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ELECTRICAL ENGINEERING DEPARTMENT 
California Polytechnic State University 

 
EE 361                         Oscilloscope Operation                Pre-lab 1 
  & 
  Diode Basics / Half-Wave Rectifier       
 

1. The 10M resistor (all resistor values are in Ohms and M = million) represents a scope 
input resistance. Calculate the voltage across the 2M resistor and compare (% error) to 
the ideal case. An ideal scope input resistance is the same as an ideal internal resistance 
of a voltmeter. 

15Vdc

100k

2M 10M

 
 
 
 
 
 
 
 
 
 
 

2. Replace the 2M resistor with a 100K resistor and calculate the voltage across the 100K 
resistor and compare (% error) to the ideal case. 
 
 
 
 
 
 
 
 
 
 
 
 

3. For which resistor value (2M or 100K) does the scope have the greatest “loading” effect? 
Justify your answer. 
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4. Calculate diode current and the voltage across resistor in each of the four circuits. 
Treat diode as ideal. 

  
 

        
 
 
 
 
 
 

5. Sketch Vo for the half-wave rectifier, treat diode as ideal. Be certain to label, with 
numerical values, peak voltage and period. 

Vi=21sin(120πt)V +
-

2.2 K

+

Vo

 
 
 
 
 
 

6. For the half-wave rectifier of prelab #5 a DC voltmeter is connected across the 2.2K 
resistor, it will display _________ Volts. 

 
7.  “Flip” the diode of the half-wave rectifier and sketch Vo. 
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ELECTRICAL ENGINEERING DEPARTMENT 
California Polytechnic State University 

 
EE 361                         Oscilloscope Operation                Lab 1 
  & 

Diode Basics / Half-Wave Rectifier 
Objective 
Become familiar with the use of an oscilloscope. In addition, examine the basic operation of a 
diode as a voltage-controlled switch and study the operation of a half-wave rectifier.  

Workbench Equipment 
• Digital Oscilloscope, Keysight InfiniiVision MSO-X2022A 
• Function Generator, Agilent 33120A or Agilent 33220A 
• Digital Multimeter, Agilent 34401A 
• DC Power Supply, Agilent E3640A 

 
Check-out Equipment, 20-111 window 

• Scope Probe (10:1), 2 
• BNC to BNC cable, 2 
• Banana to grabber 2 pair, 2red / 2black 
• BNC to grabber lead 
• BNC T 

Background 
Oscilloscope Basics 
An oscilloscope or “scope” converts an electrical signal into a visible trace on a display screen. 
The display screen is a graph of voltage (vertical axis) and time (horizontal axis). Vertical grid 
lines (or divisions) on the display screen have numerical value relative to the volts per division 
setting; horizontal screen divisions have numerical value relative to the time per division setting. 
Both settings can be manually adjusted or the Auto-Scale button (refer to Figure 1-1 for location) 
can be pressed and the scope will automatically set the volt per division setting and time per 
division setting for optimum signal visibility. 

Most often a scope probe is used to transfer the signal under test to the scope input. The most 
popular scope probe (and used in this lab) is the 10:1 scope probe. The ratio 10:1 refers to the 
factor of attenuation (loss) between the scope probe tip and the scope input. For example, if the 
scope probe is connected to a 10 Vpeak signal, the amplitude of the signal at the scope input is 1 
Vpeak. In other words, the scope probe has attenuated (made amplitude smaller) by a factor of ten. 
The scope has a probe adjust setting which compensates for this loss in amplitude, so that the 
displayed amplitude will match the signal amplitude at the scope tip. 

Scopes commonly have multiple inputs (also called channels) allowing multiple signals to be 
displayed simultaneously. Our lab scopes are dual channel (two inputs) and often it will be 
desirable to display two signals simultaneously during an experiment. 

To measure signal parameters such as amplitude or period cursors are often used, refer to Figure 
1-1 for cursor button location. There are vertical cursors (dashed lines) to measure the signal 
amplitude and horizontal cursors (dashed lines) to measure signal period. In addition, scopes in 
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our lab have a feature, Meas (refer to Figure 1-1 for button location), that automatically displays 
amplitude, period, as well as many other signal parameters without using cursors. 

Cursors and probe adjust setting will be demonstrated by the lab instructor, other notable scope 
features are the following (Refer to Figure 1-1): 

Coupling:  There are two coupling modes; DC and AC.  

Ground coupling shows the location of the reference voltage 0V as a flat line on the scope grid. 
The location of ground can be varied with the vertical position knob.  

DC coupling will show both AC and DC components of a signal. For example, if a scope in DC 
coupling mode is connected to a signal v(t) = K + Asin(ωt) V, scope display will be a sinusoid 
centered on K. The DC component (or DC offset) = K and the AC component = Asin(ωt). 

AC coupling will only show the AC component of a signal. The DC signal component is filtered 
out by a capacitor inside scope. So, if a scope in AC coupling mode is connected to a signal v(t) 
= K + Asin(ωt) V, scope display will be a sinusoid centered on zero. 

Coupling mode can be selected on the scope’s channel menus.    

Trigger Level:  This adjustment is sometimes necessary to stabilize an unstable signal. If 
displayed signal is unstable, turn this knob until the flat line with a “T” to the left is within the 
amplitude of the displayed signal. If the signal remains unstable, consult instructor. 

Math Function (for location on front panel - reference Figure 1-1):  The subtraction and 
multiplication, as well as other mathematical operations, can be performed on two signals. 

BW Limit (soft key on channel menus):  A filter to reduce noise (fuzziness) of displayed signal. 

 

  

Fig. 1-1 Selected Scope Features 

Vertical position knobs 

Volts / division settings 

Time / division setting Horizontal position knob Trigger level knob 

Press for channel 1 menu Press for channel 2 menu 

Select / Probe 
adjust knob 

Soft keys for various menus 

Cursor Adjust Knob 

Math Button 
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Diode Basics 
A diode allows current to flow in only one direction, from anode to cathode, when the anode 
voltage (VA) exceeds the cathode voltage (VK). When VA > VK the diode is said to be forward-
biased and current flowing from anode to cathode is called forward-bias current, see Figure 1-2. 

 
                        Fig. 1-2 Diode Circuit Symbol  

         & Forward-Bias Current Direction 
 
When VK > VA the diode is said to be reversed-bias and ideally zero current passes through the 
diode. Therefore, a diode functions as a voltage-controlled switch. The I-V characteristic of an 

ideal diode appears in Figure 1-3, where V = VA - VK. 
Fig. 1-3 Ideal Diode I-V Curve 

As Figure 1-3 shows, an ideal diode acts like a short circuit when forward-biased and acts like an 
open circuit when reverse-biased, i.e. voltage-controlled switch.  

Actual Diode 
The major difference between an ideal diode and a real diode is a real diode has a non-zero 
forward-bias voltage drop (VFB). The value of VFB, called “turn-on” voltage, primarily depends 
upon the semiconductor material the diode is made of. A diode is fabricated by forming a pn 
junction. The p side of the junction is the anode, and the n side of the junction is the cathode. 
Most commonly, a diode is made with doped silicon. A forward-biased silicon diode tends to 
drop between 0.6V and 0.7V when typical current levels flow. 

When reverse-biased, a real diode allows only a small current, called the reverse saturation 
current (Io), to flow. This reverse-bias current, for most applications, is considered negligible. 
An actual diode I-V curve appears in Figure 1-4.   

 
        Fig. 1-4 Actual Diode I-V Curve 

I

V0

Io 
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Light Emitting Diode (LED) 
A diode designed to emit light when forward-bias is a LED. An ideal LED has the same I-V 
characteristic as a diode which cannot emit light (“regular” diode). The only difference between 
an actual LED I-V curve and a regular diode I-V curve is the turn-on voltage value. LEDs have 
VFB values in the range of 1.5V to 5V depending on the color of light emitted.  Forward-biased 
red LEDs drop close to 1.5V and forward-biased blue LEDs drop approximately 3-5V. 
 

LED fabrication relies on a pn junction with semiconductor materials other than Silicon to form 
the junction. Electron energy level differences determine the frequency of energy given off (and 
therefore color of light emitted) when current flows through the junction. 

Half-Wave Rectifier 
The purpose of a rectifier is to convert a signal with zero average value, such as a pure sinusoid, 
into a signal with non-zero average value. Recall from circuit theory that average value and DC 
value are the same. 

 
       Fig. 1-5 Half-Wave Rectifier 

For the half-wave rectifier of Figure 1-5, the diode conducts (ideally acts as a short circuit) only 
during the time of the source positive half cycle. During the time of the source negative half 
cycle, the diode is reverse-biased (ideally acts as open), and the diode does not conduct. Ideally 
only the entire positive half cycle of the source appears at the output (Vo), and the negative half-
cycle is effectively eliminated at Vo. 

 
                      Fig. 1-6 Half-Wave Rectifier Vo 

The average value (or DC volts) of Vo shown in Figure 1-6 can be determined as follows: 
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As equation 1-3 shows, the DC output of a half-wave rectifier (diode treated as ideal) 
equals the peak output voltage divided by pi.  
           
Procedure 1: Scope Measurements 

• Use a 10:1 scope probe to connect scope channel 1 to test signal terminals, Figure 1-7. 
 

  
     Fig. 1-7  Scope Test Signal Terminals 

• Press Auto-Scale button. 
• Use cursors to measure square wave period, frequency and peak-to-peak voltage. 

NOTE: Probe adjust needs to be set to 10:1! 
 
To check probe adjust:  Press channel button, channel menu appears at bottom of scope 
screen and then press Probe soft key. Probe ratio will appear at bottom of screen to the 
right of Units. 
 
To adjust probe adjust: Turn knob located directly below time per division knob. 
 
Period of square wave =    ______________ Seconds 
Frequency of square wave =    ______________ Hertz 
Peak-to-Peak voltage of square wave =  ______________ Vpp 
 

• If not already in AC coupling mode, select AC coupling mode from the Channel menu 
(NOT the Trigger Mode Coupling menu). Then, while watching scope display, switch to 
DC coupling. The signal should move vertically. 

• Use cursors to measure vertical movement of square wave, this is the DC offset. 
NOTE: Probe adjust needs to be set to 10:1! 
 
DC offset =  ______________ V 
 

• Disconnect scope probe from test terminals. 
• Set the Agilent function generator to a frequency of 2,000Hz & 5Vpp 

To set Agilent 33120A function generator to high-Z output: 
o Press shift-menu, right arrow to the SYS menu, down arrow to the OUTPUT TERM 

menu, down arrow to ‘50 ohms,’ right arrow to select Hi Z, enter. 
To set Agilent 33220A function generator to high-Z output: 
o Press Utility, then choose Output Setup, select High Z. 

• Connect the function generator output terminal (NOT SYNC terminal) to a scope channel 
using a BNC to BNC cable. 

Connect scope black clip here 
(pitchfork symbol is ground) 

Connect scope probe tip here 
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• Press Auto-Scale button. 
 

• Verify displayed signal is sinusoidal with frequency 2,000Hz and voltage 5Vpp. 
NOTE: Probe adjust needs to be set to 1:1! (since scope probe not used) 
 
Sinusoidal?    YES  NO 
Frequency =    ______________ Hertz 
Peak-to-Peak voltage =  ______________ Vpp 
 

• Keep function generator settings the same as previous step. 
• Use a BNC T and two BNC to BNC cables to connect function generator to both scope 

channels. 
• Press Auto-Scale button. 
• Use Math menu to subtract the two sinusoids and then to multiply the two sinusoids. 

o NOTE: Both probe adjusts need to be set to 1:1! 
• Click Keysight BenchVue desktop icon to capture scope display of the two resultant 

signals. After clicking ask instructor for assistance. 
 
Procedure 2: Diode – Voltage Controlled Switch  
 

• Measure resistance of 2.2KΩ with DMM, record in Table 1-1. 
• Construct the circuit of Figure 1-8. Use Agilent E3640A as 12V source. 

o Set current limit of 12V source to 0.1A. 
o Band on physical diode is the cathode which is line of diode symbol. 

 
Fig. 1-8  Diode / LED circuit 

• Measure Vo and calculate diode current, record in Table 1-1. 
• Compare (% error) actual forward-bias diode current to ideal forward-bias diode current 

from prelab #4. Record values in Table 1-1. 
• “Flip” diode (keep rest of circuit the same) and measure Vo and calculate diode current. 
•  Compare (% error) actual reverse-bias diode current to ideal reverse-bias diode current. 

Record values in Table 1-1. 
• Replace 1N4002 diode with a red LED (forward-bias orientation). 

o Lead closest to flat edge on plastic base is the cathode of LED. 
• Measure Vo and calculate LED current.  
• Compare (% error) actual forward-bias LED current to ideal forward-bias LED current. 

Record values in Table 1-1. 
• Reverse polarity of 12V source (keep rest of circuit the same) and measure Vo and 

calculate LED current.  
• Compare (% error) actual reverse-bias LED current to ideal reverse-bias LED current. 

Record values in Table 1-1. 
 

1N4002 

Ω 
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 Vo (V) Forward-bias 
Current 
(actual) 

% 
Error 

Vo (V) Reverse-bias 
Current 
(actual) 

% 
Error 

1N4002        

Red LED       

R2.2k =                  Ω                                 

                               Table 1-1 Diode & LED Actual v. Ideal Currents Comparison 
 
Procedure 3: ½- Wave Rectifier  
 

• Replace LED with 1N4002 diode to reconstruct circuit of Figure 1-8.  
• Replace the 12V source of Figure 1-8 with Agilent function generator. 

To set Agilent 33120A function generator to high-Z output: 
o Press shift-menu, right arrow to the SYS menu, down arrow to the OUTPUT TERM 

menu, down arrow to ‘50 ohms,’ right arrow to select Hi Z, enter. 
To set Agilent 33220A function generator to high-Z output: 
o Press Utility, then choose Output Setup, select High Z. 

• Set function generator to 60Hz & 20Vpp. 
• Connect scope to both Vo and source / input signal. 

o NOTE: Both probe adjusts need to be set to 10:1! 
• Measure with cursors the peak voltage of input sinusoid and Vo. 

 
Vinput = ________ Vpeak  Vo = ________ Vpeak 

 
• Capture both signals on a single display. 
• Measure Vo with a DVM, record below and compare to theoretical value from eqn 1-3. 

o Note: May need to press ^ button on DVM once or twice to obtain sensible reading. 
 

Vodc = _________ Volts Theoretical = __________ Volts %Error = ________ 
 

• “Flip” diode (keep rest of circuit the same) and again capture both signals (Vinput & Vo). 
• Replace 1N4002 diode with red LED and change function generator frequency to 1Hz. 

Observe LED in order to answer a postlab question. 
 
Discussion 
1. What is the primary reason (be specific) for the %error between actual and ideal forward-bias 

current for procedure 2? 
2. Calculate the maximum reverse-bias voltage across the diode in the half-wave rectifier. 

Hint: Replace diode symbol with open and determine the maximum voltage across open. 
3. What is the primary reason (be specific) for the %error between measured and theoretical 

Vodc for procedure 3? 
4. Explain why LED flickered when connected in the half-wave rectifier.  
5. Explain why a diode basically functions as a voltage-controlled switch. 
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