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1 Overview

The Cleverscope CS328/As a USB connected PC based mixed signal oscidope, spectrum analyser, and signal generator
which brings benefits to the user that are unavailale from traditional stand-alone oscilloscopes. Thiinnovative approach
delivers an unbeatable combination of affordability ease of use and documentation of test results wit the simple “Copy”
and “Paste” facility. Graphs and data can be copiedand pasted to other applications, saved or loadeffom disk, and printed.

Cleverscope hardware resources include:
 Two 10 bit, 12bit, or 14 bit analog channels samphg simultaneously at 100 MSa/s. AC or DC coupled. fie bit
resolution is field upgradeable by changing the sapier circuit board.
» Scaling and offsetting to view 50mV full scale offst to any value between -8 and +8 V.

o Gain automatically set from 20mV full scale to 800Mull scale by choosing graph view and probe switctsetting.

o Offset automatically set from 0 to +4 or 40V in 10/100 mV increments by choosing graph view. As an exaple
20 mV signals may be viewed superimposed on a 3V D@&vel.

» Analog triggering of the waveform in view with a resolution of 1% of the display height. The analog tigger may
optionally be conditioned with a low pass, high pas or noise filter.

» One external trigger, threshold adjustable from 0 6 20V in 40 mV increments.

» Eight digital inputs sampling at 100 MSa/s, threshta adjustable from 0 to 8 V in 10 mV increments.

* A hardware trigger system based on a rising or fallg edge on any input signal, optionally qualifiedby a user
determined digital input combination and a minimumor maximum trigger duration.

* A rear panel I/O connector with a 100 Mbit/s bi-dir ectional LVDS/RS422 link, and three RS422 outputsedaulting
to sampling started, trigger received and samplingtopped.

 Each channel (two analog, trigger and 8 digital) inludes 4M samples of storage, providing up to 40 msof
simultaneous storage for all channels, with 10 nsasolution.

o0 The sample storage may be allocated as between 2 td000 frames varying in size from 2M to 4000 sampls.
These may be used as a history store for reviewingreviously captured signals, or to capture up to 100 trigger
events with a minimal 2 ps inter-frame delay, whilemaintaining time relative to the first trigger for all succeeding
frames.

» 25 MHz 5th order Anti-alias filter for improved Spectrum Analysis performance.
» Triggered LED and Power LED on the front panel.

* Input power range from 6 ~ 12V, 5W provided by a universal mains adaptor.

* Low jitter (1 ps rms) sampling clock for 70 dB spuous free dynamic range.

* Self calibration to ensure DC performance specifitians is met.

* An optional plug-in signal generator, 0-10MHz, sine square or triangle.

* Enclosure size: 153 x 195 x 35 mm.

Cleverscope software resources include:

e Separate, freely moveable and resizable windows tdisplay the signal, a zoomed signal view, and theréquency
spectrum of the signal, and control panel.
o The zoomed signal view optionally tracks the signatiew cursor.

e Spectrum analysis with a variety of conditioning widows and display in log or linear format.

» Each signal window includes a time/amplitude tracerand two markers for comparison purposes. Colourare user
definable.

» Signal averaging (exponential, block and peak holdand low pass filtering.

*  Full mathematical functions including + - / * sgrtintegral differential and filtering.

» Signal measurement, including Peak to Peak, RMS, D@ulse width, period and frequency.

» Copy and Paste graphic or data to other applicatios.

e Save and Open from disk.

» User defined units, signal names and scaling (offsand gain).

» Text annotation of each graph.

» Web server for remote viewing of LAN connected unit

Cleverscope CS328A User Manual 7



An example of a typical mixed signal window is show below:

Scnpe Graph

Trigger:Chan A

tiark 1:Chan A

hiark 2:Chan A

Freq: 819.7 Hz

S60.0 mY

999.3 m'

-999.9 mh

defta: -1999.2m

-0.650 ms=

0630 ms

1.250 ms=

defta: 1.220 m=s

dulated

Carrier

1

A

e

U

Ll
bl

odulatio

.

The Cleverscope application is designed to allow & capture, display, storage and analysis of signalsn a Windows
compatible PC. The CS300 Cleverscope application $hipped on a CD with every unit and may also be otained over the

internet by visiting the www.cleverscope.comwebsite.

Minimum requirements are a Pentium PC with at least256 MB of memory running Windows Vista, Windows XP or

Windows 2000.
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2 Quick Getting Started Guide

This guide will get you up and running quickly. Thee are three parts:

*  Showing somelizstsafising Cleerersopeeby compensating the new probes.
» A quick look at how to use the Signal Generatir.
*  The keytbhoard shortcuts.

Note If you have not installed the Clevensmoges application software, do this now follwing the instructions that came with
it.

2.1 Cleverscope Basics and Probe Compensation

2.1.1.1 Connect the Cleverscope Acquisition Unit

On the Cleverscope Acquisition Unit hardware:

1. Connect the DC power calile to POWER /N and plug the power adaptor into the mains. Observe the green pover
light.

2. Connect the USBeadideto USBand to the PC.

Note If this is the first time, place the CD in he CD drive, and allow windows to find the drivers.This may take
some time. Accept the non-digitally signed driver When Windows tells you the hardware is installed, gu are ready
to proceed.

2.1.1.2 Acquire a Signal for Display
If you have not installed the Clevensmoges application software, do this now folling the instructions that came with it.

Start the Cleversocope application software.
Go to the Cleverscope Control Panel window.
1. Ensure both channel A and B are enabled by clickingn the enable buttons so that they both A B

display. Enabled
2. Connect a signal to Channel A. You could use the Bbe Compensation output, or connect the -| Coupling -|

Signal Generator output from the back of the Clevescope to Chan A, using the scope probe,
and BNC adaptor (in the little plastic bag), if youhave the Signal Generator fitted.

Tracer:Chan B/ M1:Chan A |M2:Chan A |Freq: Inf KHz

3. Click to automatically scale theSdomeeGaeqbh

: : , Amplitude: -1 912 mV 0.018 v 0018V dV: 0.000 V
and set the trigger settings based on the signal ywo }—
. . ; Time: -1500.0 us 0.000 us 0.000 us dt: 0.000 us
have connected. You should wind up with something
like this:
Divisions - A: 1000V B: 20,00 mY¥ Time: 500.0 us Frame: 2
6.0 -0,040
The following instructions explain how to set up tte 5.0- -0.020
acquisition manually. This helps you fine tune what
Autoset has initially selected. 4.0+ -0.000
4. In the TRIGGER area, use th8d¢moecbox to select the 3.0- --0.020
trigger source @Hem AN this instance). S 2p- ~0.040
. = =
5. On the special cursor toolbar lfm’ RARRA N), 1.0~ -0.060
click on the rising edge trigger cursor button I:). 00— ~0.080
-1.0- -0, 100
-2.0-, l 1 1 —-0.120
-1500,0-1000.0 0.0 1000.0 1500.0
Time {us)

Cleverscope CS328A User Manual 9



Select the e @agthby either clicking on it or selecting from the Window menu.
1. Use the up @) and down (Q) vertical display buttons and the vertical expanc(M) and contract

. i . . = 1.00-
(=) buttons for channel A to size the displayed wavedrm the way you would like to see it. As “z’
an example you could select 0.50 volts per major hdzontal gridline as shown to the right. 0.50 —
2. Position and click the trigger cursor so that triger amplitude is set to the value you want. You 0.00 —

can also type the trigger value directly into the kvel window. Here we have selected 700 mV
TRIGGER 1 Slope |_#™
Source Chan A

Level F00m

e ET

Go to the Cleverscope Control Panel window.

1. In the AQUIRE area, cIic to acquire a single frame of signal data. ThSEmmp@mgph will then display the
acquired signal. Here is the example signal. Noténe trigger lines at 700 mV.

Scope Graph

Tracer:Chan B/ M1:Chan A |M2:Chan A |Freq: Inf KHz

Amplitude: [-1.912 mV 7256 mV 7256 mV dv: 0.000 mv
Time: -1387.5 us 0.000 us 0.000 us dt: 0.000 us

H | 51 52| A==k =| =| L4 #]| =]
Divisions - A: 500.0mV B: 20.00mY Time: 500.0 us Frame: 2

2.00- ~0.040
alf |

-0.020
i
~0.000

g AEHETAREA
1,00~}
0.50 - --0.020
= 0.00- --0.040 9
T =1
-0.50 - ~-0.060
=
-1.00- --0.0
i Fik
-1.50- --0.100

1.50—

&
Fit|
v g
-2.00 -, 1 1 1 —0.120
| -1500.0-1000.0 0.0 1000.0 15000 Ao
an| Time (us) P Fit| = oo

2. The auto-fit buttons (Eil and Eil) for channel A and B can be used to bring the sigal traces into view. Cleverscope
will apply the optimum vertical scaling and positiming for the signal data.

3. For the vertical scale, the positioning and scalingf the signal trace with respect to time can be dkered using the
horizontal display buttons.

-2.00 -} I I 1 1 I i=0.1
-3.0 -2.0 -1.0 0.0 1.0 2.0 3.0

anl & Time (ms) ® Fi| = o

Note The trigger point is always positioned at tne zero on the horizontal axis.
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2.1.1.3 Acquire the Compensation Signal

Go to the Cleverscope Control Panel window.

1. Inthe ACQUIRE area, set thdPRsbbattenuation to x10. l %10 pmhel %10
2. Inthe TRIGGER area, set the triggdreveted 7 V. Lovel al—l
Select the oG agrhwindow.

1. Setthe A channel graph axis to include the voltageange 0 to 4V.
2. Setthe time axis to include the range —75Qs to + 750 5.

3. Plug the scope probe into the A channel, attach thehook probe tip, and ensure the probe switch is seto x10.
Connect the ground crocodile clip to the right handground terminal. Connect the probe to the left hard Probe
Comp output terminal.

Go to the Cleverscope Control Panel window.

Tracer:Chan A |hark 1:Chan A |hBrk 2:Chan A |Freq: 1452.2 Hz

1. Click LTM92&redY and you should see a graph similar to that shownd the |l st v DAY DD e R0

Time: 162.8 us -356.8 us 3 Bus defta: 6226 us

rlght Divisions - A: 1000w B: 5000 % Time: 250.0 us
h 70— ~15.0
Note The graph may have either over shoo- or slow rise time 3 e
8.0 =40
ﬂ 4.0
' = 3.0
2. Adjust the small red screw in the body of the e
probes BNC connector until the graph is flat. This 10
compensates the probe capacitance and ensures 0.0-
flat frequency response. A 250
-T40 -500 -I50 1} 260 500 A0
3. Repeat with the other oscilloscope probe. —

Note You may like to do this on B channel, to faniliarize yourself with the B channel controls.

Cleverscope CS328A User Manual 11



2.2  How to use the Signal Generator

If you have not already compensated the probes plese go to the Cleverscope Basics anirBbeb€ cPopgrmadiaiosection above
and do this now.

2.2.1.1 Connect the Signal Generator

If the Signal Generator hardware has not been instied in the Cleverscope Acquisition Unit then pleas install it now
following the instructions that came with it.

On the Cleverscope Acquisition Unit hardware:
1. Connect one end of aENNEBNC cable toSH&GHENat the back.

2. Connect the other end of the cable toCH#W Aat the front. This will allow observation ofthe signal being generated
on the Scope Graph.

2.2.1.2 Setup a Signal Generator output

¥ signal Gener... [=](0/(X]

Start the Cleverscope application software.
Go to the Cleverscope Control Panel window.
1. Click View and selectMispiaySepGamComitalss ne
Go to the Sgmall Gemenator Camtiall window.
1. SetAmpliiudieto 2V, set Offfisetto 0V, and set \Winrefionmm type to sine.
2. SetSnesp Methad to Single Freq

3. SetBase Freguency talk Hz, set Adjjustito 0.2, and set ey Ramgee to20k Hz so
that the Output Frequency equals3k Hz.

2.2.1.3 Acquire the Signal Generator output

Go to the Cleverscope Control Panel window.
1. Inthe ACQUIRE area, set thePRsbbettenuation to xZ.

2. Inthe TRIGGER area, set the triggdrevated OV. L

3. Click -' and you should see a graph

similar to that shown to the below.
P

Tracer:Chan B/M1:Chan A |M2:ChanA |Freq: Inf KHz
Amplitude: | 1604 mV 3298 mV 32.98 mV dV: 0.000 mV
Time: 541 4 us 0.000 us 0.000 us dt: 0.000 us
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2.3 Keyboard Shortcuts

Movement:
and  move the cursor left and right
Shift+ and move the graph left and right
Ctrl+ and change the x-scale up or down

and move the selected graph up and down

Shift+ and move the selected graph up and down

Ctrl+ and change the y-scale up and down

Markers:
1 and 2 set markers one and two
Spacebar sets the next marker

Graph Viewing:
Tab swaps channels
A autoscales the graphs
PageDown zooms in on the tracer
PageUp zooms out on the tracer

L locks the tracking graph position on the currensscope graph tracer position
F10 automatically sets the graph scales and triggesettings

Control:
C or Ctrl + C copies the graph to the clipboard
X or Ctrl + X clears the graph
P or Ctrll + P prints the graph
F1 chooses the Pan/Tracer cursor
F2 chooses the Annotation cursor
F3 chooses the Rising Trigger cursor
F4 chooses the Falling Trigger cursor

Sampling:
F7 initiates a single acquisition
F8 initiates automatic acquisition
F9 initiates triggered acquisition

Mouse Wheel:

The mouse wheel acts as a virtual knob on whateverontrol was last selected. So if you select the CimaA Contract

button, and then use the Mouse Wheel, the wheel ac$ as a virtual knob on the Channel A Volts/div.

Cleverscope CS328A User Manual
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3 Cleverscope Navigation and Control

The Cleverscope application uses €dntral®apehed setup and control signal acquisitn. It uses display windows to show
alternative but simultaneous views of signal and sgctrum data. It also has additional windows that catrol the way the signal
data is process and displayed as well as control tfe optional Signal Generator.

The windows that can be displayed are:

Cleverscope Control Panel Scope Graph
controls, cursors, pull-down
menus

main signal display window

fy Scope Graph

74 Cleverscope Control Panel L= [ = 2 ] Tracer-Chan A Freq 5575 KHz |
:|-1076.1 mV dV: -2132.6 mV
8253 us ot 167.8us |

Signal Information Window

displays signal statistics B zpectrum Greph

Tracer:Chan A |Warkc 1:Chan A [Wark 2:Chan A

Spectrum Graph
displays the signal spectrum

Time 0.000 5

:[-65.23 4B -67 53 4B -71.33 dB

defta: -3.739 dB

A Signal Inf _ B T B 2171.8 KHz 40.34 KHz 6.43 KHz
gnal 'orma...’ — =

Chan A Chan B
-14.2mV 995 mY.

defta: 36.00 KHz

707 mv. 136V

995 mV. 199V
-1.03V -30.8 mV

2.02v 2.02v

699 mV. 985 mV.
333us 1.00ms

ental 3.00 kHz 1.00 kHz

my 126V

Tracking Graph
used with the Scope Graph for a

close-up view

i ap |
| Eerrr T ey et
Time: -130.0 us 24.00 us 1476.0 us defta; 1793.0 us
Jr —
|
L HH
XY Graph
displays an XY plot of Chan A
against Chan B

Note You can individually size and position eaclvindow to optimize the ease of use and view-abilityof signal and

spectrum data.
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Maths Graph
displays Maths Equation Builder
results

Notes
accompanying notes can be added

Maths Equation Builder
builds equations to process signals

Signal Generator Simulator
virtual built-in signal generator controls

Signal Generator Control
signal generator output controls
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Only the Cleverscope Control Panel has pull down menus as awn below:

File Menu Settings Menu View Menu
open and save signal data, printing set-up and options selects which windows are displayed
Edit Menu

copying and clearing graphs

Window Menu
for selecting the active window Help Menu
keyboard shortcuts, license and version
info
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3.1 Keyboard Shortcuts

As well as using the mouse to navigate and contraCleverscope there are a number of keyboard shortcatthat can be used

to save time and improve ergonomics. These are desbed below:

Movement:
and  move the cursor left and right
Shift+ and move the graph left and right
Ctrl+ and change the x-scale up or down

and move the selected graph up and down
Shift+ and move the selected graph up and down
Ctrl+ and change the y-scale up and down

Markers:
1 and 2 set markers one and two
Spacebar sets the next marker

Graph Viewing:
Tab swaps channels
A autoscales the graphs
PageDown zooms in on the tracer
PageUp zooms out on the tracer
L locks the tracking graph position on the currensscope graph tracer position
F10 automatically sets the graph scales and triggesettings

Control:
C or Ctrl + C copies the graph to the clipboard
X or Ctrl + X clears the graph
P or Ctrll + P prints the graph
F1 chooses the Pan/Tracer cursor
F2 chooses the Annotation cursor
F3 chooses the Rising Trigger cursor
F4 chooses the Falling Trigger cursor

Sampling:
F7 initiates a single acquisition
F8 initiates automatic acquisition
F9 initiates triggered acquisition

Mouse Wheel:

The mouse wheel acts as a virtual knob on whatevezontrol was last selected. So if you select the CimaA Contract

button, and then use the Mouse Wheel, the wheel ac$ as a virtual knob on the Channel A Volts/div.

Cleverscope CS328A User Manual
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4 Cleverscope Control Panel

The Cleverscope Coniroll Panell contains all of the contts and menu items
for capturing, and saving signhal data.

4.1  Signal Acquiring

Use the AQUIRE button controls to start and stop signal
capture in the following three different modes:

Single is a single shot, based on the trigger conibn being
met. This is for capturing a single frame positiong around a
trigger point.

Auto free-runs (unless there is a trigger), this idor free running un-
triggered signal capture.

Triggered is just like single, expect that followig a trigger and display,
sampling for a trigger is automatically restarted.This is for capturing
repetitive waveforms positioned around a constantrigger point.

4.1.1 Autoset

The Autoset button automatically sets the graph scalesand

trigger settings. It places Chan A in the bottom falf and Chan

B in the top half of the graph and shows 3 cycles bthe signal in the
Scope Graph and 2 cycle in theTraekikigGBplphThis is an easy way to
view a new set of signals.

4.1.2 Channel Enabling

The channel Evadddéti buttons turns each channel on
or off.

4.1.3 AC/DC Coupling

The AC/DC Coupling buttons set each channels
coupling to either AC or DC coupled.

4.1.4 Anti-aliasing Filter Bandwidth

The BW buttons set each channels bandwidth to either 20MHz or 100 MHz. The Cleverscope

Acquisition Unit employs 3" order low pass anti-aliasing filters on each charel to prevent high

frequency out of band signals from aliasing back ito the displayed signal graph. The unit samples siultaneously for both
channels at 100 M samples/s and the corner frequencof the anti-aliasing filters can be selected to b either 20 MHz or 100
MHz.

4.1.5 Probe Attenuation

The Prolbbe attenuation for each channel can be set tak1x10, x100, x1k, x20, x50 or x200 to match the
attenuation switch settings of the connected probe Click on the x1 text to see the drop down menu.
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4.1.6 Duration, Resolution, N Display and F Sample

The sampling Mureicomis the length of time for which a continuous sequence of samples is
available for display. The timeRessbitivanis the minimum time between samples aviaible for
display.

Duration and the Resolution are updated after an acquisition has beestarted using the
Single, Autmor Triggered buttons. TheMureditmis at least equal to the time width of the
Scope Graph, but may be longer to make best use dhe sample buffer. The Resmtiamis set
by the number of samples available in each frame. fotal of 4 or 8 million samples divided by
the number of sample frames are available. Reducintpe number of sample frames increases
the number of samples available, and so will increse the time resolution. Here the sampling
duration is 8.158 ms, with a time resolution of 10rs per sample.

N Display shows the number of samples on the dispfaand the number of samples that would
be saved if you did a ‘File/Save As..".

F Sample shows the sample frequency in Hertz. Thexample shows 100MHz. If you use an
external sample clock this will be different.

4.1.7 Averaging

The Awveraging button turns averaging on and off. Avenaging arithmetically averages a
number of signal frames together in the PC to redue the effect of noise, or to see the long-
term value of a varying signal.

On the Settings menu, clicking Aveeaainggallows control of both PC based averagingvith
Weighting mode and Number of averages, and acquisition based averagingith Acquisition
averages. See theMdttibdssfdoDisplalpinigoSkjpalsissection below for aguisition averaging
using the Wawefionm awg display method.

Weighting mode allows you to select one of three types of averaging: Linezar Bxpomemtia@ll and FResdk This is used in
conjunction with Number of averages as explained below.

Linear averaging applies equal weighting over a nuflver of signal frames, processing the number of frams chosen in
Number of averages before presenting the result.

Exponential averaging provides a moving average whe a greater weighting is applied to more recentlyacquired frames
than older frames. The averaged frame is displayedfter every acquisition. Each new frame is scaledripr to being added

to the aggregated past signal. The scaling is deterined by the Number of averages. A large number results in a snfla
proportion of the new signal contributing to the average.

Peak averaging is used to accumulate maximum frequey points from the spectra of a number of frames ad is therefore
only applied to data displayed in the spectrum grap. It may be used to generate a frequency responsgraph (Gain/Phase
plot).

Because noise is random, and has an average value@ averaging will reduce the effective amplitudeof the noise in each
time sample. The amount of reduction is dependant o Number of averages — making this number larger, will redue the
noise more, but it will take longer to settle the sgnal being measured.

On the Settings menu, clickResstresagge(or Ctrl + R) to reset the average t0.
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4.1.8 Lock Result

When Lock Result is turned on, it inhibits updates fronthe sampler. This is especially useful
when using Maths and you want to zoom in on the reslt on the Tracking Graph without the
Maths being re-applied.

4.1.9 Get Frame Buffer

Get Frame gets the specified size of the frame bugf. The size of the frame buffer can beFu/
50%, 10%, 5%, 2% or Seq Click on the ‘Full’ text to display a drop down menu list.

This can be particularly useful when saving data wdre you still want to be able to zoom in
and out with full resolution of the signal data.

4.2 Display Controls
Controls related to signal data storage and displagre located in the ISHHLANY area.

The Cleverscope acquisition unit is able to hold aumber of sequential frames so that a
history of older frames can be recalled.

Following an acquisition the ClureaittFrame number represents the latest frame acquiredio

display an earlier frame, click on the down contrql or type a number directly into Cumremit
Frame. The graphs will update to display the signadh the frame selected.GuresttFrame ‘1’ is
always the oldest frame, the higher the number, themore recent the frame. The maximum is
set on the Settiimgs menu, clickingAtouisiioorsettimys and setting the NNumideerafffreaness The
4 Million samples available in the Cleverscope acdgition unit are divided between the
Number of Frames allocated.

The Tracer buttons lets you select which channel the &cer will apply to. The tracer is a small
black circle that can be moved along the A or B chanel signal trace by selecting a display
graph (Scope, Spectrum, Tracking, etc) and simply ewing the mouse left or right.

As the tracer is moved along a signal (or spectruni)s position in both amplitude and time (or

frequency) is displayed in thelhfdonmatidonarea at the top of the display graph. The tracer

assists the accurate positioning of markers whichnable points of interest to be tagged and

calculations on selected segments of signal data tbe undertaken. See also the section on
Scope Graph below for a description on the use oftte tracer and markers.

Cleverscope lets you save signal data as either de@erscope, text or binary file. On the

File menu, click eitherSaarecAlsStarecGhapbhassTExtb Ave CtaphlasBBianrpS&az/¢0 do
this. The file path for the last stored file is diglayed in the path display box.
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4.2.1 Method for Displaying Signals

Display Method selects the method of displaying sigal data. The choices areSSampleld dfRskk
Captured, Fitered, Repetitives, and\Wsaxeftomm axg

When Sampitdlis selected, samples are taken at regular imteals from the sample frame. None
of the intermediate samples are displayed, which nans that some signal information, such as
high frequency signals, or pulses will not be seenThe sampling interval depends on the
maximum frequency or time resolution required to bedisplayed and is automatically selected
by Cleverscope depending on graph display settings.

When Peak Captured is selected, all samples are procedsevith both the minimum and
maximum value of the signal being displayed at ever pixel point on the screen. Hidden pulses
will become visible, and high frequency content wilbe seen as a solid bar on the screen.

When Filtered is selected, a % order low pass filter with a corner frequency of 1MHz is
applied to the recorded samples. Filtering may be seful when viewing low frequency (<500
kHz) signals at low levels, as sample noise is sifjoantly reduced.

When Repetitive is selected, acquired signals are repdtely sampled over many points to
build up a picture of one cycle of the signal. Thisresults in high frequency repetitive
waveforms being displayed with greater time resolibn. This method only works with
repeating signals.

When Waveform avg is selected, waveform averaging is p&srmed in the Cleverscope
Acquisition Unit (CAU). The CAU captures multiple fames in quick succession, averages these
frames, and transfers the result to the PC. This iswuch faster than averaging in the PC. See
the Averaging section below for PC based averaging.

On the Settings menu, clickingAdreeagiiiggallows you to select the Abquisiinonaaressges that
are used whenWéarefrmaarggis selected. The choices aré, 46, 64, or 128. A higher number
increases the averaging.

Note  Waveform averaging requires a stable triggerand is only active when Triggpeerest
acquisition is used. Waveform averaging automatict increases the number of frames being
recorded to one more than the waveform averages setted. Once you complete using
waveform averaging you may wish to set the number é frames to a lower number to increase
time resolution.

Cleverscope CS328A User Manual
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4.3 Triggering

All the triggering controls are grouped in the TRREHHER area, apart from the trigger cursors
which are with the other cursors at the top of the Cleverscope Control Panel.

The Slope button is used for selecting whether the volge level will be increasing or
decreasing through the trigger point when triggerirg occurs. The triggering slope is initially
determined by the choice of an upward or downward ftigger cursor but it can be changed at
any time using the slope button without changing the level of the trigger point.

The trigger Source selection box is used to determine the sougcof triggering which can be
channel A, channel B, the external trigger, the digal inputs or the link input available on the
Mini-Din connector at the back of the capture unit.

The triggering Lewel is normally set using the trigger cursors iconjunction with the Scope
Graph however it may also be set using the triggenig level selection box. A triggering level
may be either typed into the box or the up and down buttons can be used to raise or lower
the triggering level. A separate level is rememberkfor each source channel.

The Pre Trigger time displayed is the time between thdirst sample in a frame and the trigger
point. The trigger point is always set at time zew in the Scope Graph. The amount of pre-
trigger time is determined by how much pre-triggertime you are requesting to view in the
Scope Graph. Using theS8oppeGraiphheft and right horizontal controls ( and ) sets the
pre-trigger time. If the number is negative you arecapturing signal before the trigger occurs.
If the number is positive you are waiting the giventime following a trigger before capturing
the signal.

The trigger Filter is used to improve trigger capture. The choes available arelbewPBasdHili
Pass Ndisecor Name (no filtering).

Low Pass filtering is used to capture a low frequesy signal in the presence of high frequency
noise.

Hi Passfiltering is used to capture high frequency sigals (such as edges) in the presence of a
low frequency signal; for example triggering on a pilse on a mains frequency waveform.

Noise filtering is used to achieve a more reliablérigger in the presence of large amounts of
noise. This is done by increasing the hysteresis ibéh about the trigger point. A wider hysteresis
band means that the signal amplitude must be widerthan the hysteresis band to ensure
reliable triggering. The standard hysteresis bandsil/10 a vertical division. When noise
filtering is enabled it becomes 1 division. Signalmust fully transition through the hysteresis
band to cause a trigger.

The Digital Pattienm is an optional qualifier to the andog trigger. When Not Required is
selected, analog triggering proceeds as explainedbave. When Required is selected, the
analog trigger cannot take place until the digitalinputs match the digital pattern chosen. As an
example, assuming theDiggahPRtteenis Reguinedtias set to the right, an analog trigger wilnot
be recognized until Migjted! Ihuts 1L and 2 matches®@and 1 respectively. Inputs labelledX<are
‘don’t care’. See the Migjttd| Triggeringysection below for more detail.

Period—Count trigger provides additional trigger controlon the interval between two triggers
or the counting of triggers. Refer to figure 3 belav for the timing diagram of the following
selections. SelectingTiiggl42X<<Mifirallows a trigger if the interval between Trigger 1 and
Trigger 2 is less thanmirintime. Selecting mim<IME-2 < mex allows a trigger if the interval
between Trigger 1 and Thiggger 2 is betweenmimtime and max time. SelectingTFigglk-2>>maex
allows a trigger if the interval between Triggear 1L and Trigger 2 is greater than maextime.
Selecting Chuntt Trigy 1L allows a trigger when Triggear 1L has occurredcoambttimes. Selecting
Count Trig 2 allows a trigger when Triggear 1L occurs followed by Trigggearr 2 occurring crmantt
times.

Trigger 1 is the main trigger as setup in th RFRGGHER area on th€lelmrscume € GrantidP &ale
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To setup Thigmer 2, on the View menu, click Display Trigger 2 Settimgs (or Ctrl + T). On
Trigger 2 source, seleclmiggged inveseddo make Trigger 2the inverted trigger of Thigger 1.
On Trigger 2 sawcee select Trigmgper 22 didiivitibon to define Trigger 2 as per the Triggger 2
definition area below. These controls operate theame as the equivalent controls forTfiggeer
1. The diagram below is displayed when theHididbutton is clicked:

Figure 1: Period Trigger Timing Diagram

4.3.1 Digital Triggering
When Dig Trig is selected as the triggering@iunees then Cleverscope will trigger when the digith
inputs match the pattern set by the digital input ®lection box, shown to the right.

There are two groupings of inputs:

OR inputs:

qualified with the  symbol above them,
AND inputs:

qualified with the symbol above them.

AND (- )or OR ( ) can be selected for each digital input by clickig directly on the or symbol.
To achieve a trigger:

1. Any one of the OR conditions must be met
AND
2. All of the AND conditions must be met.

Conditions are:
0 — the digital input must be below the digital threshold
1 — the digital input must be above the digital thieshold
X — the digital input is ignored
- the digital input transitions from 0 1
- the digital input transitions from 1 0

As an example, the pattern shown will cause a triger if input 1 = 0, input 2 = 1, and either input 7 falls or input 8 rises.
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4.4  Cursors

When you click on one of the cursor buttons shown,you will be able to zoom a graph,
or annotate it, or set a trigger level.

The ‘grabbing hand’ or Pam cursor is used to pan the graph by clicking andragging anywhere
inside the graph window to slide the graph into itsdesired position.

The horizontal zoom cursor is used to horizontallyexpand the graph in which it is used. The
vertical zoom cursor is used to vertically expandchie graph in which it is used.

The ‘selected area’ zoom cursor is used to selectractangle to zoom into by clicking on the top
left corner and then dragging, and releasing at thebottom right corner of the rectangle to be
zoomed into.

The annotation cursor is used to annotate graphs. dlowing its selection you can click at a
position in a graph where it is desired to locate éxt. Drag the little open circle to move the
annotation. The horizontal position of the text islocked to a position in time corresponding to
where the annotation cursor was clicked. The vertial position of the text is locked to a voltage
level corresponding to the where the annotation cusor was clicked and for whichever channel
(A or B) was selected at the time.

The rising slope trigger cursor is used to set thiigger level for triggering on a rising edge. The
channel that is to be the trigger source, and the ®is to be used to set the trigger level, are
determined by whichever channel (A or B) is selecteat the time the trigger cursor is clicked.

The falling slope trigger cursor is used to set th&igger level for triggering on a falling edge.

4.5 Cleverscope Menus

The CleverscopeFtidekEdit; Settimgs, Wiew Window and Help pull down menus are
all available from the ClexerstupeConitob Haametwindow. The graphs do not contain
pull down menus.

45.1 File Menu

The FFile menu lets you save signal and graph data, opesaved data for display and
analysis, print graphs and exit the application.

The standard, familiar Windows open and save file idlogs are used to save and
open files. Qmem lets you open APC files (*.apc) containing preiously saved
Cleverscope signal data. It can only be used to @m APC files. Text files must be
opened using the Qe Gragyth fianm Tiesett
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Save, S AssandSaxe&anihass Tiesdttlet you save signal data as APC oestt files.

If you save signal data in an APC file then your @verscope settings will also be
saved along with the signal data. This means thawhen you reopen an APC file the
data will be displayed in the display graphs exagtlas it was when you saved it and
all the Cleverscope settings as defined through thearious menu items in the Filige

Settings, andWewmenus will also be reapplied. Text files mudbe saved using the
Save Gragpitn & Tlextt Cleverscope automatically sizéise graphs to fit the restored

signal when opening text files.

Save Graph as Binary lets you save graph data torary file format. The file
structure is shown on the Se=GeprhaesBinaayydialog.

Print Options is used to choose what other informaibn is printed with the graph.
You can choose the date, time and a text descriptio to be printed above a graph
printout.

Print is used to print the currently selected graplor signal information window.

Exit lets you exit the Cleverscope application.

45.1.1 File Options
File Options is used to control the way files are pened and saved.

Save Options allow automatic logging of the signaldata. When Save Manually is
selected, files are only saved from théiélenenu. When Sanes usiingy Frestt Saves udton

:
is selected, theFesstSaarecbutton L8H is shown in the tool bar. Clicking this button
saves the graph to an incrementing file name. WherSave on Trigger is selected, a

file is automatically saved on every trigger (thisncludes anAutotrigger). The
button is shown on the right of the Trigger button. Toggling this disables and
enables the automatic save. WherSaee@nrDrattinredaysset is selected, a file is

saved every Aulito seevee dilrediton (§80s)) following a trigger. ). e button is shown on the right of the Single button.
Toggling this disables and enables the automatic sa. When Save following Open is selected, the file is autont&cally saved
after any file is opened and after any processingncluding maths. This is particularly useful for pst-processing logged files.

If Save as Text is selected the file is saved as tertherwise a full APC file is saved. For all autontiz saves a base file name
must be specified in Saee Aiide Bate Ndaneeand the file increment is coaotled with Save start and SaareestoppSanee: stéattis
automatically incremented with each save.

Open Options allow the automatic opening of saved fles. This can be used in conjunction wit/s Qee@piianssto automatically
process files. WhenOpganMaanailihis selected, files are only opened ém the File menu. When Qpem usiingy Sivgje Aaqpineis

selected, the file is opened every time theSBigigldutton is pressed. The  button is shown to the left of the Single button.
Toggling this disables and enables the automatic @m. When Open Automatically is selected, the file is opened

automatically. Click on the Singlée button to start the auto open. The button is shown to the left of the Single button.
Toggling this disables and enables the automatic gn. When Open Automatically, Data Only is selected, the file is opened
automatically, but only the data is extracted fromthe file. None of the Cleverscope settings will bdoaded. Click on the Singjee

button to start the auto open. The button is shown to the left of the Single button. Toggling this disables and enable$e
automatic open.

If Open as Text is selected the file is opened as text, oerwise a full APC file is opened. For all automatiopens a base file
name must be specified inOppeanfFile Base Name and the file increment is controlledith Open start and Opemn stop. Open
start is automatically incremented with each open.
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45.2 Edit Menu

Copy Graph lets you copy an image of the last seléed graph or information window to the clip
board. You can then paste the copied item into a doument or similar in another application.

Clear Graph lets you clear signal data from the laselected graph.

4.5.3 Settings Menu

The Settiimgs menu contains all the options, preferencesand settings related to the
acquiring and analysis of signal data, including dibrating your CAU. In addition,
you can choose different names, colours, and unitior displaying graphs.

4.5.3.1 Analog Names and Units

Analog Names and Units lets you use units other thavolts or dBs when displaying
signal data.

To set up custom units you need to define the reldbnship between the internal
units in volts and the units to be used for displaing signal data.

A plot showing the relationship between internal urits in Volts and your custom
units must be a straight line. Points 1 and 2 fixlis straight line, and therefore define
the scaling between internal units and your custonunits.

As an example, suppose a light energy generating sfem connected to channel A
had a terminal voltage of 0.28V for 3.4 J of output energy, and a terminal voltage
of 12.6V for 76 J of output energy.

To customize the units for this system you would eter 0.28 for Pt. 1 under

and 3.4 for Pt. 1 under for Channel A. You would then also enter 12.6 for
Pt. 2 under and 76 for Pt. 2 under for Channel A. Then type Jinto
Time Graph Units and Energyinto Time Graph Units . Channel B can

be similarly customized for theTiimeeGsagbl as can both channel A and B for the
Linear, Logarithmic and Gain/Phase Frequency Graplispectrum graphs).

Both Units and Neme labelling for the horizontal X axis can also be customized
whether it be for time, or frequency (for linear, bgarithmic or gain/phase graphs).

The zero dB reference point for the logarithmic Frguency (spectrum) graph can also
be customized. The default 775 mV corresponds to @Bm into a 600 ohm load. To
display dBV change this value to 1.
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4.5.3.2 Digital Names and Colours

Digital Names and Colours controls what digital inpts are displayed, what colour
they are, their name, and how big the digital disphy area is.

The Active check boxes change which digital signals amisplayed. TheGadtmnrboxes
select each signals colour. You can change the nanm& a signal by typing in the
Name fields.

In the Digital Graph Height box, select eitherNdomahlor Large to change the height
of the Digital Graph, Large is twice the size otNbommahl

4.5.3.3 Acquisition settings

Acquisition settings adjusts your Cleverscope Acagition Unit for
external trigger and digital input threshold voltages, the number of
frames stored, sampler resolution, link output, updte rate, and
external clock source.

The threshold voltage for the external trigger canbe set to any level (at increments of 12.5 mV)
between —6 and 18 volts by dialling, typing or nuddng the voltage up and down.

The level determining when a digital input is readto be a ‘1’ as opposed to a ‘0’ (digital input
threshold) can be set to be any voltage between 0ad 10 volts in 10mV increments.

The Cleverscope acquisition unit can store up to 4nillion samples of signal data per channel (if you
have the 8M upgrade then you can store 8 million senples). These samples can be allocated to a
single frame or can be divided among multiple frams. This is so that a history of previously captuie
frames can be recalled or so successive trigger ewe can be captured with a minimal 20 psec inter
frame delay.

Sample storage is allocated evenly between thENnles of Frames defined, whit can be up to 2999.
If 2999 frames are defined then each will contain B00/2600 samples.

Frames per capture determines how many of theNbiwminére of Frames stored are updated on each
capture. The Fremess peEr capttinee must always be 1 less than thNuxhber of Frames stored. As an
example, if the Number of Frames is 50, and the Fraes per Capture is 20, every time you click Single,
20 frames will be captured. Each frame will wait util the next trigger occurs before being recorded.
This is useful, for example, to capture 20 serialata messages, so they can be decoded when you look
at them.

The LLINK output on the back of the Cleverscope acquisibn unit can be enabled to link to another
Cleverscope acquisition unit for 4 channel samplingTo enable this, under Linkk Quputtselect the
Enabled light to on. To use thelllN#Koutput for serial communications selecERablai light to off. You
must have the CS1020 link cable connected betweenhe two CAU’s for this to work. If you use the
Link Output enabled, use normal triggering on the naster Cleverscope application, and set the trigger
source to Link on the slave Cleverscope applicatioryou can run two Cleverscope applications at the
same time by renaming Cleverscope.exe to somethinglse — such as Cscope 2.exe.

If you have a 12 bit or 14 bit sampler upgrade instlled then you can chose which sampler resolution
to use. If the 12 bit resolution is chosen you canat display the External trigger on digital graphsif
you have the 14 bit resolution selected, you cannodisplay the External Trigger, or Digital Inputs 53.
You can still trigger on the External Trigger and ihgital Inputs 5-8 however. The storage used for
these inputs is re-used for the extra analog bits.

The Update Ratie can be set to 20, 10 or 5 Frame/sec. T is useful to reduce processor load in slower
PC’s.

If an external clock option is installed in your Gverscope acquisition unit, you can select the usef
the external clock source by selecting ibeteralal
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4.5.3.4 Choose Acquirer and set connection

Choose Acquirer and set comnectiion lets you select
the hardware you wish to use to acquire signal
data (or virtual hardware in the case of the interial
Simulated Signal Generator). The choices are
Simulated Sig Gen, Cliveessoppe Shaumtidand]
APC901, and AfFCSOIA

If you select the APC3DI or APC3DIA then you
must also select the SBnill port that the Strobes
APC hardware is connected to.

The application supports both USB and Ethernet
connected Cleverscope Acquisition Units (CAU).

When using an Ethernet interface three connection
options are available — connect to a specific IP
address, find the first free CAU, or connect to a
specific serial number. The Ethernet interface
supports DHCP and specified IP addressing. Refer
to the section Using the Ethernet Cleverscope for
more detail.

The Ethernet interface runs at about 5 Mbyte/sec.

The USB interface runs at about 18 Mbyte/sec for CH firmware versions 6435 and above.

4.5.3.5 Acquirer Scaling

Acquirer Scaling lets you define scaling and offset to be @plied to measurements
made by the Strobes hardware (901 and 901A) and saudcards to compensate for
any difference between volts as read by the acquireand any associated input
circuitry and the actual volts at the input.

An X/Y plot showing the linear relationship betweenthe actual volts at the input and
the measurement in volts as made by the acquirer mat be a straight line.Ft 1 and
Pt. 2 fix this straight line, and therefore define thescaling and offset to ensure that
the volts as read in Cleverscope are the same aselactual volts present at the input.

For example, if by measurement the acquirer readsOnV for a real 23 mV signal and
1.2 Volts for a real 1.1 Volt signal, thenMt 1 and Pt. 2 should be as shown on the
right.
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4.5.3.6 Spectrum

Spectrum lets you select the type of Fourier transfm to be applied, the windowing technique
to be used, whether phase information is plotted indegrees or radians, and whether Phase
should be plotted between -180 and 180 degrees or o 360 degrees.

The FourierTreansstrmilympe can be RN Aanpliitudés Powen, Power Density, or Gaiin Fsesse

The RMS Amplituwde returns the magnitude of a signal involts. RMS amplitude is the most
common type of Fourier transform. The root mean sgare (RMS) voltage for each frequency
bin is displayed. This value is equivalent to a cdimuous sinusoid at the bin frequency with RMS
amplitude equal to that displayed. The RMS value o& sinusoid is a constant voltage equal to
the sum of each squared instantaneous voltage valuelivided by the time over which the

sinusoid is measured.

The Power spectrum returns the magnitude of the power ontent of an equivalent continuous periodic signalat the bin
frequency. Assuming a voltage input,Fewveerspectrum represents the power dissipated atagh frequency bin into a one ohm
resistor. The FRavegrspectrum can be scaled by setting the 0 dB ference level. For example, let the reference valube 1W
dissipated in a 50 ohm load:

From P=\¥R,V= (PR)= (1x50)=7.07V.
Therefore, set the reference level to 7.07 V.

The Power Density returns the magnitude of the power spctral density. This is the power content of an egivalent
continuous periodic signal at the bin frequency dided by the frequency width of the bin. The refererce is used as folPBwaeer
spectrum.

Gain/Phase assumes that Channel A is connected up the input of a system under test and that ChanneB is connected to
the output of the system. By performing a Fourier aalysis on frames of signal data representing thenput and output of a
system, gain versus frequency and the phase vers&sequency can be plotted for the system under test.

The gain plot is presented as Channel A and the pls& plot replaces Channel B. Gain is plotted
in either dBs or in linear units of gain dependingn whether you have selectedispisgyinndi#sor

not (also in the Settiimgys menu, see below). The phase plot is prestsd in degrees or radians

dependant on Comvert to degrees.

Phase is plotted between -180 degrees and +180 deges. To avoid discontinuities at 180
degrees ( radians) phase can be plotted between 0 and 360 dgrees if Umwnap Piase is
selected.

FFT window controls which windowing technique is ued. Fourier analysis makes the
assumption that the sampled section of a waveform s.captured in a frame is repeated infinitely
both forward and backward in time. Using the specifcase of a sine-wave to illustrate the point,
a captured sine wave will not necessarily finish ithe frame at the same point in its cycle that it
started.

Assuming that such a frame is repeated endlessly Miherefore add discontinuities where the framesgin that are not actually
present in the real signal. These discontinuitieare called end-point errors and they are common taall Fourier Transform
Analysers. Windowing is a mathematical technique el to minimize such end-point errors.

The choices of windowing techniques in Cleverscopare:
¢ None
* Hanning
*  Hamming
e Blackman-Harris
* Exact Blackman
e Blackman
e Flat Top
e 4 Term B-Harris
e 7 Term B-Harris
* Low Sidelobe
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These windows have the following characteristics:

Window -3dB Main | -6 dB Main Lobe | Maximum Side | Side Lobe Roll-
Lobe Width Width (bins) Lobe Level Off Rate
(bins) (dB) (dB/decade)
Uniform (None) 0.88 1.21 -13 20
Hanning (Hann) 1.44 2.00 -32 60
Hamming 1.30 1.81 -43 20
Blackman-Harris 1.62 2.27 -71 20
Exact Blackman 1.61 2.25 -67 20
Blackman 1.64 2.30 -58 60
Flat Top 2.94 3.56 -44 20

The choice of window to use depends on the type ofsignal being examined, and the desired trade off bieveen Frequency
resolution, spectral leakage and amplitude accuracy

The following table gives a first approximation tothe best type of window to use:

Signal Content Window for best Window for best Window for best
frequency spectral leakage amplitude accuracy
resolution

Sine wave or combination of sine Hanning Exact Blackman Flat Top
waves

Narrowband random signal (vibration Hanning Blackman Harris Blackman Harris
data)

Broadband random (white noise) Uniform (None) Blackman Uniform
Closely spaced sine waves Uniform, Hamming Hamming Blackman
Excitation signals (Hammer blow) Uniform (None)

Unknown content Hanning

4.5.3.7 Averaging
Averaging can be used with either theSpeettonmGsagih or the Stopee Gl eqbiilnacking Graggth A

number of frames can be arithmetically averaged togther to reduce the effect of noise.

Averaging is usually used to minimize the effects fonoise and to find the average value of a
signal in the presence of noise.

Weighting mode provides three types of averaging;Lirneasr Expomentia] and Freskk Mgk
averaging can only be applied to theSpeettonmnGsagbh

Linear does averaging with equal weighting. It sums number of captured frames and then calculates aew frame which is
the average of them all. The number of frames beingveraged may be set in\Vinmblee 0b baeeaggss

If 16 frames are being averaged then a new frame iglisplayed only after 16 frames have been capturediransferred and
averaged. Triggering can be used to ensure that albf the averaged frames are aligned with respect tahe cycle of the
captured signal.

With Expamemtisdl averaging the PC calculates the averagior a new frame every time a frame is captured andransferred
from the acquisition hardware. Automatic frame captire, triggering and frame transfer will continue to work as it does
without averaging. As for Linear averaging, triggering can be used to ensurthat all of the averaged frames are aligned with
respect to the cycle of the captured signal.

Older frames contribute less than more recent fram&to each calculated average. The contribution of frame to each new
calculated average diminishes exponentially with mie as new frames are transferred and new averagesalculated. The
contribution of older frames to the most recently @lculated average is never lost however (unless axeging is turned off or
reset).
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Let N represent the NNumideer aff sarereagpeesswhen exponential averaging is $ected. The value of a sample in a newly averaged
frame is calculated as follows:

The value of a sample in a new frame is added to N- multiplied by the value of the equivalent samplein the last ‘averaged’
frame and the total is divided N.
Vnewcalc = (Vnew + (N'l)vpreviouscalt)/N
Where Vi eucaic, View, Vpreviouscaic @ll represent samples which are in equivalent posins in a frame with respect to time and:
Voewcae 1S the newly calculated average for a sample.
View is the most recently measured and transferred valufor the equivalent sample.

Vireviouscale 1S the previously calculated average for the equidant sample.

This form of averaging is called exponential averagg because the weighting given to each frame of saples, as you go back
in time, represents an exponentially decaying curvdf N is 4 the weighting given to the samples in @ch frame going from the
most recent frame backwards is represented by theoflowing series:

V,1/4, V,3/16, V;9/64, V ,27/256, V;81/1024 ...
Where V; is the amplitude of a sample in the most recent fime and \; is the amplitude of the equivalent sample in the %
most recent frame.

Peak averaging can be used in a situation where yowant to accumulate in one spectrum the maximum frguency points
from the spectra of a number of frames.Feadkaveraging can only be used to accumulate thegak frequency levels from
consecutive spectra and is not relevant for use ithe time domain.

When Peak averaging is used the spectrum of a frame ofignal data is calculated and the frequency pointsra saved in an
averaging array. When the frequency points of a nevly captured frame are loaded into the averaging amy only those points
whose levels are both greater than their counterpds in the current array are actually loaded. In tld way all the frequency
points in the peak averaging array represent the gratest levels so far recorded at those points.

Peak averaging is very useful if you are doingG&ialPhase plots. Instead of using a white noise geerator to produce an input
signal that contains all the frequency points of iterest in one frame, a sweep frequency signal genator can be used to build
up the gain and phase response of the system over@umber of frames.

Note The choice of Numiier aff saneragessis not relevant foPRaklaveraging.

Averaging in the Scope Graph
If you wish to do time averaging, you must have a riodic waveform whose phase variation is relativgl stable so you
achieve a stable trigger.

Use equal averaging when all frames are equally ingstant (a periodic waveform with noise, for examplg. Use exponential
averaging when you wish to get the best estimate ofthe current value of a varying signal (for examplea pulse train with
jitter).

Averaging in the Spectrum Graph

If you wish to do frequency domain averaging then yu should be aware of the difference that Triggeredand Auto frame
capture has on averaging. If Triggered has been ssited, Cleverscope assumes you have a periodic wdeem and a good
trigger, and averaging will be performed in the time domain, before transforming the resulting averageto the frequency
domain. If Auto is selected, the signal data is tnasformed and the averaging is performed in the fregency domain.

Use Triggered when you have a stable periodic sighavith impressed random noise. Use Auto when the ghal is not periodic
and a stable trigger is not available. When Auto isised (and averaging is done in the frequency doma) endpoint errors will
be smoothed as they will have different frequency ontent from frame to frame. End-point errors are dscussed under
‘Windowing’ above.
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4.5.3.8 Reset Average

Reset Average restarts any averaging process thatay be underway. The averaging process that is cuently selected will
start again when the next frame is captured.

4.5.3.9 Displayin dB

When Display in dB is selected then the vertical axis dhe Spectrum Graph will be displayed logarithmically inlB as opposed
to a linear amplitude scale. The exception to thiss the Phase plot whenGaidniFPlaaseis selected for theSBeetctrmGa&pph
because phase is always graphed in degrees or rad&a

4.5.3.10 Display spectrum log frequency

When Display spectrum log frequency is selected then théhorizontal axis of the Spectiumm Graphn will be displayed
logarithmically as opposed to a linear frequency sde.
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4.5.3.11 Calibrate Cleverscope

Standard self calibration should be executed if theemperature changes by more than
10°C. Cleverscope includes an internal reference whicks used to self calibrate all the
analog circuitry within the Cleverscope AcquisitionUditit. Before initiating eSttamdiard self
calibration, disconnect all probes from the front ¢ the Cleverscope Acquisition Unitand
ensure that it has been powered up for more than 5minutes, then click Sttt Salff
Calibration. The self calibration process takes alb7 minutes.

The Signall Generator calibration only needs to be donence after you install the optlonal
Signal Generator Unit yourself. If yourGléeeess ¥

Generator Unit installed then this calibration Wlllhave been completed at the factory.
Before initiating a Siipmell Gemenatimr calibration, connect a lead from theSignal Generator
output to the Clnam A input, and then click Sttt S gy Gem Calilination.

The Omce Yearly calibration requires a high precisioneference of around 2 V. You must
know the reference output voltage with an accuracyof at least 1 mV to guarantee proper
calibration. Before initiating a@muoee Yesahycalibration, disconnect all probes fronthe front

of the Cleverscope Acquisition Unit and ensure that it habeen powered up for more than
5 minutes, then click EEgim besedime messunementt and follow the instruains. A Omoe
Yearly calibration should always be followed by S&indard self calibration.

The Ext Trig and Migjtal |hputss calibration only needs to be done oce. If the thresholds for
the external trigger or digital inputs are not respnding correctly then perform the
appropriate calibration. Earlier versions of the @Verscope acquisition unit may not have
had this done at the factory.

The Frequency Response calibration is completed at thiactory. If you think there is a
problem with the frequency response of your Clésersanpe Aapuiition Wit, contact
Cleverscope support before carrying out &fequercyiRegporse calibration.

4.5.3.12 Colours

Colours lets you select different colours for graplplotting. You can select colours for channel A
plotting, channel B plotting, graph backgrounds, aa major and minor grid lines.

4.5.3.13 Display tool tips

Display toadl tips allows you to select whether the tool tip popups show when you hover over
an item with the cursor.
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45.4 View Menu

Various windows can be selected for display underhe View menu. The operation of
each of these windows is discussed in the followingection.

Note The Digitiall Grayphn is not a window in its own right, but is built into the Scope or
Tracking Graggin It can be de-selected to save screen space.

When Tracking Graph is Linked is selected the tracer ihe Scope Graph will mimic the
tracer in the Trackimg Graph, and vice versa. Tha radiimny Gnaguin time axis will change
to keep the tracer in the centre of the graph. If he Tracking Graph is not linked, the
two graphs can be manipulated independently of eactother.

455 Window Menu

The Wimdow menu is used to select which of the displayd Cleverscope windows you
wish to be currently active. A window can also be nade active by simply clicking inside
it, but this presumes that it is visible, or in frat on the desktop.

Note A window will only appear in the Window menu if it is currently selected to be
displayed in the Wimwmenu.

4.5.6 Help Menu

About Cleverscope shows the various keyboard shonits and the current version
number of the Cleverscope Application software Abbat DDE links shows how to link
live data from Cleverscope to other applications sth as Microsoft Excel or AccesEithd
User License shows your license agreement.
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5 Scope Graph

The Scope Grapih is used to view captured signals in théme
domain, and to determine the boundaries of the sigal to be
captured in both amplitude and time. It is dividedinto three
areas; the Ihformaticom area at the top, the digital graph in the
middle and the analogue scope at the bottom.

Viewing the signal on the Scape Gragplh is like viewing a signal on
a normal oscilloscope. The channel A and B signalaces are laid
over each other and visible in the same window ashiey are in an

oscilloscope. As with an oscilloscope both channela and B are

referenced to the same horizontal time axis but edt has their

own vertical or voltage axis.

As with an oscilloscope, triggering can be used teensure that
repetitive waveforms remain stationary on the SBopec@wph as
frames are acquired and displayed on a continuousdsis.

The Digital Grayph for displaying the pulse trains presg on each
of the 8 digital inputs is located above the mainStope Graph. Its
horizontal (time) axis is locked into the horizonth axes for the
Scope Graph below it and so the horizontal displayxontrols for
the Scope Graph also apply to theDRjigabGEaphh

Note To conserve display space thBitgtabfaptpban be turned off in the Wigawmenu.

5.1 Vertical Axis

To the left of the A channel vertical axis are a nmber of buttons for controlling the vertical positioning and
scaling of the A channel signal data. The same buihs for the B channel are positioned to the right 6the
vertical B channel axis.

Use the up arrow button ( ) to move a channels signal trace up. Similarly, esthe down arrow button ( )
to move a channels signal trace down.

Use the auto-fit button ( ) to let Cleverscope decide and apply the optimum ertical scaling and
positioning for a channels signal data.

Use the vertical expand ( ) and contract () buttons to vertically expand or contract a channés signal
data.

The zero button () sets the amplitude axis so that OV is at the veital centre of the amplitude range.

Note The mouse scroll wheel will work on the lastontrol used as a virtual knob.

The Scope Grapih setup also determines how a signal while captured. The vertical axis setup determines
the internal scaling and offset. Cleverscope’s fulllO bit analogue resolution maps onto the chosen

minimum and maximum amplitude axis values. The vaks for Channels A and B are independent of each
other.
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5.2 Horizontal Axis

Below the horizontal time axis are the buttons for
controlling the positioning and scaling with respet to
time of both A and B channel signal traces.

The left and right arrows ( and ) move the signal left or right in time. The horizatal contract () and expand ( )
buttons horizontally expand or contract the signalith respect to time.

Note The mouse scroll wheel will work on the lastontrol used as a virtual knob.

The Fit () button will let Cleverscope decide and apply theoptimum position and scaling with respect to time br the Scope
Graph. The zero button ( ) repositions the graph so that zero time is in theentre.

The time axis determines the start and stop time ofhe signal captured relative to the trigger. The tigger position is always
time 0. Positioning the time axis so that the lefthand side of the axis is negative means that you Wisee signal before the
trigger occurred. Similarly, positioning the left land side of the time axis to be positive means thathere will be a delay
following the trigger before signals are acquired ad displayed.

5.3 Tracers and Markers

5.3.1 The Tracer

The tracer is a small black circle that can be modealong a signal trace using the mouse. The voltage
level and position in time is displayed in thelrifdgomation area. By moving the tracer to a point ¢
interest on the signal trace or spectrum you can & the voltage level and time at that point.

5.3.2 Placing Markers

Markers are used to measure the time and amplitudef a time plot — or the frequency and amplitude
for a spectrum plot. You place markers like this:

1. Move the tracer to the location of interest.

2. Place a marker by either:

» double clicking
pressing the space bar

* pressing the 1 or 2 keys
Up to 2 markers can be positioned in this way. Themarkers will always maintain their horizontal
positions on the signal trace. Their positions ardisplayed in the lnfommatiemarea.

5.3.3 Measuring Differences and Frequency

You measure differences by placing two markers, anthen reading the differences in the right most
Information box. Here the time difference is 0.75 ns. You can measure differences between plots by
placing the first marker, and then pressing theTablkey to move from one plot to the next, and
placing the second marker.

Also displayed in thelhfiéomagitonarea are the differences in voltage andime (delta) between the two markers. The Freq
value is the inverse of the time delta.

Volts/Division and Secs/Division are displayed abasthe top left hand side
of the graph.

5.3.4 Digital Tracers and Markers

Notice that as you move the tracer, the black traceline on the digital display follows the analog tacer. Similarly the markers
are mirrored to the Diigitall Graypln, which is synchronized with the analg graph. If you want to pay particular attention to a

digital input, drag the threshold markel W[ to the input of interest.
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5.4  Frame and Trigger Time Stamp

The Frame value gives the frame number for the currenyl displayed graph. TheTTiggge tiineestamp is maintained by the CAU,
as a 64 bit word with 10ns resolution (5,865 years)Each trigger is time stamped with the real timeto 10ns resolution. The
trigger time is displayed above the graph on the ght, and is also used to time stamp the protocol deodes. In addition the
trigger time can be used by the Maths system to callate the time difference between triggers. Any seed files (.apc and
text) are time stamped with the trigger time. You may need to drag the window wider to see the whole ime stamp.

5.5 Graph Settings

There are a series of buttons between the graph andhe information area that
control graph settings.

The Zoom In ( ) and Zoom Out ( ) buttons zoom in and out on both channels at the ame time.

The S=tup 1 () and Setyp 2 () buttons restore graph setup 1 and 2.Shift + Setup 1 () and Setwp 2 () save graph
setup 1 and 2.

Previous Graph Setting ( ) button goes back to the previous graph setting ad the Next Graph Setting ( ) button goes
forward to the next graph setting. The settings bufer can hold up to 50 previous settings.

The Tracer Cursor Style ( ) button toggles between a dot and a line cursor.
The Normalize Guidl ( ) button normalizes the scales of the grid, so theyine up.

The Knol» Paletie ( ) button turns the knob palette on or off. The knob palette appears in the left-hand side
of the Scope Graphas shown to the right.

Note The mouse scroll wheel will work on the lastontrol used as a virtual knob.

The Y CoarsefFine ( ) button and the X CoarsefFine ( ) button toggle between coarse and fine movement
of the respective scales. When set as shown abovéhe movement is coarse which moves by a major gridcale
on each movement. When setas ( ) and () respectively, the movement is fine which moves by minor grid
scale (1/5" of the major grid) on each movement.

5.6 Zooming the Graph

You zoom the graph in these ways:
1. Use the graph enlarge/reduce tools to enlarge or réuce the graph. For the time axis, the contract bubn ()
zooms out on the signal and the expand ( ) button zooms in on the signal. For the amplitudeaxis, the expand

button () zooms in, and the contract button () zooms out.

N

Use the Control Panel Tools to zoom on time, amplitude or both.
3. Use the key commands to zoom on the tracer:
and  move the cursor left and right
Shift+ and move the graph left and right
Ctrl+ and change the x-scale up or down

and move the selected graph up and down
Shift+ and move the selected graph up and down
Ctrl+ and change the y-scale up and down

5.6.1 How Zooming Works

Cleverscope keeps all the samples in the acquisitiaunit. When you zoom the graph, the Cleverscope aplication requests a
new graph view from the acquisition unit. The acqusition unit finds the samples, and returns them, @ the USB. The
acquisition unit can keep up to 2 or 4 M samples irany one display buffer (for the 4M and 8M models).
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6 Tracking Graph

Use the Tnackimy Gragpiin together with the Scayme Gnagin to have both an overview of
the entire frame of signal data and a close-up viewof a portion of the signal trace that
interests you.

First ensure that you have turned on theTfaskkigoGeagh display and that theTfaakking
Graph isllinked using the Wimw menu. As you move your mouse along the signairace
in the Scope Graph, theTraskinggGrapbhwindow will also move giving a closeaip view
of the signal centred on the position of the tracerin the Scope Graph. The tracer
positions in both graphs will refer to the same pait.

The Tracking Graypih works in an identical fashion to theScope Graph. Zoom, pan and
annotate in exactly the same way. TheTraekkiggGeagh has its own markers and
annotations.

As you move the mousef/tracer outside the current widow view in the Scope Graph,
the tracking window will move to accommodate the new tracer position. This ensures
that the tracer is always in view.

As with the Scope Graph, whenDisgégy Dimgjiil Gragiin is selected on theVigamwmenu,
the Tracking Graph also displays th®iitalaGfapiph

There are many occasions where you find a featurefanterest in the Scope Graph, and
wish to examine it more closely. To do this, positin the tracer on the feature in the
Scope Graph, type ‘L’ to temporarily lock theTfazking Grapih position. You can now
manipulate the Trackimg Graplh view. Clicking on theTTaakingoGsapbhwill clear the lock.

As with the Scope Graph, theTraakkiggGeapbhalso has annficionatitiorarea displaying
information about the position of the Tracking Grapgh tracer, markers, marker
differences and signal frequency.
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7 Spectrum Graph

The Spectrum Grapl displays the Fourier transform of # channel A and channel B
signal data. The SRawoee for the Sjpestiumm Gragglh can be selected from theS&ampe
Tracker or Mettisgraph.

In addition to the graph setting buttons that appea on all graphs (see theGpaphph
Settings section above), theSppetrunmGeaphhhas two additional buttons and two
additional frequency selection lists.

The Set Cham A peak to O dB ( ) and Set Chan B peak to 0 dB ( ) buttons toggle

between setting each channels peak value as displegt on the graph to 0dB or not. The
channel A button is shown in the sef peak to 0 dBposition and the channel B button is
in the normalposition.

Frequency Sjyaam and FresuencyfRess controls the spectrum analysis frequency spamé resolution displayed in the Sieettum
Graph. The resolution is increased by increasing ¢hnumber of samples returned from the capture unitto the spectrum
analyzer.

There are four choices of Fourier transform. On theSettings menu, click
Spectrum. The FourieTTaasfdomTyppecan be:

* RMS Amplitude

*  Power

*  Power Density

* Gain/Phase

The windowing technique can also be selected as flolws:
e None
* Hanning
* Hamming
* Blackman-Harris
* Exact Blackman
» Blackman
e Flat Top
e 4 Term B-Harris
e 7 Term B-Harris
* Low Sidelobe

Fourier transforms and windowing techniques are d@ussed in detail in the
Spectrumsection of the Settimgs menu description above.

As with the Scope Graph andTragkiigoGsapph the display controls for the
Spectrum Graph work the same way, except that the brizontal axis
represents frequency instead of time.

A tracer may be moved along the spectrum trace inhe same way as the
Scope Graph. Markers may be placed on the spectrurtrace at points of
interest by double clicking at the desired tracer psition.

The Information area displays information about the posibn of the tracer,

the markers, the amplitude and frequency difference between the

markers and the inverse frequency difference betweemarkers, labelled as
time.
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8 Signal Information

Information about Channel A and B signal data is dplayed in the Sgmall
Information window. The results of a number of mathematical functions are
displayed in a table.

The information is calculated using the source grapspecified by the Ihfommaticmm
Sounee;, located at the bottom right of the Signal Information window. Click on the

button to choose the source. The values are calcuiad using the signal displayed
on the graph.

You can use theTreatlimopGaegubhto derive information over a smalletime period,
and by linking the Tracking Graph to the S @eggbh and selecting the Scope
Graph, and moving the mouse over the graph, trace ariations in value such as
Frequency, DC or RMS. Data is only updated if themurce graph is open.

All the results can be averaged by turningAesaging on.

8.1 DDE Links

DDE enables Cleverscope to emit DDE (Dynamic Data&hange) messages to any
application that can subscribe to DDE links. Thesare useful for embedding live

data in Excel or Access. Links are updated by deftiias real format numbers with

8 decimal digits. DDE is only output when theStgaihlirfiommetion is displayed. To
stop/start updating the DDE links, clickEXE=

On the Help menu, click Attt DDEE Linkssfor more detail. You can copy and aste
a link directly from the help dialog into your recaving application. As the signal
information can have the WM&t graph as a source, derived maths values careb
linked via the DC or Marker X, Marker Y values.

DDE uses three values to specify the source:- theeiioe name (which isCscopg,
the Topic name (which is/nfo) and the item name. For Excel a typical link might
be

=Cscope|Info!A_Freq which displays the Frequency ofChannel A in the
spreadsheet cell. Make sure Cleverscope is runnindefore opening the
spreadsheet.

Here are the available items:

Time Information Spectrum Information Examples:

=Cscope|Info!A_V_DC =Cscope|InfolA_F_DC

=Cscope|Info!lA_V_RMS =Cscope|Info!lA_F_RMS =Cscope|Info!lA_V_DC Display A channel DC volts
=Cscope|Info!A_V_Max =Cscope|Info!A_Fsignal =Cscope|Info!B_HF1 Display B fundametal frequency
=CscopelInfo!lA_V_Min =Cscope|Info!A_Vsignal =Cscope|Info!A_VMarkerV Display Marker 1 volts
=Cscope|Info!lA_Pk_Pk =Cscope|Info!A_HF1 =Cscope|Info!B_FMarkerF Display Marker 2 frequency
=Cscope|Info!A_Std_Dev =Cscope|Info!A_HV1

=Cscope|Info!A_Period =Cscope|Info!A_HF2

=Cscope|InfolA_Freq =Cscope|InfolA_HV2

=Cscope|Info!A_Amplitude  =Cscope|Info!lA_ HF3
=Cscope|Info!A_Pulse_Len =Cscope|Info!lA HV3
=Cscope|Info!A_Duty Cycle =Cscope|lnfo!A_Sinad
=Cscope|Info!lA_VMarkerT  =Cscope|Info!A_THD
=Cscope|Info!lA_VMarkerV  =Cscope|Info!A_HV2_HV3
=Cscope|Info!A_FMarkerF
=Cscope|Info!A_FMarkerV

Item names are preceded by eitheAA or B_ to define which channel is being used. Marker 1s A _and Marker 2 isB .
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8.2 Logging

Clicking Show lLogging expands the window
to show all the logging functions so that
available signal information can be logged.

Select the items to be logged in Lbgg
Function? and select tolloggGhlammet|A®?and

Log Channel B?. Choose d.ogd-ifeldppof

Text Fileor Excel Filelf Excel Filas selected,

also click Sttt Sessttto choose whether the
data is logged in a New sheet or the First
sheet. Enter aLlogg Filée Néanee including its
path or click to browse to a file. The

logging system can open Excel 2000-2007
and log directly into the spreadsheet.

If a Log File Type is7ext File you are also able to open the file in the standat Scope Graph and see the first two channels of
captured data (use Auto Fit to size the signal totlte display). The saved data includes the 10ns trigg time, which means the
log file can be used to find the exact duration betveen trigger events.

The Updiate Intervall includes the value 0. This means sa every trigger, which can be used for saving at mximum rate or for
sporadic sampling where a trigger only occurs occamally. An added bonus is being able to see as mbcof the captured file
as you wish while capturing is happening.

Click Staurt Loggiing to start and stop logging. ClickPaais® to take a break in the logging and click it gain to resume logging.
The logging will halt when the Number saved to the log file reaches theNNmbbeob¥alues to save.

Similarly to DDE, if the Infommation Source isNMédkissthen derived values can be logged via the DCetc or Marker X, Marker Y
values.

The Log display graph automatically adapts itself to th number of items selected to be displayed.

8.3  Signal Information Descriptions

DC is calculated by taking the mean amplitude valuef the signal data (either full frame or between tacking markers). It
represents the DC offset of the signal data for whih it was calculated.

RMS (root mean square) is calculated by squaring ¢hvalue of each sample, taking the mean value of tbse squares; and then
taking the square root of this mean value. As for H functions the calculation is either done for theentire frame or between
the tracker markers.

Max (maximum) is simply the maximum value of all tle samples within the range specified.

Min (minimum) is the minimum value of all the sampés within the range specified.

Pk-Pk (peak to peak) is calculated by taking the diffeence between the minimum value and the maximum vale within the
sample range specified.

The Period is calculated by finding the mid level cro@sgs, and estimating the time between crossings. Aysteresis approach
is taken to finding the mid level crossing point toavoid the effects of overshoot and ringing.

The Fundamentall Frequency for the highest amplitude coionent chosen is displayed from a Fourier transforrof the signal.
The Fundamentall Peak amyp for the highest amplitude compoant chosen is displayed from a Fourier transform ahe signal.

To calculate Fultse Lemyith Cleverscope assumes that the signalrepetitive. The pulse length is calculated by finghg the mid
level crossings and calculating the time differencbetween the positive going crossing and the next egative going crossing.

To calculate Mutyy Cpatée Cleverscope assumes that the signal ispetitive. The duty cycle is calculated by takinghe time at
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which three consecutive mid level crossings occulhe duty cycle is percentage ratio of the time fronthe first rising mid level
crossing to the next falling mid level crossing dided by the time from the first rising mid level cossing to the next rising mid
level crossing.

8.4  Spectrum Information Descriptions

DC is calculated by taking the mean amplitude valuef the signal data (either full frame or between tacking markers). It
represents the DC offset of the signal data for whih it was calculated.

RMS (root mean square) is calculated by squaring ¢hvalue of each sample, taking the mean value of tbse squares; and then
taking the square root of this mean value. As for H functions the calculation is either done for theentire frame or between
the tracker markers.

Fsignal is the frequency of the signal estimated tbe the largest frequency component.

Vsignal is the amplitude of the signal estimated tde the largest frequency component.

F1 is the frequency of the fundamental signal.

V1 is the amplitude of the fundamental signal.

F2 is the frequency of the 29 harmonic of the fundamental signal.

V2 is the amplitude of the 2 harmonic of the fundamental signal.

F3 is the frequency of the 3' harmonic of the fundamental signal.

V3 is the amplitude of the 3 harmonic of the fundamental signal.

SINAD is Signal in Noise and Distortion. It is theatio of signal plus noise plus distortion and no#s plus distortion.

THD is Total Harmonic Distortion. It is the ratio & the sum of the powers of all harmonic componentsto the power of the
fundamental frequency.

HD2+3 is the ratio RMS sum of the 2° and 3 harmonic referred to the fundamental amplitude.

9 XY Graph

The XY Grapih displays the XY plot of the channel A and
channel B signal data.

In addition to the graph setting buttons that appea on all
graphs (see the Giapbh Sditiggs section above) theXXY
Graph has one additional control. TheXXYS8arzeecontrols
the source data from the Stopee SjEsnttum Thscker, or
Maths graph.
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10 Protocol Decoder and Setup

The protocol decoder is capable of decoding SPI,*Q, and
RS232/422/485 serial data (UART). In addition a conting
decoder is provided for a collection of data linesThe decoders
are configurable for number of bits, data sense, biorder, chip
select active level, and the source for each decodénput. Any
CS328A signal (118, Chan A, Ciham B, andEt(Trig) can be used
as a source. The threshold level used for analog smes is
configurable. The colour used to display the symbsl is
configurable.

Up to 4 decoders can be used at any one time. Decaat results
can be displayed as Characters, Decimal numeric and
Hexadecimal numeric. Each decoder outputs to onernlé on the
Digital graph. Decoded symbols are positioned stairig at the first
bit of the decoded symbol if the display time baseallows. If the
timebase is zoomed out, decoded symbols are compresd
together. Each decoder can be assigned a name. Ifi¢ decoded
output is displayed as characters, non printing chacters are
displayed as ‘." Newlines are output correctly.

Decoded results can be automatically copied to th&otes display by selectingdbppyddNetegssallowing captured strings to be
copied and pasted into other applications. Decodedymbols are compressed to a single string, if thimter character time is
less than three character durations. Each decodedring includes the time at which it occurred, with 10ns resolution. Using
Notes, and an Excel spreadsheet, it is easy to meas the time between messages.

The PC decoder uses colour highlighting to show the addrss, data, start, stop, ack and fault/non fault stéus.

The protocol decoder works over both regular captues (automatically improving sample resolution if rguired), and over full

buffer transfers. A full buffer (4M) capture of 2 seconds will have 500ns resolution, still sufficiento decode 400 kHz 12C,

115 kbaud serial, and 500 kHz SPI. 2 seconds of tnafer represents a message of about 100,006C characters, 23,000 serial
characters or 125,000 SPI characters if transmitteat full rate.

Decoded messages are automatically saved in the .afiile when saved, allowing the captured signal andlecoded message to
be viewed using the Cleverscope application — useffior sharing via a network, email or later review.

If the display width chosen on the Sopee Graggthresults in a resolution that doesn’t stw the individual bits of the signal then
the protocol can not be decoded or displayed. Howeer, clicking Gett Fraammes should be able to decode it because theatla will
be brought in at a higher resolution.

In addition the decoders work on a frame by frame lasis. The current frame is set usin@@rerdrEframenen the Cléaersame
Control Panel. Changing the current frame allows réable navigation and display of each frame conterst. If the protocol
decoder is enabled, as each new frame is displayddr the first time, the frame is decoded, and optimally added to the
Notes.

This capability means that multiple short messagesan be captured and displayed and decoded, withoutcapturing the
intervening dead space. For example to record theirkt 50 messages being sent, set the number of fraes to at least 51, and
the number of frames per capture to 50. (UseAsqqidiiian Setimgs on theS&ttings menu). ClickSihglée(assuming you have set
up the trigger beforehand), and the next 50 message will be captured. You can now useCurneatFFaeeeto navigate each
message. As the frame is loaded, it is decoded, arnttie message added toNdess if Copy to Notes is enabled. Inter message
time can be as short as 20us.

Here is an example of the output of the protocol deeoder being copied into the Notes window:
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The first line gives the name of the decoder, andhe frame that was decoded (you can decode up to 300 sequential
frames), and the trigger time with 10ns resolution.

Subsequent lines show for that frame, each decodeadhunk of text (text is grouped if the char-char time is less than 3
character times). The decoded chunk is preceded hifie time relative to the trigger.

As further frames are decoded, they are sent to théotes.

If you copy and paste the decoded text into Excelyou get this:

The copy includes tab characters, so that the coluns line up well.

The following pages show example Protocol decode $eps, and the resulting decode.
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10.1 IC protocol

Here is the scope graph displaying the colour codetfC decode:

If there is room, the symbol is positioned at the orrect time position on
the signal. Values can be displayed in char, hex @ndecimal. The
address (shown in green) is always displayed in heoxt decimal. The start
condition is denoted with an orange ‘s’. The stop$ shown with a blue
‘p’. A repeated start is shown as sR. Acks are nathown. Nacks are
shown as a red ‘k’. Extended addressing is supporde displayed as
yellow extended address values.

Once captured, you can zoom on any symbol. If therds insufficient room, symbols are concatenated:

In this example the second message was extended, Haepeated start, and ended with a Nack. The wholanessage is shown
in red as a result. Zooming in shows the individuadymbol colours and positions:
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10.2 UART protocol
Here is the scope graph displaying the UART message

The Protocol setup screen:

The source for each data line can be any one of thBigital Inputs 1-8, the external trigger, or ChanA or B.

If Chan A or B are used, you can set the thresholdor where there are two or more inputs, the threshdd for each one of
them). The Uart decoder allows you to choose the nmber of bits, if parity is used, the bit order, andthe idle state, in
addition to the bit time. A calculator for presetting the bit time with standard Baud rates is includd. Otherwise you can just
type in the time (as we have here — 10usecs).
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10.3 SPI Protocol
Here is scope graph displaying the received SPI nszge:

The data line has been connected to both Input 1 ad also Chan A.

The protocol setup shows that Chan A was used as ¢éhData source:

As an analog channel was used, the signal will havieeen thresholded at the given Analog Threshold (2Y
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11 Maths

11.1 Maths Graph

The Matths Graph displays the results of thevidtib Efqatiom Builldier.

In addition to the graph setting buttons that appea on all graphs (see theGBaphhSe¢itiggs
section above) theN&thss@aghhas one additional control. TheMdtlibSBumoe controls the
source data from the Fulll Buffen Scope, SgEstturm or Tinecker graph. Note that Maths
works on the Spectrum Graph in the frequency domain. Also if fulframe is selected and
there is not a full frame then it will just use the Scope graph data.GettFrame will
recalculate the maths using the full buffer. Aftera full frame transfer using Get Frame, you
can zoom in on the signal as normal. If a full frare is not used, zooming is limited by the
Scope Graph time resolution.

The Trigger time can be used by the Maths system to caulate the time difference
between triggers.

11.2 Maths Equation Builder

The Matihs Equation Builder is used to build equationshat process the available
analog and digital inputs to generate an output thd goes into the channel you
choose. You can have up to 8 equations active at amtime.

To create an equation, click on theBfgatibassrow you wish to edit. You can enter
equations two ways:

1. Type in the equation directly. To check that it isvalid click on the Chesak
LED. A red LED means an invalid equation.

2. Build up the equation by clicking on the CHeamedés Qeraatoss or Numibers
buttons. If you want to use a function click on the Functions drop-down
button, and select the right one. ClickAkittto enter it into the equation. Use
the Backspace orGlanruttons to edit the equation. The equation wil be
checked as you go.

Equations work on each individual sample in the chanel signal, from beginning to
end. Channel signalsaad are the analog channels A-D,i11i8 are digital input
channels 1-8 andxis the external trigger. Matee: You must enable digital graphs if
the equations containiilti8 and x, otherwise the equations won't work. Intermediate
results (even digital ones) are kept as real numbsr

Click Used?to enable and disable the equation.

Choose an output process. These processes combirteetresults of previous samples to determine the néwalue. The process
----> just transfers the data to the desirecdD@stitiation channel.

Choose the Destimstimmchannel. Channele@and d are useful as intermediate storage.

Digital values remain as real numbers until transfeed to a digital input, at which point values >0 kecome true, and values
<=0 become false.

The equations are evaluated from top to bottom. Ouputs from an equation are used as inputs to the netxequation.

Examples:
Equation Process Result
-a e > Inverts a
atb > Adds aand b
ad - > Multiplies a and d, e.g. Power = volts x amps
sign(-(abs(a-b)-8.5)) ----- > Returns 1 if the difference between a and b is <8.5, otherwise -1
c.a A:B Phase Returns Phase (in degrees) betweeand a
b:1 A:B Sig Gen Sets the Sig Gen frequency to valggven in b
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Click Apply Equations once you are happy with them. Any invatl equations will not be activated.
Click Set Filter 1 andSex:tFillezr22to setup the filters applying to the Rter 1 and 2 processes.

You can get help on a process by selecting it at # bottom of the window and a process description wil appear in Proress
Help. In the descriptions,samplesmeans the output of the preceding equation, outputinto A (if an A:B pair is used).

The Maths system has a large number of processeshé@se processes are:
Integral, Differential, Filter 1, Filter 2, Values>0?, DC, Average, Std Dev, RMS, Pk-Pk, Minimum, Maixnum, Freq
(Amax), Amax (Fo), Phase (Fo), Period, Duty Cycl®&ulse Width, Undershoot, Overshoot, Slew rate, A:BPwr Factor,
A:B Phase, A:B Pwr Watts, A:B VA, A:B Var, A:B Adds B?, A:B Seq Integral, Seq Time Diff, A:B Intedve, A:B Sig
Gen, A:B Autosave

Help for each process is included in thiisthiecpsption builder. Extended signal information is inclded in the processes.

Of particular note are the Values >0?, A4sBSig GamandAbBBAItbsamrecprocesses. Thealiadis>950@rocess yields all 0 if no value
is >0, and 1 if at least one value is >0. This prass can be used to check if any value exceeds a #ghold. For example say we
were trying to find out if the peak voltage ever exceeded 260V.
We would use this maths equation:
a-260 values>0? b - b would now contain 1 if anyvalue was
>260V, otherwise 0.

A:B Autosave can be used to save a graph if any wa in A is >0. The current Autosave setup is used-his can be used to log
out of range events.
(a-260):1 A:B Autosave b - saves Scope graph ifry value in a is >260V. b will contain 1 if we
saved, or O if we did not

A:B Sig gen can be used to set the sign gen to adguency, amplitude, or waveform.
Freg(Amax):1 A:B Sig Gen b - sets the Sig Gen to tuut (i.e. track) an input signal. The frequency
output is saved in b.
This example can take a square wave input (or anythg else for that matter) and produce a tracking geerator, outputting a
sine wave of the fundamental frequency. This coulde useful for waveform clean up, transfer functionsmaking a VCO, etc.
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11.2.1 Maths Equations Operators and Functions

The Maths equation editor supports the++- * | A () operators.
The : operator is a special operator that is used to garate the two values that are used by some process.

It supports the following functions, which can be wsed to construct each Maths equation using the opeators. Each operator
and function acts on the sample set point by point.

Function | Explanation

Itz Returns 1 if value less than zero, otherwise O.

lez Returns 1 if value less than or equal to zero, othavise 0.
eqz Returns 1 if value equal to zero, otherwise 0.

gez Returns 1 if greater or equal to zero, otherwise O.

gtz Returns 1 if value greater than zero, otherwise 0.

sign Returns -1 if value < 0, 0 if value = 0, +1 if valie >0

abs Returns the absolute value of x.

acos Computes the inverse cosine of x in radians.

acosh Computes the inverse hyperbolic cosine of x.

asin Computes the inverse sine of x in radians.

asinh Computes the inverse hyperbolic sine of x.

atan Computes the inverse tangent of x in radians.

atanh Computes the inverse hyperbolic tangent of x.

ceil Rounds x to the next higher integer (smallest integr x).
cos Computes the cosine of x, where x is in radians.

cosh Computes the hyperbolic cosine of x.

cot Computes the cotangent of x (1/tan(x)), xis in redians.
csc Computes the cosecant of x (1/sin(x)), where x in adians.
exp Computes the value of e raised to the x power.

expml | Computes e raised to the x power minus 1 ((e”x) -1).
floor Truncates x to the next lower integer (largest intger x).
getexp Returns the exponent of x.

getman | Returns the mantissa of x.

int Rounds x to the nearest integer.

intrz Rounds x to the nearest integer between x and zero.

In Computes the natural logarithm of x (to the base ofe).
Inpl Computes the natural logarithm of (x + 1).

log Computes the logarithm of x (to the base of 10).

log2 Computes the logarithm of x (to the base of 2).

rand Random number between 0 and 1 exclusively.

sec Computes the secant of X, where x is in radians (os(x)).
sin Computes the sine of x, where x is in radians.

sinc Computes the sine of x divided by x (sin(x)/x), X h radians.
sinh Computes the hyperbolic sine of x.

sqrt Computes the square root of x.

tan Computes the tangent of x, where x is in radians.

tanh Computes the hyperbolic tangent of x.
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11.2.2 Maths Equations Processes
The Maths Equation builder supports a number of proesses which act on the full array of samples.

Process Explanation

----- > Transfers the samples to the output channel.

Integral Integrates the samples with respect to time.

Differential Differentiates the samples with respect to time.

Filter 1 Filters the samples using Filter 1. Click the Setitér 1 button to setup the filter.
Filter 2 Filters the samples using Filter 2. Click the Setlter 2 button to setup the filter.
Values >0? Returns 1 if any samples are >0, otherwise return@

DC Returns DC value of the samples

Average Returns Average value of the samples

Std Dev Returns Standard Deviation of the samples

RMS Returns RMS value of the samples

Pk-Pk Returns Peak to Peak value of the samples

Minimum Returns Minimum value of the samples

Maximum Returns Maximum value of the samples

Freq (Amax) Returns the Frequency of the highest amplitude fregency component (Fo)
Amax (Fo) Returns the RMS amplitude of the frequency componenFo.

Phase (Fo) Returns the starting phase of frequency component &-

Period Returns the period of the signal in samples. You rezl at least one cycle.

Duty Cycle Returns the duty cycle of the signal in samples. Yoneed at least one cycle.
Pulse Width Returns the hi pulse width of the signal in samplesyou need at least one cycle.
Undershoot Returns the undershoot of the signal in samples. Yoneed at least one cycle.
Overshoot Returns the overshoot of the signal in samples. Yoneed at least one cycle.
Slew Rate Returns the slew rate of the signal in samples. Yoneed at least one cycle.

A:B Pwr Factor
A:B Phase

A:B Pwr Watts
A:B Pwr VA
A:B Pwr VAR

A:B A leads B?
A:B Seq Intgrl

Seq Time Diff
A:B Interleave

A:B Sig Gen

A:B Autosave

Returns the ratio of the real power/apparent power(VA) assuming
Ais current and B is voltage.
Returns the Phase, in degrees, between A and B.+le, A leads B.
Returns the Real Power, in watts, assuming A is a@nt and B is voltage.
Returns the Apparent Power, in VA, assuming A is ¢tent and B is voltage.
Returns the Reactive Power, in VAR, assuming A isicent and B is voltage.
Returns 1 if A leads B in phase, otherwise 0
Maintains the time integral over sequential capturs. Calculates:
New Integral = Old Integral + Sample average valué (in - in-1)
Where tn is the current trigger time, and tn-1 is he previous trigger
time. All sample in B must be <=0 to run the integal. If any samples
are >0 then the integral is reset. You can have oneeparate integral per equation line.
Returns the time difference between the current tigger time, and the
previous trigger time, with 10ns resolution
Interleaves A then B then B to return one sample $®f twice the sample rate
and twice as many samples.
Sets the signal generator. A is the output value. Bets the function:
0 = no action, 1 = frequency, 2 = amplitude, 3 = DCoffset, 4 = waveform type,
5 = sweep on/off.
Values (A) are in: Hz (Frequency); V (amplitude); Voffset),

=sine, 1 = triangle, 2 = square, 3 = DC, 4 = Off ;0 = sweep off, 1=on
If any samples in A>0, save a graph using Autosav@vhich needs to have been previously setup).
B selects which graph is autosaved:

0 means current display, 1 = Scope Graph, 2 = Specim graph, 3= Tracker Graph, 4 = Maths Graph.

Where you see A:B, A is replaced by an equation befe the colon, and B is replaced by an equation adtr the colon.

Examples:
4*sin(a):il
2:(a*d)/3
al
1l:c
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11.3 Maths Equation Builder Walkthrough

The mathematical functions are very useful for visalising information that can be derived from the mesured signals. This
section describes deriving first the differential @ltage across a resistor, followed by conversion dhat value to a current, then
using a multiply to derive power, and finally by irtegrating the power to measure energy.

Derivation is very useful in a number of other area — for example using | and Q signals to demodulatéase band signals,
using 4 quadrant multiplication to simulate modulaion and investigate the resulting signal bandwidth,using filters to
estimate what the real world measurement of a condioned sensor might be.

11.3.1 The Example

As an example consider power consumption measureménHere is a typical example — a power supply delars 9V to a
battery powered Unit Under Test (UUT). Our goal isto measure current, and power consumption, and arvie at the total
energy needs of the UUT. To do this we use a seriggsistor (it could be a DC capable current clampp measure the current.
Because the resistor is in the positive line we nddo do differential measurements to see the curren

+9V
1.4 +

Power A ohm B Unit under
supply test

Here is a graph captured from a typical UUT startig up, configured as in the diagram:
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11.3.2 Deriving Differential Voltage
Go to the Cleverscope Control Panel window.

1. On the View menu, click Displkay Mettes Equetiom Builderto show the equatiorbuilder.

2. Type in and use the buttons to form:

This equation subtracts each sample value in chanh8 at a particular time, from the sample value irchannel A at
the same time. Next it transfers it into channel A.
Channel B displays the actual voltage going into t UUT.

3. Click on Apply Equations to save the formula.

Go to the Cleverscope Control Panel window.
» On the View menu, click Disgplky Maths Grapi.

By using ettiss with A-B A, we arrive at the following graph:

11.3.3 Deriving Current

We can see the current demand was initially high, iad then fell back following startup. However it would be useful to have
this in mA.

From V = IR, and using a 1.4 ohm resistor, we caneg that
I=VIR
=V x1000x1/1.4 mA
=Vx714 mA

Go to the Maths Equation Builder window.

1. Enter equation as:

2. Click Apply Equations.

Go to the Cleverscope Control Panel window.
1. On the Settings menu, clickAvadog

2. In the Maths Graph Units area, changeAAUnits to mA and A Name to
Current

3. Click OK.
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Note The units and names change immediately on # graphs and information areas:

The graph is much more useful now — we can read theurrent off directly. We see the following:
1. The peak current demand is 2366 mA.
2. The stabilized current demand is 615 mA.
3. The increased current demand lasts for about 5 ms.

11.3.4 Deriving Power

The B channel shows the actual voltage going intohte UUT. Many battery modules are rated in AHr whichis the design
continuous current consumption available for one har of use. As an example a 9.6 V (8 cell) NiCad b&try pack might be
rated at 700 mAHr meaning that after one hour of canstant current drain of 700 mA, the battery termind voltage will have
fallen to 80% of the full charge terminal voltage, and the battery will be nearly empty. When using aswitch mode power
supply, we are more interested in the power consumgpon, because the current will vary with terminal wltage. Assuming a
straight line reduction in battery terminal voltage(i.e. an average of 90% of the fully charged termnal voltage), we can
estimate the energy content of the battery in Watt Hr (or Joules, with constant conversion), and usehis to calculate actual
battery life.

For the battery above, the capacity is:

0.9 x9.6 x 0.7 = 6 Watt Hour, or

0.9 x9.6 x0.7 x 3600 = 21.7 kJoule.
Go to the Maths Equation Builder window.

1. Enter equations as:

We include the *1000 because the current is in mAand we want it in A to get W.

Note There are now two equations. The first putsthe current into channel A. The second equation rus after the
first, and uses the new current values in A to caldate the power.

2. Click Apply Equations.

Go to the Cleverscope Control Panel window.
1. On the Settings menu, clickAkad
2. In the Maths Graph Units area, changeBBUniits to 1/ and B Name to Power.
3. Click OK.
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Again we have used theNiahliss first multiply B x A B to get Watts in the B channel, and re-label theaxis for power:

The peak power usage is 8W, while the normal powensage is 5W. If we ignore the initial power pulsewe could estimate
the battery life at 6/5 = 1.2 Hours.

11.3.5 Deriving Energy

If the power consumption is varying markedly, we calld measure the actual energy consumption, by integting the power
used over an appropriate period. This can be done ith the integrating process applied in the Maths egation.

Go to the Maths Equation Builder window.

1. Enter equations as:

Note The Integral Process is now turned on.

2. Click Apply Equatioms

Go to the Cleverscope Control Panel window.

1. On the Settings menu, clickAvadog

2. In the Maths Graph Units area, changeBBJditi¢4o Jand B Name to £Energy
3. Click OK.

Just to get a flavour, here is the graph above withan integral applied:
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The axis has been relabelled to Energy (J), and shis energy consumed since the start. We see the engy use between
Markers 1 and 2 as 142.4 mJ, over 29.76 ms, or 0.0276/0.1424 s/J. As a very rough estimate, battery ife will be:
Life = 21700 (j) x (0.02976 /0.1424) (s/j) = 4,528 secs, or 1.26 hours.

You can see here the great flexibility and reductio in error that can be achieved by using the matheratical equations, and
custom units, to make the graphs far more meaningflthan the raw measured voltages.

12 Notes

Notes can be added and displayed to accompany any
set of data readings in theNvbtésswindow. Any notes
you enter are saved with each APC data file.

If you click the Send to Notes LED on the protocol
display, any decoded protocol messages will be
automatically added to notes.
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13 Signal Generator Control

Cleverscope includes an optional direct digitallyysthesised signal generator. The
signal generator synthesises sine, square and trigle waves, at a frequency between
0.002 Hz and 10 MHz. You can vary the amplitude ove the range 0 5V p-p and
the offset over the range -4 + 4V.

The signal generator outputs samples at a 50 MHz ta and uses a 5th order
modified Chebychev reconstruction filter.

The Waveform Type can be siives timmgle, square, DT, or OFF. Amplitwdie and
Offset are adjusted using the red sliders or by tying a value in directly.

Base Frequency sets the minimum frequencyréegeRdtme sets the range over which
the Adjust slider operates.GtpputFreggeacyydisplays the actual frequency thais

output, i.e. Output Frequency = Base Frequency +FeqdRBagegeAtjlisst
The SweepNMEttiadi can be Single Freq,SsveeppasyyictinonousSHeepsygnchionoonss

or Sweep synchronous autostep.

When Single Freq is selected, no sweeping occurs. Whem@ep asynchranous is
selected, frequency steps occur at strict fixed tim intervals and are therefore

asynchronous with the sampling system. WhenS@eeppsywuthomouss is selected,
frequency is only adjusted between sample frames.ii&e this is synchronous with
the sampling system no smearing of the spectra wilbccur. Sweep Symcimonous
autostep is the same asS#eeppsyyciuionoonsionly theFFeqqSEppis determined by
Cleverscope to achieve the highest resolution for 8ode plot. Sweep Syncivonous
will only step if there are triggered signals beingaptured.

The Sweep Actiom can be Sveepp Upp Ghces Svessgp Up Cotinuouss SSvesgp
Up/Down Once, or Sweep Up/Down Contimuous .

When be Sweep Up Once is selected, the signal sweeps up thieequency range
from the base frequency once and then stops. WhenStieep Up Contiimuous is
selected, the signal sweeps up the frequency rangéom the base frequency and
then starts again from the base frequency. WherS#weep Up/Down Omce is selected,
the signal sweeps up the frequency range from the &se frequency and then back
down to the base frequency once and then stops. Wha Sweep Up/Down
Continuous is selected, the signal sweeps up the dquency range from the base
frequency and then back down to the base frequencyand then starts again.

Freq Step controls the size of each step during aveep. Sweep Time sets the total
time of the sweep. Start Sweep starts and stops the sweep. Th&vikepam LED
indicates when a sweep is in progress. Other factermay alter the sweep time. For
example if the trigger rate is slow, and sweep syrfronous is selected, it will not be
possible to complete the sweep in the time selected
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13.1 Signal Generator Simulator

The Cleverscope signal generator provides built-isoftware generated signals for both the A
and B channels that can be used to demonstrate theapabilities of the Cleverscope application
software without requiring a Cleverscope hardware uit.

The Cleverscope Signal Generator control window efdes you to alter the frequency,
amplitude and wave-shape for both channel A and chanel B of the internally generated
signals. The signals are not output to real hardwar.

The choices for wave-shape are sine, triangle, squan and sawtooth. These choices can be
selected independently for channel A and channel Bsing the signal type selection boxes at the
top of the signal generator setup dialog box.

You can also add background noise and a DC offsetotthe generated signals to make them
more closely approximate real-world signals that ngiht be captured using a hardware unit.

The amplitude of background noise can be adjusted sing the Chan A or B noise selection
boxes.

The level of DC offset can also be adjusted usinghe Chan A DC offset or Chan B Noise offset
selection.

The offset and noise levels can be zeroed using theuttons provided at the bottom of the signal
generator setup dialog box.

Selecting B = A + B using the switch provided at b bottom right of the signal generator setup
dialogue box will cause the sum of the channel A ad B internally generated signals to be
directed to channel B for display.
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14 Using the Ethernet Cleverscope

The Ethernet Cleverscope can be used on a 10/100 Mtdsec Ethernet network. The Cleverscope Acquisitio Unit (CAU)

includes an automatic sensing Ethernet connector #t senses the speed (10 or 100 Mbit/sec) and automiically reverses Tx
and Rx if the Ethernet cable has been crossed oveNo cross over cable is required for PC- CAU use.h& CAU can be
operated with either a Fixed IP address, or as padf a DHCP network (Dynamic Host Configuration Probcol), in which case
the CAU automatically acquires an address in the erect internet protocol address range.

The simplest use is as part of a DHCP network. Moshodern routers and all servers offer a DHCP servéunction.

You can also use Fixed IP (Internet Protocol) Addssing, which is useful when you do not have a DHCRserver, or are
connecting to a remote CAU connected at some othetocation.

This document provides instructions on using the @verscope as part of a DHCP network, or in a fixedP address network.

14.1 Using Cleverscope on a DHCP network

The Cleverscope CAU is set by default to work as paof a DHCP network. When it is plugged into a nework, the two lights
on the Ethernet connector show status.

Looking at Ethernet Transmit
The Comnected LEID shows that the CAU has connected to Connected connector from rear of CAU Receive
the network. The Transmit/Receive HED will flash LEC \ LEC
whenever packets of data are transferred. Once theCAU

has triggered, the Tramsmit/Receive LD will flash once per
second, as the Cleverscope application polls the @Ato
make sure it is still connected.

If the Connected LEIDis not on, there is a problem, and the
CAU will not talk to the Cleverscope application. Rease
resolve the connection first.

To use the Cleverscope carry out these steps:
1. Connect the Cleverscope to the network and turn iton. Make sure the Cammestidi LEEID comes on.
2. On the Settings menu clickChloosseAtquiniesasckiet connection to display the following dialog:
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Make sure the Type aff Acguirer is Cleverscope Set limtenface Saunce to £thernet — Find first IP addressThis option
will find the first free Cleverscope available onhie network.

3. You should see the Cleverscope listed undeCl®lersmgpe diexicesffound. If the entry undeDBIBERs not Yes, address
acquired select the line which corresponds to the Cleverspe you want to use, and then click Skt aautto sahihteessivgg
(DHCP). This will cause that Cleverscope to use thBHCP method of addressing. TheDBI@BR-olumn should change
to Yes, address acquiredifter you have clicked the button.

4. Click OK. The CAU should be ready for use — clicikdtaton the Cleverscope Control Panel to acquire a signal.

The next time you start up the CAU, and run the Cleerscope application, you do not need to do setup -the CAU

will automatically connect.

14.1.1 Other DHCP connection options

14.1.1.1 Connect by IP Address

The Cleverscope application can also connect to aapticular CAU by IP address. DHCP is still being &g to bring the CAU on
to the current network. DHCP has a ‘lease time’ whgh is usually quite a long time (weeks). Each timthe CAU is reconnected
to the network, the lease is renewed. The lease i®r a set IP (Internet Protocol) address that is qplied by the DHCP server.
This means once you use the CAU on a network, youan use its address to reliably connect to just thaCAU.

To do this:
1. Setlmienface Sounce to£thernet — Find by IP address
2. Select the unit you want to use underGléserseopecdiviessifountd, this will updateCleleermype anyireesedetaddo

have the same IP address as the one you selected.
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Notice that Cleverscope acquirer selected has an Hdress of .104. This is the same as the devicelseted from the

list.
3. Click OK. From now on, the Cleverscope application will Rvays connect to the Cleverscope with an address afL04.
Other Cleverscopes will be given different addresseby the DHCP server.

14.1.1.2 Connect by Serial Number
The Cleverscope application can be setup to alwaysnnect to a given serial number, regardless of théP address. Setup as

follows:
1. Setlmtenfoe Sounce toLthernet — Find by Serial Number
2. Select the unit you want to use underGliwerseopmecdiviessiountd, this will updateCiehsermype anyuireT St to
have the sameSgrigifrumber as the one you selected.
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3. Click OK. The next time you start the Cleverscope applid#on, it will connect to the given serial number, egardless of
IP address.

14.2 Using Cleverscope on a Fixed IP network

For a fixed IP network, for example a CAU plugged dectly into a laptop, you need to do a little morework. We will examine
two situations: the Cleverscope is plugged into aied IP local network; the Cleverscope applicatiois connecting to a remote
Cleverscope at some other place.

14.2.1 Local Fixed IP network

For this network there is no DHCP server, and so seeone will need to manually enter the IP address oéach unit on the
network. All the units must be on the same ‘subnet’ The IP protocol subnet is the first three group®f digits in the IP address.
For example, for 192.168.1.104, the subnet is 192.68.1. For most circumstances all the computers anéquipment
connected to the same network must have addressedasting with 192.168.1. The remaining value (104) s the unit address.

So let us look at an example of a Laptop and a CAldonnected directly to each other with an Ethernet able (because of the
Auto direction, it is not important if the cable iscross over or not).

The examples below are from Windows XP. The setugisimilar in other operating systems.
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Click Staurt, then Settimgs, then Comthall FPamed| Open Nestimorik Canmestians

Open Local Area Connection, and cliciPRopggigisas shown on the right:

Scroll down until you seel ez tH? odtmod (TICHH):
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Double click on this entry. For a DHCP computer yowvill see:

Click Use tihe following IIP adidiress, and type in thdRPAAdiress that you want to use, and Sittmett meest that encompasses all
units on your subnet. Use this example if you are ot sure:

Click OK, and close all the dialog windows.

Open the Cleverscope application:

1. On the Settings menu, clickChlonsseAtquliries ramudet connection.

2. Connect the Cleverscope to the Laptop, and power up If the CAU was setup for DHCP, it will not find an address,
and you need to set it manually. Note the CAU IP adress is returned as 0.0.0.0 as there is no DHCPrser. Also
note that the PC NIC (Network Interface Card) addres is 192.168.1.2, which is what you chose above flthe PC
address is not on the same subnet (you didn’'t progam it for some reason) the cleverscope cannot comnmnicate.
Make sure they are the same.
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3. Click on the appropriate CAU entry underCléaerseope davieesiioumt (CG4159 in this exampleXou will see the IP
address transfer to theGliweessopecAbquineerseddettd area. Note thdntetface Source is set tofthernet — Find by
Fixed IP address’

4. In Cleverscope acquirer selected area, type in the fxl IP address you want to give the CAU, and cliciS&t IP adidiess.
Note the CAU DHCP column changes fromYes, in progresso No, using static /PYou should see:
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Once you see that the address of the CAU has changkto what you programmed it to, we suggest you power it
down, and then up again — just to verify that the address and static IP usage are correct. Rememberaththe subnet

(the first three numbers of the IP address) must béhe same for the Cleverscope, and the NIC addredsund (which
is the PCs address).

5. Click OK, and then click Autiw on the Cleverscope Control Panel to acquire a signal.
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14.2.2 Remote Fixed IP network

In this situation, you do not have a Cleverscope -t is located somewhere else, and you want to conngt to it over the
internet. Your IT people will make a bridge from tlke CAU to a port on the internet connection point, and give you the
address. In this example the address is 60.234.23A.

1. On the Settings menu, clickChloosscAtquines raatdset conmeadion.

2. Setlntenfaeoe Sounce to£thernet — Find by IP address
3. Enter the IP adiihess.
4. Click OK, and then click Autm on the Cleverscope Control Panel to acquire a signal frorthe remote Cleverscope.
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15 Cleverscope Support

The Cleverscope software has been developed by Clesscope Ltd. as a tool for displaying and manipulatg captured analog
electrical signals on a PC.

It can be set to work with a variety of other signd acquirers including the Strobes 901/901A Acquisibn Units or an internal
soundcard.

If you are having problems, please contact us at:

Email support@cleverscope.com

Phone +64 9 524 7456

Mail Cleverscope Ltd.
PO Box 26527
Epsom
Auckland 1344
New Zealand

15.1 Minimum PC Requirements

The minimum PC requirements to use the Cleverscop@S328A are a Pentium class computer with at leastsd Mbyte of
memory, running Windows 2000 or later.

15.2 Download and installation of software

You may download a copy of the latest Cleverscope gplication software from the Cleverscope website at
www.cleverscope.com The following explanation is for Windows XP and he process will vary slightly for other operating
systems.

Visit the www.cleverscopesite, and then go to the download page shown below

Next you click on download Cleverscope.
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You will then be downloaded a zipped file which musgbe saved.

Choose the option of saving the zip file rather tha opening it. In this example it has been saved otthe desktop.

You then unzip the file and you will be presented vith a Cleverscope folder containing a number of fés. Double click on
setup.exe to run the Cleverscope installer
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The installer will create a Cleverscope folder inour program files folder and save a number of filesnto it. It will also create a
desktop icon and an entry in the programs menu undethe windows button.

You are then able to run a demonstration version ofCleverscope.
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16 Specification

16.1.1 Acquisition

Acquisition Modes

Sample, Peak Detect, Filtered, Avage, Spectrum

Acquisition Modes

Single Shot, Triggered, AutomaticMultiple Frame

Acquisition Rate to PC, via USB

5, 10, 20 Frames peecond (if not limited by trigger rate, or captue time)

Acquisition Rate, multiple frame

Continuous captureauntil buffer is full (3000 frames of 1300 samples)

16.1.2 Analog Inputs

Number 2

Input Coupling

DC, AC, GND

Input Impedance, DC coupled, all channels| 1 M

+2% in parallel with 20 pF +3 pF

Probe Attenuation

1X, 10X

Maximum Voltage between Signal and
Common at input BNC

300 Vrms (420V peak, duty cycle <50%, pulse width <L00 ms)
For steady state sinusoidal waveforms, de-rate at®dB/decade above 100
kHz to 10 Vpk at 3MHz and above.

Time delay between channels, typical

200 ps

Channel to Channel Crosstalk, typical

-70 dB at 20/Hz, signal at 0.5 Full Scale.

16.1.3 Vertical

Digitizers 10, 12 or 14 bit resolution
Full Scale Volts Range 40 mV to 20V, 1X probe
Resolution 0.1 mV, 100 mV Full Scale.

Position Range

Full Scale Range as above moved anywhere in the rga +12.5V with
10mV resolution.

Analog Bandwidth 100 MHz, -3dB

Instantaneous Capture Bandwidth 20 MHz, with sin(x)x interpolation
Repetitive Sampling Bandwidth 100 MHz, -3 dB

Analog Bandwidth in Peak Detect Mode 50 MHz

Analog Bandwidth with Anti-Aliasing filter on 20 MHz

5" Order 0.5 dB passband ripple, 50 dB down at 100MHz

Analog Bandwidth with Moving average filter on

2 MHz

Lower Frequency limit, AC coupled

10 Hz, 1x probelHz, 10x probe

Rise time at the BNC, typical

<3 ns

Peak detect response

Captures all pulses >10 nsdiration.

DC Gain accuracy

+3% for Sample or Averaged acquisition mode

DC Measurement accuracy

+3% for Sample or Averaged acquisition mode +0.1 diisions.

Delta Volts measurement

Volts between any two points, £3% for Sample or Averaged
acquisition mode +0.02 divisions.

16.1.4 Horizontal

Sample Rate Range

100 MSa/s to 1500 samples/s

Waveform interpolation

Sin(x)/x

Record Length

1300 — 4,000,000 samples for each cimael

Sec/Div Range

10 ns/div to 5 s/div in 1,2,5 sequene

Sample Rate and Delay time Accuracy

+/50 ppm overry >1 ms interval

Sample Clock jitter, typical

1 psrms

Delta Time Measurement Accuracy

(1 sample interval + 50 ppm +0.4 ns).

Position Range

+/- 21.47 secs of the trigger pointwith 10 ns resolution.

Captured Sample window duration

1 ps— 40 ms with 10ns resolution
40 ms — 42.9 secs with 10 ns - 1Qusresolution.
(Lower sample rates are available for smaller capte buffer sizes)
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16.1.5 Trigger

Trigger Sensitivity, Edge Triggered

Analog Channets0.02 Div from DC to 50 MHz

Analog Hardware Trigger — 0.5 div from DC to 100 MHz

External Trigger — 50 mV from DC to 100 MHz
Digital Inputs — 100 mV from DC to 100 MHz
Rear Input — 2.5V fixed

Trigger Modes

Edge, Window, Pattern, Pulse Duration

Trigger Filtering

Noise reject, HF reject, LF rejec

Trigger Level Range

Internal: £10 divisions from centre of screen
External:+12.5V in 12 mV increments
Digital: 0 — 10V in 10 mV steps

Trigger Level Accuracy

Internal: 3%
External:+3% + 50 mV
Digital: 3% + 100 mV

Trigger Delay Range

0 — 21.47 secs with 10ns resdlon.

16.1.6 Digital Inputs

Number

8

Input impedance

100k +2% in parallel with 10 pF £2 pF

Input voltage range

-16 to + 20V

Threshold range

0— 10V in 10 mV steps

Threshold sensitivity

100 mV

Sample Rate

100 MSa/s

16.1.7 Calibration

Calibration method

Automatic self calibration

Calibration Voltage Source

Range +/-2.5V
Resolution 1 mV

Drift 11 ppm/°C
Accuracy *1%

Calibrated Temperature Range

0-40 °Cin 1 °C steps

Temperature Compensation

Via Internal temperature sensor£1.5°C accuracy

16.1.8 Measurements

Cursors

Voltage Difference between cursors
Time difference between cursors
Reciprocal of T in Hertz (1/ T).

Automated measurements

DC component
RMS value
Maximum voltage
Minimum Voltage
Peak-Peak
Period
Frequency
Pulse width
Duty Cycle

Custom units

6 characters

Custom signal names

20 characters

Custom scaling

Scale + offset by defining two (VinYout) points

User definable colours

Signals, Background, Majorri@, Minor Grid
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16.1.9 Displays

Windows

Simultaneous Capture, Tracking, Spectrum|nformation, Maths and Control windows

Capture window functions

Defines capture specificabn for signal acquisition unit, defining amount oftime before
trigger, amount of time after the trigger, lower amplitude limit, upper amplitude limit.
Defines Tracking graph time position, when trackinggraph is linked.

Defines trigger level and direction

Full zoom and Pan in both axis.

Annotations.

Custom colours

Tracking window functions

Displays zoomed section focaptured signal. Resolution from 10ns to 5s/div.
Full zoom and Pan in both axis.

Annotations.

Custom colours

Spectrum window functions

Display spectrum of signlecaptured in capture window.
User definable bandwidth

User definable resolution

Full zoom and Pan in both axis.

Annotations.

Custom colours

Information window functions

Displays automated meaurements (see below)
User chooses which measurements to show.

Control window functions

Provides graphical controhorizontal and vertical settings.

Provides Sample control — single, triggered or autoatic.

Provides access to tools — Pan, Zoom, Annotate, anttrigger setting.
Provides Autoscale control.

16.1.10 Mathematical Functions

Operators

+ ()

Functions on one signal

See the list in 11.2.1 Math Equations Operators and Functions

Processes on one or two signals

See the list in P12 Maths Equations Processes

Maximum number of mathematical equations 8

16.1.11 Spectrum Analysis

Frequency Range

User definable, Range = 0 F,/2

Analysis Output

RMS Amplitude, Power, Power DensityGain/Phase

Output type Volts, Power, Gain/Phase in linear, dB, degree oadian values.
Custom units can be applied.

Window types None, Hanning, Hamming, Blackman-Hars, Flat top, Low Sidelobe

Averaging Moving average, block average, peak hold.

Averaging method

Vector averaging in time domain iftriggered.
RMS averaging in frequency domain if not triggered.
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16.1.12 Windows facilities

Standard Functions

Copy and Paste
Save and Open native format (saves full setup)
Save and Open (*.csv) text file
Print with Date/Time, File Name and Description.
Print Setup

Windows

Dynamically resized
Can be placed anywhere on desktop
Can be made to stay in front

User settable units

6 characters

User settable signal names

20 characters

User settable scaling

Scale + offset by defining tav(Vin, Vout) points

User definable colours

Signals, Background, Majorrié, Minor Grid

16.1.13 Probe Compensator Output

Output Voltage, typical

3V into >100k load

Output Frequency 1 kHz
16.1.14 Power Source

Source voltage into unit 6-14V DC

Power Consumption 5w

Standard power adaptor voltage range

100 — 240VAC 6-60 Hz

16.1.15 Environmental

Temperature

Operating: 0°C to +50°C

Storage:  -20°C to +60°C
Cooling Method Convection
Humidity 0°Cto +40°C  <90% relative humidity
>40°C <60% relative humidity
Altitude Operating 3,000 m
Non-operating 15,000m
16.1.16 Mechanical
Size Height 35 mm
Width 153 mm
Depth 195 mm (including BNC)
Weight (approx) Standard packaging: 2 kg
16.1.17 Expansion Capability

Increase in sampling channels

Stack two units on poof each other.
100 Mbit/s link provides comms.
Delivers 4 analog, and 16 digital channels.

More Digital Channels

Plug in digital channel daugter board — 16 inputs

Analog Output

Plug in arbitrary waveform daughter board — 40 MHz bandwidth, up

to 4 MSa sequence.
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