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ABSTRACT

The Orion program developed a 2048x2048 infrared focal plane using InSb PV diodes for detectors. Several of these
focal planes have been produced. However, the yield of the original readout multiplexer was not up to expectations
owing to unanticipated shorts in the fabrication process. Since these shorts occurred at the metal 1-metal 2 crossover
points and there are over 9 million such crossovers, the design had to be modified to work around these problems. Thus
the Orion II readout was developed. The work is being done at the Raytheon Vision Systems (RVS) division (most
recently Raytheon Infrared Operations, but better known as SBRC) by many of the same people who created the Orion I
and ALADDIN focal planes. The design is very similar to the Orion I design with the addition of circuitry to work
around the effect of the metal 1-metal 2 shorts. In this paper we will discuss the unique design features of this device as
well as present test data taken from the new devices.
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1. INTRODUCTION

The Orion program - to develop on behalf of the astronomical community a 2048x2048 infrared focal plane for ground-
based astronomy using InSb PV diodes for detectors - is in its third year. The Orion program was officially started in the
spring of 2001, but informal discussion of the design started much earlier. In late CY2000, with funding support from
NOAO, USNO, and NASA, we laid out a program to develop a 2Kx2K InSb focal plane at RVS similar to the successful
ALADDIN 1Kx1K program. We had our first bare readout/multiplexer for test in late 2001 and to date have made five
focal plane modules. Four of those modules are complete hybrids. Testing has proceeded at both NOAO and RVS on
those modules. Orion program goals, design specifics, and early results have been reported elsewhere'”. The readout
design is solid but, as will be spelled out in detail below, some changes were deemed to be necessary to improve yield.

The Orion design has several features that are either new or relatively recent additions to IR focal planes. It is
specifically designed with 2-adjacent side butt-ability in mind. In addition, we have adopted a modular packaging
scheme that facilitates the deployment of tightly integrated 4Kx4K focal plane assemblies that is reflected in the James
Webb Space Telescope (JWST) version of this sensor’, where 3-side buttability is the norm. Based on the aggregate cost
of the instruments, electronics, and focal planes, we felt that 4Kx4K was a prudent design goal at this time. Indeed, such
a 4 Orion module mosaic is slated for the NEWFIRM imager at NOAO" currently scheduled for deployment in CY2005.
The demonstrated success of using dead pixels for calibration purposes’ led us to incorporate several different reference
pixel ideas into this design. Recent testing has shown their usefulness in removing the effects of thermal drift from the
data®. Other improvements are that the focal plane is read out as a single 2Kx2K device rather than in quadrants and that
it reads out in stripes of 32 columns per output rather than interleaved as has been done in the past with multiple output
devices. Bad outputs are manifested as a contiguous dead area rather than missing periodic columns across the whole
device. Finally, with 64 outputs, the Orion design is designed to meet the conflicting needs of ground-based astronomy
to perform well and with high efficiency in low, moderate, and high background environments.

We stayed with the reliable, proven 2 micron, Pwell, CMOS, Single Polysilicon, Double Metal process for Orion. With
the exception of double metal, this is the same process we used on Aladdin’. Double metal was needed because of the
long lines (>50mm) in both directions across the readout. This did affect the yield but was required to keep the line
impedance low or the speed of readout would have been unacceptable. Since Orion “only,, has 64 outputs, we needed to
maintain the 1.5 usec per pixel (5t) read time or its usage would have been severely compromised operation in the
thermal infrared.
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2. DESIGN
2.1 Specification

Specifications and goals for the Orion device are summarized below in Table 1.

Table 1: Orion Program Specifications and Goals
Format 2048 x2048
Pixel Size 25 x 25 microns
Array Active Area 51.2x51.2 mm
Optical Fill Factor > 98%
Architecture Two Side Buttable (Adjacent sides)
Designed to make a 4Kx4K larger module
64 outputs: read out in stripes of 32 columns each
Built-in current source per output
Read out as a single 2048x2048 device
Readout Structure Source Follower per Detector (SFD) Unit Cell
Pwell CMOS Control Logic
On Chip Buffers for all clocks and control signals
Control Logic-2 phase shift registers
References First (1) and last columns (2048) are reference columns
Additional references selectable on each output as follows:
1) reference, 32 data pixels, reference
2) reference, 32 data pixels
3) 32 data pixels only
Reset Modes Global (all detectors)
Ripple (Reset by row pairs)
Output Performance * 1.5 usec per pixel (5t) — (Frame rate ~ 10 frames per second)

Detector Material Backside-illuminated - thinned p-on-n InSb

Well Capacity 150x10° electrons at 0.5v applied bias

Read Noise < 25 electrons RMS for Fowler 1 sampling

Dark Current < 0.2 electrons per second per pixel (for T <= 35K)

Quantum Efficiency >95% at 1.7 microns (Quarter wave AR coating at 1.7 microns)
Response 0.6 to 5 microns with appropriate AR coating

Operating Temperature [25-35 Kelvin

Operability Typically >99.5%

2.2 Packaging Concept

The packaging concept used on the Orion program is a major departure from previous IR array packaging approaches.
We needed a concept that would package the 2Kx2K Orion focal plane and also readily accommodate expansion to
4Kx4K mosaics. The important features of the Orion Focal Plane Module (FPM) are identified in Figure 1. These
include the use of 37 pin MDM connectors (which we have used in the past for cryogenic applications and we know are
reliable) on ribbon cables to provide positive connectivity while providing thermal isolation and the use of an AIN
motherboard for the optimal placement of the electrical traces while providing electrical isolation from the Invar36
pedestal. The electrical isolation is important, as the pedestal can be hard clamped to the cold head while the Sensor Chip
Assembly (SCA) detector itself, of necessity, remains electrically isolated for noise reasons. Both the Invar36 and AIN
where chosen for their thermal compatibility with the silicon readout. In addition the invar pedestal was made over 6mm
thick to provide mechanical stiffness and thermal mass. This has proven successful since we have had no cracks or de-
lamination of indium bumps with over 30 cool downs. To mitigate the effects of light emission from current sources or
from the area where the cables are mated to the motherboard, we have included 2.5x0.6mm AIN light baffles to separate
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