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M0HMO HF Swiss Army Knife V1.0 

Specifications: 
Supply Voltage   9V. 

Supply Current   220mA peak, normal operating 95mA @ 9V. 

TX Input   Max 10W. 

 

Ranges 

Voltage Range   DC  0V to 50V 

Resistance Ranges  0.0  to -100 Ohms 

    100 Ohms to 10k Ohms 

    10k Ohms to 1M Ohm 

SWR    1 to 10W 

1.0 : 1 to 99.9 : 1 

Forward Power   0.0 to 10.0W 

Reverse Power   0.0 to 10.0W 

Return Loss   0.0 to 10 dB 

UTC Time   +/- 1 Second 

Frequency   1MHz to 50MHz +/- 4Hz 

    1MHz to 29MHz <0.1W trigger 

    50MHz < 0.5W trigger 

Lat, Lng    Approximately 5 decimal places accuracy 

Maidenhead   Precise but depends on the latitude/longitude accuracy 
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Assembly: 
 
When soldering components it is always good practice to solder only one pin or leg first. Then check 
the component is still correctly positioned on the top side of the board before soldering the other 
leg. If it has moved then you can apply the iron to the soldered joint and reposition the leg once the 
solder is molten, hold the component in place for a few seconds until the solder solidifies again. 
Most of the components are placed on the top side of the board, legs are pushed through and then 
they are soldered to the bottom of the board. The exceptions to this are the shield of the co-ax that 
is soldered to the pad on the top side of the board, the PCB shield that is soldered across the board 
on the exposed strip, and the following parts that are placed into sockets: U1 (74LV4040), U2 
(74F74), GPS module, OLED display. There are a few simple assemblies to make, the OLED display, 
the CO-ax and coil, the switch and the Nano. Details of all of these are included below. 
 

 The first thing to do is to assemble the screen onto the PCB. This needs some care not to 
burn your fingers as the board will get quite hot. The screen is a double sided piece of PCB 
material and needs both sides soldered to the central tinned strip on the main PCB. In order 
to get it positioned nicely it is a good idea to ‘tack’ it in place near C15, adjust the angle so 
that it is at right angles to the PCB and in the middle of the tinned strip, then you can solder 
from the other end towards the point where you tacked it. A higher power soldering Iron 
may be required to do this. Once you are happy with it’s position you can solder the other 
side to make it more rigid. 
 

 
 

 
 

Solder the screen on both sides 
 

 RF Screen x1 

 



23/09/2018 The M0HMO HF Swiss Army Knife V1.0 3 of 20 
 

 PCB x1 

 
Top View 

 

 Next up are the resistors R1 to R15. Identify them from their pictures above. Trim off the 
ends of the legs where they are likely to be sticky from the packaging they are supplied in) 
and push them through the holes in the board and solder them onto the bottom side of the 
board. None of them are polarised so either way round will be fine. Once you are satisfied 
with the solder joint trim the legs off at the top of the solder joint. 
Two resistors, R8 and R9, need to be soldered in the vertical position. 
 

 
Orientation of R8 and R9 

 

R1 47R 1/4W x1 

 
Small Resistor  
Note: 5 band colour coding 
Yellow, Purple, Black, Gold, Brown 
(470 x 0.1 = 47R, 1%) 

R2 10k 1/4 W X1 

 
Small Resistor 
Brown, Black, Black, Red, Brown 
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R3 330k 1/4W x1 

 
Small Resistor 
Orange, Orange, Black, Orange, Brown 

R4 22k 1/4 W x1 

 
Small Resistor 
Red, Red, Black, Red, Brown 

R5, R6 27R 1W x2 

 
Larger Resistor  
This is the only 4 band resistor 
Red, Purple. Black Gold 

R7 560K 1/4W x1 

 
Small Resistor 
Green, Blue, Black, Orange, Brown 

R8 1K 1/4W x1 

 
Larger Resistor 
Mount vertically 
Brown, Black, Black, Brown, Brown 

R9 100K 1/4W x1 

 
Larger Resistor 
Mount Vertically 
Brown, Black, Black, Orange, Brown 
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R10 330R 1/4W x1 

 
Small Resistor 
Orange, Orange, Black, Black, Brown 

R11 2k2 1/4W x1 

 
Small Resistor 
Red, Red, Black, Brown, Brown 

R12 1k2 1/4W 
 Same value as R16 
 

x1 

 
Small Resistor 
Brown, Red, Black, Brown, Brown 

R13 200R 1/4W x1 

 
Larger Resistor 
Red, Black, Black, Black, Brown 

R15 100R 1/4W x1 

 
Larger Resistor 
Brown, Black, Black, Black, Brown 

 

 We can now fit the last resistor which is marked RV1. This kit does not require a variable 
resistor here so we will just fit a fixed value, 47k, resistor. This goes between the outside two 
holes (and nothing goes into the middle hole). 
 

 
The fixed resistor replacing RV1 
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RV1 Fixed value resistor  
 47k 

x1 

 
Larger Resistor 
Yellow, Purple, Black, Red, Brown 

 

 Follow these with the capacitors: C1, C3 to C10 and C12 to C16 (we will do C2 and C11 later). 
None of these capacitors are polarised so they can go in either way round. Note that C6 is a 
variable capacitor. Put the flat of the case next to the ‘+’ marking on the PCB. 
 

 
Variable Capacitor Orientation 

 

C1, C3, C4,  10n Ceramic 
C7, C8, C9, 
C10, C13, 
C14 

x9 

 
Marked 103 

C5 1pF Ceramic X1 

 
Marked 010 
 Note: the text on these devices is not readable but this 
is the only pale blue capacitor. It is the same as C11 
fitted later. 

C6 Varicap x1 
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C12, C15,  100n Ceramic 
C16 

x3 

 
Marked 104 

 

 Next come tow of the three diodes, D1 and D2. Note that these need to go in the right way 
round. The black band on the case goes to the banded side of the picture on the PCB. 
 

 
Diode orientation 

 

D1, D2 1n4148 x2 

 
Note: cathode is the Black Band, LHS of image 

 

 Unfortunately there is a small error on the PCB and we have to piggy back a resistor (R16) onto 
the last diode (D3). Do this by wrapping the legs of the resistor around the diode and soldering 
each in place before trimming the resistor legs. This assembly cab now be soldered onto to the 
PCB in the position of diode D3. Remember to get the diode in the right way round (black bar on 
case to the white bar on the PCB outline). 

 

                   
       Piggy backed R16 and D3                              The assembly soldered in place 

 
 

D3 1n4148 x1 

 
Note: cathode is the Black Band, LHS of image 
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R16 1k2 1/4W 
 Same value as R12 
 Not labelled on PCB 
 

x1 

 
Small Resistor 
Brown, Red, Black, Brown, Brown 

 

 Now you can solder in the two right angle connectors, J1 and J3, again push their legs 
through from the top of the board and solder them to the underside of the board. 
 

J1 5 pin rt angle header x1 

 
Top view 

J3 4 Pin right angle 
               female header 
 

x1 

 
Front View 

 

 Next we will place the Arduino Nano. Don’t solder anything yet. First you need to cut down 
the 2 headers to be the correct size (15 pins each). Place the short pins of both of the 
headers into the HF Swiss Army Knife PCB. If the pins have moved slightly on the black 
plastic part, then adjust them so that they are all even. Next put the Arduino Nano onto the 
longer pins (making sure the Nano is the correct way round (USB connector to the outside of 
the board and on the top surface). Make sure the Nano is all the way down the long pins so 
that it sits on the black plastic parts of the headers. Now solder two diagonally opposite pins 
on the top side of the Nano to give good overall location. Check that all the header pins are 
correctly aligned and still in position. Turn the whole assembly over and solder the same pins 
onto the underside of the PCB. This process should ensure that all the pins line up properly 
with the PCB and the Nano. If all is OK you can now go ahead and solder the remaining 28 
pins on both the top of the Nano and the bottom of the PCB. 
 

M1 NANO 
 
 

x1 
 
 

 

M1 Male Headers for 
                                                    Nano 

x2 
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 Once the Nano is nicely in place, solder in the IC Sockets – U1 and U3. Make sure to get the 
sockets the correct way round. The outline drawing on the PCB will show you which way to 
put the socket in. It is a good idea to solder the corners of the socket first, then check that it 
is properly positioned before soldering the rest of the pins. 
 

U1 16 Pin socket x1 
 
 

 
Note: notch on TOP of socket (LHS of image) 

U3 14 Pin socket x1 
 

 
Note: notch on TOP of socket (LHS of image) 

 

 Now we can do the rest of the SIL (Single in-line) connectors: J5 (2 pin male header) and J6 (5 
pin female header). 
 

J5 2 Pin male header x1 
 

 

J6 5 Pin straight header x1 

 

 

 Next solder in the two transistors. Make sure you have the correct device in place before 
soldering. There are 2 transistors, Q1 and Q2 but they are not identical, Q1 is a BF256B and 
Q2 is a 2N3904. 
 

Q1 BF256B x1 

 

Q2 2N3904 x1 
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 Now onto the coax/coil assembly.  
 

 
The Coax assembly 

 

L1 Ferrite Coil Former 
 
 Coil wire 
 
 Co-ax 

x1 
 
x1 
 
x1 

 

 
 

 Trim the ends of the coax as in the diagrams below. It is a good idea to hold one end of the 
inner with pliers when stripping the other end to prevent pulling the whole piece out. Tin 
the shield part and the two ends of the inner ready for soldering later, then put the coax to 
one side. Things to note: the shield on one end is twisted together to make a short piece of 
wire that can be soldered to the big solder pad. The shield at the other end is trimmed off at 
the black outer plastic. Make sure there are no stray pieces of shield that can touch the 
inner when it is soldered in place. 
 

 
 

         
(Actual size)

 
 

The coax dimensions 
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 Take the thin orange wire and wrap it around the ferrite to make the coil. You need 12 turns 
of the wire through the ferrite, (that is, pass the end of the wire through the ferrite 12 
times). Keep the wire nice and tight so that it makes even coils around the ferrite as in the 
pictures below. Make sure the first turn is in the direction shown below, it is important to 
wind the coil the correct way round. 
 

 
The first turn on the ferrite                                           The finished coil 

 

 Leave enough spare wire at both ends so that you can solder it to the board later. Now, slide 
the coil you have just made over the ends of the coax to make the final coil assembly as 
shown below.  
 

 
The coil on the coax 

 

 You can now go ahead and push the two orange wires though the holes in the PCB and 
locate everything prior to soldering. Next check that the coax inners will fit into the holes in 
the PCB and that the shield is long enough to be soldered onto the big topside pad. If all is 
good, solder the two orange wires onto the bottom of the PCB. Tip: It is a good idea to 
scrape some of the orange coating from the wires where they are going to be soldered to 
make soldering easier. Next push the co-ax inners through the holes in the PCB and solder 
them to the bottom of the PCB. Finally solder the shield to the big silver pad on the top side 
of the PCB. 
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Soldering the coax shield to the PCB 

 

 You can now fit the last 2 capacitors, C2 and C11. Note that C2 is polarised so you need to 
get this one in the right way round. The light blue stripe with the ‘-‘ signs in it indicates 
which pin is the negative terminal.  C11 can go in either way round. 
 

C2 10uF 6V Electrolytic x1 

 
Note: this device is polarised 

C11 1pF Ceramic x1 

    Marked 010 
Note: the text on these devices is not readable but this 
is the only pale blue capacitor. It is the same as C5 

 

 Next up are the two big connectors J7 and J8 (the BNCs). Tip: remove the nut and washer to 
make it easier to hold in place while soldering but remember to replace them afterwards. 
 

J7, J8 BNC socket x2 

 

 

 Once the components are all in place we can make the sub-assemblies. Start with soldering 
the 4 pin header (included with the OLED display) onto the display. To do this push the 
shorter pins through from the back of the display board and solder them to the front. 

 
OLED Header 
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 OLED 
 (goes into J3)  

x1 
 

 
Front View 

 

 Now make the switch assembly: 
 

Switch Assembly 

J4 Switch 
 
 Header cable 
 
 Rubber sleeve 

x1 
 
x1 
 
x1 

 
 

 

 Cut the jumper lead in half. Cut the 20mm rubber sleeve in half (using wire cutters) and slip 
one piece onto each cut lead. Now strip 4mm off the ends of both wires and solder them to 
the switch contacts on the same side of the switch. Slip the rubber sleeve over the joint once 
it has cooled. Snip off the other two legs of the switch. The switch leads can now be soldered 
into place (J4). Note that for best fit you should have the pins as shown in the picture below. 
 

 
Switch Positioning 
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 The last bit of soldering is the power connector in place (J2). It is important to get it the right 
way round. Red wire to the pin marked 7-12V and the black to the GND pin. 
 

 
Power connector positioning 

J2 Battery clip x1 

 

 The last steps: stick the feet onto the underside of the board, put the ICs into their sockets – 
make sure they are the correct way round, plug in the display and the GPS module, put the 
little jumper onto the header pin (J5), and you are ready to calibrate your board. 
 

           
           Feet Positioning                                IC Orientation                            Jumper on J5 
 

 Rubber feet x4 

 

 74LV4040 
 (Goes into U1) 

x1 
 

 
Pin 1 is bottom LHS of image 
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 74F74 
 (Goes into U3) 

x1 
 

 
Pin 1 is bottom LHS of image 

 GPS 
 (Goes into J1) 

x1 
 
 

 
Top view 

 2 Pin jumper 
  (Goes on J5) 

x1 
 

 

 
 

 
 

The finished HF Swiss Army Knife 

Further additions: 
You might like to consider adding an active antenna to the GPS. The module supplied with the kit is 

OK when it has good visibility of the sky but for indoor work or in areas without good visibility of the 

sky an active antenna might make the difference. In order to use one of these you will need to solder 

the supplied SMA connector on to the GPS module.  

Active antennas can be obtained from eBay for around £2.50 but be careful to choose one that has 

the correct connector on it (SMA male not RPSMA).   
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Calibration: 
The SWR and power readings require calibration.  

 Plug in a 50 Ohm dummy load to the antenna input. 

 Plug in an HF radio to the TX input. 

 Connect up the 9V power and turn it on. 

 Once the display is showing “Voltage” press and hold the switch for at least 3 seconds  

 “Cal1 Adj C” should appear on the screen (along with the Frequency and power for the first 

calibration stage). 

 Apply 29MHz, 10W to the TX input. 

 Adjust the capacitor VC1 to get the lowest reading on the display (this is the reverse power 

figure).. 

 Press the button. 

 Display should read “Cal2 50 Ohm”, again with the frequency and power required. 

 Adjust the radio to 2MHz, 10W. 

 Wait a few seconds and press the button (“Cal3 …” should appear). 

 Adjust to 2MHz, 1W and press the button (“Cal4 …” should appear). 

 Turn off the RF and change the Dummy load to 25 Ohms on the ANT input BNC. 

 Turn on the RF and set to 2MHz 10W 

 Press the button (“Cal5 … ” should appear). 

 Adjust RF to 2MHz 1W. 

 Press the button. The calibration will be saved and the display should return to the normal 

operation in the “SWR” mode. 

 

 The correct SWR reading at this point should be close to 2 if everything has worked 

correctly. 
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Use: 
Caution: Like most SWR meters, this meter does not provide a load to the Transmitter. It is 

important that when using the SWR, Forward Power, Reverse Power and Frequency modes that you 

have an antenna or 50 Ohm dummy load connected when using a normal Radio to supply the RF into 

the TC connector. This will avoid damage to the radio due to very high SWR. 

Connections: 

The following pictures illustrate the connections for the DC Voltage and Resistance inputs  

               

     Top Side view of V/R Connector                                      Bottom side view of V/R Connector 

Operation 

Each press of the switch will move the meter onto the next function 

UTC Time 

Once the GPS has got a lock, the time will be displayed here (note: UTC time does not go forward an 

hour in the summer so is close to GMT, not BST). 

Lat, Lng 

When a Lock is obtained, the current latitude (top) and longitude (bottom) will be displayed here. 

Maidenhead 

Again, once a GPS lock is obtained, the screen will display the current maidenhead locator. 

Frequency 

The frequency display is GPS locked to the one pulse per second (1PPS). Connect a frequency source 

to the TX input BNC and, if required, a dummy load or antenna to the ANT BNC. Note that for 1 to 

29MHz the device will count on 0.1W to 10W. For 50MHz the operating range is 0.5W to 10W. 

Voltage 

Connect a DC voltage source between pin 1(V) and pin 5 (GND) of the 5 pin female header J6. Take 

care not to reverse the connections or to exceed the maximum ratings (0V to 50V). 

Resistance 100R, 10K, 1M 

There are 3 resistance input ranges, 0 to 100 Ohms (pin 4), 100 to 10K Ohms (pin 3) and 10K to 1M 

Ohms (pin 2). Connect your resistor between the relevant range pin and the GND pin (5).  
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Forward Power 

Connect your RF source (transmitter) to the TX BNC connector and a dummy load or antenna to the 

ANT BNC. The screen will now display the forward power going from the transmitter to the antenna. 

If a 50 Ohm dummy load is used (or a 50 Ohm antenna) then this will be the output power of your 

Transmitter. 

Reverse Power 

Connect your RF source (transmitter) to the TX BNC connector and an antenna to the ANT BNC. The 

screen will now display the reverse power being reflected by the antenna back into the transmitter. 

SWR 

Connect your RF source (transmitter) to the TX BNC connector and an antenna to the ANT BNC. The 

screen will now display the VSWR of your system. 

Return Loss 

Connect your RF source (transmitter) to the TX BNC connector and an antenna to the ANT BNC. The 

screen will now display the return loss (in dB) from the Antenna connection.. 
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Schematic: 
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Layout: 

 

 


