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—— 3-1: Curriculum Objectives —

1. To understand the basic theory of amplitude modulation (AM).

2. To understand the waveform and frequency spectrum of AM

modulator, also calculate the percentage of modulation.

3. To design and implement the AM modulator by using

transistor.

4. To design and implement the AM modulator by balanced

modulator.

5. To understand the measurement and adjustment of AM

modulator.

—— 3-2: Curriculum Theory ——

In amplitude modulation (AM), we utilize the amplitude of audio
signal to modulate the amplitude of carrier signal, which means that the
amplitude of carrier signal will be varied with amplitude of audio signal.
The waveform of AM modulation is shown in figure 3-1 and its block
diagram is shown in figure 3-2. In figure 3-2, we know that in order to
generate the AM signal, we just need to add a DC signal with the audio

signal, and then multiply the added signal with the carrier signal.
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Figure 3-1 Signal waveform of amplitude modulation.
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Figure 3-2 Block diagram of AM modulator.

Let the audio signal be A, cos(2rf_ t) and carrier signal be

A, cos (2nf_t), then the amplitude modulation can be expressed as
Xam (1) =[ Apc + A, cos (2 1) ] A, cos (2rf,t)

= Apc A, [1+mcos (2nf,,t)]cos (2nf,t) (3-1)

Where
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m=A_,/A,.

Anpc : DC signal magnitude.

An : Audio signal amplitude.

Ac : Carrier signal amplitude.

fm : Audio signal frequency.

fc: Carrier signal frequency.

m: Modulation index or depth of modulation.

From equation (3-1), we notice that the variation of the magnitude
Apc A, [l+mcos(2nf,t)] of the carrier signal can be controlled by
parameter “m”. This means that we can change the magnitude of the audio
signal (Am) or DC signal (Aoc) to control the level or depth of the carrier

signal. Therefore, this parameter “m” is known as the modulation index.

Besides, we can also rewrite equation (3-1) as
1
Xau (1) =5 Aoc Ac m{cos [2n(f, +f,,)t]+cos[2n(f, —f,,) t]}
+Apc Ac cos (2nft) (3-2)
The first term represents double sideband signals; the second term

represents carrier signal. From equation (3-2), we can sketch the frequency

spectrum of amplitude modulation as shown in figure 3-3. Since the audio
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signal is hidden in the double sidebands and the carrier signal does not
contain any message, therefore the power is consumed in carrier during
transmission of amplitude modulation signal. For this reason, the
transmission efficiency of AM modulation is lower than double sidebands
suppressed carrier (DSB-SC) modulation but its demodulation circuit is

much simpler.

Aoc A

0.5M- Apc- A, 0.5M-Apc- A,

f.—f, f. f.+f1,

Figure 3-3  Frequency spectrum of amplitude modulation signal.

There is an important parameter “m” in equation (3-1) called
modulation index or depth of modulation. Normally it is represented in
percentage, so we also call modulation percentage. Modulation index is an

important parameter in equation (3-1). The definition is as follow

M= Audio signal amplitude 100 % — An

- . %100 % (3-3)
DC signal magnitude Apc

Generally, the magnitude of DC signal is not easy to measure;

therefore, we express the modulation index in another form
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Emax B Emin %100 % (3_4)
Emax+ Emin

m=

Where Emx and Emin as shown in figure 3-1 are Enx =Ac+An and

Emin :AC _Am-

We know that at amplitude modulation, the audio signal is hidden in
the double sidebands, so if the double sideband signals are getting stronger,
the transmission efficiency is getting better. From equation (3-2), we know
that the double sideband signals are proportional to the modulation index.

Thus, the larger the modulation index, the better the transmission efficiency.

Normally modulation index is smaller or equal to 1. If greater than 1,
we call it over modulation, as shown in figure 3-4. Figure 3-4 shows the
waveforms of the over modulation. In figure 3-4, we can see that the
variation of carrier signal is no longer a sinusoidal wave. It is rather a
distorted sinusoidal wave, therefore, this kind of AM signal is unable to
demodulate and recover to the original by using the envelop detection in

next chapter.
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Figure 3-4 Waveforms of the over modulation.




Education Trainer for AM Modulator by ETEK Technology Company @
. .........................................................................................

As we know that the AM modulator can be implemented by using a
multiplier. However, in electronics circuit, the multiplier is constructed by
the nonlinear characteristics of active component. Therefore, in this chapter,
we will discuss the design of AM modulator by using a single transistor and

balanced modulator.
3-1 Transistor AM Modulator

The circuit diagram of transistor AM modulator is shown in figure 3-5.
In figure 3-5, the audio signal (A, cos(2nf.,t)) will pass through a
transformer and send into the base of the transistor. The carrier signal
(A, cos(2nf t)) also passes through a transformer and sends into the
emitter of the transistor. These two signals will form a small amount of
small signal voltage difference at the base and emitter of the transistor. The

small signal voltage difference is
Ve =V, -V, =A,, cos(2xf ,t) — A, cos(2xft) (3-5)

Then at the collector of the transistor, this voltage difference will

produce a small signal collector current as
I, = 1.e%/Vr (3-6)
Expand equation (3-6) by Taylor’s expansion, then we get

I, =aV,, +bVZ (3-7)
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Figure 3-5 Circuit diagram of transistor AM modulator.

In equation (3-7), we notice that after the audio signal and the carrier
signal input into the base and collector of the transistor, we can obtain
cos? (2nf, t), cos®(2nf.t) and cos(2nf, t)xcos(2nf.t) signals at the
collector. Then we utilize the filter to obtain the modulated AM signal
cos (2nf,t)xcos(2nf.t). In figure 3-5, the inductor Li, capacitor Cs and
resistor Rz comprise a high-pass filter, which is used to obtain the modulated
AM signal. Capacitor C; is the coupling capacitor. Capacitor C» and Cz are
the bypass capacitors. Resistors R1 and R2 are the bias resistors. Variable
resistor VR is used to change the operation point of the transistor and it also
used to control the magnitude of the carrier, which inputs into the collector
of the transistor. Therefore, it can adjust the output signal waveform of the

modulator.
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3-2 MC1496 AM Modulator

The main different between the design of AM modulator by using
balanced modulator and the transistor is that we can use the theory of
balanced modulator to cancel out the unwanted harmonics signals, which is
produced by the nonlinear characteristic of the transistor, then the remain
signal is the AM signal. In this chapter, we utilize the balanced modulator

(MC1496) to implement the AM modulator.

Follow the variation of input signal frequency, the balanced modulator
(MC1496) can become a frequency multiplier, AM modulator or double
sidebands suppressed carrier modulator (DSB-SC Modulator). Its input

signal, output signal and circuit characteristics are shown in table 3-1.

Table 3-1 Three different types of modulation signal produced by different signals
frequency of balanced modulator.

Input Carrier Input Audio Output Balanced Circuit
Signal Signal Modulator Characteristics
. . N
N IS 3
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Figure 3-6 is the internal circuit diagram of MC1496, where D1, Ry, R2,
Rs, Q7 and Qg comprise an electric current source, which can supply DC
bias current for Qs and Qs. Qs and Qs comprise a differential combination to
drive the dual differential amplifiers constructed by Q1, Q2, Qz and Q4. Pin 1
and 4 are the inputs of audio signal, after that this signal will be amplified
by the differential amplifier, which is comprised by Qs and Qs. Pin 8 and 10
are the inputs of carrier signal. Then the amplified audio signal will multiply
by the carrier signal at the dual differential amplifiers constructed by Q1, Q2,
Qs and Qa. Finally, the output signals can be obtained at the collectors of Q,
Q2, Q3 and Qa, respectively. The resistor between pins 2 and 3 controls the
gain of the balanced modulator; the resistor of pin 5 determines the

magnitude of bias current for amplifier.

(12)
o_
_ o+ Output
Q1 Q2 Qs Qi (©
Carrier (10) ,@4
Signal - O
Input +0O
(8) Qs Qs
Audio _(4) ) (
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Input o @) Gain
1) Qs ——O Adjustment

O .
Bias ) /}?\ /]? s ) Terminal

Adjustment (g)
Terminal D,

R 500
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Figure 3-6 Internal circuit diagram of MC1496.
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Figure 3-7 is the circuit diagram of AM modulator by utilizing

MC1496. We can see that the carrier signal and audio signal belong to single

ended input. The carrier signal input from pin 10 and the audio signal input

from pin 1. Therefore, Rg determine the gain of the whole circuit and Ro

determine the magnitude of bias current. If we adjust the variable resistor

VR or change the input amplitude of audio signal, then we can control the

percentage modulation of AM modulator.

Carrier

Signal 0O

Input

+12V

Audio
Signal

Input
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Balanced
Modulator
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Figure 3-7  Circuit diagram of a{mplitudé modulator by utilizing MC1496.
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3-3: Experiment Items

Experiment 1: Transistor AM modulator

1. Refer to the circuit diagram in figure 3-5 or figure ACS3-1 on ETEK
ACS-3000-02 module.

2. At audio signal input port (Audio I/P), input 150 mVp, amplitude, 1 kHz
sine wave frequency; at carrier signal input port (Carrier I/P), input 300
mVpp, amplitude, 500 kHz sine wave frequency.

3. By using oscilloscope, observe on output signal waveforms of AM
output port (AM O/P). Adjust VR1 so that the modulated AM signal is
maximum without distortion. Then records the measured results in table
3-2.

4. By using oscilloscope, observe on output signal waveforms of the base
(TP1) and collector (TP2) of the transistor. Then record the measured

results in table 3-2.

5. By using oscilloscope, observe on output signal waveforms of the
mixing (TP3) of the transistor. Then record the measured results in
table 3-2.

6. By using spectrum analyzer, observe on the frequency spectrum of AM
O/P and TP2. Then record the measured results in table 3-2.

7. Substitute the measured results into equation (3-4), find the modulation

percentage and record in table 3-2.
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8. According to the input signals in table 3-2, repeat step 4 to 7 and record
the measured results in table 3-2.

9. According to the input signals in table 3-3, repeat step 2 to 7 and record

the measured results in table 3-3.

Experiment 2: MC1496 AM modulator

Experiment 2-1: Observe on the variation of AM modulator
by changing the amplitude and frequency

of audio signal

1. Refer to the circuit diagram in figure 3-7 or figure ACS3-2 on ETEK
ACS-3000-02 module. Let J1 be short circuit, J2 be open circuit; i.e.
R, =6.8kQ.

2. At audio signal input port (Audio I/P), input 600 mVp, amplitude, 1 kHz
sine wave frequency; at carrier signal input port (Carrier I/P), input 300

mVp, amplitude, 500 kHz sine wave frequency.

3. By using oscilloscope, observe on output signal waveforms of AM
output ports (AM O/P1 and AM O/P2). Adjust VR> so that the signal at
AM O/P1 is maximum without distortion. Adjust VR1 so that the
modulation index of the AM signal reach 50 %. Then records the

measured results in table 3-4.

4. By using oscilloscope, observe on input signal waveforms of the pin 8
(TP1), pin 10 (TP2), pin 1 (TP3), and pin 4 (TP4) of the balanced
modulator. Then record the measured results in table 3-4.
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5. By using oscilloscope, observe on output signal waveforms of the
mixing (TP5 and TP6) of the balanced modulator and the bias operation
point (TP7). Then record the measured results in table 3-4.

6. By using spectrum analyzer, observe on the frequency spectrum of AM
O/P1, AM O/P2, TP5 and TP6. Then record the measured results in
table 3-4.

7. Substitute the measured results into equation (3-4), find the modulation

percentage and record in table 3-4.

8. According to the input signals in table 3-4, repeat step 4 to 7 and record
the measured results in table 3-4.

9. LetJ1 be open circuit and J2 be short circuit, i.e. change the resistor Rio
= 6.8 kQ to Ry = 3.3 kQ. Repeat step 2 to step 8 and record the

measured results in table 3-5.

10. According to the input signals in table 3-6, repeat step 2 to 7 and record

the measured results in table 3-6.

Experiment 2-2: Observe on the variation of AM modulator
by changing the amplitude and frequency

of carrier signal

1. Refer to the circuit diagram in figure 3-7 or figure ACS3-2 on ETEK
ACS-3000-02 module. Let J1 be open circuit, J2 be short circuit; i.e.
Ri2 = 3.3 kQ.




Education Trainer for AM Modulator by ETEK Technology Company @
. .........................................................................................

At audio signal input port (Audio I/P), input 600 mVy, amplitude, 1 kHz
sine wave frequency; at carrier signal input port (Carrier I/P), input 200
mVpp, amplitude, 500 kHz sine wave frequency.

By using oscilloscope, observe on output signal waveforms of AM
output ports (AM O/P1 and AM O/P2). Adjust VR> so that the signal at
AM O/P1 is maximum without distortion. Adjust VR1 so that the
modulation index of the AM signal reach 50 %. Then records the

measured results in table 3-7.

By using oscilloscope, observe on output signal waveforms of the pin 8
(TP1), pin 10 (TP2), pin 1 (TP3), and pin 4 (TP4) of the balanced

modulator. Then record the measured results in table 3-7.

By using oscilloscope, observe on output signal waveforms of the
mixing (TP5 and TP6) of the balanced modulator and the bias operation

point (TP7). Then record the measured results in table 3-7.

By using spectrum analyzer, observe on the frequency spectrum of AM
O/P1, AM O/P2, TP5 and TP6. Then record the measured results in
table 3-7.

Substitute the measured results into equation (3-4), find the modulation

percentage and record in table 3-7.

According to the input signals in table 3-7, repeat step 4 to 7 and record
the measured results in table 3-7.

According to the input signals in table 3-8, repeat step 2 to 7 and record
the measured results in table 3-8.




@ Analog Communication Systems (ACS-3000)
............................................................... .

Experiment 2-3: Observe on the variation of AM modulator

by changing the variable resistor VR

1. Refer to the circuit diagram in figure 3-7 or figure ACS3-2 on ETEK
ACS-3000-02 module. Let J1 be open circuit, J2 be short circuit; i.e. R1
=3.3kQ.

2. At audio signal input port (Audio 1/P), input 600 mVp, amplitude, 1 kHz sine
wave frequency; at carrier signal input port (Carrier I/P), input 300 mVpp

amplitude, 500 kHz sine wave frequency.

3. By using oscilloscope, observe on output signal waveforms of AM
output ports (AM O/P1 and AM O/P2). Adjust VR; so that the
modulation index of the AM signal reach 30 %. Then records the

measured results in table 3-9.

4. By using spectrum analyzer, observe on the frequency spectrum of AM
O/P1 and AM O/P2. Then record the measured results in table 3-9.

5. Substitute the measured results into equation (3-4), find the modulation

percentage and record in table 3-9.

6. According to the input signals in table 3-9, repeat step 2 to 5 and record

the measured results in table 3-9.
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Experiment 2-4: Observe on the variation of AM modulator

by changing the variable resistor VR>

1. Refer to the circuit diagram in figure 3-7 or figure ACS3-2 on ETEK
ACS-3000-02 module. Let J1 be open circuit, J2 be short circuit; i.e. R12
=3.3kQ.

2. At audio signal input port (Audio 1/P), input 600 mVp, amplitude, 1 kHz sine
wave frequency; at carrier signal input port (Carrier I/P), input 300 mVpp

amplitude, 500 kHz sine wave frequency.

3. By using oscilloscope, observe on output signal waveforms of AM
output ports (AM O/P1 and AM O/P2). Adjust VR: so that the

modulation index of the AM signal reach 50 %.

4. Adjust VR2 so that the resistance is 100 Q, 300 Q2 and 800 Q, the others

remain. Then record the measured results in table 3-10.
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—— 3-4: Experimental Results

Experiment 1: Transistor AM modulator

Table 3-2 Observe on the variation of amplitude modulation by changing the
amplitude of audio signal (fn = 1 kHz, f. = 500 kHz, V. = 300 mV).

Output Signal
Ports

Audio Signal Amplitudes

100 MV

150 mVpp

AM O/P

TP1

TP2

TP3

AM O/P
Output Signal
Spectrums

TP2
Output Signal
Spectrums

Modulation
Index

max = —
min —
m= %

max = —
min —

m= %
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Table 3-3 Observe on the variation of amplitude modulation by changing the
frequency of audio signal (Vm = 200 mVp, fc = 500 kHz, V¢ = 300 mVyy).

Output Signal
Ports

Audio Signal Frequencies

100 Hz

400 Hz

AM O/P

TP1

TP2

TP3

AM O/P
Output Signal
Spectrums

TP2
Output Signal
Spectrums

Modulation
Index

m

max — ——

m
I

min

%

3
I

m

max — ——

m
I

min

%

3
I
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Experiment 2: MC1496 AM modulator

Table 3-4 Observe on the variation of amplitude modulation by changing the
amplitude of audio signal (fn = 1 kHz, f. = 500 kHz, V¢ = 300 mVp, Rio
= 6.8 kQY).

Output Signal Audio Signal Amplitudes

Ports 600 MVpp 300 MVpp

AM O/P1

AM O/P2

TP1

TP2
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Table 3-4 Observe on the variation of amplitude modulation by changing the
amplitude of audio signal (Continue) (fn = 1 kHz, f. = 500 kHz, V. = 300

mVpp, RJ_O = 68 kQ)

Output Signal Audio Signal Amplitudes

Ports 600 MVpp

300 MVpp

TP3

TP4

TPS

TP6
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Table 3-4 Observe on the variation of amplitude modulation by changing the
amplitude of audio signal (Continue) (fn = 1 kHz, f. = 500 kHz, V. = 300
mVpp, RJ_O = 68 kQ)

Output Audio Signal Amplitudes

Signal Ports 600 MVpp 300 mVpp

TP7

AM O/P1
Output
Signal

Spectrums

AM O/P2
Output
Signal

Spectrums

TP5
Output
Signal

Spectrums

TP6
Output
Signal

Spectrums

Modulation
Index
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Table 3-5 Observe on the variation of amplitude modulation by changing the
amplitude of audio signal (fn = 1 kHz, f; = 500 kHz, V¢ = 300 mVy, Ri12

= 3.3kQ).
Output Signal Audio Signal Amplitudes
Ports 600 mVpp 300 mVpp
AM O/P1
AM O/P2

TP1

TP2

Notice : The amplitude of measured signals on the test points of TP1, TP4
and TP5 would be very small, you may need a precision
oscilloscope to measure those test points. Or you can ignore these
steps of experiment item, and go to the next step.
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Table 3-5 Observe on the variation of amplitude modulation by changing the
amplitude of audio signal (Continue) (fn = 1 kHz, f. = 500 kHz, V¢ = 300
mVpp, R]_Z = 33 kQ)

Output Signal Audio Signal Amplitudes

Ports 600 MVpp 300 mVpp

TP3

TP4

TPS

TP6
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Table 3-5 Observe on the variation of amplitude modulation by changing the
amplitude of audio signal (Continue) (fn = 1 kHz, f. = 500 kHz, V. = 300

mVpp, R12 = 33 kQ)

Output Audio Signal Amplitudes

Signal Ports 600 MVpp 300 mVpp

TP7

AM O/P1
Output
Signal

Spectrums

AM O/P2
Output
Signal

Spectrums

TP5
Output
Signal

Spectrums

TP6
Output
Signal

Spectrums

Modulation
Index
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Table 3-6 Observe on the variation of amplitude modulation by changing the
frequency of audio signal (Vm = 600 mVpy, fc = 500 kHz, V¢ = 300 mV,

Rz = 3.3 kQ).
Output Signal Audio Signal Frequencies
Ports 1 kHz 2 kHz
AM O/P1
AM O/P2

TP1

TP2

Notice : The amplitude of measured signals on the test points of TP1, TP4
and TP5 would be very small, you may need a precision
oscilloscope to measure those test points. Or you can ignore these
steps of experiment item, and go to the next step.
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Table 3-6 Observe on the variation of amplitude modulation by changing the
frequency of audio signal (Continue) (Vm = 600 mVyy, fc = 500 kHz, V¢ =

300 MVpp, R12 = 3.3 KQ).

Output Signal Audio Signal Freq

uencies

Ports 1 kHz

2 kHz

TP3

TP4

TP5

TP6
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Table 3-6 Observe on the variation of amplitude modulation by changing the
frequency of audio signal (Continue) (Vm = 600 mVyy, fc = 500 kHz, V. =

300 MVpp, R12 = 3.3 KQ).

Output Audio Signal Amplitudes
Signal Ports 600 MVpp 300 MVpp

TP7

AM O/P1
Output
Signal

Spectrums

AM O/P2
Output
Signal

Spectrums

TP5
Output
Signal

Spectrums

TP6
Output
Signal

Spectrums

Modulation
Index
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Table 3-7 Observe on the variation of amplitude modulation by changing the
amplitude of carrier signal (Vm = 600 mVy, fn = 1 kHz, f. = 500 kHz, Ry,

=3.3kQ).
Output Signal Carrier Signal Amplitudes
Ports 200 mVpp 300 mVpp
AM O/P1
AM O/P2

TP3

TP4

Notice : The amplitude of measured signals on the test points of TP1, TP4
and TP5 would be very small, you may need a precision
oscilloscope to measure those test points. Or you can ignore these
steps of experiment item, and go to the next step.
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Table 3-7 Observe on the variation of amplitude modulation by changing the
amplitude of carrier signal (Continue) (Vm = 600 mVp, fmn = 1 kHz, f. =
500 kHz, R12 = 3.3 kQ).

Output Signal Carrier Signal Amplitudes

Ports 200 mVpp 300 mVpp

TP1

TP2

TP5

TP6
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Table 3-7 Observe on the variation of amplitude modulation by changing the
amplitude of carrier signal (Continue) (Vm = 600 mVp, fn = 1 kHz, fc =

500 kHz, R12 = 3.3 kQ2).

Output Carrier Signal Amplitudes

Signal Ports 200 mVpp 300 mVpp

TP7

AM O/P1
Output
Signal

Spectrums

AM O/P2
Output
Signal

Spectrums

TP5
Output
Signal

Spectrums

TP6
Output
Signal

Spectrums

Modulation
Index
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Table 3-8 Observe on the variation of amplitude modulation by changing the
frequency of carrier signal (Vm = 600 mVy, fm = 1 kHz, V¢ = 300 mVy,

Ri2 = 3.3 kQ).
Output Signal Carrier Signal Frequencies
Ports 500 kHz 1 MHz
AM O/P1
AM O/P2

TP3

TP4
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Table 3-8 Observe on the variation of amplitude modulation by changing the
frequency of carrier signal (Continue) (Vm = 600 mVp, fm = 1 kHz, V¢ =

300 MVpp, R12 = 3.3 kQ).

Output Signal Carrier Signal Frequencies

Ports 500 kHz

1 MHz

TP1

TP2

TP5

TP6
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Table 3-8 Observe on the variation of amplitude modulation by changing the
frequency of carrier signal (Continue) (Vm = 600 mVp, fm = 1 kHz, V¢ =

300 MVpp, R12 = 3.3 KQ).

Output Carrier Signal Frequencies
Signal Ports 500 kHz 1 MHz

TP7

AM O/P1
Output
Signal

Spectrums

AM O/P2
Output
Signal

Spectrums

TP5
Output
Signal

Spectrums

TP6
Output
Signal

Spectrums

Modulation
Index
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Table 3-9 Observe on the variation of amplitude modulation by changing the variable
I‘eSIStOI‘ VRl (Vm = 600 mVpp, fm = 1 kHZ, Vc = 300 mVpp, fc = 500 kHZ,

Ri2 = 3.3 kQ).
Modulation Output Signal Output Signal Modulation
Index Waveforms Spectrums Percentages
AM Emax -
o/P1 Emin =
= %
30 %
AM Emax -
O/P2 E min
= %
AM Emax -
o/P1 E min
= %
50 %
AM Emax -
o/P2 Emin =
m = %
AM Emax -
o/P1 Emin =
m = %
110 %
AM Emax -
o/pP2 Emin =
m = %
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Table 3-10 Observe on the variation of amplitude modulation by changing the
variable resistor VR2 (Vm = 600 MV, T = 1 kHz, V¢ = 300 mVy, fc =
500 kHz, R12 = 3.3 kQ).

Ma\g/glrgggfs of Output Signal Output Signal Modulation
Resistor VR? Waveforms Spectrums Percentages
AM Emax =__ |
O/P1 Emin =
m= )
100 O
AM Emax =__ |
O/P2 Emin =
m= %
AM Emax =
O/P1 Emin = |
= %
300 Q
AM Emax=___
O/P2 Emin =
m= %
AM Emax =__ |
O/P1 Emin =
m= %
800 O
AM Emax =__ |
O/P2 Enin =
= %
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—— 3-5: Problems Discussion

1. Explain the objectives of the transistor Q1 in figure 3-5.

2. Explain the objectives of the inductor Ly, capacitor Cz and resistor Rz in

figure 3-5.
3. Explain the objectives of the variable resistor VR in figure 3-7.

4. Refer to figure 3-7, if we let J2 be short circuit, J1 be open circuit, i.e. Rio
changes to Riz, which its value is 6.8 kQ changed to 3.3 kQ. Then
describe the variation of the DC bias current of MC1496.

5. Refer to figure 3-7, if we adjust the magnitude of the variable resistor VR>
from small to large, then describe the variation of the output signal of AM

modulator.

6. When modulation index, m =50 % and 110 %, what are the ratio of Emax

and Emin?
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Chapter 3: Expected Experimental Results

Experiment 1: Transistor AM modulator

Table 3-2 Observe on the variation of amplitude modulation by changing the
amplitude of audio signal (fn = 1 kHz, fc = 500 kHz, V¢ = 300 mVpy).

Output

Audio Signal Amplitudes

Signal

Ports 100

MVpp

150 MV

Tek EITEH 50.0k5/s

3780 Acas
3 F

1

Tek HETN 50.0K: g TTACAS ;

1 Freq €1 Freq
1.03400kHz wim does not
cross ret
€1 Pr-pK €1 PPk
) m -
v MTROORS CRT OMV 1 Dec 2003 166mVA M R00Us CR1F T Z2mY | pec 2002
17:11:55
17:35:13
oKk TR A ; TeR G 100k 75 BRG] ]
€1 frea
R0
c1pk Pk
133my
Ch R MO0 TR 7 =TORY 1 Dec 2002 ELRO iSooTs TR WV 1 nec 200
17112137 17:37:01
TeK TooMS7E 3 Acas ; ToK STl SooMs T 5 Aca B
1 Fre
85kt s
. e A cipk-pk
TN, AT, A T27emy
7 4 B
TP3 L f . ;.
\V | \W/ \»/ \5/ |
SRR TOTs THT 7 SwR

Output S
Signal
Spectrums

AMOMP | :

[ 3738 4 ( fl

T T, g Sl
o Y 1,5‘;'\ ‘N’M"l‘ l\

E max =296 mV
Ein =50 mV
m=71%

Modulation
Index

E o =138 MV
E,.i, =25 mV

m=69 %
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Experiment 2: MC1496 AM modulator
Table 3-5

Observe on the variation of amplitude modulation by changing the
amplitude of audio signal (fn = 1 kHz, fc = 500 kHz, V¢ = 300 mVpp, Rio

= 3.3 kQ).

Output
Signal
Ports

Audio Signal Amplitudes

600 MVpp

300 mVpp

AM
O/P1

ek I 50.0KS/%

34 Acas
T

1

€1 Pk=Pk
1.064 vV

SRRl 200mvy

M 500js Chi 7

4T2mV- 29 Nov 2003
11:38:02

Tek 50 l’)kﬁ/g 35 Acqs

T 3
Cl1treq
wfm does n t
rrrrrrrr
<1 Pk—Pk
I ' ' ' ' ' dq Tazv

TEEE S00mvy

WM 500ps Chi 7 490mV 25 Nov 2003
17:28:01

RE3stop ] SU.OKS/f

39 Acas
F

1

27 ACOS
ia 1

Tek QTN so.oky?

Cl1Freq
o Hz
wfm does not
cross ref
C1 Pk—Pk
148V
MY 20 Nov 2003 M~500Hs CRi 7~ 490mV 25 Nov 2003
11:38:02 17:28:52
8 ACqs Tek LIy 25.0M575 75 ACq

TP1

Tek GOTE 250kS/s[

ClTreq
55.6566kHz
Low
resolution

€1 Pk—Pk
18.6mv

N MY
VY

S/00mvA;

M 200s Chi # 60.0mV 29 Nov 2003

11:41:12

Clrreq

499.30kHZ
Unstable
histogram
C1Pk-pPk
16.00my

M 2. 00ps ‘Chi #2600V

2/d0mvh; 25 Nov 2003

17:21:32

TP2

TeR ST S0.0MS/rs 55 AC

s
e 3

Clrreq
500.26KH2

C1 Pk—Pk

A A A /\ 100
[
50.0mvA; M 1.00ds Chi F Z3mV 29 Nov 2003
11:42:03

75 ACas

Tek25.0MS/fs B
+

C1rreq
506.07kHz

€1 Pk—Pk
252mv

LALA

AN
TRVAVRVAY

TRVRIA

100mvA; M2.00ls ‘Chi 0V 25 Nov 2003

17:22:12
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Table 3-5 Observe on the variation of amplitude modulation by changing the
amplitude of audio signal (Continue) (fn = 1 kHz, f. = 500 kHz, V. = 300

mVpp, R12 =

3.3kQ).

Output

Audio Signal Amplitudes

Signal
Ports

60

0 MV 300

MVpp

TP6

TeK Sy T00K575 T ACaS TeK ST 100K575 7 Acas
E T 1 E T 1
1
1 Freq 1 Freq
1.07528KkHz 1.02828kHz
Low signal
amplitude
* C1 PK—Pk C1 PK—Pk
\ 210mv 96my
TR S0.0mvAh M 500us Chi 7 80mV 29 Nov 2003 RN 50.0mvAy ™M 500us Chi 7 490mV 25 Nov 2003
11:40:00 17:30:00
Tek ZSOkS/s[ 22 Acqs ) Tek 25 DMS/[; 79 Acqs ;
T T
C1 Freq C1 Freq
4.5290kHz 976.97kHz
Low signal Unstable
amplitude histogram
C1 Pk—Pk €1 Pk=Pk
11.4mv 7.68mv
AW A A ‘ g
A o ‘ | ‘
TP 1TV VYV R RN
TN 5.00mvAy M 200s Chi 7 60.0mV 29 Nov 2003 O 2.00mvVy M2.004s Chi 7 3600V 25 Nov 2003
11:40:34 17:30:49
Tek 50.0ks/5 111 Acds . Tek S0.0ks/g 35 Acqs )
+
C1 Freq C1 Freq
== 11z = Hz
wfm does not wfm does not
cross ref ross ref
€1 Pk=Pk €1 Pk—Pk
1.112v < 1.42v
200mvy M S00Ms Chi 7~ 424mV 29 Nov 2003 TR 500mVY M™500ps Chi 7~ 490mV 25 Nov 2003
11:42:48 17:28:01
Tek SN 50 nks/; 111 Acqs ; Tek FITE 50 nks/; 27 Acqs ;
F T
C1 Freq C1 Freq
= Hz ~ Hz
wfm does not wfm does not
cross ref
C1 Pk=Pk C1 Pk—Pk
1.112v 1.48v

Z00mvy

S00mvVA

W S00js Chi 7 424mV 29 Nov 2003
11:42:48

W 500[s Chi 7 490mV 25 Nov 2003

17:28:52
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Observe on the variation of amplitude modulation by changing the
amplitude of audio signal (Continue) (fn = 1 kHz, f. = 500 kHz, V. = 300

mVpp, R12 = 33 kQ)

Output

Audio Signal Amplitudes

Signal
o 600 MVp, 300 MVpp
TP7 ’ ’
AM O/P1 T = | # it
Output ‘ | - \ ),""-‘. e
Signal 12 2 STAR. i, A i o I W s
Spe(?trums B acini T e Lyt ¥ W
AMO/P? | B ] 1
Output P A P e | i
Signal ! B e M, "t X R A, . ) R
Spectrums | M mlii i jas ==
TP5 1
Output \
Signal et i "I/ ‘.k : .\"ﬁd“'.x g 'ers :.'E:NI'API‘J\‘«'IY b ‘."\",',',f'.v‘u
Spectrums | . -
TP6 ....... z —— “' '.I' .
Output L A |
Signal R TV S P R A1 el v
Spectrums | Y biad ik i
Modulati Emax =500 mV Emax =700 mV
odulation
index | Emin =180 mV E,... =250 mV
m=47% m=47.4%
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Table 3-6 Observe on the variation of amplitude modulation by changing the
frequency of audio signal (Vm = 600 mVpy, fc = 500 kHz, V¢ = 300 mVy,
R = 3.3 kQ).

Output Audio Signal Frequencies

Signal
Ports 1 kHz 2 kHz

Tek 50 DkS/f 641 Acqs . Tek SIH IZSKS/s[ 2225 Acqs ;
g2 T
C1 Freq Cl Freq
= Hz = Hz
wfm does not wfm does not
cross ref
C1 Pk-Pk C1 Pk-Pk
274V I I I I I 112V
TEIE] S00mvy M 500ps ChiJ  1.29V 25 Nov 2003 TEIE] S00mvhy M 200ps ChiJ  490mV 29 Nov 2003
17:45:55 11:48:01
Tek So.okslf 142 Acas . Tek 125kS/s[ 2225 A ;
Cl Freq Cl Freq
4 wHz = Hz
wfm does not wfm does not
cross ref
C1 Pk-Pk C1 Pk-Pk
2.36V 112V
T S00mVA M S00us Chi 7~ 1.29V 25 Nov 2003 T So0mvAy M 2000s Chi 7~ 490mV 29 Nov 2003
17:46:41 11:48:01
Tek 500K575 223 ACS Tek 250K575 5 ACqS
[ F 1 E T+ 1
Cl Freq C1 Freq
96.6464KHZ 19.3205kHz
ow ow
resolution resolution

TP1 WWM #MWM o \ IMWVP WM o

TSGR S.00mvYy ™M T100ms Chi 7 2.6mV 25 Nov 2003 i 5.00mvYy M 200us Chi 7 60.0mV 29 Nov 2003
17:48:18 11:40:53
Tek ([T 50.0MS/s 60 Acqs Tek ([T 50.0MS/s 65 Acqs
£ T 1 3 T 1
C1 Freq Cl Freq

3
400.38kHz 5071.26kHz

AL A
yRVRTRYA I TRYRYRVAY

el 50.0mvA M1.00as Chi 7 0V 25Nov 2003 TEEN 50.0mv M 1.00pus Chi 7 AmV 29 Nov 2003
17:48:51 11:50:45
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Table 3-6 Observe on the variation of amplitude modulation by changing the
frequency of audio signal (Continue) (Vm = 600 mVpy, fc = 500 kHz, V. =
300 mVpp, R12 = 3.3 kQ).

Output
Signal
Ports

Audio Signal Frequencies

1

kHz

2

kHz

TP3

TP4

TeR S 1006575 79 ACGS ; TeK T, T20 Acas ;
T T
Fre C1 Freq
1.03808kH2 2.0534kHz
Low signal
amplitude
C1 Pk—Pk C1Pk-Pk
212mv 376mv
ICh | T M~500[s CHT 7~ —8mMV 25 Nov 2003 JCh | LT W~200[is CHT 7~ T76mV 29 Nov 2003
17:47:13 11:48:53
TeK ST 500K575 75 ACGS TeK ST 250K575 T5 Acas
[§ T 1 [ T 1
C1 Freq 1 Fre?(
7.3530kHz 105.2632kHz
Low signal
amplitude resolution
1 C1 Pk—Pk C1 Pk-Pk
" 10.6mv 11.6mv
N 2, s
4»

O 5.00mvA

M T00us Chi 7 —8.00mV 25 Nov 2003

17:47:46

Ol 5.00mvA

™M 2000s Chi 7

60.0mV" 29 Nov 2003
11:49:29

TPS

TER B 5006578

54T Acas
T

1

S00mvy

M Soops ‘Chi S

C1 Freq

o Hz
wfm does not
cross ref

C1 Pk—Pk
2.7av

1.29V 25 Nov 2003

17:45:55

Tek I25kS/s[ 19 Acqs
T

C1 Freq
® Hz
wim does not
cross ref

C1Pk=Pk
1.120v

200mvA

W Zo0ps Chi 7

328MV_ 29 Nov 2003

11:51:29

TP6

Tek I 50.0kS/5

142 Acqs
T

C1 treq
wfm does not
cross ret

C1 Pk-Pk
2.86 v

TSGRl s00mvh

™M S00Ms Chi 7

1.29V 25 Nov 2003
17:46:41

Tek S 125k5/5, 19 Acas
T

C1 treq

wfm does not
cross ret

c1 Pk=Pk
1.120v

200mvA,

M 200ps Chi 7

328MV 29 Nov 2003
11:51:29
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Table 3-6 Observe on the variation of amplitude modulation by changing the
frequency of audio signal (Continue) (Vm = 600 mVyy, fc = 500 kHz, V. =

300 MVpp, Riz = 3.3 kQ).

Output

Audio Signal Amplitudes

Signal Ports 1 kHz

2 kHz

Spectrums | H#

TP7 1 {
AM O/P1 7 = | T
Output / Ly _ X
Signal : SN 7
S p ectrums ; ‘-: I i ' i '41" »"6 B ¥ "‘W*,’»“"" n‘\\.‘}.,.‘_i i’ Y 1
AM O/P2 7 i
Output \ ’ “”’i [ :v'A‘yl' 2
Signal W gLl " Gl

Modulation
Index

TP5 %
Output .
signal |y /% W dr Sk v
Spectrums | + -y oy R, o B
- — 0.0 ane 14088 50s
TP6 i fo ] e
Output 17 e f\ | =
SpeC trumS Y ‘.‘-.qf,trr f "“*"-&’u‘.-}-! Eanp ¥ ‘4'“-,,*,‘.’;»' V‘“\!" "\f-{ \1 o ‘ .
Enax =137V E,ax = 560 MV

m=47.4 %

E,. =200 mV
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R12 = 3.3 kQ).

Table 3-9 Observe on the variation of amplitude modulation by changing the variable
resistor VR1 (Vm = 600 mVpp, fm = 1 kHz, V¢ = 300 mVpy, fc = 500 kHz,

Modulation
Index

Output Signal Waveforms

Modulation
Percentages

TEK EIaE 50.0K5/5

2080 Acas

C1 Freq
wrm does not
cross ref

C1 Pk—Pk
2.96 v

AM

O/P1 Enax=148V

E,.., =550 mV
m=49.4 %

max

133V 25 nov 2003
1%:07:20

So00mv™y M S00Ms Chi 7

50 % TeK EilENE 50.0kS/s 12 Acqs

C1 Freq

= Hz
wfm does not
uuuuuuuuuu

AM
o/P2 E, =148V
E,;, =550 mV

m=49.4 %

max

W s00ps Chi 7

Soomv 133V 25 Nov 2002

18:07:52

Output Signal Spectrums

M She0n wme / Ji\ £u
A i\ | 1 [\ 3 "
] 4 \ r’ 3

\
2 T TX 29
O/Pl o ~..| /,‘ \!‘/Y;‘ \\‘_v.{" '.‘. L
€akf] ), PRTRNA L ) v w"““‘q"\ﬂl’r 2
1,.-wlt,w ] |»~4M &)
PE et Th i
50 %
-3 *20 pCC we Ly >
:xl:.L. .U‘ a0 " i 4 .": . o ,rf( »ti ‘L
000 Hiw \ 7 NE ¥
A R I8 s
AM e
AN : \
O/P2 un sl a;" ‘\‘f"”l‘ P«,“;“. I.'s" I
L e T Mo
firm ’ i 1
N T 200 1} L WsHAeP e By
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Table 3-10 Observe on the variation of amplitude modulation by changing the
variable resistor VR2 (Vm = 600 mVyp, fm = 1 kHz, V¢ = 300 mVy, fc =

500 kHz, R12 = 3.3 kQY).

Modulation
Percentages

Magnitudes
of Variable Output Signal Waveforms
Resistor VR»
AM | 5
O/P1 |
2 b

300 Q

AM
O/P2

a
B
-

=136 mV
67.5

Emax
Emin =
mVvV
m=33.7 %

Output Signal Spectrums

-
HER BOO . 038 WMy
sLCr 19,0 dbm -~ Le am ~21 .32 ake ELLL
rco -
o
ie
! M 19 N'\l":
ARKER
R x / HEKT
O/Pl L,12 abm | / rEAK
/ MEXY Fx
/ / RIOMT
win sp| ,ﬁf
y HEXT Fx
ok UW"'.”M LA “EFT
More
L owe
CHICH BB [ BEAN B.BEN EHe
300 Q L W 1em EW 108 Mz Sur Q.00 .0
L4t 27T BEC O “es
ol MES BRS . AEs Mae
NEF —i18.@ aBe AT e a@ ~28.96 OB  MARKER
rEAx A—typerer - cr
L0O
44 L LI 4
fi\ a
MAKKEN / \
SO0 .95 Wmz [ HERT
AM ReRaaes (n pE
[ o=
\ J HEXT FE
o/P2 LY
WA 00 J
" FCE 4/ S WEXT >
coRely, ¥ Y T
W/ -
"
s b4

CENTES EOD.G3E ahz
sew

B ABe M VEW Lee Ha




