WASTFS SUPER SIMPLE 6 METER SDR FM TRANSCEIVER
ASSEMBLADJUSTMEMIND USAGE MANUAL

~ ’ »

This manual details the construction, adjustment and usage of the high performance FM SDR
transceiver. The transceiver is programmed and controlled by a DDS ntbdufgoduces the output
frequency directly at the transmit frequency so as to not require mixing. Microphone input is amplified
and digitized in the Arduino NANO microprocessor and combined with the proper control data fed to
the DDS modulanisuch a wayas to produce high quality frequency modulation. mphasis is added

to the analog microphone amplifier before digitizing. The DDS module and the microprocessor are
powered by the USB connection to the computer. Control is provided by any seriedprognnected

to a USB port on the computer.

An adjustment potentiometer is provided to adjust the microphone audio laselecessary. This
adjustment is not a deviation adjustment but only an audio level control. Deviation is controlled by the
software The purpose is to set the microphone level below the point where there is distaytidhe

output that is caused by exceeding the limits in the A/D conversion in the NANO microprocessor.
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This design makes extensive use of fivpuegposed modules to siplify the design and keep parts

count and cost to a minimum while still producing a high performance design. Filtering is supplied on
board and is used for both transmit and reception. Antenna changeover and power is controlled on
board.

The DDS outpuis around-22 dBm so must be amplified to be usef@utput does vary a bit from one
module to anotherA simple TV amplifier provides up to 30 dB gain. This may be too high for driving a
final amplifier so provisions have been made on board for an ator before the buffer amplifier

stage. Typically the output amplifier will require 0 to +5 dBm to produce full output power. There is no
advantage in ovedriving the amplifier as it will stress the amplifier and add to spurious output levels.

Construgion:

Check the partfistto assure all parts are on hand before beginning construction. It is recommended
that the boardbe assembled in the following order. Resistors, capacitors, headers, relay, power
switching transistor, inductors and integratedatiit. Be sure to mount the electrolytic capacitors, diode
and integrated circuit with the correct polarity indicated on the boafdhen, mount the buffer amplifier
and any additional hardware. Do not install the DDS module or NANO at thisliooatons for all
componentsare shown on the circuit boarsilkscreen

Inspect all solder connections and parts values to assure the board has been assembled correctly.

Apply 12 volts and ground to the marked locations near the integrated circuit. Tempagraigd the
PTT connection to the adjacent ground pad and assure the relay is being eneRggsulze 12 volts.

If you are using the specified buffer and final amplifiemétynot be necessary to attenuate the drive to

the final amplifier Overdrive alsgenerated spurious emissiongf your amplifier requires less driyve

wire in an attenuatorconsisting of three resistorsA-o R. W¢ Q | G Sy dzr 62N O2yaAradi.
resistorsin series anane 150 ohm resistoshunt,for example. (Actual2.86 dB)Consult the ARRL

Handbook or odine calculators for other values.

TheW &tfenuator for-15.9 dB consists of three resistors, AT1A 33 ohm/1/4 watt, AT1B, also 33
ohm/1/4 watt and AT2, 15 ohm/1/4 watt. The pads for these parts are located on the sigeibf the
buffer amplifier. Note that the attenuated output to the buffer input is located near the mounting hole.
The shield for the coax can be soldered on the underside of the board to@&edl and the center

lead of the coax to the AFROBUF ph  When using the attenuator, the TOBUF pad is not used.
Resistor values for other levels of attenuation may be found on line or in the ARRL Handbook.

At this point, complete the wiring except for connections to the final amplifier. Also at this time,
connect the RTL Dongl®DS module, and NANGedigure 1

AttachUSBcables to both the NANO and the Receiver dongle. The LED on the NANO and DDS should
illuminate when the cables are attached indicating they are receiving power from the computer.

Downlcad and configure HDSDR software and your serial terminal program (Termite) on your computer.
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Upload the control software for the transceiver to the NANO. When complete, activate the terminal
program and configure it as shownfigure 2 It will be necesary to determine the proper USB port in
the settings menu. On the main screen, typ&r200000 andhit enter. The screen should answer back
G G NI ya YA if allisz@redtJif 8dr seledt a different USB port until the proper one is found.

Always enter the frequency using 8 digits.

Activate and calibrate the HDSDR software using a known station such as the local weather or public
service frequency.

Tune the HDSDR software to receive N&l frequency 061200000 Adjust the bandwidth of the

filter to 15 kHz.You should see a signal being generated by the transceiver and it may or may not be on
frequency. The frequency calibration will be done at a later time by adjusting the softwaré¢his

point, just tune the software to the transmit fregncy as generated by the DB&] make note of the

actual frequency

Attach a microphone to the transmitter. Just about any low impedance dynamic microphone may be
used. The level is provided to attenuate a microphone that has excessive output. Nothaally
adjustment can be set to maximum with most microphones. If audio is distorted, set it to a lower level.

Speak into the microphone and you should hear yourself with a slight delay. Your signal should be clear,
with no distortion and fill the 15 kHzandwidth of the filter Adjust the gain control just below the point
where distortion is noted.

If you wish to transmit a subudible tone, it can be adjusted for level at this time. The default is set to
72 Hertz but can be adjusted for any frequen®ou can set the level at this time by observing the DDS
signal in the IF display screen on the HDSDR software. As you rotate the R10 (TONE LVL) control,
observe the width of the signal increasing and decreasing in width. Adjust for a width-dD208fetz.
That is setting to a compatible level for most repeaters. This adjustment must be made with a
microphone attached to the transmitter.

If all is well at this point, it is time for frequency calibration.

Activate the Arduino programming software andempthe transceiver control software. Locate the line
frequency = frequency + (2.5 * mi¢)102; //1024800 this is the Frequency Modulation. THE)2
calibrates frequency. Higher number lowers frequenagproximately 52 Hertz per number

Tune the HDSDIR the calibrated 51200000 frequency and note the frequency from the DDS as being
higher or lower than the set frequency. Carefully change-102to a bit higher or lowerand upload

the program to the NAN®ach time Activate the control program, repgram 51200000 and notdé

DDS frequency will have changed. Continue doing this until the transmit frequency sitehe
calibrated tuned receive frequency. Once the proper number is fofingijll change approximately 52
Hz for each number increment decrement) no further adjustments are needed(ou will find the
programmed frequency will now match the calibrated receiver frequerieypanding (Zoom) the display
makes it easier to see the exact frequen8ave the Arduino fildNote that to uploadhe program to
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the NANO, it may be necessary to set the Arduino software to the same port as the control program. If
so, it will be necessary to close the control program until uploading is complete and Haetvate the
control program to set the frguency.

Next, if you desire transmit a stdudible tone, locate the line, near to beginnjithe72 sets thesub
audibletone to 72 Hertz.Adjust the tone deviation using R10 on the board. Typical setting is 200 to 500
Hertz deviation but set to whatever is required by the repeatenly whole numbers are accepted)

unsigned int subtone = 72 //SET THE SUBAUDIBLE TONE FREQUENC Y HERERWay
not set exactlybut within ¥2 Herz, NOTE: Whole numbers only.

You can change the frequency for the salmible tone in this line. If changed, upload to the NANO and
save the file.

Your transceiver is now calibrated. Waattach all connections to the final amplifier. Connect 12 volts
DC, a microphone, and a resonant antenna or dummy load.

Set the repeater output frequency on the HDSDR program and the repeater input frequency on the
NANO input.When you press the micptvone PTT switch, the transmitter will shift from receive to

transmit. Set your squelch level on the HDSDR software as necessary. RF output should be on the order
of 1-3 watts to the antennalepending on the final amplifier gaifligher level amplifiermay be added

to boost output. The output willtypicallybe lower than the amplifier rated output after filtering

through the low pass filtesince it attenuates harmonics.

THIS COMPLETES THE ASSEMBLY AND ADJUSTMENTS OF YOUR TRANSCEMMEMR ANY
COMMENTS, PLEASE CONTACT ME.

73, JIMFORKIN WA3TFS

REQUIRED SOFTWARE:

TFS6FM_SDR_R1 0.ino  Control software to be uploaded to the Arduino

Available on request fronforkin@verizon.net

HDSDRreceive software free download fromwww.hdsdr.de

Termite, serial program free download from
www.conpuphase.com/softwaretermite.htm
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ADDITIONAL NOTES:iis rig may be used on 10 meter FM by simply changing the low pass filter

values and running a different version of software. Change C9 and C13to 40 p, C11 and C14 to 180 p, L1

and L3 to .32 Uh(8T) and L2 t0482uH(9T) Software TFS_10MTR_FM_SS_SDR_R1.ino
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Figure 1

Port configuration Transmitted text Options
Port CcCoM4 ¥ (") Append nothing V] stay on top
") Append CR Quit on Escape
Raxdinie 209 X @ Append LF || Autocomplete edit line
‘ Data bits (") Append CR-F || Close port when inactive
Parity Received text
Fowcontrol [none _v] TNt (defadt v
Forward [l word wrap
User interface language English (en)

Figure2 Serialcontrol software, Port may change for your computer
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Arduino NANO, Makanodification shown above

6 | Jim Forkin, WA3TFS 3210 Shadyway Drive, Pittsburgh, PAfeB2aEverizon.net(R8)




WASTFS SUPER SIMPLE FM TRANSMITTER
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Two different final amplifierssuitable for use with this transceiver. Either will put out3 watts.

Replacement devices for these amplifiers are IngdiMIC, SBB2089Z and FidaDMOS,
AFTO5MS003NT1. Both available from Mouser Electraritasal only from DigiKey
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Recommended Buffer Amplifier It may be necessary to construct a shield over this sidenwanted
RF is coupled to other componants or wiringConstruct from copper or tin and ground to connectors
at each end and unused mounting hes. Avoid VCC.

MODIFICATION DRAWING FOR R11
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