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Abstract
This master thesis describes a radio receiver with simple architecture which operates at 20 MHz.
This is based on low-cost amplifier design. Super-regenerative receiver (SRR) is re-examined
for its simplicity, low-power, and short-range wireless applications. Power consumption is kept to
a minimal level without any change in the performance of receiver by providing minimum
biasing to discrete devices. This report shows how with the help of modern computer based
investigation and simulation tools, a much more wide-ranging characterization of the behavior of
the receiver is possible.
The simulation software used to implement this model is advanced Designed System,
ADS2006A. This designed model consists of two stages, the linear pre-amplifier stage and the
super-regenerative oscillator (non-linear stage). The linear stage has a 1st-order low band-pass
filter which connects the input terminal end with the pre-amplifier, while the non-linear stage is
consist of class C amplifier with LC resonant tank, and the self-quenching circuit.
The fundamental quench frequency of this receiver is 8 kHz. In the simulation, the supplied
voltage, VDD, is 5.0 volts is used which produced input current of 5.06 mA. The results show that
the designed model presents its best performance at the 20 MHz radio frequency (RF).
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Introduction

Short-range communication is classified by several properties; low power transmission in the
range of milli-watts, operational ranges of up to tens of meters, and data transfer at the rate of
Kbps (kilo bits per second).
Receivers designed in the last four decades are solid state, which means that they composed of
transistors and integrated circuits (IC’s) rather than vacuum tubes. The problems of tube aging
such as heat are not a factor with solid-state sets.
Wireless digital communication is growing fast in our everyday life. One example of this is the
emerging field of wireless sensor networks. Mobile receivers face the demands of high frequency,
high integration, low-supply voltage, low-power consumption, and low price.
The major system requirements of wireless data transmission systems are energy efficiency, low
cost implementation, and small form factor.
One of the major applications of the radio receivers is in wireless sensor networks (WSN). WSN
have many valuable potential applications ranging from remote keyless entry devices to the
interconnections of computer peripherals. Other possible applications of these receivers are
automatic manufacturing environments, biometrics, diagnostic administration in hospitals,
warehouse inventory, robot control system and radio-frequency identification (RFID).
A problem being experienced with these receivers is poor range. Since the supplied power is so
low and the radio receivers are continuously operating in the boundary area of there operating
range. This problem can be addressed by the following possible solutions: increasing the strength
of the transmitted signal, an efficient design of receiver’s antenna or increasing the sensitivity of
RF receiver. However these solutions may increase the cost of radio receiver.
This master’s thesis starts with an outline and overview of the important design parameters of the
super-regenerative receiver (SRR) architecture in chapter 2. The super-regeneration phenomenon
is based on the principle of low-frequency variation, usually called “quenching action”, which is
described extensively under the theory of quenching action in chapter 2. Edwin H. Armstrong
presented a new methodology in 1922, named ‘the process of amplification’, which is also
explained in this chapter.
Chapter 3 describes the simulation model of the super-regenerative receiver (SRR) which is
designed in electronic automation software, Advanced Designed System, ADS2006A. The model
is divided into two main blocks: a linear block and a non-linear block. Each block explains the
purpose of used components, and comprises the results of each block from ADS.
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Chapter 4 describes the hardware design of the evaluated super-regenerative receiver (SRR). This
section deals with the real-design results of this model of each block.
Finally, Chapter 5 concludes the project Egon – the super-regenerative receiver (SRR), and a
discussion of potential directions for future work.
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1.1

Motivation

The main motivation for using the super-regenerative receiver (SRR) is that it has simple
architecture compared with other receivers. As can be seen in the schematic diagram in figure
3.20, it consists of a passive matching network, an isolation amplifier, and a positive feedback
network forming an oscillator.
Any application ranging from wireless sensor networks (WSN) to radio-frequency identification
(RFID) needs extremely low-power consumption to maintain good battery life.
Different applications have been developed using super-regenerative receiver in last few decades
like remote keyless entry (RKE) devices (e.g. home security), interconnections of computer
peripherals (e.g. wireless mice), radar applications, wireless sensor networks (WSN) applications
[3].
The super-regenerative receiver (SRR) provides extremely high RF amplifications and the
sensitivity can be enhanced via Bulk Acoustic Wave (BAW) filters, including RF MicroElectromechanical System (MEMS). The gain/current ratio is higher for super-regenerative
receiver as compare to other receives [5].
The super-regenerative receiver (SRR) is still characterized by lower-cost and low-power
consumption as compared with other receivers.

1.2

Goal

The goal of this project is to design the circuitry of a super-regenerative receiver with relatively
simple architecture and good reception of a weak signal. This project is aimed at investigating
and evaluating the super-regenerative receiver (SSR) architecture as plausible transceiver
architecture for short range, low-power electronic systems for short-range wireless data
transmission such as active RFID.
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1.3

Contribution

After the survey and study of different models, selected models were simulated in Advanced
Designed System (ADS) for both regenerative and super-regenerative (SRR) receivers. Finally, a
SRR design is proposed with successful simulation in ADS.
A model of super-regenerative receiver (SRR) architecture have been implemented and evaluated
in the Advance Designed System, ADS2006A. The design is tuned by simulation to give its
optimum performance (bandwidth, gain) at 20 MHz RF frequency. After the successful
completion of simulation study, hardware implementation is performed and measured results
compared with the simulation results.

1.4

Methodology

This project is based on an empirical methodology where the work has been divided into five
stages:
•
•
•
•
•

study and survey of different available designs of the super-regenerative receiver (SRR)
architecture and its derivates.
simulation study of potential designs.
optimization of chosen design by simulation.
hardware design
a comparison of the performance results of the real implementation and the simulation
models used in simulation study.

To understand the working phenomenon and principle of regeneration, a study survey was carried
out of the available SRR architectures. The selected models were evaluated in Advance Designed
System, ADS2006A. Finally, we came up with the proposed design which is tuned to get desired
results by simulation.
The hardware of super-regenerative receiver was implemented by using this tuned model and the
results of both, the simulation and the hardware were compared.
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Technical Introduction

Edwin H. Armstrong, 1914, invented the principle of regeneration. This idea was widely used in
shortwave radio circuits for AM (amplitude modulation) and CW (continuous wave) receptions
before the Second World war.
Over the last five decades, receiver architecture based on regeneration has not been commonly
used because of the invention of modern receivers, which give better sensitivity and selectivity.
However these may still be attractive for some application areas as they embody low cost and
consume less power.
The super-regeneration principle is an outcome of work conducted by Edwin H. Armstrong in
1922. The architecture diminished after the invention of the concept based on heterodyne
receivers (first introduce by Edwin H. Armstrong, 1918) in the late fifties, due to their better
selectivity.
When operating a regenerative receivers’ the operator continuously regulates the feedback or
‘regen’ knob to precisely bring the circuit in the mode of oscillation. Too much feedback would
be harmful for the receiver, and insufficient feedback is useless (signals would not be received).
Let us take a short review of three different types of receivers invented by Armstrong.

2.1 Heterodyne / Super-Heterodyne Receivers
The general block diagram of heterodyne receiver is shown in figure 2.1. The heterodyne
receivers have a complex architecture which is built on a combination of mixers, IF
(Intermediate frequency, fIF), amplifiers and band-pass filters. This architecture uses dual-IF
(Intermediate Frequency), which means two stages of down-mixing, to convert the signal into a
low frequency (LF) signal, needing the use of additional components.
To remove the unwanted signal coming from the antenna, a RF band pass filter, figure 2.1, is
used in the architecture of heterodyne receiver. The low noise amplifier (LNA) amplifies the
signal coming from the band pass filter and it also suppresses the noise. The image present at the
output of the mixer is filtered by IF filter. Since the mixer is non-linear device therefore it adds
inter modulation products (such as IP2, IP3). The IF filter which works on lower frequency (as
compare to RF frequency and oscillator frequency) select the desired channel signal. A channel
select filter (low-pass filter), figure 2.1, is used to perform the channel selection at the IF, and the
demodulation is performed to receive the desired signal.
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Figure 2.1: Schematic diagram of a basic heterodyne receiver

One of the drawbacks with this receiver architecture is the image frequency, fimage because of
mixer. RF band-pass filters are used in this architecture to avoid fimage [3].
The advantage of this architecture is high sensitivity, and selectivity. This architecture is in use
for almost all types of radio receivers today; one of the major applications of this architecture is
in GSM where sensitivity and selectivity are considered to be high. However due to its complex
structure and multiple RF nodes, it has high power consumption and relatively high cost as
compared to a simple architecture based on a few active components.
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2.2

Direct Conversion / Homodyne Receivers

Figure 2.2: Schematic diagram of a basic homodyne receiver

The homodyne receiver also has a complex architecture, a combination of mixers, low-frequency
amplifiers and band-pass filters. The general block diagram of homodyne receiver architecture is
shown in figure 2.2. To remove the out-of-band signal coming from the antenna, a RF band-pass
filter is used in the architecture of heterodyne receiver. The low noise amplifier (LNA) amplifies
the signal coming from RF filter and it also suppresses the noise. The signal is then downconverted to base-band (zero frequency) by mixing with an oscillator output of the same
frequency as RF. The resulting base-band signal is then filtered to select the desired channel and
demodulated to receive desired signal.
One of the main drawbacks of this solution is the leakage of signal from the local oscillator
towards the antenna. The signal passes through from band-pass filters and mixes with the input,
causing a DC-offset in the base-band. The advantage of this architecture is high selectivity, and
good sensitivity combined with less power consumption because of fewer RF nodes as compare
to heterodyne receivers [3].
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2.3

Super-Regenerative Receivers

Figure 2.3: Schematic diagram of super-regenerative receiver

The basic block diagram of a super-regenerative receiver is shown in figure 2.3. The modulated
RF signal is coupled to the oscillator input. The oscillator is a combination of an amplifier and a
band-pass filter forming a positive feedback loop. The oscillator continuously raises the gain of
the amplifier, until the oscillation is started.
The amplifier gain is increased by means of positive feedback which significantly enhances the
receivers’ sensitivity. The amplifier gain is controlled by the quenching circuit (either external or
self quench circuit) which means oscillation starts at some point then it stops before the
oscillation starts again after some time. The duration during which the signal is quenched and
then starts again is called the ‘quench time’.
The principle of demodulation in a super-regenerative receiver is based on the variation on startup time of the oscillator [3]. In the absence of RF signal, the process is slow; the oscillation is
started by the help of thermal noise. The start-up process of the oscillator is much quicker in the
presence of RF signal at the right frequency. The OOK (on-off keying) is used to demodulate the
modulated signal.
The RF band-pass filter and isolation amplifier plays a crucial role in order to achieve the
impedance matching, reduce the power level of out-of-band signals and to increase the
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sensitivity of the receiver significantly. It also provides an isolation to stop the RF signal from
the oscillator to re-radiate, and stops interference to other receivers in the area.
The heart of the super-regenerative receiver is the oscillator. The main advantage of this
architecture as compared to heterodyne or homodyne receivers is that it is easy to build.
Selectivity and sensitivity are not good in a super-regenerative receiver as compared to other
receivers. Indeed, the sensitivity can be enhanced via Bulk Acoustic Wave (BAW) filters,
including RF Micro-Electromechanical System (MEMS) [3]. This receiver gives good
performance for short range wireless applications but is not suitable for GSM applications as its
sensitivity and selectivity are not good enough. This receiver is a good choice where low-power
consumption and low-cost have to be optimized.
The concept of super-regeneration is categorized theoretically and explained under the following
headings:
•
•
•
•
•

2.4

sensitivity and selectivity parameters
concept of positive feedback
theory of quenching action
types of quenching action
theory of amplification by super-regeneration

Sensitivity and Selectivity parameters

There are some important concepts about the receiver that are necessary to consider here:
sensitivity and selectivity.
The performance of the receiver is calculated in terms of its sensitivity. Sensitivity refers to the
receiver’s ability to detect a minimum amount of signal that gives a sufficient signal-to-noise
ratio SNR at the receiver output. It determines the range for a receiver gain.
Selectivity refers to the ability to separate unwanted signals from the desired signal. Usually, this
plays an important role in near-far situations where the desired signal is weak and adjacent
interfering (un-wanted) signals are strong. The selectivity depends upon the Q-factor of the
system.
The first and the most significant element of the receiver, is the pre-amplifier whose noise-figure
(NF), plays an important role to control receiver’s sensitivity and output signal-to-noise ratio
(SNR). Thus it controls the performance of entire system. Theoretically, the noise-figure (F) is
explained as: the input signal to the noise ratio divided by the output signal to the noise ratio.
Mathematically, the noise figure is defined as:
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Si
F=

So

Ni
No

Where, Si, and Ni, represent noise power levels respectively at input while So, and No represents
the noise power level at the output of the amplifier.
The main point of the super-regenerative receiver architecture is the positive feedback; it keeps
the receiver on the point of oscillation, which results in as very high gain of the receiver with
fewer components and simple architecture.
The power of the signal in the radio communication has a vital role in radio and microwave
frequencies. That is why receiver architecture is focused on power gain rather than on
voltage/current gain. The power level is measured in dBm is computed as follow:

P (dBm ) = 10 log P(w)
1(mW )


2.5

Concept of positive feedback

Let us consider the conceptual circuit in figure 2.4, to understand the phenomena of positive
feedback.

Figure 2.4: Regeneration principle
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By formulating the equation of output for this network, the equation becomes like
Vout = [Vin + (Vout * Feedback _ Network )] * Amplifier _ Gain

or it can be re-written as:

Vout
Amplifier _ Gain
=
Vin
[1 − ( Amplifier _ Gain * Feedback _ Network )]
Thus according to the Barkhausen Criteria, oscillations will occur when (Amplifier_Gain *
Feedback_Network) > 1, the system will be unstable. If (Amplifier_Gain * Feedback_Network)
is very close to 1 and it is in phase in phase with the input signal, then the maximum gain is
achieved.
Similarly, the Selectivity is also a critical part of the regeneration principle. Small changes in the
V
feedback would affect the transfer function i.e. out
.
Vin

2.6

Theory of Quenching Action

The super-regeneration principle is based on the theory of the low-frequency variation [2],
usually called “quenching action”, which is responsible for periodically changing the effective
resistance of the oscillator circuit. The effective resistance of the LC circuit comprises the ohmic
resistance ( α r ) of circuit [2], the negative resistance [ β (i ) ] by regeneration which is a function
of oscillatory current, and the quench resistance, R. Sin(ω g t ) , is due to the quenching action of

[

]

. The negative resistance, [ β (i ) ],
LC
which is a function of oscillatory current (i), plays an important role in the presence of signal.
However in the absence of signal, it assumed that:
which ω g is the angular frequency, equal to ω g = 1

» α r + β (i ) << R.Sin(ω g t )
To understand the quenching action, it is necessary to be familiar with figure 2.5, which shows
the relationship between oscillatory current and quench resistance. Let us consider the oscillatory
current is along the vertical (Y) axis, and the periodic resistance is along the horizontal (X) axis.
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Figure 2.5: Theoretical representation of Oscillatory current Vs. Periodic resistance

It is clear from the graph in Figure 2.5, that the oscillatory current is symmetrical (increases and
decreases), and it exhibits exponential behaviour. This Figure 2.5 explains the behaviour of
narrow-band (meaning decay of oscillation) at its centre because of the suppression of oscillation
at a particular period of the quench resistance. This figure shows the end of oscillation when the
amplitude level goes down to a critical level when the Amplifier_Gain * Feedback_Network) is
less then 1, and has its start again (next oscillation cycle) when the Amplifier_Gain *
Feedback_Network) is closed to 1. The period, in which no oscillation exists, is referred to as the
‘quenching action’ / device-relaxation time. This is the theory of transient phenomena.
In this transient phenomenon, there are two important observations to be made:
•
•

how the quench voltage starts and stops the oscillations
How the amplitude of oscillations gradually are increased and decreased

These two issues are addressed in figure 2.6. Let us consider the oscillatory voltage is along the
vertical (Y) axis, and the quench voltage is along the horizontal (X) axis. Let us assume two
points A and B on the horizontal, and the centre, O, of A and B. During period OA, the quench
voltage increases and serves as oscillation voltage, and during the interval OB, the quench
voltage acts in the reverse direction of oscillating voltage.
Assume that the oscillation starts at point S in period OA. The oscillation grows fast to a point M
(where it becomes Maximum), following exponential growth. At this point, the quench voltage
has its maximum level. Then the amplitude of oscillation decreases gradually with respect to the
quench voltage sinusoidally, until at point E, where the oscillation is quenched.
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During the period from E to B and from B to O in the opposite direction when the negative cycle
of quench sine wave is present, there is no oscillation is present in the circuit, the ‘quenching
action’ / device-relaxation time. The M is the maximum amplitude of quench voltage. The next
oscillation starts again when the quench voltage reaches point S. This process is repeated for
each cycle.

Figure 2.6: Representation of developing oscillatory voltage with respect to quench voltage

The problems of transient phenomena are reviewed in figure 2.6; it seems clear from qv1 to qv2.
Since, qv1 refers to the point of quench voltage waveform when the oscillation starts, and qv2
refers to the point of quench voltage waveform when oscillation reaches its maximum level
(point M), amplitude of oscillation gradually starts to decline. The level of these voltages at
quench waveform is called ‘critical level’.
From the assessment of above figure, we may conclude the following points:
In the maximum of quench voltage, qv1; the oscillation starts and its amplitude grows fast almost
symmetrically to exponential law.
The oscillation decreases gradually with respect to the quench voltage, symmetrical to the
sinusoidal law, and the oscillation dies away at point ‘E’ which is far from its start point ‘O’ of
quench voltage.
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2.7

Types of quenching action

Quenching is the traditional name given to the process of stopping and restarting the detector
after each sample. It comes from the fact that the LC resonant tank needs to be “quenched” or
stopped of oscillations after it has reached full swing.
One quench cycle can be divided into three parts: RF rise, RF decay, and the device’s relaxation
time as shown in figure 2.7. The RF rise is the time taken by the oscillation to reach at the peak.
The RF decay is the time taken by the oscillation to go to zero from the peak value as shown in
figure 2.7, and the device relaxation time is the time between the end of the first oscillation and
the start of second oscillation. The maximum quench rate is bound by the rise and decay times of
oscillations in the resonant tank circuit [4-5].

Figure 2.7: Different phases of RF wave

When the switch as shown in figure 2.8 is closed, the self-oscillations start to build-up in the
circuit, and when the switch is turned off, the amplitude of the self-oscillation across the tank
will start to decline gradually. The waveform must be allowed to decay to as near zero as
possible, well below the expected input RF signal level coming from the antenna port before the
start of next cycle of oscillation. Otherwise, the receiver may sample the remaining signals from
previous oscillations instead of the RF input signal, i.e. generating inter symbol. This RF decay
can take a considerable amount of time, especially in a low-loss LC resonant tank circuits. This
limits the sampling rate at which the receiver can be operated.
Like any sampled data system, the quench or sample rate will place a limit on the recovered
bandwidth, BW. The sampled rate must be at least twice that of the wanted recovered bandwidth.
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2.7.1

External Quenching

Quenching can be provided by driving the switch on and off using an external, fixed rate,
repetitive signal, i.e. using a specific quench signal generator. The repetition rate of the quench
signal generator must be sufficiently low to allow sampling, and also to allow for full discharge
of the LC tank. The final output from the detector, which detects the modulator wave, will be at a
fixed rate, a variable pulse-width-modulated (PWM) signal. This technique is usually known as
external quenching [4].

Figure 2.8: Concept of external quenching [theme is taken from [4]]

The advantages of external quenching are that it is easy to implement as compared to self
quenching, and produces predictable results. The disadvantages are that a large part of the pulse
width cycle is wasted, resulting in low conversion gain when decoding pulse widths into
analogue signals.

2.7.2

Self Quenching

An alternative solution is the one where the sampling is restarted as soon as the pulse width
terminates. This technique is shown in figure 2.9. In this technique, the end of the detection pulse
activates the next start. This is known as self-quenching. The falling edge of the comparator’s
output triggers a mono-stable that produces a pulse wide enough to discharge the LC resonant
tank, and is used to re-set the switch. The detector produces a pulse train of variable width and
variable frequency as output.
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Figure 2.9: Concept of self quenching [theme is taken from [4]]

Self-quenching does not require any external repetitive source, as the circuit will self-trigger, and
generally produces higher conversion pulse width recovery rates.

2.8

Theory of Amplification by Super-regeneration

Edwin H. Armstrong presented a new methodology in 1922, based on the extension of
regeneration, and he named this, ‘the process of amplification, “Super-regeneration” [1] ‘. The
very next year, 1923, Hulbert explained the method of amplification by super-regeneration [2].
This theory was based on the fact that the time for the generation of exponential growing
waveforms is constant without considering the intensity of the input signal. On the other hand, a
contradictory theory was proposed by Roosenstein in 1933, who assumed that the time of
generation of exponential growing waveforms is dependent on the intensity of the input signal.
This methodology says that the lower the intensity of the input signal the lower will be the time
of building exponential waveform, and vice versa.
Figure 2.10; describes the effects of the presence and the absence of input signal on the
oscillation wave. Let us consider the voltage is along the vertical (Y) axis, and the time is along
the horizontal (X) axis.
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Figure 2.10: Representation of Oscillatory and Quench voltage in presence and in absence of signal

In the absence of the input signal, the oscillation starts at the point So at time τo. The building-up
of the exponential waveform is slow but its amplitude taps the level to point M. While in the
presence of the input signal, the process is much quicker, starts at the point S at time τ, and its
amplitude reaches fast to point M. The important point to notice here is the decay of the
oscillation is almost independent from the input signal, which means that oscillation decreases in
the same fashion whether the signal is present or not. The shaded area in the figure 2.10 (with
black colour) is of great importance in the receiver.
The process of amplification by super-regeneration is based on three important factors [2]:
The shaded area per second, ∆τ, corresponds to the quench frequency, qf.
The highest level, M in figure 2.10 of the oscillation voltage, VOSC, can be determined via the
maximum amplitude of quench voltage, qv.
The τ, is time of advance, by which the oscillation begins prior in the presents of a signal. The τ
depends on the quench frequency (qf), quench voltage (qv), and the intensity of the input signal. It
can be written in the form as [2]:
» τ = τ o log V 
 Vo 
where τo is a function of the quench frequency, qf, and quench voltage, qv. V is the input of the
RF signal which initiates the oscillation, and Vo is thermal-noise level, in the absence of input RF
signal.
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The process of amplification by super-regeneration can explained by the following flow-chart
diagram.

Figure 2.11: Process of amplification by super-regeneration

The figure 2.11, explains the concept of the amplification process by super-regeneration. The
flow chart consists of seven different stages. The amplification process is based on stage A and
B. Three different states of quenching action are mentioned in flow chart. These states depend on
the quench voltage, and the level of the quench voltage. Quench voltage is developed due to the
quench waveform which depends on R.Sin(ω g t ) . The level of quench voltage decides on the
quench waveform. Figure 2.6, shows the two points, S and A, on the quench waveform. These
points belong to q v1 & q v 2 respectively. q v1 & q v 2 are called critical levels. The oscillation starts
at the level of q v1 while it reaches at maximum point, say M, at the level of q v 2 .
State of modulation [stage C]: If qv is less than critical level, the oscillation waveform is purely
modulated by the quench waveform [2]. This is the ‘state of modulation’.
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State of quenching [stage D]: When the qv passes over the critical level, the oscillation starts,
and grows upwards in its amplitude exponentially. Then the amplitude of oscillation declines
gradually with respect to qv sinusoidally, until the oscillation is quenched. The oscillation begins
again when the quench voltage, qv, once again passes over the critical level. This is the ‘state of
quenching’, refers to figure 2.6.
State of below self-excitation [stage E]: If the quench frequency, qf, is low, the shaded area per
second, figure 2.10, is small, and the period of the quenching action, from E to S', is long. The
time of advance, τ, will accordingly becomes long as shown in figure 211. Hence, the sensitivity
of the receiver will be low.

Figure 2.11: Schematic representation of amplification when quench frequency is low

State without self-excitation [stage F]: When the quench voltage, qv, passes over the critical
level, the oscillator behaves differently, and some variations can be observed in the oscillator.
This would lead to the state of quenching. While in contrast, if no variations in the oscillator are
observe. This will be called the ‘state of without self-excitation’, also named ‘state of unstable
oscillation’. If the quench frequency, qf, is high, the amplitude of the shaded area per second is
high, but the period of quenching action is small. The time of advance, τ, is almost null which
brings the receiver into the state of without self-excitation as shown in figure 2.11. Hence, the
sensitivity of the receiver is again poor.
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Figure 2.11: Schematic representation of amplification when quench frequency is high

State of self-excitation [stage G]: The optimum frequency lies in between two extreme quench
frequencies. This extreme quench frequencies means that it should not be low enough that device
relaxation time becomes very high, while at the same time, it should not be high enough that the
next oscillation starts before the quenching of previous oscillation. The shaded area per second,
the period of quenching action, and time of advance, are accordingly, great as shown in figure
2.12. Hence, the sensitivity of the receiver will be high.

Figure 2.12: Schematic representation of amplification when quench frequency is optimized
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3

Simulation of Super-Regenerative Receiver

Each block stage was designed, simulated, and fine-tuned using the Advanced Design
System, ADS2006A. Each stage of the receiver has been designed and simulated
separately as a series LC band-pass filter, an isolation amplifier and a super-regenerative
receiver oscillator.
The simulation is divided in two major design blocks: the linear pre-amplifier stage, and
the non-linear stage oscillator.

3.1

Receiver design

The block diagram, figure 3.12, of SRR described in this report has the following major
blocks:
•
•
•

Input Filter
Isolation RF amplifier / buffer transistor
Super-regenerative oscillator

To approximately match the 50 ohm load of the receivers’ antenna, we have chosen two
resistors with 100 ohms – one is connected parallel to pre-amplifier while other one is
connected to the receivers’ antenna input, figure 3.13. This resistor isolates the antenna’s
capacitance from the source of isolation amplifier, Q1, figure 3.15.
The input filter is a series LC band-pass filter (BPF) in this receiver design project, as
shown in figure 3.13. The band-pass filter (BPF) plays a crucial role when a strong
station near the desired frequency can be the reason of interference. This filter is a fixed
frequency filter that attenuates out-of-band signals. It also provides impedance matching
between the receivers’ antenna and input RF amplifier.
The isolation RF / buffer amplifier, figure 3.15, is the FET transistor, Q1, which is used to
increase the sensitivity of the receiver. It operates as a common gate, serving to isolate
BFY90 NPN transistor, Q2. Transistor, Q1, also amplifies the RF signals from the antenna
and provides isolation against RF signal leaking from the super-regenerative oscillator
towards the antenna presenting interference to other receivers in the area.
The RF signal is inductively coupled to the super-regenerative oscillator. The oscillator
operates at the resonance frequency of the LC resonant tank, figure 3.16. The function of
this block is to generate the self-oscillations while the oscillator amplifier, Q2 transistor,
amplifies these self-oscillations. The amplifier gain is increased by means of positive
feedback which significantly enhances the receivers’ sensitivity. The amplifier gain is
controlled by the self-quenching circuit which means oscillation starts at some point then
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it stops and then the oscillation starts again after some time. The duration when the signal
is quenched and then starts again is called, ‘quench time’.

BLOCK DIAGRAM OF THE PROPOSED RECEIVER

Figure 3.12: Schematic diagram of proposed SRR model

3.1.1

Linear-Stage Simulation

The proposed series LC band-pass filter (BPF) in this receiver design project as shown in
figure 3.13, is a fixed frequency filter that attenuates out-of-band signals. This means that
it allows signals within a selected range of frequencies, while preventing signals from
adjacent frequencies that are out-of-band. It also rejects low frequency components due
to DC offsets and flicker noise. It also provides impedance matching between the
receivers’ antenna and RF pre-amplifier. The schematic outline of proposed filter is
shown in figure 3.13.
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Figure 3.13: Low band-pass filter circuit (Schematic)

The above 1st-order low BPF for this simulation peaked at about 20.13 MHz, and the
minimum loss at this stage is 3.530 dB as shown in figure 3.14 via the S21 parameter. The
simulated input reflection S11 is less than -10 dB over 20 MHz. The selection of a 2.5 µH
inductor, Lx, and a 25 рF capacitor, Cx, figure 3.13, in series forms the resonant circuit
with resonance frequency at 20 MHz.

27

Simulation of Super-Regenerative Receiver (SRR)

Figure 3.14: LBP filter output [Fig a: Simulated S11 versus input frequency. Fig b: Simulated S21 verses
input frequency]

The key purpose of using an RF pre-amplifier / isolation amplifier is to increase the
sensitivity of the receiver. The 2N3819 FET transistor, Q1, in figure 3.15, operates as a
common gate, serving to isolate BFY90 NPN transistor, Q2, figure 3.20.
Transistor, Q1, amplifies the RF signals from the antenna and provides isolation against
RF signal leaking from the oscillator to the antenna can be the reason of interference to
other receivers in the area.

Figure 3.15: Linear-stage circuit (schematic)
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3.1.2

Non – Linear Stage Simulation

A common-emitter class C amplifier with a parallel resonant tank circuit is used in this
model as shown in figure 3.16. The reason to use a class C amplifier is that they are more
efficient as compare to class A, class B, or push-pull class AB amplifiers.
A single-source resistive voltage-divider, R1 and R2, for the biasing of amplifier, BFY90
NPN transistor, Q2, is used.

Figure 3.16: Super-regenerative oscillator circuit (schematic)

The circuit in figure 3.16 is perceived from ‘Designing Super-Regenerative Receivers’ by
Dr. Eddie Insam [4]. The L1 inductor, figure 3.13, is inductively coupled to the output RF
signal from the drain of pre-amplifier with LC resonant tank circuit (L2, C2). This is
possible to change the received frequency range at the linear stage of the circuit by
changing the number of windings of L2. Adding more turns will lower the frequency
which it is tuned to and vice versa.
The Q2, a BFY90 is a low noise NPN transistor intended for use in broad and narrowband amplifiers up to 1 GHz, which by means of positive feedback; significantly enhance
the receivers’ sensitivity. This transistor also has decent gain characteristics at lower
frequencies.
The resonant frequency, fo, of the LC resonant tank circuit is determined by the following
expression:
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fo =

1
2π LC

Thus the natural frequency of our resonant circuit is 20.26 MHz as shown in figure 3.17.

Figure 3.17: Resonance frequency of the resonant tank circuit

The resonant circuit starts to oscillate when the current pulse charges the capacitor, C2, to
+VCC at the input peak voltage (i.e. 5.0 volt), figure 3.16. However the amplitude of
exponential growth waveforms (means self-oscillations across the LC circuit) is less than
the previous one due to loss of energy in the resonant tank circuit which ultimately causes
the death of oscillations (if the amplitude is slightly goes down continuously). However,
the regular occurrences of a collector current pulse, at Q2, sustain the oscillation at
constant amplitude.
The transistor, Q2, conducts (approximately a short time) when the capacitor, C2, charges
to +VCC at the input peak pulse. After this pulse, the transistor will turn off
(approximately behaving as open), and the collector voltage, VC, goes down below the
base voltage, VB, because of the capacitor, C2, discharges to zero volt. At the same
instance, the inductor, L2, will charge first, and then recharge C2, in the opposite
direction. This completes one half-cycle of the oscillation. The same process will
replicate for the next half-cycle, and the transistor Q2, still turns off and waits for the
second cycle to start conduction.
A single-source resistive voltage-divider, R1 and R2, as in figure 3.16, for the biasing of
the amplifier, and Q2, a transistor are used. The current, IB, has two paths to ground either
to experience R2, and the other via the base-emitter junction of the transistor. If the base
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current, IB, at Q2 transistor is much smaller (negligible) than the current passing through
R2, then the bias-current, Ibiase, can be observed as a voltage-divider consisting of R1 &
R2. If IB is not negligible, there is input resistance, RIN(base) that appears at the base of
transistor Q2, and this resistance is in parallel with R2. The base current, IB, is
approximately 0.5 µA at the base of transistor while the current, IR2, passing through
resistor R2, is approximately 62.2 µA. Hence, the bias-current is observed as a voltagedivider consisting of R1 and R2. Since, R IN (base ) ≅ β DC ⋅ RE where β DC = 100 (gain factor of
Q2 transistor).

VB =

R2
.VCC which is in this proposed model equal to 2.05 volt.
( R1 + R2 )

Capacitors C3 and C4, figure 3.16, are in parallel with the Q2 transistor act as a capacitive
voltage divider to provide appropriate voltage at the emitter, and to control the feedback
loop gain in order to keep it as small as possible at the beginning of oscillations. This is
because; the high feedback loop gain would cause the oscillation unstable. This is the
reason why capacitor, C6, is used to provide positive feedback at the emitter of transistor.
The emitter-bypass capacitor, C7, provides an effective short path to earth via the emitter
resistance, R3. However with the help of C7, the Q2 gain is maximized. Capacitor C7 must
be large enough so that its reactance, XC, is small (ideally 0 Ω) over the entire frequency
range of the amplifier compared to R3 in circuit. A good rule of the thumb is XC should be
at least 10 times smaller than R3 at the minimum frequency at which the amplifier must
operate [4].
i.e.

10 X C ≤ R3 since, Xc =

1
2πfC

Where f is the quench frequency at which the circuit operates. As R3 = 62 kΩ, then C7
would be in range of 4-5 nF. The reason to choose 62 kΩ for R3 (acts as a quench
resistance) in this proposed model is to set the quench frequency of 8 kHz. Resistor R3
determines the quiescent DC current, IQDC, for the Q2 transistor which is kept as small as
possible for the maximum voltage swing at the emitter of Q2.
The base voltage, VB, of Q2 is adjusted to approximately 2.05 volts. Capacitor C7 removes
the ripples from the incoming oscillatory waveform at quench circuit while the DC
component is blocked via 0.47 µF coupling capacitor, C8. The quench frequency, fq, in
this circuit can be determined through following expression which is equal to 8 kHz.
»

f q = 1/ t

where t = 0.5 R3C 7

The oscillation starts at some point when it is quenched and then the oscillation starts
again after some time. The duration when signal is quenched and then starts again is
called, ‘quench time’. But if the quench frequency, fq, is too high, the quench period may
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start too earlier, and the oscillation never starts again i.e. there is no available time to restart. The quench voltage in this phase is very small. While quench frequency, fq, is
sequentially going down, then quench period is gradually increased, so that it has time to
re-start.
The quench resistor, R3, should not have too low value as compared to the load
impedance because it will affect the rest of the circuit. If the load impedance is low as
compared to the quench resistor, R3, the whole current will pass through load impedance
because this path towards load almost acts as a short path. The voltages will drop at
resistor R3, and the voltage level at load impedance will be very small. Hence, there must
be a high impedance load in order for it not to affect the rest of the circuit.

3.1.3

The Q-point of amplifier

We are going to formulate the Q-point for BFY90 transistor, Q2. The Q-point on the DC
load line is graphically represented in figure 3.18. Q-point defines the maximum
efficiency level of the Q2 transistor.

Figure 3.18: Graphical representation of Q-point of DC load line

In figure 3.18, the collector-to-emitter voltage (VCE) is given along x-axis, and the
collector current, IC, is along y-axis. If the Q-point on the DC load line moves towards
the x-axis, it closes to cut-off region, and if the Q-point on the DC load line moves
towards the y-axis, it closes to the saturation region. The peak value of the collector
current, IC, equals ICQ because it can swing from ICQ to zero. ICQ (Q-value of current at
collector) is the mathematically calculated value on the collector of Q2 transistor.
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Similarly, the peak value of collector-to-emitter voltage (VCE) equals VCEQ because it can
swing from VCEQ to zero. VCEQ is the collector-to-emitter voltage, and is the
mathematically calculated value of Q2 transistor.
If the input signal is too large, then the amplifier is driven either into saturation or into the
cut-off region which results in clipping of the signal peaks. By using the amplifier biased
circuit in our model, we are going to determine DC load lines.
Thus, I C ( sat ) ≅ VCC /( Rc + R3 ) » I C ( sat ) ≅ 100 µA
as,

VCE ( cutoff ) ≅ VCC » VCE ( cutoff ) ≅ 5.0 V

Now, the Q-point values for BFY90 amplifier are determined as follows:

 R2 
VCC » V BQ ≅ 2.06 V
Q VBQ = 
 R1 + R2 
(The simulation shows 2.05 volt at the base of the BFY90 transistor, Q2)
Q I EQ ≅

V BQ − 0.7V

» I EQ ≅ 27.2 µA

R3

(The simulation shows 28.0 µA at the emitter of the Q2 with 1.4 volt)
Since, I C ≅ I E

thus » I CQ ≅ I EQ

Hence, I CQ ≅ 27.2 µA
Since, VCQ ≅ VCC

hence » VCQ ≅ 5.0 V

Q VCEQ ≅ VCQ − I EQ .R3

hence » VCEQ ≅ 3.64 V

The results are shown on the DC load line in figure 3.19.
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Figure 3.19: Location of Q-point on the DC load line for Q2

These results show that the collector-to-emitter voltage, VBE, can swing up to almost 5.0
volt or the collector current, IC, can swing up to almost 100 µA without the peaks being
clipped due to saturation or cut-off.
The efficiency, η, of the BFY90 transistor, Q2, in this model would be the ratio of output
to input power. The output power, Pout, for the Q-point location would be the product of
collector-to-emitter voltage, VCEQ, and collector current, ICQ.
Q Pout > VCEQ ⋅ I CQ

» Pout > (3.64/2) 27.2 µA

hence » Pout > 0.050 mW

The input power, Pin, is the DC supply voltage, VCC, multiplied by the collector current,
ICQ.
Q Pin > VCC .I CQ
Q Efficiency (η ) =

hence » Pin > 0.136 mW

Pout
Pin

hence » Efficiency (η ) = 0.364 or 36.4%

Thus, 0.364 or 36.4 percent is the half-peak highest possible efficiency that can be
achieved by BFY90 transistor, Q2, in this model with a biased circuit.
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3.3

ADS Simulation

Each block stage was designed, simulated, and fine-tuned using Advanced Design
System, ADS2006A. Each stage of the receiver has been designed and simulated
separately as a series LC low-Q band-pass filter, an isolation amplifier, superregenerative receiver oscillator.
The simulation is divided in two major design blocks, the linear pre-amplifier stage and
the non-linear stage oscillator.
The individual stages of the super-regenerative receiver have been simulated using Sparameters, and transient analysis in ADS. At last the circuit is combined and the circuit
entire is simulated by using Transient Analysis. The combined circuit schematic diagram
is represented in figure 3.20.

Figure 3.20: Super-regenerative receiver circuit (Schematic)

The output of AM modulator with RF carrier is shown in figure 3.21. The amplitude of
AMSignal, and RF carrier is along y-axis with respect to time which is along x-axis. The
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figure 3.21a shows that modulation frequency, fm, is 2 KHz while figure 3.21b shows the
carrier frequency, fc, is 20 MHz.
The radio-frequency (RF) carrier is injected in the circuit by using AM (amplitude
modulation) modulator. The AM modulator is defined in ADS with two inputs and a
single output port, figure 3.20. The two input ports are RF_in (RF carrier is applied on
this port), and MOD_ IN (the information, base-band signal, that is received by the
receiver by the transmitter). The output port is RF_out (the output of AM modulator with
the name of AMSignal, figure 3.20).

Figure 3.21: Amplified signal output [Fig a: Modulated wave at output of AM model. Fig b: RF carrier]

The linear pre-amplifier stage is simulated by using transient analysis which is shown in
figure 3.22. The simulated result in figure 3.22 (b) represents the output of the low band-
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pass filter (Filter_output) with the amplitude of 867.4 µV . The output of pre-amplifier
(Amp_output) with the amplitude of 9.184 mV is shown in figure 3.22 (a).

Figure 3.22: Linear pre-amplifier stage output (transient analysis) [Fig a: Pre-amplifier waveform. Fig b:
Low band-pass filter waveform]

The non-linear stage oscillator is simulated by using transient analysis which is shown in
figure 3.23. The simulated result in figure 3.23 (a) represents the output at the emitter of
Q2 transistor (Feedback_output), figure 3.20, in the presence of RF carrier. This figure
shows the RF-rise time, RF-decay time, and device relaxation time of the feedback
waveform. These terms have been explained in chapter 2.
The difference between m2 and m1 is the rise time of oscillatory waveform to reach the
maximum level of amplitude. The difference between m3 and m2 is the decay time of
oscillatory waveform. The difference between m4 and m3 is the device relaxation time of
oscillatory waveform.
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The figure 3.23 (b) represents the output of quench circuit (Quench_signal) at the
capacitor, C7. The difference between m6 and m5 is the rise time of quench waveform in
the presence of signal while the difference between m7 and m6 shows the quench time
(device relaxation time) of each oscillatory waveform. The figure 3.23(c) represents the
fundamental frequency of quench circuit. The fundamental frequency is the lowest
frequency produced by the quench circuit. The figure shows the peak of fundamental
frequency at 7.5 kHz with amplitude of 0.172 volt.

Figure 3.23: Non-linear stage oscillator output (transient analysis) [Fig a: Feedback waveform. Fig b:
Quench circuit waveform. Fig c: Fundamental frequency of quench circuit]

38

Super-regenerative receiver for short range HF band applications

4

Hardware implementation of Super-Regenerative Receiver

The prototype of Super-Regenerative Receiver is shown in figure 4.24. Initially the
proposed design was implemented on test board but it did not produce the desired results.
It was implemented on a real circuit board according to schematic diagram of figure 3.20.
A RF signal generator was used to provide a RF signal and an external power source was
utilized to provide power supply to the circuit.

4.1

Operating Limits

The performance of a super-regenerative receiver depends on the following parameters:
sensitivity and selectivity, bandwidth of the receiver, and the positive feed-back.
Sensitivity and selectivity have been explained in chapter 2; two important parameters
remain to be discussed.
For a single tank tuned radio frequency (TRF) receiver without regenerative feedback,
»

Bandwidth = Frequency / Tank Quality ( BW = f

Q

) ----------- 4.1

where Q is defined as
Q=Z

R

----------- 4.2

Z is the reactive impedance, R is the resistive loss. Signal voltage at the tank is the
voltage at the antenna port multiplied by Q.

Positive feedback is used to compensate the energy loss caused by R; therefore it is
expressed as negative R. Quality with feedback
Qreg = Z / (R-Rneg) ----------- 4.3
The regeneration rate is given by
M =

Qreg
Q

= R

(R − R ) ----------- 4.4
neg

As M depends on the steadiness of amplification and the feedback coefficient; it will
easily over-step the oscillation margin i.e. if R − Rneg is set to less than the Rneg
fluctuation. Therefore, to keep the R − Rneg higher then Rneg fluctuation, any kind of
automatic gain control system could be used [16].
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4.2

Experimental Results

Figure 4.24: Prototype of Super-Regenerative Receiver
To check the performance of the designed circuit, a number of tests were performed.
These results were taken by placing the probe at different stages or blocks of the receiver.
To check the performance of the designed 1st order band-pass filter shown in figure 3.13,
the gain of the filter is calculated at different input frequencies, where the gain (Av) is
given by
Av =

»

Vout

Vin

----------- 4.5

Vin
Band-pass Filter

Isolation
Amplifier

Vout

Non-linear Stage

Oscilloscope

Vin is the amplitude of input signal to the filter and Vout is the amplitude of output signal
at the filter.
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Figure 4.25: Band-pass filter response

To perform required test, a frequency range fromMHz
4 to 28 MHz was selected, the
gain was measured. The graph in figure 4.25 display
s the behaviour of the filter; the xaxis is frequency and y-axis is gain. It compareshet simulation result with the
measurements conducted on hardware. This verifies
hatt best performance is at 20 MHz.
It is observed from simulation and hardware measure
ments that the filter response of 1storder band-pass filter is not so sharp. Therefore
he treceiver has to deal with broader
bandwidth because of the interference from adjacent
frequency channels. To avoid this
interference problem, it is better to use a higherorder filter that gives sharp response.
Also Chebyshev or Butterworth filters can be used
o get
t better and sharp results. Sound
acoustic wave (SAW) filter, in which the electrical
signals are converted into mechanical
waves, can also be used.
Figure 4.26 displays the behaviour of the linearage,
st consisting of the band-pass filter
and isolation amplifier Q1, as shown in the schemat
ic diagram 3.15 in chapter 3, the xaxis is frequency and the y-axis is gain. It compar
es the measurements conducted on the
hardware with the simulation result. This verifies
that its best performance is at 20 MHz.
Vin
Band-pass Filter

Isolation
Amplifier

Oscilloscope
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Figure 4.26: Characteristic curves of the linear stage

To check the performance of the complete circuit as shown in figure 3.20, gain is
calculated again by using equation 4.5 where Vin is the amplitude of input signal and Vout
is the amplitude of output signal at the quench circuit.

Vin
Band-pass Filter

Isolation
Amplifier

Oscilloscope
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By changing the input frequency, ranging from 4 MHz to 28 MHz, performance of the
super-regenerative receiver is measured. In the graph in figure 4.27, the x-axis is
frequency and y-axis is gain.
The figure 4.27 shows the sensitivity and selectivity of the super-regenerative receiver. It
represents that the super-regenerative receiver is most sensitive from 18MHz to 24MHz
frequency range, with the optimum performance at 20 MHz.

Figure 4.27: Response of the super regenerative receiver circuit

The figure 4.28 shows that this model of super-regenerative receiver is sensitive to the
amplitude of the input signal. It is observed that, the time period of oscillations changes
with the magnitude of input signal. The time period of oscillation decreases as the
magnitude level of input signal is increased. But after certain level, the time period
becomes constant, as shown in figure 4.28 that after 200mV, time period is constant. The
x-axis represents the input voltage level and y-axis is the time period of oscillations.
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Figure 4.28: Sensitivity of the receiver with themplitude
a
of input signal
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5

CONCLUSION

The idea of super-regeneration is still not diminished; it is constructive where power
consumption, low-cost, and simple architecture has a central focus. This receiver is based
on a very simple architecture and it can be used for short range wireless applications
where high data rate is not optimized.
The main focus of the research is to study the receivers which can operate on lower
frequency carrier bands, in this case 20 MHz band.
To design the super-regenerative receiver in CMOS technology for RFID applications,
first, this proposed design was simulated by using the Advanced Designed System,
ADS2006A. After the successful completion of simulation, prototype of this model was
designed. The comparison of simulation analysis with hardware measurements verifies
that both analyses give their best performance at 20 MHz.
The LC resonant tank gives its best performance at it resonance frequency of 20 MHz,
and the simulation analysis illustrates that it has approximately 5 dB loss at 20 MHz. The
fundamental quench frequency of the receiver is 8 kHz. In simulation, the VDD of 5.0
volts is supplied and it produces 5.06 mA current which gives 14 dBm of power
consumption.
The comparison of simulation measurements and the result of real receiver show that
there is difference of 3dB bandwidth. The reasons for this difference is that there is no
such interference present in simulation environment while in real receiver there are many
sources of interference, for example adjacent frequency channels, bad quality of circuit
board and low accuracy level of measurement instruments.
The simulation analysis and the hardware measurements show that this superregenerative receiver (SRR) gives its best performance at 20 MHz.
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5.1

Future Work

This project has given an impulse towards the right direction via the implementation of
super-regenerative receiver for RFID applications. The work has been completed on
linear and non-linear stages of the receiver. Future work should include the designing of
the demodulator to detect the signal at output, and Bit error rate (BER) measurements.
The project task is to build and design a super-regenerative receiver (SRR) out of discrete
components for radio frequency identification (RFID) applications using 0.25µm CMOS
technology, vital for low-power consumption which ultimately affects on mass
production. We have worked on the initial phase, to design a super-regenerative receiver
(SRR) with active and passive components, with a successful design in advanced design
system, ADS2006A, simulation tool, and also the hardware implementation, to provide
the basis for transforming this RF circuit in 0.25µm CMOS technology.
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