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Abstract

This poster presents the currently under development detector controller for the Adaptive Oplics imager in the E-ELT which is based on the e2v Natural
Guide Star Detector INGSD) and Laser Guide Star Detector (LGSD). The detector controller requirements present important challenges in the design of the
electronics due to the low-power, low-noise and high parallel dala rate of the deftectors involved. The general architecture of the controller along with the
front-end electronics to drive and read-out the detector are described here. This electronics is based on Xilinx Virtex-6 and Virtex-7 FPGAS.

NGSD is a 880x840 pixel CMOS array organized as 44x42 sub-apertures of 20x20 pixel each. NGSD is exactly 1/4 of the LGSD and therefore it is
considered a scaled down demonstrator for the LGSD.

The camera architecture

Since the data conversion and serialization is built-in in the imagers,
the camera controller is based on a advanced FPGA with a minimal
external analog circuitry (basically, DACs for biasing the detector and
Its test structures) around it. There is no hardwired sequencer on-chip
so almost all critical clocks are individually accessible. Thus, the main
tasks of the FPGA are to provide the pixel timing control of the internal
ADCs (e.g. pixel reset, preset column, reset preamp, reset
comparators and gray code generator) and the timing of the LVDS
serializers. As an example of the operation, each time a row of sub-
apertures is read, its Y-address must be uploaded over the SPI bus in
a data pattern which also includes the gain settings for that row. The
SPI runs synchronously to the main data stream readout sequencer
process.
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The LGSD controller

Although the LGSD detector is four times the size of NGSD, the
scalability of the controller from NGSD to LGSD presents some
additional challenges in its itself, such as electronics power
consumption in a small volume, necessity of sub- nanoseconds
synchronized read-out between detector halves (not trivial when
several high-speed FPGAs are used in conjunction with analog
electronics sensitive to noise jitter) and huge data throughput.

Introduction

ESO E-ELT Adaptive Optics detectors will be based on a large size
new generation 1760x1680 pixels high resistivity CMOS imager
sensor called LGSD, Laser Guide Star Detector. Before the
development of LGSD, a pioneering quarter size 880x840 pixels
Natural Guide Star detector, called NGSD, will be built. Both NGSD
and LGSD will have the same pixel architecture and make use of
massive parallel Analog-to-Digital structures, as many as 17,600 and
70,400 ADCs for NGSD and LGSD, respectively. In spite of the large
size detectors, the frame rate will be above 700fps and the expected
read-out noise below 3e-.

NGSD imager is currently in production and ESO expects to receive
the first electrical grade front-side illuminated chip at the beginning
of next year (2014) and its back-side illuminated version about six
months later.

The first prototype controller for NGSD is currently under
development and aims at, firstly, the familiarization with the device
(both the front- and back-side illuminated imagers) and, secondly,
outlining the technology roadmap toward the next generation of ESO
controller for AO in the E-ELT environment.

The LGSD detector

The estimated chip size of LGSD is 55x45mm which makes
stitching unavoidable. In order to reduce the line rate (1.4ms, 700
fps nominally), the LGSD will be read out as half the array upwards
and half downwards which is referred to as the North and South
part, respectively. In addition, to further reduce the line rate, the
rows in each half will be read out in groups of 20 in parallel,
corresponding to stripes of whole 20x20 sub-apertures and giving
a snapshot shutter within each stripe of sub-apertures.
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Connection to the RTC

The design of the Real-Time-Computer (RTC) for ESO’s E-ELT
instruments is still under definition and feasibility study but the
interface to the controller will be 10GbE using UDP-based protocol or

Bottom view of the NGSD controller under development

Operation homogeneity

Within ESO, it is key to the operation of a new detector that the user
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e Both NGSD and LGSD must be cooled at -10degC in operation. The

Peltier controller will be part of the demonstration camera and it is
planned to have an integrated Peltier controller in order to reduce the
number of components and improve the overall dimensions of the
camera. It is estimated that 8V and about 3A will be sufficient to cool
down the NGSD detector to -10degC with water cooling between 25
and 30degC. From the design of the controller point of view it is still
undecided whether the process that controls the current to the TEC wiill
run in an embedded processor inside the FPGA or as a dedicated
CPU.
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The size of NGSD together with the process test chips at its
surrounding is 23.6x30.84mm. NGSD is a quarter cut out of the

LGSD and the operation of the two imagers is the same, apart
from the numbers of pixels, rows, LVDS outputs, etc.
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on until all bits from the row are transmitted before moving on to the next row of
ADCs.
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