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Abstract

A new technology for particle track detectors is being
developed. Using standard IC fabrication techniques, a pattern
of microscopic knife edge electrodes is fabricated on a silicon

substrate.

The microstrip chamber uniquely offers attractive

performance for the track chambers required for SSC detectors,
for which no present technology is yet satisfactory. Its

features include:

excellent radiation hardness (10 Mrad),

excellent spatial resolution{(~20 um}, short live time (20 ns),
and large pulse height (1 mV), and direct digital data flow.

Introduction

The Superconducting Super Collider
presents formidable challenges to the
detector technology required to instru-
ment its experiments. The challenges
are particularly distressing in the
central magnetic spectrometer[1] which
is the heart of most collider
detectors. Figure 1 shows a simulation
of a Higgs boson which decays into 2 2
bosons. The event contains 600 charged
particles, half of which curl partly or
fully within the chamber volume. On
average there are 1.6 pp collisions in
each bunch crossing, and the resolving
time of most track chambers would
indiscriminately record tracks from
several consecutive crossings. In
total some 20,000 signals mast be
processed from each event, and the

Figure 1. TISAJET 6.28 simulation
of a Higgs event in SDC.

(few) interesting tracks must be ex-
tracted from the (many) irrelevant
backgrounds. The demand upon resclu-
tion, speed, and radiaztion hardness for
tracking devices is one of the great
challenges for SSC detector design.

The Accelerator Research
Laboratory at Texas A&M University is
developing a new technology for preci-
sion track chambers in which the anode
plane of a multi-wire proportional
chamber is replicated in miniature on a
silicon substrate, The heart of the
design is an array of microscopic
knife-edge electrodes which can be
fabricated in large arrays on a silicon
substrate using conventional IC process
techniques.l2] The knife-edge array
can be configured with field-shaping
electrodes and suitably blased to
produce an extended region of high
field near the knife-edge surface, 2s
shown in Figure 2.

The knife-edge chamber has a
number of advantageous properties for
track detection at the SSC. A knife-
edge spacing of 50 um can be readily
achieved. Operating in an appropriate
gas (Xe/ethane/ethanol or Xe/CF,), the
knife-edge chamber can produce well-
controlled gas gain ~10* and saturated
drift veloclity 50 mm/usec. With a
1 mm gas-filled sensitive region, the
chamber should produce ~1 mV pulses,



and should be capable of a 99% ef~
ficlency, a spatial resclution of
20 ym, and an reseclving time of
~20 ns. The thickness of a complete
chamber is only 0.1 % radiation length,
so that photon conversions and multiple
scattering are minimized. The only
elements of the device structure which
are vulnerable to radiation damage are
the gas medium and front-end readout
electronics. The stabllity against gas
aging effects should be 100 times
better than in a straw tube chamber,
because the charge collected per unit
length of ancde is 100 times less than
in a straw tube for a given particle
fiux.[3] The stability against leakage
currents from radiation damage of
readout electronics should be 40 times
better than that of silicon microstrip
detectors, because the charge collected
for each minunum-ionizing track is 40
times greater, This combination of
properties would appear to make the
knife-edge chamber an attractive tech-
nology for tracking at the SSC.

Figure 2. Calculated electric field
geometry of the microstrip chamber.

Fabrication of the Microstrip Chamber

The pattern of knife edges is
fabricated on a silicon wafer using
orientation-dependent etching (ODE) as
shown in Fig. 3. When a silicon sur-
face iIs5 exposed to an appropriate
alkaline wet~etch solution, the etch
rate is 100 times faster in the 100
and 110 crystal directions than in the
111 direction. Knife-edge fabrication
begins with a wafer of silicon
(resistivity ~.01 £ cm), cleaved on the
100 axis, with a thickness of 75 um,
The surface is coated with photoresist,
and a pattern of lines is lithographi-
cally defined on the resist. The
silicon surface is then etched in an
ODE solution until the desired knife-
edge pattern is produced, The resist
pattern is then removed by a pelishing
eteh. The silicon surface is oxidized
at high temperature to diffuse a 8i0,
insulating layer into a thickness of
2 ym, A layer of gold is then
deposited. A layer of photoresist is
deposited and a second pattern of lines
is exposed lithographically. The gold
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Fabrication sequence for
microstrip chambers.

Figure 3.
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is etched to produce the signal and
field-shaping electrodes, Figure 4
shows an electron micrograph of a
knife-edge array just before the final
etch step.

Electric Field Geometry

The knife-edge geometry provides
the possibility to replicate on a
microscopic scale the field geometry of
a multiwire proportional chamber. Gas
atoms are ionized by high energy
charged particles traversing the
chamber., The planar electric field
between cathode and anode drifts the
electrons towards the anode plane. The
field-shaping electrodes are biased so
as to produce a convergence of electric
field upon each knife-edge. Figure 2
shows the electric field distribution.
The field-shaping electrodes make it
possible to locally control the gas
gain of the chamber. A negative bias
on the shaping electrode can be used to
enhanc¢e the electric field near the
knife-edge anode and extend the high
field region further from the knife-
edge than would be obtained by simply
miniaturizing a conventional MWPC. It
is thereby possible to preserve a
desired gas gain (10") while reducing
the anode spacing to 50 um.

Figure &,
chamber after process step 4.

Electron micrograph of

Proportional Chamber Operation

The knife-edge chamber operates as
a detector just as a microscopic multi-
wire proportional chamber. Indeed an
entire channel would fit within the
diameter of the very wire of a typical
MWPC, For use as a track chamber in a
collider detector, the chamber would be
oriented face-on to the track
direction. The chamber could be
operated essentially as an ultraprecise
hodoscope = no timing or pulse height
digitization is required. '

A response time of 20 nsec is
compatible with limits from the maximum
drift time for ionlzation electrons,
the RLC response of the readout lines,
and the response ¢f the readout
electroniecs. A spatial resolution of
20 um is compatible with limits from
transverse diffusion, track angle
dispersion, and delta rays.

Readout Electronics

The readout electronics for each
knife-edge chamber can be mounted on a
single c¢hip which is bonded to the
readout electrode lines. Bonding can
be accomplished using either wire bond
or bump bonding.

Figure ¥ shows the functional
schematic¢ of the readout electronics.
All readout electronics is envisioned
to be synchronous with the 64 MHz S5C
clock. A front-end bifet amplifier
buffers each input signal to a
comparator. The comparator outputs are
applied to a silicon gate array which
serves two functions.' Flrst, outputs
from manageable widths of the chamber
may be OR'd to produce a fast hodoscope
signal for use in constructing a trig-<
ger decision. Second, the pattern of
hits is pipelined through CMOS
registers for a number of beam cros-
sings equal to the trigger decision
time, eg. 64 cycles = 1 usec. In this
way all high-speed, synchronous
electronies is mounted locally on each
knife-edge chamber; only trigger-
selected, compacted data is
communicated for higher level
processing.



Collaborative development

Related concepts for microstrip
chambers are being developed at INFN
(Pisa)({s5] and KEK[6]. A
collaboration[7] has been formed among
investigators at Texas A&M, KEK, INFN,
CERN, and Texas Instruments to fully
develop and evaluate microstrip cham-
bers for the Intermediate Angle
Spectrometer Iin the Solenoidal Detector
Collaboration (SDC). Figure 5 shows a
design for one oc¢tant of this
spectrometer consisting of three super-
layers, each containing four layers of
microstrip chambers.

This work 1s supported by the U.S.
Department of Energy, contracts No. DE-
ACO1-85ER40236 and DE-AS05-81ER40039,
and by the Texas Advanced Research
Program.
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Figure 5. Functional schematic of

readout electronies.

Figure 6. One octant of the SDC
Intermediate Angle Spectrometer.



