PERFORMANCE AND RADIATION TOLERANCE OF THE
HELI1X128-2.2 AND 3.0 READOUT CHIPSFOR THE HERA-B
MICROSTRIP DETECTORS

Christian Bauer, Wolfgang Fallot-Burghar#iarl-Tasso Knopfle,
Valery PugatchBernhard Schwingenheuer, Edgar Sexauer,
Ulrich Trunk
Max-Planck-Institut fir Kernphysik, Heidelberg
Martin Feuerstack-Raible, Boris Glagebastian Hausmann,
Sven Lochner, Katharina Muiller, Ulrich Straumdnn

Universitat Heidelberg
Ruud Kluit Harald Deppe, Ulrich Kotz
NIKHEF, Amsterdam DESY, Hamburg
Roberto Carlin Roberto Sacchi
Universita di Padova Universita di Torino

ABSTRACT o

This paper presents a description of the HELIX128 frons
tend chip family installed in the HER& silicon vertexde- 7 I
tector and the microstrip gaseous chambers of the HBRA-
inner tracking detector. Also the ZEUS and HERMES ex- |-
periments use these chips. Results from performance eval-
uation, radiation tests and series wafer testing are reported:= | "t
Furthermore, experience gained in over 1.5 years of det ‘PT Sy v |
tor operation is given. —Tm|—>

1 THE HELI1X128-2.2 AND -3.0 Figure 1. Schematic of the HELIX128 and HELIX128-3.0
CHIPS ehips

HEL.|X128-2.2 and -3.0 are 128 channellpipelined reaghip [4] developed by the RD20 collaboration.
out chips [1] [2] [3] installed in the HERAB Silicon Vertex As depicted in fig. 1, each input channel features a low-

Detector and the microstrip gaseous chambéS{Cs) of noise, low-power charge sensitive preamplifié&g) fron-

the HERAB Inner Tracking Detector. The ZEUS Exper- .
. 7 . tend and a shaper. These folded cascode [5] designs are op-
iment uses the HELIX128-3.0 in its Microvertex Detecmtfmized for 96 ns fall time to comoly with the HERA bunch-
and the HERMES experiment uses HELIX128-2.2 chips In Py

. : clrossing clock of 10.4MHz. The output of each frontend
a vertex detector upgrade. Furthermore a version with oMY el feeds its sianal into a capacitor ari dline) and
direct binary readout (calle@IPix) was derived for H1's g b ap

into an AC-coupled differential amplifier type comparator
S~ o
B¥cuit with a common reference voltage for all 128 chan-

are manufactured in AMS’ CYE (018 bulk CMOS) pro- Eﬁls' The outputs of these comparators@red together in

cess and have the same architectural concept as the Fgr(%(ups of 4 channels, latched and brought off-chip via open
“now at Philips AG, Ziirich drain pads to derive a level-1 trigger signal.
tPermanent Address: The pipeline consists of 141 cells per channel, which al-
Institute for Nuclear Research, Kiev lows a maximum trigger latency of 128 samples and imple-
+tcr:l?;:(e@fb‘;(;?gwr%-ﬁ;itgglrberg.de ments a derandomizing buffer for 8 triggered events. The
$now at ETH Ziirich oldest triggered event is read out of the pipeline via a re-

Ynow at Universitat Zirich setable CSA(ipeamp). The signals are then serialized and



brought off-chip by means of a 2-stage multiplexer andthe voltages that adjust the feedback resistances of CSA,
current driver. The output stages operate at up to 40 Mdzaper, and the comparator threshold, are generated with
readout clock frequency. on-chip digital-to-analog converters (8 bit resolution). The
To control the pipeline operation, the HELIX128 uses RACs, together with digital circuits adjusting the trigger
FIFO based circuit instead of the shift register implemelatency or the pause between the readout of two triggered
tations known from other readout chips [6]. It was syrevents, are programmed via a serial interface using the trig-
thesized from a functional description (written\rilog), ger line for data input.
which besides scalability and portability is much smalldihe clock inputs for readout, sampling and the comparator
(wrt. chip area) than a shift-register solution. Furthecircuits as well as the trigger inputs use LVDS signals to
more, when implemented with standard cells, the circuitinimize crosstalk.
only grows o In(n) x m wheren is the latency andn Pads for token and monitoring signals allow the daisy-
the number of derandomizer buffers, which store triggeretlained readout of two or more chips and the monitor-
events. ing of their synchronous operation. The HELIX128-3.0
chip also implements a fail safe token scheme, that over-
S . comes (non-adjacent) dead chips in a readout daisy-chain.
] | Eoomer Figure 3 shows the layout of the chip. The die size is

Trgger [ ! 14.4 x 6.2mn?
[ [ | | : . ’
[Pc1=pc+1 Jincrementer[Pc2:=pc+2 | [Pci=pPce1 Mncrememer

(Write Pointer) [ [ (Trigger Pointer)

71.78 71.T8

m . ue< m .ue<
false false false false

Fempty || PCL=TorPC2=T Fempy |1 PCL=TorPC2=T
or #empty >= 2 or #empty >= 2

PC:=PC2 PC = PC2

Lo Ahea else: LooK Aheac else:

FIFQ PC := PC1 FIFQ PC = PC1

14
‘ DI FIFO

Read Switch
(Pipeline)

Figure 3: Layout of the HELIX128-2.2 chip
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Figure 2. FIFO based algorithm of the HELIX128®Y PROVEN RADIATION
Pipefine control cireut TOLERANCE AND ANALOGUE

The algorithm of the pipeline control circuit is depicted PERFORMANCE
in fig. 2. It mainly consists of the derandomizer buffer
FIFO, and twolncrementers, which calculate the pipeline A sample of chips was irradiated with 'd”Cs source
addresses to be overwritten or triggered respectively. Tingto 5.2kGy. All chips were fully functional after accu-
address to be overwritten is decoded to operate the pipelimagation of their target dose, though the high dose rate of
write switches, and the address to be triggered is only wii80 Gy/h induced a temporary failure of the digital circuits
ten to a derandomizer buffer if a trigger signal is present aafier 3 kGy from which the chips recoverd after about 210 h
a free slot in the FIFO is available. Each clock cycle, thexder normal operation conditions (i.ex®5°C).
Incrementer compares two subsequent pipeline addressedNoise measurements show (fig. 4, 5) an increase from
with the contents of the derandomizer buffer FIFO. If an ad38 e + 38.6e~ /pF (which is in good agreement with the
dress is not marked for readout, it is stored intoakAhead theoretical value of 287e+ 35e~/pF [2]) for unirradi-
FIFQ, if there is enough space. Also the pipeline addressdsd chips to 751e+ 52.0e~ /pF after 4kGy. No sig-
compared in the next clock cycle depend on the numberrgficant change of the pulse shape was found after irradi-
free buffers in théookAhead FIFO. The oldest entry in the ation (fig. 6). Also the power consumption of the chips
lookAhead FIFO is the output of théncrementer. was found to increase linearly with the accumulated dose
It is obvious that in worst case this algorithm has to handi®m 1.8mW/Ch before irradiation to 2.6mW/Ch at 2.7kGy
m subsequent triggered pipeline addresses, where 8 as shown in fig 7. The discharge of the pipeline storage ca-
is the depth of the HELIX’ derandomizer FIFO. To prevemacitors due to leakage currents was found to be unaffected
thelookAhead FIFOs from underrun they have to be at leadiy irradiation up to 4 kGy for observation times in the mil-
=m/2 + 1 = 5 buffers deep. lisecond region.
All amplifier stages feature forced bias currents to ensurbe analogue performance fully complies with HEBBXe-
sufficient radiation tolerance. These currents, as well @gsrements: An undershoot-free pulse with 96 ns fall time
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Figure 4: The equivalent noise charge (ENC) of a non-
irradiated HEL I X128-2.2. The bias settings chosen (1, =
350 pA, Vs, = 1.5V) correspond to a HERA-B-compliant
signal at 20 pF strip capacitance

can be achieved for input capacitances up to 30 pF, which
gives a 50% safety margin. With the recommended re-
ceiver circuit, the gain of the chip was measured to be
110mV/MIP (1MIP= 24000e~) without load, dropping
to 80mV/MIP for 16 pF input load, both measured with fall
time adjusted to ~100ns.

The comparator circuits exhibit a measured sensitivity
of 267e~ [7]. By choosing the correct phase of the
comparator- and sampling clocks, the switching noise
of the comparators can be vastly suppressed on the
HEL1X128-3.0, where coupling via the substrate has been
reduced wrt. HEL1X128-2.2.

3 SERIESWAFER TESTING AND
YIELD

For series testing of HEL 1 X128 chips a setup based on a
Suss PA200 semi automatic wafer prober and a digitizing
HERA-B Front end Driver (FED) module was used. By
employing parts of the HERA-B DAQ system it is possible
to characterize every pipeline cell wrt. offset and gain, to
store the results in a database and automatically generate
test reports. The probecard (with ~100 needles) restricted
the sampling and readout speedsto 10 MHz, which resulted
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Figure 5. Equivalent noise charge (ENC) of the

HEL1X128-2.2 chip for indicated input loads as a function
of accumulated dose

in test times of <30 min/wafer (w/o loading) — much faster
than 5 min/chip achieved with a HP 82000 chiptester. Up to
now 107 wafers with 60 HEL X128 chips each have been
tested. The yield was found to be 47% for perfect chips,
which is higher than expected from process parameters.

4 EXPERIENCE FROM LARGE
SCALE DETECTOR
OPERATION

HERA-B's Silicon vertex detector consists of 8 superlay-
ers, each made up of 8 double sided silicon strip detector
modules. The 50x70mm? detectors are segmented into
1280 strips on the n-side and 1024 on the p-side. The 7
superlayers close to the target are mounted in roman pots,
that are inserted into the 2.5m long conical shaped vertex
vessel. The vessel itself is part of the HERA proton ring
and also houses the wire target. Targets and roman pots can
be retracted from the beam axis to avoid damages when fill-
ing the proton ring. Fig. 8 shows aroman pot, carrying one
quadrant of the first three superlayers. The shielding caps
covering the detectors are removed.

Thefirst parts of this detector system went into operation
in May '98. Since then an increasing number of modules
have been installed. At present 44 detector modules are
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Figure 6: Pulse shapes of HEL1X128-2.2 at 16.3pF in-
put capacitance, fixed bias conditions (I,,. = 350pA,
V¢, = 1.5V) and indicated doses. Theinjected charge was
24000e~ (= 1 MIPin300pum Si)

installed, which equates to about 700 (of 1152) installed
chips. As depicted in fig. 9 the newer detector modules
nearly reach the theoretical limits for the signal-to-noise
(9N) ratio of 27 for n-sides and 19 for p-sides. The SIN
ratio for all installed chipsis shownin fig. 10.

The Inner Tracker of the HERA-B experiment is a
large system of Microstrip Gaseous Chambers/Gas Elec-
tron Multipliers (MSGC-GEM), which is read out with the
HEL1X128-2.2 and -3.0 chips. Thesystemisorganizedinto
ten superlayers, each superlayer consists of 8 to 24 cham-
bers. In total about 150,000 electronic channels have to be
read out.

An MSGC-GEM [8] [9] is a flat gas-tight chamber, mea-
suring 30x30x1.5cm? (wxhxd) where the rear plate is
made of 400 pum thick glass with photolithographic applied
anode and cathode strips at an anode pitch of 300pm. Two
G10 frames with integrated gas supply fix an intermediate
double sided copper plated foil with small holes at a pitch
of 140 m between the front and rear plate of the chamber.
Filled with a chamber gas the high voltage applied to an-
odes and cathodes as well as to both sides of the GEM foil
causes electron multiplication in the respective parts of the
chamber. A superimposed drift field causes the electrons
generated by ionizing particles to drift viathe GEM fail to
the anodes on the rear plate. The Signal of such a detector,
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Figure 7. Power consumption of different parts of a
HEL1X128-2.2 chip as afunction of dose. Thelast irradia-
tion step to 4 kGy was performed 8 weeks after the previous
irradiation step (see text). The drop between 2.7kGy and
4KkGy indicates the dependence of the power consumption
on the dose rate

which has a strip capacitance of 20pF is 50,000e~ for a
minimum ionizing particle.

Each chamber is read out by 6 HEL1X128 chips, directly
mounted in pairs on three multi-layer PCBs. The anode
strips are DC-coupled to the HEL1X128 chips via flexible
Kapton bridges which are z-axis glued (i.e. the connection
is established by a special glue with anisotropic conductiv-
ity) on both ends and a ceramic thin film substrate, which is
also mounted on the PCB. This ceramic substrate not only
acts as a pitch adapter, it also integrates resistors which are
needed for high voltage spark protection.

Operation of first HEL X128 equipped chambersat HERA -
B started in spring1999.

The only failure of the complete system encountered up to
now was the malfunction of some digital optical receivers
(Hirschmann OEDH 50M 2) mounted s2 m from the beam
axis. They turned out to act as silicon detectorsfor ionizing
particles themselves and were replaced by analogue ones
with adjustable discriminators to overcome this.
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Figure 9: S/N histogram for a double sided strip detector
module
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Figure 10: Signal-to-Noiseratio for all chips of the HERA-
B vertex detector. The structure in the data arises from the
p-n-n-p sequence of the detector sides and their different
strip capacitances



