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ABSTRACT

Over the past four years, SORAL and its colaboratove baen desloping two SIS het-
erodyne array systems for astronomical telescopes: the PoleStar 4 beam array for the 850
GHz atmospheriavindow, andDesertStair beamarrayfor the 350 GHz atmospheriavin-

dow. PoleStawasdeliveredto the AST/RO telescopetthe SouthPoleduringthe austral
summer of 2000, and is wan normal operation. Desert Star is urgteng lab testing

now and will be installed on the Heinrich Hertel&scope later this yeaie will present
anoverview of thesystendesigntechniquedor local oscilatormultiplexing, biascontrol,

optics, cryogenics, and results from system characterization and commissieaimg. T

niques used in the construction of these arrays cartéeded to higher frequencies and

large array formats.

PoleStar: An 810 GHz Array Receiver for AST/RO

A 4-pixel array recefer constructed to oper-
ate in the astroptsically important 810 GHz
atmospheric winde was assembled and
tested at the Steard Obseratory Radio
Astronomy Lab (SORAL) and installed on
the Antarctic Submillimeterdlescope and
Remote Obseatory located at the South
Pole (AST/RO) at the South Pole (Groppi et &
al. 2000). The cold, dry conditions at the = X al ;
South Pole, coupled with its relaly high 8 Lo 10 i \
altitude (~10,500 ft.) makit an ecellent <2 o
location for obserations at submillimeter
wavelengths. AST/R has a 1.7 m aperture Figurel: PoleStar in thelab during front-
and vas designed to taekadantage of these "d testing.

g . . All system electronics fit into a single trans-
conditions (Stark et al 2001). Figuteis a portable equipment rack. A He-Ne laser is

photograph of the recadr front-end as it mounted on the optics plate here for optics
appeared in the lab before depitent. alignment.




Pole Star Optical Design

The purpose of the optical system is to re-image ASTRocal plane onto a compact
2x2 array of lenses located in the array cryostat anditieetly inject local oscillator
power into each migr. Focal plane re-imaging is ackied by a pair of parabolic mirrors
andtwo flats.A quasi-opticalL O power divider is usedto split thefocused_O beaminto

4 equal parts. The peer dividing is accomplished by wy lov-loss, ~50% crystalline
guartz beam splitters. Each beam splitter is paired with a flat mirroredlgi emeging
beams the proper horizontal arettical ofsets. After including all loss mechanisms, we
estimatahat18%of theincidentLO poweris in eachLO beamatthe outputof the power
divider.

LO diplexing is handled with a 0.5 mil Mylar
beamsplitterA 2x2 arrayof HDPElenseghen
focuses the beams into the mixeedhorns.
Initially, we used a Martin-Puplett interferome-
ter as an LO dipbeer, but we later decided to
replace it with a simple Mylar beamsplitter
While the MPI theoretically couples 100% of
boththe LO andsky power, they arevery sensi-
tive to misaligned beams. &v a 0.5 dgree

and sk power, adding close to 600K of noise |Ru_— >R
(Martin et al. 1977). The Mylar dipter is not s L O
sensitve to mider squint, and addsw little ) ) o
loss as long as the Mylar thickness épk Eg:trez' Theinside of the PoleStar cry-
small. The 4 L-band Lw-Noise IF amplifiers are
mountedonthe 15K radiationshield,andthe
mixers, lenses and bias tees are mounted «
JPL Local Oscillator the 4K working surce.
The first major upgrade to PoleStaasithe
replacemendf thewhiskercontacted O chain
with a state-of-the-art planar diode LO chain. This LO chain uses multipliezkded
for the Herschel HIFI project (Mehdi et al. 2003). The source is a 100 GHz Gunn Oscilla-
tor from J. Carlstrom. This is foleed by two 100 GHz pwer amplifiers in series, then a
200 GHz doublera 400 GHz doubler and an 800 GHz doublé&e multipliers are self
biasedandtunerlessMeasuregower outputattheoperationafrequeng of 807.3GHzis
in excessof 250uW. After theLO upgradeijt waspossibleto saturateall the mixersusing
only a 0.5 mil Mylar beamsplittem addition, the self-biased tunerless operationasak
the system much easier to use for the wint@r operators. Figurg shavs the JPL/
UMass LO chain.




Cryostat
The Pole SAR cryostat (Figure) was con-
structedby PrecisionCryogenicsandis basedn
the successful Caltech Submillimeter Observ
tory (CSO) lybrid design. It uses a CTI model
350coldheado cooltheouterandinnerradiation
shields to ~77 and ~12 K, respeety and a 4
liter liquid helium reserwir to maintain the mix-
ers at their operating temperature. This same
basic design is used for all ASTORand CSO
recevers. In the single ped AST/RO recevers,
30.5 mm diameteiTeflon coated, crystalline
This was added during the Austral summer .quartz windos are. used at 300 and 77. K Zite
2001. This chain puts out 0.25 mW at 807.: IS Psed 6}5 the IR filter on the 12 K radiation
GHz, enough to saturate all the mig with a Shield. Wth a good acuum, hold times of ~6
0.5mil thick Mylar LO diplexer. ThisLO chain days can be achied. At 77 K, we use an addi-
is based on Herschel HIFI technologging  tional layer of Zite. For the 300K ®acuum win-
planar tunerless multipliers and 100 GHz o, we use a 0.3 in. thick z-cut crystalline
power amplifier modules. quartz \acuum windw with polyetlylene anti-
reflection coating, and diamond dust coating on
the inner sudce to reduce thermal load. While polydéime is not as good an anti-reflec-
tion coating as dflon for crystalline quartz, it is easy to appbhust and inepensve.
This windawv is based on the design successfully used on tABRSPolarimeter used on
the VIPER telescope also at the South Pole (Dotson et al. 1998). Thiswhadoirtu-
ally nolossat810GHz,anddramaticallyimprovedthe dewar hold time andvacuumcom-
pared to earlier windes. With all 4 mixers and amplifiers mounted in the cryostat, the
measured hold time is ~3 days.

to PoleStar.

Mixers

The SIS miers used in PoleStar were made ySMA. Each mier uses a Potter horn
with a circular to half height rectangulaeweguide transition to couple radiation to a Nb
SISjunction.Thejunctionsachieve low noise(~450- 650K) performancehroughtheuse

of an on-substrate Al tuning structure and adixaveguide backshort. The nexs hae
embedded magnets to suppress the Josepheoh &f fourwire bias system is used to
ensure stable operation of the 1. The inductie stub tunes out the capacitance of the
SISjunctionovertheentireoperatingoand eliminatingtheneedfor mechanicabackshort
and E-plane tuners. Each rams etremely compact, with a small, square cross-section
allowing easy stacking in recilinear arrays. Avabmagnet probe design with a rear
mounted electromagnet spool alkthe mixers to be paad directly aginst each other
These migrs are prototype designs for th©@8MA efort to kuild mixers for Herschel
HIFI instruments band 4. Deelopments pushed by thid@ft promise to reduce méx
noise temperatures to bel00K at 800 GHz in the refew years.



Pole Star Array AOS

The Array A0S (aA0S) luilt
by KOSMA provides four
independent spectrometer
channels, each with ~1 MHz  §
of spectral resolutionver a 1
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tively. It uses a single lasex of 7] T 0lE2E-640K
4-channe|, lithium niobate & * One mixer developed a supershort in

Braggcell, andacustomCCD o { 2002.

to achiee its performance
parameters. The &S has
been successfully tested on Figure 4: Ppstfupgrgdelv and total power curvesfrom the
thelRAM 30mandCSO.This ~ threefunctioning mixers.

spectrometer also benefits

from KOSMA's contrilution to the Herschel HIFI instrument, through their contract to
provide a multi-channel spectrometer system for the instrument (Schieder et al. 2003).
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Pole Star Bias Control Hardware

The SIS junctions, the electromagnets used to suppress quantum-generated mix
noise,andhe Low NoiseAmplifiers (LNAs) all requirelow noise,accurateslectricalbias-

ing for reliable operation. On single-pixecevers, preiding the appropriate biasing
voltages and currents is handled adequately byitheal boxes with manual potentiome-

ters and LCD panels on the frontitiMthe adent of array recgers, havever, the sheer
numberof boxesrequiredmakesthis kind of controlimpractical.ThePoleStabiassystem

uses praen circuit design used on single @lixecevers at AST/® and the Heinrich

Hertz Telescope. W replace the manual potentiometers in these designs with a Xicor dig-
ital potentiometerand package 4 channels of bias on a single Euro 96 card. These modu-
lar 4 channel cards can be plugged into a backplane in a 19” equipment radkgallo

easy &tensibility. All digital communications with the bias system are done through a bi-

directional optically isolated connection with the control comptee C bus used for
digital communicationfiasaseparatelockline. Thedigital lines,includingtheclock,are
only actve when changing a bias setting. Tloétages and currents for the SIS junctions,
magnets and amplifiers, the totalysy from the 4 channel total wer box and the cry-
ostat temperature information are read through a A/D card in the control conSgter
nalsfrom the biassystemaremultiplexedwith Burr-Brown analogmultiplexers,andread

througha singleBNC output. The °C signalsneededy theelectronicds generatectthe
parallel port of an otherwise normal rack mounted PC running the Linux operating sys-



tem. An Intelligent Instrumentation PCI-20428W multi-purpose Data Acquisition (DAQ)
card is used for non-1°C control of the instrument.

Noise and stability measurements
Figure 4 showsthe LO -
pumped 1V curves of each B “L
of the three mixers cur- >

rently functioning as of ‘. “\

summer 2003, together

with IF power sweeps. The : ——

fourth mixer has devel oped B, o “ﬁ'm ¢
E el

power output when aHOT
(290K) load is placed in

front of the receiver. The Figure5: PoleStar spectra after upgrades.

blue curve shows the Both [CI] and CO(7-6) arevisiblein all three spectra, taken during the
response with a COLD Austral summer of 2002 toward NGC6334. Since ho measurement of
(77K) load. After two sea=  beam precession had been done, pointing is not known well for this

sons of upgrades, PoleStar ~ observation.

is now working with noise

temperatures close to those measured in the lab at Cologne in an optimized test receiver.
After the installation of the new LO system with Mylar diplexer and the crystalline quartz
window, mixer noise temperatures are between 625K and 640K were obtained. Even with
three pixels, the receiver is amost 15 times faster for mapping than WANDA, the single
pixel 810 GHz facility receiver. Receiver stability measurements on Pole STAR were
made by monitoring the IF output power of two of the receivers over ~1000 sec. The IF
power variation was about 1 part in 1000 over this period.

l;
RTARNIE
i i Wl il
asprsotadwibe [ h : W | WMM Ty
summer of 2003-2004. The i ‘)J —
red curve shows the IF W W f i MM“‘T "{y 'W WMW A\WM

First Light on AST/RO

Pole STAR was installed on AST/RO during a three week period from mid November to
early December 2000. Figure 5 shows spectrataken with PoleSTAR in its latest configu-
ration, with all upgrades. Spectrafrom the three functioning mixers are shown, all towards
NGC 6334. The instrument has been at the South Pole continuously since the Austral
summer of 2000.



Desert Star: a 7 pixel 345 GHz Hetevdyne Array Recever for the Heinrich Hertz
Telescope

DesertSTAR isa 7 beam, 345 GHz heterodyne array receiver for the Heinrich Hertz Tele-
scope (HHT) on Mt. Graham, AZ. The instrument uses fixed-backshort Superconductor-
Insulator-Superconductor (SIS) mixers with a broadband waveguide probe. Instantaneous
bandwidths of 2 GHz can be achieved over the entire 345 GHz atmospheric window. A
cryostat with a Joule-Thompson (JT) mechanical refrigerator allows continuous operation
and 1.8W of cooling capacity at 4K, and provides the needed temperature stability for
low-noise operation. Local Oscillator (LO) distribution is accomplished with a novel
phase grating that yields high efficiency and power uniformity in ahexagonally symmetric
geometry. The computer controlled bias system is an evolution of a proven design that is
simple, portable to any computer platform, and readily extensible to over 100 channels. It
provides control and monitoring of bias, temperature and vacuum from any X-windows
capable machine, and writes an instrument status web page visible with any web browser.
The 2 GHz Intermediate Frequency (IF) bandwidth allows the future addition of awide-
band backend optimized for extragal actic observations, with ~1700 km/s of velocity cov-
erage. The system will increase mapping speed at the HHT by afactor of ~16 compared to
the current 345 GHz receiver system.

DesertSTAR was designed for use
asafacility instrument for the Hei-
nrich Hertz Telescope, located at
10,500 ft. on Mt. Graham in south-
eastern Arizona. Thetelescopeisa
10m Cassegrain design with Car-
bon Fiber Reinforced Plastic
(CFRP) primary reflector panels
and backup structure. The quadru-
pod and the subreflector are also
CFRP. The CFRP construction
provides very good stiffness, plus
the temperature stability neces-

sary to operate 24 hours per day
Figure 6:A pictur e of DesertStar mounted on the right  (Baars et al. 1999). The surface of
flange of the HHT. the main reflector hasan RMS
This photograph was taken during an engineering run in roughness of ~13 pm, measured

June, 2003 with holography. DesertSTAR will

be mounted on the right Nasmyth

platform, bolted directly to the
telescope flange. Figure 6 is a photograph of DesertSTAR on the right Nasmyth flange of
the HHT during an engineering run in June, 2003. A representitive spectrum is shown in
Figure 7. The flange opening itsalf limits the maximum number of pixels. With the 2FA
spacing of the pixelsin DesertSTAR, the outer beams clear the flange at the 4w level. The



beams on the gikare 22" FWHM, with 44" centeto-center spacing, arranged in a close
packed hexagonal arrangement. This configuration maximizes the number of beams
throughtelescopdlangeonthe HHT, while still preserving-20dB isolationbetweernpix-
els.
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Figure 7: 12CO (3-2) Spectrum from the central position of a map of the high mass
star forming region DR21.

This obsenationwasmadein positionswitchedmodewith anoff positionof 30’ in azi-
muth. Alinear baseline has been fit and subtracted.

Optics

We hare chosen to eliminate all optics from the system that regxiireneely tight toler-
ancenmixerbeamboresightandminimizethenumberof lensesandmirrors. Thebeam
from each diagonal horn is matched to the telescope with separate High Density Polyeth-
ylene (HDPE) lens mounted directly to the erixiousing, decreasing the chances of
mixer squint due to horn-lens misalignment. The beams then refiecsiofyle, cold 45°
flat mirror and directly illuminate the flat tertiary of the telescope. Most designs use a
curvedmirror to crossthe beambundleatthelocationof thevacuumwindow to minimize
window sizeandthenuseanothercurvedmirror to parallelizeexpandingpeamsWe chose

to keepthebeamgarallelthroughouitthe costof increasedracuumwindow size.A new
material, ZoteBam PR-30, made it possible to construct a 4.5 in. clear aperagmeum
window with extremely lav loss and goodacuum properties. Zoteem PR-30 is a
closed-cell polyetylene foam blan with dry nitrogen gs. A 1” thick windav 8” in
diameter (1.75” glue swuate, 4.5” clear aperture) is fafent to hold acuum with no

other materials present, with acceptable deflection uraenwn, and no noticeable
heliumpermeabilityor outgassingproblemsWhile lossis significantat high frequencies,
the performance from 300-400 GHz is quite good. The transmission of the DesertStar
window is 96%-98% from 300-400 GHz, adding noise of ~10K. This is about twice the



added noise of a0.5 mil Mylar window or a Polyethylene coated crystalline quartz win-
dow, but can span large openings and is economical. It has been in use as a window mate-
rial in an instrument at the South Pole (AKBAR) for over two years with no reliability
problems (Kuo et al. 2002).

Local Oscillator

Locd oscilla-
tor power deliv- xzsuse
ery is another J /
difficult prob-
lem for array
receivers. LO
power must be ‘ £
effici ently and ‘i‘:“ 5 B " : — Tilt Stage
equally divided . Y, e/
into each pixel. : D e
While many . o i
waveguide
techniques are
available, they
are compli-
cated, difficult
to implement

af‘d lossy at Figure8: A cutaway CAD drawing of DesertStar.

h_lgh frequ_en- This shows the L O distribution optics, mixer array and internal flat mirror. Since
cies. Quasi- the beam bundle is not crossed anywhere in the system, optics complexity is mini-
optical tech- mized. Figure courtesy Dathon Golish.

niques can also

be lossy and

complicated, with difficult alignment issues. Recent work by the Cologne and MPIfR
groups in Germany have lead to the devel opment of both transmissive and reflective phase
gratings that form multiple LO beams from a single input beam through diffraction. Our
L O distribution system uses a novel reflective grating design from the University of
Cologne (Heyminck et al. 1998). This design creates a 7 beam array with hexagonal sym-
metry with 80% efficiency and is superimposed on a parabolic mirror. The grating is
designed to aso serve as a collimating mirror for the LO beam. The phase grating has an
operational bandwidth of ~10% centered on 345 GHz. A simple Mylar beamsplitter acts
asthe LO diplexer. Figure 8 is a cutaway CAD drawing of the LO optics and receiver
optics.

Grating




Cryogenics

DesertSAR was designed to allofor cooled optics and kia room for a second sub-
array To achieve thesegoals,we designedacryostatwith a28” cold plate,alarge 4K vol-
ume for cold optics, and a g 4K cooling capacitylhe cryocooler is based on the
proven NRAO JT refrigeratqrused for thedcility recevers at the NR® 12m telescope.
The unit has a 180W capacity at 77K, a 1.8W capacity at 4K, a 20K helium precooler
stage and a self-cleaning Jpansion alve. The refrigerator is mated to a commercial
Balzerscold head anddrivenby acustomNRAO compressoiCooldavn testsshaw stable
4K operation is achied in ~13 hours. In addition, weusaused a resise heater on the
4K cold plate to measure a cooling capacity of 1.4%Ws measurementas made with
full infrared (IR) loading on the cold plate. Calculationsvgtioat the total heat load
including amps and infrared loading is 0.9Te IR heat load is dumped to the 77K
shieldwith a Gore-Tex GRIR filter. Sincecryogenictestingbeganin 2000,we have expe-
rienced nodilures of the cryogenic system.

Mixersand Cold Electronics

DesertSAR uses 7 independent
single ended mexs, each :
mounted together with a HDPE
lens, isolator and amplifier in a
modular roclkt, which is cooled
by the JT refrigerator via a cold
finger The simple, single ended
waveguidedesignusesadiagonal &
feedhorn to couple the telescope & 4
beam through a multi section
impedance transformer to half
heightwaveguide.Thewaveguide
backshort is figd and there is no
E-plane tunerThe cross-guide LS N
probe uses the pren suspended Flgure9 A photograph of three mlxersmstaJIed mthe

stripline design of Blundell & JT cryostat before testing.

Tong (Blundell et al. 1995). The

Nb SIS junctions were designed

with an on-chip tuning structure fooreturn loss across the atmospheric wiadoer-

mitting afixedbackshort. Theptimumbackshorpositionwasdeterminedria HFSSmod-

eling. The diagonal hornas chosen because it could be readily made with the UMass
micro milling machine. While their coupling to the fundamental Gaussian mode is less
thanascalarcorrugatedhorn,diagonalfeedhornsstill provide adequatdroadbangerfor-
mance at a fraction of the cost (Johansson et al. 1992). The beam pattern is Gaussian, b
the diagonal horn has ~14% crosspolarizationghing it's eficiency when used in com-
bination with a linearly polarized input signal. A 4-wire bias tee ignated into the




mixer block, and monitors junction voltage and current with a precision current-sense
resistor. Return loss is better than -20 dB from 4-6 GHz and |eakage is less than -40 dB.
Insertion lossis~0.1 dB. The mixer produces a4-6 GHz IF, and is connected via a Pam-
tech cryogenic ferrite isolator to a Miteq 4-6 GHz cryogenic low-noise amplifier (LNA).
Losses of the bias tee and isolator are less than 1.5dB from 4-6 GHz, as measured via vec-
tor network analyzer. The Miteq amplifiers have 27 dB gain, less than 1 dB passband rip-
ple, 30 mW power dissipation and a measured noise temperature of 7K at 4K operating
temperature. The amplifiersrequire only asingle, unipolar 0.6V bias, greatly simplifying
the wiring and bias supplies. A simple superconducting coil electromagnet provides the
necessary magnetic flux to minimize Josephson noise with soft iron field concentrators
embedded in the mixer block. Figure 9 shows the mixer array inside the cryostat with 3
mixersinstalled.

Backends

The HHT is currently upgrading the telescope control system and backend electronics for
all receivers. Asapart of this effort, amodern, flexible filterbank spectrometer with a 2x1
GHz bandwidth and 1 MHz resolution is being constructed. The IF processor for this
backend can process 8x256 MHz IF sub-bands for use with DesertSTAR. This bandwidth
and velocity resolution is adequate for alarge variety galactic astronomy projects. During
the fall, 2003 season, we will operate the receiver in three pixel mode using the existing
facility acousto-optical spectrometers and chirp transform spectrometers.

Preliminary Results

Initial testsof asinglearray mixer/IF
chain were conducted in an IR Labo-

ratories LN,/*He cryostat. The test

system uses a0.5 mil Mylar LO
diplexer, a1.0 mil Mylar cryostat
vacuum window, and asingle layer
of Zitex A for IR filtering. The first
prototype mixer has avery long
backshort channel, that is then short-
ened to the proper length with alu-
minum shim stock. This allows
some adjustability of the backshort
position. All other mixers were fab-
ricated with a machined, non-adjust-
able backshort. A room temperature
total power box and a Hewlett-Pack-
ard power detector were used for the
Y-factor measurements. The bias control system interrogates the output of this meter to
allow total power vs. bias voltage sweeps. Before mounting a device in the mixer block,

Desert Star Mixer |-V

1.0 T8
Yoltage [my]

Figure 10: Representative 1V and hot/cold total
power curves.



we tested ~20 devices using a dipstick inserted into aliquid helium storage dewar. Of the
~20 devices tested, only 3 were nonfunctional, and the remaining devices appeared to be
virtually identical. The device mounted in the test block was randomly selected from the
good devices.

Test Receiver Performance

Figure 10 shows apumped |-V curve of the test mixer, along with hot and cold total power
curves. The bias system uses the slope of the supercurrent at OV to measure the contact
resistance, and then remove it from the |-V curve. We measured R,~48.5 Q, aleakage cur-

rent of ~3 HA and atransition voltage of ~2.3 mV. Optimum bias voltage for the highest Y-
factor was ~1.6 mV. Uncorrected receiver noise temperatures as a function of LO fre-
quency are plotted in Figure 11. We expect T,y to remain fairly constant from ~300 GHz to

~390 GHz. Measurements indicate receiver temperatures between ~55K and ~65K across
the available band, with fairly flat response, as shown in figure 20. These are uncorrected
noise temperatures, and include the losses of the LO diplexer, window and unmatched
lens, along with noise from the IF chain. The LO source used in the test was unable to tune
below 326 GHz or above 356 GHz, so we could not measure the receiver temperature over
the full band of the waveguide probe.

| nstrument Perfor mance Char acterization

After characterizing the performance
of asingle mixer in the test system,
weinstalled the prototype mixer, and
two additional mixers with fixed,
machined backshorts into the JT cry-
ostat. We repeated the same tests
donein the test setup, and found that
the mixers behaved identically, but
with receiver noise temperatures of
60-70K. We believed that losses in
the cryostat window material and IF
losses in the long runs of semi-rigid
coaxia cable were responsible for
the increase in noise temperature. :
We measured the loss of the window Figure 11: Receiver noisetemperature (Mixer 1) asa
material by inserting a slab of Zote- function of L O frequency.

Foam in the beam and observing the Noisetemperature_is rel af[ively flat from 326-356 GHz,
changein Y-factor. We found the as expected from simulation.

ZoteFoam contributed ~5K to the

receiver noise temperature.

Desert Star Receiver Noise Temp vs. Frequency




Stability Analysis

We performed an Allan variance stability analysis of the receiver to determine if micro-
phonics from the large Balzers cryo-head would negatively effect receiver stability. We
used a Hewlett-Packard power meter, sampled every 50 ms with a data acquisition card in
the computer control system. Datawastaken for ~1.5 hours, and folded every 5 minutesto
lower the noise due to the short integration time. We measured the total power over the
entire 4-6 GHz IF for thistest, and then scale the result to a 100 MHz post-detection band-
width, since we did not have a narrow-band 5 GHz center frequency filter on hand. The
data were analyzed following Kooi et al. (2000), with the help of an algorithm from

Narayanan (2003). We assume a power law noise spectrum proportional to t2. Then the

Allan time scales like BWY2. Theresultsin Figure 12 show an Allen variance time of ~3s
for a 100 MHz bandwidth. This tranglatesto an Allan variance time of ~30swithal MHz
post detection bandwidth. This stability time is adequate for all observing modes at the
HHT.

Summary
We have constructed a 2x2, 810 GHz Allan Veridre
array receiver for the AST/RO tele- 1.0

scope. The array utilizes acommon set
of re-imaging optics, an efficient 4-way
quasi-optical LO power splitter, a solid-
state LO, low noise mixers, aflexible
computer controlled bias system, and an
array AOS. A state-of-the-art planar,
tunerless L O chain with W-band power
amplifiers can easily pump all the mix-
erswith only a0.5 mil Mylar LO
diplexer. Upgrades and repairs have
reduced the receiver noise temperatures

]
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to between 625K and 640K per mixer, Figure 12: An Allan variance plot from 160 min-
making the system ~15 times faster for utes of total power data taken every 50 ms.
mapping than the previous 810 GHz Thisresult has been scaled to 100 MHz post-detection

system on the AST/RO telescope. We bandwidth from the measured data taken with a2
have complete the first phase of con- GHz post-detection bandwidth. The dotted line repre-
structing and testing a 345 GHz hetero- sentsat!’2 decreasein noise with time astheoretically
dyne array receiver for use on the expected.

Heinrich Hertz Telescope on Mt. Gra-

ham in Arizona. The instrument uses fixed backshort, suspended stripline SIS mixerswith
2 GHz IF bandwidth. Cooling is provided by a high capacity closed cyclerefrigerator in a
large, expandable cryostat. We have demonstrated proper operation of the cryogenic sys-
tem and computer controlled bias system. Preliminary measurements indicate the proto-
type array mixer can provide uncorrected receiver noise temperatures of ~60K-70K from



326-356 GHz. Performance has been verified in the JT cryostat with 3 mixers, and the
instrument has had a engineering run on the HHT, where it successfully collected data.
The instrument will go into regular operation on the HHT in October 2003 with 3 pixels.
The remaining 4 mixers will be added to the system in the summer of 2004, bringing the
array up to itsfull compliment of 7 pixels. DesertStar isthe first operational 345 GHz
array receiver.
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