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summary of field tests conducted on 
November 14th and 15th

AERA #153 at Clais

distance Clais electronics dome <—> AERA antenna ~5 m

Clais
AERA #153

thanks to the many people 
contributing to these tests!

Pichi Penuea
Trak KT
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summary
present status,
still emission from UUB

desired situation to 
measure air showers

—> we need to identify 
the RFI source(s) on 
the UUB and try to put 
appropriate filters on 
the board
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UUB RFI measurements 
Nikhef 28 November 2018 

Hans Verkooijen 
Julian Rautenberg 
Jörg R. Hörandel

UUB on scanneranalyzer control/documentation
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scanner

analyzer

UUB on scanner
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120 MHz ADC clock

120 MHz ADC clock
clock visible - not ADCs itself

freq spec 110 - 130 MHz

image of UUB at 120 MHz
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195 kHz   —> 1.8 V + 3.3 V + 3.3 V + 10 V

294 kHz   —> 1.8 V + 3.3 V
787 kHz   —> 3.3 V

2*414 ~ 
826 kHz   —> 12 V PMT

523 kHz   —> 3.3 V

549 kHz   —> 12 V PMT

414 kHz   12 V PMT

2*195

freq spec 0.15 - 1 MHz  (3 kHz resolution)

688 kHz
12 V PMT
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195 kHz   1.8 V
(board shifted on scanner)

195 kHz   1.8 V195 kHz   3.3 V

UUB placed offset on scanner
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294 kHz   1.8 V

294 kHz   3.3 V
(board shifted on scanner)
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414 kHz   12 V PMT

414 kHz   12 V PMT off (in slow control)
—> quiet

vertical stripes are artifacts of scanner
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525 kHz   3.3 V

549 kHz   12 V PMT
gone when 12 V off in slow control
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688 kHz   12 V PMT

787 kHz   3.3 V
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826 kHz   12 V PMT
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195 kHz   —> 5.1 µs

294 kHz   —> 3.4 µs
787 kHz   —> 1.3 µs

2*414 ~ 
826 kHz   —> 1.2 µs

523 kHz   —> 1.9 µs

549 kHz   —> 1.8 µs

414 kHz   —> 2.4 µs

2*195

freq spec 0.15 - 1 MHz  (3 kHz resolution)

688 kHz
1.5 µs

corresponding      in time domain �t
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pulses sometimes come in pairs at regular intervals

3.5+-0.1 to  
4.0+-0.1us10-15 usUUBv2 (Nov 14 2018) Not always double peak

UUBv1 (Dec 4 2017) 10+-1 us

3.5+-0.1 to  
4.0+-0.1us10+-1 us10+-1 us

10-15 us

3.5+-0.1 to  
4.0+-0.1us

There is also some variation between individual traces regarding amount of double peaks 

time-domain analysis Clais (B Pont)
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measurement 
@ Clais

peaks seen in 
lab also seen 

@ Clais
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freq spec 2.0 - 2.2 MHz  (10 kHz resolution)

2.053 MHz —> 12 V PMT 2.074 MHz —> 12 V PMT

12 V PMT and 12 V radio are the 
same according to the drawings, 
we only see 12 V PMT
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2.053 MHz —> 12 V PMT

2.053 MHz
12 V radio OFF
12 V PMT OFF
—> clean
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2.070 MHz
12 V PMT

2.053 MHz
radio OFF, peak still there —> 12 V PMT
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we see noise sources on the board
120 MHz ADC clock
we see most of the DC/DC converters,  
in particular the 12 V PMT converter is strong

120 MHz ADC clock

1.8 V
294 kHz
195 KHz 

3.3 V
787 kHz
195 KHz 10 V

195 kHz

12 V PMT
2.07 MHz
2.05 MHz
414 kHz
549 kHz
826 kHz
688 kHz

3.3 V
523 kHz
195 kHz
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comments on UUB from radio group: 

1. Improve the noise performance of the DC/DC converters.  
Issue: All DC/DC converters on the board have an external coil. The coil is big and 
emits electromagnetic radiation.  
The EM radiation of converters with an internal coil is beneath a certain level 
according to a standard. We suggest (almost) all converters can be replaced with 
converters with an internal coil.  

2. Reduce the emitted noise from the DC/DC converters.  
Issue: A DC/DC converter produces switching noise on the in- and output. This has to 
be filtered. Otherwise the spiky supply voltages are on the power planes of the board 
and radiate noise.  
We suggest to place a common mode filter between the power inlet and the first 
converter. Place ferrite beads between the in- and output of every converter.  
 

3. The digital ground currents run through the analog frontend part and will lift the ground 
potential. This will sum up with the ADC input (PMT signal).  
Issue: No digital ground currents may flow through the ground in the analog part. Since there 
are components left and right from the analog part this will happen.  
We suggest to cut ground traces and planes around the frontend and connect the grounds in 
the neighborhood of the ADC. Another solution is to move all Ethernet electronics on the left 
side of the antenna inputs to the right side.  

4. The frontend filter will not work exactly as intended.  
Issue: The ground plane on the top layer and the layers beneath give parasitic capacitors to 
the filter components. This changes the filter schematic.  
We suggest to remove all layers under the frontend filter. This is the part between the two 
operational amplifiers.  

5. The performance of the FPGA is decreased by the bad decoupling.  
Issue: the decoupling of the FPGA could be improved. 
We suggest: The decouple ceramic capacitors must be connected close to the power pins of 
the FPGA. Now they are next to the FPGA.  

6. The performance of the FPGA is decreased by termination.  
Issue: All LVDS lines from the ADC’s to the FPGA are terminated with a 100 ohm resistor. Are 
the lines terminated inside the FPGA as well with 50 Ohms? This would decrease the voltage 
swing of the signals and increase the power consumption.  
We suggest to check if all 100 ohm resistors could be removed on the ADC output lines.  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Cat.No.C35E-2

Noise Suppression by 
EMIFIL®
Application Guide

Application ManualApplication Manual

Murata
Manufacturing Co., Ltd.

�Note • Please read rating and �CAUTION (for storage and operating, rating, soldering and mounting, handling) in this catalog to prevent smoking and/or burning, etc.
 • This catalog has only typical specifications. Therefore, please approve our product specifications or transact the approval sheet for product specifications before ordering.C35E.pdf September.5,2013
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�Note • Please read rating and �CAUTION (for storage and operating, rating, soldering and mounting, handling) in this catalog to prevent smoking and/or burning, etc.
 • This catalog has only typical specifications. Therefore, please approve our product specifications or transact the approval sheet for product specifications before ordering.C35E.pdf September.5,2013

Noise Suppression in LCD
The connection between the graphic controller and LCD 
driver contains many lines that switch on and off 
simultaneously. This switching creates instantaneous 
large current flows into the GND and power supply line. 
Therefore, it is necessary to suppress the current flow 
from the signal lines. The BLM series (Chip Ferrite 
Bead) is typically used for this purpose. On the clock 
line, especially at high operating speeds and high noise 
levels, a filter with high and steep attenuation is used, 
such as the NFW31S series (Chip EMIFIL® for signal 
lines).

Installing EMI filters on Interface Cable Ports
On the lines to the interface cable, three terminal 
capacitor the NFM21C series and Chip Ferrite Bead 
BLM series are generally installed in combination. In 
some cases, the EMIFIL® for signal lines is used. It is 
important to design the circuitry to minimize the high 
frequency impedance between the EMI filter's GND and 
the metal plate.

Installing EMI Filters on the DC Power Supply 
Input
Since noise is radiated from the DC power supply cable 
of the AC adapter, some noise suppression is necessary 
at input to DC power supply of personal computer. The 
DC power supply line contains both differential mode 
noise and common mode noise. Both mode noises need 
to be suppressed.
The GND and metal plate are first connected together. 
The NFM31K series (Chip EMIFIL®) and the BLM□□P 
series (Chip Ferrite Bead) are used for differential mode 
noise suppression. The DLW5BS/AH series (Chip 
Common Mode Choke Coil) is used for common mode 
noise suppression.

LVDS
Receiver

Graphic
Controller

Chip EMIFIL® for signal lines
NFW31SP207X1E4
(Cut-off frequency : 200MHz)

Chip Ferrite Bead
BLM18PG600SN1 (60Ω at 100MHz)

Chip Ferrite Bead
BLM18BD421SN1 (420Ω at 100MHz)

LCD Panel

To LCD driver

Clock
10Ω

Chip Ferrite Bead
BLM18AG601SN1 (600Ω at 100MHz)

Chip EMIFIL®

NFM21CC102R1H3 (1000pF)

PC Board

Metal Plate

Interface Cable

Chip EMIFIL®
NFM31KC104R1H3
 (0.1μF, Rated current : 6A)

Chip Common Mode Choke Coil
DLW5BSM351SQ2
(350Ω at 100MHz, Rated current : 2A)

Chip Ferrite Bead
BLM41PG600SN1
(60Ω at 100MHz, Rated current : 6A)

To AC adapter
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2 Example of Noise Suppression in Notebook PCs


