SPCMAQRH
Single Photon Counting Module

9EOSt Al A ¢SOKy2t 2 I-AGRHSIngeSPhotod ColintingINBd¢
detects single photons over the wavelength range of 400nm to 1060nm
performance parameters superior to other solid state or vacttulye based photon
counters.

The SPCMQRH uses a unique silicon avalanche photodiotié)(®ith a crcular

active area, achievingeak photon detection efficiencpf approximately70% at
650nm over a 180um diameter with unmatched uniformity over the full active ar
A TTL level pulse is generated for each photon detected and the signal is availe
the BNC connector at the rear of the modul€he sigal should be terminated into
50K @

The photodiode is both thermoelectrically cooled and temperature controll
ensuring stabilized performance despite ambient temperature chang@eperating
temperature rangehas been increased and the module (case temperature)
Fdzy Olia2y 06SG6SSy pse/ FtYR Tnel @

Recent electronic circuit improvements have redd the minimum deadime to
less than 2Bs, thereby increasing linearity and improving the dynamic range of
module. Timing resolution of the module was also improved significanflhe
SPCMAQRH has internal protection circuitry that protects the amahe photodiode
andthe moduleelectronics from damage due to accidental overload from expos
to ambient lighting.

9 E O S fserids|- ot fhoton counting modules are designed andlt to be fully
compliant with the Europeah Y A 2y Q& w21 { 5ANBOGA GBS +
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KeyFeatures
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Peak PDEs 70% @ 700nm
180um active area

> 35 Mcps dynamic range
Gated output

Single +5 V supply
RoHSompliant

Lowafter pulse probability
High uniformity over large
active area

Unmatched linearity

Applications
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LIDAR

Quantum Cryptography
Photon correlation
spectroscopy

Astronomical observation
Optical range finding
Adaptive optics
Ultra-sensitive fluorescence
Particlesizing
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SPCMAQRH Series
Single Photon Counting Module

Table 1. Specifications of SPEAQRHWX, @ 22 °C, all models, unless otherwise indicated

Parameter Min Typ Max Unit
Supplyvoltage™ 4.75 5.0 5.25 v
Supplycurrent 0.4 1.2 A
Power cable total resistance 0.1 0.2 M
Case operatingemperature™ ? 5 70 °C
Active area (diameter) at minimunDE 170 180 pum
Photon detection efficie?cy (135]
: 0, 11 .
(without FC adaptol at: 22822 ) . %
830nm 50 65 %
35 45 %
1060nm 1 5 %
Refer to SPCMIIR family for red; NIR
optimized/selected modulessee Figurd
Dark Count">®
SPCMAQRHWO 1500
SPCMAQRHW1 1000
SPCMAQRHW2 500
SPCMAQRHW3 250 2222%
SPCMAQRHWA4 100
SPCMAQRHWS 50
SPCMAQRHWE 25
See table 3.
Output pulse widtH?
SPCMAQRHLX, SPCMQRHMH4X 10 ns
SPCMAQRH2X, SPCMQRHMH5X 18 ns
SPCMAQRH3X, SPCMQRH6X 28 ns
See table 3.
Dead time (count rate below 5M/c)
SPCMAQRHLX, SPCM\QRH4X 22 ns
SPCMAQRH2X, SPCMQRHMH5X 28 ns
SPCMAQRH3X, SPCMQRH6X 35 ns
See table 3.
Output pulse amplitude:
SPCMAQRHLX, SPCMQRH2X, SPCMQRH3X
TTL HIGH 15 2.2 Y,
TTL LOW -0.1 0.8 Y,
See table 3.
SPCMAQRHLX, SPCMQRH2X, SPCMQRH3X
TTL HIGH 30 44 y
-0.1 0.8 \Y,
See table 3.
Average dark countariation at constant case
temperature (6 hrsat 25°C)* > ©
SPCMAQRHWO, W1, W2, W3 +10 %
SPCMAQRHWA4, W5, W6 +1 S
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SPCMAQRH Series
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Parameter Min Typ Max Unit

Variation of average dark count rate &(5to70°C
case temperature fof® > ©

SPCMAQRHWO, W1, W2, W3 + 20 %
SPCMAQRHW4, W5, W6 +2 S
Single poton timing resolution (at 828m)™?
Please refer to SPGMQRHTR family for 350 ps
optimized timingmodules
Output count rate before saturatidfi 12 37 Mc/s
Afterpulsingprobability™® 0.5 1 %

Setting time following power up (1% stability) at

1 Mc/s and 28C 15 20 S
Linearity correction factof” at 200 Kc/s 1
1 Mcl/s 1.02
5 Mc/s 1.16
10 Mc/s 1.40
20 Mcl/s 235
25 Mcl/s 3.32
Threshold setting required on counter for digital
. . 1.0 V
output pulse (terminate in 5@)
Gating turn on/off (5@ output)
Disable = TTL low (<0.8V) 40 45 ns
Enable = TThigh (>2.0V) 60 65
Gating threshold voltage (at V supply = 5V)
Low level (sink current >90mA) 0 0.4 \%
High level (sink current >30mA) 2.0 5.25

Refer to Operating Instructionbelow for noted items

Operating Instructions

1. Connectionto incorrect voltage or reverse voltage may damage or destroy the neodtihe warranty isnvalid shouldsuch
damage occur Thecenter contact of the barrelype power connector (correspondirtg the white stripe on the wire) is +5V.

2. These moduleare not qualified for shock or vibration other than normal instrumentation environments.

3. The module dissipates a mean power d®\®. and a maximum poweof 6W at high count rate and07C. Adequate heat
sinking must be provided by clamping the module to a suitable heat sink via the holes in the moduleTbaseet specified
performance, the module @ temperature must not exceed07C. See Figure Gor stability of probabilityof detection vs.
temperature.

4. On a small percentage of delivered modulesstability of the dark count has been observeResearch indicates this-bi
stability is probably due to transitions at a single impurity site between a low energy and a high energy state

The phenomenon is seen as an abrupt change in the dark count rate, e.g., 350 to 390 c/s., and the dark count switches between
the two states at a rate dependent upon the detector temperatutdultilevel switching has also been observed, where more
than one impurity site is switching.
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SPCMAQRH Series
Single Photon Counting Module

5.

Longterm bi-stability is related to fundamental semiconductor physics and is be@oidO S tohtibll: \Eafranty claims will
not be considered against-stability alone.

Warranty claims will only be consideredhg high level of the dark count exceeds the maximum level in the specification.

6.

7.

In the dark, the module generates random counts that follow a Poisson distributioa. Poissonian process, the standard
deviation is equal to the square root of the asge count.L y GKAa &ALISOATAOIGAZ2Y GKS
the average count of the module.

The actual photon rate could be calculated using the following equation, as indical&te #7 in the box below

Note # 7: Actual photon rate calculation

ACTUALCOUNTRATE ppotons = (OUTPUT ModuleCountRate x CORRECTIONFACTOR @ fhe Module CountRate) - DARK COUNT Module

The theoratical vaiue, at low count rata, of the Corraction Factor follows this equation:

The deviation from an ideal linear system is another way of looking at the saturation effect. The falowing equations show howr fo caletdate this departure from fhe fneanyy:

PHOTON DETECTION EFFICIENCY Module

Correction Factor = 1 Where: ;= Module Dead Time

1-{fy XCpgl Cp= Output Count Rate

OUTPUT MoctuleCountRate
LINEARITY = 1
(PHOTONS Actual Courtt Rate x PHOTON DETECTION EFFICEENCY Modtule) + DARK COUNT Modile

1
= | —]
Correction Factor

8.

9.

GREFN] O2 dzy

Forthe typical dead time setting of 2Zhs, typical maximum countate is37Mc/s beforesaturation. If the longest output
pulse width option is set (28ndje typical maximum count ratis 3Mc/s before saturation.If the maximum dead time setting is
used, about 62ns, typical maximum count rate would be ab@Md/s. Notethat usingalonger dead time will degrade linearity.

Output pulse width is set at the standard Ddns+ 2ns at2.2V. Other output pulse widths can be sePlease efer to Table
3, Ordering Guidégor whichmodel number to order

10. Output pulse heighstandardis setto 2.2V+ 0.4V. Optional output pulse height is 4.4V. Please refer to Table 3, Ordering
Guide, for which model number to order.

11.

If needed, an F@bre adaptor can be factory installed on the SPERIRH module allowing opticiibresto be used.The FC
adaptor is optimized for use &50 nm and with a 100m core multimodefibre. If other wavelengths ofibre sizes are needed,
please contact the factory for availabilitfhe addition of an FC adaptor will causenzalldrop in theeffective PDEof the module.
The amount of the loss will depend on the wavelength and the diameter ofibthe usedto provide optical input tahe module.
Typically, one can expect around a 5% loss with aurhO€ore fibre ab50nm.

12. RedNIR wavelength photon detection efficiency can be optimized. iPBthancedover the700-900nmwavelength range.
Pleaserefer to the Product Brief of the SPCMIR series.See Figure 4 fdhe typical photon efficiency of standard and enhanced
PDE modules.
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SPCMAQRH Series
Single Photon Counting Module

13. Timing resolution is measured using guddiameter light spot, at 825nngnd with case temperature af2°C. For timing
resolution requirements of larger spot size measurement, odiffierent wavelengtls, please contact ExcelitasFor timing
resolution optimized modulegqleaserefer to the Product Brief othe SPCMAQRHTR series

14. Afterpulse is measured for the first 500ns (excluding the first Yamsthe time line of the aftgulse curveat an average
count rate of 10@c/s £ 2Kc/s.

Table 2. Absolute Maximum Ratings

Supply voltagé" 55V

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

Peak lighintensity maximum 10 photons / pulse, pulse width < 1ns

Maximum count rate

Case temperaturé -20°C/+85C storage, +& /+70C operating

Table 3. SPCM Ordering Guide

{ t /[-lav wd --C/

FC connector option -FC connector attached

Dark count selection See Table Below

Pulse width model: See Table Below
Order Part# W - Output Pulse Options X - Dark Count Rates

WX Output Pulse | Dead Time | Output Pulse WO WL W2 s wia WS We
Width (ns) (ns) Height (V)

SPCM-AQRH-1X 10 22 2.2 =1500 cps =1000cps <500pcs <250pcs <100cps =50cps =25cps
SPCM-AQRH-2X 18 28 2.2 <1500 cps =1000cps <500pcs <250pcs <100cps <50cps =25cps
SPCM-AQRH-3X 28 35 2.2 =1500 cps =1000cps £500pcs £250pcs £100cps £50cps =25cps
SPCM-AQRH-4X 10 22 4.4 =1500 cps =1000cps =500pcs <£250pcs =100cps =50cps =25cps
SPCM-AQRH-5X 18 28 4.4 =1500 cps =1000cps =500pcs =£250pcs =100cps =50cps =25¢cps
SPCM-AQRH-6X 28 35 4.4 =1500 cps =1000cps =500pcs =250pcs =100cps =50cps =25cps

Table 4. FibreOrdering Guide

Part . Diameter Numerical
Fibre Type Connector Type -

Number Core Cladding| Outer Aperture
SPCMQC4 | Multimode FC/bare 62.5um | 125um 2.5mm 0.27
SPCMQC6 | Multimode FC/bare 100um 140um 2.5mm 0.29
SPCMQC8 | Multimode | as SPCMDC6 but 905 SMA on free end
SPCMQC9 | Multimode | as SPCMDC6 but FC connector on free er
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SPCMAQRH Series
Single Photon Counting Module

Figure 1. Module Block Diagram

OPTION WITH FIBER-OPTIC RECEPTACLE
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AVALANCHE PHOTODIOOE

Figure 2. Electrical Connections

OUTPUT CONNECTOR

The digital OUTPUT pal§BNC connector, TTL levels, >}.5Nould be terminated into @ n lad to
avoid distortion and ringing.A 1.0/ triggering level is recommended on counters and oscilloscope
avoid triggering on noiselNote that TTL stands for Transis{bransistor Logic.

GATE CONNECTOR

The GATE input (b/ 02y y SOG2ND andidiGdrially GoBnecked to pha #5 volt supp
through a50K pull-up resistor (standard module versiond}.can be driven by standard TTL level sigr]
The gate drive must be capable of sinking #9® to gate the moduléoffé (5V/p n KOperation:TTL hig
¢ module counts, TTL logcounting disabled.

POWER CONNECTOR
The +5V power connector is a standard barrel connector (2.5mm I.D., 5.5mm O.D.) with an 18 AW
The center stripe corresponds to the center of the barrel and connectbdopositive terminal of the
5Vsupply. Reversal of the wires may damage the module.

+5 V—20)
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]
Figure 3. Typical SPCM\QRH PDE Scan at 650 nm
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Figure 4 Typical Photon Detection Efficiency (PDE) vs. Wavelength

SPCMAQRH Typical Detection Efficiency
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SPCMAQRH Series
Single Photon Counting Module

Figure 5. Photon detection ptwability (PD) uniformity vs. Lighspot size

Relative pd (%) vs spot diameter
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Figure 6. Probability of Detection Variation vs. Module case Temperature

Stability of Probability of Detection
versus

Module Case Temperature

100
Typ. |
Max.
CR
40 -

pd variation > 3%

[
o

v
"

NO
OPERATION

Module Count Rate (Mc/s)

[

a 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Module case temperature in Celcius

www.excelitas.com Page8 of 14 SPCMAQRH Rev 20167



SPCMAQRH Series
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Figure 7. Typical Correction Factor
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Figure 8. Count Rate Linearity
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Figure 9. Optical Power vs. Number of Photons
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Figure 10. Dimensional Outline
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Saturation

The photon count decreases at higher incoming light levélse count at which the output rate starts to decrease is called

the saturationpoint. As an extreme example, if the module is exposed to intense light the count rate will fall to\xiite

the module is protected against light overload, precautions should be taken to avoid any excessive light level that will
damage the SPCM moaul After an over exposure, the dark count of the module could increase temporarily for up to an
hour. For faster recovery, it is recommended to power off the module and leave it in the dark for one tmitwates prior

to restarting.

FibreConnectionOption

The SPCM\QRRWXC / Kl a fibrgfoptia @éeptacle praligned to the optical detector.Opticalfibres with an FC
connector on one end are available separately, (see Ordering Guid&®).standardibre lens is optimized for 550nm.
Though thefibre / GRIN in the standard module will function through the complete range of 400nm to 1060nm, due to the
wavelengthdependence of the graded index coupling lens, improvements to operating wavelengths other tham&5@e
special orders. The photon detection efficiency of connectorized modules is about 95% of that quoted for standard
modules at 550nm.

FibreShielding
When used with opticalibres, both thefibre jacketand the connector shrouds must be completely opaqu@therwise,
stray light will increase the count rat&.he SPCMDCX pigtails conform to this requirement (see Ordering Guide 2).

Gating Function

A gating function is provided with each modul@iseful for viewing a signal that occurs only in a smalétiame window.
Also, in some applications the background light flux is higjeam the signal.ln this casethe gating option could be used to
improve the S/N ratio by opening a window only when the light signal is preSére output of the module and the active
guench function are disabled when a TTL low level is applied to the module gate Wnjpen a TTL high level is applied to
the module gate input, the output of the module and the active quench circuit are enablkeid.ag\ny photon detection
that occurs less than>2 defore the module gate input changes can result in an output puldewever, this output pulse
has lost timing accuracy.

Light Emission during Photon Detection

One peculiarity of silicon avalanche phdiodes is that as an incoming photon is detected a small amount of light is
emitted from the avalanche regionThe emitted light has a broad spectral distributiotn most cases, this is not a
problem. However, it can cause some confusion if anottletector is monitoring light, or if the optical system is such
that light emitted from the SPCMQRH is reflected back on itself. If these photons return more than 20 ns after the
initial event, they will be detected.

Safety Warning

The SPCMQRH containa high voltage power supply.Users may be injured if the case is openddl internal
settings are preset; there are no user adjustments.

electrical shorting of the high voltage power supp®pening the case may damage sensitive components and

: Units that appear defective or have suffered mechanical damage should not be used because of possible
expose the user to the risk of electrical sko®lease contact factory for repairs.
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RoHS Compliance

This series of avalanche photodiode modules are designed and built to be fully compliant with the European Union Directive
2011/65/EUc Restriction of the use of certain Hazardous SubstancEgeictrical and Electronic equipment.

2011/65/EU

RoHs @

Warranty

A standard 1zZnonth warranty following shipment appliesAny warranty is null and void if the module case has been
opened. Warranty is null and void if the module input exceeds 5.5 V or the polarity of3hé supply is reversed.

ESDWarning
Modules should only be handled at an Eszife work station.

Individual Module Test Data
9 OK Y2Rdzf S Aa adzllJd ASR ¢gA0GK GSad RIGEFE AYyRAOFGAY3 (GKS Y2R
efficiency @ 630nm (550nm for fibeoupled versions), correction factor and linearity.

Declaration of Conformity

¢CKA& LINRPRdzOG Aa StA3A06ES G2 0SS NI b Btergele | gAGK I R2I OSy
control number is 4010815. o
C us
CLaggipe®
Intertek
Products

CLAS8721 85 ELECTRICAL EQUIPMENT FOR LABORAT@RYifiksEH0 US standards
CLASS 8721 84 ELECTRICAL EQUIPMENT FOR LABORAT@Red3& US standards

CLASS 8721 04 LABORATORY EQUIRMIEXTical
CLASS 8721 04 LABORATORY EQUIRNH#¢Trical

Sngle photon counting module SPEGAMQRH or SPCMQR model SPCHQRHWX or SPCMQRWX (vhere W =
1,2,3,54,5,6and X 0, 1,2, 3, 4, 5, 6 not affecting safetentification), rated 5Vdc, 1.2A.

Single photon counting module SPAQPRHWVXFC or SPCMQRWXFCmodel SPCM\QRHWXFC or SPCMQR
WXFC (where W =,2,3,4,5,6and X 9, 12, 3, 4, 5, 6 not affecting safety certification), rated 5Vdc, 1.2A

Single photon counting module SPEMXXXXY (where X = can be 0000 to 9999, Y could be a letter from Atto Z, no
affecting safety certification), rated 5Vdc, 1.2A
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Altitude of Operation: @ 5000 Meters

Humidity of Operation: 15%05% relative humidity, nenondensing Equipment class lll, measurement category |, pollution degree
2.

APPLICABLE REQUIREMEBAISCSA C22.2# 61010 Issue:2012/05/11 Ed:3 SAFETY REQUIREMENTS FOR ELECTRICAL
EQUIPMENT FOR MEASUREMENT, CONTROL, AND LABORATARYIUSGENERAL REQUIREMENTS

UL610101 Issued: 2012/05/11 Ed:3 SAFETY REQUIREMENTS FOR ELEQIRIZENT FOREASUREMENT, CONTROL,
AND LABORATORY UBERT 1: GENERREQUIREMENTS

This product is eligible to bear the CE mark in accordance with:

EN 613261:2013 Electrical equipment for measurement, control and laboratory use
EN 610161:2012 Safety requirementsif electrical equipment for measurement, control and laboratory use

This product has been tested as per the following standards:

Emission CISPR 11

IEC 6100@-2 ESD

IEC 61004@-3 Radiated susceptibility

IEC 6100@-4 Burst

IEC 6100@-5 Surge

IEC 6100@-6 Conducted susceptibility

IEC 61004@-11 Voltage dips and interruptions

=4 =4 =8 _4_-8_9_9

The object of the declaration described herein is in conformity with the relevam¢gitlation: EMC Directive 2004/108/EC
(through April 19, 2016) and EMC Directa@ 4/30/EU (fromApril 20, 2016).

This equipment is intended for Indoor Use Only. There is no applicable maintenance manual. The data sheet is used
also as an instruction manual.

Excelitas Technologies reserves the right to make changes, improvements, modificaticosrectibns to its
products. Excelitas Technologies reserves the right to discontinue its products. Buyers should obtain the latest
information about the product before placing orders.
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