Laboratory 1
Laboratory equipments. Parameters of
digital signals.
1.1

Objectives

This laboratory presents detailed description of the equipments used during the lab and measurement
techniques speciﬁcally used in the ﬁeld of digital electronics:
• HAMEG HM8143 programmable power supply;
• HAMEG HM8131-2 programmable function generator;
• HAMEG HM1508-2 dual-mode (digital/analog) oscilloscope.
The hands-on demonstrations provides the opportunity for students to get familiarized with the
operation of the laboratory equipment.
The related data-sheets, manuals and device drivers for the equipments can be found on the
laboratory website.

1.2

HAMEG HM8143 programmable power supply

The stabilized power supply generates a constant output voltage, regardless of the potential ﬂuctuations of the ambient temperature, output load or supply voltage. The power supplies are used to
power the integrated circuits that are going to be studied during diﬀerent laboratories.
The main features of the HM8143 programmable power supply are:
• Two fully independent, adjustable power outputs with voltage range from 0 to 30V, 2A and
an additional ﬁxed voltage output of 5V, 2A;
• Display resolution 10mV/1mA;
• Possibility of connecting the two independent, variable power outputs in parallel to achieve
higher output currents (max. 6A) or in series to obtain higher voltages (max. 65V);
• Maximum load on each channel is 60W (max. 2A);
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• Supports generation of supply voltages with predeﬁned waveforms (4096 points, 12 bits); Able
to create custom arbitrary waveform.
• Includes software for remote control and arbitrary waveform generation;
• Electronic fuses for the 30V power outputs;
• Supports modulation of the output voltage with an input signal in the range of 0-10V, 50kHz.
The front and rear panels of the HM8143 programmable power supply are shown in ﬁgure 1.1.

Figure 1.1 Front and rear panels of the HM8143 programmable power supply.

The control and display functions are:
• 1. POWER - Power switch on/oﬀ. The power supply connector is located on the rear panel.
• 2. REMOTE - LED which turns on when the device is controlled remotely through the serial
interface.
• 3, 13. CV - Green LEDs turning on when the device is operating in ”constant voltage” mode.
• 4, 12. CC - Red LEDs turning on when the device is operating in ”constant current” mode.
• 5, 11. Digital Display (2 x 4 digits) - Displays the preset or measured values of the output
voltage and current.
• 6, 10. VOLTAGE - Button and LED used to select the output voltage as the value going to
be modiﬁed by the rotary knob.

1.3. Programmable function generator
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• 7. CURRENT - Button and LED used to select the maximum output current as the value
going to be modiﬁed by the rotary knob.
• 8. Rotary knob - Rotary switch used to modify the value of the output voltage and maximum output current. One of the two functions is selected by pressing the VOLTAGE or
CURRENT button. The preset values of the output voltage and maximum output current
are displayed on the numerical display of the device.
• 9. CURRENT - Button and LED used to select the maximum output current as the value
going to be modiﬁed by the rotary knob. By pressing this button after the device start-up the
beeper can be enabled/disabled.
• 14. TRACKING - Button and LED used to enable/disable the ”tracking” function for the
30V output.
• 15. FUSE - Button and LED used to enable/disable the electronic fuse for the 30V output.
• 16, 18. 0-30V/2A - 4mm output sockets for the 30V variable outputs.
• 17. 5V/2A - 4mm output sockets for the 5V ﬁxed output.
• 19. OUTPUT - Button and LED used to enable/disable all outputs.
• 20. MODULATION R/L - BNC connector for the modulation of the 30V outputs based
on an input signal 0-10V, max. 50kHz.
• 21. USB/RS-232 Interface - Optional: HO880, IEEE-488 (GPIB).
• 22. TRIGGER IN/OUT - Input/output BNC connectors for the trigger signals from/to
HM8143, TTL standard.
• 23. Voltage selector - Power supply voltage selector, 115V/230V.
• 24. Power supply input - Power supply cable socket.

1.3

Programmable function generator

The programmable function generator allows generation of output signals with diﬀerent waveforms
(sine, triangular, square, random), variable frequency and amplitude.
The HAMEG HM8131-2 signal generator is a frequency synthesis based generator with output
frequencies up to 15MHz. The device uses digital synthesis in order to generate both standard
waveform signals (sine, square, ramp, triangular) and as arbitrary waveforms.
The main features of the HM8131-2 are:
• Output frequency range from 100µHz to 15MHz.
• Output voltage between 20mVpp and 20Vpp (without load).
• Direct Digital Synthesizer (DDS).
• Input for external time base signal (10MHz).
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• Supported waveforms: sine, triangular, square, sawtooth, white or coloured noise, random.
• Arbitrary waveforms (40 MSamples/sec, 12 bits).
• Supported modulation types: AM, FSK, PSK, Phase.
• Master-Slave operation mode with up to 3 generators.
• Serial interface and dedicated software (RS-232) for remote control and arbitrary waveform
generation.
• SRAM memory card for waveform storage (optional HO831).
• RS-232 serial interface, optional: USB, IEEE-488.
The front and rear panels of the HM8131-2 programmable function generator are shown in ﬁgure
1.2.

Figure 1.2 The front and rear panels of the HAMEG HM8131-2 programmable function generator.

The functions of the main elements of front and rear panels are:
1. Two-line (20 characters/line) Liquid Crystal Display (LCD)
2. Trigger source input.
3. Button for menu operation selection.
4. SRAM card slot.
5. Control buttons for menu operation.

1.4. HAMEG HM1508 analog/digital oscilloscope
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6. Button for returning from menu operation.
7. Oﬀset indicator.
8. Buttons used to select the variable to be modiﬁed by the rotary knob.
9. Rotary knob used to increment/decrement selected values.
10. Numerical keyboard.
11. Return/delete button.
12. 50Ω BNC output.
13. Enable/Disable button for the output.
14. On/Oﬀ switch.
15. Power supply cable socket.
16. USB/RS-232 interfaces (optional IEEE-488 GPIB).
17. Sweep output.
18. Trigger source output.
19. 10MHz reference signal input/output.
20. AM input.
Deﬁnition of the customizable parameters of the signals generated by a HM8131 is shown in ﬁgure
1.3.

Figure 1.3 Definition of the customizable parameters of the signals generated by a HM8131.

These parameters can be customized using the numerical keyboard on the front panel also. The
adjustment domains can be selected by the following buttons: Hz/mV, kHz/V, MHz/%. The
nominal values of the selected parameters can be set by hitting the 0-9 buttons or by the rotary
knob.

1.4

HAMEG HM1508 analog/digital oscilloscope

The HM1508-2 oscilloscope combines the two main types of oscilloscopes (analog and digital) into a
single device. Switching between analog and digital operation mode can be done with a single push
of a button.
In analog operation mode the input signals can reach frequencies up to 150 MHz, while in digital
operation mode the sampling speed is 1 Gsamples/second. While viewing an input signal in digital
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mode the user can switch to analog mode by simple push of a button, thus displaying the real signal,
as the device preserves the time base, amplitude and synchronization settings.
The beneﬁts of digital operation mode are:
• Capture and storage of single occurrence events (like voltage spikes).
• Lack of ﬂicker eﬀects while displaying low frequency signals.
• Fast or low duty cycle signals can be displayed with good luminosity of the spot.
• Having storage capabilities the investigated signals can be processed and documented.
The disadvantages of the digital operation mode are:
• An analog oscilloscope displays the real signal in real-time. Digital oscilloscopes don’t display
the real signal, but the one reconstructed from the stored samples, doing this way a pre-ﬁltering
of low frequency signals. Displaying the signal in real-time cannot be done due to the time
consumed for the necessary calculations.
• The sampling rate of digital oscilloscopes is lower with an order of magnitude than the sampling
rate of analog oscilloscopes. Due to this, digital oscilloscopes cannot capture very fast events
like voltage spikes.
• There is no information carried by the luminosity of the displayed waveform, this always having
maximum luminosity. Also, very fast edges that cannot be displayed by an analog oscilloscope
will be displayed with the same luminosity as the slow parts of the signal, thus producing
representation errors. This issue is caused by the fact that digital oscilloscopes do not only
display the stored samples, but some additional set of values obtained by interpolation.
• Due to the limited memory size, the maximum sampling rate of digital oscilloscopes have to
be reduced for slow time base signals.
The main features of HM1508-2 dual-mode oscilloscope are:
• 1 Gsamples/second in real-time sampling mode, 10 Gsamples/second in random sampling mode.
• Memory of 1 million points for each channel, zoom ratio up to la 50,000 : 1.
• FFT for spectral analysis.
• 4 channels (2 analog and 2 logic channels).
• Deﬂection coeﬃcient range from 1mV/div. to 20V/div.
• Domain of time base from 50 s/div. to 5 ns/div.
• Low noise, 8bit A/D converters.
• Supported acquisition mode: Single, Refresh, Average, Envelope, Roll, Peak-Detect.
• USB/RS-232, optional: IEEE-488 or Ethernet/USB.
• Signal displaying modes: Yt, XY and FFT.
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• Interpolation modes: Sinx/x, Pulse, Dot Join (linear).
The front panel of HM1508-2 dual-mode oscilloscope is shown in ﬁgure 1.4.

Figure 1.4 The front panel of the HAMEG HM1508-2 dual-mode oscilloscope.

The function of the buttons found on the front panel are the following:
• 1. POWER - On/Oﬀ switch.
• 2. INTENS - Potentiometer used to adjust luminosity of the displayed waveform.
• 3. FOCUS/TRACE/MENU - Button for menu activation, customization of the function of
INTENS button and settings like luminosity of the displayed image, luminosity of the menu,
focus, display rotation and enable/disable the on-screen display.
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• 4. CURSOR MEASURE - Button used to activate the ”cursor” menu which oﬀers diﬀerent
options for measurements.
• 5. ANALOG/DIGITAL - Button used to switch between the analog (green) and digital
mode (blue).
• 6. RUN/STOP - Button with the following functions:
RUN: Signal acquisition is ongoing.
STOP (constant light): Signal acquisition is stopped.
STOP (blinking light): Signal acquisition is ongoing. Blinking light will go oﬀ once the acquisition is done.
• 7. MATH - Button used to activate the mathematical functions menu in digital operation
mode.
• 8. ACQUIRE - Button used to activate the capture and display menu in digital operation
mode.
• 9. SAVE/RECALLE - Button used to activate the reference menu of the signal and change
the settings for the memory in digital operation mode.
• 10. SETTINGS - Button used to activate the language menu and other functions.
• 11. AUTOSET - Button used to initiate the automatic setup of the oscilloscope based on
some basic measurements of the signal going to be displayed.
• 12. HELP - Button used to display the help menu.
• 13. POSITION 1 - Rotary knob used to control the current value of the selected parameter,
such as signals, cursors or digital zoom.
• 14. POSITION 2 - Rotary knob used to control the current value of the selected parameter,
such as signals, cursors or digital zoom.
• 15. CH1/2-CURSOR-CH3/4-MA/REF-ZOOM - Button used to activate the menu
and indicate the current parameter to be changed by the press of buttons POSITION 1 and
POSITION 2.
• 16. VOLTS/DIV-SCALE-VAR - Rotary knob used to set the deﬂection coeﬃcient and
parameters for Y axis for channel 1.
• 17. VOLTS/DIV-SCALE-VAR - Rotary knob used to set the deﬂection coeﬃcient and
parameters for Y axis for channel 2.
• 18. AUTO-MEASURE - Button used to activate the menus and sub-menus for automeasurement features.
• 19. LEVEL A/B - FFT - Marker - Rotary button used to set the triggering level for A
and B time bases.
• 20. MODE - Button used to activate the selection menu for triggering mode.
• 21. FILTER - Button used to activate the menu for selecting the coupling mode, noise
rejection method and triggering edge.

1.4. HAMEG HM1508 analog/digital oscilloscope
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• 22. SOURCE - Button used to select the triggering source (i.e. CH1, CH2, Alternate
CH1/CH2, External, power supply).
• 23. TRIG - LED which lights up when the signal reaches the preset triggering threshold.
• 24. NORM - LED which lights up when NORMAL or SINGLE EVENT triggering mode is
activated.
• 25. HOLD OFF - LED which lights up when delayed timebase operation mode is selected
(only in analog mode), using HOR/VAR (30) button.
• 26. X-POS/DELAY - Button which activates and indicates by it’s colour the current function
of the HORIZONTAL(27) rotary knob.
• 27. HORIZONTAL - Rotary knob used to modify the position on X axis (analog operation
mode) or pre/post-triggering time (digital operation mode).
• 28. TIME/DIV-SCLAE-VAR - Rotary button used to modify A and B time bases and
scaling.
• 29. MAG x 10 - Button for 10x digital zoom for X axis, analog mode Yt.
• 30. HOR/VAR - Button used to activate the zoom menu in digital operation mode, menu
for A and B time bases conﬁguration and control menu for delayed time base.
• 31. CH1/VAR - Button used to activate the menu for CH1 setting (coupling mode AC/GND/DC,
inverting, probe control).
• 32. VERT/XY - Button used to activate the menu for vertical display mode, summing and
XY mode, limited bandwidth mode (single channel mode, dual or chopped mode, summing of
the two channels, XY mode).
• 33. CH2/VAR - Button used to activate the menu for CH2 setting (coupling mode AC/GND/DC,
inverting, probe control).
• 34. INPUT CH1 - BNC input for channel 1 or horizontal deﬂection for XY mode.
• 35. INPUT CH2 - BNC input for channel 2.
• 36. CH3/4 - Button having the following functions:
Digital mode: Activates channels 3 and 4. CH4 is used as triggering source.
Analog mode: CH4 can be used to modulate the trace’s intensity if the external triggering is
deactivated.
• 37. FFT - Button used to activate the FFT menu.
• 38. CH3 LOGIC INPUT - BNC connector for channel 3 in digital mode.
• 39. CH4 LOGIC INPUT - BNC connector for channel 4 in digital mode. In analog mode
this input is used as the signal source for the trace’s intensity modulation.
• 40. PROBE/ADJ - Output socket delivering a reference square signal used to ﬁne tune the
probe’s frequency compensation parameters.
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• 41. PROBE/ADJ - Button used to activate the menu containing component testing features,
options for the frequency of probe calibration reference signal, hardware and software related
informations.
• 42. COMPONENT TESTER - Two 4 mm sockets used to connect the tested component.
The left socket is connected to the ground.
• 43. USB Stick - USB socket for ﬂash memories used to store the displayed signals and their
parameters.
• 44. MENU OFF - Button used to deactivate the menu or navigate one level up in the menu
hierarchy.

1.5

Measurements with the oscilloscope

The oscilloscope displays a graphical representation of the waveform of an electric signal which is
varying in time. The display of the oscilloscope should be seen as a graph representing on the
horizontal axis the time and on the vertical axis representing a voltage. More than one
signals can be displayed in the same time, thus the timing correlation between them can be analysed.

1.5.1

Voltage measurement

The voltage of a signal can be measured on the vertical axis of the displayed image. Before starting a
voltage measurement, the oscilloscope must be calibrated on the vertical axis. The calibration process
ensures precise voltage/division readings. The calibration on the horizontal axis is not necessary.
The calibration process consists in adjusting the reference voltage level to match a horizontal
marking on the display. The calibration process is described in details in the following section:
• The ﬁrst step is to connect the channel to the ground (by pressing CH1/VAR and from the
menu of CH1 selecting Ground On option). A ﬂat horizontal line (constant signal 0V) will be
displayed by the oscilloscope. The ﬂat line appears only if the trigger mode is set to automatic.
If the image disappears from the display, press MODE button and ensure the Trigger mode
is set to Auto.
• By adjusting the POSITION button the horizontal line (representing constant 0 V) can be
aligned with a horizontal reticle. This reticle will be the reference level for the signals analysed
on this channel.
• In the menu of CH1 (displayed by pressing the CH1/VAR button), the user should check for
Variable Oﬀ. In this case, the vertical dimension of a division corresponds to the absolute
voltage value displayed in the lower left corner of the display (for example: CH1:10mV).
In order to display the volts/division information in the lower left corner, the Readout On
setting must be activated in the menu which pops up when hitting the FOCUS/TRACE
button.
• Repeat the calibration steps for channel 2.
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The relative voltage value (between two levels of a signal) can be obtained by counting the
number of vertical divisions between the two points. The necessary steps for measuring a relative
voltage are the following:
• At ﬁrst, the oscilloscope have to be calibrated on the vertical axis for the channel which going
to be used for the measurement (as described previously).
• Display the signal in DC mode (verify the setting in the menu which pop up by hitting
CH1/VAR button).
• By rotating the VOLTS/DIV button the displayed signal’s magnitude should be adjusted in
such way to ensure the waveform ﬁt in the display and there is a largest possible number of
vertical division between the measuring points.
• By rotating the POSITION button on of the two measuring points of the signal can be aligned
with a horizontal reticle.
• Count the number of vertical divisions and subdivisions between the two measuring points.
• The measured relative voltage value can be obtained based on the following equation:
V =H ·D·A

(1.1)

where:
V - the calculated value of the voltage of the signal applied to the input of the oscilloscope (in
volts [V]);
H - the number of vertical divisions and sub-divisions counted between the two measuring
points (in divisions [div]);
D - the vertical deﬂection coeﬃcient of the oscilloscope after calibration, in Volt/div.
A - attenuation factor of the probe (1X, 10X or 100X).
The graphical representation of a display of an oscilloscope with an ongoing voltage measurement
is presented in ﬁgure 1.5.

Figure 1.5 Voltage measurements with the oscilloscope.
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Absolute voltage values (between a measuring point and the reference level, the ground) can
be calculated by counting the vertical divisions between the measuring point and the reference level,
the ground (GND).
The necessary steps for an absolute voltage measurement are the following:
• At ﬁrst, the oscilloscope have to be calibrated on the vertical axis for the channel which going
to be used for the measurement (as described previously). Adjust the voltage reference level
(GND) to match a horizontal reticle.
• Display the signal.
• By rotating the VOLTS/DIV button the displayed signal’s magnitude should be adjusted in
such way to ensure the waveform ﬁt in the display and there is a largest possible number of
vertical division between the measuring points.
• Count the number of vertical divisions and subdivisions between the measuring point and the
reference level.
• The measured absolute voltage value can be obtained based on the following equation:
V =H ·D·A

1.5.2

(1.2)

Time measurement

Time interval measurements are done using the horizontal axis of the oscilloscope. Before proceeding
with any time interval measurement, the oscilloscope have to be calibrated on the horizontal axis.
Proceeding through the calibration process we ensure that precise time values are set for horizontal
division. For time interval measurements there is no need to calibrate the oscilloscope on the vertical
axis.
The necessary steps for the horizontal calibration are the following:
• Push the HOR/VAR button and set A Variable Oﬀ.
• In this moment the absolute time value associated to horizontal division is displayed in the
upper left corner of the display (e.g. A:200us).
• Calibration of the oscilloscope on the horizontal axis (time axis) is done simultaneously for
both channels.
The time interval between two events can be measured by counting number of horizontal
divisions between the considered measuring points. For a time interval measurement follow the
steps:
• Calibrate the oscilloscope on the horizontal axis.
• Display the signal.
• By rotating the TIME/DIV button the displayed signal’s duration should be adjusted in
such way to ensure the waveform ﬁt in the display and there is a largest possible number of
horizontal division between the measuring points.

1.6. Measuring parameters of electrical signals with the oscilloscope
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• By rotating the HORIZONTAL move one of the measuring points to align with a vertical
reticle.
• Count the number of horizontal divisions and subdivisions between the ﬁrst and the second
measuring points.
• The actual time interval can be calculated using the following equation:
t=L·B

(1.3)

where:
t - the calculated value of the time interval in [sec/ms/us];
L - number of divisions and subdivisions counted between the two measuring points in [div];
B - time base coeﬃcient in [time/div].
The graphical representation of a display of an oscilloscope with an ongoing time interval measurement is presented in ﬁgure 1.6.

Figure 1.6 Time interval measurements with the oscilloscope.

1.6

Measuring parameters of electrical signals with the oscilloscope

In this section is presented a brief introduction to the parameters of digital signals and the measuring
methods of these with the oscilloscope.

1.6.1

Measuring the period of digital signals

The period of a digital signal is deﬁned as the time interval after the instantaneous values of the
signal begin to repeat. The period of a digital signal is considered between the moments when the
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signals reaches 50% of it’s amplitude in the same sense (ascending or descending). It is strongly
recommended to never consider the beginning or the ending of logic levels as reference points for
period measurements. It is possible that digital signals present curved shapes in these areas. To
measure the period of a digital signal follow the below steps:
• Calibrate the oscilloscope on the horizontal axis.
• Display the signal.
• By rotating the TIME/DIV button the displayed signal’s duration should be adjusted in
such way to ensure the waveform ﬁt in the display and there is a largest possible number of
horizontal division between the measuring points.
• By rotating the POSITION button adjust the position of the signal so that the ”0” logic level
is aligned with the horizontal reticle marked with 0%.
• De-calibrate the oscilloscope on the vertical axis by pressing the (CH1 button and setting Variable On). By continuously adjusting the vertical de-calibration (by rotating the VOLTS/DIV
button), align the ”1” logic level with he horizontal reticle marked with 100%. If the displayed
image disappears, make sure that the synchronization level (marked with a cross in the left
side of the display) is between the minimum and maximum level of the examined signal.
• The two events that marks the beginning and the ending of a period of the digital signal
are the points when the signals reaches central horizontal reticle (marked as 50%), in the
same sense (ascending or descending). If the rising or falling edges are too fast, they will
not be visible in analog operation mode. By switching to digital operation mode (pressing
ANALOG/DIGITAL button) even the fast edges can be displayed.
• By rotating the HORIZONTAL button adjust the position of the signal so the ﬁrst measuring
point (start of the period of the signal) is aligned to a vertical reticle.
• Figure 1.7 shows the correct positioning of a signal for period measurement.

Figure 1.7 Measuring the period of digital signals.
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• Count the number of horizontal divisions and subdivisions between the ﬁrst (start of the period)
and the second measuring points (end of the period).

• The number of read divisions can be converted into an absolute time value.

The frequency of the signal can be determined using the following equation:

f = 1/T

1.6.2

(1.4)

Measuring the duration of logic levels and determining the duty
cycle

The duration of a logic level is considered between the points when the signals reaches the central
horizontal reticle (marked as 50%) while ascending and descending for logic high level or
descending and ascending for logic low level. Measuring the duration of logic levels is similar
to measuring periods. So we can set the display options as described in the section dedicated for
period measurements.
The width of logic ”0” (denoted by Tl ) is considered between the moment when the signal reaches
the horizontal reticle marked with 50% while descending and the moment when it reaches the same
reticle while ascending.
The width of logic ”1” (denoted by Th ) is considered between the moment when the signal reaches
the horizontal reticle marked with 50% while ascending and the moment when it reaches the same
reticle while descending.
Figure 1.8 shows the correct positioning of the signal for measuring the width of logic ”1” level.
The duty cycle of a digital signal can be calculated based on the signal’s period and the width of
the logic ”1” level with the formula:

δ=

Tl
[%]
T

(1.5)
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Figure 1.8 Measuring the duration of logic ”1” level of a digital signal.

1.6.3

Measuring the duration of rising and falling edges of digital signals

The rise and fall time of real digital signals is always greater than 0. In some cases we can observe
the so called ”overshoots” (when the signal’s voltage temporary exceeds the value of logic level ”1”
while switching from ”0” to ”1”) or very slow transitions.
Due to these overshoots, the duration of rising and falling edges is considered between the moments
when the signal reaches 10% and 90% of it’s amplitude.
For measuring the duration of the rising edge of a digital signal follow the below steps:
• Calibrate the oscilloscope on the horizontal axis.
• Display the signal.
• By rotating the TIME/DIV button adjust the displayed signal’s duration in such way to
ensure the waveform ﬁts in the display and there is a largest possible number of horizontal
division between the measuring points. You can also activate the magnify (zoom) function by
pressing the MAG x10 button.
• By rotating the POSITION button adjust the position of the signal so that the ”0” logic level
is aligned with the horizontal reticle marked with 0%.
• De-calibrate the oscilloscope on the vertical axis by pressing (CH1 button and setting Variable
On). By continuously adjusting the vertical de-calibration (by rotating the VOLTS/DIV
button), align the ”1” logic level with he horizontal reticle marked with 100%. If the displayed
image disappears, make sure that the synchronization level (marked with a cross in the left
side of the display) is between the minimum and maximum level of the examined signal. Note
that overshoots can exceed 0% and 100% levels.

1.6. Measuring parameters of electrical signals with the oscilloscope
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• The duration of a rising edge is considered between the moments when the signal reaches 10%
and 90% of it’s amplitude in the same sense (ascending).
The duration of a falling edge is considered between the moments when the signal reaches 90%
and 10% of it’s amplitude in the same sense (descending).

• By rotating the HORIZONTAL button adjust the position of the signal so the ﬁrst measuring
point (10% of the amplitude of the signal) is aligned to a vertical reticle.

• Figure 1.9 shows the correct position of a digital signal on the oscilloscope for measuring the
duration of it’s rising edge.

Figure 1.9 Measuring the duration of the rising edge of a digital signal.

1.6.4

Measuring the propagation delays

The propagation delay of the signals in real electronics circuits in always greater than 0. The
propagation delay between the input and output of a circuit can be measured with an oscilloscope
using 2 channels. The input and output signals have to displayed simultaneously. The propagation
delay is considered to be the time taken by a rising or a falling edge to propagate from the input to
the output of the circuit. For this type of measurement the signals should be displayed as shown if
ﬁgure 1.10.
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Figure 1.10 Measuring the propagation delay through an inverter circuit.

• Adjust the input and output signal to ﬁt between the horizontal reticles marked with 0% and
100%.

• Calibrate the oscilloscope on the horizontal axis. By adjusting the time base and activating the
magnify (zoom) function expand the area of interest (the section where the input and output
signal passes 50% of it’s amplitude).

• By rotating the HORIZONTAL button adjust the position of the signal so the ﬁrst measuring
point (always related to the input signal) is aligned to a vertical reticle. Count the number of
divisions and subdivisions from the ﬁrst to the second measuring point (always related to the
output signal).

Figure 1.10 shows the case of propagation delay measurement when the circuit is an inverter. Measuring propagation delays for non-inverting circuits (like AND gates) is done similarly, as exempliﬁed
in ﬁgure 1.11.

1.7. Laboratory measurements
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Figure 1.11 Measuring the propagation delay through an AND gate.

1.7

Laboratory measurements

1. Switch on the oscilloscope. Using the ANALOG/DIGITAL button activate the analog
operation mode (LED emitting green light). Calibrate the oscilloscope on both vertical and
horizontal axis (CH1/VAR Variable Oﬀ, CH2/VAR Variable Oﬀ, HOR/VAR A Variable Oﬀ). Connect the measuring probe for channel 1. Note the attenuation factor written
on the cover of the probe.
2. Display only the signal for channel 1 (menu VERT/XY, CH1).
3. Display the internally generated calibration signal of the oscilloscope (PROBE ADJ ). Connecting the ground is not necessary. A ground connection is ensured inside the oscilloscope.
Check the square shape of the calibration signal (if you can’t see the signal, press AUTOSET).
Draw the displayed signal. Pay attention to the positioning of the signal relative to ground
level and time axis.
Check the amplitude of logic levels ”0” and ”1” of the calibration signal. In order to ﬁgure
out where the ground reference level is situated on the display call CH1 Ground (GND)
On menu point and adjust the ground level’s position using POSITION 1 button so that
the ﬂat line (GND level) aligned with a horizontal reticle. Now, return to displaying the signal
by setting CH1 Ground (GND) Oﬀ. Count the number of divisions and subdivisions and
convert it to a voltage value.
Measure the amplitude of the signal. Does it corresponds with the value displayed by the
oscilloscope?
Measure the voltage levels and logic amplitude of the signal with the automatic measurement features oﬀered by the oscilloscope. Press CURSOR MEASURE, select Voltage
and then place the two vertical cursors by rotating POSITION1/2 buttons. The result
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of the automatic voltage measurement is displayed in the upper right corner of the display
(∆V(CH1)=200mV).
The HAMEG oscilloscope has an automatic calibration option which can be enabled by selecting
SETTINGS Self Cal.
4. Switch on the Hameg power supply. Connect one of the oscilloscope probes to the power
output 0 - 30 V of the power supply. Make sure to enable the power output of the power
supply by pressing OUTPUT button. The output is enabled when the LED is lit. Check the
voltage value measured by the oscilloscope and make sure it corresponds to the value displayed
by the power supply. Make sure the oscilloscope has the channel operation mode set to DC
(button CH1 DC). Pay attention and correlate the number of counted divisions with the
Volts/division settings of the oscilloscope. Adjust the output voltage of the power supply by
pressing VOLTAGE button and then use the rotary knob. Make some measurements for
diﬀerent voltage values.
Switch the channel operation mode to AC. What can you notice on the displayed image if you
vary the DC output voltage of the power supply? Can you explain the behaviour?
5. Use the oscilloscope to check the 5V 2A output voltage of the power supply.
6. Switch on the programmable function generator. Set it to generate a square signal
of 10KHz and 5V amplitude. Activate the signal output by pressing OUTPUT button (the
output is active when the LED is lit). Connect one of the oscilloscope’s probe to the output
socket of the generator. Measure the period and the amplitude of ”0” and ”1” logic levels.
From the generator vary the oﬀset of the output signal. Check for correspondence between the
values displayed on the generator and the values measured by the oscilloscope.
7. Set the generator to ensure an oﬀset of 1V. Display the signal using DC operation mode for
the used channel. Switch channel operation mode to AC by selecting (CH1 AC). What can
you notice when displaying the signal in DC mode? Slowly vary the oﬀset of the generated
signal. How can you explain the vertical movement of displayed waveform? Channel operation
mode (DC vs. AC) can be selected from the menu which pops up when hitting CH1 button.
8. Using the oscilloscope measure the period of the signal and determine it’s frequency. Compare
the calculated value of the frequency with the value displayed by the generator. In order to
measure the signal period, position the signal on the display by considering the moment it
crosses the 50% amplitude reticle. Set the menu control CH1 to Variable On and use the
buttons VOLTS/DIV and POSITION 1 to obtain a proper alignment of the waveform near
0% and 100% horizontal traces.
9. Vary the frequency of the signal generated by the programmable generator and observe the
behaviour of the waveforms displayed by the oscilloscope. Vary the frequency range (10KHz,
1KHz, 100Hz, 10Hz, 1Hz) and observe the intensity of the trace. You can notice that when
displaying low frequency signals the displayed waveform’s intensity is ﬂuctuating. For oscilloscope, use the automatic setup future by pressing the AUTOSET button. View the signals
with the same frequencies using the digital operation mode of the oscilloscope.
Vary the oﬀset of the signal from the generator and observe the changing behaviour of the
displayed waveform. Switch between DC and AC channel operation mode. Observe and
explain the diﬀerences.
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Vary the amplitude of the generated signal and observe how the displayed waveforms are
changing. Observe the diﬀerences in the waveforms related to the ground reference. Switch
between DC and AC channel operation mode. Observe and explain the diﬀerences.
10. Study the diﬀerences between alternated and chopped sampling mode when operating the
oscilloscope in dual channel mode (investigating two signals). Connect both channels to the
ground by selecting CH1, Ground (GND) On and CH2, Ground (GND) On. Modify
time base by rotating TIME/DIV until the trace points become visible (100ms/div). Switch
between alternated and chopped sampling modes VERT/XY DUAL alt or VERT/XY
DUAL chop. Observe and explain the diﬀerent behaviour of the moving trace points of
channel 1 and channel 2. Observe the traces in digital operation mode of the oscilloscope.
Note that in digital mode there is a single option for dual channel sampling mode VERT/XY
DUAL.

