ACTIVE ANTENNA

A home brew project of A43 VERON and VRZA Zuid-Veluwe

A further development of the
miniwhip-pro from Gunther Fred
Mandel DL4ZAO and the Miniwhip
from PAORDT

active antenna
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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
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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

Cloud capacitance
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EM-cloud with LOTS of
radio signals
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Test jig for the active antenna

(more or less)

homogenious E-field
Copper plates 5 )
Signal generator

//\ Device under test

sensitivity test between 10 kHz
en 80 MHz for ready built

Spectrum analyzer antennas.




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




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.



Best possible configuration

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 fib
Common
mode choke

TEarth rod



A balcony is also the place to be

Keep antenna separated from
household QRM sources

rod
(metal or
Glass fiber)




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.

MBJ190S

Housing can be made from 50 mm PVC
plumbing materials




Top side of the PCB

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

active antenna
MBJ190@5




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




Schematic diagram
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Operates from 20 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



Simple connection

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 (smoke signals).

Active antenna

12V supply

transceiver

BIAS-TEE PCB



Top side component placement

Simple to build but beware of polarity of electrolytic
capacitors
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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
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Left BNC connector: to
active antenna

Right BNC connector: to
receiver
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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
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BIAS-TEE print je

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

500 mA
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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 2 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



Housing ingredients

50 mm PVC tubing,
- with a length of
. 110 mm

PVC end caps for
50mm tubing

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
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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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Timestamp Call MHz SNR Drift Grid  Pwr Reporter RGrid km az 2019-03-31 1412
2019-03-31 15:02 OE3DOS 14097115 7 0 JNT8wn 20 PAOMBJ JO21tx 821 301 2019-03-3114:42
2019-03-31 15:00 PATWBU 14.097197 -26 0 JO21 1 PAOMBJ JO21tx 72 39 2018-03-31 14:12
2019-03-3115:00 HASIS 14097140 26 0 JN97nn 5 PAOMBJ JO21tx 1085 302 2015-03-3114:12
2019-03-31 15:00 URSMLG 14.057041 21 0 KN99 0.2 PAOMB) JO21tx 2342 290 2015-03-3114:04
2019-03-31 14:54 OE3DOS 14.097115 -2 -1 JN78wn 20 PAOMBJ JO21tx 821 301 2015-03-31 14:04
2019-03-31 14:50 WASWTK 14.097098 26 0 FN42tk 10 PAOMBJ JO21tx 5644 5l 2019-03-31 14:00
2019-03-31 14:50 QE1SJS  14.097061  -21 0 JNB&8ed 1 PAOMBJ JO21tx 877 303 2019-03-31 14:00
2019-03-3114:48 CT2HXM 14097137 21 -1 INGOdr 2 PAOMBJ JO21tx 1611 35 2019-03-31 13:58
2019-03-31 14:44 URSMLG 14.097042 15 0 KN99 0.2 PAOMBJ JO21tx 2342 290 2019-03-31 13:58
2019-03-31 14:42 PATWBU 14.097194 24 0 JO21 1 PAOMBJ JO21tx 72 39 2019-03-31 13:56
2019-03-31 14:42 K5XL 14.097085 -26 0 EMi2kp 5 PAOMBJ JO21tx 7996 39€=  2019-03-31 1356
2019-03-3114:36 URSKHL 14.097122 27 0 K030 0.2 PAOMBJ JO21tx 1489 285 2019-03-31 13:56
2019-03-31 14:35 WD9YHGO 14.0970%0 27 1 JO21tx 6704 45 1354
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WSPR test on 30 meters
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Timestamp

2019-03-29 15:23
2019-03-29 15:26
2019-03-29 15:22
2019-03-29 15:22
2019-03-29 15:20
2019-03-29 1812
2019-03-29 18:06
2019-03-29 15:00
2019-03-29 17:56
2019-03-29 17:50
2019-03-29 17:46
2019-03-29 17:42
2019-03-29 17:40
2019-03-29 17:32
2019-03-29 17:30
2019-03-2917:26
2019-03-29 17:20
2019-03-29 17:16
2019-03-29 1712
2019-03-29 1710
2019-03-29 17:06
2019-03-29 17:00
2019-03-29 16:54
2019-03-29 16:50
2019-03-29 16:46
2019-03-29 16:44
2019-03-29 16:40
2019-03-29 16:40
2019-03-29 16:38
2019-03-29 16:33
2019-03-29 16:34
2019-03-29 16:28
2019-03-29 16:26
2019-03-29 16:24
2019-03-29 16:20
2019-03-29 16:20
2019-03-29 16:16
2019-03-29 16:10
2019-03-29 16:00

Call
EWTSA
CT2HXM
OH3FR
OHBGKP
F4GMT
OHBGKP
CT2HXM
OHBFSG
OHBGKP
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OH3FR
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OHBFSG
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OH&MQM
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CT2HXM
OHBGKP
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OHBFSG
OHBGKP
OHBFSG
OHBFSG

MHz
10140117
10140112
10.140161
10.140200
10140121
10.140201
10140111
10140142
10.140201
10140141
10140112
10.140163
10140141
10.140201
10.140142
10140111
10140142
10140117
10.140201
10140141
10140112
10.140142
10.140201
10140141
10140113
10.140201
10140117
10140142
10.140163
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10140142
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10140142
10.140142
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Reporter
PAOMBJ
PAOMEJ
PAOIMBY
PAOMEJ
PAIMBY
PAOMEJ
PAIMBJ
PAOIMBY
PAOMEJ
PAIMBY
PAOMEJ
PAIMBY
PAOIMBY
PAIMBJ
PAIMBY
PAOMEJ
PAIMBY
PAOIMBY
PAIMBJ
PAIMBY
PAOMEJ
PAIMBY
PAOIMBY
PAIMBJ
PAOMBY
PAOMEJ
PAIMBY
PAOMEJ
PAIMBJ
PAOMBJ
PAOMEJ
PAIMBY
PAOMEJ
PAIMBJ
PAOMEJ
PAOMEJ
PAOIMBY
PAOMEJ
PAIMBJ

RGrid km az

JO2 1t
JO21tx
JO2 1t
JO21tx
JO21t
JO21tx
JO21tx
JO2 1t
JO21tx
JO21t
JO21tx
JO21tx
JO2 1t
JO21tx
JO21t
JO21tx
JO21tx
JO2 1t
JO21tx
JO21t
JO21tx
JO21t
JO2 1t
JO21tx
JO21t
JO21tx
JO21t
JO21tx
JO21tx
JO2 1t
JO21tx
JO21t
JO21tx
JO21tx
JO21tx
JO21tx
JO2 1t
JO21tx
JO21tx

1592 275
1611 35
1514 240
1820 228
1078 26
1820 228
1611 35
1695 233
1820 228
1695 233
1611 35
1514 240
1695 233
1820 pm—
1695 233
1611 35
1695 233
1592 275
1820 228
1695 233
1611 35
1695 233
1820 228
1695 233
1611 35
1820 228
1592 275
1695 233
1514 240
1561 228
1820 228
1592 275
1611 35
1820 228
1514 240
1695 233
1820 228
1695 233
1695 233



For development purposes only For development purposes

30 minutes
‘_ - WSPR-Iing on
B e\ v 160 meters

2019-03-30 19:54 2EO0ILY  1.838152 -10 1082qv 5 PADMBJ JO21tx 568 97

2019-03-30 19:54 DLSGCW 1.838041 -1 JN4Bve 5 PADMBJ JO21te 523 327
2019-03-3019:54 G3JKV  1.838140 12 1091uf 0.5 PAODMBJ JO21be 417 7B
2019-03-30 1952 OK1DST 1.838181  -23 JNT9dx 0.5 PAOMBJ JO21tx 646 293
2019-03-3019:52 GONCE  1.838110  -10 JOOTmb 5 PAODMBJ JOZ21tx 333 70
2019-03-30 19:50 G4BOO  1.838053  -186 1091ij 10 PAODMBJ JO21be 481 80
2019-03-30 19:50 DJTKL 1.838085 -5 JN4&fu 5 PADMBJ JOZ21tx 401 331
2019-03-30 19:48 SP3JIA  1.838096 9 JOB2jj 1 PAODMBJ  JO21tx TE2 27

JN79dx 05 PAOMBJ JO21tx 646 293¢
JOB5tk 5 PAOMBJ JO21tx 651 237€¢—
JN4Bve 5 PADMBJ JO21te 523 327
JN48xe 1 PAODMBJ JO21tx 523 325
1082qv 5 PADMBJ JO21tx 568 97
1091uf 0.5 PADMBJ JO21x 417 76
1091km  0.02 PADMBJ JOZ21tx 467 81
1091km  0.02 PADMBJ JO21tx 467 81
10591ij 10 PAOMBJ JO21tx 481 &0
JN4Bve 5 PADMBJ JO21te 523 327

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 ZEO0ILY  1.838152 -6
2019-03-3019:.42 G3JKV  1.838140 -10
2019-03-3019:42 G4V5Q  1.838029  -24
2019-03-3019:40 G4vVsQ  1.838029 -1
2019-03-30 1940 G4BOO  1.838053 -5
2019-03-30 19:40 DL9GCW 1.838041 9

Lo R o R o [ o B o B e [ o B s == R s I o R e R e [ o B s [ e |



Exceptionbal performance on 475 kHz

For developp<sit pUrpos
LASAV

Database

Specify query parameters

17 spots:

Timestamp Call MHz SNR Drift Grid Pwr Reporter RGrid km az

2019-03-30 21:00 LABAV 0503912 -1
2019-03-30 20:58 IK1HSS 0503847 13
2015-03-30 20:56 LASAV 0.503912 0
2019-03-30 20:56 DKsNI 0503933 -22
2019-03-30 20:54 EA3IW 0503956 19
2015-03-30 20:52 LABAV 0.503912 +2
2019-03-30 20:52 DKsNI 0503934 -24
2019-03-30 20:50 LABAV 0.503913 +2
2018-03-30 20:48 EA3IW 0503956  -21
2019-03-30 20:48 IK1HSS 0.503847 -9
2019-03-30 20:42 G&8TTI 0503904 -23
20158-03-30 20:36 IKIHSS 0503847 12
2019-03-30 20:36 EA3IW 0503956  -26
IK@S 2019-03-30 20:24 IK1HSS 0503847 13
20158-03-30 20:24 EA3IW 0503956  -24
2019-03-30 20:18 EA3IW 0503956  -26
2019-03-30 20:16 IK1HSS 0.503847 -8

JN35th 0.2 PAOMB) JO21tx 783 350
JO5% s 0.5 PAOMBJ JO21tx 912 200
JNESIn - 0.02 PAOMBJ  JO21bx 461 308

JO5% s 0.5 PAOMBJ JO21tx 912 200
JNESIn - 0.02 PAOMBJ  JO21bx 461 308
JO59cs 0.5 PAOMBJ JO21tx 912 200
JN11bj 0.2 PADMB) JO21ix 12086 12
JN35th 0.2 PAOMB) JO21tx 783 350
1081wm 0.1 PAOMBJ JO21tx 5368 82
JN35th 0.2 PADMBJ JO21tx 783 350
JN11bj 0.2 PAOMBJ JO21tx 1206 12
JN35th 0.2 PAOMB) JO21tx 783 350
JN11bj 0.2 PADMB) JO21ix 12086 12
JN11bj 0.2 PAOMBJ JO21tx 1206 12
JN35th 0.2 PAOMB) JO21tx 783 350

0
[ T e T e I e T e R o Y e Y e R e R e R == [ e R e R e R e R e

Query time: 0.003 sec

JOB%cs 0.5 PAOMBJ JO21tx 912 %o

JN11hj 0.2 PAODMBJ JO21tx 1206 2=



Results on 137 kHz
(only one station available)
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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.




Tips (continued) Observe the

LED polarity
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electrolytic
capacitors

polarity



Shipping to other countries

Shipping is no problem, please mail
raoviBI@VERON.NL for details and shipping costs



mailto:PA0MBJ@VERON.NL

Resistor color code

Laten we beginnen met de weerstanden....
Voor de weerstanden met 4 ringen hebben we deze tabel.

Eleurcode koolfilm-mweerstanden

N T

le ring e ring Je ring de ring

Zwart 0 1} Nl tolerantie
bruin 1 1 x10 1%
rood 2 2 x100 2
oranije 3 3 x1K

geel 4 a4 10K

JEOENn 5 5 *x100K 0,5%
blauw & 6 ®1HM 0,25%
grijs E I3 goud | =0,1 goud | 5%
wit = = zilwer |x0,01 zilwer [10%

vernenigvualdigings-
factor.



Resistor color code with 5 rings

En voor de 5 rings variant hanteren we deze tabel...

ZWart
bruin
rood
oranje
geel
groen
blauw
paars
grijs
Wit

Eleurcode metaalfilm-weerstanden

N T

le ring 28 rindg 3e ring de ring Se ring
0 0 0 x1 tolerantie
1 1 1 x10 1%
3 3 3 x1E
g aq 4 * 10K
5 5 5 *100K 0,5%
& & 6 *x1M 0,25%
g 8 groud x0,1 goud 5%
9 9 zilwer |x0,01 zilwver [10%

vernenigvuldigings-




3-character capacitor color code

Laten we nu eens gaan kijken naar condensatoren. En dan niet de elco’s....
Hieronder staat het schema voor de numerieke codes van condensators.

De waarde is altijd vitgedrukt in picofarad, en de eerste 2 numers zijn de waarde van de con-
densator.

Multiplier Ceramic Capacitor
, (" VALUE By
Figure 1 —t104K (F1&2) | MULTIPLIER | LETTER | TOLERANCE
Figure 2 | Tolerance 0 w : + 0.1pF
0 ( + 0.25pF
0 D + 0.50F
3 1) E + 1
! 10* G +2
) 10 H + 39%
6 /A J + 5%
U . 7 “\J "“v\‘ vr. + ] 0 \ ¥
I%iuK" - *10% 8 0.01 M + 20%
9 0.1 Z + 80%/-20Y
10 0000pF=100000pF=100nF - J




Berekende waarde in microHenry (pH)

4 banden codering e———

3 banden codering e——— | I

— Kleurloos of letter bij 3 ringen =tolerantie

b — 15x0,01=015pH

1
kleur |1e ciffer| 2e ciffer| x(uH) | tolerantie
zwart 0 0 1
bruin 1 1 10 1% (F)
rood 2 2 100 2% (G)
oranje 3 3 1000 -
geel 4 4 10000 -
groen g ] - 0,5% (D)
blauw 6 6 - -
violet 7 7 - -
grijs 8 8 - -
wit 9 9 -
GEEN[L LAY . - [20% ()
Zilver 0.01 10% (K)
goud - 0.1 5% (J)

—— 27x10= 270pH 5% tolerantie

Axial inductor
color code



The wireless era....

It is a bit freaky with this
wireless technology




