Minutes for AMiBA Enqgineering Telecon
Meeting Date: 16- Qct-2003

Partici pants:

Australia: Warwi ck W I son

USA: M T. Chen, F. Patt, T.H Chiueh, C J. Ma, Kyle Lin, P. Ho

Tai wan: Huei Wang, C.T. Li, H. Jiang, West Ho, Eugene Hwang, Johnson Han

USA Dial-in = 1-800- 653- 5390, 6668081#
M nutes Recorder: C. T. Li
previ ous weeks conments

.New Action |tens:

.Previous Action Itens (still open):

Al -25Sept 03-2: Mng-Tang - Volunteered to review all the specs as nuch as we
can, and collect theminto one place so that we can | ook them up

M ng- Tang — Found a place on AMBA's web site that lists all the previous specs.
M ke and Bob wrote sone updates. Wien | gather nmore, | will ask various people
to reviewthat.

M ng-Tang — Started with Mke's original spec. Tried to work down the details. Things |ike
collecting the interface in the individual work package so that | can nake that a practical spec.
Bob — suggested that as you go through, found where there is a gap or problem send out an enil
right away to ask sonebody to fill out the details.

Al -18Sept 03-1: Bob - Re-visit the testing of phase shifter in a nonth

Mng-Tang — W will see some results in this week or next week on the phase
shifter test.

.0 osed Action Itens (as of this neeting):

Al - 25Sept 03-1: Bob/Huei — Figure out our obligation to those residual MM C Bob
recei ved. Are we supposed to get back to Todd Gaier or not? Are they residual
extra, or we're supposed to send sonebody to Todd to package then?

Huei — W can probably wait for 2" run until next year since so far we haven’t
got the chips yet, probably can't test and re-design before next March. The
suggestion for the budget on the phase one is to try to spend the noney for
sonet hing el se. Hopefully we can allocate sone nmoney after we finish the design
in the 2" phase. The budget is about 180K USD for one run (Paul Shaw has the
exact number). For the existing chips (S. Winreb's design), certainly we should
have enough chips to build all the anplifiers (even for 19 el enments). For our
own design, we try to get sone inprovenent. In the very begi nning, the purpose
is set to that we have sone existing design (S. Weinreb’s). That’s for insurance.
In parallel, we’re going to make our own design. Try to see whether we can get

i nprovenent or not. W did our own design in the first run. W will try to
verify that, and see whether we need the 2" run or not. For the current run,
hal f of the mask is our own design, and the other half is Sander’s design.
Sander’s design is for LNA, and our design includes all other chips. The ot her
half is purely for devel opnment purpose. Todd Gaier just nmade this request -
because he hel ped us so rmuch without charging anything, if possible, he would
like to have sonme of our chips. But He did not say how many. No matter what, we
shoul d have enough, and he would not ask a lot. Certainly we can nmention to him
For now we can wait until his request. Those chips in Hawaii have been tested
already by TRW W have paid a little TRWto test themfor gain. Gains of nost
of themlook OK But we don't test noise figure. Wienever we need them we can
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have t hem packaged. If we start to have plans to build nore LNAs, we may use our
chips. Send themto JPL or the other vendor, and ask themto package them It is
probably nore troubl esome if we want to package themin Tai wan because we need
the export license. It shouldn’t be too nmuch problemif we want to package them
in US

Al -14Aug03-1: Warwick — Becone directly involved with offset issue

Kyl e — No update on offset. Recently focus on the delay and frequency response of correlator. W
measured the | F spectrum before and after the equalizers. After equalizers, there are still about 10
dB gain slope. At higher frequencies, the spectrumis below the noise floor of the spectrum anal yzer.
The spectra beyond 10 GHz start to drop very fast, at least 20 dB. After equalizers, the correl ator
only see maybe 2 to 10 Giz. Mng-Tang — will go up with themto check on the instrument. Al 4 I|F
channel s fromreceivers behave quite weird.

.M scel | aneous Di scussi ons:

W C

Huei — For the two, three weeks, we didn't hear anything from Northswab?, will
send an email to follow up.

Recei ver:

M ng- Tang — Wrking on testing prototype LO DRO nodul e. Found out the great
tenperature variation, and one of the LO box is mal-functioning. Tried to pin
poi nt the cause. Have been talking to Prof. Chu. In this week we shoul d decide
what to do with it. Also talking to Derek, Ferdinand and Prof. Chu about the big
envi ronment al tenperature changes, day and ni ght change by 20 degrees, and that
has trenendous effect on receivers, and correlators too. How are we going to
solve this problen? W may need sone new devices to try out some new schene, e.g.
the automatic gain control, first mentioned by Jeff Peterson.

Qur 1°' production receiver is still in Taipei. Haven't decided to have it
shipped to Hlo because of this LO fluctuation problem It doesn’t |ook |ike
there’s anything wong with the LO nodul e there. The out put power just changes
with tenperature. Before we see a clear path about how to tackle this problem I
prefer the receiver sitting there for few more weeks. About which part(s) are
sensitive to tenperature, | think | isolated to the PIN diode switch circuitry.
Not sure whether it’s the switch itself or the circuitry that turns it on and
off. Need to figure that out. This nay or may not be a problem It depends on
what ki nd of power you need for the observation. W can turn the power to the
power you want during the observation. Because the power output is quite re-
producible with tenperature, if we want to observe at night, which has a much
stabl e tenperature, nuch preferable for astronony observation. In that case, if
the system doesn’'t work, just during the norning or afternoon tine when the sun
goi ng up and down, the tenperature drops so fast. That’s our current situation.

M ng- Tang — Got two new devel opnents going on |ast week. In email, Todd Gaier found that he had put
inwong resistors in the anplifiers we sent back to him After the correction, they inproved the
anplifier noise tenperature from60 down to 40 K. We will send part of the anplifiers back to him
for correction, while keeping sone here. In about 6 weeks, after we receive the new batch, we can
send back the other batch. The 2™ devel opnent is that |ast week Kyle and | went up the nmountain to
check on the prototype, want to investigate the problemof LO power variation. Found out we couldn’'t
do much up there. Took the LO nodule (DRO down to Hilo for testing. In the nmean tine, we're testing
the production unit in Taipei. In general, we found in the production unit we got about 2dB
variation over 10-degree change of tenperature. For the prototype, we had about 2 dB power change
when tenperature changes about 20 degrees. This could be a problemfor the prototype because in
prototype, we’re using 1° version mxer, which is quite sensitive to LO power. This can cause |arge
variation in I F output. However, this is a drifting, slow change. W'd |like to define the variation
rate that we can tolerate. We'd like to work out this problembefore we ship receiver to Hilo.
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LA IF

Correl ator:

CT. — W got 4 nore PCBs done. Mark has put together one piece for each one.
W're going to test whether the circuits work or not. And the turn-around tine
for each batch is about one week. It’s pretty fast. Sent some data acquisition
circuits to Warwick for himto review, then we can finish the |ast PCB soon.
Al so received correlator conputer fromvendor |ast week with a —48V DC power
supply. Going to ask another spare conputer to set up a test setup in Taipei,
that will require the 2" set of AT control boards.

VWarwi ck — W shoul d be able to get at |east 2 of each control board to Tai pei as
soon as possi bl e.

C T. - For -48V DC power, | used the 48V DC power supply in lab, reverse the
polarity, and it works. The power connection has 3 |leads, and the ground is the
one different fromthe other two outputs.

Ferdinand — W still can use a separate 48V power supply for the correlator PC
C.T./Vvarwick — All 1/GCs, including into and out of AT's boards, are differential.

Derek — Haven't received the cover for the correlator nodul es. Shoul d be here
pretty soon (due yesterday). After we put the covers on, will send themto

Tai pei .

Tried to power up the 2"! section with Homn's DC-to-DC converter. W ran into
sone wiring problem Is there any way we can get 12V out of 15V supply? Homin —
You have to order the 12V nodul e. Derek — Qur plates are designed to accept 12V,
instead of 15. | can regulate on the plate. It’s only the switches that require
12V. M ng-Tang — At certain point, you probably want to get a power neasurenent,
the gain measurenment of the 1%' section — gain vs. tenperature.

Kyl e — For the question whether our neasurenent of correlator in Hlo is under-
driving the correlator, this week we put the noi se source and CWsignals
together to drive the correlator with the noi se source at —-11dBm and CW source
still —-23dBm and the responsivity | ooks al nost the same as previous one, and
phase the same too. So the previous measurenent is valid.

Now we’ re interested frequency response below 2 GHz. W want to see whether our
fringe problemis still due to | ow frequency contribution. But we haven't been
able to neasure the responsivity below 2 GHz. Derek has a suggestion that we can
use the network anal yzer as the CWsource. W will do that later.

Kyl e — Two days ago we tested two Marki production units we have been using on the prototype in the
lab with two synthesizers to neasure the anplitude and rel ative delay at different frequencies. The
result is simlar to what Derek and CT have neasured before for Marki engineering nodule. Tried to
under st and whet her the higher responsivity at |ow frequencies, conbined with pretty flat |F spectrum
can produce the fringe delay problemwe’ ve seen before?

T.H Chiueh — There is sonme subtle difference between two production type correlator nodules. Kyle —
Qur neasurenent only has 1 GHz resolution. W increnent the frequency 1G+# at a tinme. At 3 GHz, the
two production nodul es have simlar responsivity, and at 2 GHz, the #2 nodul e has | ower responsivity
than at 3 GHz, but for #1 nodule, 2GH responsivity is higher than at 3 GHz. So the #1 production
nodul e has nore peaks (in responsivity) at |ow frequencies.

T.H Chiueh — In other words, one has the tendency that the responsivity shoots up at |ower
frequency. The | owest frequency neasurenent that Kyle and CJ did is at 2 Giz. They can only see the
tendency, not anything below 2 GHz. The suspicion is that at frequencies |lower than 2 GHz, the power
(responsivity?) is even larger (for production nodule #1?). The difference between these two
production type correlators can at least qualitatively explain why the delay (phase difference?) in
the production one is smaller than production two, because |ow frequency dom nates. Bob — That
enphasi zes the reason for testing all the production units to characterize them T.H Chiueh — The
mai n body of frequency spectrum of responsivity are pretty nuch the sane, except at very |ow
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frequency. Bob — That is not surprising because that is where they put in the absorber material.
That coul d depend on the handwork quality. Kyle — According to Derek, the spec on overall
responsivity nmust be greater than 80 Vrns/Watts. In the neasurenments we’ ve got for Marki nodul es,
everyone has passed this specification. But the other spec is that anplitude variation should be
within 3dB. Right now these two nodul es have nore than 3-dB variation. W have tried other way to
anal yze the data. As Prof. Chiueh suggested, one way is to shift data fromdifferent |ags by some
armount, then add the data together. Shifting these data corresponds to sone delay at different IF
frequencies, also RF frequencies. This creates sone frequency filter. However, this is not a very
sharp filter — 10-G# wide frequency filter. Qur results showed that the 1% nodul e has nore peaks at
low frequency. It's consistent with what we got fromthe synthesizer test (as well as the delay).

Kyle — W& do have one problem— do we need to drive the correlator at |like —10 dBmas w th noise
source, because right now we're using CWsignals, the power is at —23 dBm Are we under-driving the
correlator? The concern is because higher (CW power will saturate the DC anplifier, so we have to
use the low power. CT — | think using |ow power is OK It’'s better than saturating the correlator.
Bob — You can kind of test by changing the power input by a factor 2 to see if you're in the |linear
region? CT — You can calculate the responsivity vs. input power to see whether you're saturating the
device or not. You wanna operate bel ow the saturation point. Kyle — In reality, our correlator is
operated at —-10dBmwi th noi se, should we take it at that condition? CT — It’'s hard to convert from
CW power to noi se power, not sure how nuch power you wanna put in for CW So | usually characterize
t hem bel ow t he conpressi on.

Jeff - The noise power are un-correlated, so don’t tend to produce nuch DC output. Kyle — You nean
driving the mxer at different nodes? Jeff — | guess it's probably OK as long as —10dBm and —23dBm
both in that |linear region. The reason you get so nuch output, getting close to limting of DC
anplifier, is because your signals are fully correlated, while two noise signals you feed in are not
very correlated, so they don't produce nmuch output. That is the reason that you have to use | ower

| evel for the synthesizer test. | think you' re stuck. You have to use low level, and | think it’'s OK
T.H Chiueh — There is another way of doing that. You have a low |l evel of CW plus sone certain
anmount of noise. Then you adjust the noise level to -10dBm while the CWis still very small. The

resulting signal coming out of correlator will be dom nated by the CW

Jeff — You could do that way. Seens to be a bit of work to set that up. That’'s a good way to

sinul ate the performance of correlator because the correlator operates with tiny correlated input on
top of large un-correlated noise. So testing in the lab with the simulation of that is a sensible
thing to do. Renenber when Derek is doing that, his two noises got coupled to each other a little
bit. He did the lab test, which he fed un-correl ated noise on both sides, then send one small
correlated noise into the splitter, and to both sides, and he ended up with correl ated noi se passing
fromone side to another.

CT. —1It's weird that the LO power decreases, then the |F power increases, at the sane tine, the
RVE al so decreases. Is it possible that you're saturating the correlator so that as the |F power
increases, you're into the conpression that you got |ess RVB? Kyle — W have sone data before, we
changed the IF power to record the RVB. It's linear up to —6dBm We're operating bel ow —6dBm so far.
C.T. — Wen | |looked at the fringe of nmoon drift scan, | found wi thin the beam envel op, the
anplitude of 4 lag fringe doesn’t change much. Is it possible that the pointing does not coincide
with the zero-del ay? Because when we neasured the noon fringe early this year, within the beam
pattern, we can see clearly some anplitude variation of fringe of each | ag. Have you done anyt hing
to the IF path so that the zero-delay is off fromthe physical phase center of the platforn? Kyle —
I don’t think we’ve changed that part. W' re not sure about the absolute pointing. W used to check
the rel ative pointing.

Pl at f or ni Mount :

Ferdi nand — Tal ked with Phillipe yesterday. They worked on platform

nodi fications. The plan is to put everything together, and test it today.
Phi | lipe has some concern that they may not be able to finish this by Thursday
(Germany tine). They may need another day to put platformon the nmount. Bob
Roneo and his crew are there to do this. They will be on schedul e, maybe goi ng
over on the weekend, maybe one nore day or so. To ny inpression, they will
finish it by next week.

Paul Ho — Get sone update one way or the other so that we can keep track how
things are. The nost inportant is to get judgments, get some readi ng whet her

we're going to slip the schedule or not. A so asked Phillipes about whether VA
is looking into shipping? That is one of the action whether the shipping can be
done any faster, and optim zed? Ferdinand — | think they reluctant to give us an

answer on that one because they want to see everything working first, see if

Paged of 6



Minutes for AMiIBA Engineering Telecon

there is any problemthey run into. They shipped the ring on a very low priority.
That is OK They have ot her ways of shipping to speed things up.

Cali brati on System

Ferdi nand — Have some good news. Got the polarization scranbler. Fired
everything up. | can jingle the fiber cable and the output power doesn’t change
| used the m xer we have, punped with the GU\N oscillator, and | used the

phot oni ¢ detecor, which goes up to 50 GHz, used coaxial to wavegui de transition,
V-type to WR-15, WR 15 to WR 10, then feed it right into the mxer, and | can
see the signal. See ny total power going up and down while | switching the LED
on and off. Tried to cover the whole frequency band with the GUNN oscillator,
that goes from92 to 96 GHz, actually go down to 91 and 98 GHz. Pretty confi dent
that we can cover nost of our RF band. The LED is at 1550nm and the photonic
detector is designed fromlow frequency to 50 GHz, but it has the frequency
response in Wbhand. Between noi se on and noise off, have a 1-dB change on the
spectrum anal yzer. Get sonething |ike 50 nWchange in 2-Gi bandw dth. M/ guess
of the mi xer noi se tenperature may be 10, 000 Kel vin. Estimated bandw dth (of

m xer) is about 82 to 100 GHz. It’s a doubl e-si deband m xer. | may detect the

| ower sideband roll-off?

T.H Chiueh — Like to urge people to think whether we need the phase calibration

or not? So far it’s all gain calibration. Ferdinand — John Payne and nyself is
t hi nki ng about that.

DC Power/ Distribution:

Encl osur es:

Hom n — Right now we have 4 boxes here. One is for the DRO The other 3 are for
receiver/correlator. Talked to Joshua to buy another 4. (one nore for data
acqui si tion)

Site:

Ferdi nand — Picked up 99.9%of final drawing fromNeil Harrison. Made sone
copi es for Paul Shaw and Paul Ho. Tonorrow going up to the summt with the

Tai pei fol ks. Show t hem around. Maybe they have sone idea, and corme up with
quote or bid. Talked to Mkey? |ast week, and had themup on the summt. He came
up with the excavator and a general contractor. It's dragging on with the
contractor. Don't get any nunber fromthem They like the ride to the summt,

but they don’t like to give nunmber. These are different fromthe | ast excavator

| amtalking to. A so investigating the possibility of hiring somebody and
hiring the machine. The guy | have on ny list as the operator is working on
another job right now He is not free to go in the next 4 weeks. Tal ked to John
Mot ai ?, about the electrical, asking himif he knows somebody will do the
electrical, also the general contractor, excavator folks...He gave me a call back
this norning, and he has an electrical guy, who probably will give ne a cal

soon, also a contractor interested in doing something out there. Can pass the
blue print to Luke-W to see when he is avail abl e?

Sone informati on about the electrical — Hel co? got back to us. WIIl send that
out to ROUH to get signed over there. Still need to contact the | ocal phone
conpany because the power neter will be hooked up to one of the phone Iines(not
new phone line). Have to contact the |ocal phone conpany to see what they have
to say about it.
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Paul Ho — How long the job is to excavate? Ferdinand — Wien | tal ked to Lose-
way?, he said that’'s done in a week.

Ferdi nand — Tal ked to the person from Tai-sei? And we will have a visit to M. next Thursday. There
is also visitor fromTai-sei Japan joining us — one of Tai-sei excavator folk. The big factor is the
excavation. If we're able to sub-contract that out or have that done as quickly as possible. It’'s
easier for other firms to give us the estimate. Wiat | think the best approach is for Luke? to go
ahead and do the excavation work. That also gives the other fol ks who would then do the concrete
work, and casting and all that, give thema really good idea what they're actually dealing wth.
Luke is busy now (he got another contract). If we can go rent the equipnent fromA lies? and hire
operator, just get started, in ny estimate, | have excavator, the back-haul, and two operators, and
that will cost us 12,000 dollars for one nmonth. In the site devel opment budget, Neil Harrison is
supervising the main steps, nmake sure that the excavation is done right, nmake sure the casting,
rebar work is done right, grounding system then the next will be the concrete work. He will

supervi se these steps, not on the daily basis.

Paul Ho — W have the one option, which is Lusier. Let’'s develop the other option if we do hire our
own equi prent and our own operators. Use the scenario whether we can actually do this?

D shes:
Ferdi nand — For 60-cmdish test, will send the transmtter back to Taipei. After

talking to Kyle, will put together conponents we have here, explain to hi mwhat
| have done so far, then send it back to Tai pei .

60-cm di sh testing

Ferdinand - For the transmtter, receiver part, that seenms to work. | have it all layout and tested
in the lab, like both GQunns working together, slightly offested. | got the total power detector and
the anplifier chain after the mixer. | got about 40dB dynamic range, which we may need. Nevert hel ess,

I think to do this with antenna 8 is not feasible because you need to set the feed at the right
focus position, and to use antenna 8 - the back of the shutter, the little conpartnent you can use
there - and have the antenna nount there, and the feed, LO part, |F part of power detector wll be
in the shutter, we would have no access place. In order to do the focus adjustnent, either we ought
to notorize all the drives - x,y, and z, or we have to renpve it each time. Considering the
situation on MK, it may not be feasible. We need a multiple run, and notorize these stages. It will
cost a lot of manpower to do this. W can set up sonething later if you want to test all the dishes.
At the nonent, you can't do it in the tinely nanner. Bob — Do you have any backup idea on

astronom cal source or sonething else? Ferdinand — Put it on the test nount, and have a drift scan
on the planet to see the side |obe and have a good idea about the beamsize. Could we do it on M.

| ooki ng down to the road or visitor parking? Bob — Do you think you have enough power to do it all
the way across the valley to HP?

2-El enent Prototype Testing:

Kyle — W will have plenty to do after we put back the whole system First thing
we tal ked about is to use 15' section to cut off signal below 2 G, 2" thing is
that we can try to find the offset between the pointing center and phase center

by inserting some adapters, the 3'9 thing is to try to use the 60-cmdish to see
if we can do the ground pickup test.

C.J. — Yesterday we just tested the optical telescope with aperture nostly covered by the cardboard.
I think we can still use it for 60-cmdish for the prototype.
Schedul e:
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