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Status of the problem

We can conclude definitely:

The instability of the leakage current of the detector takes place both in liguid
nitrogen and in liguid argon if these media are not cleaned.

Function of the 'infrared shield’ is not found out.
The increases and decreases of the leakage current has long term character.

The exercises carried out during 1.5 year, are followed by both increase and decrease
of the leakage current. And there is not a final diagnosis.

The refurbishment of the insulator groove results in return of the leakage current to
its initial value.

Irradiation of the detector under high voltage and of its environment increases the
leakage current.

Irradiation of the detector without high voltage and of its environment sometimes
reduces the leakage current.

There are now more questions than of answers
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New Canberra design of
HP Ge detector for GERDA
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Starting points for explanation of undesirable effects
observed and predicted for HP Ge detectors
of the new Canberra design

The Canberra detector has open thin insulator inside the
narrow (< 4 mm) groove. It is followed by:

1. Collection of charged particles (electrons, ions, impurity clusters)
from environing liguid arqgon and trapping of the charges on the
insulator surface contacting with LAr.

2. Electric field of the order of 10 kV./cm in the vicinity of the
groove It is more by an order than the field of HP Ge detectors
of usual type.

3. Strong non-uniformity of the electric field inside the Ge crystal.

4. A dependence of the electric field upon configuration of outer
charges and metal details.
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Phenomena following the effects

1. Collection of charged particles on the insulator made of good dielectric
material results usually in sporadic micro-discharges along the insulator
surface. The discharges cause:

light flashes;
direct leakage current;
pulse leakage current generating electromagnetic noise;

chemical modification of the insulator surface followed by surface
conductivity and, accordingly, by extra direct leakage current.

2. Electric field of 10 kV/cm stimulates the collection and trapping of the
charges. Also this unusually high field intensifies the micro-discharges.

3. Non-uniformity of the electric field inside the Ge crystal leads to
difference of transport conditions for charge carriers in the Ge crystal.
Shape of output pulses and efficiency of collection of the quasi-electrons
and holes depends on location of an energy deposition. Uselessness of the
pulse shape analysis and bad enerqgy resolution can be results of it.

4. Dependence of the electric field upon configuration of outer charges and
metal details leads to an uncertainty of parameters of the detector.
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Experiments on irradiation of the detector and LAr
by the ionizing source are in accordance with the
supposition of charges on the insulator surface

The experiments carried out with Co-60 gamma source are in
accordance with the hypothesis of collection charges from the
LAr and trapping of the charges on the insulator surface:

1 Irradiation leads to creation in the LAr of a conductive cloud of
electrons and ions.

2. Under high voltage applied the charges are collected and trapped.
There are conditions for the micro-discharges.

3. Without HV the charges can run off the insulator surface or can
be recombinated.

4. To confirm the statement the conductivity of the irradiated LAr
should be estimated.
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Micro-discharges on the surface of the insulator
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Fig. 2. Evolution of an ion absorbed on the rough surface of a perfect insulator
under action of the electric field E of different orientation

A. The field E is inclined downwards. The ion B. The field E is parallel to the insulator surface.
If comes off, is trapped in the nearest dipping The ion can be accelerated and it can initiate an
of the rough surface of the insulator. avalanche of secondary ions and electrons.
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Usual starting points for designing detectors
and any other devices of high voltage

1. Effect of collection and trapping of the charge particles (electrons and
fons) on the surface of the insulator should be taken into account.

11 The better dielectric material of the insulator, the longer time (up to
weeks) of presence of the charges on the insulator surface.

1.2 The electric field should be non-parallel to the insulator surface.

2. The electrostatic field inside the devices should be closed. All outer
surfaces of the device should have fixed potential. It provides:

2.1. Absence of the trapped extra charges on the surfaces.

2.2. Prevention of the micro-discharges.

2.3. Fixation of a hominal geometry of internal electro-static field to avoid
a dependence of the field on the configuration of the metal environment.

These reguirements are met usually both by application of a special geometry
of the insulators and by a covering of the insulator by weakly conductive
layer or by an using of bad insulating material

Extra starting point for designing HV devices
for operation in the liquid argon:

Electrons and ions born in LAr have extreme high survivability.
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Modification of the insulating groove to suppress
the micro-discharges on the surface of the insulator
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Fig. 7. Geometry of the insulator of the detector
preventing the surface micro-discharges.
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Possible mechanism of internal leakage current

of Ge crystal with a thin open insulator
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Fig. 3. Thermal generation of the charged quasi-particles in the HP
Ge. A ion absorbed on the insulator outer surface, induces extra
electric field E in the Ge crystal. It results in local distortion of Ge
zone structure. This distortion works like impurity center produ-
cing free electrons and holes owing to thermal fluctuations.
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Design of standard HP Ge detectors
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Comparison of variants of the naked HP Ge detector
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Fig. 8. Comparison of variants of the naked HP Ge detector in liquid argon.

A — The detector with the end face opened electro-statically. Region of collection of charges from LAr and of sensitivity to
surrounding charges is maximal. The electric field nearby the insulator is of the order of 1 kV/cm.

B — Quasi-closed detector of the Canberra type with the insulating groove of width of = 4 mm. Region of collection of charges
from LAr and of sensitivity to surrounding charges is moderate. The electric field nearby the insulator is of the order of 10
kV/cm.

C — The insulator is covered by layer of weakly conductive material. Detector closed electro-statically with fixed potential of
the insulator surface. No uncontrollable charges on the insulator surface. No sensitivity to surrounding charges. The electric
field nearby the insulator is of the order of 1 kV/cm.
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Technique for guard of output of the detector
against current of conducting layer
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Fig. 9. Guard ring for branching of the current of the
conductive cover off the detector output contact.
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Conclusions

1. The observed instability of the leakage current of the tested
PH Ge detector is caused rather probably by collection of
charges from LAr and trapping of the charges on the insulator
surface of the groove, that leads, in turn, to the micro-
discharges on the insulator.

2. The effect seems to be intrinsic for the new Canberra design
of the detector. The design can create the extra problems of
the detector efficiency, of its energy resolution, and of use of
the pulse shape analysis.

3. We propose to carry out the R&D work to study physics of the

observed phenomena and to optimize the design of the HP Ge
detectors for the Phase | of the GERDA experiment.

Geel, June 11-14, 2007 GERDA Meeting 15



e

Two rails can be
used as parking
positions for strings

Our detectors tn | |
spite of on anything |

will work iw ligquid | 3
argow properly!

String is pushed
onto wagon at
this position

Immersing
of naked
detectors
intfo LAr



