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TEST SETUP
Taking advantage of the FFT capabilities of Rohde & Schwarz Oscilloscopes for EMI Testing

2023 PSMA MAGNETICS WORKSHOP
DEMO STATION | JIR | 18.03.2023

Presenter
Presentation Notes
Shown is the typical test setup (conducted emissions) with which the measurements were carried out according to the documentation. 
The load is self-powered and is set to 5A.(An external power supply is not recommended, as you create an additional ground loop that can affect the measurements)
The flyback converter and the electronic load are on a separate ground plane. This ground plane simulates the metal case of a typical application.
The test setup is based on CISPR16. So there is no ground plane connected to the LISN in close proximity to the DUT.
Therefore, the CM currents mainly flow through the PE line to the LISN. (See slide 37)
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TECHNICAL SPECIFICATION

 Specficication
 Uin = 24V (19- 30V)
 Uout = 5V
 Iout,max = 5A (25W)
 fsw ≈ 300kHz
 Efficiency ≈ 90%

 IC: ADP1071- 2 (Analog Devices)
 with synchronous rectifier

 Transformer: 749119550

 MOSFETs in TO220- package

DC/DC Flyback-Converter CCM (Forced Continuous Conduction Mode)
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Presenter
Presentation Notes

The flyback demonstration board is designed to demonstrate various measures to comply with conducted emission limits. Only for safety reasons it is designed as a isolated low voltage DC/DC converter. An industry standard input voltage range (19-30V) and output voltage was chosen. 
Conducted noise is usually evaluated for an AC connection (110/230VAC) only. Nevertheless, the effects that can be achieved apply equally to an isolated AC/DC flyback converter.
The y-capacitors and the CMC could also be used in an AC/DC converter. But the safety requirements and the dielectric strength of these components are not necessary for this DC/DC converter.

The primary-side MOSFET T2 is screwed onto the PE plane (reference ground). This simulates a typical thermal connection for heat transfer to the metal housing (Which is quite problematic from an EMC point of view). In fact, a thermal connection to the PCB is not required for power loss reasons.

The IC ADP1071-2 used provides an integrated galvanic isolation (iCoupler), which enables a very compact design. Thanks to the integrated synchronous rectifier functionality, a high level of efficiency is achieved despite the high output current of 5A.
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TEST#3: BACKGROUND - NOISE CATEGORIES

Differential Mode Common Mode

Theory: Noise categories
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Presenter
Presentation Notes
There are two categories of conducted emissions: Differential mode (DM) and common mode (CM) noise

DM noise takes the same paths as the supply current and is produced between the supply (L) and the return line (N). This makes an analysis based on the schematic for this kind of noise relatively easy. 
And in the previous analysis, only DM noise was considered!

But there is also CM noise. That's the mistake!
CM noise is produced between the supply lines (L,N) and the reference ground (PE). 
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TEST#3: BACKGROUND - NOISE CATEGORIES
Theory: DM and CM noise path in a flyback converter
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Presenter
Presentation Notes
Here are noise paths in detail for the flyback converter.

The schematic has been expanded to include CSE=C14 (capacitive coupling on the secondary side to the reference ground). In addition, the PE line was added. 


DM path:
As already described, the alternating current resulting from the switching processes mainly flows in the input capacitor. A voltage ripple is generated across the impedance of the capacitor. And this voltage ripple is routed through the LISN to the EMI receiver. 

on the other hand the

CM path:
The dominant reason of the CM noise is the fast voltage change at the switch node. In the parasitic capacitors, this process leads to a charge transfer to the reference ground and thus to a current flow in reference ground (PE-line). In this circuit example there are two dominant parasitic capacitors. On the one hand, it is the interwinding capacitance CPS of the transformer resulting from the winding structure from the primary to the secondary side. This current path closes via the discrete capacitor from the secondary side to the reference GND CSE = C14 =1nF. On the other hand there is the parasitic capacitor CDE, which results as a plate capacitor between the cooling tap of the MOSFET and the PE frame. The CM current flow in the reference ground is divided into the supply (L) and the return line (N) by the LISN more or less symmetrically. And this noise is also routed through the LISN to the EMI receiver

This means the LISN records always the DM and the CM noise current for each channel. Depending on the phase position, the CM and DM currents (voltages) are added or subtracted. In the spectrum, a maximum addition of 6dB can occur at a specific frequency if CM and DM noise are in phase and equal in amplitude. One type of noise usually dominates, so this effect cannot always be observed.

The arrows show how the phasing of one type of noise is relative between channels of the LISN. However, no statement can be made how DM and CM noise are in phase with each other over the frequency range. But it is known that the shares of CM noise between both channels is always in phase (0° phase shift) and the shares of DM noise is always shifted by 180°. So, with the simple mathematical trick shown, it is possible to separate between CM and DM noise. Provided that the calculation takes place in the time domain, so all the phase information being given automatically. 

This calculation can be done using the math function of a 2channel oscilloscope. The result can be displayed as an FFT.
Another approach is to perform the “calculation” in hardware. A broadband signal transformer (e.g. ST/ST) can be used for this. A hardware separator has the advantage that it can used with a spectrum analyzer or an EMI Receiver. 
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TEST#1: WAVEFORMS - SWITCH NODE VOLTAGE
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Presenter
Presentation Notes

The oscillation at the switch node when the MOSFET is switched off is effectively damped by the activated RCD snubber. This oscillation is caused by a parasitic resonant circuit that results from the leakage inductance of the transformer and the output capacitance of the switching MOSFET.
In this case there is an oscillation frequency of approx. 10MHz. If you look very closely, you can see that the frequency is not constant over the period.
The positive half-cycle is narrower than the negative. This has to do with the voltage dependency of the MOSFET’s output capacitance.
The voltage plateau (approx. 50V) results from the input voltage (19/24V) and the flyback voltage (Uout x n = 5V * 5,33)  from the secondary side.
The first very high voltage peak (>120V) is caused by the sudden demagnetization of the stray inductance when switching off.
When the RCD snubber is disabled (J8 open), the TVS diode D2 protects the MOSFET from over-voltage.
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TEST#1: WAVEFORMS - INPUT CAPACITOR CURRENT

- 1,5

- 1,0

- 0,5

0,0

0,5

1,0

1,5

2,0

- 3,0 - 2,5 - 2,0 - 1,5 - 1,0 - 0,5 0,0 0,5 1,0 1,5 2,0 2,5 3,0

Cu
rr

en
t (

A)

Time (µs)

ICIN

ICIN RCD- Snubber

current ringing f≈10MHz 

2023 PSMA MAGNETICS WORKSHOP
DEMO STATION | JIR | 18.03.2023

Presenter
Presentation Notes
The input capacitor current curve is measured indirectly with a current transformer (TR2). Due a turns ratio of 1:100 and a burden resistance of 100 ohms, 1V represents 1A.
The input capacitor carries almost all of the AC current generated by the switching operations.
This trapezoidal current curve results in a flyback converter working in CCM (continuous conduction mode).

Both the switch node voltage and the input capacitor current are the main causes for the conducted emissions
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TEST#1: WAVEFORMS - INPUT CAPACITOR VOLTAGE RIPPLE
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Presenter
Presentation Notes

The voltage ripple at the input capacitor occurs as a voltage drop at the impedance of the capacitor caused by the current waveform.
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TEST#2: BOARD CONFIGURATION
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Input capacitor current
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TEST#3: BOARD CONFIGURATION
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TEST#4: BOARD CONFIGURATION
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TEST#4: BOARD CONFIGURATION
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TEST#5: BACKGROUND - SWITCH NODE CAPACITANCE

CPS

CDE
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Presenter
Presentation Notes
But that still doesn't explain why there is already an improvement of about 10dB below the corner frequency. You have to look at the parasitic capacitances in detail.
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TEST#6: BOARD CONFIGURATION
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TEST#7: BOARD CONFIGURATION
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TEST#7: TOTAL CONDUCTED EMISSIONS - LINE
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Namec Description

Test#3 Reference (no improvement)

Test#4 Test#3 + RCD-snubber

Test#5 Test#4 + primary to secondary y-capacitors

Test#6 Test#5 + CMC and y-capacitors (CM filter)

Test#7 Test#6 + x-capacitor (DM filter)
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Presenter
Presentation Notes
As you can see here, the limit is now respected.
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CMC COMPARISON - CONDUCTED EMISSIONS - COMMON MODE – 100 KHz - 1 MHz
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Name Description

Test#5 a) Test#5 + y-capacitors + x-capacitor

Test#7 Test#7 - CMC: 2,2mH/ 2A MnZn - 744822222

Test#7 e) Test#7 - CMC: 1mH/ 3A MnZn - 744822301

Test#7 h) Test#7 - CMC: 110µH/ 3A NiZn - 744842311

Test#7 k) Test#7 - CMC: 5mH/ 3A Nc -7448023005
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Test# 7 h): green (for NiZn)
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CMC COMPARISON - CONDUCTED EMISSIONS - COMMON MODE – 10 MHz – 30 MHz

DEMO STATION | JIR | 18.03.2023

Name Description

Test#5 a) Test#5 + y-capacitors + x-capacitor

Test#7 Test#7 - CMC: 2,2mH/ 2A MnZn - 744822222

Test#7 e) Test#7 - CMC: 1mH/ 3A MnZn - 744822301

Test#7 h) Test#7 - CMC: 110µH/ 3A NiZn - 744842311

Test#7 k) Test#7 - CMC: 5mH/ 3A Nc -7448023005
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CMC COMPARISON: CONDUCTED EMISSIONS - DIFFERENTIAL MODE - 10 MHz – 30 MHz
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Name Description

Test#5 a) Test#5 + y-capacitors + x-capacitor

Test#7 Test#7 - CMC: 2,2mH/ 2A MnZn - 744822222

Test#7 e) Test#7 - CMC: 1mH/ 3A MnZn - 744822301

Test#7 h) Test#7 - CMC: 110µH/ 3A NiZn - 744842311

Test#7 k) Test#7 - CMC: 5mH/ 3A Nc -7448023005
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CMC COMPARISON: BACKGROUND - DIFFERENTIAL MODE - 100 kHz – 1 MHz

 CMC Core material:
 MnZn/ MnZn
 NiZn
 Nanocrystalline

REDEXPERT: Differential Mode Impedance

2023 PSMA MAGNETICS WORKSHOP
DEMO STATION | JIR | 18.03.2023

744822222
WE- CMB S

2.20 mH 2.00 A

744822301
WE- CMB S

1.00 mH 3.00 A

7448023005
WE- CMBNC S
5 mH 3.00 A

744842311
WE- CMB NiZn S
110 µH 3.00 A

Frequency

1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 1 GHz

Im
pe

da
nc

e

1 Ω

10 Ω

100 Ω

1 kΩ

10 kΩ

100 kΩ

Differential Mode Impedance



21

TEST#3- 7: CONDUCTED EMISSIONS - EMI LABRATORY
Test setup
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EMI LABRATORY VS. PRECOMPLIANCE - CONDUCTED EMISSIONS - LINE 
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Name Description

Test#3 Reference (no improvement)

Test#4 Test#3 + RCD-snubber

Test#5 Test#4 + primary to secondary y-capacitors

Test#6 Test#5 + CMC and y-capacitors (CM filter)

Test#7 Test#6 + x-capacitor (DM filter)
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Presenter
Presentation Notes
Equipment used:
Receiver: R&S -ESW-8
LISN: R&S - ENV432 (50 μH + 5 Ω) || 50 Ω

at switching frequency (300kHz) the precompliance setup detects approx. 10dB less common mode noise
this is due to the lower impedance of the 5µH-LISN in the precompliance setup
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TEST#3- 7: CONDUCTED EMISSIONS - LTSPICE
Link to simulation folder
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LTSPICE VS. MEASUREMENT - TOTAL CONDUCTED EMISSIONS - LINE
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Name Description

Test#3 Reference (no improvement)

Test#4 Test#3 + RCD-snubber

Test#5 Test#4 + primary to secondary y-capacitors

Test#6 Test#5 + CMC and y-capacitors (CM filter)

Test#7 Test#6 + x-capacitor (DM filter)
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Presenter
Presentation Notes
Equipment used:
LTSpice
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