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To measure the output impedance, either a complete measuring system e.g. Venable or large set-ups with function generators, ampliﬁers and oscilloscopes/network analysers can be used. The system from Venable is automatic but is quite big and very expensive while other set-ups with
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    	1 Analysis of the Output Impedance from Switched DC/DC Converters Development of a new Measurement Method Using a Programmable Load Master's thesis in Electrical Power Engineering GUSTAV HANSSON. MARCUS UUSSALU. Department of Energy and Environment CHALMERS UNIVERSITY OF TECHNOLOGY. Gothenburg, Sweden 2014. Analysis of the Output Impedance from Switched DC/DC . Converters Development of a new Measurement Method Using a Programmable Load GUSTAV HANSSON. MARCUS UUSSALU. Department of Energy and Environment Division of Electric Power Engineering CHALMERS UNIVERSITY OF TECHNOLOGY. G teborg, Sweden 2014. Analysis of the Output Impedance from Switched DC/DC Converters Development of a new Measurement Method Using a Programmable Load GUSTAV HANSSON.
2 MARCUS UUSSALU. GUSTAV HANSSON. MARCUS UUSSALU, 2014. Department of Energy and Environment Division of Electric Power Engineering Chalmers University of Technology SE-412 96 G teborg Sweden Telephone +46 (0)31 772 1000. Cover: A picture of the PuLS taken for Ericsson AB. Chalmers Bibliotek, Reproservice G teborg, Sweden 2014. Analysis of the Output Impedance from Switched DC/DC Converters Development of a new Measurement Method Using a Programmable Load GUSTAV HANSSON. MARCUS UUSSALU. Department of Energy and Environment Division of Electric Power Engineering Chalmers University of Technology Abstract The PuLS is a product used at Ericsson AB for performance testing of Switched DC/DC converters by applying pulse shaped current waveforms.
3 In this thesis, the PuLS is redesigned to be able to measure Output Impedance of Switched DC/DC converters by drawing a sinusoidally shaped current while meas- uring the Output voltage ripple. Existing measurement methods are investigated, the theoretical Output Impedance of a buck converter is calculated and simulations of two buck converters are implemented. Output Impedance measurements of two buck converters are done using the redesigned PuLS. The res- ults are compared with an existing Impedance measurement method as well as simulations of the buck converters. It is shown that the PuLS is able to measure the Output Impedance of Switched DC/DC con- verters at frequencies up to 80 kHz with results close to both the simulation and the previously made measurements.
4 At frequencies greater than 80 kHz, the PuLS measurements shows a greater Impedance compared to the simulation and the previously made measurements. When measuring passive compon- ents it is shown that the PuLS can measure Impedance in the frequency range of kHz. Index Terms: Active load, Electronic load, Converter, Output Impedance , Frequency response. iii iv Acknowledgements Firstly, we would sincerely like to thank our supervisors Andreas Karvonen, Lukas Ros n and Bahar Motlagh for their time and effort guiding us during our thesis work. We would also like to thank our examiner Torbj rn Thiringer as well as the Power Solutions department for providing the supplies and equipment needed during the thesis work.
5 This thesis has been carried out at Ericsson AB with support from the Department of Energy and Environment at Chalmers University of Technology. Lastly, We would like to thank all other contributes to the thesis not mentioned. Gustav Hansson Marcus Uussalu G teborg, Sweden, 2014. v vi Abbreviations AC Alternating Current ADC Analogue to Digital Converter DAC Digital to Analog Converter DC Direct Current DMA Direct Memory Access DUT Device Under Test FPGA Field Programmable Gate Array FRA Frequency Response Analyser GUI Graphical User Interface IC Integrated Circuit LSB Least Significant Bit MOSFET Metal Oxide Semiconductor Field Effect Transistor MSB Most Significant Bit PCB Printed Circuit Board PMBus Power Management Bus PuLS Programmable Micro Load PWM Pulse Width Modulation SAADC Successive Approximation ADC.
6 Vii viii Contents Abstract iii Acknowledgements v Abbreviations vii Contents x 1 Introduction 1. Background .. 1. Previous Work .. 1. Purpose & Objectives .. 2. 2 Background 3. Basic Theory of a Buck Converter .. 3. Control of Buck Converters .. 5. Theoretical Output Impedance of a Simple Buck Converter .. 5. Existing measurement methods .. 7. The IEC60478-4 Method .. 8. The Venable Method .. 9. The Ridley and Agilent Method .. 9. The Ridley Method .. 10. The PuLS Measurement System .. 10. Analog to Digital Converter .. 11. Digital to Analog Converter .. 12. 3 The Current PuLS 13. Specification .. 13. Hardware & Software .. 14. Comparison with other programmable loads.
7 15. Using the PuLS to Measure the Output Impedance .. 16. ix 4 Redesign of the PuLS 17. Hardware .. 17. Software .. 17. Graphical User Interface .. 19. Limitations .. 19. Slew Rate .. 19. DMA to DAC Output Frequency .. 20. 5 PuLS Verification Measurements 23. Verification of the Sine Wave created by the PuLS .. 23. Verification of the PuLS Voltage Measurement .. 25. Reference Inductor Measurements .. 26. 6 Simulations 29. 7 Analysis of the PuLS Output Impedance Measuring System 33. Measurement Setup .. 33. The Reference Measurement Setup .. 33. The PuLS Measurement Setup .. 34. Output Impedance Measurements .. 34. Measurement Results .. 34. Analysis of the Control Systems Effect on the Output Impedance .
8 36. 8 Conclusion 39. 9 Future Work 41. References 43. x 1 Introduction Over 40 percent of the worlds mobile data traffic passes through Ericsson AB networks. These networks, located in more than 180 countries, ramifies into millions of telecommunication sites. Switching DC/DC . converters feeding amplifiers and other loads in the base stations at these sites are under constant devel- opment in order to improve efficiency and performance. Accurate testing of developed converters is a necessity to guarantee wanted specifications, a process that can be time consuming [1]. This master thesis is dedicated to shorten the verification process of developed converters saving both time and spendings.
9 This is done by implementing an active electronic load as an Impedance measuring device. Background The PuLS (Programmable Micro Load) is a small digital active load that is used for verification and testing of Switched DC/DC converters developed at Ericsson using pulsed loads with controllable slew rates. As digital loads such as FPGAs (Field Programmable Gate Array) and microcontrollers gets faster and are using higher currents, it is necessary that the performance of the converters feeding these loads are verified for these fast variations. To ensure sufficiently low voltage variations on the Output , the Output Impedance needs to be analysed in the frequency domain.
10 Low Output Impedance of the design is crucial since any current change will result in a voltage ripple determined by the magnitude of the Impedance . Other important design parameters are performance of the feedback loop for the regulator to ensure a fast and stable response of load variations and a well tuned Output filter. The Output filter can not be too large since it could affect the Output Impedance in a negative way and would make the system too slow, big and expensive [2]. Measuring the Output Impedance of a converter is a complicated procedure and can consume a lot of time and effort. To measure the Output Impedance , either a complete measuring system Venable or large set-ups with function generators, amplifiers and oscilloscopes/network analysers can be used.
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