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System Overview

The Venable Windows Software in combination with the Model 3120 Frequency
Response Analyzer (FRA) is a complete frequency response modeling and
measurement system. The hardware portion consists of the FRA for making
measurements of gain, phase, and voltage versus frequency and various accessories
for coupling the FRA to the electrical, mechanical, or thermal system under test. The
software portion runs on any personal computer using Microsoft Windows NT
4/2000/XP/2003. The Model 3120 is controlled through a National Instruments GPIB
board. The software also contains a simple spice-like modeling program for modeling
the AC frequency response of circuits. Model results and test results are in the same
format and can be displayed simultaneously for easy comparison. Compensation
amplifier synthesis software lets the user achieve the exact feedback loop bandwidth
and phase margin desired on the first try. “File Math” software allows any kind of
mathematical function on any one or two transfer functions. Data can be saved,
recalled, and printed in the form of graphs on any Windows-compatible printer in black-
and-white or color if the printer has that capability. Graph types supported are voltage
vs. frequency (log-log), gain and phase vs. frequency (semi-log), reactance vs.
frequency (log-log with lines for constant capacitance and inductance), and Nyquist (log
outside of the unity gain circle and linear inside the unity gain circle).

The Venable software is protected against illegal copying and use. In order to run, first it
must be activated. There are three ways to activate your Venable software:

e |f you have an internet connection, you may use the "Electronic Registration" button
to validate your serial number. This is the fastest and easiest method.

e If you don't have an internet connection but you have e-mail access, you can send
your site code along with your name, company name, address, phone number, and
Venable frequency response analyzer serial number (on the back of the instrument)
to authorize@venable.biz. Your site code is shown when you select "Show site
code" from the "License" menu.

e Otherwise, you can call Venable Instruments with your site code at 512-837-2888.
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New Features of the Venable System Version 4.0 Software

Several new features have been implemented in the Venable System Version 4.0
Software:

The software has been updated to work with the newly introduced wider
bandwidth Venable 3215 and 3225 analyzers.

The Agilent (HP) 3577A/B network analyzer can now be controlled with the
Venable system software. The HP3577 combined with the Venable system
software creates a completely new, easier to use frequency response
measurement system.

A new Venable Reader is available for free download from the Venable website.
The Reader lets anyone view, print, export, or examine data and also save
screen captures of Venable plots.

The new release provides the ability user to print out a schematic of a
synthesized error amplifier on a sheet of paper with component values and
reference designators. This function creates a useful hardcopy reference when
working with hardware in a lab environment.

The capability to import and export data to Mathcad has been added to the
software.

The software now allows the user to select the correct GPIB interface to
communicate with the analyzer on PC’s with multiple GPIB cards installed.

Several existing problems have been eliminated:
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Registration and activation of the Demo software over the Internet is greatly
improved with the elimination of the negative serial number problem.

New updated versions of the Matlab import and export m-files to eliminate data
export and import problems.

The Graph Description text box bug, which caused the mouse to behave
erratically, has been fixed.

The disappearing character bug in the Error Amplifier Synthesis and Circuit
Analysis menu has been resolved. The software settings for this menu are now
saved and recalled correctly from the default settings (Venpref.ixt) file or a user
defined settings file.

The Venable 350 Auto Integration Error bug that caused the program to crash
has been corrected.



Installation Procedure for Venable Model 3120 Analyzer

This is the software and hardware installation procedure for our Model 3120 GPIB
controlled analyzer.

1. Before installing the GPIB card in the PC you plan to use, install the National
Instruments GPIB card driver software. Close all your programs and insert the
National Instruments CD into your CD-ROM drive. The CD should auto-run and
the installation window should open up, otherwise browse the CD with Windows
Explorer and double-click on Setup. Left-click on Install NI-488.2 Software for
Windows. Follow the instructions. You need only the default installation of the
software and you do not need to enable DOS.

Note: Always install the GPIB driver software FIRST. The GPIB card won’t work

otherwise. You will have to uninstall the software and the card and then re-install

them in the correct order.

2. Turn the computer off, then install the National Instruments GPIB card in the
computer. ltis available in ISA, PCI, GPIB-USB, and PCMCIA versions. The
software for all versions is the same. When you turn the computer back on, it
should recognize the GPIB card as part of the boot-up process. The NI-488.2
Getting Started Wizard window will open up in the lower right corner of your
screen. If you want to double-check your installation, left-click on “Verify your
hardware and software installation”. If the installation is correct, your status will be
passed in the NI-488.2 Troubleshooting Wizard window when the testing is done.
Click on Exit when your status is verified. Skip the rest of the steps by closing the
Getting Started window. These steps are not needed.

3. Install the Venable Windows software. Close all your programs and insert the
Venable System installation CD into your CD-ROM drive. The Venable System
installation program should start up automatically. If it doesn’t, open the Control
Panel and left click on Add/Remove Programs and then the Install button.
Assuming the CD-ROM drive is D, click on OK for D:\Setup. Make sure you have
your software serial number at hand and follow the instructions. We recommend
accepting the default directory. The user is given an option to install the software
and/or the manual. The manual is in Adobe portable document format (pdf) and is
compatible with Adobe Acrobat Reader version 4.0 and above. An installation
program for Adobe Acrobat Reader version 5 can be optionally installed on the
user’s hard disk from the Venable System program installation CD or can be
downloaded at www.adobe.com. If you need to uninstall the software for any
reason, use Add/Remove Programs and choose the uninstall option.

4. Verify the software settings are correct. Open the Venable System Software by

selecting: Start Menu>>Programs>>Venable 3120 System. A software registration
window will appear when opening the Venable System software for the first time. It

is suggested that the user register for warranty and upgrade eligibility. The
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program will open, after the registration window closes. Select View from the
program pull-down menu and click on Settings. Ensure the GPIB address is set at
8, which is the factory default address on your analyzer. Make sure the selected
interface name is set to the default GPIBO. In the special case where there is more
than one GPIB card or interface installed on the computer, the interface name may
have to be changed in order to select the correct card to communicate with the
analyzer. Click on OK and select Actions from the program pull-down menu and
open the Analyzer Control Menu. Click on the Take Data at Start Freq button to
enable the new address setting. When you shutdown the application the new
address will be stored in the VenPref.txt file. The Venable Settings window also
allows the user to select the default chart to be displayed when the program is
opened.

¥enable 3120 Settings x|

On startup show &

£+ Gain Display Cancel |
i Impedance Display

" Voltage Display  |nterface Name: [GPIBO = | [GPIEO]

£ Text Display

[ Mupquist Display GFIE Address: IE (2]

Venable Settings Window



“Sanity check” — Measure the Output of the Oscillator

After you have connected the hardware and turned the power on and installed the
software, a natural question that comes up is “Does it work?” To answer that question,

just follow these simple steps:

1.

Hook up the BNC to Mini-grabber cables that come with the system to the oscillator
output and each of the inputs of the FRA. Connect all the black Minigrabbers

together and all the red Minigrabbers together.

Open the Venable Windows software and click on the Analyzer Control
Icon on the toolbar, the next-to-last icon just left of the “?” icon. (If you
leave the mouse on the icon for a second, it will say “Analyzer Control”.)

Set the Start Frequency to 10 Hz, the AC Volts Out to 1 Volt peak, the waveform to
Sine, and click Take Data at Start Frequency. The grayed out windows below the
Stop Taking Data button on the right side of the Analyzer Control Menu should then
read 10 Hz, approximately 0.707 Vrms for each channel, a gain of 0 dB, and phase
of 0 degrees for a 3120 analyzer. Data taken by the analyzer will be displayed in the
Communication with Analyzer window as shown in the figure below.
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3120 Analyzer Control Menu HE B3
Start Frequency: I'I 1] il Hz |
Run Sweep
Stop Frequency: I‘I a0k i’ Hz
' Log Sweep Iw i’ Steps/Decade Close | Frequency: |10 Hz
™ Linear Sweep I'I k i’ Frequency Step (Hz) CH1:|B37.9m  wims
A Walks Out: I‘I i’ WAC peak CHZ: [B37.7m  Vims
DC Wolts Out: ID i’VDE 1 Turn On DC Yoltage |
Wavefom; ISine j‘ Chatnel B atio: ICH 2/CH1 ’I
Input Coupling: | AT < 55 vI . c | Gain or Magnitude:I-D.DD1B1 de
r 1t
& Integration Time: [Medum =] | Phase: [0.00137  deg
" |ntegration Cycles: | | ServaOr [
[ Channel: | CH 1 i
Delay Time: |0 Ees N I — J bl asimum Change Between Data Points —
Communication with Analyzer; AT Walks e |10 m i
Received:1.0000E1.E.9977E-1 = ize: |10 : I
Sent:FREQUE 10GAINPH?; :.I A Sut Step Siz= * ™ Gain or Magritude: [0 a8
Received:1.0000E1,6.9787E-1 bar AT Wolts Dut: |1 o ok . |2u
Sent FREQUE. 10GAINPH?!  ~| [ Fhacs =




Tutorial No.1 — Measure an RC Low-Pass Filter Transfer Function

If the “Sanity check” worked out but you still are not convinced, try this as a real-life
application of a frequency response analyzer:

1.
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Take a resistor and capacitor you know the value
of and solder them in series. Using the same BNC-
Minigrabber cables as before, connect both the
oscillator output and channel 1 across both parts
with the black (return) lead connected to the
capacitor. Connect channel 2 across the capacitor
with the black (return) lead connected the same

©

0sC

place as the other two black leads. Calculate the corner frequency of the filter from
the formula f=1/2rRC. If you don’t want to do that much work, use a 1k resistor and
a 0.1 uF capacitor and the corner frequency will be 1.6 kHz.

Again click the Analyzer Control Icon to
open the analyzer control window. Set
the sweep from approximately 2

decades below the corner frequency to

Stop Frequency:
' | og Sweep
€ Linear Sweep

!

3120 Analyzer Control Menu

Start Frequency: IT 0 i‘ Hz

S—— Run Sweep
100k 2|Hz _J
10 2] stepsDecads Close

il Frequency Step [Hz]

ISE E3

i Siop Taking Daia 3

10 Hz
9793 m  yims
FEIm  Vims

Frequency:
CH1:
CHZ

Channel Ratio: | CH2/CH1 'I i
Gain or Magnitude: |-0.01002 dB |
Phase: |-056548 deg |

approximately 2 decades above the A Vol DU [T415 2] peak
H DCWalks Dut (o iIVDE DEYalagelizin
corner frequency (10 Hz to 100 kHz if o l__lls [Eeveeer |
you use 1k and 0.1 uF. Select Log N
Sweep, 10 Steps per Decade, 1.414 € g i i ] o -
Integration Cycles: e Ll

volts peak AC or 1 Vrms, 0 volts DC, iy 1 T sua|  Chearet [T =

i H 1 . 1 ornmunication with Analyzer: AL Walks In: |10 m e
sine wave, Integration Time: Medium, Lol ol P, |_|m :E

and 0 Delay Time. Click on Run
Sweep.

i~ Maximurn Change Between Data Points —

™ Gain or Magnitude:
I” Phase:

|1 1] dB
|2D deg

The Data Set Properties window will open, as shown below giving you the choice of
output node number (channel number), input node number (channel number), and
scale factor. The default settings Output Node=2, Input Node=1, and Scale
Factor=1 are correct for this measurement. When you have selected the desired
variable values, click on “Close”. The window will close and the analyzer will start

taking data over the selected frequency range

Data Set Properties

Data Set: |1 'I
[rata gathered by the Yenable 350 ;I v | wisible Mgil
Syztem
01:18PM Thursday, dugust 02, Phase Color | Save az Default |
20m Gain Color | Delete |

| Gain =20 +logqg [ o

Output Mode: |2
Input Node: I‘I
Scale Factor: I'I

Output
puk

+Scale Factor]




4.

07/05/06

The sweep will start. The analyzer control
window will not minimize automatically. You
may want to move or minimize it so you can
see the plot of the data being taken in real
time. The resulting gain plot should be flat at
0 dB out to the corner frequency, then fall at
a -20 dB per decade slope thereafter. The
phase should be 0 degrees at low frequency,
-45 degrees at the corner, and
asymptotically approach -90 degrees at high
frequency. If this works, you can be certain

that the equipment is connected and .
functioning properly. Measured transfer function of

low pass R-C filter

Gain

‘‘‘‘‘‘

Phase

0
-180




Tutorial No.2 — Model of an RC Low-Pass Filter Transfer Function

As

a simple example of how the modeling portion of the software works, an easy thing

to do is model the transfer function of the low-pass RC filter corresponding to the test in
Tutorial No. 1. If you actually did the test, you can overlay the test and model data to
see how close you came.

1.
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To start the process, click on the “Error Amps and Circuits” Icon, the one E
just to the left of the Analyzer Control Icon. When that window opens, select

the “Circuit (CKT) Model” tab. If there is anything in the text box, delete it

and type in the text below:

VO0O1
R101
R121K
C200.1U

For the record, the first two lines

represent a fixed voltage source with @ e s e
magnitude of 1 volt and an internal ncek, | otk | Got ot T |
resistance of 1 Ohm’ Connected from Format: Line Mumberfopt] Companent [R.C.LW.I or G) ModeFrom Mode-Te Value—Multiplierlc.m.u, etc.)(opt)
node 1 (the input) to node 0 (ground).
The third line represents a 1k resistor
connected from node 1 (the input) to
node 2 (the output). The final line, line
4, represents a capacitor connected
from node 2 (the output) to node 0
(ground) with a value of 0.1 " o
microfarads. The analysis will be done
from node 1 to node 2. The internal resistance of the source does not matter since it
only changes the absolute magnitude of the voltage on nodes 1 and 2, not the ratio.

Error Amplifier Synthesis and Circuit Analysis Menu

After entering the above net |iSt, click the Loop Design | Component Values | Cheuit (CKT|Model - Crosit Analysis | Freauency (5C) Data |
button labeled “Go to Circuit Analysis

Compute AC analyss from CKT

Tab”. Select the desired Max and Min Mooy [T e
Frequencies (the same ones you used by [T e

for the teSt), the nodes to analyze (1 and Node Nurmbers to Analvze Exarele: 1.2.71 [1.2

2), and Log Sweep at 10 Steps per Flogsrs [T summeot
Decade. When all variables are e I et
correctly entered, click the “Compute AC S
analysis from CKT” button. You will be Feme [T

sent automatically to the “Frequency

(AC) Data” tab. An ASCII text result file
will be displayed in Venable Standard Format, which is 5 columns: Frequency, Node
number, Voltage (volts), Voltage (dB), and Phase (degrees). There will be a row for




each node selected at each frequency. There is no fixed limit on the size of the
circuit or the number of nodes being analyzed. The maximum size is dependent on
the available memory in your computer.

Error Amplifier Synthesis and Circuit Analysis Menu
Loop Designl Component Valuesl Circait [EKT]MDdeIl Circuit Analpgiz  Frequency [AC] Data I
default.AC

OpenAC File... | Save AC File... | Impart into Graph |

Farmat: FreguencpHz] Channel Yoltage(y] Woltage(dB) Phaze(deq)

D ata from Synthesiz / Circuit Analyzis Menu -
“05: 43P Tuesday, March 31,1993

1.000000e+001 1 1.000000e+000 -3.430631e-007 -0.0004

1.000000e+001 2 9.339302=-001 -1.717523e-004 -0.3604

1.258925e+001 1 9.999993=-001 -5.437058e-007 -0.0008

1.258925e+001 2 9.999687=-001 -2, 722693004 -0.4537

1.584893=+001 1 9.999393=-001 -8.616840e-007 -0.0008

1.584893=+001 2 9.999503=-001 -4.315098e-004 05711

1.995262e+001 1 9.999398=-001 -1.365598e-006 -0.0007

1.995262e+001 2 9999213001 -6.838770e-004 -0.7190

2.511886=+001 1 9,993938=-001 21641282006 -0.0009

2.511886=+001 2 9,998752e-001 -1.083822e-003 -0.9051

3162278=+001 1 9,993936=-001 -3.429411 e-00B -0.0011

3162278=+001 2 9.998023=-001 -1 176172003 -1.1394

3.981072e+001 1 9.933334=-001 -5.433995e-006 -0.0014

3.981072e+001 2 9996867 =-001 -2 7215252003 -1.4343

5.011872e+001 1 9.933330e-001 -8.609150e-006 -0.0018

5.011872e+001 2 9.995036=-001 -4.313170e-003 -1.8085

6.30957 3e+001 1 9.939384=-001 -1.363667e-005 -0.0023

630957 3e+001 2 9992135001 -6.833529e-003 227258

7.943282e+001 1 9.999975e-001 -2.155283e-005 -0.0029 -
1] »

5. Click on the “Import into Graph” tab. For
Gain or Impedance Displays, the Data Set
Properties window will open giving you the baaset o 7] --
choice of output node number, input node Data from Synthesis / Circuit =] IV Visible _Save Changes |

Data Set Properties

number, and scale factor. Choose Output {25 Trasca, dugus t2 Phase Color_| _Save o Defot
Node=2, Input Node=1, and Scale 0 GoinColor_| __Deletz_|
Factor=1. Once you have selected the Output Node: 2
desired variable values, click “Save Input Node: [T
Changes” and “Close”. The window will Seale Factor ||

close and the transfer function of the low- -] Gain=20+1og o[ THELE « ScaleFactor]
pass RC filter will be displayed on the

graph.

6. If you did the test first, both plots will be on the graph. The test data will be labeled
1-Gain and 1-Phase. The model data will be labeled 2-Gain and 2-Phase. If you
entered the correct values for the R and C, the two sets of data should virtually
overlay each other. The up and down-arrow keys select and toggle through the data
sets displayed on the screen in ascending and descending order, respectively. You
can change the properties of a data set by using the up and down-arrow keys to
select the data set and then pressing the short cut key “D” to open the Data Set
Properties window. The number of the data set you selected will appear in the Data
Set scroll box. You may select another data set and it’s properties by clicking on the
Data Set scroll box arrow and selecting that data set number. You can document
any data set by entering a description in the text window. Other data set properties
you may alter are scaling, channel ratio, gain or phase color, visibility or you may
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delete a data set. When you are done click “Save Changes” and “Close”. The data
can now be documented for printing. Select a data set you wish to display
information on and then press the short cut key “T”, an editable text box will open
(this is the same text window that is displayed in the Data Set Properties window).
You may also wish to display the values of the gain/phase data at a particular
frequency with a slide bar. Press the short cut key “B” to create a slide bar, then left-
click and drag the slide bar to the frequency of interest. A particular data set can
have multiple slide bars if needed. The Data Description and Slide Bar windows
may also be moved anywhere on the chart that is convenient before printing.

#X Yenable System - [Data3] HEE
m Fil= Edit “iew Actions Setting: Window Help = |ﬁl|1|
D@ ¢ |=|@x] sl 12[=] =Bl 2|
e 1 [T 2
=+ |5 o 160 de E
I'TTT
140 de
30 dB (]
2 Description: 120 de
25 dB BN - — - 1 5Slide Bar: Y
D ata from Synthesiz ¢ Circuit Analysiz Menu 100 de
20 4B 11:424M Wednesday, April 01, 1938 I'I.E?B k. Frequency [Hz) L1
Model data plo_tted over test data for 2047 Gain[dB) 30 ded
15 dB R-C low pass filker. 4488 Phase [deq] lﬁnldl |
213
Impart Values Ta Spnthesis | 1]
10 dB 40 de
i
[
3dB 20 deg
[ @
-% 0 dB 0 ded g
2.Ph; B | | | |
O P =] T B 20 deg E
il ™ ITTT
-10 dB ™ e
N e
-15 dB \"‘-... \\ Ll Ielg
"'iu..,__“ =80 degy
.20 dB \: 1111
-100 deg
25 de ™ [T
‘\ =120 degy
30 dB [T
-140 deg
N
- e - - N 3
FL - 8 - : g <
1 1
1 Frequency 1M
For Help, press F1 MU

RC Low Pass Filter Model Data Plotted Over Test Data

07/05/06

10



Toolbars and Drop-Down Menus

File Edit ‘iew Actions ‘indow Help

D=8 & (s(|(x| SR EEAl 2Bl 2l

The toolbar is shown above. The nine icons on the left are Windows standard icons,
New (plot), Open (plot file), Save, Cut, Copy, Paste, Delete, Print, and Print Preview.
The seven icons on the right are (left to right):

Add slide bar

Add Data Description text box

Add Graph Description text box

Transfer Function Math Menu

Error Amps Synthesis and Circuit Analysis Menu
Analyzer Control Menu

Help

JegLsLen=

To see the functions available on the drop-down menus (File through Help), click on the
Help menu and then click on Venable Help or click the Help icon. You can click on the
individual menus when the Help window opens. An index of these is shown below:

[:L',l] YYenable Help topics

@ Owerview

@ Setting Up the System

Q:l] Program Menu Bar
@ File Menu
@ Edit Menu
@ Wiew Menu
@ Actionz Menu
@ Window kMenu
@ Help Menu

@ Toolbar

@ k.evboard and Mouze Shortcuts
@ Technical Suppart

The user can press the F1 key for context sensitive help on an active window, menu, or
dialog box. The help window will open at the appropriate topic.

07/05/06

11



Keyboard and Mouse Shortcuts

Like any Windows program, you can hold down the Alt key and hit any underlined letter
to activate that pull-down menu. Many of the standard Windows Edit Menu control key
functions also work, for example:

Ctrl+A Select All Data Sets
Ctrl+C Copy Data Set
Ctrl+N New Plot File
Ctrl+O Open Plot File
Ctrl+P Print Plot File
Ctrl+S Save Plot File
Ctrl+V Paste Data Set
Ctrl+X Cut Data Set

Additional Edit Menu keyboard functions have also been created to manipulate data
sets on the plot.

Del Delete (with the option to hide or cancel) Data Set(s)

Ctrl+L Show All Data Sets

Ctrl+Del Hide Data Set(s)

Up-arrow key Select the first Data Set if none is selected and/or toggle
through the displayed Data Sets in ascending order

Down-arrow key Select the last Data Set if none is selected and/or toggle

through the displayed Data Sets in descending order

A number of single key commands have been implemented as Venable Software Menu
keyboard shortcuts, for example:

Analyzer Control Menu

Add Slide Bar

Data Set Properties

Graph Properties

Toggles Data Set number visibility
Toggles Graph Title visibility
Toggles Graph Legend visibility
Math Menu

Add Random Data

Circuit Analysis and Synthesis Menu
Show Data Text Description

WD rTITHOW>
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The Slide Bar has arrow key shortcuts associated with it.

Left or Right-arrow key Moves the slide bar left or right between the data points
taken by the analyzer.

Ctrl+ Left or Right-arrow key  Finds the 0 dB crossing point (phase margin) if it exists.

Shift+ Left or Right-arrow key  Finds the 0 degree, +/-90 degree, or the +/- 180 degree
phase points (inductance, resistance, capacitance, or
gain margin) if they exist.

The Analyzer Control Menu has keyboard shortcuts associated with it.

Up or Down-arrow key Increments the AC Volts Out control up or down
respectively by the number of decibels entered in the
AC Out Step Size control text box.

Page Up or Page Down key Moves the DC Volts Out control up or down
respectively by 10mV increments.

Besides the keyboard shortcuts, there are mouse short cuts.

Click on any open area of a graph to deselect all data sets.

Click on any point of any data set to select it.

Ctrl+click to select multiple data sets.

Shift+click on a first and last data set to select the first and last data sets and all
the data sets in between.

Double click on any point of any data set to open the Data Set Properties window.
Double click on an open area of the graph to open the Graph Properties window.
Right-click when a single data set is selected or when a text window is active to get
the pop up-menu for Show All, Select All, Copy, Paste, Hide, and Delete.

8) Click and drag any window or text box to move it.

9) Click and drag the side or corner of a text box to resize it.

10) Click and drag a Slide Bar to move it.

A OON =
— N — —

Jogu
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Measuring a Feedback Loop Transfer Function

The classical way to measure a feedback loop transfer function is to break the loop at
some point, terminate the input with the output impedance, terminate the output with the
input impedance, drive a small AC signal into the input and measure the ratio of the
output to the input. In SPICE analysis, the input is frequently set at 1 volt and the output
voltage is then plotted directly as gain since the denominator of the ratio has a constant
value of 1. In real life, this measurement approach is virtually impossible since the loop
gain is usually very high at low frequency and it is difficult to keep the input stable
enough to prevent the output from swinging wildly from limit to limit.

+ In Circuit out
REF_’(X>—> Under Output
7 Test + n Circuit out
T Z; 'T‘Zom REF— Under > Output
n
| - Test
AC Test T n 4 Zis (High) A 2oyt (Low)
Zout Signal fl Zin @
l o Blas T Sy AC Test g
= = Signal CH2

Classical Method

Venable Method

We avoid this difficult measurement situation by finding a place where the loop is
confined to a single path (also a requirement in the classical method) and a place where
the signal comes from a low-impedance point and drives a high-impedance point. This
impedance condition minimizes the error caused by not properly terminating the input
and output. We then insert a small resistor into the feedback loop (small compared to
the input impedance of the loop). Finally, we connect a floating AC source (the output
of a transformer) across the new resistor and drive the primary of the transformer with a
sinusoidal voltage source. This converts the resistor into a floating sinusoidal error
voltage in series with the feedback loop. This voltage modulates the operating point of

the entire circuit.

|

Power

Injection
Point —,.|

Circuitry

P/S Qutput

I PWM Signal
IModulator

Injection Points
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Once the operating point is modulated, it is easy to measure the voltage to ground from
any point in the circuit. The difficult part is that the only signal that matters is the voltage
at the frequency of the injected error voltage, which may be a few millivolts in the
presence of volts of noise. That is where our superior Frequency Response Analyzer
comes in. It uses true Fourier Integral analysis (as opposed to the less-accurate Fast
Fourier Transform) to accurately measure amplitude and phase of small signals buried
in large amounts of noise. Loop gain is the ratio of the voltage out of the circuit to the
voltage into the circuit. The amplitude of the various voltages varies widely with
frequency, but the absolute values are not important, only the ratio and relative phase
angle.

In the rare case where the impedance ratio of input to output is not sufficiently high, a
correction factor can be applied to the data to correct for the impedance condition.

A
measured
Z

_ in
A actual - 7

There is also a “dual” of the voltage injection method that is useful when the input
impedance is much lower than the output impedance. This involves injecting a current
into the loop instead of a voltage and measuring the ratio of the currents on either side
of the injection point instead of the voltage. These two test techniques are shown in the
figures below, and the current injection technique is used in one of the injection point
examples.

+ n Circuit out + n Circuit out Output
REF—>®—> Under Output REF ,® > Under >
- Test - Test
1 245 High) $ 2Zout (Low 1 zinow 20wt (High
Gain=CH2/CH1
() < <2
% £ &

+ AC Test Sy
Signal CH2 AC Test
Current

Voltage Mode Injection L
Use when Zin >> Zout Current Mode Injection

; Use when Zin << Zout
Gain = CH2/CH Gain = CH2/CH1

This is the normal injection method “Dual” of normal method
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Here is a step-by-step description of how to measure a feedback loop transfer function:

1. Find a place in your circuit where the loop is confined to a single path, comes from a
low impedance, and drives a high impedance. In a power supply, the most reliable
place that meets these criteria is the point where the resistor or network (labeled Z;
in the figure below) connects to the output of the power supply, typically a large-

value electrolytic capacitor.

Error
Amplifier

Bias
Resistor

Injection in top of feedback string.

Amplifier

m m
LD Output LD Output
Modulator 100 Ohm Modulator
Injection
Feedback Resistor 100 Ohm Feedback |:Z Input
Impedance Injection Impedance I | Impedance
| Input Resistor
Impedance Lan
= .
Error

Bias
Resistor

Injection between amplifier and modulator.

V14 7
LD Output L!> output
10 Ohm
Modulator Modulator Injection
o Input Resistor
Injection  Feedback |:Zi | Pud -
Resistor Impedance mpedance 10
ypical
[ieee
< [rosr
Error

Amplifier

Bias
Resistor

Inject in feedback of error amplifier.
Always available but usually noise
sensitive. Also works on circuits with
TL431’s and optocouplers.

Secondary Ground

Primary Ground

Injection in circuits using TL431.

Make sure injection includes both the “fast
loop” through the diode and the “slow loop”
through the resistive divider string.
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LD

Modulator
5V Ref
Gain = CH2 / CH1 i
I lo i Load
H H ~.....

AC
Test TL431 25—
Current f

Primary Ground Secondary Ground

Current injection works in many difficult measurement situations. This method
requires two current loops and two current probes but no resistor inserted in the
circuit. Gain is determined by the ratio of two currents instead of the ratio of two
voltages. A high-value resistor (typically 10k) is used to couple the oscillator output to
the test point between the two current probes. Use the DC offset capability of the
oscillator to bias the DC level to match the common mode voltage of the error
amplifier, usually 2.5 volts, so the DC operating point of the circuit is not disturbed.

2. At the injection point, lift the resistor or network off the printed circuit board and
insert a low-value resistor between the network and the output bus. The preferred
value of this injection resistor is 100 ohms. Lower resistance values can be used,
even down to 1 ohm, but the signal levels and the bandwidth of the injection
transformer may suffer. You can judge the effect for yourself by noting the quality of
the data, especially the data at frequencies far below or above the loop crossover
frequency. On future designs, think about designing the injection resistor in as a
permanent part of the circuit. The cost is negligible and it allows you to perform a
loop frequency response test any time you want to.

3. Three points are necessary to measure loop gain: the two sides of the injection
resistor and signal ground. The connection used to measure signal ground should
preferably be very near the ground of the DC reference voltage, typically the ground
pin of the PWM control chip. If these three points are not all accessible with
Minigrabber clips, solder test points to the circuit as required.

4. Using three of the BNC-BNC cables provided, connect the Oscillator, Channel 1,

and Channel 2 of the Frequency Response Analyzer to the corresponding three
BNC connectors on a Bode Box Model 200-002 injection transformer.

07/05/06 1 7



5. Using the black, brown, and red Banana-Minigrabber cables provided, connect each
banana plug end to the correspondingly colored banana jack on the same Bode Box
Model 200-002 injection transformer.

6. Connect the black Minigrabber to signal ground near the ground of the reference
voltage. This point must be within rated signal ground to chassis ground voltage of
your particular analyzer.

7. Connect the brown Minigrabber to the point where the injection resistor ties to the
error amplifier input resistor or network. This voltage must be within rated input to
signal ground voltage of your particular analyzer.

8. Connect the red Minigrabber to the point where the injection resistor ties to the
power supply output bus (or equivalent point in your circuit). This voltage must be
within rated input to signal ground voltage of your particular analyzer.

—1 Modulator
Bode Box Frequency Response Analyzer
Red vzl
Signal Injection § GND
Path Resistor 1 S D
Brn vil - " 0osC
_O O
T CH1 CH2 CH3
— Amplifier 'T‘
[ Blk Banana BNC
L Jacks Connectors

9. Turn yourTcircuit on and make sure it is operating properly.

10. A highly recommended step is to connect a two-channel oscilloscope to the same
signals that Channel 1 and Channel 2 are connected to. This will allow you to
monitor the amount of signal injected into the loop and determine if there is any
clipping or distortion of the sinusoidal injection signal. The theory behind this
measurement requires that the output be continuously and linearly proportional to
the input. If this is not true, the results will not be valid.

Tek 25.0k5/§ 20 Acqs \ Tek 25.0k5/§ 29 Acqs
T T
[ : [

R Z00mvy  BRE 200mVey  W2.00ms CRZ 7 dMV 3 Apr 1698 T Z00mvy  BRE 20.0mVey  W2.00ms CRZ 7 MV 3 Apr 1698

18:00:38 18:05:21
Distorted sine wave indicates overdrive. Undistorted sine wave is desired.
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11.0pen the Venable software and click on the Analyzer Control icon. Set the variables

12.

13.

14.

07/05/06

as desired. Typical values are:

Start Frequency 10 Hz

Stop Frequency

Log Sweep 10 Steps/Decade
AC Volts Out 1

DC Volts Out 0

Waveform Sine

Input Coupling AC < 55V
Integration Time  Medium
Delay Time 0 Sec

Servo Off

AC Out Step Size 10dB

Max AC Volts Out 10 Volts peak
Channel Ratio CH2/CH1

Max Gain Change Unchecked
Max Phase Change Unchecked

Click on the “Take Data at Start
Freq” button. There should be
communication with the analyzer,
with the data showing up in the text
box in the lower-left corner of the
Analyzer Control window. The
“Gain” and “Phase” boxes (on the
right side of the window under
“Channel Ratio” should read
reasonable values.

If everything looks OK, click the
“Run Sweep” button. The system
will automatically sweep from the
start frequency to the stop
frequency at the specified number
of steps per decade. You may want
to move or minimize the Analyzer
Control window so you can see the
data being presented in real time.

When the sweep is complete, you
can minimize or close the Analyzer
Control window. The data just
taken will automatically be
“selected” and each data point will
show as a black dot. When you

3120 Analyzer Control Menu

90 kHz (10-20% less than your switching frequency)

IE 3

Start Frequency: |1U i’ Hz
Fiun Sweep
Stop Frequency: |90 k i’ Hz
& LogSwesp |10 i’ Steps/Decade LClose Frequency: |10 Hz
 LinearSweep [TE = Frequency Step [H2) CH: [705B 0 s
AC Yalks Out: [1 i’ VAL peak CH2: 5099 m  ims
D Walts Dut: ID ii VDL 1 Turn On DC Yoltage |
whavefarm: ISina 'l Channel Ratio: | CH2/CHT =
Input Coupling: {AC « 55y vl Gain or Magnitude: |57 1302 dB
" |ntegration Time: | Madium 'I Sive oo Fhase: [147.68  deg
£ Integration Cycles: |1 Servo On: [~
Dielay Time: |0 Sec Channel !EH 1 j _ .
; . Maximum Change Betwesen Data Points
Communication with Analyzer: AC Valts In: I'I Om Wi
Fieceived:1.0000E1,7. B33BE-5:I AL Out Step Size: |1U dB i i
Sent FREQUE 10:GAINPHY Wy Elit l]U— ok ™ Gain or Magritude: [100 4B
Feceived:1.0000E1,7.0951E-5 ax olts Lut: P! . 0 d
Sent FREQUE 10:GAINPH?Y EI ™ Phase: eg
[ Venable System - [Data3] [_[&]x]
File Edit Wiew Actions Settings Window Help -8 LI
s EE RN EE )
o o
@ ©
-
£ o
s e
® \ E
Cut
Copy
Paste
Add Slide Bar
Diata Set Properties...
Show Data Text Description
[=
o ©
w -—
T |
10 Frequency 1M
—Rw—
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click the right mouse button, you
will see a number of options you
can do with the selected data set.
You can cut, copy, or paste the
data onto another graph, even
one with a different format. You
can add a slide bar. Thisis a
vertical cursor you can move with
the mouse. The values of Gain
and Phase can be read directly in
the related text box as you move

the slide bar. You can have as many slide bars as you want, on as many data sets
as you want. You can move the text boxes to any desired position. Another option
is to change the data set properties. You can change the output node number, input

Data 5et Properties

Data Set: I‘I 'I

Data gathered by the Yenable 350 ;I ¥ Wisible
System

01:35PM Thursday, August 02,
2001

Save Changes |

Phaze Color | Save az Default |
Gain Color | Delete |

Output Mode: |2
Imput Mode: |1
Scale Factor: |1

LI Gan=20» Iog1 D[UlzltjpuL:t * Scale Factor]

node number, scale factor, or color of either curve. You can edit the Data Text
Description, as well as, hide, unhide, delete, or change to a different data set. The
final option is called “Show Data Description” under the View program menu. This

will open a text box keyed to the data set by set number. You can enter any desired

information in the box to document the data set. There can be one box for every

data set. All text boxes will print as shown on the screen. The Print Preview button

is on the icon bar.
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Measuring a Modulator (Plant) Transfer Function — Open Loop Method

We use the words “Modulator”, “Plant”, and “Control-to-output transfer function”
synonymously. These terms refer to the gain from the output of the error amplifier to
the output of the system. This gain block typically has a fixed low-frequency gain. High
frequency gain falls off at a -1 (-20 dB/decade) or -2 (-40 dB/decade) slope depending
on the characteristics of the circuit. Because the gain at low frequency (including DC) is
fixed, it is possible to use a DC voltage to bias the operating point to achieve a desired
system output. By superimposing a small AC voltage on the DC bias voltage, the
operating point of the modulator can be varied. The transfer function of this gain block
can then be measured by connecting frequency selective voltmeters (the inputs of the
Frequency Response Analyzer) to the input and output of the circuit and sweeping the
modulation frequency across the desired frequency range. The output of the Venable
Model 3120 Frequency Response Analyzer is designed to deliver DC and swept
frequency AC voltage simultaneously. The inputs are designed to measure voltage at
the frequency of the output and reject all other frequencies and DC.

Here is the step-by-step procedure for measuring the control-to-output transfer function:

1.

07/05/06

The first step is to set up the circuit to be controlled by the output of the FRA. There
are three ways to do this. If the error amplifier is a high output impedance
transconductance amplifier, the output

Transconductance M

can be biased high and the output of the ~Error Amplifier L!>

FRA used directly to control the WE

operating point. If the error amplifier has - {é \ Modulator +
a conventional low impedance output but Output) L+

has an input common-mode range at i l J

least equal to the voltage swing
needed in the output to control the
system, the error amplifier can be
wired as a buffer follower. If the
error amplifier has a conventional FRA { e mode

low impedance output and a output| L+ voltage range

relatively narrow input common- ;L J7 J
mode voltage range that does not
encompass the entire output

voltage swing required, the error
amplifier can be wired as a gain

stage and there is complete Modulator .
freedom of operating point. If in FRA

doubt, this third method will work in %" J

any situation. The three methods I
are shown in the nearby figures. Primary Ground Secondary Ground

m

Error Amplifier

with wide + Modulator

Secondary Ground

m

KN
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Lab 4

Power
Supply
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The next step is to adjust the DC voltage for the desired output of the system. This
can always be done if the system has a fixed gain at low frequency. It may be
simpler to use a DC lab power supply or a pot across the +5 V reference voltage
from the PWM chip to set the bias voltage initially since they are easy to adjust.

10K +5V Reference 10K
mm iz
Output
4L1> utpu 10K J—l> Output
Modulator Ny /L\dfl)u;t I re + Modulator + Adjust
foar De:iprzg fotgntigm:ter
Output Voltage gtrjtpﬁtsl\r/iltags
Primary Ground Secondary Ground Primary Ground SeZondaryTGround
Adjusting operating point with Adjusting operating point with
laboratory power supply. pot across 5V reference of PWM chip.

The DC voltage can then be read with a voltmeter and the FRA output DC voltage
pre-set to the approximate operating point. To set the DC output voltage of the
FRA, open the Analyzer Control menu and set the “DC Volts Out” to the desired
value. Then click the “Turn DC Volts ON” button to set the FRA output to that DC
value. Once the approximate operating point is set, it is easy to increment the DC
voltage from the FRA to “tweak” the system output to the desired value. The
buttons next to the DC voltage setting box increment the DC voltage in 10 mV
increments. When the analyzer control window is minimized, the PageUp and
PageDown keys increment the DC voltage in 10 mV increments as they did in our
DOS software. The DC output voltage is not affected by the sweep.

If you haven’t already done so, connect Channel 1 of the FRA to the input of the
modulator (the error amplifier output) and Channel 2 of the FRA to the output of the
modulator (the system output). Use the furnished BNC-Minigrabber cables unless
the system under test is affected by the capacitance of the cables. If itis, use a
10:1 scope probe on both Channel 1 and Channel 2. (See the section on
calibrating probes in the advanced applications portion of this manual.)

In the Analyzer Control window, set the AC volts to a small number, typically
between 1 and 10 millivolts depending on how much you want to modulate the
operating point. If you are not sure, start low and raise the voltage slowly while
monitoring the amount of modulation you are injecting. When you click the “Take
Data at Start Freq” button, the FRA will output that small signal superimposed on
the DC voltage. The modulator output will be the modulator input multiplied by the
modulator gain, therefore the ratio of output voltage to input voltage is the
modulator gain.

To get the modulator transfer function, click the “Run Sweep” button in the

Analyzer Control window. The measurement system will then automatically sweep
the frequency of the AC portion of the FRA output signal from the start frequency to

22



the stop frequency at the specified number of steps per decade and display the
gain vs. frequency and phase vs. frequency data on the graph.

6. This data can then be used to automatically design the error amplifier
compensation for the desired loop bandwidth and phase margin.
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Measuring a Modulator Transfer Function — Closed Loop Method

The open loop method described in the previous section is the best method for going
directly to the desired system performance without any trial-and-error. Quite often,
however, the loop is already closed and the objective is to “fix” the loop rather than
design it. In this case, the modulation signal is injected as an error voltage in series
with the feedback loop exactly as it is when measuring loop gain (see section on
measuring loop gain).

The principal difference
between measuring the
modulator and measuring the

[ CH1 and CH2 grounds
CH2 may be different.

Modulator

|OOp |S that the Slmple Bode Box Frequency Response Analyzer
connection where the injection
signal is connected @ injection o
. . osC
automatically to the FRA inputs o o
CH1 CH2 CH3

through internal connections in

BNC

the BOde BOX |nJeCt|on ?:Qkina Connectors
transformer is not used. The

Bode Box injection transformer is still needed to inject the signal to vary the operating
point, but separate BNC-Minigrabber or scope probe connections are used to measure
the modulator input and output voltage, just as in the open loop case.

il Venable System - [Data5] [-51]

Pl tlo £0 on dooe Solis oo s s |he advantage of measuring the
Dlsio)  viel Sib) IHE) Heal 1) — modulator transfer function while the
: ® system under test is operating closed
loop is that the bias adjustment
procedure described in the previous
section is not needed. The
disadvantage is that the signals are
generally noisier and the accuracy is
not as good, especially at high
frequency.

=0 i
L
Ry

Gain
Phase

o
@
-

-60

1 Frequency 1M
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Design of a Feedback Amplifier from the Modulator Transfer Function

Once you have measured (or modeled) the modulator transfer function, you can have
the Venable System software design the compensation amplifier for your desired loop.
Here are the steps:

1.

07/05/06

il Venable System - [Data5]

With the modulator (also called plant or  Fae i s S e e
control-to-output) transfer function
displayed as a gain-phase graph and
selected, click the Slide Bar icon or
right-click anywhere on the open graph
and click “Add Slide Bar”. Note that _
data is “selected” by clicking anywhere
on either curve of the data set or
pressing the right- or left-arrow keys to
toggle through the various data sets
displayed. Also note that the Slide Bar - p— —
option is not available if more than one Tl
data set is selected since the Slide Bar is keyed to a particular data set.

|
/

[

o
@

o
@

When the Slide Bar is added to the R
modulator transfer function data set, Ll o B =
click and hold it with the left mouse i
button then move it to the desired loop
bandwidth. In choosing loop
bandwidth, remember that the response
time of a system to a transient is
approximately the reciprocal of the loop
bandwidth. Also remember that the
theoretical bandwidth limit of a

Gain
Phase

o
®

switching or sampled data system is L —e— —
half the switching or sampled data rate. S

As a practical matter, even though it is theoretically possible to cross the feedback
loop over at half the switching or sampling frequency, a more achievable number
will be in the range of 10-20% of the switching or sampling frequency.

After choosing the desired loop bandwidth and EEETEEEEErT,

Loap Desian | Comporert Values | Circut (CKT) Model | Cireuit Analysis | Frequency (AC] Data |

moving the Slide Bar to that frequency, note

that the text box associated with the slide bar | ol Seeen || St
has a button labeled “Import Values to e oow | {E”;“:L'Z.i?LZZLiZlTZ"JZL”LLE% .
Synthesis”. Click that button. This will open SR
the “Error Amplifier Synthesis and Circuit E L, (e
Analysis Menu” window and transfer the loop ey R —l?l
crossover frequency to that window together o Ea”dﬁ‘ifi,i—:;
with the modulator gain and phase o B

measurements at that frequency.
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In the Error Amplifier Synthesis and Circuit Analysis Menu window there are a
number of choices to make:

Phase margin — Choose a value between 45 and 72 degrees. We recommend 60
degrees as a good starting point.

Maximum circuit complexity — Type 1 is a simple integrator, type 2 has a single
zero-pole pair, and type 3 has two zero-pole pair. If the modulator transfer function
is flat at the chosen crossover frequency, choose type 1. If the modulator transfer

Vin vief  Cl Vin vief  Cl Vin vref  Cl
Vout CST . Vout
R§ RG§
RS R5§
Type 1 Type 2 Type 3

function is falling at a -20 dB/decade slope at the chosen crossover frequency,
choose type 2. If the modulator transfer function is falling at a -40 dB/decade slope
at the chosen crossover frequency, choose type 3. An error message box on the
next (Component Values) tab will tell you if you chose an unachievable
combination.

“Circuit is Inverting” check box — check this box if the modulator inverts (output is
180 degrees out of phase with the input) at low frequency. Leave it unchecked if
the modulator output is in phase with the input at low frequency. If the gain is flat
at low frequency (it should be), the circuit will be either inverting or non-inverting. It
will not have some in-between phase value if the test was performed correctly.

Vin vref  C1 v
ref 1
— Vin —
Rz (2 RZ C7
R1 R % R4 LA A A
2 Wout k1 - Vaut
* +

R% RE§ R;aé:% 35§

Inverting amp for non-inverting modulator  Non-Inverting amp for inverting modulator

d)
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Amplifier Topology — Regular is a conventional low output impedance amplifier
where the feedback compensation components are connected from error amplifier
output to inverting input. Transconductance is a high output impedance amplifier
where the feedback compensation components are connected from error amplifier
output to signal ground.
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Vin vief  Cl Vin Vref

—
Rz C2
F1 2 S Fi F4
Wout Z WVout
+
F&G Eg Ez
i R5§ R5§ el

CZ$

Regular Transconductance

VA

Input Resistor (R1) — this is the value of the resistor, which connects from the
modulator output to the error amplifier input. All feedback compensation
components scale from this resistor. If you want some other component in the
compensation network to have a particular value instead, choose a round number
like 1k for R1 and note the value of the component you want controlled. Then
change the value of R1 to make the other component come out the value you want.
All resistor values will be directly proportional to R1. All capacitor values will be
inversely proportional to R1.

Input Voltage — this is the output voltage of the modulator or plant (which becomes
the input voltage of the compensation amplifier).

Reference Voltage — this is the value of the reference voltage used to control the
output of the modulator. It could be a temperature-compensated zener diode, the
reference pin of a control integrated circuit, or an external reference or control
voltage.

Common Mode Voltage — this is the voltage at the inputs of the compensation
amplifier. Both the inverting and non-inverting inputs of the amplifier will be at the
same voltage if the circuit is operating properly. The synthesis program will
determine the proper value of the resistive divider string from Reference Voltage to
the amplifier inputs so that the DC resistance driving each amplifier input is the
same. This is necessary for best amplifier performance.

The only other entry is the error amplifier internal characteristics. Gain and
bandwidth come from the data sheet. If you do not know the amplifier output
impedance, use 1k. For transconductance amplifiers the gain, bandwidth, and
transconductance are specified on the data sheet.

After you have entered in all the design values and choices, if you want to save the
values for later use click the “Save Design File” button and you will be prompted for
a file name and location. If not, go ahead and click the “Compute Component
Values” button. This will send you to the next (Component Values) tab with the
error amplifier compensation component values calculated already.
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At th e Co m po n e nt Va | u eS tab ; Emor Amplifier Synthesis and Circuit Analpsiz Menu
fl rst Ch eCk th e “ E rror mess ag es” Loop Design  Component YWalues | Circuit (CKT) Model | Circuit Analysis | Frequency [4C) Data |

teXt bOX to See if anything Make CET model fram component values
needs fixing. If not, choose the [0 e _

preferred tolerances for e [0 o TEE T = R
components in your company, e

then click the “Round off w [ ome L F

Component Values” button to o [ o

round off the values to the e [E—
nearest standard value for the e I LR
specified tolerance. We do not ]| e e Pesed TR b
use the tolerance in esstr Toeances [ =] | Enenbessages B
calculations, so you can enter a CapasorTowances [ 7% <] || E

larger tolerance if you want
more standard values even though you plan to use a closer tolerance part in the
final design. For example, you may prefer to have the system choose a 1k resistor
instead of 910 ohms, so you can choose 10% or 20% tolerance instead of 5%
which might give you a value like 910 ohms. The information boxes in the lower
right quadrant of the window tell you where the poles and zeros of the amplifier
transfer function will be. You can also change any particular component value if a
similar value is more readily available and the new pole-zero locations will be
calculated and displayed so you can judge the impact of the change on overall loop
performance. Once the component values satisfy your criteria, click on the “Make
CKT model from component values” button.

Th |S W| ” Send you tO the Ermor Amplifier Synthesis and Circuit Analysis Menu E
“C i rcu it (C KT) M odel” tab Loop Design | Comporent Walues — Cirsuit [CKT] Model | CircLit Analysisl Frequency [AC) Data I

and display a SPICE-like ek ERT : -

net Iist Of the model of the Open CKT File... | Save CKT File.. | Goto Circuit &nalysis Tab |

Format: Line Mumberfopt) Component [R.CLY.| or G) Mode-From Mode-To Walue--Multiplier(k,m.u, etc.][opt)

compensation amplifier.

[ tupe 3 Amplfier, reqular topology =
See the schematics and o i a1
models below for ROt
reference. This net list can b 30 s
be edited. Components 12 3 seedno
can be added or removed C2 25 220009
or their types, values or SR -
connections changed. The | [t

one thing that cannot be
done is that a node cannot . -
be removed (skipped in the

node number sequence). Node numbers must be sequential starting with zero
(ground). If you change a circuit enough to remove a node, simply connect a
resistor from the node to ground. It will not have any effect on the circuit and the
analysis will still run properly. When you are happy with the net list, click the “Go to
Circuit Analysis Tab” button and you will be sent to the next (Circuit Analysis) tab.
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The figures below represent the amplifier schematics and models. The node numbers
and component reference designators are correct. The schematics and models differ
slightly for transconductance ampilifiers, non-inverting amplifiers, and amplifiers where

the input voltage and reference voltage have different polarities.

Vref CI:|1 L
11
R4 Sy 3 '\R/i’ 5
O.

out Line 9

3 N R (Line 9)
I\/\/ }—O (Line 2) § R6 4(+?~-"""' —Co

R6 R5 (Line 1) R4 R5

0
O

Type 1 Amplifier Schematic

Y C1 1
ref H R2 ”5 Cc2
R2 C2 VV—C RO )
AN R1
R4 H : % A% o
Vi )
én R > Vout R o (V) ine11)
+ —0 (Line 2) 5 Re S 1.,
RG RS (Line 1) R4 R5
0
o)
Type 2 Amplifier Schematic Type 2 Amplifier SPICE Model
c1
||
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8. The Circuit Analysis tab is where you set up the parameters of the AC analysis of
the net list. Choose the maximum and minimum frequency for the analysis sweep,
the node numbers you want Error Amplifier Synthesis and Circuit Analysis Menu
to save data for (you can Loop Design | Companent Walues | Circuit (CKT) Model - Circuit Analysis | Fraquency (4C) Data |
save all of them if you want
to), whether you want a log or

Compute AC analysis from CKT |

linear sweep and what the Mo Feuercy [T e
resolution of the sweep is, MinFrequercy [0 He

and finally yvhether or not you o st ron aro 1271 [T

want to activate the feature

we formerly called “Max Delta € logSnesp [0 Steps/Decade
Gain/Max Delta Phase”. This sl ([0 |Remae i
feature measures the change I O

in gain and phase from one I GanorMagritude [0 B
analysis point to the next, and I Phase S e

if the gain or phase change
on any node is greater than
the amount specified, will cut the frequency step size in half and try again. This can
happen a maximum of 5 times (steps/decade x 32) up to a maximum resolution of
2000 steps/decade.

9 . When the param ete rS Of the Error Amplifier Synthesis and Circuit Analyzis Menu
an a|YS|S are Set tO your Loop Design | Component Valuesl Circuit [CKT]MUdeII Circuit nalysis  Frequency [AC) Data |
requirements, click the button defaul AT | |
. Open AC File... Save AC File... Import into Graph
labeled “Compute AC analysis [Eeons]
. . Format: Frequency[Hz] Channel Valtage[V] Yaltage{dB] Phase(deg]
from CKT”. This will take you .
; u e e e Brostba e =
to the final tab, “Frequency | veting, crossover i1
H . B “D ata from Synthesis / Cicuit Analysis Menu
(AC) Data”. A brief description 04:22PM Wednesday, Apil 22, 1998
fh .. fth d ﬁ b 1000000001 1 G933006e001  GEI31%004 00003
1.000000+001 2 5495527e+002  5480019e+001  94.3896
of the Ol’lg In of the adata wi € 1 omaEe 0l 1 39390050001 645150001 00003
: ; 125692504001 2 4369595e+002  5280883e+001 935761
atthe top of the text display in = fizistin | samiher Zeeon S
. . . * . 1604903+001 2 34730934002 5091431e+001 929514
lines starti ng with (asterlsk) . 1995262e4001 1 9399003001  BEGB418e004 00002
. . 10952624001 2 27590794002 4801700e+001 924830
2E11886+001 1 9999003001  -BERIE/Se-004 00001
FOllOWl ng the comment Ilnes, Salage0 2 21VEADN?  LEEDI0D] 21454
: : : 31622724001 1 9939003001  -BEE3744e-004  -0.0001
the data will be displayed in SR 2 1747120002 4BZISBSeODT 315238
20010724001 1 9939002001 -BAES0R%e-004  -0.0001
Ve n ab | e Stan d a rd FO rmat 230010724001 2 138299204002 42820674000 91.80%7
. . 5011672e+001 1 9339002001 -BAEGI37e-004  -0.0000
which is 5 columns: 5_0I11s72e+0m 2 1.099459e+002  4.082356e+001  91.7795 _Ij
A ¥

Frequency, Node number,
Voltage (volts), Voltage (dB), and Phase (degrees). There will be a row for each
node selected at each frequency.

10.From the “Frequency (AC) Data” tab, click the “Import into Graph” button. If you
have followed the steps up to here, a gain-phase graph of the modulator transfer
function is already displayed and you will only see the second setup window asking
you to confirm the output node, input node, and scale factor. Click OK to accept the
default values of 2, 1, and 1.
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11.

07/05/06

After clicking OK, the
setup menu will clear
and you will see the
graph with the
amplifier transfer
function gain and
phase superimposed
on the original
modulator transfer
function. At the
desired loop
crossover frequency,
the amplifier gain
should be as far
above (or below) the
0 dB gain axis as the
modulator gain is
below (or above).
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Calculation of the Predicted Overall Feedback Loop Transfer Function

Before you install the various resistors and capacitors of the compensation network in
the circuit, you would probably like to know what the overall feedback loop transfer
function will look like. After all, you may want to do some tweaking before you solder
everything in. Predicting the loop gain is easy. Here are the steps:

1.

07/05/06

Display both the modulator transfer function and the amplifier transfer function on a
gain-phase graph. If you followed the steps in the previous sections, they are
already displayed. Note the data set number of each of the two data sets (the
modulator gain and phase curves are a data set and the amplifier gain and phase
curves are another data set).

Click on the icon called “Do Math on Data”, the one with the four math

symbols on it. In the “Math Options for Gain-Phase Data” window, set e =
the left operand to the number corresponding to one data set and the :I: o~
right operand to the number corresponding to the other data set. This

will usually be 1 and 2 if only two data sets are displayed. Select the “Multiply”
option, then click the button called “Create”.

When you click the “Create” button, the math window will close and the loop
transfer function will appear on the graph as an additional data set. It will be
“selected” and you will be able to see the individual data points. The loop gain
should cross the 0 dB line at approximately the frequency you chose as the desired
loop frequency and the phase margin should be approximately the phase margin

you asked for. The differences between
actual and desired values are caused by

Left Operand —&ction Right Operand
rounding off the component values and by the :gtlphh__ Can ;;“IF'hE
limitations of the op-amp selected. If you — @ Halipiy -

don’t round off the component values and you ( Dude

do set the gain and bandwidth of the op-amp Ot
at high values, the actual and desired values o ot —
will be identical. In real life, however, you - bt T :

Delay [uSec]

have to use available components and real
op-amps and the predicted results will be very
close to the actual measurements.

If you want to document the results, select (click on) only the final gain and phase
plots and add slide bars by clicking on the slide bar icon (the one with the yellow
vertical line). Slide bars are keyed to data sets so the slide bar icon is available
only when one data set is selected. You can have as many slide bars as you want,
but two is usually a nice number. You can put one slide bar on gain crossover and
the other on phase crossover. That will give you numerical readouts of the loop
bandwidth, phase margin, zero phase bandwidth, and gain margin. As a final
touch, you can add a text box by clicking on the text box icon (with the “A” on it). A
brief description of the source of the data and the time and date it was created are
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entered automatically in the box. You can edit or add to this information to
document the model and serial number, test conditions, values of the various
components, or anything else you think will be of value when you or someone else
looks at the plot.
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Loading and Saving Settings

The Venable System software allows the user to save and recall user and/or test-
specific Analyzer Control menu settings, the Error Amplifier Synthesis and Circuit
Analysis menu entries, and user defined default Data Set Properties. Normally, when
the application is closed, the internally saved settings are written to an ASCII text file
called VENPREF.TXT located in Venable System directory. The program will create
this file if one does not exist in the Venable System directory.

The Analyzer Control menu parameters saved internally in the application after the
menu is closed are: Sweep Generator parameters, Input Channel parameters, Servo
Control, Channel Ratio and the Maximum Change Between Data Points settings. When
saved, the user can recall test-specific Analyzer Control menu settings at a future time.

The Error Amplifier Synthesis and Circuit Analysis menu entries saved internally in the
application after the menu is closed are: Loop Design parameters, Component Values,
Circuit Model, Circuit Analysis settings, and the Frequency Data. By saving these
values, the user can save an entire error amplifier design including simulation data.

The default Data Set Properties saved are: the channel ratio, scale factor, gain or
impedance data set colors, and phase colors. Voltage colors for the voltage display are
saved separately from the data colors of the other plots. User defined Data Set
Properties are saved as defaults by clicking on the Save as Default button in the Data
Set Properties dialog box. Any plots opened after a set of defaults has been saved will
also have those defaults. Saving these properties reduces the workload, especially,
when making a large number of measurements.

To save your settings to a file you must:
1. Close the Analyzer Control Menu and/or the Error Amplifier Synthesis and Circuit
Analysis menu to save your settings internally. Save as Default any changes
made to the data set properties.

2. Left-click on the Save Settings menu item on the File program menu and save
them as a text file to any directory you wish.

To load your saved settings from a file you must:
1. Close the Error Amplifier Synthesis and Circuit Analysis menu or any open data
plots before loading your saved settings to avoid any confusion. The settings will
not load into these windows if they are open.

2. Left-click on the Load Settings menu item on the File program and select the
settings file that you wish to load.
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Display Documentation Features

Several documentation features can be added to the graph displays. Any number of
Graph Description text boxes, which are associated with each graph, can be added to
the display. This text box is separate from the Data Description text box that records
and time stamps the test set up and is associated with each data set. The Slide Bar
and its associated window are useful for tracking and displaying data values at a
specific frequency. The display can also include a graph title. It can be hidden or
unhidden as needed. Finally, a graph legend text box that associates a y-axis label with
data set colors may be displayed. It can also be hidden or unhidden as needed. All
these documentation features are located under the View program menu.

@i venable System - [Modulatortest.ven] -3 x|

P Fie Edit View Acions Window Help =& x|
||| & |5[m]=] Slal 1774 =5 2|
Modulator Gain - Demo Buck Convertor
| — in - [ o
@ Gain : 1 el
= Phase : 1 50% Load A
TTTT
40 0B 120 deg
30 08 0 e
20 4B iﬁD‘ T
10 B, = 30 e
el
c ™ ‘ ‘ a
= |odB 0 de %
© TPh
& — &
™ 0o
\\
-10 4B ™ -30 de
-20 dB; Bl ey
~ Il
e
-30 48, T 90 de
] 1]
ERls) 120 d
100 Frequency (Hz) D ata gathered by the Vensble 350 =
1202 Gain(dB) System
181 Phase [deg) T |0B:25PM Tuesday, January 18, 2000 o
) | 00023 Slope (20dB/decade) || T - ks %
- = |Modulstor Giain Demo Buck Converter = =
[{e] Import Yalues Ta Synthesis = =] =l =} = —
T — = = — 1
1 Frequency 1M
For Help, press F1 [ uom

The screen shot above shows the display documentation features for Venable System
software plots. Clockwise from the top left are the Graph Legend, Graph Title text box,
the Graph Description text box, Data Description text box and the Slide Bar. Also note
that the data set number, which is located on the left-hand side of the data set, can be
hidden.
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Show Data Description

Displays a text description of the selected data in a pop-up text window. This command
is only active when a single data set is selected. This window is useful for documenting
the conditions under which the measurement was made such as temperature, load
condition, etc. The Venable software always makes two default entries in Data
Description text display window: a date-time stamp and the source of the data i.e. the
particular type of analyzer or the Synthesis/Circuit Analysis Menu. When you copy a
data set, this text description is copied as well. The Data Description is the text header
located at the top of the data table in the Text Display window.

Add Graph Description

Adds a Graph Description text box to the graph display. This text box is useful for
describing the graph display. The user can edit or add text by double clicking the
mouse on the text box. By right-clicking the mouse on the text box, the user can delete
the Graph Description text box, select text justification, or select a new font, font style,
size, effects, or color. This text box can be moved or resized by dragging it with the
mouse. There is no set limit to the number of Graph Description text boxes that can be
opened.

Show Data Numbers

Shows or hides the display of the number and the identifying text attached to each data
set. The data set number and the plot name are located at the top of each data table
displayed in the Text Description window.

Show Graph Title

Toggles the visibility on and off of the title text box at the top of the graph display. The
user can edit or add text by double clicking on the Graph Title text box. By right-clicking
the mouse on the Graph Title text box, the user can toggle visibility, select text
justification, or select a new font, font style, size, effects, or color. This box cannot be
moved or resized.

Show Graph Legend
Toggles the visibility on and off of a text box that identifies the number and colors
assigned to each data set when that data set is selected. If no data set is selected the

number and colors of the lowest numbered visible data set are displayed. This box may
be moved but can’t be resized.
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Add Slide Bar

The slide bar is useful for tracking and displaying data values at a specific frequency,
represented by a vertical line, or in the case of the Nyquist graph a specific phase,
represented by a radial line, and a description box. The Add Slide Bar command can
only be run when a single data set is selected. More than one slide bar may be opened
at one time, either from the same or different data sets. Add Slide Bar is not available in
a text display window.

The bar can be dragged using the mouse pointer, and the box will contain the data at
the selected frequency or frequency and phase in the case of the Nyquist graph. The
frequency or phase can also be typed in, and the line will move to that frequency or
phase respectively. Since the slide bar may cross the data set more than once on a
Nyquist plot, a colored cursor was added to the plot so the user may determine which
data is being read by the slide bar and displayed in the description box. The crossing
point on the Nyquist plot can be changed with the Values at Gain Crossing scroll box.

You can use the Left or Right-Arrow key shortcut to move the slide bar left or right
between data points taken by the analyzer. The Shift+Left or Right-Arrow key shortcut
finds the 0 degree, +/-90 degree, or the +/-180 degree phase points (inductance,
resistance, capacitance, or gain Margin) if they exist. The Ctrl+Left or Right-Arrow key
shortcut finds the 0 dB crossing point (phase margin) if it exists. The user can also click
on the Get Unity Crossing button to find the 0 dB crossing point.

The Import Values To Synthesis button in the description box on the Gain—Phase graph

display imports the slide bar values directly into the Error Amplifier Synthesis and Circuit
Analysis Menu.
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Installing the Venable Matlab files

Move the Venload.m, Vendimread.m and Vensave.m files to a directory in the Matlab
path or create a directory and place it in the Matlab path. You can also add the
C:\Program Files\Venable Inc\Venable 3120 System\ directory to the Matlab path or
make it the current directory. See step 2 below.

1. Add the directory to the Matlab path. You can do this by opening Matlab. For
Matlab 5 and 6, select Set Path from the File menu. The Path Browser will
open and you can add any directory to the Matlab path.

2. Make the C:\Program Files\Venable Inc\Venable 3120 System\ directory the
current directory. For Matlab 5,use the CD command to change the current
directory i.e. cd 'C:\Program Files\Venable Inc\Venable 3120 System\'. For
Matlab 6, select Current Directory from the View menu. The Current
Directory Browser will open and you can make any directory the current
directory.
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Exporting Data from the Venable Software

The Venable software uses tab delimited ASCII text when exporting or importing data.

The Venable software saves data in this form when you select, cut or copy, and paste

data to the clipboard or save it to a text file. Data in this form can be easily exported to
or imported from Excel, Matlab, or Mathcad applications.

Venable Data Formats

Venable data can be exported or imported in two different formats. The Voltage or DOS
format is the 5-column raw data acquired from each analyzer channel. Data from the
DOS versions of the Venable software can be imported and saved using the Voltage
format. This format also allows users to examine the raw measurements and do their
own calculations on the data. The Magnitude-Phase format is the 3-column text
representation of a particular data set plotted on a Venable software plot. The majority
of users will find this the most useful format for exporting or importing data. The plotted
data set consists of a channel ratio multiplied by a scale factor. The channel ratio and
scale factor settings for each plotted data set can be changed and are located in the
Data Set Properties for each plot.

1. To view the two different data formats, open up a Venable plot containing plotted
data sets.

2. You can observe the data in the two different text formats by going to the
Window program menu in the Venable application and selecting Add Text
Display.

3. Go to the Edit pull-down menu and if the Voltage Format for Cut/Copy is
checked, the data will be displayed in Voltage format. The scale factor will be
noted but not multiplied by the data. See the example below.

Gain4.ven: Data 12:

*Data from Synthesis / Circuit Analysis Menu

*01:26PM Wednesday, December 04, 2002

*Gain/Phase: Output Node=2, Input Node=1, Scale Factor=10

*Frequency (Hz) Channel or Node Voltage (Volts) Voltage (dB) Phase (Deg)
1 1

1 0 0
1 2 3.63637 11.2134 -0.1391
1.25893 1 1 0 0
1.25893 2 3.63637 11.2134 -0.1751
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If you uncheck the Voltage Format for Cut/Copy menu item by clicking on it, the data will
be displayed in the Magnitude-Phase format. The scale factor will be multiplied by the
channel ratio. See the example below:

Gain4.ven: Data 12:

*Data from Synthesis / Circuit Analysis Menu
*01:26PM Wednesday, December 04, 2002

*Frequency (Hz) Gain (dB) Phase (Deg)
1 31.2134 -0.1391
1.25893 31.2134 -0.1751

Exporting Venable data using the Clipboard

The Venable plot data including the data header is exported to the clipboard as tab
delimited ASCII text. Here are the steps you should follow to export data from the
Venable software to the clipboard and to paste the data to another application:

1. Open up the Venable plot containing the data to be exported with the Venable
software.

2. Go to the Edit program menu and make sure the Voltage Format for Cut/Copy is
unchecked to export data in the Magnitude-Phase format.

3. Select the data set to be exported from the plot by left clicking on the data (Black
squares appear on the data set when it's selected and the data set number turns
yellow). With a plot selected, different data sets can be scrolled through if there
is more than one on a plot by hitting the up and down arrow keys on the
keyboard.

4. When the plot to be exported is selected, go to the Edit program menu again and
select Copy or use the Ctrl-C shortcut keys.

5. Either open the Circuit Analysis Menu, which is located in the Actions program
menu. Left-click on the Frequency (AC) data tab. Right click for the Edit pull-
down menu and select Paste or hit the Ctrl-V keys to paste the data into the text
window. The file is now in tab delimited ASCII which you can save by clicking on
the Save AC File button.

6. Or open up a text editor, like Notepad or WordPad, and directly paste the data
into it. Make sure to save the data as a text file in WordPad.

7. Or open up a spreadsheet application like MS Excel and directly paste the data
into the workbook.
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Exporting Venable data using Export to Matlab/Mathcad

The Venable plot data is exported to a text file (.dat) as tab delimited ASCII text. This
function removes the data header because Matlab arrays and Mathcad input tables do
not handle mixed data types. Below are the steps that should be followed to export
data from the Venable software to the Matlab or Mathcad.

1. Open up the Venable plot containing the data to be exported with the Venable
software.

2. Go to the Edit program menu and make sure the Voltage Format for Cut/Copy is
unchecked to export data in the Magnitude-Phase format.

3. Select the data set to be exported from the plot by left clicking on the data (Black
squares appear on the data set when it's selected and the data set number turns
yellow). With a plot selected, different data sets can be scrolled through, if there
is more than one on a plot, by hitting the up and down arrow keys on the
keyboard.

4. Go to the File pull-down menu and click on the Export To Matlab/Mathcad menu
item. The file Save As pop-up window will open. The data is saved as a tab
delimited data (.dat) file with the Venable text header removed. See the example
below:

1 31.2134 -0.1391
1.25893 31.2134 -0.1751

Exporting a Venable Plot as a Graphics File

The Venable can save plots in JPEG graphics format, which can be read by any web
browser or easily pasted into Word. The functions for exporting graphics files are all
located under the File program menu.

Copy Graph

Copy graph is located under the File program menu. It copies the active graph
including titles, legends, slide bars and data descriptions to the clipboard in JPEG (.jpg)
format using the default compression. The plot can then be inserted into other
programs such as Word or PowerPoint for reports or presentation. A similar command
is to use Alt-Print Screen to capture the active graph on to the clipboard as a Windows
bitmap. In this case, you will have to use a graphics file editor to remove the window
portion from around the graph.
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Save To JPG

Save To JPG is located under the File program menu. It saves the active graph
including titles, legends, slide bars and data descriptions to a file in JPEG (.jpg) format.
A Jpeg Quality pop-up window, as shown on the next page, prompts the user for the
amount of compression to be used in saving the file. The compression shown in the
figure is the default. The more compression that is used when saving a file in JPEG
(.jpg) format, the smaller the size of the saved file, but also the poorer the resolution.

Jpeg Quality il
Fleaze use the zlide bar to determine the quality of
the jpa file.

Lawest 1 ' Highest

Canicel |

Jpeg Quality Window
Mail To

Mail To is located under the File program menu. It opens the users default email
program and attaches the active graph to a New Message. The Mail As pop-up window
opens up as shown below and gives the user an option of attaching a file in the JPEG or
Venable file format. Venable files are typically very small and are the most convenient
format for emailing. However, the recipient needs The Venable System software or the
Venable Reader to open this file type. If the JPEG format is selected, the user is given
an option for the amount of compression to be used in the attached file. Again, the
more compression that is used when saving a file in JPEG (.jpg) format, the smaller the
size of the saved file, but also the poorer the resolution.

Mailas x|

what farmat would you like to zend the plot as™?

= Ven File

akK. I Canecel |

The Mail As Pop-up Window
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Importing Venable data into Excel

To import data into Excel you can directly paste any data copied on to the Clipboard
from the Venable software directly into an Excel worksheet or you can open up any tab
delimited text files that have been saved. When opening a delimited text file with Excel,
the Text Import Wizard panel will open up. Choose delimited option and click on Finish
to import the file.

Importing Venable data into Mathcad

Data can be imported into Mathcad using three methods:

1.

The user can go to the Mathcad Insert program menu, select the Component
menu item, and then select Input Table. Type a variable name into the
placeholder for the input table. Right click on the input table and select Import
from the pop up menu. Browse for a data file saved by the Export to
Matlab/Mathcad method or a file with the Venable text header removed and
click Open. This method reads the data from the data file only once when the
data is imported instead of each time the work sheet is calculated.

Data can also be imported by going to the Insert pull-down menu, selecting
the Component menu item and then selecting File Read or Write. The File
Read or Write Wizard should appear. Choose Read from a file, Text Files for
the File Format, and browse for the data file and click on Finish. Type a
variable name into the placeholder in the Read/Write component icon to
which the data from the file will be assigned. Type the variable name and
‘="to display the data in an input table. Mathcad re-reads the data from the
file each time the work sheet is calculated.

Data can also be imported using the READPRN function. The proper syntax
is to put the file path inside quotes inside the function parentheses as shown
below:

M:= READPRN(“C:\Program Files\Venable Inc\Venable System\mod.dat”)
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Type the variable name and ‘=’ to display the data in an input table.
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Importing Venable data into Matlab

Matlab uses Matlab m-files Venload.m and Vendimread.m created by Venable to import
data into a Matlab array. These files are located in the C:\Program Files\Venable
Inc\Venable 3120 System\ directory. The Venload.m and Vendimread.m files must be
placed in the Matlab path or current directory. See the topic on Installing the Venable
Matlab Files. Once these files are placed the in the Matlab path or current directory,
the Venload function can be called from the Matlab command window or any user
created m-file. A description of the functions and Matlab syntax is provided below.

Venload.m Sets C:\Program Files\Venable Inc\Venable 3120 System\ directory as the
current directory, retrieves the tab-delimited text file name and calls the Vendimread.m
function. A tab-delimited text file with the file extension *.dat is created using the Export
To Matlab/Mathcad function under the File menu in the Venable System software.
Matlab Syntax: venload, loads file into the most recent answer array, ans.

Matlab Syntax: a = venload, loads file into array, a.

Vendimread.m Parses and loads Venable frequency response data from a tab-
delimited text file into a Matlab array.
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Importing Data into the Venable Software

The Venable software uses tab delimited ASCII text when exporting or importing data.
Data has to be in this form to be imported into the Venable software.

Venable Data Formats

Data can be imported using two different text formats. The Voltage or DOS format
shows the 5-column raw data acquired from each analyzer channel. Data from the
DOS versions of the Venable software can be imported and saved using the Voltage
format as shown below.

Gain4.ven: Data 12:

*Data from Synthesis / Circuit Analysis Menu

*01:26PM Wednesday, December 04, 2002

*Gain/Phase: Output Node=2, Input Node=1, Scale Factor=10

*Frequency (Hz) Channel or Node Voltage (Volts) Voltage (dB) Phase (Deg)
1 1 0

1 0
1 2 3.63637 11.2134 -0.1391
1.25893 1 1 0 0
1.25893 2 3.63637 11.2134 -0.1751

The Magnitude-Phase format is the 3-column text representation of a data set as plotted
on a Venable software plot. The plotted data set consists of a channel ratio multiplied
by a scale factor. When importing 3-column data the default scale factor will be unity
and the default channel ratio set to 2/1. The channel ratio and scale factor settings for
each plotted data set can be changed and are located in the Data Set Properties for
each plot. An example of the 3-column format is shown below.

Gain4.ven: Data 12:

*Data from Synthesis / Circuit Analysis Menu
*01:26PM Wednesday, December 04, 2002

*Frequency (Hz) Gain (dB) Phase (Deg)
1 31.2134 -0.1391
1.25893 31.2134 -0.1751

Data is often saved as a tab delimited data file without the Venable text header. Data
can be imported in this form also. See the example below:

1 31.2134 -0.1391
1.25893 31.2134 -0.1751
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Exporting tab-delimited text data from Excel

To export data from Excel you can select and copy data from cells on to the Clipboard
and paste directly into a Venable software plot or the Frequency (AC) Data window in
the Circuit Analysis Menu. You can also save the data into a tab-delimited text file with
Excel. The data must be in the 3-column Magnitude-Phase format or 5-column Voltage
format if it is to be successfully imported into the Venable software.

Exporting tab-delimited text data from Mathcad

Data can be exported from Mathcad as a tab-delimited text file using three methods.
The exported Mathcad data must be in the 3-column Magnitude-Phase format or 5-
column Voltage format if it is to be successfully imported into the Venable software.

1. Type the data array variable name and ‘=’ to display the data in an output table.
Right click on the output table and select Export from the pop-up menu. Save
the data to a tab-delimited text file with a *.dat file extension. This method reads
the data from the data file only once when the data is exported instead of each
time the work sheet is calculated.

2. Data can also be exported by going to the Insert pull-down menu, selecting the
Component menu item and then selecting File Read or Write. The File Read or
Write Wizard should appear. Choose Write to a file, Tab-Delimited Text for the
File Format, and browse for a data file name and directory to where the data is to
be written and click on Finish. Type a variable name containing the data to be
written to the file into the placeholder in the Read/Write component icon and hit
Enter. The data will be written to the specified file. Mathcad re-writes the data to
the file each time the work sheet is calculated.

3. Select all the data by clicking in the upper left corner of an input or output table.
Use the Citrl-C copy shortcut keys to copy the data to the clipboard. The data
can be pasted directly into a Venable software plot, Excel or any text editor and
saved.

Data can’t be exported using the WRITEPRN function. This function uses space-
delimiting and space-delimited text files can’t be read by the Venable software:

Exporting tab-delimited text data from Matlab

Matlab uses a Matlab m-file Vensave.m created by Venable to export data into a tab-
delimited text file. This file is located in the C:\Program Files\Venable Inc\Venable 3120
System\ directory. The Vensave.m-file must be placed in the Matlab path or current
directory. See the topic on Installing the Venable Matlab Files. Once this file is
placed the in the Matlab path or current directory, the Vensave function can be called
from the Matlab command window or any user created m-file. A description of the
function and Matlab syntax is provided on the next page.
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Vensave.m Creates a tab-delimited text file from a Matlab array in a suitable format
for importing into the Venable System software. The data must be in the 3-column
Magnitude-Phase format or 5-column Voltage format if it is to be successfully saved to a
file. The tab-delimited text file (*.dat) can be imported into the Venable System software
using the Import From Matlab function under the File menu.

Syntax: vensave(venarray), saves the array to a tab delimited text file.

Syntax: a = vensave(venarray), saves the array to a tab delimited text file.

a = 1 if the file is successfully saved.

a = 0 if the file is not saved.

Importing data into the Venable software using the Clipboard

The Venable plot data including the data header can be exported to the clipboard as tab
delimited ASCII text from Excel and Mathcad. There are two methods you can follow to
import data into the Venable software from the clipboard.

1. Paste the tab delimited ASCII text data directly to plot from the clipboard. Data
can be directly copied to the clipboard from Excel workbook or from Mathcad
Input or Output tables.

2. Open the Circuit Analysis Menu, which is located in the Actions program menu.
Left-click on the Frequency (AC) data tab. Right click for the Edit pull-down menu
and select Paste or hit the Ctrl-V keys to paste the data into the text window.
Left-click on the Import into Graph button to import data into the plot.

Importing data from Matlab/Mathcad into the Venable software
The Import From Matlab/Mathcad function imports data files with a file extension of *.dat
saved by either Matlab or Mathcad into the Venable software plot. It will import data

files saved with or without a data header. To use this function do the following:

1. Go to the File program menu and click on the Import From Matlab/Mathcad menu
item. The File Open pop-up window will open up.

2. Browse for the tab-delimited text file containing the data to be imported and left-
click on the Open button to import data into the plot.
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Using the Venable Circuit Analysis Menu to Import Data

The Frequency (AC) data window in the Circuit Analysis Menu imports data files with a
file extension of *.ac saved by Venable DOS software. It will also import tab delimited
ASCII text data files (*.dat and*.txt) saved with or without a data header. To use this
function do the following:

1. Open the Circuit Analysis Menu, which is located in the Actions program menu.
Left-click on the Frequency (AC) data tab.

2. Left-click on the Open AC File button and the File Open pop-up window will open
up. Browse for the tab-delimited text file containing the data to be imported and
left-click on the Open button to import data into the text window. Left-click on the
Import into Graph button to import data into the plot.
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Description and Uses of Accessories

Part number

Description

Function

200-001 Low frequency Couples and isolates AC source from

injection transformer | circuit under test. Useful frequency range 1
Hz-10 kHz.

200-002 Medium frequency Couples and isolates AC source from

injection transformer | circuit under test. Useful frequency range
10 Hz-100 kHz.

200-003 High frequency Couples and isolates AC source from

injection transformer | circuit under test. Useful frequency range
100 Hz-1MHz.

200-004 Electronic injection | Couples and isolates AC source from
transformer, DC-2.2 | circuit under test. Voltage on circuit must
MHz be £16 volts or less.

200-005 Power supply for Part of 200-004.

200-004

200-006 Clip-on injection Clips onto wire to inject signal without
transformer breaking circuit. Useful frequency range 1

kHz-15 MHz.

200-009 Balun to reject Connects in series with injection
common mode transformer to block high frequency
noise common mode noise between circuit under

test and measuring instrument.

200-000 Very low frequency | Used to measure the voltage loop in power
injection factor correction circuits. Useful frequency
transformer. range of 0.1 Hz to 1 kHz.

350-RLC RLC Meter Test fixture and software to automatically

measure resistance, inductance, and
capacitance of up to three components.

2249-C-60 BNC-BNC Cables Connect FRA to injection transformer.

5187-C-60 BNC-Minigrabber Connect FRA directly to circuit under test.
Cables

3782-36-X Banana-Minigrabber | Connect injection transformer to circuit
Cables under test.

10Z-50 Input/Output High power injection transformer for

I0Z-100 Impedance injecting up to 300 watts of AC power into
Measurement Test | lines carrying DC current of up to 50 or 100
Set. amps depending on model selected.

Also used for
conducted

susceptibility testing.
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Calibration of Oscilloscope Probes for Flat Frequency Response

To read voltages higher than 100 VAC with the 3120 System or to minimize probe
loading on a sensitive part of a circuit, you can use ordinary attenuating oscilloscope
probes on the FRA inputs. These probes have a series resistor (9 mega ohms in the
case of a 10:1 probe) paralleled by a variable capacitor. The inputs of the FRA are 1
mega ohm, just like an oscilloscope, so the probes work on the FRA just as they do on
an oscilloscope. Also, as on an oscilloscope, the probes have to be “calibrated”. As
with a scope, the term “calibration” means

adjusting the variable capacitor that is in e POy A OT Osclloscope Input

parallel with the series resistor so that the { (Adjust fg;fgatp rFesponse):

capacitive divider ratio is the same as the Probe | :

resistive divider ratio. The inputs of the FRA  T°__: AN

have a capacitance of about 50 pF, slightly oope oM w% 1 50 pF
more than most oscilloscopes, so the Ground | T
calibration for an oscilloscope will be slightly

different than for an FRA. Here are the steps for calibrating a probe:

The objective is to treat the probe as a circuit you are trying to measure the frequency
response of, then to adjust the variable capacitor so the attenuation at high frequency
(determined by the ratio of the capacitors) matches the attenuation at low frequency
(determined by the ratio of the resistors). The transition between low frequency and
high frequency is typically in the range of 1-3 kHz. To do this, connect one of the BNC-
Minigrabber cables provided to the FRA

oscillator output. Connect the probe to Frequency Response Analyzer
the input channel you plan to use it on, CH2 Voltage Probe

then connect another BNC-Minigrabber 0SC  BNCtoCl
cable to another input channel. If you o= o5C
plan to use more than one probe, cH1 _ BNCtoClit o

calibrate them one at a time on the input CH1 CH2 CH3
channel they are to be used on.

Connect all the grounds together and connect
both the red Minigrabbers to the probe tip.

For example purposes, we will assume that oo TR | Fun s (e |
the probe is on channel 2 input and the o N gs.ewam ose N
e BN , e sl
Minigrabbers are on the oscillator output and O e ol v
channel 1 input peveow _ zfwe 1 e |
put. Wavalor [Sre = Chernel Ratio: | CH2/CHT =
Open the Venable System software and open ﬁf::jj,’j;‘j:;";; e il B
a new Gain and Phase plot. Click the e e I M VJ s et Dt Fort
Analyzer Control icon to open the Analyzer ]| couse s [0 G or Magrtade. [T
Ma AEVItDIlU—Vpk P e
Control menu. Set the sweep from 10 Hz to = ?

100 kHz, log sweep at 10 steps /decade. The
voltage is not critical.
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You may want to set it to a 1.414-volt sine wave when using the 3120 analyzer because
the oscillator is specified in volts peak so the input channel will read 1 Vrms in the data
box in the upper-right corner of the Analyzer Control window.

When the sweep parameters are set, click the g
“Take Data at Stal’t Frequ button and |et the Ene Edit View Actions Settings window Help 2l x|

analyzer take two or three readings. Check 2
the data box to make sure everything is
working. For example, if you used the same
settings and channels as the example, the
Frequency will be 10 Hz, Channel 1 will be 1
Vrms, and Channel 2 will be 0.1 Vrms if you
are using a 10:1 probe. If everything is OK,
click the “Run Sweep” button.

Gain
Phase

Again, you may want to minimize or move the
Analyzer Control window so you can see the

-10

Frequency T™

data in real time. If the probe is not calibrated R
correctly, there will be a small step in the Uncalibrated probe

attenuation at the frequency where the divider

changes from a resistive divider to a capacitive

divider, usually in the range of 1-3 kHz. More noticeable than the gain step will be a

phase “bump” or “dip” at the same frequency. The phase will have a “bump” if the high
frequency gain is higher and a “dip” if the high frequency gain is lower.

When the sweep is complete, note the frequency of the peak or valley of the phase

curve. You can add a slide bar to make it easier to measure the frequency.

Open or maximize the Analyzer Control T e e FAE]

window and set the start frequency to the
frequency of the peak or valley of the bump
or dip in phase. Click the “Take Data at
Start Freq” button and note the Phase
reading in the data box in the right-center
part of the Analyzer Control window. It
should be the same as the peak or valley

phase reading on the gain-phase graph. \

Turn the adjustment screw on the probe to
set the phase as close to zero as possible.
Zeroing the phase at the corner frequency

e E R EE ]

o

Gain
Phase

w

10 Frequency ™

[CaP HOM [
automatically flattens the gain curve. If you
want, you can do another sweep from 10 Hz Transfer function of calibrated probe.
to 100 kHz to check your handiwork. The gain and phase deviations at 1 kHz

are minimized. Note the narrow gain and
phase ranges of the graph.
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Measurement of the Loops in a Multi-Loop Power Supply

By multi-loop, we mean there are several paths for the signal to take as it goes around
the circuit, essentially creating a number of different loops which have some parts in
common and other parts as separate parallel paths. This is common in power supplies
that use a TL431 and optocoupler to cross the isolation barrier, in power supplies that
use feedback from more than one output, and in magamp post-regulator circuits.

This is not to be confused with the term “multi-loop control” coined by Virginia
Polytechnic Institute (VPI) to describe current-mode control. There are a number of
viewpoints about the significance of the current loop, exemplified by the controversy
between VPI and the California Institute of Technology (Cal Tech) on this subject. The
view here at Venable Industries is that the current loop simply forms a
transconductance gain block in the overall loop and can be treated as one more gain
block in series with a number of other gain blocks in the overall loop.

0 +12VDC
0 +5VDC
————————————
| Error W?lir;ator
| Amplifier 0 Ground
1|
T = Comparator
< N
————— O ———— — — — N
"Comp Pin" —- L
RZT $ R3
TL431 IX :
| Noise T
T Filter ,
< Signal Gnd
= = Power Gnd
“Untestable” power supply has no single path meeting impedance criteria.

The above figure shows an “untestable” power supply. Unfortunately, this topology is
not that unusual. There is no single path that meets the criteria of coming from a low
impedance and driving a high impedance. The path into the “Comp Pin” of the PWM
chip might qualify, but it is hard to be certain because the source impedance is high and
the input impedance of the “Comp Pin” is unspecified. In addition, this point is usually
very noise sensitive.

On the secondary side there are three paths that meet the impedance criteria, but all
three of these paths are in parallel. There are two paths that most people recognize:
the 5 V loop through R2 and the 12 V loop through R3. It is common to take part of the
feedback from the 5 volts and part from the 12 volts so that instead of having one output
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be perfectly regulated and the other vary 10% or so with line and load changes, both
outputs vary by about 5%. The path that is not widely recognized is the path through
R1. We call this the “fast loop” because it is the loop that dominates at high frequency.
This path originates because the gate (control pin) of the TL431 is a virtual ground, and
the capacitor connected from there to the cathode makes the cathode a virtual ground
also at high frequency. Any AC voltage on the 5 V output modulates the current in the
optocoupler diode directly through R1 by virtue of the fact that the branch ties between
the 5 V output and a virtual ground. This direct modulation of the current in the
optocoupler diode is much faster than the signals through R2 and R3, especially in the
presence of the capacitor from cathode to gate.

In this topology example, there is a second L-C filter after the power stage to further
reduce switching ripple at the output. This is also common, but the phase shift through
the second L-C filter makes it difficult if not impossible to cross the loop over at a high
bandwidth while sensing directly at the output of the power supply. Some designers
solve this problem by connecting the “fast loop” through R1 to the junction between the
power stage and the second L-C filter as shown in the example, avoiding the excess
phase shift in the “fast loop”. The “slow loop” through R2 and R3 provides good DC
regulation. The AC loop response does not compensate for the second-stage L-C filter,
but the fact that the loop bandwidth is much higher that would otherwise be possible
means that the overall performance may actually be improved over a slower loop with
the “fast” path tied to the output after the second-stage filter.

The problem with this topology is that there is no common point between the fast and
slow loops as there is in the example given earlier in the basic part of this manual. If
there was, at least the fast and slow 5 V loops could be combined into a single path. In
this case, all three of the loops are separate. We solve this problem by measuring the
loops separately and then combining them mathematically using the “Do Math on Data”
window. One of the options in this window is called “Double to Single Loop”. Parallel
loops can be combined mathematically by the formula:

GAIN1+ GAIN2 - 2x GAINT1x GAIN2
1-GAIN1xGAIN2

LOOPGAIN =

This is the formula implemented in the “Double to Single Loop” function of the “Do Math
on Data” window. When there are more than two loops, as in this case, the loops can
be combined in pairs and the result combined with the additional loops one at a time.

When the true loop gain is high, the product of GAIN1 x GAIN2 will be close to 1 and
the denominator of the equation will be small. The slow loop and fast loop will both
cross the 0 dB gain axis at approximately the same frequency. With this formula there
is the problem of a small difference between two similar numbers since at low frequency
the term GAIN1 x GAIN2 is very close to +1. At low frequency the denominator of the
equation is small since it is the difference between +1 and another number very close to
+1. This causes some inaccuracy in the gain measurement when the gain is very high,
but near loop crossover the gain is small and the small difference of large numbers
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problem becomes insignificant. You can judge for yourself the effect from the examples
below which are real test data from a production computer power supply.

The figure to the right is the “slow” loop measured S5 = = =rrrr it
at the top of R2. This is actual test datafroma5V |z g
power supply using a TL431 and optocoupler in the

feedback path. The loop crosses over about 60 Hz

with over 90 degrees of phase margin. : S

Gi
Phase

&} Venable ;
e

The figure to the right is the “fast” loop measured at “= o=

the top of R1. This is also actual test data from the |z g
same 5 V power supply with the same TL431 and \

optocoupler in the feedback loop. There is no gain
in this loop at low frequency because all the low :
frequency gain comes from the “slow” loop. This ) .:/
loop has a bandwidth of 6 kHz with about 90

degrees of phase margin. Q D\

This is the “Do Math on Data” window. To use this Mol uenaliols inERh ol a0 ]

Phase

-180

window, first display both the “slow” loop and the & o Fgg&iﬂgj?ﬂlz_é

“fast” loop on the same graph. If you take the dataon |[fo— Cawea s [

one loop and then the other, they will both be on the P

same graph. If not, you can do a cut and paste. L =]
ool o |
~ Add a Time

Dielay [uSec)

This is a graph with both the “slow” and “fast” loops =
displayed, together with the results from the Double =222
to Single Loop conversion. The “slow” loop was
selected as Data Set 1 and the “fast” loop was
selected as Data Set 2. When the “Create” button is
clicked, the result of the calculation is displayed as
the loop resulting from the parallel combination of
the “slow” and “fast” loops.

ta2]
jons Seltings Window  Help. =181 x|

;{Igj@mﬂé #|ola 2|

Gain
Phase
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The graph at right is the total 5 V loop displayed
as a separate graph by copying the Data Set g g
from the previous graph and pasting it onto a new = \
graph. This loop crosses over at about 6 kHz
with about 85 degrees of phase margin. You can
read the exact values by adding a slide bar to the
Data Set and moving the slide bar to the unity
gain frequency of the loop. Once this loop is
calculated, the same process can be repeated i ™
with the “slow” 12 V loop. ‘

Phase

07/05/06 55



Measurement of the Pieces of a Loop

One of the most powerful techniques for analyzing and evaluating a circuit is to model it
and then compare the model result with test results. Usually they will not match the first
time. If a circuit is complex, like the one below, the loop is made up of many pieces.
When the model and test results do not match, it is difficult to tell exactly which piece of
the loop is causing the problem. The way around this dilemma is to test each piece of
the loop separately, then compare test data from each piece of the circuit to the model
results for that equivalent piece. If the pieces match, the model is probably accurate for
that particular piece. If the pieces do not match, then you know which part of the model
needs to be improved upon. The circuit is never wrong, it does what it does. If the
model does not match, it is the model that needs fixing. It is possible that the circuit is
not designed or built correctly and both the circuit and the model have to be changed,
but an essential first step is to have the model results match the test data.

The loop in the Unfiltered Raw

example to the output ? Output Filtered

right is broken iy current Voltage Output
into 6 pieces. L1 Voltage

What you define o T —>

as a piece of the 4 \T

loop is arbitrary, C3 cC4 RL
but it is helpful . :|: I Load

to break it up Comparator =

into the smallest Driver Q1
functional blocks
that can be

conveniently J_

measured and C2 R3
analyzed. One Control l

thing not shown Voltage

on the above +5V %

! . C1 (5)

R5

e ioction — & { oo S
J R1 Transistor ¥ . Diode

pC.Jint.' Atypical N\ Current ;I L SZ Current
Injection point :

would be in the Optocoupler -~ c5 R6
trace where the C
filtered output Error + TL431 ZS

. Amplifier  _L_
voltage ties to P =25V iR“

+

R5 and R7, but

you can inject N\
anywhere. The Primary Ground Secondary Ground

FRA inputs are
connected to the input and output of the gain block being tested.

AN—
fRS
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The six pieces of the loop are:

1)

The transconductance of the power stage from control voltage in to unfiltered DC
output current. The input is the compensation pin of the PWM integrated circuit and
the output is the current in the rectifier diode measured with a current probe.

The unfiltered DC output current to raw output voltage. The input is the current in
the rectifier diode measured with a current probe and the output is the voltage
across the first set of filter capacitors.

The raw output voltage to filtered output voltage. The input is the voltage across the
first set of filter capacitors and the output is the DC output voltage of the power

supply.

The filtered output voltage to current in the optocoupler diode. The input is the DC
output voltage of the power supply and the output is the current in the optocoupler
diode. This current can be measured with a current probe or by measuring the
voltage directly across R5, taking advantage of the fact that the input channel
returns of the Venable Model 3120 analyzer float.

Current in the optocoupler diode to current in the optocoupler transistor. This is
called the current transfer ratio, CTR. It is constant at low frequency but rolls off at
high frequency. The input is the current in the optocoupler diode, measured as
described in block 4 above. The output is the current in the optocoupler transistor.
The output measurement requires a current probe, and most likely cutting a circuit
trace. It is not strictly necessary to measure this particular gain block, since all the
AC current through the transistor has to flow through the parallel combination of R1
and C1. The inverting input of the error amplifier is a virtual ground and no AC
current flows through R4. The reason you might want to make this particular
measurement is to be able to separate the parasitics of the optocoupler from the
parasitics of the error amplifier so you can make your model more accurate.

Current in the optocoupler transistor to control voltage out of the error amplifier. The
final block has the current in the optocoupler transistor as the input and the control
voltage (output of the error amplifier) as the output. This gain should be just the
optocoupler transistor current times the parallel impedance of R1 and C1, but the
gain-bandwidth product of the error amplifier is often an important parasitic affecting
the gain of this particular block.

Some of these pieces require the use of a current probe. The output of a current probe
is not 1 volt per amp unless the current probe is set to the particular range that gives
this scale factor. You can use the “Scale Factor” provision of Data Set Properties to
scale the data for the particular current probe gain setting so that the output is always 1
amp per volt.
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Measurement of the Impedance of Components versus Frequency

There are two ways to measure impedance of components. We offer an RLC
measurement package that has a test fixture and special software to correct for
measurement fixture parasitics in real time as the measurements are being taken. This
is the first and easiest way to measure impedance of components.

The second way, the method described here, does not require any additional hardware
or software except a single resistor. Although, you can use our RLC text fixture if you
have one. It has the same connections as shown in the figure below. The ability to
measure and display impedance is a built-in feature of the Venable software package.
This includes the ability to measure parasitics of test fixtures. The Do Math on Data
window can be used to correct for test fixture parasitics. This procedure is not difficult
but it is not automatic the way it is in the RLC measurement package software.

Impedance is voltage divided by current. We use the oscillator output of the FRA as a
signal source. We connect the oscillator to the component under test, usually through a
series resistor. You can measure the current with a current probe, but it is usually
easier to take advantage of the floating inputs of the analyzer and measure current by

measuring the voltage across the resistor in N+

series with the component under test. There is Q'”/

about 200 pF of stray capacitance from return to 100 Ohms

chassis and about 50 pF of capacitance from AN —Y

input to return of the analyzer inputs. For this Current +<7
reason, we usually connect the current +  Sensing +
measuring channel (CH1) “backward”, so the <~> Resistor | Component @_@
return is connected to the oscillator output as L sailiator Jnder

shown in the figure. This minimizes the parasitic Output

capacitance across the component under test. +

Let’'s measure the impedance versus frequency of an electrolytic capacitor as an
example. The first thing to do is find a good resistor to sense the current. It should be
non-inductive, such as a film resistor. The value is not critical but a value around 100
ohms will give a good balance between the impedance being tested and the open circuit
and short circuit parasitic impedances. Although the particular value is not critical, it is
important to know the absolute value of the
current measuring resistor. You should measure

3120 Analyzer Contral Menu

the value with a good ohmmeter before you start e o e
or use a resistor with a tight tolerance. s, e e o T e
_ _ e il e

Connect the oscillator output, channel 1 input, otom [5re = Crava o 25 2] |
and channel 2 input as shown in the figure above |« e e - o 2 |
or connect the RLC test fixture to the analyzer. IR N I
Open the Venable System software and click on o e s L —
the Analyzer Control icon to open the Analyzer e e L ol ™

Control window. Adjust the settings to match the
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sample screen on the previous page. We used the maximum output voltage (10 V peak
for the Model3120) to get the best accuracy and Medium integration time for speed.
Before starting the sweep, make sure the graph screen displayed is a blank impedance
plot. You can open a new one when you click the New Graph icon or click File-New and
then click on Impedance and Phase plot. Then, after adjusting the Analyzer Control
settings, click the “Take Data at Start Freq.” button. When the analyzer has taken a few
data points, click the “Run Sweep” button.

A window will pop up displaying the
Output Node, Input Node, and Scale Data Set [ =l _ Cese |
Factor. If you made the same Data gathered by the Venable 350 =] IV | Visble Save Changes |
connections as the test setup schematic 5T Thurscg, Bugust 02 Phase Color | _Save as Defaul |
on the previous page or are using the 2o Impedance Cokr | __ Delete |
RLC test fixture, Output Node will be 2, Voltage Node: [2
Input Node will be 1 (both default Curent Node: [T
values), but the Scale Factor has to be Seale Factor: [100
changed to match the value of the | mpedance = {2188 + Scsle Factor

current sensing resistor. In this case,
with the current measuring channel connected “backward”, the polarity of CH1 will be
“backward” also. You correct this by entering the current sense resistor value as
negative. If you used 100 ohms to measure the current, enter the Scale Factor as —100
in the Data Set Properties dialog box as shown above. If you are using a current probe,
the Scale Factor is the Volts/Division divided by the Amps/Division of the current probe
amplifier. When you have changed the Scale Factor to match the current sensing
device and the circuit connection, click OK and the sweep will start. You may want to
move or minimize the Analyzer Control window so you can see the data being taken in
real time.

@ Yenable System - [Datad] [_ 18] x]
The graph does not Eile Edit Miew Actions Seltings 'Wwindow Help =18l
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sweep is complete, you 8448 m Resstance (Ohe) e
can change the scale

1.569 1 Inductance [Henries]
manually by double-

Timp

Equivalent Circuit
clicking on any open area
of the graph, entering the
desired minimum and
maximum values, and
then clicking OK. You

Phase

Impedance
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. . W Frequency [Hz]
can autoscale by clicking 7660 Impecerce (Dhs)

8851 Phase [deg)

the “Autoscale” box and = 1994 Aesiarce Db g
. . — 4 u Capacitance [Farads) -

then clicking OK. In the 10 Froquency Yy

example shown, we were e

testing an aluminum
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electrolytic capacitor with a rated voltage of 35 VDC and a nominal capacitance value of
200 uF. We added slide bars to show the capacitance at 100 Hz (207.4 uF), the ESR
when it is purely resistive (84.48 milliohms), and the inductance at 1 MHz (93 nH).

The only problem with the graph on the preceding page is that the parasitics of the test
setup are not taken into account and may be significant at low or high impedance levels.
To check on this, let’'s measure the parasitics. To do this, simply make the same
measurement as before, except do it with the Component Under Test being first an
open circuit and then a short circuit. Here are the results of those two measurements.
For clarity, the plot type is impedance only.
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The graph below shows the ROl " e |

result of using “Do Math on it Domrand poi At oo
Data” to subtract the it — = B =i
parasitic short circuit @ Dataset 1| C Add @ Dataget o
impedance from the © Scalar ||  Sublract  Scalag: [l
capacitor impedance test " Multiply

data. The impedance is too " Diyide

far below the open circuit ™ Addin Parallel

impedance to require ™ Subtract in Parallgl

compensation for open ¢~ Add a Capacitor
circuit parasitics. The true in Series (LF)
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The example on the previous pages was for measuring a low impedance and correcting
for short circuit parasitics by subtracting the short circuit impedance from the test data.
The same concept can be used for measuring high impedances and correcting for open
circuit parasitics, except it is a little trickier because the open circuit parasitics are in
parallel with the test data instead of in series.

The best way to illustrate the

i i R 3120 Analyzer Control Menu s B3
difference is with an example.
Let’s say we want to measure a Stat Fequency [0 <] E— I
. . . Stop Frequency: {100k _';'.‘ Hz
10 pF capacitor. This is a lot @ LogSwesp [0 2] Steps/Decade ese | Freuency: 10 Hz
smaller than the parasitic " LinearSweop [T =] Fieauency Step Ha cH1 [T i
. . AC Walts Out: [10 214AL peak CHz: |6.881 ims
capacitance of approximately 60 s [ 1 em—
pF for a 3120 Analyzer and t_he . wavetom[sre & | chemarin oz =]
impedance of a 10 pF capacitor is e | Gain o Magnituce 3509 &
. o - =~ Servo Contio
greater than the parasmc & Integration Time: [Medium 7] o | Phase: [T7825  deg
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resistance of 1 mega ohm for all B e s [ R

. - = |~ Maximurn Change Between Data Points —
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X eceved . 1.7, 44| | AC OutStep Size: |10 @€ | | [ Gainor Magnitude: i
the test, first connect the 10 pF S A W il T
capacitor as the “Component Sent FREQUE T0GANPH?: <] | L ——

Under Test” in the test setup on
page 36 and run a sweep as before choosing “Impedance and Phase” as the plot type.
The Analyzer Control window is to the right and the resulting plot with the scales
changed to accommodate the data is shown below. Choose “Impedance and Phase”
as the graph type and choose Voltage Node = 2, Current Node = 1, and Scale Factor =
-100 if you are using a 100 ohm resistor to measure the current and the connection is
the same as the figure on page 47 or if you are using the RLC test fixture.

The graph to the right shows
the impedance VerSuS El\e Edit View Actions Setings ‘Window Help =18l x|

frequency plot of the 10 pF Nl | xS 7ABle| 3
capacitor together with the
parallel parasitic resistive
and capacitive admittance.
So far, it just looks like

1 mega ohm in parallel with
about 70 pF, but we would
like to look at the 10 pF
capacitor by itself, not in
parallel with all those
parasitic elements. To do
that, we need to run another
sweep and then use “Do
Math on Data” to fix the plot.
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Disconnect the 10 pF capacitor from the test setup but leave the 100 ohm resistor and
leave the oscillator and both voltmeters connected as before. Run a second sweep with
nothing connected except the
voltmeters. This is the open ~ Elfe & o S savm Woor B =181
circuit impedance plot. gﬂé@lﬂ‘
There will not be much
difference between the two.
The graph to the right shows
both sets of data with the
open circuit parasitic data
highlighted (selected).

@ Venable System - [Data5]
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T imp

Impedance
Phase

Now comes the tricky part.
What you want to do is
subtract the admittance of
the open circuit parasitics
from the admittance of the
test data (which includes the
impedance of the component
under test in parallel with the parasitic open circuit impedance). We have a feature in
“Do Math on Data” called “Subtract in Parallel”. This will put the negative of the
parasitic impedance in parallel with the test data, effectively canceling out the open
circuit parasitic impedance and yielding only the impedance of the component under
test.
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The plot on the upper right shows the results of the step on the previous page. The
highlighted curve is the result of doing a "Subtract in Parallel" of the test data with from
the parasitic data.

. .
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Measurement of the Input and Output Impedance of Power Supplies

With the Input/Output Impedance Test Set option of the Venable Instruments System,
you can measure input and output impedance of any power supply (or almost anything
else for that matter). The Input/Output Impedance Test Set consists of a high-power 4-
quadrant amplifier and power injection transformer. The injection transformer is capable
of handling large amounts of DC current while still coupling an AC signal into the circuit.
The standard power amplifier is rated 300 watts, and higher power ratings are available
on special request. The injection transformer is rated 50 or 100 amps DC depending on
model. Because the power amplifier is 4-quadrant, this system will also work for making
measurements with an AC power source instead of DC. Since AC load current is
transformed by the injection transformer and has to flow through the power amplifier,
check with us here at Venable Instruments before making high power AC
measurements to make sure the power amplifier is not overloaded and damaged. DC
measurements are safe up to the rated current of the injection transformer.

The test setup at the right

ShOWS a genera| purpose Frequency Response Analyzer

setup for measuring ose

impedance. If the “Source” OHT CH2 cH3

is truly a source and the Power

“Load” is the Unit Under Amplifier

Test, this setup will measure u Gurrent

input impedance of the Unit —

Under Test. As with Injection

component measurements, Transformer \mage

impedance is voltage Source Voliage Load
divided by current. In the / /

test setup shown, source

output impedance is

CH3/CH1 and load input Test setup for measuring input and output impedance.

impedance is CH2/CH1
noting that there may also have to be a scale factor if the output of the current probe
amplifier is not 1 volt per amp. If the “Load” is the Unit Under Test, CH2/CH1 is the
input impedance of the Unit Under Test.

If the “Source” is the Unit Under Test and the “Load” is an actual or simulated load, this
test setup will measure the output impedance of the Unit Under Test. CH3/CH1 is the
output impedance of the Unit Under Test. If your system does not have a channel 3,
such as the Venable 3120, then you must move CH2 to the source side of the injection
transformer to measure the output impedance of the Unit Under Test.

Current probes are directional. If the arrow on the current probe is pointing toward the
load, then the measured impedance of the load will be the correct polarity. The scale
factor of the data set will be the effective resistance of the current probe, which is the
rated volts per division of the current probe amplifier output (usually 0.01 volts per
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division) divided by the amps per division setting of the current probe amplifier. For
measuring the output impedance of the source, if the arrow on the current probe is
pointing toward the load (away from the source) then the scale factor will be the
negative of the value calculated above for the load input impedance data set. It is
important to pay attention to the direction of the current probe arrow, especially if you do
not have a feel for the expected phase of the test result readings.

Impedance measurements are a lot trickier than they look. The hardest part is getting
the current probe set up properly. The second hardest part is making sure the drive
levels are correct and nothing is being underdriven or overdriven. The third hardest part
is getting the scale factor and polarity correct.

Let’s start with the current probe. If you want good performance at low frequency,
choose a DC current probe such at the Tektronix AM503S System. The current probe
is not part of the Venable System or the Input/Output Impedance Test Set. It must be
purchased separately if you do not already have one. Models are available in 20, 100,
and 500 amp versions. Try to use one matched as closely as possible to the current
you plan to measure. Trying to measure a few milliamps with a 100 or 500 amp current
probe will not give very satisfactory results. The next thing to remember is that the
Tektronix current probe amplifier is made to work into a 50 ohm load. That means you
need to put a coaxial 50 ohm termination on each input of the FRA that is measuring
current. The termination goes on the frequency response analyzer end of the BNC
cable, not the current probe amplifier end. Make sure the termination is really 50 ohms
by checking it with a good ohmmeter. You would be amazed how many 50 ohm
terminations are “burned up” from connecting them to high-power sources. The
accuracy of the impedance measurement is dependent on the accuracy of the 50 ohm
termination. Failure to properly terminate the current probe is a common source of error
in impedance measurements. Once you have chosen a current probe of the correct
current rating and properly terminated it, the next area of concern is the range setting of
the current probe amplifier. The Tektronix current probe amplifier has a dynamic range
of about £10 divisions. In other words, if you set the current probe amplifier to 1 amp
per division, it will read accurately up to about £10 amps. In general, the measurements
we are making are on DC power lines. We are superimposing a small amount of AC
voltage in series with the DC output voltage of the source in order to make a small AC
deviation in the DC current being drawn or supplied. The current probe amplifier range
should be set so the DC current represents a large portion of the dynamic range but
does not exceed the dynamic range. For best accuracy, choose a range setting where
the DC current being sensed represents between 3 and 8 divisions. For example, if the
DC current is 3 amperes, the current probe amplifier setting can be 1 amp per division
(3 divisions) or 0.5 amps per division (6 divisions). Either setting will work and give
good sensitivity without saturating the current probe amplifier.

The next critical adjustment of a current probe amplifier is DC balance. The newer
current probe amplifiers are self-balancing, but older ones need to be adjusted so they
output 0 volts DC when there is no current flowing through the probe. A small amount
of DC error will not cause a problem since the FRA rejects DC, but if there is a large
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balance error it can affect the dynamic range of the amplifier and cause it to saturate
with less than 10 divisions of deflection. Current probes get “gaussed”, which means
that they have some residual flux in the core of the transformer used to sense current.
The DC balance adjustment corrects for this residual flux. Current probe amplifiers
have a “Degauss” button, which drives the internal transformer with a large amplitude
but exponentially decreasing AC excitation with the objective of minimizing the residual
flux in the transformer. After you “degauss” the current probe, you will have to readjust
the DC balance setting. The problem is that when you make another measurement, the
DC current flowing through the probe “gausses” the transformer again and it
immediately needs to be readjusted for DC balance. Our recommendation is to not
degauss the probe because you will only make it difficult to adjust the DC balance again
once you start taking measurements. One highly recommended step is to connect an
oscilloscope in parallel with the FRA input (after the 50 ohm termination) so you can see
the level of DC offset, the amount of deflection caused by the DC current, and the
amount of AC deviation superimposed on the DC current.

The final detail of using a current probe is to calculate the effective resistance of the
probe. If you used a resistor of value R to measure current, you would get R volts
across the resistor for every amp through it. The current probe has an effective
resistance, which is the number of volts out of the current probe amplifier for every amp
through the current probe. The Tektronix AM503 series of current probe amplifiers have
a fixed output of 0.01 volts for a unit of current equal to the range setting. The current
probe amplifier output is 0.01 volts per division and the range setting is given in amps
per division so the effective resistance of the current probe is 0.01 divided by the range
setting. If the amplifier is set to 10 milliamps (0.01 amps) per division, then the effective
resistance is 1 ohm. One common error in making impedance measurements is to
leave the current probe amplifier set to 10 milliamps per division no matter what current
is being measured. This simplifies the math, since there is no need to use the Scale
Factor provision of the testing and plotting software. It also means that often the current
probe will be operated far from its optimum range, sometimes even in the saturation
region where the output is no longer linearly proportional to the input. Failure to choose
the proper range is another common source of error in impedance measurements. That
about covers the common mistakes people make in the use of current probes.

Now let’s go to the subject of drive levels. There are two variables in setting the drive
level. One is the level of the Oscillator Output of the FRA; the other is the gain setting
of the power amplifier. Since the amplifier output is the product of these two gain
settings, there are an infinite number of gain setting possibilities for any given output
level. The simplest way to set the level is to use one of the gain variables to set the
injection transformer output level to the desired level at an intermediate frequency such
as 1 kHz and then leave the gain settings alone during the sweep. An effective way to
do this adjustment is to set the FRA Oscillator Output to a reasonable level like 1 volt
and then use a voltmeter or oscilloscope to monitor the output of the injection
transformer and adjust the gain knob on the power amplifier for the desired output
value. This can be done before power is applied; in fact it can be done before the
injection transformer is even connected into the circuit. For example, let’s say you are
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testing the impedance of some piece of the International Space Station. The Space
Station power bus is 120 VDC and program officials have decided that a 2% variation in
the power bus will not damage the equipment. That means that the 120 VDC bus can
vary by +2.4 volts and still be in the safe region. You can set the Model 3120 AC Volts
Out to 1 volt peak. You can then monitor the output of the injection transformer and set
the gain control of the power amplifier for 2 volts peak voltage at 1 kHz. This will give
a small margin of safety (from 2 volts to 2.4 volts). The amplitude of the oscillator
output is very flat with frequency. The gain of the power amplifier is also flat with
frequency except where the output falls off, below 10 Hz and above 100 kHz. This
means that by setting the amplitude in mid-range (1 kHz), the output amplitude will not
exceed this value at any time during the sweep.

When you plot the test results, the variable called Scale Factor on the Data Set
Properties window is the resistance used to measure the current or the effective
resistance of the current probe. The polarity will be correct if the current probe arrow is
pointing toward the Unit Under Test. If the current probe arrow is pointing away from
the Unit Under Test, the Scale Factor will have to be entered as a negative value.

The graph below is actual test data of the input impedance of one of the Orbital
Replacement Units of the International Space Station.
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Circuit Modeling Overview
Introduction

The Venable software contains a built-in circuit-modeling program. This program is
similar to SPICE in that it works from a net list. It is a relatively simple program. There
are no libraries of parts and only AC analysis is performed. The advantage of this
program is that it is very quick and easy to create and analyze models. It is easy to
create accurate models of actual circuits since it is so easy to compare the model
results with actual test results and also easy to change the model to make the model
data match the test data.

We recognize that keying in a few lines of circuit description is not as glamorous as
entering data with a schematic entry program, but we think you will find this method
quicker and easier once you get used to it.

The following components are available:

Voltage source (volts)
Current source (amps)
Resistor (ohms)
Inductor (henries)
Capacitor (farads)
Conductance (mhos)

Oorm—<

You can add annotation after any component designator. V, V213, or Vemf all will be
interpreted as a voltage source.

The following abbreviations can be used for multipliers:

p or P multiplied by 1E-12
n or N multiplied by 1E-9
uordU multiplied by 1E-6
m multiplied by 1E-3
k or K multiplied by 1E+3
M multiplied by 1E+6
gor G multiplied by 1E+9
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The format of a source is:

Type of source  positive control negative control value or gain
node node

Resistance positive connection negative connection value
node node

A special case is using 0 for both control nodes; this indicates a fixed source.

Spaces or commas separate entries.

R1 Node 1

Example 1: Voltage Source 50 Ohm
\al @ 1V
V0O1

R 10 50 O

Node 0

This is a fixed 1-volt source with an impedance of 50 ohms, connected in the circuit
from node 1 (positive node) to node 0 (negative node). Node 0 is always circuit

common.
Node 3 Node 2

— 0 (+) '0)
Example 2: Current Source Noges 11 R
(-) 0.1A -
| 3 4 0.1 Tak S Tak
R20 1M ' o

This is a current source controlled by the voltage from node 3 to node 4. It has a gain of
0.1, which means 1 volt from node 3 to node 4 will produce 0.1 amp from this source. It
is connected in the circuit from node 2 to node 0, and is paralleled by a 1 mega-ohm
resistor. Node 2 is in phase with node 3.

The format of a component is:

Component type connection node  connection node  value
Example 3: Component (in this case, a capacitor)

C13 4 3 10U

This is a capacitor connected from node 4 to node 3 with a value of 10 microfarads.

The order of the connection nodes is not significant. The number "13" after the C is any
desired notation to identify the component, usually the reference designator.
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Notes on model file creation:

Model files are ordinary ASCII text files. They can be created with any ASCII editing
program such as Notepad in Windows.

Model files can have any extension, but if they have no extension a .CKT extension will
be added when the circuit is saved.

Comment lines can be added at the beginning of a file by beginning each line with an
asterisk.

Comments can be added at the end of any line. It is not necessary to begin a comment
with an asterisk. The program will ignore anything on a line after reading the required
four entries.

Blank lines are ignored.

Circuit node numbers must be sequential. They do not have to be entered in sequence,
but all nodes from 0 to the highest number node must be present. A missing node
number will generate an error.

Example 4: Circuit file for a low-pass filter

Node 1 Node 2
*Low-pass R-C filter R1 R2
Vi 00 1 1 1K
R1 10 1 Vi 1V 01U 1~ Ci
R2 1 2 1K
C1 20 0.1U Node 0

This circuit file represents a fixed one-volt source with a source impedance of 1 ohm
driving a low-pass filter consisting of a 1,000 ohm resistor in series with a 0.1 microfarad
capacitor to ground. When analyzed and plotted as the transfer function (Bode plot)
from node 1 to node 2, the result will be a classic low-pass filter response. Since the
result is plotted as the ratio of the voltage on node 2 divided by the voltage on node 1,
the impedance of the source (1 ohm) does not enter into the calculation and the result
will be the same no matter what the value of the source resistance.
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Example 5: Measuring the output impedance of an input filter

*Model of input filter output impedance

V1 3 2 10 Controlled source translates current to ground reference. Gain=1/R3.
R1 1 0 1 Resistance of controlled source (value not significant)

V2 0 0 1 Fixed one volt source driving output of filter

R2 3 0 1 Impedance of test source (value not significant)

R3 3 2 0.1 Resistor to measure current. Different value changes gain of V1.

C1 2 4 100U Output capacitance of L-C filter

R4 4 0 0.01 ESR of filter output capacitor

R5 2 5 2 Damping resistor

C2 5 0 390U Capacitor to block DC current through damping resistor

L1 2 6 100U Input inductance of L-C filter
R6 6 0 0.01 Resistance of input inductor

Node 6 L1 Node 2 R3 Node 3 R2 R Node 1

100 U 0.1 1 1
R5 2 Ci1 100 U

R6 0.01 Node 5 Node 4 V2 1V Vi1 Gain =10

C1 T 390U R4 0.01

O

Node 0

Normally R3 would be 1 ohm to simplify the calculation, and V1 would have a gain of 1.
The values used in this example show the flexibility of the technique.

R6 is connected to ground to represent zero AC impedance of the power source.
In this example, filter impedance is measured as Node 2 over Node 1.

Note that the Venable system, unlike older Spice-type modeling programs, actually plots
the ratio of the output to the input. Many older modeling programs require a one-volt
source as an input and then plot absolute value of the output and pretend it is the ratio
of output to input. This works when the input is exactly one volt, but the technique falls
apart when the input is not one volt. When measuring gain by plotting the ratio of
voltages on each side of an injection resistor, the capability to plot voltage ratios is
essential.

07/05/06

72



