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Caution; Never connect this instrument to the AC
line. Doing so may result in personal injury and ex-

treme damage to the operator, the instrument and to
an attached computer. See section 9 on page 26.
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Figure 1: CircuitGear Graphical User Interface (GUI)

1 Overview

The Syscomp CircuitGear CGR-101 is a combination of threetednic instruments: a two-channel digital stor-
age oscilloscope, a waveform generator, and a digital foptput port. Host software can operate the instrument
as a spectrum analyser and as a vector-network analysee (Boiter). CGR-101 is one of a series of instruments
from Syscomp Electronic Design.

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

1.1 Oscilloscope

The oscilloscope is a dual-channel, 20MSample/sec oscifoe with 10 bit A/D conversion, digital storage and
display.

Channels A and B are sampled simultaneously and stored iosttifboscope memory before being sent for
display to the host computer. Consequently, the signalsalarays 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 trigger point is continuously adjustable so that therajpe can display the signal before and/or after the
trigger 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%togsiand analog-digital conversion. The vertical
preampli er is gain-switched to optimize the signal-noiagio and will accept x10 scope probes.

The initial software release includes basic oscilloscopetions. Subsequent released! include additional
features such as spectrum analysis.

1.2 Waveform Generator

The waveform generator is a direct-digital synthesis (Db&ed device with frequency range between 0.1Hz
and 3MHz. The frequency can be manually adjusted contifyaughout range switching over that entire range
or some subrange.

For automatic sweep, \dector Network AnalyseivVNA) (aka Bode Plotter) program is available. The VNA
software operates the oscilloscope and generator sedtia@mcert to sweep a network over a speci ed range
and plot the amplitude and phase of the respéinse

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

The generator includes a random-noise source with whitetspa, useable to 2MHz.

1.3 Digital Input-Output

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

In addition, there is ainterruptindicator input andPWM variable frequencgutput.

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

1.4 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 thevwemnelvia a single serial-emulated USB connection
with the host PC.

The PC host displays a graphical user interface for theloscibpe with frequency readouts, sliders, clickable
buttons and various other controls.

The GUI software is written in the Tcl/Tk language. The s@itevis open source and entirely in Tcl/Tk.
There are no operating-system speci ¢ routines. The GUinsare will operate under Linux, Mac or Windows
operating systems.

Tcl/Tk is an interpreted language, so reading and modiftfiegsource code is straightforward.

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

1Scheduled for Fall 2008
2VNA software available Fall 2008.



2 Applications

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

Logic Net The digital controls supply the functionality of a digitekerciser Unit 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 aglidators 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.

State Machine ExerciserA single manual output line and the PWM output can be used agsempfor
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 outpthen used to operate the circuit at
higher frequencies, and the oscilloscope can be used tovaisester events.

Mixed Analog and Digital Circuits The digital outputs control a MDAC (multiplying D-A conver
which sets the centre frequency of a bandpass Iter. The g¢oeand oscilloscope function as a Vector
Network Analyser, showing how the frequency response obsiag the digital value is adjusted.

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

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 lItered to prme a variable analog control signal. In this
exercise students design the PWM lter and then measureipipderusing the CircuitGear oscilloscope.
They can also operate the PWM signal at various frequenciélastrate the effect of frequency on ripple.



3 Features and Speci cations

The features and performance speci cations are as follows:

Oscilloscope

Channels 2 independent channels sampled simultaneously
Sampling Frequencies 20 MSamples/second maximum

Vertical Resolution 10 bits per channel (1:1024)

Vertical Bandwidth 2 MHz

Vertical Input Range 250mVto 25V full scale

Vertical Gain Settings 7 settings, 50mV/div to 5V/div, i25 sequence
Vertical Scale 10 major divisions

Vertical Preamp Ranges 2
Horizontal Time Settings 20 settings, 100mSec/div to 5@/de in 1:2:5 sequence

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
Memory Depth 1K Samples each channel

Software, Initial Release  Export to Postscript
Selectable screen capture
Cursor Readouts
Subsequent Release Spectrum Analysis (FFT)
Real Time Histogram
X-Y Plot
Export to Postscript
Selectable screen capture
Data record to CSV le
Save/Load Settings
Cursor Readouts
Auto Measurements
Vertical Calibration
Labview Drivers

Waveform Generator

Frequency Range 0.1Hz to 2MHz

Output Amplitude +/-3V

Amplitude Control Hardware

Vertical Resolution 8 bits at all amplitude settings

Output Impedance 150 ohms

Waveforms Sine, Square, Triangle, Ramp, Arbitrary, Noise

Arbitrary Waveform 8 bit resolution vertical, 256 time ptsn
Constructed withWavemakesoftware

Noise Pseudo-random, 8 bit analog noise, sample rate 12 $&8qnence length
21 seconds

Digital /0

Output 8 bits, GUI (Graphical User Interface) controllediait, HCMOS

Input 8 bits, GUI indicators, 5 or 3 volt, HCMOS

Pulse waveform Variable duty cycle at constant frequency
35Hz to 72kHz in steps of x25
Interrupt Selectable level and slope, illuminates 'Intigitt indicator.



Other

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

Physical Dimensions 3" x 5"
GUI Source Code Tcl/Tk language
Open source, OSI Compliant
Windows, Linux, Mac operating systems

4 Oscilloscope, Basic Controls

The oscilloscop&raphical User Interfac€GUI) is shown in gure 2. The exact design of the GUI is subject to
change and development as features are added, but gure Braiide some guidance.
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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 CGR-101. They provide functions - such agrnmyger display - that are only possible in a
digital oscilloscope.

The scope controls divide into various groupmplitude timebasetriggering anddisplay:

4.1 Amplitude

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



Disable Click on this button to disable display of the correspondivayeform. This is useful to reduce
clutter on the display.

ScaleSets the vertical scale factor of the display between 50m\tpgsion and 5 volts per division in
the traditional oscilloscope 1:2:5 sequence. The am@itudy be read off the display by measuring the
number of divisions and multiplying by the scale factor. eiitatively, thedisplay amplitude cursorsay

be used (sedisplaybelow.)

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

4.2 Timebase

TheMain Time Bas€MTB) can be varied between 50nsec/division and 100mseci/aiivisithe traditional oscil-
loscope 1:2:5 sequence.

4.3 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 thatstope will not capture waveforms and the display will
appear to be frozen. Alternatively, the display may appe@rnp between captures, without a stable waveform
display.

Trigger Time Thetrigger timeis marked by a vertical cursor with ahsymbol at the top. The trigger point
may be dragged left or right to reveal more or less of the wawefpreceeding or following the trigger
point. This ability to view the waveform preceeding the ¢iég point is one of the advantages of a digital
oscilloscope.

Trigger Level Thetrigger levelis marked by a horizontal cursor withTasymbol at the leftmost edge of the
screen. The trigger level may be dragged vertically to seathplitude on a waveform that establishes the
trigger point. In order to cause triggering, the triggerlesursor must be positioned within the amplitude
of the triggering waveform.

As the trigger is dragged, an accompanying readout dispheeysigger amplitude in volts.

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 ar@dic 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 odntrequently. IfAuto triggering is
enabled, the scope will decide that trigger signals are reggmt and generate them internally.
This is not what is wanted: the scope should wait for a wavefimigger signal.



If the scope is being used to capture a single-shot evemt,tisbould 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@ag theArmed state.) When
a trigger signal occurs, the software captures and dispiegsvaveform and disables further triggers.
The Single-Shot Resebutton clears the display and returns the scope té\theed state.

Trigger Slope Thetrigger slopecontrol selects a positive-going or negative-going sldypketrigger point.
This allows one to trigger off the leading or trailing edgeagiositive pulse waveform, for example.

Trigger Source The trigger signal may be derived from the Channel A waveforrthe Channel B wave-
form. Generally, it is easier to obtain a stable trigger aldrom the simpler of the two waveforms.

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

Trigger Level (Readout) This display shows the amplitude of the trigger level sgttin

Display Lag For low frequency waveforms displayed at slow timebasénggstt there is a noticeable lag
between display updates. This occurs because each dispkhipped back to the host as a complete
waveform and it takes time for the 1k memory to Il with data.

4.4 Display

Refer to gure 2 on page 6.

Vertical Position A waveform may be moved in vertical position. At startup, fhandB 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 thakeposition of the corresponding
waveform.

Time Cursors It is possible to enable and disable various time and anga@itwrsors.
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.
Auto Measure Follow the menu heirarchy to select auto-measurement abgeeam-

plitude and/or frequency on Channel A or B

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

5 Additional Features

Section 4 described the basic controls of the oscillosclvpihis section we describe additional controls for more
specialized measurements.



5.1 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 recolgeafitasurement or to capture the result for a larger
document.

The oscilloscope main window or any of its subsidiary winddimeasurements panel, histogram, spectrum
display) can be captured to a JPEG image Je.

Selecting the menu iteffools -> Screen Capture (jpg) brings up a small dialog.

Clicking on one of the selections then brings up the stanBided Save menu, and the le may be named
and saved where required.

The screen shot can only be saved in JPEG format. If it is reied@nother format, load it into a drawing or
image processing program and save it in that format.

Under the Windows operating system, you canRamt for this purpose.

Under Linux, the prograrfimagemagick can convert to a variety of image formats.

5.2 Export to Postscript

Section 5.1 on page 9 described the oscilloscopeStireen Capture features. These features support the
capture of any oscilloscope screen window to a JPEG image le
It is also possible to capture the waveform display area@hthin oscilloscope display as a postscript le.
Select the menu itefools -> Export to Postscript (PS) File brings up the standareile
Save menu, and the le may be named and saved where required.
What are the relative advantages of JPEG screen captureustiexy the display area to a Postscript le?

Screen Capture grabs everything inside the selected window. This may b&uliegou need to docu-
ment the control settings. FurthermoBereen Capture can capture any of the scope windows.

Export to Postscript grabs only the waveform display area on the main oscilloszpeen.

Certain writing tools may require image format to be pogpécit is entirely possible to convert a JPEG
image to Postscript, but the le size is quite large. If yoweddéhe waveform in Postscript format and le
size is an issue, then you might be better off capturing justtaveform area in Postscript format.

Both the JPEG capture and Postscript capture are in colour.

3Acknowledgement: Special thanks to John Foster who helpeelab the screen capture code.



5.3 Scope Offset Calibration

The CircuitGear CGR-101 includes provision for mea-
suring and substracting any DC offset into the vertical
channels. This calibration is performed when units are T -0l 24
tested, so in general it should not be necessary to do this e m R e
calibration repeatedly.

The calibration panel is started from theols
menu and appears as in gure 3.

To operate the calibration procedure:

T

hannel Channel B
50mV-500mV Range 50my-500mV Range

Place the scope iAuto trigger mode.

Remove any inputs from scope channel A.

o o

Set the Channel A vertical gain to 1V/div.

Save Calibration alues to Device

Disable Channel B.

Drag the Channel A trace up and down. You will Figure 3: Scope Offset Calibration Panel

see a dashed line separately from the Channel A

trace for a brief instant before the scope triggers.

This red dashed line is the zero reference. Move the zeroarde for channel A vertically to the centre of
the screen.

Adjust the offset adjustment slid€hannel A, 1V-5V Range control until the channel A trace is
over top of the red dashed line.

Set the Channel A vertical gain to 500mV/div.

Adjust the sliderChannel A, 50mV-500mV Range control until the channel A trace is over top of
the red dashed line.

That completes the offset adjustment for Channel A.
Repeat the procedure for Channel B.

ClickonSave Calibration Values to Device . This transfers the offset values to the EEPROM
memory in the hardware.

Close the Offset Calibration display window.

10



5.4 Scope Amplitude Calibration

TheScope Vertical Calibration panel allows one to set the ver-
tical scale factor to a precisely correct value. This calilon is performed
when units are tested, so in general it should not be negesalo this
calibration repeatedly.

The calibration panel is started from tieols menu and appears as
in gure 4.

To operate the calibration procedure:

Important. Check the offsets and re-calibrate them if nesgs
Disable Channel B.
Set the Channel A vertical gain to 1V/div.

Move the trace vertically until it coincides with one of thisglay
major divisions.

Apply a known voltage that is within the display capabilititbe
channel setting.

Adjust the amplitude adjustment slidehannel A, High Range

until the trace de ection is exactly correct.

Set the Channel A vertical gain to 500mV/div. ) ] ] ]
Figure 4: Scope Vertical Calibration

Apply a known voltage that is within the display capabilitytbe Panel
channel setting.

Adjust the slideiChannel A, Low Range control until thetrace de ection is exactly correct.
That completes the offset adjustment for Channel A.
Repeat the procedure for Channel B.

ClickonSave Calibration Values to Device . This transfers the offset values to the EEPROM
memory in the hardware. This does not affect the factoryudesettings.

If you decide that you wish to return to the factory defauttisgs, click onRestore Defaults . The
hardware will retrieve the factory settings from the EEPR@®kmory in the hardware.

5.5 Vector Network Analyser

An electrical network, such as a lowpass lter, is charac-
terized by its amplitude and phase response. The ampli- rTTTT T T B

tude response is a plot against frequency ofgaim of L NW—
the n_etwork: thg ratio of output signal amplltude t0 INsenerator ) Scope ) 1 ) Scope
put signal amplitude. The phase response is a plot of thepyput e Channel A e 1~ e Channel B

phaseof the network: the difference between the output ’ Input |
phase and input phase. The test signal is a sine wave that L
is swept over a range of frequencies, taking care not to
overload the network.

|
T
|
|
|
|
! Input
|
|
|

Test Network

Figure 6: Network Analyser Wiring
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Figure 5: Vector Network Analyser

As part of their AC Circuits lab, electrical engineer-
ing students are required to plot these response curves
by hand. This is a very tedious process. Each point in therpbptires setting the generator frequency, reading
the input signal amplitude, reading the output signal amgé, 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 ofrefing component values. For example, if the resistor
or capacitor value in an RC lowpass lter is changed, one oamédiately determine the effect on frequency and
phase response.

The CGR-101 has two principal modes: as an oscilloscope igndlgyenerator (with digital input-output),
and as a network analyser. To change between them, stdedtvare -> Network Analyser Mode or
Hardware -> Circuit Gear Mode

Figure 5 shows a screen shot of a VNA plot of a single-pole R@plss lter. Figure 6 shows how the test
circuit must be wired. Notice that there is no internal carioe between the generator output and the channel A
input.

The display is the amplitude and phase response of a smadiuttib transformer. Notice that the amplitude
response rolls off below 20Hz and exhibits very substapiggking around 300kHz. (This shows up as ringing
in the square wave time-domain response.) The transforntyand phase response because the transformer
primary and secondary are deliberately wired out of phake.jdmp in the phase response frori80 to +180
is correct: plus or minus 180 degrees is the same physiadtres

Two slide controls set the start and nish frequency

A third slider sets thdrequency step The frequency step is the amount by which a frequency is-o in
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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.

A fourth slider sets the signal amplitude.

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

The Start button initiates a frequency sweep. Sweeping is slow at legufencies and speeds up as the
frequency increases.

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

The amplitude dynamic range of the VNA is in excess of 50dle VNA automatically adjusts the input
signal attenuators of the oscilloscope section to obtarb#st possible signal-noise ratio without clipping.
It also uses the full 10 bit range of the oscilloscope A/D aaiters. In the frequency response plot of gure
5, the amplitude and phase plots become erratic at highdrezgjes. This occurs because the output signal
from the low pass lter is extremely small in that region.

More information on the operation and theory of the vectdmoek analyser is in the Syscomp Application
Note A Software-Based Network Analysghttp://www.syscompdesign.com/na-theory.pdf

5.6 XY Mode

Figure 7: 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.

SelectView -> XY Mode 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 debuggingpses.
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Lissajous Figures

When the two signals are sine waves of the same frequendyanghase shift between them, the display is as
shown in gure 7. This type of looping display is known assajous gure

If the two frequencies different but integer multiples o€keather, then the lissajous gure will have multiple
nodes. In the early days of oscilloscopes, lissajous gwese used in this manner for frequency measurement.
The vertical ampli ers of the day could not work at high fremcies, so the signals were applied directly to the
de ection plates of the cathode ray tube. The lissajous eggave an indication of frequency ratio and relative
phase.

To form a complete lissajous loop, the timebase setting ineistich 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.

Figure 8: Diode Voltage-Current Characteristic
Figure 8 shows an example. The CGR-101 has been con gureldtohe 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, equivalentto 10mA per division.
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5.7 Spectrum Display

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

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

Figure 9: Square Wave Spectrum
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Clicking onTools -> Spectrum Analysis brings up the spectrum analysis display of gure 9. 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 harmonids=3 magnitude at frequendf , E=5 magnitude
at frequencysf , E=7 magnitude at frequencif , 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 actittleeasame time, allowing one to simultaneously
observe a waveform in the time domain and frequency domain.

Interpreting the Display

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

The Effective Sampling Rate is shown in a readout at the bottom right corner of the spattru
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 caemis above the Nyquist rate, which is half
the sampling rate. In the example shown in gure 9, the samaikeis 200kHz. The frequency components
range from 10kHz to 90kHz, below the Nyquist rate of 100kHz

A sweeping typ@nalog spectrum analyser moves a bandpass Iter acrossge @ rfrequencies to de-
termine the spectrum. A digital spectrum analyser suchiastie 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 i padded to 512 pointdy 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.

As the readout cursor is dragged higher in frequency it jufin@s bin to bin, reading out the centre
frequency of each bin. A given frequency component may notdygred in its bin, so the frequency
readout will be only approximate. For example, in gure 9e tbquare wave frequency (generated by a
Syscomp WGM-101 waveform generator) is at a frequency 10kHzithin a fraction of a Hz. The 9th
harmonic is at 90kHz. The spectrum display readout puts thé&monic at 90234 Hz, which is only
approximately correct.

Frequency Scale, Bin Spacing

It is sometimes useful to be able to determine the resolutidime frequency axis. Each frequency bin has a width
f = 1=T Hz whereT is the length of the data record in seconds. If thereNagoints in the data record, then
N=2 points are displayed as positive frequency. (The ove2 points are redundant.)

4Harmonics of the square wave extend to much higher freqestit we assume their amplitude is small enough to be ignored
5The FFT routine requires that the number of points be a pof2r o
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Example

Determine the frequency resolution (bin spacing) for theeaat the display of gure 9.

Solution

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

1
T = 200 108
= 5 Sec

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

T = N T
2:56mSec

The resolution f is the reciprocal of the record length:

1
F = -
T

390:625Hz

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

180 390625
70313 Hz

F7

The maximum frequendymax On the display occurs at bin 256:

256 390625
100 kHz

f max

Windows

Window orweightingfunctions are often applied to the time-sequence data foitransformation into the fre-
guency domain. All window functions taper the data down t@z its ends. Then the discontinuity caused by a
nite record length does not affect the shape of the tramafor

The choice of window function depends on the applicatior, alhwindow 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.wikipedia.org/wiki/Window_function

The current spectrum analysis routines have only one wwfdmvuon therectangular window This is in
fact a non-window, it does not shape the time function, aith{zoon the time record are weighted equally. Other
weighting functions may be added in future versions of tHensoe.
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Applications

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

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

In a distortion-free (linear) system, two separate inpae(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

The existence of certain frequencies in a signal may giveesclres 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.

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

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 elgadtsignal. The spectrum analysis of this signal
indicates the mechanical resonances in the structure.

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

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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5.8 Data Record

Oscilloscope waveform data recording is started with the
Data Recorder control panel, found as menu item
Tools -> Data Recorder , gure 10.

Choose a suitable directory into which the data
should be stored. Change to that directory in the
Choose Export Directory entry widget.

Set thelLog Interval to whatever is required.
Click on Start Logging and the les will be gen-
erated. Thé.og Count shows how many records have
been stored.

The data recorder creates a separate le for
each data record. A typical directory record is
shown in gure 10. Each le name is in the
month/day/year/hour/minute/second format.

Click onStop Logging to halt data logging.

The captured data is ificsv} (comma-separated
values) format, which can be directly loaded into a
spreadsheet such as Open-Of ce Calc or Microsoft Ex-
cel. An exerpt of the le is shown below. There are 512
data entries in the le.

"Time [s],Channel A [V],Channel B [V]"
0.0,-0.1042,0.0
2.56e-005,-0.1563,-0.0521
5.12e-005,-0.1563,-0.0521
7.68e-005,-0.1042,-0.0521
0.0001024,-0.1042,0.0
0.000128,-0.1042,0.0
0.0001536,-0.1042,0.0
0.0001792,-0.1042,-0.0521
0.0002048,-0.1042,0.0
0.0002304,-0.1042,0.0
0.000256,-0.1042,0.0
0.0002816,-0.1042,-0.0521

19

Figure 10: Data Recorder Panel



5.9 Waveform Math

(a) Toolbox (b) Addition (c) Multiplication

Figure 11: Waveform Math Tool

The math toolbox generates a waveform display that is sometiin of the waveforms on Channel A and
Channel B.

ClickingonTools -> Math Toolbox brings up the display of gure 11(a). At this time, there dneste
math functionsAdd: A+B, Subtract: A-B  andMultiply: A B. The software does a point-by-
point math operation on the input waveforms and generatesptagt of the result on the main display.

The vertical scale factor control (2 volts/div in gure 113rebe used to adjust the displayed magnitude of the
result.

The display of gure 11(b) shows the addition of two sine wawv€&igure 11(b) shows multiplication. In the
case of multiplication where one waveform is proportiooaldltage and the other to current, then the product is
a waveform of power.

Subtraction of two waveforms is useful in taking a diffeiehtoltage measurement across some component,
when neither terminal of the component is grounded. Thetimpltages must be within the amplitude capability
of their respective channels.

Itis arelatively simple matter to add other functions tortiegth toolbox. (see the source codenmeth.tcl ).

6 Aliasing

The oscilloscope is aampled-data-systenit works by taking a series of samples of the input waveford a
displaying them. However, when the signal contains highdescy 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 coryectl

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

Most — if not all — digital oscilloscopes do not incorporateamti-aliasing lter. The sample rate of a digital
scope varies over a wide range of frequencies, and so th# fnetguency of the anti-aliasing Iter would have
to do so as well. Combined with the bandwidth requiremeratt itha dif cult technical challenge. Instead, the

8In practice, the lowpass cutoff frequency is set to somelesatthan half the sampling frequency to allow for the nit#laff rate of the
Iter.
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oscilloscope relies on the operator to recognize wheniafias 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 glisplpears. 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 abbOtsamples per cycle of the waveform to
reconstructit. For this oscilloscope the maximum samplatig is 20MSamples/second, so it can usefully observe
frequencies up to about 2MHz. The analog bandwidth has besigried to be 2MHz to meet this requirement.
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7 Waveform Generator

The waveform generator controls are shown in gure 12.
The Amplitudecontrol is calibrated from 0 to 100%.

7.1 Setting Frequency

The frequency control adjusts frequency between the
limits shown in the two buttons at the top and bottom
of the frequency slider. In the default, these limits are
0.1Hz to 3MHz. The frequency resolution is 0.1Hz. The
accuracy is based on a crystal clock. A readout shows the
current frequency to a resolution and accuracy of 0.1Hz.

You can set the frequency by moving the slider. Al-
ternatively, left-click on the frequency display and enter
a frequency value in the pop-up dialog.

7.2 Setting Sweep Limits

To change one of these slider limits, left-click on it. An
entry widget appears, prompting for a new maximum or
minimum frequency. Enter a new value and left-click
on OK or hit<carriage-return> . The new value
appears above or below the frequency slider.

For example, if you are sweeping an audio device,
you can set the maximum and minimum frequencies to
20,000 and 20Hz. Then the full scale movement of the
slider applies to that range.

As another example if you are investigating the fre-
guency response of a 3kHz narrow-band active Iter, you
could set the frequency range to 3050Hz maximum and 2950Hmam. Then the adjustment range of the gen-
erator is 100Hz, giving effective ne-grain control of fregncy.

Figure 12: Generator Controls

7.3 Sweep Mode

The control characteristic of the frequency slider can hi@écskogarithmicor 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+gaif the scale corresponds to about 700Hz.

In Linear Mode, the control characteristic is linear andriid-point of the control is 1.5MHz. In effect, this
assigns most of the physical movement to high frequencies.

7.4 Manual and Automatic Sweep

The CircuitGear GUI provides frequency control of the gabarwith a manual frequency control. Automatic
sweep is provided with a separate program: the VNA (Vectamidek Analyser), aka Bode Plotter software,
which operates the generator to make a sweep and the osople@o plot the response of some device or network.
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7.5 Waveform Selection

There are six possible waveform selections. Selection
of a waveform (exceptloisg causes that waveform data
to be downloaded into the CircuitGear hardware. Each
waveform data le consists of 256 data points. Each data
point has a value between 0 and 255. The les$ane
Square Triangle and Rampare supplied with the GUI
software. (If you download the source code these les
are namedine.datand so forth.)

Selecting theCustom waveform pops up a le
selection box so you can select any waveform.
A waveform data le can be constructed manu-
ally, using a programming language (eg, Visual
Basic) or from a spreadsheet (eg, Open Ofce
calc). The GUI-based progratWavemakeravailable
at
http://www.syscompdesign.com/download.htm
can be used to draw a waveform and convert that drawing
into a suitable data le.

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

Figure 13: Noise Waveform

7.6 Noise

CircuitGear can generate a random noise signal ( gure 18)ckvis useful in transfer function measurents by
correlation and acoustical testing. The output spectruwhigg, that is, equal energy per hertz bandwidth

The noise is generated by a 32-bit shift register, con guoegive a pseudo-random bit sequence, and clocked
at 100MHz. (Sedttp://en.wikipedia.org/wiki/Linear_feedback_shift_ register .) Ev-
ery 8 shift pulses, an 8 bit sample is extracted and convéatethalog form. Consequently the noise rate is
12.5Msamples/second. The shift register sequence lesgth i 1 shifts before repeating, which gives a repeti-
tion period of 42 seconds.

The amplitude spectrum is actuallysan(x)=x function, but for practical purposes the spectrum is at to
2MHz.

"For acoustical testing, you will probably neegiak noise spectrum, which rolls off the amplitude at 3db/octavé/f characteristic..
It is also adviseable to limit the spectrum to the audio rag®/oid damage to ampli ers and tweeter loudspeakers.

23



8 Digital Input-Output Section

Figure 14: Digital Controls

The CircuitGear digital controls are shown in gure 14. Taésput and output lines can be operated from
the GUI controls in gure 14 or they may be controlled by sadte that communicates with the CircuitGear API
(applications program interface, section 13.2 on page 48).

8.1 8 Bit Digital Output

Clicking on an individual bit causes that bit to illuminate the GUI and the corresponding output line to go into
the highHIGH state. Clicking again causes the bit to extinguish and theesponding output line to goOW

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.

8.2 8 Bit Digital Input

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

8.3 Interrupt

The interrupt is a 3V or 5V HC compatable logic input. A dropgiomenu below the interrupt indicator/button
establishes the mode of operation, on®&abled Rising EdgeFalling Edge High Leve] Low Level

When the speci ed type of interrupt occurs, thimdicator illuminates. Left-click on the indicator to cighe
interrupt.

8.4 PWM: Pulse Width Modulated Waveform

The PWM output is a 5 volt pulse. The duty cycle is continupasljustable with the slider, over a range of 0%
to 100%. The output frequency is set from the drop-down meshovbthe slider, over a range of 72kHz to 35Hz.
Again, the output drive current should be limited to a fewliaihperes of current.

8.5 External Trigger

When theTrigger Mode controlon the GUI is set tBxternal , a positive-going transition on this pin causes
the scope to trigger. To test external trigger:

1. Set the 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 connedExttieTrig pin to the Digital output O
pin.

4. Under Trigger Mode select External.
5. From the GUI, use the mouse to click on Digital Output O.

6. On the OV to 5V transition on digital output O, the scope sho uld briefly
display ‘triggered' and a new sample of the waveform should d isplay. 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 avaat recommend relying on that. We recommend
keeping the trigger signal betwe8rand+5 volts.
8.6 Rear Panel Connector
The rear panel connector provides access to the followgnmpss:
Digital outputs 0 through 7
Digital inputs 0 through 7
Interrupt input
PWM (Pulse Width Modulated) output
External trigger input

Ground

The pinout is shown on the case label of the instrument andume 15 below. These functions are described
in section 8 above.

8.7 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.
Polarizing key (Centre bump)

Strain Relief

Active-Tech price: $0.38

Available from MODE Electronicshttp://www.mode-elec.com
Distributed by Active-Tech Electronics in Canadiétp://www.activel23.com

Another suitable connector is this one:
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Figure 15: CircuitGear Rear Panel Connector Pinout

3M part # D89120-0131HK

Digikey part # MKC20E-ND

20 position, 2 row, 0.1" (2.54mm) contact spacing.
Mates with 20 way 0.050" spacing flat cable.
Polarizing key (Centre bump)

Contacts 10u gold plate

Digikey price: $0.69

Mating strain relief for this connector:

3M part # D3448-89120
Digikey part # MESR20-ND

Available from Digikey,http://www.digikey.com

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

3M 3302 Series

Digikey part # MCM-20M-5-ND (5 foot length)
10 colour repeat, clear carrier

Digikey price: $7.50

The installation of an IDC connector onto at cable is delsed here:
http://hubbard.engr.scu.edu/embedded/guide/ribbon/

9 Safe Measurement Technique

These notes are included for the bene t of those who are newsittg 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 expidig 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 is oating from the AC line.

9.1 Floating Power Supply

Oscilloscope
and

Power Line Ground Power Supply Computer

P

Green

P

Figure 16: Floating Power Supply

In this context,oating power supply is one in which neither terminal is connectetthéopower line ground.

Consider the circuit shown in gure 16. Like many lab powepplies, 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 ringdésigd. The ground connector nds its way to the AC
ground line via the third prong on its line cord.

As shown in gure 16githerlead on the oscilloscope can be safely connected to the\gositnegative ter-
minal of the power supply. With proper care to avoid shortits of the power supply, this is a safe measurement
situation.

9.2 Grounded Power Supply

Now consider that the negative terminal of the power supplgoinnected to it&round terminal, as shown in
gure 17.

If the ground terminal of the oscilloscope is connected todghound terminal of the power supply, then the
circuit is 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,
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Figure 17: Floating Power Supply

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 oating.

9.3 Battery and AC Adaptor Power Supplies

If batteries are used to power the circuit under test, theélproatic situation of section 9.2 is not likely to occur,
because batteries do not normally have a ground connectitie tAC liné.

An AC Adaptoris essentially a small transformer coupled DC power supidigse are usually supplied with
a two-prong line cord, so there is no ground connection toAtigpower line ground. The supply is oating so
the problem of section 9.2 cannot occur.

9.4 Russian Roulette and AC Line Voltage

The unsafe situation of an oscilloscope being used to me#stitine voltage, is shown in gure 18. The AC line
consists of three connections: thetline, theneutralline, and thegroundwire. For safety reasons, the neutral
and ground are connected together and to an earth grourelgtstem AC distribution panel. The hot and neutral
line carry load current in the system — normally the groungkwdioes not carry any current. Because the neutral
is carrying current and because the neutral wire has rasistat any given point in the system there likely will
be a small voltage difference between the neutral and groines.

If the ground wire of the oscilloscope is inadvertently cected to thénotwire of the AC line, an extremely
large short circuit current will ow through the ground cagation. 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 aming debris may cause injury to nearby livingamnisms, including humans. It may also start a re.

8The disadvantages of batteries are (a) they run down andhél)are not current limited. A short circuited battery cansimi cant
damage.
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Furthermore, connecting the ground lead of the oscillosdoghe AC neutral line causes another problem -
it effectively connects the neutral and ground AC lines at toint. Now the neutral current has another path,
and some of it will ow through the oscilloscope and compujesund leads. If this current is suf cient, it may
damage the oscilloscope and computer.

Notice thatthis same situation can occur with equipment that is notgfarmer isolated from the AC line
For example, some electronic equipment has a direct caonegctthe AC line, so that the chassis is connected
directly to the neutral line of the AC system. To safely olsdahe signals in this device with an oscilloscope
the equipment must be isolated from the AC line by a trangorirhe 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 secpmdading.

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

9.5 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 pludse metallic points at line potential, presenting
a serious shock hazard to the user and possible short dgiratttiched equipment is grounded.

The AC ground connection (the 'third prong' on a plug) is teapeci cally 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-
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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).

9.6 Observation of AC Line Voltages

If you must observe line voltage, here are the rules:

The oscilloscope must be able to cope with the peak valuesohihut AC voltage. The Syscomp DS-101
is certi ed to reliably accept up to 50 volts on its input teémal.

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

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

There must be no direct connection to the AC line. If the eopgptis line operated, then it must be powered
by an isolation transformer (see above).

It is possible to obtain electronic probes that providesatation barrier between the line circuit and the
oscilloscope. For example, the measurement signal isfenaad 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 exaaip://www.powertekuk.com/

10 Overview of USB Operation

In general, the operation of the USB connection is seamlesgwisible 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 FT232BM from FTDHisTchip, with the appropriate driver
software on the host PC, emulates a serial port. Consegutt@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-serial  interface.

TheUSB-serial  has major advantages over the traditional serial portt,Rhs data transfer rate is much
faster (especially using the USB2.0 standard). Furthegqmower 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 con guration.

Under Windows, the FTDUSB-serial  drivers are automatically loaded by thestall program, so the
user should not normally be required to intervene.

Under Linux, the FTDI drivers are included in the Linux kerace 2.4, so they do not need to be installed
under Linux.

When aUSB-serial  device is plugged into the host computer for the rsttimes tiost USB system detects
a new device and allocates it to a serial port. In Windows, itnee COM port. In Linux, this is a device such as
/dev/ttyUSBO

Thereafter, the operating system always associates ttéaee with that serial port, even if it is plugged into
a different USB port.
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In Linux, the default permission of thdev/ttyUSBx  ports is set for root access only, so the permissions
must be changed as described under 11.2. &he/dev/ttyUSBx  represents a number for a ttyUSB port,
something liketyUSBO orttyUSB1 , and so on.)

11 Troubleshooting

In addition to the information provided here, you may als@ unseful information and screenshots in sections
17.1,17.2and 17.3.

11.1 Microsoft Windows

The system requirements for running the host software are:

Processor Pentium, 233MHz minimum or equivalent
RAM 64MB

Hard Drive space 5MB

Video 800 x 600 minimum resolution, 16 bit colour
Ports One USB port

Operating Systems  Windows 98SE, Windows ME, Windows 2006ddivs XP
Instructions for installing the software are on the CDROMlured with the hardware. Use a text editor to
open and read the le README, and the follow directions framete.
Installation screenshots are given in section 17.4, page 59

11.1.1 Windows XP
1. Install the oscilloscope software per the instructiomshe CDROM.

2. Boot up your computer and change to the directory wherdnaialled the scope software.

3. Using the supplied USB cable, plug the oscilloscope intoraputer USB port. If you have more than one
USB port, you can chose any port.

4. The operating system should now recognize that you haggpt in a USB device and issue a chime noise.
5. Goto: Start> Settings> Control Panel> System> Hardware-> Device Manager

6. On the Device Manager panel, click ®orts (COM and LPT) . You should see an entry likdSB
Serial Port (COM 5) . Thisis the COM port that the operating system has assign#tetoscillo-
scope for this session. Make note of the port, in this exaiGQ# 5.

7. Start the oscilloscope Tcl program by double clickingtsridon. The exact name will vary, but it should be
something likescope-100.tcl . It may complain with arUnable to Connect warning message.
Ignore this and close the warning message. The oscillogéfieshould now be on the screen.

8. On the oscilloscope GUI, open Hardware Connect. Select the COM port that you found previously.
In our example, that would be COM 5. Click ddave and Exit . This causes a small text le
scopeport.cfg to be written to the directory where the scope program wascdlaed. Thereafter, the
oscilloscope GUI Tcl program will read this le and autontatily select that particular COM port.

9. OpenHardware again and click orConnect . The oscilloscope GUI status message at the top of the
screen should sho@onnected . This is a Happy Moment, because your computer is now talgiogerly
to the oscilloscope hardware.
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10.

Operate the frequency, amplitude or offset controlsheroscilloscope GUI. As you do so, the GUI sends
commands to the hardware and you should see ashing fromttieity LED on the hardware front
panel.

From now on, it should be suf cient to boot up your computéugpin the oscilloscope and double-click on
the desktop icon for the oscilloscope.

11.1.2 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 possiloldnéoperating system to assign a COM port number
that too high to be usable by the host software. In our situdtere at the Syscomp factory, we test each instrument
by plugging it into a USB port. Each time the operating systsms a new instrument, it assigns it a new COM
port number. If the COM port number is greater than 9, it caecselected by the host software. Then you must
re-assign the port number manually.

1.
2.

10.
11.

Plug in the problem instrument to a USB port.

Go to: Start> Settings> Control Panet> System> Hardware-> Device Manager

. Double-click onPorts (COM and LPT) . This opens to show any USB-serial port assignments. Let's

say that it shows&JSB Serial Port (COM12) . This exceeds COM9, so we have to manually reset the
COM port number.

. Double-clickonthe enty SB Serial Port (COM12) . Thisopensanew dialogue bdxSB Serial

Port (COM12) Properties

. SelectPort Settings and click onAdvanced .

. This opens a new dialog bo&dvanced Settings for COM12 . In the upper left corner, there is a

scrollboxCOM Port Number. Use the up/down arrows to scroll through the possible COM g&sign-
ments.

. For the new COM port assignment, it's best to choose a COMmanber 4 or larger. (Lower numbers

may con ict with a USB keyboard or mouse). Suppose we deadadve to COMS5. The scrollbox says
COMS5 (in use) . Select it anyway. CliclOK

. Awarning pops up that the COM port is in use and asks if yontw@continue. Click oryes.

. Back out through the menues until you have closed the Bévienager panel. Re-open it and examine the

Ports (COM&LPT) . This time it should rea@OM5
Back out to a clean desktop and restart the instrumegtg@nma This time, it should connect properly.

If you are connecting multiple instruments, you may nieedbo 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.
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11.2 Linux

These troubleshooting notes are speci ¢ to Suse Linux Q2 should apply in general. They also assume a
working knowledge of Linux and its variants.

A detailed manualnstalling the DSO-101 Oscilloscope on Ubuntu Linuxs available from the Syscomp
web site ahttp://www.syscompdesign.com/tech.htm

Overview

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

The operating system is too old and does not contain the sa&gedrivers for the usb-serial ports.

The operating system for some reason is not recognizingdheevice and assigning it to a usb-serial port.
This can occur if the usb device hemt 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 needselect the usb-serial port manually, using the
controls in the Tcl/Tk program.

Thewish program, which is the interpreter for all Tcl/Tk programsniot 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 14.2 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 standaad of the Linux kernel from version 2.4
onward. To check that you have a suf ciently modern kernah thedmesg command piped to theore
command.

phiscock@panther: dmesg | more

Examine the rst few lines, which should be something likiesth

Linux version 2.6.8-24-default (geeko@buildhost) (gcc ve rsion 3.3.4 (pre
3.3.5 20040809)) #1 Wed Oct 6 09:16:23 UTC 2004

In this case, the kernel is 2.6.8-24, so it contains the FTiveds.
If your kernel version is older than this, you may have to aggrthe kernel or install a driver module.

2. Install the software:
per the instructions on the CDROM.

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

Executedmesg to get an idea of the most recent kernel messages. Using tBecbt8e, connect the scope
hardware to a USB port. Execulienesg again, and you should see something like this as the last ientr
thedmesg printout:
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usb 4-2: new full speed USB device using address 4

usb 4-2: Product: USB <-> Serial Cable

usb 4-2: Manufacturer: FTDI

usb 4-2: SerialNumber: 00000001

ftdi_sio 4-2:1.0: FTDI FT232BM Compatible converter detec ted

usb 4-2: FTDI FT232BM Compatible converter now attached to t tyUSBO

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

usb 4-2: USB disconnect, address 4

FTDI FT232BM Compatible ttyUSBO: FTDI FT232BM Compatible ¢ onverter now
disconnected from ttyUSBO

ftdi_sio 4-2:1.0: device disconnected

Evidently the USB device is being assigned to devigeSBO .

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 USBagrortttyUSBO 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 11.2Hiowever, Linux is usually set up so that the
permissions revert back to root mode every time the USB igged and unplugged, and every time the
system is rebooted. Therefore, we need to modify the systetimes this is done automatically, ie, so that
the port permissions are set to user mode by default. Thisissin section 11.2.2 below.

11.2.1 Manually Changing Device Port Permissions

Change to thédev directory.
phiscock@linux:™> cd /dev
Check the permissions on tktlgUSB  ports:

phiscock@linux:/dev> Is -l ttyUSB *

crw-rw---- 1 root uucp 188, 0 2005-11-07 18:25 ttyUSBO
crw-rw---- 1 root uucp 188, 1 2004-10-02 01:38 ttyUSB1
<others deleted>

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

phiscock@linux:/dev> su

The system asks for the root password. Enter it. Now you canghthe permissions (mode) for the ports.
In this case, we'll use thehmod command to add read and write permission for 'others'. Fanegle, the
rst command below sayschange the mode of device ttyUSBO to add read permissiomwfioers. The second
command does the same for write permission.
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linux:/dev # chmod o+r ttyUSBO
linux:/dev # chmod o+w ttyUSBO

Check the permissions again:

Is -l ttyUSB =
crw-rw-rw- 1 root uucp 188, 0 2005-11-07 18:25 ttyUSBO
crw-rw-rw- 1 root uucp 188, 1 2004-10-02 01:38 ttyUSB1

That's it. You should now be able to access those ports frenmede. Exit from root to user mode.
Incidentally, you may be able to change the permissions ¢gif@ in as root and then using the features of
the KDE or Gnome desktop to change the permissions.
11.2.2 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 containedéhe /etc/udev/permissions.d/50-udev.permissions
We have to modify the entry for theyUSBx ports so that the default is user mode.

1. Change to the directoryetc/udev/permissions.d and check thatthe le 50-udev.permissions
ists.

2. Ifthe le exists,® enter root mode, and copy the existing le so you have a copgh@briginal.
cp 50-udev.permissions 50-udev.permissions-orig
3. Now open the |e50-udev.permissions with your favourite editor. Find the entry that says:
ttyUSB * :root:uucp:660
Change that to read:
ttyUSB * :root:uucp:666

Save the le. Now every time #yUSBx port is created, you should be able to access that port withou
problems.

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

Suse in their wisdom have changed the method detecting USBede Now, USB devices do not exist/dev
until they are plugged in.

Plug in the DSO-101 oscilloscope and execute 'dmesg’. Yaukhsee 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: Mfr=1, Product=2, SerialNumbe r=3

usb 1-2: Product: Digital Oscilloscope DSO-101
usb 1-2: Manufacturer: Syscomp

91f the le does not exist, please let us know the name of thaukidistribution and we'll look for another solution.
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usb 1-2: SerialNumber: DSQ3Q7Z0
usb 1-2: configuration #1 chosen from 1 choice

drivers/usb/serial/usb-serial.c. USB Serial support reg istered for FTDI USB
Serial Device

ftdi_sio 1-2:1.0: FTDI USB Serial Device converter detecte d
drivers/usb/serial/ftdi_sio.c: Detected FT232BM

usb 1-2: FTDI USB Serial Device converter now attached to tty USBO
usbcore: registered new interface driver ftdi_sio

drivers/usb/serial/ftdi_sio.c: v1.4.3:USB FTDI Serial C onverters Driver

This indicates that the oscilloscope was detected and ibéas assigned to the USB-Serial pitytJSBO .
You now go to the directoidev and examine theyUSBO entry:

phiscock@panther:/dev> Is -I ttyUSBO
crw-rw---- 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 this is done fron€omputer -> Control Center -> Open Administrator Settings
You'll need to enter the root password.

Thengoto: Security and Users -> User Management -> User and Group Admin istration

Select the user (that's you) and click Bdit . This brings up thé&xisting Local User page. Click on
Details . UnderGroups 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.

11.2.4 Setting Default Port Permissions to User Mode: FedarCore 6
This noté® applies to Fedora Core 6, kernel 2.6.19-1.2911.fc6.

Look in /etc/udev/rules.d/50-udev.rules for the line:
KERNEL=="tty[A-Z] *", NAME="%k", GROUP="uucp", MODE="0660"

Change the mode value to 0666.

11.2.5 Running the Program

1. Change to the directory where the program resideswiste interpreter is required to run the tcl program.
Itis normally included with a Linux distribution, so it is @loably present on your system. You can nd out
by issuing thevhich command.

phiscock@linux: which wish
Jusr/bin/wish

If this doesn't turn it up, use the ' nd' command, starting e root directory '/'. If it is on the system,
then add that location to your path.

phiscock@linux: find . -name wish
<much deleted>
/usr/bin/wish

10Kindly supplied to us by John Foster.
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2. Startwish .
phiscock@linux:"/eelab/demos> wish

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

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

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

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

11.2.6 Ubuntu Linux Install

This sectiondescribes how to install the DSO-101 oscitlpscsoftware on a Ubuntu Linux system. This proce-
dure was tested on d&dubuntu systemHardy Heron , April 2008. Similar instructions apply to installation
of the WGM-101 Waveform Generator and CGR-101 CircuitGeath(the corresponding le names).

This application note assumes some familiarity with Lin8peci cally, you must know how to use an editor
to modify les. You should know how permissions work, and htmuse thechmod command to change them.
You should have some familiarity with the directory struetand the location of your home directory vs system
directories such aetc and/dev . You must know how thés command works.

Download and Unpack the Software

Figure 19: Checking that the File has Downloaded

The software is available for download from the Syscomp Wwebs
www.syscompdesign.com/download.htm
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Use themkdir command to reate a directory on your computer. In my casedihéctory is:
/home/peter/eelab

Click on the le Linux (x86bin) to download it to your computer, check that it is in #edab directory
(gure 19).

The le that you downloaded is aarchive from which you must extract the les. Right click on the land
selectExtract Here

A directory is created with the extracted les in it. Changehat directory and examine the contents ( gure
20).

Figure 20: Directory with Files

Check thamain.tcl  is presentinthe le list. This is the le to execute to stanetoscilloscope program.
Check that the Tcl Interpreterishis present on your machine:
which wish
If wishis present, thevhichcommand will show the directory:
Jusr/bin/wish
Sincef/usr/bin  is usually on your PATH, wish is present and should execute.
Now you can execute the DSO-101 software with the command:
wish main.tcl
However, the oscilloscope software will not connect propera USB port until the permissions are corrected.
That's the next step.

Con gure Permissions on the USB Ports

Plugging a Syscomp oscilloscope, waveform generator au@ear unit causes the system to create a 'serial
USB port' at/dev/ttyUSBO . (Notice that this is yew-ess-bee-zero, not yew-ess-lhedfg/ou have another
usb-serial device plugged in, the number might be some digg@rthan zero.)

This port has read-write permissions for root and for thaltlit' 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/dev/ttyUSBO , 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’ groufried to do it using the edubuntu system
administration tool, but for some reason the dialout grodmadt appear.
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To do this the old-fashioned command-line way, use the comarfgaoups' to see which groups you belong to.
Probably dialout does not appear. We will edit the groupgsdedd you. Find the lgetc/group . Probably
read-write permission is disabled for users on this le af.we

Is -l /etc/group
-rW------- 1 root root 934 2008-05-22 10:17 /etc/group

In order to edit it, change the permissions to allow any usexdit that le, using the command:

sudo chmod 777 group

<your password here>

Is -l /etc/group

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

Now you can edit and save the le. Load that le into a text editFind 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. Hetes it might look like with me (peter) added
to the dialout group, after gabe.

man:x:12:
proxy:x:13:
kmem:x:15:
dialout:x:20:gabe,peter
fax:x:21:
voice:x:22:

. and so on

Save the le. Reboot the computer. Execute ¢ineups command. You should see that you are a member
of thedialout  group.

groups
peter dialout

Now you should be able to start the instrument code by exagutivish main.tcl in the directory where
main.tcl  is located. The instrument should nd and connect to the USB.p
For security, you may want to return the permissiongate/group  as they were originally:

sudo chmod 600 /etc/group

<your password here>

Is -l /etc/group

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

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

11.2.7 64 Bit Linux

One of the packages in the Syscomp distribution on the CDeislthg' package. The Img package is a Tcl/Tk
library that is required for the CGR-101 software. Curngritiose libraries are for a 32 bit linux operating system.
We are in the process of modifying the distribution to accodgie 64 bit linux, but in the meantime here is a
workaround.

Delete the existing Img le. (The best way to do this is to reTait, 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 ne. If not, download and install the ActiveState/Tk distribution for 64 bit linux.
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11.2.8 Running under 64-bit Sidux (Debian-based Linux)

The following notes were provided by Radio College of Canstddent Gabriel:

| am currently running the software on a 64 bit Sidux (Debian b ased linux)

and have noticed that the img library (the .so files in Imgl3L in) are 32 bit
only. This prevents the software from running on any 64bit li nux systems.
This can easily be fixed by installing the img package in 64 bi t.

the package name is libtk-img and can be installed by running
apt-get install libtk-img

on any Debian based OS or by using the default package manager (this will
work for 32 and 64 bit systems)

Also, the Bwidget package should also be listed as a dependen cy, the package
name is bwidget (all lower case)

apt-get install bwidget

will install it on the system

11.2.9 Device Properties usingsbview

In general, it's not necessary to know anything about the p&iperties of the hardware in order to use it.
However, if you do want to inspect those propertieshview is useful.

Itis likely that you will have to installusbview from your Linux distribution disks.

Onceusbview is installed, ( gure 21) you can use it to determine wheth&t@B device is recognized by
the operating system USB. As a USB device is plugged and ggplli an entry appears and disappears in the
usbview window.

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

Notice thatusbview does not indicate the serial portdév/ttyUSB2  or whatever) that the operating
system has assigned to this device. You musidusesg for that purpose.

11.3 Mac

This section describes how to install Syscomp instrumenta MacBook running OSX. These instructions are
quite lengthy and detailed, but hopefully clear and comensive as a result. Once you've gone through this
procedure and the program is working, none of this will beunesgl again.

We are currently investigating a simpler ‘one-button' adkition procedure.

In what follows it helps if you're familiar with Unix or LinuxHowever, I've tried to not make that assumption.

11.3.1 Computer Speci cations

The Syscomp software is interpreted by the Tcl/Tk languagerpreter, so it is essential that the machine is
capable of running Tcl/Tk.
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Figure 21: Usbview

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 InbelPower PC processots
The rst step is to determine that the computer is capableinhing 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:
Mac OSX 10.5.6
2.4GHz Intel Core 2 Duo
2GB 667MHz RAM

The key items are that the operating system is OSX and itsieeiis later than 10.2. So the software should run

on this machine. The only difference between Intel and Pd&®@&processors is the type of driver (section 11.3.4
below).

11.3.2 Openthelerminal Program

We will need the Terminal program to access the underlyimgikimachine.

Uhttp:/iwww.tcl.tk/software/tcltk/platforms.html
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1.
2.
3.
4,

Open File -> Find
In the upper right corner of the Find Window, enter Teralin
A list appears, Terminal is rst on the list.

Double click on that entry and the Terminal Window pops up.

The Terminal window opens in the user's home directory, is tase/usr/dorothyrawek . This indi-
cates that the topmost directory (root) is/ atthe rst subdirectory isusr and a further subdirectory of that is
dorothyrawek . This is adirectory treg and you need to be able to move around in it usingctheommand,
as we'll see.

11.3.3 Check that theWish Interpreter is Installed

TheWish interpreter is a program that executes the Syscomp soudee etere we check tha/ish is installed

and
1
2

3.

nd out the version.
In the Terminal window, type ‘which wish'
The computer displays '/usr/bin/wish'. This is the 'paththe '"Wish ' program.

Now we'll change to that directory and have a closer logip€el"cd /usr/bin/'. The 'cd' command means
‘change directory'.

. To ensure we are in the correct directory, type 'pwd', faint working directory'. The computer displays

'fusr/bin/wish'.

. Type'ls -l wish'to obtain a 'long listing' for th&Vish program. The computer displayésh -> wish8.4

(Some additional information omitted.) This says that Wiish in /usr/bin/wish is linked to 'wish8.4',
which indicates that this is version 8.4\fish . That's useful to know.

. To return to the home directory, type 'cd'.

. Let's see if the Wish' program will run. In the Terminal, type ‘'wish'. AWish shell' window appears

and the Tcl/Tk icon on the task bar. This means thatthgh interpreter is installed and the path to it is
correct.

You could now type in a Tcl/Tk program and it would execute lie fTferminal andVish shell window.
However, that's another story.
If Wish is notpresent? , then download and install it from the ActiveState welSite

11.3.4 Check that the Drivers are Installed

1.

In the Terminal window, type 'cd /System/Library/Exténss'. Hint: You can type the rst few letters of a
le or folder name (enough to be distinctive) and then hib'teo complete the name.

2. To examine the les in that directory, typgglmore . This produces a page of listing at a time. Hit the

space bar to advance to the next page. Hit 'q' to quit.

Note: Apparently, thé character is not available on some Mac keyboards. If tHa¢'sase, try 'Is -more'.
If that doesn't work, type 'Is F*'. That will list all les begnning with 'F'.

12T¢l/Tk is normally shipped with the OSX operating system.widoer, we have had some reports that version may not be ctampfe
you get errors that refer tmissing files , then it would be a good idea to download the current version.
B3http:/Iwww.activestate.com/activetcl/downloads/
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3. There should be a le there with a name lik€DIUSBSerialDriver.kext . The Syscomp instruments
use a 'ush-serial' driver by the FTDI company, so this is @ioly it. The.kext extension indicates that
this is akernel extensiorie, part of the operating system.

4. Type 'cd' to return to the home directory.

If there is any question about whether the correct driveesirstalled, you can download and install them
from the FTDI website. Go thttp://www.ftdichip.com/Drivers/VCP.htm . (VCP = Virtual Com
Port). If you have an Intel processor, the correct drivehet time is 2.2.10. If you have a Power PC processor,
the correct driver at this time is 2.1.10.

11.3.5 Check that the Device is Recognized
1. Now we will go to the /dev directory and see the device cohngype 'cd /dev'.

2. Type'ls *ush*, thatis, listany le name containing 'usbvou will get a message 'no such le or directory'.

3. Now plug in the Syscomp instrument to a USB port. The grdeb khould illuminate, indicating that the
instrument is receiving power.

4. Repeat the previous step. This time, the computer lists:

cu.usbserial-CGSITZMM
tty.usbserial-CGSITZM

Your exact messages will probably differ, but somethingilsimindicates that the operating system has
connected to the USB device. Mac OSX (Linux) creates theeé les' for the device.

The 'tty.usbserial' device does not work. The 'cu-usbsédavice is the one used by the mterface Here's
the explanation, from web locatidritp://stackoverflow.com/questions/3976/

/dev/cu.xxxxx is the "callout" device, it's what you use whe n you establish
a connection to the serial device and start talking to it. /de V/ty . XXXXX
is the "dialin" device, used for monitoring a port for incomi ng calls for

e.g. a fax listener.
This is mac-speci ¢. That's not how it works under Linux.

11.3.6 Install Software from CD

First, we'll look for the directory where we will put the sofare.

1. In Terminal, type 'cd' to return to the home directory.

2. Checkthat thigs the home directory with a 'pwd' command. The computer shiwgsrs/dorothyrawek
That's home on this machine. Your home will differ.

3. Execute the directory listing commalsd to see what directories (folders) are available. There neayrte
that is labelleddownloads . That's where web downloads end up, so if we download reptace code
for the scope it will end up therddownloads lIs up with junk so it periodically needs to be vacuumed
out. We need something more permanent, so let's make our ectary. You can do that from Finder or,
since we have a terminal up, we can do it with the Linux comnmiamidir Oscilloscope ". Do that.

4. Execute 'Is' to do a listing and make sure the directorylyaa there.
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Now we'll move the source code from the CD to that directosing Finder.

1. Put the CD in the drive. A whirring noise ensues. An iconesgpp on the desktop, labelled 'CGR101' or
something similar.

2. Double-click on the CD icon to open it. Find the directaapélledSource .
3. Right click on theSource directory. Selec€opy "Source"

4. StartFinder . Double click on the home directory to open it. Then doubiek@n theOscilloscope
directory to openit.

5. With the mouse inside tH@scilloscope  directory, right click and sele®aste Item
6. You should now have th8ource directory installed irOscilloscope . Double click on theSource
directory and you will see a number of les that comprise thegvam for the Syscomp instrument.

11.3.7 Start the Program

There are two methods to start the program: from the Termamal by le association and double clicking.

11.3.8 Method 1: Starting from the Terminal

We previously established that the path to contents oSthece directory (on this machine) is now
/users/dorothyrawek/Oscilloscope/Source

Open the Terminal. Use 'pwd' to con rm you are in the homeediory.
Change director@scilloscope  : 'cd Oscilloscope'

Change directorgource : 'cd Source'

. Listthe les in that directory: 'ls'.

. One of the les should be 'main.tcl’

. Type 'wish main.tcl' into the Terminal and the program shibstart.

. Onthe rst startup, it will querfgexamine connections? . SelectYes.

© N o O A W N B

. A small window pops up, listing various possible conratsi Select the name that has 'usbserial' in it, eg
/dev/cu.usbserial-DSQ3Q7Z0

9. TheConnected indicator on the oscilloscope GUI should change to greere rEld LED on the scope
hardware should ash. The scope trace should show some sligiity. The terminal window (where you
ran thewish main.tcl command) will display message traf c between the scopeward and the host
computer.

10. Thereafter, you should not need to specify the connegiiot. Just enter 'wish main.tcl' and the program
should start and run.
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11.3.9 Method 2: Double Clicking

Itis possible to setup a' le association' so that doubleking on a desktop icon naturally invokéessr/bin/wish
to run it.
Here's the procedure: This assumes that 'main.tcl' is ledén the folder (aka subdirectory) named '/usr/dorothyetiscope’.
Of course, your installation will differ. If you want to ndut the appropriate string, navigate to the directory and
type 'pwd' and use that to replace '/usr/dorothyrawek/sedapthe recipe below.

1. Start the AppleScript editor.

2. Enter the lines

do shell script "cd /usr/dorothyrawek/scope
wish main.tcl"

3. Still in the AppleScript editor, run this script to testTthe scope program should start correctly.

4. Use the script editoiFile -> Save as.. ' menu to save the Script. Choose a name of your liking,
such as 'MyScope'. Under 'Where:' choose 'Desktop’. Undde format:' choose 'application'.

5. You should see a new icon on your desktop 'MyScope'. If yike,lyou can 'cd' (change directory) in the
terminal to the Desktop directory and do an'Is’ (listinghdayou'll see the le 'MyScope.app' there.

6. Now clicking on the icon foMyScope should start the scope program.

11.3.10 Ejecting the CD

There's noeject button. Steve Jobs doesn't like buttons, apparently. Ritjbk on the CD icon, and select
Eject CD .

11.3.11 Renaming a Directory (Optional)

The nameSource is rather vague. If you want to rename that directory to sbimgtmore speci ¢, such as
DSO0-101-V1.11 , do the following:

1. Right click on theSource directory. SelecName and Extension

2. Enter the new name in the edit eld. Press return. The thrgmame is seen to change to the new name.

11.3.12 Downloading and Installing from the Syscomp Web Sit
You may want to do this if you would like the latest versionloé forogram.
1. Point your browser dtttp://www.syscompdesign.com/download.htm
2. To download the leMac OSX (zip) , right click on it.
3. Inthe Safari browser, selebownload linked file
4

. The le downloads into th®ownloads folder, which is in your home directory:
eg,/usr/dorothyrawek/Downloads

Note: On some Macs, tHeownloads folder does not exist. You could use Finder to create it.
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5. UseFinder to open the Download directory.
6. Right click on the le, which will be named something liK&cGR101v111.zip

7. SelectCopy. Move to theOscilloscope  folder. Right click and seled®aste . You should now have
the zip le CGR101v111.zip (or whatever) in th@®scilloscope  folder.

8. Rightclick on the zip le. SelecDpen with.. -> Archive Utility (default)
9. A new folder appears, with the same name as the zip le.
10. Open that folder and con rm that there is a list of les.
11. Plug in the hardware, con rm that the green LED illumisat
12. StarfTerminal as described above.
13. Change to thBownloads directory as described above.
14. Execute the commandsh main.tcl (ie, type that into the terminal command line).

15. If theUnable to Connect, Examine Connection Settings? panel appears, click ovies
and in the port select panel select the appropriate porbftlkeahat hasisbserial  in the port name).

16. The program should indica@nnected , some activity should be visible on the scope trace, the Ed L
on the scope hardware should ash, and there should be meesisdig in the terminal window.

Acknowledgements
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12 Adjustments

The oscilloscope has been adjusted before shipping, souigimot 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 preampli er is shown in gure 22.

The two channels are identical.

Stray capacitance at the output of the voltage divider hapttiential 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@ahit to the computer via its USB cable and start
the host software. Apply a square wave input signal to onbd@stope 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, squarapmnents that rise above the other components
on the board. (The current versions have orange casings.th®aurrent design they are designated C61 for
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+2.5V

Input Attenuator

-2.5V
Figure 22: Scope Input Compensation Network

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, adjusttthaiable 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 capacié into the circuit which affects its operation. If the
screwdriver is not insulated, make an adjustment and thaowve the screwdriver to see the effect.

Repeat the same procedure with the second oscilloscopaehan

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 squasw&response.

If the probe is a x1 x10 switchable unit, ensure that the piistssvitched to the x10 position. Attach it to
one of the channels. Connect the probe to a square wave seuateas the CGR-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 connéctitie professional probe we sell, the screw adjust
is yellow and located in the probe, near the handle. Adjuststrew for best square wave response.

13 Oscilloscope 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 candoeigted easily by software or a human operator.
There are two situations where the interface commands magédel.

The scope hardware may be operated directly from a terminalagor program such asyperterminal
under WindowsMinicom or Seyon under Linux.

The commands must be known to create a scope control progitardifferent functionality. For example,
a program could be created to sweep the read the oscillostapplot the results on a strip-chart type of
display. This new program needs to issue commands to thevhegd

Should you decide to attempt such a project, the Tcl sourde tar the Oscilloscope GUI, which is pro-
vided on the accompanying CDROM, will be a useful source e&glin controlling the 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. (iMatlab ,
Visual Basic )
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13.1 Using the Debug Console

When you send a command to the scope, it does not echo anynsatian 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,asi@b5cr> 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

View -> Debug Console.

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

On Linux and Mac machines, the operator starts the program & terminal window, executing a command
like wish main.tcl . Inthat case, 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 shédv tommands that were sent to the scope hardware.

Now you can change control settings on the scope GUI and seedttiesponding commands as they are
sent to the scope hardware. For example, move the triggel dewsor on the scope screen and you will see a
series of trigger level commands like T55 T43 T27 being seithé hardware. Similarily, changing the vertical
preampli er gain settings to show the corresponding hardveammands.

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 tlileevent command. That command then processes the data.

The waveform data is 1K samples per channel, times two chsntmaes two bytes per sample equals 4k
bytes.

13.2 CircuitGear ASCII Command Set

All commands are terminated wittcarriage-return> or a<carriage-return><line-feed> pair.
In the following commands, the spaces are real and must befitwe command string.

Command| Description
i Info: Identify
Returns device identi cation string and rmware revisigereceeded by *' and terminated bBscr><If>

Command Description
W F F3 F2 F1 FO| Waveform: Set Frequency
The parameters F3-FO0 are integer 8-bit numbers (i.e. 0-25Bgsenting the four bytes of the phase value.
The phase value is a 32-bit number. The phase value is ctddwda follows:
Phase value = (Output Frequency [Hz])/ 0.09313225746 [Hz]
where 0.09313225746 is the resolution of the waveform geoer
Example for a 1kHz output: Phase vakid 000Hz=0:09313225746 = 10737
Break the phase value 10737 into four bytes:

48



0 16777216 2

0 65536 26
41 256 pa
241 1 2

The command wouldb®/ F 0 0 41 241

Command Description

WA A0 | Waveform: Set Amplitude
The parameter A0 is an 8-bit integer (0-255) representiegatnplitude of the output waveform. i.e. A0 =

128, output amplitude = 50%

Command Description

W S ADDR DATA | Waveform: Program Samplg
The parameter ADDR is an 8-hit integer (0-255) represerttiegsample number. The parameter DATA is an

8-bit integer (0-255) representing the waveform amplitafithe sample at address ADDR. The data is stored in
a waveform buffer in the generator handware.

Command Description

WP Waveform: Program waveforn.
This command takes all of the data stored in the wavefornmebgffreviously set up using the W S command)

and programs it into the FPGA, changing the output waveform.

Command Description

S T T_HIGH T_LOW, Scope: Adjust trigger level
T _HIGHandT_LOWepresent a 10-bit number (0-1023). The trigger voltagalsutated as follows:

Trigger Value=511 Gain (Trigger Voltage=(0:052421484375)
Where Gain=1 for the 5V scale and Gain=10 for the 500mV scale.
Example: Setting the trigger level to 1V on the 5V scale:

Trigger Value=511-(1)*(1.0V)/(0.052421484375V)=492

The command wouldb8 T 1 236

Command Description

S C C_HIGH C_LOW Scope: Post trigger sample count.
The 8-bit numbers (0-255) make up a 10-bit number reprasgtiie number of samples that will be captured

after a trigger event. For example, the command S C 1 20 rept®a post-trigger count of 276, so 748 samples
will be captured before the trigger event, and 276 samplédwicaptured after. This command can be used to

examine events before and after the trigger of a given captur
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Command Description
S R REG_VALUE Scope: Update the control register
REG_VALUBIts Function
3.0 Sample rate select. The sample rate is determined bylloging formula: Sample rate
= 20MS/s / V) Where N is the 4-bit number (0-15) made up of bits 3 down to then
scope control register

4 Trigger Source, 0: Channel A, 1: Channel B

5 Trigger Polarity, 0: Rising, 1: Falling

6 Internal or External Trigger, 0: Channel A or B as de ned lity4bl: External
Command Description

S D DEBUG_CODEScope: Debug hardware command
Debug Code Function
Set RESET=0
Set RESET=1
Set REQ=0
Set REQ=1
SetMAN_TRIG0
SetMAN_TRIG1
All these bits are active high, ie RESET=1 causes a hardweast.rREQ forces a capture requdstN_TRIG
forces a manual trigger. The manual trigger will only relifet scope control register is set to 'external’ trigger.

abrwWNPEFEO

Command Description
S G Scope: Go, begin capture.
The scope will reply with a message when the capture is campléne message is three bytes long. The rst
byte is the A character indicating that the scope is retgriiie address where the capture ended in the scopes
circular sample buffer. The second and third bytes are iargiformat and form a 10-bit number representing the
ending address. The trigger point can be derived by subitpttte post-trigger sample count.

Command Description
SB Scope: Read scope data buffer.
Scope will return the entire scope memory preceded by thedBacher. The data is in binary format with the
following organization:

AlalB1b2A2a2B2b2....

Where Al is the upper byte and al is the lower byte of a 10 bitpsantor example, the value of the rst
data point is (256*A1)+(al). No need to mask or shift. Thered termination character at the end of the buffer.
The user should expect to receive 4097 bytes (4096 bytesafoples, plus one byte for the D character at the
beginning of the transfer.)
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Command

Description

SS Scope: Query scope state machine

Returns the scope state in the following format:
State X Where X is the current state of the state machine.

The possible oscilloscope states are:

State 1 Idle

State 2 Initializing capture
State 3  Wait for trigger signal to reset
State 4 Armed, waiting for capture

State 5 Capturing
State 6 Done

Command Description

S P [A—a—B—b] | Scope: Preamp settings
A Set preamp A to 1/2/5V range
a Set preamp A to 500mV/200mV/100mV/50mV range
B Set preamp B to 1/2/5V range
b Set preamp B to 500mV/200mV/100mV/50mV range

Command Description

SO Scope: Read offset calibration

Returns the offset values stored in eeprom in the foraBb

where A, a, B, b are 8 bit signed numbers corresponding tofteetdor each channel and range setting.

The read offset command returns all four offset values: @ehA High Offset, Channel B High Offset,
Channel A Low Offset, and Channel B Low Offset. These valwdges are xed and do not change so you should
only have to read them once. The software should know thmgeif the preamp and apply the corresponding

offset value.

Command

Description

SFAaBb| Scope: Store offset calibration into eepram

Allows the user to store 4 8-bit numbers into the device e offset calibration. Refer to the GUI for an

example.

Command

Description

DON Digital: Set digital output byte to N

The parameter N is an 8-bit integer (0-255). E.g. The comnia@3 would set bits 0 and 1 of the output

port.
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Command

Description

DI

Digital: Read digital inputs,

Returns 'Ix" where X' is an 8-bit value corresponding to timput byte.

Command Description
DFN Digital: Set PWM frequency
N Frequency
0 72 kHz
1 36 kHz
2 9 kHz
3 4.5 kHz
4 1.125 kHz
5 564 Hz
6 281 Hz
7 141 Hz
8 70 Hz
9 35 Hz
10-255 Disabled
Command Description
DDN Digital: Set PWM duty cycle to N/255*1009

p

Command Description
DA Enable auto update of digital inputs on state change
Da Disable auto update of digital inputs on state change
DA Enable automatic digital input update on level change
Da Disable automatic digital input update on level change
Command| Description
D!'M Set interrupt mode and arm interrupt
Mode M | Function
D disable
R rising edge
F falling edge
H high level
L low level

The Interrupt returns the charctewhen the interrupt condition is met.
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14

Manual Operation

The oscilloscope may be operated by sending it commands d&réenminal emulator. This can be useful for
debugging.

14.1 Windows

TheHyperterminal program that is supplied as part of Windows operating systsrauitable for this.

1.
2.
3.

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 11 above, detertmen@®M port that the scope is currently connected
to.

. Start Hyperterminal:

Start-> Programs> Accessories> Communications> Hyperterminal

. Hyperterminal starts with a ‘Connection Descriptionpom window. Cancel the popup.
. Select File> Properties
. Operate th€onnect Using menu to select the COM port that you found previously.

. SelectConfigure  which pops up &ort Settings window. Most of the port settings can be left at

their default values, but the baud raiité per Second) must be changed to the correct value. At
this time, the correct value is 230400. The correct porirgtare:

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 variabkud or
a procedur@penSerialPort

Hit OKand back out to the hyperterminal screen.

9. 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 scope indicatsnggirsion number.
14.2 Linux

For manual operation under the Linux operating system, yitluneed to communicate with the hardware us-
ing aterminal emulatoprogram. There are two terminal emulators in common useruridex: seyon and
minicom . These may not be installed as part of your linux distributiocfo check whether the program is
installed, use thevhich command:

phiscock@panther:"™> which seyon
/usr/X11R6/bin/seyon
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Seyon must be properly con gured to be used. This is desdribh¢he documenBeyon: Quick Start Guide

which is on the system CDROM.
Information on usingninicom may be found at the following location:

Using Minicom and Seyon

Chapter 11 of earning Debian GNU/Linux

Bill McCarty

O'Reilly Books, 1999

http://www.oreilly.com/catalog/debian/chapter/book/ ch11 07.html

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

2. Run the commandmesg to identify the serial port that the is allocted to this USKide. It may be a few
seconds before the operating system nishes its allocasomun dmesg repeatedly until you see the serial
port number, which will be something liketlyUSB1

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

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 procedurepenSerialPort

5. Issue some command from the list in section 13.2. Typefallowed 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 the Tcl/Tk Software

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

The software is written in Vanilla Tcl/Tk, that is, in the TEk language without any third party packages or
linked libraries. This makes it extremely simple to modify.

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

Although the scope program is fairly complicated, it is pbissto 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 thatish interpreter is installed on your computer. Under Linuxsit i
probably already there. Under Windows, you need to downdmatlinstall a le from the ActiveState website:
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http://www.activestate.com/Products/languages.plex? tn=1
Download the appropriate .exe le for your operating syst&un 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, henwtish interpreter. Execute thsource
command with the name of your le, and the program will execlRepeat this cycle until you have the desired
result.

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

16 Sources of Information

16.1 News Groups

comp.lang.tcl
Internet News Group

16.2 Websites

http://www.syscompdesign.com
Latest information on Syscomp instruments and supportifigvare.
Many useful application notes and project descriptions.

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

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

16.3 Paper

Scripting: Higher Level Programming for the 21st Century

John K. Ousterhout

IEEE Computer magazine, March 1998

Currently at:http://home.pacbell.net/ouster/scripting.html

Also at: http://www.tcl.tk/doc/scripting.htm

The de nitive paper on Tcl/Tk and scripting languages in g&h. Ousterhoot shows a Table of Applications
which have been coded in Tcl/Tk and in the C language, andetaéve effort and time required for each imple-
mentation.

16.4 Textbooks

Practical Programming in Tcl and Tk, 4th Edition

Brent B. Welch & Ken Jones with Jeffery Hobbs

Prentice Hall PTR, 2003

The de nitive reference for Tcl and Tk. Includes CDROM witleland examples.
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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.

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

Audio-Radio Handbook

Section 2.17.2: Pink Noise Generator

Editor, Martin Giles

National Semiconductor, 1980

Passive pink noise Iter design

Available fromhttp://www.audioxpress.com/bksprods/products/bkaa59 .htm

17 Windows XP Appendix, Screenshots and Technical Details
17.1 Checking the Installed Files

This section details how to determine that the les are ilhestizcorrectly.
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1. Double click onMy Computer to obtain a screen like gure 23.

Figure 23: My Computer

2. Double click onControl Panel , obtaining a screen like gure 24.

Figure 24: Control Panel
3. Double click orAdd or Remove Programs , obtaining a screen like gure 25.

Figure 25 lists the FTDI drivers, so they are installed. &niy, the Tcl/Tk program for the unit should be
shown on the same list und8yscomp.
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Figure 25: Add or Remove Programs

17.2 Obtaining Details of the USB-Serial Port

1.

On theAdd or Remove Programs list of gure 25, nd the entry System . Double click on it to
obtain theSystem Properties screen of gure 26.

Double click on thédardware tab to obtain théevice Manager screen of gure 27.
Ensure that the hardware unit (DSO-101 oscilloscope, WGM-Q1 waveform generator, CGR-101 Cir-
cuitGear, etc) is plugged into a USB port.

In the System Properties, Hardware panel of gure 27, theozikl be an entry Ports (COM & LPT) .
Double click on that and it should open to an entry [ik8B Serial Port (COM4)

This speci es the COM port that should be selected in theTkclirogram in order to communicate with
the USB hardware unit.

17.3 Adjusting the COM Port Selection

1.

Ensure that the hardware unit (DSO-101 oscilloscope, WGM-Q1 waveform generator, CGR-101 Cir-
cuitGear, etc) is plugged into a USB port.

In the System Properties, Hardware panel of gure 27 disdould be an entryPorts (COM & LPT) .
Double click on that and it should open to an entry [ik8B Serial Port (COM4)

Double click on this last entry to obtain the Serial Podprties screen of gure 28.

Click on the taPort Settings . You should not need to change any of these settings.
Find and click on th@&dvanced button to obtain thédvanced Serial Port Properties screen
of gure 29.
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Figure 26: System Properties

6. In gure 29,theCOM Port selection is highlighted. Click on the arrow to show a sétecof COMports.
Use the up and down arrow to scroll through all @@Mports. If you wish to force the hardware to use a
differentCOMort, you may select that port number here.

17.4 XP Installation Instructions and Screenshots

The installation procedure should be semi-automatic.rtitise CD in the CD drive, and the installation procedure
should run. Answer the prompts, and the software should bptaiely installed and ready to run.

In general, there should be no need to install drivers froeni/tieb.

In this section, for troubleshooting purposes and for thelse wish more detail, we describe the installation
procedure in detail.

17.4.1 Preliminary: Checking for Installed Drivers

The software consists of two parts: a Tcl/Tk program, and BI®| drivers. Normally, you will not have any
of these installed. However, the FTDI drivers are used bgro#guipment from other vendors and in the course
of installing that equipment, you may have obtained the Fdiders. If they are installed it is not necessary to
install them again.

You can check for these drivers by going to:
My Computer -> Control Panel -> Add or Remove Programs

Normally, there will not be FTDI drivers on thedd or Remove Programs list. In that case, proceed
with the installation as listed below in section 17.4.2.

If and only if there are FTDI USB-Serial drivers on this list, then procagdbllows:

1. Openthe CD directory:
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Figure 27: System Properties, Hardware (Device Manager)

Start up your web browser and double-click oRile -> Open File.. . Move to the CD drive and
open it. You should see a listing like gure 32.

2. Double click orsetup.exe  ( gure 32) to runit.

When this completes, the installation should then be cotaple

17.4.2 Starting the Installation

Insert the CD into the CD drive. This should start up the ilhstian procedure by showing the screen of
gure 30.

If that doesn't happen, double click &ty Computer and you should see the installation CD listed under
Devices with Removeable Storage (gure 31). Double click on the installation CD entry, and
the screen of gure 30 should appear.

If that still doesn't happen, right click on the installaticCD entry of gure 31. This should bring up
a directory listing of the installation CD, somewhat likeuge 32. Double-click orsetup.htm . This
should bring up the install screen of gure 30.
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Figure 28: Serial Port Properties

If that fails, start up your web browser and double-click dfile -> Open File.. . Move to the CD
drive and open it. You should see a listing like gure 32. Dtaiblick onsetup.htm . This should bring
up the install screen of gure 30.

If that fails, you have our permission to have a drink. Cakkprail us.

Note: Do not runsetup.exe . This le installs the Tcl/Tk program, but does not instdletFTDI drivers.

17.4.3 Continuing the Installation
1. We assume that the installation screen, gure 30, is shgwi
2. Click onWindows Installation: Click here . The screen of gure 33 appears.

3. Click onNext>> . The screen of gure 34 appears.

Click on the icon labelledetup.exe  to run it (Windows Explorer browser) or cause it to be dowdleé
(Firefox browser).

If it is downloaded, the default location Besktop and the icorsetup.exe appears on the computer
desktop.

4. In either case, double click on the icestup.exe to runit. The screen of gure 35 appears.
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Figure 29: Serial Port Properties, Advanced

5. Click onNext>> . The screen of gure 36 appears.
This screen shows the default directory where the softwdtd&located, for example:
C:\Program Files\Syscomp\DSO-101
Unless you need to install into a different directory, weoramend that you accept the default.

6. Click onNext>> . If this directory already exists, the computer will ask ywehether you really want to
install to that directory anyway'. Sele¥ies unless you have good reasons not to.
The screen of gure 37 appears.
Check theCreate Desktop Icon andCreate a Quick Launch Icon if you wish those icons
to be created at this point. (We recommend the Desktop Icon.)

7. Click onNext>> . The screen of gure 38 appears.

8. Click oninstall . A progress bar appears and in a second or two, the installetimpletes. The screen
of gure 39 appears.

If you elected toCreate Desktop Icon in step 6, there will be an icon on the desktop labelled, for
example Syscomp Digital Oscilloscope .

14Maybe that label is a bit long for an icon. We might change it.
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Figure 30: Install Screen

Figure 31: My Computer

Click onFinish  to complete this phase of the installation.

No, we're not done yet.This completes the installation of the Tcl/Tk program, ling drivers still remain
to be installed.

The screen shown in gure 33 reappears. (Actually, it's btere all along, it would be more accurate to
say it is nowuncovered

. Click onNext . The screen of gure 40 appears.
Select the version of your operating system. In this case@ssemaVindows XP. Click on that selection.
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Figure 32: CD Directory

Figure 33: Windows Software/Driver Installation

17.4.4 Installing the Drivers
We are now going to instativo drivers necessary for the correct operation of the devibe.ifstall procedure is
the same for both drivers. Follow the steps below to instel tst driver.

1. Plug the instrument into an available USB port.

2. The Found New Hardware Wizard will appear, gure 41 on page

If the wizard does not appear, right-click on thly Computer icon (typically on the desktop or in the
Start menu) and seleBroperties . TheSystem Properties window ( gure 26 on page 59) will

appear.
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Figure 34: Windows Software/Driver Installation

Figure 35: Welcome to the Syscomp .. Setup Wizard

Click on theHardware tab and click on thédevice Manager button. When the Device Manager
(gure 27 on page 60) appears, select thetion menu and theiscan For Hardware Changes
Windows should detect the device and the screen of gure 4lilshappear.

Click Next .

3. Windows will show the screen of gure 42 and ask you if youuleblike to connect to Windows update to
search for software. Choos, not this time and clickNext .

4. Windows will now show the screen of gure 43 on page 71 to sk the software should be installed.
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Figure 36: Select Destination Location

Figure 37: Select Additional Tasks

Choose the radio buttomstall from a list or specific location (Advanced)
and clickNext .

5. Stillin gure 43 on page 71:
Select the radio buttoSearch for the best driver in these locations

Uncheck the checkbuttd®earch removable media
Check the checkbuttdmclude this location in the search

15Isn'tit nice to know you are aadvancediser?
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Figure 38: Ready To Install

6. Stillin gure 43 on page 71:

Click on theBrowse button and navigate to tHerivers  folder located in the installation directory on
your hard drive. Typically, the install directory @&\Program Files\Syscomp\MODEL\Drivers
whereMODElis WGM10for the waveform generator am@50101for the oscilloscope, and C: is the letter
of the hard drive.

Click OKto select this driver folder as the search location. Chiekt to continue.
7. Windows will detect the driver and show a progress barregd4 on page 71.

8. Windows now shows the screen of gure 45 on page 72.
Click Finish  to complete the installation of the rst driver.

Installing the Second Driver

Windows will now begin to install the second driver. The Fduisew Hardware Wizard will appear again. This
is normal, repeat the above procedure steps 1 through 8.

The drivers should now be successfully installed for yowicke You should only have to install the drivers
once. From this point on, the computer will recognize yowtrimment when it is plugged into the USB port.
Click Next to continue to the last step.

Con guring the Software

TheConfigure The Software Screen , gure 46 on page 72 appears.

1. Double click on the desktop program icon for the osciltgseor waveform generator to start the instrument
program. (If you didn't create a desktop icon during theafation, start the program using tistart
menu.)
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Figure 39: Completing the Syscomp .. Setup Wizard

At the top of the instrument is &onnected indicator. If it is showing green, then the instrument is
connected to the hardware and ready to use. No further aujnés are necessary.

If the Connected indicator is showning red, then it is necessary to selecC@&port according to step
2, following.

2. Click onHardware -> Port Settings to obtain the dialog shown in gure 47 on page 73.

3. Click onAutodetect . After a few seconds, an alert should appear, indicatingtti@instrument has
been found on a particular COM port. Click &ave and Exit . This will cause that selection of COM
portto be saved in atext lescopeport.cfg for the oscilloscope avaveport.cfg  for the waveform
generator. Thereafter, when you start the program, it wédlrthis le and set th€OMort appropriately.

If the instrument does not connect properly at this stag®) ffou must manually adjust the port settings.

The most likely problem is thaZOMports 0 to 9 are occupied by other devices. Early versionse$oft-
ware required that the Syscomp equipment occupy one of tb@dforts. Consequently, it was necessary
to move other (more exible) devices to availalil®©NMorts above number 9. The detailed instructions for
that process are given elsewhere in this manual.

The most recent version of the software is less restrictileas provision for manually entering the number
of aCOMort into this dialog. View thé®evice Manager ,COM & LPjproperties, advanced settings
and choose a suitable available unu§gaVport. Then enter that number into t®Moort dialog of the
Syscomp software.

17.5 Checking the Connection with Hyperterminal

We can do a very simple test to ensure that the hardware isupgr
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Figure 40: Step 2: Install the Drivers

. As described above, use Windows Device Manager to datermhich COM port the hardware was as-
signed to.

. Open up HyperterminaPfograms->Accessories->Hyperterminal ) and create a new connec-
tion to the CircuitGear COM port.

. Set up the connection with the following settings:
Baud rate 230400bps

Data bits 8
Stop bits 1
Parity None

Flow control Hardware (RTS/CTS)

. In the terminal window type the letter "i” followed by enter > . The device should identify itself with a
string.
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Figure 41: Found New Hardware Wizard: 1

Figure 42: Found New Hardware Wizard: 2
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Figure 43: Found New Hardware Wizard: 3

Figure 44: Found New Hardware Wizard, Progress Bar
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Figure 45: Found New Hardware Wizard, Final Screen

Figure 46: Found New Hardware Wizard, Final Screen
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Figure 47: Port Settings Dialog
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