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Super-FGD
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MPPC in Super-FGD

® HE
e AE : S13360-1325PE (REEEY 1 V)
® THME : 1.3x1.3mm?2
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® Gain, Capacitance, Breakdown voltage, PDE
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® Noise rate, Crosstalk probability
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MPPCK=ER
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7 X NAIFERER

€ Gain&Breakdown voltage

® LED ON O & ZDADCH LD EH

® GainldOp.e.&1p.e. -V Z[ADClE L TESE

® Breakdown voltageldHV-GainZ' 5 7 DXtF & UL TES
® Breakdown voltageE#DEKEZOver voltage AV TXRY

ADC Distribution : CHO

R HV-GAIN : CHO
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& R FE
® LED ON O & ZDADCHIm LD EHR
0 RTAFILDHEER%ZPO = # of pedestal events / # of total events
® N7V UNHEIRET % &REAXFE=-log(pO)
® PDEZAIET 3/=HICEZY —MPPCOEA Z iR

|

ADC Distribution : CHO VOVER-PE : CHO
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A TE 5 R

‘ \N|/ %_ﬁ,l\i # of P.E. 2D distribution @ VOVER =5V
iR IEArray LED & LGP
NHE—REZILEIRE S 5 —CTHE
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w/o mirror : uniformity 7.4%

# of P.E. 2D distribution @ VOVER =5V

1.3

w/ mirror : uniformity 1.5%
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7 X NAIFERER

€ Noise rate
® LED OFFOTF—4h 5 &EH

® EASIROCOHOSCALER#8E0.1seclc—[alNoise ratez&H U #IC
® 20E D &= AV=5VT~-50khz (321TND280IZ AV=1.5V ’6~600khZ)

Noiserate distribution : CHO VOVER-NR : CHO
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7 X NAIFERER

€ Crosstalk probability
® LED OFFO &=DTF—9hHEH
® ThresholdZZ Z /= & = DNoise rateDZ{t % AIxE

® Crosstalk probability = 1.5p.e. noise rate / 0.5p.e. noise rate
® AV=5VT~1.5% (BRTTND280IEAV=1.5VT~15%)

S-curve : CHO VOVER-CT : CHO
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Breakdown voltage Gain @ VOVER =5V #of P.E. @ VOVER =5V
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MPPC production
PCB production
Development of test system
MPPC mass test
preparation for integration

Integration
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Back up
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Setup

@® Diagram of digital signals

control
DAQ PC B

data
control l

delay

@® Trigger mode
- ON EASIROC(CHT):
LED(CHZ2)
(
)

- OFF EASIROC
LED(CHZ2

CHI1):
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Setup

@® Measurement mode
- ON : TRIG ON / 100,000evts / 20voltage

- Noise rate : TRIG OFF / 10,000evts / 20voltage
- S-curve  : TRIG OFF / 1000evts / ~80DAC / 4voltage

@® EASIROC configuration
- Capacitor HG : 100fF
- Time Constant HG Shaper : 50ns
- Threshold DAC code : 920(CHIP1), 880(CHIP2) (except S-curve)
- Trigger Pattern : OneChO
- Input DAC : 511

% 2MPPCs are not measured due to interface’s misconnection problem
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Measurement time

@® measurement time per run
- ON : 434s
- Noise rate : 270s
- S-curve : 704s
- Total : 1408s = 23min 28 sec

ON Noiserate S-curve Total
Events 100,000 10,000 1,000
Trig [khz] 5 1 1
Time / Point [g] 20 10 1
+ Lag ~2s 22 12 3
Points / Voltage 1 1 75
Time / Voltage [s] 22 12 225
Voltage Points 20 20 4

Time / PCB [s] Y8 estimated
Time / PCB [s] IR0} measured
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Breakdown voltage
@® Temperature dependence of V-bd

- Left figure shows Gain as a function of Bias voltage
- Gain decrease by 5% as temperature increase by 5°C at same V-bias
- Right figures shows V-bd distribution of 62 MPPCs
- Mean of V-bd in each temperature is
15C:509V 20C:51.2V 25C:515V

HV-GAIN : CHO Breakdown voltage

— 30 9
o F 3 °F
a o F
< o 16
c 25— > C
a Y= 14—
o _
8 LS 11
20_— 12_—
- o —
15_—
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10— 6
: e L
5 C
B o
IIIIIIIIIIIIIIIIIIIIIIIIII :||||||||IIlllilllllrlllmllllllll
%O 52 53 54 55 . 56 57 %O 50.2 50.4 50.6 50.8 51 51.2 51.4 51.6 51.8 52
Bias voltage [V] Breakdown voltage [V]
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Gain

@® Temperature dependence of Gain
- Left figure shows Gain as a function of over voltage
- Right figure shows Gain distribution at 5V over voltage

- Mean of Gain in each temperature is
15C:25.6 ADC 20C:253 ADC 25°C:25.6 ADC

VOVER-GAIN : CHO Gain @ VOVER =5V
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Noise rate

@® Temperature dependence of Noise rate
- Left figure shows Noise rate as a function of over voltage
- Right figure shows Noise rate distribution of 5V over voltage

- Mean of Noise rate in each temperature is
15C:32kHz 20C:47 kHz 25C:74 kHz

HV-NR : CHO Noiserate @ VOVER =5V
— 120210’ 18
© - & 16—
*@ 100 — _ S ¢
Q - 5 14
= 80— 12—

—_
o
|III

60:—///
40:—’_’__/—-»//

20—

OO N -T (2] e

20 40 60 80 100 120
Noiserate [Hz]

565 57
Over voltage [V]
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Crosstalk probability

@® Temperature dependence of Crosstalk probability
- Left figure shows Crosstalk probability as a function of over voltage
- Right figure shows Crosstalk distribution at 5V over voltage

- Mean of Crosstalk probability in each temperature is
15C:1.5% 20C:15% 25C:1.6%

VOVER-CT : CHO Crosstalk @ VOVER = 5V
> n 25
£ e [
g s n
o = 20—
a 5 "k
X **
e -
A 15
o
(@)
10—
5
1 _IIIIIIIIII IIIIIIIIIIII IIIIII IIIIIIII IIIIIIIIII
3 35 4 45 5 55 6 §o1 0011 0012 0013 0014 0015 0016 0.017 0018 0019 002
Over voltage [V] Crosstalk probability
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Number of detected photon
@® Temperature dependence of # of P.E.

- Left figure shows # of P.E. as a function of over voltage
- Right figure shows # of P.E. distribution of 5V over voltage
- Mean of # of P.E. in each temperature is

15C:1.41 pe. 20C:1.35pe. 25C:1.30p.e.

VOVER-PE : CHO # of P.E. @ VOVER =5V

N
o
T

1.6

-
e
I|II

# of MPPCs
ITI T
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||||
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# of detected photon [p.e.]
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0.8 . 1.1 1.2 1.3 14 1.5 1.6 1.7 1.8 1.9 2
# of detected photon [p.e.]

2020/2/16 ZE26[EICEPPY Y iIRY D Ly



MPPC64-PCB prototype

€ Overview

® Every 64 MPPC will be mounted on PCB for Super-FGD
We produced MPPC64-PCB prototype designed by LSU
Resistor and capacitor are mounted as low-pass filter

HV and signal lines are connected to cable by samtec 80 pin connector

{ |
| CHIN ) I,
, I TPV IESIE
. WO E § W

Lo N
P ~/ y
| Yol ) PR T

MPPC side Connector + RC side Lines
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MPPC64-PCB prototype

€ Comparison of the results
® There are some differences :

1. Our Vop is 0.1~0.9V lower than Vop measured by Hamamatsu

2. Variation of our Vop is about two times as big as that of Hamamatsu Vop
® To clarify the difference plot Vop difference ( Our result — Hamamatsu )

® Need to understand the behavior
Opereation voltage : PCB1 Opereation voltage difference : PCB1

L T T T T amanass

I Our resut

572~ 1 N et

Operation voltage [V]
Vop difference [V]
w
IIII|IIII|IIII|IIII|IIII|IIII,.I__L-_E!I|IIII

MPPC Position Number MPPC Position Number
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MPPC64-PCB prototype

# Dependence on MPPC position at PCB ? || 528444
® Last time | reported Vop seems dependent on MPPC’s ||yt wilw v
position at PCB (lower left figure) O e
® Lower right figure shows it is more natural to think Vop is [T “43 ==c=il
dependent on EASIROC channel T R
® Vop difference in each 32CH decreases as CH# increase |# !} & E LUERE:
: : : P8 Hd|[® ¥ 48
® Need to investigate possible cause S
Opereation voltage difference : PCB1 Opereation voltage difference : PCB1
s °F T s °F AR DA A
For 5o CHIPT{CHIP2
S osf | 1 o B
TS N 110 A U A A A g
soaly U P ] S
LTI SIS I L I B N T o 8 oaf
> ;s*ss*[ss}ssss*us S > F
o0 b e | e
ottopileft 1 1 3
topuignt g LD e
opptiom-teft Il i oo
“%ebottom-right | b i b L oo
_10....10 ..... éo"':'slo:":"”':":'aln:":"él()' _1-(|)

MPPC Position Number
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