Lab VIII Digital Storage Oscilloscopes

Goal 

Learn how to use the digital storage oscilloscope (DSO) and the function generator.
Introduction
Along with the multimeter the oscilloscope is the second most useful electrical measuring instrument found in all scientific laboratories. The use of this instrument is so ubiquitous that any one embarking on a scientific career of any discipline must master its operation. Oscilloscopes are used in the sciences, medicine, engineering, and telecommunications industry. General-purpose instruments are used for maintenance of electronic equipment and laboratory work. Special-purpose oscilloscopes may be used for such purposes as analyzing an automotive ignition system or to display the waveform of the heartbeat as an electrocardiogram.Oscilloscopes are used to observe the change of an electrical signal over time, such that voltage and time describe a shape which is continuously graphed against a calibrated scale. The observed waveform can be analyzed for such properties as amplitude, frequency, rise time, time interval, distortion and others.
Oscilloscopes can be divided into two types: analog and digital. An analog oscilloscope works by directly applying a voltage being measured to an electron beam moving across the oscilloscope screen. The voltage deflects the beam up and down proportionally, tracing the waveform on the screen. This gives an immediate picture of the waveform.
In contrast, a digital oscilloscope samples the waveform and uses an analog-to-digital converter (ADC) to convert the voltage being measured into digital information. It then uses this digital information to reconstruct the waveform on the screen.

The basic oscilloscope, as shown in Fig. 1, typically divided into four sections: the display, vertical controls, horizontal controls and trigger controls. 
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Fig. 1 The panel of SDS1102CML.
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Fig. 2. Digital Oscilloscope Block Diagram
When you connect an oscilloscope probe to a circuit, the vertical system adjusts the amplitude of the signal, the ADC in the acquisition system samples the signal at discrete points in time and converts the signal’s voltage at these points to digital values called sample points. The horizontal system’s sample clock determines how often the ADC takes a sample. The rate at which the clock “ticks” is called the sample rate and is measured in samples per second. The sample points from the ADC are stored in memory as waveform points. More than one sample point may make up one waveform point. Together, the waveform points make up one waveform record. The number of waveform points used to make a waveform record is called the record length. The trigger system determines the start and stop points of the record. The display receives these record points after being stored in memory. Depending on the capabilities of your oscilloscope, additional processing of the sample points may take place, enhancing the display. 
Fundamentally, with a digital oscilloscope, you need to adjust the vertical, horizontal, and trigger settings to take a measurement.

Waveform Measurement

The generic term for a pattern that repeats over time is a wave – sound waves, brain waves, ocean waves, and voltage waves are all repeating patterns. A waveform is a graphic representation of a wave. A voltage waveform shows time on the horizontal axis and voltage on the vertical axis. Waveform shapes tell you a great deal about a signal. Any time you see a change in the height of the waveform, you know the voltage has changed.
1. Frequency and period
If a signal repeats, it has a frequency. The frequency is measures in Hertz (Hz) and equals the number of times the signal repeats itself in one second (the cycles per second). A repeating signal also has a period – this is the amount of time it takes the signal to complete one cycle. Period and frequency are reciprocals of each other, so that 1/period equals the frequency and 1/frequency equals the period. So, for example, the sine wave in Fig. 3 has a frequency of 3 Hz and a period of 1/3 second.
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Fig. 3 Frequency and period
2. Voltage: Voltage is the amount of electric potential (a kind of signal strength) between two points in a circuit. Usually one of these points is ground (zero volts) but not always – you may want to measure the voltage from the maximum peak to the minimum peak of a waveform, referred to at the peak-to-peak voltage. The word amplitude commonly refers to the maximum voltage of a signal measured from ground or zero volts. The waveform shown in Fig. 4 has an amplitude of one volt and a peak-to-peak voltage of two volts.

3. Phase: Phase is best explained by looking at a sine wave. Sine waves are based on circular motion and a circle has 360(. One cycle of a sine wave has 360(, as shown in Fig. 4. Using degrees, you can refer to the phase angle of a sine wave when you want to describe how much of the period has elapsed.
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Fig. 4 Sine wave degrees                Fig. 5 Phase shift
    Phase shift describes the difference in timing between two otherwise similar signals. In Fig.5, the waveform labeled “current” is said to be 90( out of phase with the waveform labeled “voltage”, since the waves reach similar points in their cycles exactly 1/4 of a cycle apart (360(/4=90(). Phase shifts are common in electronics.
Vertical Controls
Use the vertical controls to position and scale the waveform vertically. It lets you move the waveform up or down to exactly where you want it on the screen. The volts per division (usually written volts/div) setting varies the size of the waveform on the screen. The volts/div setting is a scale factor. For example, if the volts/div setting is 5 volts, then each of the major vertical divisions represents 5 volts.
Horizontal controls
[image: image8.emf]Use the horizontal controls to position and scale the waveform horizontally. The horizontal position control moves the waveform from left and right to exactly where you want it on the screen. The seconds per division (usually written as sec/div) setting lets you select the rate at which the waveform is drawn across the screen (also known as the time base setting or sweep speed). This setting is a scale factor. For example, if the setting is 1ms, each horizontal major division represents 1ms. Changing the sec/div setting lets you look at longer or shorter time intervals of the input signal.
Trigger controls
The trigger makes repeating waveforms appear static on the oscilloscope display. Imagine the jumble on the screen that would result if each sweep started at a different place on the signal (see Fig. 6). 
Input coupling

Coupling means the method used to connect an electrical signal from one circuit to another. In this case, the input coupling is the connection from your test circuit to the oscilloscope. The coupling can be set to DC, AC, or ground. DC coupling shows all of an input signal. AC coupling blocks the DC component of a signal so that you see the waveform centered at zero volts. Fig. 5 illustrates this difference. The AC coupling setting is handy when the entire signal (alternating plus constant components) is too large for the volts/div setting.

[image: image6.emf]Fig. 6 AC and DC input coupling

The ground setting disconnects the input signal from the vertical system, which lets you see where zero volts is on the screen. With grounded input coupling and auto trigger mode, you see a horizontal line on the screen that represents zero volts. Switching from DC to ground and back again is a handy way of measuring signal voltage levels with respect to ground.

XY mode

The oscilloscopes have the capability of displaying a second channel signal along the X-axis (instead of time). This is called XY mode. This mode of operation opens up a whole new area of phase shift measurement techniques. This involves inputting one signal into the vertical system as usual and then another signal into the horizontal system. (This method only works if both signals are sine waves.) This set up is called an XY measurement because both the X and Y axis are tracing voltages. The waveform resulting from this arrangement is called a Lissajous pattern (named for French physicist Jules Antoine Lissajous and pronounced LEE-sa-zhoo). From the shape of the Lissajous pattern, you can tell the phase difference between the two signals. You can also tell their frequency ratio. Fig. 7 shows Lissajous patterns for various frequency ratios and phase shifts.
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Fig. 7 Lissajous patterns
Procedure (see the details in the special lab report for digital oscilloscope)
1. Auto measurement.
2. Save the measurement.
3. Manual measurement.
4. Lissajous patterns
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Fig. 5 Untriggered display
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