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ECAL/HCAL/Muoni&itFEK
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MUON requirement

Readout design for ECAL and HCAL covers the requirements of Muon detectorj N,,, < 100, o7 < 0.5ns

Use the ASIC scheme from ECAL or HCAL, and customize the FEE based on ASI

Revise according to the constraints from cooling and mechanical structure of the detector
Ref: page21, https://indico.ihep.ac.cn/event/23854/contributions/169297/attachments/82821/104811/Muon_Detector_IDRC_review_v2.pdf
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i(t)

'max

Q =foooi*dt=10 *7;—p+10*r=10*(r+%p)
0.1MI1P=128fC, 3000MIPs=3.84nC

35 I
Assume T,, = 40ns, t = 300ns, for 0.1~3000MIPs (128fC~3.84nC)

— 1,=0.4uA~12mA
— Set SNR to 5, then I,,,;5. =80nA
For calibration channel, 1 p.e equals to 12.8fC, we use CSA

— Set SNR to 10, then ENC=1.28fC
— Cd — 459pF,



SiPM=%{---LINDL SiPMs}{l

NDL SiPMs: 6 um, 10 um, 15 pum pixel, 3 X3 mm? active area

EQRO6 11-3030D-S

EQR10 11-3030D-S

EQR15 11-3030D-S

Micro-cell Number 27191 / mm?2 10000 / mm? 4444 [ mm?
Operation Voltage Vg +8V Vg +12V Vy +8V
Peak PDE @420nm 30% 36% 45%
Gain 8 X 10 1.7 X10° 4X10°
DCR 276 kHz / mm?2 400 kHz / mm? 250 kHz / mm?2
Capacitance 5.1 pF / mm? 3.5 pF / mm? 5.6 pF / mm?
I .
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WaVEfOI’m ;::::: o :%C"DE- ;_ \‘. FWHM-6.% ns
- Y |t I (R S

T .
-20 [} 20 40
Tirne (s




0.24)
0.22

02!
0.18

Voltage (mV]

0.16}

SiIPMES&--—-1EHIEHE (ARAFET)

Signal + DCR + BIB

Voltage fmv]

SHANGHAI JIAO TONG UNIVERSITY

Tsung-Dao Lee Institute

Ref: https://indico.ihep.ac.cn/event/25007/contributions/180119/attachments/87762/113072/20250214_ThresholdEffect.pdf
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BGO_SI PM teStS Wlth CS_137 Reference: talk in Jan 2, 2025

» Several NDL-SiPMs tested with 2cm BGO using Cs-137 (662 keV gamma)
* BGO-SiPM waveforms: discrete spikes due to narrow NDL-SiPM pulses and long BGO scintillation time

* Extremely difficult for SiPM readout ASIC: trigger and shape smooth waveforms

EQRO6 EQR10 (V; + 8 V) EQR15

20 a0
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Ly i 120 T ; 0o
™ 6 a4 22 an a2 o4 06 a8 0 13 aaus 06 a4 2 a0 az [ 0% oy 0 12 s 16 a4 02 n 0z 04 [ L1} 1w 12

* Small amplitude due to its lower «  Here with Over-Voltage=8V * Relatively larger amplitude due to
its higher SiPM gain (4 x 10°)

: . 4
SiPM gain (8 X 10%) « Can not work properly at OV=12 V :
* But waveforms still not smooth

None of these NDL SiPMs can provide continuous/smooth waveforms
07/02/2025 14

Ref: https://indico.ihep.ac.cn/event/25036/contributions/180358/attachments/87644/112887/2025_0207_NDL_SiPM_Discussions.pdf
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Radioactive source tests

* (Cs-137 source (662 keV) Crystal
¢ 1X1X2cm3BGO crystal, 4 EQRO6 SiPM gives higher light output -
* Advanced trigger method: only trigger events with large pulse width remp.sonsor ] | o ;«-- R S
* Change capacitor: 100 pF, 200 pF, 330pF, 470pF ' @ @
Risiig edgetvisesr Pulse width trigger
: L " 4 x EQRO6 + 0 pF

SRR T AT,

Cen (=0 )

https://indico.ihep.ac.cn/event/25007/contributions/180120/attachments/87763/113077/20250214 _NDL%20SiPM%20Parallel%20Connection%20Tests.pdf 3
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Energy spectrum of Cs-137

* 4xEQRO6+100pF <“- 4xEQRO6+200pF “- - 4xEQRO6+330pF “-.  4xEQRO6+470pF *-
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* Asthe capacitance increases, the waveform becomes smoother
« Similar energy resolution for these setups
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SECH: DIET

é Analog Front-end Digitisers Data Outputs
I lC<9:03
- T-discriminator » T .
IN<O> Front .e'nd . 10(+1) bit ADC F=229%3] Registers
Amplifier E-Inte >
E<10:0> r
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Amplifier | E-Inte | >
L ] L ]
64 Channels e .
L ] L ]
IN<B63> Front-end | T-discriminator Hp» T
o 10(+1) bit ADC| —»| Registers
Amplifier E-Inte > >
= = <~ 4r Y
10 bit —— iy
SPI Control Clock Serializer
BIAS . . Coarse . »
Configuration Logic Module
\ Counter y 'y )
A J
Monitor  Slow Controls \;\Yire-or

Ref : DIET: a multi-channel SiPM readout ASIC for TOF-PET with individual energy and timing digitizer

E- Sub-channels

Figure 1. The block diagram of the DIET ASIC.

Table 1. The specification of the DIET ASIC.

Parameters

Specifications

Maximum Input Current

Input Dynamic Range

Integral Non-Linearity for Energy

ADC Resolution
Timing Jitter

(Fine) TDC Resolution
(Fine) TDC Bin Width
Power Consumption
Conversion Dead Time
Readout Bandwidth
Number of Channels

SmA

0 ~ 46 pC (Low Range)

0 ~ 96 pC (High Range)

Better than 1%

10 bit (1 extra bit for calibraion)
~25psrms @ Cj, = 12pF and
threshold is 20 photoelectrons (80 pA)
10 bit (1 extra bit for calibration)
25ps

5 mW / channel

12.5 ps

200 Mbps

64

Controls

(LVDS)

A\
Conversion Clock Inputs Data Outputs
(LVDS)

~
One Channel T-Discriminator
5-bit T To TAC
I —_—
Global DAC 7-bit Local f j
DAC
Front-end Amplifier
SiPM
Pixel
é A=t VB
q Adjustment
= = =) E-Integrator
.

Figure 2. The block diagram of the analog front-end circuit.
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SETE: SPIROC2C

Digital
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Trigge
I
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L.
g ’
A 18 !
1§ :
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Trigger
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SPIROC is a 36 channels readout ASIC for SiPM @HCAL for CALICE collaboration
It is designed to auto-trigger on 1/3 p.e. (50 fC) and stores up to 15 samples

in an analog memory before the events are digitized and readout.

TABLE I SPIROC MAIN SPECIFICATIONS

dynamic range
signal to noise ratio
analog output INL
pedestal uniformity
crosstalk

effective noise charge

80 £C — 200 pC

~7 (SiPM gain = 10°)

<£1%

c=2mV

< £0.3%

1.5 x 10° electrons @ 50pF (50ns shaping)

ADC resolution
timing resolution
time walk @ 1/2 MIP
time jitter @ 1/2 MIP
trigger efficiency
trigger noise

input DAC INL

input DAC range
threshold DAC range
threshold DAC INL

power consumption

0.6 mV (LSB)

100 ps

3ns

<+2ns

100%@1/3 photon electron
g§mv

<£2%

05-45V

2V

<+1%

25uW per channel*

Ref: SPIROC: design and performances of a dedicated very front-end electronics for an ILC Analog Hadronic CALorimeter (AHCAL) prototype with SiPM read-out
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ASICiSix—-—-ECAL/HCAL/Muon

Input Dynamic Range 1.28pC~3.84nC

Energy Resolution 10%@1MIP=1.28pC, C;4.+=100pF
Time Resolution 200ps@1MIP=1.28pC, C;,+=100pF
Max rate/ch 500KHz

ADC 40MHz, 10-bit

TDC Resolution 8bit

TDC Bin Width 100ps

Power consumption <15mV/channel

Readout Bandwidth 346Mb/s

Voltage supply 1.2V

Number of channels 4

13
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fRIREBIZ1Z1T---Current Buffer
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RREBEIZ1T—Slow Shaper
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RREBEIZ1T—Slow Shaper
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RIREEZ1T---discriminator
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{RIRE 1S 1T-—--calibration chalgznel
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* For calibration channel, 1 p.e equals to 12.8fC, we use CSA
* Set SNR to 10, then ENC=1.28fC
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I Tuning DAC for SiPM bias
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Higgs
Acm ECAL Barrel
—— 1z 43 1,130 — —
G Higgs 9 469 —
Et’!éi ECAL Endcap LZ 66 1,368 -
Higgs 1 424 0.57
ECAL Barrel LZ 15 335 0.29
HZ 77 2,104 0.29
Higgs 45 2,870 24
ECAL Endcap Lz 65 6,699 0.78
AL HZ 334 34,528 1.1
;r:ﬂ% Higgs 0.2 5.8 0.00046
HCAL Barrel LZ 0.7 12 0.00018
HZ 2.2 a4 0.00018
Higgs 5.3 221 0.013
HCAL Endcap 4 8.2 249 0.00458
HZ 53 2,148 0.0085
Higgs 7 172 0.44
ECAL Barrel LZ 11 212 0.16
HZ 54 1,065 0.2
Higgs 23 1,746 1.74
ECAL Endcap Lz 35 2,408 0.39
15mm HZ 187 15,209 0.57
Ti+W Higgs 0.2 3.5 0.00052
HCAL Barrel LZ 0.7 12 0.00012
HZ 21 35 0.00015
Higgs 3.8 129 0.0084
HCAL Endcap Lz 6 157 0.0037
HZ 40 1,338 0.0063
Ref: https://indico.ihep.ac.cn/event/24786/contributions/178099/attachments/87639/112878/BIB_CAL_1.24.pdf 31
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