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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 µA 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. 
 
 
 



 

TEST REPORT 

Doc. no. : FPSS-xxxx 

Issue : 1 

Date : 11 September 2009 

Category :  

Page : 5 of 23 HIFI - CoP 
 

 

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. 
 
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 µa 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 µA 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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APPENDIX 1 – ALL TESTRESULTS. 

 
Band 1A Load Chop 
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Band 1A Sky Chop 
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Band 1B Load Chop 

30 40 50 60 70 80 90 100 110 120 130 140 150 160
0.535

0.536

0.537

0.538

0.539

0.54

0.541

0.542

0.543

0.544

0.545

2−

1−

0

1

2

3

4

5

6

7

8

IF-power H

IF-power V

Chopper H

Chopper V

IF-power and Chopper - unpumped

time (seconds

IF
-p

o
w

er
 (

au
)

C
h

o
p

p
er

 p
o

si
ti

o
n

 (
V

)

130 140 150 160 170 180 190 200 210 220 230 240 250 260
0.38

0.398

0.416

0.434

0.452

0.47

0.488

0.506

0.524

0.542

0.56

2−

1−

0

1

2

3

4

5

6

7

8

IF-power H

IF-power V

Chopper H

Chopper V

IF-power and Chopper - Pumped

time (seconds

IF
-p

o
w

er
 (

au
)

C
h

o
p

p
er

 p
o

si
ti

o
n

 (
V

)

30 40 50 60 70 80 90 100 110 120 130 140 150 160
1− 10

3−

×

8− 10
4−

×

6− 10
4−

×

4− 10
4−

×

2− 10
4−

×

0

2 10
4−

×

4 10
4−

×

6 10
4−

×

8 10
4−

×

1 10
3−

×

5.5

5.75

6

6.25

6.5

6.75

7

7.25

7.5

7.75

8

Mixer current H

Mixer current V

Chopper H

Chopper V

Mixer current and Chopper - unpumped

time (seconds

M
ix

er
 c

u
rr

en
t 

(m
A

)

C
h

o
p

p
er

 p
o

si
ti

o
n

 (
V

)

130 140 150 160 170 180 190 200 210 220 230 240 250 260
2− 10

3−

×

1.6− 10
3−

×

1.2− 10
3−

×

8− 10
4−

×

4− 10
4−

×

0

4 10
4−

×

8 10
4−

×

1.2 10
3−

×

1.6 10
3−

×

2 10
3−

×

2−

1−

0

1

2

3

4

5

6

7

8

Mixer current H

Mixer current V

Chopper H

Chopper V

Mixer current and Chopper - pumped

time (seconds

M
ix

er
 c

u
rr

en
t 

(m
A

)

C
h

o
p

p
er

 p
o

si
ti

o
n

 (
V

)

 



 

TEST REPORT 

Doc. no. : FPSS-xxxx 

Issue : 1 

Date : 11 September 2009 

Category :  

Page : 11 of 23 HIFI - CoP 
 

 

Band 1B Sky Chop 
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Band 2A Load Chop 
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