulting average number of counts per second is called dark count rate
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Operating Conditions and Performance

PDE(Photon Detection Efficiency) Probability of photon absorption and avalanche triggering
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Operating Conditions and Performance
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InP multiplication regions of 700, 900, 1200, 2000nm

InGaAs absorption layer of 1um
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Catalog spec

P e rk' n = E I m e r Table 1. Specifications SPCM-AQ4C at 22°C, all models, unless otherwise indicated

Mote: *At power on and 40°C
**At maximum count rate

Parameter Minimum Typical Maximum Units
Supply at+2 'V 1.0 4.0 Amps
currents: 3.0 Amps
at+5V 0.20 1.0™ Amps
at +30V 0.01 0.04™ Amps
Maximum at+2 'V 2 6™ Watts
power at+5V 1 5" Watts
consumption  at+30V 0.3 1.2 Watts
Supply voltages 1.85 2 2.05 vV
4.75 5 5.25 vV
29 30 £l v
Operating temperature (heatsink) 5 40 C
Photon detection efficiency
(per channel) at 400nm 1 25 %
at 650nm 45 60 %
at 830nm 35 45 %
at 1060nm 1 2 %
Average Pd variation per channel at constant +1 +3 %
heat sink temperature (6 hrs at 25°C)
Average Pd variation per channel at 5°C to 40°C +4 +10 E
heat sink temperature
Dark count (per channel) 500 Counts/Sec.
Average dark count variation per channel
at constant heat sink +10 %

temperature (6 hours at 25°C)

Average dark count variation
per channel at 5°C to 40°C +20 %
heat sink temperature

Dead time (Count rates below 5 Mc/s) nanoseconds 50 ns
Qutput pulse width 25 ns
Maximum Continuous 1.5 Mc/s
count rate

(per channel) 500ms duration, 25% duty cycle 4 Mc/s
Afterpulsing probability 0.3 0.5 %

Gate threshold voltage (at VSup= 5V)

Low level (sink 5mA) = Gate On 0 0.4 VY

High level = Gate Off 3.5 5.25 Y
Gate turn-on delay before first edge of true output pulse 60 75 ns
Gate turn-off delay for minimum last output pulse width of 10ns 4 15 ns
Linearity correction factor [7] See fig. 3

at 200 kc/s 1.01 1.10

at 1 Mc/s 1.08 1.15

at 1.5 Mc/s 112 1.20
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Perkin-EImer Table 1. Absolute Maximum Ratings

Supply voltage ' 5.5V

Maximum count rate can be sustained if case temperature is maintained
within limit specified limits.

Maximum count rate

Peak light intensity 10" photons per pulse and pulse width < 1 ns

Case temperature ¥ -20°C/+70°C storage, +5°C /+70°C operating

Parameter Min Typ Max Unit
Active area (diameter) at minimum PDE 170 180 pm

Photon detection efficiency (PDE)
(without FC adaptor}[2J at:

650 nm 75 %
830 nm 50 %
Dark Count SPCM-AQRH-10 1500
SPCM-AQRH-11 1000
SPCM-AQRH-12 300 Counts /
SPCM-AQRH-13 250 second
SPCM-AQRH-14 100
SPCM-AQRH-15 50
Single photon timing resolution (at 825 nm}'l’a]
Contact factory for optimized timing below 225 250 ps

200 ps and at other wavelengths

Dead time (count rate below 5M/c)

60 ns
Other values can be factory set
Output count rate before saturation 12 Mc/s
Linearity correction factor at 200 Ke/s 1
1 Mc/s 1.02
5 Mc/s 1.16
10 Mc/s 1.40

Afterpulsing probability 1.0 3.0 %
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PicoQuant
Specifications (@25 °c)

Detection efficiency [%]

Dark Counts (typical) ............... 20 M BPAD . .ovis s 50 pmSPAD . . piv iy 100 pm SPAD
Non-cooled version .. ................. AP e v R e AR U o RN e e < 20.000 cps
G O0IaE VerSION. & s b e R R R A R R R A = GRS R R < 250 cps
Single Photon Timing Resolution
TTL countingoutput (FWHM). . ... .. ..o e 250 ps
NIM timing output (FWHM) *.. ... .................. downto 50 ps, increases in blue/UV spectral range
Afterpulsing Probabifity . .......occeiiivviniaiooiiismadisin i <3 % (typical)
Input/Output
B2l pe e R e B P R e D B Lt e e 77 ns (typical)
Outputsignal . ............ .. i TTL for counting output, NIM for timing output *
Output pulse rise and falltimes. . .. ............................. <2 nson 10 pF load
Ouputpiseduraben ..o e s e e 20 ns (typical)
BRI IRDUIL S oo b s S o A a5 TTL control {low level gates detector off)
Suppheinpateonnectar - ....coo v st e s standard 3.5 mm supply socket

50 va Stipply VoRage i s S s ik unregulated DC, any value 5V -12V

[ .\ * Available as an option
40
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Catalog spec

Specifications @ 25 °c)

Spoctral FaNge. .. v S S S 400 nm - 1100 nm
Activeareadiameter .. .......ocovioiiiias 150 pm

Photon timing resolution®. . .. ............... 350 ps - 800 ps (FWHM, depending on module, wavelength and signal rate)
Afterpulsing probability (Oto 500 ns)* .. ....... < 1% (typical)

Daad Hime s s nns D e <70 ns (typical)

Fiber connector type (optional) .. ............ FC/PC

Dark Count Rate

EPAD-20 s n i R e < 20 cps (available upon request)
=SPAD-50. . ... <50 cps

T FPADA0B. o S S S S G <100 cps

Photon Detection Efficiency* (typical values, without fiber connector)
B A T e M e 10+5%

G AT0 I it R A 30+5%

T e 70+5%

G BO0 I o e s ks 35+5%

Losses due to fiber connector: approx. 10 % absolute

Input/Output

NIM output

Prisemnghy nnni i s R R e R 15-25ns

Pt sesampiitide i s e R R R R 0.8Vto -1 V (into 50 Ohms)
CnRNR O Dy R R e e e e R e e SMA

TTL output

Pilsswidth i i r s 15-25ns

Polse amplitioe: s s s s e b > 24V (into 50 Ohms)

CORRBEIOE VDR & i v s v s v s, Lemo, type EPS.00.250

Gating input

Inputvoltage . ........ ... ... TTL control, TTL high (> 2.4 V) enables counting
Responsetime. .. ... ... .. ... ......... disable: < 40 ns (typ. 20 ns); enable: < 100 ns (typ. 85 ns)
Connectortype . ..............ciiiieon... SMA

Operating Conditions

Supplyvoltage. ..., 12V

SUDPIVIEIITENE oo 1.5A (at turn on), 0.3 A (at 1 Mcps)
Operatingtemperature . ................... 10°C-40°C

*measured by Wuminating < 30 pm in the center of the active area













Avalanche Photodiode(APD)
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Linear operation below breakdown voltage (V,, )

output charge « number of e-h pairs ccnumber of incident photons
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Russia.



Photodiode characteristic
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Operating Conditions and Performance

G-APD response

A= N;” x PDExgx(1+¢&)x(1+P,)

N;” number of incident photons
g gain
= cross-talk probability

Pao the after-pulse probability

g, PDE,¢, and Pyrare all increasing with ~ Viias

Implying a complex dependence of the G-APD response on the bias voltage
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Perk| n- EI| ner Figure 1. Detector scan without FC fiber adaptor Figure 2. Photon detection efficiency (pd) vs. wavelength
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Perkin-Elmer
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SSSSSS = 10um Typical Timing Resolution and PDE
Timing & &23nm is similar Relative to Position on Detector @ 650nm
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The graphs below show examples of the measured instrument response functions (IRF) of a PDM module with an active area of 50 ym. The
measurements were taken with the PicoHarp 300 TCSPC module and different laser heads of the LDH series driven by the PDL 800-B.
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The measured full width at half maximum (FWHM) is 48 ps for the The measured full width at half maximum (FWHM) is 84 ps for
excitation at 670 nm. Taking the exceptionally short pulse width the excitation at 635 nm. Taking the pulse width of the excitation
of the excitation laser of 32 ps into account, this results in a laser of 66 ps into account, this results in a timing response of
timing response of the SPAD of 37 ps. the SPAD of 50 ps.
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The measured Tull width at haif maximum (FWHM) is 72 ps for the The measured full width at half maximum (FWHM) is 224 ps for
excitation at 470 nm. Taklng the D‘U'SE‘ width of the excitation the excitation at 405 nm {|ase[ pwse width- 60 ps} Such an
laser of 56 ps info account, this results in a timing response of increase of the IRF at blue/UV wavelengths is typical for these

the SPAD of 44 ps. SPADs.



