VersaBeacon Project

By Moe Wheatley,AE4JY and Pieter Ibelings,N4I1P

1 Project Overview

1.1 The ldea

This project began as one of those "Here's aneat chip, what can we do with it?' conversations
and grew from there. The heart of the beacon isarelatively new Direct Digital Synthesis(DDYS)
chip from Analog Devices. The original idea was to use some of the unique features of thisDDS
chip to implement a ssmple FSK441 Meteor Scatter beacon. From there it turned into a much
more capable and "versatile" signal source.

1.2 Overview

The VersaBeacon is a frequency agile, modulation agile RF source using a DDS chip and
minimal support circuitry. It coversafrequency span of 1IMHz to 150MHz in 1 Hz steps and
provides a variety of modulations including OOK CW, FSK CW, FM CW, FSK441, PSK 31,
RTTY, and other modes that can be created using phase or frequency modulation.

Stored messages can be sent using any of the modulation modes on any frequency continuously
or at specified timed intervals. Most modes can also be sent live by sending text using the
RS232 serial port and a simple terminal program running on a PC or laptop.

Using the A/D inputs of the Beacon, telemetry data can also be inserted into canned messages
such as temperature or battery voltage.

The Beacons firmware or message datais easily updated or customized by downloading new
code using the RS232 port.

The beacon's primary components consist of a DDS chip, a PIC processor chip, a4Mbit FLASH
memory chip, and a clock calendar alarm chip.
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V ersaBeacon Block Diagram

400MHz
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A small PIC microcontroller is used to control the DDS chip over a3 wire serial port.

The PIC only has 16K bytes of internal memory so an external 4Mbit serial flash chip isused to
provide alot more storage saving the PIC memory for actual program use.

A 16 position rotary switch can be used to select various program settings.
The PCB is2.95" by 4.72"(Fits into a Hammond 1455K 1202 extruded case)
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Thisisaplot of the anti-aliasing filter after the amplifier. The 148MHz alias frequency is
attenuated 40dB in addition to the normal sin x/x roll-off of the DDS.
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2 AD9954 DDS Chip

2.1 Functional Diagram

FUNCTIONAL BLOCK DIAGRAM
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Key Features:
- 400MHz Sample Rate
14 Bit DAC

Low Power <200mW (compared to AD9854's 2 Watt rating)
Internal Linear Frequency/Phase Ramp capability

1K RAM table for custom frequency/phase ramp profiles
OOK control with built in linear ramp functions

3 Software Architecture

The PIC software iswritten entirely in 'C' using the CCS PIC C compiler. The code consists of a
boot-loader section whose purpose in lifeisto load specified program code from the Flash
memory chip to the PIC internal program code space. It also provides the interface to the RS232
port and the ability to program the Flash memory from an external host PC. It must be
programmed initially using a common PIC programming tool.

The Flash contains two separate PIC application programs that are selected using switch settings.
The Flash also holds various data tables used in the generation of al the modulation modes.

A couple of PC utilities are used to generate data tables and provide a means to download new
code and data to the Beacon Flash memory.
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Interface
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Application
Data/Program
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PIC
Application RS232 Processor |[@————

Data/Program User Code Program 1

Boot Code [——» General

Data
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7

Application
Data/Program

Flash Memory

The following is the code |oader program for downloading new application programs or
changing data tables in the Flash memory.

£ Versal oader - Eﬂl

Com Fort Status — Diestination ——

" Tahlel

cor1 = :

I & | Programming ® -

. " Program 0
ON | star Eragratmmitg £ Program 1
55T Data
selectFile.. |  “oice Daia
| CAFICTOOLS, Projectst YersaBeaconitahlel bin
“WBBEoot BootFRew = 0.04 InterfaceRew = 0.02

The applications use a simple command line system to change frequency and modes using any
RS232 terminal program like HyperTerminal. A help screen is available to help remember the
command syntax.
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“& VersaBeacon - HyperTerminal

File Edit Wiew LCall Transfer Help
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Dn CY Weight(1-10)

Fn Freq(F146052000)
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Hn WPM(W15)

Mn Modulation Mode

M@ ON

M1 CW

M2 FSK CH

M3 FM CH

M4 PSK31

M5 RTTY

S Show Text

H.,? Help

F=500995080 Hz WPM=15 M=2 D=1 FSK CH

>
1| | v

Connected 0:04:53 TTY [19200 8-N-1 [SCROLL [CAPS [NUM [Capture [Pr

4 Implemented Modes

4.1 OOK CW

On-Off CW keying is performed by toggling a control line on the DDS chip. The DDS chip has
amode where it will ramp up to a specified level when the line is high and ramp down to zero
when the line goes low. The ramp rate is programmable and in this case it isset to 8 mSec. The
linear shaping reduces the amount of key clicks and splatter that would occur if the carrier were
just instantaneously turned on to full power.
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4.2 FSK CW

FSK CW keeps the carrier on and toggles between two frequencies by toggling a control line on
the DDS chip. The DDS chip has amode where it will ramp from one frequency to another
frequency depending on the state of a control line. The ramp rate is programmable and the
ramping action reduces the amount of splatter asit does in the OOK case.
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4.3 FM CW

To create an FM CW signal, asine wave isloaded into the DDS RAM table whose amplitude
represents the FM deviation frequency plus the carrier frequency. The DDS chip then sequences
through the table loading each new carrier frequency value from the RAM table. Thetableis
cycled through at a 700Hz rate creating an FM modulated single tone signal. Turning on and of f
this cycling creates the CW encoding.

Below shows awaterfall of the 1000 point RAM DDS table being loaded and the corresponding
frequencies of the sin table. Note the sine amplitude is +/- 5KHz which will be the FM deviation
value of the tone.

509925 50984 509955 20,997  S0.9985 21 510015 21003 51.0045 210068 51.0075
20
0
-20
-40
-B0
-80
-100 B —
Offeet = Raw Data | 20 FFT | 3D FFT  “‘\Waterfall | H Waterdall | Continuurm PhaseD ; £1 003818 MHz
St = by NSO = 15666348 Center Frequency -35 & Of?mu Auto Scal
2 FFT Awe AR
= 51 000 OOOMH = WWEM Faused /
0 :‘ Smoothing é i Fs=166728 Hz
= Span Freg C USh BW Res= 19Hz
Bl 0.0 15 000 vHz | SENE:
44 RTTY

RTTY iseasily generated in the same manner as the FSK CW signal. The only differenceisin
the data encoding and datarate. Only 45.45bps, 170Hz shift mode is implemented.
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4.5 PSK31

SOR-14 Y
Fs=158729 Hz
B Res= 9.7 Hz

The PSK31 signal isa BPSK signal whose phase changes by 180 degrees for a zero bit and
doesn’t change for aone bit. The phase changeis easily created by just loading a phase offset
into the DDS. PSK 31 has another characteristic that is more difficult to create using the DDS.
With PSK 31, when the phase changes, the amplitude is modulated by a cosine shape until the
amplitude is zero, the phase is changed, then the amplitude is brought back up to max using the

same cosine shape.
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180 deg.
Phase Change

Delta
32.00mms
31,25Hz2

A closein view of the "ldle" signal which isa 2-tone modulated carrier. The IMD is about
-70dB. Thiswas taken directly out of the DDS before the amplifier stage.
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Thisis after the amplifier stage. Notice the IMD is now only -40dB due to the non-linearity in
the amplifier.
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Unfortunately, the DDS RAM table does not connect to the amplitude register so the PIC
processor has to generate the shape by loading from atable, and writing to the DDS amplitude
register. The PIC isonly able to write at about a 2KHz rate so there are some aliasing artifactsin
the RF output that are only down -40 dBc. There may be some tricks that can be investigated to
try and reduce the aliasing products.
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4.6 FSK441

FSK441 isavariation of FSK where there are four separate frequencies used to encode text data
for high speed meteor scatter communications. The original idea was to load the entire encoded
message frequency sequences directly into the DDS RAM and then have it sequence through the
RAM over and over. Thiswould work but it turned out that the PIC could also generate the
required frequenciesin real time and this gives alittle more versatility in that messages can be
dynamic and contain variable data such astemperature or other telemetry data.

The following is a code snippet showing how FSK441 is generated by the PIC and DDS chip.
Thisroutineis called at the 441Hz rate.

#defi ne SYM PER CHAR 3 //nunber of tones per character
#def i ne SYM)_FREQ 882 /1 These are the four FSK frequencies
#define SYML_FREQ 1323 //defined by FSK441 in Hz

#defi ne SYM2_FREQ 1764

#defi ne SYM3_FREQ 2205

voi d Servi ceFSK441()

{

i f( ++SynCount >= SYM PER _CHAR)

{
TnpU8 = CGet Next Char () ; /1 CGet next character to send
TnpU8 = t oupper( TnpU8 ); /I make upper case
SymAcc = FSK441 TABLE[ TnpU8]; //get next group of 3 frequencies
SynCount = 0; //to send

}

DDSReg. al | = SynbFreqTbl [ SymAcc&0x03] ; /1 get next DDS val ue
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WiteDDS(DDS FTW), 4); //and send it to DDS
SymAcc >>= 2;

51225 51235 51245 51255 51285 51275 51285 51295 51305 51315  51.325

e
51 N S DR || B |
70 SRR

-G SR ¥ WML, R .| . T
'9“ o THHPTIEHT AR k. o RS SO BN s . . . b | i M

§1.322768 MHz -108.1 dB
Demad
w NCO = 15391348 CenterFrequency A8 | op Auto Sca

1000 FFT Awe 5 1 2 7 5 0 0 0 MHz ;@\;M oRT1

0 i‘ Smaothing C Fh Fs=158729 Hz

= Span Freg # SR BW Res= 19H:z
Ellges 0.100 000 MH:

T L5B
O

4.7 SSTV

Slow Scan TV isan analog form of FSK. The picture intensity/color elements are encoded as
frequency shift and fit in a standard SSB channel width. This mode keeps the PIC busy by
reading picture data from the flash, converting it to frequency data, and sending it to the DDS
chip. It also must create various sync timing and VIS tones which identify the particular SSTV
mode. Inthiscaseonly "Scottie 1" isimplemented.
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The following screen shot is from a stored image in the beacon received by the SDR-14, and then
decoded using the MM SSTV soundcard software.
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4.8 Modulation Limitations

The DDS does not have a good way to easily create amplitude modulation so any mode that
requires amplitude variations is questionable. Also the DDS table sequencing has some lower
limits making it difficult to use at low data rates.

The PIC isn't capable of high data rates or sophisticated data encoding.

5 RF Output Signal Analysis

The following plot islooking at the output directly from the DDS before the amplifier stage. The
fundamental isat 5SMHz. Note the 4th harmonic is around -78dBc. All the other artifacts are
below -80dBc. (The trash below 1IMHz is broadcast band signal leakage and some external noise
intheroom.) The power output of the DDS chip is around -8.5 dBm ( 0.14 mW)

2004/2/24



-80 i
20 VYN R
-1 DD L 1|II|'=M!IMIE|HMIHIIMMMHMIIHIMH

_1 A et R R L T L TRt T

14.60257 MHz 10 dB

Demaod
FFT = 15000000 Center Frequency ‘ 0 ‘ o Auta Scale
100 FFT Auwe | | —
. 15.000 000 MHZ S SDR-14 )
0 :‘ smaothing — ~ Fs=hBRBE34E Hz
= Span Freg - ~ Bw Res = 254 Hz
FFT Size — ~ 5.000027 MHz -0.1613 dB
30.000 00 0 MHz[|=Eu—-- 0.00025431194 MHz -43.06 dB
: — 0.14724661 MHz -50.4 dB
10dB/Div = — .
/ Y Scale Stop(F10) | Pause(,:m| ‘ = e 0.68003012 MHz -5887 dB

Close in phase noise performance is good. Below isaclose in shot after the amplifier with the

beacon tuned to 51MHz and a bandwidth resolution of 0.61Hz.
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A MiniCircuits GALI-51 MMIC amplifier stage follows the DDS to increase the power output.
Below isthe spectral output after the amplifier stage. The harmonic output is significant and
unacceptable as atransmitter source. Either external filtering would be required or a different
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amplifier such as a push-pull amplifier configuration is needed. Two metersis actually ok since
the aliasing filter reduces all the harmonics by alarge amount.
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Thisisalook around the signal after the amplifier with a 150K Hz bandwidth. Everythingis
below -90dBc.
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6 Applications

6.1 Propagation Beacon

The beacon could be used for typical VHF propagation use with additional capability of being
able to change frequencies and modes on a time based schedule.

6.2 Remote Telemetry Beacon

The beacon could be used as a remote telemetry transmitter due to its ability to insert variable
data from analog or digital sources into the beacon text messages. This could be used for a
remote weather station where it could send temperature, wind speed, etc. using various
modulation modes such as CW and PSK 31.

6.3 Stand-Alone Transmitter Exciter or QRP rig
The beacon could be used as an exciter for atransmitter or as areceiver loca oscillator source.

6.4 General Purpose Signal Generator

With the addition of a calibrated step attenuator, the beacon could be turned into a general
purpose signal generator with various test modulation modes. The DDS chip also has built in
linear sweep modes that can be used for sweep generator use.

7 Future

Currently there are two working beacon boards. We would like to use one for a meteor scatter
beacon and the other one will probably end up as another piece of test equipment for my
workbench.

If there'salot of interest in this board, it would need to be re-spun to fix afew layout problems
and perhaps add or delete some functionality depending on what the primary use would be.

The component cost is probably under a hundred dollars including the PCB depending upon the
ability to scrounge and get free samples. Asakit it would require someone with confidencein
soldering .5mm pitch surface mount components.
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