S oCLEAR

INSTRUMEN
Nuclear Instruments and Methods in Physics Research A 342 (1994) 22-26

& METHOL
North-Holland IN PHYSIC!
RESEARC!

SectonA

Microdischarges of AC-coupled silicon strip sensors
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Microdischarge at the edges of strips in AC-coupled silicon strip sensors has been investigated. A steep increase in the |
current (breakdown) and a sudden onset of, burst noise were observed at a low reverse-bias voltage when the bias potent
across the AC-coupling capacitor. This can be explained by the occurrence of microdischarges along the edges of strips.
discharges have been confirmed by observing IR light emission. A calculation of the field strength at the strip edge sugg
fringe field of the external electrode generates the microdischarge at the strip edge when the bias voltage is 50-80 V.

consistent with our observations. We discuss a design for AC-coupled sensors that eliminates this discharge problem.

1. Introduction

Robust and reliable AC-coupled double-sided mi-
crostrip sensors are required for tracking detectors
which willibe used in high-energy and high-intensity
beam experiments in the next generation of accelera-
tors, such as the SSC and the LHC. An AC-coupled
readout is of essential importance to reduce the impact
of dark current increase arising from radiation damage.
A double-sided readout is also required to reduce the
material thickness and to attain a good tracking capa-
bility for electrons and low-momentum particles. The
coupling capacitor of a double-sided detector should
hold the full bias potential. For a single-sided sensor,
the strips of the readout side can be grounded and the
positive bias applied to the other side. The potential
difference between the electrodes of the coupling ca-
pacitor is then small, equal to or less than 10 V. On the
other hand, for a double-sided sensor, the coupling
capacitors on onc.or both sides must hold or share the
full bias potential without any breakdown. Since the
intrinsic breakdown voltage of SiO, is high enough to
hold 200 V for 0.2 wm thickness (we assume an ideal
Si0,), the breakdown of the coupling capacitor itself is
not at issue here. The large potential difference be-
tween the external electrode and the implanted strip
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results in a strong fringe field at the edge of the
inside of the silicon substrate (MOS effect). This ¢
microdischarges due to the high local field stren
a voltage which is corsiderably lower than the |
down voltage of the corresponding DC-coupled
We now discuss the properties of this microdis
effect in AC-coupled microstrip sensors, and proj
treatment of the problem.

2. Experimental observation 4

The microstrip sensors used for the following
vation were all single-sided and AC-coupled.
were fabricated with n-type substrates of 4-8 k
resistivity. The strip pitch was either 50 or 100

At first, by observing the leakage current, we
mined that junction breakdown did not occur
voltages up to 150 V in cither the p* or n
sensors when the external electrode was left fi
In other words, up to 150 V, no junction bre:
was observed when there was no potential di
between the two electrodes of the coupling
The leakage current showed a clear plateau, as
of a reverse-biased diode. On the other hand,)
bias potential was across the AC-coupling cap
sharp increase in the leakage current (breakdo
observed at a bias voltage of around 65 V for
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ig. 1. Leakage current as a function of the bias voltage when
the potential is across the integrated capacitor on the p-strip.

strip sensor (Fig. 1). This was not a catastrophic, but
father a reversible and reproducible phenomenon. Af-
the sharp increase, the leakage current saturated
nd again showed a plateau. A similar phenomenon
as observed with the n™ strip sensor, but the onset
pltage of breakdown was higher by ~ 30 V than that
or the p™ strip sensor. These breakdowns are similar
o the edge-type breakdown discussed by Longoni et al.
1], but occur at a significantly lower voltage.

Large -amplitudé noise (burst noise) appeared when
ye measured the signal amplitude as a function of the
voltage. In this case the negative bias potential
yas supplied to the p™ strips s0 that the full potential
as held by the coupling capacitor. Fig. 2 shows the
mean-square (rms) noise amplitude of the D
p sensor as a function of the bias voltage. The noise
ulses were generated randomly and the amplitude
icreases sharply as the bias voltage increased. The
hreshold voltage at which this sharp increase occurred
as the same as that for the leakage current. These
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Rms amplitude of the burst noise as a function of the

mllage when the potential is across the integrated capac-
itor on the p-strip.
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Fig. 3. Temperature dependence of the rms amplitude of the
burst noise.

effects were observed in a sensor in which the external
electrode and the implanted p* strip were of equal
width. The amplifier system used in this measurement
was a combination of a charge amplifier and a spec-
troscopy amplifier with a 0.5 ps shaping time.

3. Temperature dependence

The temperature dependence of the burst noise
generation (breakdown) is shown in Fig. 3. A positive
temperature coefficient can be clearly seen; that is, the
breakdown voltage increases with increasing tempera-
ture. The positive temperature coefficient suggests that
this is an avalanche-type breakdown [2].

4. Calculation of the field strength

The electric field in the region of the implanted
strip was calculated for the simplified geometry of the
implant and the external electrode, assuming —63 V
on the implant and a grounded external electrode. A
positive charge in the silicon-SiO, interface accumu-
lated by irradiation was not taken into account in this
calculation. However, the maximum effect of the charge
can be estimated from the switching voltage shift of the
MOSFET [3] to be the equivalent potential of about
—20 V addition to the bias. For the purpose of the
calculation we assumed a 1 wm thick implanted, 1 pm
thick external electrode, both with sharp rectangular
boundaries. and a 0.2 pm thick SiO, coupling insulator
between them. Several geometries were tried, varying
the relative position of the edge of the external elec-
trode and the edge of the implant. Fig. 4 demonstrates
the equipotential lines calculated around the implant
and the external electrode for the geometries of which

1. DESIGN, FABRICATION
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Fig. 4. Equipotential lines calculated around the edge of the
implant and the external electrode. (a) is for the geometry of
the edge of the external electrode placed just on the edge of
the implant. (b) is for the geometry of the edge of the external

_ electrode stepped back by 1 wm from the edge of the implant. To avoid the microdischarges around the bonding ps
the edge of the external electrode is placed just above a Geometry of the test sensor
the edge of the implant (Fig. 4a) and the edge of the 4
external electrolde stepped back by 1 pm (F.i‘g. 4b). In i Wit 8um * 16um
each case the highest field strength in the silicon bulk £

is calculated and plotted in Fig. 5 as a function of the 5192 H H I
edge separations. The breakdown field of silicon is . - -
approximately 30 V/um [4], which coincides with the

edge field strength calculated at the edge of the p* p+implanted strip Al external 8
implant for the case in which the edge of the external electrode  12Hm
electrode is placed just above the edge of the implant. [n-type substrate] 1
This calculation suggests that the external electrode

must be placed inside from the edge of the implant by Cross Sectional View

1-2 wm in order to avoid the breakdown at the edge of b of bonding pad area

the implant, We note that the actual boundary of the :

implant is rounded off by diffusion. This does not help, 48 m —— g*’afgg‘:fi"gle

in this case, to reduce the highest field strength around
the implant, since the highest field point is at the
corner facing the SiO, insulator.

Al bonding pad

p+ implanted . Si02
5, Test samples and measurements 52 um ;
Lt : Fig. 6. Schematic pictures of the samples for examining
To examine the calculated results, we fabricated microdischarges at the edge of the implant. (a) indica

test samples which had an external electrode of four configuration of the four types of external electrode
different geometries, as shown in Fig. 6a. All of the (b) shows the geometry of the bonding pad area,
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; I-‘lg 7. Rms amplitude of the burst noise shown as a function

of the bias voltage for each geonietry taken from the test
. samples.

area, the p* implant was made wider than the bonding
' pad, thereby covering the entire region of the pad (Fig.
- 6b). Contact pads only for the external electrodes were
installed and no DC contact pads for the implant in
‘these samples. Consequently, the leakage current of
each strip could not be measured.

* The rms amplitude of noise measured as a function
of the bias voltage for each of the four geometries is
presented in Fig. 7. The bias potential was applied for
this measurement so that the potential was across the
- AC-coupling capacitor. The breakdown voltage varies
“with the four widths of the external electrode. The 16
um external electrode overhangs 2 pm from the im-
plant edge. The burst noise of this sample starts at a
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bias of 55 V, which is clearly lower than the onset
voltage of 65 V in the case of which the edge of the
external electrode is placed just on the edge of the
implant. The edges of 8 and 6 um electrodes are
stepped back by 2 and 3 um from the edge of the
implant and the onset voltages of around 90 and 120 V,
respectively. These observations are qualitatively con-
sistent with the calculation mentioned above. No clgar
difference between the 4 and 6 pm wide electrodes
can be found. This is because the 6 um electrode is
sufficiently narrow to reduce the field strength at the
edge, and further stepping back of the edge by 1 pm
has no appreciable effect, as suggested from the calcu-
lation. It should be noted that a+1 pm placement
error between the implant and the external electrode
might reduce the effect of geometry difference.

6. Infrared light emission

To observe direct evidence of the microdischarges
at the edge of the implant due to the MOS effect, we
fabricated special sensors having the external electrode
made with polycrystalline silicon (poly-Si) instead of
aluminum. The IR lights which were emitted at the
strip edge by the microdischarges were observed
through the thin, poly-Si electrode by a high sensitive
CCD camera [5]. The glowing edge of the strip can be
clearly seen as a brightly colored edge in the picture of
Fig. 8. The bias potential was applied to the p-strip and
the external electrode of the center strip was grounded
so that full potential was across the integrated capaci-

g. 8 Bright color indicates the IR light emission by the microdischarges. The external electrode of the center strip is grounded,
while the others are floating.

1. DESIGN, FABRICATION
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tor. On the other hand, adjacent electrodes on both
sides were floating.

7. Discussion

The steep increase in the leakage current and the
sharp increase in the noise amplitude (burst noise) for
the AC-coupled sensors can be explained by the occur-
rence of the microdischarge (avalanche breakdown) at
the edge of the implant due to the MOS effect. This
explanation is supported by the temperature depen-
dence of the breakdown curve as well as observations
of the IR light emission. The microdischarge is a
phenomenon similar to that caused by the edge insta-
bility discussed by Longoni [1] at a higher bias voltage.
However, the microdischarge due to the MOS effect
takes place at a much lower voltage and is strongly
dependent on the relative geometry between the edge
of external electrode and the edge of the implant. For
the overhanging geometry of the external electrode,
the microdischarge starts at about 55 V, while the
external electrode being placed 2 um or more stepping
back from the edge of the implant improves the onset
voltage of breakdown up to the bias voltage of 120 V.

Even at the edge of the n* strip the microdis-
charges due to the MOS effect will take place if the
edge field is sufficiently high due to a large potential
difference between the n* strip and the external elec-
trode, though there is no junction at the surface of the
n” strip. However, we can expect an extra margin of
20-40 V for the onset voltage of the n* strip, because
the positive charge accumulated in the SiO, insulator
during the process or by the ionizing irradiation works
in an opposite way in comparison with the p* strip
side.

8. Conclusions

The coupling capacitor of the double-sided strip
sensor should hold a potential applied as a bias. Then,
the MOS effect causes the microdischarges at the edge

of the implant at a rather lower voltage such as 55-70
V.

This microdischarges problem due to the MOS ef-
fect can be significantly improved by an elaborate

design of the external electrode for the AC-coupled
sensor. The external electrode should be placed inside
by 2-3 pm (including 1 pm placing error) from the
edge of the implanted strip in order to reduce the field
strength at the edge. Then, the onset voltage of the
microdischarge improves from 60 to 120 V. ;
The positive charge at the interface of Si0, and
silicon bulk accumulated by irradiation lowers the on-
set voltage of the microdischarge (breakdown) at the
p* strip, while at the n* strip it pushes up the onset
voitage. The amount of the accumulated charge is
sensitive to insulator material, structure, and fabrica-
tion process. A systematic study of ionization radiation
effects on the microdischarge is necessary for the de-
sign of a reliable radiation-hard AC-coupled microstrip
sensor.
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