D9010PWRA

Power supply analysis software (input, switching, output,
SOA) for Infiniium oscilloscopes

Introduction

Power supply analysis is easy with Keysight’s Infiniium MXR or EXR-Series oscilloscopes with the
optional D9010PWRA software. The broad range of automated power supply characterization
measurements includes critical frequency response measurements such as power supply rejection ratio
(PSRR) and control loop response (Bode plots). The Infinium MXR-Series and EXR-Series oscilloscopes
also support multi-channel waveform mask testing for detailed analysis of supply system turn-on/turn-off
testing of up to 8 power supply lines.
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The Power Measurements Software Package enables a broad range of automated power supply
characterization measurements on Keysight Infiniium EXR-Series and MXR-Series oscilloscopes including
unique frequency response analysis for performing control loop response and power supply rejection ratio
(PSRR) measurements. Table 1 lists the specific measurement capabilities that are enabled on each series
with the Infiniium Power Supply Analysis Package.

While designed to measure the rigorous operating parameters of switched-mode power supplies, the
measurements can also be used as a toolkit of measurements for any power converter and/or inverter. These
measurements provide an ideal method to document the performance parameters of your power system.
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Figure 1. Easy to use configuration with Setup Wizards and built-in performance standards
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Power measurements included with the power supply
analysis package

Input Analysis

Real power

The portion of power flow that, averaged over a complete cycle of the AC waveform,
results in net transfer of energy in one direction.

Apparent power

The portion of AC line power flow due to stored energy, which returns to the source in
each cycle.

Reactive power

The difference between apparent power and real power due to reactance.

Power factor

The ratio of the actual AC line power to the apparent power.

Crest factor (V&)

The ratio between the instantaneous peak AC line current/voltage required by the load
and the RMS current/voltage.

Phase angle

The angle between the apparent power and the real power

Current harmonics

For the first 40 harmonics, Harmonic, Actual Value (RMS), Limit (RMS), Margin,
Pass/Fail Status

Inrush current

Peak inrush current of the power supply when the power supply is first turned on.

Switching Device Analysis

Switching loss

Calculates the power dissipated in the switching cycles across the switching device.

Rbs(on)

Measures RDS (ON) characteristics of a switching device

VcesaT)

Measures VCE(SAT) characteristic of a switching device

Slew rate (V&I)

Rate of voltage or current change during switching

Modulation analysis

Modulation analysis measures the control pulse signal to a switching device (MOSFET)
and observes the trending of the pulse width, duty cycle, period, frequency, etc. of the
control pulse signal in response to different events.

Safe operating area
(SOA)

Plots an |-V curve and compares it against mask limits

Output Analysis

Output ripple

Ripple noise of the power supply output

Turn on/off time

Determines how fast a turned-on power supply takes to reach 90% of its steady-state
output.

Determines how fast a turned-off power supply takes to reduce its output voltage to
10% of the maximum.

Efficiency

Overall efficiency of the power supply by measuring the output power over the input
power.

Transient response

Determines how fast a power supply's output voltage responds to change at the output
load.

Frequency Response

PSRR (Power Supply
Rejection Ratio)

Determine voltage regulator rejection ripple noise over a specified frequency range

Control loop response

Bode analysis performs a gain/phase plot over a specified frequency sweep.

Frequency Response
Analysis (Bode plots)

Bode analysis performs a gain/phase plot over a frequency sweep. (Included with the
WaveGen option EXR2WAYV / MXR2WAV, as well as the Power Supply Test Software
D9010PWRA.)
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Power Supply Characterization Measurements
Input AC power quality

Power supply designers need to characterize the line power for power quality. Some of the implicit
measurements are real power, apparent power, reactive power, power factor, and crest factor. Also, input
analysis includes the inrush current measurement that provides the absolute peak inrush current (positive
or negative) when the power supply is first turned on.

Measurements

1 Measurements
[ Measurement Current Mean [ Min Max Range (Max-Min) Std Dev
Phase angle(pwr1) 45.74° 45.74° ‘ 45.74° 45.74° 0.0° 0.0°
Power factor(pwr1) 6979 m 697.9 m 6979 m 6979 m 0.0 0.0

React. power(pwr1) 3.6250 VAR 3.6250 VAR 3.6250 VAR 3.6250 VAR 0.0 VAR 0.0 VAR
Real power(pwr1) 3.5321 W 35321 W 3.5321W 3.5321W oow 00w
Crest factor(m2) 2.5662 2.5662 2.5662 2.5662 0.0 0.0

© Crest factor(m1) 1.3602 1.3602 1.3602 13602 0.0 0.0

@ App. power(m1-m2) 5.06125 VA 5.06125 VA 5.06125 VA 5.06125 VA 0.0 VA

Figure 2. Input power quality measurements
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Current harmonics analysis

Power supply designers need to characterize the line power for harmonics related to conducted
emissions under different operating conditions of the power supply. Current harmonics analysis measures
the amplitude of harmonic frequency components that can be injected back into the AC grid. Products
must meet specific standards of compliance based on IEC specifications. This measurement performs an
FFT on the current input, compares amplitudes of odd and even harmonics against a user-selected IEC
61000-3-2 standard (Class A, B, C, or D) with color-coded pass/fail indicators for frequencies up the 40t
harmonic, and also reports total harmonic distortion (THD).

Standard \ imits Margin
Frequency

1014
0
Status Pass
0.00100
0.04071
0.00024 99.896

Figure 3. Current harmonics measurement based on IEC 61000-3-2 standards
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Switching device analysis

The switching loss in a power supply is a major factor in determining a power supply’s efficiency. With the
switching loss measurement, you can quickly characterize the power and energy loss over an entire
switching cycle, as well as determine losses during particular switching phases. To determine the
efficiency of the power supply it is very important to measure the power loss during dynamic load
changes. By measuring the switching loss and conduction loss, you can characterize the instantaneous
power dissipation in your switching power supply. Locating peak switching loss helps you analyze the
reliability of the power supply.

Scope File Control Setup Display Trigger Measure/Mark Math Analyze Utilities Demos Help

500 Mz | [ g

@ 1.87500 ps/ [0

Measurement [ Cument [ Mean | Min Max Range (Max-Min) | std Dev Count
Energy loss(pwr1) 7961 1) 80.006 ) 7893 8132 239 465 n) 17
Power loss/cyc(pwr1-1) 533496 W 532439 W 522821 W 540618 W 177.973 mW 343014 mW 116
Power loss(pwr1) 424519 W 4.26630 W 4.20905 W 433641 W 127.362 mW 24.7835 mW 7

© Frequency(1) 66.765448 kHz 66.557530 kHz 66.082021 kHz 66.973773 kHz 891.751731 Hz 175.863785 H 17

Figure 4. Power and energy loss measurements with automatic isolation of switching cycle
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Rpsonyand Vcgsam analysis

Rps(on is the effective drain-to-source resistance of MOSFET-type switching transistors when fully turned
on during the conduction phase. Vcesar) is the saturation voltage of bipolar-type transistors when fully
turned on during the conduction phase. These parameters can be used by the oscilloscope to more
accurately determine conduction losses based on I?Rps(on) or | X Vcesan calculations.

“ele.70 v/ [[18.3 v

5B [2OROA SeoW ou]

z

Measurement Curent | Mean | Min Max Range (Max-Min) | std Dev Count
© Vee(sat)(1) 622486 MV 619060mV  593801mV  645632mV 518313 mV 842098 mV 936
@ Rds(on)(1-2) 580.402 mQ 549.587 mQ 511.008 mQ 581.258 mQ 70.2498 mQ 10.5929 mQ 935

Figure 5. Rpsonyand Vcgsat measurements

Modulation analysis

Modulation analysis allows designers to quickly see the on-time and off-time information of the PWM
signal, which is difficult to visualize because the information bandwidth is much lower than the pulse
switching frequency. Plotting the embedded variation of on time or off time in the PWM signal over a long
period of time can reveal the control loop response of the feedback loop system. This measurement
performs data trending on the switching variation of the acquired waveform in the following format.

e Frequency vs time

e Period vs time

e Duty cycle vs time

¢ Positive pulse width vs time

¢ Negative pulse width vs time
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Output ripple analysis

Output analysis includes characterization of the ripple component (either power line or switching) in
output DC voltage. Ripple is the residual AC component that is superimposed on the DC output of a
power supply. Line frequency as well as switching frequency can contribute to ripple. This measurement
analyzes the output voltage ripple and presents the peak-to-peak value as well as the frequency
response of the captured signal.

Turn On/Off time analysis

This analysis measures the time taken to reach steady-state output DC voltage conditions of the power
supply after the input voltage (AC or DC) is applied (turn-on time) and for the output voltage of the power
supply to turn off after the input voltage is removed (turn-off time).
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Figure 6. AC-to-DC turn-on time measurement
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Transient response analysis

Power supplies are subject to transient conditions, such as turn- on and turn-off transients, as well as
sudden changes in output load and line input voltage. These conditions lead to one of the key
specifications of the power supplies; load transient response. This analysis measures the load transient
response of the DC output, namely the time taken for the DC output to stabilize after a load change.
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Transient(3) s 3125 ns 878125 ns 005

Figure 7. Transient response settling time measurement
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PSRR (Power Supply Rejection Ratio)

PSRR is a measure of how well a DC-to-DC converter can reject noise on the input from getting to the
output. It is defined as the ratio of the input ripple compared to the output ripple over a wide frequency
range and is plotted logarithmically vs. frequency in units of dB. To perform this measurement the
Infinilum MXR-Series oscilloscope uses its own built-in WaveGen to sweep the input from a user-defined
start frequency to a user-defined stop frequency while measuring Vin and Vour at each step frequency.
The basic equation to measure and compute the power supply rejection ratio is:

PSRR = 20Log(Vin/Vour)

Control loop response analysis

All power supplies have a negative feedback amplifier that regulates the output voltage. This feedback
network should be characterized in the frequency-domain to insure proper power supply stability under a
variety of load conditions. A closed-loop response test is a specialized in-circuit test commonly performed by
power supply designers using a vector network analyzer (VNA) or frequency response analyzer (FRA). This
same test can be performed using a Keysight MXR-Series oscilloscope licensed with the Power Supply Test
Software. In addition to plotting the gain and phase across the range of tested frequencies, frequency-
domain analysis performed by the Infiniium MXR-Series oscilloscope with the built-in WaveGen also includes
automatic measurements of the feedback network’s phase margin (PM) and gain margin (GM).

I’

Scope File ntrol Setup Display Trigger Measure/Mark Math Analyze Utilities Demos Help

5mv/ 0.0V

%

Seap [Ro1aA

00 ps

1.00 ps/ [0.0s

ble)

Frequency |  Amplitude Gain | Phase
100.000 Hz 500 mV p-p 54851 dB 28.247°
122.560 Hz 500 mV p-p 54.743 dB 60,649 °
150.211 Hz 500 mV p-p 54.008 dB 57.687°
184.099 Hz 500 mV p-p 56.775 dB 52428°
225633 Hz 500 mV p-p 52,030 dB 53.058°
276,537 Hz 500 mV p-p 51.667 dB 76.520 °
338925 Hz 500 mV p-p 52412 dB 104.848 °
415.388 Hz 500 mV p-p 44691 dB 99.652 °
509.101 Hz 500 mV p-p 48.025 dB 80.545 °
623.957 Hz 500 mV p-p 45.799 dB 70.034°
764.724 Hz 500 mV p-p 43.041 dB 102.658 °
937.250 Hz 500 mV p-p 38.859 dB 78.945°
10000 100000 1000000 10000000 3 1.148698 kHz 500 mV p-p 37.090 dB 83.701°

Frequency (Hz) 1407850 kiz 500 mV p-p 35.999 dB 87.915°
1725468 kHz 500 mV p-p 33513 dB 83611°

Phase (°)

3 51519 @ 49.44 kHz
1.8dB @ 132.7 kHz

Figure 8. Control loop response measurement with automatic phase margin (PM) and gain margin (GM) measurement
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SOA (Safe Operating Area)

The safe operating area (SOA) is defined as the voltage and current conditions over which the device can
be expected to operate without self-damage. The safe operating area curve is a graphical representation
of the power handling capability of the device under various conditions. SOA analysis tests the power
device by plotting an I-V curve and comparing it against mask limits that you define (according to the
power device's specifications).

Scope File Control Setup Display Trigger Measure/Mark Math Analyze Utilities Demos Help

500 MHz | g

o
=)
5
g
=

Source
Source f1:Ch1vs Ch2
Total Waveforms 1.062 k
Failed Waveforms 291
Poly 1 1528k

Figure 9. Safe Operating Area measurement
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Probe Deskewing with the U1880 Probe
Deskew Fixture

Timing delay errors between voltage and current probes may have a significant impact on power
measurements as each specific voltage and current probes have different propagation delays. To make
accurate power measurements and calculations, it is extremely important to null out the time delay
between the voltage and current probes using a procedure known as “deskewing.” This step is critically
important since a small offset in the timing of the voltage and current traces can cause a large error in the
instantaneous power reading. By performing probe deskew before making power measurements, you can
ensure the most accurate measurement.

The Keysight U1880A deskew fixture allows you to quickly deskew your voltage and current probes,
enabling accurate and precise power loss and efficiency measurements. The U1880A deskew fixture
generates a built-in voltage and current test signal and allows you to probe the same electrical point with
a variety of voltage and current probes. With only a single click in the setup menu, deskewing is
automatically performed and the deskew factors are saved in the power measurement application, so the
next time you launch the power measurement application, you can use the saved deskew values or
perform the deskewing again.

' e T

v \ -t
TEbaa, B TuANs
- .

AM KEYSIGHT

P' Deskew Fixture

U1880A

|

Figure 10. The Keysight U1880A deskew fixture allows you to quickly deskew your voltage and current probes,
enabling accurate and precise power measurements
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Additional Advanced Analysis Capabilities

Frequency response analysis (Bode plots)

In addition to the specialized PSRR and Control Loop Response measurements that are part of the power
suite of measurements, the Power Software Package also includes a general-purpose frequency
response analysis (FRA) that can be used for a broad range of applications, such as for characterizing
passive and active filters and amplifiers. This frequency-domain measurement capability is achieved with
a swept gain and phase measurement versus frequency (Bode plot). The Infiniium MXR-Series
oscilloscope uses the scope’s built-in waveform generator (WaveGen) to stimulate the circuit under test at
various frequency settings and then captures the input and output signals using two channels of the
oscilloscope. At each test frequency, the scope measures, computes, plots gain (20LogVout/Vin)
logarithmically and phase linearly.

e Dynamic range: > 80 dB (typical)

e Frequency range: 10 Hz to 50 MHz

e Sweep or single-frequency test modes

o Fixed test amplitude or custom Amplitude Profile

e 60 to 1000 points across the Start/Stop sweep range

e Two pairs of tracking gain and phase markers

¢ Plots gain and phase and tabular view of test results

o Easily export and/or save measurement results in .csv format for offline analysis

Power Analysis

‘_ Setup Wizard... ; E |
. On

~ Analysis ~ Description

Frequency Response Measurements || Control Loop Response (Bode)

- Signals

.lnput Voltage Output \mltage.
‘_Channel 1Y | ‘ v ||

B — —
‘ How to connect probes... Auto Setup Scaling... |

Settings
Frequency Mode ~ Start Frequency Stop Freguency
| Sweep (Y] [r00Hz (Y[ A] [zo.0o0coomHz (¥ A]

Points _ WaveGen Impedance  WaveGen Amplitude
60 VA 50 Ohm (V] [s00.0mvpp VR

. Amplitude Profile

Figure 11. Frequency Response Analysis is included with the WaveGen (MXR2WAV) option in addition to the Power
Supply Analysis software
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Mask test

Take advantage of up to 8 channels of analysis to validate the operation of multiple power rails during
turn-on/turn-off sequences. If you need to validate the quality and stability of your electronic components
and systems, the Infiniium EXR-Series and MXR-Series oscilloscope’s standard mask/waveform limit
testing capability can save you time and provide pass/fail statistics almost instantly. Mask testing offers a
fast and easy way to test your signals to specified standards, as well as the ability to uncover unexpected
signal anomalies, such as glitches. Mask testing on other oscilloscopes is usually based on software-
intensive processing technology, which tends to be slow.

Measurement
Mean Min Max
130.074436 ps 112.64596 pis 17405555 ps

Current
113.85635 ps

Measurement
© ATime(1-2)

Ran_qe(Max-Min][ Std Dev I Count ‘
61.40959 ps 16.566047 ps

Features

© ATime(1-3)
© ATime(1-4)
© ATime(1-5)
© ATime(1-6)
@ ATime(1-7)
© ATime(1

-8)

35.5066669 ms
35.5357588 ms
35.5807898 ms
35.5514682 ms
404918168 ms
48.7204169 ms

35.1351199 ms
35.1640470 ms
35.2092908 ms
35.1797552 ms
40.1483080 ms
48.2801984 ms

33.9912567 ms
34.0204575 ms
34.0664884 ms
34.0338001 ms
38.9816667 ms
459540871 ms

35.5066669 ms
35.5357588 ms
35.5807898 ms
35.5514682 ms
405237069 ms
48.7256177 ms

1.51541012 ms
151530132 ms
1.51430136 ms
1.51766809 ms
1.54204023 ms
2.77153065 ms

456.365673 p
456.332875 p
456311419 p
456.718367 p
465.280320 p
661.194510 p

e Test up to 1,000 waveforms per second with the industry’s fast mask testing technology

e Automatic mask creation using input standard

¢ Easily download multi-region masks and setups based on industry standards

¢ Detailed pass/fail statistics

e Test to high-quality standards based on sigma

e Multiple user-selectable test criteria

e Add custom timing measurements with ease

AV KEYSIGHT
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Ordering Information

Required hardware

Model

Compatibility

D9010PWRA

Infiniilum 9000, S-Series, EXR-Series, MXR-Series

Recommended Accessories and Probing Solutions

Accessories

U1880A Deskew fixture

N2779A Probe power supply for non-AutoProbe interface active probes
AC/DC current probes

N7026A 150 MHz, 30 A AC/DC high-sensitivity current probe with AutoProbe interface
N2893B 100 MHz, 15 A AC/DC current probe with AutoProbe interface

1147B 50 MHz, 15 A AC/DC current probe with AutoProbe interface

N2783B 100 MHz, 30 A AC/DC current probe (requires N2779A power supply)
N2780B 2 MHz, 500 A AC/DC current probe (requires N2779A power supply)
N2781B 2 MHz, 150 A AC/DC current probe (requires N2779A power supply)
N2782B 2 MHz, 30 A AC/DC current probe (requires N2779A power supply)
N2783B 2 MHz, 30 A AC/DC current probe (requires N2779A power supply)

High-voltage differential probes

DPOO01A 400 MHz, £ 1 kV differential probe with AutoProbe interface
N2790A 100 MHz, + 1.4 kV differential probe with AutoProbe interface
N2791A 25 MHz, + 700 V differential probe (USB or battery powered)
N2804A 300 MHz, + 300 V differential probe with AutoProbe interface
N2805A 200 MHz, + 100 V differential probe with AutoProbe interface
N2891A 70 MHz, + 7 kV differential probe (USB or battery powered)

Passive probes (for measuring output noise and frequency response measurements)

N2870A

1:1 35 MHz passive probe with AutoProbe interface

10070D

1:1 20 MHz passive probe with AutoProbe interface

Active probes (for measuring output noise/ripple)

N7020A

1:1 2.0 GHz active probe with 24 V offset capability with AutoProbe interface
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Flexible software licenses and KeysightCare Software
Support Subscriptions

Keysight offers a variety of flexible licensing options to fit your needs and budget. Choose your license
term and license type.

License terms
Perpetual — Perpetual licenses can be used indefinitely.

Subscription — Subscription licenses can be used through the term of the license only.

License types
Node-locked — License can be used on one specified instrument/computer.

Transportable — License can be used on one instrument/computer at a time but may be transferred to
another using Keysight Software Manager (internet connection required).

USB Portable — License can be used on one instrument/computer at a time but may be transferred to
another using a certified USB dongle (available for additional purchase with Keysight part number
SW1000-D10).

Floating (single site) — Networked instruments/computers can access a license from a server one at a
time. Multiple licenses can be purchased for concurrent usage.

KeysightCare Software Support Subscriptions

Perpetual licenses are sold with a 12 (default) and up to 60-month software support subscription with a
user-selected start and end date. Support subscriptions can be renewed for a fee after that.

Subscription licenses include a software support subscription through the term of the license, from 3 to 36
months, with a user-selected start date.

Selecting your license

Step 1. Choose your software product (e.g. D9020ASIA)

Step 2. Choose your license term: perpetual or subscription.

Step 3. Choose your license type: node-locked, transportable, USB portable, or floating.

Step 4: Depending on the license term, choose your support subscription duration.
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Example

If you selected: Your quote will look like this:

D9020ASIA Part Number Description

Node-locked D9020ASIA Advanced Signal Integrity Software (EQ, InfiniiSimAdv,
Crosstalk)

Perpetual license SW1000-LIC-01 Node-locked perpetual license

SW1000-SUP-01 Node-locked KeysightCare software support

subscription with user-selected start and end dates

D9020ASIA Part Number Description

Transportable D9020ASIA Advanced Signal Integrity Software (EQ, InfiniiSimAdv,

Subscription 6- Crosstalk)

month license SW1000-SUB-01

6-months, transportable subscription license

To configure your product and request a quote:
http://www.keysight.com/find/software

Contact your Keysight representative or authorized partner for more information or to place an order:

www.keysight.com/find/contactus

Related Literature

Publication Title Publication number
Infinilum MXR B-Series Oscilloscopes — Data Sheet 3123-1557.EN
Infiniilum EXR-Series Oscilloscopes — Data Sheet 3120-1495.EN
Characterizing Switch Mode Power Supplies- Application Note 5991-1117EN
Control Loop Response Measurements - Application Note 5992-0593EN
Power Supply Rejection Ratio (PSRR) Measurements - Application Note 5992-0594EN
Making your Best Power Integrity Measurements - Application Note 5992-0493EN
Considerations in Making Small Signal Measurements - Application Note 5991-3317EN
How to Test USB Power Delivery (PD) Over Type-C - Application Note 5992-1394EN
Oscilloscope Probes and Accessories - Selection Guide 5968-8153EN

Keysight enables innovators to push the boundaries of engineering by quickly solving
design, emulation, and test challenges to create the best product experiences. Start your
innovation journey at www.keysight.com.
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