Ultimate3S: Multi-mode ORSS/WSPR transmitter kit
PCB Revision:oAQCU Rev

1. Introduction

Thank you for purchasing this QRP Labs kit. You will also plug in other modules. You need to
download assembly instructions for those kits also. You will need the following manuals:

This Ultimate3S assembly manual

The Ultimate3S operating manual appropriate to your firmware version
Low Pass Filter kit (bands 2200m to 6m)

Si5351A Synthesiser kit

OCXO/Si5351A Synthesiser kit (if you will use this option)
Relay-switched LPF kit (if you will use this option)

QLG1 GPS receiver kit (if you will use this option)
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Recommended approach to building the kit: This is a simple design but there are a large
number of features which provide a great deal of flexibility. Read this WHOLE manual and
understand it! Follow the construction section to build the kit.

This assembly manual must be read in conjunction with the operation manual!

2. Design

The ATmega328 AVR microcontroller (IC1) is pre-programmed with firmware to control the LCD,
buttons, and GPS interface.

For best results, please ensure the use of a well-regulated, clean and solid 5V power supply. The
majority of problems with the kits arise due to poor power supplies! Not all wall-wart type or
switched mode supplies are clean enough to power the Kkit.

The PCB contains the microcontroller, Power Amplifier (PA) and connections to other boards and
interfaces. The LCD module, Si5351A Synth module, Low Pass Filter module, Relay-switched LPF
module all plug into this main PCB. The separate Si5351A Synthesiser module kit includes its own
on-board 27MHz crystal reference oscillator.

On/off keying is handled in software by switching on/off the output stage of the Si5351A
synthesiser IC. The Q1 BS170 MOSFET is the power amplifier, producing about 250mW from a
5V supply on 30m (power output varies on different bands). Finally standard 7-element low pass
filter plug-in modules remove harmonics of the transmission frequency. The schematic diagram on
the following page shows the Ultimate3S QRSS/WSPR transmitter.
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3. Parts List

In the following parts list, components which are not supplied are shown in grey. They are
optional, or supplied with other optional kits such as the relay-switched LPF kit, if you are going to
use it.

3.1 Resistors

R1 100K preset potentiometer, for LCD contra
R5 4. 7K preset potentiometer, for setting th
R6 4.7K resistor (colour coding yellow-purple-red-gold)

3.2 Capacitors

C1,4,5,6,8 100nF (ceramic, marking 104)

3.3 Inductors
T1 10 bifilar turns, FT37-43 core (black)

3.4 Semiconductors

Q1 BS170 (note: only one BS170 is provided in the kit, to be installed at the Q1 position.
For use with higher PA supply voltages, more transistors may be added, i.e. Q2 and

Q3).

IC1 Pre-programmed ATmega328 microcontroller

3.5 Miscellaneous

Two push buttons, S1 and S2
16-column x 2-row LCD (HD44780-compatible) with blue LED backlight
Printed circuit board, 80 x 37mm size
Wire for winding toroid

Socket for IC1

20MHz quartz crystal

Two 10-pin female header sockets
Two 4-pin female header sockets
16-pin female header socket

Two 16-pin male header plugs

Four 12mm nylon hex PCB spacers
Eight 6mm M3 screws



4. Construction

4.1 General construction tips

Parts placement is defined by the silkscreen printed legend on the PCB, so please observe it
carefully, paying particular attention to the correct orientation of the semiconductors.

The PCB is quite small and the parts are close together. You are recommended to use a low
wattage iron with a fine tip, and fine solder e.g. 1Imm diameter or less. Take care not to overheat
the PCB and risk damaging it. A well-lit area and magnifying glass are useful. Be careful not to
bridge solder across closely packed connections. Some of the joints are very close to each other. |
recommend checking with a DVM to make sure no solder bridges have been created.

Note that components D1, Q2, Q3, R2, R3, R4, C2, C3 and C7 are not required or supplied in the
kit (R2 may be added by the builder if lower LCD backlight brightness is desired). Q2 and Q3 are
not supplied, additional BS170 transistors may be installed here to increase the output power (see

below).

IC1 (the microcontroller) has an IC socket, in case in future you wish to change the microcontroller
e.g. for a firmware upgrade for new features, etc., or in case you wish to program it yourself.
Sockets are provided for the synthesiser module and the low-pass-filter module, if applicable to
your Kit.

4.2 Construction steps

Please refer to the parts placement diagram below.
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Pay special attention to the orientation of the semiconductors. For IC1, the dimple in the PCB
silkscreen must be aligned with the dimple at the top of the IC socket and the IC.

The order of construction is not important. However, a good principle to follow is to install the
smaller components first, so that the larger ones do not prevent easy access. One suggested
order of construction is described below. | recommend following it carefully.



1) Solder in the socket for IC1.

To avoid confusion or mistakes later, align
the dimple at one end of the socket, with
the dimple illustrated on the PCB. The
dimple should be at the end nearest the
right-hand edge of the PCB.

2) Solder all capacitors, quartz crystal, and buttons S1/S2

There are five 100nF (0.1uF) capacitors. ~ oo .
These are fitted in locations C1, C4, C5, & S e S <
Ce6, C8. ' - N ST of RLS

Note that the 22pF capacitors C2 and C3
either side of the crystal are NOT fitted i
the 20MHz crystal has been found to
oscillate reliably without them (there were
some occasional issues when the 22pF
capacitors were fitted). Therefore 22pF
capacitors C2 and C3 are not supplied.

3) Wind and install the toroid
There are two options here.

1 25 turns inductor. This option was used on all Ultimate, Ultimate2, Ultimate3 and
Ultimate3S kits prior to PCB revision AQCU R
on the Rev 3 board.

1 10 turns bifilar transformer. This option is supportedfr om PCB r evi si on A QCI
onwards.

The bifilar transformer option provides higher power output but is a little trickier to wind. There is
an article on using a bifilar and trifilar transformer in the U3S PA section here: http://grp-
labs.com/ultimate3/u3info/u3sbifilar.html

From the article, the charts below show the power output using the 25-turn single-winding toroid
that was then standard in the U3 (BLACK line), the power output using a 10-turn bifilar transformer
(RED line) and using a 10-turn trifilar transformer (BLUE line).

The left graph (Peak power) shows the power output when the bias potentiometer trimmer is
adjusted for maxi mum power o0ut powsthe pgokeeoutputvwhant gr
the bias potentiometer is adjusted more consery


http://qrp-labs.com/ultimate3/u3info/u3sbifilar.html
http://qrp-labs.com/ultimate3/u3info/u3sbifilar.html

on this topic later). In both cases, the power output is considerably higher using the bifilar
transformer option.
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The bifilar option is recommended. Note, however that if you are planning to use the 5W HF
PA kit with your Ultimate3S i then you should use the 25 turns single winding option,
which works better with the 5W HF PA Kit.

The silkscreen printing on the PCB shows

vertical mounting of the toroid. If you prefer |
horizontal mounting, there is enough space § : )| ;N
for it. Please mount horizontally if you g Lei]*
intend to use the OCXO/Si5351A Synth
kit! When winding the toroid, remember

that each time the wire goes through the

centre of the toroid counts as one turn. {_ L
35cm of wire should be enough for 25 » (QEX ) )&/% ()
turns, or for the 10 turns bifilar option.

25-turn single-winding option

O
Wind 25 turns on the toroid. Each time the wire |
passes through the hole counts as ONE turn.

O
Install the toroid on the PCB as shown in RED in EO
the diagram. The two ends of the wire are 5
connected to the holes marked 1 & 2. O

You must connect a bridge wire across both
holes at the fAld end ac
sure to put the wire in the right-side hole next to
the C4 capacitor. Leave the left of the two holes

empty!

Trim the ends of the wire, scrape the enamel off and tin them with solder. As an alternative to
scraping the enamel off, the wire ends may be held in a hot blob of solder on the iron tip for a few
seconds, and the enamel will bubble away. Check continuity on the board with a DVM.



10-turn bifilar-winding option

The10-t ur n bi fil ar transformer can be tricky if
needs care so please follow these instructions very carefully.

Firstly, the wire. The best way to un-wind it, without tangling it
up, is to think of what the kit-packing person that wound it up
did. Then reverse his steps. So, first unwind the tightly wrapped
part in the middle where the end of the wire has been secured.
Then, open out the spool of wire so that it is a circle. Then
unwind the spool, around your fingers, reversing the process of
winding it in the first place.

When you have unwound the wire and straightened it, then fold it in half (do not cut it yet). The two
halves now need to be tightly twisted together to make the bifilar wire. My method for this is to tie
one end in a knot around a small screwdriver e = e
shaft. Now clamp it to something solid. You ' : ) :
could use a vice, if you have one. Ifyoudon 6t ,
then you have to get creative and think of
something. Here | taped it to the edge of the

desk. At the other end of the wire you have a

loop (where you folded it in half). Put another screwdriver
through this loop. Now you can twist the screwdriver at the
free end (with the loop), repeatedly turning until you have
twisted the two wires together thoroughly. You need to keep
the wire under a little tension to keep the twists evenly
spaced.

| put about 40-50 twists into the 15cm length of wire. The
end result is something like in these photos.




Now cut off the untidy pieces at one and, and the loop from
the other: and this is the piece of wire that will be used to
wind the FT37-43 toroidal core as a bifilar transformer.

Hold the core between thumb and finger. Pass the wire first
from above, to below. Then take the wire from below, and
bring it around to pass through the toroid again to form the
second turn. After each turn, ensure the wire is fitting snugly
around the toroidal core. Wind 10 turns on the core. Each <
time through the toroiddos cent
Cut off the excess wire, leaving about 2.5cm remaining.

goes top to
bottom

Now itds necessary to i1 dentify which wire belon
a DVM as continuity tester. First, untwist and straighten the wire ends that are not wound around
the toroidal core (above right).

Now tin the last few mm at the ends of
each wire. You can do this by
scraping off the enamel then tinning
with the soldering iron; or, hold the
wire end in a blob of molten solder for
a few (maybe 10) seconds, until the
enamel burns off.

Now use a DVM to test for continuity.
Re-arrange the wires so that there is
continuity from A to A, and B to B.

Carefully keep this orientation of wires



and insert the transformer this way into the PCB. | Ol __ (N o | WL
You can carefully cut off those few mm of tinned | e s =25 10
section of wire, if it |womnbot p.t t'f'-_h._'r'o--ugqotﬁifo PC
holes. But BE CAREFUL not to lose the O O owl (O -
orientation of the wires! The correct wires must ~ |O O ;O:ﬁ B A 0 O O
be in the correct holes, so that the windings are fo O o. .
connected correctly in the circuit! i _ ?

s it teiieml
If you are planning have the toroid lay @@ CCO
horizontally on the board, make sure you put it oW ' =] Ao o (
in the intended position now, before SR5 O
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cutting/soldering the wires.

Now trim the wires underneath the board, and tin the ends again. The EASIEST way to do this is
simply apply solder so that it sits in the hole and surrounds the 1mm of wire ending, and hold the
soldering iron in that position for a few seconds until the enamel is burnt away.

Finally you can check that the wires are properly soldered, and properly orientated, by checking

with a DVM for continuity between all four pads labelled A, A, B, B on the diagram (above right).

All four toroid wire pads should haveyogcdondtsea ui t
this continuity, then either the windings are not soldered in the correct holes, or the enamel is not
completely scraped/burnt off the wire so there is no electrical connection.

4) Solder the sockets for the low-
pass-filter (LPF) module.

These are the two 4-way sockets. Some
care needs to be taken with the alignment,
to ensure that there is a good fit when the
plug-in board is added. One method is to
build the plug-in LPF module first; then
plug it into the sockets. You can then
solder the pins, ensuring correct alignment.

5) Solder the sockets for the
Si5351A synthesiser module

These are the two 10-way sockets. Again
take care of the alignment of the sockets,
to ensure that there is a good fit when the
plug-in board is added.



