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3.4 QUADRATURE AMPLITUDE MODULATION 

Quadrature Amplitude modulation (QAM): QAM is a form of digital 

modulation similar to PSK except the digital information is contained in both the 

amplitude and phase of the transmitted carrier. 

  

QAM is a combination of ASK and PSKTwo different signals sent 

simultaneously on the same carrier frequency ie,M=4, 16, 32, 64, 128, 256 As an 

example of QAM, 12 different phases are combined with two different 

amplitudes. 

 

Since only 4 phase angles have 2 different amplitudes, there are a total of 16 

combinations. With 16 signal combinations, each baud equals 4 bits of 

information (2 ^ 4 16). 

  

Combine ASK and PSK such that each signal corresponds to multiple bits. 

  

More phases than amplitudes. Minimum bandwidth requirement same as ASK or 

PSK 

 

QAM (quadrature amplitude modulation) is a method of combining two 

amplitude modulation (AM) signals into a single channel. This approach helps 

double its effective bandwidth. ... One signal is called the I signal, and the other 

is called the Q signal. 

 

QAM is used extensively as a modulation scheme for digital 

telecommunication systems, such as in 802.11 Wi-Fi standards. Arbitrarily high 

spectral efficiencies can be achieved with QAM by setting a suitable constellation 

size, limited only by the noise level and linearity of the communications channel. 

 

Orthogonal Frequency Division Multiplexing (OFDM) is an efficient modulation 

format used in modern wireless communication systems including 5G. OFDM 

combines the benefits of Quadrature Amplitude Modulation (QAM) and 

Frequency Division Multiplexing (FDM) to produce a high-data-rate 

communication system. 

 

Quadrature Amplitude Modulation, QAM utilises both amplitude and phase 

components to provide a form of modulation that is able to provide high levels of 

spectrum usage efficiency. 

QAM, quadrature amplitude modulation has been used for some analogue 

transmissions including AM stereo transmissions, but it is for data applications 

where it has come into its own. It is able to provide a highly effective form of 
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modulation for data and as such it is used in everything from cellular phones to 

Wi-Fi and almost every other form of high speed data communications system. 

 
Figure 3.4.1 Quadrature Amplitude Modulation Concept 

 

  

 
Figure 3.4.2 Phase Angles 

Quadrature amplitude modulation, QAM, when used for digital transmission for 

radio communications applications is able to carry higher data rates than ordinary 

amplitude modulated schemes and phase modulated schemes. 

Basic signals exhibit only two positions which allow the transfer of either a 0 or 

1. Using QAM there are many different points that can be used, each having 

defined values of phase and amplitude. This is known as a constellation diagram. 

The different positions are assigned different values, and in this way a single 

signal is able to transfer data at a much higher rate. 
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Figure 3.4.3 Constellation diagram for a 16QAM signal showing the 

location of the different  

Points 

As shown above, the constellation points are typically arranged in a square grid 

with equal horizontal and vertical spacing. Although data is binary the most 

common forms of QAM, although not all, are where there constellation can form 

a square with the number of points equal to a power of 2 i.e. 4, 16, 64 . . . . , i.e. 

16QAM, 64QAM, etc. 

By using higher order modulation formats, i.e. more points on the constellation, 

it is possible to transmit more bits per symbol. However the points are closer 

together and they are therefore more susceptible to noise and data errors. 

The advantage of moving to the higher order formats is that there are more points 

within the constellation and therefore it is possible to transmit more bits per 

symbol. The downside is that the constellation points are closer together and 

therefore the link is more susceptible to noise. As a result, higher order versions 

of QAM are only used when there is a sufficiently high signal to noise ratio. 

To provide an example of how QAM operates, the constellation diagram below 

shows the values associated with the different states for a 16QAM signal. From 

this it can be seen that a continuous bit stream may be grouped into fours and 

represented as a sequence. 
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Figure 3.4.4 Bit sequence mapping for a 16QAM signal 

Normally the lowest order QAM encountered is 16QAM. The reason for this 

being the lowest order normally encountered is that 2QAM is the same as binary 

phase-shift keying, BPSK, and 4QAM is the same as quadrature phase-shift 

keying, QPSK. 

Additionally 8QAM is not widely used. This is because error-rate performance 

of 8QAM is almost the same as that of 16QAM - it is only about 0.5 dB better 

and the data rate is only three-quarters that of 16QAM. This arises from the 

rectangular, rather than square shape of the constellation. 

QAM advantages and disadvantages 

Although QAM appears to increase the efficiency of transmission for radio 

communications systems by utilising both amplitude and phase variations, it has 

a number of drawbacks. The first is that it is more susceptible to noise because 

the states are closer together so that a lower level of noise is needed to move the 

signal to a different decision point. Receivers for use with phase or frequency 

modulation are both able to use limiting amplifiers that are able to remove any 

amplitude noise and thereby improve the noise reliance. This is not the case with 

QAM. 

The second limitation is also associated with the amplitude component of the 

signal. When a phase or frequency modulated signal is amplified in a radio 

transmitter, there is no need to use linear amplifiers, whereas when using QAM 

that contains an amplitude component, linearity must be maintained. 

Unfortunately linear amplifiers are less efficient and consume more power, and 

this makes them less attractive for mobile applications. 
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