
 

 
 

 
 

 
 

 
 

 

     

BURST TESTS OF THE CONV-TTL-BLO 
BOARD PER IEC NORM 61000-4-4 

Abstract 

 

This document describes the purpose, setup and results of the electromagnetic 
compatibility tests performed on the CONV-TTL-BLO system, according to IEC norm 
61000-4-4, second edition (2004). 
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LIST OF ABBREVIATIONS 

DUT Device Under Test 

EFT/B Electrical Fast Transient/Burst 

EMC Electromagnetic Compatibility 

EUT Equipment Under Test 

FM Front Module 

RTM  Rear-Transition Module 

RTMM  Rear-Transition Module Motherboard 

RTMP Rear-Transition Module Piggyback 

TVS Transient-Voltage Suppressor 
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1 INTRODUCTION 
Since blocking signals going in and out of the CONV-TTL-BLO may run 
between buildings or simply out of protected areas from the perspective 
of electromagnetic compatibility (EMC), tests were run to probe the 
immunity of CONV-TTL-BLO systems [1][2] and give recommendations 
for its placement in a particular environment. 

The IEC 61000-4-4 standard is used in industry for EMC tests in 
industrial environments, such as that encountered at CERN. It defines 
electrical fast transient/burst (EFT/B) pulses that can be generated in 
industrial environments on switching of inductive loads. The standard 
defines: 

• the EFT/B test voltage waveform 

• range of test levels 

• test equipment 

• test setup 

• test procedure 

This document reports on the tests performed according to IEC norm 
61000-4-4, second edition (2004), describing the test setup, the various 
tests performed and concludes with recommendations on the 
environment in which the CONV-TTL-BLO system should be placed. 
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2 TEST EQUIPMENT AND SETUP 
The following equipment was used during testing: 

• Schaffner NSG3025 burst generator 

• CDN125 capacitive clamp 

• 4m x 0.84m copper foil ground plane with a thickness of 0.3 mm 

• 1U (two-slot) ELMA VME crate [3] 

• Two CONV-TTL-BLO front-module (FM) boards [2][4] in the ELMA 
crate: 

o One for generating TTL pulses to the DUT, gateware v15.15 

o One device-under-test (DUT), gateware v2.2 

• One CONV-TTL-BLO-RTM rear-transition module (RTM) [5] DUT 
placed in slot 1 at the rear side of the ELMA crate 

• A series of long and short coaxial 50 Ω LEMO 00 cables 

• Laptop computer for controlling the two boards in the ELMA crate 

• LeCroy WaveSurfer 44Xs oscilloscope 

Both FM and the RTM boards used during testing were prototype boards 
without an HC code. 

Figure 1 shows a simplified diagram of the test setup, with only the 
laptop missing from the figure. Burst pulses are generated from the 
Schaffner burst generator to the capacitive clamp, through which a long 
coaxial LEMO cable is passed. Both front modules and the RTM are 
placed in a single ELMA crate. Under the control of the laptop, TTL pulses 
are generated from the slot 2 CONV-TTL-BLO to the CONV-TTL-BLO in 
slot 1, which regenerates these pulses in blocking level to two distinct 
channels. One channel receives blocking pulses through the capacitive 
clamp, while the second directly. At the end of the test, the pulse 
counters of both FMs are read and checked to be equal. 

Figure 2 shows the complete test setup, with the equipment under test 
(EUT) placed on insulating wood plates 10cm above the ground, as 
specified in the standard. The capacitive clamp and test generator are 
placed close to the EUT, in fact closer than the standard specifies, due to 
space constraints on the available table. This greater proximity to the 
table should mean in practice that more severe interference affects the 
board during testing than the interference levels expected in the 
standard. 

The burst generator is connected to the clamp with a high voltage coaxial 
cable; the side of the clamp that is closer to the DUT’s channel which 
receives the blocking pulse through the clamp is used for this connection. 

Figure 3 and Figure 4 show two further aspects of the test setup to make 
it compliant to the standard. 
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Figure 1: Simplified diagram of test setup 

 
Figure 2: Picture of the test setup 

 
Figure 3: Grounding the burst generator 

 
Figure 4: Grounding the copper foil 
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3 BURST TEST WAVEFORM 
The standard defines several characteristics for bursts due to switching 
of inductive loads. Table 1 lists the levels in the standard and highlights 
the selected test level for the CONV-TTL-BLO and Figure 5 shows the 
burst test waveforms as per the standard. Both positive and negative 
burst pulses are compulsory during the test. 

The selected level is because the actual environment at CERN is 
uncertain, so the harshest level is assumed; if the board passes for the 
harshest level, it passes for all levels below. 

According to the standard, the selected level 4 corresponds to a severe 
industrial environment, characterized by: 

• no suppression of EFT/B in the power supply and control circuits 
which are switched only by relays and contactors 

• no separation of the industrial circuits belonging to the severe 
industrial environment from other circuits associated with 
environments of higher severity levels 

• no separation between power supply, control, signal and 
communication cables 

• use of multicore cables in common for control and signal lines 

A simple setup as shown in Figure 6 is used to measure the output pulse 
of the EFT/B generator using an oscilloscope. The setup is used to 
comply with the oscilloscope’s input voltage specifications. 
Measurements for 2kV and 4kV EFT/B pulses generated using the 
Schaffner NSG3025 are shown in Figure 7 and Figure 8. 

Table 1: IEC 61000-4-4 test levels 

Level Voltage peak 
(kV) 

Power lines 

Voltage peak 
(kV) 

I/O lines 

Repetition rate 
(kHz) 

1 ±0.5 ±0.25 100 

2 ±1 ±0.5 100 

3 ±2 ±1 100 

4  ±4 ±2 100 
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Figure 5: IEC 61000-4-4 burst test waveforms 
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Figure 6: Measuring the EFT/B pulse with an oscilloscope 

.  
Figure 7: Measurement of 2kV EFT/B pulse 

 
Figure 8: Measurement of 4kV EFT/B pulse 
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4 TEST PROCEDURE 
There were two CONV-TTL-BLO systems that needed testing. The 
difference between the two lies in the placement of the 100 nF capacitors 
used to solve the problem related to the common-impedance coupling 
interference. The two systems tested are as below: 

• One with the capacitors straddled on top of the TVS diodes on the 
RTM, corresponding to the RTMs on stock which are to be modified 

• One with capacitors placed on the RTM piggyback board directly, 
corresponding to a future V2 of the board 

In both cases, the same FM board was used. Table 2 lists the test 
procedure used for each of the systems. Both power line tests and cable 
tests are performed, to see if any of the two affects the CONV-TTL-BLO 
system. 

The purpose was to determine if any blocking pulses are generated as a 
result of burst pulses coming from the burst generator, and to see if such 
burst pulses can damage the capacitors or any other on-board 
components. A system passes the EFT test if all of the following are true 
for 5 tests of each type: 

• No blocking pulses are generated as a result of burst pulses 
• The CONV-TTL-BLO system is still able to generate pulses  
• The output capacitors on the RTM do not fail 

Table 2: Test procedure 

Step Details 
1  Configure the pulse generator for the required test level (2/4kV, 

positive or negative polarity), 100 kHz pulse frequency and 
coupling on the OUT channel 

2  Make a connection on the blocking side as shown for example in 
Figure 1  

3  Using the laptop, generate TTL pulses out of the pulse generator 
FM to the DUT FM for 70 seconds 

4  Generate burst pulses out of the EFT/B generator for 60 seconds  
5  Check that the same number of pulses that was generated out of 

the pulse generator FM was received on all DUT channels involved 
6  Check that the channel circuitry did not fail by running pulses 

again out of the pulse generator FM and checking the same 
number of pulses is received on all channels involved 

7  Check that the output capacitors did not break by measuring for 
interference using the oscilloscope 

8  Repeat the test 5 times using positive polarity and 5 times using 
negative polarity 

9  Run the level 4 tests with the power cable through the capacitive 
clamp (4kV, both positive and negative polarity) 

10  Should any test fail, repeat the test using a lower voltage level 
11  Repeat the test using a separate set of channels 
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5 TEST RESULTS 
After running the tests as specified in Table 2, several conclusions may 
be drawn: 

• the RTMs with the capacitors straddled on top of the TVS diodes 
are not immune to level 4 burst pulses 

• these RTMs are however immune to level 3 burst pulses 

• the RTMs with the capacitors mounted on the RTM piggyback are 
immune to level 4 burst pulses 

• in all of the cases, neither blocking pulse circuitry, nor the output 
capacitors were damaged 

• level 4 tests on the power line cannot be run reliably, since failures 
occur on the Ethernet communication on either the ELMA crate or 
the laptop used to communicate to it 

The first conclusion is likely because, due to the fact the capacitors are 
placed on the RTM motherboard inside the crate, the burst pulse currents 
which couple on the shield of the coaxial cable are able to penetrate the 
crate and create sufficient change in voltage on the ground connection to 
be interpreted as a pulse by the FPGA, which then generates a pulse on 
the output.  

When the capacitors are placed close to the rear panel on the RTM 
piggyback, the pulse currents coupled on the shield are kept outside the 
crate, and this does not result in significant voltage change on the 
ground plane to generate blocking pulses at the output. 

Table 3 summarizes the tests performed and their results. Log files 
following the testing may be found in DFS, at the following path: 

dfs/Users/t/tstana/Documents/conv-ttl-blo/iec-61000-4-4/ 
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Table 3: Test results 

System Test 
level 

Voltage 
peak 
(kV) 

Repetition 
rate (kHz) 

Duration 
(sec) 

# times 
test 

repeated 

Result 

Capacitors 
on RTMM 

Level 4 
+2 100 60 5 

Pulses on 
channel with 
input from 
capacitive 
clamp 

-2 100 60 1 No error 

Level 3 
+1 100 60 10* No error 

-1 100 60 10* No error 

Capacitors 
on RTMP Level 4 

+2 100 60 10* No error 

-2 100 60 10* No error 

Power line Level 4 

+4 100 60 1 
Ethernet 
connection 
failure 

-4 100 60 1 
Ethernet 
connection 
failure 

* 5 of the tests run with different channel connnections 
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6 CONCLUSION 
Several tests were performed to test the EMC compatibility of the CONV-
TTL-BLO board per IEC norm 61000-4-4 second edition. Following these 
tests, the results conclude that current boards which will have capacitors 
straddled on them can only endure EMC pulses in normal industrial 
environments, with the following characteristics according to the 
standard: 

• no suppression of EFT/B in the power supply and control circuits 
which are switched only by relays (no contactors) 

• poor separation of the industrial circuits belonging to the industrial 
environment from other circuits associated with environments of 
higher severity levels 

• dedicated cables for power supply, control, signal and 
communication lines 

• poor separation between power supply, control, signal and 
communication cables 

• availability of earthing system represented by conductive pipes, 
earth conductors in the cable trays (connected to the protective 
earth system) and by a ground mesh 

In contrast, future-version RTMs with the capacitors mounted close to 
the conducting rear panel are compliant to level 4, corresponding to a 
severe industrial environment, with the following characteristics: 

• no suppression of EFT/B in the power supply and control circuits 
which are switched only by relays and contactors 

• no separation of the industrial circuits belonging to the severe 
industrial environment from other circuits associated with 
environments of higher severity levels 

• no separation between power supply, control, signal and 
communication cables 

• use of multicore cables in common for control and signal lines 
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