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•• Introduction.   Introduction.  
•• Galvanically  Galvanically decoupled DC amplifiers.decoupled DC amplifiers.
•• The OCCM and its application with  The OCCM and its application with PMTs PMTs and ionizing detectors.and ionizing detectors.
•• Performance at cryogenic temperature. Performance at cryogenic temperature.
•• Status of a fiber optics link based on the OCCM. Status of a fiber optics link based on the OCCM.
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The Pierre Auger Project:The Pierre Auger Project:
looking for the highest energy cosmic rayslooking for the highest energy cosmic rays

UHECR fluxes:
-1019 eV: ~ 1/km2. year
-1020 eV: ~ 1/km2. century

For a 3000 km2 site:

-1019 eV: ~ 3000 events / year
-1020 eV:     ~ 30 events / year
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The Auger collaboration: about 300 researchers from 15 countriesThe Auger collaboration: about 300 researchers from 15 countries



10th Workshop on Electronics for LHC and future Experiments, Boston, 13-17 September 2004. Daniel V. Camin, Dipartimento di Fisica and INFN, Milano

The The Pierre Pierre Auger ObservatoryAuger Observatory: : an hybrid an hybrid detectordetector

•• ObjectiveObjective::
  to study the:

– energy

– flux

– arrival directions

– composition

   of UHECR with E > 1018 eV with

          full full efficiency above efficiency above 10101919  eVeV..

•• ProposedProposed::
– full sky coverage (two extensive Observatories)

– large aperture.

– Hybrid detector techniques:

-> -> atmospheric fluorescence atmospheric fluorescence detector (FD)detector (FD)

-> -> surface surface detector: detector: water Cherenkov tanks water Cherenkov tanks (SD)(SD) 1.5 km
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The telescopes of the Fluorescence DetectorThe telescopes of the Fluorescence Detector

4 FD buildings with 6 telescopes each looking to the dark-sky night4 FD buildings with 6 telescopes each looking to the dark-sky night

Camera:Camera:
20x22 20x22 PMTsPMTs

Corrector ringCorrector ring

UV filter:UV filter:

300-400 nm300-400 nm
MirrorMirror

2.20 m2.20 m



10th Workshop on Electronics for LHC and future Experiments, Boston, 13-17 September 2004. Daniel V. Camin, Dipartimento di Fisica and INFN, Milano

The water-The water-Cherenkov Cherenkov tank arraytank array

1600 units spaced 1.5 km each other

~ 60 km
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Making the telescopes sensitive to star signals toMaking the telescopes sensitive to star signals to
control their absolute pointing and long-term stabilitycontrol their absolute pointing and long-term stability

Fluorescence pulse width:
 ~ 0.3 -10 µs

Star track width: 5 to 10 min
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The currents in a PMT biased with positive HVThe currents in a PMT biased with positive HV

Mirroring  Id to ground potential would allow  toMirroring  Id to ground potential would allow  to
measure the DC or slowly varying anode current.measure the DC or slowly varying anode current.
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What to use to mirror the divider current ?What to use to mirror the divider current ?

••  1973,  J. Sunderland1973,  J. Sunderland’’s scheme:s scheme:
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• LV power supply 
    required at the HV,  
    or isolated region.
•  In the last 30 years 
   many solutions were
   proposed to bring 
   LV to that region.

••  1995, 1995, Hodson Hodson ((Texas InstrumentTexas Instrument):):

• Introduction of the Linear Optocoupler
• Still, LV was always required at the isolated
  or HV region.
• Unacceptable for Auger ! (24 x 440 PMTs)Unacceptable for Auger ! (24 x 440 PMTs)

State of the art on Galvanically decoupled DC amplifiers: 
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John C. SunderlandJohn C. Sunderland’’s patents patent
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i(t) ~~
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or ionizing 
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H.V.H.V.

(1) Detector biased

The The OpticallyOptically--Coupled CurrentCoupled Current--MirrorMirror

1st step



10th Workshop on Electronics for LHC and future Experiments, Boston, 13-17 September 2004. Daniel V. Camin, Dipartimento di Fisica and INFN, Milano

i(t)
H.V.H.V.

iL1~i(t)

~~

~~

 ipd~ 0

i(t)

~~~<

(2) Diodes interposed 

i(t) ~~

Typ: PMT 
or ionizing 
detector

H.V.H.V.

(1) Detector biased

OCCMOCCM
2nd step



10th Workshop on Electronics for LHC and future Experiments, Boston, 13-17 September 2004. Daniel V. Camin, Dipartimento di Fisica and INFN, Milano

i(t) ~~

Typ: PMT 
or ionizing 
detector

H.V.H.V.

(1) Detector biased

i(t)
H.V.H.V.

iL1~i(t)

~~

~~

 ipd~ 0

i(t)

~~~<

(2) Diodes interposed

  

A

~~~~~~~~<

~~~~~~~~ >

~i(t)

~~~~~~~~ >~~
~~

H.V.H.V.

i(t) ~~

~~
~~

~ ~
~~

~~
~~

~~

~ 0iL1 ipd~i(t)

i(t)

iL2

APD

A=iL2 / iL1

=ipd/ iL2 

(3) Feedback action flips the currents
     and i(t) is mirrored

OCCMOCCM
3rd step

OCCMOCCM



10th Workshop on Electronics for LHC and future Experiments, Boston, 13-17 September 2004. Daniel V. Camin, Dipartimento di Fisica and INFN, Milano

i(t) ~~

Typ: PMT 
or ionizing 
detector

H.V.H.V.

(1) Detector biased

i(t)
H.V.H.V.

iL1~i(t)

~~

~~

 ipd~ 0

i(t)

~~~<

(2) Diodes interposed

  

A

~~~~~~~~<

~~~~~~~~ >

~i(t)

~~~~~~~~ >~
~
~
~

H.V.H.V.

i(t) ~~

~
~
~
~
~ ~
~
~
~
~
~~

~~

~ 0iL1 ipd~i(t)

i(t)

iL2

APD

A=iL2 / iL1

=ipd/ iL2 

(3) Feedback action flips the currents
     and i(t) is mirrored

OCCMOCCM

••  DC or pulsed current-signals are linearly mirrored to ground potential via F.O.DC or pulsed current-signals are linearly mirrored to ground potential via F.O.

•• The input circuit is  The input circuit is passivepassive  andand  low impedancelow impedance: ideal for current-signals.: ideal for current-signals.

•• The only components under risk of radiation damage: The only components under risk of radiation damage:LED, photodiode, and fiberLED, photodiode, and fiber..

••  No LV power supplyNo LV power supply is required at the conductor is required at the conductor’’s potential.s potential.
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The OCCM: a current feedback loopThe OCCM: a current feedback loop
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Relevant results obtained with the OCCM:Relevant results obtained with the OCCM:

Resolution referred to photocathode: less than 1 pA .  Resolution referred to photocathode: less than 1 pA .  PMT gain ~ 4.1 x 10 PMT gain ~ 4.1 x 10 44
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b) The b) The veryvery  firstfirst pulses sent linearly via fiber-optics: pulses sent linearly via fiber-optics:
Transfer Characteristic

y = 0.9543x + 0.2269

R2 = 0.9996
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a) The first star tracks recorded by the Auger Fluorescence Detector prototypea) The first star tracks recorded by the Auger Fluorescence Detector prototype
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Increasing dynamic rangeIncreasing dynamic range
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The OCCM used for the transmission of The OCCM used for the transmission of 
fast current signals, also from cryogenic detectorsfast current signals, also from cryogenic detectors 

Vpd
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Pulsed operation: experimental resultsPulsed operation: experimental results

Open Loop Characteristc
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Closed Loop Characteristc
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R2 = 0.9999

0

50

100

150

200

250

0 0.2 0.4 0.6 0.8

Peak Current IN (mA)

P
e
a
k
 C

u
rr

e
n

t 
o

n
 L

E
D

 (
m

A
)

      Open LoopOpen Loop::
   saturation at   saturation at
   i    i inin~ 85 ~ 85 µµAA

LED- driving current  vs. input currentLED- driving current  vs. input current

      Closed LoopClosed Loop::
   saturation at   saturation at
   i    i inin ~ 750  ~ 750 µµAA

Small signalSmall signal
open-loop gain:open-loop gain:
A = 2047A = 2047

Feedback return ratio:Feedback return ratio:
  = (178)= (178)-1-1= 5.6 10= 5.6 10-3-3

Loop gain : 11.5Loop gain : 11.5
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Behavior of an LED at 300K and 77 KBehavior of an LED at 300K and 77 K
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Light receiver: Agilent 2406 (pin photodiode followed by an amplifier)  

At 77K the linear term improves by a factor x 5.6   

At 77 K the LED efficiency is a factor 5.5 higherAt 77 K the LED efficiency is a factor 5.5 higher
even at very small LED current, as required by the OCCMeven at very small LED current, as required by the OCCM
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Pulsed operation: Input-Output characteristicsPulsed operation: Input-Output characteristics

Pulse Response
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Transfer Characteristic
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•• The OCCM architecture allows linear mirroring, via optical means, ofThe OCCM architecture allows linear mirroring, via optical means, of
a DC or pulsed current-signals flowing trough a a DC or pulsed current-signals flowing trough a passive inputpassive input stage. stage.

•• NoNo LVPS LVPS is required at the potential of the isolated conductor. is required at the potential of the isolated conductor.
•• When the When the input stage is cooled down to 77 Kinput stage is cooled down to 77 K, performance improves, performance improves

strongly: strongly: the loop-gain increases a factor twothe loop-gain increases a factor two and  and signal thresholdsignal threshold
reducesreduces. This opens new opportunities for the signal readout of. This opens new opportunities for the signal readout of
cryogenic detectors.cryogenic detectors.

•• The OCCM has been successfully The OCCM has been successfully installed and operated in the 880installed and operated in the 880
PMTsPMTs  of two prototype telescopes of the Auger FD.of two prototype telescopes of the Auger FD.

•• Linear transmission of fast pulses via fiber optics has recently beenLinear transmission of fast pulses via fiber optics has recently been
performed with the OCCM over a performed with the OCCM over a 5 MHz bandwidth5 MHz bandwidth and at least a and at least a
100:1 dynamic range: 100:1 dynamic range: a reasonable starting point with large room fora reasonable starting point with large room for
improvement.improvement.

•• Dynamic range Dynamic range can can iincreasencrease  by connecting several stages in seriesby connecting several stages in series..
•• The The only components under risk of radiation damageonly components under risk of radiation damage: the LED, the: the LED, the

photodiode and the fiber.photodiode and the fiber.

Summary and conclusionsSummary and conclusions


