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1. Receiver Designs

Direct Detection Filterbank (DDFB) receiver architectures are implemented for RPG
radiometers operating at frequency bands < 110 GHz. A direct detection system omits any
mixers or local oscillators and performs all reception steps like amplification, filtering and
detection at the signal band. This offers a number of advantageous like higher sensitivity, pure
passive detection without leakage of LO power and / or RFI with other instruments and the
elimination of RFI (Radio Frequency Interference) at IF frequencies where strong external
signal sources can be present like radio transmitters, mobile phone transmitters etc. The
filterbank design presents a fully parallel channel detection with 100% duty cycle and
therefore optimum integration time use.

For calibration purposes these systems are equipped with a full internal auto-calibration input
stage comprising a switched noise source for gain stabilisation that is coupled to the active
receiver input and a low loss magnetically operated Dicke Switch that serves as a reference
target at ambient temperature for the compensation of system noise temperature drifts. Both
auto-calibrating standards are continuously operated while the radiometer is measuring on the
scene position and does not require to scan external calibration targets.
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RPG’s K- and V-band receiver layout as direct detection filterbanks.

A high thermal receiver stability is achieved by a two stage stabilisation stage that stabilizes
the receivers to better than 30 mK over the full operating temperature range. The receiver
packages are well thermally insulated to allow for this hogh stability.
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Example of a 183 GHz Water Vapour radiometer layout including a switched noise source

for auto-calibration.
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The concept of Dicke switched radiometers has been developped 1946 but its realisation at
mm-wave frequencies is quite demanding. RPG has developped noise sources up to 200 GHz
with sufficient ouput power (ENR=14 dB) to calibrate a radiometer efficiently. At very high
frequencies > 150 GHz a ambient temperature Dicke switch can be replaced by a quasioptic
target combined with a switching mirror assuming that the receivers are extremely well
thermally stabilized without rapid fluctuations of their system noise temperatures.

Compact V-band DDFB receiver including feedhorn, noise injection, Dicke switch, LNAs,
7-way power splitter, detector section, video amplifiers and 16 bit ADC section. The system
is realised all in waveguide technology to avoid SMA connectors that would reduce the
system stability.
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6 channel 183 GHz water vapour radiometer including noise source for auto-calibration.
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Auto-calibration timing scheme. Noise adding is performed 10 times as often as Dicke switch
activation.

Thermal insulation plus two stage thermal control system stabilizes the receiver
temperatures to better than 30 mK.
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Example of RPG’s full W-band (75-110 GHz) Dicke Switch with 0.7 dBtransmission loss.

2. Long Term Receiver Stability

A good indication of the thermal receiver stability is the thermal detector voltage drift as a
function of time. The test conditions are:

e Receiver input is ‘looking’ into the ambient temperature target.
e Test duration: 50000 seconds
¢ No gain calibrations during the test. Free running receivers.

The receivers are running without any calibration for a long time period (50000 seconds) and
the detector output voltages should not drift more than 50 mV during this period. A 10 mV
detector voltage difference roughly corresponds to a brightness temperature difference of 3 K.
During a measurement this receiver drift is compensated by the relative gain calibration.
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3. Effect of Noise Switching

In this test the channel voltages are monitored with the Dicke switches turned ON, so that
each receiver is terminated by a constant target temperature. The receivers are operated with
only the noise switching (gain calibration) active. Drifts of system noise temperature are not
calibrated in this test.
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These results show that most of the drifts displayed in section 2 are due to gain drifts that are
removed by the noise switching technique. The remaining drifts are caused by slight changes
in system noise temperature. At V-band and at 90 GHz the 1/f noise is significantly removed
by the noise switching (at K-band). These receivers are both based on InP MMICs which are

known to generate higher 1/f noise compared to GaAs based amplifiers.

4. Allan Variance of Channel Voltages

It is interesting to estimate the receiver stability for the noise switching calibration without
using the Dicke switch like for the measurements in section 3. In the following some

examples of Allan Variance stability is calculated from the data shown in section 3.
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# Alavar 5.2 : C:\R1Channel2.DAT
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i 2 L 128 3.8611598e-85  3_7489786e-85 3.984B471e-85 2_8342325e-85 |4
I Fised Slope = |.0.50 256 3.0877358e-05  2.962948e-05 3.2297339e-65  2.3588006e-05 |
_ 512 2_8076102e-85 2_6506564e-05 2.9951869e-05 2_25380861e-05
Remove Points : 1824 2_8348989e-85 2_6171681e-85 3.1178287e-85 2.3687391e-85
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[ Fiomthe End 8192 7.5869219e-85  6.874541e—85 888010897732  B_1B49526e-85
h
[V Showtheline & < >
'You can Fit Now | *=The computation of the 3 ALLAM STD DEVs lasted 0.219 seconds

Allan Variance of the 23.04 GHz K-band channel for single noise switching calibration
(gain drifts only). The stability is close to 500 seconds.
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Allan Variance of the 51.26 GHz V-band channel for single noise switching calibration
(gain drifts only). The stability is close to 150 seconds.
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Allan Variance of the 15.3 GHz Ku-band channel for single noise switching calibration
(gain drifts only). The stability is close to 250 seconds.
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Allan Variance of the 90.0 GHz W-band channel for single noise switching calibration
(gain drifts only). The stability is close to 250 seconds.
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Allan Variance results for single noise switching calibration (gain drifts only).
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Power spectrum and Allan Variance for the 51.26 GHz channel without and with noise
switching. Without noise switching the slope of the power spectrum is much higher
compared to the situation with noise switching indicating strong 1/f components.
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5. Allan Variance of Calibrated Brightness Temperatures

After an absolute calibration (hot / cold) the radiometers are capable of measuring brightness
temperatures. It is then possible to perform measurements with the full noise / Dicke
switching auto-calibration system. In the following, measurement results are presented with
the receivers pointing to an ambient temperature target. The target temperature is accurately
monitored and stored in a housekeeping data file to be subtracted from the brightness
temperatures for Allan Variance analysis. Both, noise switching and Dicke switching are

activated.
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o

22.24 GHz brightness temperature measurement on ambient target and target temperature,

both monitored over a 6 hour period.
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Allan Variance of 23.04 GHz channel with full internal calibration using noise switching
and Dicke switching. The stability becomes better than 2000 seconds.
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Flat power spectrum of 23.04 GHz channel with full internal calibration using noise
switching and Dicke switching.
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File Edit Help
FEE @S Bile e,
PreProcess
I Muliply by c = 1.00 Alavar 5.2
[~ AddaConstanta=  [oo0 Allan 5TD DEV : :?Eu
r R Dt —L Lower Bound
Smave Sutsts i T Upper Bound
[ Frequency Domain i
[}] PreProcess 04.L- ]
Process
™ Phase to Frequency
o(r)
[ Compute Felative Sigma
Tau() Confidence
1.00 0683
W ADEY @
0.01-+ 1
[~ MDEV @ '
- TDEY @ ; i : R ;
1000
[~ HDEVY @
Moise Type T
v Eror Bar white: Fi - Produced by AlaVsr 5.2
iedlinelie [ 8.038337396 8.037248883 8.039536774 8.829512297 ~
I Fired Slope = {.0.50 128 0. 034652611 0.033273743 0.63621832 0.027415671
256 0.020781744 0.028142063 883174579 8.022503044
Remove Points : 512 0.022161985 0026429652 0024265624 0.016572265
B gt - 1024 0016257446 0.014579848 0.01868868 0.012072565
[0 Fiomth begiring b Fi 2048 0.013649295 0.011742818 8.616939645 0.0699328648
[ Fromthe Erd 4096 0.009385636 0.0876198776 0.013484937 0.0070211251
hd
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Allan Variance of 52.28 GHz channel with full internal calibration using noise switching
and Dicke switching. The stability becomes better than 4000 seconds.
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RPG Radiometer Stability
PG

2 Alavar 5.2 : C:\DOCS\ATROP\Allan (Full Cal)\Allan52.28.DAT

Eile Edit Help

& [l S il &,

FreProcess
™ Multiply by ¢ = [roo AlaVar 5.2
[~ Add a Constant a= W . PSD of Dala

[~ Remove Outliers

@ Fisgierey Daran j; hl L“ i*“lllillhﬂ """ 5‘: """" :T """""

[¥] PreProcess ' 1
Iy TSPt VL ARSI | AV 1 u h
: , 0l r . AL uu Tl |II m “
Y I 1 h'lll‘ i i .:;iﬂhu i Ih.L
Process : : 4 ' I
[~ Phase to Frequency é <15 : NN |
[ Compute Relative Siama D"ga 16
- a7
Tau(0) Confidence
1.00 0683 184
18
[V &DEV @
=20+
[ MDEV @ X Process 21
[ TDEY & -
I HDEY @ 15 5 = s e T ) 2 1
Moise Type log(FiFs)
[ Emor Bar White FM - Produced by AlaVar 5.2
Fit with a Line
I” Fired Slope = |.0.50 File [C:%DOCS\ATROPYAllan (Full Cal)\Allan52.28_DAT]
. contains 1 column{s) of length 23995
Remerve Points - The mean value of Data = B.369893
. Power Spectrum Density of the data is fitting to a S(f) = F°(-0.26) low.
[0 Fromthe beging = The spectrum is close to a :
’1_ Fram the End White FH
[v Show the Line L ]

PreProcess is Over ! You can Start The STD Computation by pressing Process !

Flat power spectrum of 52.28 GHz channel with full internal calibration using noise
switching and Dicke switching.

Channel ADev @ 1sec | ADev@ 10 | ADev @ 100 ADev @
[GHZ] sec sec 1000 sec
22.24 0.151 0.053 0.0226 0.0099
23.04 0.150 0.055 0.0230 0.0098
23.84 0.144 0.044 0.0228 0.0100
25.44 0.169 0.052 0.0266 0.0107
26.24 0.180 0.053 0.0272 0.0099
27.84 0.177 0.052 0.0273 0.0111
31.40 0.215 0.070 0.0351 0.0157
51.26 0.222 0.073 0.0372 0.0161
52.28 0.227 0.078 0.0347 0.0163
53.86 0.233 0.078 0.0358 0.0203
54.94 0.259 0.082 0.0393 0.0154
56.66 0.196 0.067 0.0353 0.0155
57.30 0.177 0.060 0.0357 0.0137
58.00 0.178 0.063 0.0437 0.0158
15.30 0.250 0.085 0.0613 0.0273
90.00 0.244 0.083 0.0646 0.0366

Allan Variance results for full noise switching + Dicke switching calibration.

-18-



RPG Radiometer Stability

The concept also works for higher frequency bands like 150 GHz and 183 GHz:

)| Ble Edt Heln

EECIEGEIEEIEER

PreFroces
I~ Multiply by ¢ =

[~ Add & Constant a =
I~ Remave Outliers

¥ Frequency Domaire

o
oo

PreProcess

~Procss
[~ Phase to Frequency

™ Compute Relative Sigma

Tau(d) Corfidence
i 1.00 [oeea
¥ ADEY @
v MDEV @ R Process
~ TDEY @
p
| | HDEY &
| Noise Type
I~ EnorBar IWh.te FHd vl
~Fit with 3 Lin
I™ Fired Slope = [.050

Remove Paints

IT From the End

¥ Show the Line

’ |n From the begining

£ Fit

Alavar 5.2
PSD of Data

Ad\iﬂ. ‘m

Log(PSD)
B

1‘
U I ”I |IH|F|[|I‘

‘”I I'II Il HjllI

-5
log(FiFs)

Procuced by Alaliar 5.2

|

[T
128
256
512

1824
2848
4896

8.833720883
8.824476422
8.816866261
8.813203488
B.8898545841
B.8882781267
B.8868861031

8.832711786
8.8234581687
8.815896187
8.081216 0884
8.88879448088
8.887866977
8.8848938523

-834829458
-825639908
-01806386 06
- 014569939
-81142897 4
a.81841155
B.889818631

6.823463049
6.8172913146
6.812265228
8.8894913322
8.8873887813
8.88575889085
B.8846354784

]

.

Yo can Fit Mo |

‘*”‘ The computation of the 3 ALLAN STD DEVs lasted 0,203 seconds

?J Ele Edt Help

EEH S ElR NS,

[~ PreFroces:
[~ Multiply by & =

[ &dd 5 Constant a =

o
o

[~ Remawe Outliers

[~ Frequency Domain

[¥] PreProcess

Proces:
I~ Phase to Frequency

I~ Compute Relative Sigma

Tauld] Confidence
i 1.00 IEI 683
¥ ADEV @
[~ MDEV @ X Process
™ TDEY @
1
J | T HDEY @

MNoige Type

IFlicker Fid VI

o(7)

AlaVar 5.2
Allan STD DEV

B ADEY
—L Lower Bound

" Upper Bound

Froduced by Alaliar 5.2

—Fit with a Lirn

[~ Fived Slope = [1050 [ 0.033720883 0.032617924 0.03404370 0.023468040 B
128 0_A24476422 n_0233628 0_025766810 B.017291316
| | Remove Foinis 256 0.016866261 0.015803656 0_018176524 0.012265228
) B 512 0.013203488 8.01205789 0._014754052 0.0894913322
[0 Fromthe begining & Fit 1624 0.0098545841 0.0886810267 0.011682633 0.0673807813
F Bt 2048 0_BBB27 01267 0. ABAY278623 n_010899758 A_ABS75AR965
e En 4096 0.0060861031 0.084762171 0.089990014 0.084635478L

I~ Show the Line [ ] | | AIj

4 »
iou can Fit Mow | ‘*”‘ The computation of the 3 ALLAN STD DEVs lasted 0,219 secands

| [ ]

Power spectrum and Allan variance plot for an auto-calibrated 150 GHz radiometer.
Stabilities of 4000 seconds can be achieved.
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Alavar 5.2 : C:\DOCs\MATROPMAllan (Full Cal)\Allan186.DAT

File Edit Help
FPEH QS 2R e,
FreProcess
™ Muliply by ¢ = [too AlaVar 5.2
[~ Add aConstant = [0.00 Allan STD DEV —& ADEY

~&- HDEY
—L Lower Bound

[ Remove Outliers : H : HE
g " Upper Bound

[ Frequency Domain

[*] PreProcess

Process
[~ Phase ta Frequency
[~ Compute Relative Siama O(T)
Tau(0) Confidence
1.00 0.683
v 4DEY @
[~ MDEY @
[~ TDEY @
[~ HDEY @ '
Moize Type =
[v Error Bar white FM - y
Prodyced by Alaliar 5.2
Fit with a Line
[ Fized Slope = |.0&0 al 0.842785063 8.04156134 8.844123586 8.834962523 ~
128 B.843732191 8. 841992835 B.8457088143 B.835663219
Remove Points : 256 8.836458929 8.034451625 A8.0838863321 8.826468119
o E12 B.821681165 B.019966727 8.823715777 B.8150888656
’U_ Fram the begining ¥ Fit 1824 8.815828769 8.014195406 A8.818195897 8.811548793
F F he Erd 2848 B.812881631 B.0811813553 0.8158870878 B.080908289437
I G2 R 4096 0.0086469297 0.80708201472 8.012423591 0.8058716826 3
W Showtheline —
¢ | >
‘fou can Fit Mow | ** The computation of the 3 ALLAN STD DEVs lasted 0,03 seconds

Allan variance plot for an auto-calibrated 183 GHz radiometer.
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