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ABSTRACT

The University of Hawai'i (UH) Quick Infrared Camera (QUIRC) has been decommissioned
from the UH 2.2m telescope on Mauna Kea, Hawai'i for several years. With theurrent develop-
ment of the Infrared Imaging Survey (IRIS) on Cerro Armazones in Chile, a need for a infrared
camera has arisen. UH's participation in IRIS is to provide an infrared camea, and QUIRC has
been deemed adequate for the job after some modi cation and refurbishment. Herein, | dtsiss
the refurbishments and modi cations made to QUIRC from May to August of 2007 to prepare
it for its new environment and imaging purposes on IRIS. Modi cations include replacenent
of Iter wheel electronics, programming of a new lIter wheel controller, redesign of the cmling
system, and additional thermal and electrical insulation of the detector.

1. Introduction
1.1. The Infrared Imaging Survey

Much of the sky is currently studied in a wide range of wavelengths of electro-magnét radiation.
However, one of the most unstudied areas in astronomy thus far is the time doma. While the time domain
is studied in very localized settings (i.e. photometry of variable stars, acive galactic nuclei, etc.), it has
yet to extend to synoptic sky surveys. Many of these surveys are currently being deloped and included
among them is the Infrared Imaging Survey (IRIS). IRIS will be the rst infrar ed survey dedicated to time
domain studies of star forming regions. Located in Cerro Armazones, Chile, IFS consists of a dedicated
0.8m telescope that will primarily be used to study known massive young stes and star forming regions south
of +40 declination (Hodapp-NSF Proposal). IRIS is a collaboration between UH Insitute for Astronomy
(IfA) and the Astronomical Institute of the Ruhr-University Bochum (AIRUB ), Germany. IRIS will be
calibrated against the 2 Micron All Sky Survey (2MASS) and thus will use J, H, and K¢ lters. The survey
can potentially observe up to 500 elds per night and follow up observations ofinteresting ndings can be
made by AIRUB telescopes as well as the telescopes on Mauna Kea for northern object&lIS will produce
many di erent types of data for several di erent research areas. Among the mos powerful data IRIS will
produce for the star formation community are long and detailed studies of the lignt curves of massive young
eclipsing binaries and occulting circumstellar disks as well as data from monitorig campaigns that search for
rare outbursting events (such as FUor, EXor, and OO Serpentis outbursts resultig from accretion episodes
around young stars).
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1.2. The UH Quick Infrared Camera

UH IfA has a long standing record of building top-notch astronomical instrumentation. QUIRC? is an
older instrument and at a resolution of 1024 x 1024, it was once the largesiifrared array in the world (a
schematic of the mechanics is shown in gure 1). QUIRC was also the test bed foHgCdTe Astronomical
Wide Area Infrared Imaging (HAWAII) arrays as described by Hodapp et al. 1995 and Hodappet al. 1996.
Currently, only two HAWAII 1024 x 1024 arrays exist: one is currently installed in QUIRC, and the other
serves as a backup. QUIRC has been used mainly on the UH 2.2m, but has also been used ba UH 0.6m,
the Canada-France-Hawai'i telescope, and at Gemini North Observatory all on Maunakea. While QUIRC
was used as a test bed for the HAWAII arrays a large portion of its time, it was also extensively used for
astronomical observations. Figure 2 shows images taken by QUIRC on the UR2.2m of the region around
OO Serpentis before and after an outburst.

QUIRC was decommissioned from the UH 2.2m due to a larger 4k x 4k array and habeen unused
for several years. However with IRIS, a need for an infrared imager has arisenJH's responsibility in the
collaboration is to provide an imaging device, and QUIRC has been deemed adequate tme used for this
purpose after some refurbishment and modi cation.

2. Proposed Refurbishments and Modi cations

A proposal for QUIRC's revival to full working status has been submitted and accepted for funding
through the National Science Foundation. Dr. Klaus W. Hodapp will serve as the projects Principle
Investigator (P1) and Dr. Bo Reipurth will serve as the co-Pl along with D r. Rolf Chini?. Modi cations are
necessary because the nature of IRIS requires QUIRC to perform in a manner that it hasot previously. In
addition, other refurbishments are necessary because QUIRC is an outdated camera and ¢aims many old
components that need replacement. The rst major modi cation will be the design of new optics for the
imager. The IRIS telescope has a fast /6.25 beam and QUIRC's current optics r@ designed to handle the
f/10 beam of the UH 2.2m telescope. Thus, new optics are necessary in order for QUORto support the
faster IRIS beam. QUIRC, before modi cation, had two Iter wheels. Since IRIS will mainly use J, H, and
Ks lters, one of the lter wheels can be removed along with all of the subsequent unnecessarglectronics.
In addition, QUIRC's pupil mask slide can be removed since it will now inde nitely be mounted and used
on IRIS exclusively. The remaining Iter wheel will receive a full upgraded set of electrmics, and as such
will also be reprogrammed to accommodate the new stepper motor controller. Aest of the original liquid
Nitrogen cooling system will take place, and if necessary, it may be replaced #i a closed cycle cooling
system. It will also be very useful to better electrically and themally insulate the detector from the camera's
body. Measures will be taken to reduce the amount of noise the detector sees simply bynproving its
electrical and thermal insulation. Finally, the camera control software must be ported to a new and updated
system and several improvements must be made to the overall controller code.

The proposal by K.W. Hodapp calls for one scal year to complete the proposed modcations and
refurbishments. Extensive design has gone into the new set of optics and has been cediout primarily by Dr.
Hodapp himself. In addition, IfA software engineers will carry out the porting issues and updating the code

Lhttp://ifa.hawaii.edu/instrumentation/quirc/quirc.h tml

2K.W. Hodapp and B. Reipurth are of UH IfA and R. Chini is of AIRUB.
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to optimize the use of the camera control software. Many of the remaining modcations and refurbishments
were carried out from May to August of 2007. Hence forth, the modi cations and refirbishments performed
during that time period will be discussed.

3. Filter Wheel Upgrades
3.1. Electronics

The original Iter wheel electronics have become outdated. It is now possible to replacenany of the
original electrical components with newer, more sophisticated, and less cumbersatomponents. The lter
wheel itself is driven by a cryogenic stepper motor of high quality. One interesiig feature of the Iter wheel
is the Hall e ect sensor it uses to detect its home position. A magnet is placed statinary on the lter
wheel body and another is placed on the moving Iter wheel. When the magnets are at their classt point,
the voltage through a circuit attached to the sensor spikes via the Hall e ect. Opeating at the 15 volts
available from QUIRC's power supply, the voltage signal from the Hall e ect sensor is typically on the order
of a few milli-volts. A new stepper motor controller was purchased and was premaufactured by Pontech
(Model STP100). The stepper motor controller board connects to a computer via sedl RS-232 port and
contains a 10 pin analog-to-digital (A/D) converter. We will utilize the A/ D converter to allow the computer
to read signals from the Hall e ect sensor.

The Pontech STP100's A/D converter converts an analog signal from 0 - 5 vlis to a 0 - 255 digital
scale. Since the Hall e ect voltage is only a few milli-volts, it can be seen thatampli cation is needed since
an unampli ed signal will not even register 1 on the digital scale. As such, an Anabg Devices AD521 14-pin
Instrumentation Ampli er was purchased and a circuit was designed and built to yield a gain of about 300.
A potentiometer was also incorporated into the ampli er circuit to aid in easily adjusting the gain. After
adjusting the potentiometer, the nominal gain produced a Hall e ect voltage of 45 volts when the magnets
were at their closest position. A circuit diagram of the ampli er circuit can be seenin gure 3. A backup
was also built.

With the ampli er yielding the proper gain, the entire Iter wheel electronic system can then be put
together. The complete system consists of the 15 volt power supply, the Iter wheel's Hall e ect sensor
electronics (a symmetric circuit), the ampli er circuit discussed above, the PontechSTP100 stepper motor
controller, and the cryogenic stepper motor. A circuit diagram of the entire It er wheel electronic system can
be seen in gure 4. For simplicity, the diagram shows all 15 volt power sources (or +15 volts in the case of
the Pontech STP100) separately. These will be assembled in parallel when the natircuits are installed in
QUIRC's electronics boxes. In this con guration, the Iter wheel is fully functional thr ough a Linux machine
using a simple serial communication program (such as minicom) to send command® tthe stepper motor
controller. Since the new Pontech STP100 has its own set of commands, a new Iter wheel ntvol program
must be written before the system is fully functional. This is discussed in sectin 5.

3.2. Electrical and Mechanical Performance

Before writing the Iter wheel's controller software, testing of the mechanism and its electronics is
required in order to optimize software performance. The tests should determine théollowing:
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1. The nature of errors inherent in the digital voltage readings from the Halle ect sensor (i.e. if the error
in the readings is random or due to lack of repeatability in revolutions of the |ter wheel).

2. The e ect of motor speed on positional accuracy.
3. The amount of backlash inherent in the mechanical system.

4. The accuracy of the repeatability of the physical Iter wheel mechanism.

Figure 5 shows a graph of the digital readings from the Hall e ect sensor as a funain of number of
steps from some random set home position. The characteristics of this curve atinvestigated in the following
tests of the Iter wheel's and subsequent electronics' functionality. Note that 1 revolution of the Iter wheel
= 2000 steps of the stepper motor.

The rst item above to investigate is item 1. The nature of any errors in the digital voltage reading
must be understood before continuing. Random errors in any system are commond as long as the errors
are reandom, they are not an issue here. However, if the Hall e ect sensor placed the miaxum position
several steps of the stepper motor away on subsequent measurements, then there is aklaf repeatability
in the measurements. If this occurs, a re-evaluation of the electronics will be reqred.

Several tests were carried out to determine the answer to item 1. First, several rebngs of the Hall
e ect sensor were taken far from the maximum and at the maximum position, without moving the lIter
wheel between measurements. In both cases, it was found that there is a range in digi measurements of
approximately 3. This random error in the measurements is determined to not be a factor when locatig
the position of maximum reading because when moving more than 1 step from the position of maximum,
the di erence between subsequent readings i€ 10. The fact that solely random errors were observed is
positive. Observations of large jumps in the digital voltage reading were nbobserved and this con rms that
the repeatability of the digital measurements is satisfactory.

The e ect of motor speed on accuracy of the lter wheel (item 2) was tested by plotting measurements
of the maximum 15 steps at di erent motor speeds. It was found that as motor speed increases, the cug
of the voltage reading as a function of motor position becomes less smootfThis e ect should have minimal
e ect on locating the maximum however. More seriously, however, the motor oftenovershoots its targeted
position when its speed is overly increased. By trial and error, an optimal notor speed was chosen to give
good motor position accuracy.

The backlash between the gears of this mechanical system is one of the largesttputial sources of error.
Testing the error due to backlash included measuring at various points around the ter wheel while it is
turning in the clockwise direction, and then doing the same after switching directilms. This was done several
times to see if any error accumulated. If backlash is not a factor, the maximumreading will occur at the
same step position every time, even after switching directions. However, thisvas not observed. After one
directional switch, a 1 step error occurred. After several switches, up to a 5 step eor can be observed.
Thus, it is obvious that when controlling the Iter wheel, the most accuracy can be obtained by turning the
Iter wheel in only one direction.

The test of item 4 is essentially a test of the accuracy of the entire system aftr the results of the tests
for items 1-3 are incorporated into the operation of the system. For thistest, the Iter wheel was sent to a
random position. Then readings were taken to determine the position of the maxnhum. This was repeated
several times. Finally, the plots of the measurements after various passes wegraphed on top of each other
to show any error in the position of the maximum. This plot can be seen in gure 6. It can be seen that
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after optimization, the system is very repeatable. It will always place the Iter wheel within 1 step of the
desired position. This 1 step error is believed to be inherent in the mechanical system and was determined
to be satisfactory for QUIRC's application.

3.3. Controller Software

With the above experimental settings known, the Iter wheel controller program can be written. The
program was written in C and utilizes the commands of the Pontech STP100 boat to control the lIter
wheel. C was chosen because this can easily be ported into the main controlleofvare for QUIRC itself.
The following is an overview of the software's functions, in order of their occurence within the program:

1. The serial port is prepared for use. Baud rates are properly set and communicain between the
computer and the Pontech STP100 board is established.

2. The rst piece of information that is sent to the motor controller board is the setting of the motor step
delay (i.e. the motor speed). This speed was determined in item 2 of section 3.2.

3. The home position must be found before normal operation of the Iter wheel conmences. As an
additional constraint to those listed in section 3.2, the nd home process must ake under 1.5 minutes.
Home will be found by using the converted digital signal from the Hall e ect sen®r (see section 3.1).
First, the lter wheel's initial position will be assigned step 0. The mot or is then commanded to move
5 steps and read the digital voltage for one full revolution of the Iter wheel. These readings are stored
in an array, say A;. The maximum value is then found from A;, and the Iter wheel is commanded
to move until 30 steps before the location of this value. Once again, the computerssigns the current
position as step 0. The motor then steps once for 60 steps and reads the voltagéter each step. These
values are stored to arrayA,. Note that the true maximum position lies somewhere within these 60
steps. The exact position is not yet known since the readings toA; were rough (i.e. 1 read per 5
steps).

4. A sucient amount of data has now been gathered and the true location of the home msition can
be calculated. Essentially, the home position is a centroid calculation (e. the average step value
weighted by voltage reading) of the values inA,. Before the centroid can be calculated, the values of
A, must be zeroed. This is done by nding the average background digital voltage readindar from the
maximum. For this, all values of A; that are more than 30 steps away on either side of the maximum
are averaged, yielding the average background digital voltagd/ (see gure 5). A, is then zeroed by
subtracting V from each value. The zeroedA, array will be denoted asAj.o. The centroid can now
be calculated. Leti be the subscript of each value inA;.o. It can then be seen thati is actually the
number of physical steps from the position where the rst reading in A, was taken. Since the true
position of the maximum lies somewhere inA,.q, the centroid position C can be calculated as follows:

P
c=pi¥l (1)
i Vi
where 0 i 60 in the A, array and V; is the digital voltage reading corresponding to the subscript

i in the array. The rounded integer value of C is taken to be the location of the home position. The
Iter wheel is then moved to this position and the command is given to set that postion as step O.
The lter wheel has now been homed.
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5. The menu is displayed. The user has the option of moving to any of the 8 Iters onthe Iter wheel
(whose position relative to the home position was previously determined). In addition, the current
status of the Iter wheel can be displayed, including the current digital voltage reading as well as the
number of steps moved from the home position. The user also has the option of re-hing the Iter
wheel at any time if the system somehow loses track of itself.

The controller program is relatively simple, however, due to the fact that the It er wheel must move in
only one direction to eliminate the e ects of backlash, the arithmetic was somevaat di cult. The program
is able to consistently place the Iter wheel within the predetermined 1 step accuracy of the mechanical
system.

4. Closed-Cycle Cooling System Modi cation
4.1. The Liquid Nitrogen Cooling System

QUIRC, in its original con guration, utilizes a liquid Nitrogen dewar as the co oling system. This is able
to su ciently cool the detector to and hold it at its nominal operating temperatur e (70 K) for more than
24 hours. However, all telescopes that QUIRC has been used on to date are parked pting to the zenith.
At this position with the original design, the dewar can be lled to its full ca pacity and a full 24 hours of
cooling can be achieved.

Note that the IRIS telescope is being constructed in an existing roll-o roof encbsure. Due to the
enclosure's design, the telescope must be parked pointing to the horizon, and the camevall thus be stored
in the horizontal position. Tests were performed on QUIRC to determine the anount of time the dewar
would hold Nitrogen in this con guration. Unfortunately, the results show that QU IRC can only hold
enough Nitrogen to keep the detector cooled for approximately 14 hours. Due to thisjt is necessary to
modify QUIRC to utilize a closed cycle Helium cooling system.

4.2. Modi cation Design

UH IfA has constructed closed-cycle cooling systems for many instruments. The desigfor the closed-
cycle cooling system will utilize a standard Helix Technology CTI Cryodyne 22two stage compressed helium
refrigerator. The rst stage can cool to 70 K and the second stage can cool tod K. An AutoCAD drawing
of the cooling system's design is shown in gure 7.

Once all of the components for the Nitrogen dewar are removed, a decision needs to be deaas to
where on the camera the new cooling pump should be located. Since QUIRC has a cylindrical bodg
accommodate the Nitrogen dewar, designing and fabricating an interface between theooler pump and the
camera located on the side of the camera is di cult, as it would add a rounded vacuum surdce. QUIRC
is normally serviceable by removing the back plate. It was decided that the best lodéon for the pump
is on this backplate and a simple modi cation will need to be made to open up the eisting hole (where
the Nitrogen was originally loaded) so the rst stage cold head can t through. In addition, an electrically
insulating Delrin spacer will be added as the interface between the two parts. Thidesign adds a total of
two at vacuum surfaces and two O-ring grooves (this is shown in gure 7 as itemA). A subsequent vacuum
test showed that the part unfortunately had a very small vacuum leak (on the order of 1torr per day). This
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will be mended before the camera is operational.

After the pump has been successfully interfaced with the camera backplate, the next stefsito connect
the cooling heads to the surfaces that are to be cooled. Theslstage cooling head will be attached to the
detector housing (item H in gure 7) and the second stage cooling head will be attached to the detector
itself via copper cold straps.

Designing this cooling system is somewhat di cult since QUIRC was not designed for aclosed cycle
cooling system. In particular, designing a method for assembly was a major htle. Since there is no
side entry into the camera for assembling the mechanism, an angled entry whilehe backplate is pulled

2.5" from the camera body was chosen. Parts for connecting cold straps to cold headse designed with
angled interfacing parts, allowing easy attachment at the entry angle (seefie arrows in gure 7 showing
the direction of entry for assembly). Each cold head is out tted with an inter face plate (temsD and | in
gure 7 respectively) fabricated out of aluminum. The 2" stage interface plate has an extension 3"x1.85"
on which charcoal pellets will be epoxied. The pellets serve as a porous matak that will absorb extraneous
molecules from the vacuum. These interface plates connect to the cold straps through connectassemblies,
each consisting of four parts (itemsE and J respectively). Each consists of a plate with an angled notch
that connects the interface and the connector assembly. A second angled notch on this platecated further
outside of the notch used to attach the plate to the interface, is used for the inertion of a threaded rod that
can be used to assist in holding the cold strap and connector assembly while the partare assembled. On
top of this is a thin Mica sheet (whose purpose will be described in section 5),ral then a small aluminum
block with threaded holes for attachment of the cold straps. The cold straps ae sandwiched between this
block and a small plate with matching through holes that will hold the cold straps in place. This sandwiched
design holds the opposite ends of the cold straps to the cooling surface interface & (items G and K) as
well. The cooling surface interfaces attach the cold straps to their respectivsurfaces through eight existing
holes in the detector housing where the cold strap from the original Nitrogen codhg system was attached.
Iltem K in gure 7 shows the cold nger that will make thermal contact with the detector its elf. The cold

nger is actually three threaded brass screws. The cold ngers are isolated from the detctor housing by
Delrin slips.

The cooling system was not o cially tested due to the vacuum leak described above. Inthe original
design, ve straps were used to connect the 3 stage to the detector housing. One strap was used to connect
the 2" stage to the detector itself. Since the nominal operating temperature of the detectors 70 K and the
2" stage cools to 10 K, some heat loss is acceptable. For this reason, brass was ufsedhe cold ngers and
aluminum was used for all fabricated cooler surfaces. The fact that these materia do not have the most
desirable thermal properties actually works out to advantage this design. Dependig on how the rst test of
the cooling system results, the number of cold ngers or cold straps can be increasest reduced accordingly
in order to achieve the proper detector temperature. Assembly of the mechanism takesparoximately 20
minutes. Proper functionality of the mechanism is hoped to be achieved without mub further modi cation
to the design. In principle, this design should adequately serve QUIRC's cooling needs.

5. Thermal and Electrical Insulation

QUIRC's original design may have introduced undesirable thermal properties to thecamera, and if
further measures aren't taken, the new closed-cycle cooling system will further introduce unnecsary back-
ground noise and adverse thermal e ects. Originally, the detector housing was attdeed to the camera body
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inside the vacuum chamber via four stainless steel brackets (located in gure 7 agdém L). Since stainless
steel has good thermal properties, these brackets did not allow the detector and housy to be fully isolated
from the outside environment. Further, the introduction of the cooling pump (whic h is a new electrical and
mechanical system) to the camera may introduce noise to the detector and cause further hekss if proper
insulation is not achieved.

The brackets were modi ed to properly thermally insulate the detector housing. The cener sections of
the brackets were removed and replaced with a plate of G10 berglass. G10 is engd thermal and electrical
insulator, so in addition to thermally insulating the detector, electrical insulation is also achieved. Schematics
of the newly designed brackets are seen as itein in gure 7. Further thermal insulation is achieved by the
Delrin slips that isolate the detector housing from the cold ngers so the detector canbe most e ciently
cooled.

Although the newly designed brackets help to electrically insulate the detector, further egctrical noise
can be introduced through the pump itself. The pump is electrically insulated from the camera body by
the Delrin spacer. In addition, the cold heads are electrically insulated from the cal straps (and thus the
cooled surfaces) by the Mica plates that are placed within the connector assemblies. bh is a sheet silicate
material that is a good electrical insulator, but also a good thermal conductor,thus allowing heat to ow
but extraneous electrical signals to cease. With this, in addition to the electrical nsulation provided by
the brackets and the Delrin spacer, full electrical insulation is achieved minimizang the amount of noise
present in QUIRC's observations that may be caused by the introduction of the coting pump to the system.
Furthermore, the detector is fully thermally isolated, allowing maximum e ciency o f cooling and steadiness
of the nominal operating temperature.

A nal schematic of QUIRC after the modi cations described in this paper were made canbe found in
gure 8.
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Fig. 1.| A schematic of QUIRC in its original con guration before any mo di cation or refurbishment.
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Fig. 2.| A sample image from QUIRC on the UH 2.2m telescope before (left panel) and after an outburst
of the OO Serpentis star forming region, likely due to an accretion episode. QUIRC Vil take similar images
and make similar discoveries when it is used on IRIS.
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Fig. 3.| Circuit diagram of the AD521 Instrumentation Ampli er that supplies  the gain required for the
Iter wheel Hall e ect sensor signal in order for it to properly register on the digital scale supplied to
the computer through the Pontech STP100 Stepper Motor Controller's A/D Converter. The leads labeled
\Signal In" are those from the Hall e ect sensor. \Ampli ed Signal Out" goes to the A /D converter. \R gain "
is the resistor that is chosen to set the gain and \R¢ge " sets the trim.

Fig. 4. The lIter wheel's full system of electronics. Included in this system is the H all e ect sensor,
ampli er circuit, Pontech STP100 stepper motor controller, and the cryogenic stepper motor. Note that all
can be connected in parallel to a common 15 volt power source. Also note that the ampli ed hall e ect
signal is connected via pins 2 and 3 (analog signal pins) on the Pontech STP100 A/@onverter. The whole

system is controlled through an RS-232 serial port.
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Fig. 5.] A plot of the digital voltage readings from the Hall e ect sensor as a function of position on the
Iter wheel. For this example, the stepper motor home position (i.e. step = 0) was set randomly. The
variables that will be used in section 3.3 are shown in this diagram as wellV is the digital voltage, s is the
step number, andV is the average digital voltage far from the maximum.

Fig. 6.| Plot of digital voltage as a function of steps from the maximum position. Four passes by the
maximum are shown in this plot. The location of the position of maximum is nearly indistinguishable
between passes, showing that the lter wheel system's settings are optimized.
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Fig. 7.| AutoCAD drawing of the closed-cycle cooling system. Items are denoted asfollows:

A - Insulating Delrin spacer

B - QUIRC's backplate

C - CTI Cryogenics cooler body

D - 1% stage strap interface

E - Strap to 15* stage connector

F - 18t stage cold strap

G - 1% stage cooling surface interface

H - Detector housing

| - 2" stage strap interface

J - Strap to 2" stage connector

K - Detector cold nger (2™ stage cooling surface interface)

L - Insulating detector housing brackets

M - QUIRC camera body

The arrows indicate the direction in which tools are inserted into the vacuum chanber for assembly. The
schematic is shown in the assembly con guration, with the backplate pulled back 2.5" from the back of
the camera body.
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Fig. 8.] Schematic of QUIRC after all discussed modi cations. Note that the elect ronics boxes are not
shown. The only modi cation shown in this gure dealing with the Iter wheel upgrades is t he removal of
the second Iter wheel.



