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Current Status of Back-end Electronics for GAPD 
based Imaging Camera



Back-end Electronics
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Back-end Module
(233mmx20mmx220mm)

CDM - 16 no.
DCM - 1 no.
CTM - 1 no.

Back-end crate front view

Cluster Digitizer Module (CDM)

Data Concentrator Module (DCM)

Control & Trigger Module (CTM)
1 number

Back-end Electronics Modules

DRS Digitizer Board (DDB)
4 per CDM
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The DRS4 chip features:
ÅHigh channel density: up to 9 channels with 1024 

storage cells each
ÅDifferential analog inputs with 950 MHz 

bandwidth
Å700 MSPS to 5 GSPS sampling speed
ÅLow noise: 0.35 mV RMS, after offset correction
ÅLinear In/Out characteristics with 1V dynamic 

range
ÅRegion of interest readout, dead time 

proportional to readout depth
ÅMultiplexed or parallel channel readout
ÅLow power consumption ~ 140 mW at 2 GSPS
ÅChannel cascading

IN0

IN1

IN2

IN3

IN4

IN5

IN6

IN7

IN8

STOP SHIFT REGISTER

READ SHIFT REGISTER

WSROUT

CONFIG REGISTER

RSRLOAD

DENABLE

WSRIN

DWRITE

DSPEED PLLOUT

DOMINO WAVE CIRCUIT

PLL

AGND

DGND

AVDD

DVDD

DTAPREFCLKPLLLCK A0 A1 A2 A3

E
N

A
B

L
E

OUT0

OUT1

OUT2

OUT3

OUT4

OUT5

OUT6

OUT7

OUT8/
MUXOUT

BIAS

O-OFS

ROFS

SROUT

RESET
SRCLK

SRIN

FUNCTIONAL BLOCK DIAGRAM

MUX

W
R

IT
E

 S
H

IF
T

 R
E

G
IS

T
E

R
 

W
R

IT
E

 C
O

N
F

IG
 R

E
G

IS
T

E
R

 

CHANNEL 0

CHANNEL 1

CHANNEL 2

CHANNEL 3

CHANNEL 4

CHANNEL 5

CHANNEL 6

CHANNEL 7

CHANNEL 8

MUX

LVDS

Analog Sampler

DRS Digitizer Board is designed around an Analog Samplerchip named DRS4.



DRS Digitizer Board (DDB)
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Features:
V It accepts8 analogsingle-endedinput signalsandconvertsinto differentialsignals
VHighgaininput pulsecrossingthe set thresholdgeneratesa pixel triggerwhereasLowgaindigital pulse

isusedto recognizehighgainsaturationchannels
V9th channelof DRS4 chipusedfor calibrationpurpose
V32-bit wide,4KdepthFIFO(implementedinsideFPGA)for temporarystorageof digitizeddata
VOnecommonLVDSseriallink (@20MbPS) to receiveeventnumberandtime stampdatafrom CTM
VDedicatedLVDSseriallink @50MbPSfor sendingdigitizeddatapacketto DCM
VA16-bit DACfor triggerthresholdcontrol,biasingandcalibrationof DRS4
VAtemperaturesensorto monitor ambienttemperature
VCustomSPIlink to CDMFPGAfor remote control
VFPGAfor overallcontrol andinterfacingon-boardICs

DDB key parameters:
- Input bandwidth  750 MHz
- 1 Vppinput dynamic range
- 16 bit DAC calibration
- 1 GSPS sampling rate
- 14 bit ADC resolution
- Multiplexed DRS4 readout
- Readout multiplexed @33 MHz
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Status: FPGAcircuit designfor interfacingwith all on-boardcomponentsover. Functionalitytests
aregoingon.
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DDB Status
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Offset measurements for the DRS4 chip

Noise histogram after offset correctionNoise histogram before offset correction

Noise distribution before offset correction Noise distribution after offset correction
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Sine waveforms recorded with DDB

The data analysis software developed using CERN ROOT and Qt

1 MHz Sinewave digitized using DDB 

10 MHz Sinewave digitized using DDB 



Cluster Digitizer Module (CDM)
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Features:
VTheamplifier sectiongeneratesHighGain(1 - 100 p.e.) and Lowgain (1 - 1000p.e.) versionof input

analogsignals
VCDMhostsfour mezzanineboardscalledDRSDigitizerBoards(DDBs)
VEachDDBdigitizeseightpulseprofilesfrom 4 pixels(aLowanda Highgainversionfor eachpixel)
VFPGAon motherboardgeneratesvariouspre-trigger signals(full and partial trigger signals) and Busy

signal till digitizationcompletes,communicationwith on-board DDBsand monitoring,communication
with CTMviabackplaneusingcustomSPIlink
VSharedLVDSseriallink for digitizeddatatransferto DCM
VCommonLVDSseriallink from CTMto receiveeventmarker(eventnumber& time stamp)
VAll CDMsidenticalandrecognizedby a 5-bit Moduleaddress



9Status: CDMPCBassembled. Testedthe functionalityof on-boardcomponents.
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