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Setup and Procedure:

Tests of the DBE firmware supporting 16MHz wide PFB channels were carried out. One of the
goals was to test the compatibility of the DBE 16MHz mode with a VLBA4 backend. The basic
setup is shown in Figure 1. The 1PPS signal, taken from the Haystack standards room, was of
poor quality and exhibited a lot of ringing. It was cleaned up using the Sample Clock/1 PPS
generation board in the DBE, and one of the outputs was sent to the VLBA4 rack. The station
5MHz was input to the VLBA4 rack and one output from the 5MHz distributor was sent to the
DBE. The VSI outputs from the DBE were connected to Mark5B+ units, and the VLBA4
recorded on a Mark5A.
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Flg 1: Test setup for VLBA4 - DBE compatibility with 16MHz channels.

The Noise Source setup is shown in Figure 2. The power levels presented to the DBE IF0 and
IF1 inputs were -13dBm as calculated from measurements of the bandpass on a spectrum
analyzer. Each bandpass was flat to within a few dB. The DBE 1024MHz sample clock is
synthesized from the input 5MHz, placing the input noise signal in the 2" Nyquist zone. The
frequency sequence and mapping of DBE channels to VLBA4 Base Band Converters is shown in
Figure 3. BBCO1 was set to 792.00MHz and BBC14 was set to 1000.00MHz. The Mark4
formatter sampled the LSB of each BBC to match the effective LSB of all the DBE channels.
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Figure 2: Setup for generating band limited noise for the DBE - VLBA4 test. Power levels
presented to the DBE inputs were -13dBm over the 480MHz band.
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Fig 3: Frequency setup for the DBE - VLBA4 test. The DBE sampled in the 2nd Nyquist zone,
resulting in an LSB conversion, so the Mark4 formatter was configured to sample the LSB of the
VLBA4 BBC's. Note that DBE channel 0 is bad due to aliasing.

The experiment was recorded with 2-bit sampling, and the VLBA4 rack used Automatic Gain
Control to optimize the state counts. The DBE had a single iBOB board, which was used to
process both copies of the input IF. Short recordings for each IF were made and corrections to
the DBE digital gains determined and applied to optimize the 2-bit state counts. Recordings
were made for ~40 seconds on all three recording systems with start times within about 3
seconds of each other. The data were processed on the Mark4 correlator. DBE(IF0) was given
the station name HHT, DBE(IF1) is HHT2, and the VLBA4 units is the PICOVEL station.

Results:

The basic results are given in the attached fringe plots (Figs 4-6 are auto correlations and Figs 7-
9 are cross correlations). A-priori, one would expect that the auto correlations would have
amplitudes very close to 10,000 and have zero phase. One would also expect that when the two
DBE channels are correlated against each other the amplitude would similarly be close to 10,000,
but with a delay offset due to unequal cable delays. We note here a few characteristics of the
fringe plots that contrast with these expectations, and which merit further investigation.

1. The HHT2-HHT2 auto correlation has rms phase variation between frequency channels of
0.9 degrees, which is much higher than one would expect given the snr=105331. This could
be due to varying state counts in each channel, but this is probably not likely given that the
sampler statistics appear to be set very close to their optimal levels.

2. All three auto correlations have non-zero phase (HHT-HHT=-1.3 degrees, HHT2-HHT2=6.4
degrees, PICO-PICO=1.7 degrees.
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. On the HHT-HHT2 cross correlation, the amplitude is ~8500, 15% less than the expected
10,000.

. On the HHT-HHT2 cross correlation, there also appears to be a dip in the phase across the full
bandpass. Channel 'a" is -136.7 degrees, while channel 'h' near the middle of the band is -
142.5 degrees, and at the far end of the band, channel 'n" is back up to -131.6 degrees. Such a
variation in phase could possibly be due to crosstalk between the two DBE IF DSP pipelines,
or crosstalk in the ADC board. This could be tested by repeating the experiment using
separate iBOB boards for each IF. Alternatively, at such high correlation coefficients,
quantization errors could cause errors in both amplitude and phase if not corrected for. Since
there is no fringe rate a fixed phase offset in a given frequency channel can result in a constant
loss due to quantization error.

. Part of the reason for the low HHT-HHT2 amplitude is due to the fact that 'fourfit' normalizes
auto and cross correlations differently. When the HHT station data is copied to another disk
module and HHT is correlated against HHT but in cross correlation mode, the amplitude is
also lower than expected (~9050). Figs 10-12 show this test in which the stations labeled
HHT and HHT2 are both actually copies of data from HHT (DBE IFO0).

. On the VLBAA4-DBE cross correlations there is a phase signature across the single bands that
results in an asymmetric single-band delay function. This is probably either due to VLBA
BBC filters, or a “bit-slip” type problem in the station units of the Mark4 correlator.

Next Experiments:

To investigate further, a few tests are planned:

Introduce an LO offset by slightly changing the frequency reference input to the two DBE's.
This can be done by sending 10MHz to one and 10MHz + 0.1Hz to the other. This will
produce a fringe rate that will average out the effects of quantization error.

2. The ‘fourfit' code will be examined to find the reason for non-zero phases and non-zero

delays for auto correlations.
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Fig 4 Autocorrelation of DBE IF0



Mk4 Fringe Plot

multiband delay {us)
a

NRAO150.szthru, 219-2015 rev, Il

HHT2 -EI-IUI-;TE, fgroup C, pol LL

-0.03 -0.02 —0.01 0.01 0.02 ) )
T T T T T T Fringe quality 92
SMA 105310
% r 1 PFD 0.0e+00
Intgtirme 39740
L=} g 2 Amp 10007858
=2+ HE2 =
=2 2 2 Phase &4
= = Sbhdelay {us)
EEL 18 £ D.002238
o + o Mbdelay {us)
o = -0.00000D
== {&  Fr. rate (Hz)
o B 0.000000
W\ Ref freq (MHz)
a L. 1 g o
— a1~ —3x107? —2x1p73 —1073 103 Zocip~3 3x107% heln 3 AP 2303??00233
dela rq,te {ns/s) ey O
e 8 g k5
T T T T = xp. Mrm-rm
2L ] - — Exper & 3194
L & " , 18 T vrday 2007.219
=2l ] 5 A = Start 201552.00
‘-E E 8 -unlu||||u||uuuuuuuuuuuuu--u-nl-u::gllll:"-l_O & Stop 201683200
E‘ = b E"ﬂ « FRT 201&12.00
o o 18 2 cor. date:
AN 7] i I O2007.219 220738
a L L T S S N T S S S SN SO S R ! Fourfit date:
—1 -nE§ o5 -15 —-10 -5 o7 200721922303
singleband delay {us) fvgd. Xpower Spectrum {MHZ) gaﬂﬁgéﬂnzgfr—_:%%%l
a9, 3
Amp. and Phase vs. time for each freq., 14 segs, 8 APs 7 seg (3.00s5ec / 3eq.), time ticks 5 sec +50°67'50 82"
-Q-C' IIGII Ilbll Ill:ll Ildll ”E.“ II.FII Ilgll Ilhll IIiII Iljll Ilkll II|II Ilmll III.III AII
(]
ESal T T T T T T T T T T T T T T T ne
=
Bl le
25 #
&
ot J | A " . i ] 1 4 12
b 1
=
o =
validity :
0000 A0 AL RIS RIS A QCOEO RSO ALA LRI A AR OO A ORI
: | (2L 10
Parity |§su1o}
. U
Bias L ||
[
Lewve| L ||
o f . = T - I8
E E- o e . ...-§| |
N N AT A I N AN AN Lk L | IO R ] AT AN L a0
2506770025075 00230409 00250425 00 2204 41 00220457, 00230475 00220459, 00 220505,00250521 00230837 DOZADESS 00 230566 00 220585.00 Freq (MHz) Al
&5 84 63 84 85 64 85 83 653 64 83 64 85 64 F hse 64
9gEEE  101SE 99250 10148 S9M1S 101144 99279 99EF.2 9EEEF 1017144 §9285 101123 9980 10NSZ Ampl 100078
65.2 €50 652 €5.0 €5.2 650 &5z e5.2 652 650 52 &5.0 5.2 €5.0 Sbad €51
L OO 0D MED oED OE0 0D HED oED OEQ 0D oED OVED B0 00 APs usad
11 -2000 - 200000 -2 D000 -2 0:-ED0E0 - SO0000 -2 G0 000; -2 D200 ; -200B000:- 2004 000 -2 00 000:-20 O 00 - 2000 0 2000 -2008'C fregs
1 EFEF  18@1EA 934G 1A 4242 ™M@ 154154 1318 D628 164164 1450143 124024 10 49:49 PG phase
11 00 00 a0 an 0D o0 a0 oD 00 a0 an WManl PG
ERE) o0 0:0 a:0 an 0D o:0 a:0 oD D o0 o0 an on PG amp
; GOL ciL czL caL caL CAL Cel G7L CEL caL GAL CEL oL coL Ghan ids
A2A% 0% 2B29 EF 2485 2BDR 20M 1819 1817 1415 1213 0n EE] 87 Tracks
; 6oL ciL CzL oL cdL CaL CelL cFL CEL caL CAL CEL oL coL Chan ids
azas 0™ ZBR9 ET 2425 2R 20n: 1819 1817 1418 1213 0n ES 67 Tracks
Group delay fused) -1.0040CEE0208E-07  Aprioni dalgy (usec) 1.7 72MTROEEN 2 Fesid mboslay (used) S10MDEED7  +-  22ED8
Spand delay [usec) 2Z30I2AMEQE  Aprion clock (uses) 0.0000DD0E+D0  Fesid shdelay (Lsec) 22WNEDE  +  SREDF
Phass delgy {usec) 7FRE0F1RG90E-06  Aprion clockrate (usds) 00000DDIE+00  Fiesid phas by {usec) FIHESEOE  +4 1 5EM
Dilay rate [uss) A1MMTROFE A Aprion rate (usks) 1.0587911 BA0FE1E Fesid rate (usiE) 412075614+ SFEAS
Totalphass [deg) 64  Aprioni acosl (usiss) 0000000000IE+D)  Resid phase [deg) 64+ 00
AMS  Thear, Amplitds 10007 556 +£ 0.035 Foalmode: MANUAL, MAMUAL
phiseq [dag) 00 0.0 Seamch [BAENE4) 9992 504 Proal iaie: 0.000E+00, O.000E+0D [usks)
amp'seq (4 an 0.0 IntErp. S A04 Bisfsample: 2 SampS ntlorm: enabled
phefrg [deq aa Q.0 Inc. 56, 3w, 10007549 Sample ratelMSampds): 32
ampdfrg (4 1) Q.0 Inz. frq. avg. 10007561 Data rate(Mbés): 298 ntags: €4

Control file: of_2194

Input fike: fdata1 221 @45219-201 5 _rendll. . szthru

Output file: Supp ressed by £st mode

Fig 5 Autocorrelation of DBE IF1
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Fig 6 Autocorrelation of VLBA4 recording.
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Spand delay [usec) 7.7U0CA0E29R6 E40D  Aprion clonk (Usec) F740000E+00  Fesid shdelay (Lsec) -4S8IACEDS  +-  SEEDF
Phass delgy {usec) TFATGORACEEOEF0D  Aprior chokrate (usk) O0000DDIE+00  Fiesid phas by {usec) T2AZAEDS  +- 1 EEM
Dilay rate [uss) 24TVZEDTIGSCE-10  Aprion rate (usks) 1.0587911 BA0FE1E Fesid rate (usiE) 2ATIZEEN0  +£  EEEA3
Totalphass [deg) 1729 Aprion acosl (usists) 0000000000IE+D)  Resid phase [deg) 08 +- 00
AMS  Thear Amplitde E7o D52 H- 0.0% Foalmode: MANUAL, MAMUAL
phiseq [Bag) 11 0.0 Seamch [BAENE4)  BEEZ B33 Proal iaie: 0.000E+00, O.000E+0D [usks)
amp'seq (4 28 0.0 IntErp. = e ] Bisfsample: 2 SampS ntlorm: enabled
phefrg [deq agn Q.0 Inc. 56, 3w, orze 5E7 Sample ratelMSampds): 32
ampdfrg (4 180 Q.0 Inz. frq. avg. Bz 054 Data rate(Mbés): 298 ntags: B2

Control file: of_2184  Input file: fdata1 21 94219-21 5_redPH. szthry Output file: S uppressed by test mode

Fig 7 Cross correlation VLBA4-IF0



Mk4 Fringe Plot NRAO150.szthru, 2192015 rev, PI

multiband delay (us) PICOVEL - HHTZ, fgroup C, pol LL
—0.03 —0.02 -0 v} 0.1 0.0z Q.03

T T T T T T Fringe quality @

8004d
84343

SMA M725.0
PFD 0.0e+00
Intgtirme 39428
Amp 8828939
Phase -143.
Sbdelay {us)
-0.00977
Mbdelay (us)
-0.021948
Fr. rate {Hz)
0.000076
Ref freq (MHZ)
2303770000
AP (sec) 0500

B000
S000

4000
amplitude

amplitude
4000

i
2000

a

[u}

— 4107 —3x107? —oxipmd —10~? o 1073 Buln™? 3x10™F 103
delay rate {ns/s)
T

=N T ™ ] = T T 12 Exp. mm-mkb
% B — Exper#t 3194
w2 @ -‘ e+, 18 T ¥rday 2007:219
Tal A = . 1 &
S B 3§ L X Start 201552.00
=gl ] =2 {e 7, Stop 201832.00
£F Eol @ FAT 20181200
s EL i S2[ 18 E cor date:
g T L I 22007219 220738
o= Y ! P C. ..ty 18 Fourfit date:
0.4 —0.2 o 0.z o4 -15 —1D -5 07 2007219222047
singleband delay (us Avgd. Xpower Spectrum {MHz) Pasition {J2000]
g ’ ) b P P 03hE9rn 29 74733
Amp. and Phase vs time for each freq., 14 3egs, 8 APs/ 3eg (.00 3ec f 3eg ), time ticks 5 sec +B0°67'B0 &2"
IIGII Ilbll IICII Ildll Ilell Ilfll Ilgll Ilhll IIiII IIJ'II Ilkll II|II Ilmll III_III AII .
« [T T T T T T T T T T T T T T T[T I
=L
A Jo
3*{: ) T
ST F 1B
T 1° 2
331 - | Jz°
i » _ -,
o =
U 1
Walidi
0O R L A RS LA R LS IR AR L LR
. P (=SU 1
Parity F 8
Bias Llil =N
U
Lewe| L F |
o E ..:|I'-..|. T o J 1 “
= = e . gy
i PP ] A LT A A T 1k AN il | N A 1 M A 1 NS N 1l | il |
220577 002 50795, 00230400 00230425 002304 41 0025045700 230473 DOZ0459.00 230505, 00230521 0D 230567 DOZE0ERE 00 230568.00250565.00Freq [MHz) Al
SIWF 1424 1415 12 -1435 1436 14553 468 42 473 1459 443 adD2 1360 Phase -14%0
FA504  BEFSS 105705 TFR461 108575 TA09.4 455 104047 F4EE4 107525 1023B0  FeR4S 99044  T4B42  Ampl  BR400
524 ik e =23 T2z 317 2.1 =27 8 oz =25 X 2.5 322 Stdbox @4

UL Q&0 OiED VED etse] [eli=ls] el HED O/ED EQ 00 O/Ed ED ez]e] &0 APs used
P 1000 =2 0000 Q0020000 00020000 O00: 2000 000 2000 HO0:-20001 000 -200000 Q002000 D00 -20000 GO0 -20000 O 00:-2000 00 0:-20000 000 =2 000 000:-2000PC freqs

F:1 15587 1H1153 14483 158411 -AdR R3] Baahd 13613 BhaE A5-ed 102143 BFazd4 EEn -40:45 PG phase
Pl 770 -142:0 1270 1Mo 121:0 A40:0 €30 1000 104:0 1260 1660 140 48:0 -197:0 Manl PG
Fil 00 af 00 e} Oﬂ o0 o a0 Oﬂ an a0 o0 Oﬂ an PG amp
P GOL GiL GaL 4L GAL Cel GFL CoL GAL CBL coL Ghan ids
2488 10,1214161&,20,22,2-’-‘26,28,93,335?9 11 1315,1]921 23,2&?,29,313(2,46,8 10,1214,1&823,222@623.9338,5?9 11,131 51 racks
| oL GaL GAL GoL Ghan ids
=253 30,31 23,29 2627 24.25 2223 20 21 18 1 9 16 1? 14,15 12 13 101 1 8,9 [ Tracks
Group delay [usec) FFER0SE0EE0 E+ 00 Foriarn delay [usac) 7 F4T09995887 E+00 Reaid mbdelay [used) -2VQMB4E02 4+ 2TFEDR
Stand debay fusec) T PRM22RE 04 B+ 00 Fprion clock fused) F.FA40000E+00 Resid sodelay [usec) -9¥YTISEE0S  +F  35EDF
Phase delgy [usec) FRATEGER IO E+ 0D Aprion clockrate [usE) 0.0000000 E+00 Resid phde by [usec) -1 72493606 +- 1 5EN
Delay rate [uss) 5.27999e5088FE-10 Fpriarn rate [usis) 1.058 7911 BMOFE1 & Resid rate [uskE) SE2TRO0E10 +E ESE3
Tomlphase [dem) 2.2 FAprior acoel (usias) 0 00000000000 E+00 Fesid phase [deqg) -1430 0+ ang
AMSE  Theor. Amplitude EE2E 979 H- 0.056 Pcal mode: MANUAL, MANUAL
ph¥seq [deg) 14 0.0 Search [258X64) EE07 502 Peal e 0.000E+00, 0.000E+00 fusis)
ampraeg () 27 0.0 InEp. ERET 502 Efsfzample: 2 SampS ntklorm: enabled
phefig fden’ 258 0.0 Inz. s60. awy. BB 330 Sample rate] MSampdsh: 32
ampdfro (¥ 157 0.0 Inz. frq. &g, OEe0 Q80 Data rate{Mbdés): B9 ntas: 52

Control file: of_ 5184 Input file: idata151 840219-201 5_eWPl.szthre Ouput fike: S uppressed by test mode

Fig8 Crosscorrelation of VLBA4-1F1



Mk4 Fringe Plot NRAO150.szthru, 219-2015 rev, HI

multiband delay (us] HHT - HHT2, fgroup C, pol LL
-0.03 -0.02 —0.01 o 0.01 0.02 0.03 ) )
§ T T T T T ™ § Fringe quality 92
3] @o
SMA 291654
o - PFD 0.0e+00
3 12 Intgtime 39740
L= T8 Amp 8496478
= - Phase -138
=3t 1£ 7 Sbdelay {us)
= + £ -0.003838
= o Mbdelay {us)
g 3 -0.005340
or 18  Fr. rate {Hz)
0.00000
W Ref freq (MH2)
a L 24 1 1 1 1 1 1 1 4 o=
-0 —Ex 0 2wt 10 o 103 21073 3x107% 41077 AP éagwooggg
delay rate (ne/e) - .
% — T T ] o[ 7 T T 2 Exp.  mm-mkb
2rF — Exper & 3194
Lgl { =" T e 18 T vrday 2007:219
SE 8L . “, = Start 201552.00
= § L d = T Stop 201832.00
E-cr E—D ¥ « FAT 201812.00
u§ = i o BF. 18 E con. date:
& . I a2007.219 220736
o S T : oLttt TV NI T L T& Fourdit date:
—0.4 —0.2 o 0.2 D4 -15 -1D -5 a1 2007219223002
singleband delay {us) fvgd. Xpower Spectrum {MHZ) gaﬂﬁgéﬂnzgfr—_:%%%l
m29. 3
Amp. and Phase vs. time for each freq., 14 segs, 8 APs 7 seg (3.00s5ec / 3eq.), time ticks 5 sec +50°67'50 82"
IIGII Ilbll Ill:ll Ildll ”E.“ II.FII Ilgll Ilhll IIiII Iljll Ilkll II|II Ilmll III.III AII
=]
+ I T T T T T T T T T T T T T T[T e
=L
™ -]
L =]
h=h v
=1 1o 8
2 3
314 ] ] ] ] ] ] | ] | | 1z
[
=t - .o -t o o . o o = 1=
o -
validity '
L L AL R O A ORS EE LERESLRA R AL A
; H (=L &
Parity i u1ol)
. ¥
Bias L H |
U
Lewve| H |
L
S R R e R S L D T B IRRCY S .. 8
= S I R T, ':'=-| Td ) el
E E - R 2 = 1 . s ) B N _§ HI
] 1 AT A T N il | Al Al | T s e I T P Y o It A
230577.00250595.00230409 DO 230425002304 410023045 7.00 23 0473 00230459, 00 2305050020521 . 00230557 H0Z30 555 00 230568, 00230535 anreq {Msz Al
S1%87 1% 1975 -1SBE 1402 1404 1421 1425 414 142€ 1408 1864 1389 181 1991
SHZ0  EFO0E  SME4S  EFOFF  EFE0S  SeSeF  EPS19 D750 B4069 54905 53855 52400 S29SA 3025? Anpl E507 B
2.5 527 =27 =27 527 327 w27 2.5 27 27 25 2.5 2.5 525 5k bax =28
UL DED OED OVED QED 0E0 0/E0 ED OFED OE0 00 OVED O¥ED QED 00 AFs used
Hil - -2000 - 200000 -2 0EED 00 -2005P00 0:- 20000 - 20062 000 -2 008 D00: 20 0200 0: 200000~ 200G 000 <2 00 D00 -20 IR0 00 :-20 (FE0D 0- 200KE000 ~Z00B'G freqs
Hi -11:87 54059 -1&9 B0 15242 9531 AFNS 43 1266 F1Aed S56-143 12524 571 -12149 PGphase
Hi 0D 00 0:0 00 00 00 o0 0:0 oD o0 0.0 0:0 oD o0 ManlFG
Hi 00 oo 0:0 o0 oo 00 o0 0.0 oD o0 0.0 0:0 oD oo PG amp
y GoL GiL czL GaL caL G5L GelL G7L cEL caL GAL CEL ool coL Ghan ids
S2E3 30%1 2829 2627 2425 2R2E A 1819 18)F 1415 1213 1011 Bg &7 Tracks
; 6oL GiL Gzl GaL caL GaL GelL G7L csL caL GAL GEL GoL coL Ghan ids
253 30%: 2529 2627 2425 2223 AR 1819 1807 1415 12153 1011 B3 &7 Tracks
Gralp delay (use) SIBRATENEE  Aprion delay Lsec) 1.FATEMTREE2 Resid mbdelay (used) -SSTREE03  +F  2EREDS
Stand delay [usec) G.ESFFESEGETEE-DS  Aprion chook (Usec) O.0000000E+00  Resid sbdetay (Lsec) -ZESFFIEDS  +F  S9EDF
Fhass delgy [ussc) -1.E7EEE09620E-06  Aprion clockrate (Ui 0.0000000E+00  FResid phdslsy fusech S1ETEEAEDE 4L 15EM
Delay rate (k) EATESABESTEIZ Aprion rate (usss) 1.0SE791 BA0FEA16 Flesid rate (usis) EATREE12  +F  EFES3
Towlphasse [deg) -156 Pprion acsel fusiafs) 000000000000 E+00 Resid phase [deq) -13900 0 +F an
AMS  Theor. Ampliude E496 426 +- 0.085 Fealmods: MANUAL, MANUAL
phiseg [dedy 00 00 3earch [B5EXE4)  BTI5700 Peal rate: 0.000E+D0, 0.000E+D k)
amp'seq (4 an 0.0 IntErp. E215 700 Bisfsample: 2 SampS ntlorm: enabled
phefrg [deq 20 Q.0 Inc. 56, 3w, B9 475 Sample ratelMSampds): 32
ampdfrg (4 28 Q.0 Inz. frq. avg. EROT Sbe Data rate(Mbés): 298 ntags: B2

Control file: of_2184  Input file: fdata1 21 940219-21 5_rewHIL.szthry Output fik: Suppressed by st mode

Fig 9 Crosscorrelation of DBE IFO - IF1



Mk4 Fringe Plot NRAO150_szujvf, 219-2015_true_auto, HH

multiband delay {us) HHT - HHT, fgroup C, pol LL
o] 0.03

-0.03 -0.02 -0.01 g.o1 0.02 ) )
T T T T T T Fringe quality 9
g g SNR 10447586
2 2 PFD 0.0e+00
Intg.time 39740
v e &2 Am 9022 373
w8 EERC] P -
EL % 3 Phase L
= = Sbdelay {us)
= % L g £ 0.001000
[= o Mbdelay {us)
-0.000002
Bl 1€ Fr orate (Hz)
= ol 0.000000
Ref freq {MHZz)
a L A 1 1 1 1 1 4 4. o
-4l a0 —zarp -1 o 1073 231073 3107 41077 AP éaeg?wﬁoggg
delay rgte (na/ss) a :
T T g T T T o Exp. mm-rmks
- i — EXper # 3194
L ™ 18 T Yrday 2007219
2 E 5 __ - T Start 201562.00
;E & E 8 . FER TR Y S .!!g.-l,:.. 4o o Stop 201632 00
E_g L N EL"’ P, a FART 201812.00
= % = 12 2 cor. date:
gl 7 i I azp07:2201 11506
a L | d 1l | 1 O T S T R ST SO SO T SO S o Foufit date:
—1 -5 ] 0.5 -15 -10 -5 o1 20072201 95353
singleband delay {us) Avgd. Xpower Spectrum {MHz) Position (J2000)
03h59m29. 74733
Armnp. and Phase vs. time for each freq., 14 segs, 8 APz seg (3.005ec f 32g.], time ticks & sec +50°57'50.1 62"
IIGII Ilbll IICII Ildll Ilell Ilfll Ilgll Ilhll IIiII Iljll Ilkll II|II Ilmll III_III AII -
T T T T T T T T T T T T T T ulil @
+
20 1=
L lf] =]
-
2% 0
== . . . . ] J . 1. J . o B
[EIF: e
E e
oh J | J N | J - ] J - s
b |
o
=1 =
Validity !
110010 DO SRR LD AL AL LD OO | |
: H {SL &
Parity H (=L a:;
. U
Bigs L H H
U
Level L H H
o f T T e ig
E E ] o 1 P _§H H
& b L d ’ . e T |-
| Al N Sl | 1l | alil il | | 1l 1 L 1) R i s PP | Ut
2R 0020 DOZA0406 OOZE0ADS 00250441 00250457 DOZR047E DOZA0ADG. 00 2005 002052 1 DOZR0RET DOZA0SES 00 230560 002055 00F req [MHz) Al
54 55 55 55 55 55 55 53 54 54 55 5.4 57 54 Fhase 55
1011EF 121 E SFAS  OFFA0 97734 7R 101210 9RPRE 99074 99235 9925%  9RA15  99B4@ 99227 Ampl 9qoz 4
&5.0 €50 &0 é5.0 &5.0 €50 ésa é5.2 &5z &5z &5z é5.2 ez &5.2 S box &5
UiL @0 0ED ovaD WED @0 om0 wED ED oE0 om0 ED WED oE0 om0 APs used
H:H - -2000 - 200000 -2 000 00:-20 00 0: -200KP000 - 200000 -2 00 000:-20 000 0 -200 E000 - 200000 -2 00X 000:-20 P00 200000 200CE000 -2008  freqs
HH -11:-11 S4-84 0 -1me-11e B0ED 152152 9585 1787 A4 128128 -F1-A1 BesRE 12525 57157 121121 PO phase
HH 00 an a0 a0 an an a:0 a0 an an a0 a0 an an Manl PG
HH 00 an a0 a0 an an a0 ag an a0 a0 a0 an a9 FG amp
y coL ciL coL caL caL cAL GeL c7L cBL caL AL CEL ool GhL Chan its
forde O ] SB28  2E2F 2438 BRER M 1819 1817 1415 1202 1911 ES &7 Tracks
y oL GIL gL far: 4L GhL GEL 7L caL gL AL GEL aoL cDL Ghan ids
Iz 505 2828 2627 2428 2@ N 1819 1817 415 1203 10 Ea &7 Tracks
Group debay [usec) 2 OPRCEETETORE-OE  Aprion delay fusech 1 FRATEMFROEE12 Resid mbdslay fused) -2O0FREOE-0E  +f ZAEDR
Shand delay fused) 1 SOOATTIA0MAE-DE  Aprior clock fussd) 0.0000000E+00  Resid sbdslay [usec) 1500BRE-0%  +f  BSEDF
Fhase delsy fusec) EE1419EI01M4E-08  Aprioni clockrate [usk) 0.00D0000E+00  Resid phaslay fusec) GEVADZEDE  +£ 13BN
Delay rate [usk) 3.FEO7AD0CATAE-1A  Apriori rate fusis) 10557911 B40FE1€ Resid rate (usia) AFFNSE14  +F  SFEI3
Towlphase (deg) 55 Aprioni sccel (usisE) 000OD00DOOODEHID  Fesid phase (deg) 55 +F oo
AMS  Thear. Amplitde 9922 573 H- 0.095 Feal mode: MANUAL, MAMUAL
phizeg (deg) OO 0.0 Search [(2E6XE4) 9811 35 Fealrat: 0.000E+00, 0.000E+00 [usi)
ampdsen [Fa) an 0.0 IntEp. 9611 368 Bisfsample: 2 SampC ntlorm: enabled
phifrq [dea) aa 0.0 Inz. s=0.aw. G BT Sample ratel M3amplsh: 32
ampdfrg [y 12 0.0 Inz. fro. . G B Data rate(Mbdé): 896 niaqs: &4

Gontral file: of 2194

Input file: fid=tat A 842192015 true_sutoHH.szuff  Output file: 5 upp ressed by test mode

Fig 10 Autocorrelation for DBE (IF0)
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Mk4 Fringe Plot NRAO150_szujvf, 219-2015_true_auto, Il

multiband delay {us) HHT2 - HHT2, fgroup C, pol LL
o] 0.03

—0.03 —0.02 —0.01 0.01 0.02

g . . : . —=  Fringe quality 2
SR 1063312
PFD 0.0e+00
Intg.time 39740
Lr Li
L0 2 Amp 10087806
2o o 3 Phase -11
—5_§ - 1 § = Sbdelay {us)
E £ -0.000384
[= o Mbdelay {us)
0.000000
Fr. rate {Hz)
-0.000000
Flef MHZ
a L 4 P I m 4 = Ergg;':l(?? 0[300
— e —axio? —zx1g? —1n il 1073 Bacin~3 I~ he1p? AP 0,500
delay rate (na/ss) fsec) O.
= T T T T T = Exp. mr-rmks
- — Exper # 164
L ™ 18 T Yrday 2007219
= 5 " T Start 201562.00
e E L 1 Z28 .. sty ] o Slop 201682.00
E‘ E‘ d w FRT 201&12.00
= St 12 2 cor. date:
i o I aR00T 2201 91508
a L i L i 1 O T S T R ST SO SO T SO S o Foufit date:
—1 -5 a o5 -15 -10 -5 o1 20072201 95M0
singleband delay {us) Avgd. Xpower Spectrum {MHz) Position (J2000)
03h59rmn29 74735
Armnp. and Phase vs. time for each freq., 14 segs, 8 APz seg (3.005ec f 32g.], time ticks & sec +50°57'50.1 62"
E IIGII Ilbll IICII Ildll Ilell Ilfll Ilgll Ilhll IIIII ”J“ Ilkll II|II Ilmll III_III AII -
T T T T T T T T T T T T T T T[T =
s
o+
2 Je
BAf i
Lal
L H]
=
= % - . i i i ] 4 Ny ] i i 1a ﬁ
£ =
oh 4 - 1 - - - o
— |
o
=1 =
validity !
110010 DO SRR LD AL AL LD OO | |
. | (2L 10
Parity i [su 10:}
. U
Bias L |1
U
Level L [
o f T T e is
E E “ 1 _§ 11
| Al N Sl | 1l | alil il | | 1l 1 L 1) R i s PP | Ut
2E0ATT 002 5AEE. D0 ZE04058 DOZR0ASE 002504 41 00250457 0250475 DO20456.00 250505 00 25052 1 DOZS0R5T D0ZR05RE 00 250580 00250505 00 Freq (MHz Al
-1.0 -1.1 -1.1 -11 -11 -11 -11 1.0 -11 10 -11 1.0 -11 -1 hase -11
1058 10BN 101050 101071 101100 101082 101074 100651 100BEE 100690 100888 10087E 100700 1006E1  Ampl 10087 R
65.0 850 &0 650 65.0 850 e5n0 L) &19 845 ) 615 ] 849 S box 650
AL /@D 0 /ED oED 0EQ 00 OED oED oE0 00 OED OUED oEQ 00 APs ussd
11 -2000 - 2008 000 -2 00D 00:-20 D00 0:-200{E000 - 2006000 =200 000:- 20 OE00 0:-200 000 - 200000 -2 00 000:-200E000: -20 000 200ENND -2008 C freqs
Il -11:-11 5484 -ne-1e B0iED 152152 9585 1787 A4 128128 -F1-A1 BesRE 12525 57157 121121 PO phase
I 00 an a0 00 00 o0 00 00 o0 o0 00 00 o0 o0 Manl PG
1 00 an a0 0:0 00 oD 00 00 o0 oD 00 0:0 o0 oD PG amp
| GoL GrL Gzl CaL c4L GaL Gel C7L cBL caL CAL CEL GolL oL Chan it
a2 0% 2579 28S2F 2485 2RER AR 1819 1817 1415 12E o1 L 87 Tracks
| GoL crL coL CaL c4L calL CeL C7L cEL caL CAL CEL oL coL Chan ids
azE 0% B2 2IZF 2425 2z R 1819 1837 1415 iz on ED 67 Tracks
Group delay (Lsec) 4 FOEEEETR0S0E-OF  Aprion oe gy [usec) 1 FRATERMTROEE1Z2  Fesid mbdslay (usec) ASGERSE-OF  +L 2 SEOB
Shand delay [usad) £EGIREZEDGIEE-04  Apriani slock (used) 0.00000D0E+00  Fesid sbdslay [uses) BEAOGREO4  +L SEEDF
Phase delsy (usec) S BEBEMZIRE-OE  Aprion clckate [uss) 0.00000D0E+00  Resid phoekay [usec) S1ZEERFEOE  +£ 15BN
Detay rate [usé) F.O0SGFO4TZZIENS  Aprioli 1ate [usiE) 10587011 B40FE16 Fesid rate (usi) -BEONEEES  +£ SEEAS
Tolphase [deg) -1.1 Apriar accel [usfaE) 0 00000000000 E+00 Fesid phase [deqg) -1+ oo
AMS  Thear. Amplides 10057606 +£ 0.095 Pealmods: MAMUAL, MAMUAL
phizeq (deg) 0D 0.0 Search (2E6Ne4)  10087.5680 Pealrate: 0.000E+00, 0.000E+00 [usiE)
ampdsen [Fa) an 0.0 IntEp. 10087 5593 Bisfsample: 2 SampC ntlorm: enabled
phifrq [dea) an 0.0 Inz. s=0.aw. 10087799 Sample ratel M3amplsh: 32
ampdfrg [y oz 0.0 Inz. fro. . 10087508 Data rate(Mbdé): 896 niaqs: &4

Gontral file: of 2194

Input file: fidatan A 842192015 true_suod|l. szupf  Output file: Suppressed by test mode

Fig 11: Auto correlation of DBE (1F0) using data copied to a separate file and renamed to

station HHT2.
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Mk4 Fringe Plot NRAO150_szujvf, 219-2015_true_auto, HI

multiband delay (us) HHT - HHTZ, fgroup C, pol LL
-0.03 -0.02 -0.01 o 0.01 0.02 0.03 ) )
T T T T T T Fringe quality 9
=a8 12
o 2 ShR 9541 0.1
PFD 0.0e +00
Intgtime 39740
5 L Amp 9051 344
B 3 Phase -00
S8t g2 Smelayo%%’ooo?
EZ = -0.
= o Mbdelay (us)
o o -0 000000
Sr 18  Fr rate (Hz}
0.000000
; £ . W W e e
a ) il =
— 41073 —3x 10 —zxg? —1n~3 1073 [T Ixin? g3 AP (sec) 0,500
delay rdte {ns/s) - '
o T T ©  Exp.  mm-mkS
s § [ . — Exper# 3194
LEg= &= - 182 g“rr:day 2007219
==y 3% ny Y o Start 201552.00
=g o R o T R AL o Slop 20163200
E—E i E— Y @ FRT 201&12.00
2L s 2, 182 2 corr date:
= I O p007 2201 M 506
a s ol v vy 18 Fourit date:
—0.4 -2 1] 0.2 0.4 -15 -10 -5 a1 20072201 9Ba07
singlebond delay {us) Avgd. Xpower Spectrum (MHZ) Paosition (J2000)
LANE9M29. 74735
Armnp. and Phase vs. time for each freq., 14 segs, 8 APs / seg (3.00 5ec f seg.], time ticks & sec +50°57'50.162"
“G” Ilbll “c” Ildll Ilell Ilfll II " Ilhll IIIII "J“ Ilkll II|II Ilmll III_III AII
(=]
T T Uil Ul T T Uil T T T T T Uil T ulil me
B
w 18
= ® ke - o - - o - -t o o - - (=
e &
DE - - o - - o - -t - - - - $
[m]
o =
Valkdity :
e T e T T
. =0 &
Parity It U10
u
Bias L H |
LJ
Leweal L H |
e T O I B is
E e " vl _ng
e -.l I ..l N sl | ol | 4 ..l il | Ll 1 .|- N I “1'""'.. |- M emnp s e "|"""'--|:T
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Fig 12: Auto correlation of DBE (1F0) but fooling the correlator into thinking it’s doing a cross-
correlation to see what the difference in normalization is.
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