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The silicon strip Microvertex detector of the DELPHI experiment has been upgraded from two coordinates (Re)
to three coordinates (R¢ and z), without increasing the material in the active volume. This has been achieved
using AC coupled double sided silicon strip detectors, with a second metal layer routing the signals from z strips

to the ends of the detector modules.

The detector description and its performance from the 1994 LEP run are reported.

1. Introduction

The DELPHI experiment at LEP had a sili-
con microvertex detector installed since the be-
ginning. Initially consisting of two layers of R¢ !
readout, it was upgraded to three layers in 1991,
when the radius of the beampipe was reduced
from 7.8 cm to 5.5 cm. This detector is described
in [1], and had a single hit precision of about 8
pm, averaged over all incidence angles and cluster
sizes and including alignment uncertainties, and
an impact parameter resolution determined from
hadronic Z° decays of \/(69/p:)? + 242um, with
Pt in GeV/c, in the plane transverse to the beam.

Since the typical track p; at LEP is low (< 1-2
GeV/c), the momentum dependent term, which
is due to multiple scattering in the beam pipe and
detector material, dominates the impact param-
eter resolution. When considering any change to
the detector, it is therefore very important that
the material is not increased.

The new detector described here has been
equipped with double sided silicon strip detectors.
They have a second metal layer which routes the
z signals to the same edge, where the R¢ strips
are readout, thus allowing the readout electron-
ics to remain outside the active volume. Thus it
achieves its goal of adding information about pre-
viously unmeasured coordinate without degrad-
ing the excellent resolution obtained before.

'R, ¢ are defined in the plane transverse to the beam, +z
is coincident with the electron beam direction.

2. General layout and Detector character-
istics

As for the previous silicon strip Microvertex
detector, the new one consists of three concen-
tric layers of Si microstrip detectors at average
radii of 6.3 cm (Closer layer), 9 cm (Inner layer)
and 10.9 cm (Outer layer), covering the central
region of the DELPHI detector surrounding the
beam pipe. Each layer has 24 modules with about
1° azimuthal overlap. This high modularity has
been chosen to avoid the R¢ intrinsic resolution
degradation by inclined tracks. The overlap re-
gion was designed to improve the relative align-
ment of neighbouring modules. Each module con-
sists of two electrically independent half modules,
each of them built up of two silicon strip detec-
tors. Detector pairs are wire bonded in series and
read out at the full module ends, by custom de-
signed VLSI chips MX6 (2], produced in a 3 um
CMOS technology. The measured noise perfor-
mance of this chip is: ENC = [340 + 20 x Cle~
where C is the capacitance at the input in pF.

Out of the three layers, the closest to and fur-
ther from the.beam line have been equipped with
double sided silicon strip detectors, while the in-
termediate layer has single sided detectors, al-
ready described in [1].

The junction side of the double sided silicon
detectors is a n type detector with p* diodes, AC
coupled to their metal readout lines, with cou-
pling capacitors integrated into the detector, in



Delphi Vertex Detector

31/May/94 12:23 Run 46574 event 340 A

00

Figure 1. The R¢ and the z projection of one
hadronic event from a Z° decay observed in the
new DELPHI Microvertex detector. Circles and
squares indicate silicon hits associated to tracks,
crosses correspond to unassociated hits.

order to avoid pedestal shifts due to varying strip
leakage currents. The capacitors are formed by
growing a thin oxide (~ 200 nm) onto the diodes,
before the final metallization step in the process-
ing. On the ohmic side, n* strips are implanted,
at an angle of 90° to the p* strips, but the positive
charge present in the silicon oxide after the passi-
vation process induces a layer of electrons at the
surface. This electron accumulation layer repre-
sents a conductive path between the strips, which
must be interrupted in order to achieve good strip
isolation. This layer is broken in two different
ways: with ’p stops’ for the Outer layer 2 and
‘field plates’ for the Closer 3. In the ’p stops’
technique an implant of pt type silicon is placed
between the nt strips, while in the ’field plates’
solution [3], the capacitively-coupled metal read-
out line, which is held at ground, is made wider
than the implant. The field from the edges of
this line breaks the electron accumulation layer.
Integrated coupling capacitors are used also on
the n-side. On both sides the individual strips
are biased by a common bias line via polysilicon
resistors, integrated on the silicon.

The readout of nt strips is performed at the
same edge of the silicon detectors where the read-
out of p* strips is located, routing the signals with
a second layer of metal readout lines, separated
from the metal lines sitting on the n* strips by a
thick insulating layer, in which holes are opened
to allow for the contacts.

The specifications for these detectors are de-
scribed in table 1.

The p-side includes diodes with 25 um pitch,
every second of which is readout. The diodes are
parallel to the long side of the detector and used
to measure the R¢ coordinate. On the n-side,
there is not a single pitch between the n*diodes,
but it varies, increasing with the angle of tracks
crossing the silicon. In this case, since the charge
is spread over a wider region, a larger pitch is
needed in order to obtain optimal resolution [4].

Detectors with smaller pitch have the signals
from two or three strips multiplexed on one single
readout line of the second metal layer. Informa-

2 manufactured by Hamamatsu Photonics K.K., Japan.
3manufactured by SINTEF,Oslo, Norway.



Table 1
Silicon detectors characteristics
Closer (SINTEF) Outer (HPK)
Polar angle acceptance 25° < 8 < 155° 44" < 8 < 136°
Thickness [pm] 307 320
Dimensions [cm?] 7.9x2.1;63x21 5.75 x 3.2
Leakage current [uA] <10 <1
P side N side P side N side
Diffusion strip pitch [pm) 25 49.5, 99, 150 25 42, 84
Readout strip pitch [um] 50 49.5, 99, 150 50 42, 84
Diffusion strip width [pm] 6 8 12 14
Al strip layer 1 width [pm] 8 17 8 8
Al strip layer 2 width [pm] 9 6
Insulator (4-5 ym) Polyimide 510,
Coupling capacitance [pF/cm] 10-20 20-50 10 20
Polysilicon resistance [M$] 4-25 4-25 >10 >20
Defects, pinholes... 0.3% 0.3% <1% <1%

tion from other tracking detectors of DELPHI is
used to resolve this ambiguity.

Double sided silicon detectors are wire bonded
in a flipped way, such that the p* strips of one
detector are daisy chained to the n¥ strips of the
other. In this way the input capacity for the read-
out electronics is equalized on the two sides and
the polarity of the signals solves the ambiguity
between the two detectors.

All the modules, after production, were over-
biased at 90 V (current bias voltage during data
taking was 65 V) to provoke the creation of pin-
holes in weak places. If a pinhole was produced,
the bond between the interested channel and the
chip was removed. Out of 125952 readout chan-
nels, only 23 pinholes were developed in Closer
layer and 13 in the Quter, none after the instal-
lation.

3. Detector Performance

The new Microvertex detector has been work-
ing reliably, in the DELPHI experiment at LEP,
since the beginnig of 1994 data taking period,
during which time some 1.5 x 106Z° decays were
recorded. Figure 1 shows a hadronic Z° decay.
The R¢ view is similar to the one used in the
previous detector, but now a precise z view has
been added. The signal to noise of the detector
(defined as the total cluster pulse height divided
by the rms noise of a single readout channel) is
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Figure 2. The signal to noise ratio per layer, nor-
malized to perpendicular incidence. 2z hits are
plotted with-pegative signal over noise.



shown in figure 2, for the three layers. It has been
corrected to normal incidence, reducing by a fac-
tor sin @, where 6 is the polar angle of the track
to which the hit is associated, to take account of
the fact that tracks passing through the silicon at
larger incident angles have a longer path through
the silicon, and thus leave a larger signal. Hits
in z have negative signal to noise ratio. For the
Outer layer, the signal to noise is 17 : 1 for both
z and R¢ hits, while for the Closer layer the val-
ues are slightly lower, around 13 : 1 for the R¢
hits and 11 : 1 for the z hits. The difference in
signal to noise between the R¢ and the z hits for
the Closer layer is caused by the 7.9 cm long and
three fold multiplexing n-side inducing a larger
noise than the 6 cm n-side. The signal to noise of
the Inner layer is 12 : 1 on average.

3.1. Efficiency

A first measurement of the relative efficiency of
the new Microvertex detector has been obtained
from the first hadronic events taken by DELPHI
in 1994. At present, while the detector is still
taking data, it is not yet possible to calculate an
absolute efficiency for each layer, as there are in-
efficiencies in the association of hits to tracks due
to uncertainties still present in the alignment.

There are three sectors which show inefficien-
cies in R¢: in two cases these are problems with
the connection of the n-side bias voltage; the third
case is caused by high noise on one side of one of
the half modules. In addition, one chip from one
Inner layer module is dead. In z, three sectors
show inefficiencies: (the same) two sectors which
have problems with the n-side bias connection,
and a third sector which is run lower than its full
strip separation voltage to keep its noise within
acceptable levels.

In total, these effects render 2.1 % of the Closer
layer, 0.2 % of the Inner layer and 1.0 % of the
Outer layer inoperational.

3.2. Hit Precision

Since the detector has a large overlap within a
given layer, the intrinsic spatial resolution can be
obtained from the residual distributions of tracks
passing through the overlapping region between
two neighbouring sectors. The track is defined by
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Figure 3. R¢ residual distributions for a) Closer
overlap tracks, b) Inner overlap tracks and c)
Outer overlaps tracks. Also shown are d) the In-
ner layer residuals for tracks with hits in all layers.
Each residual is normalized by the necessary ge-
ometric factor to exhibit the single hit precision
for that layer of the vertex detector.

a hit in one of the two sectors of the overlap and
a hit in one of the other layers, while the hit on
the other sector of the overlap is used to evaluate
the residual.

Figure 3 shows the R¢ residual distributions
of tracks passing through overlaps in all layers
averaged for all sectors and track.incident an-
gles. The obtained precision is 6 - 8 ym. For
Z° — p*u~ decays, the missed distance between
the two muon tracks has a measurement disper-
sion of 30 pm in R¢$, when the muon energy is
constrained to the beam energy. This implies an
impact parameter asymptotic resolution of ~21
pm, well reproducing the result obtained with
previous Microvertex detector.

Figure 4 a shows the z residuals for the Quter
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Figure 4. a) z residuals for the QOuter layer, aver-
aged over all angles. b) Outer layer z resolution as
a function of the track incident angle. The closed
circles represent the region where the pitch was
doubled. Results are preliminary, since obtained
before final alignment.

layer, before the z alignment has been finalized.
The residual width corresponds to a single hit
precision of 18 um.

As described in previous sections, the z strip
pitches vary for different track incident angles.
Even without the final alignment, it is already
possible to see the advantages of changing the n-
side readout pitch to match the cluster widths.
Figure 4 b shows the Outer layer single hit pre-
cision as a function of the track incident angle.
The closed circles represent the region where the
pitch was doubled.

4. Conclusions

A new Microvertex detector, upgraded from R¢
to R¢ and z readout, has been constructed and
installed in the DELPHI experiment. This new
detector uses newly developed double sided sili-

con microstrip detectors, in which the routing of
signals from the z strips to the end of the detec-
tors is achieved with a second metal layer on the
detector surface and no additional material in the
active region.

The detector has been operating successfully
since the start of the 1994 LEP run. The fraction
of inactive channels is less than 2%. The most
probable signal to noise ratios for minimum ion-
izing particles measured with Z° decay tracks, are
17 for both z and R¢ in Outer layer detectors and
11 and 13 respectively in Closer layer detectors.

An intrinsic resolution of 6-8 um in R¢ has
been measured, while, based on a preliminary
alignment, a precision of 18 um in z has been
presently shown averaged over all incidence an-
gles. This should improve to the expected 11 um
precision once the alignment has been refined us-
ing charged particle tracks from the data.

The goal of maintaining the R¢ performance,
while adding a precise position measurement also
along the beam direction, has been achieved.
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