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Introduction

The main objective of this manual is to guide students in the application of the theory of electronic circuit analysis
and design to real world components and practice such as Diodes, Zener diodes, application of diodes (rectifier),
bipolar junction transistor (BJT) and metal-oxide-semiconductor field-effect transistor (MOSFET). The
experiments will highlight common circuits and their performance. Students will practice the design and
measurement of component parameters and evaluate their effects on circuit performance both hands-on and
through PSPICE modeling.
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Introduction

The main objective of this manual is to guide students in the application of the theory of electronic circuit analysis
and design to real-world components and practice. The experiments will highlight common circuits and their
performance. Students will practice the measurement of component parameters and evaluate their effects on
circuit performance both on the lab bench and through the PSPICE modeling software. In addition, students will
gain further experience with common laboratory equipment.



Laboratorv Equipment

All laboratory equipment has limitations and idiosyncrasies the student should be aware of. Some

of them are listed here.

AGILENT (also marked HEWLETT PACKARD) 3320A SIGNAL GENERATOR

The displayed output voltage of the AGILENT 3320A SIGNAL GENERATOR may not correspond to
the actual UNLOADED terminal voltage. The generator has a nominal output impedance of 50 ohms.
There is a menu setting that sets the output voltage display to correspond to the output loaded by 50
ohms or to the unloaded condition. For experiments in this lab, we recommend displaying the output
voltage in the unloaded condition. To set up the generator:

1. Select the menu display by pressing SHIFT then the MENU button.

2. Turn the knob to the right until the display shows D: SYS MENU.

3. Press the V(down arrow) button until the display shows 1: OUT TERM
4. Press the V(down arrow) button again to display shows: 50 OHM.

5. Turn the knob to the right until the display changes to HIGH Z

6. Press ENTER to save the parameter and exit the menu.



EXPERIMENT 1: OPERATIONAL AMPLIFIERS

BACKGROUND

This experiment investigates the properties of voltage amplifiers using the LF741 operational amplifier.
This amplifier is an integrated circuit manufactured in an 8-pin package as seen below and expressed

symbolically next to it.

o
] LF741 [
[:] Op Amp [¢]
E EI Figure 1.2
Figure 1.1
Pin Function Type
Number
1 Not Used Offset Compensation
2 Inverting Input Signal
3 Non-Inverting Input Signal
4 Negative Power Supply Power
5 Not Used Offset Compensation
6 Output Voltage Signal
7 Positive Power Supply Power
8 Not Used Not Used



In class, you have studied the analysis of op-amp circuits using the ideal op amp model. The ideal op
amp model assumes that there is zero voltage across the two op amp inputs and zero current into those
inputs. A small dc voltage and tiny currents exist at the inputs. In modern op-amps, like the LF411, with
junction field-effect transistor (JFET) input stages, the currents are in the pico-ampere (10712 A) range
and can be ignored. The effect of the dc voltage values can be observed when the input signal is set to

ZE€ro.

For the op-amp shown in figure 1.3 below, the input offset voltage, Vyrr, is defined as the voltage that
must be applied across the + and — inputs so that the output voltage is zero. When the effect of the offset

voltage is considered, and the actual op amp output is given by:
Vo =AWV} — V- = Vorr)
where A = open loop gain of the op amp. Using this equation:

Vo

VOFF = _Z_V_F _V_

If the output is connected directly to the inverting input (V, = V_), and the non-inverting input is

grounded (V, = 0), the equation above becomes:
/A 1
Vore =5 =¥ = o (5+1)

Since A > 1: Vyrr = —V,. This method will be used in the experiment to measure the input offset

voltage, Vypp, for the op-amp.

V4 Vo

Figure 1.3

An inverting op amp amplifier is shown in figure 1.4 below. If we set v; = 0, the circuit of figure 1.5
results. In the lab you will observe that under these zero input conditions, a dc output voltage can be
measured. This voltage is due to the offset voltage, Vopp.



R1
Vi =W\ >_ v _C MN i;w >—— Vo

Figure 1.5
Figure 1.4
PRELIMINARY CALCULATIONS
1. An output voltage, v,, is measured. Show that v, = —Vygr (1 + %).
1
R2
M\

R1
WV >__ Vo

Figure 1.6

2. Calculate values for resistors R;and R, in to produce the following values for voltage gains, Ay .

oY g B) 22— _100
Vv Vi
R2
MWV
R1

Vi WV }_ Ve

Figure 1.7



3. Calculate values for resistors Ryand R, to produce the following values for volage gains, Ay .

Vo
A)—=1 B) — =100
)%, )%

Vi
R2
WA
R1 §
Figure 1.8
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PROCEDURE

PART 1: MEASURING OFFSET VOLTAGE

1. Construct Figure 1.9 and measure the output voltage, V,. As discussed in the background
information, this is —Vjgg.

-15V

2N\4 5
— Vo
317 e
=
+15V
Figure 1.9
Element Measured

V,

2. Use Ry = 33k and R, = 3.3M(). Re-measure the output voltage, Vp. Using the results of
step 2 above, verify that the output voltage now is V, = —Vyrp (1 + %).
1

R2

W\
3.3M

-15V

Figure 1.10
Element Measured
Ry
R;

11



PART 2: INVERTING GAIN AMPLIFIER

1. Using the resistor values computed in the pre-lab for 4y, =-10. Measure the circuit’s voltage gain by
the following procedure:

R2

-15V

R1
MWy 2\}4\6 v
100mVp-p é}? J_?*/( \.V+

+15V

Figure 1.11

Element Calculated Measured

2. What is the phase shift between v; and vo?

Element Measured

Phase Shift

12



3. Measure the -3dB roll-off frequency using the following procedure.
a. Set the scope to display only channel 2, 1/,.

b. Press MEASURE. Record the amplitude of this signal and calculate the amplitude that would be
3dB LESS.

c. Increase the frequency of the signal generator in 10 kHz steps, recording the amplitude of vy at
each frequency up to 100 kHz. Record the exact frequency at which the amplitude falls to the —
3dB level.

d. Calculate the gain at each frequency in decibels A,,(dB) = 20log (%) Assume v; remains

constant. Graph the gain (in dB) versus frequency and record the gain-bandwidth product, f7, for
the amplifier. Use a log scale for the horizontal frequency axis.

Frequency v; U, Ay(dB)
1kHz
10kHz
20kHz
30kHz
40kHz
50kHz
60kHz
70kHz
80kHz
90kHz
100kHz

Exact Hz
value @ -3dB
level

13



4. Observe the effect of the power supply voltage on the output signal with the following procedure.

a. Return the signal generator to 1 kHz and 100mV,_,,. Increase the input voltage until vo swings

from -10 to +10 volts. In other words, the positive and negative peaks of the output sine wave
are at +10 and -10 volts.

b. Check that the power supply is in the fixed tracking mode. SLOWLY REDUCE the power
supply voltage from +15 volts to +5 volts, watching the output.

c. Record the supply voltage at which the output changes. Describe the change.
d. Carefully return the supply voltage to + 15 volts. DO NOT EXCEED =+ 18 volts!

Element Measured

Supply Voltage

5. Using the resistor values computed in the pre-lab for 4y, =-100. Measure the circuit’s voltage gain
by the following procedure:

R2

6. What is the phase shift between v; and vy?

Element Measured

Phase Shift
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7. Measure the -3dB roll-off frequency.
Frequency v; v, Ay(dB)
1kHz
2kHz
3kHz
4kHz
5kHz
6kHz
7kHz
8kHz
9kHz
10kHz
11kHz
12kHz

Exact Hz
value @ -3dB
level

8. Observe the effect of the power supply voltage on the output signal.

Element Measured

Supply
Voltage

15



9. Compare the performance of the two amplifiers as follows:
Combine the frequency response graphs from steps 3 and 7 on the same graph.

f. Extend a line through the points A and B, as shown in Figure 1.12. Draw a horizontal line at gain
=106 dB (this is the open loop gain of this op-amp). Record the frequency where these two lines
intersect. This is fp, the open loop gain cutoff frequency.

g. Extend the diagonal line running through A and B. Record the frequency that this line intersects
the 0 dB axis. This is f(T), the gain bandwidth product of the op amp.

h. Compare the values obtained in Step 4 from the x10 amplifier and the x100 amplifier. Develop a
relation between the supply voltage and the maximum output signal.

106 dB |---1.

40 dB

20dB

Figure 1.12
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PART 3: NON-INVERTING GAIN AMPLIFIER

1. Construct the non-inverting gain amplifier with a gain of 1 and apply a sinusoidal signal of
100mYV peak to peak (p-p) at 1 kHz. Measure and record the output voltage, V,. Calculate and
record the gain of the amplifier.

+15V

100mVp-p
1kHz
L. R2
= WV
R1 §
Figure 1.13
Element Measured
Vi
Vo
A,

2. Measure and record the phase shift between v; and v,,.

Element Measured

Phase Shift
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3. Construct Figure 1.14 and record the gain of the non-inverting amplifier with a voltage gain of
100.

+15V

100mVp-p
1kHz -

I
=

R1 g
e

Figure 1.14

Element Measured

4. Measure and record the phase shift between v; and v,,.

Element Measured

Phase Shift

18



PSPICE: OPERATIONAL AMPLIFIER CIRCUITS

SIMULATIONS FOR LAB REPORTS:

L.

Build the inverting amplifier (Figure 1.11) with the same resistors used in the lab for a gain of 10.
Capture the wave forms of v; and v,. Once you have obtained the values calculate the gain and
compare it to your measured values.

Build the inverting amplifier (Figure 1.11) with the same resistors used in the lab for a gain of
100. Capture the wave forms of v; and v,. Once you have obtained the values calculate the gain
and compare it to your measured values.

Simulate the roll off frequency using the AC Sweep function for both gains of 10 and 100 for
Figure 1.11.

Build the non-inverting amplifier (Figure 1.13) with the same resistors used in the lab for a gain
of 1. Capture the wave forms of v; and v,. Once you have obtained the values calculate the gain
and compare it to your measured values.

Build the non-inverting amplifier (Figure 1.13) for a gain of 100 with the same resistors used in
the lab. Capture the wave forms of v; and v,. Once you have obtained the values calculate the
gain and compare it to your measured values.

Simulate the roll off frequency using the AC Sweep function for both gains of 10 and 100 for
Figure 1.13. The range of frequencies to sweep should be from 1k to IMEG, it might be
necessary to extend past a MEG.

Note 1: An operational amplifier model of the LF741 or LF411 op amp used in this experiment is

available in the PSPICE library. It is referred to as LF741 and can be found in the Eval Library in the

demo/student version of PSPICE.

Note 2: DC supplies must be connected to pins 4 and 7 in the PSPICE simulation just as you did in the

laboratory experiment.
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HOW TO RUN AC SWEEP AND YIELD A DB VS HZ PLOT:

1. Open the simulation profile and change the “Analysis Type” from “Transient” to “AC
Sweep/Noise”.

Simulation Settings

General Run To Time : s secands (TSTOP)

Time Domain (Transient]
Analysis il . - =
Time Domain (Transient) Start saving data after : seconds

Configuration Files DC Sweep Transient options:

Options AC Sweep/Noise Maximum Step Size 1E6 seconds

Data Collection Skip initial transient bias point calculation (SKIPBP)

Probe Window Temperature (Sweep)

Save Bias Point Run in resume mode Qutput File Options...
Load Bias Point
Save Check Point

Restart Simulation

Figure 1.15

2. Enter your starting frequency and end frequency in the top right corner. Ensure that you have at
least 1000 points per decade, this should give an adequate resolution.

General AC Sweep Type

Analysis Type:

AC Sweep/Noise Linear Start Frequency:

Options: Logarithmic End Frequency:

Analysis

Configuration Files
General Setlings Decade Points/Decade:
Options
Monte Carlo/Worst Case Noise Analysis
Data Collection . i
Parametric Sweep Enabled Output Voltage:

Probe Window Temperature (Sweep)

Save Bias Point

Load Bias Point Output File Options

Include detailed bias point informatien for nonlinear controlled sources and
semiconductors {OP)

Figure 1.16

20



3. The simulation will yield a voltage on the y-axis and hertz on the x-axis. For the purposes of this
lab it is necessary to change the voltage to decibels.

cadence®|

S B
u
of

S0y

Figure 1.17

4. Double click the trace name, in this example it’s “V(R5:1)” and located at the origin of the graph.

o U(R5:1)

Figure 1.18
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5. A dialog box will appear with the “Trace Expression” prepopulated.

-

Analog

Alias Names

175 varables listed

Figure 1.19

6. Add “DB()” to the expression. This is a mathematical function that will transform our trace into a
DB scale. Click “OK” when you are done.

Figure 1.20

7. If everything was done correctly the graph will be represented by DB and Hz.

=0

n\n

\n

Figure 1.21
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EXPERIMENT 2: DIODE CHARACTERISTICS

BACKGROUND

The current-voltage characteristics of a diode are given by the equation:
YD
iD = IS (e"VT - 1)
Where n = thermal emission coef ficient (= 1)

kT
Vr = thermal voltage = 7(% 25.85mV at 300k)

m?kg

k = Boltzman's constant = 1.38 X 10 =% —
s*°K

T = temperature in degrees Kelvin
q = charge of an electron = 1.602 X 10~ °coulombs
I = reverse saturation current

A plot of this characteristic is shown below.

Figure 2.1

To simplify diode circuit analysis and design, a linear diode model is often used to approximate the diode
behavior. The following two models are used here:

Ideal Diode:

1

Figure 2.2
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Piecewise Linear Diode Model:

£ Ideal
Diode VI R¢

| v i~ A—

Figure 2.3

PRELIMINARY CALCULATIONS

1.

Using the diode current-voltage equation given below with Is = 14.11*10-9 and n = 1.984,
tabulate values of diode current as the diode voltage ranges from -5V to 1.6V. Use increments of
1V from -5 V to 0 V. Then use increments 0.05 V in the positive voltage range. Assume that the
circuit is operating at 300°K.

b
ip =Is(e™r — 1)

Use the diode equation given above to show that:

, Up
In(ip) = In(ls) + n_VT

and

logx

. loge . .
logip =logls + v, VD if Inip = Tog e

Referring to Figure 2.4, assume that v; = V;,, cos wt and sketch v, using the following models for
the diode:

a. Ideal diode

b. Piecewise linear diode model with a forward resistance of Ry and a cut-in voltage of V,.

+\£' iD
P P

hatl +
Vi = R § Vo

Figure 2.4

24



PROCEDURE

1. Construct the circuit in Figure 2.5 with 1N4002 diode. Apply a DC supply (initially set to zero) for
V;.

2. Varying the DC power supply voltage from —5 to +1.6V on Figure 2.5, measure and record v;, vp,
and v,, using the multimeter. Calculate the diode current, ij,. Plot i, versus vp.

+ Vo -

N
1

ip

to ;é’ R =100
16V -

Figure 2.5

Vi (V) Va (V) Vo (V) ip (A)
-5.00
-4.00
-3.00
-2.00
-1.00
0.00
0.01
0.02
0.03
0.04
0.05
0.10
0.15
0.20
0.40
0.60
0.80
1.00
1.20
1.40
1.50
1.60

25



3. Use the curve tracer to obtain another ij, versus vy plot. Your lab instructor will instruct you on the
proper use of the curve tracer. Compare this curve to the one obtained in part 2.

4. Using the data obtained in part 2, re-plot ip (log scale) versus vy (linear scale). Use only the diode
voltages from 0 to 1.6V. A graph like the one shown in Figure 2.6 should result. Extrapolate the
linear portion of the curve (higher current values) to the y-axis as shown by the dashed line. Use the
resulting y-axis intercept along with the results of the preliminary calculations (2b) to find a value for
Is. Expected values for I are in the nano-ampere range.

Note: Use Excel on a computer because other software versions will present with issues.

2amA

oy 0.2 0.4V HRAY DEwv h.ov

VoV
Figure 2.6

Determine the slope of the line extrapolated in part 4 (in log ipper volt). Use this slope along with the
results of the preliminary calculations (2b) to find nVy for your diode. Determine n, assuming VT =
25.6 mV; usually n will be slightly more than 1.

5. Using the values for I and n obtained in parts 4 and 5, write the diode equation for your diode and
plot on the same graph as the results of parts 2. How does this compare to your measured results?

Note: It may be necessary to hand extrapolate to obtain the proper slope.

6. Using the plot from part 2 create a piecewise linear model for your diode by approximating the curve
with two straight lines as shown in the background section. Determine the forward resistance, Ry, and
the cut-in voltage, V.

7. Build Figure 2.7 and use the oscilloscope to measure and record the input voltage and the resistor
voltage.

No..

4\Vp-p
1kHz 9 R 1k

No-

Figure 2.7
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PSPICE: DIODES

1. Use PSPICE to generate the I-V characteristic of the DIN4002 found in the PSPICE library (see
instructions under PSPICE Information).

2. Modify the DIN4002 by changing the value of Is and n to the values measured in parts 4 and 5. Be
sure to save with a different diode name (like DIN4002 mod). Use PSPICE to generate the new I-V
curve. How do the curves generated compare to the data obtained in part 2?

3. Use your modified diode and simulate the circuit in Figure 2.7. Plot the input voltage and the resistor
voltage. Compare these results to your measurements.

Note: A PSPICE model of the 1N4002 diode used in this experiment is available in the Eval library of
PSPICE. It is referred to as DIN4002. In this experiment you will need to generate an I-V characteristic
of a diode and modify diode parameters. Brief instructions for doing these procedures are given below.

DETERMINATION OF A DIODE I-V CHARACTERISTIC

1. Start a new PSPICE project and enter the schematic shown in Figure 2.8. The diode should be the
DI1N4002 from the EVAL library. Use VSRC for the voltage source. Add a current probe at the top
(anode) of the diode.

7 D2
D1N4002

L1

L

Figure 2.8

2. To obtain the I-V characteristic of the diode, we want to apply a range of voltages and measure the
corresponding current. The voltage of the source can be varied over a specified range by using the DC
sweep analysis. Start a new simulation profile and name it “DC Sweep”.

3. Select DC Sweep as the Analysis Type and Voltage Source as the Sweep variable. Indicate the name
of your voltage source in the Name box. Note that in Figure 2.8 the example has the source named V1.
This may be different for your schematic.

4. Under Sweep type, select Linear, and enter:

Start Value = -6
End Value =2
Increment = 0.01

Click “OK”

27



1. Run the simulation. A curve should appear on the display. Select dropdown “Plot” - Axis Settings =
Y- axis. Choose the data range to be User Defined and set the range to go from 0 to 25 mA. Similarly,
adjust the X-axis range to go from -1 to +1 volts. Your display should appear like the one shown in

Figure 2.9.
25mA : : L : o
___J.._:.___I_.._I____ JI__ L .: ___: - - 1 :___I ___J_..:._!'__:__..:____
20m T o — S e E—
R L EERL NS Y TR R REET e, RN | EEF NS
' ' ' ' ' ' Ilj '
' : : : |
10m.4 — — — ——
ey Mt e A
I B e e R 1- - r l"':' -a- T [ | "E;E-""'r"'r"'n""
DA -
-1.0v -0.5V ov 0.5V 1.0
A 1{D1)
V1
Figure 2.9

MODIFYING THE DIODE MODEL

1.

Double click on the model name D1N4002 as it appears on the PSPICE schematic. Modify the
name as it appears in the window that appears to DIN4002_lab. Select OK.

Highlight the diode device and right click, select Edit PSPICE Model. A model window will
open.

A list of model names will appear in the left column of the PSPICE Model window. Select
DI1N4002 and modify the name to DIN4002 lab. Click in the right panel and the modified name
should also appear in that listing.

Note that all the model parameters of the standard D1N4002 appear. To better model the 1N4002
used in the lab, modify the values of IS and n to match the values that you found in the
experiment (steps 4 and 5).

Click the Save Library icon and close the editor window.

Re-run the simulation. Note that the IV curve has changed.
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EXPERIMENT 3: CLIPPER AND CLAMPER CIRCUITS

BACKGROUND

This experiment explores several clipper (also called limiters) and clamper circuits. Clippers and clampers
are important applications of the diode.

A clipper circuit is used to clip off a portion (or portions) of a time varying signal above or below a
specified level. Figure 3.1 illustrates a clipper that limits or clips the positive part of a

signal and figure 3.2 illustrates a clipper that clips the negative part of a signal.

Vj Vo

/\ ¢ — Clipper — [ (
VAV VY,

Figure 3.1

U/\U i —{ Clipper }— \_/\\_/ t

Figure 3.2
A clamper circuit adds a dc level to a time varying signal. Clampers are sometimes referred to as

DC restorers. The input-output relationship of a typical clamper circuit is shown in figure 3.3.

Vs Vs

N
VAV

Clamper— / t

Figure 3.3
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PRELIMINARY CALCULATIONS

1. Refer to the circuit in Figure 3.4. Plot the transfer characteristic (output voltage amplitude versus

the input voltage amplitude) and indicate the positive voltage at which the waveform at v, is
clipped. Assume a piecewise linear model for the diode with zero forward resistance and voltage

found in experiment 2.

R
o- WV +
+ 1k
AV
Vi . Vo
v =
. -
Figure 3.4

2. Refer to the circuit in Figure 3.5. Plot the transfer characteristic (output voltage amplitude versus
the input voltage amplitude) and indicate the negative voltage at which the waveform at v, is
clipped. Assume a piecewise linear model for the diode with zero forward resistance and voltage

found in experiment 2.

R

° aA'A" +
1k

+

AN
Vi Vo
V=
. -
Figure 3.5

30



3. Refer to the circuit in Figure 3.6. Plot the transfer characteristic (output voltage amplitude versus
the input voltage amplitude) and indicate the voltages at which the waveform at v, is clipped.
Assume piecewise linear models for all the diodes.

R
—\WV

+ +

Vi Vo

Figure 3.6

4. Refer to the circuit in Figure 3.7. Assume a 10V peak to peak, 1 kHz square wave input.

Sketch the output waveform assuming:

a. RC=2.5ms
b. RC =0.5ms
C
|
+11 - +
10Vp-p /2
e () Y R Ve

Figure 3.7
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5. Refer to the circuit in Figure 3.8. Assume a 10V peak to peak, 1 kHz square wave input.
Sketch the output waveform assuming:

a. RC=2.5ms
b. RC = 0.5ms
C
] 1
+11 +
10Vp-p
1kHz . R § 15k Vo
1V —
._l_ -
Figure 3.8
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PROCEDURE

1. Construct the single positive peak clipper in Figure 3.9. Using the oscilloscope, measure and
record the level at which the waveform clips on the positive side of the wave form.

R

1K Nov..

10Vp-p /7
1kHz 9

= e

Figure 3.9

Measured

2. Construct the negative clipping circuit shown in Figure 3.10. Using the oscilloscope, measure the
level at which the v, waveform clips on the negative side of the wave form for each input
voltage. Why does this level change dependent on the amplitude of the input signal?

R Vi (op) Yo (vp)
1K N
1 Vpp 1
2Vpp
3 Vpp 9}4
4 Vpp - 2
1 kHz v iy
3

= e

Figure 3.10
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3. Construct the zener diode clipper circuit in Figure 3.11. Use the IN746A zener diode. Using the
oscilloscope, measure the level at which the v, waveform clips on the positive and negative sides.
Run a PSPICE simulation of the circuit and test with a 1 kHz sine wave input. Compare the
experimental results with those obtained in the pre-lab. Also compare the results obtained in the
PSPICE simulation. Use the zener diode breakout model in PSPICE as described below.

R
—— W\ —o
1 k \ Vo+
20Vp-p 7
Kz ’9"‘” Vou
- . ,\
= Va-
Figure 3.11
Ul vO
Measured

4. Construct the clamper circuit shown in Figure 3.13.0bserve the output waveform,v,. Note if the
signal is distorted and to what degree.

O

o+

P —
c
b

+

10Vp-p =
1kHz 9

1
N
A
WV
(&)
~

Figure 3.12

Measured
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5. Construct the clamper circuit shown in Figure 3.13.0bserve the output waveform,v,. Note if the
signal is distorted and to what degree.

C
ale
oy 470u \vﬁ
p-p
1kHz "9 AV R § 15k
= No..
Figure 3.13

voffset
Measured

6.

Set the oscilloscope coupling to DC. Vary the input voltage amplitude slightly and observe that
one side of the sine wave output remains clamped to a fixed voltage. What is that voltage?

170
Measured

7. Construct the clamper circuit shown in Figure 3.14. Insert the measured values into the following
table.

C

|1
+ -

10uF

\Vg-v-
i 470uF R § 15k

1% —T—
= M.

Figure 3.14

170
10uF
0.1uF
470ufF
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PSPICE INFORMATION

1. Run a PSPICE simulation of the circuit in Figure 3.9 and compare this to step one of the prelab.
What is the chief source of any discrepancy? For this and all other PSPICE simulations of the
diode use the 1N4002 model in the PSPICE library.

2. Run a PSPICE simulation of the circuit in Figure 3.10 and test with 1 kHz sine wave inputs of
amplitudes used in step 3 and compare with your experimental results. Compare the experimental
results with those obtained in the pre-lab.

Run a PSPICE simulation of Figure 3.11 and compare the findings with the lab and prelab.
Run a PSPICE simulation of Figure 3.12.

Run a PSPICE simulation of Figure 3.13.

Run a PSPICE simulation of Figure 3.14 with 10uF only.

S kAW

DIODE BREAKOUT MODELS

2.

5.

In the previous experiment the 1N4002 model was modified to have the parameters measured for
your diode. Sometimes a model for the diode that you are using will not exist in your PSPICE library.
In those cases, you can use a breakout part model to create a model for your device as follows:

For a regular diode, use the breakout diode, Dbreak that is included with the BREAKOUT library.
You may need to add this library if you have not used it before.

After you have placed the Dbreak component in your circuit, click on the diode and go to Edit [
Pspice Model. The model editor will open and display the default diode parameters. You may change
the values of any of the parameters in the window on the right and/or you may add additional PSPICE
parameters that are part of the PSPICE diode model. A list of these parameters can be found in the
PSPICE manual.

Save the model and close the Model Editor window.

Note: In the case of a zener diode such as the IN746A, use DbreakZ, from the Breakout Library. The
approximate zener breakdown voltage is set with the parameters BV and IBV. Using the specification
sheet for a zener diode (or your measurements) we can determine the typical zener breakdown voltage
(BV) and the current at which it occurs (IBV). Thus, to simulate a zener diode with a zener voltage of
10 volts at a current of 20 mA, add the parameters BV = 10 and IBV = 20 mA to the breakout model.
In experiment 2 you measured the zener voltage for the IN746A.
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EXPERIMENT 4: POWER SUPPLY CIRCUITS

BACKGROUND

This experiment explores a variety of DC power supply circuits. Generally, a DC power supply converts
the 110V, 60Hz AC voltage from a wall outlet to a constant DC voltage. A typical DC power supply
consists of a rectifier, a filter and a regulator as shown below in Figure 4.1.

Voltage

Fil
titer Regulator

\ 4

\ 4

— Rectifier

Figure 4.1

The rectifier circuit may be a full wave or half wave rectifier. There are a variety of rectifier
configurations that you will discuss in the lecture for this course. The output of the half wave

and full wave rectifiers are shown below in Figure 4.2.

A

1 t v - r . t

Half Wave Full Wave
Rectifier Rectifier
Output Output

Figure 4.2

The purpose of the filtering circuit is to reduce the fluctuation in the rectifier output and produce a near
constant level DC voltage. Filter circuits may be as simple as a single capacitor, or they may involve a
more complex filter such as a n-filter. The output of the filter will appear as the voltage shown in Figure

4.3,
1 Vi (p-p)

Vp (rect)

Figure 4.3
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From this waveform we can compute the percent ripple as:

Yro-p) 100

p,rect

Filters can reduce the ripple in a power supply, but to further reduce the ripple, a voltage regulator may be
used. In this experiment a voltage regulator employing a zener diode is used.

PRELIMINARY CALCULATIONS

1. The circuits in this experiment use a center-tapped transformer (as shown in Figure 4.5) with a
7.5VAC-RMS output across half of the secondary. What is the peak-peak voltage of the sine wave
corresponding to this RMS voltage?

2. Analyze and calculate v, for each circuit in the procedures. Write the calculations in the following.

Find the minimum value of load resistance for which the voltage regulator in figure 4.4 will hold a
constant output of 6.8 volts. Assume a 6.8-volt zener is used.

v 100
1
9.2 M I AVaVe +
sod /< v, N R, 0
| L -
Figure 4.4
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PROCEDURE

1. Construct the circuit shown in Figure 4.5. Use the 1N4002 diode. Note that you are only applying 7.5
VAC-RMS from the transformer secondary. Use the oscilloscope to observe the voltage, v;, at the
transformer and v, across the 510Q load resistor.

...
= R§51o

Mo

Figure 4.5

1% Vo
Calculated

Measured

2. Construct Figure 4.6 , make sure that the polarity of the capacitor is correct. Use the oscilloscope to
observe the output voltage and measure the percentage of ripple on this output.

- R§510 C == 100uF

Mo

Figure 4.6

1% Ve
Calculated

Measured
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3. Construct Figure 4.7 and use the oscilloscope to measure this resistor voltage and the ripple voltage.
Note that this voltage is proportional to the current flowing through the capacitor during charge and
discharge. What is the relationship between the percent ripple and the value of the capacitor used?

/vw

J;TOOUF

C
470UF
B |2§§51o -

10

No..

Figure 4.7

100uF v;
Calculated

Uripple Uy

Measured

470uF v;
Calculated

vripple VUr

Measured

4. Construct Figure 4.8. Use the oscilloscope to measure the voltage across the diode in the reverse
direction (positive side of probe on the diode’s cathode) as shown in Figure 4.8. The peak value of
this voltage is referred to as the peak inverse voltage. What is the relationship between this voltage
and the DC voltage produced by the power supply?

ST
C == 470uF
B IRE§51O

10

Figure 4.8

% Va
Calculated

Measured
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5. Construct the circuit shown in Figure 4.9. Use the oscilloscope to observe the voltage across one half
of the transformer secondary and across the 5102 load resistor.

-

N

R< 510

Mo

[\

Figure 4.9

14 Uy
Calculated

Measured

6. Construct Figure 4.10, ensure that the polarity of the capacitor is correct, Use the oscilloscope to
observe the output voltage and measure the percentage of ripple on this output.

;
i
:

No..

R=510 C= 100uF

4

Figure 4.10

Vi 171'ipple
Calculated

Measured
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7. Construct Figure 4.11. Use the oscilloscope to measure this resistor voltage. Note that this voltage is
proportional to the current flowing through the capacitor during charge and discharge.

L\m

C = 100uF

N

Figure 4.11

1% 171'ipple
Calculated

Measured

8. Construct Figure 4.12. Note the change in the charge and discharge currents. Measure the output
voltage and compute the ripple. Compare these results to those obtained in parts 2 and 3. What is the
relationship between the percent ripple and the value of the capacitor used?

-

R

L\

C =470uF

No..

4

Figure 4.12

Vi 171‘1'pple
Calculated

Measured
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9. Construct Figure 4.13 and use the oscilloscope to measure the percent ripple across each of the

capacitors.
R
l 100 No..
C_’:1OOUF c =100uF R§51o
Figure 4.13
14 Uy
Calculated
Measured

10. Construct the circuit in Figure 4.14. Use a IN957A zener diode. Measure the load voltage and percent
ripple with this zener voltage regulator. Decrease the load resistance until the output voltage is no
longer regulated at 6.8 volts. That is, negative going ripple spikes just begin to appear in the output
voltage. Compare this resistor value to the theoretical minimum load resistance found in the pre-lab.

C££1OOUF R,g’

Figure 4.14

Vi VR
Calculated

Measured
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PSPICE INFORMATION

1. Use PSPICE to simulate the following circuits:
a. Figure 4.6.

b. Figure 4.9

c. Figure 4.10
d. Figure 4.13
e. Figure 4.14

2. Compare your measurements with the results of the simulations. Use the PSPICE model for the
IN4002 and use DbreakZ to model the zener diode. See the section at the end of this experiment for
information on modeling the center-tapped transformer in PSPICE.

3. Compare the percent ripple, peak inverse voltage and charging currents in each circuit.

MODELING OF A CENTER-TAPPED TRANSFORMER

In this section we will model the center-tapped transformer used in the experiment with mutually coupled
inductors. The transformer provided has a 120V-rms 60Hz sine wave applied to the primary (input) and
7.5V-rms sine waves across each half of the secondary (output). Thus, the ratio of the input to the output
is 16:1 and a transformer with a turn ratio of 16:1 is needed. This turns ratio can be obtained by making
the values of the inductances proportional to the square of the turn ratio, or 162:1 (256:1). To obtain this
value we will choose the primary inductor to be 2560 H and each of the secondary inductors to be 10H
each.

1. Place three inductors and set their values as shown in Figure 4.15 below. Also, place the part
K Linear from the Analog Library on the schematic. This part provides the coupling between the
inductors, but it is not actually connected to the circuit.

2
1 L2
10
L1
2560 |
o
| 2
I2 |
L3
10
|
1
R K1
K_Linear
COUPLING =1
Figure 4.15
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2. Double click on the K Linear part and the Property Editor will open. Tab over to the columns
labeled: L1, L2, L3 and enter the names of the three inductors in those boxes. Note that in this case
the inductors are also named L1, L2, and L3. Select Apply and close the Property Editor.

3. Add the additional components and wire as shown in Figure 4.16. Note that the 120V- rms sinusoidal
input is applied with a 170V peak sine wave.

R1 2

1 1 B
V1 10 < R2
VOFF =0 L1 = ik
VAMPL = 179 2560 ‘
FREQ =60 |
T
N . |
L3 < RS
| 10 < 1k
- Q
K K1
K_Linear

COUPLING =1

o=

Figure 4.16

4. Run a transient analysis on this circuit. The output should be an approximately 10.6 volt peak sine
wave. Note that this corresponds to the 7.5V-rms output expected.

NOTE: For some of the circuits only one half of the secondary is used. In those cases, replace the
resistor across the other half with a large resistor (1G for example)
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EXPERIMENT 5: BIPOLAR JUNCTION TRANSISTORS

BACKGROUND

This experiment investigates the properties of the bipolar junction transistor (BJT). Among the greatest
developments of the 20th Century, this device in all its forms has created a quantum leap in electronics
and technology.

The BJT comes in two main forms: NPN and PNP. These are manufactured in hundreds of different
packaging styles. For this experiment, you will be using the 2N2222A BJT. It is an NPN, general purpose
transistor which comes in two case styles: metal and plastic. Pin outs are shown in the diagrams below.

Side View

U

Bottom View

METAL CAN

Transistors can operate in three regions, saturation, active or cut-off. To work as an amplifier with useful
gain, the transistor must be biased into the active or linear region. The point at which the transistor is
biased in this region, along with other circuit parameters, determines the operating Q point, i.e. the
collector current and collector-emitter voltage. These, together with the circuit parameters, determine the
input impedance, output impedance and voltage gain of the amplifier.

To accurately model the operation of a BJT amplifier, PSPICE uses several transistor parameters
specified by the manufacturer. However, some of these parameters can vary over a wide range of values
and are specified as a range in manufacturers’ specifications. PSPICE only uses typical values.

One of the most important parameters in determining the Q point is the transistor’s beta, f or DC forward
current gain. For the 2N2222A this value can range from 100 to 300 for individual transistors and varies
with temperature and collector current. A design engineer must allow for these variations to ensure the
mass-produced system or device functions to specifications no matter what individual transistors are used.
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PRELIMINARY CALCULATIONS

1. Using the equations, you have developed in steps 1-4, design amplifiers in each of the three
configurations (Figure 5.2, Figure 5.3, Figure 5.4) with the following specifications: V,, = 8V, I, =
1mA and a § = 161. For the transistor use the PSPICE model 2N2222A.

2. Calculate Vg, V¢, Vg, Ve, and I.
Develop a DC load line and place the Q-point appropriately.

4. Using PSPICE and the model for the 2N2222A transistor (Q2N2222A in the EVAL library), simulate
each of the three designs and verify their performance to specification.

PROCEDURE

PART 1: MEASURING TRANSISTOR BETA

1. Construct the circuit in figure 5.1. Measure the voltage across the collector resistor, RC. Because a
1.1 kQ resistor is used, the voltage will be the collector current, /., in milliamperes. Adjust the 5V
(Vgp) supply to obtain collector currents close to the values specified in the table below. Measure the
voltage across the base resistor, Rj,. Use this value to determine the value of the base current /,,.

2, Nk | New

M\ 1g
~ . 100k B 0
Vee=0-5V oV _:

T

Figure 5.1

v v
Vee Ie Ic = % Measure Vgp I, = 1OR(I)3k DC Beta = ;—;

0.ImA

0.2mA

0.4mA

0.8mA

1.0mA

2.0mA

4.0mA

2. While in the lab, calculate the beta values for this transistor for use later in the experiment.
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PART 2: Q-POINT

1. Construct the circuit in Figure 5.2 using the resistor values and power supply voltage calculated in the
pre-lab. Measure the Q-point of the circuit and record the collector-emitter voltage V., and collector

current, I..
VCC
5.1k
Figure 5.2
Ve Vg Vg Veg VeE Vre Ic
Calculate
Measure
Percent
Error

2. Construct the circuit in Figure 5.3 using the resistor values and power supply voltage calculated in the
pre-lab. Measure the Q-point of the circuit and record the collector-emitter voltage V., and collector

current, I.
VCC
RA1 R2 < 5.1k
[
R3 510
Figure 5.3
Ve Vg Vg Veg VeE Vre Ic

Calculate
Measure
Percent

Error
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3. Construct the circuit in Figure 5.4 using the resistor values and power supply voltage calculated in the
pre-lab. Measure the Q-point of the circuit and record the collector-emitter voltage V., and collector

current, I.
VCC
R1 R2 < 5.1k
(o]
R4 510
Figure 5.4
Ve Vg Vg Vee VeE Vre I¢
Calculate
Measure
Percent
Error

4. Compare the measured results of all the circuits. Using the values of § for your two devices compute
the expected values of I, for each circuit. Which of the circuits is least sensitive to variations in 57
Which is most sensitive? Does the change in I, due to the change in £ for each circuit correspond to
the change observed in the laboratory?

49




PSPICE INFORMATION

1.

Using the procedure below, find the By parameter in the PSPICE model for the Q2N2222 to obtain
the B values measured for the transistor provided in the experiment. You may have to adjust the Bg
slightly up or down to get the beta value close to that measured. As a starting point use this equation
to get an approximate value:

0.9128
I —0.2349

)
14.34 x 10715

By =
1-0.9128 (

Re-simulate the circuits in figures 5.2, 5.3 and 5.4 in PSPICE for both of your 8 value and verify each
circuit’s performance for each device. Compare the results of these simulations to your experimental
results. Also, compare them to the results obtained in the pre-lab simulation with the default .

CHANGING TRANSISTOR MODEL PARAMETERS IN PSPICE

A

o ®© 3

In this example we will modify the Q2N2222/EVAL PSPICE model to produce a DC £ of 200.

Open a new blank project.

Place a Q2N2222/EVAL transistor on the schematic.

Edit the name of the device in schematic to any name desired. e.g. Q2N2222 mod.
With the device highlighted, select PSPICE MODEL under the EDIT pull down menu.

Edit the name in the model list from Q2N2222 to the name you have chosen (Q2N2222 mod). Click
on the right window and notice the model name changes there, too.

Find By in the text parameters to the right of the edit window. It has a value of 255.9.
Change the value of By to the value calculated based on the measured 8 (in this case 378)
Save the library and close the Model Editor window.

Place this modified device in the circuit shown in figure 5.3. Set the base current source to the value
required for your Q-point. In our example, I, = 1 mA and 8 = 200, thus, Iz = SuA.
R1

ANV
1k

Q1
10Vde ——V1

Q2N2222_mod
5u 11

Figure 5.5
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3. Start a new simulation and set Select Analysis to Bias Point. Check the Output File Option: Include
detailed bias point information...

4. Run the simulation and enable the bias voltage and current display. Note that the collector current is
0.999 mA, very close to the 1 mA expected.

5. In the Simulation window Select View—> Output File from the window that opens when the
simulation is complete. Scroll down to the bottom and you should see the following listing:

***+ BIPOLAR JUNCTION TRANSISTORS
NAME  Q_Qf

MODEL  Q2N2222_mod

B 5.00E-06

IC 9.99E-04

VBE 6.43E-01

VBC  -8.36E+00

VCE 9.00E+00

BETADC  2.00E+02

GM 3.85E-02
RPI 5.90E+03
RX 1.00E+01
RO 8.25E+04

CBE 5.21E-11
CBC 3.11E-12
CJs 0.00E+00
BETAAC 2.27E+02
CBX/CBX2 0.00E+00
FT/FT2 1.24E+08

Note that the DC f is 200. Thus, the value of By, used is fine for this device. In some cases, you will need
to adjust By slightly to improve the accuracy of the § value.
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EXPERIMENT 6: DESIGN OF COMMON EMITTER AMPLIFIERS

BACKGROUND

The common emitter amplifier is perhaps the most common use of the transistor. However as seen in the
previous experiment, these amplifiers must work with individual devices with betas spanning a 3:1 range.
In addition, beta is affected by device temperature and the amplifiers must meet other performance
specifications, such as input impedance, output impedance and gain,

over a wide temperature range.

The beta affects both the DC and AC characteristics of a BJT. The relationship between the DC

collector and base currents at the Q point is determined by the DC beta of the device, Bp where:

The AC characteristics of a BJT amplifier (gain, input, and output impedance) are determined using .
where:

Buc = Qic _ Iz =les
AT g gy — I

The AC and DC beta can be determined from the output characteristic of the device as shown in figure

6.1. Note: I¢; and I, should be closer to I by less than ICTQ. For example, if I¢; = 1mA then I¢; should

be between 0.5mA and 1mA and I-; should be between ImA and 1.5mA.

Ic

ol 1B =IB2

c I =1

ICQ -+ |

I 1B=1p)

C1 . v

| 'CE
Figure 6.1
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PRELIMINARY CALCULATIONS

1. Refer to Figure 6.2. Using the 2N2222A transistor, design a common emitter amplifier with the
following specifications:

e Voltage gain [v—"] =10

v
L4 Zi > 5KQ
e Z,<10KQ
e Output voltage swing of at least +5V across 50KQ load

e (Circuit is § independent, meaning the Q point does not vary by more than 10% with  ranging
from 100 to 300.

o V.. <20V
Vee
R1 é Re %
S | B
Zout . P 10u
— W\ s N
50 10u €
400mVp-p '\D § 50k
1kHz  \& Rz g Re §
Figure 6.2
Ve Vg Vg Veg VeE Vre Ic
Theoretical

Draw a DC load line and ensure to include the Q-point on the line.

2.

Model your amplifier in PSPICE. Using the Q2N2222A transistor, set the § = 100, using the
formula in the PSPICE information below. Measure the amplifier’s gain, input impedance, output
impedance and output swing. Verify that your design meets the specifications in step 1 before
coming to the lab.

0.9128

BF = [
_ ¢
1~ 09128 (17375957Ts)

—0.2349

Duplicate the circuit and set the § = 300. Measure the amplifier’s gain, input impedance, output
impedance and output swing. Verify that your design meets the specifications in step 1 before
coming to the lab.

53




PROCEDURE
1.

o3

Construct Figure 6.3 and measure all the DC voltages.

VCC
R1 g[ Re %
. C
E

%3

Figure 6.3
Ve Vg Vg Vee Ve Vre I
Theoretical
Measured
Percent
Error

2. Construct the circuit in Figure 6.4 .

Note: Follow the capacitor polarity shown in the figure. Also note that the 50Q2 resistor represents the
output impedance of the signal generator and does need to be added to the circuit.

400mVp-p
1kHz

)

—AW

50

VGC

R1§ Rc%

K

1
10uF

3

]
I

10uF

R § 50k

Figure 6.4
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3. Apply a 400 mVp-p, 1kHz sine wave input to the amplifier. Use the oscilloscope to measure and
record the input and output voltages, v; and v,. Calculate and record the amplifier’s gain. Compare
the amplifier gain to the one used in the pre-lab.

VCC
R1 g[ Rc%
4}
Zout B}ﬁ 10u \v.;
— VW [} N
50 1OU E
400mVp-p ) § 50k
1kHz 2 Rz § Re§

Figure 6.5

Pspice

Measured

4. Increase the input signal until the output signal shows distortion at the positive or negative peaks.
Verify that the output voltage swing is at least £ 5V. Record the actual values of input and output
voltage where distortion begins.

Pspice

Measured
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Return the signal generator voltage output to 400 mVp-p. Measure and record the output voltage of
the amplifier. This is v,. Leaving the signal generator voltage constant, insert increasing resistor
values in series between the generator output and the amplifier input (see Figure 6.6) until the output
of the amplifier drops approximately to one half v;. Record this value as v,. Calculate the input
impedance of the amplifier using the following equation:

Rsv,

Zi =———
L )

Where R = series resistor value. Compare the measured input impedance to the one used in the pre-
lab.

VCC
R1 Re
+ }—
Zout Rs s S 10u \\/Zv
ﬁﬁN 1=
1
50 10u
400mVp-p § 50k
1kHz Re g Re
Figure 6.6
%1 L) Ry Z
Pspice
Measured
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6. Remove the series resistance and reconnect the signal generator directly to the amplifier input.
Remove the 50KQ resistor from the amplifier output. Measure and record the amplifier output
voltage. This is v;. Place decreasing resistor values, starting at SOKQ across the amplifier output (see

Figure 6.8) until the output voltage drops to approximately one half v;. This output voltage is v,. Use
the following equation to calculate the output impedance of the amplifier:

_ R (v —v3)
()

Zo

where R; = load resistor value. Compare the measured output impedance to the one used in the pre-
lab.

VCC V
R1 é Rc % R1é Rc é
s —
Zout " E|/C 10u \\”' Zout I} 10u \W*
+ [JE] 8
11 . 1
50 10u E 50 10u m

400mVp-p

400mVp-p RL§SOK -#
1kHz Ro § Re § 1kHz Ro § Re §

= N

Figure 6.7

= R

Figure 6.8

U1 VU2 Ry Zy
Pspice

Measured

7. Compile your data and insert it into the table below:

Ay Z; Zo Vswing
Required
Measured

Calculation

Met

N/A

8. Demonstrate your working amplifier to your lab instructor to verify its performance to specifications.
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PSPICE INFORMATION

This section discusses a method for finding the voltage gain, input impedance, output impedance, and
output swing of a BJT amplifier using PSPICE. Begin by constructing your schematic with the 2N2222A.
Modify the beta as discussed in Experiment 5 to have the required DC beta. Set a voltage prove to
measure the input waveform and the output waveform.

1. Setting up the Transient Analysis

a.

oo o

f.

Start a new simulation and select: Time Domain as the Analysis Type

Set the “Run to Time” to be long enough to view several cycles of the output.

Set the maximum step size to be small enough to view a smooth wave form.

Click on the button labeled “output File Options”.

A window will open. Check the option “Include detailed bias point”, this will cause the Q
point of the BIT to be displayed in the output file.

Click “Ok” to close the simulation settings window.

2. DC Operating Q point

a.
b.
C.

Run the simulation.
Select View—>Output File from the output window and a text file will open.
Scroll down to view the operating point information for the BJT.

3. Voltage Gain of the Amplifier

a.
b.

d.

Select “View”, Simulation Results from the simulation output window.

From the “Trace” menu, select “Cursor”->”Display”’—>”Output Curve”. A cross hair
should appear wherever you left click on the curve. A Probe Cursor window will also
appear and display the voltage at the point where the cursor resides. Use the left and or
right arrows to finely adjust the cursor position until it is on the maximum value of the
output curve.

Next, we want to set the second cursor on the input curve. Select the symbol for the input
curve at the bottom of the graph. Then right-click on the input curve. The second cursor
should lock on to the input curve. Move this cursor until it resides on the same time value
as the first cursor.

These values of the input and output voltage can be used to calculate the voltage gain.

4. Input Impedance of the Amplifier

a.

b.

Modify the original schematic to include a resistor to the left of the input capacitor and
insert a voltage probe to the right of the input capacitor.

Using the principle of voltage division, we know that when the newly inserted resistor
has a value that is equal to the input impedance of the circuit, the voltage probe will
measure a value that is exactly one-half of the input voltage. Run the simulation with
varying values of the additional resistor until this condition is met.

5. Output Impedance of the Amplifier

a.

b.
c.

Remove the resistor that was added for the input impedance calculation and change the
value of the load resistor to I00MEG. This is used to simulate an open circuit since
PSPICE does not allow open circuits. Move the voltage probe to measure the voltage
across this load.

Run the simulation and measure the value of the output voltage.

Decrease the value of the load resistor until the voltage across it is one-half of the open
circuit value. This resistor value is the output impedance of the amplifier.
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6. Maximum Symmetric Output Swing
a. Return the load resistance to its original value.
b. Increase the amplitude of the input source until distortion is observed on the output.
c. The value of the output voltage (peak-to-peak) just before distortion occurs is the
maximum symmetric output swing.
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EXPERIMENT 7: DESIGN OF COMMON BASE AMPLIFIERS

BACKGROUND

The common base amplifier was the original circuit used to demonstrate the gain of the newly invented
transistor in 1948. This form is most used in radio frequency amplification. The low input impedance
makes it ideal for direct connection with 50Q sources. The word “base” comes from the fact that the first
transistor was a small chip of germanium which had a second piece of doped germanium on top of that.
Two connections to the upper piece were called the emitter and collector. The bottom piece, being at the
bottom of this mini stack, was then the base. Modern transistors do not use this configuration, but the
name has stuck.

PRELIMINARY CALCULATIONS

1. Refer to figure 7.1. Using the 2N2222A transistor, design a common base amplifier with the
following specifications:

e Voltage gain z—" =35
o Zi =500
e Z,<8KQ

e Output voltage swing of at least 3V peak-to-peak across 10KQ load
e Circuit is § independent and the q point does not vary by more than 10% with §§ ranging from

100 to 300
e Power supply V.. < 20V
VCC
1
R1 g Re §
|
BL:C 10u
: » 2 1o
W\
10u 50
Liou Ry § Re §
)
Figure 7.1
Ve Vg Vg Vee Ve Vre I¢

Theoretical
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Draw a DC load line and ensure to include the Q-point on the line.
2. Model your amplifier in PSPICE. Using the Q2N2222A transistor, set the § = 100, using the formula
in the PSPICE information below. Measure the amplifier’s gain, input impedance, output impedance

and output swing, using the PSPICE procedures outlined below. Verify that your design meets the
specifications in step 1 before coming to the lab.

3. Repeatstep 2 fora f = 300.

PROCEDURE

4. Construct and Figure 7.2 measure all the DC voltages. Use the values calculated in the prelab.
VCC

R1§[ Rc%
C

¢

E

w3 R3S

Figure 7.2
Ve Vg Vg Vee VBE Vre I¢
Theoretical
Measured
Percent
Error
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5. Construct the circuit in Figure 7.3.

Note: Use 10uF capacitors. Ensure the function generator is in High-Z

VCC
1
R1§ Re §
+11
1]
o 10uF
B
T W
10uF
t-10uF Rz§ Re
©)
Figure 7.3
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6. Apply a 60 mV peak-to-peak, 10 kHz sine wave input to the amplifier. Use the oscilloscope to
measure and record the input and output voltages. Calculate and record the amplifier’s gain. Compare
the amplifier gain to the one used in the pre-lab.

Vee
|

—|
C 10uF Vs
b o
I§ RL§1OK
1
I
10uF

| Lt

- 10uF Rzg Re§
60mVp-p
10kHz @

= N

Figure 7.4

Vi Vout Av

Measured

7. Increase the input signal until the output signal shows distortion. Verify that the output voltage swing
is at least 3V peak-to-peak before hard clipping occurs. Record the actual values of input and output
voltage. Be sure to measure v; at the point the signal generator is connected to the circuit. It is more
accurate than trusting the signal generator display.

L% Vout

Measured
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Return the signal generator voltage output to 60 mVp-p. Measure and record the output voltage of the

amplifier. This is v;. Leaving the signal generator voltage constant, insert increasing resistor values in
series between the generator output and the amplifier input until the output of the amplifier drops
approximately to one half v;. Record this value as v,. Calculate the input impedance of the amplifier

using the following equation:
7 = 50v; — (Rg + 50)v,

i

\VZ‘
10k

U =1
\”ICC VCG
R1 § Re
— A ol
N o] 10uF
~ B
R § 10k € Rs
—
10uF
Lo g, g Re §
60mVp-p
10kHz @
\vr —
Figure 7.5 Figure 7.6
‘Ul 172 RS
Measured
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9. Remove the series resistance and reconnect the signal generator directly to the amplifier input.
Remove the 10KQ resistor from the amplifier output. Measure and record the amplifier output
voltage. This is v4. Place decreasing resistor values, starting at S0KQ across the amplifier output until
the output voltage drops to approximately one half v;. This output voltage is v,, where R; = load
resistor value. Compare the measured output impedance to the one used in the pre-lab.

R,(vi —v
7, = L (v 2)
[
R1 §
.- oo
£ RL§50K—#
+ }——
10uF
Z10uF Rzg Re § Z-100F Rzg Re
60mVp- §
okt () okt ”9
= No = o
Figure 7.7 Figure 7.8
%1 L) R,
Measured
10. Compile your data and insert it into the table below:
AV Z i Zo szing
Required
Measured
Calculation N/A
Met

11. Demonstrate your working amplifier to your lab instructor to verify its performance to specifications.
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PSPICE INFORMATION

1. Setting up the Transient Analysis

a.
b.

C.

o

oo

—

Start a new simulation and select: Time Domain as the Analysis Type.

Set the “Run to Time” to be long enough to view several cycles of the output.
Set the maximum step size to be small enough to view a smooth wave form.
Click on the button labeled “Output File Options”.

A window will open. Check the option “Include detailed bias point”, this will cause the Q point
of the BJT to be displayed in the output file.

Click "OK” to close the simulation settings window.

DC Operating (Q) Point.

Run the simulation.

Select View = Output File from the output window and a text file will open.

Scroll down to view the operating point information for the BJT.

2. Voltage Gain of the Amplifier

a.
b.

d.

Select View—> Simulation Results from the simulation output window.

From the Trace menu, select Cursor = Display. Then, click on the output curve. A crosshair
should appear wherever you left click on the curve. A Probe Cursor window will also appear and
display the voltage at the point where the cursor resides. Use the left and/or right arrows to finely
adjust the cursor position until it is on the maximum value of the output curve.

Next, we want to set the second cursor on the input curve. Select the symbol for the input curve at
the bottom of the graph. Then right-click on the input curve. The second cursor should lock on to
the input curve. Move this cursor until it resides on the same time value as the first cursor.

These values of the input and output voltage can be used to calculate the voltage gain.

3. Input Impedance of the Amplifier

a.

Modify the original schematic to include a resistor to the left of the input capacitor and insert a
voltage probe to the right of the input capacitor.

Using the principle of voltage division, we know that when the newly inserted resistor has a value
that is equal to the input impedance of the circuit, the voltage probe will measure a value that is
exactly one-half of the input voltage. Run the simulation with varying values of the additional
resistor until this condition is met.

4. Output Impedance of the Amplifier

a.

Remove the resistor that was added for the input impedance calculation and change the value of
the load resistor to 100MEG. This is used to simulate an open circuit since PSPICE does not
allow open circuits. Move the voltage probe to measure the voltage across this load.

Run the simulation and measure the value of the output voltage.

Decrease the value of the load resistor until the voltage across it is one-half of the open circuit
value. This resistor value is the output impedance of the amplifier.
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5. Maximum Symmetric Output Swing
a. Return the load resistance to its original value.
Increase the amplitude of the input source until distortion is observed on the output.

c. The value of the output voltage (peak-to-peak) just before distortion occurs is the maximum
symmetric output swing.
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EXPERIMENT 8: DESIGN OF COMMON COLLECTOR AMPLIFIERS

BACKGROUND

The common collector amplifier is sometimes also called a buffer or emitter follower. Essentially an
impedance transformation circuit, the common collector amplifier is often placed between a common base
or common emitter amplifier and a low impedance device or output, such as 50Q coaxial cable, a motor,
or a speaker. The common collector amplifier always has a gain less than unity but is still called an
amplifier because it contributes a net power gain to the signal. The common collector amplifier earns its
name as a “buffer” in that it has a high input impedance and a low output impedance. The high input
impedance of the common collector amplifier keeps the low impedance load at its output from reducing
the gain of the previous common emitter or common base stage.

PRELIMINARY CALCULATIONS

1. Refer to Figure 8.1. Using the 2N2222A transistor, design a common collector amplifier with the
following specifications:

e Voltage gain z—" > 0.95
L4 Zi > 5kQ
o 7,=50Q

e Output voltage swing of at least 2V peak-to-peak across SKQ load.
e Circuit is § independent and the q point does not vary by more than 10% with §§ ranging from

100 to 300.
e Power supply V.. < 20V
VCC
1
Ri1 g
Zout | . B}/C
50 10uF Is;

+]1 o m—n-

Vs @ 10uF
R2§ Re g
%Sk

Figure 8.1
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Develop an equation to calculate the amplifier’s input impedance, Z;. For this step through step 6, the
equations developed must be in terms of circuit components (resistors and capacitors) and the
transistor parameters (I¢q, Vcgg and B).

Develop an equation to calculate the amplifier’s output impedance, Z,. Be sure that the equation
considers the source resistance, R;.

o

Develop an equation to calculate the amplifier’s voltage gain, 4, = Zo,

i

Develop an equation to calculate the amplifier’s current gain, A; = 2

i

Volo

Develop an equation to calculate the amplifier’s power gain, A, = o
iti

Model your amplifier in PSPICE. Verify that your design meets the specifications in step 1 for § =
100 before coming to the lab.

Repeat step 7 fora § = 300.
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PROCEDURE

1. Construct the circuit in Figure 8.2 using the resistor values calculated in the pre-lab. Use

10pF capacitors. Note that the S50Q resistor represents the output impedance of the signal generator and
does need to be added to the circuit.

VCO
1

R1 §

Zout i B| C:
*
50 10uF € ;
+” |0 -
Vs 10uF
Rz g Re g
5k

Figure 8.2
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Apply the power supply with the voltage calculated in the pre-lab. Turn off or disconnect the signal
generator. Measure and record I, by measuring the voltage across Rg. Measure and record V.
Compare your measured Q point to the one used in the pre-lab, refer to Figure 8.3.

VCC
1
R1 §
i I
10uF E
o}
OFF v9 10uF
R2 § Re g
% 5k
Figure 8.3
Ve Vg Vg Veg VeE Vre Ic
Theoretical
Measured
Percent
Error
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3. Apply a 100 mV peak-to-peak, 10 kHz sine wave input to the amplifier. Use the oscilloscope to
measure and record the input and output voltages. Calculate and record the amplifier’s voltage gain.
Compare the amplifier gain to the one calculated in the pre-lab.

\/ICC

3

Zout

|1+ B

F e

1
50 10uF
100mVp-p 10uF \W

10kHz Ro § Re §

.|||
4

Figure 8.4

Vi Vout Av

Measured

4. Increase the input signal until the output signal shows distortion. Verify that the output voltage swing
is at least 2V peak-to-peak before hard clipping occurs. Record the actual values of input and output
voltage.

% Vout

Measured
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5. Return the signal generator voltage output to 100 mVp-p. Measure and record the output voltage of
the amplifier. This is v,. Leaving the signal generator voltage constant, insert increasing resistor
values in series between the generator output and the amplifier input (see Figure 8.6) until the output
of the amplifier drops approximately to one half v;. Record this value as v,. Calculate the input
impedance of the amplifier using the following equation:

Rsv,

Zi =———
L )

Where R = series resistor value. Compare the measured input impedance to the one used in the pre-

lab.
\/IIZE VCC
R1 g R1 §
Zout " EKC Zout Rs " d c
I
50 10uF 5 50 10uF :
+ |7
g '9 N Nov 100mvpp 10uF N
z A R2§ Re § 10kHz § =
Rz e
5k g &
- va-
Figure 8.5 Figure 8.6
51 %) Ry
Measured
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6. Remove the series resistance and reconnect the signal generator directly to the amplifier input.
Remove the SKQ resistor from the amplifier output. Measure and record the amplifier output voltage.
This is v;. Replace R with different values (see Figure 8.8) until the output voltage drops to
approximately one half v;. This output voltage is v,. Use the following equation to calculate the
output impedance of the amplifier:

Zo

_ R, (vy — )

Uy

where R; = load resistor value. Compare the measured output impedance to the one used in the pre-

lab.
VCC
1

R1 g

Zout I I* F‘I}

50 10uF L?

100mVp-p .
10kHz N TE
R2 € \.
\ Vi
Figure 8.7
51
Measured

VOC
1
R4 g
Z [
out ”+ Hl/
50 10uF My
—
1 o?gmp-p 10uF b
Z
R2 § Re
RL & s0k-#
Figure 8.8
Uy R,

7. Using the measurements from steps 3 and 5, calculate the amplifier’s current and power gains.

8. Demonstrate your working amplifier to your lab instructor to verify its performance to specifications.
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9. Replace R;, with the following values: 10, 50, 100, 200, 1000. With each resistor, measure v,,,; and
calculate the output power to the load. Plot the output power versus the load resistance. What load has
the most power delivered to it? Explain the results.

VEC

3

Zout
—W

JE
1
50

10uF
+=|

100mVp-p )

10kHz \>2

1
10uF Nov..
R2 § Re

nF \o

W

Figure 8.9
Resistor v,
10Q
50Q
100Q2
200€2
1KQ
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10. Place a 6.8KQ resistor in series with the input capacitor. Measure the output impedance of the
amplifier with this additional source resistance. Use the results of step 3 of the pre-lab to explain the

results.

Vcc
|

.

Zout =_+ 4 l}
50 6.8k 10uF l%
_+| i___
100mVp-p ,9 10uF L
10kHz \- Ro g Re §
% 5k
Figure 8.10
11. Compile your data and insert it into the table below:
Ay Z; Zo
Required
Measured
Calculation
Met
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PSPICE INFORMATION

1.

Setting up the Transient Analysis

a. Start a new simulation and select: Time Domain as the Analysis Type.

b. Set the “Run to Time” to be long enough to view several cycles of the output.

c. Set the maximum step size to be small enough to view a smooth wave form.

d. Click on the button labeled “Output File Options™.

e. A window will open. Check the option “Include detailed bias point”, this will cause the Q point
of the BJT to be displayed in the output file.

f. Click ”OK” to close the simulation settings window.

DC Operating (Q) Point

a. Run the simulation

b. Select View = Output File from the output window and a text file will open.

c. Scroll down to view the operating point information for the BJT.

Voltage Gain of the Amplifier

d.

Select View—> Simulation Results from the simulation output window.

From the Trace menu, select Cursor = Display. Then, click on the output curve. A crosshair
should appear wherever you left click on the curve. A Probe Cursor window will also appear and
display the voltage at the point where the cursor resides. Use the left and/or right arrows to finely
adjust the cursor position until it is on the maximum value of the output curve.

Next, we want to set the second cursor on the input curve. Select the symbol for the input curve at
the bottom of the graph. Then right-click on the input curve. The second cursor should lock on to
the input curve. Move this cursor until it resides on the same time value as the first cursor.

These values of the input and output voltage can be used to calculate the voltage gain.

Input Impedance of the Amplifier

a.

Modify the original schematic to include a resistor to the left of the input capacitor and insert a
voltage probe to the right of the input capacitor.

Using the principle of voltage division, we know that when the newly inserted resistor has a value
that is equal to the input impedance of the circuit, the voltage probe will measure a value that is
exactly one-half of the input voltage. Run the simulation with varying values of the additional
resistor until this condition is met.

Output Impedance of the Amplifier

a.

Remove the resistor that was added for the input impedance calculation and change the value of
the load resistor to 100MEG. This is used to simulate an open circuit since PSPICE does not
allow open circuits. Move the voltage probe to measure the voltage across this load.

Run the simulation and measure the value of the output voltage.

Decrease the value of the load resistor until the voltage across it is one-half of the open circuit
value. This resistor value is the output impedance of the amplifier.
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6. Maximum Symmetric Output Swing
Return the load resistance to its original value.
b. Increase the amplitude of the input source until distortion is observed on the output.

c. The value of the output voltage (peak-to-peak) just before distortion occurs is the maximum
symmetric output swing.
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EXPERIMENT 9: MOSFET CHARACTERISTICS AND DC BIASING

BACKGROUND

MOS transistors are used in all significant digital designs, mixed-signal designs, amplifier designs, etc.
The I-V output characteristics for an N-channel MOSFET are shown in figure 9.1. Note that I is
essentially zero unless the gate voltage exceeds a threshold voltage known as V. The threshold voltage
makes a conductive path between the source and drain by the strong inversion channel formation. In the
case of the N channel MOSFET in figure 9.1, the region to the right of the locus of the equation Vg =
Vies — Vrp 1s called the saturation region. In this region the drain current I, depends mainly on the gate-
to-source voltage V5. Thus, the transistor behaves as a constant current source or the curve shows a
constant current region that is now independent on the value of V. The left of the locus of the equation
is the triode region, where the curve shows a linear incremental change of I current with increment of
Vps voltage to maintain linear resistance across the source and drain terminals at low V5 voltages.

Ip VDS VGs-VIN
VGsa > VGs3

VGs3 > Vags2

VGs2 > VaGsi

VGs1 > VIN

Vgs = VIN

VDs

Figure 9.1

In the saturation region, the current I}, is expressed by following equation:
Ip = Ky(Vgs — Vry)?
Where K,, = Conduction parameter

Vrny = Threshold voltage

The test circuit shown in figure 9.2 can be used to measure the I-V output characteristics for a

MOSFET. If the oscilloscope is placed in the XY mode, it will display the channel 1 voltage on the x-axis
and the channel 2 voltage on the y-axis. If we invert the channel 1 voltage, the x-axis voltage will
correspond to V. If we divide the channel 2 voltage by 100, the y-axis will correspond to I, . Thus, if
we apply a voltage Vs > Viyy, the corresponding display will be the

I-V output characteristic for this value of V.

For each value of Vg, the drain current reaches a near constant value in the saturation region. A plot of
the saturation values of /Ip versus Vg lie on a straight line, except for very small and very large values
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of I,. As shown in figure 9.3, the straight line drawn through these points intercepts the x-axis at the
threshold voltage Vry. The slope of the straight line is equal to the square root of the conduction

parameter, /Ky .

A

Figure 9.2

ID is not constant in the saturation region but increases slightly with increasing V. The output
resistance, 1, of the MOSFET is determined from the slope of the I-V output characteristic as shown in
Figure 9.3. Note that 1, changes with V.

Ip

Figure 9.3
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PRELIMINARY CALCULATIONS

1. Calculate the resistors needed to bias the MOSFET in Figure 9.4 at a Q-point of I, = 0.5mA and
Vps = 6.5V. Assume that V, = 15V and the MOSFET has parameters of K,, = 0.06 % and Vpy =
2.1V. For this first design, Ry = 5.1KQ.

15V
1

=
R
Rzg RS%5.1k

g
MWV

IR T

Figure 9.4
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2. Calculate the resistor values for a second design with the same Q-point. However, R = 1800Q.

1§V

SERS-
—
Rz g Rs § 1.8k

IF T

Figure 9.5

3. Use PSPICE to simulate the design found in step 1. Use KP =.012, W = 10u, L = 1u, VTO = 2.1, to
simulate the K,, and V5 parameters given in step 1. Note the Q-point values, I, and V.

4. Repeat step 3 with KP =.0026, W = 10u, L = lu and VTO = 0.8, the minimum values of these
parameters for the 2N7000. Note the Q-point values, I, and V.

5. Repeat step 3 with KP =.018, W = 10u, L = lu and VTO = 3, the maximum values of these
parameters for the 2N7000. Note the Q-point values, I, and V. Steps 4 and 5 provide the worst-case
analysis for your design. Step 3 provides the nominal design.

6. Repeat steps 3 through 5 with resistor values for the second design found in step 2. How does Ry
affect the stability of the circuit?

82



PROCEDURE

L.

Construct the first design of the circuit shown in Figure 9.4, using the resistor values found in step 1
of the pre-lab. Apply a Vpp of 15V. Measure and record the Q-point, I, and Vj,5. Replace the 2N7000

with the second device. Measure and record the Q-point, I, and Vj.

15V

R1 g Rp
G
Rz § Rs

Wy

TF T

o
-
-~

Figure 9.6
Vp Ve Vs Vrp Ves Vps Ip
Theoretical
Measured
Percent
Error
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2. Construct the second design of the circuit shown in Figure 9.4, using the resistor values found in step
2 of the pre-lab. Apply a Vpp of 15V. Measure and record the Q-point, I and Vp. Measure and record
the Q-point, I, and Vp,.

1§V

SF SRS
—

TF T

R2 § Rs § 1.8k
Figure 9.7
Vp Ve Vs Vrp Ves Vps Ip
Theoretical
Measured
Percent
Error

3. Compare the Q-points calculated in the pre-lab with those measured in steps 1 and 2.

4. In your conclusion discuss the effect of Rg on Q-point stability. Include in your conclusion a
discussion of how Q-point stability in MOSFETSs compares to the same circuit. Which is more stable?
Why?
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PSPICE INFORMATION

Modeling an N-channel MOSFET

There are several models that can be used to describe the physical characteristics of a MOSFET within
PSPICE. These different models are specified with a “level” number. In this tutorial we will use the Level
1 model, which is the simplest and the default value.

The behavior of a MOSFET device in the saturation region is characterized by the equation:

ip = Ky(vgs — Vrn)?
In the level 1 model we can specify the values of VTN (as VTO), k’N (as KP), L and W along with other

parameters that are described in the PSPICE Reference Manual. We will use the breakout model for the
2N7000 since its model is not available in the free version of PSPICE.

Use the breakout model MbreakN3 for the MOSFET. This breakout model is an enhancement type
NMOS device with the substrate connected to the source. Modify the .model statement of

the breakout model as shown in the figure below. For example, if we want to model a device

with KN = 0.25 mA/V and VTN = 1V we could use the parameters shown below. With this statement we
have specified an NMOS device with a VTN =1 volt = VTO.

£ mosfet_test - PSpice Model Editor Lite - [Mbreakn]
EE File Edt view Model Plot Toos Window He

Help
D|(a&]a] +|=le] ajsjaja] s =) e+ L]

Aok b b

| mode=l Mbresakn ¥MOS (VIC=1, EE=5E-5, L=lu, W=10u)

Model Hame | Type | Creation Date/Time |
Mbreakn MO

The Q-point of the MOSFET can be found by simulating the circuit as follows. Select Analysis Type:
Bias Point and check the box next to “Include detailed bias point information...”. Run the simulation and
when it is complete select View ] Output File. Scroll down to the operating point information provided.
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EXPERIMENT 10: DESIGN OF COMMON SOURCE AMPLIFIERS

BACKGROUND

The behavior of the MOSFET as an amplifier is analogous to the BJT. Both are three terminal devices
whose input voltage controls the output current source. However, the MOSFET offers the advantage that
no input current is required to either bias or drive the device as an amplifier. Consequently, it does not
present a load to the signal source or previous stage outside of the bias resistors.

Another difference is that the MOSFET operates with a square law relation between the input voltage and
output current, while the BJT has an exponential relationship. This leads to lower values for gm. In other
words, VGS varies significantly for a given output current in the MOSFET, while VBE remains relatively
constant in the BJT.

PRELIMINARY CALCULATIONS

1. Calculate the resistors needed to design the MOSFET common source amplifier in Figure 10.1 with
the following specifications:

e A,270
o *Z; >2100KQ
o *Z,<20KQ

¢ *Vswing = 6Vp—p

[ ] ° VCC < 20V
Vlcc
R1 % RD§
+11
I
10u
Zout . I [l
AN il ain
50 10u ] %5%
O,
R2 g Rs § At
==100u
-

Figure 10.1

Design the amplifier to work TO SPECIFICATION with the 2N7000 device parameters measured
in the previous lab.

2. Verify the performance of the amplifier to specification in PSPICE, using the MOSFET breakout

model with the parameters measured in the previous lab. NOTE: If your amplifier fails to work to
specification, REDESIGN IT.
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PROCEDURE

1. Measure the g, of your two devices using the circuit in Figure 10.2 and the following procedure.

10V

Figure 10.2

a. Make sure your signal generator output is set to Hi-Z.

VR )
20000"°

b. Place a voltmeter across R¢ and adjust V; so that I; equals 0.5mA. (I; =

10V

§1k

| 1= I
|

0Vp-p

.|”_®_‘
5 -
wTOI Te
4

§100k ngzk L 100u

<
a
IF
.|||
'4

Figure 10.3

c. Set the signal generator to produce a 100 mV p-p, 1 kHz sine wave.

d. Set the oscilloscope vertical gain to 200 mV/division.
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e. Read the peak-to-peak signal, V,.
10V

D

||—

| |1+ <
I

s

[ 1 G
100mVp-p 10uF
1kHz
HiZ

Ves +__—__ = \v

Figure 10.4

f.  Record the g, = 0.01(V,). For example, Vo= 1.20 V. Then g,, = 1.2(0.01) = 0.012mQ.

g. Repeat steps b through f for I; currents of 1, 2, 3, 4, and 5 mA.

h. Graph the data as g,,, versus I;. for both devices. You will use this data in subsequent
experiments. Note: This will not be a linear curve.

~

@ VGS gm = 001

Ip Vs Ip =
2k

0.5mA

1 mA

2 mA

3 mA

4 mA

5 mA
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2. Construct the circuit in Figure 10.5 using the resistor values calculated in the pre-lab. Measure and
record Ip by measuring the voltage across Rp. Measure and record Vpg. Compare your measured Q
point to the one used in the pre-lab.

Vlcc

Figure 10.5

Theoretical
Measured

Percent Error
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3. Apply a 50 mV p-p, 1kHz sine wave input to the amplifier. Use the oscilloscope to measure and
record the input and output voltages. Calculate and record the amplifier’s gain. Compare the amplifier
gain to the one used in the pre-lab.

10u N

Zout 3 | [
IVV\I JI ll L;I S
50 10u K

%SOk
50mVp-p )
Y]
1kHz \&
Rzg ng = 100u

Figure 10.6

Vi Vout Av

Measured

4. Increase the input signal until the output signal shows distortion. Verify that the output voltage swing
is at least + 3V. Record the actual values of input and output voltage where distortion begins.

Vi Vout

Measured
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5. Return the signal generator voltage output to 50 mV p-p. Measure and record the output voltage of
the amplifier. This is v;. Leaving the signal generator voltage constant, insert increasing resistor
values in series between the generator output and the amplifier input until the output of the amplifier
drops approximately to one half v;. Record this value as v,. Calculate the input impedance of the
amplifier using the following equation:

Ry
Z; = ———
vy —vy)
U1 Uy Rss Z in
Measured
Vlcc Vee
R1 g Ro g Ri Ro
o !
‘ 10u \ . Zout Rss = 10
Zout ud + e
Wy 1F = 50 10u TH
50 10u 5 50k
S 50mVp-p |
mVp-p 1kHz
1kHz 9 L L ng ng = 100u
ReZ ReZ =100u T
Figure 10.8
Figure 10.7
A in
Specification Calculated Measured
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6. Remove the series resistance and reconnect the signal generator directly to the amplifier input.
Remove the 50KQ resistor from the amplifier output. Measure and record the amplifier output

voltage. This is v;. Place decreasing resistor values, starting at S0KQ across the amplifier output (v,)
until the output voltage drops to approximately one half v, . Use the following equation to calculate
the output impedance of the amplifier:

Zo

Measured

Zout

50

50mVp-p
1kHz

11 =
11 (,||‘E
'_.

10u s RL?&)I« -#

i § Re § *100u

ol

— |

_ R (vy — ;)
(%)

50mVp-p
1kHz

= N
Figure 10.9
Zout
Specification Calculated
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Ve
|
R1 § RD§
11
ar
. 10u
Zout N ||—
ANV il g [
50 10u H
)
R2§ Rs § =100u
Figure 10.10
Measured




7. Reconnect the 5S0KQ load resistor and apply a 5S0mV p-p sine wave signal at 1kHz to the amplifier.
Note the value of the output voltage. Calculate the voltage value that would be 3dB LESS than this
value. Slowly lower the signal generator frequency until the output voltage reaches this value. Record
the frequency.

Sample Point Frequency Voltage
1

O 0 9 O hn B~ W N

10

8. Compile your data and insert it into the table below:

Ay Z; Zo Vswing
Required
Measured
Calculation N/A
Met

9. Demonstrate your working amplifier to your lab instructor to verify its performance to specifications.
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PSPICE

For Figure 10.1 find the following values in PSPICE.

a. DC Operating Q point

a. Run the simulation.
b. Select View—>Output File from the output window and a text file will open.
c. Scroll down to view the operating point information for the MOSFET.
Voltage Gain of the Amplifier
Input Impedance of the Amplifier
Output Impedance of the Amplifier
Maximum Symmetric Output Swing

oo o
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EXPERIMENT 11: DESIGN OF COMMON GATE AMPLIFIERS

BACKGROUND

The common gate amplifier shares many of the properties of its BJT cousin, the common base amplifier:
low input impedance, high gain, and high output impedance. In addition, it has the same advantages as a
high frequency amplifier as the common base: low feedback capacitance and excellent isolation between
the output and the input. These will be discussed later in this course.

There is one important difference, however. The impedance to ground at the gate is not very critical for
the operation of the common gate amplifier. In the common base version, the base to ground impedance is
crucial in the determining the input impedance and gain.

PRELIMINARY CALCULATIONS

1. Refer to Figure 11.1. Using the 2N7000 MOSFET, design a common gate amplifier with the
following specifications:

VIDD

wg g

10u
||i
ol § 10k
S
R Zout
{} ANV
10u 50

= 10u Rz§ ng @9

Figure 11.1

<4, >25
«Z; =150 + 20%
- Z, = 8KQ

* Output voltage swing of at least 3V peak-to-peak across 10KQ load

* Power supply V- < 20V.

* Calculate your design using the nominal parameters of Ky = 0.06 2 and Ve =21V

V2
2. Model your amplifier in PSPICE. Using the MOSFET breakout model, set Kp = 0.012, W =

10u, L = lu and Vo = 2.1. Measure the amplifier’s gain, input impedance, output impedance and
output swing, using the PSPICE procedures outlined previously. Verify that your design meets the
specifications in step 1 before coming to the lab. If it does not, REDESIGN IT.
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PROCEDURE

1. Construct the circuit in Figure 11.2 using the resistor values calculated in the pre-lab. Measure
and record I, by measuring the voltage across Rj. Measure and record V5. Compare your
measured Q point to the one used in the pre-lab.

\/ICC

0 g

__4'1
==
G

H
R2§ RST

Figure 11.2

Theoretical
Measured

Percent Error
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2. Apply a 50 mV peak-to-peak, 10 kHz sine wave input to the amplifier. Use the oscilloscope to
measure and record the input and output voltages. Calculate and record the amplifier’s gain. Compare
the amplifier gain to the one used in the pre-lab.

VIDD

W g

]
1
1 10u N
s
ol § 10k
s Zout
{} AMN—
10u 50
e
—=10u R2§ R § 50mVp-p
) 10kHz \

= Ne..

Figure 11.3
Vi Vout Av

Measured

3. Increase the input signal until the output signal shows distortion. Verify that the output voltage swing
is at least 3V peak-to-peak before hard clipping occurs. Record the actual values of the input and
output voltages.

1% Vout
Measured
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5. Return the signal generator voltage output to 50 mVp-p. Measure and record the output voltage of the
amplifier. This is v;. Leaving the signal generator voltage constant, insert increasing resistor values in
series between the generator output and the amplifier input (see Figure 11.5) until the output of the
amplifier drops approximately to one half v;. Record this value as v,. Calculate the input impedance
of the amplifier using the following equation:

7 = (50 + Ry5)vy, — 500,

i

V1 — 7

U1 7] Rss Z i

Measured

VoD VoD

R1 § Rng R1§ Rog

Zout

1L

" “10u R § §
=—10u Rz§ ng z Rs

Figure 11.4 Figure 11.5

Zin

Specification Calculated Measured
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6. Remove the series resistance and reconnect the signal generator directly to the amplifier input.
Remove the 50KQ resistor from the amplifier output. Measure and record the amplifier output
voltage. This is v;. Place decreasing resistor values, starting at SOKCQ across the amplifier output (see
Figure 11.7) until the output voltage drops to approximately one half v;. This output voltage is v,.
Use the following equation to calculate the output impedance of the amplifier:

R,(vi —v
7, = (v 2)
%)
2 vy R; Z,
Measured
VoD

VoD

Rw% RD§ R1§ Rng

10u | o o
= =
G—i ': \W' ¢ l-,; RL§\50k-#
Zout ° ™ Zout
bt I '\N\(
10u I\F%\’ N g 10u 50
10U Ro § Rs g 50mVp-p —10u Rz Rs § 50mVp-p 9
10kHz 10kHz A+
Figure 11.6 Figure 11.7
Zout
Specification Calculated Measured
7. Compile your data and insert it into the table below:
AV A i Zo szing
Required
Measured
Calculation N/A
Met

8. Demonstrate your working amplifier to your lab instructor to verify its performance to specifications.
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PSPICE INFORMATION

For Figure 10.1 find the following values in PSPICE.

a. DC Operating Q point

a. Run the simulation.
b. Select View—>Output File from the output window and a text file will open.
c. Scroll down to view the operating point information for the MOSFET.
Voltage Gain of the Amplifier
Input Impedance of the Amplifier
Output Impedance of the Amplifier
Maximum Symmetric Output Swing

oo o
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EXPERIMENT 12: DESIGN OF COMMON DRAIN AMPLIFIERS

BACKGROUND

The common drain amplifier is also called a buffer. It does a better job at this than the common collector
amplifier. Although the output impedance of the common drain amplifier tends to be higher than the
common emitter version for a given DC current Q-point, the input impedance is totally independent of the
load. In fact, the output could be shorted to ground, and the input impedance would remain the same. For
this reason, the common drain amplifier is very popular in isolating circuits sensitive to loading, such as
high stability oscillators. In addition, the common drain amplifier can be followed by a common emitter
amplifier, combining high impedance input with high gain to make a versatile circuit with few
components.

PRELIMINARY CALCULATIONS

1. Refer to Figure 12.1. Using the 2N7000 MOSFET, design a common drain amplifier with the
following specifications:

*Z; = 50KQ

*Z, =150+ 20%

* Voltage gain, A, = 0.95 with a 5KQ load

* Output voltage swing of at least 2V peak-to-peak across SKQ load

* Power supply Voo < 20V

* Base your calculations on the nominal parameters for the 2N7000 of Ky, = 0.06 % and Vo =

2.1V.

VDD

SR

Zout N ||l
AN I} aln
50 10u =

*11
LA

@9 § - § 10u

Rz

Figure 12.1
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. Develop an equation to calculate the amplifier’s input impedance, Z;. For this step and all steps
through step 6, the equations must be in terms of the circuit component values (resistors or
capacitors), the device parameters (Ky, Vry) and the Q point (Ipq , Vpsg)-

. Develop an equation to calculate the amplifier’s output impedance, Z,,.

. Develop an equation to calculate the amplifier’s voltage gain, 4, = 1;—"

i
. Develop an equation to calculate the amplifier’s current gain, A; = ll—"
L

. Develop an equation to calculate the amplifier’s power gain, A4, = ((1; "_*;")).
i*l

. Model your amplifier in PSPICE. Verify that your design meets the specifications in step 1 for
Kp = 0.012, W= 10u, L = lu and Vo = 2.1 before coming to the lab.

. Ensure that your design will meet specification by adjusting your design Q-point using the g,,
values measured for your devices in Experiment 10.
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PROCEDURE

1. Construct the circuit in figure 12.1. Measure and record I, by measuring the voltage across Rg.
Measure and record Vjg. Compare your measured Q-point to the one used in the pre-lab.

\/ICC

wg g

__4'1
==
G

ey
R2§ RST

Figure 12.2

Theoretical
Measured

Percent Error
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2. Apply a 100 mV peak-to-peak, 10 kHz sine wave input to the amplifier. Use the oscilloscope to
measure and record the input and output voltages. Calculate and record the amplifier’s voltage
gain. Compare the amplifier gain to the one calculated in the pre-lab.

VoD
|

Zout | =

AW It ot

50 10u K]

)
100mVp-p ,9 10u oo
10kHz = Ry g Re g o
Figure 12.3

%1 Vout Av

Measured

3. Increase the input signal until the output signal shows distortion. Verify that the output voltage
swing is at least 2V peak-to-peak before hard clipping occurs. Record the actual values of the
input and output voltages.

Vi Vout

Measured
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4. Return the signal generator voltage output to 100 mVp-p. Measure and record the output voltage
of the amplifier. This is v;. Leaving the signal generator voltage constant, insert increasing
resistor values in series between the generator output and the amplifier input (see Figure 12.5)
until the output of the amplifier drops approximately to one half v;. Record this value as v,.
Compare the measured input impedance to the one calculated in the pre-lab. Calculate the input
impedance of the amplifier using the following equation:

Rs Uy

Zi=—"—
U1 — Vs

Measured

Zout - | = Zout Rss e

Wy | ln e I

50 10u 5 50 10u =

—'{ +|
100mVp-p 1 A 100mVp-p
Ou v 10u N
10kHz R g Rs g 10kHz Rz g R §
5k s 5k
Figure 12.4 Figure 12.5
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5. Remove the series resistance and reconnect the signal generator directly to the amplifier input.
Remove the SKQ resistor from the amplifier output. Measure and record the amplifier output
voltage. This is v;. Place decreasing resistor values, starting at 1K< across the amplifier output
(see Figure 12.7) until the output voltage drops to approximately one half v;. Compare the
measured output impedance to the one used in the pre-lab. This output voltage is v,. Use the
following equation to calculate the output impedance of the amplifier:

R,(vi —v
7, = L (v 2)
Uy
51 Uy R,

Measured

Zout

. | [ Zout | 2
% i} 1 5 - 7 <
50 10u H 50 10u H
100mVp-p ! L 10u 100mVp-p 10u \
10kHz Re 3 Re 3 N 10kHz Rz g Re § RS s
. Figure 12.7
Figure 12.6

6. Using the measurements from steps 3 and 5, calculate the amplifier’s current and power gains.

7. Demonstrate your working amplifier to your lab instructor to verify its performance to
specifications.
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8. Apply a 10 kHz, 100mV peak-to-peak sine wave to the amplifier input. Replace the SKQ load
resistor with the following values: 10, 50, 100, 200, 1000. With each resistor, measure v, and
calculate the output power to the load. Plot the output power versus the load resistance. Which
value receives the maximum power? Explain the results.

VbbD
]

Wy g

Zout

50 10u

HH—
100mVp-p )
10kHz = 10u \ =

R2 § Rs g RL

Figure 12.8

Resistor v,
10Q
50Q
100Q2
200€2
1KQ

9. Place a 6.8KQ resistor in series with the input capacitor. Measure the output impedance of the
amplifier with this additional source resistance. Use the results of step 3 of the pre-lab to explain
the results. In your conclusion, compare this result with that obtained with the BJT.

10. Compile your data and insert it into the table below:

Ay Z; Zo Vswing
Required
Measured
Calculation N/A
Met
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PSPICE INFORMATION

1. Refer to Experiment 6 for PSPICE information relevant to this experiment.
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EXPERIMENT 13: DESIGN OF MULTISTAGE AMPLIFIERS

BACKGROUND

Previous labs have explored the strengths and weaknesses of various amplifier circuits. In practice, it is
often difficult to meet all the specifications in a particular application with a single stage, configuration,
or device. For example, voltage gains in the thousands are often required. It is impossible to achieve such
high gains in a single common emitter or common source amplifier. In addition, input and output
impedance requirements may directly conflict with the gain specification.

Multistage Amplifiers offer the designer a way to meet all specifications with various stages providing
gain and others providing the desired impedance characteristics.

In AC coupled stages, the overall frequency response of the multistage amplifier is a function the
individual response of each stage and that stage coupled to the next.

PRELIMINARY CALCULATIONS

1. Using BOTH the 2N7000 MOSFET and the 2N2222A BJT, design a multistage amplifier (at
least two active stages) with the following specifications:

*Z; 2 100KQ

*Z, =620+ 10%

* Voltage gain, 4, = 5 with a 620Q load

* Output voltage swing of at least 1V peak-to-peak across 620Q2 load
* Power supply Voo = 20V

* Low end cutoff frequency < 40 Hz. You may use any configuration you wish.

2. Ensure that your design will meet specification by modeling the circuit in PSPICE. Use the
measured parameter values (beta, Ky, Vry, etc.) for your devices determined in the previous
labs. If your design does not meet ALL specifications, REDESIGN IT. Use standard value
resistors and capacitors. Also note the Q-point of each of the devices in your design.

PROCEDURE

1. Construct your design in the lab. Apply the design power supply voltage. Measure and record the
Q-points of each of the devices in the circuit. Compare these with the values from PSPICE in the
pre-lab.

2. Apply a 100 mV peak-to-peak, 1 kHz sine wave input to the amplifier. Use the oscilloscope to
measure and record the input and output voltages. Calculate and record the amplifier’s voltage
gain. Compare the amplifier gain to the one calculated in the pre-lab.

%1 Vout Av

Measured
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3. Calculate the output voltage that is 3dB LESS than that measured in step 2. Slowly lower the
signal generator frequency until the output voltage falls to this level. At various frequency
intervals, record the output voltage. Use this data to graph the frequency response of the
amplifier on log-log coordinates. Record the frequency where the output voltage falls by 3dB.

Sample Point Frequency Voltage
1

O 0 9 N »n kA~ W

—
(e}

4. Return the signal generator frequency to 1 kHz. Increase the input signal until the output signal
shows distortion. Verify that the output voltage swing is at least 1V peak-to-peak before hard
clipping occurs. Record the actual values of input and output voltage.

% Vout

Measured

5. Use the method described in experiment 6 to measure the input impedance of your amplifier.
Compare the measured input impedance to the one calculated in the pre-lab.

Measured

6. Use the method described in experiment 6 to measure the output impedance of your amplifier,
starting with RL=1000. Compare the measured output impedance to the one used in the pre-lab.

51 %) R,

Measured
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7. Using the measurements from steps 2 and 5, calculate the amplifier’s current and power gains.

8. Compile your data and insert it into the table below:

Ay Z; Zo Vswing
Required
Measured
Calculation N/A
Met

9. Demonstrate your working amplifier to your lab instructor to verify its performance to
specifications.

10. In your report, describe the design process in detail: why you made certain choices, tradeoffs,
etc. to meet each specification. In your conclusion discuss how well these choices worked
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