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ABSTRACT 
 

This report is about the designing and development of our project titled, Low Cost 

Infrared Modem. The aim of this project is to apply all the knowledge we have learnt to 

understand the functions of every blocks in the basic circuit and enhance its performance. 

 The infrared modem transmits and receives data using the infrared wavelength in 

the electromagnetic spectrum. The basic circuit of the infrared modem can be enhanced 

further to improve reliability and performance. The main feature of our enhancement is 

that we removed the monostable multivibrator. This report will explain how this can be 

done and what are the steps taken to replace the function of the monostable multivibrator. 

 Finally, we also included some extra features which are user friendly in our 

software programs to help make life easier to users. 
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INTRODUCTION 
 
 Infrared light lies between the visible light and radio waves in the electromagnetic 

spectrum. Infrared light has a range of wavelengths, just like visible light has a range 

from red to violet. Basically, we could split the range into two parts, which are called the 

“Near infrared” light and the “Far infrared” light. The “near infrared” light is the closest 

in wavelength to visible light and the “far infrared” is closer to the radio wave region in 

the electromagnetic spectrum. “Far infrared” waves carry thermal energy. This is the type 

of infrared radiation we experience everyday in the form of heat. The “near infrared” 

waves are not hot at all. In fact, we could not even feel them. In our low cost infrared 

modem project, we will be using the “near infrared” waves to transmit data. 

 The low cost infrared modem will be connected to the computer through the serial 

port using a DB9 female port which complements the EIA232 standard. In this report, we 

will discuss about the development and enhancement of a low cost infrared modem.  
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SCHEMATICS DIAGRAM AND EXPLANATION OF BASIC 
CIRCUIT 
 

 
Diagram: Schematics of the basic circuit 

 
     Components:    Function: 
 
1) D1, D2, R1, C1, D3   Voltage regulator 
     
2) U1, C1 till C5    RS232 to TTL interface 
 
3) U2A, U2B, R3, R4, R5, C7  Square wave oscillator 
 
4) Q1, Q2, R7, R8, R6   2-stage amplifier/ Infrared LED driver 
 
5) R2, D4      Power Indicator 
 
6) U4, L1, C9     Infrared receiver 
 
7) U3, R9, C10    Monostable multivibrator 
 
8) U2C, U2D     Control logic 
 
9) D6, D5,      Infrared transmitter 
 
10) R10, D7     Transmitting indicator 
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11) J1       DB9 female port 

Notes: 

1) Voltage regulator: Our basic circuit supplies 4.89V to other components. Power is 

supplied by the computer through the DTE and RTS lines (line 4 and line 7 of the DB9 

female port). Each line supplies a current of 7.25mA at 6.94V. The capacitor C1 is used 

to overcome the problem of sharp current spikes by placing C1 in parallel to the zener 

diode. The zener diode is used to supply a constant 5V voltage to the components. The 

zener diode is fixed in reverse biased in the circuit because at some reverse voltage, the 

junction breaks down and thereafter the current increases very rapidly with applied 

voltage. Therefore, the voltage across the diode is roughly constant no matter how large 

the current flows through it. Hence, we can keep the voltage magnitude constant. For 

narrow junctions with their low breakdown voltages, breakdown is by quantum-

mechanical tunneling across the narrow barrier, called the Zener effect. For wider 

junctions and higher voltages, the breakdown is by electron avalanche, which occurs 

when the voltage is high enough to give the electrons enough energy to knock other 

electrons into the conduction band. The Zener diode rating used in our project is 5.1V. 

 

2) RS232 – to – TTL interface: It is used to change the bipolar EIA232 voltage levels to 

suit the TTL voltage level which is unipolar. The serial RS232 communication works in 

the voltage region of -15V to -3V for ‘High’ and +3V to +15V for ‘Low’ while the 

normal TTL computer logic only operates in the region between 0V to 5V with 0V to 

+0.8V for ‘Low’ and +2V to +5V for ‘High’. Hence, the need to convert the voltage 

levels from the RS232 serial port arises as the voltage level is not compatible with the 

voltage level of the TTL computer logics. U1 contains 2 transceiver pairs and a built in 

switched capacitor voltage pump. C2 till C5 are capacitors needed for the voltage pump. 

 

3) Square-wave oscillator: The square-wave oscillator is used to modulate the signal 

waveform sent by the computer. The information signal must be modulated with a carrier 

signal so that the data can be transferred through infrared light to its destination. This 

oscillator has been tuned to give a square-wave around 37-39kHz at operating voltage of 
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5V. This is a voltage controlled oscillator, in that when Pin 2 of U2A is logic LOW, the 

circuit will oscillate and when Pin 2 is logic HIGH, the circuit will stop oscillating. 

4) 2 –stage amplifier: It is used because the output from U2B is too weak to drive the 

infrared LEDs. Q1 functions as an inverter while Q2 is the actual amplification device. 

R6 indirectly controls the current through the infrared LEDs and thus affects the intensity 

of the infrared LEDs. C8 is used to reduce the voltage fluctuation in the voltage supplied 

to the infrared LEDs so the infrared LEDs receive a stable voltage supply. If there is a 

large spike in the voltage supplied, it might damage the infrared LEDs. 

 

5) Infrared receiver: U4 is an IC which contains a photodiode (to detect the infrared 

light), low-noise amplifier (to amplify the incoming signal), band-pass filter (to filter out 

unwanted signals such as noise from the incoming signal), envelope detector (to 

demodulate the signal), and a Schmitt trigger circuit. It is optimized for Amplitude shift 

keying (ASK) infrared signal at around 38 kHz. L1 and C9 function as a low-pass filter 

which stabilizes the voltage supply to the infrared receiver. The receiver is very sensitive 

to power supply noise. 

 

6) Monostable multivibrator: This circuit functions to prevent the modem from picking 

up its own transmitted signals as the infrared receiver will detect any infrared signals. It 

works together with the control logic (components U2C and U2D) to mask out the signal 

that the infrared transmitter transmits. Here, a 555 timer is used as a relaxation oscillator 

because its circuit has all the components to build a relaxation oscillator. For your 

information, a relaxation oscillator is a circuit that repeatedly alternates between two 

states at with a period that depends on the charging of a capacitor. The capacitor voltage 

may change exponentially when charged or discharged through a resistor from a constant 

voltage, or linearly when charged or discharged through a constant current source. 

 

7) DB9 Connector: Used to connect the modem to the serial port of the computer. It 

follows the EIA232 standard. 
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Diagram: DB9 Male connector 

 

WHAT HAPPEN WHEN WE SEND DATA? 
In our project, data is sent asynchronously. In this method, the transmitter and receiver 

must be set in advance to an agreed-upon baud rate. A very accurate local oscillator will 

then generate and internal clock signal that is equal to the transmitter within a fraction of 

a percent. The packet length is kept short so that the risk of the local oscillators in the 

receiver and transmitter to drift apart will be minimized. The widely used packet length is 

11 bits which consists of 1 start bit, 8 data bits, 1 stop bit and 1 parity bit.  

 
Diagram: Packet length 
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When a data is sent from the computer, it will go through the RS232 to TTL interface IC 

to convert its voltage level from bipolar to unipolar. Data such as characters sent through 

a serial interface generally follows the ASCII standard. Hence, the waveform is in binary 

logic 1 for high or logic 0 for low. Next, the signal will be modulated by the square-wave 

oscillator circuit and then passes through a 100kΩ resistor to minimize the amplification 

of noise. This is because the signal’s amplitude after the 100kΩ resistor has been 

decreased and if there is noise in the signal, the effect will be minimized. If the signal is 

in logic 1, it will turn on Q1 and all the current will flow from Vcc to ground. Q2 remains 

off. When the signal is in logic 0, Q1 will be off and the current from Vcc turns on Q2 

and a larger current supplied to the infrared LEDs starts to flow through Q2. This is when 

the LED starts to transmit the amplified signal. All these happen in a blink of an eye. The 

transistors are switching at a very high speed while we are sending data. 

 

RECEIVING DATA 
When data is sent, the receiver detects the infrared light through the photodiode. The 

signal is then amplified with a low noise amplifier and the data signal is extracted from 

the carrier signal using the envelope detector. The data signal is then passed through the 

band pass filter to filter out unwanted signals from the original data signal sent such as 

noise. The Schmitt trigger is used as a relaxation oscillator to set the agreed-upon baud 

rate between the receiver and transmitter. Next, the data signal goes through U2C and 

U2D. In this part of the circuit, the signal passes through here will be masked or 

‘canceled out’ when the trigger to the 555 timer is at logic high (when data is sent). This 

is crucial as the receiver will detect any infrared light and hence, we will detect the signal 

sent by our own transmitter. By masking out the signal we transmitted, the signal will not 

be sent back to the computer for display. When the 555 timer is not triggered ( not 

transmitting data), the data signal is then sent to the RS232 to TTL interface to convert 

the voltage level that is compatible with the serial RS232 communications port and sent 

to the computer for display. 
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PRINTED CIRCUIT BOARD 

Here are the steps taken to develop our PCBs (printed circuit boards) into a working low 

cost infrared modem: 

 

Step 1) Artwork preparations: The circuit design is drawn and printed out. 

Step 2) Raw PCB board cleaning: Cleanses the PCB. 

Step 3) Application of photoresist: In the lab, only negative photoresist is available. The 

photoresist is laminated on the PCB. 

Step 4) Ultra-Violet (UV) light exposure: Since the PCB is laminated with negative 

photoresist, the portion which is exposed to UV light will become insoluble while the 

portion not exposed will be soluble and dissolve when soaked in the photoresist 

developer solution. 

Step 5) Pattern development: The PCB which was exposed to the UV light is then 

soaked in the photoresist developer solution for about 5-10 minutes. This is to remove the 

unexposed portion of photoresist. The PCB is rinsed with water after completion of this 

process. 

Step 6) Etching: Next, the PCB is then soaked in an etching solution which contains 

Ferric Chloride and Ammonium Persulfate to etch out the unwanted copper from the 

PCB. All this is done in an etching tank. The tank contains a heater and bubbler. These 

functions are meant to speed up the process of etching. The time duration of this process 

is about 5-10 minutes with a fresh, heated solution. 

Step 7) Resist stripping: This process is to remove the insoluble photoresist from the 

copper lines of our design. According to the lab technician, the solution used is some sort 

of highly concentrated detergent. Next, the PCB is washed thoroughly and is ready to be 

drilled. 

Step 8) Drilling: Holes are drilled to fit in our components. 

Step 9) Soldering: The components are soldered to the pads. 
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Diagram: Wong’s Copper bottom PCB design (7.3 X 3 cm) 

 
Diagram: Wong’s Copper Top PCB design 

 

 
Diagram: Choo’s Single Sided PCB design (6.5 X 3cm) 

 

Refer Appendix A for actual circuit.
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HARDWARE ENHANCEMENT 
The main feature of our final product is that we removed the monostable multivibrator 

and the control logic blocks from the basic circuit design. Refer to the diagram below: 

 
Diagram: Schematics of our finalized low cost infrared modem 

 

We removed the monostable multivibrator and the control logic blocks to save cost and 

smaller PCB as we could replace those components with just a few lines in the 

software coding. 1 question you might ask is how do we know that we could connect the 

output of the receiver directly to the T1in of the MAX232 IC? We could do this because 

we know that the monostable multivibrator and the control logic blocks only function is 

to ‘cancel out’ the signal when the transmitter is transmitting. When there are data to be 

transmitted, the signal will be sent to the modulator block as well as the trigger pin of the 

monostable multivibrator IC. Hence, the monostable multivibrator and control logic 

blocks only work when there is data to be sent. In fact, the control logic block consists of 

2 NOR gates which only serve to inverse the voltage level twice. Hence, we would not 

need to go through the control logic block at all. This is proven true by calculation using 

the diagram in the next page. 
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     Diagram: NOR gate values             Diagram: Logic gates inside MN4001B 

Since we took out the 555 timer IC, the input to pin number 9 is always ‘low’ (logic 0). 

When the input of pin no. 8 is logic 1, the output of pin 10 is logic 0 which is also the 

input of pin no. 12 and 13. Hence, the output of pin 11 is logic 1, similar to the input at 

pin 8. When the input at pin no. 8 is logic 0, the output of pin 10 is logic 1. Thus, we will 

obtain the value of logic 0 at the output which is pin 11. We also tested this configuration 

using an oscilloscope without the 555 timer and the results of these calculations were 

proven correct. The waveform at the output pin of the infrared receiver is similar to the 

T1in pin of the MAX232 IC.  

 
Diagram: Example of a waveform we obtained using the oscilloscope with the monostable multivibrator 

and control logic blocks. 
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Another enhancement we added to the hardware part is the removal of the 22 ohms 

resistor (R8). As we know, the R8 ratings determine the amount of current that flows to 

the infrared LEDs. Hence, it indirectly determines the intensity of the infrared LEDs. 

Since the range of transmission is governed by the intensity of the infrared LEDs, we 

decided to remove the resistor. To determine the validity of this theory, we compared the 

brightness of the infrared LEDs using a camera phone. Then, we measured the current 

that flows through the infrared LEDs. With R8 in place, the average current was around 

0.8mA while the average current when the R8 was removed was around 1.26mA. We 

measured the current by holding the keyboard key so that we transmit a character 

continuously and the transistor Q2 will be almost constantly on. This may not be the most 

accurate method to measure the current because the transistor is switching at a very high 

speed and different characters draw different values of current, but the difference in 

current is quite significant. Hence, we decided to take this result into account. Another 

enhancement we made is to design the PCB to be as small as possible. We know that in 

the competitive market out there, space equals to money. Many companies in the industry 

are trying to design their products as small as possible to save space. 

 

The last enhancement we made is we used a cheap RM 3.50 receiver which is capable of 

performing as good as the HIM 602 which costs RM 12.50. This receiver saves us RM 9 

per unit. 

 
PRICE COMPARISON 
Basic Unit 
Resistors 0.50 
Capacitors 2.50 
Inductor 1.20 
Diodes 3.50 
Transistor 0.80 
Receiver 12.50 
RS232 4.00 
Quad NOR GATE 1.00 
555 Timer 1.00 
TOTAL 27.00 

 

Enhanced Unit 
Resistors 0.45 
Capacitors 2.30 
Inductor 1.20 
Diodes 3.50 
Transistor 0.80 
Receiver 3.50 
RS232 4.00 
Quad NOR GATE 1.00 
555 Timer 0.00 
TOTAL 16.75 

 

By using a cheaper receiver and removing the 555 timer, we are able to produce a circuit 
which cost RM 10.25 cheaper than the original circuit but is able to perform as good as 
the original circuit.



Low Cost Infrared Wireless Modem EPT 3016 Mini Project 
 

06/07 EC 305 – Wong, SY and Choo, TS 
for momofofo Exclusives 

13 

 

INTRODUCTION TO SOFTWARE 
 
In this project, each of us is required to use Microsoft Visual Studio 6.0 to write a 

software that allows two modem to communicate with each other. The reason why 

lecturers prefer Visual Basic over other programming languages is because Visual Basic 

is designed to be easy to learn and use.    

 

Visual Basic is an event driven programming language and associated development 

environment from Microsoft. The language allows programmers to easily create simple 

GUI applications by visually arranging components or controls (drag and drop techniques) 

on a form, specifying attributes and actions of those components, and writing additional 

lines of code for more functionality. A simple program can be created without the 

programmer having to write many lines of code. 

 

Basics of Communicating with Serial Port 

 

In order to allow serial port communication, the serial communication interface has to be 

setup prior to initializing it in the software. First, a communication control object called 

mscomm32.ocx must be added in the project components list. 

 
Step 1: A MSComm object is included into the form 
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Step 2: Variables are declared 
 

 
Private mintCom As Integer 
‘This variable is assigned to either COM1/COM2/COM3 
 
Private mintBaud As Integer 
‘This stores the baud rate 
 
Private mbytTxdata As Byte 
‘This stores the data to be transmitted 
 
Private mbytTX(0) As Byte 
‘Define as an array of byte with only 1 element, this is done because the 
Output method of Serial Com Module only accepts binary array or a 
string. 
 

 
Step 3. Initialize serial port function 
 

 
On Error GoTo eventErrors   
MSComml.CommPort = mintCom 
MSComml.Settings = mintBaud & “,E,8,1” 
 
MSComml.PortOpen = True  ‘Open the port 
     
    MSComml.DTREnable = True  
    MSComm1.RTSEnable = True                                         
     
    eventErrors: 
    If Err.Number = 68 Then  
        MsgBox “Cannot Open COM Port”, vbOKOnly, “Error” 
        Exit Sub 
    ElseIf Err.Number = 8002 Then 
        MsgBox “Invalid COM Port number”, vbOKOnly, “Error” 
        Exit Sub 
    End If 
Resume 
 

 
Step 4. In the Form load method, variables are initialized to default values 
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Step 5. Code for the relevant events 
 
In the OnComm event which indicates that the serial port has received data or has been 
issued interrupt (maybe an error) 
 

 
Private Sub MSComm1_OnComm() 
 
If  MSComm1.CommEvent > 1000 Then MSComm1.InBufferCount=0  
This checks if an error occurred, if YES then clear input buffer 
Else 
If MSComm1.CommEvent = comEvReceive And 
MSComm.InBufferCount > 0 Then 
    varRX = MSComm1.Input  

‘Check whether there is any data in the receive buffer, if YES then Read 1 
byte 
Text1.text = varRX 

‘Display the received data in the textbox 
 
End Sub 
 

 
Step 6. Code for send function 
 
Input is obtained from a textbox and sent out from the serial port. 
 

 
MSComm1.Output = text2.text 
 

Step 7. Clean up upon exiting 
 
Ports are closed, buffers are flushed and status is reset. 
 

Refer Appendix B for our interface layout.
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HOW REMOVING 555 TIMER WORKS 
 
The purpose of the monostable multivibrator in the circuit is to cancel out the received 

signal when the modem is transmitting. By removing the 555 timer from the circuit, the 

modem will receive what it sent when it is transmitting. This problem can be overcome 

by implementing a timer with delay in the software to block the received signal over a 

period of time when the modem is transmitting. 

 

Basics of Blocking The Transmitted Signals 

 

The software will only accept the input when delayTimer = 0 .  

 

 
Figure: Flow chart of blocking the modem’s own transmitted signals 

 
When the modem is transmitting a text, the delayTimer will be set to 1 and the 

delayDuration will be set to the length of the text to be transmitted. The software will 

discard the received signal as long as the delayTimer is smaller than the delayDuration. 

After the process, the delayTimer will be set back to 0 and the receiver is able to receive 

data. 

 

no 

delayTimer < 
delayDuration 

delayTimer = 1 

delayDuration = 
len(text2.text) 

 

delayTimer = 0 

yes delayTimer = 
delayTimer + 1 
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In the basic circuit, the pulse length used to block the received signal is fixed by the RC 

values used in the monostable multivibrator. If the user wanted to change the length of 

the pulse, he has to change the resistor and capacitor values which are very troublesome. 

Another problem arise in the basic circuit when the delay implemented in the monostable 

multivibrator is too short, the receiver will start receiving the ending bits of its own 

transmitted signal. This will cause the modem to interpret a wrong character and usually 

it will be the ‘ÿ’ character. By using the software to control the delay timing, the user 

is able to control the delay of the timer used to block the received signal. 

 

Another feature of using this method is the user can choose not to block the modem from 

receiving its own transmitted signals. With this feature, the user is able to troubleshoot 

the modem’s transmission and receiving capability. We call this feature the debug 

mode. 

 

 
Figure: Software in Debug Mode 
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SEGMENTING DATA FOR TRANSMISSION 
 

A problem will arise when the modem is trying to transmit a long string of data, the local 

oscillators in the receiver and transmitter will drift apart. This will cause lost in 

synchronization (referred to the first NRZ bit) and the receiver is unable to interpret the 

data. An example is to send 60 characters in one go, the receiver will receive 50 

characters while other 10 characters are lost due to lost in synchronization. 

 

The method we used to overcome this problem is by segmenting the data before 

transmission. A pointer will choose the first character in the string of characters to be 

transmitted then the pointer will move to the next character to transmit one by one. Short 

packet length is chosen in this asynchronous system to minimize the risk that the local 

oscillators in the receiver and transmitter will drift apart. 

 

 
Figure: User is able to specify the amount of characters per segment using the software 
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FILE TRANSFER IN BINARY 
 
The third feature in our software is that the software is capable of sending files. The 

basics of file transfer in binary, open the file to read as binary, segment and send the 

binaries according to buffer size then stop when EOF is detected. 

 

 
Figure: Flowchart of sending file 

 

no 

yes 
no 

yes 

LOF(2) – LOC(2) 
<= bsize 

EOF(2) 

Bsize = 
MSComm1.outbuffersize 

Temp$ = space$(bsize) 

Get #2, , temp$ 

Bsize = LOF(2) – LOC(2) + 1 

MSComm1.output = temp$ 

Open file binary access read as #2 

Close #2 
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Figure: Sending file using Choo’s software 

 
While the receiving end flow will be accessing the file as binary then ‘put’ the received 
data bit by bit and close the file in the end. 
 

 
Figure: Receiving file using Wong’s software 
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UNIQUE CHARACTERS USED FOR TRANSMISSION 

 
These are the unique characters we agreed upon for transmission protocol. 

 

Chr(4) EOT – End of Transmission 

Used as end of transmission when sending text or file. When the sender is sending text, 

the receiver will go to a new line. In the other hand, when the sender is sending a file, the 

receiver will off the receiving file status. 

 

Chr(17) – File Transfer Request 

The unique character sent by the file sender to request the receiver to accept the sent file. 

If the receiver accepts the file, a dialog box will pop up to enable the receiver to choose 

the location to save the file. 

 

Chr(18) – Accept File Transfer 

The unique character replied by the file receiver when he is requested for file transfer. 

When the sender receives this unique character, the sender will start sending the file and 

end with Chr(4). 

 

Chr(19) – Deny File Transfer 

The unique character replied by the file receiver when he denied the file transfer. The file 

sender will then cancel the file transfer. 
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Figure: Unique character flow when transferring file 

Data 

Chr(4) 

Chr(18) 

Chr(17) Sender Receiver 
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EXTRA FEATURES 
 

 
Figure: Software Interface 

 
1. Top banner for advertisement purposes. 

2. Open previous saved conversation 

3. Save current conversation 

4. Clear current conversation 

5. Resize form – user able to maximize or resize form, the conversation box will 

scale accordingly. 
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RECOMMENDATION 

 
The intensity of the infrared LEDs could be improved further by increasing the current 

supplied to the infrared LEDs. Theoretically, this can be done by the increase of base 

current, Ib of the transistor Q2. By referring to the equation 

#Base current = Collector current / Transistor gain         (Ib = Ic /ß), 

the collector current, Ic  at transistor Q2 which is the current supplied to the infrared 

LEDs, will increase if the base current, Ib increases. However, there is a maximum 

current limit that the transistor can withstand. To increase the base current of transistor 

Q2, the resistor R7 can be reduced to a certain value. Another method to increase the 

collector current, Ic of transistor Q2 is to replace the transistor Q2 with a transistor that 

has a higher gain, ß value. We did not implement this in our circuit due to insufficient 

time. We encountered some problems with our current circuit and spent a lot of time 

correcting them. Another problem we faced is that we could not simulate the circuit as 

the simulation programs such as Pspice student version and Pspice 9.2 do not have 

templates of some of the components we use. Hence, this is only a recommendation you 

can try as it is not yet proven to be true.  

 

The baud rate of the modem can be increase by changing the model of the receiver to 

TSOP 7000 and the modulation circuit at the left side of the U2 but the downside of using 

a receiver with high baud rate is the price. We didn’t implemented the receiver because it 

costs RM 20 which is not suitable for our title of low cost modem. Our current circuit 

cost less than RM 20. 

 

Implementing ARQ and more sophisticated protocols will increase the reliability of the 

transmission but the downside is the ratio of information bits over transmitted bit will be 

very low and not feasible. 
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CONCLUSION 
We are able to lower the cost of the circuit by using a cheaper receiver and by removing 

the 555 timer from the circuit. The 555 timer can be substitute with a few lines of codes 

in the software which the user can gain more control over the timing of the modem and 

able to remove the ‘ÿ’ character problem. Other than using the software to block the 

modem’s own transmitted signal, the user can set not to block its own signal to 

troubleshoot its transmitter and receiver if there is a problem occurs. Other than that, by 

removing the 555 timer, we are able to design a smaller PCB. Lastly the reliability of the 

transmission can be improve by segmenting the transmitted data using the software. 

 

With the benefits of cheaper, smaller and more reliable, we believe that our modems 

fulfilled the requirements of the project title “Low Cost Infrared Modem”. 
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APPENDIX A - PCB 

  
Wong’s Final Product – PCB (7.3 X 3 cm) 

 

 
Choo’s Final Product – PCB (6.5 X 3 cm) 
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APPENDIX B – WONG’s SOFTWARE 

 
Wong’s Interface 

 
Choo’s Interface 
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APPENDIX C – Example of a waveform before and after modulation 

 
Diagram: Example of a waveform before and after modulation 


