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> Galvanically decoupled DC amplifiers

> The OCCM and its application with PMTs and ionizing detectors
> Performance at cryogenic temperature

> Status of a fiber optics link based on the OCCM
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The Pierre Auger Project:
looking for the hlghest energy cosm ys

The Auger collaboration: about 300 researchers Lru_-.n.l
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The Pierre Auger Observatory: an hybrid detector

> Objective:
to study the:
— energy
—  flux
— arrival directions
— composition
of UHECR with E > 1018 eV with
full efficiency above 10!° eV.

> Proposed:

— full sky coverage (two extensive Observatories)

— large aperture.
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— Hybrid detector techniques:

-> atmospheric fluorescence detector (FD)

-> surface array: water Cherenkov tanks (SD)
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The telescopes of the Fluorescence Detector

FD buildings with 6 telescopes
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The water-Cherenkov tank array
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Making the telescopes sensitive to star signals to
control their absolute pointing and long-term stability
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Figure 37, Shape of e sigrad generated 2o PATT of 2 FD Misros

Fluorescence pulse width:
~0.3-10 us

Star track width: 5 to 10 min
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The currents in a PMT biased with positive HV
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Mirroring Id to ground potential would allow to measure
the DC or slowly varying anode current.
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What to use to mirror the divider current ?
State of the art on Galvanically decoupled DC amplifiers:

> 1973, J. Sunderland’s schet
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> 1995, Hodson (Texas Instrumen

* LV power supply
required at the HV,
or 1solated region.

):

* In the last 30 years
°  many solutions were
proposed to bring
LV to that region.

e Introduction of the Linear Optocoupler
« Still, LV was always required at the 1solated

or HV region.

* Unacceptable for Auger ! (24 x 440 PMTs5s)
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John C. Sunderland’s patent
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The Optically-Coupled Current-Mirror

1st step

(1) Detector biased

Typ: PMT
@ or 10nizing
detector
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(1) Detector

C

i(t)l i

S

biased

11

Typ: PMT
or 10nizing
detector

OCCM

2nd step

(2) Diodes interposed
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(1) Detector biased
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Typ: PMT
or 10nizing
detector

OCCM

3rd step
(2) Diodes interposed (3) Feedback action  flips the currents
and i(t) is mirrored
Y|
1(t)l
H.V.
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OCCM

(1) Detector biased (2) Diodes interposed (3) Feedback action flips the currents
and i(t) is mirrored

i(t)| 7 10| 7
()l H.V. l
~ 0¢
V A<
Sobi i(t)
or ionizing
detector

» DC or r)lllse I Cl lrr@n’than“ are linearly rirrored to ground potential via F.0.

> The input circuit is passive and low impedance: ideal for current-signals.

> The only Comr)omenb under risk of radiation darage:LED,photodiode,and fiber.
> No LV power supply is required at the conductor's potential.
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The OCCM.: a current feedback loop
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Increasing dynamic range
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Relevant results obtained with the OCCM:

a) The first star tracks recorded by the Auger Flu
Alpha Lyra
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Resolution referred to photocathode: less than 1 pA .
0) The very first pulses sent linearly via fiber-optics:

8-9 Pulse width:2us

o7 lise ~ 180 ns;
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The OCCM used for the transmission of

fast current signals, also from cryogenic detectors
_ Optical Fibre 200/230
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Pulsed operation: expenmenta results

LED- driving current vs. input current
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Behavior of an LED at 300K and 77 K

At 77K the linear term improves by a factor x 5.6
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even at very small LED current, as required by the OCCM
Light receiver: Agilent 2406 (pin photodiode followed by an amplifier)
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Pulsed operation: Input-Output characteristics

Pulse Response
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> The OCCM architecture allows linear mirroring, via optical means,
a DC or pulsed current-signals tlowing trough a passive input stage

> No LVPS is required at the potential of the isolated conductor

> When the input stage is cooled down to 77 K, performance improves
st;rongly the loop-gal increas esa factor two and signa l hreshold
reduces. This opens new opportunities for the signal readout of
cryogenic detectors

> The OCCM has been successtully installed and opemted in the 880

improvement.

° Dynamlc range can increase by connecting several stages in series.

(\ﬂ

> The only component s under risk of radiation damage: the LED, the
photodiode and the fiber.

10th Workshop on Electronics for LHC and future Experiments, Boston, 13-17 September 2004.



