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BBDev Memo 007
Experiment X1
X-band GGAO(2poln) Wfrd(circ) Plan - 1

A. Niell
MIT Haystack Observatory
2007/11/13

2008/08/25: This experiment was done 2007 Nov 19. This memo documents many details
that apply to both that session and subsequent ones.
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1. Introduction

As the first step in demonstrating the effectiveness of the broadband delay concept, we
will use GGAO with the full chain of the new hardware but for only one frequency band, X-
band. The two linear polarizations recorded at GGAO will be cross-correlated with right-
circular polarization recorded at Westford. Both sites will require one digital back end (DBE)
equipped with one iBOB1 and one Mk5b+ recorder to record 2 gigabits per second.

A single strong source will be tracked for approximately six hours to get some measure
of phase stability by looking at the difference of phase and group delays and by comparing
the phases of the two linear polarizations correlated with the same circular polarization from
Westford.

2. Objective and expected results

SNR
Phase stability: differential phase between polarizations
Stability of differential phase delay — group delay

3. Experiment description

Dual linear polarization at GGAO; single circular polarization at Westford (recorded in
duplicate to mimic dual polarization).

Each polarization comes down an RF line, is filtered into the second Nyquist zone in the
Up-Down Converter (UDC), and enters the Digital Back End (DBE) as a 512 MHz band.
The DBE processes each IF as sixteen 32 MHz channels, sampled at two bits. The odd
channels from each IF are merged onto one VSI-H output which is recorded on a Mark5B+.
See section 4 for the frequency/channel assignment.

Two types of session are planned:

a) Test session: Monday Nov ??, when installation and pointing/focus go okay.
This will be extended or rescheduled as needed.

For this session data for the fringe test will be transferred from GGAO to
Haystack over the network.

Disk modules from Westford will be hand carried to the correlator.

b) Six hours on a strong source: if possible observe a source that passes between
GGAO and Westford to observe phase rotation due to different parallactic angles
at the two antennas.
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4. Frequencies

Local oscillator: 8080 MHz

Frequency channel width: 32 MHz

Sampling: 2-bit

Record odd channels from each IF.

Total data rate: 2024 Mb/s

Input to DBE: 2" Nyquist Zone = lower sideband

IF0 = Vertical polarization = L; IF1 = Horizontal polarization = R

X-band 2™ Nyquist zone freq that goes to Correlator
DOM zero (MHz) channel channel
mag sign (LSB) label number
1 0 9088 XI1L 1
3 2 9088 XIR 2
5 4 9024 X2L 3
7 6 9024 X2R 4
9 8 8960 X3L 5
11 10 8960 X3R 6
13 12 8896 X4L 7
15 14 8896 X4R 8
17 16 8832 X5L 9
19 18 8832 X5R 10
21 20 8768 X6L 11
23 22 8768 X6R 12
25 24 8704 X7L 13
27 26 8704 X7R 14
29 28 8640 X8L 15
31 30 8640 X8R 16

5. Experiment setup (including diagrams)
a. Optical fiber
Optical fiber on loan from Photonics

October 26: 1 found out that only one fiber will be provided, and it will not be High Gain
as had been promised. (Apparently this was known earlier, but I missed the
information somehow, probably because I skipped a telecon.)
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Original information from Skip
Fiber: Transmitter is Photonics PSI-1604
1! Receiver is PSI-1601 so link gain is -5 dB and NF is about 17.2 dB !!!

Here are the basic specs on the Photonics Systems, Inc. Model PSI-1604
Amplified Link (Demo Model);

Photonic Link Specification Highlights
PSI1-1604 Amplified Microwave Photonic Link
Parameter Value *

Operating Bandwidth 0.045 -10 GHz

Gain -5 dB typical

VSWR * 2:1 across BW

Noise Figure 18 dB typical

Spur-free dynamic range 106 dB typical (in 1 Hz)
1-dB compression dynamic

range

129 dB typical (in 1 Hz)

Input IP3 4.25 dBm typical

Fiber-optic connectors ** FC/APC

DC Power Requirementst Tx " 7.5 W; Rx " 25 mW
AC Power Requirements 110 VAC, 60 Hz

The fiber transmitter is amplified, the receiver is NOT amplified.
The spec on the fiber is;

BX-Breakout Cable (8 strand) with FC/APC connectors.

Attenuation through the fibers is 0.5dB per Kilometer @ 1310/1550nm.

Irepeat: !!! Receiver is PSI-1601 so gain is -5 dB and NF is about 17.2 dB !!!
I have used original values of -6 dB and 18 dB for gain and NF, respectively.

b. GGAO (see spreadsheet that follows; begun by Dan Smythe)
Signal paths:
Vertical pol’n - UDC Channel A - IF0
Horizontal pol’'n - UDC Channel B = IF1
Power levels for setting attenuation in UDC
Assume 500 MHz bandwidth.
LNA+sky — Ts = 50K
Ps = 1.4e-23*50K*500 MHz = 3.5e-13 W = 3.5¢-10mW = -95.4 dBm
G(LNA)=37dB
P into fiber = -58 dBm = 1.0e-6 mW

Fiber: Photonics PSI-1604 transmitter; PSI-1601 receiver
G = -6 dB net for fiber link
NF =18 db
P(300K) = 1.4e-23*300*500MHz = 2.1e-12W = 2.1e-9mW = -87 dBm
P;=P(300) + NF =-87 dBm + 18 dB =-69 dBm = 1.25¢-7 mW = 0.125¢-6
So fiber noise is about 1/8" of power into fiber.
See following table for power into UDC in 12 GHz band over fiber path.
Power into DBE needs to be -10 dBm to -15 dBm
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BBDev level.xls

10/29/2007
modified by aen 07/11/05

RF Levels for X-band GGAO Westford BBDev Experiment

GGAO

T(K)
Bandwidth (GHz)
LNA In (KTB)
LNA Gain
LNA Out
Amp Gain
Amp Out
8ft coax (SF142)
Short Coax Out
Fiber/coax Gain
Fiber Out
Amp Gain
UDC In
Maximum
UDC gain range
UDC atten setting
UDC gain (60-atten)
UDC Out
Attenuator
DBE In

fiber
50

12.000

-81
37
-43.8
12
-31.8
-6
-50
-6
-38

0

-38
-22

coax
50
12.000
-81
37
-43.8
26
-17.8
-6
-24
-19
-36.8
0
-36.8

(Spec -15 to -10 dBm)

DBE Input level must be set BEFORE connecting
DBE 'IF in' monitor (-15dB)

fiber coax
50 50
0.500 0.500
-95 -95
37 37
-57.6 -57.6
12 26
-45.6 -31.6
-6 -6
-52 -38
-6 -19
-51.6 -50.6
0 0
-51.6 -50.6
30 to 60 dB
20 21
40 39
-12 -12
0 0
-11.6 -11.6
-26.6 -26.6

dBm
dB
dBm
dB
dBm
dB
dBm
dB
dBm
dB
dBm
dBm

dB
dBm
dB
dBm

dBm

UDC IF unfiltered output (has to be connected to external port on back)
UDC gain for this output:

UDC |F monitor out

29 29
-22.6 -21.6

dB
dBm

------------------- Sun
--------------- for 1 MHz Video Resolution on scope ----------------->
fiber coax fiber coax fiber coax
50 50 300 300 12000 12000
0.001 0.001 0.001 0.001 0.001 0.001
-122 -122 -114 -114 -98 -98
37 37 37 37 37 37
-85 -85 -77 -77 -61 -61
12 26 12 26 12 26
-73 -59 -65 -51 -49 -35
-6 -6 -6 -6 -6 -6
-79 -65 -71 -57 -55 -41
-6 -19 -6 -19 -6 -19
-79 -78 -71 -70 -55 -54
0 0 0 0 0 0
-79 -78 -71 -70 -55 -54
30 to 60 dB 30 to 60 dB 30 to 60 dB

20 21 20 21 20 21
40 39 40 39 40 39
-39 -39 -31 -31 -15 -15
0 0 0 0 0 0
-39 -39 -31 -31 -15 -15
-54 -54 -46 -46 -30 -30
29 29 29 29 29 29
-50 -49 -42 -41 -26 -25

convert fro
1210 0.5 ¢
bandwidtl

________________________ >
Il Take out 24 dB of gain !!
fiber coax
12000 12000
12.0000 12.000
-57 -57
37 37
-20 -20
12 26
-8 6
-6 -6
-14 0
-6 -19
-14 -13
0 0
-14 -13
30to 60 dB
20 21
40 39
26 26
-14 -14
12 12
-3 -3
29 29
15 16
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c. Westford
Power levels for setting attenuation in UDC
Assume 500 MHz bandwidth.
P from receiver after splitter and cable compensation = -35 + 5 dBm
Splitter and Nyquist Zone filter contribute approx -6 dB
Power into DBE needs to be -10 dBm to -15 dBm
so at least 30 dB of gain is needed beforeDBE.

8/28/2008 3:11 PM
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Figure A. GGAO equipment diagram for X-band test of Broadband Delay System.

taalivsivibi2010bbd_developmentiX1-testiX1_GGAQ 4.vsd

coax to waveguide

GGAO ! transition as polarized feed aah T781-881-2830
X1 test //\ for test signal aser 781-081-5414
with fiber
and coax
2007/11/16 500 MHz 12 GHz
-95 dBm -81 dBm
_ (S50K) (50K)
signal generator
(8582 MHz) . W H
(shows up at 512 MHz)
T_sys 50k 50K
LN&aG 37 37
-58 dBm -44 dBm
10 MHz -6 dB -6 dB
4
fiber path coax path
i 26 dB 38 dB approx
; -38dBm  -26 dBm +5 dB
; for both
optical fiber coax channels
! G=-6dB to -6dB -19dB
: NF =17 d8 trailer
{  from inside UDC ) ) approx -39 dBm
i IFA or IFB J J _ AsdBm 4508 out of fiber/coax
: +29dB = =T
: -= =31 not used |
i 05-25GHz  , = = Sgeo-
i (no NZ filter) ‘ A B
S S S L;IJJ-Down Converter Gain 312dB  33dB
: : 10 MHz 2™ NZ 512-1024MHz (60 — 28) (60 — 27)
R Gain: 60 - (0 to 30) dB f(Luff) = 7.645 GHz for 8080 MHz LO
: S {set LO frequency)
5 MHz -
Mk rack IFO IF1 -12 dBm
" Input level (dBm}): -10 to -15 dBm
1 pps ——————— DBE1
—— IF monitor (-15 dB)
T I~ “SpeTium Aralyzer—
ial I 1 ar |
sena ST ™ eilioscope with !
o MHz maser referance,

internet -g———————p
1 pps out -

M5B+

aen 07/10/18
rev  07/11/06

from ‘dotmon’
to counter
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Figure B. Wfrd equipment diagram for X-band test of Broadband Delay System.

\aa\ivs\vlbi2010\bbd_development\X1-test\X1_Wfrd_1.vsd

Westford
X-band IF
Westford 100 — 1000 MHz
X1 test
cable comp
filter
splitter
X-band to IF3 X-band IF
-35+5dBm -35+5dBm
over 500 MHz over 500 MHz
for pointing Mia4 rack
and T_sys
-3dB
35dB
-3dB
2" NZ
512-1024 MHz -3dB
splitter -3dB
IFO IF1
5 MHZ —————————p»| Input level -10 to -15 dBm
1 pps ——————p DBE1
' IF monitor (-15 dB) )
serial B — Spectrum Analyzeri
i B ——
internet MK5B+
1 pps out « |
from ‘dotmon’ aen 07/10/18
to counter rev  07/10/23
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6. Equipment needed each site

Mk5B+s:
GGAO: machine:mk5 691 hostname: test6.maxigigapop.net
Control IP:  206.196.178.55
Data IP: 140.173.125.2
Westford: machine:mk5 689 hostname: wtfmark5 09.haystack.mit.edu
Control IP: ~ 192.52.63.109
Data IP: 14014731252
GGAO
Dewar/feed/LNA

LNAs: Vertical: #128D Horizontal: #127D  (!!CHECK)
12 dB amplifiers: type MiniCircuits ZX60-14012L
fiber
coax — LMR-400 on a reel
UDC (2" NZ filters incorporated)

2" NZ filter LarkEng: XMC768-480-7AA

S/N 27118-05 and -06 in UDC
S/N 27118-03 (or -08) as IF filter to Mk4 rack
DBEI1: serial number ??7?
Mk5B+: mk5 691
Ipps
5 and 10 MHz reference
Coax-to-waveguide transition for test signal
Westford

NZ filters: 2™ NZ filter LarkEng: XMC768-480-7AA

S/N 27118-08 (or -03)
DBEI!: serial number ???
Mk5B+: mk5 689 (wtfmark5 09)
Ipps
5 MHz reference

7. Operating instructions

A. Up-Down Converter (UDC) (See diagram at the end of this section)
i. Inputs to the UDC are:

a. Two inputs in the range 1.0 to 13 GHz. Total input power in 12 GHz should
be about -30 dBm. Maximum input power in 12 GHz is -20 dBm.

b. Reference frequency from the maser of 5 MHz or 10 MHz. For 5 MHz a
doubler is used inside. For 10 MHz the doubler is bypassed. Power level should
be

ii. Outputs from the UDC are:

a. Two IF outputs are available on the front panel with signal in the range
selected by the internal Nyquist zone filters. For this experiment the 2™ NZ is

9 8/28/2008 3:11 PM
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used, covering approximately 0.512 — 1.024 GHz. The filter has a center
frequency of 768 MHz and a bandwidth of 480 MHz.

b. As configured for this experiment a second output is available internally for
each IF. The output is before the 30 dB attenuator and Nyquist zone filter, so
covers the range 0.5 — 2.5 GHz. The gain is +29 dB relative to the input. It can be
routed to the connector on the rear panel for external access, perhaps as input to
the Mk4 rack if a filter is included in the path, e.g. a 2" NZ filter corresponding to
that used internally.

c. There is a 10 MHz output available internally that is coherent with the 5 MHz
or 10 MHz input reference frequency. It can be routed to the connector on the rear
panel for external access if this connector is not being used to output the IF that is
available for an additional Nyquist zone. See the UDC block diagram below
(from Mark 5 memo #056).

iii.  Frequency

The frequency set for the Luff synthesizer is shown in the LED display on the
front panel and alternates with the attenuator settings.

The frequency is calculated as (see Mark 5 memo #056 by A.E.E.Rogers):
fLuff = (225 + (finput - foutpu'[ ))/4 (71)

where fipe 1S an input frequency and foupee 1S the resulting output frequency.
Frequencies are in GHz. For example, to correspond to the X-band setup at Westford,
using the second Nyquist zone, the input frequency is the lower edge of the 2" NZ at
8.080 + 0.512 GHz = 8.592 GHz. The required output frequency is 0.512 GHz. For
these values frur = 7.645 GHz. (finput - fouput 1S just the LO frequency in all cases. -
aen)

1v. Gain

The gain through the UDC is 60 dB minus the reduction in a programmable
attenuator, which can take on values between 0 dB and 30 dB. So the net gain is 30 to
60 dB

The attenuation for each IF is shown on the front panel, alternating with the set
value for the Luff synthesizer.

v. Setting the frequency and attenuations

The frequency and attenuations alternate. To change the frequency, when it
appears on the display, push the button until the least significant digit flashes. Then
push the button one time for each increment of one. When the desired value for that
digit is reached, push the button in and hold it until the next digit flashes. Then
increment it as for the first digit. After the fourth digit is set, push and hold the button
until the four digits are on continuously.

To change the attenuations, follow the same procedure, except the attenuations
cycle from 0 through 30 then start over again.
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Remember that the attenuation is the amount subtracted from a maximum
gain of 60 dB.

Figure C. Up-Down Converter (A.E.E.Rogers).

ZX60-14012L Lorch 11EZ7-21000/2000—S /S ZX60-3018G ZX60-301BG
bgp  Marki  M2—0243LP Marli M2-0226LA /ory o o000 DAT—31R5-5N
+12
N ‘ | 70ma L/ NRF 21 GHZ ‘ > Attn
RF. O 12dB X 2000 MHz BW 18dB 0-30dB
input ‘ other 10 2 dB cavity filter oth clg
1-12 GHz polarization| og qo oy Folarization ‘ a,
nextec—rf NBLO0396 -3 ééé
PS2-53-450/158 -
/ PS2-50-460-88 3-wire CTL
7127 -28000,/10000—8 /8 - g;g;?;r
8lma Microwave— o zone
dynamiecs 22.5 GHz channel
Hittite HMC—033 PLO—4000-22.5 | PLDRO
BPF
Luff Research to
TLSD57508250 /100K 6 dB +15 \ Alarm define
Wenzel LNDA3 120 500ma Nyquist
1DMszuffe1:r15 5.75— 825F1Hz 7127-14000 /5000—S /S 7812 zone
i, Synthesizer 11.56—16.5 GHz 0.3 L1 Minicircuits
{0 MHz *D_‘:J\ﬁ RlEi.Ile gfn‘ (Lu;f I~on l;;off) Astrodyne . . 0.3 3dB ZX6(ESO1BG
ref. IN ::; ; - .
] 111 s PP Marki ADA-04104 & 5 RS-50-15 < v
10 MHz 9341 L R
out. R.P. (1& ‘ ARE ulock Iﬁ E L +15
8 5| RS—232) R T ‘ Astrodyne
52 155, ¢ B B 110v ac RQ50C +6
ma R R line .
+5
TEMALE | 100 100
DB-9 [Py BB P10 B5 LE attnl 3_wire OTL to att b _3 +3
| —— P6 — wWire N O altenuator
USB USB to to PCJ?LPA‘, STAMP PZ LE atten® 110
- RS232  fom | 3 —1Pa, BSZpe Pi4 v ac
5T P15 ————— 225 GHz alarm IN5225B

button
control

(narmally closed%:/VL DISPLAY SLED C4

Simplified block diagram for connectorized
up/down converter for DBE

B. DBE (connection; input levels, setting gains)

1. Inputs to the DBE are:

Two IF inputs, each of bandwidth 0.512 GHz in the range 0.5 to 2.5 GHz.
Input power in the range -15 dBm to -10 dBm.

a.

il.

Notes: 1}

3

Luff needs min. of +5.2v
2] For 6 MHZ 1nput Wenzel doubler

receeds buf:
f5 to ADA- 0410A and HMC-033

run separately to avoid coupling
Luff 3rd. harmonic

4]

Reference frequency from the maser of 5 MHz or 10 MHz.
For 10 MHz reference frequency, J1 must be jumpered.
5 MHz level: 0 to 5 dBm.

1 pps (on the back)

max high input:

min high input:

max low input:
min low input:

S5V
2.3V

2V
-0.5V

Serial input from the Mk5B

Level: RS-232

Outputs from the DBE are:

11

Ferrite beads on these modules

aeer 13oct07?
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c. VLBI sources (rise and set are for interferometer pair)
Times are for Oct 29 (or 30) and get earlier by approximately 4 minutes per day.

name B1950 J2000 So.(Jy) rise(UT) set(UT)
3C84 0316+413 13 2218 1337
0552+398 0555+398 5 0105 1602
4C39.25 0923+392 0927+390 12 0440 1928
3C273 1226+023 1229+020 30 0953 1958
= 3C279 1253-05 1256-057 13 1046 1955
1921-293 1924-292 11 1908 0017
2134+004 2136+006 8 1903 0503
3C454.3 2251+15 2253+161 7 1931 0717
d. Schedule (DSM)
Start Stop Source name
UT UT (common or B1950)
1100 1850 3C279
1900 2000 3C273
2010 0450 2134+004
00500 1100 4C39.25

Scan lengths
10 minutes between start times.
Start each scan on even ten minutes.

10.Media needed

1. per hour data volume for Mk5B+ at 2 gbps
2e9 bit/sec * 3.6e3 sec/hour /8 bits/Byte= 0.9 TBytes per station per hour
2. Total data volume:
Mk5B+ (each station):
6 hour session: 6 times 0.9 TB for each stations =5.4 TB
Note sent to DRS and DLS (who will condition modules) 07/10/17.

11.Correlation

Correlation will be at Haystack.

Westford data will be duplicated so the full polarization correlation can be simulated by
doing XW1, YW,, XW,, YW, where X and Y are the two linear polarizations at GGAO and
W, and W, are the single Westford right circular polarization output, duplicated to match the
X and Y track assignments.

12.Analysis

How to process dual polarization data
Performance — antenna and recording equipment
GGAO
Westford
Differential phase
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13.Spreadsheet for testing power levels
Test other values of amp/atten

DLS 10/29/2007
modified by aen 07/11/05

BBDev_level.xis

RF Levels for X-band GGAO Westford BBDev Experiment

GGAO
fiber fiber coax
T(K) 50 50 50
Bandwidth (GHz) 12.000 0.500 0.500
LNA In (KTB) -81 -95 -95
LNA Gain 37 37 37
LNA Out -44 -58 -58
Amp Gain 12" 12 38
Amp Out -32 -46 -20
8ft coax (SF142) -6 -6/ -6
Short Coax Out -50 -52 -26
Fiber/coax Gain -6 -6 -19
Fiber Out -38 -52 -39
Amp Gain 0 0 0
UDC In -38 -52 -39
Maximum -22
UDC gain range 30 to 60 dB
UDC atten setting 20 21
UDC gain (60-atten) 40 39
UDC Out -12 0
Attenuator 0 0
DBE In (Spec -15 to -10 dBm) -12 0
DBE Input level must be set BEFORE connecting
DBE 'IF in' monitor (-15dB) -27 -15

<---for 1 MHz Video Resolution on scope --->

dBm
dB
dBm
aB
dBm
B
dBm
dB
dBm
dB
dBm
dBm

dB
dBm

dB
dBm

dBm

fiber
50
0.001
-122
37
-85
12"
-73
6
-79
6
-79
0
-79

30 to 60 dB

20
40
-39
0
-39

-54

UDC IF unfiltered output (has to be connected to external port on back)

UDC gain for this output: 29
UDC IF monitor out -23

15

29

dB

-10 dBm

29
-50

coax
50

0.001

-122
37
-85

21

39
-27
0
-27

-42

29

fiber coax
300 300
0.001 0.001
-114 -114
37 37
=77 =77
12" 38
-65 -39
-6 -6
-71 -45
-6 -19
-71 -58
0 0
-71 -58
30 to 60 dB
20 21
40 39
-31 -19
0 0
-31 -19
-46 -34
29 29
-42 -29
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