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Abstract

ATA Memo #18

The ATA system will allow smultaneous accessto the etire 0.5 — 11.2 GHz
bandwidth to multiple users—ead user will have the adility to stea an LO to view an
approximately 500 MHz wide bandwidth anywhere within the entire range. To redize
this, a wide bandwidth up/down converter scheme is necessry. This memo describes the
properties of that system, the aurrent state and an outline of one method of padkaging and
integration.

Introduction

The Allen Telescope Array (ATA) will display an unprecedented amount of
observing flexibility, giving ead tier of observing several levels of control. One possble
definition of the various tiers of observersis listed below:

(Np,Mp) Primary observer

Controls sub-array pointing
Controls Np tunings
Controls Mp beans

(Ns,Ms) Secondary observer

Controls Ns tunings

Controls Mg beams
(M7) Tertiary observer Controls M+ beams
(Mg) Quadinary observer Controls Mg constrained beams

where
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N1, total number of available dual polarization tunings,
Ng, total number of available smultaneous beams,
Np, total number of available data paths,

P, number of sub-arrays,

S, number of secondary observers,
T, number of tertiary observers,
Q, number of quadinary observers.




Note that Nt is equal to half the number of up/downconverters per antenna (eat of
which are mixer pairs), since eab locd oscillator (LO) is lit to convert dud
polarization. There may be multiple secondary through quadinary observers — up to the
total number of available data paths (Np) for the different combinations. Eacdh observer
may also be one or more lower-tier observer'; and, by definition, there ae P Rimary
Observers (one per sub-array, i.e. if you want two sub-arrays, you are two different
Primary Observers). Ead of the Np data paths may be ay linea or circular polarization.

There may be some internal inconsistencies and assumptions in the &ove scheme
(e.g. the obvious ones, that there is at least one tuning/sub-array and one beamn/tuning),
but it begins to display the flexibility and complexity that we face We do neeal to
develop some @nsistent scheme for the software logic to be tradable.

The smultaneous bandwidth of the ATA will be gpproximately 600 MHz to 11.2
GHz, or a roughly 221 bandwidth and ead tuning will seled a roughly 500 MHz
bandwidth within that range. This memo will describe the up/downconversion scheme,
the arrent state of development and an outline of one method of padkaging and
integration.

Up/Down Converter

One way to convert an arbitrary frequency band in a single-sideband (SB)
fashion to a fixed band that is contained within the RF band, is to first transform the
desired portion of the band to a higher frequency, filter, then down-convert. Other
schemes would require adifficult and expensive tunable filter that would likely not have
the desired pasdand properties, or use an image rejedion filter, which would likely not
have the desired isolation properties. A block diagram of the up/down conversion chain
is siown in Figure 1 while Figure 2 ill ustrates the frequencies and bands involved.

RF
0.5-11.2 GHz

IF,
BPF ! LPF .
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Figure 1: up/down mixer chain.

! Some of those combinations may be redundant. For instance, a (2,2) Primary+(1,2) Secondary observer,
isreally a(3,4) Primary.observer.
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Figure 2: Frequency bands for up/down-converter.

As can be seen, the RF band extends up to 11.2 GHz and the first LO is seaable
from about 14.8 GHz to 25.5 GHz. This will place ay point within the RF band in the
first IF band, which here extends from 13.8 — 14.8 GHz. This sparation between RF and
IF, then makes feasible an IF, bandpassfilter (BPF) with sufficient attenuation at the top
of the RF band and the bottom of the image (which starts at 16.8 GHz and is the dashed,
blue line) for the second down-conversion stage. The seand LO isfixed at 15.8 GHz, so
IF, then spans 1 — 2 GHz and is ready to either be down-converted to baseband for
sampling, or downsampled dredly, and converted to a digital bit stream. Note that the
LPF is not the final anti-aliasing filter — a more stringent filter will also be included on
the A/D board after the LPF for that purpose. The mixers and filters sould med the
nominal spedficationsof Tables| and I, respedively

Tablel: Mixer spedficaions

Mixer 1 Mixer 2
RF range: 05-112 GHz 13.8-148 GHz
IF range: 13.8-148 GHz 1-2GHz
Conversion loss 5 5
Noise figure: 8 8
Hatnessover 500MHz 1dB --
Hatnessover entireband | 3 dB 1dB
RF VSWR: 21 21
LO VSWR: 21 21
IFVSWR;: 2:1 1511
P2 +20 dBBm +20dBm
IP3: +10 dBBm +10 dBBm




LO at RF port: -30dBm -30 dBBm
RF-IF isolation: 20 B 20 dBBm
LO at IF port: -20 dBBm -20 dBBm
LO power: -10 dBm -10 dBm

Tablell: Filter spedficdions.

BPF LPF

Insertion loss 6 dB 3dB
Passband: 13.8 - 148 GHz <2GHz
3dB bandwidth: 1.25 GHz
Rejedion: 40 B at RFyigh and Imageew
Ripple over pasdand: | 1 dB
Flatnessover pasdand: | 1 dB

Note that an apparent discrepancy exists in the width of IF,, which has been
guoted as both 500MHz and 1 GHz, and is indeed spedfied here asa <2 GHz LPF. This
reflects the desire to preserve flexibility in the eventual processng bandwidth. Although
current plans cdl for 500 MHz or less the wider bandwidth is gedfied here in the
analog side in the eventuality that wider bandwidths will be used in future incarnations of
the badend procesor. In that case, the A/D units (which contain the anti-aliasing filters)
can smply be replaced, with no neeal to replacethe analog RF-1F units (at least until the
desired bandwidths exceal 1 GHz).

This extra bandwidth does make the redizaion of the BPF more difficult,
however. The desired RF and image rejedion is 60 dB, however these ae not symmetric
around the center of the passband (14.3"*°3; GHz). For a symmetric filter, the 60 B
BW is then only 5 GHz, with a1 GHz 3dB BW. One ould increase LO, by 300 MHz to
make it symmetric & +3.1 GHz, however the top of IF, then increases to 2.3 GHz, which
is greder than current A/D boards can handle for dired downsampling. Clealy some
trade-offsin filter redization and future flexibility need to be aldressed.

Since there ae 350x2x4x2 = 5,600 dfferent conversions (350 antennas with dual
polarizations, with 4 duwal-pol chanrels and two conversions per channel?) and hence that
many mixers; the use of MMIC's was felt to be warranted and therefore the Netherlands
Foundation for Reseach in Astronomy (ASTRON) was contraded to begin the design of
this mixer. In order to minimize omplexity and cost, a single-balanced mixer was
designed and tested. However, both the conditioning buffers and the single-balanced
implementation appea to not be sufficient, so an improved buffer has been designed, as
well as a double-balanced mixer. The new design is currently being sent to the foundry
for iteration number 2. The new design appeas much superior, but a single-balanced
version with the new input buffersis also being manufadured as a badk-up.

Since eab mixer is a double-balanced mixer, the conditioning buffers (shown as
the anplifiers before eat mixer input) ad as baluns. Not shown after the mixers are IF
baluns to get bad to an unbalanced line. These ae required since the filters will be off-

2 The actual number is gill open to debate. Threedual-pol channels may instead be implemented, or 4,200
separate mixers. Therest of the document will assumethat Nt = 4.



chip and relatively large, so it is better to have just one of ead filter. The mixer chain
then consists of two MMIC mixers (although the second mixer could be a different
padkaged mixer), an off-chip edge-coupled BPF on ceramic, an off-chip LPF and
possbly two off-chip baluns on the two IF stages. Unfortunately this is not the desired
degree of integration that was hoped for; however, eadt MMIC still does consist of two
(or thre@ adive baluns and a double-balanced mixer.

RF-IF Unit

The up/down chain will be integrated into a minimum field-replacedle unit,
which takes dual analog fiber, Nt tunable LO’s and one fixed LO to produce Nt dual-
polarization L-band channels. In addition to the dements mentioned above, the RF-1F
unit will li kely contain the following:

» Mounting for the fiber-optic-to-microstrip (F/O-p1) converter

» Amplifiers gpanning 500MHz to 25.5 GHz

» 2 Nr-way RF splitters to parse the two RF input signals (dual linea polarizaion)
and condition the signals for Mixer 1

* Nt 2-way LO; splittersto parse the Nt independent K-band LO signals for Mixer 1

» 1 (2xNr)-way splitter to parse the fixed K, LO for Mixer 2.

Figure 3 shows one possble implementation of a side-in box that would plug into a 19’
rack badkplane. Ead fiber pair (corresponding to one antenna) gets one box for atotal of
350 such units. Presumably, increasing the number of independent tunings would require
afiber splitter and another full set of RF-1F units.

The mixers would require amounting padkage (likely ceramic) and would then be
mounted on a, say Duroid, multilayer board. The BPF would also likely be implemented
on ceramic and inserted on the board. To improve EMC, the BPF will li kely need to be
enclosed in a metal box which could be soldered in placeover it. The LO distribution
would be in stripline on the lower layers. SMA connedors on the front would import the
LO’'s and a Dsub conredor (with coax and pins) on the bad would export the L-band
output to the A/D units via the badkplane, as well as bring in DC power and provide any
(limited) control lines. The fiber input would either be cnnedors or piggy-tails, which
would be spliced to. If legkage from the opticd fiber inputs is a problem, a metallic
deeve (aluminum foil ?, metalized mylar?) and ring could be installed over the fiber.

There ae many isaues here due to the wide bandwidths. For instance, the 4-way RF
splitters have the 22:1 bandwidth, and the 2-way LO; splitters require an octave. Since
resistive splitters will li kely be required, there will be more lossthan just the 6 dB and 3
dB lossdue to the splitters, so gain will be required over those large bandwidths as well.
Gain flatnessis then an isaie. LO gain may possbly be acommodated by varying the
synthesizer output power, depending on the gain flatness of the LO input buffers. For
best performance, the LO power should be sufficient over the entire band to operate in an
LO-saturated rather than LO-starved mode.
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Figure 3: One proposed RF-1F unit.

The fiber-to-microstrip transition is being developed independently, but it obviously

plays a pivotal role in the performance of this unit so its properties must be determined
before any detailed discusson of RF levels into the mixer chain. Spedficdly its output
level and flatness must be known to spedfy the procealing amplifier (which should have
avery flat response), as well as the RF input buffer. It is hoped to have no variable gain
a this point to reduce mmplexity — any variable gain will hopefully be adieved at the
front-end where it is needed anyway to handle the limited dynamic range of the optica
fiber driver. There will li kely be an equalizer in the front-end. In addition, the footprint
and power consumption of the fiber transition must also be known.

Power consumption and dsspation is aso criticd in the design of this unit, since it
is envisioned that it be a ompletely closed RF-tight module that is sadked alongside
many other such units. The inclusion of fans make it a much more difficult unit to make



and maintain. Hopefully sufficient grounding (i.e. thermal) connedions with adequate
rack and room temperature control will be adequate, but this is definitely not assured.

Other spedficaions include the LO input levels to the unit as well as the output L-
band level to the A/D boards.

As outlined here, this unit has absolutely no control or monitor points (except one
LED to indicate the box has power), which is desirable but risky. Some variable gain
element on the RF input to mixer 1 would be nice sincee.g. K1 could be tuned to 11 GHz
while K2 is tuned to 600 MHz and it is hard to imagine sufficient RF gain flatness to
acommodate this. That would require, however, eight variable gain elements per box
and attempts will be made to equalize the signal over the bandwidth.

A diode detedor at some point in the box to indicae RF power would also be
handy, possbly right after the first RF amplifier and/or between the two mixers (if you
are going to have two monitor points, you might as well have adozen). However, this
could aso be done esentially in software. |.e., if adigital channel indicates no RF power
from an antenna (or from any combination of tunings from an antenna), someone wuld
unplug the RF-IF unit from the rad, plug it into a test fixture which would have a
detedor at eat L-band output to determine whether the fault was in the RF-I1F unit or the
digital units following it. Similarly, a test fixture could be made to determine whether a
fiber has RF power on it or not to determine whether a problem was in the RF-IF unit or
the precealing front-end components. One auld then imagine aportable test fixture that
would be brought to the offending antenna to further determine the source of the
problem.

RF-IF Racks

As gated above, thisis one of 350 (or so) unitsto be integrated into radks, with 1/0,
LO and power distribution. Given the number of signals and LOs, there ae obviously
many routings of cable to acmunt for. To reduce the number, one possble rack
arrangement is outlined below and shown in Figure 4. Anaog fiber comes in from eat
antenna (along with the LOs) and digital ribbon fiber goes out for processng. The analog
RF-IF units plug into a badkplane (which is sldered completely around in the inside to
be RF tight) from the front and the A/D boards plug in from the badk. The bad has an
RF tight door, likely with RF absorber onit.

The 5 LO’s per antenna get routed to one distribution box in ead rak (midde
unit in Figure 4); get split out four ways to ead row; then finally get split out sixteen
ways to eat RF-IF unit. One alditional radk houses the five synthesizers and splitter to
route the LOs to ead radk. Another radk would house any test fixtures desired. Given
the 16 wnits per row and 4 rows per rad, this yields 6 radcs for 350 antennas, plus the
additional rad for the locd oscill ators and the alditional radk for testing. This yields a
total of 8 rakks. These rads would likely be housed in a “bunker” paneled with anecdhoic
absorber. The digital fiber ribbon (or copper?) would be routed to another room for
processng.
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Figure 4: Schematic layout of one RFIF/AD rack Each row consists of 16 RF-IF units with a
16-way splitter in the front, and 16 A/D units gn the rear. In addition, a 4-way LO splitter is

included (middle unit) and power (bottom unit).



