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I. INTRODUCTION

he Q/U Imaging Experiment (QUIET) proposes to make very sensitive measurements of the polarization of the cosmic microwave background radiation, using the technology of coherent correlation polarimeters. 

This paper presents the Data Acquisition System for Phase I of the QUIET experiment that will operate large arrays of 91 4-channel W-band (90GHz) and 19 4-channel Q-band (40GHz) receivers, both placed on 2m and 7m telescopes, in Chajnantor, Chile. 

II. Implementation

The data acquisition system is built with a set of up to 12 custom-made 6U VME/VIPA modules (QUIET-ADC Boards) implemented each with 32 channels of 18-Bit SAR ADCs. A plot of the board layout is presented in Figure 1.

Each of the 32 differential input signals (full scale input of +/-2V) from the receivers, modulated at 4kHz, goes first to a buffer (Gain=-1; Zi=500Ohm), implemented with an AD8022AR in a typical inverter configuration, before being passed on to the ADCs. 

The ADC chips AD7674 work in warp slave mode at 800kSPS, with serial data reading of the previous conversion during convert. The sampling is simultaneous, on one low jitter clock for the whole DAQ system.  Communication between boards, for simultaneous sampling and data processing is done via four PECL backplane lines from P0.

The data are then processed locally with a field programmable gate array (FPGA) that performs signal demodulation and averaging over 10ms, while blanking out the transition edges of the 4kHz switching frequency, during which the receivers outputs are not well defined. Each ADC channel connects independently to the FPGA on board. The calculated values, from all the modules in the crate, are read out every 10ms through the VME backplane to the crate controller and then passed, along with the absolute time stamps and telescope pointing information, to a remote PC for storage. 

In addition, identical ADC boards will sample various housekeeping signals like detector DC voltages, drain currents, module operating temperatures, cryostat pressure, outside temperature, and other important items, nominally at a 1Hz rate.
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Fig. 1.  The QUIET-ADC Board

One of the ADC modules in the system acts as “Master”, generating the sampling clock as well as the switching and data processing synchronization signals for the whole array. These signals are sent out in LVDS levels via two front-panel connectors. Each module has the same firmware implemented in the FPGA. The setting of one module as “Master” is done with a set of jumpers.

III. QUIET-ADC Board – FPGA Design

The block diagram of the FPGA design is presented in Figure 2. Based on a local 40MHz clock, the Master Card generates the 800kHz clock for the ADC sampling, the 4kHz-switching signal and a 100Hz signal, which determines the final sampling rate. These signals are provided on the PECL lines in the backplane for use on all cards. The 4kHz and the 100 Hz clocks, together with some other control signals, are also sent out in LVDS format for use in the experiment.

Except for the generation of the clocks, which is unique to the Master Card, the processing on each FPGA is the same. The 32 serial data streams from the 18-bit ADCs are applied directly to a deserialization block, converted into a 576-bit bus and passed to the VME controlled selector block at an 800kHz rate. Depending on the settings, the program will process the ADC data in the following ways:

a) Write 800kHz samples for each of the 32 channels into one memory block; this allows for functional as well as for performance testing of all channels (input noise, dynamic range, linearity, crosstalk, etc).

b) Write 800kHz samples from one receiver (4 channels), together with the switching signal to two alternating memory blocks for continuous data readout; this gives access to longer stretches of 'raw data' and allows the checking and fine-tuning of the algorithms used in option c).

c) Fast down sampling in the way described below; this is the mode used for real data taking. The signal output coming from the detector is a small 4kHz square wave, switched according to the LVDS clock from the Master card, with large spikes on its transition edges on top of a slowly drifting offset. For every 10ms the amplitude of the square wave and the average offset needs to be determined. For this purpose the data stream from an ADC is in one accumulator summed over 10ms (resulting in the average offset) and in another accumulator summed and subtracted according to the state of the 4kHz signal from the VME backplane (resulting in the amplitude of the 4kHz signal). Possible delays between the 4kHz signal in the VME backplane and the one in the ADC data can be determined using data taken according to b) and the program can be adjusted to account for those.

In order to avoid the spikes at the transition edges a user mask (as given per VME register) defines how many and which ADC samples around the transition edges shall be ignored for the summing and the demodulation. The 10ms samples (2x32-bit words per ADC) are written into a memory accessible via the VME bus.
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Fig. 2. FPGA Design - Block Diagram.

IV. Conclusions

This Data Acquisition System and QUIET-ADC Board were designed to accommodate the particular requirements for the QUIET Experiment such as: 

· 364 channels of 18-Bit SAR ADCs with simultaneous sampling at rates up to 800kHz;

· No built in anti-alias filtering. The input signals are modulated and have transition intervals that have to be eliminated digitally, rather than filtered out. This requirement disqualified several commercially available sigma-delta ADC modules with digital signal conditioning/filtering inside the ADC chips. However, the printed circuit for the QUIET-ADC Board permits installation of low-pass filters that may be useful in future applications.

· Powerful real-time processing capabilities within the on board FPGA, to reduce the requirements for backplane data throughput. The high-density Altera STRATIX EP1S30F780C6 FPGA allows future design/algorithm modifications. 

· Relatively small size (6U VME Crate) for mounting inside a weatherproof enclosure on the telescope.

In the future, the DAQ will be upgraded to accommodate the requirements of Phase II of the QUIET Experiment with arrays containing up to 1,000 receivers.
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