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•

• FEE for large array with segmented HP-Ge detectors
• Specific case:  AGATA FEE
• FEE for other segmented detectors  (DSSSD, SC etc.)

Symposium  on: “Application of Germanium Detector in fundamental research”
Beijing,  P.R. China,  23.- 29. March 2011
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a)   First arrays with segmented HPGe Detectors 
(Miniball; Sega-NSCL; Tigress; Rising etc. 

- even GERDA det. characterization phase)

b)   AGATA - FEE
- Dual Gain CSP - for the central contact 
- ToT method ( combined dynamic range ~100 dB )
- Programmable Spectroscopic Pulser

*c)  DSSSD arrays of detector  (LUSIA, LYCCA, SC-matrix)

G. Pascovici, Institute of Nuclear Physics,  Univ. of Cologne



3

IF1320 (IF1331) 
(5V; 10mA)& 
1pF; 1 GΩ

tr ~ 30-40 ns Ch.1 @ 800 mV
- no  over & under_shoot

warm
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C. Chaplin,   Modern Times (1936)one of the last Mohicans

FEE- Front End Electronics

G. Pascovici, Institute of Nuclear Physics,  Univ. of Cologne

1.  Charge Sensitive Preamplifier
(Low Noise, Fast; Single & Dual Gain;
~ 100 dB extended range with ToT )

2. Programmable Spectroscopic 
Pulser (as a tool for self-calibrating)

8 Clusters (Hole 11.5cm, beam line 11cm)
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C. Chaplin,   Modern Times (1936)

crosstalk   between  participants

G. Pascovici, Institute of Nuclear Physics,  Univ. of Cologne

1. Charge Sensitive Preamplifier
( Low Noise, Fast, Single & Dual Gain
~ 100 dB extended range with ToT )

2. Programmable Spectroscopic Pulser 
(as a tool for self-calibrating)

3. Updated frequency  compensations
to reduce the  crosstalk between
participants (- from adverse cryostat wiring

and up to - electronic crosstalk in the transm. line)

8 Clusters (Hole 11.5cm, beam line 11cm)



• the equivalent noise 
charges Qn assumes 
a minimum when the
current and voltage 

contributions are equal

• current noise ~ (RC)
• voltage noise ~  1/(RC)

~  Cd 
2 

• 1 / f noise    ~  Cd
2

J.-F. Loude,
IPHE 2000-22

AGATA
τopt~ 3-6 µs
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G. Pascovici, Institute of Nuclear Physics,  Univ. of Cologne

Best  performance:   Majorana  dedicated  FEE
(PTFE~0.4mm; Cu~0.2mm;C~0.6pF; R~2GΩ (Mini Systems)

~ 55 eV (FWHM) @ ~ 50 µs (FWHM)

BF862
(2V; 10mA)

1pF; 1 GΩ
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Pole /Zero Adj. 
Fast Reset    

(Ch2)

Pole /Zero Adj. 
Fast Reset    

(Ch1)

Differential
Buffer

(Ch1)

Ch1 ( tr ~ 25.5 ns)

Ch2 ( tr ~ 27.0 ns)

Common
Charge

Sensitive
Loop 

+
Pulser

+
Wiring

Differential
Buffer

(Ch2)

Ch 1 ~200 mV / MeV

Ch 2  ~ 50mV / MeV 

Programmable 
Spectroscopic  

Pulser
Pulser  CNTRL

C-Ch1
/C-Ch1
INH1
SDHN1

C-Ch2
/C-Ch2
INH2
SDHN2

one
MDR
10m
cable

Ch1 (fast reset)-Pulser @ ~19 MeV

Ch2 (linear mode)

Segments (linear mode)

Dual Gain Core Structure

2keV -180 MeV
in  two modes & four sub-ranges of

operations:  a) Amplitude  and  b) TOT

36_fold segmented
HP-Ge detector + cold jFET
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AGATA  LVDS-Dual Core  
Preamplifier (Final design)
with up-graded frequency 

compensations:

• Large Open loop-gain 
(~ 100,000)

• Fast Rise Time 
tr ~ 15 ns @ 45 pF

• Large dynamic range
~ 180 MeV @ Cf~1pF

• Multiple frequency 
compensations:

- minimum Miller effect

- lead compensation

- lead-lag compensation

- dominant pole 
compensation

AGATA  Core Preamplifier - Charge Sensitive Part  

• large dynamic range in the first CSP
• large open loop gain
• frequency compensations for 

optimum transfer function

G. Pascovici, Institute of Nuclear Physics,  Univ. of Cologne
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Fast Reset as tool to implement the “TOT” method

Core Active Reset – OFF

Active Reset – ON

- very fast recovery from TOT mode of operation 
- fast comparator LT1719 (+/- 6V)
- factory adj. threshold + zero crossing
- LV-CMOS (opt)
- LVDS by default

ToT
Normal analog spectroscopy

G. Pascovici, Institute of Nuclear Physics,  Univ. of Cologne

Fast Reset
circuitry

Core -recovery from saturation

one of the segments

one of the segments
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Fast Reset as tool to implement the “TOT” method

Core Active Reset – OFF

Active Reset – ON

- very fast recovery from TOT mode of operation 
- fast comparator LT1719 (+/- 6V)
- factory adj. threshold + zero crossing
- LV-CMOS (opt)
- LVDS by default

ToT
Normal analog spectroscopy

G. Pascovici, Institute of Nuclear Physics,  Univ. of Cologne

Fast Reset
circuitry

Core -recovery from saturation

one of the segments

one of the segments
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Francesca Zocca, INFN, Milan

G. Pascovici, Institute of Nuclear Physics,  Univ. of Cologne

see Francesca Zocca et al, INFN, Milan
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Comparison between “reset” mode (ToT) vs. “pulse-height” mode (ADC)

A. Pullia at al,  Extending the dynamic 
range of nuclear pulse spectrometers,
Rev. Sci. Instr. 79, 036105 (2008)
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AGATA
Dual Gain Core
Final Specs.

G. Pascovici, Institute of Nuclear Physics,  Univ. of Cologne

• Summary active reset:
- active reset @ 2nd stage
- active reset @ 1st stage 

with advantages vs. disadv.
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Incorporated Programmable Spectroscopic  Pulser

• why is needed? self-calibration purposes
• brief description
• Specs and measurements

G. Pascovici, Institute of Nuclear Physics,  Univ. of Cologne
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Parameter Potential Use / Applications
• Pulse amplitude Energy, Calibration, Stability
• Pulse Form Transfer Function in time

(rise time, fall time, structure) domain, ringing    (PSA)
• Pulse C/S amplitude ratio Crosstalk input data

(Detector Bulk Capacities) (Detector characterization)
• Pulse Form TOT Method          (PSA)
• Repetition Rate (c.p.s.) Dead Time (Efficiency)

(with periodical or statistical distribution)
• Time alignment             Correlated time spectra
• Segments calibration   Low energy calibration
• Detector characterization Impurity concentration, passivation 

The use of PSP for self-calibrating

G. Pascovici, Institute of Nuclear Physics,  Univ. of Cologne
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Exponential Rectangular
Good  DC Level Same P/Z good PSA

Disadvantage:
- Different P/Z  for Signal & Pulser PSA!

- Bipolar Signals ( + & - )

Advantage / Disadvantage
Base line OK good P/Z, 

but  DC level ~ pulser level (50%)

• Dynamic range:
- Core    0  to ~ 180 MeV  (opt. ~ 90 MeV)

- Segments   0  to ~3 MeV                       (opt. ~ 1 MeV)

• Rise Time Range:  20 ns - 60 ns          (by default ~45 ns)

• Fall Time Range:  100 µs - 1000 µs     (by default ~150 ns)

• Long Term Stability:  < 10-4 / 24 h

Selection Mode of operation

Pulser  Specs  and  Measurements

G. Pascovici, Institute of Nuclear Physics,  Univ. of Cologne
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Measurements:

• GSI Single Cryostat (Detector S001)
• Portable 16k channels MCA (IKP)
• Resolution (acquisition time 12-14h):

- core 1.08 Pulser (Detector)
- cold dummy (V3):     0.850 keV
- segment Pulser:     < 0.90 keV
- core @ 59.5 keV:      1.10 keV 
- core @ 122.06 keV:   1.15 keV

G. Pascovici, Institute of Nuclear Physics,  Univ. of Cologne
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Transfer Function & X-talk

• Stand alone transfer function (bench tests) 

• Wiring influence  - detector wiring & cryostat wiring
- Dummy Detectors  (2D V2; 3D V3)

• Solution for frequency compensation to find
- stability criteria for  - oscillations,

- peaking & ringing
- methods of compensation depending on:

- op amp type (or equivalent op amp when distributed)
- feedback, source and load networks

• Updated version of compensation and measurements

G. Pascovici, Institute of Nuclear Physics,  Univ. of Cologne



23

Cold part Warm part

Cold part Warm part

AGATA 
HP-Ge  Detector 

Front-End  Electronics

G. Pascovici, Institute of Nuclear Physics,  Univ. of Cologne
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Cold part Warm part

Cold part Warm part

AGATA 
HP-Ge  Detector 

Front-End  Electronics

G. Pascovici, Institute of Nuclear Physics,  Univ. of Cologne

AGATA – 3D Dummy detector



Z

GND

R C

GND

C

RC

to segment

preamplifiers

GND

R, L

R, L

R, L

R, L

C

C

C

C

C

C

GND
R, L

R, L

R, L
Segment 1

Segment 2..35

Segment 36
- 

- 
-

AGATA
Detector

central

AGATA detector capsule + wiring

GND

electrode

Dominant
Pole

L L

0

F

F

i

2x Miller

Lead-lag

j-FET

Implemented frequency compensations

AGATA  Single & Dual  Gain  Core internal network 
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G. Pascovici, Institute of Nuclear Physics,  Univ. of Cologne

Equivalent  resolutions (if cold Cf ~1pF)

• Ch1, Ch2   ~ 1.15 keV @ ~ 150 keV

(6 µs shaping time Ortec 671 & IKP-MCA)
• rise time ~ 26 -29 ns (+/- 2ns 10mV-1V)
• no overshoots & undershoots
• NB: flat top of ~ 500 ns (PSA peaking)

tr ~ 26.8 ns Ch.1 @ 800 mV
25.6 ns Ch2 @ 220 mV
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