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RidleyWorks® is the only switching power supply design program which provides component design, large-signal simulation, feedback control design, and small signal
analysis in one easy-to-use package. Features of RidleyWorks®, Release 14 include:

e Power stage designer

e Magnetics designer (included in full version, not in Control and Simulation version.) Library of cores.

e 12 most popular topologies used in the industry. All topologies in one program allow you to compare quickly and easily
e Industry’s fastest cycle-by-cycle simulation shows true large-signal performance

e  SPICELaunch™ instantly creates LTspice® files to continue design and more detailed simulation with all components selected.
e  PSIM Link instantly creates PSIM schematics for more detailed, high-speed simulation.

e Unique LTspice® and PSIM circuit models for proximity loss and core loss.

e Control loop designer suitable for constant-frequency PWM

e Current-mode control using the latest and most accurate modeling techniques

e Voltage-mode control using the results of the PWM switch model

e CCM and DCM converter simulation and analysis

e Small-signal analysis of control system, including loop gain

e Digital compensation delay calculation

e Two-stage input filter design and analysis

e  Output impedance analysis

e  Audiosusceptibility or PSRR analysis

e Second-stage LC output filter analysis and design

e Snubber design and analysis

e  Switching loss analysis for power FETs and IGBTs

There are three levels of application for this software. These levels are commensurate with experience to help you achieve the greatest value from RidleyWorks®
without the burden of struggling with the 5800+ design equations involved in arriving at the solution.
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Level 1: Basic Design

At this level, you can simply input the power requirements for your circuit. When you click “OK”, the entire converter, including control loop, is designed for you. The
components are chosen for you based on your data, and these are working values which you can put into hardware with confidence. You can then examine the design
with the simulations of RidleyWorks® or convert designs to LTspice® files with our SPICELaunch” feature. We also have a direct link to automatically generate
simulation schematics for PSIM.

Level 2: Intermediate 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, you will look carefully at the selected values from RidleyWorks® and change some of them to improve the design.

Level 3: Advanced Design

Level three designers not only know how to design an effective power supply— they know how to get maximum performance out of their power system for their very
specific applications. They have a library of preferred parts that work well for their applications and use these to fully optimize the design.

The magnetics design section works similarly in levels. You can view the transformer or inductor on the main design schematic and
1. Choose from simplified parameters and refer to a magnetics design house for completion.

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

3. Design the magnetics from the ground up using your own parameters and knowledge.

Regardless of your design experience, RidleyWorks® allows you to check and cross-check all parameters and results. You can stop at 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 program, we highly recommend attending one of
our hands-on Five-Day Power Supply Design Courses.
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1.1 Computer System Requirements (PC-Based)

To run RidleyWorks® effectively, any modern computer with at least Excel 2013 or later installed will work. The RidleyWorks® code is extremely efficient, and it does
not need a high-powered computer. It is also very compact, taking up only 16 MB of disk space.

You can select the 32-bit or 64-bit version of Excel when installing.

RidleyWorks® will work with Windows XP, Windows 7, Windows 8, or Windows 10.

1.2 Computer System Requirements (MAC-Based)

Microsoft Office is available to run on the Apple, but Excel for MAC does not work as it should. You will be able load RidleyWorks®, but the formatting will not show
everything properly. In order to use RidleyWorks® on the MAC, you will need to install a Windows partition and the normal PC-based version of Excel (either 32-bit or
64-bit).

1.3 RidleyWorks® Software Download

The latest version of RidleyWorks® is available for download at

http://ridleyengineering.com/software-ridley/download-RidleyWorks.html

If you are installing for the first time, you should download the full install version, and if you are upgrading, download the update version.
In order to download the software, you will need a software product key which looks like

RIDLEYWORKS-XXXX-XXXX-XX
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1.4 RidleyWorks® Software Installation

Overview

Install RidleyWorks® in c:\Users\<username>\Documents directory

Install LTspice® XVII in the default directory. You should see library files installed in c:\Users\<username>\Documents directory

Detailed Procedure

1. Earlier version of RidleyWorks® should first be removed using the Windows Uninstall utility.

2.  You should have downloaded a zip file RIDLEYWORKSINSTALL on your computer. Inside this zip file, you will see the installation file:
RIDLEYWORKSINSTALL.EXE

There will also be RidleyWorks15.xx file in the zip file. You may be able to just copy this file into your RidleyWorks folder instead of doing a full upgrade.
Instructions will be on the download page.

3. Double click on the RIDLEYWORKSINSTALL application to install in your Documents folder.

3.2 Inthe target directory, you should see the following files when the installation program is done:
RidleyWorks15xx.xlsm
Transfer.xlsm
ridleyworks_to_LTspice®
ridleyworks_to_psim
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You will also see a Config directory which contains the license files:

RIDLEYWORKS.dII
RIDLEYWORKS.dll.cm
RIDLEYWORKS dll.cm.ini
RIDLEYWORKS64.dl|
RIDLEYWORKS64.dll.cm
RIDLEYWORKS64 dll.cm.ini
CMinstall.exe

The blue .xIsm filename is the main RidleyWorks® program which will run under Excel. The six files shown in green contain the permission code to work with your
specific password for the program, provided to you when you purchased RidleyWorks®. If you receive an error message that Excel cannot find the .dll
files, please refer to section 101 of this manual.

i RIDLEYWORKS Installer Information " Error Code 1721 means that the installation process has not been completed due to your system
settings. If you do not see all the six green files in your directory, the software will not be allowed to run.
Error 1721. There is a problem with this Windows . . . . . ..
el T rrrew s i el o In this case, right click on the filename shown in red, and select Run As Administrator. Answer OK to any
“== complete could not be run. Contact your support questions, and at the end of the process, the extra green files in the list above should appear in the
personnel or package vendor. Action: NewCustomAction1, .
location: C:\Users), ...\CMInstall.exe, command: directory.

To use the SPICELaunch® feature of RidleyWorks®, you will need to install LTspice® XVII. You can download that from Linear Technology’s site. Please install
LTspice® xvii in the c:\Users\<username>\Documents folder (this is usually the default.) Additional LTspice® file and subcircuits will be placed in the appropriate
folders on your computer when you install RidleyWorks® in step 3 above.

Double click on the blue file name to launch RidleyWorks®. When the program begins to load, you may get the message that it contains Macros. Click Enable
Macros. The first time that you load RidleyWorks®, there will be a registration process.
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L Select the file to be configured as a standalone program and enter the password which you should have received upon
flezie taccite e bioso st purchase. After this, you will be asked to enter registration information, including address and contact information.

9 B O (If you receive an error about RidleyWorks.dll files not being found, please refer to page 78 of this manual.)
" Configure as a tial
" Configure as a network client

Please enter your Product Key below. A Product Key takes the fom: POWER456RS1
3 20K 2%, If you don't have a Product Key. please contact your software
supplier

PO\WER456RS1-

OK Cancel I Help

1.5 RidleyWorks® Software Upgrades

If you have already installed RidleyWorks® Release 10 or later, please uninstall it before installing the latest version on your computer.

1.6 Loading Workbooks

After registration, Excel will then proceed to open the specified workbook, and a page like that
shown in Fig. 1.1 will appear. Once you see this the words “License Verified” in the bottom left
corner, your product is fully registered.

To make sure sizing is correct for your display, click on Screen Size, and select the option that fit
your system. The pages will fit optimally on the screen when you select the toolbars option. You
can also use the zoom slide bar at the bottom right to adjust individual worksheets.

RELEASE 15
LLC Design

If you have a RidleyBox or an AP310, you can directly link to them by clicking on the picture.

Fig. 1.1: RidleyWorks® Guide Page
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1.7 Saving Workbooks

Your design in RidleyWorks® can be saved just like any Excel workbook. It is recommended that you save a project under a different name from the original file. To do
this, click on File Save As, and specify a folder and a name for your project.

Every time you do this, you will be saving a complete copy of RidleyWorks® together with the simulator, designer, and all the features of the program. It is a live copy
of your design, constantly analyzing and simulating any changes you make, not just the data.

1.8 Saving Data Only and Transferring Data to New Version

It is possible to save just the data from your design in a much smaller file. This feature has been added to allow you to easily transition your design to a new version of
the program without having to re-enter all your design choices. You can also send a design to your colleagues in a very small file.

To take advantage of this feature, it is necessary to
have two files open — RidleyWorks14.xIsm and
TRANSFER.xIsm. (the Transfer file should
automatically open.) Once you have opened these
files, go to the Power Stage page of RidleyWorks®
and click on the Export/Import Data button. When
you then click the Export button, your data that you
m have entered will be placed in the TRANSFER.xIsm

SPICELaunch file. Clicking on Import will load data from the
TRANSFER.xIsm file into your RidleyWorks®
worksheet.

. Import/Export Data
Compensation You can then open the latest version of

Modulation RidleyWorks® and follow the process above to reload
your data into the new version.

Design Summary

Save Data
PSIMLink

Isolation
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1.9 Which Version Do | Have?

RidleyWorks X

RidleyWorks 1501.05 September 19, 2022

This software is licensed for your use. It remains the property of Ridley
Engineering. Please help support us in our efforts to prevent illegal
distribution of this software.

RELEASE 15
LLC Design

License Agreement Updates

Fig. 1.2: RidleyWorks® Version Number and Recent Updates.

To find out which version you have installed, click on the RidleyWorks® name on the opening screen. You can also see the recent changes and upgrades by clicking on
the Updates button.

1.10 Help Notes

RidleyWorks® has extensive on-line help inside the program. Click on any of the help buttons to access notes about a particular feature of RidleyWorks®. A wealth of
design information is contained in the program, together with power supply design tips.
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1.11 Software Support

If you are having problems installing or running RidleyWorks®, please call or e-mail for help. If no one is immediately available, please leave a message,
including your name and phone number, and your call will be returned as soon as possible. You can also choose to attach your RidleyWorks® file to an

email for assistance.

Phone: (US) 805504 2212 E-Mail: info@ridleyengineering.com
(UK) +44 (0)1509 276 245

1.12 Facebook Support Group

If you are a part of Facebook, there is a group dedicated to power supply design with over 6000 industry members. Whenever a new version of the
software is available, a posting will be placed on this site, immediately notifying you. You can also ask questions about the software at this site. The

group is called

POWER SUPPLY DESIGN CENTER
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Design and Simulation

RidleyWorks® has the fastest closed-loop power supply simulator available. It accurately simulates 800 cycles of closed-loop operation of a converter with
instantaneous results. Change parameter values, control design, or power stage elements and see the results on true large-signal waveforms instantly. To begin your
first design and simulation, click on Begin Design, and you will see be taken to the schematic page to select which features you want to use.

RELEASE 15
LLC Design

Fig. 2.1: RidleyWorks® Guide Page with Start Menu
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2.1 Entering Specifications and Topology

You will start working on the schematics page as shown below. This will let you see waveforms and small-signal measurements while interactively changing power
parts and control parts. An automatic expert-system design routine will help you with all component choices. If you are a new designer, you may choose to let
RidleyWorks® choose every parameter for you and you can expect a good working design. On the schematic page, you will see a power topology (a buck converter in
the figure below), a controller with all the settings needed to implement most constant-frequency options, and a feedback compensator. The compensator and
controller may all be in one chip and you have full control of all the parameters.

; )/ Schematic components in red are clickable, and you
can edit their values and see components stresses. This
will be demonstrated in more detail later. First, though,

you will want to enter your specification for your

. /'/
( i ) = = T
i power system. To enter your power specifications, click

= Waveforms

) on the top blue button as shown.
Control Design
Inductor Design

Gate
Drive
R Feedback Design
Max _|o Lt
Duty Limi o . -

Isolation

Specifications

Topology

Design Sequence

Design Summary

PSIMLink

SPICELaunch

Soft Sta i I
T l Import/Export Data
Ci i
PWM Controller

Modulation

Multiloop Sweep

Fig. 2.2: RidleyWorks® Schematic Page
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FEEDBACK ISOLATION
(* Mon-lsolated (” TL431/0pto E/A -

i i

Fig. 2.3: RidleyWorks® Specifications Entry Form

Input and Output Specifications
RidleyWorksBuck 14 Clear Design
INPUT VOLTAGE RANGE
(" 120VAC (" 240VAC (" 120-240VAC  DCInput
Low Line Voltage 36
Nominal Input Voltage 48
High Line Valtage &0
OUTPUT VOLTAGE AND CURRENT
Main Auxl Aux 2 Aux 3 Aux4d
Qutput Voltage | 12 | | | | |
Output Current | 1 | | | |
POWER SUPPLY COOLING
" High Airflow " Moderate { Low Airflow * None B5 -

The first area of the Specifications form lets you choose either DC or AC input. You can select the pre-
programmed ranges of ac, or enter specific voltages that you want to use. One of the unique advantages
of RidleyWorks is that there is no limit on the voltage ranges. The design process is not restricted to any
specific controller that may limit the operating ranges. Control chip choice, and semiconductor choice,
will come later.

If you plan on using a flyback converter, you can specify up to 5 outputs. Other converters are restricted
to single outputs in the present release, although this does not limit the experienced designer.

Airflow and temperature ranges will impact magnetics design. The higher the temperature, the larger
the magnetics size estimates will become.

The feedback can be configured as either nonisolated, or with a TL431 optocoupler.

Once you click OK on this form you will see a summary of your inputs to check, then you will be
presented with a set of choices for the topology of the power stage.
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Circuit Topology Selection w Figure 2.4 shows the set of topologies available for the
input and output voltage specifications. Notice that the

~ Buck Buck-Boost boost topology is not possible since the output voltage
e e — M T1LEI”|1LIHISHEE;‘E is lower than part of the input range of the converter.
i O [ — § . Once you have selected a new topology, RidleyWorks®
* T l Boost not possible will proceed to do an amazing amount of work. First, all
) —| ’ the power components will be selected. A controller
will then be optimized around the power stage to give

good transient performance and stability. Loop gains
will be plotted and analyzed. Finally, 400 cycles of large-
signal operation will be simulated. All of this is done

Single Switch Forward Two Switch Forward Half-Bridge

+b;"""T§ —

| instantly. This will total change your design and
O 1 simulation experience. Your design procedure will
x become much more interactive, trying far more options
and repetitively simulating as if you had a live
— {* Half-Wave " Full-Wave breadboard.
Use Voltage-Mode Only
Full-Bridge push-pull Flyback Before digging deep.er |r?to design values, it is very
- 1M " _ valuable to look at circuit waveforms to see how the
T E ¢ ! _L It converter is operating. At this point, you have had no
Y B S T o . . . . .
) ) 3 ¢ - input to design values and RidleyWorks® will provide
IS % % 7 . i isti
) ; | L | you with fully automated results for a realistic
1 I o [ QR Operstion converter. You can verify this by looking at the
L1 | % Halfwave  Fulliwave [ AllowDCMOnly | RCDClamp waveforms of the circuit.
{* Half-wave " Full-Wave

Fig. 2.4: RidleyWorks® Topology Choices
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2.2 Running Waveform Simulations

1|
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Clock "

Ve Max

Ramp

Feedback Design

Soft Smil % )
T

PWM Controller

Fig. 2.5: RidleyWorks® Waveform Choices

Isolation
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Figure 2.5 shows the selection of voltages and currents
that can be probed with RidleyWorks®. The simulation
algorithm inside RidleyWorks® is so fast that you will
routinely run hundreds of simulations during a design
session, never having to wait for the results. Every time a
component is changed, another 400-cycle simulation is
run to confirm that the converter is operating properly.

To begin doing this click on the blue button labeled
Waveforms, then click on the scope probe at the output
of the converter.
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RidleyWorks Output Voltage (V)

12.0002

Horizontal
Delay

Step

12.0001
1
| 1 1 | \ \ \ \ | | 1 1 1 \ I ’
. | 1 1 | \ | \ | | | 1 1 | | | \ \ | 1 | o
| | \ | \ \ | | \ | \ \ | | | | | \ | | \

Time Base

Min

1

Vertical

0.160

Change Capacito uF & W  REBET

art Tin deianun] Mol ESTEit S Change Inductor pH M W REEET

Ripple Frequency = LinefLoad 10-100% Load Line Step
Loop Zain Crossover =
Loop Phase Margin =

Control Mode Compensation

Show Voltage and Current

Fig. 2.6: RidleyWorks® Output Voltage Waveform

RidleyWorks® automatically simulates 800 cycles at a time. To zoom in on this waveform, treat the controls of RidleyWorks® just like a scope. Turn the Time Base dial
clockwise to zoom in by clicking on the up arrow next to the dial. Each time you click on the up arrow, the number of complete waveforms will be cut in half. You can
quickly turn the dial back to the original setting by clicking on the Min setting.
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2.3 Startup Simulation

RidleyWorks Output Voltage (V)
Horizontal
Delay

step

4.000

Change Capacitor ur AW
First Pulse Duty

Startup Startup Continue  Steady-State

simulation Start Tim Change Inductor H AV

Rippl Line/load 10-100% Load Line Step
Loop Gain Cross

Loop Phase Mar, degrees

Show Voltage and Current Ceontrol Mode Compensation

Fig. 2.8: RidleyWorks® Start Up Simulation Voltage Waveform

Startup of your converter can be simulated by clicking the green button as shown above. This will start with zero output voltage, and zero inductor current, and
simulate the converter into regulation as shown. It takes over 200 cycles to get the output voltage into regulation in the example shown. It can be instructive to click on
button to add the current waveform of the converter to show what effect the current limiting has on the performance of the startup.
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RidleyWorks Output Voltage (V)
14 Horizontal
12 Delay

10 Step

0.000 0.500 1.000 1.500 2.000 2.500

Time (ms,
Inductor Current (A) (e

Vertical

0.000 0.500 1.500 2.0 2.500 3.000 4.000

Change Capacitor uF AY
First Pulse Duty Cycle =

Simulation Start Time = Startup  Continue Sisady, S Change Inductor uH AV

Ripple Frequency = Line/Load 10-100% Load Line Step
Loop Gain Crossover =

Loop Phase Margin =

Control Mode Compensation

Fig. 2.9: RidleyWorks® Start Up Simulation Voltage and Current Waveforms

In the red waveform of Figure 2.9, you can see that the converter enters current limiting during startup.

Determining the proper values of parameters such as current limit is crucial at the very early stages of design. The peak current will impact the design of magnetics and
sense resistors, and you don’t want to discover this kind of effect later in the design cycle. RidleyWorks® is ideal for this kind of work since it automatically designs all
compensation parameters at the very beginning of a design, and this is essential for proper simulation.
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2.4 Step-Load Transient Simulation

RidleyWorks Qutput Voltage (V)
Horizontal

Delay
Step

=0
Simulation Conditions = 0
INPUT VOLTAGE Time Base
Initial Input: . ) . o
Stepped Input: . . * .
Min

OUTPUT POWER

% Initial Power: STEP LOAD Vertical

% Stepped Power: -

Rate of change

0.500

First Pulse Duty Cycle = 0.2 LI NE AND LOAD [ gre— |

Simulation Start Time =
_ ,, ) Line/load 10-100% Load Line
Ripple Frequency = kHz
Loop Gain Crossover = 6 Hz
Loop Phase Margin = 53 degrees

Control Mod i
Show Voltage and Current ontrol Mode Compensation

Fig. 2.11: RidleyWorks® Step-Load Transient Simulation

The line and load conditions can be set as shown. Two values of load are shown. The first 200 cycles are run with 100% load, the second 200 cycles with 20% load.
Simulation of both the voltage and current are shown, with the inductor current entering DCM on the second transient when the load falls to 20%.
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2.5 Adding Input Voltage Modulation

RidleyWorks Output Voltage (V)

122

Maodulation Waveforms Time Base

| L
Modulation Waveform Parameters | I -’
f Min
&+ Input Voltage Modulation Active |

" Qutput Voltage Modulation Active Vertical

" NO Modulation Active

Modulation Amplitude
C A Y REBET

uF
Modulation Frequency arup) REcntons EEaihiae Change Inductar pH v REBET

efload 10-100% Load Line Step

m Control Mode Compensation
T Import/Export Data
Compensation

PWM Controller

Modulation

Modulation

Fig. 2.12: RidleyWorks® Input Line Modulation

RidleyWorks® has the
capability to add sinusoidal
modulation on top of the
input dc voltage. It can also
be used to add modulation
to the reference voltage to
drive the output.

23|RidleyWorks Manual



2.6 AC Input Simulation

i - ™
I o ek Convner

— INPUT VOLTAGE RANGE

(T 120 VAC (" 240VAC ¥ 120-240 VAC { DCInput

Low Line Voltage I 85

MNominal Input Voltage I 240
High Line Voltage I 264

[ AC LINE FREQUENCY

¢ 50Hz ( 60Hz ¢ 400Hz ¢~ Custom Frequency 50 Hz

— OUTPUT VOLTAGE AND CURRENT

Main Aux 2 Aux 3 Auxd

Output Voltage I 61
Output Current I 45

— POWER SUPPLY COOLING

& High Airflow " Moderate (" Low Airflow  None 25 'l

PWM Controller

Fig. 2.13: Choosing AC Input on the Specifications Form (not available in Demo Version)

Y

Specifications

Topology

Design Sequence

Control Design

2nd-Stage Filter

Design Summary

| _amsoere |
===

With the full version of RidleyWorks® you can
select an AC input and perform a simulation of
the input rectifier. Three choices of range are
available to you. When you check one of these
buttons, as shown below, the expected low,
nominal, and high-line voltages will be filled in
for you. You can change these values if you
wish. Once you have checked an AC input, the
schematic will change on the input, showing
you the input rectifier block.

After clicking OK, click on the rectifier at the
input to see the simulated input waveforms.
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The simulation of input line

Input current and input capacitor
input voltage EEJIED Y rms 50 4l voltage are shown in the
O Fullwave Rectifier # Halfwave Rectifier ﬁgure above. This helps you
size the input capacitor
Input Capacitance 50.1 appropriately for the desired
Capacitor ESR _ ) amount of ripple at the input

of your converter.

Time (s)

Present Simulated Load

Input Line Current AC Line Current

Power Factor
Capacitor Current
Dissipation

Minimum Voltage

Use Minimum Value for Design

Time (5)

Fig. 2.14: AC Input Waveforms for a 27 W Flyback Converter
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2.7 Exploring Further Simulation Options

Many more simulation options are possible within RidleyWorks® and you are encouraged to try them. For example, with the transient load simulation in Fig. 2.11, you
can interactively see the change in transient performance with different value inductors and capacitors. You can move these values up and down while watching the
change in the waveforms. This is a truly unique feature of RidleyWorks® that will change the way that you do your designs and greatly speed up the process.

You are encouraged to try all these options in RidleyWorks®. Let us know what you see and tell us if there are additional features of that you would like to see included
in the program in the future. Once you have a license for the software, all upgrades are free if your license is current.

Please contact us to let us know what you would like to see included in the program in the future. We are constantly upgrading the software to respond to user’s
needs.
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Control Analysis Transfer Functions

Audiosusceptibility

Gate
Drive
R
Max
Py~ R I Limit

Clock

Feedback Design

Soft Smi 1 %.. : N
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PWM Controller

Fig. 3.1: Control Design Options in RidleyWorks®

CONTROL

Specifications
Topology
Design Sequence

Waveforms

Control Design

Efficiency

Inductor Design

Transformer Design

Design Summary

PSIMLink

SPICELaunch

Import/Export Data

Modulation

Multiloop Sweep

RidleyWorks® has unsurpassed techniques for designing and
analyzing the control system for a switching power supply.
The analysis techniques and design routines have evolved
over a period of 25 years to give you all the control
information that you need to optimize the performance of
your power supply.

3.1 Turning On Control Options

When you click on the Control Design blue button you will
see the green options buttons below appear on the power
stage schematic. (If you don’t see the Z Out and the
Audiosusceptibility buttons, make sure these features are
checked when you click on the Features button.)

Once you see the green control buttons, click on the Loop
button to see the main control transfer functions.
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3.2 Current-Mode and Voltage-Mode Control

RidleyWorks

Loop
Loop Phase Margin =

Loop Test Setup

Fig. 3.2: Current-Mode Control Transfer Function Bode Plots in RidleyWorks®

Power Supply Transfer Functions

100000

Control Loop Design

SELECT PLOTS

Compensate | Compensate
Predicted | Measured
ge | Power Stage

<<

Nyquist

AP

|

le if AP or Ridley

Loop Calculated from Z out meas

Power Stage Details

Change Capacitor uF MY RESET

Change Inductor uH & ¥ RESET

Qutput Power

Compensation

Figure 3.2 shows the control transfer
functions which are available in
RidleyWorks®. You can select multiple
plots to be shown all at the same time as
shown in the box above. Measurements
from the AP300 Frequency Response
Analyzer can also be overlaid on the graph
to compare with predictions.

You can do many things on these graphs,
including moving the line and load up and
down, and changing the values of the
inductor and capacitor in the converter.
As you change these values, you can see
the immediate effect on the power stage,
compensation and loop gain.

Note that when you change the inductor and capacitor values, each time you click on the button, the control loop is optimized for the new power stage and the
transfer function plotted for the updated design. RidleyWorks® will automatically detect whether the converter is operating in CCM or DCM and provide the
appropriate transfer function. If you wish to see details of the converter you can click on the Power Stage Details button and it will give you the poles and zeros.

The Compensation button is a feature of RidleyWorks® that lets you interactively move the shape of the compensation values while looking at the shape of the loop at
the same time. Figure 3.2 shows the transfer functions for current-mode control, the default control scheme chosen for all converters except the half-bridge.
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RidleyWorks
Power Supply Transfer Functions
Control Loop Design

Compensate | Compensate
Predicted | Measured
Power Stage | Power Stage

[ << [ <

|

[

Power Stage Details

Cha pacitor

Change Inductor

Loop Gain Cros!

Loop Phase Margin =

Loop Test Setup Control Mode Compensation

Fig. 3.3: Voltage-Mode Control Transfer Function Bode Plots in RidleyWorks®

If you click on the Control
Mode button, you can
change your selection to
voltage-mode control.
Once you do this, the
compensator will be re-
optimized and the
resulting transfer
functions plotted.
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3.3 Interactive Compensation Adjustment

RidleyWorks f :
Power Supply Transfer Functions It is possible to look at the control
(Compensation Desgn transfer functions of RidleyWorks®
while adjusting the pole and zero
locations of the compensation, as
shown in the figure above. Each
time you click the Adjust button the
zero or pole will be moved, new
compensation components
1000 10000 100000 Loop Gain Crossover Freguency
N selected, and the curves replotted.

Compensation Zeros

First Zero I

« e o O
Second Zero Hz Default un

Compensation Poles

second Pole Hz 100000 Hz Default un
Hz 100000 Hz Default un

. Third Pole
10 0 10000 0
Ripple Frequency z m
Loop Gain
Output
Loop Phase Margin =

Loop Test Setup Control Mode COMPENSATION

Fig. 3.4: Interactive Adjustment of Compensation Poles and Zeros with Transfer Functions
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RidleyWorks Output Voltage (V)
Horizontal

Delay
Step

Compensation Design

Time Base

Min

Loop Gain Crossover Frequency

Crossover Hz 20000 He (a]¥]

Compensation Zeros
First Zero 1279 H: 1418 He pefaut DR m
e D1 [

Second Zero Hz 1891 H.
Compensation Poles
Second Pole Hz 100000 Hz Default un
Chang paci puF AW RESET
Hz 100000 Hz Default nn

Stariepj fContinus S A Change Inductor pH A v RESET
m Line/load 10-100% Load Line Step

Vertical

1.700 2.200

Time (ms)

Third Pole

Loop Gain Crossover =
Loop Phase Margin =

Show Voltage and Current Control Mode Compensation

Fig. 3.5: Interactive Adjustment of Compensation Poles and Zeros with Simulation Waveforms

You can also interactively change
the compensation parameters
while looking at the simulation
waveforms. This is a powerful and
completely unique feature of
RidleyWorks®. No other design or
simulation program has this
capability.
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3.4 Voltage Feedforward Control

N

Comp Minimum Ramp Height  0.666

[

— | Limit

N

Comp

/

Ve Max

—ph—

L1%
b |

Input Voltage Divider 15 VIV

Maximum Ramp Height &

V.= PWM Ramp Height

Fig. 3.5: Selecting Voltage-Mode with Feedforward

It is possible to implement voltage-mode control with
feedforward. The normal implementation of this technique in
the control chip is to make the control ramp proportional to the
input voltage, scaled by an input voltage divider constant, k.

When the input voltage is increased, the ramp size will increase,
and there will be an immediate change in duty cycle. This can
greatly improve the transient response with changes in input
voltage. Normally it will be at least an order of magnitude
better, especially for buck-derived converters.

In addition, the changing ramp will make sure that the loop gain
of the system stays fixed for different input voltages. This can be
very important for large ranges of input voltage, and
compensation will remain optimal across the entire range. The
converter will regulate much better, and step load response will
be improved at low line.
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4 Magnetics Designer

I v : :
k / /I / Features — 4.1 Turning on the Magnetics
> Al A .
J' RidleyWorks Feature Selection X Specifications Des I gn e r
— ]K .
1 — BASIC DESIGN FEATURES
- Topology Selection
Component Selection = . L.
—* a Controller Design On the Power Stage design page, clicking on the Features

Waveform Simulation . .

L Current-Mode or Voltage-Mode Control m button allows you to enable the magnetics design features of
Aut ted C tion Desi . . .

— Control loop Analysts RidleyWorks®. You will then see the Inductor Design and
Siress ndless Anahiis Transformer Design button appear on the screen.
Efficiency
— ADVANCED DESIGN FEATURES _ ) . ) .
Click on either of these to start your magnetics design
"2 Magnetics Designer Inqucion Design process
[~ snubber Design and Analysis
Transformer Design
™ second Stage Output Filter Design
"2 QOutput Impedance and Audicsusceptibility ﬂ
™ Input Filter Design and Analysis c R 8
A AA—s

Design Summary

PSIMLink

Hell R
Soft Start “ b SPICELaunch

=\t raf

Fig. 4.1: Selecting the Magnetics Design Option Enables the Inductor and Transformer Designers
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4.2 Inductor Design Page

Clicking the Inductor Design
button on the Power Stage page

will take you to the inductor
design sheet in RidleyWorks®.

m On this page, pushing the blue
buttons on the right will step

I you through a detailed design
process. This will include core

selection, material selection,

winding design, proximity loss

and many other details.
Q A crucial part of magnetics

development is the need for the
frequency response of the
component that has been
designed. There are links to both
Retum to Schomatic the RidleyBox® and the AP310
analyzer from this page.

Fig. 4.2: Inductor Design Page Guides You Through Inductor Details
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4.3 Choosing the Inductor Core Size

Inductor Design
INDUCTOR CORE SELECTION

Approximate Core Area 0.28 sq.cm
* e

CORE TYPE AND AREA

Core Type Generic
Minimum Area 028 sgcm

MAXIMUM FLUX LEVEL SETTING

(a]v] 03 T

This value will determine the number of turns needed

Inductance

INDUCTOR TURNS REQUIRED

Turns 44

CORE PHYSICAL DETAILS

Core Volume cu. cm

0.88
Window Width 0.79 cm
0.26

—
—
—
—
—

Window Build cm
Inner Turn Length 2.46 cm
QOuter Turn Length 409 cm

™ Use Selected Core

Core, turns

151,23 uH

=)

Maximum Flux Density at Peak Current Limit: 02831 T

CORE GAPPING

0.45 mm 18 mills
MNote that gap length is a rough guide
only. Manufacturing design is specified

by Al, and the core is gapped to
achieve the correct value

Al value 78.14 nH/n2

Fig. 4.3: Inductor Core and Turns Selection

Turns Core Gap Clear Inductor

Inductor Impedance

Return to Schematic

Pushing the top button on the
inductor design page will bring
up the form for selecting the
design parameters of the
inductor. By default, a generic

— core will be selected with a .
recommended core area. This
lets you choose any specific core
that you or your company likes
to use that has approximately
that area. A larger core area will
run a little cooler, and a smaller
core size will have higher
dissipation. Your actual selection
will depend on your cooling
situation, and your need for
efficiency versus size.

If you click on the Select Core
button, you will be presented
with an array of standard cores
to use, and you can also add
your own favorite cores very
easily to the program.
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4.4 Choosing the Inductor Core Material

Inductor Core Material

OPERATING CONDITIONS

Operating Delta B 0.019 T
Core Excitation Frequency 200 kHz

Core Area
Peak Flux at Current Limit

Duty Cycle D1 [Flux Rise) 0.264 MNumber of Turns
Duty Cycle D2 (Flux Fall) 0.735 Core Volume
Temperature 85 degC
INDUCTOR CORE MATERIAL SELECTION

Magnetics Ferroxcube TDK

“fF CpiCR " 3c00 ¢ 3F3 " 3096

CHARACTERISTICS FOR SELECTED MATERIAL

44

" pcap " pcas ( pca7 © PCoo O PCOS

" lear Inductor

*
Turns Core Gap

0.28 cm2 Core Material Material
02991 T
0.28 m3 Winding AC Model

Permeability 3000 Core Loss 0.003 w
LTSPICE CORE LOSS MODEL
Voltage Exponent 2538 Resistor RC1286.6636832 N
Inductor LC1 ~ 93.444016 mH RC22.598494197. kL
LC2 1411722459 mH RC323.55973090 kn
LC3 213.327 mH RC4213.0896593 k&
LC4 321578 mH RC5 1978 MO
LCS 497585 mH RCE 14267 MO
LCB 598.087 mH RCY 152.341 MO
RC1 RC2 RC3 RC4 RC5 RCE
VPWR
o S
LC1 Lc2 LC3 LC4 LCS LCG

Inductor Impedance

Return to Schematic

m " Enable LTspice Core Madel

{+ Disable LTspice Core Model

Fig. 4.4: Inductor Core Material Selection

You can use any core selection with a variety of
core materials. RidleyWorks® incorporates a
unique core loss modeling techniques that
accurately give the loss for different materials.
Variable Steinmetz equation coefficients are used
to produce a much more accurate core loss
estimate than is available from the manufacturers.
Details of the techniques used to calculate the loss
are given in the Ridley Engineering Design Center
(www. http://www.ridleyengineering.com/design-
center.html) in paper [A03] Modeling Ferrite Core
Losses.

If you are using a different core material to those
shown, RidleyWorks® gives you the proper
frequency, flux level, and Delta B to be used with
core loss curves.

RidleyWorks® also selects the values of an RL
network to model the losses in LTspice® . This is a
nonlinear frequency-dependent loss model that
allows you to run an LTspice® simulate and click on
the core to see the losses. There is no need to use
core-loss curves.

36|RidleyWorks Manual


http://www.ridleyengineering.com/design-center.html
http://www.ridleyengineering.com/design-center.html
http://www.ridleyengineering.com/spm-old.html?download=83:a03-modeling-ferrite-core-losses
http://www.ridleyengineering.com/spm-old.html?download=83:a03-modeling-ferrite-core-losses

4.5 Designing Inductor Windings

Inductar Winding Design
INDUCTOR DESIGN

Inductor Value 15295 uH

AVAILABLE WINDOW

o | mm each end
Insulation Required 0 | mm total

Margin Required

WINDING STRUCTURE
% Use Magnet Wire

Number of Layers

Maximum Conductor Size That Will Fit Exactly is

Your Choice of Conductor Size

WINDING LOSS DETAILS

RM3 Current 100148 A
DC Current 099915 A
AC Current 0.06827 A
DC Resistance 4.79E-02 o]

AC Resistance

2 B4E-01

T

Number of Turns 25

263 «m winding length

00000000
00000000

" Use Foil

19 awg
19 awg

Winding Loss {Including Proximity)

Winding Loss {without Proximity Loss)

Winding Surface Area

0.87

" Helical Foil

Number of Parallel Wires

0.049

0.048

20142

Sweep AC Resistance
o]

m build

e

Fig. 4.5: Inductor Winding Design

Clear Inductor

Winding

del

Pushing the Winding button will show you the details of
the inductor winging. You can build inductors with foil,
helical windings, or with wire, and RidleyWorks® will help
you to optimize each of these. The foil winding thickness
can be optimized with proper consideration for proximity
losses, by clicking the Minimize Loss button.

Details of the sophisticated techniques used to calculate
the proximity loss are given in the Ridley Engineering
Design Center (www.
http://www.ridleyengineering.com/design-center.html)
in numerous papers on magnetics design and analysis.
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4.6 Designing Transformers

Transformer Design

Turns and Core
— TRANSFORMER CORE SELECTION

Approximate Core Area 0.631 =g.cm

— CORE TYPE AND AREA

I Generic
Minimum Area I 0631 sg.cm

Core Type

— MAXIMUM FLUX LEVEL SETTING

B oz 1

This value will determine the number

— TRANSFORMER TURNS

m of turns needed

Primary Turns I 45
I 6.69

3.5114 mH

Secondary Turns

Magnetizing Inductance

Worst Case Flux Density 02958 T ({Maximum input Voltage and Maximum Duty)

Integer Turns

— CORE PHYSICAL DETAILS

Core Volume 3 cu. cm
Window Width 119 m
Window Build 0.397 m
Inner Turn Length 3.419 cm
Outer Turn Length 6.59 cm

Once you select OK, values appearing on this form will

m be used in the converter simulation.

Fig. 4.6: Transformer Design Page

Turns and Core

Core Material

Primary Winding

Secondary Winding

Primary Impedance

Clear Transformer

Primary ACR
Secondary ACR

RidleyWorks® has a powerful algorithm for designing
transformers, incorporating advanced core loss
calculation, proximity loss analysis, core and winding
selection, all in an easy-to-use package. The design
program interfaces closely with simulation waveforms
to provide fast, efficient, and reliable designs.

The sequence of design is similar to that of the
inductor. Start by clicking the Turns and Core button to
begin the design.
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SPICELaunch™

— Create LTspice Schematics
Transient

Loop Sweep

Small Signal

Loop Sweep Settings

— Microsoft Excel

Three LTspice files have been placed in the folder 'RidleyWaorks LTspice’
on your desktop

s

Ramp

)f)

Isolation

Fig. 5.1: Running SPICELaunch™

SPICELaunch

Design Sequence

Control Design

Efficiency

Inductor Design

Transformer Design

Design Summary

PSIMLink

SPICELaunch

5.1 Preparing an LTspice® File

Designers often spend a lot of their development time in creating LTspice®
models for their converters. This is a process that requires experience with
magnetics models and power controllers. A powerful feature of
RidleyWorks® is the ability to automatically generate LTspice® schematic
files with just the click of a button.

When you click on the SPICELaunch® button, your will have the option to
create LTspice® schematics, or to adjust loop sweep settings. When using
this feature for the first time, click on the button to create the files, and you
will see the message that three LTspice® files have been created. These can
be found in the folder RidleyWorks LTspice® that is placed on your
computer’s desktop.
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5.2 Simulation Settings in LTspice®

;
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Fig. 5.2: Setting Up LTspice® Hacks!

<

“ias.om

If you double click on the LTspice® TRAN file that is in the folder on your desktop, it will automatically open LTspice®.

Before running a simulation, it is recommended that you set some parameters of LTspice® for better simulation accuracy. Select Tools Control Panel

LTspice®, like all versions of spice, may sometimes
struggle to converge during a simulation, and you
may need to adjust other simulation parameters to
help it along. This is one of the advantages of the
RidleyWorks® simulation — it never has convergence
issues and simulations are almost instantaneous.
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Fig. 5.3: Setting Up LTspice® simulation parameters parameters
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It is also recommended that your
Solver Engine should be selected as
Alternate. This will give greater
simulation accuracy. (The Normal
setting will simulate faster which
may be useful when generating the
Bode plots inside LTspice®.)

We also find that the Gear
integration routine works better for
transformer isolated converters, but
you might want to sometimes try
the default settings if you run into
difficulty. The default setting is
Modified Trap, and that may work
better for some circuits.

The integration method settings are
not retained in LTspice® each time
you exit the program, so you will
need to set them each time you
come in.
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5.3 Simulating Transients in LTspice®

o WG UED RRE i hoM a8 iePisznne Ao zp

5 ,_r? X FORVARD 350 W TRASaN

SPURTID RMSUTSE0]

Fig. 5.3: Running LTspice® Transient Simulations

When you click on the running man icon,
the spice simulation will start. You can
then probe any waveform on the circuit.
The simulation above is the output
voltage during start-up of a circuit.
Although the spice simulation may be
slow, you have already done all of the
design of the control circuit and power
parts in RidleyWorks®, and you can now
use LTspice® for the things it is good at.
You can add any arbitrary circuits, any
devices, and move your design much
closer to the production schematic.

You will find that the combination of
RidleyWorks® and the rapid generation of
the schematics for LTspice® changes the
way that you design. It should greatly
speed up your process.
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5.4 Generating Swept Bode Plots in LTspice®

AP300 Analyzer

AP Instruments
Source ChA ChB

Rgate M
Isolation
E1
10 Rinj1
As » - B
1 . 20
Vin L Vec c2 R3 Cc3
y - = &C
1.96n 1.62K 654p
100 14 R2 Cc1 RL1 L1
. = EA Vee ouT [3 - -
R1 5.00K 23.8n 1.3320m  40.000p
As . L Vb Isense Cout_esr
44.00K Rtn 250"_
Vramp b1 | - Rout1
Rb Cout 2
6.43K
200p

Fig. 5.4: LTspice® Sweep Schematic for Bode Plots

A powerful new feature of RidleyWorks® is the generation of schematics which can produce Bode plots directly from the time-domain schematic. There is no need to
simulate small-signal equivalent circuits which are, by definition, approximations of the real circuit. For the first time, computers (in 2020) are fast enough that the
intensive simulation needed for Bode plot generation can be done in a reasonable amount of time. This kind of work was only possible up until now with specialized
high-speed simulation programs.
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How fast can this be done? At the time of writing this manual, our record for simulation is just 24 seconds for a buck converter. This kind of speed is produced with the
following features in place:

1. Automatic generation of a loop compensation that is ruggedly stable

2. Emulation of the features of the AP300 analyzer with frequency-dependent source, automatically configured to give good results.

3. Proper setup of simulation times for steady-state solution.

For the example buck schematic above, the bode generation is initiated by clicking on the running man icon. If you then click on Point B of the schematic, you can
watch the waveforms being generated ready for measurement. This is done in a very similar way to the powerful AP300 analyzer.

Generation of the sweep schematic is a single button click in RidleyWorks®, and there is no need to change any settings from the default file that is generated. Figure
5.5 shows the repeated sweep waveforms generated in LTspice® . It is very instructional to watch this procedure to enhance your understanding of how the AP300

frequency response analyzer works.

These waveforms are generated by clicking on the Run icon, then clicking a probe on the output voltage of the converter.
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2 Buck- sweep =a

Fig. 5.5: LTspice® Sweep Waveforms at Point B of the Circuit.

Once the sweeps shown above are done, and the data has been processed by LTspice®, click on View then Spice Error Log. (If the Spice Error Log option is greyed out,
LTspice® has not yet finished processing the simulation data.) A file similar to that shown in Figure 5.6 will then appear:
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Direct Newton iteration for .op peint succeeded.
.step fregm300

e Right click in the space to the right of the numbers on the screen and select the option Plot .Step’d meas

.step frege3dd9.

e ar gt data. Answer Yes to the question that pops up about complex data, and you will see Bode plot Axes appear.
.5 freg=440.34 . . . . H

ey ?J‘F;Ii.;:g If you right click in the plot area, you can then add traces, and the Loop Gain, Power Stage Gain, and

.step freq= .

.step fraqe554.355 Compensation Gain are available as options.

.step FregeS9s.579
.step freg=646.33
.step fregq=697.8%2

er reaiis ees Figure 5.6 shows the sweep for a buck power stage gain. Notice that approaching half the switching

bep Freqmsds 683 frequency, noise is apparent on the sweep. This noise characteristic will be very familiar to anyone who has
.=tep fregq=1024.36

-step frage110s.08 used the AP300 or the RidleyBox on a switching power supply.

.step freqwil94.32
.step freq=1286.€
.step freq=13%2.48
.step freq=1503.56
.step freg=1623.51
.step freg=1753.02
.step fregm1832.87
.step freqew2043.88 v

Fig. 5.6: LTspice® Error Log

- BUCK- SWEEP.log B

Figure 5.7 shows the sweep for a buck power stage.

Fig. 5.7: LTspice® Bode Plot of a Buck Power Stage Gain
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£ BUCK. SWEEPlog wa Figure 5.8 shows the sweep for a
buck power loop gain. Notice
that the phase of this plot is
reading phase margin, not
phase. The cursors on the loop
gain show the crossover
frequency and the phase margin
at this crossover.

Fig. 5.8: LTspice® Bode Plot of a Buck Loop Gain

The ability to sweep the transfer functions on the large-signal schematic inside LTspice® or PSIM is a powerful tool for finding the bode plots of circuits that don’t have
small-signal models available for them and we encourage you to explore this feature of the software.

However, there are times when technique this cannot be used, such as:
e The circuit is not stable
e The desired sweep frequency is too low (10 Hz is very time consuming in LTspice®, not an issue in PSIM)

e Characteristics of the ac sweep are below the noise-floor resolution of the technique.

The next section of this manual describes another method of obtaining loop gains and other transfer functions via the small-signal models.
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5.5 Generating Small-Signal Bode Plots in LTspice®

Microsoft Excel

on your desktop

rd'd

Ramp

)2

Three LTspice files have been placed in the folder 'RidleyWorks LTspice’

oK I

af

Divider

Create LTspice Schematics

Transient
Loop Sweep
Small Signal

Click SpiceLaunch

Transformer Design

Snubber Design

Design Summary

SPICELaunch

Import/Export Data

Modulation

The major modern work on small-signal models for
power converters was initiated by Dr. Vatché
Vorpérian with the publication of the PWM Switch
Model in 1988. Models were completed by Dr. Ray
Ridley with the publication of his Current-Mode
Model in 1990. If you are new to power supply
design, these models can take some time to become
familiar with and implement in your circuit
simulator. We have fully automated this process for
the first time, putting small-signal analysis at every
engineer’s fingertips.

Release 12.35 of RidleyWorks® exports a small-signal
model for use with LTspice® . This provides a rapid
high-speed design and simulation environment for
the feedback networks. All characteristics of input
and output filters will be seen in the loop
characteristics, providing more detailed sweeps than
those available in RidleyWorks®.

Fig. 5.9: Exporting an LTspice® Small-Signal File. Three files are automatically exported: a transient simulation, a swept-sine simulation, and a small-signal model.
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RidleyWorks LTspice Schematic 032819
BUCK FAMILY
Vin = 25.0, Vout = 30, lout = 0.1 two-switch forward converter, voltage-mode

AP300 Analyzer

[ Isclation ]

AP Instruments
Source ChA ChB
] o] Q

I [A}—
) RIDLEY CP—CP 1o
K1LpriLsecl 1 BUCKDCM L1 RL1
h g i CP AR
\ 107y d00r
rort b L Roeet ¥ 60.000m
85500 S gaztom CONT P
Lpri 2 0 Lsecl
860 o) (= 32302m
{ ~Cout_esr
Vi <, Riode 835 pl
o) <_12.0m Cout <0
7759.“
Rswitch é
133m .
c3 c2 R3
[Ch Il I MM
LCr 1 i v
478p 246n 848
c1 R2 <M
A/ < 16K
21.4n 5.00K
ut 4
e J_
Aol=100K
GBWW=10Meg

lib opamp.sub L vret
5

T 54

S

Fig. 5.9: Buck Family Small-Signal Model Exported to LTspice®

< 64TK

Figure 5.5 shows the buck family
configuration of the small-signal
model in LTspice® . There are three
fundamental families that cover all
of the topologies in RidleyWorks® -
the buck, boost, and buck-boost.
Each of these circuits contains a
single small-signal element, in this
case the Ridley BuckDCM. When the
file is exported to LTspice®,
RidleyWorks® determines whether
the circuit is going to be analyzed in
CCM operation or DCM operation.

Notice that the model is invariant for
both voltage-mode and current-
mode control. This is very important
— our small-signal model is the only
one that works in both regions. As
the compensating ramp for current
mode is increased, it is possible to
get a system that operates in
between voltage mode and current-
mode, but the model gives the right
results regardless.
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AP300 Analyzer

AP Instruments

RidleyWorks LTspice Schematic 032819-A
BOOST FAM'LY SOI;[(CO ggA CI:_‘B |
Vin = 25., Vout = 30, lout = 5 two-switch forward converter, voltage-mode IEI@
Rinj o
-\ \—+—e]
RIDLEY CP|—CP 10
K1 LpriLsec1 1 PWMCCM L1 RL1
‘ l A [ e A VAY
73.3008 60.000m
S Rsec1
Rpri >
Pl ‘i CONT P
s.ssouT <~ 84.210m
Lpri o) /l Lsect
b =
256p = (< 3.2302m X
/ \ <~ Cout_esr
N <. Rdiode < 1.22m <~ Routt
e < 12.0m | cout <'e
Ta0.7p
Rswitch >
13.3m
c3 c2 R3
325p 1.67n 948 )
c1 R2 <Rt
ANN\—H < 31.60K
14.5n 5.00K
Us 4
<
Aol=100K
GBW=10Meg ZRo
Jlib opamp.sub - }:/rc! ~6.47K
|
T 54
— |

Fig. 5.10: Boost Family Small-Signal Model Exported to LTspice®. Notice the PWM block is the same subcircuit as for the buck converter family.
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AP300 Analyzer
AP Instruments.
Source ChA ChB
Q [=) Q

RidleyWorks LTspice Schematic 032819-A
BUCK-BOOST FAMILY
Vin = 20., Vout = 30, lout = 5 flyback converter, voltage-mode =
— Rini
K1 Lpri Lsec 1 [Ab—e" N —+—dB]
RIDLEY 0
PWMCCM Rdiode
| A P A/
Rpel > <~ Rsec 4dom
E.Eﬂlllz;’ ? 36.640m CONT C CP
Lpri - gﬁ Lsect o]
227900 = — 12.532u o:_:“
N ’ 12,560
P J12.5604
N 5 <£”Cequlv_eur
=71.10m " Routt
<, RL1 i s
<, 22.326m _|Gequiv
45.3p
Rswitch e
133m
c3 c2 R3
[c —A\N—————
46dp 253p 8.90
c1 R2 §R1
— AN —1 305K
16.9n 5.00K
u3 o Vosin
(™)
s
V = -1"V(A)
Aol=100K
GBW=10Meg ZRb
Jib opamp.sub L Vref ‘-\)sz 55K
()
T4
~

Fig. 5.11: Buck-Boost Family Small-Signal AC Model Exported to LTspice®. Notice the inversion of the output voltage signal in the feedback path
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Fig. 5.12: Invariant Small-Signal Subcircuit for Current- or Voltage-Mode control in CCM. For pure voltage-mode control, the gain blocks inside the green rectangle
are all zero.

52|RidleyWorks Manual



a 0— 5 O p

active passive
RO
O C
3

common

4 .

A oc
inductor

<>
O

Fig. 5.13: Invariant Small-Signal Subcircuit for Current- or Voltage-Vode Control in DCM. For pure voltage-mode control, the gain block inside the green rectangle is
zero.
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[&F Add Tracesto Plot

Available data

V(b)

Vi(c)

V(cp)
WV(uz:16)
V(u2:17)
V(u2 afmsx)
Vi(u2:gdix)
V(u2.gdox)
V(u2 gh)
W(u2:kfx)
V(2 rixy
W(u2 rox)
V(n0O1)

<
Expression(s) to add
Wby Via)

[+] AutoRange

Only ist fraces matching

[s] Asterisks match colons

|{Cout) I(Rsec1)
I(Cout_esr) I(Rswilch)

1(Viri)
I{vref)

frequency

Iu1:C3)

I{u1:G1)

Ifu1:R3)

(u2:B7)

I(Rdiode) I{u2:B3)
I(Rinj) I(12:B5)
I(RIN) I(u2B7)
I(Rout1) I{u2 B8)
I{Rpr) (u2:11)

I(u212)
I(u213)
H{u2:14)
H(u2:15)
1(u2:16)
Iuz17)
I(u2R1)
I(uzR2)
H{u2:R3)
I(u2-R4)
I(u2:R5)
I{u2 R6)
I(u2 R7)
(U2 R16)

RigleyWerks LTspice Schematie 032819

Vin = 25, Veut = 30, lout = 0.1 TWe-SWiteh farward cenverer, veltage-mode

The figure above shows the loop gain plot for a buck-
family converter. Running the sweep only takes a
couple of seconds. You can then add any quantities to
like to see desired transfer functions. The following are
the most useful:

V(b)/V(a) Loop Gain and Phase Margin

V(b)/V(c) Power Stage Gain (specify -
V(b)/V(c) for the buck-boost family

-V(c)/V(a) Compensation Gain

Fig. 5.14: Plotting the loop gain of a converter consists of just clicking on run, then right click on the plot area. The quantity v(b)/v(a) will be the loop gain and

phase MARGIN.
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Advanced Proximity Loss and Core Loss

‘x\, )
Dowell's Equations Normalized Curves R\'E&EY 85[5

20 Layer
—10 Layer
—8 Layer
—G Layer
—5 Layer

4 Layer
—3 Layer

2 Layer

1 Layer
—1/2 Layer

One of the biggest sources of error in designing a power supply
is underestimating the losses in inductor and transformer
windings. To get a reasonable estimate of how much loss there
will be, it is necessary to apply Dowell’s equations, a set of
highly complex formulae that is usually the domain of PhD
students in power electronics. It is estimated that less than 1%
of practicing engineers ever use these techniques in their design
work.

Fortunately, RidleyWorks® will do this for you. It does this in two
ways — first by solving the Dowell’s equation at the switching
frequency to finding the increase in resistance. The winding
current is then broken down into two parts — the dc current, and
the ac current, which is the sum of all the harmonics. For a
simple approximation, RidleyWorks® assumes that all the ac
current is at this frequency. This will give a low estimate of the
proximity loss, but it does provide good and fast guidance for
how to organize the winding layers and winding size.

Secondly, to get more accurate loss in the windings due to all the current harmonics, RidleyWorks® first does a sweep of the Dowell’s equation solutions from 1 kHz to
10 MHz. It then generates a circuit network that produces the same impedance versus frequency as the Dowell’s equations. This network is exported to an LTspice® file
where the proximity losses can be directly simulated in the time domain. This process is described in this chapter.
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6.1 Estimating Proximity Losses in RidleyWorks®

Input and Output Specifications X

Forward 20V 20 4

INPUT VOLTAGE RANGE Switch Current (A)

" 120vAC  240VAC ( 120-240VAC ® DCInput

Low Line Voltage | 380

Nominal Input Voltage | 390

High Line Voltage 400

OUTPUT VOLTAGE AND CURRENT

Main Aux1 Aux 2 Aux3 Aux4
Output Voltage ,T ’7 ,7 ’7 ,7
Output Current ,T ’7 ,7 ’7 ,7 0.050 0.050

POWER SUPPLY COOLING

Continue 5
" Highaiflow (" Moderate ® Lowaiflow (" None 25 - 2 ELeathesials

Line and Load Conditions
FEEDBACK ISOLATION
@ Non-lsolated (" TL431/Opto E/A C

» »

Fig. 6.1: Steady-State primary current from RidleyWorks® Simulation

Horizontal
Delay

0

Time Base

Vertical

The specifications for a 100 kHz two-switch forward
converter are shown in the Specifications entry form
for RidleyWorks®. This is for a 20 V, 20 A isolated
converter running from a high-voltage input.

Figure 7.1 shows the simulated primary current for the
converter. The rms primary winding loss, using the dc
value of the resistance of the winding is calculated to
be 0.491 W. This is the value that most designers would
use for estimating temperature rise, but we will soon
see that it is much too low.
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Transformer Design

— TRANSFORMER CORE SELECTION

Approximate Core Area 1.229 5g. cm

® Use Selected Core

(" Generic Core

>

— CORE TYPE AND AREA
Core Type I EC41
Minimum Area I 1.06 5Q. cm

— MAXIMUM FLUX LEVEL SETTING
0.3 T

n u RESET

This value will determine the number of turns needed

— TRANSFORMER TURNS

m Integer Turns
62
I 8 8

Primary Turns

Secondary Turns
Magnetizing Inductance 10.6671 mH
Worst Case Flux Density 0.2982 T (Maximum input Voltage and Maximum Duty)

Fig. 6.2: Transformer parameters from RidleyWorks®.

Figure 6.2 shows the important transformer parameters using and
EC41 core. There are 62 primary turns, and 8 secondary turns.
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PRIMARY WINDING ALLOCATION Figure 6.3 shows the structure and analysis of the primary winding of the transformer.

Window Allocation o5 : Two layers of 22 awg wire are used to give a dc resistance of 160 mOhm. When this is
Nurmber of Turms o _ multiplied by the square of the rms current, we see 0.491 W of loss.
AVAILASLE WINDOW However, the ac resistance of the winding, calculated at 100 kHz, is much higher at
Margin Required 0 =] mmeachend 245 em Available Window 1.54 ohms, almost 10 times the dc resistance. RidleyWorks® takes the rms of the ac
Insulation Required 0 | mmtotal ‘ ‘ 02875  om current squared and multiplies by this number, adds to the dc current squared times

the dc resistance, to get the total losses. You can see that they are much higher at 2.91

WINDING STRUCTURE T . ]
W. This is an increase of four times.

(8 Magnet Wire (" Triple Insulated Wire " Foil

Number of Layers 2 hd Number of Parallel Wires 1 hd

This more detailed and insightful information allows you to experiment with different
numbers of layers, wire sizes, and parallel strands to see what gives the lowest loss

CEam EE e SR W Tl R B 22 ENE combination. The Minimize Loss button automatically tries different layer counts to
Your Choice of Conductor Size 22 awg find the best solution for you.
| Split Primary Winding Leakage Inductance  12.4502 pH
WINDING LOSS DETAILS
RMS Current 1.752 A Winding Loss (Including Proximity) 2.508 w
DC Current 1.146 A Winding Loss (without Proximity Loss) 0.491 w
AC Current 1.325 A Winding Surface Area 16.5 sqg.cm
DC Resistance 0.16005 Q

Fig. 6.3: Primary winding structure and analysis from RidleyWorks®
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Winding Layer Height 7.28534879 c©m

Total power dissipation in a winding is given by -
Skin Depth at 100000 Hz 0.024 cm

P=53], m;—crH [(1+a?)G, 446, |

Each Layer is
i=1 il

3.01908156 Skin Depths

The H field is calculated from

00000000| | S

Complex functions are needed to calculate the losses -
Layerl G, = A, sinh 2A; +sin 2A,
‘ cosh 2A, —cos2A,
sinh A, cos A, +cosh A, sin A,
" cosh 2A, —cos 2A,

b, = winding width

PROXIMITY RESISTANCE MULTIPLIER BY LAYER G, =A

1 2
3.0295 16.176

The ratio of the winding layver height to skin depth is

Ry : 2
9.602914 A=— skin depth & =
o ®U,0T]

Overall AC/DC Resistance Multiplier

0.16005 Q | Z I
1.536594 Q

DC Winding Resistance . 7 .
o = conductivity U, =47 x107 1 = porosity

AC Winding Resistance

Fig. 6.4: Primary loss analysis by layer together with Dowell’s equations published in 1966.

If you click on the blue Proximity Loss
button, you can see a detailed
breakdown of the resistance of the wire
layer-by layer. The complexity of
Dowell’s equations shows why few
engineers ever attempt this analysis.
Fortunately, RidleyWorks® automates
the whole procedure.
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6.2 Advanced Proximity Losses with LTspice® Circuit Modeling

Transformer Primary AC Resistance vs Frequency

10000 100000

Frequency (Hz)

Ripple Frequency Resistance =

Fig. 6.5: Sweep of ac resistance and equivalent circuit model

Once you have defined the winding
structure and are happy with the total
dissipation, you can begin the process of
LTspice® model generation and
simulation. When you click on this
button

RidleyWorks® will proceed to sweep the
solutions to Dowell’s equations from 1
kHz to 10 MHz and generate an
equivalent circuit model to match the
complex impedance.

This process must be followed for each
of the magnetics windings to generate
the equivalent circuit models to be used
in LTspice® . You can then click on the
button below to export the complete
circuit model.
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6.3 Running LTspice® for Proximity Loss

K2 Ltxsec Ltxpri 1

0.4A
0.89ms 0.90ms 0.91ms 0.92ms 0.93ms 0.94ms 0.95ms 0.96ms 0.97ms 0.98ms 0.99ms 1.00ms 1.01r¥ 1.02ms 1.03ms 1.04ms
= e S S A

i o
12.000m  30.590p

AT Waveform: V(NOO9,NO19)*I(Rpri) X

Interval Start: 890us

Fig. 6.6: Conventional dissipation in transformer primary (no proximity loss).

Figure 6.6 shows the two-switch forward schematic in
LTspice® . The yellow resistive elements are the ac proximity
models for each of the windings.

Step 1is to simulate the converter to steady-state and plot
the primary switch current I(Lpri) as shown.

You can plot the conventional dissipation in the primary
(without proximity) by holding down the ALT key and clicking
on Rpri. This results in the waveform shown in Figure 6.8. If
you click on the name of the waveform in blue, while holding
down the Ctrl key, it will show the average dissipation. You
can see that this number agrees with the dissipation in
RidleyWorks® before proximity is added.
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V(NO30,N026)*I(ACpwr2)

48W
40W
32W
24W | |

16W AT Waveform: V(NO30,N026)*I(ACpwr2) X

niNSNNUSNNESNNESNNEENY - - (S

Interval End: | 1.05ms
0.89ms 0.90ms 0.91ms 0.92ms 0.93ms 0.94ms 0.95ms 0.96ms 0.97/ms 0.98ms 0.99ms Average: | D 7074W |

Fig. 6.7: Additional proximity loss dues to ac resistance model.

You can now plot the additional proximity loss dissipation in the primary by holding down the ALT key and clicking on the circuit element Rac in the primary. This
results in the waveform shown in Figure 6.9. If you click on the name of the waveform in green, while holding down the Ctrl key, it will show the average dissipation.
The sum of the conventional dissipation and the Rac dissipation is the total winding loss in the primary.

You will probably see the total dissipation predicted by LTspice® is higher than that predicted by RidleyWorks®. The LTspice® number will be more accurate since it
includes the dissipation in the resistors at higher harmonic frequencies. Depending on the topology and operating point, the difference may be considerable. In the
example above, the conventional losses are 0.481 W. The additional proximity losses produce an extra 2.7 W of dissipation!

Once you have mastered this technique, you will be doing proximity loss calculations that are more advanced that just about anyone in the industry. Attempting to do
this work without the aid of RidleyWorks® is extremely time-consuming and difficult — you now have a powerful tool that gives you a huge design advantage.

62|RidleyWorks Manual



6.4 Advanced Core Losses with LTspice® Circuit Modeling

Transformer Core Material Choices X
— OPERATING CONDITIONS

Operating Delta B 0.069 T Core Area 0424 cm2

Core Excitation Frequency 166 kHz Peak Flux at Max Duty 0284 T

Duty Cycle D1 {Flux Rise) 0.44% Number of Turns 11

Duty Cycle D2 (Flux Fall) 0.449 Core Valume 165 cm3

Temperature 70 deg C
— TRAMSFORMER CORE MATERIAL SELECTION

Magnetics Ferroxcube TDK
“F CpiR 3000 ¢ 3F3 3096 " pcao  pcas & pea7 0 pCoO T PCOS

’7Perm eability 3000

CHARACTERISTICS FOR SELECTED MATERIAL

Magnetizing Inductance 0.1746 mH Core Loss 0.131 w
— LTSPICE CORE LOS5 MODEL
Voltage Exponent 2538 Resistor RC1 12 a
Inductor LC1 4.233 mH RC2 117 o
LC2 6.396 mH RC3 1.067 kO
LC3 9.665 mH RC4 9654 kO
LC4 14562 mH RC5 B9.63 kO
LCS 22543 mH RCE 646.402 kO
LCE 27.097 mH RCY 6.902 MO
RC1 RCZ RC3 RC4 RCS RCE
VPWR
- S
LC1 LCcz LC3 LC4 LCS LCE

m " Enable LTspice Core Model

¥ Disable LTspice Core Model

With the selected core shape and material, RidleyWorks® will automatically calculate
parameters for core loss simulation in LTspice® .

The component elements of the core loss model define how the core will behave with
different drive frequencies and amplitudes. This is a unique feature of RidleyWorks®.

Fig. 6.8: Selecting a core material will produce a matching LTspice® circuit model
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L You can plot the instantaneous core losses of the block to the left of the transformer primary by holding down

_— the Alt key and clicking on the block. The instantaneous core loss can be averaged by holding down the Ctrl key
and clicking on the name of the waveform shown in red below. You will observe that for the same flux swing in
a transformer, the losses increase with a shorter duty cycle, as is observed empirically. You will also see that the
losses of a transformer decrease with switching frequency if the turns are left unchanged on the core.

K1 Lpri Lsec11

[1; Waveform: VNOT0) x(U3:P1)+ V(.. X

Interval Start 22m:
Interval End 2.36ms
Average 330.86mW
F = Integral 52,937

M2

Rgate1 § '—'J—l 2.24ms 2.25ms 2.26ms 2.2Tms 2.28ms 2.29ms 2.30ms

Fig. 6.9: Core loss model parameters are automatically loaded into your LTspice® schematic. Instantaneous core losses are shown, together with the average value.
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Using RidleyWorks® with the AP310 Analyzer

S

RELEASE 15
LLC Design

AP Analyzer

Fig. 7.1: RidleyWorks Opening page with AP310 and RidleyBox® Icons

SCREEN SIZE

7.1 Connecting RidleyWorks® to the AP

RidleyWorks® has a powerful and user-friendly interface to the
AP310 frequency response analyzer. This enables you to control
complex analyzer functions and settings with a single button click
inside RidleyWorks®.

Open RidleyWorks® on your computer. You will then see the
opening screen shown here. Click on the AP310 analyzer picture to
start controlling your instrument. (You can also click on the AP
analyzer on any page that you see it within RidleyWorks®.

RidleyWorks® will connect to the AP300 Measurements page shown
below.
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10000000

Frequency (Hz)

1000

Fig. 7.2: AP Instruments Analyzer Interface Page

Live Data

Datasel 2

Dataset 4

Dataset 6 —— Dataset 7

——Dataset 8

OAP Instrt

B SETTING
B INDUC

LOOP GAIN

INDUCTANCE

OUTPUT
IMPEDANCE

——n 0
LlEEE

CLEAR DATASET 1 na

CONNECT

This page provides a powerful interface for driving
the AP300 and collecting multiple data sweeps. There
are 8 preset settings on this page for magnetics
measurements, control measurements, impedance
measurements, and PSRR measurements.

First, turn on the power switch of the AP analyzer
that you have, and click on the Connect button to
automatically launch the APfra software.
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3 Untitled - AP Instruments Frequency Response Analyzer

- [n} x
De LN Yer Dot S B> — Once you see the screen to the left, Click on File>Open Setup and
> m i J.Jﬁ LAk Log uﬂ\..i Paints [100 Avg [ [20 on Off| 4| [w | Level [125mv =l [6oogB  oOfiset 000V 2| 72| |ac oc| pw [1KkHz = . .
ol 2| 2| 51 @' [EET | arers =] Actve [T=] [TE 3 e | .| Semen 60035 N select AP300Setup.nac to load new default settings. Notice that the
. . . . 2 Wi
Mag [B/A] (dB) Phase [B-A] (deg) SV\{eep.IS now logarithmic, and the stop frequency is 30 MHz with a
drive signal of 1 V.
15.000 360.000
0.000 288.000
ljéAP}:DSemp.m-Awnmum::: F::n:::q Response Analyzer aeeann — =] X
7l>7l Ii I:|i|il L.flu.;i ufJud Ponts 200 A [0 [on Off| | [ws | Level 10OV +{[600ds  ofset fooov  2|72|[AC DC| Bw [30Hz -
=l 22| 29| Q'@ 3| Makers 2= Actve 2 <] |18 3N [ 2| A search ooods ]| [
| AP300 Measurement
10 kHz 100 kHz 1 MHz 10 MHz
[
ata 1 M,
Ready

Fig. 7.3: APfra default opening screen and screen after loading AP300Setup file.
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7.2 Measuring Transfer Functions

There are multiple setups for automating the settings on the AP310.
This includes measuring the power stage plant, loop gains, magnetic
impedances, PSRR and output impedance.

PLANT LOOP GAIN

MAGNETICS
IMPEDANCE

LEAKAGE
INDUCTANCE

Select Each of these setups will adjust the source, bandwidth, and frequency
range for the AP analyzer. You can still adjust these quantities
individually within the APfra software as needed.

INDUCTANCE

OUTPUT
IMPEDANCE

Full details of these measurement setups are provided in the AP310
analyzer user manual.

RidleyWorks
AP300 Measurement Transformer Cerigie

10 Hz 100 Hz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz

Fig. 7.4: Magnetics impedance measurement setup and test results
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Using RidleyWorks® with the RidleyBox®

8.1 Connecting RidleyWorks® to
the RidleyBox®

RidleyWorks® has a powerful and user-friendly interface

to the RidleyBox®. This enables you to control complex
analyzer functions and settings with a single button click
inside RidleyWorks®.

Open RidleyWorks® on your computer. You will then see
the opening screen shown here. Click on the RidleyBox®
RELEASE 15 picture to start controlling your instrument. (You can also
LLC Design click on the RidleyBox® on any page that you see it within
RidleyWorks®.)

RidleyBox

RidleyWorks® will connect to the RidleyBox®
measurements page shown below.

Fig. 8.1: RidleyWorks® Opening page with AP310 and RidleyBox® Icons
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Gain (dB)

Datsset 4 ——Dataset 5

MAGNETICS
INDUCTANCE

10HZTO
20 MHZ

10000 100000 1000000

Phase Margin (deg)

200

100000 1000000

Fig. 8.2: RidleyBox® Interface Page

LEAKAGE
INDUCTANCE

MAGNETICS
IMPEDANCE

CLEAR DATASET 1

8.2 RidleyBox® Interface

This page provides a powerful interface
for driving the RidleyBox® and collecting
multiple data sweeps. There are 8 preset
settings on this page for magnetics
measurements, control measurements,
impedance measurements, and PSRR
measurements.

The first step is to turn on the RidleyBox®
from within the software. No physical
power button is needed. When you click
on the button, you will soon hear a
message that the connection is complete,
and the power indicator will turn green.

You can then select the measurement that
you want to make. Parameters will be
taken from RidleyWorks® to set up each
individual measurement properly. Please
refer to the RidleyBox® manual for more
details.

RidleyBox® Power
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Designing LLC Converters with RidleyWorks®

;
E

Figure 10.1: Comparison of Half-Bridge and LLC Circuits

1

Half Bridge
Hard Switched

Half Bridge
LLC

9.1 Why LLC?

The half-bridge converter has always held a place in the world of practical
power conversion. Now imagine a technology that:

1) Eliminates the output inductor

2) Reduces the AC coupling cap by an order of magnitude
3) Achieves zero-voltage (lossless) switching in the primary
4) Achieves zero-current switching in the secondary

That is what the LLC (Inductor-Inductor-Capacitor) converter achieves. It has
been around for decades, but only really became widespread after regulations
mandated power factor correction at the input of the power converter.

The LLC is not a panacea for all applications. Drawbacks include:

1) Poorly-understood circuit design process (solved by RidleyWorks®)
2) Higher peak and RMS currents

3) Complex and widely-varying control characteristics

4) Light-load regulation challenges

5) Complex magnetics design process

6) Unsuitable for wide input ranges
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™ N7 VAN
IXIDLEY VWWORKS™ *
N4 \/

Enter Specifications
Choose LLC Topology

Design Power Components

Power Component Losses

.

Design Power Transformer

4

Design Power Inductor

Build Hardware

UTspice’

L

Verify Circuit Waveforms

Save .txt File

Detailed Simulations

Figure 10.2: RidleyWorks® LLC Design Process Overview

9.2 RidleyWorks® LLC Design Overview

RidleyWorks® has a fully automated power stage design algorithm built into the
program. The design process is based upon the superb work of Sanjaya Maniktala,
and the follow-on work by Nicola Rosano. Their basic philosophy is that you only
need one design optimized for an LLC converter, and every other converter
specification will take this optimized design and scale it according to voltage and
current specifications. There is no need to reinvent the wheel every time you
design an LLC converter.

The overview of the design flow is shown in Figure 9.2. Once you have designed
the power components you can then run a circuit simulation in LTspice® to verify
the circuit waveforms under different operating conditions. These waveforms can
then be brought back into RidleyWorks® for more detailed component design
work.

Less experienced designers may want to let their preferred magnetics vendor
design the custom parts needed for your converter. You just need to provide the
the specified component values and simulated waveforms.

Experienced designers usually like to have full control over the magnetics design
and parts specification. RidleyWorks® will help you with this process. It can work
at a basic level, or deep into issues of magnetics proximity core losses if you
prefer.
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Input and Output Specifications
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Fig. 9.3: RidleyWorks® Specification Form

=

(" 120-240 VAC

Low Line Voltage 36
Nominal Input Voltage 48
High Line Voltage 60

OUTPUT VOLTAGE AND CURRENT

Aux 1

Clear Design

® DC Input

Aux 2 Aux 3

Aux 4

\ | \

9.3 Entering Specifications

The first step of the design is to enter the input line range and the output load
specifications. A narrow range of input voltage will lead to a more optimal
design for the LLC converter. The best application of LLC is when you have a
pre-regulated rail, as would be provided by a power factor correction circuit on
the input to the converter.

When you click OK, you will see the form on the next page allowing you to
specify the switching frequency for your design.
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Frequency Selection X
4 — INPUT VOLTAGE
Maximum Voltage 60 vDC
Nominal Voltage 48 vDC
1 Minimum Voltage 36 vDC
POWER SUPPLY OUTPUT
Main Output Voltage 12 A
Main Output Current 10 A
Total Output Power 120 W
SWITCHING FRTQUENCY
Swit ‘ 100 kHz 144 kHz Default
Clear Design “

Fig. 9.4: Frequency Selection for the LLC Converter

Specifications

Frequency

Topology

LLC Power Design

Waveforms

Control Design

Efficiency

Inductor Design

Transformer Design

Design Summary

9.4 LLC Frequency Selection

This form should appear automatically after entering the power specifications.
You can also pull up the form by clicking on the Frequency button.

For the LLC converter, the switching frequency entered on this form is the
target frequency for full-load, low-line operation. At higher line input, or lighter
load, the regulated frequency of operation will be higher than this target
frequency. This is a natural characteristic of the LLC converter.
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——L/ /'/ \ . Ak/ /'/ \ F The first step is to click on the Topology button and
(é L Z €—2< + select either the full-bridge or half-bridge converter.
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E Vv = Topology
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Full-Bridge

Half-bridge Inverter Half-wave Rectifier Half-bridge Inverter Full-wave Rectifier
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j AKX
»

/v/ 9.5 LLC Topology Choices

Ld]

\|
11

rectification, and to enable the LLC selection. This is

There is a check box to select either full or half-wave
© Y ‘

*% shown above.
= Vv =
J, I / (Please note that the small thumbnail schematic will
always show just a half-wave rectifier, even when
Full-bridge Inverter Half-wave Rectifier Full-bridge Inverter Full-wave Rectifier the full-wave is selected.)

Fig. 9.5: LLC Circuit Variation Available in RidleyWorks®
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wntroller

{ LLC Power Stage Designer

INPUT VOLTAGE

Minimum DC Input Voltage
Nominal DC Input Voltage
Maximum DC Input Voltage

QUTPUT POWER

Output Voltage
Output Current
Output Power

MINIMUM FREQUENCY GOAL
Target Frequency

DESIGN LLC POWER STAGE

LLC CONVERTER COMPONENTS
Minimum Working Frequency
Maximum Working Frequency

Resonant Inductor

Magnetizing Inductor

Resonant Capacitor

Transformer Turns Ratio

Advanced Settings

Fig. 9.6: LLC Power Stage Design Form

Specifications

Frequency

Topology

LLC Power Design

Waveforms

Control Design

Efficiency

Inductor Design

Transformer Design

Design Summary

SPICELaunch

Import/Export Data

Modulation

9.6 LLC Circuit Optimization

Once you have selected the desired LLC topology, you

will see the appropriate schematic appear, along with the
design button for choosing the LLC circuit component
values. Click on this button to pull up the LLC Power Stage
Designer form.

The design process is initiated by clicking on the text
highlighted with the second arrow.

Once you do this, you will see RidleyWorks® search for the
optimum design point, changing the component values and
frequencies at the same time.

You will then see the message that the design is complete,
and simulation files with all the component values will
automatically be created, ready to run in LTspice® . A total
of 5 simulation files will be created and placed in a folder on
your computer desktop called RidleyWorks LTspice® .
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RidleyWorks LTspice Schematic 150 kHZ
LLC CONVERTER 120 W
Vin = 36.0, Yout1 = 12.0V @ 10.0A, lic steady state, voltage-mode
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Fig. 9.7: LLC Power Stage Steady-State Simulation Circuit
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9.7 LLC Circuit Simulation

Before you can view waveforms and proceed further with
the design in RidleyWorks®, a simulation of the LLC
converter in steady state should be run. The file created
for this simulation is:

—l.\ 1 LLC STEADY STATE.asc

The default operating condition for the LLC design is with
the minimum input voltage and full load. At this operating
point, the converter should be close to the specified
output voltage at the desired switching frequency
selected in RidleyWorks.

If you see that the output voltage is too high, you can
increase the value of Vss. That will increase the switching
frequency and decrease the output voltage. If the output
voltage is too high, decrease the value of Vss to lower the
switching frequency.

You can look at the waveforms inside LTspice® to verify
proper operation. Important waveforms are listed in the
.save lines of LTspice®, and these can be imported into
RidleyWorks®.
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Fig. 9.8: LLC Secondary Currents at High-Line Condition. Zero -Current Switching is Maintained

T
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9.8 High Line Operation

It is a good idea to run the steady-state
simulation again with high-line input to the
converter. When you do this, you will see the
output voltage will be higher than the desired
value. This can be reduced by raising the
switching frequency of the converter by
increasing Vss.

CONTROLLER PARAMETERS
.param Vss=0.761

.param FreqMax=243K
.param FreqMin=73.89K

The parameter Vss controls the switching
frequency. A value of 5 V will set it to the
maximum value, and a value of 0 V will set it to
the minimum value.

When the output is regulated to the desired
value, you should see that both secondary
currents complete a full half-cycle and zero-
current switching is maintained. This indicates
proper design of the power stage components.

When you are finished verifying the

waveforms in LTspice®, you can proceed with
the component design in RidleyWorks®.
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[w ] New Schematic Ctrl+N
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Fig. 9.9: Exporting Data from LTspice® Simulation

Cancel

9.9 Exporting Waveforms from LTspice®

In the waveform window of LTspice®, click on File and

Export data as text. Highlight all of the listed waveforms and click
OK to save the simulation results as a .txt file. RidleyWorks® has an
automated reader to import all of these values.

Note: this text file will be quite large due to the long simulation
time of the steady-state circuit. You can reduce the final simulation

time in the following statement if you see that steady state is
reached well before the end of the simulation.

.param sim_time=8.000m

By default, the waveform data will be stored in the file named:
1 LLC STEADY STATE.TXT

Do not change this file name as RidleyWorks® will search for this file
name when trying to import the data.
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LLC Waveform Data Import

IMPORT LTspice Simulation Data

TRUNCATE LTspice Simulation Data

Isolation

Feedback Design

Compensation ()

Fig. 9.10: Importing Data from LTspice® Simulation into RidleyWorks®

LLC Power Design

Control Design

Efficiency

Inductor Design

Transformer Design

Design Summary

SPICELaunch

Import LTspice Data

9.10 Importing LLC Waveforms

The waveform data that has been saved to the file
1 LLC STEADY STATE.TXT can now be imported into
RidleyWorks®.

Click on the button to import the LTspice® data. You will
then see a form with two options. The first option will
import the large data file saved by LTspice® . You can
bring in up to 1 million lines of data, but these will be
truncated to the first 500 k lines. It will typically take a
minute or so to import the large data set.

You also have the option to truncate the imported date
to just the first 50 k lines in order to minimize the file
size of RidleyWorks®. This step will always be automated
when you exit RidleyWorks® and select the option to
save the file.

The main purpose of importing the waveforms into
RidleyWorks® is to be able to design the components of
the power stage. In general, you will find it more useful
to work on the waveform viewing inside LTspice® .
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Fig. 9.11: Viewing Waveforms in RidleyWorks®

9.11 Viewing LLC Waveforms

Click on the of the green probes on the circuit
schematic to see current or voltage waveforms. You
can zoom in on the waveforms inside RidleyWorks® in
the normal way using the timebase controls on the
screen.

Once you have imported the waveforms, you can begin
the transformer design. For the experienced designer,
this process is straightforward, especially when
assisted with the magnetics design capability of
RidleyWorks®.

If you don’t have magnetics design experience, you can
learn more by coming to our workshops or you can
work with your magnetics vendor to help you. Please
note that LLC design is not familiar to many magnetics
companies, and it may be better to learn the process
yourself.
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S——— 9.12 LLC Transformer Design

RidleyWorks® treats the LLC transformer like an inductor design
for the selection of the turns needed on the transformer core. It is
important to simulate the converter with LTspice to see the
needed energy storage in the transformer. The peak current and
the magnetizing inductance value are used to make sure that the
maximum flux level of the core is not exceeded.

Notice that there is an additional constraint on the turns count on
the primary since there cannot be less than one turn on the
secondary. The number of primary turns must be at least equal to

0.050

LLC TRANSFORMER CORE SELECTION

Transformer Parameters Approximate Core Area 0.436 sq. em the turns ratio Of the tra nsformer.

Turn Ratio | mio26 A Defauk  omeriecond] T ———

Frimary fesstance | me e ma e CORE TYPE AND AREA As frequencies are raised above 150 kHz, you may find that you
Core Type epca7 Pimaryinductance 52331 increase the minimum turns count to reduce the observed core

Secondary Resistance | mQ  0.98 mi Default

Hemnetin nductance e betnet Minimum Area Qa3 sqem  PeOKETE A loss in the transformer. This is usually an interative design process
STRESS SUMMARY MAXIMUM FLUX LEVEL SETTING o to trade off core and copper losses. For example, with three turns
PimayRMSCurent ez A O o« R ooy mecommerutuony winere B on the primary, using a PC95 material, there are 3 W of core loss.
Loss with DC Resistance 0.653 w

FLYBACK TRANSFORMER TURNS & el € New - e
Secondary RMS Current 19.955724 A Primary Tums | 3 m m C New © New
Loss with DC Resistance 0.39 w Secondary Turns | 114 LLREE TRy B T SELECTED

With 6 turns on the primary, the losses in the core are reduced
CORE PHYSICAL DETAILS CORE GAPPING
m “ Core Volume 3.99 cu. cm 0.1 mm 4 mils.
Window Width | 207 cm Note that gap length is a rough guide Core Loss 0.563 W

) only. Manufacturing design s specified
Window Build 0.299 cm by Al, and the core Is gapped to achleve
Inner Turn Length 4.816 cm D

Oter T 659 m Avalve 58145 nin2 This is a better design choice.
Fig. 9.12: LLC Transformer Parameters
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Transfarmer Primary Winding Design
PRIMARY WINDING ALLOCATION

Window Allocation 05

Number of Turns 6
AVAILABLE WINDOW
[0

[o

] o eacn end
=] mntora

Margin Required 2.07

Insulation Required

WINDING STRUCTURE

v [Litz Wire @ Magnet Wire © Triple Insulated Wire
Number of Layers 1 M Optimize Layers
Maximum Conductor Size That Will Fit Exactly is 18
Your Choice of Conductor Size 18

Leakage Inductance  0.0664

WINDING LOSS DETAILS
RMS Current 9.285
DC Current [ Winding Loss (without

9.285 Winding Surface Area

AC Current
DC Resistance 0.00673

AC Resistance 0.008477

X

=

Available Window

Winding Loss (Including Proximity)

Fig. 9.13a: LLC Transformer Primary

WINDING STRUCTURE
€ Magnet Wire

Maximum Conductor Size That Will Fit Exactly is 0.902
Your Choice of Conductor Size 0.2301
WINDING LOSS DETAILS
RMS Current 13.526 A Winding Loss {Including Proximity)
DC Current 5.373 A
AC Current 12.413 A Winding Surface Area
DC Resistance 00004621 0

AC Resistance 0.000618 0

© Triple Insulated Wire

Winding Loss (without Proximity Loss)

Fig. 9.13b: LLC Transformer Secondary

0.1

495 om

© Foil
Mumber of Parallel Wires 1 hd
awg
awg
HH
073 w
Proximity Loss) 0.58 w
12 sq.cm
Sweep AC Resistance x I
&
mm 35.53 mills.
mm = 905 s YA
0.203 w
0.168 w
12 sg.cm
Sweep AC Resistance z |

9.13 LLC Transformer Winding Design

Once the turns count is established for a specific core and turns ratio, we turn our attention to the detailed
winding layout in the transformer. For this design, six turns are used on the primary of the transformer. If
you try to use solid wire, the proximity losses are significant due to the high ac content of the primary
transformer waveform. Switching to Litz wire reduces the losses substantially.

As with standard transformers, RidleyWorks estimates the loss of the winding including proximity effects.
For experienced designers, you can go deeper and ask RidleyWorks to sweep the AC resistance versus
frequency in order to build an LTspice model. This step is extremely powerful when estimating the losses in
the transformer at different operating points.

You could also choose to use a foil for the primary. The disadvantage of this approach is that it will increase
the capacitance of the transformer and affect the operation of the LLC converter. As with any design, it is
crucial to measure the actual performance on prototype hardware (and later on production hardware) to
ensure that the parameters of the transformer are close to the specified values. Engineers with either the
AP300 or the RidleyBox will be aware of how to easily do this.

After you have designed both the primary and secondary windings, you can use the leakage inductance
estimation of the primary winding to begin the design of the resonant inductor of the LLC.
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Inductor Design
INDUCTOR VALUES
Inductance: WH 0.5156 JH Default
Winding Resistance: | mOhm  13.5 mOhm Default
R, L
_m_m_

[# Subtract Measured Leakage 0.0664 M

[ Inductor Design
LLC RESONANT INDUCTOR CORE SELECTION

Approximate Core Area 0.09 sq.cm
" Generic Core All Cores @ Use Selected Core
CORE TYPE AND AREA
Core Type | RM6 Inductance 05156 WH
g i i Peak Current 30.4444 A
Minimum Area 031 sqem

MAXIMUM FLUX LEVEL SETTING

oG . - 1=

This value will determine the number of turns needed

INDUCTOR TURNS REQUIRED
Turns I 3 2
Maximum Flux Density at Peak Current Limit: 0.1687 T
CORE PHYSICAL DETAILS CORE GAPPING
Core Volume I 1.03 cu.cm 0.67 mm  26.8
Window Width 067 em

Note that gap length is  rough guide
Window Build 0.24 cm

Inner Turn Length 282 em the correct value

Outer Turn Length I 3.86 cm Al value 57.28 nH/n2

Fig. 9.14: Resonant Inductor Core Selection

only. Manufacturing design is specified
by Al, and the core is gapped to achieve

9.14 LLC Inductor Core and Turns Design

The first step in designing the LLC series inductor is to determine the value of the discrete inductor to be
added. The transformer leakage inductance will provide a portion of the resonant inductor value. You can
account for this contribution by clicking on the schematic of the converter. Enter the value of the leakage
inductance (make sure you measure this with your AP300 or RidleyBox to confirm the value at the
switching frequency) on the primary side of the transformer. You will see the required amount of extra
inductance needed changing as this leakage number is changed.

Some LLC transformers are deliberately designed with very high leakage so that an additional inductance is
not needed. In our experience with industry LLC converters, the high-efficiency products add a discrete
external inductor in most cases.

As with the transformer design, you may see that the minimum number of turns suggested (2 in this case)
results in high core loss. Increasing the number of turns to 3 will produce a more optimal design.
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Inductor Winding Design
INDUCTOR DESIGN

Inductar Value 0.5156 uH Number of Turns 3

[ AVAILABLE WINDOW

“ 9,15 LLC Inductor Winding Design

0.67 em  winding length

o ~| mm each end
0.24
0 +| mm total

Margin Required

build
Insulation Required em bui

WINDING STRUCTURE

' Use Magnet Wire @ € Helical Foil
Maximum Conductor Size That Will it Exactly is 078 mm = 07 mills

Your Choice of Conductor Size

0.3975 mm = 1564 mills

Update
WINDING LOSS DETAILS
RMS Current 9.285786 A Winding Loss (Including Proximity) 0.06 w
DC Current [1} A Winding Loss (without Proximity Loss) 0.045 w
AC Current 18136708 A Winding Surface Area 207

DC Resistance 5.22E-04 a

— |3
o]

AC Resistance 7.05E-04

Fig. 9.15: Resonant Inductor Winding

sq.cm

For this design, we only need three turns on the inductor. The losses are minimized by using a foil
structure with a 15 mil thickness foil. Notice that it is possible to use a thicker foil, but the high AC

currents would result in higher proximity losses in the winding.

(4] v]
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RidleyWorks LTspice Schematic
LLC CONVERTER 120 W
Vin = 36.0, Vout1 = 12.0V @ 10.0A, lic curve tracer, voltage-mode

SIMULATION PARAMETERS

.param FreqMax =366K

.param FregMin=110K

.param sim_time=40m

.param t0=2.00m
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_tran 0 {t0+sim_time} {t0} {10n}
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Fig. 9.16: Schematic for Generating LLC Gain Curves
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9.16 LLC Gain Curves Schematic

RidleyWorks® generates a second LTspice simulation
file for the LLC converter named:

—& 2 LLC CURVE TRACER.asc

When you run this file in LTspice, the frequency will be
increased from the minimum value to the maximum
value over the duration of the simulation.

.param FreqMax =366K
.param FregMin=110K

The minimum and maximum values from RidleyWorks
should cover the entire range of operation of the
converter from high line down to low line.

Please note that the accuracy of the curves will be

impacted by the total simulation time. If the time is

too short, there will be portions of the curve that have

sharp changes in them. If you increase the time, and

the curves do not change, then you can be confident

the curves are accurate. In this example, the default
simulation time of about 6 ms is increased to 40 ms for
optimal results.

.param sim_time=40m
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Fig. 9.17: LLC Gain Curves for a 12-V 10-A Output with a 36-V Input
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9.17 LLC Gain Curves

The LLC gain curves show the output
voltage for your specific converter design
at different load levels. For the lowest
curve in red, the load is set at twice the
specified value. In this case, output
voltage cannot reach the specified value
of 12 V and the converter cannot
regulate.

At full load, the curve shown in blue
shows that the output voltage reaches
the desired regulation value just above
the resonant peak.

The curves generated are the actual
curves including all the losses of your
particular circuit. This is much more
useful than working with theoretical
curves created by first harmonic analysis
methods.

You can spend a lot of time working with
these curves to understand how your
converter is working. For example, you
will want to redraw them for high-line
input to determine the actual limit to the
switching frequency needed.
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Appendix A Error Messages

Error Message Page Number
Installer Error 1721 101
Cannot find RIDLEYWORKS.DLL 101
Protection Error 717 Incorrect Passkey Entered 102
Protection Error 758 License Expired 102
Protection Error 923 102
Trouble Closing RidleyWorks® 103
Run-Time Error 1004 104
Data Entry Format Error — Run-Time Error 13 105
Microsoft Excel Stopped Working (EMET problem) 105
Object Doesn’t Support Property or Method 106
LTSpice Cannot Find Sub or Sym Files 107

94|RidleyWorks Manual



Installer Error 1721

1F RIDLEYWORKS Installer Information % This message indicates that the CMInstall program must be run with Administrator privileges on your
computer, and you will have to manually finish the installation. In this case, right click CMInstall.exe,
Error 1721. There Is a problem with this Windows and select Run As Administrator. Answer OK to any questions, and at the end of the process, the

Installer package. A program required for this install to needed files will be created. More details of files are on Page 8 of this manual.

complete could not be run. Contact your support
personnel or package vendor. Action: NewCustomAction1,
location: C:\Users)\, ...\CMInstall.exe, command:

Cannot find RIDLEYWORKS.DLL

Error Some operating environments look in the SysWOW®64 or the System32 directory or AFY directory
for the proper .dll permission files. If you get this message, please do the following:

Cannot find RIDLEYWORKS.DLL or RIDLEYWORKS64.DLL. Make sure Copy all 6 of the .dll files from C:\users\username\documents\RIDLEYWORKS\config
RIDLEYWORKS.DLL or RIDLEYWORKS64.DLL are in the to: C:\WindOWS\SySWOW64
C:\Users\<user>\Documents\RIDLEYWORKS\config folder

OK

Copy all 6 of the .dll files from C:\users\username\documents\RIDLEYWORKS\config
to: C:\Windows\System32

Copy all 6 of the .dll files from C:\users\username\documents\RIDLEYWORKS\config
to: c:\ProgramData\AFY\RIDLEYWORKS\cm
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Protection Error 717 Incorrect Passkey Entered

Error [S52=) You will see this message if you enter an invalid passkey for the program. Check for the proper number, and contact Ridley
Engineering if you cannot find it.

CopyMinder protection error 717

Protection Error 758 License Expired

Error 239/ )  You will receive this error when your license has reached its expiration date. Contact us to verify the date or to renew your
registration.

CopyMinder protection error 758

Protection Error 923 Installation Incomplete

EneE | _|1 You may receive this error if the software installation did not finish generating all of the necessary files. Please go to Section 1.4,
item number 2 of this manual to learn how to complete the installation.

| CopyMinder protection error 923

| oK |
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Trouble Closing RidleyWorks®

.
BoostReleased Password Very rarely, you may see this screen pop up when you try to close the program. Clicking OK or Cancel will not get
rid of it. If this happens, type ctl-alt-delete and select Start Task Manager. Select Processes, highlight

Eemerr ] EXCEL.EXE*32, and click on End Process. This should close the program.

I | Cancel |

File Options View Help

| Applimﬁons| Processes |Services I Performance | Networking | Users |

Image Mame User Mame CPU  Memory (... Description

WINWORD.E... RayRay2 oo 175,192 K Microsoft ...
{EXCELEXE =32 RayRay2 . 00 145824K Microsoft .., &
wimail.exe *32  RayRay2 [uu} 91,856 K  Windows ...

Skype.exe *32  RayRay2 [[n} 63,400 K  Skype
mspaint.exe RayRay2 0o 58,520K Paint
explorer, exe RayRay2 [lu} 29,064K  Windows ...

dwm.exe RayRay2 [uli] 26,100 K Desktop ...
wlcomm.exe *32 RayRay2 [uli] 6,596 K Windows ...
ControlDeck.e... RayRay2 Jula] 5,788 K ControlDeck
AsusWSServic... RayRay2 oo 5,356 K
nis.exe *32 RayRay2 0o 4,536 K MortonIn...
taskmar.exe RayRay2 [[n} 3,84 K Windows ...
taskhost.exe RayRay2 oo 3,156 K HostProc...
Boingo WiFi.... RayRay2 oo 2,720 K Boingo Wi-Fi
WDDMStatus..., RayRay2 00 2,544K WD Quick... -
[ @Show processes from all users

Processes: 102 CPU Usage: 0% Physical Memory: 60%
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Run-Time Error 1004

Input and Cu

tput Specifications

| = [

Output V'

| POWER 456 Design

I — INPUT VOLTAGE RAN

— OUTPUT VOLTAGE AND CURRENT

Output Current

Clear Design

Run-time error ‘1004

Unable to set the Text property of the Characters dass

Continue | End I

Debug

Main Auxl Aux 2

Aux 3

Aux 4

oltage

[os | ]

[or | ]

& High A

— POWER SUPPLY COOLING

irflow " Moderate (" Low Airflow { None

B

OK

4

This error will occur if you have an old version of Excel prior to 2013. Please upgrade to the latest version.

In some cases, the error will occur if you do not have the decimal separator character set to a period “.”
You can change the setting of the decimal separator in your Windows system as described below.

o | @)= |

()~ » Controlpanei » Al Control Panel tems »

=2 [ Seeren contrt pamet 5]

[ =]

. y 9 Region and Language
Adjust your computer's settings
Fomats | Location | Languages | ]
S s L

¥ Action Center

W Backup and Restore Numbers | currency | Time | Date

&2 Indexing Options
[£] Java 32-bit)

Decimel symbol

Credential Manager Example
[ Desktop Gadgets Positive:  123,456,789,00 Negative: ~ -123,456,783,00 :
A Fonts

No. of digits after decimal
B Mail (Microsoft Outlook 2
S Network and Sharng Cen Digit grouping symbol:
8 Parental Controls Digit grouping:
[ Phone and Modem Negative sign symbol:
& Reattek HD Audio Manag
% RemoteApp and Desktop
@ Sync Center

[ Troubleshooting

B Windows CardSpace

Negative number format: 11 -
Display leading zeros:
List separator:

Measurement system: ages znd regional formats

Additional seftings..

E® Windows Mobility Center. Standard digits: = P

Use native digits:

Click Reset to restore the system default settings for
numbers, currency, time, and date.

Aonly

Also make sure that Excel is using the system
separators. Go to File Options Advanced in Excel and
check the box shown here:

In the windows search bar pull up
the Control Panel, Region and
Language. Under the Format tab,
click on Additional Settings, and
you will be able to change the
character to a period as shown.

Use system separators
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Data Entry Format Error — Run-Time Error 13

" Microsoft Visual Basic Most mistakes in data entry will be flagged by RidleyWorks® and will give you an error message. However, if you see
the message here, you may have the decimal separator set incorrectly in your system. This is changed as described
Run-time error '13': . . . . . .
in the above section. Or, you may have used some other invalid numerical character. If you see this happen, please

| Tl try to describe the sequence of events to us or send us the file. We are always working to improve and update the
program.

Continue | End I Debug I Help |

Microsoft Excel Stopped Working (EMET problem)

If you get the message that Excel has stopped working while verifying the license, it may be because
your IT department has installed Microsoft EMET (Enhanced Mitigation Experience Toolkit). This will
block access to the required website to verify the license code.

Microsoft Excel has stopped working

It is necessary to disable the following EMET options for RidleyWorks® to register itself properly
without triggering EMET to shut down the program.

Windows is checking for a solution to the problem...

Export Address Table Filtering
Simulate the execution flow

There is no security risk in implementing these changes.
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Object Doesn’t Support Property or Method

You may see messages such as this when you click on one of the buttons. Microsoft did some security updates recently, and it causes problems in excel. You can find it
discussed at:

https://social.technet.microsoft.com/Forums/exchange/en-US/3f29c84b-97ad-46f7-9bc0-8648d69336ce/kb2553154-breaks-our-excel-
macros ?forum=officeitproprevious

fix is to simply delete the file MSForms.exd from any Temp subfolder in the user's profile. For instance:

C:\Users\[user.name]\AppData\Local\Temp\Excel8.0\MSForms.exd
C:\Users\[user.name]\AppData\Local\Temp\VBE\MSForms.exd
C:\Users\[user.name]\AppData\Local\Temp\Word8.0\MSForms.exd

You can search for any files ending in .exd and delete them while excel is closed. Then start excel again and it should work properly. Microsoft are aware of this issue
and are trying to fix it, apparently.

More information is at http://stackoverflow.com/questions/27411399/microsoft-excel-activex-controls-disabled
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LTSpice Cannot Find Sub or Sym Files

On installation, the special symbols and subcircuits used by RidleyWorks to simulate fast and efficiency are placed in the
C:\Users\<username>\Documents\LTspiceXVII\lib folder by default.

If you get a message that the files are missing, you may need to also place them in the

C:\Users\<username>\AppDate\Local\LTspiceXVII\lib folder or whichever path is indicated by any error messages.
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Appendix B License Agreement

Ridley Engineering, Inc.
Software License and Limited Warranty Statement

SOFTWARE LICENSE

1. License Grant. Ridley Engineering, Inc. or Ridley Engineering Europe UK Ltd. (referred to as "Ridley") grants to the registered purchaser (referred to as "you" and
"your") a nonexclusive right to use one copy of the enclosed computer programs ("the PROGRAMS") on a single computer in accordance with the terms of this
Software License. Ridley reserves all rights not expressly granted to you in this software license. This license is effective until terminated. Ridley may terminate this
license if you fail to comply with this Software License. In the event of such termination, you agree to destroy the original and all copies of the PROGRAMS.

2. Copyright. The PROGRAMS are licensed, not sold, to you. Ownership of the PROGRAMS, and their associated proprietary rights are retained by Ridley and its
assignees. The PROGRAMS are protected by the copyright laws of the United States and other countries, and by international treaties. Therefore you must comply
with such laws and treaties in your use of the PROGRAMS and, among other things, you may not copy the PROGRAMS except that you may load them into the random
access memory of your computer, install the PROGRAMS on a hard disk or other storage device of a single computer, copy versions of the PROGRAMS as you modify
their data contents onto a single computer, and make a single copy for archival purposes. Any copies of the PROGRAMS, either in their original forms, or modified by
you, are subject to this Software License. You may not copy the written material accompanying the PROGRAMS without the prior written consent of Ridley.

3. Transfer and Use Restrictions. You may not sell, lend, or otherwise transfer or lease the PROGRAMS or this license to others without written permission from Ridley

LIMITED WARRANTY STATEMENT

90-Day Limited Warranty. Ridley warrants that the PROGRAMS will perform substantially as provided in the accompanying written materials for a period of ninety (90)
days from the date of receipt from Ridley.

This Limited Warranty gives you specific legal rights, and you may have other rights which vary from state to state and from country to country.
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Remedies. Ridley's entire liability, and your exclusive remedy for any failure of the PROGRAMS to comply with the Limited Warranty shall be, at Ridley's option: (a)
repair or replacement of the PROGRAMS, or (b) return of the price you paid for the PROGRAMS. You must return all copies of the PROGRAMS and written material to
Ridley or Ridley's dealer with a written explanation of the noncompliance and a copy of your receipt within 90 days of the date you received the PROGRAMS to receive
this remedy. Any replacement PROGRAMS will be warranted for the remainder of the original 90-day warranty period, or 30 days from the date you received the
replacements, whichever is longer.

DISCLAIMER OF WARRANTIES. Ridley does not warrant that the programs are free from all bugs, errors, and omissions. Except for the 90-Day Limited Warranty
described above, Ridley makes no other warranties, express or implied, with respect to the PROGRAMS and any accompanying material; RIDLEY DISCLAIMS ANY
IMPLIED WARRANTY OF MERCHANTABILITY, AND RIDLEY DISCLAIMS ANY IMPLIED WARRANTY OF FITNESS.

LIMITATION OF LIABILITY

DAMAGES LIMITATION. Except for the remedies set forth in the Limited Warranty statement, Ridley shall have no liability or obligation for any other damages or
remedies, including, without limitation, the cost of substitute goods and any direct, incidental, special or consequential damages, arising out of this Software License
and Limited Warranty statement or the use or inability to use the PROGRAMS. Some states do not allow the exclusion or limitation of incidental or consequential
damages, so the above limitation may not apply to you.

LIMITATION OF LIABILITY. In no event shall Ridley's liability (whether in contract, warranty, tort (including negligence), product liability or other theory) with regard to
the PROGRAMS, the accompanying written materials, or this Software License and Limited Warranty Statement exceed the compensation you paid to Ridley for the
PROGRAMS.

If you wish to contact Ridley Engineering for any reason, including warranty service, please write to: Ridley Engineering, Inc., Ridley Engineering, Inc., 601 E. Daily

Drive, Suite 112, Camarillo, CA 93010

EMail: info@ridleyengineering.com
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