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Overview of BIC
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Barrel Imaging Calorimeter (BIC)
(48 sectors)

1 sector of BIC End of the sector
60 SiPMs + Lightguides

Side selectional details

• Calorimeter readout Requirements
- BIC energy resolution
- Gain calibration mechanism
- Light Monitoring System (LMS) structure



SiPM Gain Calibration
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Hamamatsu SiPM
S14161-3050HS-04

• Photo Detection Efficiency : 50% (450 nm)
• operating voltage 38.5 V
• Gain : 2.5 × 106 at overvoltage 2.5 V
• 16 channel per 1 SiPM array
• 3531 pixels per 1 channel

LED (450 nm)

SiPM

LED test setup

SiPM gain curve
(Overvoltage – Gain)

13 mm

13 mm

• Each channel has different Vbr
• SiPM bias voltage ∝ SiPM gain
• Gain calibration of each channel is 

critical
• To draw gain curve…

LED setup !!



SiPM Gain Calibration – LED Setup
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Function
Generator

TTL

LED (450 nm)
SiPM

BIC DAQ

Power 
Module

Function Generator 
- Frequency : 1kHz
- Pulse width : 20 ns
- LED volt : 1.65 V

• Single photoelectron (SPE) measurement with LED setup
• Each channel was operated individually
• SPE scan was performed at different SiPM bias voltage 

for each channel.

• BIC Power module
- Give individual voltage for each SiPM channels
- 12 bit DAC with voltage range 0~10 V
- Get temperature data with SiPM temperature sensor

• BIC DAQ
- 62.5 MHz (16 ns) FADC
- 14 bit ADC with voltage range 0~2 V



SiPM Gain Calibration – LED Logic
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• Single event of SiPM each channel per each bias voltage

• To measure single photoelectron (SPE), Low intensity of 
LED was needed

• Baseline determined from y-axis projection of 
ADC values outside of the LED windows

(High dark current rates) 
• Red dot line  (Peak position used as baseline))

Peak Size

Single signal 
[ADC ch]

Time [ns]

Y-axis
[ADC ch]

Number of 
events

Baseline

Red dot line



SiPM Gain Calibration – Peak ADC Distribution 
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41 V SiPM

42 V SiPM

Number of
Events

ADC ch

Number of
Events

Number of
Events

ADC ch

ADC ch

40 V SiPM

• SiPM Peak ADC Distribution with using LED Logic (Peak Size)

• Gain calibration already done

SPE

SPE

SPE



• Gain calibration should be needed while BIC running       LED setup must be installed together with the BIC 
• Previous SiPM LED Setup cannot be fit in the BIC (No space)
• Too many SiPM & Lightguide => compact LED setup are required
• SiPM temperature dependence => monitoring system !!
• New LED system => attached with lightguide      Light monitoring system (LMS)

Light Monitoring System (LMS) - Overview
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Previous LED setup

New LED system

5 X 12 X 2 X 48 = 5,760 SiPMs = 5,760 Lightguides
=>  92,160 channels (16 channels per each SiPMs)



Light Monitoring System (LMS)

GlueX LED board circuit

GlueX controller board circuit
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• GlueX LMS System (by Dr. Efstratios Anassontzis & Prof. Zisis Papandreou)

• Use LED pulse method from GlueX LED circuit => Make BIC LED circuit

• Controller board for LED trigger signal 

BIC LED & Controller board circuit
(By Dr. Efstratios Anassontzis)

BIC LED board circuit

BIC controller board circuit



LMS – KNU LMS Board Design
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SiPM Lightguide

Controller PCB board

LED PCB board forward

LED PCB board backward

Flexible cable

Multi channel LED system

1 channel test LED system

Flexible PCB

• LED board attached with lightguide (20 mm X 18 mm)
• Many channel LED board
• Full LED board operation using a flexible PCB
• 1 channel LED board for LED test



LMS – Simulation for KNU Board
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• Simulation with LTSpice
• Combine Controller board & LED board



LMS – Simulation for KNU Board
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Trigger signal for the applied voltage
at the end of controller board

Trigger signal for the applied voltage
before the mosfet

Voltage signal applied to the LED

Recharging after the voltage charged
(Discharged by the mosfet)

Mosfet
2N7002



5 V

LMS – Oscilloscope signal
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TTL 5 V 
signal

LED voltage 5 V

+5 V for buffer

Signal with 
passive probe

Trigger signal before the mosfet

Voltage signal applied to the LED

3 V

• Signals are similar between simulation & oscilloscope

7 ns width



Summary
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• Gain calibration : Necessary to get NPE

• DAQ trigger logic : To get accurate Peak Size

• For BIC, Compact LMS is necessary

• 1 channel LED & Controller test board

• Signal similarity on oscilloscope and simulation

LED test setup for 1 SiPM board Peak ADC

LMS system
LED test board

Voltage signal applied to the LED
(Left : simulation, Right : oscilloscope)



Backup
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LED circuit
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• KNU LED board circuit
• Schmitt Buffer for accurate trigger signal transmission
• Mosfet fot switch => Discharge the capacitor (LC1) => 7 ns, 3 V voltage pulse is applied to LED

2N7002 Mosfet



LED circuit
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• KNU Controller board circuit 
• 1 channel for test circuit (Ultimately 7 channel for BIC bulk)



LED circuit
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• Origin of the KNU LMS Design
By Dr. Efstratios Anassontzis & Prof. Zisis Papandreou
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