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Introduction

1. Introduction

A detector for the nominal reception path (i.e., at a wavelength of 532 nm) of the YLARA (Yebes
Laser Ranging) station has been acquired to PESO Consulting (Czech Republic) in June, 2019, being

received at Yebes Observatory in November, 2019.

This document starts providing a general overview of such detectors (C-SPAD Detectors: general

overview section).

Then, it analyses the received material (detector, documentation and other stuff) in section
Acquired C-SPAD Detector. In the context of this analysis, some technical questions to be clarified by
the manufacturer have been identified and listed (Table 2).

Finally, Annexes section 1 show how widespread its use is in the Satellite Laser Ranging (SLR)

technique.
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2. C-SPAD Detectors: general overview

2.1. Introduction to the C-SPADs

The C-SPAD detectors (Compensated Single Photon Avalanche Photodiode) are SPAD (Single-
Photon Avalanche Photodiodes) incorporating an internal circuit which compensates for the
internal time walk, that is, reduces the change of the detection delay dependence on the input
optical signal intensity in a dynamical range from single up to 1000 photoelectrons. Figure 1 shows

the evolution of these devices.

Photomultiplier tuve (PMT) Avalanche diode (AD) Avalanche photodiode (APD)

Single-photon avalanche diode (SPAD) Compensated SPAD (C-SPAD)

Figure 1. C-SPAD devices evolution.

2.2. C-SPADs historical overview

2.2.1. Photomultiplier tube (PMT)

Photomultiplier tubes (photomultipliers or PMT), members of the class of vacuum tubes, and
more specifically vacuum phototubes, are extremely sensitive detectors of light in the UV, Vis, and
NIR. They multiply the current produced by incident light by as much as x108 in multiple dynode
(electrode in a vacuum tube that serves as an electron multiplier through secondary emission)

stages, enabling (for ex.)) individual photons to be detected when the incident flux of light is low.
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Properties: high gain, low noise, high frequency response or, equivalently, ultra-fast response, and

large area of collection.

Semiconductor devices, particularly avalanche photodiodes, are alternatives to photomultipliers;
however, photomultipliers are uniquely well-suited for applications requiring low-noise, high-

sensitivity detection of light that is imperfectly collimated.

2.2.2. Avalanche diode (AD)

It is a diode (made from silicon or other semiconductor) designed to experience avalanche
breakdown at a specified reverse bias voltage. The avalanche breakdown is due to minority carriers
accelerated enough to create ionization in the crystal lattice, producing more carriers which in turn
create more ionization. Its breakdown voltage is nearly constant with changing current when

compared to a non-avalanche diode.

2.2.3. Avalanche photodiode (APD)

It is a highly sensitive semiconductor electronic device that exploits the photoelectric effect to
convert light to electricity. APDs can be thought of as photodetectors that provide a built-in first
stage of gain through avalanche multiplication.

From a functional standpoint, they can be regarded as the semiconductor analogue of
photomultipliers. By applying a high reverse bias voltage (typically 100-200 V in silicon), APDs
show an internal current gain effect (x100) due to impact ionization (avalanche effect). However,
some silicon APDs employ alternative doping and bevelling techniques compared to traditional
APDs that allow greater voltage to be applied (> 1500 V) before breakdown is reached and hence a
greater operating gain (> x1000). In general, the higher the reverse voltage, the higher the gain.

Since APD gain varies strongly with the applied reverse bias and temperature, it is necessary to
control the reverse voltage to keep a stable gain. Avalanche photodiodes therefore are more

sensitive compared to other semiconductor photodiodes.

If very high gain is needed (10> to 106), certain APDs (single-photon avalanche diodes) can be
operated with a reverse voltage above the APDs breakdown voltage. In this case, the APD needs to
have its signal current limited and quickly diminished. Active and passive current-quenching
techniques have been used for this purpose. APDs that operate in this high-gain regime are in
Geiger mode. This mode is particularly useful for single-photon detection, provided that the dark

count event rate and after pulsing probability are sufficiently low.

Typical applications for APDs are laser rangefinders. APD arrays are becoming commercially

available.
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C-SPAD Detectors: general overview

APD applicability and usefulness depends on many parameters:

o Quantum Efficiency

« Total leakage current: the sum of the dark current and photocurrent and noise.

2.2.4. Single-photon avalanche diode (SPAD)

It is a solid-state photodetector in which a photon-generated carrier (via the internal photoelectric
effect) can trigger a short-duration but relatively large avalanche current. This avalanche is created
through a mechanism called impact ionization, whereby carriers (electrons and/or holes) are
accelerated to high kinetic energies through a large potential gradient (voltage). If the kinetic
energy of a carrier is sufficient (as a function of the ionization energy of the bulk material) further
carriers are liberated from the atomic lattice. The number of carriers thus increases exponentially

from, in some cases, as few as a single carrier.

This device is able to detect low-intensity ionizing radiation, including: gamma, X-ray, beta, and
alpha-particle radiation along with electromagnetic signals in the UV, Vis and IR (in the optical case
this can be down to the single photon level). SPADs are also able to distinguish the arrival times of
events (photons) with a timing jitter (deviation of a presumably periodic signal from true

periodicity, often in relation to a reference clock signal) of a few tens of picoseconds.

SPADs, like APDs, exploit the incident radiation triggered avalanche current of a p-n junction when
reverse biased. The fundamental difference between SPADs and APDs is that SPADs are
specifically designed to operate with a reverse-bias voltage (linear-mode) well above the

breakdown voltage (Geiger-mode).

Applications: LIDAR, Time of Flight (ToF), single-photon experimentation within physics.

2.2.5. Compensated SPAD (C-SPAD)

The time-walk compensated version of the SPAD, the so-called C-SPAD, has several improvements

over previous SPAD detectors:

« Alarger chip makes for easier alignment.

o The detector chip itself is cooled to -60°C and is much less noisy.

o The electronics are temperature stabilized to minimize response time variations with
temperature (particularly important for us since our detector is exposed at the Cassegrain
focus of the telescope).

« A second output channel has been added for which the timing of the emitted electrical pulse
is delayed by an amount equal to the time-walk induced by the particular energy of the

incoming photon pulse.
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3. Acquired C-SPAD Detector

3.1. Purchase selection justification

This type of detector has been selected due to its complete adjustment to the requirements of our
application, SLR. In particular, part of its evolution has been conditioned to this application. The
evidence of this is reflected in the fact that it can be found implemented in many SLR stations

throughout the world (Table 3 shows some of them).

With this detector, SLR and Space Debris (SD) can be performed (however, the infrared version of
the C-SPAD is currently the more used for SD). The appendix section 1 shows some references in

SLR applications.

The version purchased has been specifically developed for SLR ([RD01]).

SINGLE PHOTON DETECTOR PACKAGE

General self consistent all solid state photon
counter with high timing resolution,
time walk compensation,
temperature stabilization

Principle of operation Single Photon Avalanche
Photodiode (SPAD) pulse biased
above the break voltage

Wersion / application Laser ranging to space objects

Figure 2. C-SPAD version for SLR.

3.2. Description

The acquired detector is a Compensated Single Photon Avalanche Diode (C-SPAD). A general
overview of them has been provided in the previous section. A description of the characteristics of

the one acquired for YLARA follows.

The Compensated Solid State Photon Counting Module is a self consistent detector package which
detects optical pulses within the signal strength ranging from single photons up to hundreds of

photons over the spectral range 0.35-1.10 pm with ps timing resolution and time walk.

The module utilises a unique Silicon avalanche photodiode (APD), which is connected in the active
quenching and gating circuit and pulse biased above its break voltage. An extreme gain of the order

of 109 is achieved by biasing the diode above the break.
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Single photon arrival times can be measured with a resolution better than 25 ps rms (in single
photon detection) and < 5 ps rms (in thousands of photons detection). The detection internal delay
long term stability is within the units of ps.

To reduce the diode dark count, the detection chip is cooled by a stage thermoelectric cooler.

The detector package is operated in a gated mode (the first photon after the gate opening is
detected). The detector package with time walk compensation has been optimised for gate
repetition rates up to 10 kHz.

The detector is fully described in its User Manual ([RD01]) and Data Sheet ([RD02]).

This model of detector is widely used in SLR and SD applications: see appendix for a general
overview on it.

3.3. Received items

- Parts:

o C-SPAD detector package (item 1/2): detector.

o
u
~
o
=

=
=

Figure 3. Detector package.

o C-SPAD detector package (item 2/2): power supply.
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Figure 4. Detector power supply.

o The material received matchs with that described in the Packing List being its S/N (0459)
correctly marked on both items.
o The cable is 4.8 m long: it must be verified if it is enough for our installation. (Note: Perhaps

it would be convenient to ask if there are limitations to change it for a longer one)
- Documentation:

« Commercial Invoices
« Packing List
o User Manual

3.4. Documentation analysis after reception

The documentation received, C-SPAD User Manual ([RD01][RD02]), has been analyzed. From it, two

tables have been generated:

« Table 1 shows some comments to be considered for testing and integrating it at system
level.
o Table 2 shows some points which have been clarified after contacting the manufacturer.

Information received Comments

External gating A pulse generator is available in the Yebes Observatory:

insulation > 10° (optical) Keysight 33250A. To be analysed if it generates these kind of
Lo?c FL[I;-;’LOP built in pulses in order to open the reception gate.
ela .35 nsec
impgdancc ts);)pOhms Pulse Frequency: 500 pHz to 50 MHz (1 kHz requested)
levels TTL low <1V
high>2.5V Pulse
connector SMA Period 2000 nst0 200005
Pulse width B80nsto199995

gate pulse > 8 ns wide

rise time ~< 3 ns Variable edge time  5.00 nsto 1.00 ms
: . Overshoot « 5%
ate is opened by the pulse leadin
& P y P 8 Jitter {rms) 100 ppm + 50 ps

edge and closed by the first output
pulse. For top performance, apply
the gate > 100 ns before the photon
of interest arrival

The other option is to use the Gate generator.

For a top performance, the excitation laser source should be
synchronized with the "gate" of the sensor. Until this source is
available, this cannot be verified.

10
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Operating Temperature

-20°C...+35°C

For operation in summer, where ambient T can be > 35°C,

some thermal control must be provided in the design of this

subsystem to keep the sensor T below 352C.

Table 1. Information to be internally clarified.

Information received

Information to be requested

Manufacturer answer

External gating

insulation > 10° (optical)

logic FLIP-FLOP built in

delay typ. 35 nsec

impedance 50 Ohms

levels TTL low<1V
high>25V

connector SMA

gate pulse > 8 ns wide

rise time ~< 3 ns

Concept of insulation: to be

clarified.

It is the detector capability
to do not respond to short
optical pulses containing up
to 109 photons in a Gate OFF

status.

Collecting optics

doublet, AR for 532 nm
accepts collimated beam 12 mm

Should it be possible to have
its Zemax or optics

prescription file?

Drawing with all info
included (Annexes section 2)
No Zemax or similar format

is available.

Does the sensor incorporate a
narrow band pass filter

around 532 nm?

No

Is 12 mm the optics clear
aperture diameter or the 1/e
diameter of the accepted laser

beam?

It is the recommended FULL
diameter of a  beam.
Physically, the optics input
diameter is 15 mm. For
detector the uniform signal
distribution over the
(1Zmm) is
expected. That is why “1/e”

aperture

estimate is not appropriate.

Detector holder

Use the cylindrical part of detector
to hold the detector in position and
to remove the excess heat
generated.

Is the junction sensor head -
sensor body robust enough to
avoid any mechanical bending

if holding the sensor that way?

Yes

Is it needed to put some metal
component in contact with
that cylindrical part in order

to facilitate the heat removal?

The holder is expected to be
metallic. No special
configurations are needed.
Even having a non-metal
holder the heat removal by
detector body should be

acceptable.

Operating Temperature

Non-operative and Survival

Temperature ranges to be

Non-operating temp. range
is-55 ... +50°C

11
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Information received

Information to be requested

Manufacturer answer

-20°C...+35°C

communicated.

If the detector reaches an
upper T (e.g., 38°C), could it be
damaged or it would only

impact in the data quality

The detector operation will
not be correct above an
upper T.

Heating it above +50°C will

(noisy)? cause its permanent damage.
Heat removal To be clarified if detector | Both parts. See also above.
holder means detector

conduction via detector holder and
ambient temperature air circulation

external case (i.e., housing).

Detector chip housing front window

Do not touch the detector chip housing front window. Never change
the adjustment of the collecting optics! Screwing it too deep in will
result in a window break and detector damage.

Should it be possible to have

its Zemax or optics
prescription file for the sensor

optical window?

It is not available.

The housing is provided by

an US company.

For the top performance maintain the recommended temperature of
the detector housing. Assure the free air circulation near the package
and power supply, avoid direct sunlight on the package.

the
in the

To be clarified if
temperature shown
power supply corresponds to
the the

detector or the one of the

temperature  of

detector housing.

The displayed temperature
is a SPAD chip one.

Avoid strong light pulses on the detector input, pulse energies >1 nJ
on the detector input will cause its damage. Avoid laser
backscattered light on detector input.

To be clarified if the "detector

input" refers to the first
surface of the collecting optics

or to the detector surface.

Damage threshold is specified

as the maximum allowed
irradiance (W/m2). Here, only
an energy value is specified.
by

pulse

Convert it to power

considering the

duration.

The limit is a total energy
hitting the detector chip
SPAD surface. It is valid for
short optical pulses, FWHM

~<1ns.

Understanding:
The
power per pulse would be:
P=E/t=1n]/1ns=1W

Assuming a 200 microns

maximum  allowed

circular spot (area: 3.14E-4

cm?), the maximum
irradiance fixing the damage
threshold is:

E=Pmax/area= 1 W /

3.14E-4 cm2 = 3.2 kW/cm?2.

Keep the detector ON all the time to maintain operation stability.

Is there any stabilization
(warm) time after turning on

the detector before to use it?

Certainly yes. But its length
depends on your stability
requirements. For ~ 1mm
ranging stability a warm up

time of a few minutes is ok.

12
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Information received

Information to be requested

Manufacturer answer

1quarltum efficlency

From the figure, QE @532nm

seems to be around 20% while

In this figure the QE in
RELATIVE UNITS is plotted,

in the figure foot is said that it | see figure capture. The
has a typical value of 40% (@ | absolute value of QE at 532
ot 25°Q). nm wavelength was

measured by CNES in 2006.
The QE value of 42% was
measured repeatedly.

1,000E-03

1,000E-04 -
036 046 056 085 076 085 095 105 11
wavelength [ym]

Detection chip quantum efficiency in relative units,
for C-SPAD configuration for SLR the QE at 532 nm is typically reaching 40 %.

Table 2. Information to be clarified by the manufacturer.

3.5. Material inspection after reception

After a visual inspection, no external damage has been detected.

3.6. Performance verification

Detector performances verification can be done at module or system level.

With regard to the optical performance, next verifications are expected:
- Module level. The next equipment is needed:

« Alaser source emitting at 532nm and performance similar to the one envisaged for YLARA.
o Abeam expander.

« Two flat folding mirrors and their mounts.

o Asetof neutral filters.

« Optical table.

« Power / energy meter.

- System level. The detector must be integrated in YLARA to proceed with it.

13




Annexes

4. Annexes

4.1. C-SPAD detector’s heritage in SLR

Several SLR stations, most of them located in Europe, have this detector implemented in (roughly,

more than 20). Some of them, a part of SLR, perform SD with the same detector which adds

versatility of finality ([RD03]). Table 3 shows some of them and, after it, some are described in

more detail.

Datos Site Logs estaciones mas relevantes

Estacion Changchun ESA Graz Graz - SP-DART
0. Fecha site log 10/04/2018 En desarrollo 26/06/2018
2. Site Location Info
City or Town Changchun Tenerife Graz Graz
Country China Spain Alemania Alemania
6. Receiver System
Primary chain /Detector type CSPAD (532 nm) CSPAD (532 nm) CSPAD (532 nm) CSPAD (532 nm)
Manufacturer Peso /Graz Peso /Graz Peso/Graz Peso/Graz
QE (%) 20 > 20 >20
Rise time 1500 ps <2400 ps
FoV 40-60 " 40-60 "
Signal Processing Time walk Comp. Time walk
compensated
Mode of operation Single to multi Multi photon
ToF observation Event timer Event Timer Event timer
Manufacturer Riga, A033 Riga Dassault / Graz
Resolution 1ps 1,22 ps
Precision 5 ps 2 ps
Herstmonceux Mount Stromlo San Fernando Shanghai Zimmerwald
05/02/2018 20/07/2018 11/06/2015 14/11/2015 05/03/2018
Hailsham Canberra San Fernando Shanghai Zimmerwald
Reino Unido Australia Espaiia China Suiza
CSPAD (532 nm) CSPAD (532 nm) C-SPAD (532nm) CSPAD (532 nm) CSPAD (532 nm)
PESO Peso / Graz PESO Peso /Graz PESO / Graz
20 20 20 20 18
1500 ps <2400 ps -
100 micras 12" 40-60" 60" >8"
- Time walk comp. Graz | CFD (Tennelec) (start Time walk Comp. Time Walk Comp.
detector only)
single photon Single to multiple Single to Multi photon Single to multi Single to few photons
Event timer Event timer Interval Event timer Event Timer
Thales modules EOS Stanford Reasearch Riga, A033 RIGA, A032
1ps 0.7 ps 4 ps 1ps 1ps
5 ps 10 ps 30 ps 5 ps 10 ps

Table 3. ILRS stations performing SLR with the detector acquired for YLARA

14
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4.1.1. CHAL - Changchun (China)

See [RD04] and [RDO5].

f. Receiver System
6.081.91 Primary Chain
Wavelength [nm]: 532
Detector Type : C-5PAD
Manufacturer
Model 1 @432

Quantum Efficiency [%]: 2@
Nominal Gain 8
Rize Time [ps]:
Jitter (5ingle PE)[ps]: 2@
Field of View Diam ["]: &@
Date Installed
Date Remowved

: PESQ Consultimg/CZECH

: 2813-81-14
i 2813-11-25

Servo Controller

|

Changchun SLR System Model

24 Bit Encoder

Transmitting Optics

CFD

puke

start 1 stop

Range Timer

(HPS3T0B)

aampwy % sandwo) [onuo)

10MHz

1pps
Reference Gate Generator
ERPEAT 10MH:
L

Figure 5. CHAL - Changchun . Site Log and SLR system model showing the C-SPAD as detector.

4.1.2. ELRS (ESA Laser Ranging Station) - Tenerife (Espafia)

System setup: in progress. No references yet.

LC Detector
M5
~—

85650 seencs

FT532 CSPAD
M2
=1

Diagram of ESA SLR Detection Package

Figure 6. ESA SLR system model showing the C-SPAD as detector.

4.1.3. GRZL - Graz (Austria)

See [RD04] and [RD06].

6. Receiver System

6.91.91 Primary Chain
Wavelength
Detector Type

Manufacturer
Model

Quantum Efficiency [%];

Nominal Gain
Rise Time

[
Jitter (Single PE)[p
Field of View Diam ["]:
Date Installed

Date Remowved

: 532
: C5PAD
: Chip: PESO Consulting: Electronics:

2e

1: 2488
H 1]

46 - 68

: 1988-81-01

Figure 7. GRZL - Graz - Site Log.

Graz
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GRAZ KHZ SLR SYSTEM: DESIGN, EXPERIENCES AND RESULTS

G. Kirchner, F. Koidl

Austrian Academy of Sciences. Institute for Space Research
Lustbuehelstrasse 46. A-8042 GRAZ. AUSTRIA
kirchner@flubpc04.tu-graz.ac.at

Abstract

Within the last vears, we have prepared our Graz SLR system for kHz operation; since
October 2003, this 2 kHz SLR system is operational.

Our previous 10 Hz laser (35 mJ @ 532 nin, 35 ps pulse width) has been replaced by a
2 kHz, DPSS Nd.Van laser system, using a SESAM seed laser with a Regenerative amplifier
and a post amplifier; this laser delivers 400 (1J (@ 532 nm per shot, with a pulse width of 10
ps FWHM; due to the low energy per shot, we receive mainly single photons from higher
orbiting satellites, like LAGEOS or higher, from Low Earth Orbiters (LEOs) we still get multi
— photon returns, resulting in close to 100% return rates.

As single photon detector we use a standard C-SPAD (Single Photon Avalanche Diode,
Peltier cooled) with Time Walk Compernisation, the Range Gate Generator with 500 ps
resolution was implemented with an FPGA chip in Graz. Time of flight is measured with our
Graz E.T. (based on Dassault Event Timer modules) with 1.2 ps resolution; the system is
capable of handling up to 500 shots in flight simultaneously.

The system single shot RMS now is 2.5 mm for satellites with low signature; due to high
data density of Normal Points — up to 100.000 returns per NP — this system offers in principal
accuracies far below the 1 mm level.

Due to the high data density and the high single shot accuracy, the Graz kH=z SLR system
now can detect single retro-reflector tracks from many satellites; this allows to select only
echoes from the nearest retro-reflectors, resulting in a much better defined mean point of
reflection, improving again the accuracy. In addition, it is also possible to derive the rotation
of passive sphere satellites.

Figure 8. GRZL - Graz - System overview.

4.1.4. SP-DART - Graz (Austria)

See [RDO7].

Single-Photon detector Units

For the application of SP-DART in non-SLR telescopes (e.g. astronomy telescopes), suitable single-
photon detectors have been designed, built, installed and aligned. Three different options are
possible.

The C-SPAD offers a 200 pm chip, is Peltier-cooled to -60°C and has fully time-walk compensated
electronies [Kirchner 1996] and oftfers single shot accuracy of 2-3mm and a resolution down to
0.2mm. The quantum efficiency is larger than 20%. However, the small chip size limits the
aceepted field of view of the sensor.

Figure 9. SP-DART - Graz detection subsystem overview.
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4.1.5. HERL - Herstmonceux (Reino Unido)

See [RD04] and [RD08].

6.91.85 Primary Chain

Wavelength [Am]: 532

Detector Type : CSPAD
Manutacturer : PESO Consulting
Model

Quantum Efficiency [%]: 28
Nominal Gain :

Rize Time [ps]: 1588
Jitter (5ingle PE)[ps]: 3@

Field of View Diam ["]: 28 - 258
Date Installed 1 28B82-18-16
Date Remowved 5

Figure 10. HERL - Herstmonceux - Site Log.

They have used Single-Photon Avalanche Diode (SPAD) detectors at its Herstmonceux SLR station
since 1992.

Their principal advantages over the traditional photo-multiplier tubes (PMTs), which they replaced,
are the fast rise time of the avalanche to give good epoch timing, and the fact that they are compact,
stable and robust. But they do have some disadvantages: they are intrinsically noisier than PMTs;
there is time-walk (the response time is dependent on both light pulse energy and the temperature
of the device); and the tiny chip can make alignment difficult. However, the effects of these
drawbacks can be minimized at the telescope by using neutral density filters to attenuate the
energy of return pulses at the level of single photons, and by frequent calibration, especially when
the temperature is changing rapidly. In routine operation the advantages far outweigh the
drawbacks.

At the end of 1998 they purchased a time-walk compensated version of the SPAD, the so-called C-
SPAD ([RD09]), which has several improvements over previous SPAD detectors.

4.1.6. SFEL - San Fernando (Espafia)

See [RD04] and [RD10].

6.81.82 Primary Chain

Wavelengih [Am]: 532

Detector Type : C-5PAD
Manufacturer : PESO Consulting/Graz
Model

Quantum Efficiency [%]: 28
Nominal Gain g

Rize Time [ps]: 2484
Jitter (5ingle PE)}[ps]: 3@

Field of View Diam ["]: 5@

Date Installed 1 2881-a1-24
Date Removed 3

Figure 1. SFEL - San Fernando - Site Log.
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4.1.7. SHA2 - Shanghai (China)

See [RD04] and [RD11].

£.81.82 Primary Chain

Wavelength [Am]: 532
Detector Type :+ C-5PAD
Manufacturer : PES0O Consulting/CZECH
Model 1 8433
Quantum Efficiency [%¥]: 2@
Mominal Gain :
Rize Time 1
Jitter (5ingle PE}[ps]: 26
Field of VWiew Diam [™]: 6@
Date Installed

1 2813-11-25
Date Remowed 3

Am 12 F2 o T..— -

Figure 12. SHA2 - Shanghai - Site Log.

4.1.8. STL3 - Mount Stromlo (Australia)

See [RD04] and [RD12].

6. Receiver System

6.81.81 Primary Chain

Wavelength [mm]: 532
Detector Type : C5PAD @419
Manutacturer : PES0 Consulting
Model 7=
Quantum Efficiency [%]: 28
Hominal Gain : N.A.
Rize Time [ps]: MN.A.
Jitter (5ingle PE)}[ps]: 28
Field of View Diam ["]: 12
Date Installed

Date Removed

1 28B84-84-38

Figure 13. STL3 - Mount Stromlo - Site Log.

4.1.9. ZIML - Zimmerwarld (Suiza)

See [RD04] and [RD13].

£.81.82 Primary Chain

Wavelength [mm]: 423

Detector Type : C5PAD
Manufacturer : PES0 Consulting
Model 1 8419

Quantum Efficiency [%]:
Nomingl Gain
Rize Time
Jitter (5ingle PE}[ps]:
Field of Wiew Diam ["]:
Date Installed
Date Remowed

13

: leld
]: N.A.

£
9

1 2883-83-11

Figure 14. ZIML - Zimmerwarld - Site Log.
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1996-2008 Since 2008
Laser
Type Titanium-Sapphire Nd:YAG
Manufacturer / Model | Thales Thales
Wavelength 423 & 846 nm 532 nm
Frequency 10 Hz 100 Hz
Pulse Energy 100 mJ @ 846 nm 24 mJ @ 1064 nm
40m) @ 423 nm 10 mJ @ 532 nm
Pulse Width 100 ps @ 423 nm 58 ps @ 532 nm

Echo detection

el oA T

rr aT

Type PMT / CSPAD CSPAD
Time of Flight Interval counter (Stanford) Event timer (Riga)
Epoch Timing Quartz controlled by GPS Quartz controlled by GPS

o - o e

Figure 15. Laser and receiver systems used at the 1 m ZIMLAT telescope (since 1996).

4.2. C-SPAD optical configuration

The detector package (Figure 6) includes an air separated doublet (Figure 7).

Figure 16. C-SPAD detector package dimensions. The 8mm dimension could vary due to focus adjustment.
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Figure 17. C-SPAD detector package optical components of the air separated doublet.
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C-SPAD Detector for YLARA Station
Yebes Observatory, June 2020



