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Power Measurement Automatic, Consistent and Application for Agilent Fast Characterization of Switching Mode Power Oscilloscopes Supplies (SMPS) Using Agilent Oscilloscopes



Pascal GRISON Application Engineer OPD Oscilloscope Products Division Application Overview Power Measurements Application Agilent Restricted February 2008



Agenda • Target Market • Power Basics • Key Measurements for the Power Supply Designer Provided by the Power Measurement Application



• The Agilent Power Measurement Application • Ordering Information • FAQs
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Switching power supply customer challenges Reducing cost



Improving efficiency & low power loss in converter Increasing power density Increasing reliability Controlling EMI; compliance to EMC regulations



All adds up to increased test time!
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Power Basics



Power Measurements Application Agilent Restricted February 2008



Power Basics Ohm’s Law V [volts] = I [amps] * R [ohms] Instantaneous Power P = V [volts] * I [amps] Vmax



Terms Real power, P [Watts] Reactive power, Q [VAR] Complex power, S Apparent power, |S| [VA]



Pmax



Imax
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Power Supply Basics Power Supply ‘Job Description’: Produce well-regulated and low-noise DC power from an input rail Types of Power Supplies: Linear (series-pass) and Switching mode (SMPS)



Linear (series-pass) Operates within the transistor’s linear region + Low noise + Low filtering requirements - Always ‘step-down’ in nature - Poor efficiency



Switching Mode (SMPS) Switches transistor ON/OFF/ON/OFF, usually at a rate between 20 – 200kHz + Highly efficient + Higher power in a smaller package + Variety of topologies - Moderate to high noise and ripple Power Measurements Application Agilent Restricted February 2008



SMPS Architecture Input Rectifier Mains input



‘Chopper’ Input (switching Output Output Filter device) X-former Rectifier



Output Filter DC Output
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Common SMPS Topologies Non-isolated (no transformer) • Buck: Step-down converter, Vo < Vi • Boost: Step-up converter, Vo > Vi • Buck-boost: May be either step-up or step-down



Isolated (uses transformer to isolate power) • Forward: Power transferred forward when switch is ON; Vo < Vi • Flyback: All energy transferred from input to output must previously have been stored in the inductor • Push-Pull: Has two switches on primary winding
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Semiconductor Switching Devices SMPS typically use MOSFET transistors, which are faster than more traditional BJT’s SMPS yield high power efficiency by repeatedly switching the transistor ON and OFF • ON = fully conducting state (ideally V = 0, which means P = V x I = 0) • OFF = fully non-conducting state (ideally I = 0, which means P = V x I = 0)



MOSFETs have conduction, switching and gate charge losses In addition, fast switching produces EMI (noise and ripple) on the output voltage Power Measurements Application Agilent Restricted February 2008



Key Measurements for the Power Supply Designer Provided by the Power Measurement Application
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Losses Due to MOSFET Switching Devices Three types of MOSFET losses: Conduction loss Conduction loss = I2R. R in this case is the ON resistance between the drain and source, Rds. Rds should be as low as possible in order to minimize conduction loss. Agilent’s Power Measurement Application calculates Rds Switching loss During the transition time (when transiting between ON and OFF states), neither V = 0 nor I = 0, which results in switching loss (Ploss) Gate charge loss Due to charging up gate capacitance, then releasing the charge to ground during every cycle Not measured in Agilent’s Power Measurement Application Power Measurements Application Agilent Restricted February 2008



Power Supply Measurements: Switching Loss Switching losses occur during the switching of Vds and Id (when the switching device is transitioning between ON and OFF states)
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Switching Power Dissipation Vds



Is Switching losses



Power Loss Conduction loss



Power Measurements Application Agilent Restricted February 2008



Power Supply Measurements: Conduction Loss The dynamic ON resistance, Rds, is the resistance of the MOSFET in its ON state. This resistance contributes to conduction losses due to the ON state forward voltage drop.
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Measuring Dynamic ON Resistance Traditional Method: Zoom in on Vds • Runs the risk of saturating the oscilloscope’s front-end amplifiers, which may result in signal distortion and measurement inaccuracy • Method embraced by Tektronix and LeCroy More Accurate Method: Use Moving-Average Filtering • Capture the waveform on the oscilloscope and use a moving-average filter to reduce noise and increase measurement resolution.



• Because this method does reduce signal bandwidth, you do not want to use it to evaluate switching edges. • Agilent’s Power Measurement Application uses a moving-average filter for the Dynamic ON resistance test.
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Power Supply Measurements: Noise and Ripple V out



Output Voltage with Noise nominal



mVrms



mVp-p



t



• Sometimes called ripple and noise or period and random deviations (PARD)



• Measured in mVrms and mVpeak-to-peak • For sensitive applications involving low voltage measurements on the DUT, power supply noise could couple into the customer’s measurements. • The peak-to-peak measurement is important for applications where noise spikes can be detrimental to a load such as an RF mixer or radar system. Power Measurements Application Agilent Restricted February 2008



Measuring Output Voltage Ripple Ensuring Good Measurement Resolution: • Using a 1:1 passive voltage probe provides the best resolution on the small AC ripple signal • Software places the oscilloscope in AC coupled mode to maximize the vertical resolution on the ripple • Additional low pass or high pass filtering may be defined by the customer in the Test Configuration. It is recommended not to set the low pass filter too close to 50 Hz, because you may want to be able to see if there is any coupling into your output signal from the 50 Hz or 60 Hz line frequency
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Safe Operating Area • Defined as the voltage and current conditions over which the device can be expected to operate without self-damage • Power device data sheets outline the voltage and current limits of the device



Example from ON Semiconductor, device #LTC1871 Power Measurements Application Agilent Restricted February 2008



Modulation Analysis Modulation analysis is a set of measurements specific to the feedback loop (control loop) of the power converter • Input to the pulse width modulator (PWM) is the control voltage • Output of the PWM is the duty cycle of the converter



PWM Control



Filtering



Feedback Block



Output Goal: Wellregulated output voltage
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Inrush Current • Measures peak inrush current when the switching power supply is first turned ON • Peak inrush current is a result of the impedance of the filter capacitor • When the power supply is turned ON, the filter capacitor acts as a short circuit, producing an immediate inrush surge current with a fast rise time
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Current Harmonics • Measured against the IEC61000-3-2 and RTCA DO-160E standards, which provide limits for harmonic current emissions



• Measures harmonics 2 – 40 • 4 classes (A, B, C and D)
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Power Quality • In a power supply, some AC current may flow into and out of the load without delivering energy – this current is called ‘reactive,’ or harmonic current • The ‘reactive current’ gives rise to an apparent power • Power quality is gauged by: – Apparent power: The portion of the power flow due to stored energy, which returns to the source in each cycle – Real power: The portion of the power flow that, averaged over a complete cycle of the AC waveform, results in a net transfer of energy in one direction – Power factor: Ratio of the real power to apparent power – Crest factor: Ratio between the instantaneous peak current and voltage required by the load and the RMS current and voltage.
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The Agilent Power Measurement Application
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Power Measurements Value Proposition For switching power supply design and test engineers in these industries: ► computer ► semiconductor ► consumer electronics ► aerospace/defense (i.e., ‘the power guy’)



Agilent’s power measurement application provides automatic, consistent and fast characterization of SMPS at a price comparable to or lower than our competitors’ offerings. Power Measurements Application Agilent Restricted February 2008



Power Measurement Application: Demo Board Output Line Tests



Switching Device Tests



Input Line Tests Power Measurements Application Agilent Restricted February 2008



Demo Board Labeling Demo boards will be labeled to indicate board sections, probe points, and direction of current probe alignment (see arrows).
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Demo Board Block Diagram



Main Power Switch Fuse (PTC) + EMI Input Filter



Mains 100-240Vac



230Vac:12Vac adaptor



Line Power Analysis



Output Analysis



Rectifier



DC/DC Converter



Modulation Analysis



Load



Switching Device Analysis
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Power Measurement Application Software Vertical Task Tabs



Test Selection Menu



Waveform Graticule



Measurement Lister
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Getting Started – Demo Procedure Connect probes to scope Start the Power Measurements Application (PMA) Connect to Scope Select test module and tests to run Enter test setup in Test Configuration window



Deskew probes (using deskew fixture or DUT as signal source) Connect probes to DUT and Run Tests View results in measurement pane and View Report window
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U1880A Deskew Fixture ► Deskewing is critical to ensure accurate



power (V x I) measurements!



► U1880A deskew fixture calibrates the time



delay between current and voltage probes to ensure accurate power loss measurements ► Fixture is powered by USB device port on



scope or PC



Voltage and current signals skewed by 5 nsec



Deskewed! Power Measurements Application Agilent Restricted February 2008



Power Measurements Application: Key Features Modules Power Device Analysis



Input Line Analysis



Inrush Current Analysis Output Analysis Turn On/Off Analysis Transient Analysis Modulation Analysis



Deskew Report generation



Features



Switching loss Safe Operating Area (SOA) with SOA mask editing Dynamic On resistance dI/dt dV/dt Total Harmonic Distortion Power Factor True Power Apparent Power Crest Factor Current Harmonics PreCompliance test to IEC61000-3-2 std. and RTCA DO-160E* Inrush Current Output Voltage Ripple Turn On Time and Turn Off Time Transient Load Response Positive pulse width vs. time plot Duty cycle vs. time plot Period vs. time plot Frequency vs. time plot Deskew (auto prompt before Power Device Analysis, Input Line Analysis tests) DC offset error Report generation (in .html format) Power Measurements Application Agilent Restricted February 2008



Power Measurements: Why buy Agilent? Lower entry price. The software works with a broad range of 100MHz – 1GHz DSOs and MSOs. Our power measurement solution hits much lower entry prices vs competitive scopes with comparable feature sets. Automatic test configuration with your choice of multiple power measurements in a single display. More measurements. More features such as inrush current and load transient response measurement utilize the benefit of MegaZoom deep memory.
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Ordering Information
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Ordering Information Product Description Price (USD) Number U1881A** Power Measurement Application for InfiniiVision $1,500 6000 and 7000 Series U1882A** Power Measurement Application for Infiniium $2,000 8000 Series U1880A Deskew fixture for voltage and current probes $500 ** Each has options to lock the license in to scope or PC Option 001 – Scope-locked license Option 002 – PC-locked license
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Summary: Power Measurements Application • A PC application for fast characterization of SMPS • The software runs on an external PC connected to any InfiniiVision 6000 or 7000 Series (over GPIB, USB and LAN interface) or internally on the Infiniium 8000 Series • Report generation provides test reports in customized formats and saves precious development/test time



• Deskew fixture helps calibrate the time delay between current and voltage probes to ensure accurate power loss measurements • A scope, software, differential probe, current probe and deskew fixture form a complete power measurement system Power Measurements Application Agilent Restricted February 2008
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