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Interstrip Capacitance of the Double-Sided
Silicon Strip Detector

K. Yamamoto, M. Muramatsu, K. Yamamura, M. Ohmura, H. Utsuyama, H. Anzai, K. Saito,
M. Konmura, M. Nakamura, and K. Niwa

Abstract—The signal-to-noise ratio of the silicon strip detector
is strongly influenced by the capacitance associated with the
readout electronics. From a theoretical study, it is known that
the strip geometry of such detectors dominates the strip capaci-
tance. In order to know numerical values of the strip capaci-
tance to estimate the detector performance and to find the best
detector structure, we designed and fabricated several dedicated
samples. These have different strip geometries and readout
methods. The capacitance of each sample device was measured
before and after exposure to vy-rays to test the radiation hard-
ness.

I. INTRODUCTION

ILICON strip detectors have become essential de-

vices for high energy physics experiments [1]-[3]. They
have an excellent position resolution, high rate capability
and two-track separation capability, which makes them
very useful for vertex determination. It is well known that
the strip pitch and the type of readout electronics deter-
mines the position resolution [4], but the electrical behav-
ior such as the strip capacitance and radiation effects
mainly depend on the detector geometry [5], [6]. For the
detection of the signal, each strip has to be connected to
charge-amplifier frontend electronics specifically designed
for these applications. The signal-to-noise ratio of this
system is strongly influenced by the capacitance of each
strip. Recently, it has become possible to estimate the
strip capacitance by theoretical calculations, and experi-
mental results are in good agreement [7]-[9].

To study the design philosophy of the silicon strip
detector, we previously tried to find the evaluation meth-
ods of the strip capacitance and design parameters for the
double-sided strip detectors [10]. By measurements on the
fabricated test structure, we had fairly useful information
for actual detector designing. This previous work was
done with one fixed pitch device. To understand the
controlling parameters for the interstrip capacitance, we
tried to test a wider variety of strip geometries. For the
first experiment, the strip widths were varied three dif-
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ferent pitches on the junction side. Some of them had
floating strips between the readout strips.

How to keep the good signal-to-noise ratio during the
operation is also important. We therefore tested the radi-
ation effects of high energy beam on the strip capacitance.

II. EXPERIMENT
A. Detector Design

For the silicon strip detector connected to a charge
sensitive amplifier, one has to consider several important
parameters to get higher signal-to-noise ratio. The most
important thing is to minimize the strip capacitance [11].
It is known that the main components of the strip capaci-
tance are the interstrip capacitance and the backplane
capacitance. In the case of the ac coupling strip detector,
the coupling capacitor has to be sufficiently larger than
the interstrip capacitance to avoid the signal spreading
over the strips. This coupling capacitor is dominated by
the thickness and area of the insulator between the strip
and ac electrode.

Considering this information, we designed several dif-
ferent geometries to find the controlling parameters and
absolute values.

e Chip size: 20 X 20 mm?
e Effective area: 15 X 16.7 mm?*

(This includes 18 different patterns)
« Strip pitch: 24 pum, 50 pm, 100 um
e Coupling capacitance: =~ 2000 angstrom SiO,
e Design of strip pattern: see Table II.

The strip length is 15 mm and the total width of each
pattern is 1 mm. So the number of strips for 24 pm pitch,
50 pwm pitch and 100 pwm pitch are 40 pieces, 20 pieces,
and 10 pieces, respectively.

Each strip has both ac and dc electrodes. We designed
three types of detectors with and without floating strips
between the readout strips.

Fig. 1 shows the cross sectional schematic views, and
each dimension of the photomask pattern is listed in
Table L.

B. Detector Samples

The detectors were fabricated using 3-6 kQ-cm high
resistive n-type wafers. The size of the wafer was 4 in and
the thickness was 300 + 10 wm. Fig. 2 shows the repre-
sentative pictures of these devices. All devices were
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Fig. 1. Cross sectional schematic view (a) Type L (b) Type 11
TABLE 1
GEOMETRY OF TEST DEVICES
Device Strip Floating
Type no. no. Pitch width width Gap
I 01 24 pm 6 um 18 um
I 02 24 8 16
I 03 24 10 14
I 04 24 14 10
I 05 50 8 42
I 06 50 10 40
I 07 50 16 34
I 08 50 32 18
I 09 100 10 90
I 10 100 20 80
I 11 100 40 60
1 12 100 80 20
I 13 50 8 6 um 18 %2
I 14 50 10 10 15x2
111 15 50 10 8 X2 8 X3
II 16 100 10 10 40 X 2
1L 17 100 10 50 20 X 2
111 18 100 10 10x2 23 x3

mounted on the specially designed G-10 substrates. Elec-
trical connection was done by Aluminum wire bonding.
C. Exposure

The radiation exposure was performed at the Institute
of Nagoya University using “’CO y-rays. The detectors
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Fig. 2. A microphotograph of detector sample.

were exposed to 1 MeV y-rays with total dose up to 500
kRad. The ionization current of the strip detector was
used as the monitor for the radiation exposure. 80 V bias
was supplied to the detector during the irradiation, and
the ac electrode was kept as the ground potential.

D. Capacitance Measurement

Fig. 3 shows the simplified circuit network for the ac
coupling strip detector. C, is the backplane capacitance,
C. is the coupling capacitance and C, is the ac electrode
capacitance. The value of C and C, are measured by the
conventional methods. The ac interstrip capacitance is the
capacitance between the electrode E,, and E,,, and the
dc interstrip capacitance is the capacitance between Epy,
and E ;.

Fig. 4 shows the ac interstrip capacitance measurement
schematically. The capacitance was measured by a charge
injection method. One ac electrode is connected to a step
voltage source. A neighboring ac electrode is connected to
a charge sensitive amplifier. We used a 5 msec step pulse
with 10 Hz duty cycle. The readout amplifier time con-
stant was 200 usec. Plus bias voltage was supplied from
n-substrate. Each set of strips was connected to ground
potential through a 5.1 M} bias resistor.

Using the value of the input step voltage (V;,), charge-
amplifier feedback capacitance (C;) and the output volt-
age (V,,,), the ac interstrip capacitance between the two
ac electrodes is calculated:

Cp = C; X

ac

We calculated this capacitance as one side interstrip
capacitance. So the total strip capacitance should be (2C,,
+ Cy).

The dc interstrip capacitance was measured and calcu-
lated almost same method.

III. RESULTS AND DISCUSSION

Table II shows the results of measuring each capaci-
tance. The coupling capacitance (C_) strongly depends on
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Fig. 4. ac interstrip capacitance measurement.
TABLE II
MEASURED CAPACITANCE VALUE
Device C. Cyp Cyc C,e
Type no. no. (pF/cm)  (pF/em)  (pF/cm)  (pF/cm)

I 01 47 = 0.1 0.44 0.27
I 02 7.3 0.1 0.53 0.37
I 03 9.8 0.1 0.59 0.44
1 04 15.0 0.1 0.80 0.63
1 05 8.1 0.18 0.57 0.45
I 06 10.6 0.18 0.63 0.51
I 07 18.4 0.18 0.66 0.61
I 08 382 0.18 0.69 0.89
I 09 10.7 0.29 0.47 0.37
I 10 250 0.29 0.55 0.53
I 1 52.4 0.29 0.74 0.73
I 12 107.0 0.29 1.08 1.06
1I 13 79 0.16 0.57 0.43
11 14 10.5 0.16 0.58 0.47
11 15 10.3 0.16 0.56 0.48
I 16 11.2 0.26 0.43 0.37
I 17 11.2 0.26 0.48 0.50
11 18 11.2 0.26 0.47 0.47

the frequency of measurement. In Table II, we selected
the capacitance value at 100 kHz, low frequency flat
region. This capacitance should be proportional to the
width of aluminum ac electrodes. Compared with mask
design, the width of aluminum becomes nearly 2 um
narrower because of the side etching. In the case of
narrow strip pattern, we have to take care to keep signifi-
cantly larger C,_ than the total-strip capacitance (2C,, +
Cy)

Fig. 5 shows the backplane capacitance of 100 um pitch
and 50 pm pitch detector (Cy).

C,, depends on the strip pitch, almost the same even if
the strip width is different. Higher than the full depletion
voltage, this capacitance becomes steady. We measured
the value at 100 V bias. Fig. 6 shows C, with or without
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Fig. 6. Backplane capacitance.

floating strips between the readout electrodes. There is
only a small difference between these values at full deple-
tion condition.

Fig. 7 shows the ac interstrip capacitance (C, ) of 24
um pitch detector. This capacitance differs with strip
geometry (pitch, width, with or without floating strip), but
depends less on the bias voltage. Fig. 8 shows the geome-
try dependency of C,.. Smaller width and pitch strips have
smaller interstrip capacitances. If the width of the strip is
the same, the wider gap (wider pitch) detector has the
smaller C,_.

There is almost no difference in the value of C,, with
floating strips or without them. There is a very similar
tendency in the dc interstrip capacitance (Cg.), only the
absolute value of C,. is smaller than Cg.

Table III summarizes the effects of the radiation expo-
sure on C, . After the exposure, C . increases by 10-20%
depending on the pattern geometry. Other capacitances
(C,,C,) have smaller change than C,, but C, changes
the same amount as C, . Fig. 9 shows the comparison of
24 pm pitch detector C, before and after the irradiation.
Both of the C,_ values are good hits on the straight line.
Maybe there is a simple explanation for this C,. increase
after the exposure.

IV. CONCLUSION

Capacitance properties of silicon strip detectors were
examined with specially designed strip patterns. This time,
we measured only the junction side capacitance. Each
capacitance of this side has a simple dependency on the
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TABLE 111
EFFECT OF EXPOSURE ON C,.
Device Before After
Type no. no. C,. (pF/cm) C,. (pF /cm)
I 01 0.30 0.33
I 02 0.50 0.50
I 03 0.60 0.60
I 04 0.89 0.89
I 05 0.52 0.52
I 06 0.58 0.58
I 07 0.77 0.77
[ 08 1.18 1.18
I 09 0.44 0.44
I 10 0.65 0.65
I 11 0.89 0.89
I 12 1.40 1.40
I 13 0.44 0.44
I 14 0.49 0.56
I 15 0.50 0.56
I 16 0.46 0.50
11 17 0.46 0.55
111 18 0.45 0.54

strip pattern geometry. It is clear that the interstrip capac-
itance is dominant to the total capacitance than the
backplane capacitance. With these experiments, we found
the conclusion that the reduction of the strip width seems
to be suitable for reducing the interstrip capacitance. In
case of the given desired pitch, this means the largest gap
width is preferable.
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Fig. 9. Radiation effect on the interstrip capacitance.

The effect of the radiation exposure is not significantly
high on the capacitance. This means the signal-to-noise
ratio should not deteriorate much during the operation.

The interface of Si-SiO, accumulates electrons not
only naturally but also by the positive ion traps in SiO,
during the high energy beam exposure. This should be the
main reason of the increase of the interstrip capacitance
after the radiation exposure.

The floating strip between the readout strips is a useful
method to get higher resolution with smaller readout
terminals. This is the so-called charge division method.
The capacitance value and radiation hardness of these
detectors have no difference compared with types with no
floating strips.

This paper shows only the junction side test results. We
had already designed and fabricated wide variety devices
for the test of ohmic side strip characteristics. We want to
measure and present the results in the near future.
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