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Caution: Never connect this instrument to the AC line. Doing
so may result in personal injury and extreme damage to the op-
erator, the instrument and to an attached computer. Sdersect
11 on page 24.
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Figure 1: The CGM-101 Graphical User Interface

1 Overview

The Syscomp CircuitGear-Mini (CGM-101) is a combinationtiafee electronic instruments: a two-channel
digital storage oscilloscope, a waveform generator, anditatinput-output port. Host software can operate the
instrument as a spectrum analyser and as a vector-netwalksan (Bode plotter).

CircuitGear includes a small hardware module and displfiyvace that runs on a host PC. Figure 1 shows
the user interface.

The CGM-101 is a development based on the successful Creait CGM-101, with many enhancements
and additional features.

1.1 Oscilloscope

The oscilloscope is a dual-channel, 2MSample/sec osciljms with 12 bit A/D conversion, digital storage and
display.

Channels A and B are sampled simultaneously and stored iositiboscope memory before being sent for
display to the host computer. Consequently, the signalalarays time aligned and associated with the same
trigger signal. Triggering is accomplished by digital ciitcy so it is precise and consistent. Trigger controls
includeMode: Auto, Normal, Single-shot, Manu&lource: A or BandSlope: Positive or Negative

The time at which the trigger occurs is continuously adjoigtédy adjustment of an on-screen cursor so that
the operator can display the signal before and/or afteripger event.

The oscilloscope timebase frequency is derived from a arysicillator, so it can be expected to be precise
and stable. The displayed amplitude is determined by 1%torsiand analog-digital conversion. The vertical



preamplifier is gain-switched to optimize the signal-naet#o and will accept x10 and x100 scope probes.

1.2 Waveform Generator

The waveform generator is a direct-digital synthesis (Db&ed device with frequency range between 0.1Hz
and 200kHz with a frequency resolution of 0.1Hz. The freqeran be adjusted, without range switching, over
that entire range or some part of that range.

The usual sine, square, triangle and sawtooth waveformsugied with the instrument. The generator can
also load and produce an arbitrary waveform. A GUI-basednam\WaveMaket is available for the construction
of arbitrary waveforms.

1.3 Digital Input-Output

The digital I/O section includes an 8 bit output port and 8rgitut port. Outputs are controlled by 8 GUI buttons.
Inputs are displayed on 8 GUI indicators.

In addition, there is a pulse generator output which is catusly variable over the frequency 1Hz to 125kHz,
with continously adjustable duty cycle.

In combination, these controls form the basis for digitattcols and displays for basic digital exercises or
more advanced control systems.

1.4 Vector Network Analyser (Bode Plotter)

For automatic sweep, ¥ector Network AnalysefVNA) (aka Bode Plotter) program is available. The VNA
software operates the oscilloscope and generator sedticamcert to sweep a network over a specified range
and plot the amplitude and phase of the response.

1.5 Spectrum Analyser

A frequency spectrum of the input signal can be shown at theedéme as the time-domain waveform display
on the oscilloscope screen. The spectrum display is getebgt the Fast Fourier Transform algorithm, so that
it responds instantaneously to changes in the input wawefdhis is ideal for demonstrating the relationship of
signals in the time and frequency domains.

1.6 General

The hardware is in a pocket-sized package that can easilyabed in a student backpack or with a laptop
computer. Power and control signals are provided to thewemnelvia a single serial-emulated USB connection
with the host PC. An external power module (wall-wart) is remfuired.

The PC host displays a graphical user interface for theloscdpe with frequency readouts, sliders, clickable
buttons and various other controls. Each instrument agpaaits own window: unused instruments can be
minimized. The screen of the oscilloscope is resizeable.

The hardware is entirely controlled by software: there arelactro-mechanical switches or adjustments. This
makes the hardware very reliable and supports developrienstom control software in OEM applications.

The GUI software is written in the Tcl/Tk language. The s@fitevis open source and entirely in Tcl/Tk. The
GUI software will operate under Linux, Mac or Windows opérgtsystems. Tcl/Tk is an open-source, interpreted
language, so reading and modifying the source code is btfargvard.

The applications programming interface (API) is documénto the hardware can be accessed by other
computer programs and languages. The only requiremenaidtie language be able to communicate with a
serial port.

lwaveMaker was developed entirely by John Foster.



1.7 Software Updates and Help

The CircuitGear manual in .pdf format is available from Hed p menu. Clicking on that menu item automati-
cally invokes Acrobat Reader.

The software checks the Syscomp website and advises if therdater version of the software. You can
do that manually by selectingheck for Updat e in theHel p menu. Alternatively, you can configure the
software to do that automatically every time it starts. S8efleeCheck for Updates on Startup menu
iteme.

TheChange Log (record of changes with each version) is available Heglap menu item.

2 Applications

In addition to the usual operation of oscilloscope and digeaerator, here are some possible applications of the
CircuitGear unit.

e Logic Net The digital controls supply the functionality of a digitekerciser Unif which can apply a
stimulus to a digital circuit and measure the output.

For example the 8 bit digital lines can be used as inputs atidators for a logic net. Students set up
various combinations of input signals to the net and redoedtitputs to generate logic equations or a truth
table for the logic net.

e State Machine ExerciserA single manual output line and the PWM output can be used adszpfor
counter and state machine circuits. The manual output mesrthe circuit at low speeds, where the be-
haviour can be observed on the GUI indicators. The PWM oufpthen used to operate the circuit at
higher frequencies, and the oscilloscope can be used tovaisester events.

e Mixed Analog and Digital Circuits The digital outputs control a MDAC (multiplying D-A conver)
which sets the centre frequency of a bandpass filter. Thergemend oscilloscope function as a Vector
Network Analyser, showing how the frequency response cbsiag the digital value is adjusted.

e Switching Power Supply The PWM output controls a power MOSFET and LC network whiaficfions
as a simple switching power supply. Similarily, PWM outpahanodulate the power to a DC motor as a
simple method of speed control.

e PWM DAC It is common for the PWM output of a microprocessor to be usetha basis for a low-cost
digital-analog converter. The PWM signal is filtered to proe a variable analog control signal. In this
exercise students design the PWM filter and then measurépple using the CircuitGear oscilloscope.
They can also operate the PWM signal at various frequenciélastrate the effect of frequency on ripple.



3 Features and Specifications

The features and performance specifications are as follows:

Oscilloscope

Channels 2 independent channels sampled simultaneously
Sampling Frequencies 2 MSamples/second maximum

Vertical Resolution 12 bits per channel (1:4096)

Vertical Bandwidth 200 kHz

Vertical Input Range +250mV to+25V full scale

Vertical Gain Settings 9 settings, 10mV/div to 5V/div, i25 sequence
Vertical Coupling AC or DC coupling

Vertical Offset Full screent:20V max

Vertical Scale 10 major divisions

Horizontal Time Settings, Timebase Mode 17 settings in5ls2guence
100mSec/div to 500nSec/div
Horizontal Time Settings, Strip Chart Mode 7 settings in3 2quence
200 mSec/div to 20 seconds/Div

Horizontal Scale 10 major divisions
Input Impedance 1M Ohm parallel 27pF
Triggering Digital comparison with input signal
Trigger View Pre and Post trigger simultaneously viewable
Trigger Controls Source (A, B, Manual), level and slope cele
External Trigger Out Rear panel, source channel A, logiellev
External Trigger In Rear panel, logic level signal
Memory Depth 1K Samples each channel
Software Cursor Readouts

Spectrum Analysis (FFT)

X-Y Plot

Data record to CSV file (oscilloscope and VNA plot
Save/Load Settings

Cursor Readouts

Auto Measurements

Vertical Calibration

Offset Calibration

Waveform Generator

Frequency Range 0.1Hz to 200kHz

Output Waveform Amplitude +/-2.5V

Amplitude Control Hardware

Output Offset Control +/-2.5V

Offset Control Hardware

Vertical Resolution 8 bits at all amplitude and offset seft
Output Impedance 150 ohms

Waveforms Sine, Square, Triangle, Ramp, Arbitrary
Arbitrary Waveform 8 bit resolution vertical, 256 time ptsn

Constructed withWavemakesoftware

Digital /0
Output 8 bits, GUI (Graphical User Interface) controlledigit, HCMOS
Input 8 bits, GUI indicators, 5 or 3 volt, HCMOS

Pulse waveform Variable frequency, 1Hz to 125kHz in stepbHx
Variable duty cycle, 0 to 100% in steps of 1%



Other

Indicators Power LED (Green)
Activity LED (Red)
Interface USB 2.0: Emulated serial port

Physical Dimensions  8cm W x 2.4cm H x 12.5¢cm D
3.1linWx1linHx5inD
GUI Source Code Tcl/Tk language
Open source, OSI Compliant
Windows, Linux, Mac operating systems
Current Consumption  Scope Only, 230mA to 260mA

4 Installation and Operation

Once the software is installed and operational, startiegQ@iEM-101 is a matter of plugging in the hardware

to a USB port, and clicking on the software icon (or execuingpbmmand line instruction). This applies to all
operating systems: Windows, Mac OS-X, Linux.

The installation procedure is briefly described in secti6pgige 38 and in more detail in section 17 on page
39.

5 Oscilloscope

The oscilloscop&raphical User Interfac€GUI) is shown in figure 2.
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Figure 2: Oscilloscope GUI

Many of the scope controls are similar in function to thos¢hefclassic analog oscilloscope. Other controls
are unique to the CGM-101. They provide functions - such asocueadouts - that are only possible in a digital
oscilloscope.

The scope controls divide into various groupmplitude timebasedisplayandtriggering.



5.1 Amplitude

There are two input channels, A and B, each with identicatrods

e ScaleSets the vertical scale factor of the display between 20n\tpésion and 5 volts per division in
the traditional oscilloscope 1:2:5 sequence. The ammitudy be read off the display by measuring the
number of divisions and multiplying by the scale factor. efdtatively, thedisplay amplitude cursormay
be used (sedisplaybelow.)

Changes to thecalecontrol adjust the sensitivity of the front-end of the desitope, adjust the preamp
gain and change the software scale factor.

e Option This button opens a sub-menu, with the following controls:

— Coupling, DC and AC This switch controls th@put couplingof the oscilloscope. In theC position,
the signal is coupled directly into the oscilloscope prefifiep so that all components of the signal
are displayed.

In the AC coupling position, the signal is passed throughpacaor, so that the DC component of the
signal is removed. This is particularly useful when you ayet to observe a small AC signal sitting
on a larger DC component. If the input is DC coupled, Incregshe vertical sensitivity increases
size of the AC component, but also sends the AC componenhefétreen. When AC coupling is
selected, the AC component can be magnified and viewed wignifting.

Warning Our recommended maximum input voltage on the AC couplingngets 40 volts DC.
Exceeding this may cause damage to the electronic swittlsétects between AC and DC coupling.
You cannot use the AC setting to block DC voltages larger themvalue. (For example, in audio tube
amplifiers, DC voltages of 350 volts or higher are not uncommdf you need AC coupling where
the DC component of the signal is larger than 40 volts, yowkhput the coupling in the DC position
and connect an external capacitor of the appropriate wlating in series with the input.

The AC coupling position rolls off frequency response betoautoff frequency, which is given by:

1
" 27RC
The resistance is 1Nl The internal capacitor is 100nF, giving a low-frequencioéfiof 1.5Hz.
— Hide This selection allows one to hide a trace that is not in userdier to reduce screen clutter.

— Invert This selection inverts the display. This is most useful injootion with the 'Add waveform’
display. Inverting one channel and adding the two inputateea display of thdifferencebetween
the two signals.

— Probe x1, x10, x100 These settings adjust the vertical scale factor to matclschke factor of the
probe. For example, if you are using<d 0 setting on the oscilloscope probe and sebet0 in this
control, the displays and screen scale factors will chapgecgpriately.

Je

5.2 Oscilloscope Mode: Timebase

The timebase has two modes of operatioacilloscope modandstripchart mode Oscilloscope mode is most
suitable for displaying rapidly changing events. For exkmip is possible to capture and display the transient
voltage from the closing of an electromechanical switchipShart mode is suitable for recording slowly changing
events. It mimics the behaviour of old-fashioned pen reethat were used for recording such phenomena as
earthquake waves or changing temperature.

The timebase changes automatically from oscilloscope nmd#ipchart mode at the timebase settings 100
to 200mSec per division. During oscilloscope mode, the Iiase interval showSanpl i ng, to indicate that a
sampling oscilloscope is in operation. During stripchaoti®, the timebase interval sho®san.

In oscilloscope mode, the trigger functions (section 5ré)aperational. On the occurrence of a trigger signal,
the oscilloscope hardware captures samples into a buffeéthen ships them to the host computer for display. The
complete capture-display sequence happens, as in a camadrénalog oscilloscope, several times per second.

TheMain Time Bas¢€MTB) can be varied between 100mSec/division 500 nSec/divigioil00mSec/division
in the traditional oscilloscope 1:2:5 sequence.



5.3 Oscilloscope Mode: Display
Refer to figure 2 on page 6.

e \ertical Position A waveform may be moved in vertical position. At startup, frandB cursors - which
are the zero reference for the channel — are placed at cem@ens Using the mouse, drag the letger
or B at the right edge of the display area up or down to change thaieposition of the corresponding
waveform.

e Time Cursors It is possible to enable and disable various time and angditwrsors.
Right click in the display area. A menu appears:

Toggle Time Cursors Left Click to enable and disable vertical cursor lines thatrkthe time
between two locations on screen.

Toggle Channel A (or B) Cursors Left Click to enable and disable horizontal cursor linest timark the
amplitude between two locations on screen.

Grid Left Click to select the appearance of the graticule gridnia display
area: enable and disable the display of the grid, or changeisoof the
grid lines.

Notice that the cursor readout text can be dragged to diffgresitions on the screen. This is useful when
setting up a screen display for capture in a document.

(TR R
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Figure 3: Enlarged Screen

e Resizing

Drag the bottom right corner of the oscilloscope displayaarechange the size of the display. This is
particularly useful for teaching and lab demonstrationserg the CGM-101 display is projected on an
overhead screen, as shown in figure 3.



5.4 Oscilloscope Mode: Triggering

In order to present a stable waveform display, each dispbalate must start at the same point on a waveform.
The trigger functions determine how thegger pointon the waveform is selected.

The trigger controls must meet certain requirements inrdalgenerate trigger signals for waveform capture.
If these controls are not set properly, it is possible thatsitope will not capture waveforms and the display will
appear to be frozen. Alternatively, the display may appegrnp between captures, without a stable waveform
display.

e Trigger Level
Thetrigger levelis marked by a horizontal green cursor witlt dymbol at the leftmost edge of the screen
(figure 4 on page 10). The trigger level may be dragged vdititaset the amplitude on a waveform that
establishes the trigger point. In order to cause triggetimg triggering waveform must cross through the
trigger cursor level.

As the trigger level cursor is dragged, an accompanyingngadisplays the trigger level in volts.

e Trigger Mode: Auto/Normal/Single

— In theNormal position, the scope hardwangustget a proper trigger signal in order to display a new
waveform. Without a trigger signal, the display simply wai{TheManual Trigger button can be
used to force a trigger event, that is, display one capture.)

— In the Auto position, if there is a trigger signal, the scope uses tlggéi signal to synchronize
waveform capture. If there is no trigger signal the scopéare waits for a period of time and then
generates a trigger signal internally. That way, there aredic updates to the waveform display,
even if triggering is not occurring from an input waveform.

In general, the most convenient positionAisto. However, there are two situations whétermal
triggering is necessary:

« For very low frequency waveforms, the trigger signals odotrequently. IfAuto triggering is
enabled, the scope will decide that trigger signals are reggnt and generate them internally.
This is not what is wanted: the scope should wait for a wavefoigger signal.

x If the scope is being used to capture a single-shot evemtjtisbould not trigger itself: it should
wait for a waveform trigger signal, regardless of how lonigikes for that trigger signal to occur.

— In the Single position, the scope waits for a trigger signal. (This is kn@g theArmed state.) When
a trigger signal occurs, the software captures and dispeysvaveform and disables further triggers.
The Single-Shot Resebutton clears the display and returns the scope té\theed state.

e Manual Trigger Actuating this button generates a trigger signal. This imetimes useful to cause the
scope to capture one waveform.

e Trigger Options
TheOpt i ons trigger menu leads to the following controls:

— Trigger Source
The trigger signal may be derived from the Channel A waveforitmne Channel B waveform. Gener-
ally, it is easier to obtain a stable trigger signal from tmeer of the two waveforms.

— Trigger Slope

Thetrigger slopecontrol selects a positive-going or negative-going sloipha trigger point. This
allows one to trigger off the leading or trailing edge of aipes pulse waveform, for example. An
slope symbol on the GUI in the Trigger area shows the cuyrsetected slope.

e Trigger Hysterysis Display
Noise on the triggering signal can cause mis-triggering jitet. To prevent this, there is hysterysis
bandassociated with the trigger lev&él Referring to figure 4, the hysterysis band is defined by areupp
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trigger hysterysis levelH and a lower trigger hysterysis levEL . All three trigger cursors can be dragged
vertically.(TH must always be above the trigger level cursor, @hdnust be below the trigger level cursor.)

A positive-going trigger signal must cross through bothupgper trigger hysterysis level and then through
the lower trigger hysterysis level.

Normally, there is no need to adjust the hysterysis bandyandan leave it at its default settings. However,
for a noisy signal it may help to increase the hysterysis band

5.5 Measurements Screen

The Measurements Screen shows cursor and automatic messiseof the most common features of a wave-
form: amplitude and time.

As shown in figure 5, the Measurements Screen is in a sepaiatiow This window defaults to being
displayed, that is, it is displayed when the program is filatted.

The Measurements Screen may be hidden by clicking on the beimpper right corner of the measurements
window. It may be displayed by clicking on the menu it¥imew - > Aut 0 Measur enent s.

The Measurements Screen showsAbhéo Measur enent s, in which the software automatically measures
waveform parameters. Th& equency andPer i od readouts are based on the zero-crossings of the waveform.
Consequently the waveform must be periodic and the maidagispust show at least one complete cycle of the
waveform for the frequency and period values to be meaninggiwell, the frequency and period measurement
can be fooled if the waveform includes noise that causespleikpurious zero crossings.

The RMS measurement requires that the time cursors beevital set to the beginning and end of one cycle.
This is required to define the limits of integration in the RiEculation.
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For multiple measurements on a reasonably clean wavefbeito Measurements can be a real time saver.
However, it is best to verify that the measurement is redidd@fore relying on it extensively.

Auta Maasurements
A B

Froquicrmcy: [0k | *Ha [— |
Pizviod R [
Buerne: ] 27 | 7 q:?.
Maireumi | Zoa¥ | 2 'ﬁl,L
Mnmms | Ftad | Erme l";‘l, n
FegbFeaks | 407V | 10w rm
rMs: [ 1akw | T Eiﬁ

Figure 5:Measur enent s Screen
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Figure 6: XY Display Mode

The usual oscilloscope display shows a plot of the two signgllitudes, voltage on Channel A and Channel
B, vs time. Itis also possible to plot the two voltages agadash other: Channel A as the X axis and channel B
as the Y axis.

SelectVi ew - > XY Mbde to enable the XY display.

The CGR-101 can simultaneously display both the XY displaythe conventional voltage-time waveforms,
which is useful in teaching situations and for debuggingppses. If you wish to hide the conventional waveforms,
and just show the XY display, disable the individual chasnsling the Enable/Disable button.
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Lissajous Figures

When the two signals are sine waves of the same frequendyanihase shift between them, the display is as
shown in figure 6. This type of looping display is known d&saajous figure

If the two frequencies different but integer multiples o€keather, then the lissajous figure will have multiple
nodes. In the early days of oscilloscopes, lissajous figireze used in this manner for frequency measurement.
The vertical amplifiers of the day could not work at high freqaies, so the signals were applied directly to the
deflection plates of the cathode ray tube. The lissajousdigave an indication of frequency ratio and relative
phase.

To form a complete lissajous loop, the timebase setting ieistich that both waveforms show at least one
complete cycle.

Magnitude Measurement

If the two signals are exactly in phase, the XY plot is a stialgne. If the two signals are of exactly the same
magnitude, the angle of the straight linedis°. If the magnitudes are different, then the line is at someioth

angle. This is a sensitive method of comparing the amplitfdeo waveforms, which need not be sine waves.
Any waveshape should function in this measurement.

General Purpose Plotting

The XY Mode display may be used for a variety of applicatiomere a plot of some kind is required.

{ Syscomp USB Digital Storage Dscilloscope D5S0-101 5 ]
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I 1 |
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P = : H H : + H H : : ——
QJ 9 Mnd; : : : Mot T,?ggg,gd d . : . Show heasuraments

Figure 7: Diode Voltage-Current Characteristic

Figure 7 shows an example. The CGR-101 has been configurdat ting voltage-current curve of a silicon
diode. Notice that the diode threshold is around 0.6 volte Vertical scale is voltage measured across a current
sensing resistance, equivalent to 10mA per division.

5.7 Screen Capture

It is extremely useful to be able to capture oscilloscopeetishots. One or more screen shots may be used to
document a particular measurement situation as a recotgbaheasurement or to capture the result for a larger
document.

Because the instrument screens of the CGR-Mini are sepamati®ws, it is possible to capture the screen
image of the oscilloscope, the generator or the digitald€tisn to a screen image. Usually, one is interested in
capturing the oscilloscope, showing the waveforms. Thpe tyf screen capture is useful because it also captures
the control settings, which is important for complete doeatation.
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The various computer operating systems use different rdsttmcapture to capture a window or full screen.

Windows XP To capture the entire desktop (multiple windows), presshthient Scr een keyboard key. To
capture a single window (such as the oscilloscope), positie mouse cursor somewhere inside that win-
dow and pressthal t andPri nt Scr een keys simultaneously.

Both these actions copy the screen image to a cut/copy/pafee.

To view the screenshot and save it to a file, open

Programs -> Accessories -> Paint.

Inside paint, choose the menu itdtdi t - > Past e and the image will appear in the Paint workspace.
Now you can save it to the directory of your choice, in the fdefiat of your choice, using the

File -> Save As

menu item. The precise instructions for other Windows ajggasystems are similar to XP.

Mac Sue Chastain describes several methods of screen capttire btac.
http://graphi cssoft. about.con od/ screencapt urenac/ ht/ nacscr eenshot. ht m
Here’s her method of capturing a specific window (such as #e#dloscope window).

To capture a specific application window, press Command-8hihen press the Spacebar. The
cursor will change to a camera, and you can move it around ¢gnees. As you move the cursor
over an application window, the window will be highlightélthe entire window does not need
to be visible for you to capture it. When you have the curser awindow you want to capture,
just click the mouse button and the screen shot will be sasedRNG file on your desktop. (The
file is saved as PDF in Mac OS 10.3 and earlier.)

Linux Under linux, screen capture is handled by the window managieter Suse Linux:

Similar to Windows, pressing the keybod@di nt scr een key captures the entire desktop.
Al t - Pri nt scr een captures the window where the mouse currently resides.

A popup dialog box prompts you for the file name and locaticsetee the image. The image is saved in .png
format. Use the 'convert’command to change it to some otbrenét, egconvert f oo. png f 0o.j pg

As one would expect from Linux, there are many other ways pilra a screenshot. Google will help you
find them.

5.8 Aliasing

The oscilloscope is aampled-data-systemt works by taking a series of samples of the input waveford a
displaying them. However, when the signal contains higudesncy components compared to the sampling rate,
the display may be incorrect. In theory, at least two sampérscycle of the highest frequency present in the
waveform are required to reconstruct the waveform corwyectl

Some sampled-data-systems have a constant sampling oattexdmple, audio is typically sampled at 44.1k
samples per second. In that situation, usual practice iEctarporate a low-pass filter such that frequencies above
22 kHz are prevented from entering the system

Most — if not all — digital oscilloscopes do not incorporateamti-aliasing filter. The sample rate of a digital
scope varies over a wide range of frequencies, and so th# fneiguency of the anti-aliasing filter would have
to do so as well. Combined with the bandwidth requiremerat, iha difficult technical challenge. Instead, the
oscilloscope relies on the operator to recognize wheniagids occurring and increase the sample rate until the
effect disappears.

A useful strategy in measuring an unknown waveform is to epgh it from a high sampling rate (aka time-
base setting) and reduce the setting until a readable gisplpears. It is also required of the operator to know
(approximately) the frequency of the waveform that is babgerved. That is often the case.

A useful rule of thumb is this: the display must contain abb@tsamples per cycle of the waveform to
reconstruct it. For this oscilloscope the maximum samplatg is 2MSamples/second, so it can usefully observe
frequencies up to about 200kHz. The analog bandwidth hasdesgned to be 200kHz to meet this requirement.

2In practice, the lowpass cutoff frequency is set to somevesatthan half the sampling frequency to allow for the finitkoif rate of the
filter.
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6 Waveform Generator

The waveform generator controls are shown in figure 8.
The Amplitudecontrol is calibrated from 0 to 100%. |

6.1 Setting Frequency

—WWaveform Generator
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Figure 8: Generator Controls

could set the frequency range to 3050Hz maximum and 2950H@muim. Then the adjustment range of the gen-
erator is 100Hz, giving effective fine-grain control of fresncy.

6.3 Sweep Mode

The control characteristic of the frequency slider can hecsskogarithmicor Linear. The Logarithmic control
increases the frequency in an exponential fashion as itie@sed, which is the most convenient characteristic is
most situations. In Logarithmic Mode, the physical mid+gaf the scale corresponds to about 700Hz.
In Linear Mode, the control characteristic is linear andrid-point of the control is 1.5MHz. In effect, this
assigns most of the physical movement to high frequencies.

6.4 Manual and Automatic Sweep

The CircuitGear GUI provides frequency control of the gabarwith a manual frequency control. Automatic
sweep is provided with a separate feature: the VNA (Vectdnwek Analyser), aka Bode Plotter software, which
operates the generator to make a sweep and the oscilloscpjm the response of some device or network. See

section 9 on page 21.
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6.5 Waveform Amplitude

The waveform can be adjusted between 0 and 2.5 volts peakbi@ations of amplitude and offset that exceed
+/-2.5 volts will cause the waveform to clip. You can alsa lgfck in the trough of the slider to make small
adjustments to the amplitude.

6.6 Waveform Offset

The CGM-101 includes a waveform offset capability of +/-2dits. Combinations of amplitude and offset that
exceed +/-2.5 volts will cause the waveform to clip. For eglanit is possible to create an unclipped waveform
of +/-1 volt with +1.5 volts of offset, but not 2 volts of offseAdjust the waveform offset by dragging the offset
slider. You can also left click in the trough of the slider take small adjustments to the offset.

6.7 Waveform Selection

There are four built-in waveforms: sine, square, triangld aawtooth. Select the desired waveform by left-
clicking on the corresponding waveform selection button.

Selection of a waveform causes that waveform data to be daded from the host PC into the CircuitGear
hardware. Each waveform data file consists of 256 data pdi@sh data point has a value between 0 and 255.
The files forSine Square TriangleandSawtoottare supplied with the GUI software, in tBeur ce subdirectory,
with names such asine.datand so forth.)

You can also load a custom waveform. Selectinglthad Cust omwaveform pops up a file selection box
SO you can select any waveform. (See section 6.8 below otirgesa custom waveform.) Figure 3 on page 8
shows the oscilloscope trace of a custom waveform produgéaegenerator.

Thereis a 1 to 2 second download delay after selecting a wawdiefore the generator begins producing the
waveform. During that time, other waveform selection busgtare locked out to prevebtitton mashing

Having loaded a custom waveform, you can save it to the CGMHdFdware memory, by clicking on the
Save Cust ombutton. Thereafter, clicking o8t or ed Cust omwill select that waveform. (Usin§t or ed
Cust omavoids having to use the file selector widget to select a custaveform, so it's a shortcut to select a
commonly-used custom waveform.)

6.8 Waveform Format

Waveform data files are stored in the same directory with theece code. On a Windows machine, the path to
this directory would be something like:

C.\Program Fi | es\ Sysconp\ CGML01- 1. 19\ Sour ce.

By convention, waveform files end in.adat suffix, for examplesawt oot h. dat . Other suffixed are also
permitted. These are plain vanilla text files, so they carobdéd into a text editor such Bet epad.

Each file consists of 256 entries (X values). Each of thesee2fiibes is the value of the waveform at that
point (Y value), ranging from 0 (most positive) to 255 (mosgative). Each entry value is terminated by a
carriage-return, line-feed pair.

A waveform data file can be constructed manually, using araragning language (eg, Visual Basic) or from
a spreadsheet (eg, Open Offical ¢). The GUI-based programavenaker can be used to draw a waveform
and convert that drawing into a suitable datatfidavenaker also has the capability of converting a waveform
diagram into a custom waveform file. The waveform could beioled from a screenshot of an oscilloscope
waveform, the scan of some image, or download from the webeXample. Wavenaker is available for
download from the Syscomp web site

Amplitude can be set by the CircuitGear generator hardvgrét is best to scale the amplitude between 0
and 255. The CGM-101 includes offset hardware, so wavefdfsetoneed not be included in the waveform
description.

If the waveform can be described by an equation, you can upecadsheet to generate the corresponding
waveform values. Save the column of waveform file values assv (comma-separated values) file. Then

3Suffixi? Suffixae?
4Wavemaker is the work of John Foster.
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examine the file using a text editor (such as Notepad) to ertbat there are no extraneous characters and the file
is formatted correctly. Then on the graphical user interfime the CGM-101, load the file into the generator by
selecting the_.oad Cust omwaveform.

7 Digital Input-Output Section
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Figure 9: Digital Controls

The CircuitGear digital controls are shown in figure 9. Thiegaut and output lines can be operated from
the GUI controls in figure 9 or they may be controlled by sofevdnat communicates with the CircuitGear API
(applications program interface, section 13 on page 29).

On a netbook computer, the digital controls run off the bottf the screen. The digital 1/0O controls are in
their own window, and can be moved somewhere convenientrumized.

7.1 8 Bit Digital Output

Clicking on an individuaDi gi t al Qut put button bit causes the corresponding bit to illuminate onGlh#
and the corresponding output line to go into the hityiGH state. Clicking again causes the bit to extinguish and
the corresponding output line to 4@wW

The available current to a USB device is 500mA maximum, aigldhrrent must operate the oscilloscope
and signal generator as well as the digital circuitry. Consatly the digital drive current is very limited: a few
milliamps per output. Load devices such as high-current& BEDC motors will require their own power supply.

7.2 8 Bit Digital Input

The GUI digital input indicators illuminate when the copesding input level is a logiell GH. The logic levels
may correspond to 3V HC logic or 5V HC logic. Great care shdwddaken not to exceed 5 volts on any input.
Inputs are buffered but all devices are surface-mount settjeso they are not trivial to replace.

7.3 PWM: Pulse Width Modulated Waveform

The PWM output (available on the rear panel connector) is@t®ulse. The duty cycle is continuously adjustable
with theDuty Cycl e slider, over arange of 0% to 100%. The output frequency ibystteFr equency slider,
over a range of 1Hz to 125kHz.

The output drive current should be limited to a few milliamgseof current.

7.4 External Trigger

When theTr i gger Mbde control on the GUI is set t&xt er nal , a positive-going transition on this pin rear
panel pin causes the scope to trigger. To test externakirigg

1. Setthe trigger mode to 'auto’.
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2. Connect the output of the generator to channel A of theeseoyl adjust the generator amplitude so the
scope shows a sine wave.

3. On the rear panel, use a jumper cable to connedettie Trig pin to the Digital output O
pi n.

4. Under Trigger Mdde sel ect External.

5. Fromthe GJI, use the mouse to click on Digital CQutput O.

6. On the OV to 5V transition on digital output O, the scope should briefly
display 'triggered’ and a new sanple of the waveform should display. On
the 5V to OV transition, triggering will not occur.

Edge polarity is not selectable on external triggering ttlgger edge is always positive going.
The trigger input is protected against overvoltages but vaat recommend relying on that. We recommend
keeping the trigger signal betwe@mand+-5volts.

8 Spectrum Analyser

A complex waveform may be treated as being composed of a numfbmusoid waveforms. These sinusoids are
of various phases, frequencies and amplitudes. The déecrigf the magnitude, phase and frequency of these
various waves is known as tlspectrunof the signal, by analogy with the spectrum of light.

Spectrum Analysier Fourier Analysisis the process of analysing some time-domain waveform toifsnd
spectrum. We also say that the time domain waveform is ceewénto a frequency spectrum by means of the
Fourier transform

ClickingonTool s -> Spectrum Anal ysi s brings up the spectrum analysis display of figure 10. The
displayed spectrum in this image is a 10kHz square wave.

The theory of Fourier Analysis shows that a square wave iposed of a fundamental of magnitude E volts at
frequencyf (10kHz in this case) with the following harmonicg;/ 3 magnitude at frequendyf, E/5 magnitude
at frequency f, /7 magnitude at frequencyf, and so on. The spectrum display shows this pattern.

Each vertical line represents one of these frequency coemisnThe height of the line is proportional to the
magnitude of that particular component. The horizontas éxia linear scale of frequency, with zero frequency
(DC) at the left edge.

The vertical cursor can be dragged horizontally to deteerttile frequency and magnitude of a component of
the spectrum.

The spectrum display and main waveform display are actitleeasame time, allowing one to simultaneously
observe a waveform in the time domain and frequency domain.

8.1 Interpreting the Spectrum Analyser Display

Because of fundamental limitations in a sampled-data sy Stés possible for the display to be misleading. Here
are some important points to keep in mind when using specanatysis based on digital methods:

e Adjust the oscilloscope timebase control to show many sycfehe waveform. Then switch to the Spec-
trum display. This will result in a wide range of frequenadesthe x axis.

e TheEffective Sanpling Rate is shown in a readout at the bottom right corner of the spettru
display. This is important: the sampling rate must be at legise the frequencies being analysed to avoid
aliasing. Put another way, there must not be frequency coeme above the Nyquist rate, which is half
the sampling rate. In the example shown in figure 10, the sanapt is 20kHz. The frequency components
range from 1kHz to 9kHz, below the Nyquist rate of 10RHz

5Harmonics of the square wave extend to much higher freqestmit we assume their amplitude is small enough to be ignored

17



£ Froequency Spoctram : = ljlﬂ
Freguency Spectrum Analysis

1
T =T, cnli]
Vertical Scale
f* Lineadr
s .00
St Maie 5:e|e-| eed
£ Hﬁjari:l'mi'
Z.0=00
[T Source Z.100
i _:.llg:'l:ll-il:-' @
" _hawme a3 1500 §
_ : 1.500
FET Window
r: - -
- I'{ci?taril;'ul_:n!: 1200
'f.-':-Hdumug
[~ PR
. H_ann o | G908
O Teanglar
C.o00
ﬂnmpling Fabe:
| 195ks): £.300 -
Mamber of Samoles L
| AT LUt 1'1'_-‘.'"!?'_’_ B s ___Mﬂﬂ)i.lhl_\ﬁ(lk'&;l:lll‘:bll“:“f mih'.—ch.ll*c-wE ZPRLL .n'.d-_'i'q.lw

J.0 -z

Figure 10: Square Wave Spectrum

e A sweeping typ@nalog spectrum analyser moves a bandpass filter acrosg@ oafrequencies to de-
termine the spectrum. A digital spectrum analyser suchiasotie divides up the frequency range into a
number ofbinsand then measures the energy in those bins.

The main oscilloscope display of the CGR-101 is 500 pointss 1 padded to 512 poirftby appending
zeros to the waveform record. As a result, there are 256 émegubins when using the main oscilloscope
display.

The centre frequency of each of these bins may not coincideti»with the frequency components present.

If that is the case, then the displayed amplitude will be inect and should only be regarded as an approx-
imation of the true situation.

e As the readout cursor is dragged higher in frequency it jufn@s bin to bin, reading out the centre
frequency of each bin. A given frequency component may ncelbéred in its bin, so the frequency readout

6The FFT routine requires that the number of points be a pof2r o
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will be only approximate. For example, in figure 10, the squaave frequency (generated by a Syscomp
WGM-101 waveform generator) is at a frequency 1kHz to withifnaction of a Hz. The 9th harmonic is at
9kHz. The spectrum display readout puts the 9th harmoni®283d Hz, which is approximately correct.

8.2 Frequency Scale, Bin Spacing

Itis sometimes useful to be able to determine the resolatitime frequency axis. Each frequency bin has a width
Af =1/T Hz whereT is the length of the data record in seconds. If thereMagoints in the data record, then
N/2 points are displayed as positive frequency. (The offi&2 points are redundant.)

Example

Determine the frequency resolution (bin spacing) for theeaat the display of figure 10.

Solution

The sample rate is 200kS/sec. The sample intelZdlis the reciprocal of this:

1

200 x 103
= 5 puSec

AT =

The number of pointéV in the data record is 512 points, so the total length of tha detord is:

T = NAT
2.56 mSec

The resolutiom\ f is the reciprocal of the record length:

1
AF_T

= 390.625 Hz
For example, the 7th harmonic should appeafrat 70kHz. The spectrum display actually puts it at 70313
Hz, which is bin 180.

Fr; = 180 x 390.625
= 70313 Hz

The maximum frequency,,... on the display occurs at bin 256:

Fmaz = 256 x 390.625
100 kHz

8.3 Spectrum Display Cursor Control

For fine control over the spectrum frequency readout. theled right cursor buttons on the keyboard move the
spectrum display cursor one pixel to the left or right.
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8.4 Spectrum Weighting Functions

Weighting orwindowfunctions are often applied to the time-sequence data fwitansformation into the fre-
guency domain. All window functions taper the data down t@z its ends. Then the discontinuity caused by a
finite record length does not affect the shape of the tranmsfor

The choice of window function depends on the applicatioml, ahwindow functions are a compromise of
some sort. For example, some window functions provide vecyiate amplitude readings, others are best for
separating closely spaced frequencies. A collection oflainfunctions is shown at
http://en.w ki pedi a. org/w ki / W ndow _function.

The current spectrum analyser includesrbetangular window This window does not shape the time func-
tion, all points on the time record are weighted equally. Haenming, Hann and Triangular weighting functions
are also available.

8.5 Applications

Spectrum analysis has a number of applications in eleas@md mechanical engineering:

e A pure tone has no harmonics and will show up on a spectrunfegisis one single vertical line. Distortion
of a sine wave will create additional harmonics. Consedyenineasure of the magnitude of the harmonics
is a measure of the magnitude of th@monic distortion

e In a distortion-free (linear) system, two separate inpaet(single frequencies) will emerge as the same
two tones at the output. If the system is distorting (nordir), then the system will generate other tones at
the sum and difference frequencies of the input signals. Asuee of these extra signals is a measure of
theintermodulation distortion

e The existence of certain frequencies in a signal may giveescles as to its source. For example, if a
signal contains the power line frequency (eg, 60Hz in Nontlefica, 50Hz for the UK), then it is probably
picking up interference from the AC power line.

e Power systems frequently manipulate waveforms by chopibi@ign or combining them with other signals.
Spectrum analysis allows one to measure the harmonic dootensignal, which may be specified as a
requirement.

e The analysis of a mechanical system for resonances can lgebgodriving the system with a wide-band
excitation signal, an impulse hammer blow or random noisefa shaker. Microphones or accelerometers
convert the mechanical vibration of the system to an elgatsignal. The spectrum analysis of this signal
indicates the mechanical resonances in the structure.

e The extraction of signals from noise may require some kndgédeof the spectrum of the signal and the
noise.

e Itis useful to see the spectrum diagram for modulation ahdragignal manipulations.

Further information on spectrum analysis is in the pdp&oduction to Digital Spectrum Analysig/hich is
on the Syscomp web site.
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9 Vector Network Analyser

An electrical network, such as a lowpass filter, is charac-
terized by its amplitude and phase response. The ampli- rTTTT T T B
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Figure 11: Network Analyser Wiring
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Figure 12: Vector Network Analyser

As part of their AC Circuits lab, electrical engineeringdguts are required to plot these response curves by
hand. This is a very tedious process. Each point in the pbptires setting the generator frequency, reading
the input signal amplitude, reading the output signal amg@é, reading the output signal phase, and plotting the
result. The CGR-101 vector network analyser does this aaticaily over a range of 1Hz to 1MHz, or some part
thereof. This makes it practical to explore the effect ofrtfing component values. For example, if the resistor
or capacitor value in an RC lowpass filter is changed, onercaneidiately determine the effect on frequency and
phase response.

The CGR-101 has two principal modes: as an oscilloscope igndlggenerator (with digital input-output),
and as a network analyser. To change between them, select:

Har dwar e -> Network Anal yser Mbde, or
Hardware -> Circuit Gear Mde.

Figure 12 shows a screen shot of a VNA plot of a single-pole &®phss filter. Figure 11 shows how the test
circuit must be wired. Notice that there is no internal carioa between the generator output and the channel A
input. The instrument grounds are connected internallgnépone ground wire is required to the external circuit.

To measure the impedance of some other two terminal devideasian inductor or loudspeaker, connect it
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in place of the capacitor in figure 11. Choose the resistoetatger than the maximum impedance of that com-
ponent. Then, in effect, the device is driven by a constameotiand the voltage across the device is proportional
to its impedance.

The display of figure 12 is the amplitude and phase responaesofall 1:1 audio transformer. The primary
was driven by the generator and connected to Channel A. Tdumdary was connected to Channel B.

Notice that the amplitude response rolls off below 20Hz atidl®ts very substantial peaking around 300kHz.
(This shows up as ringing in the square wave time-domairoresp) The transformer midband phase response
because the transformer primary and secondary are dekbemgired out of phase. The jump in the phase
response from-180° to +-180° is correct: plus or minus 180 degrees is the same physiadtres

e Two slide controls set the start and finish frequency

e A third slider sets thdrequency step The frequency step is the amount by which a frequency is-to in
crease to create each new measurement frequency. Or, gheanay, it's the ratio between two adjacent
measurement frequencies. The frequency step multipliesfagtor (rather than adding a constant factor)
because the frequency scale is logarithmic.

The network analyser frequency labels can be viewed in fpa@dt or scientific notation. This is selectable
under thevi ewmenu.

o Afourth slider sets the signal amplitude.

e TheOscilloscope Displayindow shows the input and output waveforms, which shouldibe waves. If
the signals show clipping, reduce the signal amplitude.

e The Startbutton initiates a frequency sweep. Sweeping is slow at lmguencies and speeds up as the
frequency increases.

e The display autoscales, that is, tries to select a scalgusidills the display.

e The amplitude dynamic range of the VNA is in excess of 50dke VNA automatically adjusts the input
signal attenuators of the oscilloscope section to obtarbdst possible signal-noise ratio without clipping.
It also uses the full 10 bit range of the oscilloscope A/D @ters. In the frequency response plot of figure
12, the amplitude and phase plots become erratic at highdrezes. This occurs because the output signal
from the low pass filter is extremely small in that region.

e The amplitude and phase information may be saved.tosv format data file (which can be loaded into
Matlab or a spreadsheet). With the VNA operational, seled| s -> Export Waveform (CSV).

9.1 Phase Display

When the phase is close to the top or the bottom of the disphagl phase changes can cause iitter in an
annoying fashion from one limit to the other. For a signat tfenges over a wide range of phase, this cannot be
entirely prevented. However, it can be reduced by adjustingyertical scale of the phase display.

By default, the phase display ranges fram80° to —180°, with 0° in the centre. To change this, place the
cursor in the phase plotting area and right click. A menu appallowing the selection of a different phase display
arrangement}+360° to 0°, for example.

9.2 Linear and Narrow Band Sweep

Itis possible to set the analysis to a narrow range of fregjesrio characterize narrow-band filters and piezoelec-
tric crystals.

e Click on the numeric readout fdt art Fr equency. An entry window appears. Enter the starting
frequency, in Hz.

e Click on the numeric readout fd&tnd Fr equency. An entry window appears. Enter the ending fre-
qguency, in Hz.
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e Click on the numeric readout fdfr equency St ep. An entry window appears. Enter the amount by
which the frequency increases for each measurement. (&hig yust be greater than the minimum fre-
guency step for the waveform generator, which is 0.1Hz.)

e Both Logarithmic and Linear sweep will work, but the Lineave®p setting allows more precise control
of the display range. Select near Sweep to precisely set the display frequency span to the prewousl
entered Start and End frequencies.

e Select the maximum amplitude range.

e PressSt art and the analysis will proceed.

If the sweep range is substantially outside the passbarfukedilter, the VNA may complain about insufficient
signal. In that case, change the sweep range to start anchehd ekirts of the filter.

9.3 VNA Theory

More information on the theory of the vector network anafyiseén the Syscomp Application Not& Software-
Based Network Analysatht t p: / / ww. sysconpdesi gn. coni na-t heory. pdf.

10 Rear Panel Connector
The rear panel connector provides access to the followgnmpss:

e Digital outputs 0 through 7

Digital inputs 0 through 7

External trigger output

PWM (Pulse Width Modulated) output

External trigger input

e Ground

The pinout is shown on the case label of the instrument andumeil3 below. These functions are described

in section 7 above.
Ext Trig In PWM Out

o ' Digital Outputs

4 3 2 1

15 13 11 9 7 5 3 1

O O O O O O O O
®) O O O O 0 0O o O O
20 16 14 12, 10 8 6 4 2
J T\ 5 T 4 3 2 1 0

1 Digital Inputs
Trigger Out

CircuitGear Rear Panel Connector

View toward rear panel

Figure 13: CGM Mini Rear Panel Connector Pinout
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10.1 Rear Panel Connector Mating Plug

One suitable rear panel connector mating plug is as follows:

MODE part # 35-0202-0

20 position, 2 row, 0.1" (2.54mm contact spacing.
Mates with 20 way 0.050" spacing flat cable.

Pol ari zi ng key (Centre bunp)

Strain Relief

Active-Tech price: \$0.38

Available from MODE Electronicdit t p: / / www. node- el ec. com
Distributed by Active-Tech Electronics in Canatiat p: / / www. act i vel23. com

Another suitable connector is this one:

3M part # D89120-0131HK

Di gi key part # MKC20E- ND

20 position, 2 row, 0.1" (2.54mm contact spacing.
Mates with 20 way 0.050" spacing flat cable.

Pol ari zi ng key (Centre bunp)

Contacts 10u gold pl ate

Di gi key price: \$0.69

Mating strain relief for this connector:

3M part # D3448-89120
Di gi key part # MESR20- ND

Available from Digikey,ht t p: / / ww. di gi key. com

Any flat cable with 0.050" conductor spacing that will matehwiDC (Insulation displacement connector)
should be suitable for use with these plugs. For example:

3M 3302 Series

Di gi key part # MCM 20M 5-ND (5 foot | ength)
10 col our repeat, clear carrier

Di gi key price: $7.50

The installation of an IDC connector onto flat cable is ddmstihere:
htt p: // hubbard. engr. scu. edu/ enbedded/ gui de/ ri bbon/

Socket-Pin or Socket-Socket Lead

Another connection device that is very handy is the socketgad. This consists of short length of wire with
a socket at one end and a pin at the other. The socket fits gxadth one of the pins of the Mini rear panel
connector. The pin plugs nicely into a protoboard.

A similar lead has sockets at both ends of the wire: one enadtcanect to a Mini rear panel connector pin,
and the other to a header pin on a PC board.

Both types of leads are available from Creatron in Torohtd: p: / / ww. cr eat roni nc. coni .

11 Safe Measurement Technique

These notes are included for the benefit of those who are newsing an oscilloscope. The information is not
unique to this oscilloscope, but applies to most oscillpgomeasurement instruments.
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Rather than simply state rules and prohibitions, we exphig certain procedures are dangerous and why
some techniques should be avoided. This information isigeal/for guidance in using the oscilloscope and is
not intended to replace proper training in working arourghhioltage circuits.

In general, this oscilloscope may be used safely to obségwals in low-voltage circuits where the power
supply isfloatingfrom the AC line.

11.1 Floating Power Supply

Oscilloscope
and

Power Line Ground Power Supply Computer

P

Green

P

Figure 14: Floating Power Supply

In this contextfloatingpower supply is one in which neither terminal is connectetthéopower line ground.

Consider the circuit shown in figure 14. Like many lab powerdies, the power supply has three terminals:
positive, negative and ground. The ground terminal is cotateto the third prong on the line cord, which
connects to the power line ground wire.

The oscilloscope has two connections: thput terminal andgroundterminal. On the front panel BNC
connector, the inner contact is the input, the outer ringasigd. The ground connector finds its way to the AC
ground line via the third prong on its line cord.

As shown in figure 14eitherlead on the oscilloscope can be safely connected to thevgositnegative ter-
minal of the power supply. With proper care to avoid shortits of the power supply, this is a safe measurement
situation.

11.2 Grounded Power Supply

Now consider that the negative terminal of the power supplgoinnected to it& ound terminal, as shown in
figure 15.

If the ground terminal of the oscilloscope is connected toghound terminal of the power supply, then the
circuitis in no danger and will work properly. Howevérthe ground terminal of the oscilloscope is inadver-
tently connected to the positive terminal of the power suppl, then the power supply will be connected to a
short circuit. The power supply short circuit will drive cur rent around the ground connections of the power
supply and oscilloscopeSince lab power supplies are usually current limited to teas an ampere of current,
the equipment will likely survive. However, the circuit Wilot function properly because the power supply is in
a short-circuited condition.

To avoid this situationgdo not connect the positive or negative terminal of the lab paer supply to the
ground terminal. Leave the supply floating.
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Figure 15: Floating Power Supply

11.3 Battery and AC Adaptor Power Supplies

If batteries are used to power the circuit under test, thblproatic situation of section 11.2 is not likely to occur,
because batteries do not normally have a ground connectitie tAC lin€'.

An AC Adaptoris essentially a small transformer coupled DC power supiitgse are usually supplied with
a two-prong line cord, so there is no ground connection toAfigoower line ground. The supply is floating so
the problem of section 11.2 cannot occur.

11.4 Russian Roulette and AC Line Voltage

Ground  Neutral Hot

\ Z Oscilloscope
and
Computer

777777777 |
|| }_4 Input : :
117VAC ! }
Ground ! }

 EE——

¥

T

To earth

Figure 16: AC Line \Voltage

"The disadvantages of batteries are (a) they run down and¢lg)are not current limited. A short circuited battery cansimificant
damage.
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The unsafe situation of an oscilloscope being used to measQrline voltage, is shown in figure 16. The
AC line consists of three connections: thetline, theneutralline, and thegroundwire. For safety reasons, the
neutral and ground are connected together and to an eanhdysd the system AC distribution panel. The hot
and neutral line carry load current in the system — normakyground wire does not carry any current. Because
the neutral is carrying current and because the neutrallveisaresistance, at any given point in the system there
likely will be a small voltage difference between the neldired ground wires.

If the ground wire of the oscilloscope is inadvertently ceated to théhotwire of the AC line, an extremely
large short circuit current will flow through the ground cection. Eventually, a circuit breaker will open, a fuse
will blow, or the short-circuit current will destroy a conctor. However, until that occurs, the short circuit current
can be in the order of hundreds of amperes. This current witrdy the oscilloscope and computer, and the
resultant flaming debris may cause injury to nearby livinggmisms, including humans. It may also start a fire.

Furthermore, connecting the ground lead of the oscillosdofghe AC neutral line causes another problem -
it effectively connects the neutral and ground AC lines at thoint. Now the neutral current has another path,
and some of it will flow through the oscilloscope and compgreund leads. If this current is sufficient, it may
damage the oscilloscope and computer.

Notice thatthis same situation can occur with equipment that is notgfamnmer isolated from the AC line
For example, some electronic equipment has a direct caonectthe AC line, so that the chassis is connected
directly to the neutral line of the AC system. To safely olseihe signals in this device with an oscilloscope
the equipment must be isolated from the AC line by a transorihe transformer must function as eolation
transformer the secondary winding must not have an electrical conmetti either of the primary leads, and the
transformer must consist of a separate primary and secpmdiading.

An autotransformefcommon trade nam¥ariac) is an adjustable transformer that is often used for adijgsti
line voltage. An auto transformer doest have an independent secondary winding and cannot be ussaldtei
electronic equipment from the AC line.

11.5 Removing the Ground

The potential for a short circuit is reduced if the groundroection is removed from the computer. However, this
is extremely dangerous because metallic connections ocotin@uter (such as the shell around a connector) are
connected to the ground line. A connection to the AC line lhudse metallic points at line potential, presenting
a serious shock hazard to the user and possible short dirattdiched equipment is grounded.

The AC ground connection (the 'third prong’ on a plug) is thepecifically to prevent the chassis of the
equipment from assuming a potential that is above ground tla@refore dangerous to a human operator. Re-
moving that ground connection removes any grounding ptiotecT his is a serious violation of health and safety
regulations.

Similarily, a battery-powered laptop computer, when diswcted from its line-operated charger, is not con-
nected to the ground line of the AC power system, so it is i&s$/Ito cause the kind of short circuit described in
the previous section. However, it is extremely dangerouslioon this. The laptop may itself become live at the
AC line potential, which makes it hazardous to the operatdrany attached equipment (such as a line-operated
video monitor).

11.6 Observation of AC Line Voltages
If you must observe line voltage, here are the rules:
e The oscilloscope must be able to cope with the peak valuesohibut AC voltage. The Syscomp DS-101
is certified to reliably accept up to 50 volts on its input tarah.

A times-teroscilloscope probe increases this by a factor of ten. It éohtbely essential to use a probe that
can withstand this voltage, and it essential to ensure tiegaptobe cannot inadvertently be switched to a
times-onesetting.

Notice that the peak value of a sinusoidal voltage is 1.4&¢ithe RMS value. So a 117VAC line voltage
will peak at around 170 volts.

e There must be no direct connection to the AC line. If the expdgpt is line operated, then it must be powered
by an isolation transformer (see above).
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e Itis possible to obtain electronic probes that providesafation barrier between the line circuit and the
oscilloscope. For example, the measurement signal isfaaad from the AC line side to the oscilloscope
side by means of an optically coupled circuit. There is nateleal connection between the oscilloscope
and the AC line. The signal is transferred over a beam of ligtitis method removes all possibility of
short-circuiting the line voltage to ground. See for exaayilt p: / / www. power t ekuk. cont .

12 Adjustments

The oscilloscope has been adjusted before shipping, soulgmot need adjustment before use. These instruc-
tions are provide for reference purposes.

12.1 Input Compensation Capacitors

The schematic of the input circuitry of the oscilloscopeticat preamplifier is shown in figure 17.
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Figure 17: Scope Input Compensation Network

The two channels are identical.

Stray capacitance at the output of the voltage divider hapdtitential for limiting the bandwidth. To make the
divider frequency independent, the resistive divider R2 j&)accompanied by a capacitive voltage divider VC1,
C1. The capacitive divider must be adjusted to have the sarissooh ratio as the resistors. This is accomplished
by adjusting VC1.

To do so, remove the circuit-board from its plastic case.r@ohit to the computer via its USB cable and start
the host software. Apply a square wave input signal to ond@fktope channels. Adjust the magnitude of the
square wave such that it makes a suitable display. Adjusigbdloscope timebase such that the leading edge of
the square wave is visible.

The two variable capacitors are relatively large, squarapmments that rise above the other components
on the board. (The current versions have orange casings.th®aurrent design they are designated C61 for
Channel A and C81 for Channel B. Locate the variable capaoitothe circuit that corresponds to the input
channel with the signal. With a tiny screwdriver, adjusttthariable capacitor until the square wave shows the
fastest possible rise time without overshoot. It is bestde a screwdriver with an insulated shaft because a
non-insulated screwdriver will connect human body capaci¢ into the circuit which affects its operation. If the
screwdriver is not insulated, make an adjustment and thraove the screwdriver to see the effect.

Repeat the same procedure with the second oscilloscopa&han

Reassemble the unit back in its case.

If you are using a x10 oscilloscope probe, the input capacéaf the scope channels will have changed
slightly. You will need to adjust a x10 probe for best squaswswresponse.

If the probe is a x1 x10 switchable unit, ensure that the pislwitched to the x10 position. Attach it to one
of the channels. Connect the probe to a square wave souateasithe CGM-101 generator output. Find the
compensation adjustment screw on the scope probe. In tm@egoprobes we sell, the screw adjust is red and
located in the base of the probe cable, near the BNC connéctiie professional probe we sell, the screw adjust
is yellow and located in the probe, near the handle. Adjuststtrew for best square wave response.
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13 Instrument Commands

These commands are low-level instructions to the scopen@aied The commands (and where relevant, messages
back from the hardware) are ASCII strings so that they cardoeigted easily by software or a human operator.
There are two situations where the interface commands magédel.

e The scope hardware may be operated directly from a terminmalaor program such a&g/per t er m nal
under WindowsM ni comor Seyon under Linux.

e Knowing the commands allows one to create a scope contrgir@no with different functionality. For
example, a program could be created to read the oscillosmoplot the results on a strip-chart type of
display.

Should undertake such a project, the Tcl source code for gudll@cope GUI, which is included in the
install files, will be a useful source of ideas in controllithg scope.

There is no requirement that the controlling program betemiin the Tcl language. Any program that
can issue ASCII strings to a serial port will be capable oftaaling the scople hardware (déat | ab,
Vi sual Basi c).

13.1 Using the Debug Console

When you send a command to the scope, it does not echo anyneatifin back to the host terminal. This is
because you are doing with the terminal exactly what is doitle avcontrol program, and responses from the
scope would slow down the overall operation of the system.

Each command consists of an ascii string of characters,asigh5cr > to set the trigger level to 55, where
<cr >is a carriage return character.

If you are running under a Windows operating system, in &fdib the material in the user manual, you can
see commands being sent to the oscilloscope by selecting

Vi ew -> Debug Consol e.

This brings up a terminal screen which lists commands asdheyeing sent to the scope hardware, and some
other debug information.

If the operator starts the program from a terminal windovgceing a command likei sh mai n. t cl ,
then the terminal window becomes the console.

This information scrolls past rather quickly when the scigpi@ auto trigger mode, because it is repeatedly
obtaining data from the hardware. To slow this down, put togs in 'Manual Trigger’ mode. Now each time you
hit the ‘'manual trigger’ button, the debug screen will shbe tommands that were sent to the scope hardware.

Now you can change control settings on the scope GUI and samthesponding commands as they are sent
to the scope hardware. For example, move the trigger levebcon the scope screen and you will see a series of
trigger level commands being sent to the hardware. SiryiJatianging the vertical preamplifier gain settings to
show the corresponding hardware commands.

Regarding the oscilloscope operation: For normal trigggrthe host PC issues a request for an update.
When a trigger occurs, the hardware acquires the wavefothsands it to the host. The host receives it on an
asynchronous basis, using thiel eevent command. That command then processes the data.

Debug Level

If you'd like to see more detail of the commands being senihéottardware, you can turn on a debugging flag in
the software. Here’s the way to do that on a Windows system:

e Open the source file directory, which is something like
C:\Program Fi | es\ Sysconp\ CGR101- 1. 17\ sour ce

e Load the filenai n. t cl into notepad
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¢ find the line (near the beginning of the file) that says debuglLevel 0

Change thisteet debuglLevel
Save the file

1

e Run the Syscomp software. Select the menu ¥érew - > Debug Consol e.

e A new window will appear, which shows the commands being sette scope. The scope is dut o
triggering by default. Change this tmr mal triggering to stop the scrolling.

The window shows only commands being sent to the scope, adatata being returned. If you need that,
modify the source code with print statements for the quiastif interest.

13.2 CircuitGear Mini ASCIlI Command Set

For setup of the a terminal emulator to send these commaeelsestior?? on page??.
All commands must be terminated with newlin@x0A> character.
In the following commands, the spaces are real and must hefille command string.

General

Command

Description

Detail

Info: Identify

*Sysconp CircuitGear Mni VX. X The message string
terminates withcr ><| f >.

Oscilloscope

Command

Description

Detail

C

Start capture

Arms the scope for a capture.

When the capture is complete, the scope will return a dagastrwith
the following format:Dt AHALBHBLAH. . .

TheD character signifies the start of the data stream.

Thet byte isOx01 if the scope was triggered arik00 if an auto-
trigger occurred.

AHAL are two bytes representing one 16-bit sample value fromraig
A.
BHBL are two bytes representing one 16-bit sample value fromraig
B.

The data stream is 1024 sampie® bytes/samplétimes 2 channelst
2 bytes long for a total of 4098 bytes.

The data bytes are binary coded.

Command

Description

Detail

C

Start sampling

Instructs the scope to start strip chart sampling.

Command

Description

Detail

F

Get sample

Request a strip chart sample.

Returnss if there is no sample ready.

Otherwise returns 5 byte SAHAL BHBL..

TheS character signifies the start of the strip chart sample.
AHAL are two bytes representing one 16-bit sample value fromraig
A.
BHBL are two bytes representing one 16-bit sample value fromraig
B.
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Command

Description

Detail

X

Stop sampling

Instructs the scope to stop strip chart sampling.

Command

Description

Detail

o [ Al Bl nnnn

Channel Offset

Changes the DC offset for a scope input channel.
A or B is the channel to adjust.
nnnn is an integer representing the offset from 0 to 4095
The offset integer is calculated as follows:
‘/o fse
Nojfset = 2047 — <#§7/;)
WhereV, ;.. is the offset voltage in volts.
St ep is the A/D converter step size: 0.025 for the high input ran
0.002481 for the low input range.

Command

Description

Detail

Bn

Timebase

Changes the timebase (sampling rate)

weren is an ascii character as follows:

0: 500ns/div to 2ps/div, 2MHz sampling rate

: 5Qus/div, 1MHz sampling rate

: 10Qus/div, 500kHz sampling rate

: 20Qus/div, 250 kHz sampling rate

: 125 kHz sampling rate

: 500Ats/div, 62.5 kHz sampling rate

: Ims/div, 2MHz sampling with subsampling

: 2ms/div, 2MHz sampling with subsampling

: 5ms/div, 2MHz sampling with subsampling

: 10ms/div, 2MHz sampling with subsampling
: 20ms/div, 2MHz sampling with subsampling
: 50ms/div, 2MHz sampling with subsampling
: 100ms/div, 2MHz sampling with subsampling
: 20ms/sample, strip chart mode

: 50ms/sample, strip chart mode

: 100ms/sample, strip chart mode

: 200ms/sample, strip chart mode

: 5000ms/sample, strip chart mode

I: 1s/sample, strip chart mode

J: 2s/sample, strip chart mode

TOTMUOOW>OON®UAWN R

Command

Description

Detail

D [Al B

DC Coupling

Selects DC coupling for channel A or B

Command

Description

Detail

A [A Bl

AC Coupling

Selects AC coupling for channel A or B
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Command

Description

Detail

P [ Al B| a| b] Preamp range Selects preamp range setting:
A: Channel A high range
B: Channel B high range
a: Channel A low range
b: Channel B low range
Command Description Detall
R Auto on Enables auto-triggering
Command Description Detail
r Auto off Disables auto-triggering
Command Description Detall
a YYyy Auto period. Sets the auto-trigger timer.
YYYY is an integer.
Timer period isYYYYx32/mu sec
Command Description Detall
M Manual Trigger Causes a manual trigger
Command Description Detall
T XXXX Set trigger level Sets the trigger level.
XXXXis an integer between 0 and 4095
The trigger integeVy,.;44e is calculated as follows:
Nt'rigger = Noffset - ‘g%gpg/e;' where
Virigger 1S the trigger voltage in volts.
Noyyser IS the calculated offset (sefdjust channel offsetbove).
St ep is the A/D converter step size: 0.025 for the high input ran
0.002481 for the low input range.
Command Description Detall
+ Rising trigger Sets trigger slope to rising
Command Description Detall
- Falling trigger Sets trigger slope to falling
Command Description Detail
S Trigger A Select channel A as trigger source
Command Description Detall
S Trigger B Select channel B as trigger source
Command Description Detall
Q External Trigger Select external trigger source
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Command

Description

Detail

q

Internal Trigger

Disable external trigger source

Digital 1/0 Port

Command

Description

Detail

O XXX

Set output

Sets digital output t&XXX.

XXX s a byte corresponding to the output bits.
Examples:

Set all output bits high© 255

Set all output bits lowO 0 (Oh zero)

Set only bit zero highO 1

Set only bit four highO 16

Command

Description

Detail

N

Read Input

Returns the digital input state &X

where:
| is an ascii character (capital letter eye)
Xis a byte representing the current state of the digital mput

Command

Description

Detail

dyvyyy

Auto digital input

Sets the sampling period for automatically reading thetaligiputs.

YYYY is an integer

The digital input sampling period YYY x 32usec

Example:d 5 sets the sampling interval to 168ec

Example:d 100 sets the sampling interval to 320€ec

The device will read the digital inputs each sampling pedaad return
them to the host.

Warning: fast sampling periods will swamp the host.

Set the period to O to disable automatic sampling
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Waveform Generator

Command

Description

Detail

WEXXX ZZZ \WAWV

Set Frequency

Set the DDS integer t8XXYYYZZZ

Each countis 0.2119Hz

Notice: On the waveform commands, there is no space betweammm-
mand string and the numerical argument.

The parameters XXX, YYY and ZZZ are integer 8-bit numbers. (D-
255) representing the three bytes of the phase value.

WAWhas a weight of 1

ZZZ has a weight of 256

XXX has a weight of 4096

The phase value is calculated as follows:

Phase value = (Output Frequency [Hz])/ 0.211 [Hz] where D.iglthe
resolution of the waveform generator.

Example for a 1kHz output: Phase value = 1000Hz/0.2119 = 4719
Setting numberf x 4096 + 18 x 256 + 111 x 1

The command would b4FO 8 111 (Note the spaces!)

Command

Description

Detail

VAYYYY

Set Amplitude

Set the waveform amplitude to (YYYY/4095)x100%

Command

Description

Detail

WOYYYY

Set Offset

Adjust the generator signal DC offset.

YYYY is an integer between 0 and 4095
The offset integeXYYY is calculated as follows:

YYYY = 4095 [_3 - V60ffset]

Vo fset IS the output offset in volts

Command

Description

Detail

VWK

Set Waveform

Select the output waveform.

Xis an ascii character:
0 Sine

1 Square

2 Triangle

3 Sawtooth

4 Custom

Command

Description

Detail

WCXXXYYY

Load waveform

Load a custom waveform sample into the device buffer.

Each custom waveform is 256 samples long consisting of 8dbitples.
XXXis the sample index (0 to 256)
YYY is the sample value (0 to 256)

Command

Description

Detail

W

Output buffer

Applies the custom waveform buffer to the waveform generatdput.

Command

Description

Detail

WK

Saves the current custom waveform to non-volatile memory
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Command Description Detall

VR

Read Waveform Reads the current waveform

ReturnsRWE0S1. . . S255

where:

RWare ascii characters

SO0 is the first sample (byte)
S255 is the last sample

This command returns 258 bytes

14

Manual Operation

The oscilloscope may be operated by sending it commands drtenminal emulator. If you are creating new
software to control the hardware this can be useful for dglngg

14.1 Windows

TheHyperterm nal program that is supplied as part of Windows operating syst@revious to Win 7) is
suitable for this.

1.
2.

o N o o

To simplify matters, it is probably best to unplug any US®ides that are connected.

Plug the scope hardware into a USB port on the computer.

. Using the steps described in section 18.2.1, determaé€®M port that the scope is currently connected

to.

. Start Hyperterminal:

Start- > Programs > Accessories > Communications > Hyperterminal

. Hyperterminal starts with a 'Connection Descriptionppp window. Cancel the popup.
. Select File > Properties
. Operate th€onnect Usi ng menu to select the COM port that you found previously.

. SelectConf i gur e which pops up &ort Setti ngs window. Most of the port settings can be left at

their default values, but the baud raf% { s per Second) must be changed to the correct value. At
this time, the correct value is 230400. The correct porirgggtare:

Bits per Second: 230400 Baud

Data bits: 8

Parity: None

Stop Bit: 1

Flow Control ,Hardware (RTS/CTS) Handshaking

If you have a version of the scope Tcl program that works @ty evith the scope hardware, you can verify
the baud rate. Load that code into a text editor and look febtud setting. Search for a variableud or
a procedur@penSeri al Port .

Hit OK and back out to the hyperterminal screen.

. Issue some command from the list in section 13. Type itlloieed by the 'Enter’ key. A good choice is

i , which should result in a message from the scope indicatsngersion number.
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14.2 TeraTerm: An Alternative to Hyperterminal

The Hyper t er m nal terminal emulator is not available with the Win 7 operatiygtem. TeraTerm is an
open-source alternative, and it's somewhat less confusinge than Hyperterminal. To use TeraTerm:

1. Download and install the TeraTerm software from Sounggfo
http://en.sourceforge.jp/projects/ttssh2/rel eases/
This should create a TeraTerm icon on your desktop.

2. Plug in the CGM-101 hardware to an unused USB port.

3. Start TeraTerm. The 'New Connection’ window appears. PII€’ is selected by default. Change the
selection to 'Serial’.

4, On that same window, select 'Port’. In this case, it shG@@sB8 andCOVb: USB Seri al Port . For
example, if we know the CGM-101 is connected to COM5, seléai5. Click on OK. Window closes.

5. Selectthe menuite®etup -> Serial Port
The port has been selected, no need to change that.
Set the Baud Rate #30400.
Set Data Bits t@.
Set Stop Bits td
Set Parity tdNone
Set Flow Control tdHar dwar e.
Click on OK. Window closes.

6. Selectthe menuite®et up -> Ter mi nal
Change the New-line Receive @R+LF
Change the New-line Transmit @R+LF
Click on OK. Window closes.

7. In the main terminal window, type the letterfollowed by theRet ur n key. You should see a message
something liker Sysconp Advanced Wavef orm Generator V1.0/1.0.
If so, you are now connected and can issue commands to theagemneNotice that all commands are
terminated by the Return key.

14.3 Linux

For manual operation under the Linux operating system, yilluneed to communicate with the hardware us-
ing aterminal emulatoprogram. There are two terminal emulators in common usernndex: seyon and

nm ni com These may not be installed as part of your linux distributiofo check whether the program is
installed, use thehi ch command:

phi scock@ant her: ~> whi ch seyon
/usr/ X11R6/ bi n/ seyon

Seyon must be properly configured to be used. This is destiibéne documenBeyon: Quick Start Guide
available fordownload herdxt t p: / / www. ee. ryer son. ca/ ~phi scock/ paper s/ usi ng- seyon. pdf .
Information on usingri ni commay be found at the following location:

Using Minicom and Seyon

Chapter 11 of_.earning Debian GNU/Linux

Bill McCarty

O’Reilly Books, 1999

http://ww. oreilly.coni catal og/ debi an/ chapt er/ book/ch11 07. ht ni

1. Plug the scope hardware into a USB port on the computer.
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2. Run the commandnesg to identify the serial port that the is allocted to this USEide. It may be a few
seconds before the operating system finishes its allogatiorun dmesg repeatedly until you see the serial
port number, which will be something liket t yUSB1.

3. Start the terminal communications program (Seyon or ¢dim):

4. Set the port settings to:

Bits per Second: 230400

Data bits: 8

Parity: None
Stop Bit: 1

Flow Control Hardware

If you have a version of the oscilloscope Tcl program thatksaorrectly with the scope hardware, you can
verify the baud rate. Load that code into a text editor andt oo the baud setting. Search for a variable
baud or a procedurepensSeri al Port .

5. Issue some command from the list in section 13. Type itlioviced by the 'Enter’ key. A good choice is
i , which should result in a message from the oscilloscopeatitig its version number.

Now you can type in other commands.

15 Modifying and Running the Source Code

15.1 Preparation for Modifying the Software

The software for the Syscomp instruments is written in théTkdanguage. The source codanserpreted which
means that there isEcl language interpreteprogram present that executes the Tcl source code. Congbgue
you can modify the operation of the program by modifying tberse code, which we provide.

We provide as the install an executable which is machinefpée, there are Windows, Linux and Mac ver-
sions) which contains the Tcl interpreter and librariesassary to run the source code. The easiest development
process is to use that executable to run the source code.

If you want to change the operation of the code, then makeedysedpy of the relevant Tcl source code file
and edit the source code Tcl file with any text editor.

You can also run the source code without that executablexéguting the command 'wish main.tcl’ (or it's
equivalent on your machine) in the source code directothdf causes errors, the first thing to do is to download
the latest version of Tcl from the Activestate webshiet p: / / ww. acti vest at e. coni . Then try again.

If there are further error messages concerning the BWidgetg package, you'll need to download those as
well, using these commands:

teacup install —with-recommends BWidget

teacup install —with-recommends Img
At that point, it should be possible to run 'wish main.tcl'damake the graphical user interface appear.

15.2 Modifying the Software

The host software for the scope (and other Syscomp instrisnieithis series) is released in plain text format
under the GPL (Gnu Public Lincense). Consequently, it iallemmodify the program in whatever way you may
find useful. We also encourage you to share your work withrathe

The program itself is in text form. The code does not need todmepliled or linked, it is executed directly
from the text form by thev sh interpreter.

Although the scope program is fairly complicated, it is poissto create a powerful Tcl/Tk program, with a
sophisticated user interface, with only a few lines of Tkl€bde.

To set up for development, ensure thatwies h interpreter is installed on your computer. Under Linuxsit i
probably already there. Under Windows, you need to downdmatlinstall a file from the ActiveState website:
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http://ww. acti vestate. com Product s/ | anguages. pl ex?t n=1
Download the appropriate .exe file for your operating systemm the program to install Tcl/Tk.

Make a copy of the original code, of course, and put it in a pddee. Then, using a text editor, read and
modify the existing code. When you want to test the code, henwi sh interpreter. Execute theour ce
command with the name of your file, and the program will exec&epeat this cycle until you have the desired
result.

We'd like to hear about your work. Check out our web page ferl#test contact information.

16 Installation Overview

The installation should work correctly under modern varsiof Windows, Linux and Macintosh operating sys-
tems. Installation only needs to be done once: thereafterptogram can be started by double-clicking on an
icon.

16.1 Windows

Download the Windows setup executable from our websiay. sysconpdesi gn. coni downl oads. Run
it. Everything (including driver install) is automatic.

16.2 Linux

Download the Linux zip archive from our website, unzip itdra folder of your choice (where you have permis-
sions). Run either thenst al | - Li nux-32-bit.shorlnstall-Li nux-64-bit.sh.

16.3 Macintosh

Download the DMG image from our websiteyw. sysconpdesi gn. com downl oads. Open it. First, drag
the CGR-MINI icon into the Applications shortcut in the DMGhen run the driver installer in the DMG.

As of August 2012, Apple has addedat eKeeper function to OSX Mountain Lion and subsequent oper-
ating systems. Gatekeeper prevents installing the Syscoftyware and generatedef ecti ve Sof t war e
message. You'll need to disable Gatekeeper while doing thentbad and install. A Google search for 'OSX
disable gatekeeper’ will show the necessary instructions.

Gatekeeper should be re-enabled once the installationnpleted and it is verified that the software is
operational.

16.4 First Time Operation

These instructions apply to all operating systems: Windawsix and Mac.

1. Using the supplied USB cable (or similar one of your ownaging), plug the oscilloscope into a computer
USB port. If you have more than one USB port, you can chose arty p

2. The green LED on the hardware unit should illuminate. (@md&indows the computer will make its USB
boing noise.)

3. There should be a Syscomp icon on the desktop. The exa& wélhvary, but it should be something like
Sysconp Circuit Gear . Start the oscilloscope program by double clicking on tbsni

4. A screenUnabl e to Connect to Device. Exam ne Connection Settings? appears.
Click onYes.

5. ThePort Setti ngs control panel appears. Click gkt odet ect .

6. The program scans through the available COM ports, 1 gir@9.
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7. Ifitfinds an available port, a notification screen will pgpsaying something lik€Gw 101 f ound on
COV6.

If it does not find an available COM port, try clicking @ut odet ect again. If this also fails, you'll need
to set the COM port manually, secti@? below.

8. Assuming that the system finds an available COM port, dickOK. A Port Settings Listing
window shows a list of the unavailable COM ports and the oaéwras found. Click oBack

9. The Port Settings control panel shows which port has belected. Click orSave and Exit. This
causes a small text filecopeport. cf g to be written to the directory where the scope program was
launched. This file contains the connection port number.

10. At this point, theConnect ed indicator at the top of the GUI screen show show a green colbthe unit
is operational.

From now on, whenever you double-click the program icon pitegiram should start and automatically con-
nect.

17 Installation Details

In this section we provide more detail of the installationgedure.

17.1 Windows Installation

The installation procedure unpacks and installs the Sypd@maphical User Interface (GUI) program that inter-
acts with the hardware. It also install two Future TechnglBgvices International (FTDI) virtual COM port
(VCP) drivers necessary to communicate with the hardware.

Screen shots of the install procedure are in figure 18 on page 4

1. Point your browser at the Syscomp web siteyv. sysconpdesi gn. com

2. Navigate to thedbownl oads section of the website. Download the software for a Windowsrating
system installation. When the software download comp)éied the downloaded file. Execute that file by
double-clicking on it.

. After a brief pause, the screen of figure 18(a) appearsk G xt .
. The screen of figure 18(b) appears. Clkgkxt .
. TheSel ect Start Menu Fol der of figure 18(c) appears. Clidkext .

o o1~ W

. TheSel ect Additional Tasks screen of figure 18(d) appears. We recommend enallirgat e
a Desktop Icon. ClickonCreate a Desktop | con untilacheck mark appears next to it. Click
Next .

7. TheReady to I nstall screen of figure 18(e) appears. If you are satisfied with tegilindirectories,
click onl nst al | . Otherwise, clickBack and revise the necessary entries.

8. Thel nst al | i ng screen and progress bar of figure 18(f) appears. Wait whalecthmpletes.
9. TheUSB Devi ce Dri ver install screen of figure 18(g) appears. Cléxt .
10. Thel nstal i ng dri vers screen of figure 18(h) appears.

11. TheCongratul ations! You are finished installing drivers... screen appears,
figure 18(i). ClickFi ni sh.

12. TheConpl eting the Sysconp Setup W zar d screen appears, figure 18(j). CliEk ni sh.

13. The software is installed.
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[ Setup - Syscomp CircuitGear i =101 x|

Welcome to the Syscomp
CircuitGear Setup Wizard
This il mstall $yscomp CircuitGear 1.13 on your camputer.

Itis recommended that you close all ather applications before
continuing.

Click Next o continue, ar Cancel to esit Setup.

& Setup - Syscomp CircuitGear B =10 %]
Select Destination Locatio h )
where should Sysconp Cicuitfiear be installed? A

|| setupuilinetal Syscomp Crcutieat o the folowing older

To continue, click Next,If you would fike 1o sslect 3 difterert folder, click Browse.

Browse

Atleast 31.6 MB offree disk space is required

B 5etup - Syscomp CircuitGear: B =0l =l
Select Start Menu Folder ~ ,
Where should S etup place the progra's shortcuts? e

Setup willereate the progran’s shortouts inthe following Stert Menu folder

To continue, click Next If poli would ke to sslect s diferent folder, cick Browse.

Biowse

<Back Cancel

< Back Cancel

(a) Welcome to Setup Wizard

B 5etup - Syscomp CircuitGear: B =0l =]
Select Additional Tasks ~ ,
Which addiional tasks should be perormed? A

Select the addiional tasks you weuld T Sehup ko perform while instaling Syscomp
CicuitGiear, then cick

Addtionalicons
[ Eizate s deskiap ican
I™ Cieate s Guick Launch icon

(b) Select Destination

Bl 5etup - Syscomp CircuitGear. i =10 %]
Ready to Install
Setup is now ready to begin inst

Syscomp Circuitfiear on your computer @

Elick Install o conlinue with the installation, or click Back.if you wantta review o
change any settings.

[Destination lacation:
C:AProgram Fies\SysoomphCGRTON-113

St b s folder
Syscomp CreuitGiear 113

dditional tasks:

Additionalicans:
Cipate 3 desklap icon

Ly o

(c) Select Start Menu Folder

B Setup - Syscomp CircuitGear B = [l 3|
Installing ~ .
Flease nait whie Setup installs Susconp Cicuitiear on your compter al
Extracting flss.
CAProgram GRIOILY

< Back Cancel

<Back 7] caneel

Eaneel

(d) Additional Tasks

Syscomp USB Device Driver Installex

Welcome to the Syscomp USB
Device Driver Installer.

This wizard vill walk you thiough pre-instaling divers on
‘your computer.

To continue, click Next

(e) Ready to Install

Syscomp USB Device Driver Installer:

Installing the drivers for your Syscomp device.

L -

Please wait whie the

ers install This may take some time to complete.

{85k Neis. Eacel

(f) Installing

Syscomp USB Device Driver Installex

Congratulations! You are finished
stalling drivers for your Syscomp
device

The chivers were successful installed on this computer.

You can now connect your devics tothis computer |f your devics
same with instuctions, pleass tead them fist

Diiver Name | Status
\/FT0I.CDM Diiver Packa... Ready to use
/FTDI CDM Driver Packa... Peady tauss

Coreid

(g) Welcome to Driver Install

Figure 18: Windows Installation Screens

(h) Installing Drivers

i

Completing the Syscomp
CircuitGear Setup Wizard
Setup has fiished instaling Syscomp CreuiGear onyour

computer. The application may be launched by selecting the
installed icons

Click Firish to exit Setup.

() Completing the Install
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17.2 Macintosh Install

This section describes how to install Syscomp instrumemnta MacBook running OSX. These instructions de-
scribe a 'one button’ procedure for software version 1.18faliowing.

You may also wish to check section 18.4 on page 56, which descsetup for a Mac-equipped multiple
station lab.
17.2.1 Checking the Host Machine

The Syscomp software is interpreted by the Tcl/Tk languagerpreter, so it is essential that the machine is
capable of running Tcl/Tk.

The ActiveState website (originators of Tcl/Tk) indicabet Tcl/Tk should run correctly on platforms with
'Mac OS X 10.2+". There is no mention of requirement for IrtePower PC processofs

The first step is to determine that the computer is capablerofing this software. To do that:

1. Click on the Apple icon in the top left corner of the screen.

2. Select’About this Mac’

For example, on the local Mac machine the Mac information is:
e Mac OSX 10.5.6

e 2.4GHz Intel Core 2 Duo

e 2GB 667MHz RAM

The key items are that the operating system is OSX and itsmeis later than 10.2. So the software should run
on this machine.

17.2.2 Installing Software

As of August 2012, Apple has addedzat eKeeper function to OSX Mountain Lion and subsequent operating
systems. Gatekeeper prevents installing the Syscompa@ftand generatesbef ect i ve Sof t war e mes-
sage. You'll need to disable Gatekeeper while doing the dma¢hand install. A Google search for 'OSX disable
gatekeeper’ will show the necessary instructions.

Gatekeeper should be re-enabled once the installationnpleted and it is verified that the software is
operational.

Start the Mac.
Plug in the Syscomp CGM-101 hardware. The green LED onahdware should illuminate.

Point your browser at the Syscomp web si#eyw. sysconpdesi gn. com

R

Navigate to théddownl oads section of the website. Download the software for a Windoywsrating
system installation. When the software download comp)é&ied the downloaded file. Execute that file by
double-clicking on it.

The CGM-101 icon appears on the desktop. Open it.
Openset up. ht m

ClickonCl i ck here for the DMG installer.
OpenCi rcui t Gear . dny

© ©®© N o O

A screen appears on the desktop, showing the Applicafiddsr and the Syscomp CircuitGear unit. Drag
and drop the Syscomp image onto the Applications folder.dgpess bar appears and completes.

Shttp://ww. tcl.tk/software/tcltk/platforms. htm

41



10.

11.

12.

13.

Go to the Applications folder:
Fi nder -> Maci ntosh HD -> Applications.

Find the entry for the Syscomp CircuitGear. Double ctickit. The CGM-101 GUI should appear. It will
probably show 'Not Connected’ in red. A dialog box will pop saying 'Examine hardware settings?’.
Click on Yes.

Examine the hardware settings. Select the entry thatayusbseri al - xxxx wherexxxx is some
serial number. The guiindicator should turn green and sBoanect ed.

If the GUI does not connect, exit from the gui. Unplug the CGadware and plug it in again. Restart the
GUI and this time the hardware should connect properly.

The program should indica@nnect ed, some activity should be visible on the scope trace, the E@ L
on the scope hardware should flash. The unit is operational.

17.2.3 Installing Driver

In order to connect, the USB-Serial driver must be instaiadhe Mac. On some machines, this is in place
without further intervention. However, if you followed tipeevious steps and the hardware still will not connect,
you may have to download and install the driver.

1.

Point your browser at this website:
http://ww. ftdichip.com Drivers/VCP. htm
This is the website for the FTDI 'Virtual Com Port (VCP) drivthat is needed.

. Find and click on the driver that corresponds to your djiggasystem (Mac OSX) and processor type (x86

or x64). At the time of writing, the same driver (2.2.17) applto both types of processors. Click on that
driver number. A window will open, allowing you to downloatktdriver.

. You should now have aDMGversion of the driver on your desktop. Double click on that fd run it. This

will install the driver.

. When that completes, restart the Syscomp GUI softwareasligl before:

Go to the Applications folder:
Fi nder -> Macintosh HD -> Applications.

. Find the entry for the Syscomp CircuitGear. Double cliokito The CGM-101 GUI should appear. It will

probably show 'Not Connected’ in red. A dialog box will pop saying 'Examine hardware settings?’.
Click on Yes.

. Examine the hardware settings. Select the entry that@ayasbseri al - xxxx wherexxxx is some

serial number. The guiindicator should turn green and sBoanect ed.

If the GUI does not connect, exit from the GUI. Unplug the CGltdware and plug it in again. Restart
the GUI and this time the hardware should connect properly.

. The program should indica@nnect ed, some activity should be visible on the scope trace, the Ed L

on the scope hardware should flash. The unit is operational.

17.3 Linux Installation

1.

2.

Point your browser at the Syscomp websi#ew. sysconpdesi gn. com Navigate to théownl oads
section. Download the file for the Linux operating systemzigrihat file. Move into the directory created
by the unzip operation.

Change to th&our ce subdirectory. Copy all files and folders from the /Sourcectiory to a suitable
directory on your machine, for example:
/ hone/ your nane/ Sysconp/ CGML01
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3. Copy the appropriate binary file from the /Source/binédiory into the folder you selecten execute the
appropriate shell script in the Source directory. For exXxemp

sh Install-Linux-32-bit.sh
or

cp / hone/ your nane/ Sysconp/ CGVILO1/ bi n/ 1i nux/ 1 i nux_i x86/ CGMLO1- | i nux- x86
/ hone/ your name/ Sysconp/ CGMLO1/

(The above command should be executed on one line.)

4. Execute the binary executable to start the software. ¥amele, use these two commands:

cd / hone/ your nane/ Sysconp/ CGVLO1
./ CGVILO1- | i nux- x86

17.3.1 Hardware Installation
1. Plug the hardware device into an available USB port.

2. Run the prograndnesg to show which serial port the instrument has been attacheat. elample,
/ dev/ tt yUSBO.

3. Start the binary executable (t@R)l , Graphical User Interface) as described above.

4. Onthe GUI, use thelar dwar e- - >Port Set ti ngs menu in the instrument software GUI to manually
connect to the serial port we found usidgesg, eg,/ dev/ t t yUSBO.

5. The GUI should indicat€onnect ed and the oscilloscope trace should show activity.

Note that currently, Linux assigns USB serial ports in théeoiin which the instruments are plugged in. You
may have to manually reassign the port settings in the Glinéntation software if multiple usb-serial devices
(such as Syscomp Instruments) are used simultaneouslyditdseg each time you attach an instrument to the
computer to determine its serial port assignment.

17.3.2 Optional: Running the GUI from Source

You can execute the source code directly using the Tcl irkéepan sh. See section 15 on page 37. For infor-
mation on the Tcl language, see the application note on teeddyp websitedel | 0 But t on.

18 Troubleshooting
18.1 Overview of USB Operation

In general, the operation of the USB connection is seamhesgaisible to the user. Operation of the oscilloscope
is usually as simple as pluggingitin to an USB port and rugtiie oscilloscope GUI software. However, it may
be useful to understand some of the details.

The USB interface uses a USB-Serial chip FT245BM from FTDHisTchip, with the appropriate driver
software on the host PC, emulates a serial port. Consegut@lTcl/Tk GUI software can access the hardware
just as if it was accessing a device connected to the hostl genit. This is orders of magnitude simpler than
dealing with USB, which is extremely complicated. We refetttis as dJSB- ser i al interface.

TheUSB- seri al has major advantages over the traditional serial portt,Rfre data transfer rate is much
faster (especially using the USB2.0 standard). Furtheenmower is transmitted from the host to the hardware
over the USB cable so that an AC adaptor is not needed. ThiedJEB system handles enumeration automati-
cally so that multiple devices are accessed correctly withmanual configuration.
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e Under Windows, the FTDUSB- ser i al drivers are automatically loaded by thast al | program, so
the user should not normally be required to intervene.

Thereafter, the operating system always associates thdwvaee with that serial port, even if it is plugged
into a different USB port.

e Under Linux, the FTDI driver is included in the Linux kernéhse 2.4, so it does not need to be installed
under Linux. The assignment of the USB-Serial port depemdthe order of connection of devices. If
you are just using one USB-Serial device, then the same plbtievassigned each time. If you are using
multiple USB-Serial devices (which, in general, will workreectly), then you will need to plug in each
device, one at a time, and ramesg to determine the port assignment.

In Linux, the default permission of tHedev/ t t yUSBx ports is set for root access only, so the permissions
must be changed as described under 18.3. &The/ dev/ t t yUSBx represents a number for a ttyUSB
port, something likeé t yUSBO ort t yUSB1, and so on.)

e Under MacCS- X, the FTDI driver may or may not be present. If the Syscompagi will not connect to
the hardware, the first step should be to download and irikalppropriate driver from the FTDI website,
at:
http://ww. ftdichip.com Drivers/VCP. htm
Notice that the same FTDI driver works for all version<a8F X.

In Mac GS- X, the assigned USB-Serial port is a device namadusbseri al - xxxx wherexxxx is
some serial number Otherwise, the USB-Serial port assighimsimilar to Linux.

18.2 Microsoft Windows
18.2.1 Manually Assigning a COM Port Number in Windows XP

It may be useful to know how to set the COM port manually.

For example, under certain circumstances, it is possilslthBoperating system to assign a low value COM
port that conflicts with some other non-Syscomp device. C@Mas COM1, COM2 and COM3 are risky to use.
Then, if the device is assigned to COM3, for example, andti€aonecting properly, you should try moving it to
another COM port number (such as COM9). (We know that ceBairtooth devices have caused this problem
in the past.) All COM port values up to COM99 should work cothg

1. Plug in the problem instrument to a USB port.
2. Goto: Start > Settings > Control Pane} > System > Hardware- > Device Manager

3. Double-clickonPorts (COM and LPT). This opens to show any USB-serial port assignments. Let’s
say that it show&)SB Seri al Port (COMB).We decide to move this to COM9.

4. Double-clickontheentrySB Seri al Port (COM) . Thisopensanew dialogue bdSB Seri al
Port (COMB) Properties.

5. SelectPort Settings and click onAdvanced.

6. This opens a new dialog boAdvanced Settings for COMB. In the upper left corner, there is a
scrollboxCOM Port Number . Use the up/down arrows to scroll through the possible COM gssign-
ments.

7. For the new COM port assignment, it's best to choose a CONMmaonber 4 or larger. (Lower numbers
may conflict with a USB keyboard or mouse). Suppose we deocidgedve to COM5. The scrollbox says
COVMb (i n use). Selectitanyway. CliclcK.

8. If awarning pops up that the COM port is in use and asks ifwant to continue, it’s safe to click ores.

9. Back out through the menues until you have closed the BéviEnager panel. Re-open it and examine the
Ports (COMVELPT) . This time it should rea@OVb.
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10. Back out to a clean desktop and restart the instrumegtg@nma This time, it should connect properly.

11. If you are connecting multiple instruments, you may nteedb this for each instrument. However, having
once done the assignment for a given instrument, the opgrayistem associates that instrument with the
chosen COM port and connection should be automatic.

18.2.2 Checking the Installed Files

This section details how to determine that the files are liest@orrectly. This information is included here for
completeness, but it should not be necessary to use it.

1. Double click onvy Comnput er to obtain a screen like figure 19.

My Computer
File Edit Wiew Favorites: Tools Help
"~;..J Batl - J v 5‘ /.. ) Search |~ Folders | |/t ___;'; x E" | -
Mame |.T pe | Total Size | Free Space | Commients |
Files Stored on This Computer
iy Shared Documents — File Folder
1Peter Hiscacks's ... File Folder
Hard Disk Drives
<o ACER () Local Disk. 26,6 GB 19,066
e ACERDATA (D) Local Disk 8.99 GB 8.99 GB
Devices with Removable Storage
030050101 (E:) D Drive 14.0 MB 0 bytes
Other
G" Coritrol Panel System Folder Provides options For. .,

Figure 19: My Computer

2. Double click onCont r ol Panel , obtaining a screen like figure 20.

i
File Edt View Favorites Tools Help | 3
e - @ v [ T| Dsemeh [ romes | [ (50 X €Y |
Name [ comments a
55 AC3 Filter Configures speaker configuration and ather parameters of AC3 decoder filer,
&, Accessbility Options Adiust your computer settings For vision, hearing, and matiity.
 Add Hardware Tnstalls and troubleshoats hardware
L5 Add or Remave Programs Install or remove programs and Windows components,
4 Adrministr ative Tools Configure administrative settings for your computer,
% Automatic Updates Set up Windows to automatically deliver important updates
2 Date and Time Set the date, time, and time 20ne For your computer,
5 Display Changs the appearance of your desktop, such as the backaround, screens...
(Folder Options Customize the display of Fies and folders, change file assaciations, and mak.
HFonts Add, change, and manage fonts on your computer
= Game Contrallers #Add, remave, and configure game centroller hardware such as jovsticks an...
[ irtelR) GMA Driver for Mabile Cantral the graphics hardware features of your system.
P Internet Options Configure your Internet display and connection settings.
plava Java(TM) Control Panel
Enkeyboard Custorize your keybaard settings, such as the crsor blink rate and the ch..,
) Mouse Customize your mouse settings, such as the button configuration, double-cl
& Hetwork Connections Cannects ta other computers, netwarks, and the Internst,
) Network Setup Wizard Launch the Network Setup Wizard
1L Phone and Madem Options Canfigure your telephane disling rules and modem settings.
) Portable Media Devices View the portable media devices connected bo your computer.
% Power Options Configure energy-saving settings For your computer,
L sPrinters and Faxes Shows installed printers and fax printers and helps you add new ones.
€ QuickTime. Configures QuickTime software and hardware componerts,
@ Regional and Language Options Customize settings For the display of languages, numbers, times, and dates. =
=5 Scanners and Cametas Add, remove, and configure scanners and cameras,
[ 5cheduled Tasks Schedule computer tasks to run automatically,
) security Center ViEw yaur current securicy status and access important settings
[ sound Effect Manager ACH7 Audio Control Panel
B, Sounds and Audi Devices Change the sound scheme For your computer, or configure the settings for |

3. Double click orAdd or

Figure 20: Control Panel

Renove Prograns, obtaining a screen like figure 21.
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® add or Remove Programs D J= EILLI
Currently installed programs: [T Shaw updates Sort by: IName .vI

g AFPL Ghostscript §.51 Size 24.14MB =
ﬁ! AFPL Ghostscript Fonts Size 5.47ME
i@ rcade 3.0 Sz 2.19MB
ﬁ! blax:un Contact Size 1.31MB
Bl bursti v3.1.0 Size  5.4EMEB
S osoas Size 0LO3ME
< eMusic - 50 Free MP3 offer Size 0. 19ME

ﬁ! FTDI USB Serial Converter Drivers
B Gsview 4.7 Size 3EEMB
E!E)l Intel{R} Graphics Media Accelerator Driver for Mabile

ﬂ iTunes Size  33.48MEB
& 125E Runtime Errvironment 5.0 Update 1 Size  143.00MEB
é 125E Runtime Erwironment 5.0 Update 5 Size  144.00ME
‘@ Launch Manager ¥1.0.8.5 Size 1.70ME

ﬂ Macromedia Shockwave Player
B’n Microstar Laboratories Filter Generation Size 0, 96ME

-

Figure 21: Add or Remove Programs

Figure 21 lists the FTDI drivers, so they are installed. &nily, the Tcl/Tk program for the unit should be
shown on the same list und8ysconp.

18.2.3 Obtaining Details of the USB-Serial Port

1. On theAdd or Renobve Prograns list of figure 21, find the entryByst em Double click on it to
obtain theSyst em Pr operti es screen of figure 22.

System Properties ] l[ll

System Festore | Autornatic Updates | Femate
General | Computer Hame Hardware | Advanced
- Device Manager

The Dewo.e Marager ‘i_‘S{S all ihe:h_ar_dware devices _fnstplle_d
on your computer. Use the Device Manager to change the
propetties of any device

r Drivers

Diriver Signing lets vou make sure that installed drivers are
compatible with “Windaws. Windows Update lets you setup
how Windows connects bo Windows Update for divers

Diiver Sigring Wwindows Lipdate

i~ Hardware Profiles

- Hardware profiles provide a way for you to set up and store.

different hardwars corfiguratiors.

Hardware Profiles |

Ok | Caricel | Apply |

Figure 22: System Properties

2. Double click on thedar dwar e tab to obtain théevi ce Manager screen of figure 23.
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£ Device Manager : = 1ol x|
Elle  action Yiew Help

- |H @S 2 8<x2a

ERC I =
T Batteries
_' i Computer
-2 Disk drives
%‘_é Display adapters
E: ity DNDYCO-ROM drives
{88 Human Interface Devices
-5=2) IDE ATA/ATAPT controllers
2 Kevboards
’J Mice and other pointing devices
Em Moderns
@ Monitars
- EE Metwork adapters
ﬁ Broadcom 802,119 Metwork Adapter
B8 Realsk RTLE139/510x: Family Fast Ethernet NIC
- B PCMCIA adapters
'i Generic CardBus Controller
s :"Ti' Intel PCIC compatible PCMCIA contraller
= Ports (COM & LPT)

][

-

1] -

f

BN 15 Serial Pork (COM4)
[+ #¥8 Processors
A8, sound, viden and aame controllers LI

Figure 23: System Properties, Hardware (Device Manager)

3. Ensure that the hardware unit (DSO-101 oscilloscope, WIB¥waveform generator, CGM-101 Circuit-
Gear, CGM-101, etc) is plugged into a USB port.

In the System Properties, Hardware panel of figure 23, thereld be an entryPorts (COM & LPT).
Double click on that and it should open to an entry [#®B Serial Port (COW).

This specifies the COM port that should be selected in thelkgfogram in order to communicate with
the USB hardware unit.

18.2.4 Windows 7 Notes

The hardware and software will work correctly under 32 bi &4 bit versions of Windows 7 operating systems.
However, we have found that certain other serial-usb dewes interfere with the operation. These hints may
help.

1. Open Device Manager and maximize the efoyt s: COM and LPT. Disable the devices that are
shown there. We know that some Bluetooth devices and a eérnsl program (ending, appropriately, in
the phrase SOL) can be problems. To disable a device, rigtht @h the entry inPorts: COM and
LPT and navigate to the point where you findiasabl e button.

2. Plug in the Syscomp hardware and verify that it appears antty undePorts:  COM and LPT.
3. Start the GUI program by double-clicking the Syscomp C®bA-icon on the desktop.

4. If the program announces that it cannot connect, use ttisglection dialog to autodetect the port. If the
port does not autodetect, then select some port manualgct2ehigh-ish number, something above 15 for
example. The lower numbers tend to get used first. (It's nosual for autodetect to fail and manual to
work. Once the port is selected, you should never have toatatiain.)
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5. At that point, the device should connect. Now, if you netttbodevices, you can enable them one by one
to find where is the conflict.

If problems continue, please take a screen shot of the egpddod t s: COM and LPT and send it to us
and we will assist.

18.3 Linux
These troubleshooting notes are specific to Suse Linux @should apply in general. They also assume a
working knowledge of Linux and its variants.

Overview

If the software does not operate correctly, here are somgdhio check. They are subsequently explained in
detalil.

e The operating system is too old and does not contain the s&gedrivers for the ush-serial ports.

e The operating system for some reason is not recognizingdheevice and assigning it to a usb-serial port.
This can occur if the usb device haeot ownership and permissions. The permissions must be changed
to allow a user-mode program to access the usb port.

The operating system is assigning the hardware to someaui-port but the Tcl/Tk program is not
automatically selecting that particular port. You'll netedselect the usb-serial port manually, using the
controls in the Tcl/Tk program.

Thew sh program, which is the interpreter for all Tcl/Tk progransniot being found by the operating
system. Locate it and change your path so that it is found.

The device is being recognized and connects properly, bes dot respond properly to certain controls.
Use the instructions in section 14.3 to send commands toattnare to determine how it is functioning.

1. Check the kernel version
The drivers for the FTDI USB-Serial interface are a standzad of the Linux kernel from version 2.4
onward. To check that you have a sufficiently modern kernel thedmesg command piped to theor e
command.

phi scock@ant her: dnesg | nore

Examine the first few lines, which should be something liks:th

Li nux version 2.6.8-24-default (geeko@uil dhost) (gcc version 3.3.4 (pre
3.3.5 20040809)) #1 Wed Cct 6 09:16:23 UTC 2004

In this case, the kernel is 2.6.8-24, so it contains the FTrivkeds.
If your kernel version is older than version 2.4, you may havepgrade the kernel or install a driver
module.

2. Install the software per the instructions shown in section 17.3 on page 42.

3. Determine the serial port used by the USB driver In this step, we’'ll use theinesg command to
determine which serial (COM) port is being assigned to tle#lloscope when it is plugged in.

Executednesg to get an idea of the most recent kernel messages. Using tBecbt8e, connect the scope
hardware to a USB port. Execuleesg again, and you should see something like this as the last ientr
thedmesg printout:

48



2: new full speed USB device using address 4
usb 4-2: Product: USB <-> Serial Cable
usb 4-2: Manufacturer: FTDI
usb 4-2: Serial Nunber: 00000001
ftdi _sio 4-2:1.0: FTDI FT245BM Conpati bl e converter detected
usb 4-2: FTDI FT245BM Conpati bl e converter now attached to ttyUSBO

Unplug the USB cable and ruimesg again and see something like this:

usb 4-2: USB di sconnect, address 4

FTDI FT245BM Conpati bl e ttyUSBO: FTDI FT245BM Conpati bl e converter now
di sconnected from ttyUSBO

ftdi _sio 4-2:1.0: device disconnected

Evidently the USB device is being assigned to devitg USBO.

This shows that the USB device is being recognized by theabipgrsystem and assigned to a usb-serial
port.

4. Set the permissions for the USB-Serial port
The default situation is that root is the owner of the USBadqrortt t yUSBO and operation is restricted
to root. For an ordinary user to access the port, the peromissnust be changed.

First, we will show how to do this manually in section 18.3owever, Linux is usually set up so that the
permissions revert back to root mode every time the USB igge#d and unplugged, and every time the
system is rebooted. Therefore, we need to modify the sysbetimes this is done automatically, ie, so that
the port permissions are set to user mode by default. Thisisisin section 18.3.2 below.

18.3.1 Manually Changing Device Port Permissions

Change to thé dev directory.
phi scock@ i nux: ~> cd /dev
Check the permissions on thé y USB ports:

phi scock@ i nux:/dev>1ls -1 ttyUSB=

Crwrw--- 1 root uucp 188, 0 2005-11-07 18: 25 ttyUSBO
Crwrw--- 1 root uucp 188, 1 2004-10-02 01:38 ttyUSB1
<ot hers del et ed>

In this case, the owner (root) has read-write access. Theghat root belongs to, uucp, also has read-write
access. Others (that's you) have no access at all. To opdreygtt to user access, enter root mode usingthe
command:

phi scock@ i nux: /dev> su

The system asks for the root password. Enter it. Now you cang#the permissions (mode) for the ports.
In this case, we'll use thehnod command to add read and write permission for 'others’. Famgxe, the
first command below sayghange the mode of device ttyUSBO to add read permissiomntioers. The second
command does the same for write permission.

[ inux:/dev # chnmod o+r ttyUSBO
linux:/dev # chnmod o+w ttyUSBO

Check the permissions again:
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s -1 ttyUSB*
crwrwrw 1 root uucp 188, 0 2005-11-07 18: 25 ttyUSBO
crw-rwrw 1 root uucp 188, 1 2004-10-02 01:38 ttyUSB1

That's it. You should now be able to access those ports fr@anmede. Exit from root to user mode.
Incidentally, you may be able to change the permissions ¢git@ in as root and then using the features of
the KDE or Gnome desktop to change the permissions.

18.3.2 Setting Default Port Permissions to User Mode: SuseX®

This change will ensure that the serial-usb ports are alweated with user mode access.
The default permissions for user devices are contained¢he fiet ¢/ udev/ per mi ssi ons. d/ 50- udev. per ni ssi ons .
We have to modify the entry for thet y USBx ports so that the default is user mode.

1. Changetothe directory et c/ udev/ per m ssi ons. d andcheckthatthe file50- udev. per ni ssi ons ex-
ists.

2. If the file exists? enter root mode, and copy the existing file so you have a coflyeodriginal.
cp 50-udev. perm ssi ons 50-udev. perni ssions-orig
3. Now open the fil&0- udev. per m ssi ons with your favourite editor. Find the entry that says:
ttyUSB+: r oot : uucp: 660
Change that to read:
ttyUSB+: root: uucp: 666

Save the file. Now every timetat yUSBx port is created, you should be able to access that port withou
problems.

18.3.3 Setting Default Port Permissions to User Mode: Sus®B

Suse in their wisdom have changed the method detecting U%Bede Now, USB devices do not exist/imev
until they are plugged in.

Plug in the DSO-101 oscilloscope and execute 'dmesg’. Yawkhsee something like the following at the
end of the message:

usb 1-2: new full speed USB device using uhci_hcd and address 2
usb 1-2: new device found, idVendor=0403, idProduct=6001

usb 1-2: new device strings: Mr=1, Product=2, Serial Nunber=3
usb 1-2: Product: Digital Gscill oscope DSO 101

usb 1-2: Manufacturer: Sysconp

usb 1-2: Serial Nunber: DSQ@BQ7zZO

usb 1-2: configuration #1 chosen from 1 choice
drivers/usb/serial/ush-serial.c: USB Serial support registered for FTDI USB
Serial Device

ftdi_sio 1-2:1.0: FTDI USB Serial Device converter detected
drivers/usb/serial/ftdi_sio.c: Detected FT245BM

usb 1-2: FTDI USB Serial Device converter now attached to ttyUSBO

usbcore: registered new interface driver ftdi_sio

drivers/usb/serial/ftdi _sio.c: v1.4.3:USB FTDI Serial Converters Driver

°If the file does not exist, please let us know the name of thestiistribution and we'll look for another solution.
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This indicates that the oscilloscope was detected and ibéas assigned to the USB-Serial piotrty USBO.
You now go to the directafrdev and examine thet y USBO entry:

phi scock@ant her:/dev> ls -1 ttyUSBO
Crwrw--- 1 root uucp 188, 0 2008-04-20 12:57 ttyUSBO

Theuucp group have read-write permission to this device, so the peant solution is to adducp as one of
your groups. In Suse 10.3 thisis done fronConput er -> Control Center -> Open Administrator Settings.
You'll need to enter the root password.
Thengoto: Security and Users -> User Managenent -> User and G oup Admi nistration.
Select the user (that’s you) and click Bdi t . This brings up th&xi sti ng Local User page. Click on
Det ai | s. UnderGr oups check offuucp. Log out and log back in, or restart the computer. You shoold n
be able to access the USB port without having to change itaipsions.

18.3.4 Setting Default Port Permissions to User Mode: FedarCore 6

This noté® applies to Fedora Core 6, kernel 2.6.19-1.2911.fc6.

Lookin/ et c/ udev/ rul es. d/ 50- udev. r ul es for the line:
KERNEL=="tty[ A-Z] =", NAME="9%", GROUP="uucp", MODE="0660"

Change the mode value to 0666.

18.3.5 Running the Program

1. Change to the directory where the program resideswi Isén interpreter is required to run the tcl program.
Itis normally included with a Linux distribution, so it is@pbably present on your system. You can find out
by issuing thenhi ch command.

phi scock@ i nux: which wi sh
/usr/bin/w sh

If this doesn't turn it up, use the 'find’ command, startingta¢ root directory '/’. If it is on the system,
then add that location to your path.

phi scock@inux: find . -name w sh
<much del et ed>
/usr/bin/w sh

2. Startwi sh.
phi scock@ i nux: ~/ eel ab/ denpbs> wi sh

3. A new small window will appear. This is the container foygamogram thatM sh executes. The cursor
remains where thei sh command was run.

4. Click in that window and run the command:
% source main. tcl

using the correct name for the oscilloscope program. Thidl@smpe GUI should now run correctly.

There are many other ways to start the program. For exanmpecammandv sh scope- 101. t cl
(substitute the correct name of the tcl program) can be ugedwell, the KDE and Gnome graphical user
interfaces be used to set up an icon on the desktop. Theringjick that icon will start the program.

10Kindly supplied to us by John Foster.
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18.3.6 Ubuntu Linux Install

This sectiondescribes how to install the DSO-101 oscitipscsoftware on a Ubuntu Linux system. This proce-
dure was tested on &dubunt u systemHar dy Her on, April 2008. Similar instructions apply to installation
of the WGM-101 Waveform Generator, CGM-101 CircuitGear &@&M-101 CircuitGear Mini(with the corre-
sponding file names).

These instructions assume some familiarity with Linux. &feally, you must know how to use an editor to
modify files. You should know how permissions work, and hovuse thechnbd command to change them.
You should have some familiarity with the directory struetand the location of your home directory vs system
directories such aket ¢ and/ dev. You must know how thé s command works.

Download and Unpack the Software

eelab - Flle Browser

Hle Fdit wiew tan Honkmarks Help

@ . @ D 2 @ @
Back Up Reload Homre  Compiter  Search
,g| ‘:”ﬂpeter“alabi Q
Places v ®

& pater

NEOQIGIvINID NSO NP 0.7 WM 01V pAlin.z
g4 Desctop AL n 3 P n

&2 File Systam
&2 Floppy Crive
& Natwark Servers

& Trasa

=) Docaments
T Music

E) Pictures

) videos

Figure 24: Checking that the File has Downloaded

The software is available for download from the Syscomp Wwebs
www. sysconpdesi gn. com downl oad. ht m

Use thenkdi r command to reate a directory on your computer. In my casedihéctory is:
/ hone/ pet er/ eel ab.

Click on the fileLi nux (x86bi n) to download it to your computer, check that it is in el ab directory
(figure 24).

The file that you downloaded is amnchive from which you must extract the files. Right click on the fileda
selectExt ract Here.

A directory is created with the extracted files in it. Changthtat directory and examine the contents (figure
25).

Check thatrai n. t cl is presentin the file list. This is the file to execute to staetdscilloscope program.

Check that the Tcl Interpreterishis present on your machine:
whi ch wi sh

If wishis present, thevhichcommand will show the directory:
/usr/bin/w sh

Since/ usr/ bi nis usually on your PATH, wish is present and should execute.

Now you can execute the DSO-101 software with the command:
wi sh main.tcl.

However, the oscilloscope software will not connect propera USB port until the permissions are corrected.
That's the next step.

Configure Permissions on the USB Ports

Plugging a Syscomp oscilloscope, waveform generator au@{tear unit causes the system to create a 'serial
USB port’ at/ dev/ tt yUSBO. (Notice that this is yew-ess-bee-zero, not yew-ess-thedfgyou have another
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13KB CS¥ File 22/05/2009 11:36 AM

13KE  C5¥ File 22/05/2009 11:37 AM

13K C5¥ File 22/05/2009 11:37 AM

13KE  C5¥ File 22/05/2009 11:37 AM

13KE 3V File 22/05/2009 11:37 AM

[£] May-22-2009-11-37-30csv 13KB  C5¥ File 22/05/2009 11:37 AM
] May-22-2009-11-37-37  csv 13KE  C5¥File 22{05/2009 11:37 AM
E] May-22-2009-11-37-44.csv 13KE  C5¥ File 22/05/2009 11:37 AM
[£] May-22-2009-11-37-51  csv 13KB 5% Fils 22/05/2009 11:37 AM
[Z] May-22-2009-11-37-57 .csv 13KE  C5¥ Fils 22{05/2009 11137 AM
(Z] May-22-2009-11-36-04 sy 13K C3¥ File 22/05/2009 11:38 AM
] May-z2-2009-11-35-11  cav 13KE  C9¥ File 22{05/2009 11:38 AM
[Z] May-22-2009-11-35-18 csv 13KE  C5¥ File 22/05/2009 11:38 AM
."_j May-22-2009-11-35-25, csv 13KB  C5¥ File 22/05/2009 11:35 AM

Figure 25: Directory with Files

usb-serial device plugged in, the number might be some dig#rthan zero.)

This port has read-write permissions for root and for thel@lit’ group. It does not have read-write permis-
sions for a lowly user, so the instrument will not connectis state.

You can change the permissions/othev/ t t yUSBO, but the port is transient and disappears when you shut
down or disconnect. So you would need to do that every timesya the instrument.

To make this permanent, add your name to the 'dialout’ graugpied to do it using the edubuntu system
administration tool, but for some reason the dialout grodmat appear.

To do this the old-fashioned command-line way, use the comaiigroups’ to see which groups you belong to.
Probably dialout does not appear. We will edit the groupgdiledd you. Find the filé et ¢/ gr oup. Probably
read-write permission is disabled for users on this file ak. vidake a note of the permissions, because we’ll
change it back. For example:.

I's -1 /etc/group
STWe- - - - 1 root root 934 2008-05-22 10: 17 /etc/group

In order to edit it, change the permissions to allow any usedit that file, using the command:

sudo chnod 777 group

<your password here>

I's -1 /etc/group

-rwxrwxrwx 1 root root 954 2008-10-24 22:02 /etc/group

Now you can edit and save the file. Load that file into a textoediind the line with 'dialout’ in it. If the line
ends in a colon, that means that no one yet belongs to thipghud your login name. If there already is some
other login name, add a comma and then your login name. Hefrels it might look like with me (peter) added
to the dialout group, after gabe.

man: x: 12:
proxy: x: 13:
kmem x: 15:
di al out : x: 20: gabe, pet er
fax: x: 21:
voi ce: Xx: 22:
and so on

Save the file. Reboot the computer. Executegheups command. You should see that you are a member
of thedi al out group.

groups
pet er dial out
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Now you should be able to start the instrument code by exegutii sh nai n. t cl in the directory where
mai n. t cl is located. The instrument should find and connect to the USB p

For security, you may want to return the permissions ehc/ gr oup as they were originally, as you noted
previously. In my case, giving groups and users read peioniss well:

sudo chnod 644 /etc/group

<your password here>

Is -1 /etc/group

-rwr--r-- 1 root root 934 2008-05-22 10:17 /etc/group

Special thanks to Gabriel Guillen, who loaned me an edubsygtem for this exploration.

18.3.7 64 Bit Linux

One of the packages in the Syscomp distribution is the ’Inagkage. The Img package is a Tcl/Tk library that is
required for the CGM-101 software. Currently, those lisiare for a 32 bit linux operating system. We are in
the process of modifying the distribution to accompodateiénux, but in the meantime here is a workaround.

Delete the existing Img file. (The best way to do this is to readt, so that you can back out if this procedure
fails.) Once you've deleted it, try running the softwareydfur Tcl/Tk distribution has the correct Img library it
should run fine. If not, download and install the ActiveStet# Tk distribution for 64 bit linux.

18.3.8 Running under 64-bit Sidux (Debian-based Linux)
The following notes were provided by Radio College of Carstddent Gabriel:

I amcurrently running the software on a 64 bit Sidux (Debian based |inux)
and have noticed that the ing library (the .so files in Ingl3Lin) are 32 bit
only. This prevents the software fromrunning on any 64bit |inux systens.

This can easily be fixed by installing the ing package in 64 bit.
t he package nanme is libtk-img and can be installed by running:

apt-get install libtk-ing

on any Debian based OS or by using the default package nanager (this wll
work for 32 and 64 bit systens)

Al so, the Bwi dget package should also be listed as a dependency, the package
nane is bwidget (all |ower case)

apt-get install bw dget
will install it on the system

18.3.9 Device Properties usingsbvi ew

In general, it's not necessary to know anything about the p8iperties of the hardware in order to use it.
However, if you do want to inspect those propertieshvi ewis useful.

It is likely that you will have to instalusbvi ewfrom your Linux distribution disks.

Onceusbvi ewis installed, (figure 26) you can use it to determine whetheS8 device is recognized by
the operating system USB. As a USB device is plugged and ggphli an entry appears and disappears in the
usbvi ewwindow.

Clicking on an entry opens up a list of USB properties of theicke

Notice thatusbvi ew does not indicate the serial portdev/ tt yUSB2 or whatever) that the operating
system has assigned to this device. You musimes g for that purpose.
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e — T 0

& EHCI Host Contraller [Waveform Generator WGM-101 |3
EF UHCI Host Contraller ranufacturer: Syscomp

= Serial Number: WGOSER3.)
T % Wavefor Generator WGK-10
R M B BT B o A Speed. 12hbrs full

USE Yersion: 2.00

E} UHCI Host Controller

i - USB <> Serlal Cable Device Class: DO+ )
- UHCI Host Controller Device Subclass: 00
E} UHCI Host Controller Device Protocol: 00
- USB-PS/Z Optical Mouse Maximum Default Endpoint Size: &

Mumber of Configurations: 1
Wendar [d: 0403

Froduct Id: 6007

Revision Mumber: 4.00

Config Mumber: 1
Mumber of Interfaces: 1
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tlaxPower Meeded: 400ma
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Mame: fidi_sio
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Direction: in
Attribute: 2
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Max Packet Size: 64
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Endpoint Address: 02
H Direction: out /

Refresh Canfigure About Clase

Figure 26: Usbview

18.3.10 Terminal Connection under Linux

It can be useful to connect to the hardware via a terminal atauto check the operation of the hardware. We
used the prograr@ut ecomunder Ubuntu Linux. It should be possible to install Cuteaamder other versions
of Linux.

To installCut ecomunder Ubuntu Linux, enter the following commands into a teahwindow:

1. sudo apt-get update

2. sudo apt-get install cutecomlrzsz

This gets both th€ut eComandl r zsz packages. The latter is not necessary, but allows the tattaiisup-
port zmodem/xmodem/ymodem file transfer. Seet ps: / / hel p. ubunt u. conf comuni t y/ Cut ecom
Now we are ready to test the hardware.

1. Plug in the Syscomp hardware unit.

2. In a terminal window, run thdmesg command. Look at the last few lines to confirm the connectin. p
We'll assume t y USBO.

3. Runcut ecom

4. Set up the cutecom terminal emulator characteristicslbsvs:

e Device: /dev/ttyUSBO
Baud rate: 230400
Data bits: 8

Stop bits: 1

Parity: none
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Handshake: Hardware ('Software’ not selected)

Open for: Reading, writing

Apply settings when opening
CR,LF line end
Char delay: 1 ms

5. Inthel nput window, enter an character, then press the <enter> key.

6. Inthe upper display window, you should see a message baickthe hardware, such as:
Sysconmp CircuitCear V1.4
Then CuteCom is connected to the hardware. You can sendugamessages to the hardware and get
responses back, testing the commands that are documesggdele in this manual.

AcknowledgementJan Portegijs told us about CuteCom and gave us the corténgseo connect.

18.4 Macintosh Lab

The following notes are an edited version of install proecedaformation kindly provided by Ted Johnson of
Greenfield College. This applies to using the software irbaelavironment, where everyone using the Mac must
be able to start the Syscomp software.

1. Login as an administrator

2. Open Safari and go to web sitewv. sysconpdesi gn. com SelectDownl oads. Selectvac OS X
and download.

3. When the download is complete, drag the ic@ gconp Circuit Gear V1.15 or whatever it's
named) into the Applications folder. Open the applicatifmider, check that it is there and drag an alias to
the dock.

4. Open the foldebri vers. SelectMac. Selectl nt el . Double click onFTDI USBSer i al Dri ver.
Double click on the Snow Leopard package. Follow the ingioas.

5. Get the scope hardware and plug into an open USB slot.

6. Click on the dock icorBYSCOWP. SelectOPEN from the popup. When thehabl e t o Connect,
Exam ne Settings? popup appears sele¥ES. When thePORT SETTI NGS popup appears, select
the buttor’ dev/ cu. usbseri al . Click onSAVE AND EXI T.

7. If everything was done correctly@ONNECTED rectangle will change from red to green at the top of the
open window (the CircuitGear GUI). If not repeat step 4 again

8. Now we need to set the permissions on the USB port so thasetk can access the port. To do this, start
the TERM NAL program. In the terminal window, type:
chnod 777 / Applications/ Sysconp\ CircuitGear\ VI1.15. app/ Contents/ MacOS/ port.cfg
and hit return.

9. Signout as administrator. Sign in as a student. Put theérafiie dock and boot, and make sure it works
when the hardware is plugged in.
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19 Sources of Information

19.1 News Groups

conp. | ang. t cl
Internet News Group

19.2 Websites

http: //ww. sysconpdesi gn. com
Latest information on Syscomp instruments and supportifigvare.
Many useful application notes and project descriptions.

http://ww.tcl.tk/
Home of the Tcl Developer Xchange. Pointers to informatiod software downloads.

http://ww. activestate.com
ActiveState is a commercial firm that sells various programgnools provides a home for the Tcl/Tk language.
Free versions of Tcl/Tk are available for download from tiséie.

19.3 Paper

Scripting: Higher Level Programming for the 21st Century

John K. Ousterhout

IEEE Computer magazine, March 1998

Currently at:ht t p: / / hone. pacbel | . net/ ouster/scripting. htm

Also at:htt p: //wwv. tcl .t k/doc/scripting. htm

The definitive paper on Tcl/Tk and scripting languages inegah Ousterhoot shows a Table of Applications
which have been coded in Tcl/Tk and in the C language, ancelaéve effort and time required for each imple-
mentation.

19.4 Textbooks

Practical Programming in Tcl and Tk, 4th Edition

Brent B. Welch & Ken Jones with Jeffery Hobbs

Prentice Hall PTR, 2003

The definitive reference for Tcl and Tk. Includes CDROM wittl &nd examples.

Tcl and the Tk Toolkit

John K. Ousterhout

Addison-Wesley, 1994

Now somewhat dated, but a still useful introduction to Tklbly the inventor of the language.

Graphical Applications with Tcl & Tk, 2nd Edition
Eric Foster-Johnson

M&T Books, 1997

Very accessible introductory textbook.

Tcl/Tk Tools

Mark Harrison

O'Reilly, 1997

Information on a number of extensions to Tcl/Tk.
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Effective Tcl/Tk Programming

Mark Harrison, Michael McLennan
Addison Wesley, 1998

Techniques of design for Tcl/Tk programs.

Tcl/Tk for Programmers

Adrian Zimmer

IEEE Computer Society, 1998

An textbook on Tcl/Tk with an academic tone and exercises.

Tcl/Tk for Dummies

Tim Webster

IDG Books, 1997

A useful introduction to Tcl/Tk.

Tcl/Tk for Real Programmers

Clif Flynt

Academic Press, 1999

Medium to high-level material on Tcl/Tk
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