
 
 

 

  

 
 

  
Measuring with oscilloscopes  
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Products: 

ĕ R&S®RTC1000 

ĕ R&S®RTB2000 

  

This educational note covers the theory and practice oscilloscopes 

based on concrete measurement examples that address authentic 

everyday tasks. 

The theoretical portion of this paper begins with an explanation of 

the basic operating concepts for oscilloscopes, followed by a 

discussion of the most important parameters to be considered 

when setting up and performing the exercise measurements.  

The practical portion of the educational note contains detailed 

measurement tasks that can be performed by small groups in the 

university lab. These exercises are intended to demonstrate and 

reinforce the knowledge gained in the theoretical portion. The 

exercises build upon one another and demonstrate measurement 

tasks that are frequently encountered by engineers in daily work.  

 

    

Please find the most up-to-date document on our homepage 

http://www.rohde-schwarz.com/appnote/1MA265 

This document is complemented by software. The software may be updated even if the version of the 

document remains unchanged 
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The following abbreviation are used in this Educational Note for Rohde & Schwarz test 

equipment: 

 

ĕ The R&S®RTC1000 Oscilloscope is referred to as the RTC1000 

ĕ The R&S®RTB2000 Oscilloscope is referred to as the RTB2000 
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1 Basics 

Oscilloscopes are among the most versatile test instruments available for analyzing 

and testing analog and digital circuits. Because they can display and analyze a broad 

spectrum of electronic signals, oscilloscopes are used for a wide variety of research 

and development applications. 

Although modern oscilloscopes support automated assignment of all parameters, it is 

essential for users to develop a fundamental understanding of the function and 

operation of the test instruments. The high degree of automation over the entire 

measurement process leaves many users entirely dependent on the results delivered 

by the instrument, while the logic behind the measurements remains a mystery to 

these users. Thorough practical knowledge is needed in order to assess the validity of 

results. The purpose of this educational note is to provide the foundation for the correct 

performance of typical measurement tasks.  

The descriptions and exercises are applicable for modern oscilloscopes. The RTC1000 

as shown in Fig.1-1 was used for all theoretical descriptions and practical exercises. 

For the last exercise described in chapter 8 "FMCW-Radar exercise" the RTB2000 was 

used. 

The contents for this chapter are drawn in part from the manual for the R&S®RTO 

oscilloscope (1) CITATION Roh15 \l 1031 and from "Oscilloscope Fundamentals" from 

Rohde & Schwarz (2) CITATION Roh \l 1031. 

 

 

Fig.1-1: The R&S®RTC1000 oscilloscope. 
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1.1 Operation  

This section introduces the most important settings for oscilloscope measurements and 

describes the instrument operation. The reader should also gain a feeling for the 

selection of both a suitable test setup and the necessary hardware for obtaining 

reproducible and accurate results.  

1.1.1 Operating concept and default settings 

An oscilloscope typically displays a given variable as a function of another variable. 

The most typical use case is the display of voltage versus time, where nearly all 

phenomena can be converted to electrical signals by using an appropriate converter. 

Oscilloscopes usually have at least two independent channels, making it possible for 

example to reproduce the voltage from channel 2 over the voltage from channel 1. See 

section 3.2 for a related use case. Either the vertical or horizontal system is used for 

scaling the axes in the display. 

The vertical system includes all settings affecting the scaling of the amplitude or the 

vertical offset of the signal. The horizontal system, on the other hand, can be used to 

influence the temporal offset and the resolution in parts of a second. 

Beyond these basic settings, the trigger system is also key. Triggers can be used to 

define the conditions under which the oscilloscope should start a measurement. This 

ensures a stable signal display that always shows the segments of interest. 

All of these settings are described in more detail in the preparatory test setup sections 

of chapter 3. 

The groupings controlling these settings can be seen based on the example of the 

RTC1000 (see Fig.1-1). Together with the setting options for the trigger system (see 

section 1.2.3), the groupings for the vertical and horizontal display take up the entire 

lower two-thirds of control area. The RTC1000 additionally provides buttons for 

system-specific settings, specialized measurement tasks and automated analysis. 

The RTC1000 display is divided into 12 horizontal and 8 vertical units. This allows the 

user to make a quick visual assessment of the readings and to scale the axes. See 

Fig.1-2 for an introduction into the functionality for the horizontal and vertical systems. 

The scaling for the vertical system is set using the large rotary knob labeled 

VOLTS/DIV (  Fig.1-2, right). The associated vertical scaling is displayed at the left, 

under the signal for each active channel. For example, 50 mV means that the height of 

one grid square is equal to 50 mV1. This setting then equals a vertical display over the 

entire range of 50 mV * 8 = 400 mV.  

                                                      

 

1 This corresponds to 50 mV/div, where div is the abbreviation for 'division'. 
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Fig.1-2: Basic settings for the horizontal and vertical systems. 

The timebase is set in a similar fashion using the TIME/DIV rotary knob (  Fig.1-2, 

right). In the example provided in Fig.1-2, 10 µs is the length of one grid square. 

Consequently, the duration of the displayed signal is 10 µs * 12 = 120 µs. Unlike the 

amplitude scaling, this setting applies to all chanels. The rotary knobs labeled 

POSITION set the offsets for the vertical and horizontal systems. 

For example, Fig.1-3 shows the measurement of two single-ended, square-wave 

signals using the RTC1000. The timebase is 10 µs. As a result, one period of the 

signal measured with channel 1 (yellow, top) is 20 µs in duration. This means that this 

is a 50 kHz signal. As mentioned above, the timebase applies to all channels. A visual 

analysis will therefore immediately lead to the conclusion that the signal acquired with 

channel 2 (blue, bottom) is at one-half the frequency. On the other hand, it can also be 

observed that, as a result of the different vertical scalings, there is no distinction 

between the two signals with respect to the maximum amplitude, even though the 

amplitude of the signal acquired with channel 1 could appear larger at first glance. 

 

Fig.1-3: Measurement using the RTC1000. 
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1.1.2 Signals and bandwidth 

Signal integrity is key to precise and reproducible measurements. Signal integrity 

refers to the ability of an oscilloscope to reproduce an electrical signal in its true 

original form. Measurements that do not provide signal integrity are essentially useless 

because the measured signal might not match the actual signal in either its shape or 

characteristics. 

This is why bandwidth is one of the most important characteristics for an oscilloscope. 

It is only when a signal is not affected by the finite bandwidth of the test instrument that 

precise measurements are possible and the signal details can be displayed. However, 

in certain situations a test instrument's bandwidth will be reduced intentionally, for 

example, to minimize the effect of noise. 

By definition, the bandwidth is the frequency at which a sinusoidal signal is attenuated 

by 3 dB (about 30 %) as compared with the original amplitude. This frequency 

corresponds to the ï3 dB point in a lowpass, which have characteristics that are 

essentially like those of an oscilloscope. Fig.1-4 shows the frequency response a 

typical 4 GHz Oscilloscopes are dimensioned for the flattest frequency response 

possible within the specified bandwidth, which means that the ï3 dB point will lie 

outside of the specified bandwidth. This ensures that it is still possible to analyze and 

measure signals near to the upper bandwidth limit. As seen in Fig.1-4, measurements 

above the specified bandwidth are in theory also possible with some restrictions. 

However, signal distortion and imprecise measurement results must be expected in 

this situation. 

 

Fig.1-4: Frequency response of a 4 GHz oscilloscope. 

Oscilloscopes are frequently used to measure digital pulses. In theory, square-wave 

signals have an unlimited spectrum consisting of the fundamental frequency (e.g. 

1 MHz) and odd-numbered multiples of the fundamental frequency, called harmonics 

(e.g. 3 MHz, 5 MHz, 7 MHz, etc.). 

The following rules of thumb are generally accepted for quickly estimating the required 

bandwidth (2).  

ĕ To preserve the integrity of digital signals, the bandwidth should be at least five 

times the clock frequency, which means the bandwidth permits signal components 

up to the 5th harmonic. 

ĕ The third harmonicis sufficient for simple decoding of signals, however. 
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If the required bandwidth for measuring digital signals must be defined more precisely, 

the rise time Ὕ of a pulse can be included in the calculation instead of the clock 

frequency. In the case of a digital signal, most of the energy is concentrated below a 

given frequency. Formula (1) can calculate this frequency, also known in the literature 

as cutoff frequency, or knee frequency Ὢ . This shows that an electronic circuit with 

a flat frequency response up to Ὢ  permits a digital signal to pass with practically no 

distortion. The factor 0.35 is based on the rise time definition for digital signals typically 

used today, which looks at the rise time between 10 % and 90 % of the settled final 

value for the pulse. 

                                      Ὢ
Ȣ

           (1) 

where 

Ὕ   Rise time of the pulse 

Depending on how much accuracy is desired, Ὢ  must then be multiplied by a 

constant. If an accuracy of 20 % is sufficient, then Ὢ  can be set to be equal to the 

oscilloscope bandwidth, while Ὢ  must be multiplied by 1.3 for an accuracy of 10 %. 

(3) CITATION Joh93 \l 1031  

It is also important to remember while performing measurements that the oscilloscope 

is not the only source of signal distortion. The probes being used can also be a 

possible source. This is why the bandwidth of the probes must be selected with an eye 

toward preserving the signal integrity of the signal under test. 

The following section discusses this in more detail. 

1.1.3 Probes 

In a test setup, probes represent the connection between the signal source, i.e. the 

DUT, and the oscilloscope. Their primary objective is to transmit the signal to the 

oscilloscope in as close to its true form as possible to ensure maximum signal integrity 

and measurement accuracy. To meet these requirements, selection of the appropriate 

probe to match the measurement task and the hardware in use is essential. This 

section provides an overview of the most important probe parameters and 

characteristics. 

An ideal probe would have an infinite bandwidth that would not place a load on the 

circuit under test during the measurement. This would make an unadulterated analysis 

of the circuit's behavior possible. However, this is not possible using any hardware 

available today. That is why a check should be made before each measurement to 

determine whether the expected limitations are still acceptable or whether the 

permissible frequency range was exceeded. A reliable assessment is possible based 

on the bandwidth and impedance of the probes being used. 

 

Bandwidth 

The combination of oscilloscope and probe creates a new system with its own 

bandwidth. This can be approximated as shown in (2): 
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                                              (2) 

To keep the possible measurement errors at a minimum, the selected system 

bandwidth should be larger than the highest frequency present in the signal. 

Use the following rule to quickly estimate the required bandwidth for the probe being 

used (2) CITATION Roh \l 1031: 

ĕ The bandwidth of the probe should be 1.5 times the bandwidth of the 

oscilloscope(valid for Oscilloscopes to about 1 GHz bandwidth with a Gaussian 

bandlimiting). 

Impedance 

In addition to the bandwidth, the probe impedance is another important characteristic 

for practical applications. Impedance is closely linked to the load placed on the circuit 

under test by the oscilloscope+probe system. As a result, a probe's resistance should 

be at least equal to ten times the resistance of the circuit. If it is not, the measured 

amplitude could be attenuated, for example. In this case, a significant portion of the 

current flowing through the circuit is also passed through the probe. 

For this introduction into measuring with oscilloscopes, only passive probes2 are of any 

relevance. Therefore only this type will be described here. The most important 

characteristic to remember for passive probes is that the impedance can change 

significantly versus the frequency. This effect can primarily be attributed to the various 

factors that contribute to loading of the circuit. At low frequencies, the resistive 

components are dominant. As the frequency rises, the capacitive and inductive 

components increase in significance:  

The capacitance of probes, which function as a lowpass filter at high frequencies, can 

greatly reduce the input impedance. This results in the loss of information present in 

high-frequency signal components, while the rise time and bandwidth of the system are 

reduced.  

The loop formed from the tip of the probe to its ground wire places an inductive load on 

the circuit that results in distortions in the signal, in particular overshoot and 

undershoot. To prevent this effect, the probe's ground connection should be kept as 

short as possible, as should the physical distance to the device under test. Fig.1-5 on 

the following page shows two example measurements. 

The effect can be significant enough for the measurement using the oscilloscope to 

damage a functioning resonant circuit. 

                                                      

 

2 Probes without any active components, such as amplifiers. 
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Fig.1-5: Measurements using a probe. Left: large loop distorting the measurement, Right: optimized 

setup 

The use of 10:1 probes permits the dynamic of the system and the resistive input 

impedance to be increased even further. This type of probe increases the input signal 

by a factor of 10. The advantage is that the oscilloscope can now display signals with 

ten times the amplitude as compared with measurements using a 1:1 probe. However, 

the overall system loses sensitivity, making 1:1 probes preferred over 10:1 probes for 

signals with amplitudes in the several millivolt range. Some probes offer selectable 

attenuation ratios, including the probe shown in Fig.1-6 used for these measurements, 

the R&S®RT-ZP03 The key point is that the attenuation ratio of the probe in use must 

be known to the oscilloscope to ensure that the amplitudes are displayed correctly. 

 

Fig.1-6: R&S®RT-ZP03 probe with 10:1 and 1:1 attenuation ratios. 

Passive probes are typically characterized by a low resistive load. For measurements 

in the high megahertz range, however, active probes should be used because of the 

increasing capacitive load.  

The following factors make passive probes suitable for general measurements in a 

wide variety of applications: 

ĕ Favorable price 

ĕ Ability to operate without an additional power supply  

ĕ Robust design  

Passive probes additionally require an adjustment before a measurement is started. 

The adjustment for low frequencies differs from that for high frequencies. The low-

frequency adjustment matches the capacitance of the probe to the input capacitance 

on the oscilloscope. For example, if a 10:1 attenuation ratio is selected for the probe, 

the probe will have a resistance of 9 MÝ, which in combination with the 1 MÝ input 

resistance on the oscilloscope creates a voltage divider. The input capacitance of the 
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oscilloscope generates a lowpass for which the frequency response can be 

compensated by using a highpass with the same cutoff frequency. This is why 

impedance matching of the highpass must be possible using an adjustable capacitor. 

The impedance matching is performed by manually adjusting the probes. For 

measurements starting at about 50 MHz, an HF adjustment should additionally be 

performed. 

TheRTC1000 includes a special menu item that launches a wizard for performing the 

adjustment. Fig.1-7 shows the adjustment of a probe for low frequencies. A 

comparison against the image on the right shows that the probe still needs to be set in 

order to more closely approximate the ideal square-wave format. 

 

Fig.1-7: Adjusting the RT-ZP03 probe on the RTC1000. 

1.2 Configuration 

Once the appropriate setup has been selected for the measurement task, the 

measurement can be started. Fig.1-8 shows two possible test setups. In addition to the 

items discussed above, the oscilloscope must be configured to optimally meet the 

requirements for the measurement. This section provides the background needed to 

perform these steps. 

 

Fig.1-8 Exercise setups for oscilloscope measurements. 
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1.2.1 Vertical resolution and dynamic range 

When working with the input signal, the analog-to-digital converter (ADC) is the core 

component of every digital oscilloscope. In the case of the RTC1000, the ADC is an 8-

bit converter. The ADC converts the measured signal into ς ςυφ values. The 

smallest voltage difference that can be displayed, which also corresponds to the least 

significant bit (LSB) on the ADC, is calculated as follows: 

                                      Ὗ  
Ў

         (3) 

where 

ЎὟ   Input voltage range 

n   Bit count for the ADC   

The vertical scaling set by the user plays a decisive role. This scaling corresponds to 

the entire input voltage range, or dynamic range, for the converter. For example, if an 

8-bit converter is used with a vertical resolution of 50 mV/div, the smallest increment 

that can be displayed is 2 mV. On the other hand, a vertical scaling of 100 mV/div 

doubles the minimum resolution to 4 mV.  

Fig.1-9 shows these scenarios. The same signal is shown in both the right and the left 

images with a vertical resolution of 50 mV and 100 mV, respectively. In the image on 

the left, the entire dynamic range of the ADC (blue arrow) is utilized, which results in a 

better resolution of the measured signal. Therefore, when using oscilloscopes for 

measurements, always remember the following: 

ĕ For the greatest possible accuracy, the display of the input signal should utilize the 

entire dynamic range of the ADC. 

 

Fig.1-9: Vertical resolution at different scalings. 

 

1.2.2 Signal sampling and processing 

Not only the resolution of the converter, but also its speed are key factors for many 

measurement tasks. The ADC samples the continuous signal at regular intervals and 

at defined times. The obtained digitized values are known as samples. The sample 
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rate is equal to the number of samples the oscilloscope can take per second. In the 

case of the RTC1000, a maximum of 2 Gsample/s is possible for one channel and 1 

Gsample/s in two-channel mode.  

The sample rate must be sufficiently high in order to display the signal correctly. If the 

selected rate is too low, aliasing errors will occur and the signal will be displayed 

incorrectly. This is known as undersampling. Fig.1-10 shows how a low sample rate 

affects a 10 kHz input signal. 

In this example, the sampling points are linked linearly; oscilloscopes typically use a 
 

 interpolation here. The sampling rate has to be at least 2.5 times the maximum 

bandwidth of the oscilloscope. In summary, a high sample rate results in the following: 

ĕ More precise signal reconstruction  

ĕ Better detection of short-term anomalies (glitches). It should be noted that only the 

anomalies are located within the bandwidth of the oscilloscope can be detected. 

ĕ Higher sampling density requires a higher memory requirement. 

 

  

Fig.1-10: Effects of low sample rates. 

Bandwidth and sample rate are key characteristics for oscilloscopes, and the highest 

possible values should be targeted for both. Even though the two characteristics are 

not physically coupled, the correct dimensioning is critical here. 

To be able to faithfully reproduce measured signals the double sampling rate, ie 2 Ā 

fsignal, max, according to the Nyquist-Shannon theorem, is already sufficient. As a rule of 

thumb, due to the non-ideal band limitation of the oscilloscope the sample rate should 

correspond in practice at least 2.5 times the bandwidth of the oscilloscope. 

 However, it has been shown that square-wave signals, whose transitions are often 

very fast and which contain frequency components significantly higher than the Nyquist 
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frequency, require several times the bandwidth for reproducible measurements. For 

example, the RTC1000 is available with a maximum bandwidth of 300 MHz whereas 

the maximum sample rate is 2 Gsample/s.  

In this context, it is important to note the following: 

ĕ A high bandwidth can be much less useful if only a low sample rate is available. 

With all of the apparent advantages, it begs the question: Why not simply always use 

the oscilloscope with the highest sample rate? In addition to the obvious cost factor 

represented by the converter ï a higher sample rate is obtained by using expensive, 

faster ADCs or multiple converters that combine the samples ï this question can be 

answered by looking at the memory depth. 

Memory depth 

Once the samples have been taken, the oscilloscope processes the sample values as 

defined by its current settings. The result is transferred to the test instrument's high-

speed storage. The memory depth defines how many of these values can be saved 

and thus also defines the maximum acquisition period. If a large time range is to be 

acquired at the full sample rate, the oscilloscope must possess an appropriately large 

memory depth. Typically, the oscilloscope measurement speed is greatly reduced if the 

entire storage space is used because of the large amount of processing power 

required for large volumes of data. This leads to topic of blind time as described in the 

next section. 

In summary it can be said that a high sample rate requires not only a fast analog-to-

digital converter, but also sufficient memory depth on the oscilloscope for trouble-free 

operation. Both factors drive up the price of an instrument significantly, which is why it 

is advisable to be clear about the requirements before purchasing an oscilloscope.  

Update rate and blind time 

The concept of an update rate was introduced to provide users with a convenient value 

that defines the frequency at which the oscilloscope can take measurements. The 

higher the update rate, the more acquisitions the oscilloscope can perform per second. 

However, it must be remembered that an oscilloscope spends only a fraction of the 

time actually acquiring the signal. The rest of the time, the instrument is processing 

and storing the incoming data stream. For example, the RTC1000 in combination with 

the 8-bit ADC must process 16 Gsample/s of data to achieve the maximum sample 

rate (2 Gsample/s). Interpolation of the readings and the user-defined math or analysis 

functions additionally delay the next acquisition point. During this time, the test 

instrument is "blind," i.e. no new measurements can be started. As a result of this blind 

time, errors and deviations in the signal take longer to detect and analyze.  

 

Fig.1-11 shows the acquisition cycle for an oscilloscope. The fixed portion of the blind 

time is specific to each instrument. On the other hand, the variable portion is 

dependent on the settings that have been defined for the acquisition and processing. In 
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this example, the instrument is processing data 99.999 % of the time. (4) 

 

Fig.1-11 Acquisition cycle for an oscilloscope. 

Acquisition modes 

Many oscilloscopes offer at least two different acquisition modes, each of which is 

intended for different applications. 

Realtime mode 

Because the analog-to-digital converter has always the same speed, the number of 

samples will be reduced when the measurement is performed at a slow time basis. In 

this case, the sampled values are used to reconstruct the signal directly. If a faster 

timebase is selected, the acquired points from the ADC are supplemented with 

interpolated values. 

Equivalent time mode 

This mode is used to analyze signals whose frequency is high above the sampling 

frequency of the converter. However, this mode requires stable, repetitive signals. An 

oscilloscope operating in equivalent time mode takes points from different acquisitions 

that were sampled at different points of the periodic signal and combines them into a 

single display. 
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1.2.3 Triggering basics 

On oscilloscopes, the trigger is used among other things to provide a stable display of 

repetitive signals. Another important application is the synchronization of the 

acquisition to specific points in the signal that are of particular interest. When the 

trigger is initiated, the oscilloscope generates a snapshot at that precise moment of the 

current signal. 

The trigger settings can be used to define the precise conditions under which a trigger 

should be initiated. The trigger point is set when all of the defined requirements are 

met by the signal at the same time. The oscilloscope has already continuously 

acquired data points, which are then used to fill in the pre-trigger portion of the 

acquisition. Once triggered, the oscilloscope acquires as many samples as required to 

complete the post-trigger portion, at which point the signal can be displayed on the 

monitor. Fig.1-12 shows a simplified version of a digital trigger. This type of trigger 

system works directly with the ADC samples. (5)  

 

Fig.1-12: Simplified digital trigger setup. 

Most oscilloscopes support, at a minimum, the following trigger conditions: 

ĕ Signal source 

ĕ Trigger type, with various settings 

ĕ Horizontal trigger position 

ĕ Mode 

The RTC1000 can use channel 1,  channel 2 as well as the digital channels as the 

signal source.  

Modern oscilloscopes offer many different trigger types; this section will address only 

the edge triggers. This type is triggered as soon as the signal exceeds the trigger 

threshold (the vertical position of the trigger). The typical setting options include the 

threshold height and either rising or falling edge. 

By saving the samples before and after the trigger time, the acquisition at various pre-

trigger and post-trigger points can be analyzed later in leisure. The trigger settings can 

also change the trigger time by adjusting the horizontal position of the trigger. 
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Each oscilloscope supports two basic trigger modes. The two modes differ only in how 

they respond when the conditions for a trigger event are not met. The following 

descriptions assume that the signal does not exceed the trigger threshold. 

Auto mode 

In auto mode, the oscilloscope uses fist the selected trigger condition. If the trigger 

condition will not be fulfilled, the oscilloscope generates an asynchronous trigger that 

displays the signal at random times. The advantage of this mode is that a general 

assessment can be made as to whether a signal is present and what amplitude it has.  

Normal mode 

In normal mode, on the other hand, the oscilloscope does not refresh the monitor until 

the trigger conditions have been met again. This mode is preferred if the trigger event 

occurs only very infrequently. 

Fig.1-13 lists several settings for the edge trigger on the RTC1000 and their effects. 

The arrows along the edges of the images show the horizontal and vertical position of 

the trigger, which is indicated by a red circle. 

In image , the trigger system is not yet set correctly. The selected trigger level is too 

high, which is why a valid trigger event is not present. This setting will not generate a 

stable image. The oscilloscope is apparently in auto mode, as it is displaying the 

asynchronously triggered signal. In image , the trigger was set to rising edge with a 

trigger level of 0 V. In image , the trigger was changed to falling edge, but the 

selected horizontal offset (ï10 µs in this example) is such that at first glance, it appears 

to be the same as image . The final image shows that the display can also combine 

rising edge and falling edge triggers. This is useful for assessing the symmetry of a 

signal, for example.  

 

Fig.1-13: Effects of various trigger settings. 
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2 Preparing for the measurement exercises 

This chapter begins the practical portion of the educational note. The following 

chapters deepen the reader's understanding with typical measurement tasks used in 

the analysis and verification of electronic circuitry. 

Before starting with the actual measurements, however, a few points should be 

mentioned about using oscilloscopes. 

When using passive probes, always measure against ground! 

Even though an oscilloscope measures voltages like a multimeter, it cannot be used in 

the same way in the test setup. The ground clip for a probe must always be connected 

to ground to prevent a short circuit of the circuit nodes. Fig.2-1 shows what happens 

when a measurement is performed incorrectly. The red arrow corresponds to the tip of 

the probe and the gray arrow to the ground clip. As seen in the image on the right, the 

circuit is set completely out of operation. This setup will not produce any useful 

measurements! In a worst-case scenario, the short circuit can cause serious damage. 

Specialized differential probes can be used for differential measurements. 

 

Fig.2-1: Correct use of an oscilloscope for measurements. 

Passive probes require adjustment, and the attenuation ratio must be known in 

the oscilloscope! 

As described in section 1.1.3, all probes must be adjusted before being used in the 

measurements. On the RTC1000, this is done by pressing the Setup button in the 

General grouping. In the submenu, use PROBE ADJUST to open the adjustment 

wizard. Once a probe is connected as described on the monitor, the appropriate 

channel must be selected. Fig.2-2 shows an LF adjustment on channel 1. To perform 

the HF adjustment, select NEXT STEP.  

Ʒ Perform the adjustment on both channels. 
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Fig.2-2: Performing the probe adjustment. 

Once the adjustments have been successfully completed, a check must be made to 

ensure that the correct attenuation ratio for the probes is known in the oscilloscope. 

First check that the switch is set to 10:1 (x10) on both probes. In the grouping for the 

vertical system, use the MENU key and select PROBE on the monitor (page 2) to set 

the attenuation ratio. The channel can be changed by pressing the CH1 / CH2 key. 

After every preset, the duty cycle must be set again! 

Note: higher class Oscilloscopes, such as R&S®RTM3000 or R&S® RTO offer with 

suitable probes an automatic recognition of the division ratio. 

Almost every modern oscilloscope offers an autoset function that automatically 

performs all necessary settings on the instrument to optimally display the signal. While 

this function can be very convenient for daily measurement tasks, to increase the 

educational value of these exercises it is better not to use it here. Once you are 

sufficiently comfortable working with oscilloscopes, you can use autoset to get an initial 

overview of the measured signal. The RTC1000 offers an education mode that 

deactivates the autoset function along with all automated measurements. If necessary 

this mode can be password-protected.  

Ʒ Use SETUP Ÿ EDUCATION MODE (page 3) to enter education mode. 

Perform all exercises in education mode! 

Press the  button and select DEVICE SETTINGS Ÿ DEFAULT SETT. to reset 

the oscilloscope to the default settings. 

By performing a Preset, the instrument should be reset to the default settings 

before every exercise! 

Throughout the exercises, you will find thought-provoking questions that will lead to a 

better understanding of the exercise. The questions are in italics and indicated by the 

symbol . Most of the questions can also be answered beforehand in order to prepare 

for the exercises. 



    Basic measurements  

 
 

 

1MA265_2e Rohde & Schwarz Measuring with oscilloscopes  
 

21 

3 Basic measurements 

In spite of all the automation of measurements, manual setup and estimation of 

measurement results are still an important part of an engineer's everyday life. This 

chapter provides a practical introduction into the operation of a modern oscilloscope 

and the completion of basic measurement and display procedures. 

3.1 Exercise setup 

The setup in Fig.3-1 is provided as a general overview and will be worked through 

step-by-step in the exercise. 

The training board in Appendix A.1 will not be used until later in the exercise. 

 

Fig.3-1: Test setup for manual measurements. 












































































