0.18um CSA ASIC for Microstrip Detectors
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Abstract

The matters of designing of 8-channel charge sensitive amplifier (CSA) for implementation in the form of a solid state IC by 0,18(m CMOS technology are discussed. The structural diagram of CSA is presented, as well as the circuit schematics of its core and the layouts of one channel and the IC as a whole.

It is well known [1…3], that CSA is one of the most widely used analog units, intended to collect the signals of ionizing radiation detectors. The designed amplifier is intended mainly for operation with silicon microstrip detectors of the measuring equipment of projects CBM (Germany), NUCLON (Russia) and other projects. The specifications of the mentioned equipment are rather tight. Thus, the power consumption per channel should not exceed (1…2) mW, the dynamic range should be (10…1000) MIPs (specifications vary for different experiments), rise-time of CSA – (10…200)ns, signal/noise ratio – not worse than 10 for a signal of 1 MIP (at detector capacitance within 100pF). 

The choice of CMOS technology was caused by the desire to ensure a rather low power consumption, whereas the use of complementary structures permits to improve this characteristics to an even greater degree.

As the means of designing the CSA IC, the “IC package, version 5.1.41” of Cadence Design System software products were used [4].

As result of comparison there was chosen the version, the structural diagram of which is shown in fig.1, where the unit “CSA core” is the amplifier proper with a p-channel transistor at input (channel width W=1.2mm; channel length L=0.18(m), that is caused by the requirement of minimal 1/f noise. 
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Fig. 1. Structural diagram of one channel

The circuit schematics of “CSA core” is presented in fig.2. Besides it the schematics of the feedback unit, reference sources and protection circuits are shown also.

Depending on the specifications of CSA, the feedback unit may be implemented in one of the following three versions: first – using an RC-circuit, second – using a MOS transistor, third – implemented with several tens of transistors, - is intended for cases, when it is necessary to compensate the detector leakage current (though it is reached at the expense of some noise characteristics deterioration, first of all its parallel component).

The basic simulation results are, as follows:

· Input PMOS transistor – 0.5 mA (half of power budget), W=1.2 mm, L=0.18 um.

· Feedback cap of 2pF sets the gain to 0.5 mV/fC. Feedback is optimized for up to 100pF capacitive detectors (including pads, strips and so on). Options: DC feedback non-linearity circuit fit (compensating up to 1 uA of leakage current).

· Noise at CSA output (wide bandwidth) at 100 pF of capacitive detectors: 200 uv rms for CSA core only, 350 uV rms for CSA with active feedback.

Thus, at a maximal signal, approaching the supply voltage (~1V), the dynamic range can reach several hundred at a signal/noise ratio of 10.

· Maximal signal at a 5% non-linearity – 1V.
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Fig. 2. Circuit schematics of “CSA core”
The layout of the given chip was designed according to the technological requirements of UMC (Taiwan) 0.18( CMOS. The IC is implemented with six metal layers and one polysilicon layer. The minimal contact pad dimensions equal 65x65 (m sq. (placed in single row).

The layout of a single channel is shown in fig.3, and that of the chip as a whole, containing 8 channels – in fig. 4. Overall dimensions of ASIC are 1.5x1.5 mm sq.

In general it is a pad-restrictive design, since the chip area was determined by the number of contact pads and their dimensions.
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Fig. 3. Layout of a single channel
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Fig. 4. Layout of the 8 channels CSA chip
The elaborated IC’s documentation was transferred to the manufacturer in June 2005 at a fulfillment term of 3 months. It is expected that in late September the manufactured samples will enter testing, the technique of which is now worked out. The design process of other units, forming the analog path, collecting and processing preliminary the microstrip detector signals, is being continued.

The given CSA core configuration was developed, seeking a trade-off between circuit complexity, power consumption, chip dimensions, the possibility to operate both at DC and AC coupling with the detectors. The voltage supply can be arranged in two versions:              0, +1.8 V and –0.9V, +0.9V.
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