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Introduction

This manual describes the Venable Windows Software that is part of Venable’s
complete frequency response modeling and measurement system.

This manual is provided in printed form with the hardware Analyzer, in electronic form in
the software and in electronic form on the download site. The latest version of this
manual can always be found on Venable’s download site beside the current software
installation package. The version in the current software installation can be reached
using the menu item Help - Venable Manual.

The installation portion of this manual covers both the hardware and software setup.

The Software works with a number of different hardware models of Frequency
Response Analyzers. Separate licenses must be obtained from Venable for each type
of Analyzer the Software will work with. A separate “Venable type Software” shortcut is
installed in the Windows “Start>>All Programs” menu for each licensed type.

The Software adapts to the differences between Analyzers by showing different
Analyzer Control dialogs and making minor changes in other dialogs. The main
Software Window will display the current licensed type as part of the window title in the
title bar.

This manual will point out the differences between Analyzer types where it matters.

Type specific screenshots of several dialogs are given; please look at the information
relevant to the type of Analyzer you are working with.
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System Overview

The Venable Windows Software in combination with a supported Frequency Response
Analyzer (FRA) is a complete frequency response modeling and measurement system.

The hardware portion consists of a FRA, which is used 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. Supported FRA'’s are
the following®. The list is grouped by Software license type:

350 license type supporting Venable models 350a, 350b, 220 and 250
3120 for Venable model 3120

3215 for Venable model 3215

3225 for Venable model 3225

3235 for Venable model 3235

3577 for Agilent (HP) 3577

4000 for a Venable Series 43xx/63xx/74xx/88xx/350c System

5000 for a Venable Series 51xx System

The FRA'’s are controlled in one of two ways:

1. Through a standard USB cable using drivers from the Keysight IO Libraries Suite,
version 18.1 or later (Windows XP is not supported).
(For Windows XP users, Use Venable Software version 5.4 and version 17.1 of
the Keysight 1O library drivers)

2. Through a National Instruments GPIB board using version 17.6.0 or later of the
National Instruments ni488.2 drivers (Windows XP not supported).
(For Windows XP users, Use Venable Software version 5.4 and version 2.8.1 of
the ni488.2 drivers)

The software portion runs on any personal computer using Microsoft Windows 7, 8 or
10, 32-bit or 64-bit.

This 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.

! The older Venable 260 FRA is not supported by this Venable Windows Software. The Model 260 is
controlled with a DSP card using a serial interface and only works under Windows 95/98 with an older
version of this software.

05/21/19



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. On installation you are prompted for the Software Serial Number
given to you by Venable and a Wizard walks you through the steps to activate it.

New Features of the Venable System Version 5.5.0 Software

e National Instruments driver support is updated to version 17.6 of the NI GPIB
drivers.
e Keysight 10 Libraries driver support is updated to version 18.1.

New Features of the Venable System Version 5.4.0 Software

e Fixed support to display RLC version 4.4 graphs

New Features of the Venable System Version 5.3.1 Software

e The software adds a model 350b operating mode for our newest analyzers to
provide operation identical to the legacy Venable 350 analyzers. This function
enables continuous sine wave output through a measurement sweep.

New Features of the Venable System Version 5.3.0 Software

e The software adds support for analyzer model 5140.

New Features of the Venable System Version 5.2.1 Software

e The software adds support for analyzer models 7405, 7420 & 7440.

New Features of the Venable System Version 5.2 Software

e The software adds support for analyzer models 8805, 8820 & 8840.

New Features of the Venable System Version 5.1.4 Software

e The software has voltage limit warnings added for the Venable Series
43xx/63xx/350c System analyzers. When Input and Output Impedances are
changed, the analyzer can be severely damaged at much lower voltages.

New Features of the Venable System Version 5.1 Software
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e The software has been updated to work with the USB interface on the Venable
Series 43xx/63xx/350c System analyzers.

New Features of the Venable System Version 5.0 Software

Several new features have been implemented in the Venable System Version 5.0
Software:

e The software has been updated to work with the newly introduced Venable
Series 43xx/63xx/350c System analyzers.

e The software now works with Windows 7 32bit and Windows 7 64bit.
e The software now works with Windows 8 32bit and Windows 8 64bit.

e Software Serial Numbers now license individual PCs replacing the separate Site
Codes. The license activation process has been revamped to reduce errors.
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Installation Procedure for use with USB Interface

This is the step-by-step software and hardware installation procedure for our USB
controlled analyzers.

Note: Use of the USB interface requires the Venable analyzer to be running
application firmware version 2.0 or later.

1.
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If the National Instruments GPIB drivers are installed on your computer, check to
see if the National Instruments VISA driver is installed. If the NI VISA driver is
installed, you will need to uninstall it before installing the Keysight drivers. Use the
windows control panel -> programs function to check for NI VISA installation.

Close all your programs and insert the Venable installation disk 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
Venablelnstaller. Once the installer menu opens up, click on the Install button for
the Keysight 1O libraries Suite. Follow the instructions and install using “typical
settings” option.

Install the Venable Windows software.

Note: Manually uninstall any versions older than 4.1.8 of the Venable Software.
Versions 4.1.8 and 5.x will be automatically replaced.

Click on the Install button for the Venable Software. Make sure you have your
software serial number at hand and follow the instructions.

The Venable software is protected against illegal copying and use. In order to run, it
must be activated by a Licensing Wizard program. On installation, this program is
accessible from Start -> All Programs -> Venable Software License. After you
activate your first license, this shortcut is replaced by a shortcut to the Venable
Software for that type of license; in this case you can start the Venable Software and
choose menu item, Help -> Licenses, then press the Change License button.

Manuals for the Venable software, Manual.pdf, and the Licensing Software,
LicenseManual.pdf, are included in the installation directory. These manuals are in
Adobe portable document format (pdf) and are compatible with Adobe Acrobat
Reader version 6.0 and above. An installation program for Adobe Acrobat Reader
can be downloaded at. From the Venable software program you can open the
manual using the menu item, “Help -> Venable Manual”; similarly from the Venable
Licensing Software, you can open the licensing manual using the menu item, “Help -
> License Manual”.

If you need to uninstall the software for any reason, use Add/Remove Programs and
choose the uninstall option.



4.
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Connect a standard USB cable to the analyzer. Plug the other end of the USB cable
into a USB port on the PC. Turn on the Venable FRA analyzer.

Set the software settings. Open the Venable System Software by selecting: Start
Menu>>Programs>>Venable type Software. Select View from the program pull-
down menu and click on Settings. Select the Interface Name from the pulldown and
set it to USB. Select the FRA Model Number from the pulldown and set it to your
model of analyzer. Next, enter the serial number of the analyzer into the box for
FRA Serial Number.

Yenahle 4000 Settings

On startup show a:

{* Gain Dizplay

i

] Cancel
" Impedance Display

" Volage Display  |nterface Mame: [USE - | [GPIED)
" Test Dizplay

" Myquist Display a8 4
FR& Serial Number: [374739
FR& Model Murnber; 5305 -

Venable Settings Window for 63xx/43xx/51xx/74xx/88xx/350c

When you shutdown the application, the values will be saved into the windows
registry.

If any problem occurs with the Venable software attempting to communicate to the
analyzer, open the Keysight Connection Expert utility. The Keysight Connection
Expert should automatically perform a verification of any new connections and the
analyzer should appear in the list under the USB interface with a green check box. If
the instrument is checked with a red X, cycle the power on the analyzer to reset the
connection.



Installation Procedure for use with GPIB Adapter

This is the step-by-step software and hardware installation procedure for our GPIB
controlled analyzers.

1.

Before installing the GPIB adapter in the PC you plan to use, install the National
Instruments GPIB driver software, version 17.6 or later. 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 adapter won'’t
work otherwise. You will have to uninstall the software and the adapter and then
re-install them in the correct order.

2.
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Turn the computer off, then install the National Instruments GPIB adapter in the
computer. Itis 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 adapter 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.

Install the Venable Windows software.

Note: Manually uninstall any versions older than 4.1.8 of the Venable
Software. Versions 4.1.8 and 5.x will be automatically replaced.

Close all your programs and insert the Venable installation disk 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
Venablelnstaller. Once the installer menu opens up, click on the Install button for
the Venable Software. Make sure you have your software serial number at hand
and follow the instructions.

The Venable software is protected against illegal copying and use. In order to run,
it must be activated by the Licensing Wizard program. On installation, this program
is accessible from Start -> All Programs -> Venable Software License. After you
activate your first license, this shortcut is replaced by a shortcut to the Venable
Software for that type of license; in this case you can start the Venable Software
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and choose menu item, Help -> Licenses, then press the Change License button.

Manuals for the Venable software, Manual.pdf, and the Licensing Software,
LicenseManual.pdf, are included in the installation directory. These manuals are in
Adobe portable document format (pdf). An installation program for Adobe Acrobat
Reader can be downloaded at www.adobe.com. From the Venable software
program you can open the manual using the menu item, “Help -> Venable Manual”;
similarly from the Venable Licensing Software, you can open the licensing manual
using the menu item, “Help -> License Manual”.

If you need to uninstall the software for any reason, use Add/Remove Programs
and choose the uninstall option.

For hardware models 350a/350b/220/260 and HP3577, verify the hardware GPIB
address is 8.

Verify that address 8 is set on the 250 and 350 analyzers by locating the 8-position
DIP switch module on the rear panel of the analyzer. The upper 3 switches should
always be at 0. All ADDRESS switches should be at O except the fourth from the
bottom, which should be 1. This sets the analyzer to address 8 on the IEEE-488
bus. On the newer 350b analyzers address weights instead of switch numbers are
printed on the DIP switch module as seen below.

1 20 1
2 2! 2
3 22 4
4 23 8
5 24 16

Address weight when switch is set to one

The 220 system has no rear panel switches and you must turn on the analyzer to
verify the GPIB address is set to 8. After the analyzer completes start up self-
calibration, press the spot set up button above the analyzer power switch. Keep
pressing the spot set up button to scroll through the analyzer settings until you
reach the address setting. To set the address to eight, press 8 on the front panel
and one of the three enter keys. The analyzer ‘s GPIB address is now set to 8.

Verify that GPIB address 8 is set on the HP3577 by turning on the analyzer. The
HP3577 has no address switches and you must turn on the analyzer to verify the
GPIB address. After the power up self-tests, press the button marked LCL under
the SYSTEM menu on the front panel of the analyzer. Press the ANALYZER
ADDRESS button on the display. Type in the appropriate address on the keypad, if
necessary, and press the ENTER button on the display. The GPIB address is set
and stored.

11
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Verify the software settings are correct. Open the Venable System Software by
selecting: Start Menu>>Programs>>Venable type Software. 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 adapter or interface installed on the computer, the interface name
may have to be changed in order to select the correct adapter 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 VenPreftype.txt file.

Venable 4000 Settings =
On startup show a:
* [Fain Dizplay Cancel
" Impedance Display

" Volage Display  |rterface Name: [GPIBD | [GRIBO)
" Text Dizplay

{ N_lrlqu|3t|:]|3p|a_|r| GPIB Address: a [E] Find Address

3747329
G305

Venable Settings Window for series 63xx/43xx/51xx/74xx/88xx/350c

¥enable 3215 Settings x|

On startup show a:

£ Gain Display Cancel |
" Impedance Display

" Woltage Display  |nterface Name: [GPIED = | [GPIBO)

£ Teut Display

™ Muyquizt Display GPIE &ddress: IE ]

Venable Settings Window for 3120/3215/3225/3235
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Venable 350 Settings

On ztartup show a:
{* Gain Display
i~ Impedance Display

" ‘olkage Display  |nterface Mame: [GPIED | [GRIED)
" Text Display

i Muyquizt Dizplay GPIE Address: IB (2]

YYenable Analyzer Type:
{+ 350 Spstem
£ 280 System
£ 220 System

\_Ilﬁ

Cancel

Venable Settings Window for 350a/350b/220/250

The Venable Settings window also allows the user to select the default chart to be
displayed when the program is opened.

The Venable Settings window for 350a/350b/220/250 allows the user to switch between
the 3 models to get the model specific Analyzer Control Menu dialog.

05/21/19
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“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.
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Hook up the BNC to Mini-grabber cables that come with the system to the oscillator
output and to each of the inputs of the FRA (for 3215/3225/3235 hook up to the main
input marked with a + of channel 1 and channel 2). 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. For model HP3577 set the AC Volts Out to 100.2

Vrms; for other models set the AC Volts Out to 1 Volt peak. For models
350a/350b/220/250 and 3120 set the waveform to Sine. Click the 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 the following values based on
analyzer type:

Analyzer type Frequency 2 or 3 channels Gain Phase
(Hz) (Vrms) (dB) (degrees)

3215/3225/3235, 3120 10 0.707 0 0

350a/350b/250 10 0.707 0 0

220 10 1 0 0

HP3577 10 100 mVrms 0 0

63xx/43xx/51xx/74xx/88xx/350¢ 10 0.707 0 0

14



Data taken by the analyzer will be displayed in the Communication with Analyzer
window as shown in the type specific figures below.

Series ooy Biocy Tiooy'Booy/350c Analyzer Control Menu - it

Start Frequency: (10 :I Hz | Ghan T aking Data |
) R Run Sweep P d
Stop Frequency: [100 k :I Hz
* LogSweep |10 :I Steps/Decade Cloze LTI | LU e

" Linear Sweep |1k :lFrequenc}I Step [Hz] VRMS YRAMS
AL Volts Out 1 j\."ﬂ.l: peak, CH1: 7073 m CHZ |FOFEm

DT Yolts Qut: |0 j‘VDC 1 CcHz: [Fo7.2 m
wavelom: [Sie ] Charinel Ratie: [CH1/CHZ -

: Servo Control
Outpuk Ipedance:[50 x| Ohms Gain or Magnitude: [-0.00110€ dB
- Servo On: [
Integration Phase: |-0.004275 deg
* Time Channet |CH 1 -
" Cycles

ACWalks lre [10m \ims

Time: {500 m Sec
AL Out Step Size: |10 dB Ii I_ "
LESHEE] ) L Max AC Vols Dut, [10 Ypk
Cycles: |1 Cyc ’

Option;

Delay Cycles: |0 Cyc | Toggle: OFF/0N ﬂ - T

Input Imped T M A

iR =2 Bl Circuit Under Test; lﬂ - |D |I:Iosed J
Communication with Analwzer: ver?

Sent:'_FiE.f-‘-.D?;' ~ b axirnurn Change Between Data Paints
Received 7 .07242-01,3.1955:-03

Sent'READ T I Gainor Magnitude; |10 dB
Received 7. 0755201 -5, 7393-0F )

Sent'aMPL1FRED I0MEAS ! ~ [ Phase: 20 deg

Series 63xx/43xx/74xx/88xx/350c Analyzer Control Menu connected to a Model 350c.

3215 Analyzer Control Menu o ] B |

Start F ; |1 i = H |
EI MRS d z Run Sweep Stop T aking Data |
Stop Frequency: |1IJD k. %‘ Hz

¢ Log Sweep |1EI ;I Steps/Decade Clase Frequency; |1EI Hz
" Linear Sweep |1 k. i’ Frequency Step [Hz) CH1: IEEM.B mo Y
AL Yalts Out: [1 2] AL peak CH2: [E344m  Wms

DC Yalts Out: IEI ﬂ YO D Yaltage is On |

Input Coupling: IAE vI Channgl Ratio: ICHM:HT 'l
Input Type Ch. 1: IMai” vI ~GemoControl——— | | @ain or Magnitude: IIZI.EIIZIIZIEES dE
o Phasze: I-D.D2898 deg
% |nteqration Time: IMedium 'I Servo On:
8 i : I
e [ ez IEH 1 ﬂ r— M arimum Change Between D ata Points —
Dela Time: o See ACVatstne il vims
Communication with snalyzer: AC Out Step Size: I—m 4 I~ Gain or Magritude: [T &
Sent:AMPLIT, 1 FREQUE 10;GAINPE - ; I
ng;eived:ﬂ.DEIDDDE1IJ,B.94332E-1,B.E_I Mag AC Vals Dut. 10 vpk || I Phase: 20 deg
Sent:AMPLIT 1.FREQUE 10:GAINPE

3215/3225/3235 Analyzer Control Menu with two channels measuring the oscillator output.
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350 Analyzer Control Menu [ _ [ ]

Start Frequency: |10 ﬂ Hz m |

Stop Erequence: [1o0 K g Hz
{¢ LogSweep |10 ﬂ Steps/Decade

Stop Taking Data |

Frequency: |10 Hz
" Linear Sweep J Frequency Step [Hz] Cloze CHT: |7OB3 M %ms
AC Waoltz Out: 4 il WAL peak CH2 [FOF I m Wimps
DCvalsOut o 4|vDC CHZ: [FOF.2m e

W aveform: | Sine -

+ Time
™ Cpcles
Integration Time [secs): |1_
Delay Time [secs): IEI_
Integration Time [Cycls]: l_
Drelay Time [oycls): I—

Automatic Channel:

Automatic Mode: |Shot =

Channel R atio: | CH2/CH1 =

Gain or Magnitude; |0.002325 4

Phase: |0 deq

kM axirmurn Change Between Data Points

[ Gain or Magnitude: dB
[ Phase: deg

Serva Contral
Servo O [

Channel:
AC Valks [ Wi

AL Out Step Size: |10 dB

haw ACYoltz Out: |10 Wk

Communication with Analyzer:

Received: BY 7.0682E-01.DBY -3.01.DEG 0.00,0FF 10.00E +00, B ?.D?Dﬂ
Sent'0FR 10;M51;

Received: BY 7 0B36E-01.DBY -3.01.DEG 0.000FR 10.00E+00, B ¥.07/0_1
Sent'0FF 10;M51;

[ Automatic

i -

-

350a/350b/220/250 Analyzer Control Menu with all three channels measuring the oscillator output.

3120 Analyzer Contiol Menu miE

Start Frequency: |10 il Hz
Stop Frequency: | 100 k ﬂ Hz
10 ﬂ Steps/Decads

Run Sweep |

" Log Sweep Close Frequency: |10 Hz
" Linear Swesp :l Frequency Step (Hz CH1:[BI7.9m  vims
AC Walks Out: ,1—ﬂ\mc peak CHZ: [BI7.7 m  \ims
DC Valts Out: ID— ﬂ WD 1 Tumn On DC Yaltage
' avetorm: m Channel B atio: IW‘
Input Coupling: ’m Gain or Magnitude: |-0.00161  dB
% Inteqration T ime: ’W‘ Serva Control Phaze: |-0.00137 deq
7 |mbegration Cycles: Serraln [
Delay Time: |1 Sec Chenet i aximum Change Between Data Points
Communication with &nalyzer; AL Valts |r Wiz

Heceived:"l.DDDDE'I,E.SS??EJﬂ
Sent'FREQUE 10,GAINPH? _1
Received:1.0000E1.6.3737E1
Sent'FREQUE 10;GAINPH?!

]

AC Jut Step Size: |10 dE

[ Gain ar Magnitude: 48
M ax AC Waolks Out |10 Yok

™ Phase: deg

3120 Analyzer Control Menu with two channels measuring the oscillator output.
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HP3577 Analyzer Control Menu

— Source

Start Frequencsy: |1 0 ﬂ Hz
Stop Frequencsy: |1 00k ﬂ Hz

¢ | og Sweep

AC Yaltz Out; [100.2 m

T

ﬂ Wrms

I-I a ﬂ Stepz/Decade
" Linear Sweep |1 k i Frequency Step [Hz)

Run Sweep |
LCloze |

ServoOn: [

—

— Receiver
V¥ &uto Bandwidth: ﬁ Hz
[V Default  Delay: |3 707 Sec
Averages:lﬂ
Input Impedance: Im Ohmg
Attenuation:  Ch, B Iﬂde
Cha [z =|ds
Ch B |20 'IdB

~ Servo Control
Channel IEH & "I

AL Walts In: |'| O Wme
AC Out Step Sige: |1 i] dB
bl AL Wolte Dut; |2.51 a Y

| Stop Taking Data l

Frequency: |10 Hz
CHR: 1024 m
CHe: (101.9m
CHE: 102 m

Y

Yims

s

Chaningl R atio: ICHMCHF vI
Gain or Magnitude: |-0.03754 4B
F'hase:|-u.45952 deqg

Camnunication with Analyzer:

Fieceived: 10, 0.1024,19.590. |
Sent'SFR 10 HZ.TEM DRR.DF
Received: 10, 0.1024,19.55 0.
Sent'SFR 10HZTEM:DRR; -

— Maximum Change Betveen D ata Points —

[ Gain or Magnitude: I‘ID dB
|2U deg

[~ Phase:

HP3577 Analyzer Control Menu with two channels measuring the oscillator output.

If this all works, the system is hooked up and working properly.

05/21/19
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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. Take a resistor and capacitor you know the value

N

of and solder them in series. Using the same BNC- Xg

Minigrabber cables as before, connect both the + +

oscillator output and the main input (marked with a  osc (~) (o) F = (o
+ for models 3215/3225/3235) of 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 place as the other two
black leads. Calculate the corner frequency of the filter from the formula f=1/2zRC.

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.

o =i
2. Agaln ClICk the Analyzer Contr0| ICOn SlaFretuncy' 10 = Hz
to open the analyzer control window. Stop Erequency: [100 % 211z Riofrs | LA ACLL
Set the sweep from approximately 2 flefw [ Sowoes | o fard T
decades below the corner frequency A Voks 0w [T478 2{vac peak oHe [F7EEm Vims
to approximately 2 decades above poveowld v 1 ity | |
the corner frequency (10 Hz to 100 i l__llff j S G o Magrituce: [G00778 B
kHZ If you use 1k and 01 “‘F & Integration Time: | Medium  + ServoOn [ Riese ([OSEEY | dbg
" Integration Cycles: |1 . l—_lv
Delay Time:lD— G Chai‘:ir ItD-IH = r— M aximum Change Between D ata Points
For 3215/3225/3235, select Log = o
OMMYRICACan Wi Nalyzer ut ep Size: Lain or Magnitude:
SV\Ilteep, 1|? AS(t:epS 1p$/r Decgde,ltl.étl)lé AT T | wscvon0a [0 k| TR T
volts pea or 1 Vrms, 0 volts DC, e AMPLITH FREQLE 1054 -

Integration Time: Medium, and 0
Delay Time.

For 350a/350b/220/250, select Log Sweep, 10 Steps per Decade, 1.414 volts peak
AC or 1 Vrms, 0 volts DC, sine wave, 1-second integration or 10 Hz Bandwidth, and
0 delay time.

For 3120, select Log Sweep, 10 Steps per Decade, 1.414 volts peak AC or 1 Vrms,
0 volts DC, sine wave, Integration Time: Medium, and 0 Delay Time.

For HP3577, select Log Sweep, 10 Steps per Decade, 100 mVrms Bandwidth: Auto,
Default Delay Time, Input Impedance: 1 Meg, and Attenuation: 20dB.

For 43xx/63xx/74xx/88xx/350c, select Log Sweep, 10 Steps per Decade, 1.414 volts
peak AC, 0 volts DC, sine wave, 50 Ohm output impedance, 1-second integration, O
delay time and 1 Mohm input impedance.

Click on Run Sweep.
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3. 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

4. The sweep will start. The analyzer control
window will not minimize automatically. You
may want to move or minimize it sSo 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.

05/21/19
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Data Set Properties x|
Data Set: I‘I vl

Data gathered by the 3215 System = | ¥ Visible
12:45Pt Monday. July 10, 2006

Save Changes I

Phaze Color | Save az Default |
Gain Color | [ielete |

Output Mode: |2
Input Mode: |1
Scale Factar: |1

:I Gain=20» Inzng.I D[Ulzltil:l *Scale Factor]

Phase

Gain

N -]
o @

1 Frequency ™

MU
| ZJCotie CARORLECRD | |~ tetd i

Ay Lot F1WE |
HRstan [ v, .. & |

Measured transfer function of
low pass R-C filter




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. To start the process, click on the “Error Amps and Circuits” Icon, the one %
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: /@

V001
R101
R121K
C200.1U

_‘_0.1 uf

3. For the record, the first two lines represent a

Error Amplifier Synthesis and Circuit Analysis Menu

fixed VOltage Source Wlth a mag n |tUde Of 1 VOlt Loop Design | Companent Values  Circuit (CKT) Model |c;mw Analysis | Frequency [AC) Data |

and an internal resistance of 1 ohm, connected o
from node 1 (the |nput) tO node O (ground) The Format: Line Number{opt] Component (R CLV.| or G] Mode-From Mode-To Walue—Muliplisk.m.u. tc Jlopt]
third line represents a 1k resistor connected =

C20010

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 O
(ground) with a value of 0.1 microfarads. The
analysis will be done from node 1 to node 2.
The internal resistance of the source does not

o of
matter since it only changes the absolute
magnitude of the voltage on nodes 1 and 2, not the ratio.

4. After entering the above net list, click the button  permr——"
Iabeled “GO to CII’CUIt AnaIySIS Tab”. Select the Loop Design | Component Values | Cicut (CKT) Model - Circut Analyss | Frequency [A0) Data |

desired Max and Min Frequencies (the same
ones you used for the test), the nodes to e [T b

analyze (1 and 2), and Log Sweep at 10 Steps MinFrency [T e

per Decade. When all variables are correctly NedsNungers o g Erange 127)[12

entered, click the “Compute AC analysis from Flmte [T semecon
CKT” button. You will be sent automatically to R
the “Frequency (AC) Data” tab. An ASCII text R

result file will be displayed in Venable Standard I Phase

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

05/21/19
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analyzed. The maximum size is dependent on the available memory in your

computer.

Error Amplifier Synthesis and Circuit Analysis Menu

Loop Designl Eompunent\!aluesl Circuit [CKT]MUdeII Circuit &nalysiz  Frequency [AC] Data |

default AC

Open AC File. .

| Save AC File...

Impart into Graph |

Format: FrequencylHz] Channel Voltagely] Woltage(dB] Phase(deg)

“Drata fram Synthesis / Circuit Analysiz Menu

“07:09PM kanday, July 10, 2006

*Frequency [Hz] Channel or Mode  “altage [Valts]
1.000000e+001 1 1.000000=+000
1.000000e+001 2 9.999802e-001
1.258925e+001 1 9.933333=-001
1.258925e+001 2 9.9393687e-001
1.584893=+001 1 9.933339=-001
1.584893=+001 2 9,939503e-001
1.995262e+001 1 9,933333-001
1.995262e+001 2 9,93921 3=-001
2.511886e+001 1 9,933333-001
2.511886e+001 2 9,938752e-001
3162278e+001 1 9,939936-001
3162278e+001 2 9,938023e-001
398107 2e+001 1 9,939934e-001
398107 2e+001 2 9996867 e-001
5.0711872e+001 1 9,933330e-001
5.0711872e+001 2 9.335036e-001
£.30957 3e+001 1 9.933334-001
£.30957 3e+001 2 99321 35e-001
<

Waltage [dB) Phase [Deq]
-3.430631 e-007 -0.0004
-1.717923e-004 -0.3604
-5.437058e-007 -0.0005
-2, F22633e-004 -0.4537
-8.616840e-007 -0.0006
-4.315038-004 05711
-1.365538e-006 -0.0007
-6.838770e-004 0.7190
-2. 1641 28e-006 -0.0003
-1.083322e-003 -0.9057
-3.429411e-006 -0.0011
-1.717E17e-003 -1.1394
-5.433995e-006 0.0014
-2.721925e-003 -1.4343
-8.609150e-006 0,008
-4 3131 70e-003 -1.8065
-1.363667e-005 -0.0023
-6.833929e-003 22725

il

Click on the “Import into Graph” tab. For
Gain or Impedance Displays, the Data Set
Properties window will open giving you the
choice of output node number, input node
number, and scale factor. Choose Output
Node=2, Input Node=1, and Scale
Factor=1. Once you have selected the
desired variable values, click “Save
Changes” and “Close”. The window will
close and the transfer function of the low-
pass RC filter will be displayed on the
graph.

Data Set Properties
[rata Set: |2 'I

Data from Senthesis & Cincuit
Analysis Menu
12:58PM Monday, July 10, 2006

|=] v Wisible Save Changss |

Phaze Colar | Save az Default |

Gain Caolor | Delete |

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

LI Gan=20+ Iog.I D[E::LDUL:l * Scale Factor]

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
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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
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.

I8/
P Ele Edit tiew Actions Window Help — &) x|
D[] 5[] Sz 15=A] z=|Slm 2]
o 1 (=]
o 2]
50 dE i50ced
40 4B 120 e
£ [T574 K Frequency (He) ‘ ‘ ‘
3005 Gain (dB)
30 dE 4467  Phase [deg] 90 de:
044 Slope [20dB/decads]
Impoit Yalues To Synthesis ‘ ‘ ‘
0B Get Unity Crossing B0l de
10 B 30 de
Q
c ]
i EE Lded (G
(D 2-Phase| ——._.____‘__\ —-_-..._____\ £~
. ™ [a
. T
-10d8 ™~ 30 de
™
-20d8 -B0 de
™
\\\._. \
-30 8 T -0 ce
40 dB -120 degf
5 o
= ol T
o | 8 - v £ - @
O |- = = = = = ~—
1 - - - - - - 1
1 Frequency ™™
For Help, press F1 r
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Toolbars and Drop-Down Menus

File Edit Y“iew Actions ‘Window Help

O 2| E| &|B(@lx]| S| 2|EA] 2|38 2|

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):

1) Add slide bar

2) Add Data Description text box

3) Add Graph Description text box

4) Transfer Function Math Menu

5) Error Amps Synthesis and Circuit Analysis Menu
6) Analyzer Control Menu

7) Help

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:

';ﬂl Yenable Help topics

@ Overview

@ Setting Up the Spstem

Qﬂl Prograrn Menu B ar
@ File Menu
@& Edit Menu
@ Wiew Menu
@ Actionz Menu
@ Window Menu
@ Help Menu

@ Toolbar

@ F.eyboard and Mouse Shartcuts
@ Technical Suppaort

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.

05/21/19
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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
CtrI+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

VI TIOOWr>

05/21/19

24



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.

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

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

3) Citrl+click to select multiple data sets.

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

5) Double click on any point of any data set to open the Data Set Properties window.

6) Double click on an open area of the graph to open the Graph Properties window.

7) 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.
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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.

Circuit
+ |
rer—>(X)—— Under > > Output
N Test Circuit
+ In Out
> Output
T Zin Tzout REF—>®—> _LI_Jggter utpu
AC Test + + T Zin (High) Tzout (Low)
Zout Signal Zin @
l Pl T Ny AC Test +
= l = = = 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.

-_—_——_ - = = — = = — 5

P/S Output

|
I I
P
| ower } ¢ To Load
T / Circuitry | Vi (Output)
I PWM Signal | Modulator
Injection | Modulator Injection
Point—ws| @ —— — — — - - — — = I Point f‘“’lJECtIOn Transformer

@ Signal Injection
@ Resistor %H@ Oscillator
Amplifi
mplifier @ v, (input)

Injection Points Injection Technique
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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 - Z

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 T n Circuit Out Output
REF—>( g F———> Under Output REF ,® > Under >
- Test - Test
A 2in (High) 4 Zout (Low) 1 Zin(ow $ zou (High)
Gain = CH2 / CH1
\_/ P &

+ AC Test Sy
Signal CH2 AC Test
Current

Voltage Mode Injection

Use when Zin >> Zout

Gain = CH2/CH1

This is the normal injection method

Current Mode Injection
Use when Zin << Zout
Gain = CH2/CH1

“Dual” of normal method

05/21/19
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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.

M

LD

Modulator

OQutput

100 Ohm

Feedback
Impedance

Error
Amplifier

Injection
Resistor

] Input
Impedance

Bias
Resistor

(o]

Injection in top of feedback string.

m

L!>

Modulator

Qutput

100 Ohm
Injection
Resistor

Amplifier

Feedback
mpedance

Erro r

Bias
Resistor

[Z- Input
I | Impedance

(o]

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

Output

Modulator

Feedback
Impedance

100 Ohm
Injection
Resistor

Error
Amplifier

Bias
Resistor

|:Z- Input
I | Impedance

[l

Injection between amplifier and modulator.

m

LD

Output

Modulator

5V Ref

Primary Ground

10 Ohm
Injection
Resistor

Secondary 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.

28



N Noise

Filter
L!> /'6'0'6'6\ Output

Modulator
5V Ref 100 Ohm }Ok_ |
Gain = CH2 / CH1 | Typical ypica
' 2 4 — | Load
- " < [ — A
Test TL431 25—
Vref | 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.

05/21/19
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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.

— Modulator

Bode Box Frequency Response Analyzer
Red vzl
Signal Injection § GND
Path Resistor S = é" _OOSC
L o o
T CH1 CH2 CHS3
— Amplifier ¢
[ Blk Banana BNC
L Jacks Connectors

9. Turn your circuit 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 200mVy  W2.00ms CRZ 7 dMV 3 Apr 1898 T Z00mvy  BRE 20.0mVy  W2.00ms CRZ 7 MV 3 Apr 1898

18:00:38 18:05:21
Distorted sine wave indicates overdrive. Undistorted sine wave is desired.

05/21/19

30



11.Open the Venable software and click on the Analyzer Control icon. Set the variables
as desired.

Typical values for models 3215/3225/3235 are:

Start Frequency 10 Hz
Stop Frequency 90 kHz (10-20% less than your switching frequency)

Log Sweep 10 Steps/Decade
AC Volts Out 1
DC Volts Out 0

Input Coupling AC
Integration Time  Slow

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

Typical values for models 350a/350b/220/250 are:

Start Frequency 10 Hz
Stop Frequency 90 kHz (10-20% less than your switching frequency)

Log Sweep 10 Steps/Decade
AC Volts Out 1

DC Volts Out 0

Waveform Sine

Integration Time 1 Sec

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 Off (unchecked)
Max Phase Change Off (unchecked)

Typical values for model 3120 are:

Start Frequency 10 Hz
Stop Frequency 90 kHz (10-20% less than your switching frequency)

Log Sweep 10 Steps/Decade
AC Volts Out 1

DC Volts Out 0

Waveform Sine

Input Coupling AC < 55V
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Integration Time
Delay Time

Servo

AC Out Step Size
Max AC Volts Out
Channel Ratio
Max Gain Change

Medium

0 Sec

Off

10 dB

10 Volts peak
CH2/CH1

Off (unchecked)

Max Phase Change Off (unchecked)

Typical values for model HP3577 are:

Typical values for series 63xx/43xx/51xx/74xx/88xx/350c are:

05/21/19

Start Frequency
Stop Frequency
Log Sweep

AC Volts Out
Waveform
Bandwidth

Delay Time
Averaging

Input Impedance
Attenuation

Servo

AC Out Step Size
Max AC Volts Out
Channel Ratio
Max Gain Change

10 Hz

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

10 Steps/Decade
317 mVrms
Sine

1Hz

Default

Off

1 Meg

20dB

Off

10 dB

1.259 Vrms
CH2/CH1

Off (unchecked)

Max Phase Change Off (unchecked)

Start Frequency
Stop Frequency
Log Sweep

AC Volts Out

DC Volts Out
Waveform

Output Impedance
Integration
Integration Time
Delay Time

Input Impedance
Servo

AC Out Step Size
Max AC Volts Out
Option

Circuit Under Test

10 Hz

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

10 Steps/Decade
1

0

Sine

50 Ohm

Time

1 Sec

0 Sec

1 Mohm

Off

10 dB

10 Volts peak
Off

DC
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Channel Ratio CH2/CH1
Max Gain Change Off (unchecked)
Max Phase Change Off (unchecked)

12.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.
13.1f 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.

14.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 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

3215 Analyzer Control Menu ==l B
Start Fi e [10 = H
e —j : Fun Swesp | Stop Taking Data |
Stop Frequency: |90k %‘ Hz
i LogSweep 10 ;I Steps/Decade Close Frequency: |10 Hz
" Linear Sweep |10 i Frequency Step [Hz] CH1: 15550  “ms
AL Wolts Dut [1 ﬁ AL peak CHz[51.22m  Wims
DC ¥aolts Out [0 £voc 1 DL ¥oltage i |
Ch. | A atio: ICHZ/CH1 'l
Input Coupling: |AC - =i _ 0
Input Type Ch. 1 lm S (Cotizal Gain or Magnitude: [50.3527 4B
Phaze: |139 deg
& Integration Time: | Slaw - ServoOn: [
" Integration Cycles: |1 Channel ICH 7 j i o o e et
. [ Maximunm 3hge belwesn Uata Foints -
Delay Time: (0 Serc AC Vaks In: |—1 T Vims
Communication with Analyzer: AC Out Step Size: 10— 48 ™ Gain or Magritude: 10— dB
Sent AMPLIT 1,FREQUE 10.GAINPE = | ST Fhasze:
Freceived:.00000E1 1. 55540E 4 5.1 Mz ACoks Out: [10 Vpk ||| I Phase: Bl deg
Sent'AMPLIT TFREQUE 10GAINPE =
&l Venable System - [Data3] [_[5]x]
File Edt Wiew Actions Selings Window Help TS|
|z [ele)x| alr| 1ee] =(Hl 2]
o o
© @
2
£ e
= . ©
Data Set Properties | T
Diata Set: |1 vl
Drata gathered by the 3215 System ;l IV Wisible Save Changes I
01:56PM Maonday, July 10, 2008
o U T Phasze Color | Save az Default |
Gain Color | Delete |
3
Output Hode: |2 <
Input Mode; |1 ™
Scale Factar: |1 ||
. Output
Gain =20+l + Scale Factor
LI 91 El[ Inpuat ]

add a slide bar. This is 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
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
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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 Feedback Loop — Digital Method

With the growing use of digital processors to implement the compensation portion of a
feedback loop, the 88xx series of analyzers provides the means to interface to these
processors to extract the error amplifier and modulator generated values from them.
Connection of the generator and the analog channels remains the same as discussed in
the previous section, “Measuring a Feedback Loop Transfer Function” and should
continue to be used as the guide for measuring the analog portions of the feedback
loop. This will be used to measure the total loop response of the feedback loop and
provide the injection signal into the circuit under test.

Analog Power Stage

Connection to a target

processor is done with the
Digital I/0O port using the

vin Power

"| Processing

G(s)

L Filter

cable provided. The Y

connection consists of an 1°C
bus, a sync signal and a o
ground. The connections are

Analog
Inject and
Measure

hd

Sense/Condition

Digital Controller

color coded as follows:

12C Data — Yellow

DPWM

H(z)

I°C Clock — Green

F 3

u h.z) <E—O<~{ AD a4

Sync — Orange/Red
Ground — Black/Grey

Typical Feedback Loop with Digital Controller

A terminal point that is soldered to these signal lines is likely to be needed in order to be
able to attach the Digital I/0O port Minigrabbers to establish the communications

interface.

Source code for the target processor is provided with the applications package to be
compiled in with the manufacturers source code. This code will provide the
communications interface for the analyzer. Refer to the Application Notes provided with

the package for the specifics on use of this
code with your particular processor.

After the processor has been loaded with
the software that includes the Venable
supplement compiled in, and the physical
I/O attachments are made to the target
processor, the measurement of the
feedback loop can be started. The Venable
Stability Analysis software can be opened
on the Windows PC. The Analyzer Control
Menu can be accessed from the menu
ribbon. In the center of the menu is a
pulldown labeled “Option”. By selecting the
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Series doogffeey350c Analyzer Contral Menu

Stant Frequency: [10 HHz

Stop Frequeney: [100k :I He Fun Sweep
@ LogSwesp |20 ~ steps/Decade [ e |
= loze

" Linear Sweep |10 :IFrequency Step [Hz]

ACVohs Out: [1 W peak
1 Turm On DC okage

DC ks 0ut [0 =Jvoc
‘wavaform: | Sine hd
Serva Contral

Output Impedance: |50 - | Ohms

ServaOn: [~

Integration
2 CH 1

Chanrnel
& Cycles

ACvolstn 10 e

1 .
AC Out Step Size: |10 dB
2 MasaCvals Dt 10 vk
Cycles [1 Cyc i
ptian:
Delay Cycles: |0 Cyc

Digital Interface: ON -

High Moise Algarithm: OFF
Sync Output: OFF
Digital Interface: ON

Input Impedance: |1 Meg | Ohme;

Communication with Analyzer wer?

USE connection opened.
Sent:'CLEARCLS!
“Wenable Analyzer found,
Sent'DFRADN

o] ® =]

Take Data at Gtatt Freq

Frequency: Hz
CH1 VRMS
CH2 VRMS
’_

Channel Ratio: |CH1/CH2 =
Gain or Magnitude: dB
Phare: deg

Digital Interface

e YRMS °
u T vaws [

™ Maxe:|0
[~ Maxu |0 Closed

taximum Change B etween Data Paints

™ Gain or Magritude: |10 4B
7 Phase: 20 deg



“Digital Interface” on the Option list, the digital interface on the analyzer can be enabled
or disabled. The status on the option list will indicate the current state of the option in
the analyzer. After the Digital Interface has been turned “ON”, the Digital Interface
status block on the right side of the menu will no longer be grayed out.

If the communications block shows no errors, the “Take Data at Start Freq” can be
initiated. If everything is functioning correctly, there should be valid measurements
showing in the “CH1” and “CH2” data boxes and the “e” and “u” data boxes of the Digital
Interface block. The Digital Interface Block also includes limiting factors for “e and “u”
that can be set by the user to prevent overdriving the digital stage. These settings act as
a servo-type control to reduce injection amplitude if the stated limits are hit and keep us
within the performance constraints of the target processor. Each can be enabled
separately by checking the corresponding check box.

Once you have performed
a sweep of the feedback R R S Filter » Vo FRA
loop, a plot of the digital évz Anaiog

. T nject an
data can be accessed in 5 vi easure
the usual manner through Digtal
the Data Set Properties - P Measure
window associated a h Gy(2) Bﬁ
particular plot. The error
amplifier “e” value is !

U(n) H (Z} o E(n) v
labeled as node 91 and the i A— ) =
Wy n H Oy
modulator value “u” value is t
Sample Serial data

labeled as node 92. Clock

Digitally Controlled Feedback Loop Measurement
Technique
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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 Venable
Analyzers are 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. 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

Transconductance M
output can be biased high and the . Error Amplifier L!>
output of the FRA used directly to Ve
control the operating point. If the . {é + Modulator +
error amplifier has a conventional low ouput) L+
impedance output but has an input i l J

common-mode range at least
eqgual to the voltage swing
needed in the output to control LD

the system, the error amplifier Error Amplifier

can be wired as a buffer follower. ., { winwie g L Hoduaor

If the error amplifier has a Output L+ voltage range

conventional low impedance l l J
output and a relatively narrow Primary Ground
input common-mode voltage 10K
range that does not encompass

m

Secondary Ground

m

the entire output voltage swing j|>

required, the error amplifier can S Any Modulator .
be wired as a gain stage and FRA 2 5y="Amplifier @

there is complete freedom of Output ) L+

operating point. If in doubt, this l I

third method will work in any Primary Ground Sec_:ondary_Ground
situation. The three methods are shown in the nearby figures.
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2. 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
i Output | “
utpu
4L1> 10K J—l> Output
Lab 4 Ny Modulator ﬁgi)ugtupply re + Modulator + Adjust
Power for Desired Potentiometer
Supply J7 l Output Voltage for Desired
Output Voltage
Primary Ground Secondary Ground Primary Ground Secondary Ground
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.

3. 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. Ifitis, 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.)

4. Inthe 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.

5. 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
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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.

This data can then be used to automatically design the error amplifier
compensation for the desired loop bandwidth and phase margin.

[T Ele EM Viow Actors Semngs Wirdow Mep alslx
D@ s[m(e]x] sr o] =loE] 2

o
o @

[

60
-180
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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 [Jorz  CHt and Gz grounds
modulator and measuring the L .
loop is that the simple Bode Box Frequency Response Analyzer
connection where the injection
signal is connected @h\" Injection o
automatically to the FRA inputs o— o

CH1 CH2 CH3

through internal connections in

BNC

the Bode Box injection vt 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 - [Dasta5] [_[5] =] .
PN b £ Yo fudore Solis_ oo e sex The advantage of measuring the
CEL DELE LR LI D modulator transfer function while the

[=]
@ =3
-

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.

Gain
Phase

=1
©

-180

Servo Control Recommended
— Freauency _' __ The Servo Control dynamically

—  changes the AC Volts Out to keep an
input channel at a fixed voltage while the analyzer takes data. The Servo Control
compares the input voltage on the monitored channel to the AC Volts In and changes
the AC Volts Out until they are equal. It changes the AC Volts Out by a maximum of AC
Out Step Size. This feature is helpful in preventing the analyzer oscillator from
overdriving the circuit past Max AC Volts Out during a sweep. The recommendation is
to set Servo on the output channel (typically channel 2) at 20 mV to 30 mV and Max AC
Volts Out to your circuit limits below the maximum output of 10 Vpk.
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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. With the modulator (also called plant or SEEie e amem—"
control-to-output) transfer function %ﬂg@wmg - .
displayed as a gain-phase graph and rA -
selected, click the Slide Bar icon or et ottt
right-click anywhere on the open graph
and click “Add Slide Bar”. Note that i N R IR

Phase

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 |*® —— —
option is not available if more than one ) o
data set is selected since the Slide Bar is keyed to a particular data set.

-180

2.  When the Slide Bar is added to the e G o e et e P
modulator transfer function data set, ~——— - -
click and hold it with the left mouse p— .

button then move it to the desired loop
bandwidth. In choosing loop
bandwidth, remember that the response | _[=r IR
time of a system to a transient is
approximately the reciprocal of the loop
bandwidth. Also remember that the
theoretical bandwidth limit of a
switching or sampled data system is
half the switching or sampled data rate.
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.

1

?

=180

Frequency 100 k

UM

3. After choosing the desired loop bandwidth and Ry
moving the Slide Bar to that frequency, Note | e m——
that the text box associated with the slide bar | e ]
has a button labeled “Import to Analog e =
Synthesis”. Click that button. This will open e e T B
the “Error Amplifier Synthesis and Circuit N
Analysis Menu” window and transfer the loop e, [T St oo
crossover frequency to that window together R ¢
with the modulator gain and phase e || T e
measurements at that frequency. -
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b)

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 vref  Ci Vin vief  Cl
El Rt
Wout
R&
RS
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.

Win vref 1 v
ref cl
— Vin —
B2 CZ2 Bz CZF
R1 Rt % e Bd<,
= Vout Rl - Vot
+ +

ik T

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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f)

o))

h)
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Rz 2
E1 F4 ] E1 B4
Vout Wout

Rz
R5§
CE
L

Regular Transconductance

o
a2}
A
pea
(4]
N
.
o
[ar]
A
;
]

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 the Component Values tab,
first check the “Error messages”
text box to see if anything
needs fixing. If not, choose the
preferred tolerances for
components in your company,
then click the “Round off
Component Values” button to
round off the values to the
nearest standard value for the
specified tolerance. We do not
use the tolerance in
calculations, so you can enter a

Ewor Amplifier Synthesis and Circuit Analysis Menu

Loop Desigh  Component Values Eircuil[EKT]Mﬂde\Ichu\tAnalysis Frequen:y[AE]Dalal

Make CKT madel om component walues

A |10k Ohms

o [18K s Cl |s80p F vin vref  Cl1
R3 [23k Ohms 02 230 ¥

R4 [15K T

RE |15k Ohms E4| 7

RE [30k Ohms

S First b (4019 k
Automatically round off Phase boost [75.7 Dea I EER & Hz
component values when — Second zera at|0.439 k Hz
they are calculated #ctual phase margin |80 Deg
. T First pole &t |17.02 k Hz
{ Round off companent values Figure of merit |9.526 k Hz
Second pole atf21.92 k Hz
Resistor Tolerances: lﬂ Error Messages:
. % —
Capacitor Talerances: lﬂ I j

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.

This will send you to the
“Circuit (CKT) Model” tab
and display a SPICE-like
net list of the model of the
compensation amplifier.

Emor Amplifier Synthesis and Circuit Analysis Menu B

Loop Design' Component ¥alugs  Circuit [CKT] Model |Circuwt Anal}lsisl Frequency [4C] Datal

defauk.CKT
Go to Circuit Analysis Tab |

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

Open CET File... | Save CKT File.. |

[ twpe 3 Amplifier, regular topology E
See the schematics and et g e A
models below for §1 ?10031110000
reference. This net list can Pe 3 0
be edited. Components Ei%g%:sssgm
can be added or removed C2 2 5 226009
or their types, values or e
connections changed. The  [%5' 00
one thing that cannot be
done is that a node cannot B _»|J

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 amplifiers, non-inverting amplifiers, and amplifiers where

the input voltage and reference voltage have different polarities.

c1
Vref C|:|1 i}
1l
R4 LA 3 Py
Vin R1 V () _
o—AN % _Sut (Fime ) §R6 e (Line 9) I
RG R5 (Line 1) R4 R5

5

Type 1 Amplifier Schematic

V C1 T
ref | - ”5 -
R2 C2 —AN—0—] I?

—\/ \,—| 1 R1 2
R4 = % 4AY, 0

Vi R1 () "

Cl)n - Vout R (v) tine 11)
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Type 2 Amplifier SPICE Model

Vref C|:|‘I C3 g R3 -~ Hs p
C3 R3S R2 G2 —\\—0———
RO 2
F rRa< NV 3 AR, 2
Vin R1 V () "
out )
o - R (V) tine 13)
I\/\/ }_O (Line 2) § R6 4(+) 1
R6 R5 (Line 1) Ra R5
0

Type 3 Amplifier Schematic

05/21/19

45

Type 3 Amplifier SPICE Model



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 Emar Amplifier Synthesis and Circuit Analysis Menu [X]
to save data for (you can Loop Design | Component Values | Cireuit [CKT] Model - Circuit Analysis | Frequency (AC Data |
save all of them if you want
to), whether you want a log or
linear sweep and what the Men Frequency [IOR He
resolution of the sweep is, MinFreauency [0 He
and finally whether or not you
want to activate the feature

Compute AC analysiz from CKT |

Mode Mumbers to Analyze (Example: 1.27) (1.2

we formerly called “Max Delta & logsnesp [0 sieps/Decade
Gain/Max Delta Phase”. This L e
feature measures the change Mast Change Betwesn Daia Poin

in gain and phase from one ™ GainorMagriude PO o
analysis point to the next, and I Phase EE

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.

Error Amplifier Synthesis and Circuit Analyzis Menu

9. When the parameters of the

Loop Desigh ComponentVaIuesl Circuit [CKT]Modell Circuit &nalysis  Frequency [AC) Data I

anaIySIS are setto your defaul AT
I’eqt,IIrementS, C“Ck the button Open AC File.. | Save AC File... | Impart inta Graph |
Iabeled “Compute AC analySIS Format: Frequency(Hz] Channel YoltagelV) Yollage(dB] Phase(deg)
” ; H typs 3 Ampliier, regular topok <
from CKT". This will take you e i S bz
. * ph jn 60 d
tO the flnal tab, “Freq Uency "[?at?:ﬁnrgﬁarsgﬁthesisa Circuit Analysis Menu
AC) Data”. A briefd inti oo G dontee 0 Sewaserns  n0m3
. I+ . - o (=3 -l
( ) ata . rner aescription 1.000000e+007 2 B 495076+ 002  G4B00Ge+001  94.38%9%
P ; 12669250001 1 9999005e001  -B.645150e-004 00003
of the origin of the data will be 1M 2 1B GIAR00  SLETE
. . 1584395001 1 99990042001 -BE53276eO04 00002
at the tOp of the text dISp|ay N Teadpenm 2 IITNBII0? OO0l 25514
- ing with * (asterisk).  [Roes | Smr joks
X e+ : 2+ X 2+ .
lines Startmg with (aStenS ) 251198624001 1 9999002001 -BE61E75e004 00001
; ; 2511926001 2 21928214002 4682006e+001 921454
Following the comment lines, UEedn 1 Gl bodeds oo
. . . 1162278e+001 2 17421234002 44821504001 919238
the data will be dlsplayed In JagT0rzesil 1 9399002001 -BEES0ESe004 00001
1981072e+001 2 13000926002 42002674001 916037
E011872e+001 1 9999002001 -BEEE37e004 00001
Venable Standard Format soNaTem 2 109894002 4CR2IesOD 31775 _ILI
which is 5 columns: L -

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. After clicking OK, the

X P File Edt Miew Actions Settings Window Help =]
setup menu will clear  pisia| =lelx| sl == =ols 2]
and you will see the 3 T 8
graph with the e = T
amplifier transfer e ot \‘* .LHLL
function gain and i - = caulll i
phase superimposed ™ - :H
on the original st T 1]
modulator transfer 3 N Tl 8
function. At the ® foa T s il 2
desired loop e N ™~ L
crossover frequency, e T01% Fomenctil N RN
the amplifier gain L e T TN
should be as far _Impottlies ToSyness | o
above (or below) the |g} liE g
0 dB gain axis as the 10 Frequency 100 k
modulator gain is ForHelp,press F1 T T

below (or above).
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Generating Digital Coefficients from the Modulator Transfer Function

Once you have measured (or modeled) the modulator transfer function, you can have
the Venable System software generate the coefficients for the target processor to define
the compensation for your desired loop. Here are the steps:

1. With the modulator (also called
plant or 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 option
is not available if more than one

P TESTING: Verable Sesbiliny Anabysis - [GainZver]
TR Fle ot Veew Adens  Windew Help

S| X SAI0FA DD .

180

Gain
.I

]

]

»
Phase

¢
180

For Heip, preis FI

10 Frequency 100k

data set is selected since the Slide Bar is keyed to a particular data set.

2. When the Slide Bar is added to the modulator transfer function data set, click and
hold it with the left mouse 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 bandwidth limit of a switching data system is half the switching rate. 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 frequency.

3. After choosing the desired loop
bandwidth and moving the Slide
Bar to that frequency, note that
the text box associated with the
slide bar has a button labeled
“Import to Digital Synthesis”. Click
that button. This will open the
“Digital Compensator Synthesis
and Analysis Menu” window and
transfer the loop crossover
frequency to that window together
with the modulator gain and phase
measurements at that frequency.

05/21/19

Digital Compensator Synthesis and Analysis Menu

Loap Design | Compensator Analysis | Frequency [AC] Data |

Desired crossover freq: l4.42k Hz
Desired phase margin: 108.4 *

Controlto-output [modulator]

Gain @ crossover freg: 'W dB
Phase @ crogsover freq: ’W *
Compenzator iz inverting [v
Sampling period: |3.333 s
Input Yoltage '3— Yoo
Feedback Voltage [15 WD

Target Selection

TI F2808 | Compensatar Analysis

I Scale Coefficients

Compensator coefficients

Stage 1 oo 2
m Coeflicients 'm
Zeot: [1318k b0 [333m [
0 efizem |
Pole1: [1084%k b2:| 3221 m
e
al: ’1— Custom:
’U— al: IW ’EI—
’D— aZ ’m ,07
E = |0—

Errar Messages:
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b)

f)

9)

h)

05/21/19

In the Digital Compensator Synthesis and Analysis Menu window there are a
number of choices to make:

Phase margin — We recommend 60 degrees as a good starting point.

“Compensator 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.

Sampling Period — The sampling time of the PWM generator in the target processor
is set in this box. It is the inverse of the processors PWM sampling frequency. This
will also be the bandwidth constraint of the feedback loop circuit.

Input Voltage — This is the output voltage of the modulator or plant (which becomes
the input voltage to the feedback divider).

Feedback Voltage — This is the voltage at the input of the ADC in the compensation
processor.

Target Selection — This list will be populated with all supported processors that are
licensed by Venable. The selection choice will control the algorithms that generate
the coefficients in the Compensator Coefficients section of the menu.

“Scale Coefficients” check box — This check box will adjust the coefficients into the
actual values to be coded into the target processors software. If PID is the selected
stage 1 setting, then the PID coefficients will be rescaled instead of the primary
coefficients. If left unchecked, raw algorithm coefficients are generated.

Stage 1 Compensator Type — Type 1 is a simple integrator, type 2 has a single zero-
pole pair, and type 3 has two zero-pole pair. A PID is a compensator that has two
zeros and no poles. It will generally be couple with a second stage pole filter. If the
modulator transfer function is flat at the chosen crossover frequency, choose type 1.

GAIN PHASE GAIN PHASE GAIN PHASE

(dB) (deg) (dB) (deg) {dB) (deg)
N‘
0

PHASE

Type 1 Type 2 Type 3
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LOG
GAIN

T portion . If the modulator transfer function is falling at a -20
" ; P:m"’" \ dB/decade slope at the chosen crossover frequency,
il s ChoOSe type 2. If the modulator transfer function is
' falling at a -40 dB/decade slope at the chosen
1 —taa  crossover frequency, choose type 3. The error

S o g message box will tell you if you chose an
e pemnt unachievable combination.
PID

i) Stage 2 Type — This allows selection of a second stage filter for those processors
that utilize them. Generally, this will consist of either a 1% order Low Pass Filter or
2" order Low Pass Filter. The cutoff frequencies for these settings can be input for
the poles. A “Custom” mode also is included with parameters set in the Custom
parameters section. Refer to the Application Notes for your specific processor if you
need to use the custom mode.

| i G Stiess ciel At R @f
5. After you have entered in all the Loop Desgn  Compensator Anabss | Feguency (4C) Dete |
design values and choices, click
the “Compensator Analysis” [ Gt |
button. This will send you to the M Fecusrcy 005 e
next (Compensator Analysis) tab. MinFreaueney 10 e

6. The Compensator Analysis tab is
% Log Sweep ’mi Steps/Decads

Where you Set up the parameters " Linear Sweep ’F Frequency Step (Hz)
of the AC analysis of the
computed coefficients. Choose e e
the maximum and minimum _— .
frequency for the analysis sweep,
whether you want a log or linear

Max Change Between Data Paints

sweep and what the resolution of
the sweep is, and finally whether or not you want to activate the feature we formerly
called “Max Delta Gain/Max Delta Phase”. This feature measures the change in
gain and phase from one analysis point to the next, and 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.
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7. When the parameters of the analysis are set to your requirements, click the button

labeled “Compute AC analysis”.
This will take you to the final tab,
“Frequency (AC) Data”. A brief
description of the origin of the
data will be at the top of the text
display in lines starting with *
(asterisk). Following the
comment lines, the data 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.

Digital Compensator Synthesis and &nalysis Menu

.LUDD Design | Compensator fnalysis  Frequency [AC) Data |

default AC

Import inta Graph

Open AC File... | Save AC File... |

Foimat: FrequencyHz) Channel VoltagelV) Voltage[dB] Phase(dedq)

tppe 2 Amplifier, regular topalogy
*inverting, crossover at 1.442e+004 Hz
* phaze margin 108.4 deg
“Data from Synthesis / Compensatar Analysis Menu
“10:534M Wednesday, March 26, 2014
“Frequency Hz) Channel or Mode  “Woltage [Valt] “Wolage [dB) Phaze [Deg)
“Data from Synthesis # Compensatar Analysis Menu
"10:554M Wednesday, March 26, 2014
“Frequency Hz) Channel or Mode  “Woltage [Valt] “Wolage [dB) Phaze [Deg)
1.000000e-+001 1 1.000000e+000  0.000000=+000  0.0000
7.000000e+001 2 1.847284e+002 1.043777e+002 269.8520
1.268925e+001 1 1.000000e+000  0.000000=+000  0.0000
1.268325e+001 2 14673524002  9.977260e+001 2688137
1.584893=+001 1 1.000000e+000 0.000000e+000 0.0000
1.6848093e+001 2 1.160563e+002  9.516749e+001 268.7655
1.995262e+001 1 1.000000e+000  0.000000=+000  0.0000
1.995262e+001 2 9.258443e+001 9.056242e+001 269.7048
2.511886e+001 1 1.000000e+000  0.000000e+000  0.0000
2.611886e+001 2 7.3543012+001 8.695741 e+001 2686283
3162278e+001 1 1.000000e+000 0.000000e+000 0.0000
316227 8e+001 2 5.841802e+0M £.13524%+001 -263.5321

m

==

8. 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.

TESTING: Venable Stability Analysis - [Gain2uven]
File Edit View Acions Window Help

DS s aBaX|ar|2EA|XBH@.

9. After clicking OK, the

setup menu will clear
and you will see the
graph with the
compensator transfer
function gain and
phase superimposed
on the original

o
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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.

05/21/19

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 o
the left operand to the number corresponding to one data set and the :I: e
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 :g‘lpﬁ I [ ;"lPhE
limitations of the op-amp selected. If you — & Wi -

don’t round off the component values and you . outle
do set the gain and bandwidth of the op-am Singls Loop

oh valu gl come
at high values, the actual and desired values -~ Dossdto —
will be identical. In real life, however, you -~ AaaaTme [ Lo |

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.

&Y Venable System - [AmpPlot. YEN] HEE
m File Edit View Action: Settings ‘Window Help 18] x|
D=\ #[=ex| s =E wlBE= 2]
8 3-Gain El [ 1]2] 8
- 160 [e
=iy - T =
) . - Tml T
40 4B [ ,/ \-\ 120 ]e_
e e
e -"'b-. -._‘__,...-—-/ "ﬂml..'__!
3-Phase : | | L
ﬁ__r_,==_-—h-
l_.“_|--“- a0 [=o
LIl
20 dB ™ 60 |-
L i
=0
108 . k'--"‘-"‘--. [ J{L]
1-Gain 1 ag)
] T ] @
R P i | o a3
M [1-Phaze} o | -
U] _“"- M I
g — e |
il 2 Description: \ T
Drata generated by File ath \ \ |1l
-2 |05:19PM Woednesday, dpl 22, 1998 [y 60 (2o
N ™ 1]
Predicted overall loop plat bazed on \ B0 129
|- | measured modulatar ransfer function e
and modeled amplifier transfer function. ""‘--...__‘ ']ln |
4 1 oop bandwidth 9.035 kHz 3 Slids Bar: 1 B E
IS. k I 02k =
Phase margin 5855 degrees FrPTquenc_l,l H2] FrPTquenc_l,l H2] ]
= B0.01 m Gain [dB] —— -29B6  Gain [dE) o
O | |Gain margin 29.65 dB o B3.55 Phase [deg]_ < 2987  Phase [deg]_ @O
G-ID E - —— - = 116 Slope of Gain = 0,961  Slope of Gain b
10 Frequency 100 k
Far Help, press F1 MM
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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.

& ¥enable System - [Modulatortest.ven] == x|
PN File Edit View Actions Window Help _ =] x|

SR NEETN ]

Modulator Gain - Demo Buck Convertor
| — in - [ o
@ Gain : 1 el
= Phase : 1 50% Load A
TTTT
40 B 120 deg
30 o8 o0 da
20 4B ‘BD‘ T
10 4B, — a0 da
[ el
c ™ ‘ ‘ a
= |oee 0 de %
© TPh
& — &
™ 0O
\\
-10 4B ™ -30 de
20 dB; -6l ey
~ ]
L
30 48, s 90 de
] Il
SRS 120 d
100 Frequency (Hz) D ata gathered by the Venable 350 =
1202  Gain(dB) System
181 Phage [deg) o |UE:25PM Tuesday, January 18, 2000 o £ (e ]
|00z SopcE0diierare) | |- = Mosuistor G Dimo Buck Converter = = @
[{e] Import Yalues Ta Sunthesis = =] =] =} = —
T — = = — 1
1 Frequency 1M
For Help, press F1 [ om

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 O 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. These files are installed in
“C:\Program Files\Venable Instruments\Venable Software\Matlab m-files” for 32 bit
Windows and they are installed in “C:\Program Files (x86)\Venable Instruments\Venable
Software\Matlab m-files” for 64 bit Windows. In Windows 7, normal users cannot enter
into Program Files. You can open a file explorer window to this directory from the
Venable Software’s menu item “Help>>Matlab m-files”.

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 Instruments\Venable Software\Matlab
m-files” directory the current directory. For Matlab 5,use the CD command to
change the current directory i.e. cd 'C:\Program Files\Venable
Instruments\Venable Software\\Matlab m-files '. 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.

Gain4d.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:

Gaind.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 X
Please uze the slide bar ta determine the quality of
the jpa file.

Lowest f 1 ' Highest

Cancel |

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.

Mail as x|

“what format would you like to gend the plot as?

" Yen File

QK I Cancel |

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.

05/21/19

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”)

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 a sub-folder of the program
installation directory. Use the menu item, Help -> “Matlab m-files”, to open up a
Windows Explorer window to the folder containing these files. 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 Instruments\Venable Software” directory
as the current directory, retrieves the tab-delimited text file name and calls the
Vendlmread.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 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

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

05/21/19

65



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 Ctrl-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
Instruments\Venable Software” 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.

05/21/19 6 6



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 or 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 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-10 Input/Output High power injection transformer for

10Z-50 Impedance injecting up to 300 watts of AC power into

10Z-100 Measurement Test | lines carrying DC current of up to 50 or 100

Set.
Also used for
conducted

susceptibility testing.

amps depending on model selected.
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Calibration of Oscilloscope Probes for Flat Frequency Response

To read voltages higher than the hardware limits listed below or to minimize probe
loading on a sensitive part of a circuit, you can use ordinary attenuating oscilloscope
probes on the FRA inputs.

Model Voltage Limit
3215/3225/3235 10 Vpk
350a/350b/250/220 300/300/15.0 Vpk
HP3577 25 Vpk

3120 500 Vpk
43xx/63xx/74xx/88xx/350c | 500 Vpk

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 havetobe 10X Voltage Probe  FRA or Oscilloscope Inpu
“calibrated”. As with a scope, the term “calibration” ! (Adjust for flat response)|

means adjusting the variable capacitor that is in ~5:5 pF :

. . . .- Probe :

parallel with the series resistor so that the capacitive tp A :

divider ratio is the same as the resistive divider ratio. oM j_ oo
The inputs of the FRA have a capacitance of about  Ground | ; P
50 pF, slightly more than most oscilloscopes, sothe i ...

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
the input channel you plan to use it on,

Frequency Response Analyzer

CH2 Voltage Probg

then connect another BNC-Minigrabber 0SC__ BNCtoClip|
cable to another input channel. If you i1 encoc ©SC
plan to use more than one probe, ) o

CH1 CH2 CH3

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

3215 Analyzer Control Menu M= E
Stat Freguency m_i e Run Sweep | Take Data at Start Freq |
Connect all the grounds together and StonFreauerey [100F 11z = L
connect both the red Minigrabbers to the L e )
i i ACVolts Out [1.414 ;VAC ek cHz [ vms
probe tip. For example_ purposes, we V\_/|II . o 1 -
assume that the probe is on channel 2 input ot oo ] Tunmeceay | [ —
.. . nput Coupling A
and the Minigrabbers are on the oscillator s e 1: i =] | [ SeveCanid | Benragre ;
. ) ase: eq
output and channel 1 input.  Imegaton Time: [sow =] || el
€ Integiation Cycles l— Chennet Im o o o o
Delay Time: AT Yols I WVlms aximurn Change Between Data Points
Communication with Analyzer AC Ouk Step Size: I— ™ Gain or Magritude: [7 l—
05/21/19 70 il Max AC Valts Dut I I Phase: |2—
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Open the Venable System software and open a new Gain and Phase plot. Click the
Analyzer Control icon to open the Analyzer Control menu. Set the sweep from 10 Hz to
100 kHz, log sweep at 10 steps /decade. The voltage is not critical.

You may want to set the HP3577 analyzer to a 100.2 mVrms sine wave, otherwise the
unattenuated input will overload. The attenuated input channel will read 10 mVrms in
the data box in the upper-right corner of the Analyzer Control window.

You may want to set the other analyzers (except 220) to a 1.414 volt sine wave
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. The AC Volts
Out for the Model 220 is already in Vrms.

When the sweep parameters are set, click the g

“Take Data at Start Freq” button and let the Dlslnl sl il ool o] siolal 2] T
analyzer take two or three readings. Check 8= o

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 ™
data in real time. If the probe is not calibrated ——
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.

I
o4

-10

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 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.
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Turn the adjustment screw on the probe to set the phase as close to zero as possible.
Zeroing the phase at the corner frequency automatically flattens the gain curve. If you
want, you can do another sweep from 10 Hz to 100 kHz to check your handiwork.

il Yenable System - [Datad]

CH Fle Edk View fctioms Selings ‘Wirdow Heb

E . el Transfer function of calibrated probe.

;“ e saNanY - The gain and phase deviations at 1 kHz

" are minimized. Note the narrow gain
and phase ranges of the graph.

Gain

a
EIEEm ]
=T \ T
'3
o
o w
10 Frequency 1M

JEAR [HUM [
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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
————————————
R
| Error AN Clj\rr:]e%tor
| Amplifier O Ground
1|
T = Comparator
< R
***** Teomp i N
i .
P R2S $ R3
TL431 /X
| Noise T
T Filter i .
YV 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 5V 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 — 2 x GAIN1x GAIN2
1- GAIN1x GAIN2

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 GAINZ2 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 ey — =
at the top of R2. This is actual test data froma5V |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.

The figure to the right is the “fast” loop measured at 5= i e o g
the top of R1. This is also actual test data from the | 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 “ Z \ N
loop has a bandwidth of 6 kHz with about 90 -

degrees of phase margin. . \ .

[ TGP W

This is the “Do Math on Data” window. To use this MathiOpbonallolGaiER aseDat2 ]

window, first display both the “slow” loop and the e e s o
“fast” loop on the same graph. If you take the data on |7 ==l Lo e

" Multiply
one loop and then the other, they will both be on the
same graph. If not, you can do a cut and paste.

g
© Clcedtoop
Closed to |
i (Tigem L Lancel
Add a Time
» Dielay [uSec)

[ Vorsbds Sysiem - D ata]

This is a graph with both the “slow” and “fast” loops s — oo
displayed, together with the results from the Double —~Z=f-t==ad=o0 Y
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.

Gain

=180

M
[ TGP W
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[l Veruabie Sirviem - [Dated]
i bR Yo ponoes Geme Yeds fiet alolx

The graph at right is the total 5 V loop displayed 28w ves o

as a separate graph by copying the Data Set 8 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 o e ™
with the “slow” 12 V loop. o o

Phase

60
=180
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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 IOOp 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 of T —>

as a piece of the D1

loop is arbitrary, C3 cC4 RL
but it is helpful . I I Load
to break it up Comparator = = = =

conveniently

into the smallest Dri Q1
. river

functional blocks

that can be

measured and C2 R3
analyzed. One Control l
thing not shown Voltage
on the above +5V %
: : C1
R5

diagram is the Y (@o\) l/o@pto § o
signal injection PO :
point. A typical ,\R/1\/ Transistor [} ™ g'or‘::nt
VY . Current " K- u
Injection point ;1 w ¥
would be in the o ~4...., Optocoupler i~ C5  R®
trace where the + — |\/\—
filtered output Error + TL431 Z~

. Amplifier  _L_ R4
voltage ties to =25V R8
R5 and R7, but 1
you can inject 4 = =
anywhere. The Primary Ground Secondary Ground

FRA inputs are
connected to the input and output of the gain block being tested.
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The six pieces of the loop are:

1)

2)

3)

4)

5)

6)

05/21/19

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 opto-coupler diode. The input is the DC
output voltage of the power supply and the output is the current in the opto-coupler
diode. This current can be measured with a current probe or by analyzer specific
techniques.

For models with floating inputs, such as the 350a/350b/220/250, 3120, 350c, 63xX,
74xx and 88xx analyzers, you can measure the voltage directly across R5, taking
advantage of the fact that the input channel returns of the Venable Models float.

For models 3215/3225/3235 you can measure the voltage directly across R5 using
channel 1 configured as a differential channel as long as the voltage doesn’'t exceed
30 V on either input.

The input channel returns of the HP3577 and 43xx series analyzers are at ground so
the voltage across R5 can’t be directly measured with this analyzer unless you use
differential amplifier or probe connected to the input.

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. Itis 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
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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 analyzers (except the HP3577) and

measure current by measuring the voltage N\ +

across the resistor in series with the component @

under test. For the HP3577, you can use a 100 Ohms

differential amp or an analyzer with floating AN —Y

inputs to measure current by measuring the Current +<—
voltage across the resistor in series with the +  Sensing +
component under test. There is about 200 pF of ~> Resistor Component @9
stray capacitance from return to chassis and L scilator Jncer

about 50 pF of capacitance from input to return Output

of the analyzer inputs. For this reason, we +—

usually connect the current measuring channel
(CH1) “backward”, so the return is connected to the oscillator output as shown in the
figure. This minimizes the parasitic 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 the value with a good ohmmeter
before you start or use a resistor with a tight St gi: Fungies T
tolerance. By S oo B RS
ACohs Out: [TD =lyaC peak cHz [a0Te vims
Connect the oscillator output, channel 1 input, prmasl S 1 Lo et [ ]
and channel 2 input as shown in the figure N | o i
above or connect the RLC test fixture to the FUTE 0 e | [ =
DelagTime: [T See -Awoltm T |- Masinnumm Change Betwesn Data Points
e Tl e
05/21/19 80 Sent AMPLIT,10FREQUE,10,GAINF =




analyzer. Open the Venable System software and click on the Analyzer Control icon to
open the Analyzer Control window. Adjust the settings to match the sample screen on
the previous page. We used the maximum output voltage (10 V peak for Venable
models) to get the best accuracy and Medium integration time for the best speed
(100ms for 350a/350b/220/250 or AutoBandwidth for HP3577). 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 Freqg.” button. When the analyzer has taken a few data points,
click the “Run Sweep” button.

A window will pop up displaying the DataSet Properties
Output Node, Input Node, and Scale Dataset [1 [ _ oo |
Factor. If you made the same Data gathered by the Venable 350 <] IV Visible Save Changes |
connections as the test setup schematic R Phase Color | _Save as Defaul |
on the previous page or are using the 20 Tugetsos Eoler [T Dele |
RLC test fixture, Output Node will be 2, Voltage Node: [2
Input Node will be 1 (both default CurentNode: [T
values), but the Scale Factor has to be Seale Factor: [100
changed to match the value of the | mpedance = {2182 s Scale 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.

i\‘\'enahle System - [Datad] mEE
The graph does not Eile Edit Wiew Actions Settings Window Help =]
automatically autoscale Dics|@| & [=|e]x] Sl sl 2|
except for sweeping S = B "~ e 8
beyond the current graph L
e [83k Frequency Hz 364 Phase (deg)
frequency limit. When the G445 gt O 6536 m Resitance (Ohns)
. .1 m Phase [deg) 93n Inductance [Henriss)
Sweef] IS Cor{r‘]p'ete’ lyou ), 7
Can C ange e Sca e Equivalent Circuit:
manually by double- 8
. . c [
clicking on any open area |2 / &
of the graph, entering the | £ .
desired minimum and
maximum values, and
then clicking OK. You o R~
. . requency [Hz
can autoscale by clicking 7655 npacaco O
11 ” - a.sa =0
the “Autoscale” box and | 2 B, 2
10 Frequency 22M
T
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then clicking OK. In the example shown, we were testing an aluminum electrolytic
capacitor with a rated voltage of 35 VDC and a hominal capacitance value of 200 puF.
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.

7 yracm e yrazm racn TETT yrcus |
= PEERTEY SRR SEEFIS L " 55
= ) 2
-— ' % =] =] =
oA o - v
Open circuit parasitic impedance.
P P H Itiz equivalent to 1 mega-ohm
o ; 4 in parallel with 55 pico- farads _I
T il -
T = o
e T 1T 1 \4{\\ }-.I
! i Q@
b 4 Z P I £ r
=
S0k ohm,
- et an 4 i
g T \4{\\ }\I 1 }\I 1 _i_ }\I 1 \4{\\ }\I
g 7% g gl =] nig
¥
g,z i . # P2
10 k Ohm: 8! s/
T i T
H . 2 | Lol M H
i T
3 i = g g et
o ) et £
ra T r T L
= | : S\ : : :
- E = = = = =
10 Frequency 10M
- R < T T T o £ - P |
< SR SRR R
" <
o ] = " E
VSN | o @
1 |Short circuit parasitic impedance. Al A 1] 1] L]
Itiz equivalent to 400 micro-ohms
100 m o in series with 30 nano-henries
I B = i 1 # r
Y 1T i 1T i T
TR 1 T 1 N Ay
E: ] ] N N
T
bt i Z 2 1 1 i
=
® |10 mdh A
= beH = = &
@ T e i 1T Y i 1T 1T Y N M|
o = I T. I T I T I
E - - - - bt
s o ; ot F1 ot
1. mih
reay - = = r
T I N 1T Y i BT i Tl s, 1T kM
T I ] EE Rl N I I
A b o - 5
1-Imp
3 o
o [ i s o B« R
- E = — = = —
1

0 Frequency 10M
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The graph below shows the [ T ey |

result of using “Do Math on

Data” to subtract the Left Operand——— [~ Action Right Operand
parasitic short circuit € DataSet [1 | C add @ Dataget 2
impedance from the © Scalar |1  Sublract  Scalag: [l
capacitor impedance test " Multiply

data. The impedance is too " Diyide

far below the open circuit " Add in Parallel

impedance to require " Subtract in Parallel

compensation for open ¢~ Add a Capacitor
circuit parasitics. The true in Series (uF)

inductance of the capacitor . idpda?a'ﬁ;p[ﬂ,'ﬁ']m' ﬂl
can be seen in the text box ~ Add an Inductar

near the slide bar to be in Series [mH]

59.21 nH instead of the 93 iy (I e Ve

i Parallel [mH]

nH we measured without
correcting for short circuit
parasitic impedance.

&% Yenable System - [Data3] T[]
m File Edit Yiew Achionz Settings Window Help _|5’|5|
D= &[=la)x] S|kl 2[E =B 2
s B AR A 2 Clid=Dar ) o
=G - - i “[ousm H =
7 This graphs shows the capacitor impedance 7 : ez il
test data superimpazed an the short circuit G? A7E. ¥ m Impedance [Ohms)
’Q ?ﬁ impedance data. "Dao Math on Data'" was ‘x" 8215  Phase [deq)
E then used to subtract the parasitic impedance ] 51.43 m Resistance [Dhms)
4 from the test data, The result iz highlighted. F9.21n Inductance [Henries] )
10 Ohm n L — P
. o VI% H’I
- " P PR Pt [
7 - . e »
% » 5l [ Ld ¥ i
- I
17
: LR e %
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B e o N ] o
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= [~ = g — [ = ZImp = =] » ‘T
10 Frequency 22M
Analyzer Contr... [SI=] B3 WM
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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 ALl SR Rk
difference is with an example. gt‘iqy ]EM ?:2 un Swesp |
y op Frequency: i Hz
Let S Say we Want to measure a & Log Sweep 10 % Steps/Decade Claze Frequency: 10 Hz
10 pF capacitor. This is a lot € Linearsweep [T =] Freauency Step [H2) CH: [EB27m  vims
H™ AC Valts Out: |10 WAL peak CH2: [6.E93 Wims
Sma”er than the paraSItIC DC Yalts Out: |0 = 1 e altage 1= |
capacitance of approximately 60 e lﬁ Charnel Rt [crz7cr1 =]
nput Coupling: 7
pF for an Analyzer (30pF for the lnpufTwe - 3] Sl | (e 07 @
. - : Phase: |-173.537 deg
HP3577) and the impedance of & tegraton Time: [Medum =] || Sewodn
a 10 pF capacitor is greater than | € integaton Cycles: [ Chegrst [T =
.y . Delay Time:lﬂ— . = : — Maximurm Change Between Data Pointz —
the parasitic resistance of 1 ACYoksn: [T yims
. Communication with &nalyzer: AC Out Step Size |10 4 [~ Gainor Magritude: [70 . dB
mega ohm for all frequenC|es Sent BMPLIT,IDFREQUE 10:GAINF = | o N [ Phase: S —
Received1.00000E 1,6.52651E-2.6.€ Mas AC Volis Dut: [10 Vpk L el deg
below 16 kHz. To do the test, SentAMPLIT,10,FREQUE 10GAINF =

first connect the 10 pF capacitor
as the “Component 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 i) {1l siol 172] sl 3]

frequency plot of the 10 pF = =

capacitor together with the e =

parallel parasitic resistive

and capacitive admittance.

So far, it just looks like =

1 mega ohm in parallel with .

about 70 pF, but we would = g

like to look at the 10 pF g £

capacitor by itself, not in £

parallel with all those

parasitic elements. To do

that, we need to run another

sweep and then use “Do N 9

Math on Data” to fix the plot. | - N

10 Frequency 22M

[
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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 F Fie Edt View Actons Setings Window Help SETET
ircuit i D[R] & |w=(Ex] S e s8] 2

circuit impedance plot. - EIEIEEREEE]

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]

Timp

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.

1k
-180

10 Frequency 22M
=

Math Options for Impedance Data |

Left Operand —a&ction—————— — Right Operand

&+ Data Set: |1 " Add & Data Set |2
" Scalar |'| " Sublract " Scalar |1

= Multiply
" Divide
™ fdd in Barallel

' Add a Capacitor

in Senies [UF]
- Add a Capacitar Cancel |
in Parallel [uE]
Add an [pductor
in Senes [mH]

Add an |nductar
in Parallel [mH]
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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.

. . mfda di yew msgemngs Window Help
The graph below is the final D[=(=] &=ex| s = =B 2]
impedance versus frequency o = - = — 3
graph of the 10 pF capacitor. Cieem s Uy 3 2
The impedance data is accurate = =
up to about 100 mega ohms. i :
Beyond that, the data is noisy j= 2
because the parasitic resistance | & 1.
. [} hmi e .}
is only 1 mega ohm. At the 3 | 2
upper left corner of the graph we | £ :
are trying to resolve the E
difference between 1 mega ohm .
and 1 giga ohm in parallel with 1 - >
mega ohm, and understandably | .| =8
the result has a little variance b Frequency TP
because we are approaching the .
limits of measurement resolution.
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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-
guadrant 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 general purpose Frequency Response Analyzer

setup for measuring 0sC

!mpedance. If the “Source” cHi cHz cH3

is truly a source and the Power

“Load” is the Unit Under Amplifier

Test, this setup will measure Current

input impedance of the Unit =— - Probe

Under Test. As with Injection

component measurements, Xa”sm"“e‘ \Vohage

impedance is voltage Source Voltage 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/CHL1 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/CHL1 is the
output impedance of the Unit Under Test. If your system does not have a channel 3,
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. Itis
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 analyzer 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. Itis 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
guicker 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)

OOrxo—<

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
gorG multiplied by 1E+9

05/21/19

91



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

O
Example 1: Voltage Source oo
Vl@ 1V
V001
R 1050 <

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 (+) . O
Example 2: Current Source Noded 11 R
(.) C) 0.1A
iM
| 3 4 0.1 %i‘é%m
R 20 1M S

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

*Low-pass R-C filter g odel Node 2
2% ANAN

V1001 i ™~

R1I101 Vi 1v 01U 7~ c1

R2 12 1K

Cl 2 0 0.1U _y

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

V1l 3 2 10 Controlled source translates current to ground reference. Gain=1/R3.
R1101 Resistance of controlled source (value not significant)
V2001 Fixed one volt source driving output of filter

R2301 Impedance of test source (value not significant)

R3 320.1 Resistor to measure current. Different value changes gain of V1.
Cl 2 4 100U Output capacitance of L-C filter

R4 4 0 0.01 ESR of filter output capacitor

R5 252 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 Node 1

R2 R1
100U l 0.1 1 1
R5 2 Cl 100U
R6 0.01 Node 5 Node 4 V2 1v Vi1 Gain =10
C1 T 390U R4 0.01

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.
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APPENDIX A
“Option” Selection for model series 43xx/63xx/74xx/88xx/350c

The “Option” selection on the analyzer control menu for these analyzers, provide special
capabilities and/or algorithms to be utilized during analysis under conditions that require
them. Each option is toggled ON or OFF each time the option is selected. New
capabilities and algorithms will be added to the option list as they are developed and
become available by Venable Industries. These new options will be provided through
firmware updates for the Venable Analyzer and updates to the Venable software.
Details for each option is described below.

350b Operating Mode

This setting enables or disables continuous sine wave output through a
measurement sweep. This provides analyzer operation identical to the legacy
Venable 350 analyzers. This function is not compatible with the Digital Interface
function. “Circuit under Test” must be set to DC to utilize this function.

Sync Output

This setting activates or deactivates the sync output on the back panel of the
analyzer. The output produces a square wave signal that is frequency and phase
locked to the generator output.

Digital Interface

This setting enables or disables the Digital I/O port on the 88xx series of analyzers.
When the setting is turned OFF, the analyzer operates as a standard 2 channel
analog analyzer. This function is not compatible with the 350b Operating Mode.

High Noise Algorithm

This setting engages algorithms within the analyzer itself, to provide improved
results when connected to units under test that have high levels of noise inherent
in them. This is typically when the noise voltage levels are more than 10X the
injection voltage. Applications that do not experience these levels of noise
should not use this mode. This algorithm generally increases bias elimination
times and adjusts the criteria for auto-ranging to determine the most suitable range
for analysis to provide better results. Integration time selection are not affected by
this algorithm, however the user should expected much longer processing times to
occur between frequency points.
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“Circuit Under Test” Selection for model series 43xx/63xx/74xx/88xx/350¢c

Sets the operational state of the instrument to optimize its operation when channel
inputs are attached to an AC environment. The user can select the line frequency (Hz)
of the environment that the analyzer channels are being attached to. For measurement
of DC power supplies, this selection should remain set to DC. When the 350b Operating
Mode in active, only DC mode is allowed.

Notes: This capability is available in the following application firmware versions only:

Version 1.x: version 1.7 or later
Version 2.x: version 2.5 or later
Version 3.x: version 3.3 or later
Version 4.x: All
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APPENDIX B
Calibration Specifications for 5140, 63xx, 74xx, 88xx & 350c Analyzers
Generator Output Tests: Test 10

DC Bias: Resolution: 10mV
Accuracy: +/- 1.0% of Range Full Scale (10VDC)

Square Wave Accuracy: +/- 1.0% of Range Full Scale (all ranges except 10mV)
+/- 1.5% of Range Full Scale (10mV range only)

Output ranges
Range

10 mVpk

31.6 mVpk
100 mVpk

316 mVpk

1 Vpk

3.16 Vpk

10 Vpk

Sine Wave AC Amplitude Accuracy:
+/-(1.0% + 1%/MHz) of Range Full Scale (all ranges except 10mV & 30mV)
+/-(1.8% + 1%/MHz) of Range Full Scale (30mV range only)
+/-(2.6% + 1%/MHz) of Range Full Scale (10mV range only)
Resolution: Depends on the range setting (see table below)
Output ranges and resolution
Range Sensitivity
10 mVpk 10uVv
31.6 mVpk 30uVv

100 mVpk 100uVv
316 mVpk 300uv

1 Vpk 1 mVv
3.16 Vpk 3 mV
10 Vpk 10 mV
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Channel Input Tests

Amplitude Accuracy: Tests 20 - 26

>=1 MHz: +/- (1.0% + 1.3%/MHz) of Range Full Scale (all ranges)
<1 MHz: +/- (0.4% + 1.3%/MHz) of Range Full Scale (all ranges except 10mV)
<1 MHz: +/- (0.6% + 1.6%/MHz) of Range Full Scale (10mV range only)

Output ranges
Range

10 mVpk
31.6 mVpk
100 mVpk
316 mVpk
1 Vpk

3.16 Vpk
10 Vpk
31.6 Vpk
100 Vpk
316 Vpk
500 Vpk

Phase Accuracy: Tests 30 - 59

+/- (0.4deg + 1.0 deg/MH2z)

Bandwidth Accuracy: Tests 60 - 65

Amplitude: +/- (0.04 dB + 0.1 dB /MHZz)
Phase: +/- (0.4 deg + 1.0 deg/MHZz)
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RLC Specifications

Measurement Frequency

1 Hz to 40 MHz, user-selectable for single component, selected automatically for
multiple-component circuit.

Accuracy

1 HztolkHz 0.1%
1 kHz to 100 kHz 0.2%
100 kHz to 1 MHz 0.5%
1 MHz to 10 MHz 1.0%
10 MHz to 40 MHz  4.0%

Optimum Measurement Range

Resistance: 10 milliohms to 1 megaohm
Inductance: 1 microhenry to 10,000 henries
Capacitance: 100 picofarads to 1 farad

Extended Measurement Range*

Resistance: 100 micro-ohms to 100 megaohms
Inductance: 10 nanohenrys to 1 megahenry
Capacitance: 1 picofarad to 100 farads

* Extended range loses least-significant digit of accuracy for each decade of measured
value outside the optimum measurement or frequency range.
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Specifications: Venable 350c, 3 channel, 5, 20, and 40MHz Models

Generator:
Frequency Range:

AC Amplitude
DC Bias
Sweep Modes:

Output Amplitude
Compression:

Output Impedance:
Output Configuration:

Analyzer:

Frequency Range:

Input Configuration:
Input Impedance:
Measurement Accuracy:

Measurement Technique:

Input Coupling:
Input Range:
Dynamic Range:
CMRR/IMRR:
Max. Input:

Max Input Withstand Voltage:

Over-range Alarms;
Calibration:

System:

PC Interface:

Auxiliary Output:
Application software:
Real time display update:
Data Analysis:

Power Supply Requirements:

Weight/Dimensions:

05/21/19

10uHz to 5, 20, or 40MHz (sine wave)

10uHz to 1MHz (square wave)

1lmV to 10V

+10V, 10mV Steps

Single Frequency, logarithmic and linear sweep steps
Log Sweep: 0.1 — 2000 Steps per decade

Linear Sweep: 1Hz — 5, 20, or 40MHz step

Dynamically adjust output to maintain a constant channel input level
through Venable software servo

Switchable: 50 ohms (default) or high current 2 ohms to 5 MHz
Single-ended floating and isolated up to +600 Vpk

10pHz to 5, 20, or 40MHz

Ch.1, 2, and 3: Single-ended Floating to +600Vpk
Switchable: 50 Ohms or 1 Mega Ohm (default)

+ 0.03dB + .1dB/MHz;

+0.4deg + 1deg/MHz

Narrowband DFT

Integration Time: 20msec to 100ksec

Delay Time: 0-100ksec

Integration Cycles: 1-9999 cycles

Delay Cycles: 1-9999 cycles

DC with automatic DC offset cancellation

10mV to 500Vpk Full Scale in 11 ranges, Auto-ranging
120dB

120dB

+500Vpk

+600Vpk

LED indicator

NIST and Z540.1 standards

USB 2.0 and IEEE 488 (GPIB)

12Vdc @ 400mA, 4.8W for accessories

Venable Stability Analysis™ for Win 7/8/10

Each point is plotted as acquired

Polar coordinates: Gain magnitude, Phase, Gain margin, and phase
margin

Impedance: R, L, C, Z magnitude, and Phase

90 to 264Vac, 48 to 62Hz, 30VA,

12 Lbs./17"x 10"x 3.5"
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Specifications: Venable 5140, 2 channel, 40MHz

Generator:

Frequency Range: 1Hz to 40MHz (sine wave)

AC Amplitude 10mV to 10V

DC Bias +10V, 10mV Steps

Sweep Modes: Single Frequency, logarithmic and linear sweep steps

Log Sweep: 0.1 — 2000 Steps per decade
Linear Sweep: 1Hz — 40MHz step
Output Amplitude

Compression: Dynamically adjust output to maintain a constant channel input level
through Venable software servo

Output Impedance: 50 ohms

Output Configuration: Single-ended grounded

Analyzer:

Frequency Range: 1Hz to 40MHz

Input Configuration: Ch.1: Single-ended Floating to +600Vpk
Ch.2: Single-ended grounded

Input Impedance: 1 Mega ohm

Measurement Accuracy: + 0.03dB +.1dB/MHz;
+0.4deg + 1deg/MHz

Measurement Technique: Narrowband DFT

Integration Time: 20msec to 100ksec
Delay Time: 0-100 sec

Integration Cycles: 1-9999 cycles
Delay Cycles: 1-9999 cycles

Input Coupling: DC with automatic DC offset cancellation

Input Range: 10mV to 10Vpk Full Scale in 7 ranges, Auto-ranging

Dynamic Range: 120dB

CMRR/IMRR: 120dB

Max. Input: +100Vpk

Max Input Withstand Voltage:  £100Vpk

Over-range Alarms: LED indicator

Calibration: NIST Standard

System:

PC Interface: USB 2.0

Auxiliary Output: 12Vdc @ 400mA, 4.8W for accessories

Application software: Venable Stability Analysis™ for Win 7/8/10

Real time display update: Each point is plotted as acquired

Data Analysis: Polar coordinates: Gain magnitude, Phase, Gain margin, and phase
margin

Impedance: R, L, C, Z magnitude, and Phase
Power Supply Requirements: 90 to 264Vac, 48 to 62Hz, 30VA,

24VDC, 24W (Min)
Weight/Dimensions: 4 1bs./9.8'x9.8"'x3.2"
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Specifications: Venable 63XX, 2 channel, 5, 20, and 40MHz Models

Generator:
Frequency Range:

AC Amplitude
DC Bias
Sweep Modes:

Output Amplitude
Compression:

Output Impedance:
Output Configuration:

Analyzer:

Frequency Range:

Input Configuration:
Input Impedance:
Measurement Accuracy:

Measurement Technique:

Input Coupling:
Input Range:
Dynamic Range:
CMRR/IMRR:
Max. Input:

Max Input Withstand Voltage:

Over-range Alarms;
Calibration:

System:

PC Interface:

Auxiliary Output:
Application software:
Real time display update:
Data Analysis:

Power Supply Requirements:

Weight/Dimensions:
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10uHz to 5, 20, or 40MHz (sine wave)

10uHz to 1MHz (square wave)

1lmV to 10V

+10V, 10mV Steps

Single Frequency, logarithmic and linear sweep steps
Log Sweep: 0.1 — 2000 Steps per decade

Linear Sweep: 1Hz — 5, 20, or 40MHz step

Dynamically adjust output to maintain a constant channel input level
through Venable software servo

Switchable: 50 ohms (default) or high current 2 ohms to 5 MHz
Single-ended floating and isolated up to +600 Vpk

10pHz to 5, 20, or 40MHz

Ch.1 and 2: Single-ended Floating to £600Vpk
Switchable: 50 Ohms or 1 Mega Ohm (default)
+ 0.03dB + .1dB/MHz;

+0.4deg + 1deg/MHz

Narrowband DFT

Integration Time: 20msec to 100ksec

Delay Time: 0-100ksec

Integration Cycles: 1-9999 cycles

Delay Cycles: 1-9999 cycles

DC with automatic DC offset cancellation

10mV to 500Vpk Full Scale in 11 ranges, Auto-ranging
120dB

120dB

+500Vpk

+600Vpk

LED indicator

NIST and Z540.1 standards

USB 2.0 and IEEE 488 (GPIB)

12Vdc @ 400mA, 4.8W for accessories

Venable Stability Analysis™ for Win 7/8/10

Each point is plotted as acquired

Polar coordinates: Gain magnitude, Phase, Gain margin, and phase
margin

Impedance: R, L, C, Z magnitude, and Phase

90 to 264Vac, 48 to 62Hz, 30VA,

12 Lbs./17"x 10"x 3.5"
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Specifications: Venable 74XX, 4 channel, 5, 20, and 40MHz Models

Generator:
Frequency Range:

AC Amplitude
DC Bias
Sweep Modes:

Output Amplitude
Compression:

Output Impedance:
Output Configuration:

Analyzer:

Frequency Range:

Input Configuration:
Input Impedance:
Measurement Accuracy:

Measurement Technique:

Input Coupling:
Input Range:
Dynamic Range:
CMRR/IMRR:
Max. Input:

Max Input Withstand Voltage:

Over-range Alarms;
Calibration:

System:

PC Interface:

Auxiliary Output:
Application software:
Real time display update:
Data Analysis:

Power Supply Requirements:

Weight/Dimensions:
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10uHz to 5, 20, or 40MHz (sine wave)

10uHz to 1MHz (square wave)

1lmV to 10V

+10V, 10mV Steps

Single Frequency, logarithmic and linear sweep steps
Log Sweep: 0.1 — 2000 Steps per decade

Linear Sweep: 1Hz — 5, 20, or 40MHz step

Dynamically adjust output to maintain a constant channel input level
through Venable software servo

Switchable: 50 ohms (default) or high current 2 ohms to 5 MHz
Single-ended floating and isolated up to +600 Vpk

10pHz to 5, 20, or 40MHz

Ch.1, 2, 3 and 4: Single-ended Floating to £600Vpk
Switchable: 50 Ohms or 1 Mega Ohm (default)

+ 0.03dB + .1dB/MHz;

+0.4deg + 1deg/MHz

Narrowband DFT

Integration Time: 20msec to 100ksec

Delay Time: 0-100ksec

Integration Cycles: 1-9999 cycles

Delay Cycles: 1-9999 cycles

DC with automatic DC offset cancellation

10mV to 500Vpk Full Scale in 11 ranges, Auto-ranging
120dB

120dB

+500Vpk

+600Vpk

LED indicator

NIST and Z540.1 standards

USB 2.0 and IEEE 488 (GPIB)

12Vdc @ 400mA, 4.8W for accessories

Venable Stability Analysis™ for Win 7/8/10

Each point is plotted as acquired

Polar coordinates: Gain magnitude, Phase, Gain margin, and phase
margin

Impedance: R, L, C, Z magnitude, and Phase

90 to 264Vac, 48 to 62Hz, 30VA,

12 Lbs./17"x 10"x 3.5"
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Specifications: Venable 88XX, 23 channel, 5, 20, and 40MHz Models

Generator:
Frequency Range:

AC Amplitude
DC Bias
Sweep Modes:

Output Amplitude
Compression:

Output Impedance:
Output Configuration:

Analyzer:

Frequency Range:

Input Configuration:
Input Impedance:
Measurement Accuracy:

Measurement Technique:

Input Coupling:
Input Range:
Dynamic Range:
CMRR/IMRR:
Max. Input:

Max Input Withstand Voltage:

Over-range Alarms;
Calibration:

Digital Analyzer:

Frequency Range:
Integration Cycles:

Interface:
Supported Processors:

System:

PC Interface:
Auxiliary Output:
Application software:

Real time display update:

05/21/19

10uHz to 5, 20, or 40MHz (sine wave)

10uHz to 5MHz (square wave)

1lmV to 10V

+10V, 10mV Steps

Single Frequency, logarithmic and linear sweep steps
Log Sweep: 0.1 — 2000 Steps per decade

Linear Sweep: 1Hz — 5, 20, or 40MHz step

Dynamically adjust output to maintain a constant channel input level
through Venable software servo

Switchable: 50 ohms (default) or high current 2 ohms to 5 MHz
Single-ended floating and isolated up to +600 Vpk

10pHz to 5, 20, or 40MHz

Ch.1 and 2: Single-ended Floating to £600Vpk
Switchable: 50 Ohms or 1 Mega Ohm (default)
+ 0.03dB + .1dB/MHz;

+0.4deg + 1deg/MHz

Narrowband DFT

Integration Time: 20msec to 100ksec

Delay Time: 0-999 sec

Integration Cycles: 1-9999 cycles

Delay Cycles: 1-9999 cycles

DC with automatic DC offset cancellation

10mV to 500Vpk Full Scale in 11 ranges, Auto-ranging
120dB

120dB

+500Vpk

+600Vpk

LED indicator

NIST and Z540.1 standards

10mHz to 1MHz
1-10 cycles

12C and Sync Out (3.3V)
Contact Venable

USB 2.0 and IEEE 488 (GPIB)

12Vdc @ 400mA, 4.8W for accessories
Venable Stability Analysis™ for Win 7/8/10
Each point is plotted as acquired
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System: (cont.)

Data Analysis: Polar coordinates: Gain magnitude, Phase, Gain margin, and phase
margin
Impedance: R, L, C, Z magnitude, and Phase

Power Supply Requirements: 90 to 264Vac, 48 to 62Hz, 30VA,

Weight/Dimensions: 12 Lbs. /17"x 10"x 3.5”

05/21/19
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APPENDIX C

Hardware Description of 5140, 63xXx, 74xx, 88xx & 350c Analyzers

350C Front Panel

Description
1. Power LED:
2. Auxiliary Power Jack:
3. Generator LED:
4. Channel LED:
5. Power Switch:
6. Generator Output:
7. Reference Channel:
8. Input Channels:

05/21/19

This amber LED llluminates when the power is turned on.

Provides 12Vdc@400mA, 4.8W for accessories such as the LF Bode Box.
This green LED will flash on and off when power is turned on.

It illuminates when the generator is turned on by the user.

Normally it is off.

This green LED will flash on and off when power is turned on. The

green LED illuminates when the analyzer has finished booting

up and indicates that the channel ready for measurements.

Normally it is on. A flickering LED indicates that the channel is
overloading and trying to clear the overload. If it is off, the

channel is malfunctioning or can't clear the overload.

This switch turns the analyzer on and off.

This is a floating single-ended output. .The output impedance is switchable
between 50 Ohms and 2 Ohms (high current). It is isolated and floats to
+600Vpk.

This channel is not used for measurement. It is used to measure the
oscillator output.

All three channels have single-ended floating inputs switchable between
input impedances of 50 Ohms and 1 Mega Ohm (default). They are
isolated and float to £600Vpk.
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350C/63XX/74XX/88XX Rear Panel

Description
1. USB Port:
2. Ethernet Port
3. RS-485 Port
4. Sync Output

Modulator Input
Fuse
GPIB Port:

Noa

8. Accessories Port:

9. Chassis Ground:
10. Power Inlet:

05/21/19

ETHERNET S SYNC MODULATOR

1 90-264VAC
GND= 47 - 63H2

-
(T @ -

Provides USB 2.0 communication with the Venable software version 5
using the Keysight VISA or Venable software version 6 using the Windows
USB driver (Win 7 and above).

This port is primarily used to upgrade the analyzer firmware.

Not implemented.

Outputs a CMOS level square wave signal set to the same frequency as
the generator output.

Not implemented.

Fuse holder for 1A/250 slow-blow fuse.

Provides IEEE 488 communication for Venable software and test
systems.

DB25 connector to control external accessories and the

automated calibration test fixture.

Ground terminal that works with bare wire, lugs or banana plug

Supplies the required 90 to 264Vac, 48 to 62Hz, and 30VA power to

the analyzer.
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5140 Front Panel
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Description

1. Power LED: This amber LED llluminates when the power is turned on.

2. Auxiliary Power Jack: Provides 12Vdc@400mA, 4.8W for accessories such as the LF Bode Box.

3. Generator LED: This green LED will flash on and off when power is turned on. It illuminates
when the generator is turned on by the user. Normally it is off.

4. Channel LED: This green LED will flash on and off when power is turned on. The green
LED illuminates when the analyzer has finished booting up and indicates
that the channel ready for measurements. Normally it is on. A flickering
LED indicates that the channel is overloading and trying to clear the
overload. If it is off, the channel is malfunctioning or can’t clear the
overload.

5. Power Switch: This switch turns the analyzer on and off.

6. Generator Output: This is a grounded single-ended 50 Ohm output. It requires that an
injection transformer be used when measuring feedback loops.

7. Channel 1 Input: This is a single-ended floating 1 Mega Ohm input. It is isolated and floats
to +600Vpk.

8. Channel 2 Input: This is a grounded single-ended 1 Mega Ohm input

05/21/19
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5140 Rear Panel

Description

9. Chassis Ground:
10. Ethernet Port:
11. USB Port:

12. Accessories Port:

13. GPIB Port:
14. DC Power Inlet:

05/21/19

Ground terminal that works with bare wire, lugs or banana plug.

This port is primarily used to upgrade analyzer firmware.

Provides USB 2.0 communication with the Venable software version 6
using the Windows USB driver (Win 7 and above).

DB25 connector to control external accessories and the

automated calibration test fixture.

Provides IEEE 488 communication for test systems.

Supplies the required 24VDC voltage and 24W (Min) power to the
analyzer.
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63XX Front Panel

Description
1. Power LED:
2. Auxiliary Power Jack:
3. Generator LED:
4. Channel LED:
5. Power Switch:
6. Generator Output:
7. Input Channels:

05/21/19
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This amber LED llluminates when the power is turned on.

Provides 12Vdc@400mA, 4.8W for accessories such as the LF Bode Box.
This green LED will flash on and off when power is turned on.

It iluminates when the generator is turned on by the user.

Normally it is off.

This green LED will flash on and off when power is turned on. The

green LED illuminates when the analyzer has finished booting

up and indicates that the channel ready for measurements.

Normally it is on. A flickering LED indicates that the channel is

overloading and trying to clear the overload. If it is off, the

channel is malfunctioning or can’t clear the overload.

This switch turns the analyzer on and off.

This is a floating single-ended output. .The output impedance is switchable
between 50 Ohms and 2 Ohms (high current). It is isolated and floats to
+600Vpk.

Both channels have single-ended floating inputs switchable between input
impedances of 50 Ohms and 1 Mega Ohm (default). They are isolated and
float to £600Vpk.
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74XX Front Panel

Description
1. Power LED:
2. Auxiliary Power Jack:
3. Generator LED:
4. Channel LED:
5. Power Switch:
6. Generator Output:
7. Input Channels:

05/21/19
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This amber LED llluminates when the power is turned on.

Provides 12Vdc@400mA, 4.8W for accessories such as the LF Bode Box.
This green LED will flash on and off when power is turned on.

It iluminates when the generator is turned on by the user.

Normally it is off.

This green LED will flash on and off when power is turned on. The

green LED illuminates when the analyzer has finished booting

up and indicates that the channel ready for measurements.

Normally it is on. A flickering LED indicates that the channel is
overloading and trying to clear the overload. If it is off, the

channel is malfunctioning or can’t clear the overload.

This switch turns the analyzer on and off.

This is a floating single-ended output. .The output impedance is switchable
between 50 Ohms and 2 Ohms (high current). It is isolated and floats to
+600Vpk.

All four channels have single-ended floating inputs switchable between
input impedances of 50 Ohms and 1 Mega Ohm (default). They are
isolated and float to £600Vpk.
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88XX Front Panel

Description

Power LED:

1.
2. Auxiliary Power Jack:
3

Generator LED:

4. Channel LED:

5. Power Switch:
6. Generator Output:

7. Input Channels:

8. Digital /0 Port:

05/21/19

This amber LED llluminates when the power is turned on.

Provides 12Vdc@400mA, 4.8W for accessories such as the LF Bode Box.
This green LED will flash on and off when power is turned on.

It iluminates when the generator is turned on by the user.

Normally it is off.

This green LED will flash on and off when power is turned on. The

green LED illuminates when the analyzer has finished booting

up and indicates that the channel ready for measurements.

Normally it is on. A flickering LED indicates that the channel is
overloading and trying to clear the overload. If it is off, the

channel is malfunctioning or can’t clear the overload.

This switch turns the analyzer on and off.

This is a floating single-ended output. .The output impedance is switchable
between 50 Ohms and 2 Ohms (high current). It is isolated and floats to
+600Vpk.

Both analog channels have single-ended floating inputs switchable
between input impedances of 50 Ohms and 1 Mega Ohm (default). They
are isolated and float to +600Vpk.

This port used to connect to a target processor in a digital power supply.
A special cable is used and the connection consists of an I12C bus, a sync
signal and a ground.
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