National Radio Astronomy Observatory
| 180 Boxwood Estate Road
Charlottesville, VA 22903 USA

434.296.0211 Fax 434.296.0324 |\/| emoran d um

www.nrao.edu

To: File
From: John Effland, Dave Schmitt, and Mike Reynolds
Date: 2010-12-08

Revisions:  2010-12-03  jee Initial

2010-12-06 jee  Added cartridge gain (Figure 15), fine IF steps around spike (Figure 19 and
Figure 21) and Pol 1 mixer and LO turned off (Figure 22)

2010-12-07 jee  Remeasured with nominal fixed bias Figure 23 and Figure 24. Updated Figure
25 to show agreement between set points and optimal bias values. Removing
and reinstalling WCAs Figure 17 produced little change.

2010-12-08 jee  Added Figure 18, increased magnet current
Figure 20, stepped IF with fixed LO=262.8 GHz

Subiject: Spikes Found in LO Waveguide Integrity Data for Band 6 Cold Cartridges

1.0 Updates from Measurements, Wed 8 Dec 2010

Added Figure 18 showing partial LO WG integrity with increased magnet current from 25 mA to 45 mA. Figure 20 was
added to include the LO where the oscillations were observed using stepped IF with fixed LO=262.8 GHz.

2.0 Updates from Measurements, Tue 7 Dec 2010

LO WG integrity changed little after removing and reinstalling WCA 6.005, seen by comparing Figure 17 to the original
data in Figure 16.

LO WG integrity was measured with nominal fixed bias of V; = 8.5 mV and I; = 50 uA (Figure 23) and comparing this to
previous optimal bias measurements (Figure 14) shows that the peaks are likely still present, but now almost obscured by
suspiciously high noise regions in Pol 0 and have possibly changed frequencies in Pol 1. Preamp bias for this case
remains at Vpi 2 angs = 0.7V and Ipy 2 ang 3 = 3 MA which had eliminated oscillations in most cases. The bias current for
nominal fixed bias shows the expected constant I;, vs. frequency in Figure 24 while updated Figure 25 demonstrates that the
actual bias tracks closely the optimal V; and Ij; values measured in the mixer test system.

3.0 Updates from Measurements, Mon 6 Dec 2010

A plot of cartridge gain (Figure 15) for the measurements in Figure 14 shows a dip at 230 GHz corresponding to the weak
spike at that RF that was observed on the spectrum analyzer.

Fixing the LO and stepping the IF in 100 MHz steps shows spikes (Figure 19 and Figure 21) at the same IF (4.2 GHz). This
data should be compared to Figure 16 which shows the normal LO WG integrity data with 100 MHz LO steps.

Ensuring the LO pump power was actually turned off in Pol 1 and setting mixer bias to 15 mV for that polarization
produces the plots shown in Figure 22 which now show a stronger signal in Pol 0 than when the Pol 1 mixers were biased

normally (Figure 16).
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NRAO Band 6 Cartridge and B3/6 OMT Group

Work remains to confirm the algorithm for setting junction current and to check the repeatability when removing and
installing the WCA.

4.0 Text from Fri 3 Dec 2010

Recent LO waveguide integrity measurements for Band 6 cartridges show a number of spikes in the data, as summarized
below. Two different types of spikes are present, with one at a constant RF at 230 GHz in both sidebands, but the other at
a constant LO frequency clustered near 262 GHz in both sidebands.

Cartridges B6.030 and B6.037 exhibiting now-suspicious spikes as reported below have already been accepted or are in
the process of being accepted by the project.

Spikes found in Pol 1 LO WG integrity data for B6.042 (Figure 1) were drastically reduced, but not eliminated, when the
WCA was changed from WCAG6-033 to -050 (Figure 2) but returned again with the golden WCAG6-005 (Figure 3).
Changing the OMT appeared to reduce the higher frequency spikes significantly, as shown in Figure 4, but the 230 GHz
spike remained.

Spikes in B6.039 occurred after swapping the OMT, as shown in Figure 5 and Figure 6. The data in Figure 6 was repeated
as shown in Figure 7, and a new spike appears at 248 GHz. The OMT for this cartridge was again swapped, but Figure 8
shows the spikes are little changed, except at 248 GHz.

A new batch of overmoded waveguide showed spikes during VNA measurements in late summer, so LO WG integrity
frequency spacing was reduced from the nominal 100 MHz to 20 MHz to search for those spikes in B6.037. Figure 9
shows the same sharp spikes as found recently, but at that time the spikes were thought to not originate in the LO WG
because mixer pump currents show no spikes (Figure 10). Additional tests showed B6.037 missed optics specs, so the
entire optics system and mixers were replaced, and the spikes disappeared, as shown in Figure 11. Optics problems
continued, so the OMT was replaced for this cartridge and the LO WG integrity continued to show no spikes (Figure 12).

High noise in B6.038 (Figure 13) at the bottom of the band was thought to originate from WCAG6-004, and we approved it
based on that assumption, but notice the now-suspect spikes in Pol 1.

Spikes in B6.041, currently under test, occur in both polarizations (Figure 14) and repeat with different WCA’s (Figure 16)
measured just this morning. Mixer junction currents and power amp voltages show no spikes (Figure 25) but increased
noise power is present in both sidebands for Pol 1 (Figure 26), and the resulting Y-Factor shows a dip (Figure 27). No
spikes are seen in junction bias (Figure 28) nor power amp voltages (Figure 29) which likely means the LO WG chain is
okay. Reducing the drain currents to 3 mA didn’t change the amplitude of the spikes.

Spikes at the very bottom of the RF band for B6.030 (Figure 30) were thought to originate in WCA-004, since similar

spikes were observed on another cartridge. Also note how different that spike is from the others. However, the spikes at
the top end of the band for Pol 0 now seem similar to the others reported above.
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Figure 1: Cart 6.042, WCA 6.033, CTS-2
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Figure 2: Cart 6.042, WCA 6.050 (changed), CTS-2
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Figure 3: Cart 6.042, WCA 6.005 (changed), CTS-2
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Figure 4: Cart 6.042, WCA 6.005, OMT changed from 062 to 022, CTS-2
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Figure 5: Cart 6.039 prior to OMT swap (to fix Beam eff.), WCA 6.005, CTS-1
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Figure 6: Cart 6.039 after OMT swap, WCA 6.005, CTS-1
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Figure 7: Cart 6.039 repeat, WCA 6.005, CTS-1
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Figure 8: Cart 6.039, Replaced OMT 119 with 127, WCA 6.005, CTS-1
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NRAO Band 6 Cartridge and B3/6 OMT Group

Figure 9: Cart 6.037, check for spikes on OMWG, WCA 6.005, CTS-1
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NRAO

Band 6 Cartridge and B3/6 OMT Group

Figure 10: Cart 6.037, Junction Currents for Figure 9, WCA 6.005, CTS-1
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NRAO Band 6 Cartridge and B3/6 OMT Group

Figure 11: Cart 6.037, Replaced A-frame, mirrors, and both mixers, WCA 6.005, CTS-2
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NRAO Band 6 Cartridge and B3/6 OMT Group

Figure 12: Cart 6.037, Changed OMT, WCA 6.005, CTS-1
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NRAO Band 6 Cartridge and B3/6 OMT Group

Figure 13: Cart 6.038, WCA 6.004, CTS-2
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NRAO Band 6 Cartridge and B3/6 OMT Group

Figure 14: Cart 6.041, WCA 6.050, CTS-2
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NRAO Band 6 Cartridge and B3/6 OMT Group

Figure 15: Gain corresponding to Figure 14, Cart 6.041, WCA 6.005, CTS-2
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NRAO Band 6 Cartridge and B3/6 OMT Group

Figure 16: Cart 6.041, WCA 6.005, CTS-2
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NRAO Band 6 Cartridge and B3/6 OMT Group

Figure 17: Removed and reinstalled WCA 6.005, compared to Figure 16
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Band 6 Cartridge and B3/6 OMT Group

Figure 18: Magnet current increased from 25 to 45 mA, compared to Figure 17
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NRAO Band 6 Cartridge and B3/6 OMT Group

Figure 19: Fine IF steps, LO = 258.5 GHz, otherwise same configuration as Figure 16

_ . . id, : .
LS8 Cartridge Noise Temperature A - 0051 6.266
usB Polarization 0 BiasBox:  D3.027
e .Date:  2010-12-06 12:33:03
—— Specification LO = 258.5 GHz, IF stepped 4-12 GHz Sntmaevars: 281 2 ot
——Band Edges TestKey: 6839
140 (136K max allowed over 10% of band)
130 l
g 120 \
x 110 \ (
2 100
3 W ]
% 90 TrRx Specificaton (83K) ‘ 1T I )
g 80 T T —
3 LA DAY
70
o W\ Y
2 60 W
©
aé_ 50
o 40
fiag
'g 30
(=]
z 20
10
0 . : : : : :
205 215 225 235 245 255 265 275
Signal Frequency (GHz)
Data File: "\\cvfiler.nrao.edu\cv-cdl-sis\CartTstData\Cart6.041productionTSTdata\Cart6.041_LOWGintegrity_LO258.5GHz_|FfineSweep.xlsm" Sheet: "grphNTONTO"
J— . . Cartridge#:  6.041
Ls8 Cartridge Noise Temperature WCAWarmF: 6005/ 6.266
——USB Polarization 1 Bias Box: D3.027
Meas.Date:  2010-12-0612:33:03
—— Specification LO =258.5 GHz, IF stepped 4-12 GHz sff?\i,arf\fers; 261
Band Edges TestKey: 6839
140 9 (136K max allowed over 10% of band)
130 ‘\ (
120 ‘ ’
110 \ {
100 l ’
90 Trx SpeCifitatiom(83K) \ i j j
8" ]
. VT W
60

o \J \

7

40

Noise Temperature Corrected for IR (K)

30

20

10

0 T T T T T T

205 215 225 235 245 255 265 275
Signal Frequency (GHz)
DataFile: "\\cvfiler.nrao.edu\cv-cdl-sis\CartTstData\Cart6.041productionTSTdata\Cart6.041_LOWGintegrity_LO258.5GHz_IFfineSweep.xlsm" Sheet:"grphNT1NT1"

Last Saved: Tue 2011-02-01 12:58:00 Page 22 of 44



NRAO Band 6 Cartridge and B3/6 OMT Group

Figure 20: Fine IF steps, LO =262.8 GHz, otherwise same configuration as Figure 16
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Figure 21: Fine IF steps, LO = 258.8 GHz, otherwise same configuration as Figure 16
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NRAO Band 6 Cartridge and B3/6 OMT Group

Figure 22: Pol 1 mixer & LO turned off for same configuration as Figure 16
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NRAO Band 6 Cartridge and B3/6 OMT Group

Figure 23: B6.041 with nominal fixed mixer bias, compared to optimal bias in Figure 16 and Figure 14
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NRAO Band 6 Cartridge and B3/6 OMT Group

Figure 24: B6.041 with nominal bias, compared to optimal bias in Figure 25
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NRAO Band 6 Cartridge and B3/6 OMT Group

Figure 25: Cart 6.041, WCA 6.050, CTS-2, Junction Currents, Power Amp Volts
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NRAO

Band 6 Cartridge and B3/6 OMT Group

Figure 26: Cart 6.041, Pol 1, Noise Powers Near Spike (From 2010-12-02 09:12 Data)
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Figure 27: Cart 6.041, Pol 1, Y-Factors Near Spike (From 2010-12-02 09:12 Data)
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NRAO Band 6 Cartridge and B3/6 OMT Group

Figure 28: Cart 6.041, Pol 1, Junction Bias Near Spike (From 2010-12-02 09:12 Data)
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Figure 29: Cart 6.041, Pol 1, Power Amp Volts Near Spike (From 2010-12-02 09:12 Data)
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NRAO Band 6 Cartridge and B3/6 OMT Group

Figure 30: Cart 6.030, WCA 6.004, CTS-1
Spikes found, and later determined to be from WCA 6.004
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NRAO Band 6 Cartridge and B3/6 OMT Group

Figure 31: B6.044 Tr vs. RF, with OMT SN 125, Horn SN 331
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NRAO Band 6 Cartridge and B3/6 OMT Group

Figure 32: B6.044 Tr vs. LO Freq, with OMT SN 125, Horn SN 331
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NRAO Band 6 Cartridge and B3/6 OMT Group

Figure 33: B6.044 Tr vs. RF, with OMT SN 119, Horn SN 316
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Figure 34: B6.044 Tr vs. LO Freq, with OMT SN 119, Horn SN 316
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Figure 35: B6.044 Tr vs. RF, Id =3 mA, with OMT SN 119, Horn SN 316
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Figure 36: B6.044 Tr vs. LO, Id = 3 mA with OMT SN 119, Horn SN 316
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Figure 37: B6.044 Tr vs. RF, Id =3 mA with OMT SN 93, Horn SN 316
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Figure 38: B6.044 Tr vs. LO, Id =3 mA with OMT SN 93, Horn SN 316
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Figure 39: B6.044 Tr vs. RF, WCA 050, Id =3 mA with OMT SN 93, Horn SN 316
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Figure 40: B6.044 Tr vs. LO, WCA 050, Id =3 mA with OMT SN 93, Horn SN 316
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Figure 41: OMT SN 127 with Horn SN 336
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Figure 42: Tr vs RF for OMT SN 127 with Horn SN 336

—e—SB Cartridge Noise Temperature Cartridge#:  6.039
vse LO Stepped 100 }:AOA‘:‘erI;TE.g%g GHz (IF = 6 GHz) ‘é‘fgé(:’;’:afm " gé'(')ggé o
e— Specification pPp ! N Meas. Date: 2011-01-10 08:14:10
OMT s/n 127, Feed Horn s/n 336 Software Vers: 2.6.1
== Band Edges Test Key: 7084
140 (136K max allowed over 10% of band) Y
—— e—
130
g 120
@ 110
S 100
B
90
I3 Try Specification 256.7, 79.8
= 80
o
O 70
g
2 60 1
o
[}
L =0
=
) 40
'_
9 230
°©
zZ 20
10
0
205 215 225 235 245 255 265 275
Signal Frequency (GHz)
Data File: "\\cvfiler.nrao.edu\cv-cdl-sis\MeasSys\Software\Utils\Excel\CartCalcs\LO_StepWCA5.xIs" Sheet: "grphNTO Chart 1"
—e—1LSB Cartridge Noise Temperature \(fvfgtA{il/ﬂ%s#i v 66033516 )5
. . arm N B .
—e—USB Polarization 1 Bias Box: D3.028
e Specification LO Stepped 100 MHz, 211-265 GHz (IF = 6 GHz) Meas. Date: 2011-01-10 08:14:10
Band 4 OMT s/n 127, Feed Horn s/n 336 ioﬂt\N}?re \/7%@1 261
— esl ey:
140 and =dges (136K max allowed over 10% of band) v
—— —
130
120
110
3
x 100
S 9
2 Try Specification (83K)
ke
o 80
°©
@ 70
s
o
O 60
(]
et
3 50
©
=
O 40
Q.
% 30
'_
(]
@ 20
o
Z 10
0 T T T T T T
205 215 225 235 245 255 265 275

Signal Frequency (GHz)
Data File: "\\cvfiler.nrao.edu\cv-cdl-sis\MeasSys\Software\Utils\Excel\CartCalcs\LO_StepWCAS5.xIs" Sheet: "grphNT1 Chart 1"

Last Saved: Tue 2011-02-01 12:58:00 Page 43 of 44



NRAO

Band 6 Cartridge and B3/6 OMT Group

Cartf D45_BeamPatien_2202GHz

Cart.045_BeamPatiem_2202GHz

0Pol=0 Freq= 22020 GHz Peak=0.0 68 281 CoPl = 220.20 GHz Peak= 215 dB
Argles: Co-Pol= 1030 degs Scar=-1030degs ~Slep Sizes: H=0.38 lambda, V= 0.38 lambda ]
20
Contours (dBJ: 0 Contours (cB) 0
40 15 40
35 35
-30 -30
205 — 10 - 105 215 —— - 05
25 z 25 e
-22.5 2 225 x
© ©
'2‘; i s 08
i E E
-10 @ o
I 2 H
3 0e WE
g g
° °
8 3
408 408
-10
-50 -850
15 Y (degs)
-20
20 -5 10 5 0 5 0 15 2
X (degs)
Weasured Mon 20110131 164100 Plctied: Mon 2011-01-31 1730:30  SW Ver. 48 20100208 Measured: Mon 201101 SW Ver. 4.8 20100208
Novfiaricy-cdlsis|Cartridge| Optics!NS/\NearFioldDatai§280_2011-01-31T172831_FF bt leviiericy- wtridgelOptics\NS! \NearFieldDalal6281_2011-01 1811_FF bt
Cart 045_BeamPatter 220 2GHz Car 045_BeamPatiem_229 2GHz
Palem 6262 CoPoi=1 Freq 22820 GHz Peak= 0.1 B Pattem 6283 CoPoi= 1 Freq=229.20 GHz Peak= 17 3dB
Angles: Co-Pol= 130 degs Scan=-130 dags Step Sizes: H= 0.38 lambda, V= 0.38 lambda Angles: Co-Pol= 130 degs Scan=-103.0degs Step Sizes: H= 0 38 fambda, ambda
Contours (dBJ: 0 Contours (cB) 0
A0 40
35 35
30 30
205 —— | -105 2715 —— & -10&
25 z 25 e
-22.5 % 225 x
© ©
'2‘; g 08 4 s 08
A E E
-10 @ o
I & H
3 0e WE
g g
° °
8 3
408 408
50 50

X (degs)
Measured: Mon 2011-01-31 18:1607  Plotied: Mon 2011-01-31 19.05:41 r. 4.9 2010-02-08
Noviiaricy-calksisiCartridgelOptics!NS/\NearFieldDatai6282_2011-01-31T190429_FF bt

X (degs)

Measured: Mon 20110131 18.02:37 Plokted: Mon 201101-31 19.54:27  SW Ver, 4.9 2010.02.08
lvfiericy-cdsis\Cartridgel Opticst NS NearFeldDalal283_2011-01-31T195317_FF bt

Last Saved: Tue 2011-02-01 12:58:00

Page 44 of 44



	1.0 Updates from Measurements, Wed 8 Dec 2010
	2.0 Updates from Measurements, Tue 7 Dec 2010
	3.0 Updates from Measurements, Mon 6 Dec 2010
	4.0 Text from Fri 3 Dec 2010

