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Abstract: By using an 8-channel custom chip in GaAs technology, over 1.5 x 10° Front-end electronics
channels were built, tested and installed in the resistive plate chambers (RPCs) of the ARGO-YBJ exper-
iment. These channels were designed to obtain 1-ns time resolution over about 6000 m? of sensitive area.
Here we present the design features, the performance and the test results of the FE electronics compared
with the ARGO-YBJ detector performance at an altitude of 4300 meters a.s.l.

Introduction

The Front-End Electronics read out of the ARGO-
YBJ RPC:s is a full-custom GaAs circuit [1], which
integrates in a single die 8 channels composed of
three stages of voltage amplifier, a comparator with
variable threshold and a digital ECL driver. The
GaAs technology and the Front-End design out-
lines feature high gain-bandwidth product, which
preserves the detector time resolution and results
in low power consumption. The die is bonded di-
rectly on a multi-layer PCB to attain low cost for
the large number of required channels. The Front-
End Boards are mounted on the pick-up strip pan-
els close to the detector inside an aluminum Fara-
day cage. A double zener (4.7 V) diode mounted
at the input of each channel provides suitable ESD
protection. For each board a complete and auto-
matic functionality test was performed. All the
measurements were recorded in a database [2].
Here we discuss the distribution of the most sig-
nificant electronic parameters compared with the
measured performance of the detector.

The FE electronics design features

The FE input receives voltage pulses from the pick-
up strips. For each input signal (large enough to
be triggered), the FE delivers a standardized logic
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Figure 1: The GaAs die sketch.

pulse of constant amplitude and duration to the out-
put, completely independent of all the input signal
characteristics, except for the time of occurrence
with a minimum jitter.

For each board it is possible to set up the threshold
voltage to achieve adequate noise protection. The
input signal is amplified, added to the fixed level
(Vo) and compared to the variable voltage level
(Vyp) as sketched in Fig. 1.

The amplifier is composed of three noninverting-
inverting-noninverting stages decoupled through
integrated capacitors. The supply paths of each
stage are separated and connected only on the PCB
after strong filtering circuits. The final ECL buffer
is AC coupled and has a single-ended output for
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Figure 2: Amplification factor distribution.

minimizing the power consumption. In addition it
is capable of driving a 100-Ohm flat cable (a few
meters long) connecting the front-end electronics
to the local trigger logic.

The input protection against electrostatic discharge
(ESD) of the FE electronic was improved by
mounting two opposite-polarity Zener diodes on
each input. The Zener protection has very low
input capacity and does not change the perfor-
mance of the electronics. Other kinds of more so-
phisticated and expensive protection, such as TVS
diodes and multi-layer varistors, were also tested
with worse results. Zener-protected FE electronic
could resist at the discharge of a 250 pF capacitor
(like the strip capacity) charged at 10 kV.

The FE electronics performances and
their impact on the detector

The test results over 108556 tested channels ( 73%
of ARGO detector surface) are reported. The test
was performed over a long period of time (more
than two years).

Systematic effects due to the set-up system have
never been subtracted. Moreover the FE cir-
cuit production is composed of a large number
of wafers (great dispersion in foundry parameters)
from two different foundry processes.
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Figure 3: Input Threshold distribution.
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The input signal amplification

The amplification can be calculated for each chan-
nel through the test measured parameters. The am-
plification distribution over 108556 tested channels
is shown in Fig.2, the mean value is 59 and the
RMS is about 12. The effective amplitude of the
signal triggered by the FE electronics set to fixed
voltage threshold V;;, = 1,8 V can be extrapolated
from the amplification distribution and it is shown
in Fig. 3 ranging from 15 mV to 40 mV with mean
value 24.4 mV and RMS about 5 mV. The expected
voltage signal distribution on the pick-up strip of
the detector is around 60 mV, large enough to be
detected and well above the threshold distribution.
Therefore the detector efficiency is not affected by
the FE-threshold spread ([3]).
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Figure 5: The average cluster single counts distri-
bution.
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Figure 6: The dispersion cluster single counts dis-
tribution.

A good quality factor related to the detector read-
out performance is the cluster single-count rate.
Each cluster is divided into 120 pads. For each
cluster, the OR signals of all its pads are counted in
a0.5-s time window. A typical count distribution is
shown in Fig. 4 for a single cluster, including dead
channels (the effect of which is not subtracted) and
any other factor which could affect efficiency. The
mean value therefore can change from cluster to
cluster. In Fig. 5 the mean-value distribution for
133 clusters is shown: the relative dispersion is
7%. The relative RMS-dispersion distribution is
shown in Fig. 6: here the relative dispersion is less
than 3%. This results show the good detector ef-
ficiency and the response uniformity together with
good noise rejection.
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Figure 7: The time skew distribution.
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Figure 8: The rise time.

Finally, dedicated tests to measure the cross-
talk between FE channels on a board have never
showed any interference effect.

The FE time response

The FE time-response performance can be evalu-
ated from Fig. 7 and Fig. 8 which show the output
time-skew distribution and the output rise-time dis-
tribution. The RMS value of the time distribution
is less than 1 ns. Moreover, systematic effects of
the set-up test system were not subtracted.

The time resolution of the detector is crucial to re-
construct the direction of the primary particle with
high angular resolution. A typical space-time dis-
tribution for a triggered event is shown in Fig. 9

[4].
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Figure 9: The time distribution vs X,Y on a shower
event.

‘ Power Consumption per channel

14000

e 708556

12000

10000
8000
6000
4000
2000

4

“15‘”.

o

Figure 10: The Power consumption per channel.

The FE Power Consumption

The power-consumption distribution is shown in
Fig. 10. The mean value with Vgg = 6 V is 32
mW per channel. The total power consumption of
the ARGO-YBJ FE electronics for 147840 chan-
nels on 100 m? of the detector carpet is less than 5
kW.

Conclusions

The systematic tests made on the ARGO-YB]J car-
pet (1.5 10° read-out channels) show large toler-
ance with respect to the FE parameters (threshold
and time skew) which set the performance of the
detector. All the RPC chambers in the ARGO-YBJ
experiment can work at full efficiency and with op-
timal time response by setting the same control pa-
rameters for all FE boards Vgg = —6.0 V and
Vi, =—18V.
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