Progress of GAPD HIPM based Imaging Camera for ACT

(S.S.Upadhyaon behalf of HAGAR group, TIFR, Mumbai)
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Camera Specifications

r  Imaging camera housed at focal point of 4m telescope

r Operational site isHanle.
0 Temp variation of 10C over a night and Avg night temp varie0°C to +20°Cover the year
0 Observation condition : Dark to Bright night sky regions or Twilight condition

r 256 pixels Camera
0 FOV 8x5° (353x353mm)
0 Pixel Size 0.32 (22.1x22.1mm)
0 Pixel Sensor S13361 : GAPDGIPM of 4x4 array (13x13mm), Sukpixel of 3x3mm size

r D.etelftion of Cerenkov flashes (~5ns) of few 10s gk against large NSB back ground(93Mpe/s per
pixe

r  Pixel information tobe recorded
0 Pulse profile@1GSPS or Charge
0 Dynamic range up to 1000pe/pixel with a resolution of 0.5 pe (up to 10pe)

r In=situ calibration of pixel gairof Camera and gain stability monitoring
r Trigger criteriaZ near neighbor pixels crossing set pe threshold and rate Eew tens of Hz
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Challenges faced

Due to limitation of light concentrator, sensor area could not be optimized less than 12mm? and 4x4
array SiPM used. Due to large decay of SiPM pulses, individual 16 sub pixel pulses are processed &
addedin electronicsfor better S/N ratio

The detection of faint Cerenkovphoton shower of 10s of photons in few nano-secondswindow against
continuous huge night sky photons of 93Mpe per second per pixel during dark night observation,which
increasesfurther in observationsunder bright sky regionor moon lit condition.

Thephysicsneed of wide dynamicrange from single photonto 1000 photons per pixel.

Extreme night temperature of +30°C to -25°C in the site Hanlg(4300m Altitude), Ladakh where the
Camerais plannedto be deployed SiPMgainis sensitiveto temperature and hence Bias voltageis need
to be compensatedcontinuouslyby monitoringtemperature near SIPM(GAPD)

Space constraints of front end electronics (< 22.1mm width PCBneeds to accommodate 16 subpixel
fast analog signal conditioning electronics)demands choice of SMD componentdesignwith 10 or more
layers PCB This miniaturization makes PCB population (soldering) very challenging during in-house
prototypedevelopment

Highdata through-put due to Gigasamplingof the pulse profile
In-situ gain calibration and monitoring

Due to space constraint and complexity of the design, FPGAand microcontroller are chosen This
demanded self up-gradation of staff skill to these new technological designs from the conventional
discretelogic design



Pixel view of Camera(256 pixels)
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Pixel Sensorax4 GAPD (Hamamats§13361-3050AS-04)

Characteristics Vover dependence (measurement example)
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13x13mm i 4x4 array, 74% Fill Factor -A;FR‘:’-
SUb plxel SpeCIflcatlonS —N—D— Photon detection efficiency vs. waval::::::waasuramant example)
A Sub-pixel : 3584 micro-cells of 50 km pitch
A Low voltage (Vop=56V Typ.) operation _N_D - — et
A High gain: 105to 106 Pl - —
A Operating temp -20 to +60C atdde  Cathode "
A Spectral Response 270 to 900nm Peak at o
450 10%
A PDE 40% at 450nm -
A Dark count per Sub pixel typ 0.5M Hz at 25C T meenom
A Cross talk 3% Pixel 4x4 array ( OVibias Vbi)
A Temp coeff of BD voltage is 52mV/C A Common Bias Gain variation of 1.25% @ 3V OV

A Gain variationof 1.5% per C
A Dark countsof 0.5 x16 = 8MHz, temperature
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Imaging Camera Electronics in focal plane of telescope

Ethernet link to control
Back end Electronics room for control & data
233x420x220mm transfer

Back end Module
(233x20x22Qmm)

Front enEIectronics
(360x360x310mm)
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Pixel Cluster Module Components

PCM r  Pixels Cluster Module(PCM}6no.s
Light d Hollow Light concentrator16 no.s
ConcemratoU UUU ' Square Entry(22.1mm) & Exit(12.4mm), H=25.5mm

G-APD <.2m
% r Concentrates pixel light onto @PD

= [=][=]]l= [o] d GAPD PCB 1no.
g 8 8 8 8 r Houses 16 pluggable GA\PDs (4x4 sub pixels)
; E) .E’ .E’ E’ r - Two temperature sensors
3 | = % % = 0 Pre-Amplifier Cardo 4no.s
. g' =1l € % r Has 4 Pixel channels. Each Channel processes16 spixel signals
% <[ <[] < r 16 sub pixel pulses are amplified(Transimpedance), shaped and summed
S oIl 2f ¢ to get a pixel signal output
4! ol e | I | r Each Sub pixel can be Enabled/Disabled in all 4 pixels usingvire
o LV Suppl protocol.
® |_EL & Bias Card2no.s

8 ChBIAS card ' _

[r—— r 8 channel, 0to 70V Bias voltage, 2.5/4mA
8 ChBIAS card r - Microcontroller based control & monitoring

4. 4 r G-APD gain Compensated for Temperature & load variation
v ¢ r 1 wire connectivity to Temperature sensors and Sub pixel selection

a
Pre amplifier outputs &3 / CSPI link to Raspberry Pi based Bias server for overall control &
. . © monitoring of 32 B|as cards in 16 PCMs

r Raspberry Pi has Ethernet down link to remote server in control room
0 LV Supply

r Caters required voltages to all the cards in a PCM

CSPI
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A One PCM is
ready for
rigorous tests

4 Channel
Amplifier
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Pixel Amplifier PG test result (Version 2)
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Summation results using GAPD exposed & Dflasher (Amplitude spectrum)
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Summation results using GAPD with LEBXher (Charge )
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