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INTRODUCTION

● Experiment PANDA / Crystal Barrel

● Basel Low Noise/Low Power (LNP) PreAmplifier

● Double Burst Laboratory Test

● Amplitude Linearity Laboratory Test

● Mass-production Test Setup 

● Summary
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PANDA Detector
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PANDA Electromagnetic Calorimeter
Material: PbW04 (-25Co)

Crystal size: 2 cm x 2 cm x 20 cm

Thickness: 22 X0

Energy res.: 1.54% / √E/[GeV]+0.3%

Time res.: < 2 ns

# of crystals: 15552 (Bk: 592 and Fw: 3600)

Coverage:  96% 4π
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Crystal Barrel upgrade @ ELSA-Bonn
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Crystal Barrel upgrade @ ELSA-Bonn
Material: CsI (Tl)

Crystal size: (60 x 60) x 30 cm

Thickness: 16.1 X0

Energy res.: 1.3% / √E/[GeV]+2%

Time res.: I level trigger - PIN no / APD YES!

# of crystals: 1380

Coverage: 98% 4π

Now PIN --> future APD
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General Concept of ReadOut
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CsI
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Digit

LNP

PANDA -25o

Crystal Barrel 25o

PANDA APD / VPTT
Crystal Barrel APD

PANDA: Shp. + SADC
Crystal Barrel: Shp. & ADC
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Basel LNP Preamplifier

Feedback
time-constant 25ms 
optimized for 500kHz

J-FET (BF862, Philips-NXP)
in combination with a low power,

high-speed current-feedback
OpAmp

AD8011, Analog Device
Supply -6V,+6V(6mA, 1.5mA)

45mW quiet power consumption

Low Noise / Low Power
discrete charge preamplifier

Decoupling and 
input protection Single ended

50 AC-coupled
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Dual LNP preamps for Crystal Barrel @ Bonn
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PANDA Shaper + SADC

Design: Pawel Marciniewski
Uppsala Uni.

V1.1 – June 2013

    * Design clean-up 

    * Block connectors – 

                Samtec ERF8-049-XX-X-D-RA

    * 64 – channels with individual gain,

                no filter

V1.2 – August 2013

    * Block connectors 

    * Low power op-amp ADA4940-2

    * 32-ch. with gain G = 0.5, filtered 

       32-ch. with gain G = 5.0, filtered  

V2.0 – October 2013
    * Kintex-7 
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PANDA Shaper + SADC
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APD Current Vs Count-Rate
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APD Voltage Vs Count-Rate
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'Double Burst' Test
Or

Pileup Test
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Double Burst Linearity

1us - 10us

Const. Interval 500us

1MHz - 100kHz

time
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Double Burst Linearity – Measurement Method
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VPTT
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Shaper

LNP-PreAmp

Splitter

FPGA Driver

14bit DAC Level control

Trigger

LVDS

LVDS

Xilinx Spartan-3AN
LED driver/signal

Struck 500MS/s 12bit
500MHz VME SADC

LNP
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Double Burst Linearity (VPTT)

LNP-PreAmp Shaper
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Double Burst Linearity (VPTT)

Typical

Signal

Signal

Distribution

Count-rate

Stability

LNP-PreAmpPMT Shaper
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Time resolution for VPTT

LED 1 LED 2
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Noise & Dynamic range (VPTT)

High dynamic range

13x24uV ~310uV

2.5V/310uV ~ 8000
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Double Burst Linearity – Measurement Method
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LNP-PreAmp

Splitter

FPGA

14bit DAC Level control

Trigger

LVDS

LVDS

Xilinx Spartan-3AN
LED driver/signal

Small VME DAQ system
C++/ROOT based

Struck 500MS/s 12bit
500MHz VME SADC

OpAmp

+

-

Photo-
sensor
analog
circuit

LNP

Splitter
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Double Burst Linearity (FPGA+OpAmp Generator)

Generator

LNP-PreAmpGenerator Shaper
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Amplitude Linearity Test



Turin 2013 Irakli Keshelashvili 24/47

Amplitude Linearity
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Amplitude Linearity – Measurement Method

A(1+2)
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VPTT
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Amplitude Linearity – Typical Signals

A(1+2)

A(1) A(2)
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Amplitude Linearity
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Time constant Vs Amplitude



Turin 2013 Irakli Keshelashvili 29/47

Test Setup
L
I
N
U
X

Apache/PHP/MySQL

ROOT based DAQ + slow control

NIM FPGA

BASYS 2

NIM - HV

ISEG 

<10nA>

Power

Low V / I[nA]

VME - SADC

Struck

12bit, 500MS/s

USBRS232RS232RS232

'APD'

2xCH

LNP PreAmp

DAC Trigger 2xCH 1xCH
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Test Rack

Low Voltage
Supply Test Box

High Voltage
SupplyFPGA

Generator

Struck 500MS/s
12bit SADC
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FPGA Generator
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FPGA Gen. Signal Driver
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Input Coupling



Turin 2013 Irakli Keshelashvili 34/47

Test Box
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Test Box
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Linearity Test

Input
FPGA

O
ut

pu
t LN

P

Maximum out

75%

50%

} ΔV



Turin 2013 Irakli Keshelashvili 37/47

Generated Signal
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PreAmp Output Signal
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Laboratory for Serial Tests
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Screenshot
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Tombstone SMD effect

_



Turin 2013 Irakli Keshelashvili 42/47

Typical Signals
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Final Distributions
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Temperature stability
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Temperature Cycles
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PANDA PreAmp Test Procedure

50 x PreAmp50 x PreAmp

Up-Down over night

Extensive test
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Summary

Discrete element Basel-LNP charge 2 voltage preamp

Excellent double burst & amplitude linearity (~1%)

Lab. & beam test are very successful (CERN,MAMI,ELSA)

Some other experiments are interested

NIM paper is in preparation
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