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1 Introduction to the RidleyBox

Thank you fopurchasing the RidleyBox. This is a ksghed expert system for designing and measuring power systems, and the same
mobile test system used in teaching our harmatsworkshops. The RidleyBox is perfect for engineers on thdiglal apps engineers,
teachirg labs, and working design engineers.

1.1 RidleyBoxPackageContents

You will find the following items inside your RidleyBox package:
RidleyBox

IEC Power Cord

Four 200 MHz Oscilloscope Probes

RidleyBox User Guiden desktop)

RidleyWorks User Guiden desktop)

PicoScopé&Jser Guide (on desktop)

Intel NUCUser Guide (on desktop)

= =4 =4 4 A -4 - -

Any optional accessories ordered

Fig. 1.1: RidleyBox Package Contents
7|RIDLEYBOXser Guide



Your RidleyBox can be used as an oscilloscope, frequency response analyzer, spectrum analygenesigioaland logic analyzer. In
addition, all of your power supply design essentials are incorporated in the RidleyWorks software included witih youoRidleyB

CANBRGOZ K28SOSNE f SiQa O2 ghiNg thatareSucidl o Sabapérdionfof this lurgSdiirstruhenFAS Ml | G A
instrument user, your adherence tand comprehension of these safety warnings are essential before you click the power button and
begin setupWhen using the RidleyBox, please adhere to the safety warningshehesing as an oscilloscopeadirequency response
analyzer.

1.2 Safety information

To prevent possible electrical shock, fire, personal injury, or damage to the product, read this safety information tefeidly
attempting to install or use this pduct. In addition, follow all generally accepted safety practices and proceftur@srking with and
near electricity.

The oscilloscope within this RidleyBox has been designed and tested in accordance with the European standard publid@idélEN 6
(Sdety Requirements for Electrical Equipment for Measurement, Control and Laboratory Use).

Your RidleyBox must be operated on a flat level surface (Such as a bench oDtablat)position the equipment so that it is difficult to
operate the disconnectimdevice (input AC plud).the equipment is used in a manner not specified by the manufacturer, the protection
provided by the equipment may be impairddo notreplae the detachableACsupply cordwvith aninadequately rated cordlhe RidleyBox is
rated 100240 V~ (+/10%), 1.5 A, 560 Hz.

Factory servicing is recommended in the event of a problem. However, if a qualified person opens the instrument, the\sfirsiddonnect
the AC power cord. There are exposed areas of the inteoratruction that carry the input voltage, and thus will expose the person to
hazardous voltages. If the AC cord i€oanected after the instrument is opengithe service person must take care to identify the hazardous
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area and take appropriate precautis for themselves and others in the ar®de also recommend placing a warning mark near the
instrument if it is opened and energizetl.the instrument is to be left opethe AC cord must be disconnected to prevent an unqualified
person becoming exposéd an electric shock hazardn insulation test and polarity check must be performed by a qualified person after an
service work before the RidleyBox is returned to the-esdr.If the AC power cord assembly incorporates a fuse. The fuse must be rated
appropriately.

Definitions:
AWARNING identifies conditions or practices that could result in injury or death.

ACAUTION identifies conditions or practices that could result in damage to the product or equipment to which it is conriRefed.
to this manual if you are unsure of the caution.

Theterm WA y a U Ndfiehs & yhé RidleyBoand its internal components the descriptions below.

1.3 Maximum Input Ranges

The followingable indicates the fullscale measurement range and overvoltage protection rang#®instrument The fullscale
measurement ranges are the maximum voltages that can be accurately measured by the instrument. The overvoltage protgeson ran
are the maximunvoltages that will not damage the instrument.

WARNINGTO prevent electric shock, do not attempt to measure voltages outside the specifietdlgl measurement range:

Fullscale Measurement | Overvoltage Protection (DC + AC peak)
Range

Input Channels External Trigger Signal Generator
+20V +100 V +100 V +20V
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WARNING { A3yl fa SEOSSRAy3I (GKS @2fdGlF3aS fAYAGA A y-l iHsBstrumenis S o
suitable for connection toaltages that are equal to or less than the EN 62Q1inits in the table below:
Signal Voltage Limits of EN @001
+60 VDC 30V AC RMS +42.4V pk max

The above EN6101Dlimits apply to any accessory that is not matkeith a voltage rating on either connector, cable or body of if a
protective finger guard is removed.

N>

WARNINGA signal voltage exceeding the current-Bdale measurement rating is detected and indicated on the measurement display
ofthet AO2{ 02LJS {2Fis6IF NBE aONBSy®d® ! NBR gFNYyAy3a A02y At laxdsLISF N

Under these conditions, displayed waveforms and measurements may be incorrect and the condition may be hazardous. &Riegute th
sensitivity to achieve a withirange measurement and if the condition persists, to prevent injury or death, disable or otherwise safely
disconnect from the source of overvoltage.

WARNINGToO prevent injury or death, do not connect tmstrumert directly to the mains (line power). To measure mains, use only a
differencial isolation probe that is specifically CAT rated for mains ordnglhgy use. Appropriate saftey training is essential and must be
obtained.

CAUTIONEXxceeding thevervoltage protection range on any connector can cause permanent damage to this instrignsate that
no voltage is present when selecting IEPE Interface Mode, and no voltage is applied when in use.
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1.4 Grounding

WARNING:
Gonnect the device to a pperly grounded electrical suppligrough the AC input connector
¢CKS AYyaildNHzySyiQa 3INRdzyR O2yySOuUA2Y (GKNRdAZAK GKS !'{. OFo6fS Aa

Never connect the ground input (chassis) to any electricalgp@murce. To prevent personal injuny death, use a voltmeter to check that
there is no significant AC or DC voltage between the instrument ground and the point to which you intend to connect it.

CAUTIONApplying a voltage to the ground input is likely to cause permanent damage tostnement and other equipment.

1.5 External Connections

WARNINGToO prevent injury or death, use only the power cord and adaptor, if any, supplied with the instrument.

WARNINGTake care to avoid mechanical stress or tight bend radii faoalhected leads, includinglabaxial leads and connectors.
Mishandling will cause deformation and will degrade performance and measurement accuracy.

1.6 Environment

WARNINGTo prevent infury or death do not use in wet or damp conditins or near exgagss or vapor.
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CAUTIONTo prevent damage, always use and store your instrument in appropriate environments.

Storage Operating Quoted Accuracy
Temperature -20 to +60°C 0 to 40°C 20 to 30°C
Humidity 5 to 95% RH (neoondensing) | 5 to 80% RKhon-condensing)
Altitude 2000 m maximum
Pollution degree 2 maximum

1.7 Care of the RidleyBox

For details on service, refer to Chaptery@ur RidleyBox is inspected, tested and approved before being shipped to you. Upon receipt,
inspectthe instrument and all probes, connectors, cables and accessories before usage for signs of damage.

WARNINGTo prevent injury or death, do not use thestrument if it appears to be damaged in any way, and stop use immediately if
you are concerned by any abnormal operations.

To prevent electic shock, do not tamper with or disassemble the RidleyBox, case parts, connectors or accessoriesoidgdfaso v
YIEydzZFl OGdzZNBNR&a 6FNNIyaGes a 2dzif AYSR Ay [/ KFLWGSN oo

When cleaning the RidleyBag not use waterWe recommend using isopropyl alcohol cleaning swaibgrevent electric shock,
disconnect all cords and cables first Dot allow water to enter the casing, as this will compromise the electronics or insulation inside.

CAUTION 52 y2i0 06ft201 lyeé 2F (GKS AyadNHzSydQa AN @Syda +Fa 2¢
Do ot insert any objects through the air vents as internal interference will cause damage to the RidleyBox.
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2 Insidethe RidleyBox

.ST2NB 6S 060S3aAy aSidzals tSGQa GFf 1 ThiosezaniakiSdesyged, bigsgcSoyhdtgyouO 2 v (i
achieve results quickly and efficiently. From this manual, we will refer to additional manuals on your desktop that corgaietailed
instructions for getting the most from your RidleyBox.

2.12 K I ( Sidethe\RjdleyBoR

TheRidleyBoxs a perfect collection of components ready to move designs and productivity to the next level

)l
)l
)l
)l
1
)l

RidleyWorkdifetime license- software for power supply design
FourChannel Frequency Response Analgpertrolledby RidleyWorks
Ridley Universal Injectobuilt-in isolator br loop measurements
FourChannel 200 MHz Oscilloscopentrolled by PicoScope®ftware
Intel Computerwith Microsoft Windows lifetime license Officesoftwareand WiFi \ @ 6 AT,‘,‘"';‘,}',’;';‘ Q Q tw)

All Metal RidleyBoxRFENclosurgor cleanmeasurements in noisy systems

Wealso recommenavA Rf S & 9 yoptianyl Acsdsdoyedbsribed in Chapted for other power supply related measurements.
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2.2 Overview of Inputs and Outputs

Scope/FRA
Channel Inputs

Front View

c

e e Y

0 AVOID ELECTRICAL SHOCK THE POWER CORD PROTECTIVE
GROUNDING CONDUCTOR MUST BE CONNECTED TO SAFETY

EARTH GROUND. NO OPERATOR SERVICEAB!

WARNING DO NOT REMOVE COVERS. REFER SERVICIN

WWW.RIDLEYENGINEERING.COM

Rear View

PONENTS INSIDE.
UALIFIED PERSONNEL.

MADE IN USA

Scope External
Trigger Input

Transformer
Isolator

Input  Transformer

Source
Output

® ®

EXT

Cooling

Isolator
Output  Power

~ N e g
©) RunteyBox 6@

(
X
B

IEC

Vent Input

65 W MAX

4KHDMI 1 4KHDMI 2

Not

Output usg Output

1&2
Ethernet

Output

O )

L— isolator ——d Power

Power ON/OFF

Side View

This diagram describes all input, output and power
functions.

Front View: Note that the four channel inputs are used
for both oscilloscope and frequency response inputs.
The Power button is a soft power button.

Rear View: The Power ON/OFF is a hard power button
for disconnecting from the ac line. Use thisop to
transporting the device.

Side ViewWith two HDMI ports, it is possible to
connect two4Kmonitors for a higkresolution
engineering environment.

2.3 RidleyBoxSetup

To begin setupgonnect the following to youRidleyBox
1 IEC Power Cord

1 HDMI Montor (up to 4k resolutionyvith sound

1 USB keyboard

q USB RF mouse
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Engage thOWERON/OFFRocker switchon the rear of the
RidleyBoxabove the power entryThen push the°’OWERswitch on
the front of the RidleyBox to start then-board computer.

On the monitor, you will see the familidficrosoft Windows 10

. f

, desktop screenAlready loaded on the desktop are Microsotftfice
“ m software, RidleyWorks software, PicoScepéware, the RdleyBox
: : - Manual RidleyWorks ManuaPicoScope Manuaind Intel Nuc
RidleyWorks1414 PicoScope Manual

OpenRidleyWork Software bylouble-clickngthe RidleyWorkslcon
shown on the left.

Fig. 2.2: RidleyBox Primary Software Icons
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3 RidleyWorks Overview

3.1 RidleyWorks Features

RidleyWorks is the only switching power supply design program which provides component desigsiglaafyeimulation, feedback
control design, and small signal analysis in one-tas)se package. RidleyWs Release lfeaturesinclude:

Power stage designer

Magnetics designe(included in full version, not in Control and Simulation version) Library of cores

12 most popular topologiesised in the industry. All topologies in one program allow you to comgaiekly and easily
L v R dziastésEcyriby-cycle simulationshows true largesignal performance

SPICELaundhstantly creates LTspice files to continue design and more detailed simulation with all components selected
PSIM Linknstantly creates PSIMIsematics for more detailed, higbpeed simulation

UnigueLTspice and PSIM circuit moddts proximity loss and core loss

Control loop designesuitable for constanfrequency PWM

Currentmode controlusing the latest and most accurate modeling techniques

Voltagemode controlusing the results of the PWM switch model

CCM and DCMonverter simulation and analysis

Smallsignal analysi®f control system, including loop gain

Digital compensatiodlelay calculation

16| RIDLEYBOXser Guide



Two-stage input filter desigand analysis

Output impedanceanalysis

Audiosusceptibility oPSRR analysis

Secondstage LC output filteanalysis and design

Snubberdesign and analysis

Switching lossanalysis for power FETs and IGBTs

Direct Control interface to the AP310 Frequency Response Analyzer

Direct Control Interface to the RidleyBox Frequency Response Analyzer

3.2 Working inLevels

There are three levels of application for this software. These levels are commensurate with experience to help you achreatest
value fromRidleyWorksvithout the burden of struggling with the800+design equations involved in arriving at the smo.

LevellBasicDesign & (0KA& fS@OSt>X aAyYLie AyLldzi GKS LI26SNI NBIljdzANBYSyYy(a
control loop, is designed automatically. The components are chosen based on the data. These are workitigav@iaileoe applied to
hardware with confidence. Examine the design with RidleyWorks simulations, or convert designs to LTspice files withLitenSRICE
feature. Use the PSIM link to automatically generate simulation schematics.
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Level 2Intermediate Design Level two designers have design experience and want to input their knowledge as the design progresses.
They want to understand and further optimize their design. At this level, look carefully at the selected values from Ridlen\W@hange
them as neededo improve the design.

Level 3 Advanced Desighevel three designers not only know how to design an effective power supgplgy know how to get maximum
performance out of their power system for very specific applications. They have a libgangferred parts that work well for their
applications and use these to fully optimize the design.

The magnetics design section works similarly in le¥éésvthe transformer or inductor on the main design schematic and
1 Choose fom simplified parameters and refer to a magnetics design house for completion;

1 Choose your own cores, wire, and other components and give the completed design to a manufacturer for production; or

1 Design the magnetics from the ground up using your own patara and knowledge.

Regardless of design experience, RidleyWpr&sides the abilityo check and crossheck all parameters and resul&topat any time
during the process and view resulting waveforms and control parameters.

We hope you enjoy the benefits of this interactive design tool. To learn more about the powerful capabilities of the progtaghly
recommend attending one of ouourDay Power Supply Design Courses.

From the RidleyWorks scregygu canlaunch the buikin frequency response analyzer for direct flow of live data from measurements.
Compare with predictions of performance, design compemsatand to qualify power designBhis will be discussed in Chapter

To engage the power of RidleyWorks for power supply design capabilities, refer to the RidleyWorks Manual on your desktop.
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Addtional software orthe RidleyBox computer includes LTspidéland PSIMRidleyWorks software will automatically generate
schematic files for LT&.

The functionality of PicoScope software, to operate the RidleyBox as an oscilloscope, is explameddatail in Chapte4 andthe
PicoScope Manuain the de&top.

3.3 RidleyWorks Software Updates

The latest version of RidleyWorgsftwareis always available fodownload athttp://ridleyengineering.com/softwareridley/download
RidleyWorks.html

3.4 RidleyWorks PSIM and LTspice Links

RidleyWorkswill export schematics to PSIM and to LTspiedddher circuit analysis. A license for PSIM is provided with your RidleyBox,
allowing you to do very highpeed simulation. It will also allow you to generate Bode plots on the transient circuit model in just a few
seconds.

Please see the RidleyWorksnual for details on how to activate these links and run PSIM analysis.
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4 PicoScope Overview

4.1 PicoScope Hardware Features

The PicoScope 5444D, integrated into your RidleyBox, is spégd, highresolution 4channel oscilloscope. Thssope was chosen for
our RidleyBox because of the following powerful features:

High Bandwidth, High Sampling Ratéhe bandwidth, up to 200 MHz, is matched by a-teaé sampling rate of 1 GS/s. For repetitive
signals, the maximum effective sampling rate be boosted to 10 GS/s usiB@S mode.

Serial Bus Decoding and Analysi$ie 5444D can decodewlire, ARINC 429, CAN and GAN DALI, DCC, DMX512, Ethernet 10Bas®
100Baser X, FlexRajgC, I2S, LIN, Manchester, MODBUS, PS/2, SENT, SPI, UZRT 822 /| R$85) and USB 1.1 protocol data as
standard.

DeepMeasureDeepMeasure delivers automatic measurements of important waveform parameters on up to a million waveform cycles
with each triggered acquisitiomResults can be easily sorted, anatyamd correlated with the waveform display.

Waveform Buffer and NavigatoiPicoScope can store the last ten thousand oscilloscope waveforms or spectrum plots in its circular
waveform buffer.

Mask Limit TestingMask limit testing allows you to compare live signals against known good s@m@ls designed for production and
debugging environments. Use the Buffer navigator to find waveforms that violate the mask.

Advanced Digital Triggerindgn 1991 Pico pioneered the use of fully digital triggering using the actual digitizedTdesetechnique reduces
trigger errors and allow our oscilloscopes to trigger on the smallest signals, even at the full bandwidth. Trigger levels and hysteresis ca
set with high precision and resolution.
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FFT Spectrum AnalyzeFhe spectrum view plots amplitude agaifigquency and is ideal for fiting noise, crosstalk or distortion in
signals. The spectrum analyzer in PicoScope is of the Fast Fourier Transform (FFT) type which, unlike a traditionalteuwe@redgzer,
can display the spectrum of a single, A@peating waveform.

4.2 PicoScopé&oftware Features

Advanced DisplayThe software dedicates almost all of the display area to the waveform to seem the maximum amount of data at once
Create a customizable spfitreen display, view multiple channels or different views of the same sgnaltaneously. Zoom, pan, and
filter settings for each wave form.

Digital Persistence ModePersistence mode superimposes multiple waveforms on the same view, with more frequent data or newer
waveforms emphasized with deeper saturation or hotter coloise this mode for viewing complex or changing waveforms and you will be
able to see glitches even if subsequent waveforms are drawn on top.

Math Channels and FilteraVith waveform mathselect simple functions such as addition and inversion, or open that&m editor to
create complex functions involving filters (lowpass, highpass, bandpass and bandstop filters), trigonometry, expongatiisnso
statistics, integrals and derivativeBlot live signals alongside historic peak, averaged or filteeadforms.

Custom ProbesThe custom probes feature allows you to correct for gain, attenuation, offsets and nonlinearities in probes, sensors or
transducers that you connect to the oscilloscope. For example, it can scale the output of a current prodieitsootinectly displays
amperes. It can also transform the output of a nonlinear temperature sensor using the table lookup function.

Alarms Program PicoScope to execute actions when it detects events such as mask limit failures, triggers and huffetierislinclude
saving a file, playing a sound, executing a program or triggering the arbitrary waveform generator.

21| RIDLEYBOXser Guide



ThePicoScop&444D hasnany powerful tools to help you acquire and analyze wavefokiffsle these tools can be used on their own,
the real power of PicoScope lies in the way they have been designed to work together.

As an example, the rapid trigger mode allows you to collect 10,000 waveforms in a few milliseconds with minimal deadva®e bet
them. Manually searching through these wawehs would be timeconsuming, so just pick a waveform you are happy with and let the
mask tools scan through for you. When done, the measurements will tell you how many have failed and the buffer navigatgoalto
hide the good waveforms and just glay the problem ones.

Perhaps instead you want to plot changing duty cycle as a graph? How about outputting a waveform from the AWG and alSoadlytoma
saving the waveform to disk when a trigger condition is met? With the power of PicoScope thelipiessiioe almost endless.

Detailedinstructions can be found in the PicoScope User Manual located on your desktop.

4.3 Software Updates

The latest version of PicoScope software is always available for downlbggdsat/www.picotech.com/downloads
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5 Making Freqguency Responsg&nalyzerMeasurements
5.1 Starting RidleyWorks and the Frequency Response Analyzer

To start usinghe
RidleyBoyas aFrequency
X ResponseAnalyzer,open
“ RidleyWorks softwarby

RidleyWorks1414 double-clickingthe icon
located onthe desktop.

Thiswill open RidleyWorksoftwareand the
openingscreenwill appear

RELEASE 14 ClickBEGIN DESIGfAyou wantto design a
switching power supply before making
measurementsPlease refeto the RidleyWorks
User Manuabn your desktogor full details and
methods for power supply design.

Clickon the RidleyBoxo start measuring

5.1 RidleyWorks Opening Screeavith RidleyBox
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5.2 Frequency Response Analyzéontrol Screen

Gain (dB) RintevBox

1000000

Phase Margin (deg)
150

1000000

Fig. 5.2: RidleyBox FRA Control Screen

LOOP GAIN

MAGNETICS LEAKAG
INDUCTANCE INDUCTANCE

10HZTO MAGNETICS
20 MHZ IMPEDANCE

ouTPUT
IMPEDANCE

SETTINGS o :

SAVE DATASET 1 na

CLEAR DATASET 1 a a

CLEARALL m

O

TheRidleyBox FRA Control Screen will appear
There aranultiple presetmeasuremens:

Plant Transfer Function
Loop Gain

Magnetics Inductance
Leakage Inductance

10 Hz to 20 MHz Sweep
Magnetics Impedance
PSRR

Output Impedance

PFC Loop (click down arrow to shpw.

=A =4 =4 =2 =2 =4 =4 A 4

Low Impedance

Click theRidleyBoxOWEFRbutton on the
software screerconnect to the Picoscope. The
power indicator will turn greernSelect the desired
measurementMeasurement parameterwill then
be populatedirom the design irRidleyWorks
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5.3 Power Stage Measurement

Click thePLANTbutton to set up the

e RidleyBox for measuring the Power Stage.
Switching This will setup the measurement with a
Power fixed 1 V source, and a 100 Hz bandwidth.
Supply This should be suitable fdine relatively low gains that will be
encountered in a power stage.

Fora frequency response measurement, there are two setup
i steps: (1) injecting a signal into the circuit and (2) connecting
PWM Controller test probes to the appropriate points.

M F ] This schematic showmne of the techniquedlusedat Ridley
<]: 7} Engineerindo measurepower stage gain. This is the first
e step in designing a loop compensat@e usea large
capacitor, 1 uF or more, in series with a 100 Ohm resistor for
the feedback networkZf. Zi is typicallypt a very large value
CHC resistor divider, designed to regulate the output voltage to

' the correct dc value. The resistor magnitudes are in the order

CHD A\
O of about 100 k Ohms.
= SOURCE =

A second impedance branch equal to Zf is then connected to
RIDLEYBOX ANALYZER the source of the RidleyBoXhis give unity gain from the

source to the output of the error amplifielt alsoallows a

fixed signal size to be used across émtire frequency range.

Fig. 5.3: Making a Power StageMeasurement
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5.4 Sweeping thePower Stage

Click theSWEEP

button to start

the measurementA verbal

Dataset?  ——Dataset 3 messagendicatesthat the sweep

has initiated To the right of the
RidleyBox logo is a counter that

o trom moverance ll moucrance lll - Move's incrementallps the sweep

s progressesThe sweep may be

stopped at any time by clicking the
—— STORutton.

Gain (d8) RinteyBox SWEEP

Live Data Dataset 1

Dataset4 ——Dataset5 LOOP GAIN

2

——Dataset 8 Dataset 9 T T
20 MHZ

1000000

Phase (deg)
200

SETTINGS

£ o3
il

Each timea sweep is donéhe new
trace will be shown in purple.

[ saveosmser: | 2 When the sweep is finished, you
oooaon will have the option to save the
[cemomser: [ 2[ - M measurement with theSAVE
e DATASEButtons on the screen.
=< Ml Note: always savBATASET first
since this also saves the frequency

@ points.

150

100

Fig. 5.3: Sweeping the Power Stage
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5.5 Comparing the Power Stagdeasurementwith Predictions

=
w
=
W
A
M
=8

Fig

Power Supply Transfer Functions

1000

1000
Frequency [Hz)

. 5.5: Power Stage Measurement and Prediction

10000

10000

100000

Click the
RidleyWorks
button to see
the data in the
Loop window on thé>ower Stage
sheet of RidleyWorks

One advantage of the RidleyBox is
that the measured data flows

straight into RidleyWorks, where it
can be compared with predictions.

Verifythe performance of your
system against the bestvailable
modelsin the industry

As you can see from this plohdre
will always be differences between
measurements and predictions.

Refinemodelsas needed,
depending on collected data sets
for designs and verification.
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5.6 Loop Gain Measurements

(5 ettt Loop gain measurements are fundamental to assuring rugged stability of a
Suiel : ISOLATOR system. If you clicthe LOOP GAlKutton, a graphi@ppears showingow

? g' to set up the measurement with two probeghe schematic of the
PWM Controller 1 measurement setujs also shownWe recommendising Channel Br the Outputand
M E Channel Aor the Input of the loop.
MQ The sweep frequencies, bandwidth, and signal injection sizes will be automatically set to
the right values when you click the loop gain button and should produce a successful loop
— = e measirement.
= = SOIJR(:EO_'TL
EREOPENCY REBPONOE ANALYCER Note: If you are unsure if your loop gain measurement is good, send the measurement

screen capture tanfo@ridleyengineering.corfor our engineers to review.

Fig. 5.61loop Gain MeasurementSetup
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5.7 Sweeping the Loop

Gain (dB)
80

60

100 100.0 10000.0

Phase Margin (deg)

150
100 100.0

Frequency [Hz)

Fig. 5.7: Sweeping the Loop

100000.0

RintevBox

1000000.0

200

Live Data
de Loop 60 V Input

oop 36 V Input

[ Click theSWEEButton to
SWEEP ..

initiate the measurement.
Averbal messagwill indicatethat the sweep
has initiated The counter to the right of the
logo will show the incremental sweep
progressin the example screen capture, the
sweep is at point 153 out of 200 poiniEhe
sweep may be stopped at any time by clicking
the STOMutton.

Each time the loop is swept, theew trace will
be shown in purple. When the sweep is
finished, you will have the option to save the
measurement with theSAVE DATASET
buttons on the screenTwo datasets are
shown in this figure.

Any of the stored datasets can be individually
cleared, ora singleCLEAR Allutton will
removeall traces.
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5.8 ComparingLoop GainVieasurements with Predictions

Click theRidleyWorks
button to see the data in
the Loop window on the
Power Stage design sheet of RidleyWorks
This allowwerification ofthe performance of
your system against the beatailable
models.

Power Supply Transfer Functions

Therewill always be differences between
measurements and prediction¥hat is one of
the reasons that bode plot measurements
persist in the power electronics industry.
Power stages tend to be unpredictable
Controllersoperate in highnoise
environments. Modeling techniques are
always simplifications, and the reatbrld
hardware can be expected to deviate from
theory in most cases.

1000 10000

=
]
=l
L]
1A
L]
B

The example shown here is a case where the
1000 10000 100000 measurements and predictions are very close
Frequency (Hz) ¢ it isunusual tosee such good agreement in

power systers.

Fig. 5.8: Viewing Swept Loop Measurements ids RidleyWorks
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5.9 Measuringindividual Loop Components

Switching
Power
Supply

E

ISOLATOR

3

:

M

<

PWM Controller

{Z

Zi

CHC

Fig. 5.9: Measuring Individual Loop Components

CHD

N\ JJ

SOURCE ~ =

FREQUENCY RESPONSE ANALYZER

With the sameinjection techniqueused for measuring loopgou canuse the RidleyBox to
measure the Power Stage Gaind the Controller Gaimdependently Connect Channel C
of the RidleyBox to the output of the error amplifier as shown in the scheniétiee
different measurementsre possiblewithout moving probes on the circuit by changing
the input and output settings for the RidleyBox:

Loop Gairg Input Channel A, Output Channel D
Power Stage Input Channel C, Outp@hannel D
Compensator Input Channel A, Output Channel C

Note that the signal injection iskept as avariable signal, as it would be for measuring the
loop. To change indidual input and output settings as needed, please see se&tith
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5.10 Manually Adjusting Sweep Settings

Fig. 5.10: Manual Sweep SettingAdjustments

Click theSETTIS Sbutton to change the setup of the analyzer. This allows
individual adjustent ofevery parameter.
Start and Stop Frequencydefault isfrom 10 Hz to twice the switching frequency for loop

gain measurements

Bandwidthg default is 10 Hz for loop gain measurememsver bandwidtls sweep
slowlywith better noiserejection

Source Amplitude a0-4 V pp fixed or variable source. Varialdeurceis normally used
for a loop gain

Source DC Offsetzero offset is used for laop gain

Input Channeg; the plotted data is the output/input ratioSpecify any othe four
channels.

Output Channet Channel D/A is the default setting for loop gains.

Variable Source InitigFinal Amplitude; When the Variable Source is selectedgbmitial
and final values are used.

Variable Source LdWMigh Frequency Bredointsc This specifies the frequencies at
which the source levalhanges.
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