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First. The Required IMD Refresher

Virtually Math Free!




Heterodyne Receiver 101




IMD and the 39 Order Rule

e [MD - Inter Modulation Distortion

« Caused by nonlinear processes — all components can be
nonlinear

e 39 Order Rule - IMD products increase at 3x signal levels

e |IMDDR3 or DR3 - Third Order Intermodulation Limited
Dynamic Range

e Other “order” IMD products also exist — but 39 order is the
trouble maker
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Third Order IMD - Graphically

Assume inputs at 7.010, 7.020
IMD3 products located at 7.000, 7.030
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3"d Order IMD Limited Dynamic Range

« IMDDR3: Standard term (written several ways)

« A measure of
1)the strength needed for 2 signals
2) which cause an IMD product that
3) extends just above the noise floor

e Standard signal spacing -

2/5/10/20 KHz & 2 KHz key
« Often called THE key receiver metric (for RX comparisons)

« Superhets - closer spacing, worse DR3 performance

@ O Jeff Blaine ACOC 2011, all rights reserved ®6




In-Band vs. Out-of-Band DR3

e QOut-Of-Band:

o0 Roofing filter width < test tone spacing width
o Test tones are attenuated by roof

o DR3value is limited by UPSTREAM components (includes the roof)

e |n-Band:

o0 Roofing filter width >> test tone spacing
o Test tones are not significantly attenuated by the roof

o DR3value is limited by DOWNSTREAM stages (2"d mixer ?)
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What About IP3?

 [P3is a calculation based on the SLOPE of input signal and
IMD products:

o IP3=% (IMDDR3) + Input Power or 1.5 (IMDDR3) + noise floor

« Can also be extrapolated from rig measurements

 The point where the two lines cross is called the Intercept Point
« Assumes the 39 order law is followed

 Further complicated: input (IIP3) and output (OIP3) definitions

 Personal opinion: IMDDRS is typically a more precise term
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IP3 Example — FT-1000 MP

. From: Smith, Improved Dynamic Range, QEX Jul/Aug 2002 - data by W1RFI/ARRL
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IP3 Example — IC-765

. From: Smith, Improved Dynamic Range, QEX Jul/Aug 2002 - data by W1RFI/ARRL
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Sidebar: Understanding the Plots

« Signal generator a Antenna Input

e 450 KHz Spectrum Analyser tied to output of 2"d |F

« Shows what the 39 mixer “sees” — isolates 15t IF

* Plotsin this presentation — actual data - NOT simulated
 |IMD testing setup is very difficult — especially the signal source
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IMD Products: A Ghost in the Machine?
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“Rare DX Here”
A Roofing Filter Story in Pictures
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A Quiet Day In DX Land

What the 39 Mixer Sees — Lone DX station — IMD products not a factor
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Until N7DD and NG6SS Arrive

What the 3@ Mixer Sees — Two strong signals in-band - IMD everywhere
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gaging Our OEM Roofing Filter (~6+ Khz)

0/
P>
OQ:b the 39 Mixer Sees — 6 KHz BW roof — minor reduction in signals & IMD
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Finally, the 2.4 Khz Filter

Wat the 39 Mixer Sees — 2.4 KHz NS roof - Significant sig reduction & IMD €
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Roofing Filters

Basics, Capabilities, Limitations
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Roofing Filter Basics

e Where: First filter, as close to the
antenna as possible — 1st |[F typical

« Why: Protects following circuits
from nonlinear operation due to
strong out of band signals

« What: MCEF or discrete crystal
C O n Stru Ctl O n Rodhe, Recent Advances in Receiver Design, QST Nov 1992

 Width: Sized to pass the widest
mode of operation

 |Improve DR3 begins with
spacing Y4 filter width, or more
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Roofing Filter Capabilities

e [IMD products
0 Result from non-linear operation (overload)
o Key point & IMD products are generated within the RX chain
o Typical IMD sources: pre-selector, mixer and switching

e Action: Attenuates adjacent strong signals a
reduces / eliminates IMD products

e Other benefits
0 Reduce AGC pumping & AGC loop after the roof
o DSP has less bandwidth (information content) to process
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Roofing Filter Limitations

 Oiriginally not intended as selectivity filters

 Rather, supplement to DSP (final) filtering

« Cannot improve in-band DR3

A good filter reveals the next weaker link in the chain

« Cannot filter in-band interference (splatter, key clicks)
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Roofing Filter Limitations — Key Clicks

Courtesy NCOB Rob Sherwood

« Fasterrise time, wider bandwidth -> more “clicks”
 Clicks are not filterable — the energy is “in-band”
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Roofing Filter Limitations — Sidebands

Courtesy NCOB Rob Sherwood

 Even properly adjusted transmitters not perfect
o Splatter not filterable - the energy is “in-band”
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