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The dependence of interstrip capacitance of the double-sided microstrip detector on frequency of measuring is
explored. Has been investigated at what frequency of measuring the observed value of interstrip capacitance is most
in accord with quantity of interstrip resistance. By obtained results the conclusions about an opportunity of
application of interstrip capacitance measuring for detection of defects of the microstrip detectors at stage of their

characterisation are made.
PACS: 29.40. Wk.

INTRODUCTION

Last time the silicon microstrip detectors received
wide application in experimental physics. This type of
detectors is used for tracking systems practically of all
major experiments in high-energy physics [1-7]. For
build-up of track system one uses from several hundreds
up to several thousand microstrip detectors. Before
application all these detectors should be tested for
checkout of conformity to the requirements of the
experiment. The optimum procedure of testing is
developed for this purpose [8-10]. This procedure
includes a gang of methods to gain the most complete
detector characteristic by the least quantity of
measurings. For the double-sided microstrip detector
such procedure as a rule includes measuring interstrip
resistance and (or) interstrip capacitance. These two
parameters are the basic quantities defining quality of
the detector. Interstrip resistance determines charge
distribution between adjacent strips. In turn it
determines level of useful signal and hence signals to
noise relation and spatial resolution of the detector.
Interstrip capacitance gives the basic contribution to a
capacitive load of readout electronics. In modern track
systems, in which the microstrip detectors are used, they
are equipped by prompt readout electronic with shaping
time about several microseconds and less. At such small
shaping times the basic contribution to noise of system
is defined by the capacitive load at the input of the
preamplifier, which is defined in basic by interstrip
capacitance.

The measuring of interstrip capacitance and
interstrip resistance can be applied in several cases. In
first, this is measuring of physical quantities, and in
second, measuring for a detection of technological
defects at a stage of characterization of the detector.
Generally these defects represent different flaws of p*
and n" implantations giving a low resistance between
two strips (short circuit).

The measuring of the physical quantity of interstrip
capacitance is used for an estimation of the contribution

of interstrip capacitance in total capacitance of a strip
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and for definition of relation of quantity of interstrip
capacitance and coupling capacitor. This kind of
measurements should be executed most precisely,
therefore it is necessary to use setup allowing to get rid
from all parasitic capacitances and ensuring most
precise measurement.

There are some works devoted to examination of
frequency dependence of interstrip capacitance.
Interstrip  capacitance strongly depends on a
construction of the detector and performances of
materials used for its manufacture. Therefore frequency
dependences of interstrip capacitance are various. So,
for example in [11] the value of interstrip capacitance
decrease at increase of frequency, whereas in [12] the
value of interstrip capacitance practically does not
depend at frequency, and in [13] and [14] the value of
interstrip  capacitance increase with increase of
frequency of measuring, that is qualitatively in good
agreement with results, obtained by us.

All examination of frequency dependence of
interstrip capacitance carried out before was executed

with the purpose of definition of frequency,that is
optimum for measuring the physical quantity. With the
purpose of optimization of a procedure of
characterization of the microstrip detector and
opportunity of application of measuring of interstrip
capacitance for technological defects detection, we
spent examination of interrelation of quantity of
interstrip capacitance on different frequencies of
measuring and quantity of interstrip resistance.

EXPERIMENTAL CONDITIONS

For examinations two types of detectors were used.
one is double-sided detector with polysilicon biasing
resistors. For an opportunity of a precise measurement
of interstrip resistance the biasing resistors detached
from a bias line on 12 strips. The second detector is
double-sided detector with punch - through bias system.
Both detectors have identical geometry and one type of
ap’ stop structure.
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Fig. 1. Setup of measuring of interstrip capacitance
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Fig. 2. Dependence of interstrip capacitance on the
bias voltage

DETECTOR WITH POLYSILICON
RESISTORS

The examinations of the detector with polysilicon
resistors were carried out in two stages.

First investigation phase were spent on the ohmic
side of the double-sided microstrip detector. As on this
side the interstrip resistance sharply varies only at
achievement of a voltage of strips separation, therefore
short circuit can be imitated, applying voltage that is
less than separation voltage. For this purpose with setup
showed in Fig.1 the dependence of interstrip
capacitance and dissipation factor from a bias voltage
was measured. The measuring were carried out on
frequencies 1 MHz and 1 kHz.

In Fig.2 the results of measuring of interstrip
capacitance, and in Fig. 3 - dissipation factor for two n*
strips with high interstrip resistance are submitted. As it
is visible from figures, at the moment of n' strips

separation capacitance at frequency 1 kHz varies much
more, than at frequency 1 MHz. Dissipation factor at
change of frequency changes dependence on the voltage
on opposite.

Fig. 4 displays dependence of interstrip resistance on
the bias voltage for two strips, In Fig. 5 and Fig. 6
measurements of the same parameters are given, but
only in the range close to the voltage of strips separation
and with finer step to show clearly the moment of strips
separation.

At the second stage the detector with actual
technological defects was explored. For measuring 12
strips, with detached polysilicon resistors were chosen,
among which there are as the strips with high, and with
low interstrip resistance. The measuring were carried
out at the voltage of a complete depletion of the
detector. Interstrip resistance, and then interstrip
capacitance was measured. The results of measurements
are given in Fig. 7 and in Fig. 8.

DETECTOR WITH PUNCH - THROUGH BIAS
SYSTEM

The punch - through bias system differs from the
polysilicon resistor by that instead of the polysilicon
resistor the bias resistance is ensured with a construction
like p-n-p, which is implemented at existence of a gap
of particular quantity between a protective ring and strips.

For examinations the detector having technological
defects on the ohmic side also was chosen that has given
in occurrence of some strips with low interstrip
resistance. The examinations of this detector also were
carried out in two stages. Frequency dependence of
interstrip capacitance and dissipation factor at first was
measured at the voltage of the complete depletion of the
detector on the strip with high interstrip resistance for
parallel and serial equivalent circuits of capacitance
measuring. The results of these measurements are given
in Fig. 9 and Fig. 10.
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Then, as well as for the detector with polysilicon
resistors, the dependence of interstrip capacitance and
dissipation factor from the bias voltage on two
frequencies 1 kHz and 1 MHz was measured. This test
was executed for two equivalent circuits of capacitance
measuring too. The results of measuring of interstrip
capacitance and dissipation factor can be seen in Fig. 11
and Fig. 12 correspondingly. And, at last, measurements
of interstrip capacitance on strips with actual defects
were carried out. Fig. 13 displays distribution of
interstrip resistance, and Fig. 14 and Fig. 15 show
interstrip capacitances for the chosen part of the detector
on frequencies 1 kHz and 1 MHz accordingly.

ANALYSIS OF RESULTS

As have shown frequency measurements (Fig. 9 and
Fig. 10), the quantity of interstrip capacitance
essentially depends on frequency of measuring. It is
explained to that any physical capacitor can be
presented as serial and parallel equivalent circuits.
These circuits are submitted in Fig. 16. Both these
circuits represent effects of leakage of insulator and
resistance of materials of capacitor plates. R, influences
quantity of capacitance. For an estimation of this
influence there is such parameter as dissipation factor,
D, that is determined under equation:

D=-2xfCR,

where f is frequency of measuring, C is quantity of
capacitance and R; is serial resistance.

As it is visible from the formula, the dissipation
factor is directly proportional to quantity of serial
resistance, that is, it displays “purity” of measuring of
capacitance. It is obvious, that for the ideal condenser
R=0. The value R; is higher, the distortion is greater
that it imports to quantity of capacitance. However for
the detection of strips with low interstrip resistance the
defining role has the responsivity of measuring to a
different kind of short circuits but not the accuracy of
capacitance measurement. This responsivity increases
with growth of the contribution of serial resistance

At  measuring frequency 1kHz  measured
capacitance has the much more contribution of
resistance and, hence, major responsivity to low
interstrip resistance, than at frequency 1 MHz. So, for
example, at frequency 1MHz Ci=4,2381pF and
D=-0,0119 and at frequency 1 kHz C;:=3,67411 pF and
D=-0,10582. Then according to equation quantities of
serial resistance for 1 MHz and 1 kHz will be equal
447 Ohms and 459 kOhm accordingly. As it is visible,
the serial resistance strongly depends on frequency.
Probably, it is concerned with frequency dependence of
conductance of materials, of which the detector
manufactured.
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Fig. 11. Dependence of interstrip capacitance
on the bias voltage

All carried out measurements are qualitatively
compounded with the above-stated explanation. As it is
visible from Figs. 2-4,11,12, interstrip capacitance at
frequency 1 MHz practically does not vary at the
moment of n' strips separation, whereas at frequency
1 kHz varies considerably, that confirms by
measurements of the dissipation factor and is in the
good coordination with behavior of interstrip resistance.
From Figs. 11,12 it is possible to see, that at the same
frequency more sensing is measuring capacitance on the
serial equivalent circuit, whereas it does not influence
the dissipation factor.
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At measuring capacitance of strips having low
interstrip resistance, has appeared, that capacitance at
frequency 1 MHz has practically identical quantity on
strips with low and high interstrip resistance.
Capacitance at frequency 1 kHz varies on an order of
magnitude at diminution of interstrip resistance up to
0.5 MOhm and on 30...50 % at diminution of resistance
up to several tens MOhm (Fig. 7,8,13-15).
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Fig. 16. Equivalent circuits of the capacitor

As was found out at testing the detector with punch -
through bias system, the measuring of interstrip
capacitance is not capable reveal all types of defects of
this detector. As it is visible from Fig. 13 and Fig. 14,
we have higher value of interstrip capacitance only on
"pair" strips with low resistance, whereas "single" strips
have normal capacitance. It is possible to explain as
follows: at low interstrip resistance on two next strips
we have a break of the p* stop structure between these
strips. It is natural influences on quantity of interstrip
capacitance and resistance. At low interstrip resistance
on one strip we have the break of the p” stop structure
between the strip and a bias line. This defect is defined
at measuring of interstrip resistance by virtue of
specificity of the used circuit, but any way does not
influence in interstrip capacitance. On detectors with
polysilicon resistors this type of defect misses because
of constructional features.



CONCLUSIONS

The carried out examinations and obtained results
show that interstrip capacitance strongly depends on
measuring frequency. At low frequency (1 kHz)
behavior of the interstrip capacitance is in good
agreement with behavior of the interstrip resistance. At
high frequency value of the interstrip capacitance
practically dos not depend on the value of the interstrip
resistance and is most “clean” physical value. One can
make conclusions that for measuring interstrip
capacitance it is necessary to choose different
frequencies depending on the purpose of measurements.
So for physical measurements of quantity of interstrip
capacitance it is necessary to use the peak frequency, in
our case | MHz, as thus the contortions imported to
measuring by serial resistance, are minimal. As to use of
measurements of interstrip capacitance for the detection
of technological defects, the low frequency is more
appropriate. The spent examinations have shown an
opportunity of the technological defects detection for
the detector with polysilicon resistors. For the detector
with punch - through bias system such use has appeared
of restricted because of the measuring of interstrip
capacitance on this type of detectors does not detect all
defects, which can be detected at measuring of interstrip
resistance.
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B3AUMOBJ/IMAHUE BEJINYUH MEXKXCTPUIIOBBIX EMKOCTHU 1 COITPOTUBJIEHUA
JABYXKOOPJINHATHOI'O MUKPOCTPHUITIOBOI'O JETEKTOPA

H.U. Macnos, C.M. llomun, A.®D. Cmapodyoyes

HccnenoBana 3aBUCHMOCTD MEKITOIOCKOBOM €MKOCTH ABYXCTOPOHHETO MHKPOIIOJIOCKOBOTO JETEKTOpa OT
4acTOThl U3MepeHus. M3ydeHo, Ipu Kakoil 4acTOTe€ U3MEPEHUM pe3ysIbTaThl U3MEPEHUN MEXKIIOJIOCKOBOM €MKOCTH
HamboJiee COTNIACYIOTCS C BEIMYMHON MEKIIOJIOCKOBOTO COMPOTHBICHUS. 10 MOTy4eHHBIM pe3yibTaTaM CIETaHBI
BBIBOJBI O BO3MOXXHOCTH TPHMEHCHHS HW3MEPEHHS MEXKIIOJIOCKOBOM €MKOCTH il OOHapyXeHHs Ie(eKTOB
MUKPOTMOJIOCKOBBIX JE€TEKTOPOB Ha dTare UX TECTUPOBAHMUS.

B3AE€MOBILINB BEJIMUYNH MEKCMYTI'OBUX EMHOCTI TA OIIOPY IBOXKOOPJIUHATHOI'O
MIKPOCMYT'OBOI'O JETEKTOPY

M.1. Macnos, C.M. Ilomin, O.®. Cmapodyoues

JlocimKeHo 3aleHICTh MDKCMYTOBOi €MHOCTI JBOCTOPOHHBOTO MIKPOCMYI'OBOIO JAETEKTOpa BijJ 4YacTOTH
BUMIPIOBaHHA. BuBUeHO, mpHW SKiH YacTOTi BUMIPIOBaHHS pe3ydbTaTH BHUMIPIOBAaHHSI MIKCMYTOBOI €MHOCTI
HaMOLIBII CIIBIAJAIOTh 31 3HAUEHHSIM MIXCMYTOBOTO oropy. 1o oTpumannM pesynbpraTtaM 3po0IeHO BHCHOBKH IIPO
MOJKJIMBICT 3aCTOCYBaHHS BHMIPIOBaHHS MIKCMYTOBOi €MHOCTI IS 3HAXOMKEHHS IE(EKTiB MIKpPOCMYTOBHX
JETEeKTOPIB Ha eTalli IXHbOr0 TeCTYBaHHS.



