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Abstract: A single stage down conversion super-
heterodyne receiver has been designed, simulated and 
analyzed using Electronic Design Automation (EDA) 
software. Firstly, the required characteristics of the 
receiver such as the dynamic range, SNR, Third-order 
intermodulation products etc. were identified. Then, 
depending on these requirements, the gains of the LNA 
and the IF amplifier are adjusted so as to enable the 
receiver to have maximum dynamic range and minimum 
noise figure. Once, the design is over, the receiver has 
been modeled on the Electronic Design Automation 
simulator, using the in-built components available and 
simulated. The data obtained from the simulation is 
analyzed by using the data display screen.  
Various simulations were performed to obtain the Third 
Order Intercept point and 1 dB compression point. Budget 
analysis was done to understand the contributions from 
each of the components of the receiver. The same set of 
simulations were repeated for three different 
configurations of the receiver In order to compare the 
performance of the receiver for different values of the 
LNA gain. By these simulations, the effect of the variation 
of the LNA gain on noise-figure, third-order intercept 
point, 1-dB compression point and dynamic range was 
studied. The observation made during these simulations 
was that “the LNA gain must not be too high or too low, 
it must be just sufficient to have a respectable Noise 
Figure and a good Dynamic Range”.   

Keywords: Dynamic range, SNR, Inter Modulation 
Products 

1. Introduction 

A receiver is a circuit used in a communication system to 
receive the information or data signal that has been 
transmitted by a transmitter. The signal is an 
electromagnetic (Radio) signal [7] of some frequency 
transmitted by using some form of modulation in order to 
increase the efficiency of transmission. 

Transmitting a signal of some frequency is easier 
compared to receiving a desired signal out of a multitude 
of noise signals and undesired (spurious) signals. This is 

the reason why receiver design became a very important 
and complex stage in the communications system design 
process. The performance of any communication/Radar 
system is dependent largely on the efficiency of the 
receiver used in it. The receiver design trends and the ever 
increasing need for efficient design of complex receiver 
circuits, an effort has been made to understand the basics 
of receiver design and to determine which parameters of 
the components of a receiver have a profound effect on 
the overall performance of the receiver. A part of this 
effort is this paper which is aimed at designing a receiver 
with optimum characteristics and then perform various 
simulations on it to understand the effect of variation of 
certain component parameters on the overall system 
characteristics. 

Radio receivers [2], despite the proliferation of other 
domestic electronic equipment and even of home 
computers; probably remain, as they have been since the 
inception of the electronic art, the most numerous of all 
electronic equipment, worldwide. 

Origin 

The origins of the radio receiver obviously are in the 
experimental discovery of electromagnetic radiation as 
such, and in the means used for demonstrating or 
detecting its existence. 

“Receivers are mainly used to demonstrate or detect the 
existence of electromagnetic waves”. 

In the early radio systems, the purpose of the receiver was 
to detect the presence or absence of the electromagnetic 
wave representing the signal at the aerial. 

Marconi used a detector named “coherer” in his early 
radio-telegraphy experiments around the 1890s. Later in 
1902, during First World War, “magnetic detector” was 
used in which the received wave changed the state of a 
piece of magnetic material and thus enabled a local circuit 
to be activated. 
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The kind of detector, which really laid the foundation of 
the modern radio receiver, was the “Rectifier Detector”. 
Later “crystal Detector” came to use in 1904. 

Tuned Radio Frequency (TRF) Receiver 

In later multi-stage receivers, the tuning 
(variable) capacitors would be ganged for convenience of 
tuning, and the system was called TRF reception. The 
TRF system was popular for a time as it was reliable and 
the ganging of the tuning was straightforward, all the RF 
tuned circuits having the same capacitance for any given 
frequency. 

Reaction or Regenerative Receiver 

In the triode-valve circuits, the effect that made 
the triodes into effective amplifiers was the effect of 
feedback from output to the input. The feedback was 
positive i.e. part of the output signal was fed back to 
reinforce the input. Its importance lay in two methods of 
exploitation. 

1. As a generator of high frequency oscillations. 
2. As an amplifier of very high amplification 

and selectivity. 
 

In the first application [9], it was mostly more flexible, 
versatile and convenient than other methods of generating 
HF waves. In the second application, it made a very 
sensitive radio receiver. The receiver which used this 
feedback was called “Feedback or Regenerative 
Receiver”. 

The disadvantage of this receiver was that, too much 
reaction would cause the receiver to oscillate and interfere 
with neighboring receivers while, too little reaction would 
provide insufficient sensitivity and selectivity. The very 
high sensitivity obtained when initially adjusted permitted 
reception of long-distance (e.g. transatlantic) signals on 
small aerials. 

Super-Regenerative receiver 

The TRF receiver had the disadvantage that its bandwidth 
in HZ increased in proportion to the frequency of the radio 
wave and also, the high capacitance of early triodes 
severely limited the use of such amplifiers at the higher 
radio frequency      (a few MHz and upward). 

 

 

Receiver characteristics 

The receiver characteristics that are being discussed here 
are: 

 Gain 
 Selectivity 
 Adjacent channel selectivity 
 Image response 
 Sensitivity 
 Noise Figure 
 Relation between noise figure and sensitivity 
 Reciprocal mixing 
 Intermodulation products 
 Spurious response 
 Dynamic Range 
 Automatic Gain control 
 Automatic Frequency control 
 Phase noise 

 
Why Super-heterodyne is preferred? 

From the advent of the concept of a receiver, many 
configurations have been suggested. Some of the 
configurations that were used previously are: 

 Super-regenerative Receiver 
 Crystal Video Receiver 
 Tuned Radio Frequency (TRF) Receiver 

 
Although these receivers have been employed in RADAR 
systems [5], [8], the Super heterodyne has been used 
mostly because of its 

 Good sensitivity 
 High gain 
 Selectivity 
 Reliability 

 
2. Receiver Design 

 
Foreword 

An ideal receiver would have a 0 dB Noise Figure, very 
high IPs (30 to 50 dBm) and no spurious responses in 
excess of the thermal noise level in the most narrow 
available channel bandwidth of the receiver. Such ideals 
are not attainable in our physical world. 

The closest possible approach to their attainment, given 
the state of art when the Receiver is designed, would 
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result in a very high cost. Consequentially, the design 
must be a compromise between physics and economics.  

 Level Diagram 

The most useful tool to help with these tradeoffs is the 
gain or level diagram. A level diagram identifies each 
stage of the receiver from antenna input to base band 
output. The power gain of each stage is indicated, and the 
noise figure of each active stage is recorded at its 
prospective operation point, as the second-and –third 
order IPs for that stage. For each frequency converting 
circuit, NF, gain and IPs are established for the operating 
conditions, including the LO input level. 

One of the first decisions that must be made in the design 
of a super heterodyne receiver [3] is the number and 
position of IF conversions. Next, the frequency range of 
each LO must be determined since this establishes the 
locations of the spurious responses of various orders. 
There are two choices for each LO frequency, defined by 
the equation fS ± fIF = f0. These selections are not subject 
to easy generalization. Dependent on the number of RF 
bands chosen and their frequencies and on the availability 
of stable, fixed BW filters at potential Ifs, a number of 
alternatives may need to be evaluated before a final choice 
is made. 

Another important decision is the gain distribution 
throughout the system, since this determines the NF and 
the signal levels at various points in the system. For best 
NF, adequate gain is required to have proper NFs and the 
mixer design with lowest spurious responses may well 
have a loss. 

Receiver planning thus is a cut-and-try process centered 
on the receiver level diagram. Initial selections are made, 
the NF, IPs and levels of spurious responses closest to the 
RF are evaluated and compared to the specified goals. 
This leads to a second set of selections and so on until the 
appropriate compromise has been achieved. 

The model of the single stage down conversion receiver 
that has been designed is shown in the figure 1
  

      

Figure.1. single stage down conversion receiver 

As we can see, the RF signal that has to be received by the 
receiver is given by a single tone power source. The LO 
source is also a single tone power source. The first 
amplifier is an LNA (having the Noise figure as low as 
possible). Both the filters are band-pass filters. The 
second amplifier is a power amplifier having high third-
order intercept point. It is simply referred to as the IF 
amplifier.  

Receiver Specifications 

The specifications that were used for this receiver are 
given below: 

While making the initial selections for the various 
component parameters, there are some important relations 
between component parameters that have to be followed 
if the component/device has to operate efficiently. Some 
of them are listed below: 

Amplifier 

While selecting the various parameters for an amplifier, 
we must be very careful in specifying the values for gain 
compression parameters [10]. The use of unrealistic 
parameters will result in oscillations. Some recommended 
parameter combinations are listed below 

 Third-order intercept and 1dB gain compression 
parameters:  
TOI, GainCompPower with GainComp=1dB  
Range of validity: TOI > GainCompPower + 10.8  

 Third-order intercept and power saturation 
parameters:  
TOI, Psat, GainCompSat 
Range of validity: TOI > Psat + 8.6  

 1dB gain compression and power saturation 
parameters:  
GainCompPower with GainComp=1dB, Psat, 
GainCompSat  
Range of validity: Psat > GainCompPower + 3  

 Third-order intercept, 1dB gain compression and 
power saturation parameters:  
TOI, GainCompPower with GainComp=1dB, 
Psat, GainCompSat  
Range of validity: Psat > GainCompPower +3, 
TOI > GainCompPower + 10.8  

vin vam1 vbp1 vmix vbp2 vam2

Term
Term1

Amplifier
AMP2

BPF_Butterworth
BPF2

P_1Tone
PORT2

Mixer
MIX1

BPF_Butterworth
BPF1

Amplifier
AMP1

P_1Tone
PORT1
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The parameters for the LNA and the IF amplifiers are set 
according to these relations. The same relations apply for 
the mixer also. 

The parameters for various receiver components are 
shown in the table below: 

Table 1 

Parameter 
 

Value 
Input signal power   
Input frequency      
LO frequency      
LO power              
IF frequency          
LNA gain                           
IF amplifier gain                
Output 1-dB point of LNA   
Output TOI of LNA            
Input 1 dB point of mixer   
Input TOI of mixer             
Output 1 dB of IF amplifier  
Output TOI of IF amplifier 
Shape factor (of O/P BPF) 
Bandwidth at IF 

-20 dBm 
   9 GHz    
  9.06 GHz 
  10 dBm  
  60 MHz   
  20 dB 
  30 dB 
  10 dBm 
  21 dBm 
  10 dBm  
  21 dBm 
  20 dBm 
  35 dBm 
  4 
  10 MHz 

 
Using these values, the theoretical values for overall 
system parameters like, overall Noise figure, Minimum 
Detectable Signal, overall TOI, overall 1-dB point [4] etc. 
are calculated.  

1.  Two Tone Test 

This is carried out for obtaining the Third-Order Intercept 
point of the receiver by using the Two-Tone test. 

The model receiver that has been designed for the 
simulation purpose is used here. Two-Tone simulation 
required that we give signals with two different tones at 
the input of the receiver. For this purpose, a multi-tone 
power source that is available in the “FREQUENCY 
DOMAIN SOURCES” pallet in the EDA design 
environment has been used here. This component allows 
the user to add as many frequencies or tones as required 
and also to specify the order of each of these frequencies. 
The power level of each of these input tones can also be 
assigned in the component parameter edit box. 

We have used two tones that are separated by 10 MHz, 
which are 8.995 GHz and 9.005 GHz respectively. The 
input frequency is 9 GHz. These two tones are each 

separated by 5 MHz from the center frequency i.e. 9 GHz. 
These input tones are amplified by the LNA. The 
amplified signals then pass through the first band-pass 
filter, which has a central frequency of 9 GHz and a 
bandwidth of 500 MHz. 

The signals out of the band-pass filter are then applied to 
the mixer, where they mix with the Local Oscillator 
signal, which has a frequency of 9.06 GHz. Here, we are 
interested in the down-converted signal that comes out of 
the mixer. So, in the mixer specifications we specify the 
“TYPE” of the mixer as “Down-Converter”. This mixer 
mixes the signals at its RF input and the LO input and 
produces the down converted IF signals which have 
frequencies of 55 MHz corresponding to 9.005 GHz and 
65 MHz corresponding to 8.995 GHz. 

Here, the mixer specifications are given below: 

LO frequency                           =    9.06 GHz 
LO power                                 =    10 dBm 
Input 1 dB point of mixer        =    10 dB 
Input TOI of mixer                   =   21 dB 
 
The LO signal is provided by a single tone power source 
which has been selected from the “FREQUENCY 
DOMAIN SOURCES” pallet in the design environment. 
An oscillator can also be used instead of the single tone 
power source and noise analysis can be made. 

The mixer not only produces the two IF signals but also 
produces many other inter-modulation products. These 
inter-modulation products are filtered by using the second 
band-pass filter that follows the mixer section. The center 
frequency of this band-pass filter is set as 60 MHz and the 
bandwidth of the pass band is set as 10MHz. 

For this simulation to be performed, we have selected 
“Harmonic Balance Simulator”. The reason is that when 
only one frequency is used, then the analysis of the system 
can be made by using the “AC Simulator” but whenever 
a mixer is present in the schematic then, it definitely 
involves more than one frequency. Not only that, the 
mixer generates many inter-modulation products. So, the 
analysis of the system becomes complicated and we have 
to use “Harmonic Balance Simulator” for the analysis. 

2. TOI with power sweep 

Here we are using the sweep option in the “Harmonic 
Balance Simulator”. The reason for using the sweep 
option is that, by sweeping the input power of the receiver, 
we can plot the graph of the output power as a function of 
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the input power. By using this graph, we can obtain the 
third-order intercept point. 

This sweep option is available in the HB controller. To 
use this sweep option we have to declare a particular 
parameter as a variable and we can sweep this variable 
using this sweep option. 

The sweep can be performed in two ways. One is by 
specifying the start and stop values and increasing the 
variable value in steps starting from the start value until 
the stop value. The other type is by specifying a center 
value and varying the value on either side of the center 
value. 

How the Third-Order Intercept point is obtained?  

The ip3_out() function is used here for obtaining the 
Third-Order Intercept point. 

For verifying this result, both the fundamental output 
power (in dBm) and the third-order output power (in 
dBm) are plotted against the input power in the same 
graph. Both these graphs are linear up to some extent and 
after that they deviate from the linearity curve. 

Both these curves are extrapolated along their respective 
linearity curves so that the two extensions of the linearity 
curves intercept each other at some point. This is the 
Third-Order Intercept point, i.e. where the fundamental 
and the third-order curves intercept each other.  

The fundamental output is obtained by using the function 
dBm (mix(vam2,{-1,1,0})) and the third-order output is 
obtained using the function dBm(mix(vam2,{-1,2,-1})).  

The “mix ()” function returns the mixing component of a 
voltage or a current spectrum corresponding to particular 
harmonic-frequency indices or mixing terms.  

3. RF-IF Gain Compression 

This is used to obtain the RF-IF gain compression which 
is in other words the 1-dB compression point. 

Previously we have calculated the 1-dB point by using the 
output power [11] versus input power graph. There we 
used the Harmonic Balance simulator alone. But now we 
are using a special simulator component “GAIN 
COMPRESSION” (XDB component).  

The Gain compression concept is described below: 

Gain Compression Concept  

Gain compression is the difference, in dB, between a point 
on an idealized linear (small-signal) power-gain slope and 
a corresponding point on the actual power curve. That is, 
for a gain compression of x dB,  

-x = 10 log10 (Gx/Gss) 

where Gx is the point on the idealized linear gain slope 
that is x dB directly below the point Gss on the small-signal 
power curve, as illustrated below.  

 

Figure. 2 

The simulator stops its analysis when it reaches that point. 
The default setting is 1 dB.  

The XDB simulator uses a harmonic balance algorithm, 
and as such shares many of the parameters and options 
that the Harmonic Balance simulator provides. However, 
this simulation requires that the input and output of the 
component or circuit whose gain compression is being 
simulated be defined by an appropriate source and 
termination. 

Comparison of the configurations 

Now we shall compare the three configurations of the 
receiver in all aspects. For this purpose, the various 
characteristics of the three receivers were tabulated 
below. By looking at them we can know which one is the 
optimum configuration for us. First let us have a look at 
the values of the overall input 1-dB compression point and 
the overall input Third Order Intercept point that were 
obtained theoretically for each of the configuration  
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Table 2 
 

LNA Gain  
(dB) 

IF 
Amplifier 
Gain (dB) 

Overall Input 
1-dB point  

(dBm) 

Overall 
Input TOI 

(dBm) 
10 
20 
30 

30 
30 
30 

-8 
-20 

-24.7 

5.5 
-4.4 

-13.42 

 

The next table shows the Noise Figure, Minimum 
Detectable Signal, Dynamic Range and Spurious Free 
Dynamic Range calculated theoretically for each of the 
configuration: 

Table 3 

LNA 
Gain 
(dB) 

IF 
Amplifier 
    (dB) 

Noise 
Figure 
    (dB) 

 MDS 
(dBm) 

Dynamic   
Range  
(dB) 

Spurious 
Free 
Dynamic 
Range 
(dBm) 

10 
20 
30 

30 
30 
30 

8.75 
3.4 
2.19 

-92 
-97 
-99 

84 
77 
74 

56 
51.6 
49.5

4. Conclusion 

If the receiver is required to have a high dynamic range 
and high Third-Order Intercept Point then, the LNA gain 
has to be low. The cost that we pay for reducing the LNA 
gain is an increase in the noise figure. Reducing the LNA 
gain by a large amount will result in a very high Noise 
Figure which is not desirable for efficient reception. So, 
the conclusion is that the LNA gain must not be too high 
or too low, it must be just sufficient to have a respectable 
Noise Figure and a good Dynamic Range. 

5. Future Receiver Trends 

Digital Receiver Concept 

Microwave receivers have been a subsystem in a specific 
system [6] (i.e. communication and Radar systems). In 
these systems, the receiver is usually designed for certain 
known signals. 

With the development of “Electronic Warfare” receivers, 
which are also referred to as “Intercept receivers”, 
microwave receivers have become an independent 
research area because these receivers are no longer 
designed for one specific signal nor are they part of a 
communication or Radar system. 

This kind of EW receiver [1] must have a wide input 
bandwidth with fine frequency resolution, high sensitivity 
and dynamic range to receive as many signals as possible. 
And it must process all signals simultaneously. 

Acknowledgements 
 
The authors especially thank the support given from 
Department of Science and Technology (DST), 
Government of India through the funded project with F. 
No: SB/FTP/ETA-0175/2014. The authors also thank the 
management of KL University for supporting and 
encouraging this work by providing the facilities in 
Centre for Applied Research in Electromagnetics (CARE) 
of ECE. 

References 

[1] Microwave Receivers with EW applications   - 
James Bao & Yen Tsui. 

[2] Sarat Kumar K, “Prediction of Ku band Rain 
Attenuation using Experimental Data and 
Simulations for Hassan, India”,    International 
Journal of Computer Science and Network 
Security. 2008 April; 8(4). 

[3] Govardhani Immadi, Sarat K Kotamraju, 
“Measurement of rain attenuation for ku band 
satellite signal in tropical environment using DAH, 
SAM models”,  ARPN Journal of Engineering and 
Applied Sciences. 2015 march; 10(4).  

[4] Aravind Kilaru, Sarat K Kotamraju, Nicholas 
Avlonitis, K.Ch. Sri Kavya, “Rain rate intensity 
model for communication link design across the 
Indian region”, Journal of Atmospheric and Solar-
Terrestrial Physics, Volume 145, July 2016, Pages 
136-142, ISSN 1364-6826, 
http://dx.doi.org/10.1016/ j.jastp. 2016.05.001 .  

[5] Govardhani Immadi, Sarat K Kotamraju, M. 
Venkata Narayana, Habibulla Khan, Sreemadhuri 
A., K. Sravya Chowdary and  P. Vineela, 
"Measurement of tropospheric scintillation using 
KU band satellite beacon data in tropical region", 
Journal of Engineering and Applied Sciences, 
Volume 10, Issue 4, pp-1568-1575, March 2015 

[6]  John Philip, B., Kotamraju, S.K., Sri Kavya, K.C., 
Madhumitha, R., Pavan Kumar, A. “Performance 
evaluation of attenuation time series generators 
over Indian region” (2017) Journal of Advanced 
Research in Dynamical and Control Systems, 2017 
(Special Issue 2), pp. 48-55.  

International Journal of Pure and Applied Mathematics Special Issue

198



   

 

[7] Kavya, K.C.S., Kotamraju, S.K., Charan, 
B.S.S.S.D., Phanindra, K., Srinivas, B., Narendra 
Kumar, N. “Statistical analysis of propagation 
parameters for fade mitigation” (2017) Journal of 
Theoretical and Applied Information Technology, 
95 (10), pp. 2191-2196. 

[8] Hossein Hashemi, “Concurrent Multiband Low 
Noise Amplifiers – Theory, Design and 
Applications”, IEEE Transactions on Microwave 
Theory and Techniques, VOL.50, NO.1 

[9] Prabhu Kumar, K., Brahmanandam, P.S., Madhav, 
B.T.P., Sri Kavya, K.C., Shiva Kumar, V., 
Raghavendravishnu, T., Rakesh, D., Uniplanar 
quasi yagi antenna for channel measurements at X 
band, (2011) Journal of Theoretical and Applied 
Information Technology, 26 (2), pp. 91-96. 

[10] Madhav, B. T. P., Kaza, H., Kartheek, T., Kaza, V. 
L., Prasanth, S., Chandra Sikakollu, K. S. S., 
Bhavani, K. V. L. (2015). Novel printed monopole 
trapezoidal notch antenna with S-band rejection. 
Journal of Theoretical and Applied Information 
Technology, 76(1), 42-49.  

[11] Madhav, B. T. P., Kotamraju, S. K., Manikanta, P., 
Narendra, K., Kishore, M. R., & Kiran, G. (2014). 
Tapered step CPW-fed antenna for wideband 
applications. ARPN Journal of Engineering and 
Applied Sciences, 9(10), 1967-1973. 

[12] Andreas Springer, “RF System Concepts for 
Highly Integrated RFICs for W-CDMA Mobile 
Radio Terminals”, IEEE Transactions on 
Microwave Theory and Techniques, VOL.50, 
NO.1, January 2002.    

 

International Journal of Pure and Applied Mathematics Special Issue

199



200


