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Thank you for purchasing a 4 State QRP Group Stand Alone VXO (SAVXO) kit. We hope you enjoy building it and using
it to drive a transmitter, such as the NS-40, or a rig of your own design.

The SAVXO is a wide tuning range VXO utilizing 3 crystals in parallel to achieve its tuning capabilities. It can provide in
excess of 250 milliwatts of RF power output into 50 Ohms, enough to drive transmitters of many designs. The output is
also isolated and floating, so that it can be used with transmitter designs needing that capability.

This kit only has 42 parts, so it can be built in a few hours of bench time. While somewhat compact, it can be assembled by
beginners as well as seasoned professionals. The key is to go slowly, marking off the parts with a highlighter on a copy of
the schematic as they are soldered into the printed circuit board. At the end of the assembly, all of the parts on the PCB
should be there and no parts on the schematic should be left unhighlighted.

Assembly follows a logical build progression which will minimize mistakes and also allow testing of the SAVXO as it is
being constructed. All parts are installed from the top or component side of the PCB, except the two swage pins that are
used to mount the shafted potentiometer. Photos are used to show various states of construction to aid the builder.

Here we go........

1) Unpack your kit and inventory the parts against the Bill of Material show in this manual. If parts are missing,
contact Rich Fowler, KSMEG for replacements. His email address is: k8meg.rich@gmail.com.

2) Solder the two, 2-pin male headers to the PCB at the “VXO” and “VXP” locations. The PCB should look like the
photo below.
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3) Insert the long ends of the two swage pins from the bottom of the PCB and solder them. Set the outside tabs of the
10K shafted potentiometer over these pins on the top side of the PCB, gently pushing the potentiometer toward the
long dimension of the PCB while also holding it square vertically, and solder each outside tab to its respective
swage pin. Then, reaching under the potentiometer with the solder iron, solder the center tab. The PCB should
look like the photo details below.

Jim Kortge, K8IGY

4) Install the following parts: Q1 - PN2222A, D1 — MVAM109 (has two leads but body looks like a transistor), and
D2 — 1N4148. Next install R2 — 100K, R3 — 15K, R5 — 100K, R11 — 100 Ohm, and TR1 — 1K (resistive trimmer).
Then install C1 — 0.1uF, C5 — 47pF, C6 — 0.1uF, C8 — 47pF, C9 — 0.01uF, and C10 — 47pF. Now install L4 — 18uH.
L4 is mounted above the PCB by about 3/16 of an inch and uses the left pad of L4 and the right pad of L2. Finally,
install X1, X2, and X3 — 7040 or 7122 Khz. Use a Kraft paper spacer under each crystal to insulate it from the



3)

6)

7)

PCB pads before soldering, as shown in this insert photo.

After the crystals are soldered, ground their cases to the pad provided. Note: R6, C7, L1 and L2 are not used;
cross them out on the schematic. Those PCB pads were provided for builders who would like to experiment with
the VXO and additional parts to expand its frequency coverage. The PCB should look like the photo below.
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First Section Tests

Apply 9-15 volts to the VXO Power Header (VXP) with the correct polarity. Pay attention to this step, as there is
no reversed power protection built into this circuitry. The header terminal closest to you in the above photo is the
negative power lead (Ground) and the header terminal farthest away is the positive power terminal (Plus). If it is
not obvious looking at the above photo or the PCB itself, note that resistor R1 is fed from the positive power
terminal. Turn the TR1 trimmer fully clockwise, the setting for maximum signal output. Measure the signal level
with whatever equipment you have at your disposal on the R4 pad closest to C9. If using a common RF probe, the
signal should be around 4.5 volts. If an oscilloscope is available, the level will read approximately 11 volts peak-
peak. Verify that the signal level changes as TR1 is varied. If a frequency counter is available, the VXO
frequency can be measured at this same location. For units with 7122 KHz crystals, the frequency will range from
nominally 7115 KHz to 7123 KHz, depending on the setting of potentiometer VR1.

Continue building by installing the following components: Q2 — PN2222A. Then R4 — 10K, R8 — 15K, and R10 —
470 Ohm. Finally, install C2 — 0.01uF. With these parts added to the PCB, it will look like the photo shown below.
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Second Section Tests

Apply 9-15 volts to the VXO Power Header (VXP) with the correct polarity. Pay attention to this step, as there is
no reversed power protection built into this circuitry. The header terminal closest to you in the above photo is the
negative power lead (Ground) and the header terminal farthest away is the positive power terminal (Plus). Ifit is
not obvious looking at the above photo or the PCB itself, note that resistor R1 is fed from the positive power
terminal. Turn the TR1 trimmer fully clockwise, the setting for maximum signal output. Measure the signal level
with whatever equipment you have at your disposal on the L5 pad closest to C2. The signal levels should be
approximately the same as were measure in the previous set of tests.



8) The last of the components will now be added to the PCB beginning with: Q3 — PN2222A, D3 — 1N4148, and D4
— 1N4148. Next, install R1 — 820 Ohm, R7 — 470 Ohm, and R9 — 18 Ohm. Now install C11 — 0.1uF and C12 —
0.01uF. And finally L5 — 100uH. Install the heat sink on Q3. The PCB should look like the photo below.
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Two build options are available for installing T1, C3, L3, and C4. Both were performed so that photos of each
could be shown in this Assembly Manual.

Option 1: This configuration is chosen when the SAVXO will be used as a Stand Alone Frequency Control
Element in a home brew transmitter or driving an existing transmitter where one side of the crystal is grounded.
For this option, transformer T1 is wound with 4 turns on the primary winding and 4 turns on the secondary
winding. On 40 meters, the following component values are provided: C3 —470pF and C4 —220pF. L3 — 1.2 uH.
These three components form a Low Pass Filter to lower harmonic content and to also set the output impedance of
the SAVXO to 50 Ohms. (If'the SAVXO is used on other bands, these components are frequency scaled up or
down for the band used. An example of how to do this is included later on in this manual.) The Option 1
configuration is shown in the photo below.

Build Option 1: General Use with Low Pass Filter

9) Third Section Tests
Apply 9-15 volts to the VXO Power Header (VXP) with the correct polarity. Pay attention to this step, as there is
no reversed power protection built into this circuitry. The header terminal closest to you in the above photo is the
negative power lead (Ground) and the header terminal farthest away is the positive power terminal (Plus). If it is
not obvious looking at the above photo or the PCB itself, note that resistor R1 is fed from the positive power
terminal. Turn the TR1 trimmer fully clockwise, the setting for maximum signal output. Measure the signal level
with whatever equipment you have at your disposal on the VXO output header. If using a common RF probe, the
open circuit signal should be around 8.5 volts. If an oscilloscope is available, the level will read approximately 20
volts peak-peak open circuit. Adding a 50 Ohm load across the output will reduce the voltage to nominally 13
volts peak-peak.

Option 2: This is the configuration that must be used if the SAVXO will be driving a NS-40 MOSFET transmitter.
The NS-40 requires a great deal of drive and the source must look resistive at approximately 200 Ohms. To
achieve this with the SAVXO, T1 is wound with 4 turns on the primary and 5 turns on the secondary winding, as



shown in this insert photo.

In addition, C3 is a 47pF capacitor, L3 is replaced with a jumper, and C4 is a 220 Ohm resistor instead of a
capacitor. All of these values are supplied with the kit, so it can be built either way. When the Option 2 values are
used and the SAVXO output is connected across the crystal socket of a NS-40, the NS-40 can be driven to full
output while having the ability to vary the transmit frequency. The Option 2 configuration is shown in the photo
below.

Build Option 2: NS-40 Configuration

9) Third Section Tests — Option 2
Apply 9-15 volts to the VXO Power Header (VXP) with the correct polarity. Pay attention to this step, as there is
no reversed power protection built into this circuitry. The header terminal closest to you in the above photo is the
negative power lead (Ground) and the header terminal farthest away is the positive power terminal (Plus). If it is
not obvious looking at the above photo or the PCB itself, note that resistor R1 is fed from the positive power
terminal. Turn the TR1 trimmer fully clockwise, the setting for maximum signal output. Measure the signal level
with whatever equipment you have at your disposal on the VXO output header. If using a common RF probe, the
open circuit signal should be around 11 volts. If an oscilloscope is available, the level will read approximately 27
volts peak-peak open circuit.

You are done! Hopefully, this project was fun to build and will be a useful addition to your shack or other design/building
efforts.

Additional pages in this manual contain backup information including the Bill of Material, Schematic Diagram, PC Board
Overlay and a one page discussion on putting the SAVXO on other frequencies.
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SAVXO0-V1.0B Parts List

Parts list
0.01uf (103) C2,C9, C12
0.1uf  (104) Cl1, Ce, C11
47pf (470) C3*, C5, C8, C10,
220pf  (221) C3
470pf  (471) C4

Quantity Value

1
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18
100
220
470
820
10K
15K
100K

Quantity  Value

1
1
1
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1.2uh
18uh
100uh

IN4148
PN2222A

Resistor Color Code

Brown Grey Black Gold Brown
Brown Black Brown Gold

Red Red Brown Gold

Yellow Violet Brown Gold
Gray Red Brown Gold

Brown Black Orange Gold
Brown Green Orange Gold
Brown Black Yellow Gold

Inductor Color Code
Brown Red Gold Silver
Brown Gray Black Gold
Brown Black Brown Gold

Misc. Components

Diode

Transistor

MVAMI109 Varicap
As Ordered X1-X3

IK
10K

TR1

VRI1

#30 wire

PC Board

BN-43-2402 binocular core
Micro Swage Pins

2-Pin Male Header

2-Pin Female Header
TO-92 Heat sink

= Option 2 Build Components

Parts list
R9

R11

Used at C4*
R7,R10

R1

R4

R3,R8
R2,R5

Parts List
L3
L4
L5

D2, D3, D4

Q1-3

D1

Either 7040 KHz or 7122 KHz
Trimmer Resistor

Panel Pot.

For winding T1
SAVXO-V1.0B

T1



Schematic Diagram

Stand Alone VX0 Vi.0B
Jim Kortge, K8IQY
November 20, 2011
Copyright 2011 Forward
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T1 Winding Information

Here is a short tutorial on how to wind transformer T1

Begin with the BN-43-2402 binocular core and two 6
inch lengths of #30 wire.

Bend a wire back on itself about 1.25 inches and insert
into the core from one end. Snug this first turn up
tightly, but not to the point of breaking the wire.

Wind on an additional 3 turns, keeping the turns tight and organized
on the core. A turn is counted when the wire goes through a core hole
and back through to the opposite side. When 4 turns have been
wound on the core, the opposite end from where the wires exit will
show 4 turns.

When 4 turns have been wound on, trim off the excess wire leaving
about | inch long leads.




On the opposite end, repeat the process of winding either 4 or 5 turns
on the core, keeping the turns tight and neat. If winding 5 turns on
the core, mark that end (on the core) so it can be installed correctly.

Trim all of the wires to approximately 1 inch, remove
the insulation, then tin each lead as shown. T1 is now
complete and ready to install into the PCB.




Connecting the SAVXO to the NS-40 Transmitter

Many builders of the Four State QRP Group Stand Alone VXO (SAVXO) intend to use it to drive a new or existing NS-40
Transmitter, also sold by Four State. What will not be obvious to most is the way the SAVXO is connected to the NS-40, so

that they both work as intended. This document addressed that need.

The SAVXO has two build options available. When built to drive the NS-40 transmitter, the SAVXO has a 220 Ohm
resistor across the output to properly load the NS-40, so that it is stable and can run without a crystal. Below is a photo of
the SAVXO with that option shown.

—

- » v O
80°TN OXN SUolw puelg

| ¥YeZ wbpifdes

21€C

i
il iy

TTOZ ‘Bz Jsqwsac

k=

The 220 Ohm resistor used in the NS-40 option is the one shown just to the right of C12.

Connecting the SAVXO to the NS-40 requires 4 connections. These are shown in the next photo, which is the NS-40 circuit
diagram that has additional information appended to it to show where the SAVXO connections go.
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First of all, the NS-40 and the SAVXO need to receive their power from the same power supply, so that they share the same
ground reference. Also very important, if the NS-40 and SAVXO pair will be keyed by a MagicBox T/R unit, that should
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also be powered from the supply common to the NS-40 and SAVXO. Using the same power supply will eliminate any kind
of grounding issues which might occur if using different power supplies.

Referencing the photo below, the VXP header contains the SAVXO power supply connections with the left pin being pin 2
(- connection) and the right pin being pin 1 (+ connection).

Referencing the NS-40 circuit diagram and the above photo, VXP1 is connected to the +12 supply point on the NS-40 PCB.
VXP2 is connected to the “hot” side of the NS-40 key line, the point on the NS-40 diagram and PCB labeled “Key”. That
takes care of the first two connections. Use the supplied female header supplied with the SAVXO kit to make these
connections.

Referencing the photo above, the VXO header contains the SAVXO RF output connections with the left pin being pin 2
(““cold” connection) and the right pin being pin 1 (“hot” connection). This part of the SAVXO circuitry is floating and does
not share a ground common to the rest of the SAVXO PCB.

Again referencing the NS-40 circuit diagram and the above photo, VXOI1 is connected to the NS-40 crystal pad that shares a
connection with the 2N7000 gate. Looking at the NS-40 PCB, that would be the left lead of the crystal. VXO2 is connected
to the NS-40 crystal pad that shares a connection with the C7, R3 and IRF510 gate, which is also the right lead of the
crystal. As before, use the supplied female header supplied with the SAVXO to make these connections.

Note: The crystal of the NS-40 must be removed prior to making the connections from the SAVXO. It is recommended to
use 3 pins of a machined pin IC socket as a crystal socket after the crystal is removed. The center pin of the 3 is cut off on
the bottom side, so that only the outer pins remain. This can then be soldered to the NS-40 PCB where the crystal was and
the crystal can be reused if desired, as long as the SAVXO isn't plugged in. As another suggestion, on the other end of the
leads coming from the VXO header, use another set of 3 pins with the center one cut off as a male plug to plug the SAVXO
RF drive into the NS-40. The VXO leads should be kept under 6 inches in length and the pair of wires color coded so that
the “hot” lead is distinguishable from the “cold” lead. Twist the leads together at 3-4 turns per inch to improve the
immunity of this pair to stray RF. The power supply leads to the SAVXO should be as short as practical to reduce stray RF
pickup.

Once the SAVXO is properly connected, close the key and while driving a dummy load, watch the power output of the NS-

40 on a suitable meter. Increase the drive from the SAVXO using the SAVXO TR1 trimmer until the NS-40 power output
peaks. When a peak is reached, back down the drive from the SAVXO about 5%, just so the NS-40 isn't being over driven.
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Putting the SAVXO on Other Frequencies

It is a simple matter to put the SAVXO on other frequencies. Essentially, four changes are required. First, the X1-X3
crystal set would be replaced with another set on the desired frequency, say 18.096 MHz (17 Meters), and available from
ESS. Then, a suitable L4 inductor is needed to allow that set of crystals to be moved down in frequency the desired amount.
How large or small that inductor should be is determined experimentally. For the 18.096 MHz crystal set in this example, a
value of 3.9 uH was found to be quite close to the ideal, providing a tuning range from 18.073 MHz up to 18.0962 MHz.
The next larger standard value molded inductor, 4.7 uH results in the lower frequency being below the bottom of the band.
Along with the inductor, it was found that a resistor value of 22K at location R6 improved the tuning a bit, so that value was
used. R6 reduces the Q of the inductor and may or may not be needed and its value is again found experimentally. Finally,
the low pass filter elements have to be changed to match the new frequency. This is done by frequency scaling the values
provided in the SAVXO kit to the new band. Scaling always follows this rule; higher frequencies result in smaller values,
and vice versa. Below are examples:

Kit values provided for 7.XXX MHz: C3- 470pF, L3-1.2uH, C4-220pF

Old Frequency/New Frequency=Scaling Factor, therefore, take 7.1 MHz and divide it by 18.1 MHz for a scaling factor of
0.3923. Multiply all of the original values by 0.3923 to get the values needed for the new low pass filter.

470pF X 0.3923 = 184pF, so use a 180pF NP0 capacitor for C3

1.2uH X 0.3923 = 0.47uH, so use a 0.47uH molded inductor for L3

220pF X 0.3923 = 86pF, so use an 82pF NP0 capacitor for C4

That's it....could not be simpler. The above example was chosen since a SAVXO was built for 17 Meters using ESS crystals

on one of the early prototype PC boards. Below is a photo of that unit. One can plainly see the above values in the low pass
filter on the left side of this photo.
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T1 Winding Information

Here is a short tutorial on how to wind transformer T1

Begin with the BN2402-43 binocular core and two 6
inch lengths of #30 wire.

Bend a wire back on itself about 1.25 inches and insert
into the core from one end. Snug this first turn up
tightly, but not to the point of breaking the wire.

Wind on an additional 3 turns, keeping the turns tight
and organized on the core. A turn is counted when the
wire goes through a core hole and back through to the
opposite side. When 4 turns have been wound on the
core, the opposite end from where the

wires exit will show 4 turns.

When 4 turns have been wound on, trim off the excess
wire leaving about 1 inch long leads.




On the opposite end, repeat the process of winding either
4 or 5 turns on the core, keeping the turns tight and neat.
If winding 5 turns on the core, mark that end (on the core)
so it can be installed correctly.

Trim all of the wires to approximately 1 inch, remove
the insulation, then tin each lead as shown. T1 is now
complete and ready to install into the PCB.




Connecting the SAVXO to a NS-40 Transmitter

SAVXO built to drive a NS-40 Transmitter

Jim Kortge, K8IQY
February 24, 2012
Version 1.0A
Copyright 2012 Forward



Many builders of the Four State QRP Group Stand Alone VXO (SAVXO) intend to use it to drive a
new or existing NS-40 Transmitter, also sold by Four State. What will not be obvious to most is the
way the SAVXO is connected to the NS-40, so that they both work as intended. This document
addressed that need.

The SAVXO has two build options available. When built to drive the NS-40 transmitter, the SAVXO
has a 220 Ohm resistor across the output to properly load the NS-40, so that it is stable and can run
without a crystal. Below is a photo of the SAVXO with that option shown.

The 220 Ohm resistor used in the NS-40 option is the one shown just to the right of C12.

Connecting the SAVXO to the NS-40 requires 4 connections. These are shown in the next photo,
which is the NS-40 circuit diagram that has additional information appended to it to show where the
SAVXO connections go.
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First of all, the NS-40 and the SAVXO need to receive their power from the same power supply, so that
they share the same ground reference. Also very important, if the NS-40 and SAVXO pair will be
keyed by a MagicBox T/R unit, that should also be powered from the supply common to the NS-40 and
SAVXO. Using the same power supply will eliminate any kind of grounding issues which might occur
if using different power supplies.

Referencing the photo below, the VXP header contains the SAVXO power supply connections with the
left pin being pin 2 (- connection) and the right pin being pin 1 (+ connection).

Referencing the NS-40 circuit diagram and the above photo, VXP1 is connected to the +12 supply
point on the NS-40 PCB. VXP2 is connected to the “hot” side of the NS-40 key line, the point on the
NS-40 diagram and PCB labeled “Key”. That takes care of the first two connections. Use the supplied
female header supplied with the SAVXO kit to make these connections.

Referencing the photo above, the VXO header contains the SAVXO RF output connections with the
left pin being pin 2 (“cold” connection) and the right pin being pin 1 (“hot” connection). This part of
the SAVXO circuitry is floating and does not share a ground common to the rest of the SAVXO PCB.

Again referencing the NS-40 circuit diagram and the above photo, VXOI1 is connected to the NS-40
crystal pad that shares a connection with the 2N7000 gate. Looking at the NS-40 PCB, that would be
the left lead of the crystal. VXO2 is connected to the NS-40 crystal pad that shares a connection with
the C7, R3 and IRF510 gate, which is also the right lead of the crystal. As before, use the supplied
female header supplied with the SAVXO to make these connections.

Note: The crystal of the NS-40 must be removed prior to making the connections from the SAVXO. It
is recommended to use 3 pins of a machined pin IC socket as a crystal socket after the crystal is
removed. The center pin of the 3 is cut off on the bottom side, so that only the outer pins remain. This
can then be soldered to the NS-40 PCB where the crystal was and the crystal can be reused if desired,
as long as the SAVXO isn't plugged in. As another suggestion, on the other end of the leads coming
from the VXO header, use another set of 3 pins with the center one cut off as a male plug to plug the
SAVXO RF drive into the NS-40. The VXO leads should be kept under 6 inches in length and the pair
of wires color coded so that the “hot” lead is distinguishable from the “cold” lead. Twist the leads
together at 3-4 turns per inch to improve the immunity of this pair to stray RF. The power supply leads
to the SAVXO should be as short as practical to reduce stray RF pickup.

Once the SAVXO is properly connected, close the key and while driving a dummy load, watch the
power output of the NS-40 on a suitable meter. Increase the drive from the SAVXO using the SAVXO
TR1 trimmer until the NS-40 power output peaks. When a peak is reached, back down the drive from
the SAVXO about 5%, just so the NS-40 isn't being over driven.



