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A SIMPLE SYNTHESIZER SIGNAL GENERATOR
OR
ANOTHER PERSONAL BEACON



THE PROJECT WAS CONCEIVED BY CoLIN, GAEML
IT IS AVAILABLE ON GITHUB
IT CONSISTS OF:

> A CONTROLLER

> A SYNTHESIZER BOARD

» A GPS MODULE (OPTIONAL)

THE PRIMARY USE IS AS A BEACON



FOR A CONTROLLER, THERE ARE TWO RECOMMENDED BOARDS

Pico oR RP2040 ZERO

| CHOSE THE
LESS EXPENSIVE PICO

HAMS LIKE CHEAP




THE CONTROLLER SUPPORTS 3 DIFFERENT TYPES OF SYNTHESIZERS:

» ADF4351 — 35 MHz 10 4.4 GHz (ANALOG DEVICES)
» MAX2870 — 23.5 MHz T0 6 GHz (ANALOG DEVICES)
> LMX2595 - 10 MHz 10 15 GHz (TI)

| USED THE ADF4351. IT IS THE LEAST EXPENSIVE! (HAMS LIKE CHEAP)
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AN ALTERNATIVE ADF4351 BOARD ONLY FROM HuUGH, VA3TO

IT USES A NANO BUT THAT CAN BE REMOVED AND THEN A PICO OR
ZERO COULD BE WIRED INTO THE BOARD USING J5 AND J6.
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FEATURES

(FROM G4EML’s GITHUB REPOSITORY)

» NO SPECIAL PROGRAMMING HARDWARE OR SOFTWARE REQUIRED.

» SERIAL PROGRAMMING USING THE RP2040s BUILT IN USB SERIAL
PORT AND STANDARD BOOT LOADER.

> SETTINGS CAN BE SAVED TO EEPROM FOR AUTOMATIC LOAD ON
POWER ON.

> SUPPORT FOR FSK CW IDENTIFICATION FOR BEACON USE.



FEATURES

(FROM G4EML’s GITHUB REPOSITORY)

> SUPPORTS JT DATA MODES FOR BEACON IDENTIFICATION.
> JT4G IS AVAILABLE ON ALL 3 CHIP TYPES.

> JT65B AND JT65C ARE ONLY AVAILABLE ON THE LMX2595.

NOTE:

THE ADF4351 AND MAX2870 CHIPS HAVE A LIMITED FREQUENCY RESOLUTION AND MAY NOT BE
ABLE TO ACCURATELY SET THE REQUIRED TONE FREQUENCIES, ESPECIALLY WHEN AN EXTERNAL
MULTIPLICATION CHAIN IS USED. A WARNING MESSAGE WILL BE DISPLAYED IF THE TONE SPACING IS

MORE THAN 1% IN ERROR.



FEATURES

(FROM G4EML’s GITHUB REPOSITORY)

» SUPPORTS A GPS CONNECTION FOR THE ACCURATE TIMING REQUIRED FOR JT DATA
MODES.

» SUPPORTS 10 DIFFERENT CHANNELS WHICH CAN BE SELECTED BY EXTERNAL
SWITCHES.

> SUPPORTS EXTERNAL KEY INPUT WITH INDEPENDENTLY CONFIGURABLE FSK SHIFT.
> DEFAULT REGISTER SETTINGS CAN BE LOADED FOR ALL SYNTHESIZER TYPES TO

PRODUCE SOME INITIAL RF OUTPUT. THIS IS OFTEN THE HARDEST THING TO DO WITH
A NEW CHIP TYPE.



FEATURES

(FROM G4EML’s GITHUB REPOSITORY)

» SUPPORTS USE WITH AN EXTERNAL FREQUENCY MULTIPLIER FOR THE HIGHER MICROWAVE
BANDS. ALLOWS FREQUENCY ENTRY AND DISPLAY OF THE FINAL OUTPUT FREQUENCY. ADJUSTS
FSK SHIFTS TO COMPENSATE FOR MULTIPLICATION FACTOR.

» DIRECT OUTPUT FREQUENCY AND PHASE DETECTOR FREQUENCY ENTRY. REGISTER VALUES ARE
CALCULATED AUTOMATICALLY.

> DIRECT DATA SHEET PARAMETER ENTRY FOR 'FINE TUNING' THE DEFAULT SETTINGS.

> DIRECT REGISTER ENTRY FOR LOADING A CONFIGURATION FROM ANOTHER PROGRAM.






IF YOU PLAN ON RUNNING JTXX, YOU WILL NEED A GPS MODULE
TO MEET THE TIMING REQUIREMENTS FOR THE VARIOUS MODES.

FOR A GPS MODULE, | CHOSE THE UBLOX NEO-6M. THEY ARE INEXPENSIVE AND
USUALLY COME WITH AN ACTIVE PATCH ANTENNA. THE ONLY REQUIREMENTS HERE ARE
THAT THE MODULE NEEDS TO HAVE A 3V3 SERIAL OUTPUT AND WILL SEND NMEA

SENTENCES AT 9600 BAUD.



Module Wiring, Alternate Channels and Key Input

RP2040  ADF4351 MAX2870 LMX2595

5V N/C N/C 5V
3V3 V3 3V3 N/C
RP2040 GPS Module
GND GND GND GND
GPO R GPO3 CE CE CE
GPO4 MUX MUX MUXout
GP1 Tx
GPOS5 LE LE CSB
GPO6 CLK CLK SCK
GPO7 DAT DATA SDI
/Key [s /4 [2 [1 chanel
l GND
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FIRMWARE INSTALLATION IN THE RP2040:

LOCATE THE LATEST COMPILED FIRMWARE FILE 'RP2040_SYNTH.UF2' WHICH
WILL BE FOUND HERE:

HTTPS://GITHUB.cCOM/G4EML/RP2040 SYNTH/RELEASES
THE LATEST VERSION IS V1.05. DOWNLOAD AND SAVE IT TO YOUR DESKTOP.
HoLb DOWN THE BOOTSEL BUTTON ON THE RP2040 MODULE WHILE
CONNECTING IT TO YOUR PC USING ITS USB PORT. THE RP2040 SHOULD

APPEAR AS A USB DISK DRIVE ON YOUR PC.

COPY THE .UF2 FILE ONTO THE USB DRIVE. THE RP2040 WILL RECOGNIZE
THE FILE AND IMMEDIATELY UPDATE ITS FIRMWARE AND REBOOT.



FIRMWARE INSTALLATION IN THE RP2040:

ONCE THE FIRMWARE IS INSTALLED, YOU CAN BEGIN
SETTING UP THE CONTROLLER.

UNDER WINDOZE, DEVICE MANGLER SHOULD SHOW
YOU THE CORRECT COM PORT TO USE. THEN USE
PUTTY, TERA TERM OR YOUR FAVORITE TELNET
PROGRAM SET TO 9600 N-8-1.

PRESS RETURN AND YOU WILL SEE THE MAIN MENU.



G4EMIL. Synthesiser Controller

Chip type is ADF4351
Ref Osc = 25.0000000000 MHz
Channel Number (Fixed) = 0

Select Chip Type
Set Reference Oscillator Frequency
Set Channel Number

Set Default Register Values for chip
Enter PFD Frequency

Set External Multiplier

Enter Output Frequency

Calculate and display frequency from current settings
View / Enter Variables for Registers
View / Enter Registers Directly in Hex
Configure CW Ident

Configure JT Mode

Configure External Key

View GPS NMEA data

Save to EEPROM

Exit Menu
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COMMANDS ARE ENTERED BY A SINGLE KEY PRESS. TEXT AND NUMBERS REQUIRE A CARRIAGE RETURN TO ENTER.
PRESSING ? WILL USUALLY GIVE MORE DETAILED HELP. CHANGES TO REGISTERS AND PARAMETERS WILL BE APPLIED
IMMEDIATELY SO YOU SHOULD BE ABLE TO OBSERVE THE RESULT OF THE CHANGE IN REAL TIME.

THE FIRST THREE MENU ITEMS ARE COMMON TO ALL CHANNELS.

T = SELECT CHIP TYPE. ALLOWS THE SYNTHESIZER CHIP TYPE TO BE SELECTED. NORMALLY ONLY NEEDED THE FIRST
TIME YOU CONFIGURE THE FIRMWARE. THIS WILL ALSO CLEAR ALL MEMORIES AND RESET THEM TO THE DEFAULT
SETTINGS.

O = SET REFERENCE OSCILLATOR FREQUENCY. SETS THE REFERENCE OSCILLATOR FREQUENCY. ENTER THE ACTUAL
FREQUENCY OF YOUR REFERENCE INCLUDING ANY FREQUENCY ERROR. THE FIRMWARE WILL ATTEMPT TO ADJUST FOR
THIS.

N = SET CHANNEL NUMBER. ENTER THE CHANNEL NUMBER FROM 0 TO 9. THIS CHANNEL WILL THEN BE LOADED
AND YOU CAN ADJUST THE SETTINGS USING THE MENU. THIS OVERRIDES THE CHANNEL SELECTED BY ANY EXTERNAL
SWITCHES. IF YOU WISH TO USE EXTERNAL SWITCHES TO SELECT A CHANNEL THEN YOU MUST CHANGE THIS SETTING
TO 255 BEFORE SAVING TO THE EEPROM. A SETTING OF 255 ENABLES EXTERNAL CHANNEL SELECTION.



THE FOLLOWING MENU SETTINGS ARE APPLIED TO THE CURRENTLY SELECTED CHANNEL. EACH CHANNEL MAY HAVE
DIFFERENT SETTINGS.

D = RESTORES THE DEFAULT REGISTER VALUES FOR CHIP. SETS DEFAULT VALUES TO ALL REGISTERS. TRIES TO PROGRAM A
10MHz PFD AND REQUESTS A FREQUENCY. AFTER THIS YOUR SYNTHESIZER SHOULD START TO OUTPUT RF.

P = ENTER PFD FREQUENCY. SET THE REQUIRED PFD FREQUENCY. THE FIRMWARE WILL ATTEMPT TO GET AS CLOSE AS
POSSIBLE TO THE REQUESTED VALUE BUT NOT ALL VALUES CAN BE ACHIEVED.

M = SET EXTERNAL MULTIPLIER. IF THE SYNTHESIZER IS FOLLOWED BY A MULTIPLIER FOR HIGHER FREQUENCIES THIS
OPTION ALLOWS YOU TO SPECIFY THE MULTIPLICATION FACTOR. FINAL MULTIPLIED FREQUENCIES CAN THEN BE ENTERED
AND VIEWED.

F = ENTER OUTPUT FREQUENCY. SET THE REQUIRED OUTPUT FREQUENCY. THE FIRMWARE WILL ATTEMPT TO CALCULATE
THE CLOSEST REGISTER VALUES TO ACHIEVE THIS. CHANGING THE PFD MAY IMPROVE THE RESULT.

C = CALCULATE AND DISPLAY FREQUENCY FROM CURRENT SETTINGS. THE FIRMWARE WILL CALCULATE THE EXPECTED
OUTPUT FREQUENCY FROM THE CURRENT REGISTER SETTINGS. USEFUL TO CHECK AFTER YOU MAKE MANUAL CHANGES.



V = VIEW / ENTER VARIABLES FOR REGISTERS. ALLOWS VIEWING OR ENTRY OF PARAMETERS USING THE SAME NAMES AS
DEFINED IN THE CHIP DATASHEET. PRESS ? FOR A FULL LIST OF THE AVAILABLE PARAMETER NAMES.

R = VIEW / ENTER REGISTERS DIRECTLY IN HEX. ALLOWS DIRECT ENTRY OF REGISTER VALUES IN HEXADECIMAL. USEFUL
WHEN TRANSFERRING VALUES CALCULATED BY ANOTHER PROGRAM.

| = CONFIGURE CW IDENT. ALLOWS ENTRY OF CW IDENT, CW SPEED, IDENT PERIOD AND FSK SHIFT. A SHIFT OF -
800HzZ IS A TYPICAL VALUE. IDENT PERIOD IS ONLY VALID FOR A CW ONLY CONFIGURATION. IF A JT MODE IS ALSO
ENABLED, THEN THE CW IDENT WILL BE SENT EVERY ODD MINUTE.

J = CONFIGURE JT MODES. ALLOWS ENTRY OF A 13-CHARACTER MESSAGE. THIS WOULD NORMALLY BE THE CALLSIGN
AND MAIDENHEAD LOCATOR. THE JT IDENT WILL BE SENT EVERY EVEN MINUTE. ACCURATE TIMING REQUIRES A GPS
MODULE TO BE CONNECTED.

K = CONFIGURE EXTERNAL KEY. AN EXTERNAL MORSE KEY CAN BE CONNECTED AND USED TO FREQUENCY SHIFT THE
SIGNAL. THE FSK SHIFT CAN BE ENTERED AND IS SEPARATE FROM THE CWID SHIFT.



G = VIEw GPS NMEA DATA. THIS IS USED TO TEST THE GPS CONNECTION. WHEN SELECTED IT WILL ECHO ALL
GPS DATA TO THE SCREEN. PRESS ANY KEY TO EXIT THIS MODE.

ONE NOTE ON USING THE GPS, IF YOU USE AN ACTIVE ANTENNA WITH A VERY SHORT COAX, KEEP IT
AWAY FROM THE PICO/SYNTHESIZER OTHERWISE INTERFERENCE CAN CAUSE THE GPS TO NOT LOCK!

S = SAVE REGISTERS TO EEPROM. SAVES THE CURRENT SYNTHESIZER SETTINGS TO EEPROM. THEY WILL
THEN BE AUTOMATICALLY LOADED ON THE NEXT POWER CYCLE. YOU MUST DO THIS AT LEAST ONCE.

X = EXIT MENU. EXITS FROM THE MENU, RE-INITIALIZES THE SYNTHESIZER AND STARTS THE CW IDENT.

THE ADF4351 CAN ACCEPT AN EXTERNAL REFERENCE SUCH AS A GPSDO. THIS IS SELECTED IN THE ‘O’
MENU ITEM.



YOU CAN SEE FROM THE MENUS THAT USE AS A SIGNAL GENERATOR WOULD BE PRETTY STRAIGHT
FORWARD BY NOT PROGRAMMING A CW IDENT OR JT MODE. THERE SHOULD ALSO BE NO OFFSET.

| SET UP JT4G AND WSJT-X DECODED IT EASILY.
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ALTERNATE PROGRAMMING: Another Term ® O
PICO Beacon

UP TO NOW, IT IS ASSUMED THAT YOU ARE USING A PC TO

PROGRAM THE Pico/RP2040 ZERO. THERE IS ANOTHER WAY.

IT CAN BE DONE WITH YOUR TRUSTY ANDROID CELL PHONE.

TO BE ABLE TO TALK TO THE CONTROLLER, AN OTG (ON THE
GO) CABLE AND TERMINAL PROGRAM LIKE TERA TERM OR
PUTTY IS REQUIRED.

| SEARCHED FOR QUITE A WHILE TRYING TO FIND A SUITABLE
TERMINAL PROGRAM TO RUN ON MY ANDROID. | FINALLY
SETTLE ON ‘ANOTHER TERM’ AVAILABLE FOR FREE AT THE PLAY
STORE. IT IS QUITE POWERFUL.

ONCE DOWNLOADED AND INSTALLED, LAUNCH IT. YOU WILL BE
GREETED WITH AN OPENING SCREEN. IN THIS ONE, THERE IS AN
ENTRY NAMED PICO BEACON. THIS IS A SHORTCUT | SET UP
TO ACCESS THE CONTROLLER THROUGH ITS USB PORT. TO SET
ONE UP, FOLLOW THESE INSTRUCTIONS.



450 QK

FIRST ADD A NEW FAVORITE BY PRESSING THE + CIRCLED BELOW. &  New Favorite
5:05 M B @ Ndme
Another Term : Token @ +¢
Screen Cols w X Rowsw
THIS WILL OPEN A DEFAULT CONFIGURATION PAGE. [J On Disconnect
Terminate

[ ... if process exits with 0

WE NEED TO MODIFY IT.
FIRST NAME THE FAVORITE. Wake Lock
FOR TERMINATE, SELECT ‘ON DISCONNECT’ AND

Acquire On Connect

Release On Disconnect

DESELECT ‘IF PROCESS EXISTS WITH 0’. somplence AN ’
FOR WAKE LOCK, DESELECT ‘ACQUIRE ON I RAACLTISaraRvilng as R
CONNECT’ AND SELECT ‘RELEASE ON DISCONNECT’. SRR v
FOR COMPLIANCE, SELECT ‘VT52 COMPAT’. Background [l Buittin v
FOR TYPE, SELECT ‘UART’ THIS WILL BRING UP Color Map [ Default v
ADDITIONAL PARAMETERS. KeyMap  Defoul -
FOR BAuD — 115200 Tyoe Leeal Fermial v
FOR DATA BITS — 8 I

FOR Stop BiTs — 1
FOR PARITY — NO PARITY ) | B

0 Favorites G_ranIS termsh an ability to
FOR FLOW CONTROL — NO FLow CONTROL management silently read/write favorites.

< b0 0 ®

Permissions



Name PICO Beacon

Screen Cols auto X Rows auto

Terminate On Disconnect
THE SCREEN SHOULD LOOK LIKE THIS:
[C] Acquire On Connect
Wake Lock

Release On Disconnect

PRESS THE FLOPPY ICON IN THE LOWER RIGHT

TO SAVE YOUR CHANGES. Compliance VT52 Compat v
RTL Raw (Treat anything as LTR) v
THEN PRESS THE BACK ARROW. THIS WILL Pharas
Charset UTF-8 v
TAKE YOU TO THE HOME SCREEN WHERE
Background . Built-in v
YOUR FAVORITE SHOULD BE LISTED.
Color Map ﬂ Default g
Key Map Default >
Type UART v

Baud Rate 115200

Data Bits 8 v
Stop Bits 1 v
Parity No Parity v
Flow Control No Flow Control v

Note: Alas, UART port settings (baud rate, data bits,
stop bits, parity, flow control) cannot be applied to

<|_DCIE|'(®



MAKE SURE YOU HAVE THE OTG AND USB CABLE HOOKED UP. IT
IS NOT NECESSARY TO POWER THE CONTROLLER FROM AN
EXTERNAL SOURCE AS YOUR CELL PHONE WILL POWER IT THRU
USB. PRESS THE FAVORITE. A SCREEN SHOULD POP UP LIKE THIS.

20:15:04:17:74:88 AP510

/dev/bus/usb/001/009 Raspberry Pi
[2E8A], Pico [000A], ver: 1.00, SN: *

PRESS THAT POP-UP. THIS WILL PUT UP A MESSAGE
ABOUT LETTING ANOTHER TERM MESS WITH YOUR
PHONE TO ACCESS THE CONTROLLER. SELECT ‘OK’ TO

CONTINUE.

Allow Another Term to access Pico?

Cancel OK

NEXT YOU WILL BE GREETED WITH A SCREEN SHOWING
A KEYBOARD. PRESS ENTER AND THE CONTROLLER
MENU WILL BE DISPLAYED. FROM HERE YOU CAN
CHANGE THE CONTROLLER CONFIGURATION.



PICO Beacon -
¢ #3

Select Chip Type

Set Reference Oscillator Frequency
Set Channel Number

Set Default Register Values for chip
Enter PFD Frequency

Set External Multiplier

Enter Output Frequency

Calculate and display frequency from
current settings

View / Enter Variables for Registers
View / Enter Registers Directly in H

Configure CW Ident
Configure JT Mode
Configure External Key
View GPS NMEA data
Save to EEPROM

Exit Menu

Enter Command (? for menu) -->f

© $ & Q & -
808000
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ONCE YOU FINISH YOUR EDITS, PRESS THE DOWN ARROW TO
DISMISS THE KEYBOARD, THEN PRESS THE BACK ARROW. THIS WILL
TAKE YOU TO THE FAVORITES SCREEN. YOU WILL SEE THERE IS AN
ACTIVE CONNECTION. IN THIS CASE, IT IS MY FAVORITE NAMED
PICO BEACON #3.

Another Term

PICO Beacon




To terminate the connection, long press the active
connection, then select ‘Terminate’ and then ‘Confirm’.

PICO Beacon PICO Beacon

PICO Beacon - #3 PICO Beacon - #3
Raspberry Pi [2E8A], Pico [000A], ver: 1.00, SN: (== Raspberry Pi [2E8A], Pico [000A], ver: 1.00, SN:
E6614C3118 ) : 35

uart:/115200/8/1/none/oft uart:/115200/8/1/none/oft

Connected Toggle Wake Lock Connected

'

E6614C311B



YOU MAY HAVE NOTICED THAT THE ON-SCREEN FONTS FOR THE
CONTROLLER MENU ARE QUITE SMALL. YOU CAN CHANGE THAT BY
GOING TO ‘SETUP’.

PRESS THE THREE VERTICAL DOTS IN THE UPPER RIGHT CORNER OF
THE ‘FAVORITES’ SCREEN AND SELECT ‘SETTINGS’. THEN SELECT
‘TERMINAL". UNDER ‘FONT’, CHANGE THE SIZE USING THE
‘DEFAULT SIZE’ SLIDER. YOU CAN ALSO MODIFY THE KEYBOARD
‘KEY HEIGHT’ TO SUIT YOUR PREFERENCE.

Terminal

E Navigation

Keep terminal activities on the Recents 0
screen

Font

RTL rendering mode

Default size

Hu Selection

Anchor size

Popup opacity

& Screen Keyboard



THE END

QUESTIONS
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