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First: The Required IMD Refresher

Virtually Math Free!
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IMD and the 3@ Order Rule

e [IMD - Inter Modulation Distortion

« Caused by nonlinear processes — all components can be
nonlinear

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

e |IMDDRS3 or DR3 - Third Order Infermodulation Limited
Dynamic Range

o Other "order” IMD products also exist — but 3@ order is the
trouble maker
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Third Order IMD - Graphically

Offset | np uts

Relative
IMD Product

« Assume inputs at 7.010, 7.020
 |IMD3 products located at 7.000, 7.030
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34 Order IMD Limited Dynamic Range

« IMDDRS3: Standard term (written several ways)

Offset Inputs
e A measure of P

1)the strength needed for 2 signals | A ‘/

2) which cause an IMD product that |  mp preduct

3) extends just above the noise floor T T
o Standard signal spacing - 2ty | 26,1,
2/5/10/20 KHz - 2 KHz key

f

« Often called THE key receiver metric (for RX comparisons)

o Superhets — closer spacing, worse DR3 performance
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In-Band vs. Out-of-Band DR3

e Qut-Of-Band:

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

o DR3 value is limited by UPSTREAM components (includes the roof)

e |n-Band:

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

o DRS3 value is limited by DOWNSTREAM stages (2" mixer 2)
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What About IP3?

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

o IP3="% (IMDDRS3) + 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

e Further complicated: input (lIP3) and output (OIP3) definitions

e Personal opinion: IMDDR3 is typically a more precise term
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IP3 Example — FT-1000 MP

Yeasu FT - 1000MP Mark V Field, AGC on, Preamp off

180.0
IP3 from S meter

170,0 .
' 53 =+22,05 dBm 1 = 7
160.0 | g5 =+23.45 dBm | IP3 from MDS = +22.3 dBm _—; 2

150.0 | S7=+25.15dBm "’““?ff.f’-
140.0 | S9.=+33.25 dBm | N

130.0 - A 4

1200 L

110.0 o /
100.0 =l

90.0 ! ! e £
IP3 from Best Fit in Linear = v
80.0

— i
70.0

Qutput Range = +21 dBm \\ = i
60.0 .:*l'--’ 1 /

4 J

Revr Qutput (Relative dB)

50.0 = : A
AD.0D r Measured / Measured

30.0 T Response | | | /-r__— — Response
20.0

10.0

Vi

0.0 =

—-10

Revr Input (dBm)

—140-130-120-110-100 80 —80 -70 -60 -50 —40 -30 -20 10 O 10 20 30

Fig A—The Yaesu FT-1000MP
Mark V Field measured in the
Lab for this sidebar shows a
response that is pretty close to
theoretical.

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

IC - 785, AGC on, Preamp off
180.0

170.0 | 1P3 from S meter
51 =4+16.55 dBm
160.0 i

g 55 = +16.55 dBm
150.0 | 59 =+15.8 dBm IP3 from MDS
140.0 85 = "'15..2 dBm

59 = +23.55dBm
130.0 I IP3 from Best Fit in Linear
120,0 - Output Range = +9,5 dBm —
110.0

Fig C—What is the “real”
intercept point of this lcom

IC-7657
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10.0 ured Response <
i B |

0.0 77

-10 =
140 -130-120 -110—100 —90 -80 -70 -60 -50 —40 -30 -20 —10 0 10 20 30

1.‘3

Best Fit Near —_
AGC = +15 dBm

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

Signal generator > Antenna Input

450 KHz Spectrum Analyser tied to output of 279 |F

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

Plots in 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?

Test Tones
2 KHz Spaced

-11
-14
47

-20

2 5th Order IMD
2 Products

-35
41
-44
-47
-50
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3rd Order IMD
Products
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A Quiet Day in DX Land

What the 3@ Mixer Sees — Lone DX station — IMD products not a factor
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Until N7DD and N6SS Arrive

What the 3@ Mixer Sees — Two strong signals in-band — IMD everywhere

leo
Powerhouse
Stations
Spaced [ Here
2 KHz ‘
New Problem:

IMD products crush DX

|
. \l I | \” ) ﬂ
:’“.,\WJﬂ|J\) || WiHl“ 'J' fl 'WI- “ 1|Hr|' ““ |,

IMD products 2 KHz spaced
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gaging Our OEM Roofing Filter (~6+ Khz)

0.442 0.444 0.446 0.448 0,450 0,452

Two Rare
Powerhouse B¢

Stations H
Spaced ere

2 KHz

Same Old Problem:
IMD products crush DX

o

e
! ” L% TR ij l
4

: Loy ] .—¢_J|II|...1 I 1),-_,_,-."[“ I
IMD products 2 KHz space“d s o
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Two
Powerhouse
Stations
Spaced

2 KHz ‘
r Problem

:f Solved:
& IMD products IMD products

2 KHz lower strength \\\l
: than DX level npf‘

N BN S T P, ""'I"M
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Roofing Filter Basics

e Where: First filter, as close to the
antenna as possible — 15T IF typical

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

« What: MCF or discrete crystal
construction

 Width: Sized to pass the widest
mode of operation

e Improve DR3 begins with
spacing 4 filter width, or more

® O Jeff Blaine ACOC 2011, all rights reserved
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Roofing Filter Capabilities

 |IMD products

0 Result from non-linear operation (overload)
o Key point 2 IMD products are generated within the RX chain
o Typical IMD sources: pre-selector, mixer and switching

« Action: Attenuates adjacent strong signals >
reduces / eliminates IMD products

e Ofher benefits

0 Reduce AGC pumping 2 AGC loop after the roof
o DSP has less bandwidth (information content) to process

@ © Jeff Blaine ACOC 2011, all rights reserved ® 20




Roofing Filter Limitations

e Originally not intended as selectivity filters

e Rather, supplement to DSP (final) filtering

« Cannotimprove in-band DR3

o A good filter reveals the next weaker link in the chain

« Cannot filter in-band interference (splatter, key clicks)

® O Jeff Blaine ACOC 2011, all rights reserved 021




Roofing Filter Limitations — Key Clicks
Comparison of 3 msec vs 10 msec rise time

REF -20.0 dBnm MARKER 14 199 985.0 Hz
10 4dB/D1V RANGE -20.0 dEBn -26.7 dBnm

3 mSrise
\ 300 hz filter

10 mS rise

CENTER 14 200 000.0 Hz SPAN S 000.0 Hz
REH 10 Hz VYVEW 3 Hz ST 147 SEC

Courtesy NCOB Rob Sherwood

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

REF 10.0 dBn OFFSET -7 460.0 Hz
10 dB/D1Y RANGE 10.0 dBn -79.9 dB(1HZ)

SSB: 2.7 Khz
B

L

d D I'n'lll'l n

Sideband
energy
35-50 db M

CENTER 44 200 000.0 Hz SPAN ED_GBG-U Hz
RBM 30 Mz YBHN 30 Hz ST 69.6 SEC

Courtesy NCOB Rob Sherwood

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

@® © Jeff Blaine ACOC 2011, all rights reserved
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Down Conversion vs. Up Conversion

 Up Conversion Architecture — 70 Mhz typical 15t IF
o Uniform performance over entire frequency range
o Needs VHF roofing filters (wide/cheap **or** narrow/expensive)
o Excellentimage rejection
o Close-in DR varies

« Down Conversion Architecture — 9 Mhz typical 15" IF
o Performance near IF is not uniform
0 Image rejection near ham bands requires design attention
o Needs only HF roofing filters (narrow/cheap)
o Close-in DR generally good, even in lower end models

e Roofing filters found in both architectures — serving the same
purpose - protection

® O© Jeff Blaine ACOC 2011, all rights reserved
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What’s Driving Down-Conversion Rigs?

@® © Jeff Blaine ACOC 2011, all rights reserved

1) Market focus on
close-in specs vs. Image
rejection

2) Crystal Performance vs. Cost
- optimal around 9 Mhz

3) Crystal cost increases with
frequency:

o ~ 3xgoingup
0 ~ 2x going down

4) HF vs. VHF front ends are
cheaper in most other ways

® 26




Up-conversion VHF OEM Filters — Filter on VNA

Yaesu vs. NS:

G.T.Khz vs. 2.4

“aesu FTZ000 Roof ve. M5 Production Version Roof - ACOC BfZ372010

Gjda)

\

B.25
dB
{ Db

-34.00

| I khz Y_ucsu

-59.00
69,435

® O Jeff Blaine ACOC 2011, all rights reserved

NS Foo

69.450
3.000 kHz f div

69.465

3/6 KHz OEM filters:
6-7 KHz @ -6 db
15-18 KHz @ -50 db

NS roofing filter:
2.4 KHz @ -6 db
5.6 KHz @ -50 db

Single signal
selectivity for SSB

Improves DR3 on
all spacing's from
600 Hz and up -

great for CW/digi
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Up-conversion VHF Roofing Filters — Filter In Rig

2.4 KHz NS

@® © Jeff Blaine ACOC 2011, all rights reserved

Lot 19 FT-2000D
Measured values

3 KHz OEM Filter
o 6.3KHz@ -6db
o 18.5Khz@ -50 db
o $11

2.4 KHz NS Filter
o 2.2KHz @ -6 db
o 5.3KHz @ -50 db
o $300

@28




Icom Has Better Marketing Luck Than Yaesu???

REF -10.0 dBm DL 0.0 dB
1 fA_Write MHorm B_Blank Horm

e

%

VHEF

Roof

From Icom
IC-7600 and
IC-7700
Brochures

/67 Khz @ -6dbe\,

ENTER 64.45500 WHz SPAN 50.00 kHz Auto A1l
REW 100 Hz VBW 100 Hz SWP 10 s ATT 5 dB

3kHz filter characteristics (50kHz span)

« "3 Khz"seems to mean different things to different companies...
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Down-Conversion HF Roofing Filters - VNA

Elecraft 8-pole 400 Hz & 1.8 KHz Inrad Filters

ACOC - Elecraftfinrad K3 Filter Analysis

=0.00 |
_——, AT i hlallu 1,-2.94, 8.215120 ILde
G[dE] -x Y Mkr 2, -8.94, B.214118 MHz
10,00 ? ( '1'. Mikr 3, -8.94, 8.216005 MHz
10.00 | \ Mkr 4, -52.94, 8.213726 MHz
dB8 | I". MEkr 5, -52.94, §.216609 MHz
1 Dine J \ MEr G, -104.61, 6.217540 MHz
-20.00 | T MEkr 3-2, 0,00, 0001887 MHz |
/‘ l |II MEkr b-4, 0.00, 0.002883 MHz
-30.00 f/ I;I l'-,l
o 1800 Hz spec ; )
u J| 1 ™!
1,887 Hz actual / LN
. ; f 3 400 Hz spec
60,00 r;' ..1 470 Hz actual
70.00 ' \
: J,r.-"'l"'""‘"
-80.00 bV Y T | f ...
L Y L _”*"’\*W
- A ANy
4l " » Vi |
Hﬂuisc Ilu':lrr !

LY

-100.00

B.2100 B.2110 B.2120 B.2130 B.2140 B.2150 B.2160 B.2170 8.2180 B.2190 82200
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Down-Conversion HF Roofing Filters - VNA

-0.00

-11.2%

-22.50

-33.75

GldB)
-45.00
11.25
it

| Div

-90.00
£.999007 8.999201 8.999400 8.999600 6.999800 9.000000 9.000200 9.000400 9.000600 9.000799 9.000999
199.860553 Hz | div

Yaesu FT-dx5000 300 Hz filter

Yaesu XF-126CN 9 Mhz

IF 300 Hz

I I
Mkr 1, -4.112, 8.999980 MHz
Mkr 2, -10.112, 6.999858 MHz
Mkr 3. -10.112, 9.000171 MHz

Mkr 4, -64.112, §.999632 MHz

Mkr 5, -64.112, 9.000412 MHz
Mkr 2-3. 0.000, -0.000313 MHz
bkr 4-5, 0.000, -0.000780 MHz

Fam

300 Hz spec

313 Hz actual

® O Jeff Blaine ACOC 2011, all rights reserved
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Roofing Filters — Bandwidth Tip

Use a wider roof if conditions allow - less fatigue

[ )
e Crystal filter designs - focus on steep skirts
e Trade-off is uneven “group delay” - ringing
« Group delay is a problem for RTTY
« DSP implementations (regarding ringing) vary - IR types best
i — — Tjﬂquum,_z.n?:j[.r““ L] LT ] I’ﬂ_ ‘=L — rpeg
- nfl_:: LI' -il-_’/ N \\ " :I.T_m'““ I ; . I ﬁ"-;{;{ :;Ellll:.uu' | i
o { Dline -I. IIIT/./ . : \ . i | (;e‘ \"'._‘ ‘ i
- ! [\ |Group Delay A | |/ \ '__ . ol | I'f‘ |
i ~d 5 mMS - | AN 0
-B.0D |'| .I 1 hlr._ | o | ll! | [ \\ | anue
I | ' ny 1 I W‘ Z000.00
| il | - TS “*:. |
o -t “ﬁ'f:zfmr"ﬁ, Mk‘r-l 53 m.amai.mn i oo
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AL FITIST Ha | i TDDUE Hz [ div
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DR3 - How Much is Enough?

 Expert Opinion
o NCOB Rob Sherwood: 80 db @ 2 Khz CW, 70 db SSB
o W8JITom :80-85 db @ 2 Khz

o« Contest Community Examples

K3LR — Runs IC-7800 (85 db)

W3LPL — Mix of 10 FT-1000 (78 db) + 2 K3
K5GO0 — Runs mix of 3 K3 + 6 IC-765 (DR3222)
NR5M — Mix of IC-7800, IC-7700, Prolll

P49X — Mix of Pro3, FT990, FT1K, K3

WRTC 2010 -5 of top 10 teams ran FT-1000

©O O 0O 0o o o

e How much is enough?

80db CW + 70 db SSB **most of the time**
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Yaesu Representations

iFd Order Dynamic Range / IP3 (3rd-Order Intercept Point)

-140

14 MHz BAND CW (BW=500 Hz)
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ANT INPUT(dBm)
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Table 1

ARRL — December 2010

Yaotu FToXS000, soral number 00020034
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ARRL Lab Two-Tone IMD Testing (300 Hz bandwidth, 300 Hz roofing filter)™*

Measured Measured Calculated

Band/Preamp  Spacing  Input Level IMD Level IMD DR P3
3.5 MHz Off 20 kHz —-17 dBm -126 dBm 109 dB +38 dBm
—-11 dBm —-97 dBm +32 dBm
14 MHz/Off 20 kHz —-12 dBm -126 dBm 114 dB +45 dBm
-5 dBm -97 dBm +41 dBm
0 dBm -84 dBm +42 dBm
14 MHz/Pre1 20 kHz =24 dBm =136 dBm 112 dB +34 dBm
-22 dBm —97 dBm +28 dBm
14 MHz/Pre 2 20 kHz =36 dBm =143 dBm 107 dB +18 dBm
—22 dBm 97 dBm +16 dBm
14 MHz/Off 5 kHz —-12 dBm —-126 dBm 114 dB +45 dBm
—6 dBm 97 dBm +40 dBm
0 dBm —82 dBm +41 dBm
14 MHz/Off 2 kHz —-12 dBm —-126 dBm 114 dB +45 dBm
-5 dBm =97 dBm +40 dBm
0 dBm —82 dBm +41 dBm
50 MHz/Off 20 kHz —-14 dBm =120 dBm 106 dB +39 dBm
—8 dBm —97 dBm +37 dBm
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RSGB - June 2010
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When Comparing Review Numbers...

e DR3 results vary with many conditions

o Conditions usually not consistent between reviewer

 Factors may include:

o

O O O o o o o o

DSP bandwidth (RSGB 500 hz vs. ARRL 300 hz)

Roof bandwidth (RSGB 600 hz vs. ARRL 300 hz)

IMD product measurement (RSGB AF voltmeter vs. ARRL 3 hz RBW SA)
MDS floor (ARRL uses 3 different ones)

Frequency of test (RSGB 7 Mhz vs. ARRL 14 Mhz)

Preamp setting (default, in both cases)

Preselector settings (IPO1, in both cases)

EqQuipment and setup

Measurement methods for one source - may change over fime
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Roofing Filter: FT-2000

Main VFO=-A

A 1=

i\ [0 g e O Ul e\ i e

Sub VFO-B

e/ |

SRS G\ elie 300\ o /oo e o 41
ag
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Roofting Filter: FT-5000

15

RFAMP/ 1st
BPF | =™ 00 g IEAMP — MCF

ANTENMA
SELECTOR

8
spr | = RFAMP/ g%

iy

1st
Local
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2nd
Local

&
Jrd
Local

2nd
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3rd
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Roofing Filter: K3

[

% PREA

—

////I - 4 Znd LD
\\H “ §H s > /6 8.230 MHz
4B e ek (KREF3)
MAIN SYNTH o o5
o
S-45 MMz ELL m
FIN &0 v-.
(from splitter or KATS) (KREF3)
BIF & AGC
F
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Roofing Filter: 1C-7800 / IC-7700

Clrcult

- -y

’ Ir|| BPF Ir
cPU L L

JkHz BW

| P ----;

AGC Loop line
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Secret Weapon: Use ATTN + Preamps Off

No soldering iron
required

e Free “virtual’ DR3

Improvement

e Set PO mode ' bl " o :::.._-.-J-L. L“_“L"_Tll =
(preomps Off) ".:.'. I_‘ : ~ _‘..:"I % k'.;'li" (ss |

e Add ATIN

 [IMD products drop by 3x the selected attenuation valuel
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Secret Weapon: Use ATTN

What the 3@ Mixer Sees — With varying ATTN

Baseline:

Odb ATTN

A i ‘!.1]1&.*1‘[} products E'ﬂil‘rﬁﬁla Aot A

lowers TMD
product

strength by
~16 db

@® © Jeff Blaine ACOC 2011, all rights reserved

Effect of ATTN on IMD
product levels ~ 3:1 ratio

ATIN IMD Level

-6 db Vv 15db
-12db ¥ 30db
-18db V¥ 45db

12 db ATTN
lowers IMD
product

strength by




Secret Weapon: Use Preamps With Caution

What the 3@ Mixer Sees — With varying PRE

Baseline:
IPO - no PRE
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Effect of PRE on IMD
product levels ~ 3:1 ratio

PREAMP IMD Level

IPO (no pre) <Baseline>
PRE1 (+11 db) A 30db
PRE2 (+17 db) A 50db

PRE2 engaged

(+17db)
H | ln‘

Imhﬁ BT
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Secret Weapon: Attenuation with Band

Lot 19 FT-2000D @ ACOC tested 7/21/2011

Attn possible IMD level drop by

160m 12-18 db 36-54 db
80m 12 db 36 db
40m 6-12 db 18-36 db
20m 6 db 18 db
15m 0-6 db 0-18 db
10m 0 0

 Shows ATIN switch range possible without loss of useable
sensitivity

e Table ignores phase noise limits
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Closing Thoughts

« Roofs serve a critical function - beware marketing spin
 Specs (DR3, etc) are hard to compare - on 100% same-same basis

 Fact: Mid-tier modern rigs will give you the QSO in most cases >
use attenuation on the low bands when needed

* Personal testimonials (“buddy hype”) are almost never unbiased

« Am | insuring for the possible exception — or paying up for real utility?
o Sports vs. luxury outlook — know your operating style

 Ergonomics and aesthetics ARE important

 The perfect rig has yet to be built

« Anyrigis FB —if you don't operate...
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Thanks to the CADXA!




Contact ACOC

Web: www.ac@Oc.com

Email: jeffRac@c.com



www.ac
mailto:jeff@ac
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