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ADC for EMC

- PANDA EMC ReadoutSystem
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Å 15000 channels
Å Dual photosensorreadout
Å Dual range

Å Highchanneldensity
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ADC for EMC-Endcap

- Encapsulationand Cooling

CourtesyKVI
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2008
16-ch, 12-bit 

160 MSPS ADC
Usedfor the 

first tests, sold 
to WIENER 

2010
16-ch, 2GBit/s
OpticalData 
Concentrator
Usedin many
experiments 

including
WASA, KLOE2

2011
16-ch, 14-bit

125 MSPS ADC
Virtex-5
Usedfor 

evaluationof
DSP algorithms

2012
32-ch, Dual-
range, 14-bit
80 MSPS ADC

Virtex-6
Usedfor first

data takingand 
durabilitytests

2017
64-ch, 14-bit

125 MSPS ADC
Kintex-7

Close-to-final 
prototype

ADC for EMC

- SADC developmentfor PANDA
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ADC for EMC

- ADC_64K

ADC

Model

ADC_32DR ADC_64K

No. of channels 32 (64) 64

Sampling rate 80-125 MSPS

Input coupling DC, positive, negative, diff

Resolution (ampl) 14-bit dual range 14-bit

Input Connector uFL Samtec

Baseline 0V

Input range (dual) ±1.0V, ±60 mV ±2,2V, ±140 mV

Noise 100uV

Data retention/ ch. 25us

Input filter Active-filter/Amplifier Active filter/Amplifier

Interface Optical, SFP, LC-type, 2 Gbit/s

Feature extraction:
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ADC for EMC-Endcap

ςDesign idea
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LTM9009-14 

14-Bit, 80-Msps 
Low Power 
Octal ADCs

4 X
XCF32PFS48C

64 X
ADA4940-2
Low Power 
diff op-amp

2 X
XC7K160T-
1FFG484C

LMK04806 
14-output 

PLL

2 X
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2.1 Gbit/s

SADC Prototype
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ADC for EMC-Endcap

- Test Firmware

CircularBuffer

ADC deserializer

Align & Phase Calibration

Ethernet

Block RAM
(12.8µs)

UDP/IP TX 
Arbiter

Baseline, 
CFD, MAX, 

Integral
C

o
n
fig

UDP/IP RX 
Arbiter

I²
C

Packet Builder

Written for Crystal Barrel@ ELSA (Bonn) by

Johannes Müllers
Partlybasedon firmwarewritten by PawelMarciniewski

¸ ADC-interface, 

¸ PLL control, 

¸ Noisefilter, 

¸ Baseline, 

¸ Pulseamplitude, 

¸ Pulseintegral

¸ CFD discrimination

¸ Triggering

¸ 1G/2.5G Ethernet PCS/PMA(free, XilinxIP)

¸ Tri Mode Ethernet MAC (commercial, XilinxIP)

¸ 1G eth UDP/IP stack(free, OpenCores)
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ADC for EMC-Endcap

- ADC performancetests

Performed at Ruhr UniversitätBochum 

Malte Albrecht
(Tests proposedby PawelMarciniewski)

¸ έ.ƻƴƴέ firmware

¸ CAEN DT5800 programmablepulse
generator

¸ Ethernet switch

¸ Noise

¸ Pulseresponse/ bandwidth

¸ Linearity(Amplitudeand Integral)

¸ Resolution

¸ Pile-up resolution (pending)
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ADC for EMC-Endcap

- ADC performancetests
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ADC for EMC-Endcap

- ADC performancetests

170 uV
~1MeV

Taking the energy conversion coefficient and the overall gain of the 
system into account, the noise of 170 uVcorresponds to 1 MeV, which 
fulfills the basic requirement of the experiment.
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ADC for EMC-Endcap

- ADC performancetests
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ADC for EMC-Endcap

- ADC performancetests

50 MeV 900 MeV 50 MeV 900 MeV

14 GeV 14 GeV900 MeV 900 MeV
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ADC for EMC-Endcap

- PbWO4/VPTT tests at Max Lab

PbWO4 + VPTT
100uV/MeV

ADC32DR

ATLB (VME Optical
Data Concentrator)

Data Format

Event No
Trigger TimeStamp
Ch. No
Ch. TimeStamp
Ch. Amplitude
Ch. Integral X9
Ch. RawData 0
.
ChRawData 63
Read Word Count

Trigger

4 MOD

12 KVI
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Relative Energy Resolution

Karoly Makonyi

ADC for EMC-Endcap

- PbWO4/VPTT tests at Max Lab
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ADC for EMC-Endcap

- ADC performancetests
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ADC for EMC-Endcap

- Digital Low-Pass filters
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ADC for EMC-Endcap

- Digital Low-Pass filters
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- Digital Low-Pass filters
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