Initial setup of the FUNcube Dongle — 20110604
By: Mark J Culross KD5RXT

1.0 INTRODUCTION

As more & more FUNcobe Dongles (FCDs) make their way into the hands of eager hams, many new
FCD owners have asked if there is an “FCD for Dummies” reference. | hesitate to call this document by
that name. For one, | don’t want to tempt anyone in the litigious community to take me to task for
riding the tails of someone else’s well-known series of documentation titles, and for another, | don’t
want any FCD owners to be insulted by such a title.

This guide is intended for the first-time FCD user, but my hope is that it is written in such a way as to be
useful to FCD owners with a variety of experience levels. Some may be put-off by the length
(30+ pages), but I tried to give pertinent explanation to go along with the step-by-step instructions to aid
in understanding not just the “what” of a particular step, but also the “why” of that same step, as well as
the “how” of the resulting effect of that step.

The FCD was my first exposure to any kind of Software Defined Radio (SDR). When | set out to use
my FCD, there were certainly some early documents available, and | am very grateful that the respective
authors took their time to create & provide that documentation for newbies like me. Personally, I’'m
very comfortable around radios & electronics in general, but in contrast, | was very timid with my FCD.
Being afraid to turn my shiny new multi-$100 receiver into a non-functional desk ornament, | was very
careful with each step that | performed.

Here’s where | have to say that the documentation was quite good with the “step-by-step” instructions,
but with no prior SDR experience at all, | was at a severe loss when | encountered even the slightest
deviation in the results that I got, versus what was described in the documentation. That’s partially what
inspired me to write this document & what drove me to take the approach that | did (which should
quickly become apparent as you make your way through it). 1 am also indebted to my fellow radio club
members that have (rightly or wrongly) turned to me as the “expert” in helping them to setup their FCDs
in the same way that I have learned how to do with mine.

2.0 GETTING STARTED

So, you just bought a new FUNcube Dongle (FCD) and you’re itching to quickly jump in & make it do
something . . . hold your horses, cowboy . . . there are a few things that should be done first I This
guide will lead you through the initial steps necessary to get your new FCD updated with the latest
firmware & then help you to get it setup on a Windows machine so you can take full advantage of its
capabilities. I’m running Windows XP Pro/SP3 and Windows 7 Pro 32-bit . . . sorry, someone else with
Mac/linux experience will have to write a similar document for those particular platforms.

Most of the steps in this guide will only need to be done once in order to set up your FCD on a given

computer . . . if you move your FCD to a different computer, you will need to repeat some of the steps
(these will be appropriately noted).
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Figure 1 — Your FCD, pristine in the package & fresh from the factory

OK, so the first thing you have to do is you must get over any initial fears that you have of hurting your
brand new FCD . . . after all, it isn’t doing you any good by keeping it in the package !! Go ahead &
remove the FCD from the package, taking proper precautions to protect it from electrostatic discharge
(ESD), of course.

As you plug the FCD into an available USB port on your PC (after completing the instructions in this
document, in order to reduce the noise floor as received by the FCD, you’ll probably want to plug your
FCD into a USB extension cable, rather than plugging it directly into the PC . . . for now, a direct
connection is just fine), after a couple of “da-dink” sounds, the status bar should show the detection of
the new device as follows (red highlight):
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Figure 2 — Windows detects the new FCD device

Be patient . . . you will get several similar notifications (USB Audio Device, USB Composite Device,
etc.) . . . wait until you see the notification that the device is ready to use as follows (red highlight):
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Figure 3 — Windows reports that the FCD is ready to use

3.0 UPDATING FIRMWARE

Now that Windows knows about the FCD, you can go about the process of updating the firmware. As
of the time that this document was written, all FCDs come with firmware version 18b installed. This
version is referred to as the “baseline firmware”, and it primarily provides just enough functionality to
allow the FCD to be tested following production, but it does not provide much in the way of useful
functionality to support the way you really want to use it I! You’ll need to update the firmware to get
your FCD to that state.

NOTE: throughout this section, the “???” designation will be used to indicate versions numbers that are
bound to change after this document is released . . . the intent is for you to download & use the latest
version(s) available and to use the actual version numbers in place of the “???” when following the
instructions given

All of the latest utilities and firmware (as well as the documentation, including this document) for the
FCD can be found at the following URL: www.funcubedongle.com/?page_id=313

Page 4 of 35



Initial setup of the FUNcube Dongle — 20110604
By: Mark J Culross KD5RXT

Download the following files (make sure to right-click on the name and select “Save Link As” in firefox
or “Save target as” in Internet Explorer) & place them somewhere convenient (C:\FCDstuff):

Latest bootloader software: FCHIDBL???.zip (currently FCHIDBOO001.zip)

Latest firmware: export???.bin (currently export18f.bin)
[NOTE: future versions of this file for the agile FCD are anticipated to be named export???.pro.bin]

Latest “fully functional front-end with source” software: FCHID???.zip (currently FCHIDO006.zip)
Start by extracting the files from the FCHID???.zip file & place them somewhere convenient
(C:\FCDstufAFCHID???). Now run the following file (use your convenient location where you placed
your files):

C:\FCDstuf\FCHID???\Debug\FCHid.exe
What you get will look something like the following:

FUNcube Dongle Frequency Control ¥2.0

-I k Frequency conection IF'Lt r HIDDpen o Vid | Ddds&Pld FBSE returns 1 Set fisquency |
H o A _
999855 0./000,000
Z & l_ l eadEommand relu N F wit
IF RSS! Errol FCD read command. —_— |
Correction DCI J DC Ql —I Gain —I Phaze J Rieset to bootloader I
[Ctrl far coarse]
Mixer IF RC
RF Fiiter Flltest Fiter - IF Filtew
L ) L S Ly ) "_Ll
L W L W L TN p L W .
H L S ] L S -
LMA Gain FiF Filter Mixer gain  Mixer filter IF qain 1 IF RC filter IFgain2 IFgain3 IF gain 4 IF filter IF gait 5 IF gain &
[5.0d8  ~||268MHzLPF  ~|[4dB  =|[?MHz ~| [-308 ~| [214MH~| |0d8  ~|[0dE  ~|[odE  ~]| [550MHz «|[+3dE ~||+3dE ]
LMA enhance Band Bias current IF gain mode
|fo ﬂ | J |EIEI L band j |Linearit_l,l j Defaultz | Fead device | Wwirite device |

Figure 4 — Initially running the FCHid application

Looking at the status area in the upper right-hand corner of the window, you can safely ignore the
“Error, FCD read command.” message (red highlight) . . . this results from the combination of the FCD
running firmware version 18b (little to no functionality support) and your PC running FCHID??? (lots of
new functionality support). Not to worry . . . by following the remaining instructions in this guide, you
will easily remedy that mismatch !!

Now that you’ve got the front-end application talking to the FCD (in a limited fashion), left-click on the

“Reset to bootloader” button (green highlight), which will result in the following report (again, in the
status area):
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FUNcube Dongle Frequency Control ¥2.0
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GG e
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[Ctrl for coarse)
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RF Fiiter Flltest Fiter - IF Filtew
—~ L —e y —~ ‘
H L S ] L S
LMA Gain FiF Filter Mixer gain  Mixer filter IF qain 1 IF RC filter IFgain2 IFgain3 IF gain 4 IF filter IF gait 5 IF gain &
[5.0d8  ~||268MHzLPF  ~|[4dB  =|[?MHz ~| [-308 ~| [214MH~| |0d8  ~|[0dE  ~|[odE  ~]| [550MHz «|[+3dE ~||+3dE ]
LMA enhance Band Bias current IF gain mode
|fo ﬂ | J |EIEI L band j |Linearit_l,l j Defaultz | Fead device | Wwirite device |

Figure 5 — Using FCHid to send the FCD to bootloader mode
Once again, you can safely ignore the “Error, FCD read command.” message (red highlight) . . . this
results from the fact that you just sent the FCD into bootloader mode, & FCHid is still trying to talk to
the FCD in application mode.
[ THIS STEP IS VERY IMPORTANT ] Close the FCHid application to continue.
Next, extract the files from the FCHIDBL???.zip file & place them somewhere convenient
(C:\FCDstufAFCHIDBL???). Now run the following file (use your convenient location where you
placed your files):

C:\FCDstuf\FCHIDBL???\FCHIDBL___Win32_Debug\FCHIDBL.exe

What you get will look something like the following:

FUNcube Dongle Bootloader

HIDOpen of %id_04d3&Fid_FBSE returnz 1 i Open file >
USE YD /PID found. N ;
HIDQuery returns 1
EIZAgE.

€ |FCD in bootloader mode

: 00 - 0=00FCO0
PC addrezs range: 0x007C00 - Ox004300
Device 1D address zet Beszet to app
Device 1D read, DEVID=0x4207, DEVREW=0x0200

[\

Queny device

Eraze device

RIRLL

E xit

Figure 6 — Initially running the FCDHIDBL bootloader application
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Note that the bootloader application indicates “FCD in bootloader mode” (red highlight). This is
definitely a positive indication that you are talking to your new FCD !! To proceed, left-click on the
“Open file” button (green highlight) & a file dialog will open. Navigate to your convenient location
where you placed your files, and the resulting file dialog will look something like the following:

Look in: | () FCD stuff | e &t E-

|3 FCHIDOOE

B

by Recent aF . bin

i Ee::-::l:u:lr'tl
Documents

Desktop

\$

by Documents

by Computer
g File narme: |e:-:|:n:|rt'| af.bir j Open >
My Metwork  Files of tupe: | * bin j Cancel

Fl
9CEE [ Open az read-only

Figure 7 — Selecting the firmware file

Highlight the export???.bin file (use the name of the latest firmware file that you downloaded earlier,
again noting that future versions of this file are anticipated to be named export???.pro.bin) by
left-clicking on it (red highlight). Left-click on the “Open” button (green highlight) and the display will
look something like the following:
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FUNcube Dongle Bootloader E|

Byte addresz range: Ox002400 - Ox00FCO0 : f
PC address range: 0:001C00 - 0xO0&800 e
Device 1D address et

Device D read, DEVID=0x4207. DEYREY=0x0200Fil=

opened
File read Werify firmware

HIDOpen of %id_04d8&Fid_FESE returns 1

ISE WIDAPID found. Beset to app

HIDQuem returng 1

[uery mezszage: FCOEBL :
FCD in bootloader mode Huery device
Byte address range: Ox002400 - Ox00FCO0 i
PC address range: 0=001C00 - 0=004300 Erase device
Device ID address set

Device 1D read, DEVID=0:4207, DEVREY=0x0200 3 E it

Figure 8 — After opening the firmware file

Wirite firmmware

To continue, left-click on the “Write firmware” button (red highlight). Multiple lines of status will
scroll by, including indications such as “Erase completed”, “Firmware written”, and finally “Firmware
verified” as follows:

FUNcube Dongle Bootloader §|

FCD found. L Open file

Device 1D addresz

Eraze device
Firrnware verified 3 Esil

Figure 9 — After writing the export18f.bin firmware file

To finish the firmware update, left-click the “Reset to app” button (red highlight). Congratulations, you
have successfully updated your FCD firmware to give it some really powerful capabilities !!

What you will get is something that looks like the following:
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FUNcube Dongle Bootloader

HIDOpen aof Yid_04d3%Pid_FBSE returnz 1 Open file
ISE

Lieny returns 1
Query message; FCOAPP 18.06
Error: not in recoginized FCD' mode

\

E st

LUK

Figure 10 — After writing the export18f.bin firmware file

Once again, the error in the status area indicating “Error: not in recognised FCD mode” can be safely
ignored (red highlight) . . . this results from the fact that you just sent the FCD back into application
mode, & FCHIDBL is still trying to talk to the FCD in bootloader mode. More importantly, the line just
preceding the error status shows that version 18.06 of the firmware is currently loaded (“18” represents
the major version firmware number & “06” is a decimal representation of the minor revision letter “f” as
the sixth letter in the alphabet).

[ THIS STEP IS VERY IMPORTANT ] Exit the FCHIDBL application to continue.

4.0 INSTALLING & CONFIGURING SPECTRAVUE

Now that you have updated the FCD firmware, you can go about the process of adjusting the accuracy
of the center frequency. The crystal used in the FCD is a high precision component (on the order of
12ppm in the latest version), but with the natural variability of all of the components combined, reality is
that this FCD device, like all electronic devices, may not be precisely on frequency.

This guide will now lead you through the steps for calibrating the center frequency of your particular
FCD, but first, you need to install the tools that will be used to help make the adjustments.

Download the following files & place them somewhere convenient (C:\FCDstuff):

Latest SpectraVue software (version 3.18 at the time that this document was written):
http://www.moetronix.com/files/spectravueinstall.zip

Start by extracting the file from the spectravueinstall.zip file & place it somewhere convenient
(C:\FCDstuff\SVinstall). Now run the following file (use your convenient location where you placed
your files):
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C:\FCDstuff\SVinstall\spectravuesetup???.exe
Accept all of the default selections & complete the installation.
Now run the following file (use your convenient location where you placed your files earlier):

C:\FCDstuf\FCHID??2\Debug\FCHid.exe

What you get will look something like the following:

FUNcube Dongle Frequency Control ¥2.0

Frequency conection IF'Lt [7  |HIDOpen of Yid_04d8&Fid_fbSE retumns 1 Set fisquency |
0C Success, FCD found.
333335 [Lpnun IF B5s) l— HIDReadCarnmmatd returns 1 ol
Success, FCD read command, walue: 0 —
Correction DT — DCO =l Gain =l Phase = Rieset to bootloader
[Ctrl for coarse) ! = | =l =l =
Mixer IF RC
RF Fiiter Flltest Fiter - IF Filtew
L ) L S Ly ) "_Ll
L W L W L TN p L W .
H L S ] L S -
LMA Gain FiF Filter Mixer gain  Mixer filter IF qain 1 IF RC filter IFgain2 IFgain3 IF gain 4 IF filter IF gait 5 IF gain &
[+200d6  ~||268MHzLPF  ~|[128 =|[1.9MHz ~| [+6d8 ~| [1OMHz~| |08 ~|[0dE  ~|fodE  ~]| [218MHz «|[+3dE  ~||+3dE ]
LMA enhance Band Bias current IF gain mode
|fo ﬂ | J |-|-| Wil bandj |Linearit_l,l j Defaultz | Fead device | Wwirite device |

Figure 11 — Running the FCDHid front-end application

For this adjustment activity, choose a frequency that is likely to have a continuous (or at least, mostly
continuous) signal. A good choice is to use one of the National Weather Service weather broadcast
channels (e.g. 162.550MHz in Fort Worth, TX & 162.400MHz in Dallas, TX) or a local repeater with
lots of activity. Using another transmitter as a low-power source (carrier only) through a dummy load
also works very well.

Enter your frequency of choice in the frequency entry area (red highlight) and left-click on the
“Set frequency” button (green highlight).

What you get will look something like the following:
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FUNcube Dongle Frequency Control ¥2.0

Frequency correction lF'Lt [7  |HIDDpen of Yid_04d8%Pid_bSE retums 1
H oc Success, FCD found. - .
1 6 2 5 5 0 k Z 933335 0,000,000 IFRSS| l— HIDR eadCormmand returns 1 Exit
Success, FCD read command, walue: 0 —

Correction DCI : DCQl —I Gain —I Phaze J Rieset to bootloader

[Ctrl far coarse]

Mixer IF RC
RF Fiiter Flltest Fiter - IF Filtew
—~ L —e y —~ ‘
H L S ] L S
LMA Gain FiF Filter Mixer gain  Mixer filter IF qain 1 IF RC filter IFgain2 IFgain3 IF gain 4 IF filter IF gait 5 IF gain &
[+200d6  ~||268MHzLPF  ~|[128 =|[1.9MHz ~| [+6d8 ~| [1OMHz~| |08 ~|[0dE  ~|fodE  ~]| [218MHz «|[+3dE  ~||+3dE ]
LMA enhance Band Bias current IF gain mode
|fo ﬂ | J |-|-| Wil bandj |Linearit_l,l j Defaultz | Fead device | Wwirite device |

Figure 12 — Entering a frequency into the FCDHid front-end application

OK, enough of the wait already. Run the SpectraVue application (by double-clicking on the SpectraVue
shortcut that was placed on your desktop during the installation).

What you get will look something like the following:

DR-IC Setup  QutputSetup  ExtRadio Setup  General Setup  Help
14.148 14167 14186 14.205 14224 14.243 14.262 14281 14.300

-140  RawData 2D Plat | 30 Plat | ¥ \Waterfall | H Waterfal | Comba | Continuum | Phase

[v DemadOn

:
= FFT Awe Auto['f]cale A (: WM
] jSmoothing COFM O NFM
" LSB 5 USB
2048 | FFT/BLK | Hemonii] o
Fs=195078 RBW/= 95 Hz s Ehopnely C owl O Cwl
10 dB/Div v | ¥ Seale | | NEB Off | Setup...
- Peak
Miute ; Fiter 100 2500 2700
e oot | - | — S—
UISE Mok Connected G May 2011 417:21 UTC

Figure 13 — Initially running the SpectraVVue application
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On the SpectraVue menu bar, left-click on the “InputDevice” menu item (red highlight), then left-click
on “SoundCard” to select it.

Now you will get something that looks like the following:

Sy SpectraVue Ver. 3 *°

File Wiew InputDe putSetup  ExtRadio Setup  General Setup  Help
: [0 it 0.0032 0.0036 0.0040 0.0044 0.0048 0.0052 0.0056 0.0080

1 FFT éwe . Auto Scale
i . &)
0 = Smoothing

2048 - | FFT/ELK

A Memnany(M]
Fz=8000 RBW= 39 Hz Channels

10 dB/Div = | ¥ Scale | | StartF12 |
Mute .
MCO Mull Sraciby Audio Y olume o

Idle

8 hay 2011 42803 UTC

' .,' start CRELC a5 E rﬂ_ﬁi.xr'.ir.-i':sﬂs... rﬁ FiiTenm. .. 'r"- FLINCL. .. ' Sy Spectr... LG @ @ (@m0 @ 1ze e

Figure 14 — SpectraVue application after choosing soundcard as input device

Now, on the SpectraVue menu bar, left-click on the “SoundCard IN Setup” menu item (red highlight).
A SoundCard Input Setup dialog will open. Make changes as needed to make all of the fields and
selections as follows (this sets the FCD soundcard sample rate to 96000, the maximum that SpectraVue
supports, sets up for full bandwidth at this sample rate, and sets the center frequency at the mid-point of

the sampled data):
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SoundCard Input Setup

SoundCard IFLIN::uI::e Dongle 1.0 ;I

140 Comp
Sample Rate | 35000 SPS — 100 alpha

Ew Limit | 98000 Hz —~ beta

LR

@ Id
c
Center Freq 48000 Hz :II
_'I |:| G l:IC
¥ Stereo [Complex |=F, Q=)
Sample Offzet

[ lrwvert Spectrum L R RN TR S

Cancel

Figure 15 —SpectraVue soundcard input setup

Left-click the “OK” button to activate the settings (red highlight) and the dialog will close.

Now you will get something that looks like the following:

Sy SpectraVue Ver. 3.18 - [E)X]

-140

FawData 20 Plot | 30 Plot | Y Waterfall | H WwWaterfall | Combo | Continuum | Phase

[T Frrawe

0 ﬂ Smoothing
2048 ~ | FFT/BLK
Fz=96000 RE'= 47 Hz

' 10 dB/Div vi Y Scale

RCO Mull

Idle

Center Frequency - Ing |
21 ] Auto Scale
&)
Span

P M ermon(M)
LaES Channel: |

StopF10 | Pause 1] StatF12 ]

Mute Audio Yolurne
SpaceBar =

g

14 May 2011 30418 UTC

Figure 16 — SpectraVue application after choosing soundcard as input device
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Now, on the SpectraVue menu bar, left-click on the “Output Setup” menu item (red highlight). A Data
Output Selection dialog will open. Make changes as needed to make all of the fields and selections as
follows (make sure to choose your particular sound output device . . . mine is a RealTek HD Audio
output as shown) . . . be sure to choose only the “Single Channel Demod” selection for now:

Data Output Selection E|

W ave File Capture Setup
* Max File Size FOOME[CD] W Chain Multiple Files

* AFDatatoaveFile oy Fie Size 21GE DVD] [ TimeStamp Filname

® Ui Jo s £ Max User [ FreqStamp Filenarme
File SSEE”DPD"E FRate = ™ Quality Wite with Squelch
Timed Recording Setup [ Right Click to Edit ]

[v Marual Becording Mode 30 min [

I B

| |

FFT Continuum File 5aving

f+ Mo Output File Saving Timed Saves
. [10
" Save Continuumn Data to C5Y Excel Format File (1 to 3600 Seconds]
" Save wWaterfall FFT Data as 1 byte/pizel BMP Format File % Timed Save OFF

Iv Use Screen Resalution ® Tz Fes

" File Append/Dvenarite

¥ )

Save absalute FFT Data as 2 byte Cuzstom Binary Farmat File

Select Out File...

Soundcard/Demad Output Setup
{* Single Channel Demad [+ Output to SoundCard - 1]
" Dwal Channel Demaod Maono Output Non-Demod Playback Gain(dg]
" Dual Channel Demaod Stereo Output

Cancel

Figure 17 —SpectraVue data output selection

Left-click the “OK” button to activate the settings (red highlight) and the dialog will close.
Now, on the SpectraVue menu bar, left-click on the “General Setup” menu item (green highlight in

Figure 16). A General Program Setup dialog will open. Make changes as needed to make all of the
fields and selections as follows:
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General Program Setup

x]

Azzign Dizplay Colors. . ‘

[ L/R Button Freq Chan

FFT “window Type 75 ] ]
 Rectangle JPEG Compreszion Quality[10 ta 10
" Hamming Waterfall B ate[0 to 60 Secs/update] | I}
* Harring
™ Flat Top Select \Waterfall Calar Palette File... |
" Blackman —
Select FFT Compenzation File. .
" Blackman-Harri: Uz Loy M 2 |
] : temorny Modes Curzor bode
Dizplay Units
& Hz[Sec) * Memary Display OFF * Cursor OFF
: " Cursor 5-1
" KHz [mSec) T Max Memary DIS.p|a_I,I Lo D
' MHz [uSec " Delta Memary Dizplay
" GHz [uSec)
b arkers

IJzing Default

Izing Drefault
30 Optiong

bl i
30 xy Pixel Shift (1-100) | 4 3
1M 30 Plot Scale(1t0140) | 3 M

| Auta Start
[+ Right to Left Continuum

™ Squelched Display [ Display Peak Markers 10 =l T S sl
W Color 20 Graph [ Allow Mausze Click Markers Exclude illn Sec [D==4UTO)
Display Speed Mouze Click Rezolution Fulze Mode Setup
(" 20KHz (" 500Hz ™ Pulse Mode Enable(Pur vs Ti
FFT Overlap ~ 10KH: ¢ 100k ulze Mode Ena e[. g Time] W
=1 g CaKHe ¢ 10Hs | 0 Chirp Rate FFT Cal Dffset
—=1 ~ sk & 1H 2 MHz/Sec
Ckips M updates E 2 z
| " 1FKHz £ War 100
= o N Cancel |

Figure 18 —SpectraVue general program setup

Left-click the “OK” button to activate the settings (red highlight) and the dialog will close.

Now you will get something that looks like the following:
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Sy SpectraVue Ver. 3.18 E
File Wiew InputDevice SoundCard IN Setup OutputSetup ExtRadio Setup  General Setup  Help
7000 7400 FE00 3200 3600 4000 4800 5900 5B00 BO00
]
=20
-40
-0
e |
-80
- 100
-12
14
FawData 20 Plot | 30 Plot | YV 'Waterfall | H ' aterfall | Combo
Center Frequency - Ins 4
1 FFT Awve ﬂ Auta Scale o~ -
0~ Smoothi = C C
~. | Smoothing Span = =
2048 ~ | FFT/BLK 0004000 H: temary(t] C c
F2=96000 RBW= 47 Hz S C a "1 el L U Channels - e
10dB/Div _w |V Scale | | CtarkF12 | NE Off
NED Nul it fudio Volume e
u SpaceBar —
Idle 14 May 2011 53:24:27 UTC

Figure 19 — SpectraVue application after general setup

Now, left-click on the “Center Frequency - Ins” button (red highlight) to change it to
“Demod Frequency — Ins”.

The next step is one that you will use repeatedly each time that you exercise the SpectraVue utility. To
increase any particular digit in either the Span field or the Demod Frequency field, left-click on the

upper half of the desired digit. To decrease any particular digit in these two fields, left-click on the
lower half of the desired digit.

Now, use this newfound knowledge to increase the Span to 96,000 Hz and to set the Demod Frequency
to 48,000 Hz.

You will get something that looks like the following:
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Su; SpectraVue Ver. 3.18 @@

File Wiew InputDevice SoundCard IM Setup OutpubSetup ExtRadio Setup  General Setup  Help
0 9600 19200 28800 38400 48000 57600 67200 76800 86400 96000

FawData 20 Plot | 30 Plot | Y Waterfall | H WwWaterfall | Combo | Continuum | Phase

Diemad Frequency - Ins 2
]
FFT Awe ﬂ 48 013‘:' Hz Auto['f]cale -~ ~
] JSmoothing iz £
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2043 « | FFT/BLK Ci t{‘\ "“i “' ) Hz Memory(h] C e
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10 dB/Div »| ¥ Scale | | StarF12 | ME Off
NED Nul Ml fudio Volume e
u SpaceBar —

Idle 14 Mary 2011 33118 UTC

Figure 20 — SpectraVue application after adjusting span & demod frequency
Now, you will need to check the settings in the Windows Volume Control application to make sure it is
configured to allow the demodulated audio from the FCD to be heard. Open the Windows Volume
Control and display the input adjustment controls (again, I’m using Windows XP/SP3, so that’s what’s
shown here).

You will get something that looks like the following:
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Figure 21 — Input adjustment control in Windows Volume Control application
Others have reported that selecting the “Stereo Mix” device for the input (red highlight) will allow you
to route the demodulated audio to other applications for chain processing (e.g. running AGWPE to
decode APRS broadcasts, etc.). You will need to play with the level controls later for best decoding.
Now, change the Windows Volume Control to display the output adjustment controls.

You will get something that looks like the following:
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Figure 22 — Output adjustment control in Windows VVolume Control application
Make sure that the “Wave” output is not muted (red highlight) & the level is at least mid-range. Also
make sure that the “Master Volume” is not muted & the level is adjusted appropriately. You may close
the Windows Volume Control application.
Finally, with all of that setup behind you, you are now ready to calibrate the center frequency on the
FCD !l

5.0 CALIBRATING THE CENTER FREQUENCY

Earlier, you entered an active frequency into the FCHid front-end application. Now, to take the 1&Q
data coming out of the FCD & turn it into demodulated audio, left-click on the “Start-F12” button in the
SpectraVue application. Make sure that the “Demod On” check-box is activated & select an appropriate
(de)modulation for your signal.

Congratulations, assuming that you have your FCD connected to an appropriate antenna, you should
now hear whatever is present on the frequency being tuned by the FCHid front-end application, but
you’re still not quite finished !!

You will get something that looks like the following:
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Figure 23 — SpectraVue application demodulating a signal from the FCD

Notice the spike near the center frequency. It is located within the span of the green bar, but very likely
it is not located directly at the center frequency (which is right under the 48000 on the scale across the
top). We will reduce some of this spike later, but for now, we will make use of it to aid in calibrating
the center frequency.

While leaving SpectraVue running, bring the FCHid front-end application back to the foreground and
position FCHid so that it is below the SpectraVue application (or, if you are using a netbook that has a
very small 1024x600 display like mine, so that it covers the bottom portion of the SpectraVue display,
leaving the center spike clearly visible).

You will get something that looks like the following (mine looks especially crowded with the small
display):

Page 20 of 35



Initial setup of the FUNcube Dongle — 20110604
By: Mark J Culross KD5RXT

o 218 - [2]x]

9600 19200 28800 38400 43000 57600 B7200 76800 86400 Y8000

FUNcube Dongle Frequency Control V2.0

Frequency carrection th [ |HIDOpen of Vid_04d&Pid_fbSs retuns 1 : ]
[ o Sueoese FCDfound, .~ st
1 62 5 5 0 k I I A 333335 0ITR.ON RSS| ’_ HIDReadCaornmand returns 1 E it
Success, FCD read command, value: 0 -
Canection DC | | ﬂ DC Q| j Gain = Phase j Reset to bootloader
[Ctrl for coarse] 1%
k|
Mixer IF RC hd On
RF Fiter " Flkter Fitter IF Fltter =
J = J = = P, [ 7 |
—, — —_ Amp 4, —_ § I~ UsE
[ wUSE
LKA Gain RF Filter Mixer gain  Mixer filter IF gain 1 IF R filter IFgan2 IFgan3 IFgaind IF filker IF gain & IF gain & [ Cwdl

[r200d8  ~|[268MHzLPF - |[12d8  ~[[1.9MHz »| [+6B ~| [1.OMHz | [0B  ~[[ode ~[fodE  ~| [215MHz -|[+3dB  +|[+3dE |  Sep.. |

nnn 7o00_Pesk |
LM enhance Band Bias curment IF gain mode
!fo ﬂ | J |-|-| /U band ﬂ |Linearit_l,l j Defaults | Fead device | Wwirite device |

011 5:56:33 UTC

y 4 start CREC &z B ri.iiir'ﬂti'i_sil'sﬁ«-- -rﬁ Filfragr.. B FUNcub... -r—su- Spectra... B CRee | ms LG @ 1056 P

Figure 24 — SpectraVue application with FCHid laid in front

On the FCHid front-end application, reduce the value of the Frequency correction value (red highlight)
by 10 (in my case, 999995 was changed to 999985) & left-click on the Set frequency button, taking note
of where the center spike moved to. If the spike is still to the left of center, then reduce the value of the
Frequency correction value again. If the spike is now to the right of center, then increase the value of
the Frequency correction value.

Continue this adjustment procedure until you get the spike as close as possible to the center (if small
adjustments don’t seem to be causing any change, try making offsetting large adjustments in order to see
the effect of the small change . . . for example, to reduce the value by a single digit in the downward
direction, e.g. changing from 999988 to 999987, increase the value by 9 to 999997, then decrease it by
10 to 999987, for a resulting change of -1).

NOTE: Once you get the spike centered as close as possible, the resulting Frequency correction value
that you just determined is particular to your FCD & this value will need to be set likewise in the FCHid
front-end application if you move your FCD to a different computer.

My preference is to write the Frequency correction value on a small sticker that is then attached to the
specific FCD, that way you always know how to setup for that specific unit (yes, | have several).
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You will get something that looks like the following:
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Figure 25 — SpectraVue application with center frequency calibrated

6.0 COMPENSATING FORTHE | & QO DC OFFSETS - SETUP

Now that you have calibrated the center frequency for your FCD, you can go about the process of
adjusting the DC offsets on the | & Q signals. We will start with the understanding that sound from a
stereo PC soundcard is inherently a pair of varying AC signals carried on the left & right audio channels.

All PC soundcards are slightly imperfect in that the left & right channels actually include a very small
DC voltage in what should be a pair of perfect AC signal outputs. Once again, reality is that the sound
output from the FCD device, like all soundcard output devices, may not be perfect AC but may actually
contain a very small DC component.

These small DC components on the | & Q signals end up causing the demodulation algorithm to think
that there’s a signal where there isn’t really . . . this false signal shows up in the center spike on the
spectrum display & can interfere with very low level signals that are real & located in the same area of
the received spectrum as the DC spike.

This guide will now lead you through the steps for compensating for the DC offsets in the | & Q signals
from your particular FCD. You may use either of the methods listed below to make these adjustments.
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In fact, I would recommend that you try them both & see which one works best for you . . . the end
result is the same from both methods.

6.1 COMPENSATING FORTHE | & Q DC OFFSETS — METHOD #1

The first method of compensating for the DC offsets in the | & Q signals from your particular FCD will
use the “Raw Data” display in SpectraVue. Start by bringing the SpectraVue application to the
foreground & left-click on the “Raw Data” tab. Then, bring the FCHid front-end application in the
foreground (once again, just covering the bottom portion of the SpectraVue display if necessary).

You will get something that looks like the following:

FUNcube Dongle Frequency Control V2.0
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I— Success, FCD found.
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Figure 26 — SpectraVue application with raw data displayed & FCHid laid in front

Note that the raw data is displayed in what appears as two AC audio signals (green=I & red=Q).
Compensating for the 1 & Q DC offsets for your FCD will allow you to center these two AC audio
signals vertically about the horizontal axis (this also has the desirable side effect of reducing the center
spike as implied earlier in the center frequency calibration section of this guide).

For this adjustment activity, once again, choose a frequency that is likely to have a continuous (or at
least, mostly continuous) signal. Using one of the National Weather Service weather broadcast channels
(e.g. 162.550MHz in Fort Worth, TX & 162.400MHz in Dallas, TX) is again a good choice. Using
another transmitter as a low-power source (carrier only) through a dummy load also works very well.

Page 23 of 35



Initial setup of the FUNcube Dongle — 20110604
By: Mark J Culross KD5RXT

While pressing & holding the CTRL key (for quicker adjustments in larger steps), use the mouse to
left-click on the adjustment arrows in the FCHid tool to change the DC-I setting so that the | signal
(green trace) is at least one "division™ away from center (the farther from center, the better). Doing this
intentionally moves the | signal on the Raw Data display away from center, effectively reducing its
interaction effect on the Q signal.

You will get something that looks like the following (note, your display will appear to have more
“overlapping” signals for the | & Q displays):
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Figure 27 — SpectraVue application with the I signal (green) moved away from center
Now, use the mouse to left-click on the adjustment arrows (adding the CTRL key for quicker
adjustments in larger steps as needed) to change the DC-Q setting such that the Q signal (red trace)
appears to be centered as much as possible around the "0" axis.

You will get something that looks like the following:
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Figure 28 — SpectraVue application with the Q signal (red) centered

After taking note of the resulting DC-Q (this is the Q signal DC offset for your particular FCD), return
the DC-I setting to “0”.

While pressing & holding the CTRL key (for quicker adjustments in larger steps), use the mouse to
left-click on the adjustment arrows in the FCHid tool to change the DC-Q setting so that the Q signal
(red trace) is at least one "division" away from center (the farther from center, the better). Doing this
intentionally moves the Q signal on the Raw Data display away from center, effectively reducing its
interaction effect on the | signal.

You will get something that looks like the following (again, your display will appear to have more
“overlapping” signals for the | & Q displays):
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Figure 29 — SpectraVue application with the Q signal (red) moved away from center

Now, use the mouse to left-click on the adjustment arrows (adding the CTRL key for quicker

adjustments in larger steps as needed) to change the DC-I setting such that the | signal (green trace)

appears to be centered as much as possible around the "0" axis.

You will get something that looks like the following:
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Figure 30 — SpectraVue application with the Q signal (red) centered

After taking note of the resulting DC-I (this is the I signal DC offset for your particular FCD), return the
DC-Q setting to the value determined earlier.

NOTE: Once you get the | & Q signals centered as close as possible around the horizontal axis on the
Raw Data display, the resulting DC-I & DC-Q correction values that you just determined are particular
to your FCD & these values will need to be set likewise in the FCHid front-end application if you move
your FCD to a different computer.

My preference is to write the DC-I & DC-Q correction values on a small sticker that is then attached to
the specific FCD, that way you always know how to setup for that specific unit (yes, | have several).

6.2 COMPENSATING FORTHE | & Q DC OFFSETS — METHOD #2

The second method of compensating for the DC offsets in the | & Q signals from your particular FCD
will use the “Phase” display in SpectraVue. Start by bringing the SpectraVue application to the
foreground & left-click on the “Phase” tab. Then, bring the FCHid front-end application in the
foreground (once again, just covering the bottom portion of the SpectraVue display if necessary).
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You will get something that looks like the following:
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Figure 31 — SpectraVue application with phase displayed & FCHid laid in front

Note that the phase is roughly displayed as a scattered circle. Compensating for the | & Q DC offsets
for your FCD will allow you to center this phase circle vertically & horizontally about the origin (this
also has the desirable side effect of reducing the center spike as implied earlier in the center frequency
calibration section of this guide).

[ THIS STEP IS VERY IMPORTANT ] You'll need to set the LNA Gain low enough in the FCHid
tool to avoid overload distortion (which appears as a SQUARE on the phase diagram, rather than the
CIRCLE that you really want). Depending upon the input signal, you might have to take the LNA Gain
all the way down to -5 dB. If that isn’t enough, see what you can do to reduce the signal that the FCD is
receiving (turn down the transmitter power, insert some pad into either the transmit chain or the receive
chain, use an inferior antenna, etc.).

For this adjustment activity, once again, choose a frequency that is likely to have a continuous (or at
least, mostly continuous) signal. Using one of the National Weather Service weather broadcast channels
(e.g. 162.550MHz in Fort Worth, TX & 162.400MHz in Dallas, TX) is again a good choice. Using
another transmitter as a low-power source (carrier only) through a dummy load also works very well.

While pressing & holding the CTRL key (for quicker adjustments in larger steps), use the mouse to
left-click on the adjustment arrows in the FCHid tool to change the DC-I setting just enough so that the
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appearance is that you could fit another phase circle between the displayed phase circle and the vertical
axis (but not so far that the phase circle is no longer clearly visible). Adjustments to the DC-I setting
causes the phase circle to move around on the horizontal axis, where positive values move the phase
circle to the left of the origin & negative values move the phase circle to the right of the origin.
Intentionally moving the phase circle away from center effectively reduces the interaction effect of |
signal on the Q signal, allowing independent adjustment of the Q signal's DC offset in the next step.

You will get something that looks like the following (note, your display will appear to have more dots in
the phase display):
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Figure 32 — SpectraVue application with the I signal (horizontal) moved away from center
Now, use the mouse to left-click on the adjustment arrows (adding the CTRL key for quicker
adjustments in larger steps as needed) to change the DC-Q setting such that the phase circle appears to
be centered top-to-bottom as much as possible around the horizontal axis.

You will get something that looks like the following:
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Figure 33 — SpectraVue application with the phase circle centered top-to-bottom

After taking note of the resulting DC-Q (this is the Q signal DC offset for your particular FCD), return
the DC-I setting to 0.

While pressing & holding the CTRL key (for quicker adjustments in larger steps), use the mouse to
left-click on the adjustment arrows in the FCHid tool to change the DC-Q setting just enough so that the
appearance is that you could fit another phase circle between the displayed phase circle and the
horizontal axis (but not so far that the phase circle is no longer clearly visible). Adjustments to the
DC-Q setting causes the phase circle to move around on the vertical axis, where positive values move
the phase circle above the origin & negative values move the phase circle below the origin.
Intentionally moving the phase circle away from center effectively reduces the interaction effect of Q
signal on the I signal, allowing independent adjustment of the I signal’'s DC offset in the next step.

You will get something that looks like the following (again, your display will appear to have more dots
in the phase display):
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FUNcube Dongle Frequency Control V2.0
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Figure 34 — SpectraVue application with the Q signal (vertical) moved away from center
Now, use the mouse to left-click on the adjustment arrows (adding the CTRL key for quicker
adjustments in larger steps as needed) to change the DC-I setting such that the phase circle appears to be
centered left-to-right as much as possible around the vertical axis.

You will get something that looks like the following:
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Figure 35 — SpectraVue application with the phase circle centered left-to-right

After taking note of the resulting DC-I (this is the I signal DC offset for your particular FCD), return the
DC-Q setting to the value determined earlier.

NOTE: Once you get the | & Q signals centered as close as possible around the origin on the Phase
display, the resulting DC-I1 & DC-Q correction values that you just determined are particular to your
FCD & these values will need to be set likewise in the FCHid front-end application if you move your
FCD to a different computer.

My preference is to write the DC-I & DC-Q correction values on a small sticker that is then attached to
the specific FCD, that way you always know how to setup for that specific unit (yes, | have several).

7.0 SETTING THE FCD MICROPHONE GAIN

In order to avoid overdriving the audio chain in the FCD and the demodulator in the SpectraVue
application, adjustments to the microphone gain associated with the sound card in the FCD need to be
made in Windows 7 (unfortunately, this is not adjustable in Windows XP, so as a consequence, when
using the FCD in Windows XP, your input to the demodulator is very likely to be overdriven . . .
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bummer ! You might be able to compensate for this some by lowering the LNA Gain, but you do so at
the expense of signal strength . . . bummer, again !!).

From the taskbar, open the Recording Devices control panel.

You’ll get something that looks like the following:

Playbad-(l Recording |Suunds | Cummunimﬁuns|

Select a recording device below to modify its settings:

Microphone
2- High Definition Audio Device
Currently unavailable

Microphone
2- High Definition Audio Device
Ready

Microphone
FUMcube Dongle ¥1.0
Ready

Line 1
Virtual Audio Cable
Default Device

[get Default |Y] [ Properties

][ Cancel ] Apply

Figure 36 — Adjusting the Sound Recording devices in Windows 7

Highlight the FUNcube Dongle Microphone as shown and left-click on “Properties”. This will open the
“Microphone Properties” dialog.

You will get something that looks like the following:
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o — = B
':,! Microphone Properties ﬁ

General | Listen | Levels | Advanced |

4 Microphone|
a Change Iton
|
Controller Information I

FUNcube Dongle V1.0

(Generic USE Audio)

Jack Information

Mo Jack Information Available

Device usage: [Usethis device [enable) -

[ Ok ][ Cancel ] Apply

Figure 37 — Adjusting the FUNcube Dongle Microphone Properties in Windows 7
Left-click on the “Listen” tab.

You will get something that looks like the following:
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o B
“ix Microphane Properties ﬁ

|General | Listen | Levels |Advanced

Microphone

It R

[ QK ][ Cancel ] Apply

Figure 36 — Adjusting the FUNcube Dongle Microphone Level in Windows 7

Finally, in this dialog, adjust the microphone level to “1”. This will keep the FCD audio chain &
subsequent SpectraVue demodulator from being overloaded. When finished, close each of the open
dialogs by left-clicking on the OK button in each case.

Your FCD is now ready for action !' Good luck & most of all, have fun ! If you have any questions or
need any help, a good place to start is with the FUNcube Dongle Yahoo group.

Mark J Culross
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