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Dynamic Range 
in HF Receivers

Definition of Dynamic Range

Dynamic range refers to the receiver's ability to receive weak 

signals in the presence of strong signals, ensuring signal clarity.

Spurious Free Dynamic Range, SFDR

SFDR is a measure of the purity of a signal in the presence of unwanted 

spurious signals or distortions. It is an important specification used to 

assess the quality of analog and digital systems that process signals. SFDR is 

basically the effective dynamic range of a system while taking into account 

the presence of spurious components such as harmonics, intermodulation 

products, and noise. Essentially, it tells us how much stronger the main 

signal is compared to the undesired spurious components.
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Spurious Free Dynamic Range

• SFDR is the difference between the maximum 

signal level that will allow operation with 

spurious levels (generated in the receiver) 

below the input noise floor, and the noise 

floor of the receiver.

• MDS Dynamic range is the difference between 

the noise floor and the 1dB input compression 

point of the receiver



Minimum Detectable Signal

• Minimum Detectable Signal (MDS)

• MDS is the signal power at the input that will generate/produce a Signal-to-Noise Ratio (Sout/Nout) 

equal to one. In simpler terms, it’s the weakest signal that can be reliably distinguished from the 

background noise.

• The formula for Minimum Detectable Signal (MDS) is:

• MDS = KT + 10 Log10 (BW) + Noise figure

• Where:

• BW is the minimum bandwidth in the RF chain.

• KT represents the thermal noise floor, which is approximately -174 dBm/Hz (at room temperature)

• For example, if the minimum bandwidth is 10 kHz and the receiver noise figure is 15 dB, then:

• Minimum detectable signal = -119 dBm



Factors Affecting Dynamic Range

Receiver's Sensitivity

The sensitivity of the receiver determines its ability to detect 

weak signals, impacting the overall dynamic range.

Noise Figure

The noise figure represents the degradation of the signal-to-

noise ratio, which affects the clarity and quality of the 

received signal.

Interfering Signals

Interference from other signals can reduce the dynamic 

range by masking desired signals, thus affecting receiver 

performance.



Measurement of Dynamic Range

Understanding Dynamic Range

Dynamic range refers to the ratio between the smallest and 

largest signal levels that a receiver can handle effectively.

Measurement Tools

Signal generators and spectrum analyzers are essential tools 

used to measure dynamic range accurately in various 

applications.

Importance of Accuracy

Accurate measurement of dynamic range is crucial for assessing 

the performance of receivers in real-world scenarios.



Definition of Noise Figure

Understanding Noise Figure

Noise figure is a critical parameter in communication 

systems, determining the signal quality degradation due to 

receivers.

Input vs Output Ratios

It is expressed as the ratio of input signal-to-noise ratio to 

output signal-to-noise ratio, highlighting performance issues.

Impact on Receiver Performance

Higher noise figure values indicate more degradation, 

negatively affecting overall receiver performance and signal 

clarity.



Methods to 
Minimize Noise 

Figure

Low-Noise Amplifiers

Using low-noise amplifiers is essential for 
reducing the noise figure and improving receiver 
sensitivity, but care should be given not to 
degrade receiver input intercept point.

Component Selection

Optimizing component selection can significantly 
impact the overall receiver noise figure and 
enhance circuit performance (especially front-
end filters and switches)

Proper Circuit Design

Consider proper LNA device selection and 
characteristics optimized  for HF performance 
(GaN has exceptional IMD performance as well as 
very low NF at HF)



Definition of 
Detection Bandwidth
Understanding Detection 

Bandwidth

Detection bandwidth is the 

instantaneous bandwidth of the detected 

signal, usually set by IF passband filters in 

a superheterodyne receiver, or DSP 

processing in an SDR receiver. This is 

typically a function of the signal 

modulation format.

Impact on Signal Quality

Lower detection bandwidth always 

implies lower detection noise levels.



Effect of Bandwidth on Signal 
Detection

Wider Bandwidth Benefits

A wider bandwidth enables the capture of more signal 

information, enhancing communication clarity and data 

transmission rates.

Unwanted Noise Introduction

While beneficial, a wider bandwidth will also introduce more 

noise, complicating signal detection and quality. Choose the 

right mode for the mission!

CW  50Hz

FT8 50Hz

SSB 2.5kHz (17dB higher noise floor)

FM 5-25kHz (20-27dB higher noise floor)



Definition and Causes of 
Intermodulation Distortion

Understanding Intermodulation Distortion

Intermodulation distortion occurs when signals mix non-linearly, 

creating unwanted frequencies that disrupt original signals.

Causes of Intermodulation Distortion

Primarily caused by AM/AM (gain expansion or compression) 

and AM/PM (phase expansion or compression) in the receiver 

versus input signal levels.

Mitigation Strategies

Many device selection and circuit techniques to improve IMD 

performance but all are at size, weight, and cost impact (SWAP).



3RD Order Intercept Point and 
IMD Implications

• 3rd order IMD products (2f2-f1 and 2f1-f2 signals) are in-
band and cannot be easily removed from the detection 
bandwidth.

• 3rd order IMDs and receiver input noise floor are the 
predominant factors that impact SFDR

• Reduction of IMD products requires either reduction of 
input signal, or some very sophisticated (and expensive) 
circuit linearization techniques such as predistortion, 
feedforward, etc.



Definition of Cross 
Modulation Distortion

Strong vs. Weak Signals

Cross modulation distortion occurs when a 

strong nearby AM modulated signal interferes 

with a weaker signal, leading to distortion.

Impact on Decoding

This distortion affects the receiver's ability to 

decode the desired information accurately by 

actually adding an AM modulated distortion 

onto the weak received signal, leading to 

communication errors.



Mitigating Cross Modulation

Preselection Filtering

Incorporating filters in signal processing can significantly reduce unwanted interference 
and enhance signal clarity.

Gain Control Techniques

Ensuring proper gain control helps prevent distortion and maintains signal integrity across 
various applications.



Understanding Local 
Oscillator (LO) Phase 
Noise

Definition of LO Phase Noise

LO phase noise is characterized by random fluctuations 

in the phase of the local oscillator signal, affecting signal 

integrity.

Impact on Signal Processing

Phase noise can introduce significant errors in signal 

processing, leading to degraded performance in 

communication systems especially frequency and phase 

modulated systems including FT8, PSK31, etc.

Importance in Receiver Design

Understanding LO phase noise is crucial for designing 

effective receivers that minimize error and optimize 

performance.



Understanding Local Oscillator (LO) Phase Noise

Impact of LO Phase Noise on Signal Integrity

All 3 signals shown are significantly impacted and degraded and the one to the far right is 

nearly undetectable due to the LO phase noise that has mixed with the 2nd signal and 

totally covered up the 3rd signal to the far right



My Master’s Thesis in 1970

Phase Noise Reduction Techniques in X-Band Injection Locked Gunn and 

Impatt Oscillators

• Focused on reducing phase noise in 10GHz injection locked negative impedance 

devices for the first LO in a fire control radar receiver to improve range in the radar 

receiver.



Effective use of Automatic Gain Control to 
Prevent Receiver Overload

Distributed AGC function ensures that all stages in the receiver operate in linear 

regions

LO phase noise is characterized by random fluctuations in the phase of the local oscillator signal, affecting 

signal integrity.

Variable Time Constant

Provides adjustable control of gain transfer function consistent with te demands of the waveform being 

received

Prevents ADC Being Driven into Limiting in SDR Based Designs

Once the A-D Converter overloads, there is no longer any decoding and all received data is lost.



Typical AGC Block Diagram



Which Radio Design is Best?
SDR, Superheterodyne, or Hybrid?

• Each radio approach offers pros and cons. We have been using superheterodyne receivers for 

more than 100 years. 

• Direct Sampling Software Defined Radios have been on the drawing boards since the 70s and 

really started to become an option in the mid 90s, but they have been limited by FPGA, DSP and 

ADC improvements until the last 15 years. Military adopted SDR with the introduction of JTRS, 

the Joint Tactical Radio System in the mid/late 1990s. There were 139 radios in the Order of 

Battle, and most of them were not interoperable. JTRS was conceived to provide backward 

compatibility with all existing radios and forward compatibility with all newly developed 

broadband, spread spectrum antijam waveforms.

• The limitations of SDR encouraged some companies to pursue a “hybrid” approach which 

allowed for less expensive and higher resolution ADCs, but with one stage of down-conversion to 

a lower IF frequency.



Superheterodyne Receivers

Pros

• IF stages convert high frequency to low frequency, 
so all signal processing takes place at the lower 
frequencies–better results.

• Easier to filter an IF signal compared to an RF signal.

• Excellent receiver sensitivity.

Cons
• Requires multiple local oscillators and RF 

mixers to convert signals from RF to IF before 
conversion to baseband. This increases overall 
cost.

• Receivers are generally larger in size because 
they require more components.



SDR Direct Sampling Receivers

Pros

• The ability to receive and transmit various modulation methods using a common set of hardware.

• Quickly and easily upgraded with enhanced features via software/firmware.

• Direct conversion SDRs are exceptionally good at isolating weak signals from adjacent strong signals.

• Elimination of higher-cost analog hardware.

• Real-time waterfall display of an entire band and all of the stations operating at one glance.

• Advances in analog-to-digital converters have enabled SDRs to directly digitize signals at RF frequencies while low noise and 
good linearity.

• SDRs continue to benefit from the simplification of radio designs. Cost of digital parts continue to fall, yet digital devices 
continue to get more powerful.



SDR Direct Sampling Receivers

Cons

• If you’re used to knobs and dials on a traditional receiver, SDR will require some changes in your 

operating routine, especially if it’s controlled by a PC.  However, several manufacturers have models 

with traditional controls and integrated touch-screen menus.

• Receivers still have some limitations regarding the range of frequencies and receiver bandwidth they 

can support.

• Occasional software bugs, but updates can be easily added.



Hybrid SDR Receivers

Pros

• A superhet down conversion stage before the A/D 

conversion stage can provide better dynamic range 

than a simple direct conversion SDR.

• Hybrid approach does allow insertion of a roofing 

filter in front of the A/D converter, which can 

improve performance.

Cons
• All analog processing will introduce some 

noise that the direct sampling approach 
eliminates. 

• It does not sample the full spectrum like a 
direct sampling SDR radio.



Examples of Superhet, SDR, and Hybrid Radios

Superheterodyne

• Kenwood TS590SG

• TS890, TS990

• Yaesu FT857D, FT897D

• Yaesu FT891

• Icom IC-718, IC-7100

• Icom IC-7000

SDR Only

• Yaesu FT710

• Yaesu FTX1

• Flex 6000/8000

• Elecraft K4/K4D

SDR Hybrid

• Yaesu FTdx10

• Yaesu FT101D/MP

• Yaesu FT5000

• Icom IC-7610/7300/705

• Elecraft K2/K3



What about the Sherwood Engineering Report?



Notes for Sherwood Report
• Noise Floor

• 500Hz CW filter bandwidth measured at 3dB S/N ratio

• Additional measurements include use of preamp, and preamp on 6M

• AGC Threshold

• Signal level below which receiver gain is wide open

• Blocking

• Occurs just when receiver begins to overload from signal outside of the passband

• Usually about 30dB above Dynamic range of radio (numbers above 130dB are good)

• Sensitivity

• Quoted in uV. Generator set for 10dB above noise floor in SSB, and 3dB in CW mode

• Phase Noise

• Measured at 10kHz and 50kHz offset from tuned frequency..almost all new receivers have a limiting 

issue.



Notes for Sherwood Report (ctd.)
• Front End Selectivity

• Less of an issue on new radios, but there is NO roofing filter on most SDR radios resulting in overload 

above S9+60dB signals. Older Superhets tend to perform better here (e.g. Kenwood TS890, TS590SG)

• Filter Ultimate

• This refers to the ultimate rejection of the filter a few bandwidths away from the filter bandwidth (1kHz 

for CW and 4kHz for SSB)

• Dynamic Range (2 tone IMD Measurement)

• Sherwood measures close in (2kHz) as well as at 20kHz spacing. Most QRM issues tend to be close in 

interferers and old ARRL testing did not adequately measure this. The 2 kHz number is a more difficult 

test and a better indicator of real world performance.



Decibel (dB) Relationships for Power

• Power in db relative to a milliwatt (dBm) = 10*Log (power in milliwatts)

• 1dB increase in power = 25% increase in power

• 1dB reduction in power = 20% reduction in power

• 0dBm = 1mw

• -30dBm = 1 uW

• +10dBm = 10mW

• +20dBm = 100mW

• +30dBm = 1W

• +40dBm = 10W

• +50dBm = 100W

• +60dBm = 1kW

• S9 = -73dBm 

• 40dBm = 10W

• 41dBm = 12.5W

• 42dBm = 16W

• 43dBm=20W

• 44dBm – 25W

• 45dBm = 32W

• 46dBm = 40W

• 47dBm = 50W

• 48dBm = 64W

• 49dBm = 80W

• 50dBm = 100W

• x2 = 3dB

• x3=4.77 dB

• x4=6dB

• x5=7dB

• x6=7.77dB

• x7=8.45dB

• x8=9dB

• x9=9.54dB

• x10=10dB



Additional Sourcing Information

• Superheterodyne, SDR, or Hybrid. Which is Best? 
• https://www.onallbands.com/superheterodyne-sdr-hybrid-sdr-which-is-best%EF%BB%BF/

• Receiver Dynamic Range, Part 1
• https://rfcafe.com/references/articles/wj-tech-notes/receiver-dynamic-range-p1-v14-1.pdf

• Receiver Dynamic Range, Part 2
• https://www.rfcafe.com/references/articles/wj-tech-notes/Rec_dyn_range2.pdf

• Local Oscillator Phase Noise and its Effect on Receiver Performance
• https://www.rfcafe.com/references/articles/wj-tech-notes/effect-LO-phase-noise-receiver-

sensitivity-v8-6.pdf

• Automatic Gain Control in Receivers
• https://www.qsl.net/va3iul/Files/Automatic_Gain_Control.pdf
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Additional Sourcing Information

• Understanding the Dynamic Range Specification of an ADC
• https://www.allaboutcircuits.com/technical-articles/understanding-the-dynamic-range-

specification-of-an-ADC/
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