The X-Phase-2 QRM eliminator
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Developed originally by G4AWMX and GW3DIX, later improved by DK9NL.
Latest improvements by DGOKW (version used by us)



A hobby project of the local VERON and VRZA
departments Wageningen/Ede, Netherlands
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Professionally
developed and
produced PCB’s

Component kits
available for building
your own QRM-
eliminator

Ask for availability of
ready built and tested
QRM eliminators



The problem to be solved.......

antenna [

Nearby noise sources
make DX unreadable”

HAM hears exciting DX
QRM source



..... And the solution!

antenna

\%

HAM hears exciting DX

NMAA

auxiliary-
antenna

Noise source

exciting DX

QRM killer added
between antenna and
Transceiver

Auxiliary antenna picks
up noise from source
Adjust QRM killer to
eliminate noise



Principle of killing the local QRM

Picked up QRM via main antenna A A /\
(desired DX- signal not shown) \/ \/ \/

Picked up QRM via auxiliary antenna
(amplitude and phase differs from QRM _—

—
added on main signal) | \/
Use middle and right potmeter (Phase 1 en l i
Phase 2) to shift the phase of the auxiliary i /\
QRM 180 degrees with respect to the QRM
via the main antenna

> 4
R

Use left potmeter potmeter to make the

QRM on the main signal equal in amplitude \/ \/ \/ l

of the auxiliary signal
v

Result: QRM disappears almost entirely



Tips and tricks

QRM must come from a local source (within a radius of 100m)

Auxiliary antenna must not be too good. You need a strong QRM
signal on it and the desired signal must be relatively weak

Operating the QRM Kkiller is easy. You will soon get used to the
knob fiddling to eliminate the QRM

Centre and right potmeter are for phase shifting the auxiliary
signal. Left potmeter is for adjusting the amplitude of the main

signal

Reduction of the QRM is quite good in most cases.



X-Phase block diagram

. —)
XMIT command from transceiver O———

TRX

.

Main antenna

= VOX circuit Relay-
- control 1
J e
RX/TX relay
gain Phase 2 Phase 1

(N

=

Summing
amplifier and
gain control

@

Aux antenna

: &
Phase shifter T@




Schematic diagram
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Noise suppression results...
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The assembled printed circuit board
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Design aspects

- Professionally designed and fabricated PCB, double sided,
through hole metallized and silk screen

- RF connections on board are as short as possible

- PCB top layer is used as ground plane
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Signal path during transmission

n/c contacts of RY1 are
wired in parallel to keep the
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Signal path during receiving
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Phase shifting circuit details

The phase of the auxiliary signal can be shifted over a wide rang by
adjusting potmeters R6 and R8. Note that both potmeters also have an
influence on the amplitude of the AUX-QRM signal.
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Summing amplifier

Signals from the main antenna enter
the amplifier via the gate of T1. The
auxiliary signal enters the summing
amplifier via the gate of T2.

L D1a

Both signals are added at the coupled

o1 im;ﬂm
LN41 4

drains of T1 and T2. If the QRM
Eﬁﬁumzm component on both signals are equal in
LN4L4E amplitude and differ 180 degrees in
l lJDSSTm ceT310 phase, both QRM signals cancel each
TL T2 other.
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The “cleaned up” signal from the main

14148 1nF . . .
antenna is fed to the transceiver via C4.
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VOX — and TX/RX switching

Note that the relays are NOT activated during transmission. They will be
activated during reception. This is a safety precaution. If you forget to switch
on the power of the X-Phase, the transmitter power cannot destroy the
circuitry but flows directly to the antenna.

VOX: the transmitter signal is rectified by D10 and D11. The generated negative
voltage shuts down T3 which in turn switches off the relays. De VOX is only meant
as a safety precaution in case the TX/RX control signal coming from the
transceiver fails. This control signal enters the circuit via J5 and pulls J5 to ground

during transmission.
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ON/OFF switching of the BIAS-TEE
circuit
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PCB assembly:

PCB’s are delivered with the two SMD fet’s already soldered on the board

1: start with the low profile components such as resistors,
diodes and small capacitors

2: continue with the taller components such as potmeters,
relays, electrolytic capacitors

CAUTION!! DON’T touch the plastic enclosures of the two
relays with the hot soldering iron tip. The enclosure may melt a
bit and block the internal relay contacts!



Construction of the toroid transformer

Start with the secondary winding (33 wdg, 0.3 mm dia)

On top of that the 7 windings of 0.4 mm dia wire

Make sure that you connect the transformer in the proper way
(see next slide)




Placement of the transformer

Primary winding
(7 wdg 0.4mm)

Secondary winding
(33 wdg 0.3mm)



External connections

(on back panel)

Main antenna transceiver QRM pickup antenna Back panel

B PTT

—

(on front panel)

X-PHASE G,JDO"R” 0] _Z BIAS-ON

oo&io ]n
— 2 TX-ON

7\ Pwr ON

% Gnd

(on front panel)
+12V
ON/OFF switch



DON'T do it this way!!!

This way of
connecting the main
antenna and
transceiver are
BREATH TAKING!

The single wires form
a large self-inductance
because the return
signal must find it’s
way through the
cabinet wall. ALWAYS
connect both center-
wire and GROUND
connections at both
ends!



Tips:

Soldering a plated through hole PCB: put your
soldering iron on the pad and component wire
for 3 seconds, apply enough solder and wait
another 3 seconds. In this way the heat gets
through the hole and wire and the and allow
the solder to flow through the hole.

Removing a component: DON’t be rough by
putting a screwdriver under the component and
forcing the component out while heating the
solder. Instead: cut the component wires on
both sides, heat up the solder of each pad and
remove the end of each wire carefully with a
tweezer. Use solder sucking wick to clean up
the hole.




More tips:

Maximum allowable transmitter power: the X-Phase can be used with output
powers up to 200 W. But if you use a linear amplifier, connect the X-Phase
between the transceiver and the INPUT of the linear.

VOKX circuit: resistor R9 is chosen to let de VOX circuit work from 40 Watt
transmitter power or more. If you want to let the VOX operate at lower
power levels, just lower the value of R9. But ONLY if you don’t use higher
power levels

Interchanging the + and - 12V connections is not harmful. A parallel diodeand
an electronic fuse protects the circuit against reverse polarisation



Boxing the PCB
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Front side drilling plan




Backside drilling plan

Second left hole: 8mm dia for TULP connector or 6mm for 3.5mm jack connector
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The finished X-Phase




And the good looking backside




Test 1: (is there a connection between
antenna and transceiver via the X-Phase?)

antenne

ANT TRX AUX-ant

X-Phase

Connect the transceiver on the X-Phase
Adjust the transceiver output power to
LOW (as a precaution)

Connect the antenna to the X-Phase
Connect a 12V power supply to the X-
Phase

Turn the GAIN potmeter fully clockwise
Check if you hear the normal radio
traffic. You can attenuate the reception
by the left potmeter

If this all is OK, the summing
amplifier is working correctly



Test 2: is the X-Phase working correctly?

WARNING!!! ONLY perform this

antenna test with the BIAS-TEE circuit
switched OFF! That can be done
by removing the jumper on the
PCB
Coax-T

e Connect the main antenna to BOTH
the main antenna input and the
l Auxiliary antenna input via a
I

coaxial T-adaptor.
* Switch on the power supply
* Try to minimize the incoming
signals by adjusting the three
potmeters
i n * If everything is OK, all signals will
almost disappear

ANT TRX AUX-ant
X-Phase




Setting up a station with the X-Phase

Most transceivers have an accessory socket on the backside of the set. One of
the pins carry the TX-on command signal. Mostly, this pin is connected to
ground by the transceiver during transmission. Prepare a connection cable
between transceiver and X-Phase to bring the TX-on command to the X-Phase
(connect TRX-ground to X-Phase ground and the TX-on pin of the transceiver to
J5 of the X-Phase)

TIP: when this cable is ready, connect the X-Phase to the transceiver but DO
NOT connect the antenna to the transceiver via the X-Phase. Use a dummy load
or connect the antenna directly to the transceiver. Press the transmit key and
look if the red LED on the X-Phase illuminates. If this is OK, the moment has
come to connect the X-phase between the antenna and the transceiver (see
next slide) and start working with it.



Definitive connections

\lytenna

auxiliary-

antenna
T Complete hook-up of the X-

TX-on Phase in the station

Control cable
i Minimize the QRM with the
ANT TRX AUX-ant three potmeters. Try to keep

the GAIN potmeter as much as
X-Phase clockwise (first minimize the
QRM with the two PHASE
n o u potmeters).




How to connect the X-phase when
using a linear amplifier

NEVER put the X- antenna
Phase between the \]/
Linear output and the
antennal!!!

auxiliary
antenna




Een actieve antenne als QRM-
oppikantenne geeft de beste resultaten

TX-on
stuurkabel

Hoofd-
antenne

L]

TRX ant hulp-ant
X-Phase

~ Hulp-
¢ | antenne

De complete installatie van de
X-Phase-2 QRM killer

Actieve antenne in de buurt
van de stoorbron plaatsen
maar zodanig dat gewenst
signaal minder goed wordt
ontvangen



Kits are available and built and
tested QRM eliminators on request
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and cost
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ACTIVE ANTENNA

* A homebrew project of A43 VERON and VRZA Zuid-Veluwe

Very often used as an QRM pick-up
antenna for the QRM eliminator,
giving better results than a passive
loop or whip antenna

active antenna
MBJ1905
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An active antenna is.....

* A short length of wire or a small slab of metal,
many times shorter than the wavelength of the
signals to be received ...

e ...and is connected to a very high impedance
electronic circuit which translate the signals to a
50 Ohm output impedance

* Such a very short antenna picks-up the signals by
capacitive coupling with the electrical component
of the EM-field



Block diagram of the active antenna

The antenna slab has a capacitive coupling with the E-field. The high
impedance of the source follower only gives a minor attenuation of
the received signal.

Supply voltage
comes via the

Antenna slab supply unit coaxial cable

S Buff |
> fo(I)I(l;\r;:r > amu Ii(feirer
High-Ohmic and P

low capacitance
input Buffer amplifier with 50 Ohm

match to coax cable




The active antenna in the E-field

E-field generates a voltage difference between the antenna slab and
de earthed pole (or coax shield)

E-field




Working principle

EM-field has a capacitive coupling to the antenna slab and induces a small RF- voltage
which is fed to a high impedance source follower.

Antenna slab

EM-cloud with LOTS

of radio signals

FET- source follower

Coax cable
Capacitive coupling with
the EM-field



The battle for the least parasitic
capacitance

The higher the total
parasitic capacitance,
the more attenuation
before the wanted
signals reach the FET-
gate (capacitive voltage
divider).

R4 must have a high
value to prevent
attenuation in the lower
bands (C1 and R4 form a
high pass filter).

EM-cloud with LOTS of
radio signals

Cloud capacitance
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Active antenna properties

 The antenna is vertically polarized (independent from the physical
orientation)

* Good grounding is important

* Use metal pole or use the coax shield but beware of QRM originating
from the shack.

* Received signal strength is linear with antenna height

* Antenna height must be small compared by wavelength (when on
rooftop: use metal surface a few meters below the antenna)

 Make sure the antenna slab is well above a grounded pole end

e Sensitivity is omni directional, but there is a dip in the vertical
direction

* Physical antenna orientation is not important.



Power supply directly from the QRM
eliminator

Advantages:

- No more separate BIAS-TEE box
necessary. BIAS-TEE circuit is now
available on the PCB of the QRM
eliminator

- Less boxes and cables in the shack

- More cost effective solution
(separate BIAS-TEE box no more
necessary)

GAIN PHASE 1 PHASE 2 (&)

- When using it as a QRM pick-up

© { antenna: just connect it to the QRM
killer and place it in the vicinity of the
QRM-source




But BIAS-TEE box still available for
use without the QRM eliminator

Active antenna

12V voeding

BIAS-TEE PCB

Some transceivers have a receive-
only input. Use this one if possible,
but always take care that RF power
does not flow to the BIAS-TEE and
antenna (Indian style smoke signals).

transceiver




Best possible configuration when used as
an auxiliary receiving antenna

Keep the antenna far from houshold QRM
Preferably, connect the coax shield to a “clean” earth
Common mode choke prevents QRM from flowing from the house to the

antenna

Active antenna

Coax cable
Pole,

(metal
or
Glass fiber)

Common
mode choke

Farth rod



Building the active antenna and bias
tee circuit

Easy assembly, PCB’s have a silkscreen
with reference designators

SMD parts are already soldered to the
board

No alignment necessary.

Housing can be made from 50 mm PVC
plumbing materials



Schematic diagram
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Operates from 15 kHz tot 80 MHz. Spectacular performance between 20 kHz en 1,5 MHz

D2 is a surge-protector to protect the circuit against voltage spikes
T1 operates as a source follower with T2 as a constant current source

T3 is a high power source follower. Total “amplification” from J1 to J2 is approx. 1/2



Top side of the PCB

You can build this antenna in one rainy afternoon...

active antenna
MBJ1905




Bottom side of the PCB

In this design, special care has been taken to minimize parasitic capacitances
from antenna and FET input to ground

Very short connections between antenna slab and FET-gate and use of SMD
components for minimal physical footprints




Detail surface mount components

As short as possible
connection between antenna
slab and gate of the FET T1

Surge protector D2 and
resistor R4 as close as
possible to the input circuit

Ground plane kept away from
antenna slab and input circuit

All these measures guarantee
minimal parasitic capacitance
in the input circuit




Top side component placement

Simple to build but beware of polarity of electrolytic
capacitors

active antenna
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Bottom side component
placement

Don’t worry! All these components are already soldered
on the PCB before shipping
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BIAS TEE supply board

The actieve antenne gets its supply voltage via the coax cable.
The BIAS-TEE board takes care of this

Supply voltage: 12V,
current consumption:
150 mA

Left BNC connector: to
active antenna

Right BNC connector: to
receiver

Do NOT connect the left
BNC connector to the
receiver input. This will
put 12V on the receiver
input which might be
fatal!



Schematic of the BIAS-TEE board

HF+DC

ST

T.
2J3

BIAS-TEE print je

cq4, 1uF
i

12V supply for the active
antenna is routed via L1, L2
and L3 to the coax cable.

Connect the active antenna
toJ3

Connect the receiver to J4

Use a “quiet” power supply.
BEWARE of cheap switch mode
supplies which can generate
LOTS of QRM



Component placement on the
BIAS-TEE board
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Practical results

* Nice antenna (receiving only!!)

 Sensitivity dependent on antenna height and
earthing.

* Generates less signal than a 2 A antenna

* But signal to noise ratio is comparable with a 72 A
antenna

 superior performance on long and medium wave
amateur bands (obvious because few HAM'’s can
install a half wave antenna on these bands)!



Antenna housing

Don’t use a metal encapsulation for the antenna
Use 50 mm plumbing materials or other non-conductive materials
Make sure all housing connections are water- tight

Drill a little hole at the bottom side of the antenna to make an escape for
condensation

Give the antenna PCB a moisture resistant coating if the antenna is meant
to reside outdoors for a very long time



Antenna is mounted in 50mm PVC
end cap
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Housing ingredients

50 mm PVC tubing,
~ with a length of
~ 110 mm

Use PVC glue to
make watertight
connections



Details of the PVC housing

Two end caps back to back gives a nice protection for
the attached coax cable connector




Antenna PCB is mounted in the end
caps with the BNC connector nut
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Experimental setup on the balcony

Antenna is mounted on top of a fiber
glass mast

No special earthing of the coax cable
in this preliminary test setup, but
look at the results in the next
pictures!

Antenna height about 8 meters
above ground level




Conditions for the WSPR test of
the antenna

Antenna on the balcony, 4 stacked 1 meter length fiber glass poles
as an antenna mast

RG58U coax to shack
No extra ground at the foot of the mast
No common mode choke

A simple test setup and stil far from optimum, but good
results already

WSPR test carried out on several amateur bands



WSPR test on 20 meters, March 31, 2019
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2019-03-3019:52 OK1DST 1.838181  -23
2019-03-3019:52 GONCE  1.838110  -10

1082qv 5 PAODMBJ JO21tx 568 97
JN48vc 5 PAODMB) JO21tx 523 327
1091uf 0.5 PAODMBJ JO21tx 417 76
JNTSdx 05 PADMBJ JO21tx 646 293
JOO1mb 5 PAODMBJ JO21tx 333 70

2019-03-30 1950 G4BOO  1.838053 -16 1091ij 10 PAOMBJ JO21tx 481 &0
2019-03-30 19:50 DJTKL 1.838085 -5 JN48fu 5 PAODMBJ JO21tx 401 331
2019-03-30 19:48 SP3JIA  1.8638096 -9 JOB2j] 1 PAODMB) JO21tx 782 271

2019-03-30 19:46 OK1DST 1.838181 -14
2019-03-3019:46 SM7EGM 1.838101 19
2019-03-30 19:44 DLSGCW 1.838041 -14
2019-03-30 19:44 DL3GAK 1.838012 -1
2019-03-3019:42 2EO0ILY  1.838152 -6
2019-03-3019:42 G3JKV 1838140 10
2015-03-30 1942 G4V5Q 1.838029 -24
2019-03-30 19:40 G4VsQ 1.838029 -21
2019-03-30 19:40 G4BOO  1.838053 -5
2019-03-30 19:40 DLSGCW 1.838041 -5

JNT9dx 0.5 PADMBJ JO21tx B646 293
JOB5tk 5 PAOMBJ) JO21tx B51 237
JN48ve 5 PAODMBJ JO21tx 523 327
JN48xe 1 PAODMBJ) JO21tx 523 325
1082qv 5 PAODMBJ) JO21tx 568 97
1091uf 0.5 PAOMBJ JO21tx 417 76
1091km 0.02 PADMBJ JO21tx 467 &1
1091km 0.02 PAODMBJ JO21tx 467 &1
1091ij 10 PAOMBJ JO21tx 481 80
JN48vc 5 PAODMBJ JO21tx 523 327

O O O O O O O O O = O O O O O O O O



Exceptional performance on 500 kHz
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LASAV

Database

Specify query parameters
17 spots:

Timestamp Call MHz

P 2019-03-30 21:00 LABAV 0.503912
DG3LV 2019-03-30 20:58 IK1HSS 0503847

/PQO/A 2019-03-30 20:56 LABAV 0.503912

PAOMB. 2019-03-30 20:56 DKBNI  0.503933
2019-03-30 20:54 EA3IW 0.503956

\/ 2019-03-30 20:52 LABAV 0.503912

LN, 2019-03-30 20:52 DKBENI  0.503934
D\KE’N'\ 2019-03-30 20:50 LABAV 0.503913
AN 2019-03-30 20:48 EA3IW  0.503956

2019-03-30 20:48 IK1HSS 0.503847
2019-03-30 20:42 G8TTI  0.503904
P 2019-03-30 20:36 IK1HSS 0.503847
IK1HSS 2019-03-30 20:36 EA3IW 0.503956
\/ 2019-03-30 20:24 IK1HSS 0.503847

2019-03-30 20:24 EA3IW 0.503956

2019-03-30 20:18 EA3IW 0.503956
2019-03-30 20:16 IK1HSS 0.503847

=0r developmeny/ pul

Query time: 0.003 sec

-1
-13
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-22
-19
+2
-24
+2
-21
-9
-23
-12
-26
-13
-24
-26
-8
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SNR  Drift Grid

JO59¢cs
JMN35th
JO5Scs
JNEGIn
JM11hj
JO59¢cs
JNEGIn
JO59¢cs
JM11hj
JMN35th
108 1Twm
JMN35th
JM11hj
JMN35th
JN11bj
JM11hj
JMN35th

Pwr

0.5
0.2
0.5
0.02
0.2
0.5
0.02
0.5
0.2
0.2
0.1
0.2
0.2
0.2
0.2
0.2
0.2

Reporter

PAOMBJ
PAOMBJ
FADMBEJ
PAOMBJ
PAOMBJ
PAOMBJ
PAOMBJ
PAOMBJ
PAOMBJ
PAOMBJ
PAOMBJ
PAOMBJ
PAOMBJ
PAOMBJ
PAOMBJ
PAOMBJ
PAOMBJ

RGrid km

JO21tx
JO21tx
JOZ2 1t
JO21tx
JO21tx
JO21tx
JO21tx
JO21tx
JO21tx
JO21tx
JO21tx
JO21tx
JO21tx
JO21tx
JO21tx
JO21tx
JO21tx

912
783
912
461
1206
912
461
912
1206
783
536
783
1206
783
1206
1206
783

aZ

200
350
200
308
12
200
308
200
12
350
82
350
12
350
12
12
350



Results on 137 kHz
(only one station transmitting available)

(2EOILY was helaas het enige WSPR station in Europa dat zendend QRV was...

evelopment purposes only

2,
2E0ILY

\'4
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Kits are available and also built and
tested active antennas on request

Mail to paOmbj@veron.nl

for further information
and cost



mailto:pa0mbj@veron.nl

The wireless era....

It is a bit freaky with this ~
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