How to built a QCX SSB from a new QCX Kit with Rev 5 PCB. Documentation by DL2ZMAN

Introduction:

When I did the QCX SSB Modification (by Guido PEINNZ) following his Instructions, I had
several Points, that caused me headache. For Example: Where to put the missing Parts from his Rev
4 PCB in Rev 5 PCB ? So I ended up with 3 printed out Schematics (Rev 4, Rev 5 and QCX SSB),
comparing them for hours, and trying to figure out where to put what....

So I had the Idea to do a step by step documentation, so future builders will have it easier.

This is not intended as a full manual for the QCX SSB, but only as building aid for other HAMs.

What do you need ?

1. QCX Kit from QRP Labs http://shop.qrp-labs.com/gcx

2. If you want multiple Bands, a low pass filter for each Band http://shop.qrp-
labs.com/kits/LPF

3. Additional small parts for the built: (2x Resistor 82K, 1x Capacitor 220nF)

4. Arduino UNO or Compatible to program the Firmware

5. Arduino IDE Software to do so (https://www.arduino.cc/en/main/software )

6. Some Jumper wires (male — female) for example https://www.amazon.com/cables-
multicolor-alambre-tableros-arruinar/dp/BO1EV70C78%ref =fsclp pl dp 2

7. The latest firmware file ,,QCX SSB.ino* from https://github.com/threeme3/QCX-SSB

8. Some additional small parts depend on the decisions you make down the road....
The tools required are the same, as for the original QCX Kit.
Let’s jump directly into step one:

Place all the red components below and solder them in place. Look carefully to the tables on the
next pages, for what value to place where and use the checkbox to verify, you did not miss

anything.
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Start with IC’s and Crystal's:

Place (QCX
PCBReVS Issp Value (Fat if changed) Remark Checkbox
Label ]

Schematic)
IC2 IC2 28 Pin Socket for ATMega328P

Controller

IC3 IC3 SN74ACTOON
IC5 IC5 LM4562A
XTAL1 XTAL1 20 Mhz
XTAL2 XTAL2 27 Mhz




Continue with capacitors

PCB Revs glsage aex Value (Fat if changed) Remark Checkbox
Label Schematic)

C3 C3 0,1uF - 104

C29 C29 0,1uF - 104

C35 C35 0,1uF - 104

C36 C36 0,1uF - 104

C30 C30 30pF — 300 for Multiband
C32 C32 10uF (electrolytic, Minus to GND)

C6 C6 0,1uF - 104

C33 C33 1nF — 102

C41 C41 0,1uF - 104

C34 C34 0,1uF - 104

C40 C40 0,1uF - 104

C42 C42 10nF — 103

C43 C43 470nF — 474

C44 C44 470nF — 474

C45 C45 470nF — 474

C46 C46 470nF — 474

c2 C2 0,1uF - 104

C48 C48 0,1uF — 104

C7 C7 1nF - 102

C4 C4 1nF - 102

R11 C39 0,1uF — 104

R58 CXX 220nF not in Kit !
C37 C37 10pF (check Polarity)

C38 C38 10uF (check Polarity)

C51 C51 10uF (check Polarity)

c4a7 c4a7 470uF (check Polarity)




Continue with resistors:

E;:bBeIIReVS glsage (QC-3X Value (Fat if changed) Remark Checkbox
Schematic)

R65 R65 3,3KOhm
Alternative 1,2K for

R48 R48 270 Ohm less Brightness and
Current

R41 R41 470 Ohm / in Rev 5 1500hm

R42 R42 1K/ in Rev 5 1,2K

R1 R1 10K

R2 R2 10K

R3 R3 1K

R4 R4 1K

R53 R53 1K

R54 R54 1K

R51 R51 10K

R57 R57 10K

R56 R56 10K

D4 R(D4) 10K

R44 R44 3K3

R45 R45 1K

R46 R46 10K

C9 R49 10K

R7 R7 82K not in Kit !

R10 R10 82K not in Kit !

R5 R5 100 Ohm

R6 R6 100 Ohm

R8 R8 100 Ohm

R9 R9 100 Ohm




Finish step one, with the final parts:

Place (QCX
PCB Rev5 SSB Value (Fat if changed) Remark Checkbox
Label .
Schematic)

L5, L6 L5,L6 100uH fixed Inductors

L4 L4 1uH / 16 Turns (on T50-2 -red) For Multiband
(Alt: Wire Bridge, if

D3 D3 1N5189 you know what you
do — for Current
Saving)

D1, D2 SD1,D2 1N4148

Q6 Q6 MPS751

Q1,Q2,Q3, Q1,Q2,Q3,Q4

Q405 Q5 BS170

IC11 IC11 \oltage Regualtor 7805

R47 R47 Trimmer Poti 100K

S1,S2,S3 |S1,S2,S3 Switches

SW1 SW1 Rotary Encoder

Paddle/Ear |Paddle/Earph 3,5mm Jacks

phone one

Power Power

Power Connector

Connector |Connector

RF Jack RF Jack BNC Socket

Display ~|Display 16-Pin Male -Male on PCB

Connector |Connector

ISP ISP 6 Pole Connector

You can also put in the screws and spacers for the display, and solder in Male/Female 16 Pin
connector to your Display PCB.




Step 2:

Place 10K resistor at right side of PCB Label R52

Place 10K resistor at Pin 5 of PCB Label IC7 (lower right pin)

Connect the 2 legs of the resistor, and wire them to Upside of C35 (Side towards 1C2)
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Should look like this (without black and white wires, which will be step 3):
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Step 3:
Solder a Wire from left Pin of PCB C23 to Right Pin of PCB R14
Solder a Wire from left Pin R11 (Which is now C39) to middle Pin of PCB R27
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Step 4:
Place Resistor 1K between Pins 3 and 4 of PCB Pattern T1

Place Resistor 1K between Pins 6 and 6 of PCB Pattern T1
Place Capacitor 10nF between Pins 4 and 8 of PCB Pattern T1
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Step 5:

Finally some wiring on the soldering Side of PCB:

Colors are up to you, but for description I will refer to my chosen colors....

Yellow wire connects IC2 Pin 18 to lower Side of C42

Brown wire connects IC2 Pin 20 to middle Pin of DVM Pins on PCB

Blue wire connects IC 2 Pin 21 to lower Pin of DVM Pins on PCB.( In my case I soldered this one
to upper leg of C 35, because it is directly connected to IC2 Pin 21)

If you want to use Headphones, or active speakers, solder in 470 Ohm resistor between IC2 Pin 15
and IC10 Pin 1




Step 6:

Now we need to take care about the Low Pass Filter.

For operation without unwanted harmonics, you need a Low Pass Filter, matching the Band of
Operation after the Finals. There are several Options.

Option 6a)

You could use the LPF Components, supplied with your Kit.

Simply use the components supplied with your Kit and place them according to Original QCX
Manual. However this would make a ,.kind of** Mono-band QCX-SSB. If you build one for highest
Frequency you want to use (For Example 10m or 20m), then you could add additional Filters (Off
PCB) for Lower Frequencies. (30m,40m,60m,80m.... You get the idea.) The relays board from QRP
Labs for example works this way. However, you always will have loss of 2 filters this way, with the
exception of your highest used frequency.
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I'v taken all those possible values for QCX LPF, and put them together in one Table for you:

QCX LPF C25/C26 | C27/C28 C30 L2 L1&L3
Band Value Value Value Toroid Value Windings | Toroid Value Windings
80m 1200pF 470pF 180pF T37-2 3,0pH 27 T37-2 24H 25
60m 1200pF 680pF 30//56pF T37-2 2,3H 24 T37-2 2,14H 23
40m 680pF 210pF 56pF T36-6 1,7yH 24 T36-6 1,4uH 21
30m 560pF 210pF 30pF T36-6 1,3uH 20 T36-6 1,1H 19
20m 390pF 180pF 30pF T36-6 0,9uH 17 T36-6 0,77pH 16
17m 270pF 100pF 30pF T36-6 0,67uH 15 T36-6 0,55pH 13




Option 6b)
External LPF, still using QCX BNC Socket for Antenna Output. You could insert external Low Pass
Filters, and still use the On-Board RF Out BNC Jacket to feed the Antenna:

O OO0, &
§ 1%” O s o P

e

=T
(=]
'Ié lE C31

4
|

Ica (L /&N
| \ ] =)

n
242 R4g
T

Il
E
o

1

RF

Use PCB C27 to feed Input of external LPF

Use PCB C28 to feed back Filtered RF to BNC Jack

Red is RF, and Blue is GND.

If you -eg solder Coax Cable there- red needs to be inner wire, and blue needs to be shield.

This would be an example, where I soldered wires on component side of PCB with connectors to
the points shown above, and simply plug in external LPF’s. This way I had to extend display
connectors. This can be avoided, by soldering the LPF connections on the Downside of the PCB.




Option 6¢)
Wire final Transistors directly to BNC-Jack and use external LPF’s in Coax Line. Like this:

0.0

OW@er. 5

There are other ways to do it, but this way, you can use un-isolated wires with low chance of
shorting something.

Then you need to get your LPF’s into Coax Line. I've build a small PCB, with 2 BNC Jacks, where
I can plug external Low Pass Filters by QRP Labs:
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Step 7:

Making it alive.... or putting firmware on it....

This is actually pretty simple, if you carefully follow step by step.

First you need to install Arduino IDE (Source: https://www.arduino.cc/en/main/software )

Then you need to Download the Firmware File ,,QCX SSB.ino* from
https://github.com/threeme3/QCX-SSB

When you re using Guidos source code (The INO File, instead of the Hex File) there’s no need for
an additional software tool...

So, you installed Arduino IDE, and have Arduino UNO connected to your computer by USB ? Let’s
get started. If your Installation is working, by double clicking the Downloaded ,,QCX SSB.ino*
Arduino IDE should start and should look like this. Except for your language ;)

@ QCX-55B | Arduino 1.8.12 (Windows Store 1.8.33.0)
Datei Bearbeiten Sketch Werlzeuge Hilfe

First thing to do is choosing your Board (Tools — Board — Arduino Uno):
@_I:ECX—SSB | Arduino 18,12 (Windows Stere 1.8.33.0)
Datei Bearbeiten Sketch Werkzeuge Hilfe

Automatische Formatierung Strg+T

Sketch archivieren

Kodierung korrigieren & neu laden

Bibliotheken verwalten... Strg+Umschalt+]
Serieller Monitor Strg+Urnschalt+M
Serieller Plotter Strg+Umschalt+L

Boardverwalter...

and &
WiFi101 / WiFiNIMA Firmware Updater
A

Board: "Arduino Uno" y Arduino AVR-Boards
Port: "COMS (Arduing Une)" 1 Arduine Yin
Boardinformationen holen ®  Arduino Uno

Arduino Duemilanove or Diecimila

Programmer: "Arduine as [5P"

Arduino Nano

Arduino Mega or Mega 2560
Arduino Mega ADK
Arduino Leonarde

Arduino Leonardo ETH

Ao



https://github.com/threeme3/QCX-SSB
https://www.arduino.cc/en/main/software

followed by setting the right com Port for your Arduino UNO:

& QCX-55B | Arduine 1.8.12 (Windows Store 1.8.33.0)
Datei Bearbeiten Sketch Werkzeuge Hilfe

Automatische Formatierung Strg+T
Sketch archivieren

BEXESE Kodizrung korrigieren & neu laden
Li/f QCA-55B.in Biblictheken verwalten... Strg+Umschalt+|
f- v 5 - Serieller Monitor Strg+Umschalt+M
3/ Copyright
alrr Serieller Plotter Strg+Umschalt+L

5 // Permission braining a copy of this aocf
B WiFI101 / WiFINIMNA Firmware Updater

7 #define VERSIO

W

Beard: "Arduino Uno"

s y
S /7 OC¥ pin def Port 4 Serielle Ports
10 #define LCD D4 Boardinformationen holen C@}MS{AMQM}
12 LCD_DS
1= LCD_D6 Programmer: "Arduino as ISP" >
= LCD_D7 Bootloader brennen
= LCD_EN—= e ey
= FREQCNT &5 //EDS {pin 11)
= ROT_ A © //PD& {pin 12)
DT B8 7 /L OmT Irmam 13N

After that, you should see something like this in the lower right corner of the Arduino IDE Window:

Arduine Uno auf COMS

Next, you need to prepare the Arduino UNO, so it will serve as Programmer for the QCX.

To do so choose File — Examples — ArduinolSP — Arduino ISP
'ﬁ' QCX-558 | Arduine 1.8.12 (Windows Store 1.8.33.0)

Datei Bearbeiten Sketch Werkzeuge Hilfe

MNeu Strg+M
Offnen... Strg+0
Letzte Gffnen
Sketchbook ¥ Ihu.‘r:- .com/threeme 3/ QCX-558B
© Beispiele - t |
SchlieBen Strg+ W Mitgelieferte Beispiele ol
Speichern Strg+5 01.Basics 4 person obtaining a copy
Speichern unter... Strg+Umschalt+5 Ll ’
03.Analog >
Seite einrichten  Strg+Umschalt+P 04.Communication )
Drucken Strg+P 05.Contral 5
Yoreinstellungen  Strg+Komma 06.5ensors >
07.Display >
B S D e >
15 #define FREQCNT 5 / 09.USB >
1€ #define ROT A 6 4 10.5tarterKit_BasicKit >
. 4‘::_-1- T I ' 1. ArduinelSP . ArduinelsP




A new sketch window will open.

In this Window, first select Tools — Burn Bootloader.

€9 ArduinolSP | Arduine 1.8.12 (Windows Store 1.8.33.0)

Datei Bearbeiten Sketch Werkzeuge Hilfe

ArduinolsP

/4 ArduincISP
Jf Copwright (c
S If wou regui

Serieller Monitor

Serieller Plotter

Automatische Formatierung
Sketch archivieren
Kodierung korrigieren & neu laden

Bibliotheken verwalten...

Strg+T

Strg+Umschalt+|
Strg+Umschalt+M

4 /7 DLLp://wWww.o Strg+Umschalt+L
5/ - - .
& /7 This sketch WIFI101 / WiFiNIMNA Firmware Updater
T\ .
o " 3
S s/ Pin 10 is us Beard: "Arduino Uno
o Jf Port: "COMS5 (Arduino Uno)” >
10 // By default, Boardinformationen holen
11 // with the tar
1z |// on the ICSE/ Prograrmmer: "AVR ISP" >
1377 Bootloader brennen
14 /7 TIT s VO IO GIITo LIl T DWWy =
15 |7/ SCHE MOST
18 |7/ GHND
17 /7
12 // On some Arduincs (Uno,...), pins MOSI, MIS0 and SCH are ths
1% // digital pin 11, 12 and 13, respectively. That is why many 1v
aan . . . . . - SRR

When this is done, select Tools — Programmer — AVR ISP

&8 ArduinalSP | Arduino 1.8.12 (Windows Store 1,8.33.0)
Datei Bearbeiten Sketch Werkzeuge Hilfe

O >

Automatische Formatierung

Sketch archivieren

ArduinolSP Kodierung korrigieren & neu laden

// RrduincISP
2 // Copyright (c
3 /S If you regqui

Bibliotheken verwalten...
Serieller Monitor

Serieller Plotter

4 /S http://Wiw. o

57/ - - -

& // This sketch WIFI101 f WiFiNINA Firmware Updater
ary

/7 Pin 10 is us Board: "Arduino Uno"

Y7 Port: "COMS5 (Arduino Uno}"
10 |// By default,
11 // with the tar
12 // on the ICSE/

o om

Boardinfermationen holen

Programmer: "AVR ISP"

Strg+T

Strg+Umschalt+|
Strg+Urmschalt+ M
Strg+Umschalt+L

1347 Bootleader brennen

14|77 o — R
15 | // CE . MOSI

16 |7/ GHND

17 |//

12 |// On some Arduinos (Unc,...),

pins MOSI, MISC and SCE are ths

1% // digital pin 11, 12 and 13, respectively. That is why many lV

<

>

and associated documentation £ils

[s awrise

AVRISP mikll

USBtinylSP

ArduinolSP

Arduinol5P.org

USBasp

Parallel Programmer
Arduino as I15P

Arduino as ISP (ATmega32U4)
Arduino Germma

BusPirate as ISP

Atmel STK500 development board
Atmel JTAGICES (ISP mode)
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Then you need to push this button:

@ ArduinolSP | Arduine 1.8.12 (Windows Store 1.8.33.0) - O x

Datei

arbeiten Sketch Werkzeuge Hilfe

ArduinolSP

1
3
4
5

10
11
1z
13
14
15

17
18
1%

i
i
i
i
£

&\//

i
i
L
i
i
i
£
i
i

g /f

£
i
i
=

ArduinoISFE

Copyright ({c) 2008-2011 Randall Bohn

If you require a license, sees
http://wwwW.opensource.org,/licenses/bsd-1icense. ph

This sketch turns the Arduinc into a AVRISP using the folld
Pin 10 is used to reset the target microcontroller.
By default, the hardware 5PI pins MIS0, MOSI and 5CK are u:

with the target. On all Arduincs, these pins can ke found
on the ICSPE/SPI header:

MISO . . 5V (!} Rvoid this pin on Due, Zero
SCE . . MOSI
. GND
On some Arduincs (Unc,...), pins MOSI, MISCO and 5CKE are ths

digital pin 11, 12 and 13, respectively. That is why many 1v

>

and after a few seconds, the Arduino UNO will be ready to se
We can close our Arduino ISP Window now, as we don’t need it anymore, and we now should have

only QCX SSB Window remaining.

Now disconnect the Arduino from PC (USB) and connect the Arduino UNO and the QCX by using

the wire bridges. (Male / Female)
This Picture from QRP-Labs Manual shows how:

Connect via USB cable
to computer

supplv to QCX

rve as Progarnmer for our QCX.

Connect normal power

ONINGHY




This is, how it looks in Hardware:

After you have double checked, that the wiring is right, you can connect Arduino’s USB cable to
your PC again, but do not yet Power up the QCX !

Board Settings and Com Port should still be the same as before, but we need to change the
Programmer now, as we use the UNO to program the external QCX now. Choose Tools —
Programmer — Arduino as ISP

@ QCX-55B | Arduino 1.8.72 (Windows Store 1.8.33.0)
Datei Bearbeiten Sketch Werkzeuge Hilfe

E

| Automatische Formatierung Strg+T

Sketch archivieren
QCX-S5B

Kodierung korrigieren & neu laden

_l_ Bibliotheken verwalten... Strg+ Umschalt+|
ot ~ ) Serieller Manitar Strg+Umschalt+ M
3 Copyright
8177 Serieller Plotter Strg+Umschalt+L
f/ Permission| btalnlng a copy of this software and &

WIFI107 / WiFiININA Firrware Updater
T !#defins VERSICQ]

i Board: "Arduino Uno" ¥
5 // QCK pin def| Port: "COM3 (Arduino Uno)” »
1 ; LCD_D4) Boardinformationen holen
1 LCD_D5| |
2 LCD Dé| Programmer; "Arduine as |SP" 7 AVR ISP
13 LC:'_DT; Bootloader brennen AVRISP mikll
it L‘:D_EN' T TTTOY TETIT T —1 USE R |5P
FREQCHT 5 ¢ /ED5 {pin 11) Ty
1 ROT A € //PDE {pin 12) ArduinelSP
T AT R M ! O frim 1320

Arduinel5P.org

USBasp

Parallel Frogrammer

®  Arduing as ISP

Arduino as ISP (ATmega32U4d)




Next Step is to power up the QCX by external Supply Voltage first, and then burning the Bootloader
again, but this time to the QCX:

? QCX-558 | Arduino 1.8.12 (Windows Store 1.8.33.0)
atei Bearbeiten Sketch Werkzeuge Hilfe

Automatische Formatierung Strg+T
Sketch archivieren
QCX-358 Kodierung korrigieren & neu laden
L//7 QUE-55E.in Bibliotheken verwalten... Strg+Umschalt+|
247 ) Serieller Monitor Strg+Umschalt+M
3 fF Copyright
477 Serieller Plotter Strg+ Umschalt+L
5|ff Permission b

WiFi101 / WiFiNINA Firmware Updater

(=11

-1

#define VERSI{

. Board: "Arduino Uno" *
9 |/ QCE pin def Port: "COMS I[Arduino UHG:]" ¥
10 #¢define LCD D4 Boardinformationen holen
11 #define LCD D5
12 #¢define LCD Dé Programmer: "Arduino as [5P" b
13 #define LCD D7 Bootloader brennen
14 #define LCD ENl— ——— —
15 #define FREQCNT 5 S /PD5S {pin 11}
16 gdefine ROT A 6 / /BDE {pin 12)
17 &A=F4imn= DAT R T £ FOT7T frdm 128
£

And after that has been done, finally we will send the firmware to the QCX by using Upload with
Programmer. This is very important, otherwise you re Programming the Arduino UNO, and not
your QCX ! Ask me, how I know this.... ;)

@' QCK-55B | Arduine 1.8.12 (Windows Store 1.8.33.0)

Datei Bearbeiten Sketch Werkzeuge Hilfe

Uberprifen/Kompilieren Strg+R
Hochladen Strg+U
ﬁ Hochladen mit Programmer Q—- Strg+Umschalt+ LU

QCH-55B

1|// QC Kompilierte Bindrdatei exportieren Strg+Alt+S

207

3|fS Copy Sketch-Ordner anzeigen Strg+K gz

1147 Bibliothek einbinden >

5. ff PBe f PEESON

Datei hinzufigen...

(=3

#define VERSION "l.02a"

[T+

S/ Q0K pin defintions
10 #define LCD D4 O //BDO {pin 2)

11 #define LCD D5 1 //EDL {pin 3)
12 #define LCD Dé 2 / /D2 {pin 4)
13 #define LCD DT 3 //ED3 {pin 5)
14 #define LCD EN 4 //PDd {pin &)
15 #define FREQCNT 5 £ {ED5 {pin 11}
1 #define ROT B & //PDé {pin 12}
17 #AaFina DOAT A T £ FomT frdm 120%

£



And after a reboot, if you did all your soldering correct, and Adjusted your Display Brightness by
R47, you should see the Menu of the QCX SSB, and your adventure starts.

Have fun, and please give feedback via Groups.io with your experiences.
A project like this can only evolve, if many people try it, and give their point of view.

73 Manuel; DL2MAN

Thanks to Guido, PEINNZ for his modification and his help so far !
Thanks to Hans, GOUPL for his Original QCX Project, and his friendly permission to use his
Pictures from the manual.

Versions:
Version 1.0 of the Manual, First Release by DL2ZMAN
for QCX PCB Board Revision 5 and QCX SSB Firmware 1.02a



