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Development of a front-end electronics for an innovative

monitor chamber for high-intensity charged particle beams

] Introduction
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A multi-gap ionization monitor chamber has been developed by INFN and Torino University, for monitoring of high intensity pulsed charged particle beams. The read-out
of the chamber is based on a 64-channel ASIC, designed in CMOS 0.35um technology which features for each channel an independent current-to-frequency converter
followed by a synchronous counter. The chip was designed for connecting each channel to a different detector element. However, high beam intensities may lead to an
input current above the saturation level of a single channel. A novel readout has been tested where all the input channels of the chip have been connected in parallel to
the same detector element allowing to reach 64-times higher input current, with only a modest deterioration of the resolution.

‘ Materials and Methods

The chip (TERA 08) to read-out the current is a 64-channel ASIC designed in CMOS 0.35um and consists for each channel in a current-to-frequency converter followed | —
: : - : : " : : ) — (]
by a counter (Fig 1, black part on the right), the maximum frequency of the converter being 20MHz. It can measure inputs of both polarities, having 32 bit synchronous )G
counters with up/down counting capability [1]. The converter of each channel is based on the recycling integrator principle. T 4_/§
In order to measure high intensity beams the chip was set with a quantum charge Qc = 200fC. Considering the maximum acquisition frequency of v, = 20MHz, a ?m o e
single channel saturates at I,y = Q, X U4 = T4UA and with this configuration it is expected that the maximum input current would increase up to 64-time before| | = "E;'_f‘”‘[‘_';”'f'”ff;%;
: : : : : : : : : : i i T
saturation occurs. Each channel is connected to the common input using a series resistance R = 10MQ, to equalize the independence of all the channels (Fig 1, in blue). | [ sl :

NI FlexRIO FPGA LabView Software
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‘ Results

Test Board with 2 chips

Chip
TERAOS8

The experimental setup which has been used to characterize the chip with this
arrangement for the input is based on a NI FlexRIO FPGA module DAQ card [2] and on a
LabView software [3].

For most of the tests, to inject a constant current |, into a given channel, a Keithley 2400
in current generator configuration was used. The current generator was connected with a
coaxial cable to an upper board mounted above the test board. This upper board allows to
connect in parallel the channels of the chip, each with its own input resistor. A small ripple
was observed in the current produced by the Keithley 2400; for the determination of the

uncertainty of the measurements, a more stable current provided by a battery was used.

Upper board for the parallel
connection resistors

' Rest Distribution

] Linearity " Resolution

The linearity of the pulse frequency as a function of the input| | To study the resolution, we determined the average value of the| |The distribution of the rest of the ratio between the total
current for different number of channels connected in| |input current and its standard deviation for a time interval| |number of counts and an integer number allows to verify
parallel is shown in Fig 3. The input current saturation limit| |acquisition of 1ms. The measurements were performed as a| |that the contribution of each channel to the total number

between 5nA to 256uA, which is considered quite acceptable
for the application in radiotherapy.
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Fig 4. Relative deviation form linearity as a function of the input

current.
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Number of Channels does not indicate structures with higher probabilities than
Fig 5. Simulation (red) and measurement (blue) of the standard others, Suggesting that no correlation occurs in the readout

deviation of the total counts depending on the number of
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increases as the number of channel N. The full range of| |function of the number of the channels connected in parallel. counts is uncorrelated with the contribution of the other
+256uA is reached for N = 64. Assuming that the counting rate of one channel, at a fixed input| |channels. If each channel counts independently, the rest of
o current, is not statistically correlated with the counting rate of | |the division by N of the number of counts, obtained after any
E A the other channels, it is expected that the dependence of the| |given data acquisition time, will be an integer number
PP L T | standard deviation of the total number of counts on the number| |between 0 and N-1 with a uniform probability distribution.
“ ol m#ff' - of channels equals to 0 = gy, X \/W, where o, it is expected On the other hand, if there are some recurring structures in
- ol _ to be about half a count. In order to test this assumption, a| |the rest distribution, it means that some channels are
0108 | ] simple simulation of the behavior of the readout was developed | |correlated.
Y SR S to predict the statistical fluctuation in the number of counts for a
o given time interval as a function of the number of channels
Fig 3. Linearity of the pulse frequency as a function of the input
current for different number of channels connected in parallel. bounded tOgEther-

Then we verified this predicted behavior by measuring the
The relative deviation from Iinearity as a function of the inpUt standard deviation with the test Setup.

current is shown Fig 4. The deviation is limited to £0.6% in| |The comparison between the simulation and the measurement | | MBI
the range between 15pA to 256uA and to + 1% in the range| |is shown below:

— Mea; 6 =0.47"N
— Sim; o = 0.50"N,

0.48

0.44

c Orel Divider Total Counts , e se c Orel Divider Total Counts ;e ae o Opal
8 694.79 3.71 0.005 4 695.54 3.65 0.005 2 695.75 3.65 0.005

Fig 6. Rest distribution of the number of counts divided by 64,32,16,8,4,and 2.

channels.
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TR TR It can be seen from the histograms that the rest distribution

between channels.

l Conclusions
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