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The results of investigation of the full depletion and separation voltages are presented. It is shown that these
voltages do not always have similar values. The explanation of this effect is suggested.
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1. INTRODUCTION

A microstrip detector is one of the popular types of
silicon coordinate detectors. It is used practically in all
nuclear and high-energy physic experiments [1-7]. Sili-
con coordinate detectors are used for a tracking system.
This system registers coordinates and ionization energy
of charged particles. This type of detectors provides a
high spatial resolution, which is not reachable by other
detectors. Quick-action is another very important parame-
ter that is used widely for triggering of the other detec-
tors.

There are two types of the silicon coordinate detectors,
one- and two-coordinate. The difference between them is
that the one-coordinate detector can get a signal only from
one side and in that way registers only one coordinate. The
two-coordinate detector provides a signal from both sides
and registers two coordinates, correspondingly.

One of the conditions for the detector successful use
is the correct operation voltage. Usually, it is determined
by a full depletion voltage. Strips separation on an ohmic
side is another important condition for the two-sided de-
tectors. One considers that the strips separation is reached
automatically at the full depletion voltage.

Our search shows that for one detector these two pa-
rameters can differ significantly. This difference is very
important because these parameters determine the opera-
tion voltage.

The operation voltage has to be determined very ac-
curately. On one hand, the operation voltage must be
sufficiently high to deplete all volume of the detector,
provide full charge collection and stable functioning of
the ohmic side. On another hand, the high operation
voltage can lead to a detector breakdown. It increases
noise from the leakage current and microdischarges,
power consumption and heating [8].

2. TECHNIQUE OF RESEARCH

A following technique is used for this problem in-
vestigation. First, the full depletion voltage measure-
ment on a test diode using standard methodology is per-
formed. Then, using three different methods, the strip
separation voltage on the ohmic side of the two-sided
microstrip detectors is measured. Moreover, the calcula-
tions of the full depletion voltage for the diode and the
microstrip detector are performed.

3. DETECTORS

Some test structures were selected for a testing.
These are two-coordinate microstrip detectors of two se-
ries that have large difference on the strip separation
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voltage. We used also the one-sided diodes. These
diodes are the standard test structures and have the same
wafers as the detectors under test do. The diode and de-
tector of series with higher strip separation voltage are
marked as the Diode 1 and the Detector 1, while those
of series with lower strip separation voltage are marked
as the Diode 2 and the Detector 2, correspondingly.

Each detector has 128 strips. Some strips are manu-
factured without biasing resistors to perform precise in-
terstrip resistance measurement. The test diodes are the
standard planar diodes with square active area 5x5 mm.

All devices have been manufactured on n-type high-
resistivity silicon (5500 Ohm/cm for first series and
9500 for second one). The thickness of devices is
0.3 mm.

4. FULL DEPLETION VOLTAGE MEA-
SUREMENT

There is a standard method to measure the full de-
pletion voltage using the diode [9]. This method is
based on the fact that square of capacitance of the diode
is inversely proportional to the bias voltage until the
moment of the full depletion occurs. However, capaci-
tance dos not depend on the bias after the full depletion
voltage is reached. Using this fact, the full depletion
voltage can be determined from the volt-farad curves.
For the volt-farad measurement on the test diode, a stan-
dard circuit has been used.

5. STRIP SEPARATION VOLTAGE ON
OHMIC SIDE

We used three different methods to determine the
strip separation voltage. These are an interstrip resis-
tance, an interstrip capacitance, and a strip leakage cur-
rent measurement. These measurements are based on
the fact that there exists a charged layer at the silicon-
oxide interface; the layer is charged positively in the ox-
ide and negatively in the silicon. The layer in silicon
consists of electrons that connect strips together. From
the diode side, this conductive layer is removed by the
depletion region. From the ohmic side, special separa-
tion structures are used to interrupt this layer. However,
these structures start working only when depletion re-
gion reaches the ohmic side. Until this moment, all
strips on the ohmic side are shorted. Because of that, the
measurements indicated above are sensitive to the mo-
ment of strip separation.
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5.1. INTERSTRIP RESISTANCE MEASURE-
MENT

The method of determination the interstrip resistance
from the strip leakage currents is used [10]. Two-volt-
age sources are used for the measurement. The first one
provides detector biasing; the second one provides a po-
tential difference between the strips, which is required
for the measurement of the interstrip current.
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Fig.1. Circuit for interstrip resistance measurement

First, the leakage current of one strip is measured us-
ing the circuit in Fig.1. Then we remove the voltage
source V, and measure the leakage current again. The
difference between these currents is an interstrip current
i;s because of the additional voltage source V. The inter-
strip resistance can be calculated using Ohm low (1):

-V
is ~ i.
is (1)
5.2. ONE STRIP LEAKAGE CURRENT MEA-
SUREMENT

Each strip is connected to a common bias line by a
bias resistor. The conductive layer connects all n” strips
together until the moment of separation occurs. Measur-
ing the single strip current before the separation we
measure, in fact, the current of several strips connected
by the conductive layer. This current is much higher
than the current of the single strip. After separation, we
measure only single strip current. In that way, the single
strip leakage current decreases dramatically at the mo-
ment of the strip separation. For these measurements we
used the same circuit as we did for the inerstrip resis-
tance measurements with the voltage source V removed.
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Fig.2. Circuit for interstrip capacitance measurement

5.3. INTERSTRIP CAPACITANCE MEASURE-
MENT

A standard technique is used for the interstrip capac-
itance measurement [10]. The circuit presented in Fig.2
is used for these measurements. The capacitance is mea-
sured at a frequency 1 kHz because at this frequency the
measurement is the most sensitive to the separation mo-
ment. The capacitance is measured between two adja-
cent strips.

6. CALCULATION OF FULL DEPLETION
VOLTAGE

For the full depletion voltage calculation, the well-
known equation (2) is used [11]:
d2
Vi ——F—, (@)
PU2EE
where p is the silicon resistivity, L is the electron mo-
bility, & and &s; are the vacuum and silicon dielectric
constants, respectively, and d is the depletion depth.

7. RESULTS

A special measuring complex has been used to per-
form these investigations.

Results of the full depletion voltage on the test diodes
1 and 2 are presented in Fig.3. For the diode 1 the full de-
pletion voltage is 28.8 V and for diode 2 it is 50 V.
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Fig.3. C-V curves for test diodes
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Fig. 4. Strip leakage current and interstrip resistance
for Detector 1

All results for both series

Series Full depletion voltage Separation voltage measured by:
Calculation Diode strip current | interstrip resistance | interstrip capacitance
1 51.3 50 60 60 60
29.7 28.8 30 30 30
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Fig. 5. Strip leakage current and interstrip resistance
for Detector 2

The interstrip resistance and single strip current mea-
surements for the Detector 1 are presented in Fig.4. The
same characteristics for the Detector 2 are indicated in Fig.5.
The interstrip capacitance dependences on bias voltage for
the Detector 1 and the Detector 2 are shown in Fig.6.
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Fig. 6. Interstrip capacitance dependences on bias volt-
age for Detector 1 and Detector 2

All the results are presented in a table. One can see
there is a difference between the first and second series.
This difference is due to the different resistivity of sili-
con that was used for these series production. Obtained
results show that for the first series the measurements
on the detector and diode and calculation are in good
agreement with the calculations. For the second series,
the full depletion voltage measured on the diode is in
agreement with the calculation, but the separation volt-
age measured on the detector is higher.

8. CONCLUSION

One can see that the full depletion voltage and sepa-
ration voltage are not always identical. In our case, the
separation voltage is higher than the full depletion volt-
age. The reason can be in too high charge in silicon ox-
ide. Silicon oxide is used widely as an insulator. The
charge may be generated at the silicon-oxide interface
during plasma treatment. This charge usually is positive
in oxide and negative in silicon. From ohmic side this
charge shields the field of depletion. To get rid of this
effect, an additional voltage is needed. This assumption
requires further investigations.

The choice of measurement type for operation volt-
age is very important for the two-sided detectors.
Wrong operation voltage can cause incorrect function-
ing of a detector or leads to its break.
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HAINPAKEHUE IMTOJHOI'O OBEJHEHUS U HANIPSAKEHUE PA3AEJEHUS 1JI51 IBYXCTOPOHHEI'O MU-
KPOCTPUIIOBOI'O AETEKTOPA
H. Macnos, A. Cmapodyouee
TpencraBieHsl pe3yIbTaThl HCCIESIOBAHUS HAIPSKEHUS OJHOTO OOCHEHHS M HANPsDKeHUA pasfeneHus. [lokasaHo, 4To 3TH
HAaIPSDKEHHS He BCETIa MMEIOT OJIM3KKeE BeMYUHBI. [IpesoxkeHo oobsicHeHHe 3Toro sddekra.

HATIPYT'A ITIOBHOTI'O 3BIJHEHHS TA HAITIPYT A PO3AIJIEHHSA JJ151 IBOCTOPOHHBOTI'O
MIKPOCTPHUIIOBOI'O JETEKTOPY
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M. Macnos, O. Cmapodyoyes
IIpencraBneHi pe3yapTaTH AOCIIKEHHS HAIIPyTd TOBHOTO 301IHEHHS U HAINpyru po3aiieHHs. [loka3aHo, mo i HaNmpyru He
3aBXK/IM MAIOTh 3HAYEHHS KU € OJIM3bKUMHU. 3aIpONIOHOBAHO NOSICHEHHS L[bOT0 SBHILA.
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