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Why we test 1/f noise?

* Planck mission (ESA): Low Frequency Instrument (LFI)

* To map spatial anisotropy in the Cosmic Microwave
Background (CMB)

= Data with low 1/f noise to achieve scientific objectives

» Pseudo-correlation radiometers (to cancel 1/f noise)
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Planck-LFIl integration

Three Back End Modules at 44 GHz
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Two Back End Modules at 30 GHz

r 3

o ¥ g
_z__ ;. Radionet

SEVENTH FRAMEWORK

WIS DD RadioNet-FP7, 5th Engineering Forum Workshop (Cagliari, 12-13 May 2011) _ PROGRAMME "4 A

DE CANTABRIA




Planck receivers (LFl + HFI)
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Planck-LFIl radiometer scheme

Front - End Module (FEM) R?me:d Back - End Module (BEM)
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1/f noise limitations in Planck-LFlI

= Planck satellite rotation (scan): 1 rom = 0.0166 Hz = 1,

= Post-detection knee frequency f, < fg;, (should be)

= For f, > i, = mitigate 1/f effects by “destriping and map
making algorithms”

= Small residual knee frequency (of ~ 0.1 Hz)
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1/f noise limitations in Planck-LFlI

Strategies to mitigate 1/f noise:

« Gain modulation (r factor applied in software) compensates different
temperatures of the reference load (4 K) and sky ( 2.7 K):

T +T

r:]-z:+Ti: :> Vout=A (]—;ky_l_]—;ys_r(Tref_l_T;ys))zO

» Fast phase switching (f,, ~ 4 kHz) reduces the impact of 1/f fluctuations
of BEM amplifiers (f,, >> f.gem):

Jipen << 4 kHz
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Example: Planck 44 GHz BEM 1/f noise results

ATVQ-00
Load | > 2| [ %{ ‘ > X / N\ %v
LNA BPF LNA BPF Detector DC AMP
Output spectra for RF
relative input powers to the
detector:
0 dB (bottom)
2 5.4 dB
% :Z mﬁwm‘m.MW“MMWW"WWf***"-- 8.2 dB
:104 MM‘ MM\I{WM«.WM‘wwlw..-u i 15dB (tOp)
N f gen increases slightly
frgenm ~ 80 Hz << 4 kHz

Frequency (Hz)
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Noise levels and test equipment

= Thermal noise spectral density (T, =290 K; B =1 Hz)
S =kT,B=4x10"" (Watt/Hz)=-174 (dBm/Hz)

» Signal Analyzer (HP 89410A) noise floor:
typical ~ -165 dBm/Hz at 1kHz

» Lock In Amplifier (SR 830) typical input noise:

6 nV/NHz at1kHz
Input impedance: 10 MQ = Noise floor = -204 dBm/Hz at 1 kHz
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Conversion between units

Noise voltage spectral density v, (V/ VHZ)

Noise power spectral density S, (dBm/ Hz)

n

V2
S, (dBm/Hz)=10 Iog[ R” j+ 30

Example:

v, =6 (nV/JHz) S =-204.4 (dBm/ Hz)
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Testing 1/f Noise with a Lock-In Amplifier

High sensitivity tests = Large time constant (t) = Large waiting and
average times = typical ~ 9 hours for 55 freq. (0.1 to 100 Hz): 550 samples
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Noise floor of Lock-ln Amplifier system

Noise Floor of Lock In Amplifier SR830

-150

160 A

170 VA

-180 A

-190 A

-200 \VV

'210 I I I
0,1 1,0 10,0 100,0 1000,0
Frequency (Hz)

Power density (dBm/Hz)

Input load: Short (R, = 0); © =300 ms; slope = 12 dB/oct; sensitivity = 1 uV
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Testing noise with the Lock-In Amplifier
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Noise testing with Signal Analyzers
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1/f noise contribution of radiometer subsystems

= DC amplifier
» Schottky diode detector (zero bias)
* LNA (Back End Module at RT)

* LNA cryogenic (Front End Module)

Cold : Warm
|
|
180° 180° |
|
> | A
|
Sky Q I To
|
G
¢2 T
Ref. > :
Load Hybrid LNA spaiiﬁ Hybrid || LNA BPF Detector DCAMP
|
Front - End Module (FEM) | Back - End Module (BEM)
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DC amplifier (in BEM QUIJOTE-1 radiometer)

Bandwidth: 26 to 36 GHz

Input 1 *
— BEM ] | B DC
X IN 0° X+Y
Cable 3
BEM-RF 1 Cable 1 avie DC Detector P
Y X-Y -
1SO 180°
— BEM — _| 180° hybrid =< V2
Input 2
Cable 2 Cable 4 :
BEM-RF 2 DC Detector DG Amde|ff-(2)

Output voltages are differential signals
to meet EMC requirements and grounding integrity

Voltage balanced gain = 580
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DC amplifier scheme

OPA228 determines the 1/f noise Caz
(Z,,=50.6 kQ;Z ., <1Q; Gpe = 580) , ,
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From OPA228 data sheet

INPUT VOLTAGE AND CURRENT NOISE
SPECTRAL DENSITY ve FREQUENCY
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Comparison OPA228 — Test with Lock-In Amp.

Input noise voltage (nV/(Hz)"?)

en (nV/(Hz)'?)

O - N W H 0100 N
|
%/‘

1,00 100,00
Frequency (Hz)

—&— Noise OPA228 Data Sheet —m— Measured Noise
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DC amp Noise tests with Signal Analyzer HP-89410A

dBm/Hz

DC-Amp noise
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Complete BEM 1/f noise tests (QUIJOTE-1: 26-36 GHz)

Vdiff+(1)
Input 1 * . Vi
— BEM — —| X - X+Y <
BEM-RF 1 Cable 1 . Cable 3 DC Detector DC Amdeiff-(1)
_I_ VRN Vdiff+(2)
BEM 180° hybrid * va
le 2 Cable 4 ‘
BEM-RF 2 DC Detector DG AmdeIff—(2)
=
X
LNA LNA BPF

QUIJOTE3®
@ DET-01
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Test set-up for BEM low frequency noise

POVER WR-28 50 ?

==

t WR-2850 ?

l C CurentDisplay , mA

RACK BEM30 GHzQUIJOTE 1

Vecbr Signal Analyzer

QUIJOTE-1 il
26-36 GHz

li®

—— Cc OO0
Shielded cable r ~
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Low frequency noise test with Signal Analyzer
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Low frequency noise in zero bias Schottky diode detector

Flicker and shot noise power spectral densities (A2/Hz):

Slf :kffL[f SlshOtzzq(IDC_l_ZIS)

loc = rectified DC forward current (proportional to RF power)
|5 = diode saturation current

g = electron charge

K:, &, b are fitting variables
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BEM (QUIJOTE-1) output noise
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BEM (QUIJOTE-1) output noise and noise floor
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Knee frequency estimation by straight lines
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FEM-cryo + BEM (QUIJOTE-1) output noise
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Planck radiometer 30 GHz (prototype)

0.00050
0.00045 -
Eo.oomo -
£0.00035 ;
£€0.00030 |
o
0.00025

0.00020 *J

0.00015 ; . .
0.1 1 10 100 1000
freq (Hz)

6.00E-05 : : .
5.00E-05 1 1
144.00E-05 1 ]
‘tg 3.00E-05 { ] Switched
> 2.00E-05 | l
” “H m fknee ~ 50 mHz
1.00E-05 1 |
| 0.1 1

0.00E+Q0
0.001 0.01

Unswitched

- 10 r A
freq (Hz) e
__—__ RadioNnet
UNIVERSIDAD RadioNet-FP7. 5th Endi : F Worksh Cagliari. 12-13 Mav 2011 SEVE;IJSG?:%%\EVDRK * b 4

DE CANTABRIA adioNet-FP7, 5th Engineering Forum Workshop (Cagliari, 12-13 May 2011) L y




1/f noise reduction in Planck radiometers
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Amplitude Spectral Densities of unswitched and differenced data streams.

Reduction by 3 orders of magnitude of the 1/f knee frequency.
(A. Menella et al., 2010, A&A, 520, A5) A
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Conclusions

* 1/f noise degrades the quality of measured data.

= Cryogenic HEMT amplifiers (gain and noise temperature
fluctuations) are the major source of 1/f noise.

= Pseudo-correlation differential radiometers can reduce
the 1/f knee frequency by 3 orders of magnitude.
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