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List of Materials

Resistors

3 R1, R2, R3 47 Ohms 2 Watt (Yellow Violet Black)
1 R4 1 k 1/2 Watt (Brown Black Red)
1 R5 150 k 1/4 Watt (Brown Green Yellow)
1 R6 1.5 M 1/4 Watt (Brown Green Green)

Capacitors

2 C1, C2 250 pF Polyvaricon
3 C3, C4, C5 0.01 uF

Inductors

1 L1 21 Turns on T106-2 Toroid, Red

Semiconductors

1 LED1 Red
1 LED2 Green
1 Q1 2N3904
1 Q2 2N3906
3 D1, D2, D3 1N4148

Hardware

8 Screw 6-32 x 3/8 inch
2 Screw M2.6x12 mm
4 Screw M2.6x4 mm
4 Standoffs 1.5 inch x 6-32
2 J1, J2 BNC
1 SW1 DPDT
1 SW2 1P12T Rotary
3 Knobs
2 3/8 Spacer Nylon Spacer
1 PC Board Includes Enclosure
1 J3 Red Binding Post
1 J4 Black Binding Post
3 Feet Buss Wire 22 AWG
1 Foot Magnet Wire 22 AWG
4 Rubber Feet
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Introduction
Thank you for purchasing the 4S-Tuner. The 4S-Tuner is a versatile random 
wire tuner that permits nearly any antenna to be matched to 50 ohms. It is a 
physically small, low parts count, end fed wire or coax fed antenna tuner. With 
an external balun it will also match antennas with balanced feedlines. It is easy 
to assemble and easy to use. A Pittsburg style PC Board is incorporated, as is a 
PCB enclosure. These instructions are for assembling the entire kit, including 
the enclosure. 

Theory of Operation
Refer to the Schematic, Figure 1 on Page 18, for the indicated component IDs.

VSWR Bridge 
The circuit detects a mismatch of the antenna using a Wheatstone bridge-type 
detector. The transceiver drives R1, R2, and R3, three 47 ohm resistors, with 
the antenna forming the fourth leg of the bridge. If the antenna is 47 ohms 
(only 6% off from ideal 50 ohms) the bridge is balanced, and the differential 
RF voltage between the two legs (between R1-R3 and R2-Antenna) is zero. 

The diode-capacitor circuit D1-C4 detects any differential RF voltage present 
and generates a negative DC voltage across the capacitor proportional to the 
amount of mismatch. 

The benefit of using a resistor bridge, as opposed to a more conventional 
transformer-type bridge, is that regardless of the impedance of the antenna, the 
worst VSWR ever seen by the transmitter while tuning up is 2:1. For QRP rigs 
without internal VSWR protection, this should prevent damage to the finals

Initial Assembly 

Getting Started
Note: Don’t rely only on the pictures, they are taken from several 
sources and may not be exactly like the production version. Review 
entire document before starting assembly.

Inventory the parts, then separate the 2 PC Boards into 6 pieces by flexing the 
joints back and forth until they break. Lightly sand or file the rough edges, and 
knock off the corners slightly with 2 or 3 light swipes of a file or sandpaper. 

You may wish to tin the pads, leaving a slight solder "bump" before installing 
the components. This allows easier soldering since you won't need to hold the 
part, solder, and iron at the same time to make the joint - just position the part 
and melt the solder on the pad. 
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Building the Inductor: 
This is not difficult, but let's get it out of the way first. The inductor is mounted 
to the switch by soldering it’s 12 taps to each switch position’s solder lug. 
There are 21 total turns on the core. Build the toroid by lacing the wire through 
the solder lugs of the switch UP through the core and around and down the 
outside. The three positions nearest the ground side of the coil have 1 turn 

between each lug, the rest have 2 turns between each lug. For the first time 
builder: each pass of the wire through the center of the core is counted as a 
turn. 

( ) Begin building the inductor by viewing the photos on Page 6 and the photo 
panels found on the 4SQRP 4S-Tuner web pages.

NOTE: Some of the pictures will show magnet wire being used in the 
beta kits. BUSS WIRE is supplied with the production kits to facilitate 
soldering to the switch lugs. It has been tested and works as well as 
magnet wire in this application. Plus it’s very easy to solder to the 
switch lugs (no enamel).

NOTE: there are two ways to wind the inductor according to your 
preferences. One with the most inductance at position ‘A’ on the front 
panel, and the other with the most inductance at position ‘L’. The most 
inductance will correspond with matching an antenna on 80M. The 
choice is yours.

Placing Maximum Inductance at Lug ‘A’ on SW2
For maximum inductance at lug ‘L’ refer to the next manual section.

Note: BUSS WIRE is used for winding the inductor. Some references 
show insulated wire used in previous versions and the prototypes.

( ) Before beginning refer to the coil graphic on page 19.

( ) Trial-fit the switch onto the PC board and mark the #1 and #4 lug positions 
on the wafer for future reference. Starting the winding at lug 4 allows the 
knob's set screw to sit in the shaft slot when the pointer is on A - very solid feel 
and the knob won't loosen. See Photo 1.

( ) For ease of assembly, remove and clamp the shaft of the switch in a vice. 

( ) Solder one end of a 2 inch wire to the common lug. See Photo 2. The 
opposite end of this wire will go to the 10 o'clock pad later. See Photo 3.

( ) Pass the buss wire through lug #4 from the inside out, solder it to lug #4 and 

Example of BUSS WIRE 

wound toroid. Note: Ensure 

that there is space between 

each of the winding turns.
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trim off any excess. See Photo 4. 

Note: lug #4 is the open (top) end of the coil as shown on the 
schematic, Page 18.

( ) Then thread the T106-2 core down the wire so that it rests on the switch 
with the red side up.

( ) Begin the winding sequence by bringing the wire down around the outside 
of the core, then back underneath, up and around the core, and then thru lug #3, 
and back UP through the center of the core. Be sure to get this first winding 
started correctly. See Photo 5.

There should be two windings on the core at this point. 

( ) The remaining turns are made by threading the wire through the lugs and 
UP thru the center of the core (as in sewing), and working your way CCW 
around the core. 

Note: Ensure that the correct number of windings are placed between 
and through each lug. As you wind, the first winding will begin at 
position 4, go around the core twice, and then through lug #3, then 
around the twice again and through lug #2 and so on. For the first 9 lugs 
(#4 through #7 counting CCW) there will be 2 turns between the lugs. 
The remaining 3 lugs will have one turn between the lugs - making a 
total of 21 turns with the single turns nearest the ground end of the coil.

Before soldering, double check your work by counting the number of turns 

around the INSIDE of the core. 

Refer to the schematic on Page 18. The lug joints are soldered after all the 
windings are completed. See Photo 6 of the first few turns and lugs

( ) Leave a 3 inch pigtail from the bottom of the core. The end of the winding 
will terminate at the 5 o’clock position, and is soldered to the 7 o’clock pad, 
which is ground. Refer to Photo 7 to ensure that you have it correct. 

( ) When finished with the winding, rotate the shaft so the switch contact has 
selected the highest inductance position. See Photo 7. The knob's set screw will 
then center in the shaft's slot, making a firm switching feel, and the pointer will 
be on position ‘A’. The last winding, after passing thru Lug #5, will be soldered 
to the 7 o'clock pad during final assembly. See Photo 8.

Go to the Continuity Testing Your Coil section.
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Placing Maximum Inductance at Lug ‘L’ on SW2
Note: These steps start with a single turn at the first 3 positions. The 
first turn will be between lugs #4 and #5.

( ) Before beginning refer to the Coil Graphic on Page 19.

( ) Solder one end of a 2 inch wire to the comon lug. See Photo 2. The opposite 
end of this wire will go to the 10 o'clock pad later. See Photo 16.

( ) Extend one end of the BUSS WIRE between switch lugs #4 and #5 about 
2 inches. This wire will be soldered to pad 7 later.  See Photo 8.

Hold the wire in place by taping it to the switch shaft and bushing. For ease of 
assembly, clamp the shaft of the switch in a vice. 

( ) Slide the T106-2 toroid down the wire until it rests, and is centered on, the 
switch lugs with the red side up.

( ) The first 3 turns are 1 turn per lug. The opposite of the “A” winding.

( ) Begin the winding sequence by winding the buss wire out, around, and 
down through lug #4. This will begin the grounded end of the coil. Refer to the 
schematic on Page 18 and imagine the coil switched end to end..

( ) Continue the winding sequence by bringing the wire UP through the center 
of the core, around the outside and down through lug #3.

( ) The remaining single turns are made in the same manner, ending the single 
turns at lug #2.

( ) The turns then continue CCW, but with 2 turns per lug rather than one, 
finally reaching lug #5 where the coil ends connecting to tab 10 via the switch 
common lug.

( ) Ensure that the correct number of windings are placed between each lug as 

you wind. After passing through a lug, go around the core twice, and then 
through the next lug, then around twice again and through the next lug, and so 
on. 

( ) Verify that there are 21 total turns by counting them around the inside of the 
core.

( ) The lug/wire joints are soldered after all the windings are completed. See 
Photo 8.

( ) When finished winding the coil, ensure that the switch contact has selected 

15 4
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the highest inductance position at lug #5.  See  the Photo in the side bar.

( ) During final assembly place the knob pointer at position A. Tighten the set 
screw. See Photo 21.

Continuity Testing Your Coil

( ) Attach one ohmmeter lead to the center lug wire with a small jumper.

( ) Then probe each lug by placing the tip below the solder joint, forcing the 
checking current through the solder joint. See Photo 9. 

( ) All lugs should show 0.00 ohms. If one doesn't, touch it up with a hot iron 
and a bit of solder and recheck.

( ) Remove the sub-assembly from the vise and set it aside until later, it will be 
installed last.

Installing the Components
Installing the components is quite easy—just pre-bend the leads, match them to 
their pads on the pc board, solder them in place, then snip the excess length.

Pre bend component leads as shown in Photo 10 and install as shown in Photos 
11 and 12.

Install in the following order, and checkoff each part as its installed.

Resistors

( ) 3 - R1, R2, R3 47 ohms 2 Watt
( ) 1 - R4 1k 1/2 Watt
( ) 1 R5 150k 1/4 Watt
( ) 1- R6 1.5M 1/4W mounted between R4 and R5. Solder it to the LH end of 
R4 and the RH end of R5

Capacitors

( ) 3 - C3, C4, C5 0.01u disks

Note: Set aside C1, C2, 250p Polyvaricons. These will be installed after 
the Switch/Coil assembly.
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Semiconductors

Note: The flat on the LED case or the short lead side should line up with 
the silk-screen line at the side of the mounting hole. If the flat is missing 
mark the short lead close to the LED dome before bending and cutting.

( ) 1 - LED1 Green

( ) 1 - LED2 Red

( ) 1 - Q1, 2N3904

( ) 1 - Q2, 2N3906
S
( ) 3 - D1, D2, D3 1N4148 Note Polarity
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Final Assembly 

SW1 Mini DPDT
( ) Install into the board and snug up the mounting nut on the panel.

( ) Cut four 1.25" pieces of BUSS wire, pre-bend them and tin the ends. See 
Photo 14.

( ) Install the 4 hookup wires to the associated lugs and pads. See Photo 15.

( ) Add and solder a jumper between the two lugs as shown in Photo 15.

SW2 1P12T with Toroid Assembly
( ) Fit the S1/Inductor sub-assembly to the board, install the washer and nut in 
the front panel and snug up.

( ) Solder the lead from the center lug to the 10 o'clock pad on the board as 
shown in Photo 16 and trim the excess lead.

( ) Solder the ground end of the coil wire to the 7 o'clock pad.

( ) On the front panel, install the knob pointing to “A” and tighten the set 
screw. 

BNC Connectors J1, J2
( ) Prebend center conductors as shown in Photo 19.

( ) Install on the PCB at locations J1 and J2 as shown in Photo 20.

( ) Solder the center connectors first so as to stabilize the connectors on the 
board. 

( ) Solder shell connections. Use plenty of heat on the ground connections - 50 
watts if you have it. Otherwise wait for the shell to heat up sufficiently to melt 
the solder. 

Polyvaricons C1, C2
( ) Install the nylon spacers with 1/2 inch screws. Snug firmly but don't 
overtighten. See Photo 21.
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( ) Bend the three tabs as shown in Photo 18.

( ) Fit to the board 

( ) Install and lightly snug the 4 front panel mounting screws, don't overtighten. 

( ) Solder the 3 tabs to the pads on the PCB for both C1 and C2.

( ) Set the trimmers to minimum, i.e., unmeshed as shown in Photo 17.

( ) The single pads on the opposite side of C1 and C2 are not used.

( ) On the front panel, rotate the LH polyvaricon CCW to the stop and install 
the knob pointing to 10.

( ) Rotate RH polyvaricon CW to the stop and install the knob pointing to 10. 

Assembling the Enclosure

The enclosure measures 3-5/16 inch x 3-1/8 inch, and the key to matching the 
sides properly is the number of solder pads on each. the longer sides have 6 
pads, see Photo 22, and the shorter sides have 5 pads, see Photo 23.

( ) Begin by placing the bottom on your work surface with the solder plated 
side facing up (toward the interior). 

( ) Match the solder pads of the sides to the pads of the bottom.

( ) Then use masking tape to fix one of the sides to the bottom.

( ) Work around the enclosure taping additional sides to each other and the 
bottom until all sides are in position similar to Photo 24. 

( ) Hold sides snugly in place with two rubber bands as shown in Photo 25/

( ) Ensure that all the tabs and notches are fully engaged.

( ) The tension on the sides should insure that they are square to each other. 
You may wish to verify that by measuring corner to corner diagonally across 
the top and comparing (they should be identical), or by using a square. 

( ) Solder each pad on the sides to the corresponding pad on the bottom. The 
pads have thermal relief. See Photo 26. Your soldering station set to it's highest 
temperature will provide adequate heat. Use plenty of solder in order to bridge 
the gap.
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( ) Solder each corner pad to its corresponding pad on the adjacent side. See 
Photo 27.

( ) Assemble the 1-1/2 inch threaded spacers in each corner by inserting the 6-
32 x 3/8" screws through the bottom.

( ) Assemble the binding posts: 

Note: The black binding post already has a ground connection on its 
mounting pad, so install it without the lug. Then Install the red post with 
solder lug between the two nuts. Connect it to a 2 inch piece of 22 AWG 
insulated wire and to the center conductor of the ANT BNC solder pad.

Remove the nuts, washers and solder lug, then insert the threaded bolt into the 
holes. Reassemble the hardware on the inside of the case with one of the nuts 
against the enclosure, and snug it up. Then assemble the solder tab, washer, 
and nut and snug it up also. J3, the red (antenna wire) post is insolated from 
ground by a gap in the copper around the hole, and is adjacent to the BNC 
connector J1. See Addendum Photo 1. Solder a wire from the red post to the 
center conductor lug of J1 on the board. See Addendum Photo 2. The black 
post doesn't need to have an extra wire to ground; it's grounded through the 
case. 

( ) Assemble the top panel with the 6-32 x 3/8 inch screws.

( ) If you wish, run a black Sharpie® along the sanded board edges so they will 
blend in better with the overall color. 

Congratulations! You have completed building the 4S-Tuner.
It should look something like this.
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Using the 4S-Tuner 

While this procedure may seem like many steps, in actual practice it only takes 
a few seconds to accomplish.

1. Switch indicator OUT. 

2. Set inductance and capacitance settings to the most band noise.

3. Switch indicator IN.

4. Key the transmitter in tune mode. 

Note: Don't change inductor settings while transmitting.

5. Rotate the left capacitor knob first, should see dip in the red LED.

6. If not, rotate the right capacitor knob.

7. If no dip, unkey the transmitter and change inductance setting.

8. Key the transmitter again.

9. Rotate the LH poly knob, should see a dip in the red LED.

10. If not, rotate the RH poly knob.

11. Repeat steps 7-10 as needed.

12. Then continue adjusting the polys back and forth in small increments until 
the RED led completely extinguishes or very nearly so. 

13. The green led should be at full brilliance.

14 Unkey the transmitter. 

15. Switch indicator OUT for operating. The SWR will be about 1:1

16. Record the settings for when you use the same antenna again.
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Photo Page 1

Photo 1.

Photo 3.

Photo 2.

Photo 7.

Photo 5.

Photo 8.

Photo 9.Photo 6.

Lug 4

Photo 4.

Pad 7

Lug 4

Lug 1

Lug 4

Common

picswpos pic 1714

7-10 pads

pic 1715

pic 1716 pic 1720

pic 1726

img 1562

pic 1728

Meter
Probe
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Photo Page 2

Photo 10. Lead Bending

img 1564

2N3904 2N3906

D3

C5

C4

C3

D2

D1

R 1, 2, 3

R 4, 5, 6

Photo 11. Component Locations

pic 1997 pittsburg bend r4r5r6 img 1669 red-grn led img 1574

A future change to the PCB will add pads for attachment of R6.
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Photo Page 3

img 1694

img 1560

img 1557 pic 1691

pic 1731

Photo 12. Photo 13. Photo 14.

Photo 15. Photo 16.

pic 1675

pic 1687

Photo 17.

Photo 19.

pic bnc img 1563

Photo 18. Photo 20.

Jumper 4 leads formed and
soldered to lugs/pads

Set to minimum

Q1

Q2

LEDs

Form and fit
Unused pads

Use Buss Wire

Bend and fit carefully as
rebend may break tabs

to PCB pads
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Photo Page 4

enc11
enc14 enc5

twobands
enc100 enccorn

Photo. 21.

img 1758

Align switch slot with position A
Position knob with pointer toward A
Tighten set screw into switch slot

Photo. 22. Photo. 23. Photo. 24.

Photo 25. Photo 26. Photo 27.

Short screws
4 places

Long screws
2 places

Spacers
2 places
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Figure 1. Schematic
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Figure 2. Switch Inductor Wiring
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Addendum

Photo. 1. Photo. 2.

Photo. 3.

Binding Posts

Future PCB Photo

img 1703

Solder wire to BNC 
center conductor pad

Solder to red binding
post center terminal 

No extra connection is needed for the black binding 

post.  It is connected to the PCB ground plane.


