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ABSTRACT 
 
Only two months ago, in June 2002, a workshop on scientific detectors for astronomy was held in Waimea, where for 
the first time both experts on optical CCD’s and infrared detectors working at the cutting edge of focal plane technology 
gathered. An overview of new developments in optical detectors such as CCD’s and CMOS devices will be given 
elsewhere in these proceedings [1]. This paper will focus on infrared detector developments carried out at the European 
Southern Observatory ESO and will also include selected highlights of infrared focal plane technology as presented at 
the Waimea workshop. 
 
Three main detector developments for ground based astronomers are currently pushing infrared focal plane technology. 
In the near infrared from 1 to 5 µm two technologies, both aiming for buttable 2Kx2K mosaics, will be reviewed, 
namely InSb and HgCdTe grown by  LPE or MBE on Al2O3, Si or CdZnTe substrates. Blocked impurity band Si:As 
arrays cover the mid infrared  spectral range from 8 to 28 µm.  Since the video signal of  infrared arrays, contrary to 
CCD’s, is DC coupled, long exposures with IR arrays are extremely susceptible to drifts and low frequency noise pick-
up down to the mHz regime. New techniques to reduce thermal drifts and suppress low frequency noise with on-chip 
reference pixels will be discussed. The need for the development of small format low noise sensors for adaptive optics 
and interferometry will be pointed out.   
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1.Introduction 
 
Large format 1Kx1K infrared arrays are now in routine operation at 10 meter class telescopes and have produced some 
spectacular results [2]. In order to sample large fields with smaller plate scales, even more pixels are required. Now that  
adaptive optics offers diffraction limited pixels subtending only a few tens of milliarcseconds on the sky there is an 
increased need for larger pixel formats to fulfil the Nyquist sampling in the spatial domain even for a moderate field of 
view. As large telescopes optimized for surveys and high spectral resolution multi-object and integral field 
spectrographs are coming on line, there is a strong demand for larger array formats, which can only be met by building 
mosaics of large format buttable infrared detectors. 
 
The finer plate scales used with adaptive optics in combination with the high spectral resolution of advanced 
multiobject spectrographs decreases the flux of thermal background photons and the concomitant photon shot noise. 
Hence, both the dark current and the readout noise of infrared arrays must be reduced to remain below the photon shot 
noise threshold. Therefore, the requirements for detectors of ground-based instruments resemble those of space-based 
instruments.  
 
For wavefront sensors of adaptive optics systems and fringe trackers in interferometry, exposure times are less than 1 
ms. The lowest readout noise has to be achieved at high speed. To bring all these detector requirements of advanced 
infrared instruments for single or coherently combined large telescopes to fruition, a challenging development effort is 
required in focal plane detector technology. 
 



2.Comparison of detector materials 
 
Two detector materials, InSb and HgCdTe are competing in the spectral range from λ=1 to 5 µm to serve ground and 
space-based astronomical applications. InSb is the simpler compound and has been used widely for applications 
including the L and M band atmospheric windows. Because of the long cut-off wavelength of λc=5.2 µm InSb detectors 
have to be cooled down to an operating temperature of 30K. The alloy Hg(1-x)CdxTe allows to tune the cut-off 
wavelength to the specific application by varying the stoichiometric composition x [3]. For near infrared instruments 
covering the 1-2.5 µm spectral range up to the K-band mostly HdCdTe arrays grown by liquid phase epitaxy (LPE) on a 
sapphire substrate, the so-called PACE process, have been used. Photovoltaic n-on-p diodes are formed by implanting 
boron ions in the p-type substrate [4]. PACE arrays are widely spread and have achieved excellent performance at 
operating temperatures between 60 and 80 K. 

 

Recently more advanced detector technologies have become available for the manufacture of HgCdTe arrays. The LPE 
process can now be replaced by molecular beam epitaxy (MBE). The HgCdTe diode array consists of a double layer 
planar heterostructure (DLPH) grown on a CdZnTe substrate [4]. The crystal lattice of the substrate is better matched to 
HgCdTe which results in much lower dislocation and void defect densities. Contrary to the PACE material the DLPH 
MBE diodes are produced by a p-on-n heterostructure process. The surface or capping layer is formed by a wider band 
gap material than the narrow-bandgap HgCdTe infrared absorbing layer. The p-type side of the diode is produced by As 
implantation through the capping layer into the n-type base material. A cross section of the diode structure is shown in 
Figure 1. The outcome of this fabrication process is a HgCdTe array with near-theoretical performance. 

 

 

Figure 1. Detector cross section of p-on-n Double Layer Planar Heterostructure photodiode array grown by molecular beam epitaxy  

The performance of different detector materials having different cut-off wavelengths is best compared by the 
temperature dependence of the dark current density as shown in Figure 2. InSb is represented by triangles, HgCdTe 
grown by LPE by circles and HgCdTe grown by MBE is represented by squares. Clearly, MBE grown HgCdTe with 
λc=5µm outperforms InSb at temperatures above 60K [5,6,7,8]. The dark current density for MBE grown HgCdTe is 5 
orders of magnitude lower than for InSb. Due to the fortuitous lattice match of HgCdTe and CdZnTe, defect and 
dislocation densities are very low. Since the diode junction is not located close to the surface but buried in the bulk of 
the detector material, it achieves diffusion limited theoretical performance down to operating temperatures of 60K. The 
diffusion limited detector dark current of MBE grown HgCdTe is proportional to exp(-Eg/kT), whereas the dark current 
of InSb and LPE grown HgCdTe is dominated by a surface current generation-recombination processes, which exhibits 



a temperature dependence proportional to exp(-Eg/2kT). Diffusion limited performance of 5 micron cut-off MBE grown 
HgCdTe is a major breakthrough of detector technology.  

For λc=2.5 µm the detector dark current of MBE HgCdTe relative to LPE HgCdTe is reduced by more than 3 orders of 
magnitude at a specific operating temperature. Measurements performed with MBE grown 256x256 PICNIC arrays 
having a cut-off wavelength of λc=1.7µm are also included in Figure 2. At an operating temperature of 100K this 
material is not diffusion limited at an operating temperature of 100K.  

If the detectors can be cooled down to temperatures as low as 30K, the generation-recombination process of InSb is 
frozen out and the dark current of both InSb and MBE grown HgCdTe arrays is dominated by tunnel and surface 
leakage currents which no longer exhibit a strong temperature dependence. In this temperature regime the performance 
of the two detector materials is comparable [6,7].  

The quantum efficiency of InSb is close to 0.9 over the whole sensitive spectral range of the detector while LPE grown 
HgCdTe generally has a somewhat lower quantum efficiency than InSb at short wavelengths around λ=1.1 µm. The 
quantum efficiency of LPE HgCdTe is in the range of 0.65 to 0.7 [9,10].  

Because of the low defect densities MBE grown HgCdTe arrays have negligible persistence. This has been 
demonstrated on a 256x256 HgCdTe PICNIC array which has a cut-off wavelength of λc=1.7 µm [10].  

 

Figure 2. Comparison of dark current for different detector materials: Triangles: InSb. Circles: Liquid phase grown HgCdTe. 
Squares: Molecular beam epitaxy grown HgCdTe. Both LPE and MBE HgCdTe have different cut-off wavelengths λc. MBE grown 
HgCdTe with λc=5 µm comparable to LPE grown HgCdTe with λc=2.5µm.  

3. Format and packaging of IR arrays 
 
There are different ways to fill a large focal plane with detector pixels. The first approach simply relies on the fast 
advances of semiconductor technology of both silicon and III-V compounds as well as II-VI alloys, which will provide 
larger array formats. Within the last decade the number of pixels of single arrays has increased by more than one order 
of magnitude [9,11]. The second approach, which is conceptually simple but more expensive and complex to realize for 
instrument builders, is to optically segment the focal plane and use multiple spectrographs or cameras for each subfield. 



The third approach makes use of state-of-the-art detector packages to fill the focal plane with a mosaic of closely 
packed large format buttable arrays trying to minimize the dead pace between individual arrays. 

3.1. Limitations of detector format by available substrate size 
 
The size of available detector substrates will eventually impose a limit on the format of detectors. InSb wafers of 100 
mm presently limit the format to 2Kx2K. However, 150 mm InSb substrates are under development making 4Kx4K 
arrays feasible in the future [9]. Presently, CdZnTe substrates with 60 mm diameter limit the format of HgCdTe arrays 
to 2Kx2K. Alternative substrates for HgCdTe such as Si and Al2O3 constitute a viable approach to larger formats, but 
limit the pixel performance because of higher dislocation densities due to the imperfect lattice match of the detector 
material and the substrate. 
 

3.2. Four shooter : four Rockwell HgCdTe 2048x2048 arrays for NIRMOS  
 
An example of splitting a large optical field is NIRMOS, an infrared instrument built for the VLT with capabilities of 
direct imaging, multi-object spectroscopy and integral field spectroscopy [12]. With the availability of large format IR 
arrays it is now possible to extend the multi-object spectrograph concept to the infrared.  
 
The optical field of NIRMOS covers 4x6x8 arcmin2, which is too large for a single spectrograph. The optical field is 
segmented into four parts, each of which is equipped with an independent imaging spectrograph. Each spectrograph has 
a resolution of R~2500. The four detector cryostats will be equipped with 2Kx2K Hawaii-2RG MBE arrays having a 
cut-off wavelength of λc=1.9 µm to cover the J and H bands. The four continuous-flow cryostats cool the detectors to a 
minimum temperature of 86 K and have cryogenic filter wheels including a linear variable filter to reduce the thermal 
background for H-band spectroscopy. The slit mask focal plane is at room temperature.  

 

Figure 3. Layout of the the NIRMOS multiobject spectrograph and Hawaii2 detector mount with 32 cryogenic amplifiers( top) and 
Hawaii-2RG detector package (bottom). 



3.3. Open Mosaics: 

3.3.1.  Raytheon 512x4086 InSb Mosaic for CRIRES 
 
A 4086x512 pixel mosaic is under development at ESO to simultaneously record the maximum spectral range of a 
single order of the cryogenic echelle spectrograph CRIRES [13,14]. This instrument will provide a resolving power of 
105 for wavelengths between 1 and 5 µm. As seen in Figure 4, CRIRES has a curvature-sensing adaptive optics system 
to minimize slit losses. The spectrograph has a prism pre-disperser for order sorting and thermal photon background 
suppression. The echelle grating provides the high-resolution spectra to be sampled by the detector mosaic in the useful 
optical field which extends 135 mm in the dispersion direction and 21 mm in the spatial direction at a plate scale of  0.1 
arcsec/pixel. 

 

Figure 4. Optical layout of the cryogenic echelle spectrograph CRIRES and the 512x4086 pixels mosaic comprising four Aladdin 
1024x1024 InSb arrays. 

 

Figure 5 CRIRES focal plane array with flexible manganin boards and daughter boards each housing cryogenic preamplifiers for 32 
channels  

A 3-side quasi-buttable ceramic package for Aladdin II and III arrays is being developed to minimize the spacing 
between arrays to < 283 pixels. Since only two quadrants of each array are used and the individual arrays have only two 



adjacent science grade quadrants, the arrays need to be mounted in different orientations. A short flexible manganin 
board interfaces each detector to a preamplifier board which is encapsulated in a light-tight box and also operates at 
cryogenic temperatures as described in more detail in [14]. 
 

3.3.2. Mosaics of IR arrays for survey telescopes: VISTA and WFCAM 
 
The largest IR focal plane presently under development is the array for the Visible and Infra-Red Survey Telescope 
VISTA which is being built by the UKATC for the ESO VLT [15,16,17]. VISTA is a 4 metre diameter class wide field 
telescope which will be dedicated to conducting IR imaging surveys of the sky. The IR Camera is a large cryogenic 
Schmidt camera which accepts a 1.65 degree diameter unvignetted field of view. The image quality is provided by 
means of a field corrector. Wave front sensors measure the image quality to apply corrections to the primary mirror of 
the telescope. The IR camera has a cold baffle instead of a cold pupil stop. This baffle limits the field of the focal plane 
to cold surfaces or reflections of cold surfaces. The pixel scale is ~0.3”/pixel. Figure 6 shows the general layout of the 
Infrared Camera.  
 
The focal plane is located in the Cassegrain focus and will be populated with 16 2K x 2K science detectors packed at 90 
% spacing. The VIRGO detector produced by Raytheon has been selected for VISTA. It is  a LPE HgCdTe array grown 
on a CdZnTe substrate. The pixel size is 20 µm. Each detector has 16 parallel outputs organized in parallel stripes, 
which can be read at pixel rate of 400 KHz. The total channel count adds up to 256 channels. The scaleable ESO 
controller IRACE will be used to read out the complete VISTA focal at a frame rate of up to 1.6 Hz. 

 

Figure 6. VISTA focal plane comprising 16 VIRGO 2Kx2K HgCdTe arrays having a cut-off wavelength of λc=2.5 µm. 

The wide field camera WFCAM for the UK Infrared Telescope UKIRT in Hawaii also operates in the 1-2.5um spectral range 
[16,18]. The optical design is a forward-Cassegrain quasi-Schmidt camera having a cold stop at the re-imaged telescope pupil. The  
focal plane is equipped with a 2x2 mosaic of HAWAII-2 LPE grown HgCdTe PACE detectors mounted at 90% spacing of the 
detector active area. The detector mount is located in the optical beam and has to minimize the vignetting. The WFCAM focal plane 
also incorporates an autoguider CCD in the centre of its focal plane at a focal position elevated from the science detectors. Since the 
CCD and the IR arrays are packed closely and clocked asynchronously, the fast high voltage CCD clocks might couple into array 
readout and degrade the images. Therefore, the CCD has been encapsulated in a completely screened housing with an EMI window 
as shown in Figure 7. The effectiveness of screening the IR arrays from the CCD clocks depends on the quality of the insulation and 



the grounding scheme. It is under investigation at UKATC. If the voltage level of CCD clocks is reduced from 12 V to 4 V the EMI 
interference seen by the science arrays is reduced to an acceptable level   

 

Figure 7. Left:WFCAM focal plane mosaic with 4 Hawaii 2 arrays having a cut-off wavelength of λc=2.5 µm and one autoguider 
CDD mounted in the center of the mosaic. Right: EMI shielding of CCD with EMI window 

3.4. Mosaics with buttable IR arrays 

3.4.1. Raytheon 2Kx2K InSb array for wide field imager NEWFIRM 
 
The ORION array from Raytheon shown in Figure 8 is the first 2Kx2K InSb array. A prototype has been tested and a 
first science grade array is being evaluated [19]. The package of the array is two-side buttable to make a mosaic of four 
arrays. The ORION array has 64 parallel outputs organized in stripes which can be read at framerates of 10 Hz. At the 
edges of the array two types of reference pixels are implemented. One reference emulates a saturated pixel and one 
reference emulates the capacity of a detector pixel.  The advantage of including  reference pixels is discussed below in 
chapter 4.  

  The Orion array was selected to fill the focal plane of the NOAO 4K x 4K 1-2.5 um IR Imager NEWFIRM which will 
be installed at both the Kitt Peak and Cerro Tololo 4m telescopes [20,21]. 

NEWFIRM will provide a field-of-view of approximately 30 arcminutes square with a pixel scale of 0.4 arcsec. The 
camera will be a refractive collimator in the bent R-C focus with large cryogenic lenses and a cold pupil stop. The 
instrument layout is shown on the left of Figure 9. NEWFIRM will provide broadband filters for the J, H, K and Ks 
bands as well as narrowband (~1%) filters.  The focal plane will be read out by the MONSOON controller developed at 
NOAO. The analog backplane of the controller is detector specific and will extend through the wall of the instrument 
dewar and the radiation shields all the way down to the detector fan-out board  as shown on the right side of Figure 9. 

3.4.2. Rockwell 2Kx2K HgCdTe arrays for ground and space based instruments  
 
The first infrared array having a format of 2Kx2K was the Hawaii2 HgCdTe array produced by Rockwell Science 
Center. Although in most respects the Hawaii2 array exhibits excellent performance, there are some problems 
associated with this array. The package of the Hawaii2 array is a pin grid array mounted in a zero insertion force socket 
which cools the detector through the central pins. The package is not buttable. Apart from the package, the multiplexer 
has some problems. For instance, it is not possible to apply interleaved clocking of the fast shift register. The 4 clocks 
of the fast shift register have to be pairwise complementary (CLK1 with CLK2, CLKB1 with CLKB2) and skewed to 



less than 50 ns. If several arrays have to be read in parallel using one single clock driver, these clocks should be 
generated on the fan-out board using CMOS buffers ( HEF 4041). The use of the reference outputs requires four 
additional video channels or a cryogenic clamp circuit to feed the second input of a symmetric cryogenic operational  

 

Figure 8. Orion 4x2Kx2K InSb array mosaic package  

 

Figure 9. Left: Wide field imager NEWFIRM with refractive collimator in the bent R-C focus. Right: 4x2Kx2K InSb mosaic with 
rigi-flex backplane connecting detector and data acquisition system.   



amplifier  located on the fan-out board of the detector. The reference output is not available for the unbuffered output 
mode. 
 
Consequently, Rockwell redesigned the Hawaii2 multiplexer resulting in the new Hawaii-2RG. A 1Kx1K version of 
this multiplexer, the Hawaii-1RG has already successfully been tested. The 32 outputs of the Hawaii-2RG multiplexer 
are organized in parallel stripes. The user can select between a slow mode with 100KHz outputs and a fast mode with 5 
MHz outputs. A unique feature included in the Hawaii-2RG is the guide mode. An arbitrarily sized and located guide 
window can be read out in an interleaved way with the full science frame. The guide window can be read on one of the 
32 outputs for the science frame or on a separate output. In future instruments the guide window will make obsolete 
such complex solutions for guiding as presented above for the WFCAM imager.  
 
The Hawaii-2RG has a modular package design which decouples the mechanical, electrical and thermal interfaces to the 
package. It employs a pseudo-kinematic mount for the mechanical attachment and utilizes a high-density cryogenic 
NANONICS connector for electrical interfacing. The detector is cooled by the mounting studs and their molybdenum 
spacers. The package is 3-side-buttable with the 4th edge near buttable and can be used in large, close-packed mosaics. 
The package of a possible 4Kx4K mosaic for the NGST consisting of four Hawaii2RG detectors is shown in Figure 10. 
 
 Each of the four arrays is connected by a flexible board to an application specific integrated circuit (ASIC), which 
integrates a complete detector controller including freely programmable clock and bias generation and 16 bit analog to 
digital conversion of all 32 outputs of the Hawaii2RG on a single ASIC chip [22,23]. The only communication of the 
ASIC to the outside world is through a LVD or CMOS digital bus. Since the high impedance low level video signal of 
the detector no longer has to be transmitted over  a long cable to the ADC of the external controller, but is digitized 
immediately on the focal plane, a lot of the black magic used to obtain good noise performance is eliminated. Presently, 
the ASIC design is being finalized and going into fabrication. 
 

 

Figure 10. Hawaii-2RG 4x2Kx2K HgCdTe mosaic for NGST. ASIC’s below detectors for clock and bias generation as well as 
analog to digital conversion of video signal. Electrical connection between ASIC’s and arrays by flexible boards.    

 

4.Reference Cells 
 
Contrary to CCD’s the video output of infrared arrays is DC coupled. The time interval between the two samples of a 
double correlated clamp may be several thousand seconds instead of microseconds typical for CCD’s. For this reason 
long infrared exposures are extremely susceptible to drifts and low frequency noise pick-up down to the mHz regime. 



To cope with this situation the single ended transmission of the analog video signal, buffered by a single external FET, 
was replaced by a differential signal chain with a symmetrical CMOS preamplifier located on the focal plane, which can 
operate at cryogenic temperatures [7]. One input of this amplifier is the video signal. The second input ideally should be 
derived from a reference unit cell implemented on the detector multiplexer, which mimics the detector unit cell as 
closely as possible.  
 
With InSb arrays it has been demonstrated, that array defects with unit cells having open Indium bumps can be used as 
a reference to monitor the thermal drifts, which is mandatory to reach dark currents as low as 4 10-3 e/sec [7]. Hence, 
the design of all multiplexers of new large format arrays (Hawaii2, Hawaii-2RG, Orion and VIRGO) includes reference 
cells. The first infrared array providing an on chip reference cell was the Hawaii2 2Kx2K HgCdTe array from 
Rockwell. Unfortunately, the reference output is implemented as an additional output for each quadrant and requires 
four channels in addition to the 32 channels for the video signal if the subtraction is to be done in the real time processor 
of the data acquisition system. The dash-dotted line in Figure 11 shows a 56 hour integration ramp sampled by multiple 
non-destructive readouts. The deviation of the measured data form a regression line fitted to the linear part of the 
integration ramp is 29 erms. If the reference output is subtracted from the video signal the deviation from the line fitted 
to the corrected ramp is reduced to 6 erms as represented by the solid line in Figure 11. Thermal drifts of long 
integrations can be well monitored by the reference cell of the Hawaii2 multiplexer. With regard to suppression of low 
frequency noise and 50 Hz pick-up the Hawaii 2 reference is not very effective. If the mean readout noise of the 
uncorrected image is 19.4 erms, images corrected by the reference output still remain with a readout noise of 16.2 erms, 
only a marginal improvement [24].  

 

Figure 11. Integration ramp of Hawaii2 2Kx2K science grade array. Dash-dotted line: uncorrected integration ramp. Deviation of 
uncorrected readouts from least squares fit to measured readouts: 29 erms. Solid line: integration ramp deviation corrected with 
Hawaii 2 reference output.  Deviation from least squares fit to measured readouts: 6 erms.   

Since the effectiveness of an on-chip reference having the gate of its source follower tied to a fixed voltage is 
insufficient, the usefulness of reference cells with the gate connected to a capacity has been investigated. As such a 
reference is not available on the Hawaii2 multiplexer, dark pixels have been used instead. They are located in the lower 
left quadrant on the left edge and are shaded in the left image of Figure 12. The pixels on the left edge of channel 
number 1 are used to correct the complete array. The noise histogram of the uncorrected image is shown by the dotted 
line in Figure 13. The mean noise is 15.4 erms. Subtraction of dark pixels, as shown by the middle image in Figure 12 
and the dash dotted line in Figure 13, is very effective in removing low frequency noise components and reduces the 



read noise to 10.4 erms. Linear interpolation of two readings of the dark pixels before and after reading the row further 
improves the removal of pick-up components and yields almost perfect images. The mean readout noise is reduced to 
9.4 erms as displayed by the solid line in Figure 13. Most of the low frequency noise sources Vi are capacitively 
coupled into the integrating node capacity C which is assumed to be large in comparison to the coupling capacities Ci. 
In this case the coupling constant of the noise source Vi is C/Ci . Hence, the capacity connected to the gate of the 
reference cell FET should be equal to the pixel capacity for best noise rejection.  
 
 

 

Figure 12. Difference images of double correlated clamps corrected with dark pixels indicated by the shaded area in the lower left 
quadrant of the left image which is uncorrected. Middle image: corrected with single readout of dark pixels. Right image: corrected 
with two readouts of dark pixels before and after reading row using linear interpolation. 

 

Figur 13. Noise histogram of double correlated clamp corrected with reference output of Hawaii 2 multiplexer. Dotted 
line: uncorrected, mean noise 15.4 erms. Dash-dotted line: corrected with single readout of reference output after 
reading row, mean noise 10.4 erms. Solid line: corrected with two readouts of reference output before and after reading 
row using linear interpolation, mean noise 9.4 erms. 
 
Considering the attractive feature of reference cells not only to monitor thermal drifts but also to remove all noise pick-
up components and get clean and low noise images, ways have been investigated to implement an on-chip reference  for 
the CRIRES mosaic focal plane, which consists of four Aladdin 1Kx1K InSb arrays. The column clamp circuit of this 
array seems to be well matched to function as a reference cell [24]. Its geometry and layout is identical to the unit cell 



source follower connected to the detector pixel. If VddCl is tied to VddUc and VggCl to VdetCom the clamp circuit 
emulates a saturated pixel during row transitions when the row enable switch disconnects all unit cells from the column 
bus. We have both simulated and measured whether the gain is reduced by keeping Vggcl at Vdetcom during the 
readout of the detector pixels and confirmed that the gain is not affected. The effectiveness in suppressing noise by 
utilizing the clamp FET as a reference cell still remains to be tested with the Aladdin array. It is planned to evaluate the 
performance of this technique by connecting either Vdetcom to the gate of the clamp FET or to connect it to a capacity 
which is reset together with detector pixels but left floating while reading out the array and the reference. 
 

5.Sensors for adaptive optics and interferometry 
 
At present the infrared wavefront sensor installed in the ESO VLT adaptive optics system NAOS utilizes one quadrant 
of a Hawaii 1Kx1K array [25]. This AO system using a Shack-Hartmann sensor delivers diffraction limited images for 
the science instrument CONICA, which is equipped with an Aladdin 1Kx1K InSb array [26]. First results obtained with 
the IR wavefront sensor in the K-band achieved a Strehl ratio of ~ 0.55. The goal is to increase the Strehl ratio to 0.7 
with an AO optimized system. 
 
The ESO VLT interferometer VLTI obtained first fringes by combining light from two 8-meter telescopes. The VLTI 
commissioning instrument VINCI also utilizes one quadrant of a Hawaii 1Kx1K array which has to acquire the intensity 
of four spots at a rate of >1Khz to cope with effects of atmospheric turbulence [27]. A fringe tracker FINITO is being 
built to stabilize the fringes and allow long integrations with the science instruments [28]. If the beam of three 
telescopes is combined, this fringe tracker utilizes only seven pixels of the PICNIC 256x256 HgCdTe array, four pixels 
for the interferometric fiber outputs and three pixels for the photometric fiber outputs, which are imaged onto the 
detector as shown in Figure 14. For the pixels exactly the same positions are used in each quadrant to benefit from the 
multiplex advantage by reading out four pixels in each quadrant simultaneously.  

 

Figure14. Layout of fringe-tracker FINITO with the combination of three telescopes.  

Both AO sensors and fringe-trackers have integration times well below 1 ms. The readout noise of 10 to 20 erms 
severely limits their performance, especially at shorter wavelengths with reduced thermal background. Clearly, further 
development is needed. A multiplexer having 256x256 pixels, a capacitive transimpedance amplifier in the unit cell, 32 
parallel outputs, a frame rate of > 1Khz and a readout noise of ~ 1 erms has to be envisaged. 



6. Conclusions 

Both InSb and HgCdTe arrays with formats as large as 2Kx2K have come on line. Diffusion limited performance has 
been achieved down to temperatures of 60 K with MBE-grown HgCdTe double-layer planar hetero structures. The 
arrays are packaged in buttable mounts which facilitate the construction of large mosaics to equip next generation 
instruments. The pixel performance is improving as thermal drifts and low frequency noise is suppressed by utilizing 
reference pixels, which are implemented on all new multiplexers. The development of an application specific integrated 
circuit for the Hawaii-2RG array will allow to control the array and digitize the detector signal directly on the focal 
plane. The ASIC may eventually replace the conventional detector controller. There is a clear need to develop a 
specialized small format, high-speed low-noise detector for adaptive optics systems and IR sensors used in active 
control loops.  
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