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LAPPD and Instruments

s N »
- LAPPD#153 (Gen-II) m |l Dark Box

* Darkbox
* Laserlightintroduced inside dark box by a fibre
with focalising lens
_* Software-controlled Moving Arm System (Zaber)

» Daisy Chain HV Power Supply (CAEN DT1415)
(as for our timing studies with test beams at CERN)

» Light source
= | aser Diode Head (Pulsed - 405 nm) and controller

0 Readout Chain
= |nverting Amplifier (Custom-made)
= Digitizer (CAEN V1742)
= (Oscilloscope (2.5 GHz, Teledyne Lecroy waverunner 9254)
= Picoammeter (Custom-made) — Photocathode Current
= Picoammeter from Keithley (6485) - One Ground Connection - Anode Current
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Strategy - Ageing Study

Two well separated Ilumination One of these two

regions for light 9 Each region : » = HIGH for Ageing » regions (let’s call
Four sensor pads

illumination = LOW for SPE Region A) will face
HIGH illumination

T 0 During high illumination
T el (Region A), rest of the window

H | protected with black screen
‘ g =

=H | ¢
A B Region B Region A
L SPE measurements SPE measurements
negion F negion E ' for comparison and before and after

stability check high illumination
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What to Measure?

Quantities of interest:
= Efficiency
= Effective gain

» Photocurrent at Anode/Photocathode

o Hardware intervention on the LAPPD
performed for getting a connection point
to measure Integrated Charge on Anode
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Keithley Picoammeter - Anode Current

Photo-cathode

Ettyf;Et;L :Ep ““““““““““““ Keithley Picoam rg Ztse OrlE E’(c)wn:e?(n) 1,:A\Ar\mde and Ground
e | | [

Anode e — — — — — — — Gr---C K

Lemo cable terminated on

Notto scale, Keithley Input Connector

Top five electrodes are connected to
Daisy Chain HV Power Supply

Two working configuration
= Normal: lemo terminated (with 0 QQ) on patch panel

= Keithley (K): lemo terminated on Keithley Input Connector =

Lemo (via the HV cable) is terminated on Keithley input
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Anode Leak Current

Anode leak current as a function of AV at XoX

Photo-cathode oV E >*<1 0_9
S p, =59 pA .
AN | | 11111 LALLLENYY YY) e 10 1p,~ R - 185G
. 2L
e INNIRRRRRRRRRRRRRRNRNNINL . ... 8|
Anode (G -
Not to scale Lemo cable terminated on 6 j
Top five elec,trodes are connected to Keithley Input Connector ~
Daisy Chain HV Power Supply 4 __
ol
= Anode current measured (light source OFF) -
o as afunction of voltage at Exit of Exit 07‘ ‘2|0| ' '4|0| ' |6|0| ' |8|0| ' '1(|)0| | '12‘()' | '14‘;()' | I1E‘30| | |18‘0| | '2(‘)({ —
o with all other electrodes kept at zero bias voltage AVyox [V]

= Ohmic Leak Resistance between Exit of Exit and Keithley Input via the Anode: ~19 GQ

=  Only Entry of Exit MCP has some significant contribution to this leak current

4 LAPPD WORKSHOP 8-May-2024 LAPPD#153-Ageing-Studies Jinky Agarwala



Anode Leak Current

Config. Efficiency Mean of Pulse Height
[%] Distribution [pC]

- et 75w
A | | |11 LLLLLLLLL AL LYY — E—

el | || [ P R =

Anode ' — — — — — — — & ---C K
Lemo cable terminated on 10 MQ 7.2 0.62
Notto scale, Keithley Input Connector
Top five electrodes are connected to
Daisy Chain HV Power Supply PHDist_K_test PHDist_N_test
F 200
T ki fi i E X2/ ndf 199/116 180 %27 ndf 2673/114
ull Q 0.8546 +0.0113
o working contigtration b it [ e izmoms
= : - ex X +0.
1aofl fhT exp 0'2001733 223412 140 1 N P 172 +4.9
= Normal s 10 — | ¢ "
. Kelthley & 100 g 100 ___lab_data
& ——lab_data S SPE Polya fit
eof- 4+ SPE Polya fit 60
40" . 40f-" .
> No evidences for Keithley presence 20f . With K ol Without K
modifying the results o) S 0 P SSRRS S PR S S|
QDC [pC) QDC [pC]
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Photocathode leak current

cnmtmce NMATTTTRT1N100RNRRNNNNY
aeee [NNBRRRRRRRRRRRRRRRRRIN]I
Anode ————————————————————— (K

Lemo cable terminated on

Notto scale, Keithley Input Connector

Top five electrodes are connected to
Daisy Chain HV Power Supply

Custom-made Picoammeter
Resolution 1 pA

Amplifier circuit

Made in Trieste

Silvia Dalla Torre, et al., RHIP, a Radio-Controlled High-Voltage Insulated Picoammeter and its usage in studying
ion backflow in MPGD-based photon detectors. (2018) 068. 10.22323/1.322.0068.
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Photocathode leak current

HV Supply

Floating Photocathode leak current as a function of AV at Photocathode

PA

X

—
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w

Photo-cathode
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el | || [

Anode (G

Not to scale,

B

P, = -29 pA

1/p, = Rew = 127 GO

w

I leak, photocathode [A]
w
(8]

n
o

Lemo cable terminated on
Keithley Input Connector

Top five electrodes are connected to 2
Daisy Chain HV Power Supply

1.5

1

0.5

=  Photocathode current measured (light source OFF)
o as afunction of voltage at Photocathode
o with all other electrodes kept OFF (not powered)

| | | | | | | | | | | | | ‘ |
10 20 30 40

= Ohmic Leak Resistance between Photocathode and Entry of Entry MCP: ~13 GQ
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Experimental set-up
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Electrical circuit
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Calibration of Picoammeters

I Keithley [A]

o
—

0.08

0.06

0.04

0.02

Keithley Picoammeter

Measured with known 10 MQ

P, = -43 nA

‘pr1 =R =9.96 MQ

800

Range of Interest: 20 pA-100 pA
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1000
Power Supply

[Vl

Custom-made Picoammeter
Measured with known 20 GQ)

|_|><10'9

S_

< - p0=-16pA

3_.1—_ 1/p1=R=19.QBGQ
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04—
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0 2 4 6 8 i0 12 14 16 18 20 22

24
VPower Supply [V]

Range of Interest: 10 pA-1 nA
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Photocurrent and timing for ageing

From literature:

* QE relative to the initial value as a function of
the accumulated output charge on PMT anodes

* Does NOT provide measure of accumulated

charge on Photocathode

We can measure accumulated
charge on Photocathode too!

> - <]

IPhotocurrent = <Itotal leak>
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For Ageing (conventional PC), ~ 1 C/cm? at Anode

1 C/cm?2*0.36 cm?
(1.6 * 10719 C/e- * 108

~10"3 p.e.
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Accumulated output charge [C/cm?]

K. Inami, et al., MCP-PMT production for Belle || TOP
detector and further R&D. NIMA, 936 (2019), pp. 556-557
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Observed photocurrent at PC (laser intensity

setting: 2.16), bias: AV_Gaps-MCPs-PC:
200-850-50 V

~8 pA

~5*107 p.e. per sec

» With laser intensity setting: 2.16
to accumulate 10'3 p.e. we need
~ 60 h of illumination
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Summary of the status

= We planto perform LAPPD#153 ageing studies at INFN Trieste.

= We have set-up high resolution (10 fA and 1 pA) Picoammeters to measure accumulated
charge both on Anode and Photocathode. Devices are calibrated, show good linearity.

= For high illumination (ageing) we will also explore a fibre-coupled, collimated LED with an
USB-controlled, constant current LED driver (upLED™ from Thorlabs).

= Automatic recording of currents using computer and software - work in progress.

= Preliminary measurements are performed and we will start the measurements in next weeks.
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Summary of the status

= We planto perform LAPPD#153 ageing studies at INFN Trieste.

= We have set-up high resolution (10 fA and 1 pA) Picoammeters to measure accumulated
charge both on Anode and Photocathode. Devices are calibrated, show good linearity.

= For high illumination (ageing) we will also explore a fibre-coupled, collimated LED with an
USB-controlled, constant current LED driver (upLED™ from Thorlabs).

= Automatic recording of currents using computer and software - work in progress.

= Preliminary measurements are performed and we will start the measurements in next weeks.

Thank you!
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Back Ups
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Hardware Intervention

| ;ggntre
\ lectrode of a
~ "lemo cable is
soldered on
Anode/
conductive

—

Common grounding via pogo pins lemo going to patch panel Common grounding
removed on both sides (before: pogo

pins were touching the conductive tape
on the LAPPD ground)
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Photocurrent measurement

With enough light photocurrent is clearly visible in Picoammeters o Bias: AV_Gaps-MCPs-PC : 200-850-50 V
o Laserintensity setting: 2.16
= LaserDiode

= Repetition frequency: 80 MHz |phot0current’ b Cathode = 8 PA
= |nternal Mode
Pico-Ammeter readings (total): leak current + photocurrent
* hi_qdc_map
_ Entries 516711 —1
. . B Mean x 2.997

Laser intensity: 2.16 — Meany 3
Data taken (100kevts) with the digitizer for the central pad ‘L stbevy o1ms| || -
€ =0.35 (Assumption: Poisson Distribution) b

0.6

Row
|

e=1-P0)=1-e?
A=0.43 expected number of photoelectrons per pulse

0.4

1.15553

0.2

I =80MHz*A *1.6x 1079~ 6 pA

photocurrent, P. Cathode

Consistent picture between expected (6 pA) and measured (8 pA) Column

4t LAPPD WORKSHOP 8-May-2024 LAPPD#153-Ageing-Studies Jinky Agarwala



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17

