A Low Cost Panadapter |
Interface to a SDR dongle
for radios with a
50 to 70 MHz 1st IF




Topics Covered

Design
» Find out what others have done & define design objectives
» Circuitdesign, component selection, PCB generation

Prototype Construction & Testing
» Filters — simulation & verification
» Main board PCB
» |nstalling the PCB in a radio

Application Software

* How:do you use this thing?.
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*| always start out by looking around to see what others have done and how well it
fits my needs. It helps me understand how to approach the problem and avoid
pitfalls if | choose to do my own design

*During design and prototyping a number of unknowns especially around filtering
needed to be addressed.

*Application software is critically important and there doesn’t seem to be much
around about how to use an IF panadapter. Additionally the SDR applications are
typically undocumented save for an occasional bit about installation




What others have done ,

Coax connection directly to the radio’s 15 IF
» |t works but radio performance can be compromised

" PU2VWitapsthe IF on
an ICOM 706

Low Cost Panadapter

Direct connections work in some cases but the load imposed on the IF by a direct
connection often compromises radio performance.

Intermediate frequency (IF) tap points tend to be at the input of a relatively high
impedance filters input so the loading at this point from a dongle’s input impedance
can reduce sensitivity.




What others have done...

Mike Seguin N1JEZ & Don W1KEF
» Cap coupled MAR6 MMIC buffer amplifier at the 15t IF
* Opto isolator switch frm PTT line turns amplifier off during Tx
» Interface to FUNcube dongle via Mini-Circuits SBP70+ filter

Low Cost Panadapter




What others have done...
N1JEZ installation in FT817
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It appears the picture was take before the optical isolator switch was added




What others have done...

CENTER
FREQ.

PASSBAND
(MHz)

3dB
BANDWIDTH
(MHz)

SPB70
Filter

LL.1.5dB
Typ.

STOPBANDS

(I. loss > 20 dB)
at MHz

(I. loss > 35 dB)
at MHz

Connectors Model

51&94 6.0 & 193-1000

SBP-70+

&7

)
L

CASE STYLE: FF99
Price Qty.

- SMA

Attenuation (dB)

SBP-70+ $42.95 ea. (1-9)

electrical schematic
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Mini-Circuits SPB70+ filter was needed in front of the FunCube dongle to keep high
level carriers present in the IF from reducing the dongle gain. More on this later

Note at 40+ dollars this filter is not cheap.

This is a very good elliptical filter design as it has just 1.1dB passband loss, steep

skirts, and is quite compact.

Note how the attenuation decreases at frequencies above 500MHz.




What others have done...

Paul Wade W1GHZ
PCB for the FT-817 Panadapter

» Creates a PCB for Mike's design using less expensive PC
mounted version of the Mini-Circuits MPL-PBP7Q filter
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Paul indicates this implementation is simply Mike’s circuit put on a PCB.
The PCB is mounted against front bulkhead with double sided tape.
Note that this solution uses space occupied by CW filter option




What others have done...
W1GHZ cont’d

—

M1+ o u’n]—ﬁ
)

. CO s
E 'lnu' 1t
._ .ér FILTE!

'
CASE STYLE: A01
PRICE: $21.20 ea. QTY: 1-9
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This double sided PCB solution has an optical switch and filter on one side and
MMIC amplifier on the other




What others have done... l

Mike shoe horns PCB into a,ggit,vlith CW filter

L

TG
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I'm not sure just how it was secured for mounting, but looks like it was glued in
place to the front of the chassis.




What others have done...
G4HUP PAT (Panoramic Adapter Tap)

* Twovoltage followers, low passHilterésattenuator,~77
» Filter.components can be chiosen for IE's from 10-/70MH2

7

» Power supply range is Site 18V, / 7
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G4HUP’s design features a buffer with two active stages, a JFET source follower for
high input impedance and a bipolar transistor emitter follower capable of driving the
filter. The buffers are followed by a 50 ohm low pass filter to attenuate signals
above the IF.

The filter circuit components can be configured for IF’ s from 10 to 70 MHz. Power
supply range is 5 to 13V.
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What others have done...

G4HUP PAT in a Yaesu FT817
T

(0fo10 T g

» PATon the PLL shleld held in placé wuth double snded tape
» PGB layout — generous space for beginner, SMT /assembly

Apr— 15 Low Cost Panadapter
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The PCB is designed so that it can easily put together by individuals with little or no
SMD soldering experience. At about 25x40mm the PCB is a bit of a challenge to
tuck into smaller rigs.
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Design Objectives

15t IF interface design goals
Low current consumption. Target about SmA
No impact on receiver sensitivity
Small size so that it could be installed into most radios

Versatile
— Can be used with a variety of supply voltages from 5 to 14V
— Usable with any radio 15 IF's in the 50-70 MHz range ',.'/

IF output must remain stable with any dongle load or: o/pen‘, 4
circuit /)

[low cost

Low Cost Panadapter

Low current consumption was a very important design parameter. | didn’t want the
solution to impact the battery operating time of portable rigs.
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Interface Block diagram

Three Stage Solution

High Input Filter Gain Amp
Impedance
Buffer

Low Cost Panadapter

In the following slides let’s take a look at the design considerations for each section
of the interface.
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High Z Input Buffer

|

Why?... The IF tap point is typically just ahead of a crystal
filter that has a high Zin

R1164 1K |

WEERE(AR | Standard Shi yoshikidai

AP ¥ Nominal Frequency 45.000 (MHz)

68.330 (MHz)

i@ #rksi Bands domain via the web 3.0 (dB): £15.0kHz min.

3.0 (dB): £6.00kHz min.

M gEdirkdl  Bands domain via amplidude damping 15.0 (dB): £60.0kHz max.

15.0 (dB): £25.0kHz max.

17 Ripple 1.0 max. (dB) 1.0 max. (dB)

0.5 max. (dB)

fA#%  Insertion Loss 2.5 max. (dB) 3.0 max. (dB)

2.5 max. (dB)

{#iEM ek  Ensure that the amount of damping 65min. (dB) @ £, -910kHz

65min. (dB) @ f, -910kHz

A4 v e—=4%2Z  Input & Output Impedance 1.2k(Q)// 0.0(pF)
Low Cost Panadapter

480(Q2)// 4.0(pF)

It's not easy to determine the driving point impedance to the crystal filter, so best to

assume it's designed to be a match.

And yes those English spec translations are directly from Google translate. It give
one an appreciation for the difficulty translators had with early equipment manuals

from Japan.
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Filter

Why?...The 15t IF is not quiet !

FT-817 144.25MHz no RF input Mixer full span to 1.8CHz
90:28:59 @3 JaN 2014
P MKR 225 MHz

This spectrum REF @ dBn ATTEN 10 a8 ~39.60 don
analyzer snapshot ol
shows the FT817 IF -
when set to the 2

meter band with NO

RF signal present.

WA SB
SC FC

CoRR | L‘NM& WL

CENTER 90@ MHz SPAN 1.808@ GHz
RES BH 3 MHz VUBH 1 MHz SHP 20 nsec

Apr-15 Low Costtanaaapler
X
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Filter (cont’d)

1sHIF @ 2m with -50dBm CW signal at 144.25MHz

With a
moderately large
input signal there
are several
carriers that have
levels close to or
higher than the
intended! RE

signal. LW i in

CENTER 9900 MHz SPAN 1.888 GCHz
RES BH 3 MHz UBH 1 MHz SHP 28 nmsec

Apr— 15 Low Cost Panadapter
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The frequency on the spectrum analyzer isn’t very accurate with a wide span. The
marker is actually at 144.25+IF or 212.58MHz

There are half a dozen signals with levels close to or higher than the 18t IF
The signal to the left of the marker is the IF of interest.




Filter (cont’d)

Impact of large out of band signals on receive sensitivity

ExtlO_RTL2832.DLL v2014.2  [X]

5 Digital = USB or PCle
Rafael .

{ Demodulator

TunerAGC []
Frequency Correction: RTLAGC []

83121 PPMm  Offset Tuning [

There are typically three AGC loops in most SDR-dongles
Two can be selectively controlled by most applications
277
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EXIO from HDSDR shows two AGC controls available, one to control gain in the
RTL2832 and the second gain in the tuner in this case an Raphael R820 but the
EL4000 used in many other SDR dongles is similar
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Filter (cont’d) ,

The third within the RT820 is autonomous AGC around the LNA

13.VOP
iy s o i ™" 12voN

RF_Filter IF_Filter

— 14.VAGC

Large RF input 7/

signals will reduce §

LNA gain through

power detector

. pdet1. There is no
external control for

o . this AGC loop

[ A h
SCL SDA  Xul_i Xtal_o clk_out

Low Cost Panadapter

The RT820 front end tries to prevent overload from strong signals by reducing the
LNA gain via power detector pdetl. This detector will respond to the sum of all
signal levels in the dongle passband.
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Filter (cont’d)

Large unwanted signals within the dongle’s
passband will reduce receiver sensitivity

NooElec RT820
passband is 1st IF Frequency Responce

5
k.
/ \

WIDE...about 25-
1750MHz.
Transceiver's first
IF’s usually have
some a filtering to
the RF input.

The graph to the
right shows FT817
normalized |F gain

[ -] w

-
=)

Attenuation (dB)

~
w

&
=3

G
v

55 60 65 70 75 80 85 90

IF Frequency (MHz)

w
=]
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Filter (cont’d) l

Large signals within the dongle’s passband
will reduce overall sensitivity

» While the transceiver offers some filtering of RF from the
antenna to the 15t IF there are still a lot of strong carriers
present on the radio’s 15tIF.

Large constant carriers present in the IF need to be
attenuated to prevent the tuner chip LNA gain being
reduced by the power detector;

Gain reductions caused by AGC power: detector; feedback
can often be seen as a level shift in'the displayed n0|se
baseline

Low Cost Panadapter
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Filter (cont’d)

Filter Criteria
Small footprint

Moderate bandwidth — around 20 MHz keeps filter order
manageable in small size

Insertion loss less than conversion gain 3 - 4dB max.

Center frequency IF 68.33 or a design that can be easily
maodified to suit IF’'s from 50 to 70 MHz.

Low Cost Panadapter
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How much gain? l

How much gain is needed from the panadapter
interface to optimize overall performance?
» Wellnot a lot really
» There is conversion gain from the RF input to the 15t IF
FT817 Conversion Gain vs Frequency

Frequency (MHz) 1.8 3.6 14.1 28.3 50.3 144 430
Conversion Gain (dB) 5.1 3.2 49 46 125 109 114

» And the SDR dongles are decent receivers. Measurement |
for: 12dB SINAD..

— E1817 at 5OMHz CVWNarrow using the 50UHZ GV, ﬁlter Was
-131dB

— NooElec R1820) using SPR#at68:33MHZ Canth 300Hz
pandwidth, was -133dBm /

Low Cost Panadapter
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How much gain?

Additional gain won'’t improve sensitivity

» There is enough gain in the transceiver & dongle without
additional gain in the panadapter interface

Sensitivity is determined by the receiver's front end noise
figure & gain. It should be noted that losses though the
interface filter if greater. than the conversion gain will

degrade the sensitivity if the RF input signal is at the
receiver's noise threshold.

Significant interface gain will simply boest signal Ievels and
could result in additional distortion unless thesnterface 1S
extremely linear at higher signaldevels, 7
Enough gain to overcome filterlosses (4 to 2dB) plus a
smallibit 6dB or; sowould be good objective: //

Low Cost Panadapter
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Output Driver

What's needed at the panadapter interface
output to a dongle?

» Should be able to drive the dongle without impacting the
interface’s gain or filter frequency response.

Must be stable driving an open circuit as the dongle may
not always be attached

Emitter follower buffer isolates the amplifier stage from the/‘ft?‘-
interface’s output /

NooElec dongle impedance at the |E frequencyJooks qUIte
reasonable as the next slide shows.

Low Cost Panadapter
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NooElec RT820 Dongle

S11 @ 68.3MHz Rs=68ohms CP=13pF VSWR=1.6

:ﬂ__JmJ.mJ__J__.._J___":L_J_“.‘LWHQMJ
=

S11Rs & S11Cp vs Frequency L sule Cp (pF) @]
) e Max: 18.85704

N
‘\-\\\h

e
W

A

Data currently loaded is from
loolElec RT820 SDR 50-100MHz s2p (S11)
Modified: 01/01/2014 15:16:43

_Change 52p subset(s) |
Save as S1P |

65 70 75 20
Frequency (MHz)

ln_" Octmno-mum arim
LU ) VL Sueae aquscmm

Theta Rho RL___Phase
68.250 1617 6!917 2‘2!0 66.482] -21.36] 0.2357].12554] -51.50] I Testonscreen

Low Cost Panadapter

Ok so now that we have most of the criteria for the interface let's examine the

design.
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Solution Summary

Input Buffer ’

» Zin > 1k Ohm so it won't load HighZ Filer Gain Output
the IF crystal filter Buffer Amp Buffer
» Output drives 50 ohm Zin of filter

Filter

/4
» Compact & fairly simple - 20 MHz or. so bandwidth 3™ or. 4"‘/
order . /

» |nsertion loss less than conversion gain target < 3 dB

» Center, frequency design alterable for between 50'& 70 MHZz
Gain Block

* 6-10:dB gain (4 to 8 dB overall after filter; loss) /

» Zin matched to filter- 50 Ohms

Apr=15 Low Cost Panadapter
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Solution Summary (cont’d)-,

Output Buffer ’

» Unconditionally stable working HighZ Filer

: : ; Gain Output
into an open circuit Buffer Amp Buffer

» Able to drive most (all) dongles

Other Criteria

» Small PCB size to fit into most rigs
» Low current consumption — 5 mA target

Low Cost Panadapter
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Design...start with the filter,

Elsie Filter Design |-,
Elsie

» Explore Filter -
topology & family B RE NN il "
M=o 0

Explore filter properties
bandwidth - center frequEIley
filter order - Z in & out
Access impact of other parameters
capacitor and inductor Q

Filter Topology Chosen

*Nodal inductor coupled bandpass
— A bit mere complex but:has steeperhigh frequency, pdt—off

A S

Apr=15 Low Cost Panadapter
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Filter Quest ,

Choose the filter topology & key parameters

61.951M 61.951M

Design data: Q values: Maximum / minimum ratios:
Bandwidth: 10M Inductors: 80 Capacitors: 1
Center: 87TM Capacitors: 300 Inductors: 4.5455
Family: Manual entry

Low Cost Panadapter

Begin by selecting a filter topology and order. Elsie quite nicely takes your hand
and guides you through the process.

Filter parameters chosen Nodal inductor coupled bandpass Chebyshev Bandwidth
10MHz Center frequency 67MHz Filter order 3 Passband Ripple .01

The Elsie design values are precisely calculated. They will need to be changed to
values you can buy!

Note that Q values 80 for inductors 300 for caps. 80 is optimistic for commercial
inductors but realizable for air core wire wound parts

500hm source and load impedance, makes the filter easy to test on an network
analyzer
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Filter Quest

» Filter S21 & return loss - plot marker at 68.33MHz

Low Cost Panadapter

Passband loss about 1 to 1.5dB dB. 3dB bandwidth 18MHz
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Filter Quest

Inductor Q

Shape factor degrades
Insertion loss increases

Low Cost Panadapter

Insertion loss increases from 1 to 2.5dB
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Filter Inductor Selection ,

Inductors — hard to find small parts with high Q
» Small Physical size <3mmw & hx 6 -7 mm |
* Q > 50 preferably 70-100 at 70MHz.

Murata
LQW2BA e
inductors Frequency (MHz)

A‘pr— 15 Low Cost Panadapter

Wire wound inductors have higher Q than MLCC

Wire wound air core below about 100nH have Q’s top out around 100 most are 50-
100

Above 100nH Q’s tend to be around 30 or so
Note that Q increases with frequency to the inductors SRF then drops like a rock

Also if the device is specified and measured at a higher frequency that you're using
it the Q will be lower not higher.
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Filter Considerations |

The criteria that simulation won’t easily tell you
» Multiple inductor placement on PC & mutual coupling
— Space in-line inductors a minimum of 2 diameters apart
— Place inductors orthogonal where possible

» PCB groundplane impact on filter

— Standard practice removes the ground plane under the filter /
_ S
on all cu planes — how far. away from filter.does it need to beg7

» Capacitor, Q and size (0805 vs.. 0603)
* Impact of layout parasitics

- TestPCB created to |~

evaluate performance

of the filter;alone

Apr— 15 Low Cost Panadapter
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Since Zin=Zout=50 ohms the filter could be easily tested on a network analyzer.

There ware enough unknowns that a test board was created with and without
groundplane under the filter.
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First Filter Tests

Didn’t work out well

orth 33nH208pF 158nH 47nH208pf 158nH 33nH280pF
log MAG 18 a8/ REF @ a8

Low Cost Panadapter

Not having worked with filters before | hand taken the plunge to simulate first with
Elsie and LTSpice . Both gave fairly consistent results and looked good but
something told me in reality parts on a PCB might be a bit different. But | didn’t

expect this!
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First Filter Tests (cont’d)

So | built more filters from different
components some looked better but not all

Low Cost Panadapter
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Test Equipment Added

HP 4274 /5

» Capable of measuring caps into the fF and inductors into
the pH range.

Ao

Low Cost Panadapter

Of course | had to build test jigs for inductors and buy jigs for caps. But | was now
able to measure accurately.
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Found the Culprit l

Abracon had mixed in some 22nH inductors along with 33nH
parts. The inductors are the same diameter but one turn less

Low Cost Panadapter

Because they’re so tiny even under the microscope | couldn’t see the difference. It
wasn’t until | removed each part from a filter and measured them individually that |

found the difference.
About half the parts ordered were the incorrect value
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Working filter l

» Reasonable passband characteristics with standard parts

» Stop band attenuation best with full back ground plane

Low Cost Panadapter

Center frequency choses was 67 MHz so that the 68.33MHz IF is shifted toward the
upper portion of the pass band. This increases the attenuation of the IF+RF mixing
products.




Interface Schematic
V0.1a

Filter Indlictors

L4,LS 18@nH LT 28ga on #42 drill
L4,L3 33nH Si 28ga on #48 drill
L2  43nH S1||28ga on #44 drill

|/P Buffer Filter

Low Cost Panadapter
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Circuit Simulation

LTSpice simulation files
» Complete circuit &
» Output amplifier + buffer

KELILI P K2 LILS PRx) K3 L2 L4 )
siep param Kx ka0, 005, 01, 02

LT Spice simulation files are included in the documentation.

Filter analysis includes filter inductor mutual coupling and inductor parasitic
resistance limiting Q.

BRF520 spice parameters from NXP include in the component files.

Also included in the documents are simulation files for the second and third stages,
gain and output buffer. Feedback on the amplifier stage is set to keep the input
impedance a reasonable match to the filter output while providing moderate gain.
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Circuit Simulation

LTSpice simulation results
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PCB Layout

Small size to fit most transceivers
* 12mm x 40mm
All components on the top side no tracks on bottom

» Bottom is ground plane only, so PCB can be soldered to any
grounded surface within the transceiver.

Keep-out areas allow PCB to be fitted against the /,’
PLL — Unit canin FT-817 Y /i

Low Cost Panadapter

*Eagle is used for schematic capture and PCB layout
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PCB Layout

40 x 12mm

< 0
L Es
™
M o pa g
Q

o 20 Q
N ~N
o 20 Eoooooooooooo 00O

+5,8V on Rx

» |Layout has keep-out areas that allow, the:board to easily fit
against the side ofithe PLL - Unitshieldinthe FT-8:L7'

* All’components are on the top side; bottomasground plane

Low Cost Panadapter
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Assembled PCB

') T s AL LLLLL
& it 7

A

SR

-
- v
-

Ce
e
~

Low Cost Panadapter
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Assembled PCB (cont’d) -,

PCB also has pads for commercial inductors
» |4 and L5 are 150nH - 1008
» L1 and L3 are 33nH - 0805
» L2 is43nH - 0805
» These values shift the passband down slightly so that the |

68.33 MHz center frequency is a bit closer to the upper. edgg//‘f"

Low Cost Panadapter
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Bench Performance tests

|

PCB made with home brew air core inductors

s

3P Cheb Pan Buf fer Arp CF=63MHz BU=22.6MHz Cain=7dBr
o9 MAG

Low Cost Panadapter
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Bench Performance tests

PCB made with commercial inductors

L1: 2.
68.330 008 MHz ‘

273.3971 g8
54.085 MHz
332156 g8 21

72042 "M | pp
47 7.8234 9B
58.625 MH:

Low Cost Panadapter
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Interface to a FT-817

Four connections are needed from the
interface PCB to the transceiver

» Switched +5V — on during Rx — off during Tx. A switched
supply is very desirable as the IF is used for both Tx & Rx
so the dongle display is quiet during Tx
RF input — tapped into the radio’s 15t IF before a crystal
filter

RF output — port connects the interface output to the 7 7/
dongle typically through a connector; on the radjels rear’
panel 7,

Ground

Low Cost Panadapter
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FT-817 Connection Points

» 1st|F & switched supply on during Rx of during Tx

68.33 MHz: +6.1 dBy
/ AR gy

1058
DR —L—+ 103
15t IF Tap Point /;:“. fg_i T
L Wiles |

T .‘.':Q‘

Low Cost Panadapter

The RX5 buss travels to many places on the PCB but finding a connection point on
the PCB top was not an easy task.
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FT-817 Connection Poi
U enide ) HUT eaiie) fd
 TopPCB  Ipcqineaiestiba! @3-, |
Connection E g —
Points

Al y

Low LosSt-anaaapier
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Low LosSti-anaaapie!
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FT-817 — I/F Connections

» 1st|F and 5V on Rx connections
e s e

connection

\ +5V on Rx

» ~ connection

Kl

Low Cost Panadapter ; 4 52

To attach 18t IF to the PCB first solder a small bear piece of wire-wrap or 30ga wire
to the crystal filter input. Cut the wire to length and solder it to the interface PCB RF
input pad
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FT-817 — I/F Connections l

» MCX push on connector jack is located above the SO239
antenna connector on the radio’s rear panel

Low Cost Panadapter
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Sensitivity Tests

Before & After Panadapter installation

Baseline Measurement FT817 wit Panadapter Installed Difference
Frequency  Mode S Units SINAD S Units S Units
MHz

36 CWN
cww
FM 3KHz

141 CWN
cww

FM 3KHz

The measurements with the panadapter installed were conducted about six months
after the baseline measurements were taken

For these measurements the HF & 50MHz preamp was on (IPO set to off) and the
attenuator was on (ATT not engaged)

The average change in SINAD was -0.04dB

There was no difference in sensitivity noted when the SDR dongle was attached or
removed from the panadapter output
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Sensitivity

SDR display with narrow FFT bins enables signal detection

well down into the noise -144.251MHz @ -140 dBm

o HOSOR [ default] wersion 2.70

144.251 MHz at -140 dBm

[43.3
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Sensitivity

144.251 MHz @ -150 dBm

= HOSOR [ default] version 2.70

R

144.251 MHz at -150 dBm, signal is turned off and on to make the trace a little more
evident.
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Supply Switches ,

If switched V+ high on Rx isn’t available or if it is but isn't
capable of supplying the dongle then two switch boards
can be used

Both have the same height as the main PCB

Simple inverting switch for rigs that have a signal low
during receive and high during transmit.

PCB with an selectable inverting switch that can be used Yy
Wlth elther control polarlty ;

Low Cost Panadapter

This switch provides a voltage at Sw V+ O/P that is essentially the same level as
the voltage applied to V+ I/P. requires the signal to sink about 50uA from a 12V
supply when off and requires a

has the same PCB height as the panadapter and is 10cm wide. All components are
on the top side and the bottom metal is ground plane so that the PCB can be
soldered against any convenient ground for support. The switch provides a supply
voltage at Sw V+ O/P that is essentially the same as the V+ I/P. requires the signal
to sink about 50uA from a 12V supply when off and requires a
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Supply Switches (cont’d)

V+ Tx Switch

* 10 mm wide

» Switch input PS5
LLow on Rx &
Righ en X

Apr=15 Low Cost Panadapter
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Supply Switches (cont’d)

V+ Switch
* 13mm wide

» Ji Shorted Q2 not installed
B5input low on Rx highion X

» J1 Open @2 installed PSinput
highron RXJow on X

Low Cost Panadapter
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Application Software
HDSDR chosen as the best application

» Feature rich
» Interfaces smoothly to radio IF's and CAT software

» Not too difficult to install
— Llinks to examples can be found on the HDSDR FAQ page

SDR#
» Nicest looking display
» Doesn't handle |Q swap correctly (version early Sept
2014) so wasn't usable with IF for. this demo~Coenstantly
updated so problem may have been solved 4
Gqgrx

» Worked welllbut no time to fully’evaltate

Apr=15 Low Cost Panadapter
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Steps to using HDSDR

Install on a computer

» Navigate to the HDSDR Hardware page
hitp://www.hdsdr.de/hardware.html

HDSDR

High Definition Software Defined Radio

Home WHats New FAQ Hardware Scréenshots contac

* Scrolldown to the RILSDR (DVB-I1/DAB with RIIL28

» Click-onithe How-Tiowhichwillldownload &’
installinstructions /Y,

lfpr—15 X Low Cost Panadapter
SIS :

92)
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HDSDR -configuration

Start the program

AM ECs ™~

2lal<a B Vil=Nalals

LOA L

HDSDR has a slew /[ .. +wneDD50.260.000

of options that
can be confusing. “~"™ EEEIEEEEEIIE

==

» Start with the menu
items lower: left side.

» [eave the
Soundcard [F5]

Low Cost Panadapter
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HDSDR - configuration

Sampling Rate [Hz] B
» Bandwidth [F4] select Input Output
the following: 12000

Low Cost Panadapter
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HDSDR

» Options [F7

- configuration

] WAV file...
Sound Card

— Select Input and visualization Visuskzation S ol
should look like the panels on Inout Chamnel tode or KX 3/ ¢ g (165t Dnvers

this page

Output Channel Mode For RX
Input Channel Calibration for RX Open Input Mixer...
Swap I and Q Channel for RX Input

— Don’'t change any submenus at. e

this time
Select Input »
Vist »

Input Channel Mode for RX

Output Channel Mode for RX

Input Channel Calibration for RX
Swap I and Q Channel for RX Input
Misc Options »
Mouse Wheel »
RF Front-End + Calibration

Recording Settings/Scheduler

DDE to HDSDR

CAT to Radio (Omni-Rig) »
CAT to HDSDR »
™ »

Mouse Wheel
RF Front-End + Calibration
Recording Settings/Scheduler
DDE to HDSDR
RF Spectrum Type CAT to Radio (Omni-Rig)
FFT Windowing CAT to HDSDR
Color Palette i
‘Waterfall Timestamp
v Paint Filled Spectrum
v Informations on Mouse Position
v Show upper Display
v Show lower Display
Show upper Display only (Collapse)
v Swap Spectrum/Waterfall position
Swap UpperfLower Display position
v Use Auto-Colors for RF Waterfall
v Use Auto-Colors for AF Waterfall
v Apply Averaging to RF Waterfall
v Apply Averaging to AF Waterfall
Set Low Speed for RF Waterfall
Optimized Waterfall for Remote Desktop (RDP)
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HDSDR - configuration

» Options [F7]
— Input channel mode for. Rx
— Qutput Channel mode for. Rx

Select Input

Input Chann & for RX

Output Channel Mode for RX

Input Channel Calibration for RX
Swap I and Q Channel for RX Input

Misc Options

Mouse Wheel

RF Front-End + Calibration
Recording Settings/Scheduler
DDE to HDSDR

CAT to Radio (Omni-Rig)
CAT to HDSDR

™

Left channel only

Right channel only

Both channels added
® I(Left) / Q(Right)

Select Input
Visualization

Input Channel Mode for RX

Output Channel Mode for RX

Input Channel Calibration for RX
Swap I and Q Channel for RX Input

Misc Options

Mouse Wheel

RF Front-End + Calibration
Recording Settings/Scheduler
DDE to HDSDR

(CAT to Radio (Omni-Rig)
(CAT to HDSDR

T

Low Cost Panadapter

AF to Left Channel only

AF to Right Channel only
® AF to Both channels

IF as I (Left) / Q (Right)

IF as Q (Left) { I (Right)
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HDSDR - configuration

* Options [F7] - Input channel mode for Rx
— Select RX DC Removal Mode: Auto - leave the rest alone

Select Input
Visualization

Input Channel Mode for RX
Output Channel Mode for RX

Swap I and Q Channel for RX Input

Misc Options

Mouse Wheel

RF Front-End + Calibration
Recording Settings/Scheduler
DDE to HDSDR

CAT to Radio (Omni-Rig)
CAT to HDSDR

Raw Fine

Amplitude:

1.0

bt bt Do 1o SORSERSERSIUSERERERSRSRIRG

RXDC Removal Mod Bandwidth

110 4 samples delay
Left:0 (2] Right0 Left: -0.0000134 | Right: 00000180 | |25 | [Hz]

Some sound cards exihibit the annoying problem of a phase and amplitude skew
between channels, L.e. samples digitized with one channel are delivered to software sooner
of later than those processed by the other channel and also with some amplitude unbalance.
This plays havoc with a program like HDSDR, that needs a precise phase and amplitude
relationship between the | and Q channels, when working in 1/Q mode.

To compensate for this skew, please feed an 1/Q strong, steady carrier, offset by
approximately +10 kHz from the band center, and observe an image response at -10 kHz.

By using the Amplitude and Phase (raw and fine) shders, slowly try to minimize this image
response. The controls interact somewhat, so you will have to repeat two or three times the
adjustment. You should be able to get 70 dB of difference between the desired and
the image signals. Move the sliders very slowly. When done, click on the OK button.
The settings will be remembered from session to session.

1
Raw I

Phase: 0.0 Deg
Fine |

[Rese\loﬂ] l Cancel ]

FPPPUPTPPL PPTPUTTTRL FOTTUTTOTY FEPPUPYYT] FYVPUPTTR [OTTUTYUTE FIVUTIVOTY FVUUITTI FOVETPPTRY FOVRUIVOTY PP
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HDSDR - configuration

» Options [F7]

— Misc.

— Mouse Wheel

Select Input
Visualization

Input Channel Mode for RX

Output Channel Mode for RX

Input Channel Calibration for RX
Swap I and Q Channel for RX Input

Mouse Wheel

RF Front-End + Calibration
Recording Settings/Scheduler
DDE to HDSDR

CAT to Radio (Omni-Rig)

CAT to HDSDR

™

»
»| @ Normal Process Priority (default)
High Process Priority

Select Input
Visualization

Input Channel Mode for RX

Output Channel Mode for RX

Input Channel Calibration for RX
Swap I and Q Channel for RX Input

v Autostart Misc Options

set LO <-> Tune Offset ® Direction: Default
RF Front-End + Calibration Direction: Inverted

S-Meter calibration Recording Settings/Scheduler
Lock Volume DDE to HDSDR
Show Time in UTC CAT to Radio (Omni-Rig)

CAT to HDSDR

™

® Mode: Tune
Mode: LO

Show Status

Reset to factory Settings

Low Cost Panadapter
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HDSDR - configuration

Now for the really important ones:

Select Input

Visuslization

Input Channel Mode for RX
Output Channel Mode for RX
Input Channel Calibration for RX
Swap I and Q Channel for RX Input

DDE to HDSDR
CAT to Radio (Omni-Rig)

RF front-end frequency options & Calibration

SDR hardware coupling
(5) SDR hardware connected to antenna (defaukt)
(O SOR on IF output, which is controlled | manually v
Sync Mode
O Full sync in both directions
® Independent Tune in HDSDR
O Independent Tune, but sync on external change
IF-frequency: Global Offset:
68330000 | [H2) 0 [H2)
Additional Offset per Mode in Hz
AM FM 1SB | USB | CW_U CW.Ll DIGU DIGL
0 0 0 0 0 0 0 0

[“]Mirror RF Spectrum in general
[CIMirror RF Spectrum for Tune >= 0
[Joperate CW in lower sideband (LSB)
[[]Swap CW and CWR for Omni-Rig

(O SOR hardware on Down/Up-Converter
LO Frequency of DownjUp-Converter in Hz: | 120000000

(O SOR hardware in under: mode
Samplerate of Analog-Digital Converter in Hz: 80000000

Low Cost Panadapter

Set ‘SDR hardware connected to antenna

IF frequency isn’t important here but it’s a good time to enter the radio’s IF center

frequency

Mirror RF Spectrum in general should be checked.

LO frequency calibration
Current Tune Correct Tune
Frequency [Hz]  Frequency [Hz]

470309000

Frequency correction: +0.00 ppm
Hint: Tune to a station with known

RWM time signal, Use ECSS mode with
AFC to automatically tune the reference
carrier exactly, Use highest possible
frequency for best calibration results.
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HDSDR - configuration

ExIO

LOA

CW s

MATD O2NND AA1

MSATT TN Ve R |
. Tune L e LI
qu PY

Exti0

o

r
Extl0_RTL2832.DLL v2014.2

Click on the ExIO button

Increase the tuner gain slider
to between 30 and 40dB.

Tiurn offiall AGC

Check that the sample rate
and buffer size match the
windew on the right.

Low Cost Panadapter

®

Device:
Direct Sampling:

Sample Rate:
24Msps  w
Buffer Size:

B4 kB v

TunerAGC []
RTLAGC []
v | PP Offset Tuning []

Frequency Correction:
0




HDSDR - Freq. calibration -,

Frequency correction — Part 1
» Connect an antenna capable of receiving a signal of
known frequency to the DVB-T dongle

— A good choice for: this is often a local off air HDTV signal as
they are typically quite strong.

— A pilot tone can be easily identified. It's 309,441 Hz above

the lower band edge. The lower, band edge frequency. for all /
UHFE channels can be found here: )

hitp://www.csgnetwork.com/tviregtable himi
— Enter the known frequency values inthe HDSDRAX@ and
{iune values

Low Cost Panadapter
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HDSDR — Freq. calibration .,

= HOSDR [default] version 2.70 4.3

Lo >l . ]=l4¢co)

s

PR P — KR oW 15

| s h— 0 N — 200N

4 start amge o7 = HOSOR (et -

[ - HOSR -

\1\5 N Low CostPanadapter/ / /. / /. ///7/

EAI0_RTL2N2.00

Set the LO and tune to the known frequency. In this case the channel 14 pilot,
470MIlz channel lower band edge plus 309.441Hz.

The pilot can be seen to the left of the set frequency.

Change the ‘Frequency Correction’ value in the EXIO window to bring the carrier to
the set frequency.

Increase the zoom control to more precisely view the correction value as the pilot
approaches the set frequency.
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HDSDR — Freq. calibration .,

= HOSOR [ defaul rsion 2.70

Frequency Comecton. g1t AGe

S5 ®™ Ottt Tug

nazn ann aa1l

uwne0470.309.441

Note that the pilot is slightly below the desired frequency. The next frequency
increment will place it above and further away from the desired frequency.

Get as close as possible. The value will be tweaked in the next step.

Record the value on the dongle for future reference as it’s not likely to change
much.




HDSDR - Freq. calibration -,

Next account for any transceiver 15L IF LO error
» Connect the DVB-T dongle to the radio’s 15t IF interface.

» Tune the radio to a known frequency — WWV is good if it
can be received. In Ottawa air band information channels
can provide a good constant AM carrier. One such beacon
is located at 132.950 MHz. Tune the radio to this frequency /,;;

and set the mode to AM Yy /

Set the HDSDR LO and Tune frequency to zero Herizs and’
the mode to AM.

Change the RFE gain as necessary to get a.geod dlsplay

Zoom out if necessary to find the carner:t'should be Avithin
a couple kHz of the center frequency. /

Bring up the Options — RE Eront-End & Cal'bratudn window.

Low Cost Panadapter
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HDSDR - Freq. calibration

o HOSDR [ default] version 2.70

SOR harchware connmctad to arterna (def k)
SOR on IF cutgas, which s controled | marusly
v Mode
Full syrec iy both drections
) Independert Ture in HOSOR
Independert Tune, but syre on external change
Gl Offset:
I Dl
Addtional Offset per Mode in e
MM I US  CWU WL DGV DIGL
o o o o o o o

[ c wah
AFC to sutomaticaby ture the reference
carrer exactly. Use stie
frequency for best caltr ston resuts.

Again use the zoom slider to be able to see the two carriers with as much precision

as possible.

Move the cursor to the carrier and note the frequency difference between the carrier

and desired frequency.

If the carrier is below the desired frequency add the difference to the IF-Frequency

value.

If the carrier is below the desired frequency subtract the difference from the IF-

Frequency value.
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HDSDR - Freq. calibration

S0

08 hardware connected to antenna (def k)
B (50 on IF outons, which & controlled | manuialy

SOR hardware on DownfLp-Converter
LO Frequency of DoweUp-Converter in He: | 120000000

SOR hardware i undersamping mode
Samplerate of Anslog-Ogtal Converter i Me: 80000000

Low Cost Pa‘nadép{er A /) /7///

Corrected frequency.

Don’t expect the frequency correction to remain stable. The oscillators involved
aren’t high precision. A one or two kilohertz drift over short periods of time is likely.
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Use without CAT

* There is no

comm Unlcatlon RF front-end frequency options & Calibration

between the SDR hatdware coupling L0 frequency calibration

() SDR hardware connected to antenna (default) Current Tune Correct Tune
Frequency [Hz]  Frequency [Hz]

RTINS BEIROM @ 508 on 1 o, which s controled | manualy v
——— 14000000

HDSDR S
Full sync in both directions
S oo i ste
§ Independent Tune, but sync on external change G
Set the RF o Frequency correction: +0.00 ppm
IF-frequency: Global Offset: Hint: Tune to a station with known
iront —snid S C— e R Ll
frequency Ackionl Offot po Moce s He £ axacy L st poscl

AM | FM 1SB  USB  CW_U CW.L DIGU DIGL frequency for best calibration results,

options & -
Calibration. e e

v [Joperate CW in lower sideband (LSB)
Don't change ] Swap CW ond CWR for OnriRig.
the IF_ (O SDR hardware on Down/Up-Converter

LO Frequency of Down/Up-Converter in Hz: 120000000
(O SDR hardware in undersampling mode
FrequenCy Samplerate of Analog-Digital Converter in Hz: |80000000

Apr— 15 Low Cost Panadapter

=
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Use Without CAT

Mode 1
Tune the transceiver to a band edge i.e. 14,000,000.
Set the HDSDR LO and Tune to the same frequency.
Use the HDSDR as the receiver.

On the HDSDR screen move the band edge to the left of:
the screen and use the zoom slider to get the desired
frequency window.

Then use the Tune entry or mouse click on the panadapter
display to change frequency

Do not change the LO setting.

Note ifithe transceiver. frequency, is changed Ahe HDSDR
L@ and Tiune must alse be setto the same frequency

ool ‘ /./

Low Cost Panadapter

77




Use Without CAT

= HDSDR [default] version 2.70

({831 o o e . W ey
o NN nrom Nrnn
x0014.000.00C
nn nnn
Tune D01 a :_’,-'-’ JUIL
—.

e O ey

Minimize [F3]

[esm—— PRU Sy -
Bt (F4)
LSy ————g T

Low Cost Pa’néd‘apfe(, /v/;/ / ////




Use Without CAT l

Mode 2 — tune to zero — useful for contesting

Tune the transceiver to a frequency of interest say
144.250 MHz

Set the HDSDR LO and Tune to zero. 144.250 MHz is
now the display center

Set the zoom to a range of frequencies that should be
monitored for; activity

When a signal appears on the HDSDR display tune the
radio so that the signallis positioned at zero.

Make a contact, the frequency canibe read ofi;of the radio

Don't forget to retune the radio back to 144:250 after the
contact

Low Cost Panadapter
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Tune to zero example |

0 = 144 250MHz - watching 144.250-144.350 - signal @ 144.280

sion 2.70 FFE®

Low Cost Panadapter/ }/ ] ////
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CAT-62 Cable

On the cheap

» Buy one of these along with a male 8 pin mini-DIN'connector

FT232RL FTDI USB to TTL Serial Adapter Module for Arduino

m condition.  New

1 More than 10 available / 1

Was USS$450

US $0.96 (20% off)

e, I
Approximately C $4.09 Buy it Now

* Add 1o colecton

25 watchers

Low Cost Panadapter

An FTDI USB - serial interface makes drivers easy to find and many operating
system have them already installed
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CAT-62 Cable

On the cheap

» Or one of these along with a male 8 pin mini-DIN connector

6pin FTDI FT232RL USB to TTL Serial cable Converter Adapter fOR Arduin|

dton New

Prce US$699
Approvimatety C $7.54

4 watching

Free shipping

o rorrel AR E 2

Low Cost Panadapter

Again an FTDI USB - serial IC is the heart of this cable.
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CAT-62 Cable

|

Wire it.... just a 3 wire cable ... no components
- ACC  FT232RL PCB

RX D 1P,
TXD RX
GND GND

-()CTS' '

(\‘)3:

Osv

[ L

TX INH
RXD
XD

TXGND

But do watch the ACC plug pin out.

TXDandpin5is RXD

L T

2

X UCCCTSGND

Low Cost Panadapter

On the male connector pin 3 is Gnd, Pin 4 is
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Use with CAT ,

» Set the transceiver baud rate to match the application. The
fastest rate reduces delays — 38,400 baud
— The FT-817 does NOT autobaud, It must be configured
manually
— Download and install Omni-Rig with .ini files for; the transceiver.

Don't worry about the .ini files they're handled seamlessly
during the installation.

hitp://www.dxatlas.com/OmniRig/ A7)
— Configure Omni-Rig for. use with HDSDR using the following 7/

Low Cost Panadapter
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Omni-Rig Configuration

» Click on HDSDR Options [F7] button

Select Input
Whats this?

Omni-Rig Settings X

visualization Ori-Rig Setup ] RIG1 | RIG2 | About |

Input Channel Mode for RX
Output Channel Mode for RX
Input Channe! Calibration for RX
Swap I and Q Channel for RX Input v sync to Omni-Rig
Y sync from Omni-Rig

»
)| v syne Rigl (FT-817 => Port is not available)
sync Rig2 (NONE =2 Rig is not configured)

Misc Options
Mouse Wheel ® sync Tune frequency
RF Front-End + Calibration sync LO frequency
Recording Settings/Scheduler v sync Modulation
set Converter Offset
Swap CW and CW-R

Also select ‘Omni-Rig Setup’ to bring

FT-817 >
COM 7 >

up the ‘Omni-Rig Settings’ window
and populate it with these values

Apr=15 Low Cost Panadapter
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Omni-Rig Configuration

» This choice enables the Tx button within the HDSDR
application

Select Input
Visualization

Input Channel Mode For RX

Output Channel Mode for R

Input Channel Calibration for RX
Swap I and Q Channel for RX Input

Misc Options
Mouse Wheel
RF Front-End + Calibration
Recording SettingsfScheduler
DDE to HDSDR
CAT to Radio (Omni-Rig)
HDSDR Whats this?
Port
Baudrate (bps)
> [Z4d ® none (CAT only)
CTS (DB-9 Pin8) on high
DCD (DB-9 Pin1) on high

Low Cost Panadapter
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Omni-Rig Configuration

And finally

* Plug in the
CAT-62 cable

Band change,
tune, or Tx
from either
HDSDR or. the
ET-817.
Either way
settings follow
you around

like a puppy

RF front-end frequency options & Calibration

SDR hardware coupling

(O SDR hardware connected to antenna (default)
(@ SDR on IF output, which is controlled | by Omni-Rigl v

Sync Mode

@ Ful sync in both directions

O Independent Tune in HDSDR

(O Independent Tune, but sync on external change
Global Offset:
10000

| He) | 2

Additional Offset per Mode in Hz

AM FM  ISB USB  CW.U CW.Ll DIGU
0 0 0 0 0 0 0
[“IMirror RF Spectrum in general
[CImirror RF Spectrum for Tune >= |0

[Joperate CW in lower sideband (LSB)

[Cswap Cw and CWR For Omni-Rig

(O SDR hardware on Down/Up-Converter —
LO Frequency of DownjUp-Converter in Hz: 120000000

(O SDR hardware in undersampling mode
Samplerate of Analog-Digital Converter in Hz: 80000000

Low Cost Panadapter

DIG_L
0

LO frequency calibration
Current Tune Correct Tune
Frequency [Hz]  Frequency [Hz]

144261000

Frequency correction: +0.00 ppm
Hint: Tune to a station with known
frequency as reference, e.9. 3 WWY or
RWM time signal. Use ECSS mode with
AFC to automatically tune the reference
carrier exactly. Use highest possible
frequency for best calibration results.




Add a global offset

o HOSOR [ default] version 2.70

Lol Yo TR

sN144 24N NnnNn

N144 25N nNnnn

10kHz added here jut to shift CF signals away from DC as Rx DC removal was

activated.

Wy R

1

SOR hardware couphing
SOR hardware connected to antenns (defauk)

S SOR on IF output, which i controled | by OmesRigt v

x Moe
*) Full sync in both drections
Independent Tune in HOSOR
independent Tune, but sync on external change
F-frequency: Gobal Offsat
1100 ) 10000 o)

Addtional Offsat per Mode 1 H

MM FM 1B USB CWUI CWL DIGU DIGL

0 0 0 0 0 0

7] Mevce RF Spectrum in gereral
Mercr RE Spactrum for Tune > 0
operste CW inlower sideband (L58)
Swap CW and CWR. for Omni-Rig

) SOR hardware on Down|Lp-Converter

LO Frequency of DownyUp-Converter in He: | 120000000

SOR hardware i undersamping
Samplerate of Anslog-Digral Converter in Hz: 80000000

v |

Frequency comection: +0.00 ppm
Het: Tune to 8 station weh known

AFC to supomaticaly tune the reference
carmer exactly. Use highest possile
frequency for best calbration ress.
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