SRON
HiF

B7b Stability investigation

Hifi no.:
Inst.no.: n
Issue: Issue 2.0
Date: : 02-07-09

Category: .

Prepared by: Jacob W. Kooi

Christophe Christopher

David Teyssier
Date: 02 July 2009
Checked by: Date:
Agreed PA: Date:
Authorised by: Date:
Distribution:

HIFI ICC




SRON
HiF

B7b Stability investigation

Hifi no.:
Inst.no.: n
Issue: Issue 2.0
Date: : 02-07-09
Category: .

Document Change Record

Date Issue/Revision Change

01/7/2009 Draft 1.0
02/7/2009 Draft 2.0

First draft.
All, OH in particular




S RON B7b Stability investigation

i

Hifi no.:
Inst.no.: n
Issue: Issue 2.0
Date: : 02-07-09
Category: .

Table of Contents

1 INTRODUCTION 4
2 REFERENCES 6
2.1 APPLICABLE DIOCUMENTS......cceiiiiitiiiiee e e eeeitteeee e e e eeeeaaeeeeeeeeeetaaeaeeeeeeesasaeeeeeeeeesnssseeseseeesiarseseseeeensnrees 6
2.2 REFERENCE DOCUMENTS .....cittiiutittieeeeeeeeteeteeeeeeeeesaeeeeeeesseasassesseessssssssassseessssssssasssesessssssssseeesesssnssnees 6
3 TUNING PROBLEMS AT THE OH LINE (1834 GHZ) 7
3.1 OH LINE (1834 GHZ), M1=-6.90V = SLIGHTLY OVERPUMPED. ........c.ccceevieriereereereeresreereessereesseeesenens 7
32 OH LINE (1834 GHZ), M1=-7.15V = OVERPUMPED..........ccccverrerrerenreereereereeseessessessesseeseessessessessessessens 8
33 OH LINE (1834 GHZ), M1=-7.40V = OVERPUMPED........c..cceeeuteiteerieereeereeireeeseeeeeneeeseeereeeseeeseesseesseesees 8
34 OH LINE (1834 GHZ), M1=-7.65V > OVERPUMPED...........ccceeevtereerreireeireeireeteeeeeseeeseeeseeseesesssesssessens 9
3.5 OH LINE (1834 GHZ), M1=-7.90V = OVERPUMPED..........c.ccvevererreereereereereeneeeeseesesseeseessessessesessensens 9
4 C"LINE (1834 GHZ), M1=-7.63V > OVERPUMPED. 10
5 B7B MEASURED OH HRSFAST STABILITY 11
5.1 TOTAL POWER STABILITY ....cooetiuutrieieeeeeeiitteeeeeeeeeeeitaeeeeeeeeeeeaaeseseseeeesstssreseseesessssreseseesensssresesessenssrnnes 11
5.2 SPECTROSCOPIC STABILITY ..vveeeeeiieiurreeeeeeeeeiiitreeeeeeeeeeiisreeeeeeeeesisssseseeeeesisssseeeesessessssseseseessssssseseeeenins 12
6 B7B MEASURED C+ HRSFAST STABILITY 13
6.1 TOTAL POWER STABILITY ...ccooieuetieeeeeeeeeeieeeeeeeeeeeeessteeeeeeseesesssesseessessssasseeeeesssssssseeeesssessssseseeessssssnses 13
6.2 SPECTROSCOPIC STABILITY ..vvveeeeiiiiuteeeeeeeieeiiteeeeeeeseesiseeseseeseesissssseeessesssssessesssssmsssssssesssssmmsssseeesssanns 14
6.3 HRSFAST STABILITY PLOTS B7B, OH (1834 GHZ) ....eoeiiieiieeeeeeeeeeeet et 15
7 HRSFAST STABILITY PLOTS B7B, C+ (1897 GHZ) 20
8 CONCLUSION 25




SRON | B7b Stability investigation

SRV

Hifi no.:
Inst.no.: n
Issue: Issue 2.0
Date: : 02-07-09
Category: .

1 Introduction

To investigate the B7b stability problems at OH (1834 GHz) and CII (1897 GHz) we have
investigated the total power and spectroscopic stability as a function of M1 bias voltage. This
is part of Stage III of the overall stability investigation program (RDO1).

I
> 10 min
)
NO :

Fig. 1 Stage III of the outlined stability plan (RDO01)
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Obsid List (OH) M1 Bias Voltage (V) Date
1342179210 -6.90 2009-07-01
1342179211 -7.15
1342179212 -7.40
1342179213 -7.65
1342179214 -7.90

Table I. Obsid listing of the OH M1 parametric HRSfast stability measurement.

Obsid List (CII) M1 Bias Voltage (V) Date
1342179202 -7.50 2009-07-01
1342179203 -7.63
1342179204 -7.75
1342179205 -7.88
1342179206 -8.00

Table II. Obsid listing of the CII M1 parametric HRSfast stability measurement.
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2 References

2.1 Applicable Documents

2.2 Reference Documents

RDO1: Band7b_stability Campaign v1.0.pdf

Date: 23/06/2009 Issue 1.0
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3  Tuning Problems at the OH line (1834 GHz)

As reported by David, and also visible in the HRSfast OH scans (section 6) we find that the B7b HEB mixer was
overpumped on all, but the very first M1 setting (-6.90V). To investigate the cause we had a closer look at the
amplifier housekeeping. It is evident that there is significant drift in the Power Amplifier current (not stable) for
about ~50-120s after Vd2 is turned on. Thus the initial tuning was correct, but we quickly drifted out of the HEB
operating range for OH. For C+ we also see a PA current drift, however not as sever as for OH. Thus we were a
bit fortunate to get the C+ data.

The algorithm for the 5x5 vector scan has now been updated (CUS) with the plan to have a 50 minute
stabilization prior to the 5x5 parametric scans. Since we are not changing frequency during the 5x5 OH and C+
parametric scans, the power amps will be left turned on, thus avoiding the PA warm-up problem/settling time.
This updated algorithm should also provide much better TP stability measurements,

It should be noted that during normal operation, the power amplifiers will remain ‘on’, except for a very short

time scale (seconds) when there is a LO-retune. Thus the presented PA stabilization problem should not effect
routine observations.

3.1 OH line (1834 GHz), M1=-6.90V -> slightly overpumped.

7b at 1834 GHz
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Fig. 1. At t=100s there is a LO-tune. The amplifier Vd2 (green), Id1(red) and Id2(brown) turn on. Especially
noticeable there is an exponential decay in 1d2 from t=100s-150s. At t=103s Imix is ~40uA (goal), but then drifts
up to ~25-35uA over the course of about 30s. This is just within the acceptable operating range of the HEB
mixer. Dark Blue is H. Note In Figs 1-5 Vd2 increases slightly, indicative that the multiplier efficiency reduces
with increasingly negative M1 bias voltage.
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3.2 OH line (1834 GHz), M1=-7.15V = Overpumped.

7b at 1834 GHz
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Fig. 2. At t=100s there is a LO-tune. The amplifier Vd2 (green), Id1(red) and Id2(brown) turn on. Especially
noticeable there is an exponential decay in Id2 from t=100s-150s. At t=103s Imix is ~40uA (goal), but then drifts
up to ~20-30uA over the course of about 30s. Dark Blue is H.

3.3 OH line (1834 GHz), M1=-7.40V - Overpumped.

7b at 1834 GHz
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Fig. 3. At t=100s there is a LO-tune. The amplifier Vd2 (green), Id1(red) and Id2(brown) turn on. Especially
noticeable there is an exponential decay in 1d2 from t=100s-150s. At t=103s Imix is ~40uA (goal), but then drifts
up to ~20-30uA over the course of about 30s. Dark Blue is H. V is slightly overpumped.
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3.4 OH line (1834 GHz), M1=-7.65V = Overpumped.

7b at 1834 GHz
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Fig. 4. At t=100s there is a LO-tune. The amplifier Vd2 (green), 1d1(red) and Id2(brown) turn on. Especially
noticeable there is an exponential decay in 1d2 from t=100s-150s. At t=103s Imix is ~40uA (goal), but then drifts
up to ~20-30uA over the course of about 30s. Dark Blue is H. V is slightly overpumped.

3.5 OH line (1834 GHz), M1=-7.90V = Overpumped.

7b at 1834 GHz
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Fig. 5. At t=100s there is a LO-tune. The amplifier Vd2 (green), Id1(red) and Id2(brown) turn on. Especially
noticeable there is an exponential decay in 1d2 from t=100s-150s. At t=103s Imix is ~40uA (goal), but then drifts
up to ~20-30uA over the course of about 30s. Dark Blue is H. V is slightly overpumped.
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4 C'line (1834 GHz), M1=-7.63V = Overpumped.

7b at 1896 GHz
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Fig. 6. At t=100s there is a LO-tune. The amplifier Vd2 (green), Id1(red) and Id2(brown) turn on. The decay of
1d2 is less noticeable then in OH, however there is a large decay for ~500s in Id1. From the above data it
appears, and this would make sense, that 1d2 is more representative of what happens to the multiplier output
power. The drift in Imix is noticeable smaller then at OH. Thus we are quite sensitive to how well the last PA is
thermally stabalized. at. Dark Blue is H. Note that Vd2 > then for the OH (The multiplier chain is less efficient.)
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Fig. 7. Tsys for OH and C". The decrease in sensitivity is due to the PA warming up, and not representative of
what a properly tuned system. The gradual increase in Tsys will add to the increase in stability in Section 5.0
The data will need to be re-measured to be sure of what effect a decrease in M1 has. (5x5 param matrix test).
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S B7b Measured OH HRSfast Stability

5.1 Total Power Stability
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Fig. 8 HRS-V Total Power stability of OH (1834 GHz). Optimal bias is at -7.9V, with a stability improvement
of 3s = 9s. Noise fluctuation BW = 0.81 MHz. Channel bandwidth=250KHz. Note that there is a significant
reduction in excess noise. The understanding is that spurious response is squelched by going more negative on
the M1 multiplier bias. Result may be confused with the increase in Tsys (Overpumped mixer).
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Fig. 9 HRS-V Total Power stability of OH (1834 GHz). Optimal bias is at -7.9V, with a stability improvement
of 3s 29s. Noise fluctuation BW = 0.81 MHz. Channel bandwidth=250 KHz. Result may be confused with the

increase in Tsys (Overpumped mixer).
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5.2 Spectroscopic Stability

10° T

M1=-7.15V

T IIIIII|
-~

111111

10(.

M1=-6.90V
\/ M1=7.40V
~M1=-7.65V

Spectroscopic Allan variance

107 —M1=-7.9Y
10" 1 1 IIIIII| 1 1 IIIIII| 1 1 IIIIII| 1 1 L1111l
107 1 10° 10° 10°
lag [s]
@—=® Full HES-V, ObslD: 179210 @—@ Full HES-V, ObslD: 179211
Full HES-V, ObslD: 178212 Full HES-V, ObslD: 179213

Full HES-V, ObslD: 175214

Fig. 10. HRS-V Spectroscopic stability of OH (1834 GHz) Optimal bias is at -7.9V, with a stability
improvement of 15s = 50s. Noise fluctuation BW = 0.81 MHz. Channel bandwidth=250 KHz. Result may be

confused with the increase in Tsys (Overpumped mixer).
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Fig. 11. HRS-H Spectroscopic stability of OH (1834 GHz). Optimal bias is at -7.9V, with a stability
improvement of 15s = 50s. Noise fluctuation BW = 0.81 MHz. Channel bandwidth=250 KHz. Result may be

confused with the increase in Tsys (Overpumped mixer).
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6

6.1

Total power Allan variance

B7b Measured C+ HRSfast Stability

Total Power Stability
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Fig.12 HRS-V Total Power stability of C+ (1897 GHz). Optimal bias maybe around -7.75V.

Total power Allan variance

Fig.13 HRS-H Total Power stability of C+ (1897 GHz). Optimal bias maybe around -7.75V. Total power
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stability < 0.33s.

Both the V and H responses are incredibly close, which say something about the HRS quality and the common

excess LO noise on both mixers. There is noticeable LO drift which may explain part of this behaviour.
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6.2 Spectroscopic Stability
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Fig. 14. HRS-V Spectroscopic stability of C+ (1897 GHz) Optimal bias is at -7.75V, with a stability
improvement of 12s = 20s. Noise fluctuation BW = 0.81 MHz. Channel bandwidth=250 KHz.
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Fig. 15. HRS-V Spectroscopic stability of C+ (1897 GHz) Optimal bias is at -7.9V, with a stability
improvement of 12s = 20s. Noise fluctuation BW = 0.81 MHz. Channel bandwidth=250 KHz.
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S RON B7b Stability investigation

6.3 HRSfast Stability Plots B7b, OH (1834 GHz)
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Fig.16 B7B, OH, M1=-6.90V. There is significant LO drift effecting the TP stability. Mixer is slightly
overpumped (section 3).
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Fig.17 B7B, OH, M1=-7.15V. There is significant LO drift effecting the TP stability. Mixer is overpumped

(section 3).
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There is significant LO drift effecting the TP stability. Mixer is overpumped
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Fig. 19 B7B, OH, M1=-7.65V. There is significant LO drift affecting the TP stability. The mixer is overpumped
(section 3).
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Fig. 20 B7B, OH, M1=-7.90V.
(section 3).
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There is significant LO drift effecting the TP stability. The mixer is overpumped
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Fig. 21 B7B, C+, M1=-7.50V. There is significant LO drift effecting the TP stability.
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Fig. 22 B7B, C+, M1=-7.63V. There is significant LO drift effecting the TP stability.
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Fig. 23 B7B, C+, M1=-7.75V. There is significant LO drift effecting the TP stability. Also the mixer bias
appears to have been a bit unsettled for the first 100s. ?? Analyses may need to be re-run from 100-650s.
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Fig. 24 B7B, C+, M1=-7.88V. There is significant LO drift effecting the TP stability.
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Fig. 25 B7B, C+, M1=-8.0V. There is significant LO drift effecting the TP stability.
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Conclusion

e The OH stability results suffers from being overpumped due to PA amplifier thermal

drifting This occurs when Vd1, Vd2 are turned on over a period of up to ~ 2min.

e (C+ seems to have benefited a factor ~1.7, still having a relatively poor overall stability
performance. Further investigation is clearly called for (The 5x5 matrix, Stages 5-6) of
the parametric stability optimization test plan (RDO1).

e A new CUS has been prepared for the 5x5 parametric matrix scans. This takes into

account a 50min LO warmup (B7b), and will at each frequency let Vd2 be at it’s

operating state. The goal is to achieve a proper Lo pump level and thermally stable LO

environment.

e For both OH, C" the discussed M1 measurement will be repeated as part of the mre
global M1 x M2 parametric scan.
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