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Electrostatic simulations for the design of silicon strip detectors

and front-end electronics

R. Sonnenblick, N. Cartiglia, B. Hubbard, J. Leslic, H.F.-W. Sadrozinski and T. Schalk

Santa Cruz Institute for Particle Physics, University of California, Santa Cruz, CA 95064, USA

We report the first results from a simulation of the electrostatic properties of silicon microstrip deteclors. We extract the
capacitance and pulse shapes and show their importance for the design of front-end electronics and strip detector geometries for

HERA and the SSC.

1. Motivation

In the past, the collection of charges in silicon strip
detectors was usually treated as a static problem. When
employing front-cnd clectronics with typical integra-
tion time of the order 1 ws [1}, the details of the charge
collection proceeding in less than S0 ns was not critical,
although one had to take into account sccondary con-
sequences of the charge transport in the detector, i.c.,
diffusion, and the Lorentz anglc in a magnetic field [2].
With the advent of high luminosity colliders, shaping
times become shorter and the motion of the electrons
and holes have to be considered in the signal forma-
tion. The time betwecen collisions will be 96 ns at
HERA and 16 ns at the SSC, and the shaping time of
the front-end clectronics has to be commensurate to
this time if one wants to identify the event bucket and
minimize the dead time. In addition, the front end for
silicon detectors at the SSC has to be low power and
low noise at high speed. Circuit designs arc con-
strained by the capacitance of the dctectors which is
dominated by the interstrip capacitance. Electrostatic
calculations might allow one to optimize the detector
design for small capacitance.

2. Simulations

Minimum ionizing particles creatc about 25000
clectron-hole pairs in 300 pm detectors. The free
charges in the bulk induce surfacc charges on the
conductors. In the clectric field created by the bias, the
electrons and holes drift to opposite clectrodes causing
the induced charges to change, thus generating a cur-
rent.

The basic equation for the nduced current is [3]

fina= —aquE, E,.
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where p = mobility (assuming v = pE,), E, =
weighting ficld (coupling between clectrodes  and
charges located in the detector), and E,, = operating
ficld (duc to bias). The saturation of the drift velocity v
near the strips is a noticeable cffect for large bias
voltages [4]. Note that ¢, , is due both to electrons and
holes on both the junction side (mainly holes) and on
the ohmic side (mainly clectrons). Also, given p./p), =
3, the collection time of the electrons is three times
shorter than for holes and the Lorentz angie of clec-
trons is three times larger than for holes. In a typical
microstrip detector, the strip length (10 cm) is orders
of magnitude larger than cither the thickness (300 pm)
or the pitch (25-100 wm); hence the two-dimensional
Poisson cquation is sufficient to calculate E,, and E,.
In order to calculate the two ficlds. we used a finite
difference approximation on a 1 pwm squarc grid and
let the potential map relax, using fixed voltages as
boundary conditions.

3. Capacitance

The capacitance of the strip detector is calculated
integrating the weighting field E,, over the elecirodes.
it is proportional to the strip length and for the gcome-
tries considercd is dominated by interstrip capacitance.
It depcnds on the ratio of strip width to strip pitch.
Fig. 1 shows thc calculated capacity per length as a
function of the ratio x = width/ pitch for different
detector pitches. These simulations can be compared
to measurements. Using an HP 4284 LCR mgier we
have measured the strip capacity of two diffcrent strip
detectors. For an 8.2 cm long detector with 29 pm
pitch and 8 wm implant width (x = 0.276) we measured
1.47 pF/cm, and for a 5.2 cm long detector with 81 pm
pitch and 30 wm implant width (x = 0.37) we measurcd
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Fig. 1. Capacity per unit length for strip detectors of different
pitch as function of the ratio x of implant width to strip pitch.

1.38 pF/cm. Using the cquivalent noisc charge in a
preamplificr, Adolphscn ct al. [5], have measured the
capacitance of a 7.2 cm long dctector with 25 pm pitch
and x = 0.32 to be 1.39 pF/cm. All these results agree
within 15% of the prediction in fig. 1. The minimum
capacitance occurs for the smallest implant width. It
would be interesting to investigate how much cither
the implant width or the implant depth can be mini-
mized in the manufacturing process.

4. Pulse shape

We have calculated induced currents duce to travers-
ing minimum ionizing particles using the numerically
calculated weighting and operating ficlds and have
compared them with measurcments of pulse shapes on
single-sided dctectors where the collection occurs on
the junction side. (The extension of the simulation to
the ohmic side where the clectrons arc collected in
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about one third of the time is straightforward.) We
begin with 25000 clectron-hole pairs uniformly dis-
tributed along the particle path and then determine
the induced current due to their drift and diffusion. A
radial, ambipolar diffusion - with no drift - occurs
until the density of clectron-hole pairs reaches Ny,
the doping concentration [6). This cffect is only of
small experimental consequence for minimum ionizing
particlcs, but for highly ionizing particles such as o’s
the cftect will contribute significantly to the pulse
shape. For the detector described below, fig. 2a shows
the current induced by the clectrons, the holes, and
both combincd, assuming no diffusion. Fig. 2b shows
the same, assuming, however, ambipolar diffusion in
the high density regions and drift and lateral diffusion
in low density rcgions. We have mcasurcd the pulsc
shape duc to minimum ionizing clectrons from a '*Ru
source with a HP 5411D digitizing scope, using a ultra
low-noisc amplifier of 100 MHz bandwidth [7] con-
nected to microstrip detectors of 25 pm pitch and 300
pm thickness. The detector depleted at 55 V and we
biased it at 100 V. We have convoluted the simulated
pulsc with the amplificr response function Ac "** where
1/A =3 ns and using a transresistance of R =4 k(.
Fig. 3 shows the nonconvoluted pulsc shape (from fig.
2b), the convoluted pulse shape, and a typical mca-
sured pulse. The agreement between simulation and
measurcment is good both in shape and absolutc valuc.
This agrccment encourages us to use the simulation
program to predict efficicncics, position resolution, the
response of different front-end designs and the conse-
quence of radiation damage. For cxample we have
started to investigate how the shaping time of the
pre-amplifier affects what fraction of the deposited
electron-hole pairs contribute to the signal pulsc within
the pcaking time. A similar analysis was performed by
Sailor et al. [8], who used an analytic solution for the
pulsc form.
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Fi.g. 2. Current pulse generated at the junction side from a minimum ionizing particle. The strip pitch is 25 pwm and the implant
width 8 um. (a) The generated current for electrons, holes and both respectively. (b) Same as (a) but including the diffusion.
Amplificr response with finite shaping times will eliminate the difference between the two cases.
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Fig. 3. Pulse shape at the junction side from a minimum

ionizing particle. The three curves are the simulated current

(with initial diffusion), the simulated current convoluted with

the preamplifier response. and a typical observed pulse, re-
spectively.

5. Conclusions

— The use of silicon strip detcctors cnters a new phasc
where the details of the charge transport becomes
important.

— We have found agreement between simulated and
measured pulsc shapes. Simulations will be used to
evaluate cfficiencies, time and position resolution as

function of the predicted signal/noise ratio, and
conscquences of radiation damage.

- We will explore the parameter space of the strip

detectors to build low-capacitance detectors in order
ta be able 10 use low-power and low-noise front
cands at high speed.
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