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(FSK – Frequency Shift Keying)



Frequency shift keying (FSK)

• FSK is a method of digital modulation that utilizes frequency shifting of 

the relative frequency content of the signal. The signal is to be 

modulated and transmitted in binary; this is referred to as binary FSK 

(BFSK).

• Where the carrier frequency changes in discrete levels, in accordance 

with the input signal: 

    Binary 0 (bit 0): Frequency = f + Δf

    Binary 1 (bit 1): Frequency = f − Δf

• Output is the FSK-modulated carrier, which has two frequencies f1 and 

   f2, corresponding to the binary input signal

• These frequencies correspond to the messages binary 0 and 1,   

     respectively.



Frequency shift keying (FSK)

m(t) - Input modulating digital signal

C(t) - Carrier signal

S(t) - ASK modulated signal



FSK – Modulation Technique

• This is an indispensable task in digital communications, where 

redundant bits are added to the raw data, enabling the receiver to 

detect and correct bit errors during transmission.

• Many error-coding schemes are available, and a simple coding 

technique, known as “Block Coding” illustrates the concept.

• Encoded ASK modulation scheme using (15, 8) block code where an 

8-bit data block is formed as M-rows and N-columns (M = 4, N = 2).

• The product MN = k = 8 is the dimension of the information bits 

before coding.

0 0 0

0 1 1

1 0 1

1 1 0

0 0 0

0 0 0 1 1 0 1 1

Data set – 8 bit

PH - Horizontal parity

PV - Vertical parity

PH

PV
• ASK modulated and transmitted row by row.

• The resulting augmented dimension is given by the product 

(M + 1) (N + 1) = n = 15 

Used Even parity



FSK – Modulation Technique

• Code Rate: r =
𝑴𝑵

𝑴+𝟏 𝑵+𝟏
=

𝟒×𝟐

𝟒+𝟏 𝟐+𝟏
 =

𝟖

𝟏𝟓

• If the coded bit rate is Rbcoded and the Uncoded bit Rate is Rbuncoded

𝑹𝒃𝒄𝒐𝒅𝒆𝒅 =
𝑼𝒏𝒄𝒐𝒅𝒆𝒅 𝑩𝒊𝒕 𝑹𝒂𝒕𝒆

𝑪𝒐𝒅𝒆 𝑹𝒂𝒕𝒆
=

𝑹𝒃𝒖𝒏𝒄𝒐𝒅𝒆𝒅

𝒓
=

𝑹𝒃𝒖𝒏𝒄𝒐𝒅𝒆𝒅
𝟖

𝟏𝟓

=
𝑹𝒃𝒖𝒏𝒄𝒐𝒅𝒆𝒅×𝟏𝟓

𝟖



FSK – Modulation Technique



Basic FSK – Modulator Circuit

FSK – Modulator using Transistor and OP-Amp 



FSK Demodulation

• For FSK, the receiver needs to utilize two band-pass filters 

tuned to the appropriate carrier frequency.

• Since the nominal carrier frequency and the frequency 

deviation are known, this is relatively straightforward. One 

band-pass filter will be centered at the frequency f1 and the 

other at f1.

• When the signal enters the receiver, it passes through the 

respective filter, and the corresponding bit value is made. 

Then, the receiver determines the value of each bit to recover 

the encoded data block, including horizontal and vertical 

parities.

• To ensure that the bits are decoded correctly, the frequency 

deviation needs to be chosen with the limitations of the filters 

in mind to eliminate crossover.



FSK Demodulation

• Then, the receiver appends horizontal and vertical parities 

(PH* and PV*) to check for errors and recover the data block.

• If there is an error, there will be a parity failure in PH* and 

PV* to pinpoint the error.



FSK Demodulation

Basic Demodulation Circuit



FSK Bandwidth

The time domain representation, known as non-return-to-zero (NRZ), is given 

by:



FSK Bandwidth

The frequency domain representation is given by “Fourier transform”

• The bandwidth of the power spectrum is proportional to the frequency. 

• The one-sided bandwidth is given by the ratio f/fb = 1. So, the one-sided 

bandwidth = f = fb, where fb = Rb = 1/T, T being the bit duration. The general 

equation for two-sided response is given by:

P(ω) - Power spectral density 



FSK Bandwidth

• V(ω) - two-sided spectrum of V(t). 

• This is due to both positive and negative frequencies used in 

the integral.

• The function can be a voltage or a current. 

Two-sided bandwidth (BW) = 2Rb (Rb - Bit rate before coding)



FSK Bandwidth
Fig (a): Discrete-time digital signal Fig (b): one-sided power spectral density

Fig (c): Two-sided power spectral density



FSK Bandwidth



FSK Bandwidth

Notice: The carrier frequency after FSK modulation varies back 

and forth from the nominal frequency fc by ± Δfc, where Δfc is the 

frequency deviation. The FSK bandwidth is given by:

β = Δ fc / fb (modulation index)

fb - Coded bit frequency (bit rate Rb) 

“Carson’s rule”



FSK Bandwidth

(c) The Spectral 

response of the 

carrier after 

modulation.

The spectral response 

(a) Non-return-to-zero 

     (NRZ) data before 

      modulation.

(b) Spectral response of 

      the carrier before  

      modulation. 



FSK Bandwidth

Consider the Bit rate before coding: Rb1 = 10 kb/s and Code 

rate: r = 8/15 and the modulation index (β) = 1 for the FSK 

modulation.  Find: 

(1) The bit rate after coding: Rb2  (Ans: 18.75 kb/s)

(2) Transmission bandwidth: BW (Ans: 75 kHz)

Example: 



Phase shift keying (PSK)

• PSK is a method of digital modulation that utilizes the phase of 

the carrier to represent the digital signal. The signal to be 

modulated and transmitted is binary; this is referred to as binary 

PSK (BPSK).

• Where the phase of the carrier changes in discrete levels, in 

accordance with the input signal: 

     Binary 0 (bit 0): Phase1 = 0°

     Binary 1 (bit 1): Phase2 = 180°

• Output is the BPSK-modulated carrier, which has two phases ɸ1 

and ɸ2 corresponding to the two information bits.

➢ Binary Phase Shift Keying (BPSK) 

Modulation

➢ QPSK Modulation 

➢ 8PSK Modulation 

➢ 16PSK Modulation

Binary Phase Shift Keying (BPSK) 



Binary Phase shift keying (BPSK)

1800 or -900



Binary Phase shift keying (BPSK)

Binary Phase Shift Keying (BPSK) Modulation 

▪ Phase shift keying (PSK) is a method of digital modulation that 

utilizes phase shifting of the relative phase content of the signal.

▪ The signal to be modulated and transmitted is binary, which is 

encoded before modulation. 

▪ This is an indispensable task in digital communications, where 

redundant bits are added to the raw data that enable the 

receiver to detect and correct bit errors if they occur during 

transmission.



BPSK – Modulation Technique

• Many error-coding schemes are available, and a simple coding 

technique, known as “Block Coding” illustrates the concept.

• Encoded ASK modulation scheme using (15, 8) block code 

where an 8-bit data block is formed as M-rows and N-columns 

(M = 4, N = 2).

• The product MN = k = 8 is the dimension of the information 

bits before coding.

0 0 0

0 1 1

1 0 1

1 1 0

0 0 0

0 0 0 1 1 0 1 1

Data set – 8 bit

PH - Horizontal parity

PV - Vertical parity

PH

PV
• ASK modulated and transmitted row by row.

• The resulting augmented dimension is given by the product 

(M + 1) (N + 1) = n = 15 

Used Even parity



BPSK – Modulation Technique

• Code Rate: r =
𝑴𝑵

𝑴+𝟏 𝑵+𝟏
=

𝟒×𝟐

𝟒+𝟏 𝟐+𝟏
 =

𝟖

𝟏𝟓

• If the coded bit rate is Rbcoded and the Uncoded bit Rate is Rbuncoded

𝑹𝒃𝒄𝒐𝒅𝒆𝒅 =
𝑼𝒏𝒄𝒐𝒅𝒆𝒅 𝑩𝒊𝒕 𝑹𝒂𝒕𝒆

𝑪𝒐𝒅𝒆 𝑹𝒂𝒕𝒆
=

𝑹𝒃𝒖𝒏𝒄𝒐𝒅𝒆𝒅

𝒓
=

𝑹𝒃𝒖𝒏𝒄𝒐𝒅𝒆𝒅
𝟖

𝟏𝟓

=
𝑹𝒃𝒖𝒏𝒄𝒐𝒅𝒆𝒅×𝟏𝟓

𝟖



BPSK – Modulation Technique



BPSK – Modulation Technique

▪ The BPSK modulator can also be represented as a signal 

constellation diagram with M = 2, 1 bit per phase. 

▪ This is shown in the figure, where the input raw data, having a 

bit rate Rb1, is encoded using a rate r encoder. 

▪ The encoded data, having a bit rate Rb2, = Rb1/r (r < 1), is 

modulated by the BPSK modulator as shown in the figure.

▪ The BPSK modulator takes one bit at a time to construct the 

phase constellation having two phases, also known as 

“Symbols,” where each symbol represents one bit. The symbol 

rate is therefore the same as the encoded bit rate Rb2.

▪ BPSK modulator specifications: 2 phases or 2 symbols; 

   1-bit/symbol, These specifications govern the transmission 

    bandwidth.



BPSK – Modulation Technique



BPSK – Modulation Technique



BPSK – Modulation Technique

▪ BPSK uses two phases which are separated by 180° (ex: 0 

and π phase) and encodes one bit per symbol. 

▪ Phases are not exactly pointed because the modulated signal 

takes some noise level or distortion, and it makes the incorrect 

decision by the demodulation techniques. 

▪ BPSK The general form of the BPSK modulation equation is as 

follows: 

𝐶𝑛 𝑡 =
2𝐸𝑏

𝑇𝑏
𝑐𝑜𝑠 2𝜋𝑓𝑐𝑡 +  𝜋 1 − 𝑛 , 𝑛 = 0, 1.

  

Eb– Energy per bit, Tb – Bit duration

For binary 0,    𝑪𝟎 𝒕 = −
𝟐𝑬𝒃

𝑻𝒃
𝒄𝒐𝒔 𝟐𝝅𝒇𝒄𝒕  

For binary 1,     𝑪𝟏 𝒕 =
𝟐𝑬𝒃

𝑻𝒃
𝒄𝒐𝒔 𝟐𝝅𝒇𝒄𝒕  



Basic PBSK – Modulator Circuit

1800 Phase shift



FSK Demodulation

• This is often accomplished with the use of a phase detector, 

typically known as a phase-locked loop (PLL). 

• As the signal enters the receiver, it passes through the PLL. 

The PLL locks the incoming carrier frequency and tracks the 

variations in frequency and phase. This is known as the 

coherent detection technique, where the knowledge of the 

carrier frequency and phase must be known to the receiver. 

•  The Following Figure shows a simplified block diagram of a 

BPSK demodulator along with the data recovery process. 

• To ensure that the bits are decoded correctly, the phase 

deviation needs to be chosen with the limitations of the PLL in 

mind to eliminate crossover.



BPSK Demodulation



BPSK Demodulation

Basic Demodulation Circuit



QPSK Modulation



QPSK Modulation

▪ The input raw data, having a bit rate Rb1, is encoded by a rate r 

(r < 1) encoder. The encoded data, having a bit rate Rb2 = Rb1 /r, 

is serial to parallel converted into two parallel streams. 

▪ The encoded bit rate, now reduced in speed by a factor of two, 

is modulated by the QPSK modulator as shown in the following 

figure.

▪ The QPSK modulator takes one bit from each stream to 

construct the four-phase constellation, also known as 

“Symbols,” where each symbol represents two bits. 

▪ Therefore, the symbol rate is reduced by a factor of two.

▪ The QPSK modulator has four phases or 4 symbols, 2-

bits/symbol as shown in the figure. 

▪ Therefore, the QPSK modulator has the following specifications: 

• 4phases or 4 symbols

• 2-bits/symbol 



QPSK Modulation

QPSK signal constellation having 4 symbols, 2 bits per symbol



QPSK Modulation



QPSK Modulation

➢ At the modulator's input, the information signal even bits (2nd, 

4th, 6th bit, etc) and odd bits (1st, 3rd, 5th bit, etc) are separated 

by the bit splitter and multiplied with the same carrier to 

generate odd BPSK (PSKI) and even BPSK (PSKQ). The PSKQ 

signal is phase-shifted by 900 before being modulated. 



QPSK Modulation

➢ The QPSK modulated signal for four 2-bit inputs is as follows, 

which shows the modulated result for different instances of 

binary inputs.  



QPSK Modulation

▪ With quadrature phase shift keying modulation (QPSK, 

quadriphase PSK, or 4-PSK), a sinusoidal waveform is varied in 

phase while keeping the amplitude and frequency constant. 

▪ The term quadrature indicates that there are four possible 

phases. The following equation shows the general expression 

for a QPSK waveform. 

The QPSK waveform 

𝑆𝑖 = A sin 𝜔𝑐𝑡 + 𝜑0 + 𝜑𝑖 𝑡

𝑆𝑖 - PSK signal waveform for phase i

t – Time

A - Peak  Amplitude

𝜔𝑐 - Carrier frequency 

𝜑0 - Reference phase angle

𝜑𝑖 - phase i

i - Range from 1 to 4

➢ The instantaneous phase has 

discrete values equal to 𝝋𝟎 +
𝟐𝝅𝒊

𝟒
 

i = 1, 2, 3, or 4



QPSK Modulation

The QPSK constellations 

▪ The ideal PSK constellation has M equidistant phase states and 

constant amplitude, resulting in circular symmetry. With QPSK, 

therefore, M = 4, and the phases are separated by 900.

▪ Figure shows two common representations of the QPSK 

constellation. The constellation points are arbitrarily labeled A, 

B, C and D, each of which represents one of the four possible 

dibits 00, 01, 10, and 11. 

▪ The mapping between the dibits and the constellation points 

depends on the modulator circuit. Beside each constellation in 

Figure is a plot showing all four phases (modulation symbols) as 

sinusoids. 

▪ In each of these representations, the four phases are spaced 

900 (π/2 radians) apart. The only difference between these 

representations is the choice of the reference phase angle (𝜑0 

in the above Equation).



QPSK Modulation
The QPSK constellations 



QPSK Modulation
The QPSK constellations  

𝑪𝒏 𝒕 =
𝟐𝑬𝒃

𝑻𝒃
𝒄𝒐𝒔 𝟐𝝅𝒇𝒄𝒕 + 𝟐𝒏 − 𝟏

𝝅

𝟒
, 𝒏 = 𝟎, 𝟏, 𝟐, 𝟑

 

▪ A QPSK modulator is a double (base 2) signal, to deliver four unique 

input mixes, 00, 01, 10, and 11 as bellow figure. 

▪ Hence, with QPSK, the twofold information is consolidated into 

gatherings of two bits, called charges. In the modulator, each charge 

code produces one of the four conceivable yield phases,)45°,135°,-

45°,and - 135°).



QPSK Modulation

▪ A QPSK signal can be generated by independently modulating two carriers in 

quadrature (cos(ωt) and sin(ωt)), as shown in below Figure. 

▪ The Serial to Parallel Converter groups the incoming data into dibits (groups 

of two consecutive bits). Each time two bits have been clocked serially into its 

buffer, the Serial to Parallel Converter outputs one dibit in parallel at its two 

outputs. 

▪ One bit of each dibit is sent to the I channel of the modulator; the other bit is 

sent to the Q channel of the modulator. Each channel of the modulator works 

independently to processes the stream of bits it receives. 

A typical QPSK modulator 



QPSK Modulation
A typical QPSK modulator 

▪ The starting point for grouping bits into dibits is completely arbitrary. For 

educational purposes, the Serial to Parallel Converter in the QPSK application 

has a Drop 1 Bit button. Clicking this button causes the Serial to Parallel 

Converter to ignore one bit in the data sequence. This changes the grouping 

of all subsequent data bits into dibits. 

▪ The Level Converter in each channel converts the data into a (baseband) 

bipolar pulse stream that can be applied to one input of the mixer. To restrict 

the bandwidth of the QPSK signal, a Low-Pass Filter is usually used before the 

mixer in each channel of the modulator in order to provide the desired spectral 

shaping. 



QPSK Modulation
A typical QPSK modulator 

▪ The I- and Q-channel sinusoidal carriers cos(ωt) and sin(ωt) are in quadrature 

(900 out of phase). Each mixer performs modulation by multiplying the carrier 

by the bipolar data signal to produce a BPSK signal. The effect of the mixer is 

to shift the frequency spectrum of the baseband signal up to the frequency of 

the carrier. 

▪ The two BPSK signals are summed to produce the QPSK signal. Because 

these two BPSK signals are generated using two carriers in phase quadrature, 

the BPSK signals are orthogonal, and the QPSK demodulator will be able to 

demodulate them separately. 

▪ The output signal of the modulator is a sinusoidal carrier with four possible 

phases, each of which represents a two-bit symbol. This signal can be 

represented by the following equation. 

𝑺(𝒕) = 𝒅𝑰(𝐭) 𝒄𝒐𝒔 𝝎𝒕 + 𝒅𝑸 𝒕 𝐬𝐢𝒏 𝝎𝒕

S(t) - QPSK signal waveform 

DI(t) – I channel bipolar pulse stream d0, d2, d4, …

DQ(t) – Q channel bipolar pulse stream d1, d3, d5, …

ω - Angular frequency 



QPSK Modulation
QPSK signal generation from two BPSK signals

• Signal diagram shows the dibit 11 mapped to the constellation point in the first 

quadrant. Other mappings are possible. Such mappings usually use a Gray 

code to ensure that only one-bit changes between adjacent symbols. As a 

result, QPSK modulators map the dibits 00 and 11 to opposite quadrants. 
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Gray Code – Binary Number Representation

Number Representation

➢ Difficult to represent Decimal numbers directly 

    in a digital system

➢ Easier to convert them to binary

➢ Both Decimal and Binary numbers use a positional

    weighting system 

 ex: 10102 = 1x23+0x22+1x21+0x20  =  1x8 + 0x4 + 1x2 + 0x1 = 1010
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In logic systems different codes in general use

Ex: Binary code

 Sign – Binary

 One’s complement

 Two’s complement

 Hexa Decimal

 Binary Code Decimal (BCD)

 Grey Code

 ASCII Code

➢ Representing negative numbers

    (Sign – Binary, One’s complement, Two’s complement)
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4 Bit grey code

➢ It is not a weighted and arithmetic code

➢ The grey code exhibits only a single bit change from

     one code word to the next in sequence

➢ It has no intermediate state in transition from one

    position to another

Gray Code
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American Standard Code for Information 

Interchange (ASCII)

➢ It is Universally accepted alphanumeric code used in

    most computer and other electronic devices

➢ Has 128 characters and symbols represented by a 7 bit

    binary code

➢ First 32 control characters are represented by 00 to 1F

    Hexadecimal  

➢ The graphic symbols are listed from 20h to 7Fh

➢The extended ASCII characters are represented by an

    8-bit code series from 80h to FFh
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ASCII Control Characters 



53

Extended ASCII 

Characters 



QPSK signal generation from two BPSK signals



QPSK Demodulation



8PSK Modulation

▪ In 8PSK, the input raw data, having a bit rate Rb1, is encoded by 

a rate r (r < 1) encoder. The encoded data, having a bit rate Rb2 

= Rb1/r, is serial to parallel converted into three parallel streams. 

▪ The encoded bit rate, now reduced in speed by a factor of three, 

is modulated by the 8PSK modulator as shown in bellow figure. 

▪ The 8PSK modulator takes one bit from each stream to 

construct the phase constellation having 8 phases, also known 

as “Symbols,” where each symbol represents 3-bits. 

▪ The symbol rate is therefore reduced by a factor of 3. The 8PSK 

modulator has 8 phases or 8 symbols, 3-bits/symbol as shown 

in the figure. 

▪ Therefore, the 8PSK modulator has the following specifications:  

• 8 phases or 8 symbols

• 3-bits/symbol 



8PSK Modulation

8PSK signal constellation having 8 symbols, 3 bits per symbol



16PSK Modulation

▪ In 16PSK, the input raw data, having a bit rate Rb1, is encoded 

by means of a rate r (r < 1) encoder. The encoded data, having 

a bit rate Rb2 = Rb1/r, is serial to parallel converted into four 

parallel streams. 

▪ The encoded bit rate, now reduced in speed by a factor of four, 

is modulated by the 16PSK modulator as shown in the bellow 

figure.

▪ The 16PSK modulator takes one bit from each stream to 

construct the phase constellation having 16 phases, also known 

as “Symbols,” where each symbol represents four bits. 

▪ The symbol rate is therefore reduced by a factor of four.

▪ Therefore, the 16PSK modulator has 16 phases or 16 symbols, 

4 bits/symbol as shown in the figure. 

▪ So, the 16PSK modulator has the following specifications: 16 

phases or 16 symbols and 4-bits/symbol.



16PSK Modulation
16PSK signal constellation having 16 symbols, 4-bits per 

symbol. Here, each symbol is represented by a dot, where 

each dot represents 4-bits



16PSK Modulation

• The number of phases and the corresponding bits per phase 

for MPSK modulation schemes for M = 2, 4, 8, 16, 32, 64, 

etc…



PSK Bandwidth

The time domain representation, known as non-return-to-zero (NRZ), is given 

by:



PSK Bandwidth

The frequency domain representation is given by “Fourier transform”

• The bandwidth of the power spectrum is proportional to the frequency. 

• The one-sided bandwidth is given by the ratio f/fb = 1. So, the one-sided 

bandwidth = f = fb, where fb = Rb = 1/T, T being the bit duration. The general 

equation for two-sided response is given by:

P(ω) - Power spectral density 



PSK Bandwidth

• V(ω) - two-sided spectrum of V(t). 

• This is due to both positive and negative frequencies used in 

the integral.

• The function can be a voltage or a current. 

Two-sided bandwidth (BW) = 2Rb (Rb - Bit rate before coding)



PSK Bandwidth
Fig (a): Discrete-time digital signal Fig (b): one-sided power spectral density

Fig (c): Two-sided power spectral density



PSK Bandwidth

Spectral Response of the Carrier Before Modulation



PSK Bandwidth
BPSK Spectrum

▪ The input is a digital signal, and it contains an infinite number 

of harmonically related sinusoidal waveforms.

▪ Here, V (ω) is the frequency domain representation of the 

input digital signal, which has a sin(x)/x response that governs 

the phase of the carrier frequency. With V(t) = m(t), we write 

the following as:

▪ β is the phase deviation index of the carrier and m(t) has a 

sin(x)/x response, which is given by

▪ the spectral response after BPSK modulation also has a sin(x)/x 

response, which is the shifted version of the NRZ data, centered 

on the carrier frequency fc, as shown in the below figure.



PSK Bandwidth

(c) The Spectral 

response of the 

carrier after 

modulation.

The spectral response 

(a) Non-return-to-zero 

     (NRZ) data before 

      modulation.

(b) Spectral response of 

      the carrier before  

      modulation. 



BPSK Bandwidth

• Rb2 - coded bit rate (bit frequency). 

• BPSK bandwidth is the same as the ASK bandwidth. 
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