Experiment 1
Introduction to the Circuits and Electronics Lab
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· Never plug the power connector in the socket before the instrument: doing so may cause electrocution!
· The Code of Resistors:

                  [image: image2.emf]
· How do I read the resistor value?

First find the tolerance band, it will typically be gold (5% tolerance) or silver (10% tolerance). Starting from the other end, identify the first band - write down the number associated with that color. Read the next color and write down the number associated with the second color. Now read the third or 'multiplier' band and write down that number of zeros.
Resistors don't need to have fixed values because variable resistors come in different packages and values. Some are linear in motion and others are circular.
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Potentiometer: variable resistor with 3 terminals connected, used to vary voltage (control the volume, loudness)

Multitum: are used where very precise adjustments must be made (more accuracy and tolerance). The screw must be turned many times (10+) to move the slider from one end of the track to the other, giving fine control. 

· Types of Capacitors:

Ceramic capacitors: don't have polarity and have a three digit number written on them. Similar to resistor codes, the first two digits represent the value, and the third is the number of zeros. The unit in this case is picofarads (1 Farad = 1012 picofarads.)
Electrolytic capacitors: are polarized and have an arrow on the side indicating the negative pin. Failing to recognize the proper polarity while connecting the circuit will cause the capacitor to blow up! The value of capacitance along with the unit is printed on the case of the capacitor.

· Inductors:
Inductors are supplied in packages similar to those the same color code of the resistors except for inductors is microhenry (1 Henry = 106 microhenrys.) made out of a coil (a piece of rolled up wire.)
· Diodes:
There are three main types of diodes which we will use in this lab: The rectifier diode, the zener diode, and the light-emitting diode. Diodes are two terminal devices with a positive terminal and a negative terminal. Current flows from positive to negative. The negative terminal is indicated by a band printed on the case of the diode.
· Bipolar Transistors and MOSFETS:

Bipolar transistors and MOSFETS are important components that are used in building analog and digital circuits.
· Switches and Push Buttons:
A switch or a push button is a device that makes a circuit connection or disconnects one depending on its type. They are characterized by whether they are normally closed (NC) or normally open (NO), and by the number of throws and number of poles.

· Integrated Circuits:
An integrated circuit (IC), sometimes called a chip or microchip, is a semiconductor wafer on which tens to hundreds of millions of tiny resistors, capacitors, and transistors are fabricated. An IC can function as an amplifier, oscillator, timer, counter, computer memory, or microprocessor. A particular IC is categorized as either linear (analog) or digital, depending on its intended application. These chips can be packaged in cases with different number of pins depending on the application.
· Relays:
A mechanical relay is a switch that is activated by an electromagnet. Once current flows in the coil, the resulting magnetic field will attract a metallic plate, causing the switch to change state. 
There are two types of relays:

Mechanical Relays:

The main disadvantage of mechanical relays is that they can't operate at high switching frequencies due to mechanical limitations.

Solid-state Relays: 
Electronic devices that are easy to connect as a mechanical relay, and can operate at relatively high frequencies. Their drawback is that they don't have as many poles as other types of relays.

Experiment 2

Equipment and Instruments in the Lab

[image: image4.emf]
( Breadboard:
The breadboard is a plastic perforated board on which you will build your circuits. The breadboard has many strips of metal (usually copper), which run underneath the board. The metal strips are laid out as shown in the figure below:

  [image: image5.emf]         [image: image6.emf]
· The yellow lines show how the metals are connected.
· The metal strips connect the holes on the top of the board.
· To use the breadboard, the legs of components are placed in the holes (the sockets). Each hole is connected to one of the metal strips running underneath the board.
· Each wire forms a node. A node is a point in a circuit where two components are connected. Connections between different components are formed by putting their legs in a common node. On the breadboard, a node is the row of holes that are connected by the strip of metal underneath.

Note: The long top and bottom row of holes are usually used for power supply connections.
                 [image: image7.png]



( Power Supply:
The Tektronix PS 280 power supply provides one fixed 5 Volt DC supply and two variable DC power supplies: a master output on the right hand side and a salve output on the left hand side. The voltages and the currents of the variable outputs are adjustable.

[image: image8.emf]
· 5V fixed: because all digital circuits and microprocessors operate at 5V.
· 2 variable DC supply: (left-one: the Slave) and (right-one: the Master).
· CV: voltage control
· If the connection is in series then only the master is working.

·  When using the variable supplies, you can adjust the voltage with the voltage knob and the current limit with the current knob for both supplies.

Note:  The variable power supplies can operate in three modes:

• Independent, when both push buttons in the middle are depressed.

• In series, when the left button is pressed and the right button is depressed.

• In parallel when both push buttons are pressed.
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(Digital Multimeter (DMM):
The Fluke 45 DMM can measure AC and DC voltages and currents. Moreover, the DMM can measure resistance and diode voltage drop.
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Note: Current measurement is done in series whereas voltage measurement is done in parallel.
Vdc: measure the DC voltage component. If we apply an AC signal it will measure the mean, average or the DC component of the signal.

Offset: DC component= mean =average.
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Vac: gives the RMS value of the peak for the alternative.

If we give it a DC value we get RMS value of the RMS (not ideally) and 0(ideally)
                                 [image: image12.png]TP




· V (Peak to Peak) = 2√2 Vrms
( Function Generator:
The function generator (HP Agilent 33120A) is a source of time-varying signals. It is capable of supplying three types of signals (square, triangle, and sine waves) with a variable frequency and a variable peak-to-peak voltage. It can also add to the signal a DC offset voltage, and can provide unequal duty cycles.
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· Duty cycle= % of time where the signal is high (when we vary the duty, we vary the average) (to control the speed of the motor, if increase duty cycle, speed motor increases)
· Duty cycle in a function generator only applies for a square wave.

· We usually consider a 50% duty cycle by default  
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• Plug the output cable in the lower BNC connector labeled “OUTPUT”.

• Select the desired signal type by pressing the appropriate key (sin, square, and triangle.)

• Adjust the frequency, amplitude, and DC offset by selecting the appropriate key; adjust the duty cycle by pressing shift then DC offset.

• Numeric values can be changed either using the rotating knob on the screen, (or use the arrows up-down / left-right for the cursor) or directly by pressing enter number and then enter (we enter # and unit)
(Oscilloscope:
The Tektronix TDS220 oscilloscope is the device that can display the signals in the time domain. It can also provide a number of measurements related to the signal you are trying to analyze.
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• The scope is equipped with an auto set feature that will automatically set the scope for proper signal measurement.

• Pressing the channel menu will allow you to change the coupling (DC, AC, Ground) as well as the probe gain setting (1x, 10x, 100x, 1000x).

• Turning the VOLTS/DIV knob for each channel can change the y or voltage scale. The scale appears at the bottom of the screen.

• Turning the SEC/DIV knob will change the x or time scale for both channels. The time scale appears at the bottom of the screen.
· The auto set of the oscilloscope regulated everything 
• The measure function will allow you to directly take a reading from the screen without the need to count the squares and to multiply by the scale.

The following measurement can be made: 

· Peak-to-peak
· RMS

· Frequency
· Period
· Mean.

• The scope is equipped with an auto set feature that will automatically set the scope for proper signal measurement.

Experiment 3

Voltage Dividers and Thévenin’s Theorem
[image: image18.emf]
( How do we find the bleeder current I1?

[image: image19.emf]
We first connect the circuit of Fig A.1 maintaining a constant voltage of 10V at the input. With zero load current, (i.e. rheostat open), we measure the bleeder current I1 (in mA). We also measure and record the voltages VB to ground, and VA to ground.
· We measure the bleeder current I1 with the use of the digital multimeter.

· All currents in the circuit must pass through the ammeter. We connect them (components- especially the bleeder current I1 and the ammeter)) in series not in parallel because if we connect them in parallel the current would be divided. 
· An ammeter must have a low resistance. 
· To measure the current, the circuit must be broken to allow the ammeter to be connected in series. 

[image: image20.png]32%:




              The connection of the ammeter

(How do we find the load resistance R for different load conditions?

Definitions:
· A rheostat is an adjustable resistor used in applications that require adjustments of current or the varying resistance in electric circuits.

· The voltmeter= potentiometer is what measures unknown voltages by balancing it.

We connect the rheostat in the circuit and adjust it to draw 2 mA by the digital multimeter of load current while maintaining V=10V, measured. We measure and record the bleeder current and the voltages VB and VA. We open the load resistor RL, with out varying the setting of the arm. We measure and record the resistance to which it was set to draw 2 mA of load current. We reconnect RL after this measurement (by the digital multimeter).
(In the circuit of figure A.1, how can we find a bleeder current of a certain value without changing the given resistances or using any new ones?

Connect a rheostat across the bleeder resistors. Connect the ammeter across nodes B and C (in series with I1) and vary the arm of the rheostat until we get the required current (2mA for example) on the ammeter as a bleeder current. 

Remove the rheostat from the circuit and measure its resistance value by plugging the probes in the [image: image21.png]v
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socket in the digital multimeter and press the ohm bottom. 
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(How do we get the required value of a certain resistor?

If we didn’t have the required design-value resistor, we adjust a potentiometer connected as a rheostat to the desired value, or make up the resistor from a combination (series, parallel) of the other resistors. Or simply measure the value using a digital multimeter (according to the current value).
(How does the load current vary with the load resistance R? Explain why.

The load current decreases as the load resistance increases. This is a logical observation since current and resistance are inversely proportional with respect to voltage (By Ohm's law). 

(What is the effect on bleeder current I1 as the load current increases? Explain why. 

As the load current increases, the bleeder current I1 decreases. Even though the source current is not constant, we can see that the general sense of linear relationship between the three currents conserved: IS = I1 + IL. 

(What is the effect on the voltages VA and VB at the divider taps as the load current increases? Explain why.

Both VA and VB decrease as the load current increases. This is valid since these voltages are constant multiples of the bleeder current and the bleeder current decreases with the increase in load current.
(What are the methods for finding Vth and Rth?
Method 1: 

Measure open circuit voltage (Vth) and put a short circuit in the place of the supply to measure Rth (across A and B) with a digital multimeter. So open circuit Vth and keep RL in place and measure Rth using multimeter across A and B.
Method 2:

Apply two different resistors on RL and measure the voltage across it. In the circuit below:

[image: image24.emf]
We find
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Solve two equations with two unknowns and find Vth and Rth.
Method 3- The Matched Impedance Method:

[image: image27.emf]
We use a potentiometer as a variable resistance between the AB terminals of the circuit of the above figure. We vary the resistance until load voltage drops to half of the measured VTH (open-circuit voltage.) Then we disconnect the load resistance and measure its resistance with the multimeter.

RL=Rth → VL=Vth/2 and thus Vth= Voc and RL=Rth
Simplified Procedure:
· open circuit V and measure Vth 
· vary the arm of the rheostat until VL= ½ Vth and this RL= Rth since Vth = VOC (from circuit C.4 and by voltage division)
[image: image28.emf]
Experiment 4

RC and RLC Circuits
[image: image29.emf]
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(What are the different ways for measuring the phase shift?

Method 1:
· Using the function generator, apply a sinusoidal voltage (Vaf = 6 V peak-to peak) of frequency 5 KHz to the input of the circuit shown in Fig. 1
· By the use of the oscilloscope connect channels 1 and 2 across VBA and VDA 
· Superpose the two traces of VBA and VDA to have the same horizontal axis and adjust the VOLT/DIV and SEC/DIV settings to get stable traces.
· Place the two vertical cursors on each peak 

· press the measure bottom and read ∆T and T(the period)

· Find 
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Note: The phase difference can be measured from the time instants at which the waveforms cross the time axis. Consider Vaf to be of the form 3sinώ V and VBA to be of the form V.
              [image: image34.png]



Method 2:
We use the formula:

[image: image35.emf]
Method 3- Lissajous method:

[image: image36.emf]
Leaving the connections the same as in Part A.1., set the sweep rate to X-Y mode. VBA and VDA will be connected to the X and Y channels of the oscilloscope. An ellipse (called the Lissajous figure) will be observed on the oscilloscope screen resulting from the superposition of two perpendicular sinusoidal signals VBA and VDA. Adjust the VOLTS/DIV controls of X and Y and use the vertical and horizontal POSITION knobs to center the ellipse symmetrically as shown in Fig. 2.
· Find 2B and 2A by placing the horizontal cursor with the same horizontal axis and adjust the VOLT/DIV and SEC/DIV settings to get stable traces and measure the divisions or simply count the divisions
· Apply the formula:
         [image: image37.emf]
General Remarks on Lissajous:


Our objective is to find whether VOUT is lagging or leading VIN
A well known and readily applied method of measurement of phase difference 8 between two sinusoidal signals with a single-trace oscilloscope is based on the elliptic display on the screen obtained by feeding the two signals as inputs to X and k' terminals of the CRO [I]. Here sin181 is deduced as the ratio of the intercept of the ellipse on the x- or y-axis to the distance between the projections of the extreme points of the ellipse on the same axis.

One method for measuring phase shift is to use XY mode. 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. Figure 6 shows Lissajous patterns for various frequency ratios and phase shifts. 

(How do we know if the voltage leads or lags from the oscilloscope? 

· For either the lag or the lead networks we apply the output voltage to channel one of the oscilloscope and that of the input voltage to channel two.  
· Superpose the two curves on the same horizontal axis and adjust the VOLT/DIV and SEC/DIV settings to get stable traces
· Decrease the V/div to zoom the figure 

· Observe the leading and lagging waveforms  [image: image38.png]
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(Remark: We can never measure the current using the oscilloscope. If we need the current waveform we measure the voltage and divide it by the resistance R. 
(Note: The maximum frequency is the frequency at resonance.

(Lag networks: (Low-Pass Filter)

             [image: image40.emf]
Lead networks: (High-Pass Filter)

            [image: image41.emf]
RLC (Band pass filter):

                                       [image: image42.emf]
Explain the shape of the output waveforms of the lag and lead networks to square wave inputs of various frequencies, with particular reference to the fundamental property of a capacitor not changing its voltage instantaneously. 

The lag and the lead networks differ in the output voltage. 
In the lag network, as the frequency increases, the shape of Vout tends to deviate more from the square shape. In the lead network, as the frequency decreases, the shape of Vout tends to deviate more from the square shape. Since the fundamental property of a capacitor states that the voltage can’t change instantaneously, it changes exponentially Vc = V0 * e (-t/RC) with a time constant parameter ô = RC.

The relationship between the RC time constant and the frequency of the square wave so that:

If 1/F >>RC (RC is small):
· The lag network does not appreciably distort the square wave.
· The lead network is a differentiator.
 If 1/F <<RC(RC is large):
· The lead network does not appreciably distort the square wave.
· The lag network is an integrator.

What should be the relationship between the RC time constant and the frequency of the sinusoidal input so that:

· The lag network does not introduce appreciable attenuation: RC and F should be both small
· The lead network does not introduce appreciable attenuation: RC and F should be both large
These relationships are the same for the sinusoidal and square wave input functions.
Fourier theorem states that any periodic function can be expressed as the sum of a series of sine and cosine terms, each of which has specific amplitude and phase coefficients.
Note: The cutoff frequency is defined as the frequency at which the output amplitude is 1/√2 times its maximum value.

A low-pass filter is a filter that passes low frequency signals but attenuates signals with frequencies higher than the cutoff frequency. 

Cutoff frequency= 1/ (2╥ x R x C)
A high-pass filter is a filter that passes high frequencies well, but attenuates frequencies lower than the cutoff frequency. Cutoff frequency= 1/ (2╥ x R x C)

( The cut-off frequency for the series RC circuit has the value 1/ (2╥ x R x C) whether the circuit is configured as a low-pass filter or a high pass filter.

(Considering one of the RC elements to be source impedance, and the other to be load impedance, explain the integrating and differentiating action of these networks on the basis of the relationship between source and load impedances in the s domain. 

The integrating and differentiating action could be explained  using the S-domain.
In Integrator we consider only high frequencies, so that the capacitor has insufficient time to charge up, so the input voltage approximately equals the voltage across the resistor.  
The formula of the integrating low pass lag filter where R is the source impedance and C is the load impedance is H(s)=wc/(wc+s)=(1/RC)/[s+(1/RC)]
In Differentiator, we consider only low frequencies, so that the capacitor has time to charge up until its voltage almost equals that of the source. 
The formula of the differentiating high pass lead filter where C is the source impedance and R is the load impedance is: H(s)=s/(wc+s)=s/[s+(1/RC)]

(The sum of the average voltages across the capacitor and that across the resistor will be equal to the average value of the input voltage:
VDC= VCDC + VRDC
(How do we calculate the cutoff frequency F in lead or lag networks?
· Measure the output voltage and get the peak value (or maximum value)

· Find Vmax/ √2 

· Vary the frequency up and down until we get the same output voltage

· We will get two values of the cutoff frequency (up and down movements). 
Note: Bandwidth is defined as f2 - f1, where f2 and f1 (f2 > f1) are the frequencies where the magnitude of the transfer function is times its maximum value.
(How do we calculate the bandwidth in the RLC circuit?

· Measure the output voltage and get the peak value (or maximum value)

· Find Vmax/ √2 

· Vary the frequency up and down until we get the same output voltage

· We will get two values of the cutoff frequency (up and down movements). 

· SIMILAR TO THE ABOVE (SO FAR) 
· With the two calculated values of the cutoff frequencies f1 and f2, find f2- f1 and find the bandwidth.
                       [image: image43.emf]
Experiment 5

Diode Rectifier Circuits
[image: image44.emf]
( Define a rectifier.
[image: image1.emf]A rectifier circuit converts an alternating input to a unidirectional output. This may be accomplished by using unidirectional devices, which allow the passage of current in one direction through the device but not in the opposite direction.

The most common types of unidirectional devices are semiconductor diodes.

Ideally, a diode behaves as a perfect switch. In the forward direction it has a zero resistance and zero offset voltage. In the reverse direction, it behaves as an open circuit.

The half-wave rectifier blocks the negative variations of the input; the output is approximately equal to the input when the input is positive, and is zero otherwise. In the full-wave rectifier, on the other hand, the output is approximately equal to the absolute value of the input.
(What are the important characteristics of the rectifier?

The most important characteristics which must be specified for a rectifier circuit are:

1. DC output voltage.
The DC output voltage VDC is: (from the highest to the lowest) center-tapped full- wave rectifier, bridge full-wave rectifier (the output is always approximately equal to the absolute value of the input), and then half-wave rectifier (DC output is zero half of the time). The full wave-rectifiers have a greater DC output voltage than the half-wave rectifier. 

2. ripple-factor, defined as a ratio of the peak-to-peak ripple (voltage variation in the output) to the average voltage across the load. 
The three circuits have approximately the same ripple peak-to-peak voltage. However, the bridge rectifier has a ripple peak-to-peak voltage Vpp slightly less due to the two diodes that are conducting at any time.
3. Average and peak currents in each diode.
The average and peak currents in the rectifiers are the greatest in the half-wave rectifier, and they are approximately equal in both full-wave rectifiers since power used is relatively the same amount at the output resistance which is approximately = P= V2rms2 / R. 

4. Peak inverse voltage (PIV) for each diode.
The descending order is by the value of the PIV is: center-tapped full- wave rectifier, half-wave rectifier where the PIV equals the peak input voltage; bridge rectifier (equals half that of the center-tap full- wave).

5. Percent regulation, defined as (VL – Vo / Vo) x 100, where V0 is the no-load voltage and VL is the full-load voltage.
The percent regulation could be represented in the following descending order: the bridge full-wave rectifier, the half-wave rectifier and the center-tapped full-wave rectifier. 

6. Transformer requirements, such as the secondary winding voltage and current ratings.
According to the current ratings, we have seen that the half-wave rectifier requires the greatest secondary current while the other two require only half of that value. Therefore, the magnetic polarization is strongest in the half-wave rectifier and the center-tap rectifier.

(Notes:
It should be carefully noted that these characteristics, depend, in general, upon the type of load connected to the rectifier output, i.e., whether it is resistive, capacitive or inductive.

A transformer is used for stepping-down the input AC voltage. It is a device that transmits AC power from one circuit to another through magnetic coupling, often with no conductive connection. The transformation process obeys the relationships: and, where subscripts 1 and 2 refer to the primary and secondary sides, respectively.

[image: image45.emf]
A capacitor can be connected in parallel at the output of the rectifier to smooth the voltage variations. An approximate analysis for a full-wave rectifier with a capacitor filter gives the following:

[image: image46.emf]
Where V2max is the peak AC input voltage (at the secondary of the transformer), RL is the load resistance, C is the filter capacitance, and f is the frequency of the AC voltage.
(Definition: rectifier circuit converts an alternating, or bidirectional, current or voltage to a unidirectional one.

Half- Wave Rectifier:
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Full- wave Rectifier: 
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Bridge Rectifier:
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(Under what conditions would each of the circuits be most advantageous?
Full- wave rectifiers are most advantageous for applications that need power for small amounts of time. 
Bridge- full- wave rectifiers are cheaper and easier to build than center-tapped ones.

 Half- wave rectifier is advantageous for:

· Applications such as charging a battery because this operation takes more time (twice the time of a full-wave rectifier. 
· Simplicity and cheap cost.
(Note:
For each of the circuits in Figs 1, 2, and 3 we adjust the load resistor to get IDC = 50 mA and we observe the output across the load on the oscilloscope.
[image: image47.emf]    [image: image48.emf]
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( How do we find the different quantities mentioned in the Theory section?
· VDC: DC output voltage measured by the mean value on the oscilloscope screen
· V ripple: peak to peak value on the oscilloscope screen

· IDC= 50 mA (given) determined by the digital multimeter
·  I peak= V peak/R (R found by adjusting the rheostat)
· PIV: peak inverse voltage. It could be calculated by the oscilloscope across the diode 
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· By the oscilloscope place the horizontal cursor adjust the VOLT/DIV and SEC/DIV settings to get stable traces
Note: Vr<<VDC so we need to amplify the ripple

(Does V DC increase appreciably with C for all values of C?

Does Vr decrease appreciably with C for the values of C used in the   experiment?

VDC increases exponentially as C increases. 
Vr decreases exponentially but not appreciably. 
(How does the presence of the capacitor affect the regulation of the circuit?

The presence of a capacitor in parallel with the load stabilizes and maintains the output voltage. Moreover, the presence of a capacitor decreases Vr and thus decreases the ripple voltage. 
How do we measure the DC open circuit voltage?
· Remove the resistor 

· Measure the mean value across the output by the oscilloscope

JOUJOU

For certain required ripple voltage and DC voltage/current at the load:
((What should be the RMS voltage rating of the secondary of the transformer? 
Using the formulas from the Theory section we have that: 
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What should be the value of the capacitor?
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Experiment 6

LEDs and Zener Diodes
[image: image56.emf]
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(Id= Ise(Vd/nVT)
VDD=VD+IDR
If we replace the diode by its incremental resistance we would have by KVL: ID (R+ = VD- VDD
If we know any thing we can solve for R.

(What happens when we reverse the diode?
The power dissipated in the reverse direction doesn’t have any useful purpose. It can be eliminated by putting the diode or LED in the forward direction, so this will rectify the input voltage to only positive cycle and would eliminate the reverse direction power dissipation. We can also eliminate by superimposing the DC component of the voltage source to the AC source. 
(Connect the circuit of Fig. 1 using the red light emitting diode (LED). Starting from a value of 0.5V, we increase V in steps of 0.5 V and we measure the LED voltage and current for each VS. We do not exceed 30 mA of current in the diode.
[image: image60.emf]
We connect VS power supply starting from the value equal to 0.5 we increase it by 0.1 respectively. Measure VLED and ILED by the digital multimeter.
(
       [image: image61.png]Zener Diode
region




         [image: image62.emf]
( Diodes operating in the breakdown region can be used in the design of voltage regulators are circuits that provide constant DC output voltage in the changes in this load current and the system power- supply voltage. The Zener diode regulates the load voltage for the range of load resistance where the Zener voltage is constant. 

· By definition the line regulation is the ratio of the change in VZ to the change in VS, provided that the diode is in the Zener region.
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· Its AC component is
[image: image64.emf] 
· By definition the load regulation is the ratio of the change in VZ to the change in ILoad, provided that the diode is in the Zener region.  
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· The maximum current in a Zener diode is determined by taking the maximum value of the input voltage at no load. So the maximum current in a Zener diode is determined using:
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· The minimum current in the Zener diode is determined by taking the minimum value of the input voltage with a very small resistance connected to the load. Therefore, the current in the load is at its maximum value thus the minimum Zener current in the diode can be calculated by the equation:

	Iz min = I total – I loadmax


Thus, operating in the region close to the knee region allows us to determine the minimum value of the Zener current.

(Show that for a Zener voltage regulator, the value of the resistor R should be chosen using the equation: 

[image: image67.emf]
For the Zener diode to conduct VZK, IZK, and VS must be at a certain minimum value. Thus, the load current is at its maximum value. From the Zener voltage regulator circuit we get:
VS = RIS + VL
VS = R (IZK + IL) + (VZK + rZ  IZK)

Due to the above discussed minimum current limit for the Zener diode we replace VS by its minimum value and IL by its maximum value and solving for R we obtain the equation:

[image: image68.emf]
(
· We connect the circuit and measure VZ when VS is 15 V by a digital multimeter.
· Reduce the value of VS in steps of 0.5 V, and measure V Z  and I Z
VZ is measured by the digital multimeter. To measure the IZ we remove on leg of the resistor and place it somewhere else. Measure IZ by the multimeter placed across the two legs of the resistor.  
(
[image: image69.emf]
Measure VZ. What is the DC (average) value of VZ? What is the AC component in VZ?

By the function generator:

· Press on the offset bottom 

· Put all the other factors (amplitude…)

DC Vz value is measured by the mean value on the oscilloscope. 

· AC Vz values is the ripple value .We measure it by placing the horizontal axis and adjust the VOLT/DIV and SEC/DIV settings to get stable traces.

Joujou
Experiment 7

Diode Clipping and Clamping Circuits

[image: image70.emf]
( In the figure below we apply a 2 V peak-to-peak, 1 KHz sinusoidal voltage, VIN, and we carefully measure VOUT, by the oscilloscope and place the two cursor bottoms on the peak and the trough of the curve and record both values. Note that the two recordings differ in the sign one is positive and corresponds to the peak value and the other is negative and that corresponds to the trough value.       
[image: image71.emf]
(In the figure below with R = 1 KΩ we apply a 2 V peak-to-peak, 1 KHz sinusoidal voltage VIN, using the function generator, and measure VOUT by the oscilloscope (press the measure then read the peak-peak value).  
When does clipping start? 
Is the clipped waveform perfectly symmetrical? 
[image: image72.emf]
Notes:
· Voltages are clipped at a certain level, voltage limiting circuits are also known as clipping circuits. In practice, the smooth variation of current with voltage in practical diodes results in gradual rather than abrupt clipping, as illustrated in Figure 1.5.4. Moreover, if rD is not negligible compared to Rs, the clipped level varies somewhat with vSRC.

[image: image73.png]



· The input voltage is shifted in the positive direction so that the most negative level is at the zero level (Figure 1.6.1c). The circuit is a diode clamp, a clamping circuit, or a dc restorer.
                  [image: image74.png]



( In the figure below with C = 0.1 μF. We apply a 10 KHz, 2 V peak-to peak sinusoidal voltages and observe the VOUT waveform from the oscilloscope (peak- to- peak value is the input voltage and the output voltage is the mean value read on the oscilloscope after pressing the measure bottom). 
What is the relationship between the input and output waveforms. We repeat with the diode reversed. [image: image75.emf]
(Connect a 10 KΩ resistor in parallel with the diode in Fig. 3, and measure the DC shift of VOUT by reading the mean value at the oscilloscope. Repeat with a 1 KΩ resistor. 
Explain the effect of the load resistor on the DC shift.

[image: image76.emf]
Concept:
When a capacitor is alternately charged and discharged, then in the steady state, the charge gained in the charging phase is equal to the charge lost in the discharging phase
( We connect the circuit of Fig. 4 with C = 0.1 μF and R = 10 KΩ and apply a 10 V peak-to-peak, 1 KHz sinusoidal input. We observe VOUT, similarly from the oscilloscope first without the diode then with the diode. 
What is the effect of the diode on VOUT? Why? 
Connect a 1 KΩ resistor across PQ and observe VOUT. 
What is the effect of this resistor?

When we did not connect the resistor across PQ, the output was zero because the capacitor couldn't discharge, and so the capacitor could be considered as an open circuit.

When we plugged the R- 1K resistor across PQ, the capacitor started to discharge into the resistor. Therefore a measurable output voltage was created. Dividing the circuit of figure 4 into two parts that are:

1) A capacitor and a resistor thus the circuit will conduct a sine wave across the resistor.

2) A diode and a resistor, thus the circuit will act as a half-wave rectifier circuit. The input will then be a sine wave measured in the resistor. As a result, the output voltage will be a half-rectified sine wave.

( Diodes may be used for overload protection of meters. How would you protect the meter against reversal of polarity? 

To protect the meter against reversal of polarity, we have to add a LED or an ideal diode with zero V offset in parallel with the connected one but in opposite direction. This would allow all the reverse current to flow through this diode and not through the coil.
( A diode is sometimes connected across a relay coil to protect a switch from excessive voltage due to induced e.m.f. Explain the operation of the circuit. What is the maximum voltage across the switch upon opening? How does the diode affect the pick-up and release times of the relay?

When the switch is closed, the diode is reverse biased, and thus is not conducting. When the switch is open, the coil discharges in the diode (forward biased), therefore the diode limits the voltage across the coil to Vd, and IL will keep flowing through the switch and thus the voltage across the switch would be Vswtich=Vin+Vd. This voltage would damage the switch. 
However, if we connect the diode as in the figure above, the diode won’t have any effect during the closure of the switch since the diode would be reversed biased. Yet, when the switch is opened, it would give the coil a path through which it discharges without creating an infinite emf and thus, the switch won’t be affected by an infinite voltage, and would thus be protected. The diode slightly delays the pick-up and release times of the relays because the coil will discharge in an additional circuit whose time constant is slightly higher than if there were no diodes at all. This extra time needed is very small since the resistance in this additional circuit is very small.
(Modify the circuit of Fig. 2 so as to have symmetrical clipping, using a single Zener diode and a diode bridge.
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Experiment 8
Op-Amp Circuits

[image: image78.emf]
( Inverting Amplifier:
                                       [image: image79.emf]
The inverting amplifier is the most popular op-amp circuit. The basic disadvantage of this circuit is that its input impedance is low (equal to the value of R1 in the circuit shown above). Low input impedance is considered a disadvantage because for an ideal op-amp:
 [image: image80.emf]
Why is a low input impedance considered a disadvantage? 

The inverting amplifier is the most popular op- amp circuit.  The basic disadvantage of this circuit is that its input impedance is low (equal to the value of R1 in the circuit shown above). Theoretically we have considered that the input voltage of the op- amp is equal to zero due to high impedance that is Iin=0. Thus changing the theoretical value of the input voltage would affect our next calculations. Moreover, we note that the low input impedance would force high current to flow in the circuit (op- amp) that would be greater than a certain threshold value (since impedance and current are inversely proportional). This will damage the op- amp and will cause heat dissipation in the above circuit.  

(The bandwidth of the inverting op-amp: The bandwidth in this case is equal to the frequency at which the magnitude of the gain Vo/VI drops to 1/√2 of its low frequency value (which, theoretically, is R2/R1.)
The absolute value of the gain: |A|= Vo/V1 = R2/R 1. To find a relation between the low-frequency gain and bandwidth, we refer to our experimental results:
For gain = 10, bandwidth = 79 KHz
For gain = 4.54, bandwidth = 161.22 KHz
=> When the gain increases the bandwidth decreases. 

We conclude that the bandwidth is inversely proportional to the low-frequency gain.

(Notes: Corner frequency is when gain (A=VO/VI) = 0.707 from its original value
The product between bandwidth and gain is approximately constant.

****In the experiment we measure V0 peak to peak using the oscilloscope (measure then read the value on the right of the screen). The output voltage is 180 degree out of phase with the input voltage. This is the particularity of an inverting amplifier which give us an inverted output thus 180 degree phase angle.

( Non-Inverting Amplifier:
[image: image81.emf]
The non-inverting amplifier offers an advantage over the inverting configuration in that the input impedance is that of the op-amp itself (which, ideally, is infinite) rather than R1.

Theoretically for an ideal op-amp:

[image: image82.emf]
(The bandwidth of the non-inverting op-amp is equal to the frequency at which the magnitude of the gain drops to of its low frequency value (which, theoretically, is 1+R2/R1.)

For R1 = 1 KΩ and R2 = 4.7 KΩ, measure the output when the input is a 200 mV peak-to-peak sinusoidal with variable frequency. Increase the frequency starting from 1000 Hz until the gain drops to 0.7071 times its measured low frequency value. Note the value of this frequency.

******In a non-inverting amplifier the output is with phase with the input. The phase angle is 0 degree.

We get the value of V0 peak to peak as usual we use measure in oscilloscope and read peak to peak value.

(Unity-Gain Non-Inverting Amplifier:
                                                 [image: image83.emf]
VO = VI
Determine the range of frequencies for which the gain is almost unity (i.e. VO = VI)
 Find the upper limit of this range that is the frequency f0 beyond which the gain starts to drop below 1. Note that beyond f0, the circuit acts effectively as an attenuator. This frequency f0 is the corner frequency.

The bandwidth of the unity-gain non-inverting op-amp is as before, equal to the frequency at which the magnitude of the gain Vo/VI drops to 1/√2 (since its low -frequency gain is theoretically equal to 1)
( Integrator:
                                       [image: image84.emf]
The fundamental operation of an op-amp integrator is similar to the inverting amplifier except that the input current is transferred to a feedback capacitor rather than resistor. [image: image85.emf]
Apply a symmetrical square wave signal at the input. To verify experimentally that
[image: image86.emf] , we should prove that the peak to- peak output voltage is equal (in absolute value) to the area enclosed under the square wave (for 0 < t < T/2 or for T/2 < t < T) divided by the product RC.

******In the experiment we measured the frequency of the output signal V0 using measure-then read the frequency.

Also we read the peak to peak value of V0 using the oscilloscope.

(Increase the frequency of the input above 10 KHz, and observe the output. At what frequency does the output stop corresponding to the integral of the input (i.e. the output waveform stops resembling a triangular waveform)? Note that you may need to increase the peak-to-peak value of the input voltage to be able to observe the output at high frequencies. 

Find out what causes the deterioration in the integration action of the op-amp in the circuit shown above.

At the value of 20 kHz, the output stops corresponding to the integral of the input. The output waveform stops looking like a triangular waveform. Initially it should look like one because of the integrating property of the circuit. Once we increase the frequency of the input above 10 KHz and observe the output we notice that the square wave gets distorted.
The deterioration in the integration action of the op-amp in the circuit shown above is caused by the high frequency, at which the capacitor charges and discharges so quickly. So, the waveforms look like impulses that destroy the integration form of the output waveform. At high frequencies, the charging and discharging of the capacitor occurs so fast, that they tend to be like impulses that distort the waveform pattern.
(Differentiator:
                              [image: image87.emf]
[image: image88.emf]
Apply a symmetrical triangular wave signal at the input.

To prove experimentally that:

[image: image89.emf] , we should prove that the output voltage level equal, in absolute value, to the product RC multiplied by the slope of the triangular input signal.
******Similarly as before in the experiment we measured the frequency of the output signal V0 using measure-then read the frequency.

Also we read the peak to peak value of V0 using the oscilloscope.
General Shape of the OP-Amp
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Experiment 9

Transformers
[image: image91.emf]
(Effect of finite magnetizing current

Since the permeability of the magnetic material in the core is not infinite, a certain magnetizing current is required to establish a magnetic flux in the core. The effect of the finite magnetizing current can be modeled by an inductance LM connected across the primary winding of the ideal transformer, as shown in Fig.

2.
[image: image92.emf]
(Effect of core losses

The effect of core losses may be accounted for by adding a resistance RC in parallel with LM such that V12/RC= core losses. See the equivalent circuit of a real transformer shown in Fig. 2.

(Effect of leakage flux

A primary leakage flux links the primary winding but not the secondary; a leakage flux also exists only at the secondary. Leakage fluxes can be modeled using two inductors LL1 and LL2 as shown in Fig. 3. When we have a magnetic flux we would have leakage: 

Primary     Losses  core   Losses   secondary
(Effect of winding resistance

The wire resistance of the windings may be accounted for by adding two resistances R1 and R2, in series with LL1 and LL2, respectively, as shown in Fig. 3. At low frequencies, these resistances are equal to their values at DC.

(High frequency effects

At high frequencies, the capacitance of the windings should be included in the equivalent circuit. Refer to the equivalent circuit of a real transformer shown in Fig. 3

[image: image93.emf]
(Notes:

We use the DMM to measure the DC resistances of the transformer primary and secondary.
(Using a voltage level that gives a nearly sinusoidal magnetizing current, accurately measure V1and V2, and determine the turn’s ratio N1/N2.

(Increase the value of RS to 100 Ohms. Apply a sinusoidal voltage of 100 Hz, adjusting the voltage so that the magnetizing current is nearly sinusoidal. Measure the magnitude and phase shift of this current with respect to V1.

(Connect a 100 Ohm resistor at the secondary of the transformer. Determine the bandwidth of the transformer with the load connected: find the lower cutoff frequency f1 and the upper cutoff frequency f2. The cutoff frequencies are the frequencies at which the output voltage is 0.7071 times its value at mid frequencies. Make sure that the magnetizing current remains sinusoidal at all frequencies.

(Using the oscilloscope, establish the polarity markings of the windings of the transformer.

[image: image94.emf]
Since the signals are in phase, the dots are on the same side. We insert the channels of the oscilloscope on the same sides of both transformers and we get the outputs in phase so the dot markings are on the same side. 
Experiment 10

MOS Transistor
[image: image95.emf]
( MOSFET Characteristics:
[image: image96.emf]
The drain current of the MOSFET in the saturation region is:

[image: image97.emf]
· Connect the circuit in figure 1.
· Starting with VGG = 0.5 V, slowly increase the value of VGG by the digital multimeter until the drain current is exactly 10 mA. Read the value of VGS. Increase VGG further until the drain current is exactly 25 mA. Read the value of VGS.
· Now we have two different values of IS and VGS and thus we could now solve two equations with two unknowns to find the trans conductance parameter k and the threshold voltage VT according to the above equation.   
(MOSFET as Voltage-Controlled Resistor:
                        [image: image98.emf]
(Note: The MOSFET is effectively acting as a linear resistor connected between the drain and source terminals, since ID=VDS/RDS. The value of this resistor, however, is not constant, but depends on VGS - VT. The MOSFET in this case is a voltage controller resistor.

The current equation in the linear or ohmic region is given by:

[image: image99.emf]
In order for the MOSFET to operate as a voltage controlled resistor, it must operate in the lower part of the triode region for which VDS has relatively small values.  This region obeys ohm’s law (VDS = RDS ID) as there exists a linear relationship between current and voltage. Thus this region is called linear or ohmic because the MOSFET is working as a resistor controlled by a voltage. 
(MOSFET Logic Gate:
[image: image100.emf]
NOR GATE
We see that the logic function is true only for IN1 and IN2 are both false; it is false otherwise. This circuit thus implements the NOR logic function that is we get VOUT = (VIN1 OR VIN 2)’.

This circuit implements a logic gate; there are two inputs IN1 and IN2, and one output OUT.

To build the truth table of this gate, we apply all possible combinations of inputs, and observe the output. Start with IN1 = logic 0 and IN2 = logic 0. To get a logic 0, we will connect the input nodes to ground. What is the value of the output in this case? This is the value of voltage that corresponds to logic 1. Apply logic 1 at IN1, and logic 0 at IN2, and observe the output.

Note The MOSFET must be in the saturation region to use it as an amplifier.

(MOSFET as an Amplifier:
[image: image101.emf]
When the MOSFET amplifier block was not connected, the bandwidth was much larger than that when we used the amplifier block. 

When the MOSFET amplifier block was not connected, the output voltage did not show any distortion even when the input amplitude became large. This is not the case when the amplifier block is connected.

Remark: The formula doesn’t apply for different values of resistors. The plot is linear only in the ohmic region. Therefore, we can use such devices in circuits were we can only control the voltages.
Experiment 11

Bipolar Junction Transistor

[image: image102.emf]
                     [image: image103.png]Base

Emiter Callestor

PN Junetions

Schematic repsentation of
the NPM BIT

Collector

Base )’

Circuit rpesentation
of The NPN BIT

Emitter




(BJT Characteristics:

· We first start by connecting the circuit of figure 1 which will be used to determine the characteristics of the 2N222 BJT, and its different regions of operations.
· We start with VBB = 1 V, and we increase VBB to 8 V in steps of 0.2V. While measuring the collector current IC, the Base current IB, the collector-to- emitter voltage VCE, and the base-to-emitter-voltage VBE.
In the active or the saturation region:

0.7< VBE <0.8

In the saturation region: VCE= 0.2 V

In the saturation region: VCE> 0.2 V

                      [image: image104.emf]
(How do we find β?
· Vary IB with a certain range and measure VCE, IC and VBE 

· Divide VCE by VBE
· Find β= IC/ IB
( BJT as a Switch:
· We first start by determining the values of RB and R of figure 2 so to meet the following specifications:  When   VIN = 5V, the transistor is fully saturated with IC/IB = β/10 and with a LED current of 10 mA (LED drop voltage is 2V).

· Then we start varying VIN from 0 to 2 V in steps of 0.2 V and we measure Vout Then we increase VIN from 2 to 5 V in steps of 0.5V and we measure Vout. WE also note if the LED is glowing and for what values of VIN. 
                [image: image105.emf]
Switch:

· ON → SATURATION

· OFF→ CUTOFF
The drop across the BJT is very small. if it increases then there would be too much heat and thus the transistor would burn out. 

The drop across the transistor could be calculated using the formula: (VCC- o.2). If we divide this value by the current I we calculate the resistor’s value Rc.
(General Remarks:

· A transistor is a current controlled device.

· In a transistor the base current defines which region we would be working in.

· A MOSFET is a voltage controlled device.

· We usually take a constant value of β throughout the experiment.

(How do we measure IB?
At the edge of saturation or in the active region only IC= β IB
If we use a value of β equal to 100 we might burn the transistor. Thus we have to increase β by a factor of 10 for example (usually) and thus we would have β ‘ = β /10

The β force is the factor that forces the transistor to go to saturation by β ‘ = β /10. Thus the current IB would increase and IC would remain fixed with IC= (β /10) IB the RB could be calculated by RB= (VCC - 0.7)/ IB calculated.

(Connect the circuit in figure 2. Vary VIN from 0 V to 2 V in steps of 0.2 V and measure VOUT (by the oscilloscope). Increase VIN from 2 V to 5 V in steps of 0.5 V and measure VOUT. We also note the value of VIN at which the LED starts glowing.
( BJT as an Amplifier:

Why is the DC analysis important?

· Point of operation Q (we need to get Q)

· Place in small signal model and analyze

DC measurements: gm is needed to place the transistor in the active region that is to check if the transistor is in the active region. 
VCE>0.3 VCC = 1/3 VCC
(Connect the circuit of figure 3- c

[image: image106.emf]
The voltage source is a 100 mV peak-to-peak, 10

KHz sine signal (by the function generator)
Measure off-circuit the values of the resistors RS and RL.

1. Measure the output voltage across the load resistor RL. Calculate the voltage gain vO/vS.

Note: Even thought the ratio vO/vS is less than 1, we still refer to it as gain. When we connect the BJT amplifier block, the ratio will become much larger than 1.
Vo is (Vs – Vi)/VCC - 0.3

And Vi = Vo/RL 
Find Av= Vo / Vi
( As we can see in the first 2 steps the gain does not change though Vin is much bigger in step 2 then in 1 . This is because the gain does don’t depend here on the amplitude of Vin . In fact we have that Vout =  (RL / (Rs + RL)) Vin, so the ratio Vout / Vin is equal to RL / (Rs + RL) which is a constant (here it is equal to 0.41). As we can also see for low frequencies the gain is approximately equal to RL/(Rs + RL) and for very high frequencies the gain is much more less then RL / (Rs + RL). This is due to coupling capacitance in the circuit. 
(( BJT as a Current Source:

               [image: image107.emf]
Why do we use a Zener diode?
We use a Zener diode to maintain VBE (VB- ground) at a certain voltage. That is to hold a constant voltage between the base and the ground. We could use a Zener diode or a battery.

IB should be constant then[image: image108.png]
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      should be constant as well

(( Connect the circuit shown in Fig. 4-a. Start with RC = 0 (short circuit). We measure the base voltage and the emitter voltage. Also measure off-circuit the value of the

4.7 KΩ emitter resistor.

Increase the value of RC from 0 to 12 KΩ using 1 KΩ, 1.5 KΩ, 2.2 KΩ, 2.7 KΩ, 3.3 KΩ, 4.7 KΩ, 5.6 KΩ, 6.8 KΩ, 8.2 KΩ, 10 KΩ, and 12 KΩ resistors, and measure the collector current of the transistor and the collector-to-emitter voltage. 
Note: RC should be measured off-circuit.

General Shape of the BJT
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