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Motivation

* Assess Long-Term Stability: Monitor potential degradation in photocathode
QE and MCP gain over time.

« Optimize Operating Conditions: Understand how voltage and light settings affect aging, then
adjust them to reduce lifetime.

* Ensure Reliable Performance: Maintain consistent detector response for extended use.

 Extend Detector Lifetime: Prevent early failure by understanding degradation mechanisms.



PPPPP window = 48 volts: battery or quiet low
<—l / SHV I/t x5 voltage supply

Aging studies plan

i | Keithley 6485/6487
Picoammeter : Output

During aging, the following parameters were monitored continuously: ol

v' Gain, ~108 gain
v’ Dark Rate (Hz/cm?), = e
v' Transit Time Variation (TTV),

o Photon Detection Efficiency (PDE),

o After Pulsing Rate
v' Biasing voltages between Entry-MCP, Exit-MCP and PC

o The biasing voltages between MCP-1 and MCP-2 will be adjusted for gain control and safe operation with the HRPPD

longevity in mind and to reduce the impact of aging.

v" Quantum Efficiency (QE)

o This measurement requires some changes in setup so that this measurement will be performed after some time e.g.
2-3 days
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Existing electronics
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CAEN DT5742B digitizer

2. CAEN V1742 Digitizer with CODA DAQ
and electronics

3. CAEN N1470 HV source for HRPPD

4. Lightsource pulsed 405nm

5

6

. Calibrated Hamamatsu S2281 photodiode
. XYZ motion stage Velmex
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XYZ motion stage controlling and readout GUI

Main.vi — a X
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 LabView-based GUI to control 2x Desy chained VELMEX XYZ motion stage and
Keithley picoammeter for data taking and in-situ readout
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QE measurement results before aging

HRPPD-24 QE Scan at 470nm
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With no light source, the HRPPD current is -0.49950uA at 470-472nm, with light source the HRPPD
measured current is -0.50296uUA, the reference calibrated photodiode current is -14.9886nA,

photosensitivity of photodiode at 470nm is ~237mA/W

With the given numbers the QE of the HRPPD-24 at 470-472 nm is approximately ~14.5-14.9%



QE measurement results after aging

Possible or very small
vacuum micro-leak  |HRPPD-24 aging test X vs Z for y=55 and y=48

Entries 15625 L [[—y=55
Meanx  62.71 | EE S [N SR— RN
Meany 6212 = ' 5 ; : : ’
Std Devx 3496 | -

StdDevy 34.96 | B

o
w
|

o
@
|

Z (Normalized Values)
o
i
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X (cm) X (cm)

* The calculations show the total amount of charge collected over the illuminated area and time duration with a
photon flux of ~5x10'5photons/s/cm?is <2 Columb/cm? with a beam diameter of ~1mm?2, and illumination time
for ~300 mins, at a given 470-472nm wavelength.

* Some sign of vacuum micro-leak? The vendor was notified and got the answer, “In any case first thingto do is to

measure dark rates locally and globally. Usually, a leaking tile shows global increase in the dark rates”
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Sketch of the back side of HRPPD

Back view

HRPPD-24

107

Gain

== MCP B0V

== Channel - 15
== Channel -1
= Channe! - 2
== Channe! - 3
P Channe’ - 4
Channe! - &

i 1 1 | 1
1860 1880

8 16 24 32
X (pixel)

The colored region where all measurements were performed

The color code indicates Gain variations for different channels ~2x10° for
ROP voltages

The Gain for these channels are in the range of 7-12%, except for one
channel

Due to broken connectors, no data was collected from channels 30 and 31.

| | | |
1940 1960
PC-HV (V)

1900 q920°

Vendor results
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Dark Rates BEFORE and AFTER
HRPPD#24 Dark Rate

—
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La
|

Dark Rales (Hz/cm®) HRPPD 24\

Dark Rate kHz/cm?
I

102 ==

MCP_HVY=600V Before Aging |

MCP_HV=625V Before Aging |

# A MCP_HV=600V After Aging
_..: ______________________________ S T SRS SR A MGCP _HV=625V After Aging
| EI | | | | | 1 | | | | | | | | | | | | 1 | | | | | | | | | | 1 | | | | | | | | | | |
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PC_HV (V)

* Dark rates fordifferent PC and MCP biasing voltages were measured

e Solidlines areresu

lts before aging, dashed lines for after aging

04-10-2024
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10" — -
10' — -
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10— —
o *—e—e 575VMCP _
*—a—8 600V MCP

*—8—& 625V MCP

10° — *—e—8 650VMCP —|
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L 700V MCP _|
104.Ili|l L1l |IIIiII IIII IIII|III 1111 11

0 100 200 300 400

Photocathode Voltage (V)

Dark rate results from vendor

* There is some negligible difference between the two measurements, but can’t say it is due to aging
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Hits

Transit-Time-Variation Studies

HRPPD-24 TTV Before Aging HRPPD-24 TTV After Aging
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summary:

» Prepared setup for Aging studies

v" QE measurement and studies:

* After excessive light poisoning ~20% degradation was observed

v Dark Rates:

* No noticeable degradation was seen that can be improved

v" Transit Time Variation:

* Strange behavior; need to do more neat and deep studies
v' SPE detection efficiency
« Clearyobserved a change in SPE detection(not quantified yet !!!)

[ Photon Detection Efficiency (PDE) for higher rates and flux is ongoing.

» These preliminary results show that biasing Exit-MCP voltage to higher gain and reducing Entry-

MCP and PC voltages can potentially recover SPE detection and extend lifetime
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QE measurements test setup and ENT PC ENB
HRPPD readout schematics

Light sources: narrow-band LEDS, 365 - 640 nm
Calibrated -
photodiode /" bartialysivered . T [T]
\ . i ; (7 i
- i = a
Picoammeter: Input | window HONS. DOUSSII OF eRuct iow [ "8 T [
l / SHVI/t x5 voltage supply H :EEEh i
L ! &
+ L | P ERETEE]
P S il
e i\\\\\\\\\\\\\\\‘ P
(772 7/ e, n T
/\n(i{ll'\ l l 1 l v '; ~ 'T; t.
[NEEEEEE Pl
Il
1 JNmmE
| B |
~ I E £
Anode ground
plare Oscilloscope, PSecd or
DRS4 electronics ETTEER |
EnEEEREE |
BEREEEED [
RS
ENREEOOE
R ~ T
L i
;'\ LT P -
T ET I ]
T =
EESEAN : H
o i
1
l JET .:JU 11

EXTOP GRND | EXBOT |
l‘ _ ,a;‘Q Ist:lﬂ;:soum

* Testswere done by applying -100V on PC
* Readout from MCP-ENT
* Allother connectors were terminated [ connestion schematic

Connection schematic
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Light source and shape for QE
measurements

* As alight source 470-472nm LED was
used and delivered via 400um Y-shape
50/50 fiber

* Focused by lens
 Beam diameter on HRPPD is <1mm?

<=TmmX1mm

?

&
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HVs in EPICS

Environment

MyaPlot 8.2.2 MyaPlot 8.2.2
v 1750.4 v
038 [
hrppd-pec-hvi:cho:IMon hrppd-pc-hv1:Cho:vMon
o6l ppd-p: 1750.35 e
) 1:0.35 17503 L:1750.2
034
1750.25
032f
. . . 1750.2
2024-11-19 20241119 2024-11-19 20241119 2024-11-19 2024-11-19 2024-11-13 2024-11-13 2024-11-19 20241119 2024-11-19
12:30:00.00  13:00:00.00  13:30:00.00  14:00:00.00  14:30:00.00 12130:00.00 13:00:00.00 13:30:00.00 14:00:00.00 14:30:00.00 15:00:00.00
¥ axis: [linear [auto [tiled X axis: [30 minutes [>» Mya: [ops ¥ axis: [linear [auto [tiled X axis: [30 minutes [» Mya: [ops
2895 F v 1300 £ L2
hrppd-pe-hvl:Ch1:Mon hrppd-pec-hv1:Chl:VMon
289 H:42.4 1200 | H:1600.4
288.5 Laras L:1600.4
- hrppd-pe-hv1:chz:iMon Hook hrppd-pe-hv1:Ch2:VMon
H:288.5 H:1000.2
288 L:287.55 1000 L:1000.2
287.5 . . L L | 900 L . . . L . .
2024-11-19 20241119 2024-11-19 20241119 2024-11.19 2024-11-19 2024-11-13 2024-11-13 2024-11-19 20241119 2024-11-19
12:30:00.00  13:00:00.00  13:30:00.00  14:00:00.00  14:30:00.00 12:30:00.00 13.00:00.00 13:30:00.00 14:00:00.00 14:30:00.00 15:00:00.00
¥ axis: [linear [auto [tiled X axis: [30 minutes [>» Mya: [ops ¥ axis: [linear [auto [tiled X axis: [30 minutes [» Mya: [ops
v 799.8 v
48.25 |
hrppd-pc-hv2:Cho:IMon 799.75 hrppd-pe-hv2:Cho:VMon
FERS H:48.35 H:799.5
L:47.25 L:799.6
4775 F a8
475 F 799.65
47.25 . . L L . I 799.6
2024-11-19 20241119 2024-11-19 20241119 2024-11-19 2024-11-19 2024-11-13 2024-11-13 2024-11-19 2024-11-19 2024-11-19
12:30:00.00  13:00:00.00  13:30:00.00  14:00:00.00  14:30:00.00 12:30:00.00 13.00:00.00 13:30:00.00 14:00:00.00 14:30:00.00 15:00:00.00
¥ axis: [linear [auto [tiled X axis: [30 minutes [>» Mya: [ops ¥ axis: [linear [auto [tiled X axis: [30 minutes [» Mya: [ops
v 200.6 v
35125 hrppd-pc-hv2:Ch1:IMon 20055 hrppd-pe-hv2:Ch1:VMon
351 H:351.45 H:200.6
L:350.25 2005 L:200.4
350.75
350.5 200.45
350.25 L L 200.4
20241119 20241119 20241119 20241119 20241119 2024-11-18 2024-11-19 2024-11-19 2024-11-19 20241119 2024-11-19
12:30:00.00  13:00:00.00  13:30:00.00  14:00:00.00  14:30:00.00 12:30:00.00 13.00:00.00 13:30:00.00 14:00:00.00 14:30:00.00 15:00:00.00

¥ axis: [linear [auto [tiled X axis: [30 minutes [» Mya: [ops
UISTIPTINEaTy ac tIo any CIvI T anu T I T e T rIES s By Uy (O uS e
this system you indicate your awareness of and consent to these terms and
conditions of use. LOG OFF IMMEDIATELY if you do not agree to the conditions
stated in this warning.

Red Hat Enterprise Linux Server release 7.9 (Maipo)

coda3_user setup: No such file or directory.

1 aasatury gluon25:/home/aasatury: mya
myaPlot myaViewer_ 2 myaPlot_cl_parser.csh
1 aasatury gluon25:/home/aasatury: myaPlot
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Y axis: [linear [auto [tiled X axis: [30 minutes [» Mya: [ops

NUUrs TUCHEvIT
HDOPS rocdevl:~> exit
logout
Connection to rocdevl closed.

~1$

~1%

~1%

~1% ssh hdops@rocdevl
hdops@rocdevl's password:

Last login: Tue Nov 19 10:88:51 2024 from hallde4.jlab.org

HDOPS rocdevl:~>
HDOPS rocdevl:~>
HDOPS rocdevl:~>

* Integrated to JLab EPICS
environment for
monitoring and controlling
the HVs
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Photek LPG-405 pulsed laser
405 nm - pulse width = 75 ps
Freq range = single shot to 300 kHz
Class 1(!!!) — inherently eye safe

I

Pulse En
w
o
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T

70-0D T T T T T T T T T T T T T l I I
LPG-405 R .
Pulse Energy and Width by Switch Position  |:

60.0p -

50.0p | i
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T o lese Energy

> Pulse Width Response from Photek PD010 [

1 1 1 1 1 1 1 1 1 1 1 1 1 Il

1 1 1
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
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Time Response of Photek PD010
01 | Stimulated by LPG-405 e
Measured on 18 GHz Samplmg Osculoscope
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C.Zorn

: Rise Time 40ps |~~~ LR
; : : | FWHM 75 ps

: . : . : . : . :
0.0 200.0p 400.0p 600.0p 800.0p 1.0n
Time (s)
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Hits

Reflected photons from the beveled edges of the front glass

HRPPD-1 Transit Time Variation (Edge) HRPPD-1 Transit Time Variation (Central part)

%2/ ndf 2858790 : : : : : : %2/ ndf 7327177
Constant 66 + 1.083 30 ................... ................... ................... ................ Constant 22.23+0.7265

Mean 1.124e-12 Mean - 1.955e-12
Sigma 5.92e-11} 1.26%9e-12 Sigma | 5.222e-11}t 2.031e-12

25 T — e 5

20 e 7 | T TR — —

Hits

| - | — T — _

30

YL S | T — _

20

10

. . L . i | L1 | L1 | L1l | x10
238 23.9 24 241 24.2 24.3 24.4 245 24.6 23.8 23.9 24 241 24.2 24.3 244 245 24.6
Time (s) Time (s)
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Dark Rate kHz/cm?®

Dark Rate measurement

HRPPD#26 Dark Rate

—%
=
[

—
o
na

0 50 100 150 200 250 300 350 400
PC_HV (V)

e Dark rates were measured at -650V and =700V on MCP
« 10V, 50V, 100-400V on PC
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TTV(Transit Time Variation) for HRPPD-17

Edit  Utility  Help

Waveform View Add New...

Cursors Note

At:35.239ns  1/At: 28.38 MHz
Av: 11.752 pv  Av/At: 333.50 Vis

L
t:-965.772 ps t:34.273 ns 15 mv R

- esults
v: 189.102 pv Table

Measure | Search

| v:177.350 pv Plot

HRPPD-3 Transit Time Variation

%2 / ndf 789.8/12
Constant 108.4 + 4.546

Mean 3.356e-08 + 3.556e-12
Sigma  7.367e-11+ 3.635e-12

Horizontal Acquisition
Add | Add  Add

10 ns/div 100 ns Auto, Analyz
New/[New| |New | DVM AFG| | EISSEUCITNEERIs Sample: 8 bits 3
Math | Ref || Bus I L1 L L1 L1 L %10
RL:25kpts ¥ 12% 2.439 MAcgs
33 33.2 334 336 338 34 34.2 34.4
Time (s}
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Examples of noisy signals

(The ground pin was broken)
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Schematic of HRPPD TTV setup

MSO64 Reference
Oscilloscope Oscilloscope

! ;
HRPPD CH- I |
RO -.
1N : Laser is OFF in this
I case
Reference MCP : —
|
|
I
[
|
' Gate ‘
i bl
. Laser trig IN | S
LASER trigger I 3KHZ
———————— -
Laser trig OUT

Arshi Dark Rate ”




SPE amplitude example

File Edit Utility Help
Plot 1 - Histogr: Waveform View Add New...
L S e T R
qﬁ Cursors| = Note

At:35.009 ns  1/At: 28.56 MHz
Av: 16.920 mV  Av/At: 483.31 kV/s Measure | Search

1:-965.772 ps @ . S 1
202.647 pV v:-16.718 mV Results | | p) 0

/W o i Table

/ Meas 1 L 2]
1 Delay
M: 33.10ns
0: 61.19 ps
M: 33.18 ns
m: 33.04 ns
N: 4

AClipping Horizontal Trigger Acquisition

500 mV/div | 5 mV/div lﬁg\:’v bvM| | AFG 10 ns/div 100 ns Auto, Analyze !
50Q 500 i SR: 25 GS/s 40 ps/pt Sample: 8 bits 11 Apr 2024
1GHz 1GHz RL: 2.5kpts ¥ 12% Single: 275 /8 k 18:18:57

Amplitude example for one SPE event between 15mV and 20mV




Y (cm)

HRPPD-26 QE Scan

11.00
100
0.8
1098 ¢
80 g
g 0.6
go)
&
60 10.96 =
=
5 0.4
=
40 0.94 N
0.2
20 0.92
j — Y=25
0.0F — Y =65
0 0 90 | | | 1 | |
120 100 80 60 40 20 0 ' 120 100 80 60 40 20
X (cm) X (cm)
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Single Electron Peak

[ JON X el
File Edit View Options Tools Help

ADC Spectrum

adc_spectrum
Entries 48499
Mean 41.05
Std Dev 89.9

Events
T 11

250 A S -
~ SEP(RED)-> séhutter—1:409--b+sﬁutter—2:109--2:(10xéamp}

200 — il Y _ SEP(BLUE) -> shutter-1=20%+#shutter-2=10%(10xamp) -> 20Xamp(BLACK)

150 L S—— T T

100 - . U S S R —
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