SRON

TEST REPORT
HIFI - CoP

Doc. no. : FPSS-xxxx

Issue 01
Date : 11 September 2009
Category :

Page :10f23

Title CoP - Direct Detection

Prepared by : W.M. Laauwen

Checked by

Agreed by

Authorised by :

Distribution

Date : 11 September 2009

Date

Date

Date




SRON

HIFI - CoP

TEST REPORT

Doc. no. : FPSS-xxxx

Issue 01
Date : 11 September 2009
Category :

Page :20f23

Document Change Record

Issue Date Changed Description of Change
Section

Draft 2 July 2009 All New Tech note

1.0 11 September 2009  All Upgrade to test report




a RON Doc. no. : FPSS-xxxx
, Issue 1

TEST REPORT Date : 11 September 2009
HIFI - CoP

Table of contents

1 SUMMARY AND CONCLUSIONS ......cooiiimmimmrsanrsssmsssmsss s s ssnsssss snssssss s sssssmsssssssssssssssssnsssnsnsssns sns suns 4
P 1 510 10 1L 00 1 0 5
R = = = U 6
4 RESULTS....ierirtmmmnms s s sss s s sss s sssmssams sunes ERROR! BOOKMARK NOT DEFINED.
LT 010 1[0 1S [0 8

APPENDIX 1 — ALL TESTRESULTS. ...ueiiimiimrasrsstmsstrssssssssssssssnsssssssssssssssssssssssssssss snsssnsssssss sns snsssassssnssmnas 9




a RON Doc. no. : FPSS-xxxx
, Issue 1

TEST REPORT Date : 11 September 2009
HIFI - CoP

1 SUMMARY AND CONCLUSIONS

Hardly any modulation was detected in the load chop and none in the sky chop. Standing-wave modulation
is highly dependent on LO-frequency so we might have made a bad choice in frequencies. Direct detection
however is independent of LO-frequency and this test therefore gives a good upper limit on the strength of
the direct detection: smaller than 0.1 pA in band 1H and undetectable in other bands. Direct detection can

thus be ignored in the calibration scheme.

All modulation seen in the TV-test must have been standing wave modulation in the LO-path. It was
significant at the 1-2 % level for band 1. Calibration of the standing wave modulation requires good
knowledge of the relation between IF-power and pump current.

Finally all SIS-mixers show some (direct-) detection in the un-pumped case when chopping between loads.
This is as expected and of no consequence in normal operation.
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2 INTRODUCTION

Chopper movement modulates the LO path-length and therefore the standing-wave pattern (between LO
and detector. As a result of this the pump-level can vary with chopper position leading to a systematic error
in the calibration. A different mechanism but with a similar signature is direct detection. In this case the
calibration source radiation pumps the mixer additional to the LO-signal. Again this leads to a systematic
error in the calibration.

The HRS-Fast can be used to look for direct detection and standing wave modulation. Both show up as a
modulation of the mixer current, synchronous with the chopper position. In TV we found substantial evidence
for this but we could not discriminate between the two. The COP test was designed to differentiate between
direct detection and standing wave modulation by using both load chop and sky chop. The load chop would
give the combination of the two just as in TV, but in the sky chop scheme the mixer looks at two equal load
temperatures on the sky so only standing- wave modulation can be detected. The difference between the
two would give an upper limit on the strength of the direct detection.
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3 TEST SETUP AND RESULTS

In the HRS-fast the IF-power and pump current are measured synchronous with the chopper position for a
few chopper cycles. Correlation between pump-current and chopper is determined by eye. There are not
enough chopper cycles measured to apply statistical correlation routines. The correlation is measured for all
LO-sub-bands (14), pumped and un-pumped mixer (x2) and load- and sky-chop (x2) resulting in 56
IF+chopper plots and 56 Ipump+chopper plots. The plots are grouped in sets of four representing one LO-
sub-band and one chop-mode. In figure 1 and 2 these groups are shown for LO-sub-band 1A and load chop
and sky chop respectively.
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Figure 1; LO subband 1A, Load chop.
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Figure 2; LO sub-band 1A, Sky chop.

— Mixer current H
— Mixer current V.
Chopper H
Chopper V

In the load chop plots there is clear detection in IF-power of the Hot and Cold load. With some imagination
there is some modulation of the mixer current visible in the pumped case (upper right) for the H-mixer (red).
In the sky chop no standing wave modulation is visible at all so all modulation can be ascribed to direct
detection. The modulation is smaller than 0.1 pa and falls well within the calibration budget. Band 1H is the
only band to show direct detection. All other bands show nothing, plots can be found in the appendix.

The un-pumped SIS-mixers all show some detection in IF-power (upper left plot, figure 1) this is expected

and of no consequence to the calibration. The un-pumped HEB’s are for stability reasons biased in a non
responsive regime.
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4 CONCLUSIONS

Hardly any modulation was detected in the load chop and none in the sky chop. Standing-wave
modulation is highly dependent on LO-frequency so we might have made a bad choice in
frequencies. Direct detection however is independent of LO-frequency and this test therefore gives
a good upper limit on the strength of the direct detection: smaller than 0.1 pA in band 1H and
undetectable in other bands. Direct detection can thus be ignored in the calibration scheme.

All modulation seen in the TV-test must have been standing wave modulation in the LO-path. It
was significant at the 1-2 % level for band 1. Calibration of the standing wave modulation requires
good knowledge of the relation between IF-power and pump current.

Finally all SIS-mixers show some (direct-) detection in the un-pumped case when chopping
between loads. This is as expected and of no consequence in normal operation.
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Band 1A Sky Chop
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Band 1B Sky Chop
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Band 2A Sky Chop
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