The NorCal BLT Tuner

ThisManual Copyright 2003 by Doug Hendricks It may not be reproduced
in any form without the express written permission of Doug Hendricks.

Thank you for buying the NorCal BLT antenna tuner.
Thiskit hasbeen around for several years, but recently |
repackaged it, doing away with the pc board case and
the Manhattan construction style in favor of a pre
drilled custom aluminum case. The case is made from
very high quality .063 aluminum, and comes pre-drilled
for all controlsand connectors. Thiswill make assembly
much easier. There are two holes that you will have to
locate and drill in the bottom of the case, but thisis easy
to do. Why didn’t | have these holes predrilled? Wdll,
by not doing so, the top and bottom of the case are
exactly the same. Thisresulted in a significant savings
on the cost of the case and kept the cost of the kit down.

And you have already found out that the manual ison a
CD, instead of paper. This also helps to hold the cost
down, and will allow meto make changesasneeded. My
thanks to Dave Fifield, AD6A, James Bennett, KASDVS,
George Heron, N2APB, Gene Sailsbury, NOMQ, and
Paul Maciel, AK1P who all encouraged me to do so.
Please check the American QRP Club Web page at
www.amgrp.org for any corrections or additions to the
manual.
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Background

The tuner was designed by Charlie Lofgren, W6JJZ, who
isrenowned in the QRP World as a tuner expert. Charlie
has built all of the tuners used by the Zuni Loop QRP
Expeditionary Forcefor years, and they all swear by them.

Thistuner isa balanced linetuner only, and will not work
with coax feedlines unless modified as shown in the mods
section at the end of thismanual. It worksgreat with open
wire feeder, ladder line, zip cord and even computer
ribbon cable. Aslong as you are using balanced lineas a
feedline, thistuner will work.

Charlie designed this tuner to work specifically with the
polyvaricon variable capacitors that used to be available
from Mouser. | asked him to design it at first because |
wanted a simple tuner for a presentation that | was doing
at the Ft. Smith QRP Group Forum, Arkiecon 2000. It
turned out so well that everyone who saw it wanted one.
Thus the NorCal W6JJZ BLT kit was born. | would like
to thank Charliefor his efforts on behalf of NorCal. This
oneisgoingtobeaclassic.

The design is for a classic Z-Match, using inductive
coupling with L1, L2 and L3 wound on a single T-106-2
toroid. L2 or L3 is switched in and out of the circuit by
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Switch 2, located on the back pand of the tuner. The
“high” and “low” positions on the switch for the output
links may need clarification. The positions are for
“high” and “low” in termsof impedance, not frequency.
For a given band and antenna, try the High Z link first,
and use the Low Z link only if a match can’t be found
with the high link. (Often either link will allow a match.
In these instances, the High Z link produces better
efficiency as a result of loading the tank circuit more
heavily.)

The circuit also includes the famous N7VE LED SWR
indicator circuit. Dan Tayloe invented this several years
ago, and it has proven a great addition to the grp
fraternity. Thisallowsusto havean indication of lowest
SWR on the tuner (indicated by the dimming or LED
going out at minimum SWR.)

The circuit also is an dsorptive bridge, which means
that your transmitter sees a 50 ohm load as you are
tuning up. Thiswill help to save your final transistors!!
Thistuner israted at 5 Watts. | doubt if the polyvaricon
caps will take the 100 Watts of your big rig!! Now, lets
get started to build the kit. First of all, you will need the
following tools. 25 — 30 watt soldering iron, drill, 1/8”
bit, small Phillipsscrew driver, small blade screw driver,
pliers, diagonal cutting pliers, needle nose pliers and
about 4 feet of #24 solid insulated hookup wire. A
Volt/ohm meter is helpful also. Please read the manual
in its entirety before you start building. You may want
to print out the schematic, parts layout, parts list and
wiring diagram.

Building the BLT PC Board

Fig. 1 below showstheboard asit comesin thekit. This
typeof board iscalled a Pittsburg Style board because
the guy who makesthem, Joe Porter, WOM QY happens
tolivein Pittsburg, Kanas. Joeisagood friend of mine,
and does excellent work. The Pittsburg board issimilar
tothe Manhattan Style made famous by Jim Kortge,
K8IQY, with the main difference being that all of the
pads and traces have been etched on the board, sothere
are no padsto glue, and nowirestorun. Both styles
mount the partsdirectly to the copper, and usethe
remaining copper astheground plane.

Fig. 1 — The Bare Board

The first thing that you need to do is to tin the pads as
shown in Fig. 2. Prepare the board by scrubbing it with
fine steel wool, or a scotch brite pad.

Fig. 2 — The Tinned Board
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Fig. 3showsthe 2 pieces of #28 magnet wire, onered
and onegreen, plusthe small gray toroid. Unwind the
wire, and straighten it out by running it between your
fingersuntil thewireisstraight.

Fig. 3 — Small Toroid + Wire

Wewill start the building process by windin atoroid
that isused astransformer T1. It iseasier to mount the
toroid at thistime because nothing elseisin theway.
You will usethered wireand green wireplusthetoroid
shownin Fig. 3.

Fig. 4 showsthetoroid after the 25 turnsof red wire
have been wound. Start windingthetoroid and count
every timethat the wire goesthrough thetoroid asone
turn. Thisisthe secondary winding of T1.

Fig. 4 — Toroid with 25 Turns of Wire

Next, takethestrand of green #28 wire, and cut off a
piece about 8incheslong. Thiswill beused towind the
5turn primary of T1 over the 25 turn secondary. Wind
thegreen wire5turnsasshown and try to spaceit so
that it isthe samedistancefrom the start and finish of
thered wireasshown in Fig. 5.

Fig. 5 — T1 with 5T Primary and 25T Secondary
windings

Thenext step isvery important. Be careful here, because
thisiswhereabout 90% of problemswith thistuner
happen. You must removetheirsulation on the four wires
of T1 back towithin 1/8" of the edge of thetoroid. Don’t
worry it iseasily done. Takeamatch, and burn the
insulation off onewire. Becareful and don’t get it too
closetothetoroid. Then, use somesteel wool and clean off
the burned paint until you see bright, shiny copper. Now,
dotherest of thewiresthe sameway. When you haveall 4
wirescleaned, tin them using your solderingiron or a
solder pot.

Refer to Fig. 6to get the placement of T1 correct. Solder
the green wiresfirst asshown, and then finish with thered
wires. Test the solder connectionsfor continuity by using
aVOM and placing the prabes near the wire connections
and seeing if you have continuity. If you dofine, if you
don't, find out wheretheshort isand fix it now whileit
easy to get to.

When you finish, thetoroid should look like Fig. 6 below.

Fig. 6 — Toroid Mounted on Board
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Next wewill solder on the6- 100 ohm resistors. But
first we need to preparethem. Takethefirst two, and
preparethem asshown in Fig. 7. You will mount them
on the padsfor R2 and R2A.

Fig. 9, Resistors R3 & R3A ready to solder.

Fig. 7 — 100 ohm Resistor ready to mount

UseFig. 8to figureout where R2 and R2A goon the
board.

Fig. 10, Resisitors R3 and R3A soldered on the
board.

Notethat Resistors R2 and R2A aredirectly behind R3
and R3A in Fig. 10. Finally, preparethelast two 100 ohm
resistorswhich will be R1 and R1A. Solder them on the
board asin Fig. 11.

Fig. 8 — Resistors R2 & R2A Mounted.

Next wewill prepar etwo more of the 100 ohm resistors,
R3and R3A. They will need to be prepared asin Fig. 9.

Fig. 11. Resistors R1 and R1A to the right of the
toroid.
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Prepare R4, theYawatt 1K resistor, brown, black, red,
gold asyou did the 100 ohm resistors, and solder in
place as shown in Fig. 12, and on the parts placement.

Fig. 12 — R4 soldered in place just to the left of the
toroid.

We only have 2 more partsto add to the pc board, the
IN34A diode and the .1 capacitor. Fig. 13 showsthe
diode after it hasbeen prepared for soldering. Notethe
orientation of the black band and the way that the diode
isprepared. Make surethat you do yoursexactly the
sameway, and solder it on the board the exact same way
as shown.

Fig. 13 — Diode D1 prepared for soldering.

After you prepare D1, solder it on theboard asshown in
Fig. 14. Makesureyou doit thesameway. Itisalittle

bit hard to seein the picture, but the end with the black

band goes on the middle pad, and the other end goesto

thesame pad that thered wirefrom thetoroid goesto.

Fig. 14 — Mounting D1.

Thelast part to put on the pc board isthe .1 capacitor, C1.
Prepare C1asshown in Fig. 15.

Fig. 15 — C1 prepared to solder.

Solder C1 ontheboard asshown in Fig. 16. Notethat one
end goesto the pad to theleft of D1, and the other end goes
totheground plane.

Fig. 16 — Placement of C1.
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Fig. 17 showswhat the board should look like now.

Fig. 17 — The board after all parts are mounted.

Next drill a /8" hole as shown to be used to mount the
board to the metal standoff. Thisishow ground is
connected to the case, and you should make surethat
you tighten the screws down tight. When you locate the
holebe careful to not inter ferewith any partson the
board.

Fig. 18 — The board mounted on standoff.

Put theboard aside for now, aswe will assemblethe case
next.

Case Assembly and Parts Preparation

The case comesin four parts, afront panel, rear panel,
top and bottom. Thetop and bottom connect tothe
front and rear panelsby the ¥’ x 4-40 flat head screws.
Find the case and set it aside for now.

Thefirst step isto preparethetwo capacitor sto mount
tothefront panel. Take oneof the nylon spacers, and a
12 x 2.6 mm screw and attach the nylon spacer tothe
capacitor asshown in Fig. 19. Thenylon spacer will
becomethe“ shaft” of the capacitor. | useasmall drop

of super glue between the nylon spacer and the capacitor
tokeep it from turning. Make surethat you don’t get any
on the capacitor shaft if you do this.

Fig. 19 — Variable capacitor with nylon spacer
attached.

Find the other variable capacitor and prepareit the same
way. Now find the 4 screwsthat fit thecaps. They are
small, round headed screws. Try onefor afit to makesure
that you havetheright ones. Attach both C2 and C3tothe
front panel.

Now let’ s preparethe 2 switches. You will find 2 dpdt
switchesin thekit. Switch 1 goeson the front panel, and
Switch 2 goeson theback. Find aresistor lead and useit
to short thetwo pinsof switch 1 asshown in Fig. 20.

Fig. 20. — Switch one with the two pins shorted.

Besureto solder the connections. Make surethat you
don’t hold theiron on the pinsany longer than needed, as
thepinsarefragileand can melt.
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Cut 4 piecesof solid insulated wire4” long. | used some
wireout of telephone cable. Connect them to the four
remaining pinsof Switch 1asin Fig. 21.

Fig. 21 — Switch 1 ready to mount on the front
panel.

Mount Switch 1 on thefront panel, making surethat the
“jumper” ison the bottom.

Thiscompletesthe assembly of the front panel except for
the LED, which wewill do later. Lay it asidefor now.

Prepare6 more4” leadsof solid insulated copper wire.
Attach them to Switch 2 asshown.

Fig. 22 — Switch 2 prepared for installation.

Find the back panel and install Switch 2 at thistime.
Then mount the BNC and the two binding posts as
shown in Fig. 23. Makesurethat you useawrench or a
pair of plierstotighten the BNC and the Binding Posts.
It isdifficult to do after you have donethewiring. Note:
If you intend to put in the unbalanced tuner mods, you
should drill your holesin theback panel asindicated
beforeyou assembleit. Seethemods section at theend
of themanual. When you finish with the back panel
assembly, set it aside.

Fig. 23 — Back Panel

Thelast part todoisthebigred toroid. Itisreally easy to
do. Just follow the pictures. Remember that a winding or
turn on atoroid iscounted every timethewire goes
through the holein the center.

Fig. 24 — Red Toroid and Heavy Wire.

Start by taking a 30" piece of thered heavy wire. Fold it
in half, and scrapetheinsulation off for ahalf aninch on
either sideof thefold. Then, twist thewirestogether as
shownin Fig. 25.
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Fig. 25 — Twist in heavy wire.

First wewill wind L1. Usethewirewith thetwist that
you havejust prepared towind the 16 turnson thered
core, starting in the middlewith thetwist against the
core, and wind 8 turnsin onedirection and 8 turnsin
theother. Keep thesame* sense” whilewinding, and
you should end up with a corethat lookslike Fig. 25
after you have scraped the insulation off the ends of the
wire.

r’

-

Fig. 26 - L1 wound on the red core.

Now take another piece of theheavy wire, cut it 24” long
and wind 12 turns, with six on aside of thetap in the
middle. When you finish, scrape off theinsulation and
make aloop as shown. Thiswinding isrepresented by
thebluewireinthiscolor version of themanual. You
may choseto usedifferent colored wireas| have, but
you may also usethered wireprovided in thekit. | used
the different colorsto show the windings better for this
manual. SeeFig. 27.

i

Fig. 27 — L2 and L1 both wound on the red toroid.

Notethat thelighter wireiswound between thewindings
of L1

Our final windingisL 3. Cut apieceof wire 18" long and
wind 6 windingsaround L2 and L 1, with 3windingson
each sideof thetap. Itisrepresented by theorangewirein
thecolor version. Besureto scrape off theinsulation and
makethe connecting loops.

Fig. 28 — The finished Toroid, note the tap on the
right side.

Find the solder lug and solder it tothetap of L1 asshown
in Fig. 29.
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Fig. 29 — The large toroid prepared for mounting.
Put thetoroid aside, and prepareto assemblethetuner.

Get thepcboard. Locateit on theleft side of the bottom
of the case, mark a holeto mount the standoff.

Put thefront and back on the case, so you will have
plenty of clearance from the connectorsand controls.
Placethe pc board ascloseto theleft side asyou can, but
leave a gap of about 1/8” between the board and the
side. My holewas 3/16” from thesideand 1 3/8” from
thefront edge. Usetheholein the pcboard to mark
wherethe holeneedsto bedrilled. Next, useadrill to
drill a1/8" holein the bottom of the case. Do not mount
the pcboard yet.

Fig. 30 — Placement of the pcboard on left side of
case to locate mounting hole.

Next, with the back panel on, find and locate the hole for
thebigtoroid ground lug. Minewas 3/8” from the back
and right in the middle between thetwo holesfor the
binding posts.

Fig. 31 — Location of hole for big toroid ground lug.

After you locatethe hole, drill a /8" hole asshown in Fig.
31 above.

Next, usea 4-40 x ¥4 screw and 4-40 nut to mount the
toroid asshown in Fig. 32.

Fig. 32 — Large Toroid mounted by lug.

Use the mounting standoff, 2 star washersand 2 4-40 x ¥4’
screwsto mount the pcboard. It isimportant to maintain
a good ground connection between the board and the case.
Assemblein thisorder.

Place screw through bottom of case.

Put star washer on screw.

Put standoff on screw and tighten.

Put PC Board on standoff.

Put star washer on board centered over hole.
Put screw through star washer and pc board
assembly to attach to standoff. Make surethat
both screws aretightened securély.

ogrwNE
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Fig. 33 — Stand off , screws and star washers.

Now we areready towirethetuner. Pleaserefer tothe
wiringdiagram in Fig. 34. | havedrawn it in color to
makeit easier to follow. Wire as shown.

When you arewiring the LED, remember that the
shorter leg of the LED istheonethat goesto ground.
Solder 2wiresabout 3" longtothe LED.You may usea
spot of super glueto mount the LED in the case, but
make surethat you don’t get any on thelens. Mount the
LED in thefront panel, and then follow thewiring
diagram to connect the LED to the proper placeson the
PC Board.
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BLT Wiring Diagram

Note: Banded End of
D1 is closest to the
Board.

Fig. 34 - BLT Wiring Diagram
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NorCal W6JJZ "BLT" Tuner

SW1
DPDT co
J1 ® () Operote 10-2]2/‘0pl-' -
\ DPDT
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C2, C3 140/80 Polycaps with sections in parallel
Be sure to set trimmers to 0.
L1 = 16T on T106-2, Tapped P 8T to Ground

L2 = 12T centered oround ground tap of L1
L3 = 6T centered around ground top of L1
T1 = 5T Primary/25T Secondary on FT37-61

Fig. 35 — BLT Schematic

PCBoard Parts L ayout

|— To SW1

R3 %@— R1R1A

8T ?CP
— To SWI

—1 To + LED
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Fig. 36 — Parts Placement Diagram

NorCal BLT manual —rev 1.0
12




Parts List

Cl=.1uF

C2, C3=140/80 Polyvaricons

D1=1N34A

D2 = Super Bright Clear Red LED

R1,R1A, R2, R2A, R3, R3A = 100 ohmg/ 1 Watt
R4 = 1K/ YaWatt

SW1, SW2=DPDT Toggle
J1=ChassisMount BNC

J2,J3=5Way Binding Post

L1,L2, L3all wound on one T106-2 Core
T1=5T Primary/25T Secondary on FT37-61
4 x 4x2.6mm pan head screws

2 x 12x2.6mm pan head screws

2 x 3/8 Nylon Bushing

18" #26 Red Wire

18" #26 Green Wire

6 #22 Red Wire
2 Black Knobs
1#4 Solder Lug
1% Standoff

3Y4" x #4 Panhead screws

1—-4-40 Nut

8 Y4’ x 4-40 under cut flathead screws
2 4-40 star washers

4 rubber feet

Mods:

If you want to use your tuner with a coax fed or long
wireantenna, asimple mod makesit possible. It
involvesdrilling 2 new holesin the back panel, and
adding a single pole switch and another BNC. Hereisa
picture of the back panel with the new holesdrilled. |
drilled mine 3/8” tofit theBNC, and you will haveto
determinethe sizefor the switch based on the switch
that you use. By theway, the partsare available at
Radio Shack if you don’t havethem in your junk box.

Fig. 37 — Back Panel with mod holes drilled.
After you drill the holes, mount the parts. It should
look like the picture below.
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Fig. 38 — Back Panel with mod parts added.

The wiring is simple. The photo below shows the
additional wiring that you have to do for the mod. You
gill have to wire the tuner as per the main wiring
diagram, but | have left those wires off to illustrate the
added wiring for the mod. Note that you may also go to
the solder lug of the big coil for ground, | chose to use
the solder lug on the BNC.

Fig. 39 — Wiring diagram of additional wiring
needed for mod. Note that the normal wiring is not
shown in the picture for clarity.

Tooperatethetuner asalongwireor Coax fed tuner,
all that you haveto doisswitch theadded switch in,
which will ground one of the binding posts. Now the
tuner will work with either coax or longwire. Besureto
connect thelong wireto the center binding post, and the
counter poiseif used tothe outside binding post. Also,
don’t forget to return the switch to normal off position
when you are using thetuner in the balanced
configuration
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