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1 Introduction
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Fig. 5: Results of the noise measurements
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2 Design Calculation
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The Equivalent input Noise Charge (ENC) increases with increasing detector capacitance CD. Theory predicts a linear dependency which actual is
observable above CD = 100 pF. Deviations from this linear behavior at low
capacitances might result from contributions of shaping and driver stages
and external components. A higher temperature also leads to an increased
noise level. A detailed analysis shows that noise is dominated by thermal
noise in the measured temperature region.
At a temperature of T = − 20◦ C and a detector capacitance of CD = 280 pF
an Equivalent input Noise Charge of ENC = 0.72 fC was measured.

Fig. 3: Readout ASIC overview
To handle the required dynamic range at the output the readout path is
splitted into two output paths with different amplifications. This technique
allows to arrange the first path for the low and the second path for the
high energy region. The shapers are third order semigausian shapers with
a constant shaping time of 250 ns. The third stage has been built up with a
differential amplifiers. Behind the differential output additional buffers are
implemented to cope with a load of up to 10 pF and 20 kΩ.

5 Chip Overview
Fig. 1b: Theoretical noise

Independent of the used circuit the input transistor is the dominant noise
source. As depicted in Fig. 1a the Signal to Noise Ratio (SNR) increases
with transistor size, integration time and power consumption. The design
parameters have to be a trade off between optimal SNR and acceptable
power consumption, chip area and speed. The following theoretical evaluation (Fig. 1b) shows the feasibility to achieve the given requirements and
gave first design parameter.

The lower limit of the dynamic range was given by the noise whereas the
upper limit was concluded by the end of the linear behavoir. The measured
input charge to output voltage characteristics is shown in Fig. 6.
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6.2 Dynamic Range

The development began with feasibility studies for an integrated circuit.
It was evaluated by means of the noise theory to decide whether a CMOS
circuit is able to fulfill the demanding requirements of the PANDA experiment.

Fig. 1a: Noise diagram
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Fig. 3 shows the block diagram of the readout ASIC. It consists of two
channels with the low noise charge sensitive amplifier, an active pulse
shaper and an output buffer each. The measurements with fixed reference
voltages of the first ASIC iteration have shown a demand for more flexible
references to guarantee the huge dynamic range at different temperatures.
Programmable references have been implemented to achieve this.
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PANDA (antiProton ANnihilation at DArmstadt) is a next generation
hadron physics detector planned to be operated at the future Facility for
Antiprotonen and Ion Research (FAIR) at Darmstadt, Germany. The energy measurement of neutral particles is a very important source of information in the PANDA physics field. From Monte Carlo detector simulations it is known that energy deposits in the ElectroMagnetic Calorimeter
(EMC) will cover a range from 1 MeV to several GeV per crystal. With
the forseen calorimeter setup using
Requirements for the readout
PbWO4 crystals and Avalange Photo
electronics
Diodes (APDs) the lower energy
• noise < 2fC
threshold of 1 MeV corresponds to
an input charge of q ≈ 2 fC at the
• integration time 250 ns
preamplifier. To achieve this with the
• detector capacity 280 pF
APD capacitance of 280 pF an ex• event rate per channel
treme low noise frontend is mandaup to 350 kHz
tory. As the PbWO4 crystals have to
• power consumption
be operated at a constant temperature
≤ 50 mW/channel
of T = − 20◦ C the power consumption of the readout electronics has to
• ≈ 22 000 channels
be as small as possible. The limited
space between crystals and magnetic flux return requires a very compact
readout system design. Adapted from this requirements the development of
an Application Specific Integrated Circuit (ASIC) for the detector readout
was started in 2005.
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Fig. 6: Results of the dynamic range measurements

3 Charge Sensitive Preamplifier

The upper limit of the linear range is 7.8 pC. Combined with a noise of
ENC = 0.72 fC a dynamic range of 10889 results.

The front end amplifier design presented in Fig. 2, is based on three scaled
single ended folded cascode circuits (A1 - A3) which are frequently described in literature [1, 2].

6.3 Power Consumption

Charge Sensitive
Amplifier

The preamplifier and shaper ASIC has a single supply voltage of 3.3 V. At
a temperature of T = −20◦C the overall power consumption is 52 mW per
channel. The measured power consumption is indepentent of the event rate
and has an temperature dependency of −0.12 mW/◦C.
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Fig. 4 displays the layout of the manufactured ASIC. In the upper area two
equivalent channels are visible consiting of the charge sensitive preamplifier, the shaper stage and output drivers each. At the bottom region the
logic block and the DACs are implemented. The technical implementation
of the circuit design was realized in a 0.35 µm CMOS process by Austria
Microsystems.
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6 Measured Results
I

Fig. 2: Architecture of the input stage
The input signal charge is integrated on the capacitance C1. To avoid the
preamplifier from saturation the capacity is discharged by the transistor T1.
The integrator containing C1 and T1 built together with the differentiator,
consisting of C2 and T2, the pole-zero-cancellation network with the time
constant
τ = C1 RT1 = C2 RT2 .

(1)

Gain signal path 1.:
9.911 ± 0.043 mV/fC
Gain signal path 2.:
0.389 ± 0.021 mV/fC
Shaping time:
251 ± 4
ns
Noise ENC (CD = 280 pF): 4436 ± 35
e−
Max. input charge:
7.84
pC
Dynamic range:
10 889
1
Power consumption:
52.4±0.2 mW/Kanal
Table 1: Summary of the measured results at a temperature of T = −20◦C

To measure the noise over a wide temperature range from T = + 30◦C to
T = − 30◦ C a special test setup was built. The ASIC is bonded on a testPCB which is placed on a copper block cooled by a peltier element. This
peltier element is driven by a special peltier controller which continously
measures the temperature with a PT100 element to assure a very high temperature stability. To avoid condensation of air humidity the whole setup is
placed in an evacuated surrounding.

6.1

A CMOS preamplifier and shaper circuit for the PANDA EMC was developed. The performance at a temperature of T = − 20◦ C is summarized in
Table 1.

The designed ASIC prototype fulfils all specifications required by the
experiment readout electronic. Especially the results for the equivalent
noise charge are distinguished as well as the large dynamic range the chip
presents.
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The noise measurements were done at different temperatures and detector
capacitances. These results as a function of the detector capacitance are
summarized in Fig. 5.
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