iving antennas. That type of antenna
everal advantages over wire an-
inas, especially at very-low and low

with a one- -meter
1 duce the sensmv—

0 acnve recelvmg antenna to have are:
“high input- impedance, low input-
;ca‘acntance low output-impedance,-and
‘m imum dxstomon/hlgh linearity.

, more complex cxrcuus, usmg
1 semlconductors orIC’s.)

’wwe-band amphﬁer cifcunt

'he JFET that we have chosen to use is
‘the Siliconix J-310 (or U-310 in metal
‘can). That JFET s often used as a
‘grounded-gate : transmission-line ampli-

mput/output level). The J-310 will usual-
y handle short-duration static surges up
to 100 volts or so thhout damage, so a

er for TV and FM reception (ata 75-ohm

nfennas

An active rece/wng antenna
can dramatically i 1mprave
your receiver’s perfonnance
especially at very low
frequencies. Here we w:ll
discuss some practical

. circuits for both w:deband -

and narrowband operatlon.‘ resonating with the juncti

R.W. BURHANS

vices: and,

" the JFET serves asalo

pa
’ quency ‘near 30 MHz. ‘That input.

single low-capacitance neon bulb can
provide input static-charge’ protéction.

That is of value since semiconductor di-~ .~

odes usually have a much hlgher Juncuon- E

capacitance when used as protection de-

if used, would increase the

input capacitance of the preamphﬁer ,
In our application as an active VLF-HF

.preamplifier, the J-310.is used in' a

‘common-source ‘common-drain: con-
ﬁguratlon with inductive feedback (that

Jimproves the linearity and lowers the out-
i impedance). Figure .1 shows our. = .
: ;,wndeband circuit for the range of 10 kHz ,
1030’ MHz. Note that the feedback from
. drainto source is large because of the low
-resistance of the transformer and its 1:1
s turnsratio:s (We w:ll discuss howtowind
- that transformer in Part 3 of this series; L
" that part will contain actual construction

details.) For the. circuit to operate pro-
per!y the transformer’s ‘output should be

.opposite in phase to us ‘input (w1th respect L
. to-ground).
-“The amphﬁer circuit is mtended tobe -
: ;used with a 1-meter vertical whip. fvThe .
. .antenna and its mount capacntance‘ L

~as part of an input ﬁh*er The input capacx

aids in reducing FM-VHF interference

. over arange of 50'to 500 MHz where the
1 meter whipacts hkearesonam antepna. . oo

Receiver coupler

The. receiver coupler both prov1des.f
power to the preamplifier and extracts the.
‘'signal from the coaxial transmission line - -
(from the preamp). A wideband receiver -

& fes61 Howww
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output is opposite in phase to that of its input.

FIG. 1—THE WIDEBAND AMPLIFIER. The transformer shoul

that the polarity of the

R both provides power to, and extracts signals from,
well as acting as a highpass fiiter

coupler is shown in Fig. 2. Capacitor Cl
and inductor L1 form a highpass L-
section filter (with about a 10-kHz 3-dB
rollofhh. Resistor R1 is used to ensure that
the preamplifier output sees a low-
impedance load no matter what sort of
receiver is connected. Resistor R2 is used
for matching to u receiver with a higher
mput impedance. That resistor would
cause a signal loss of 6 dB if the input
impedance to the receiver were 500
ohms.

The coupler circuit provides DC power
to the preamp through the coaxial cable.
Power sources less than about + 8 volts
will reduce the dyvnamic range and linear-
ity of the amplifier. The power dissipa-
tion of the JFET using a + 8-volt supply
will be about 200 mW. The rating of the
J310ut 25°C 1s about 360 mW maximum.
In practice. we have not burned one up
even when operated with a =12 volt
supply for an extended length of time.

The active antenna preamp Is like a
Class-A amplifier (where the output has
low distortion, but the power furnished by
the DC power supply is much greater than
the power dissipated in the load). Howev-
er. some distortion does ultimately
appear in the output at high input-signal
levels. That is due to the tact that a JFET
biased in that way cannot be made per-
tectly linear over a wide dvnamic swing
of the output voliage. Other modes of
operating the JEET with different biasing
have been tried. but they have notresulied
in any significantly better performance.
So.inasense. the circuits of Figs. T and 2
are of the simpler is better™ tvpe.

Intermodulation distortion
A wideband active antennit covering

from 10 kHz to 30 MHz has poor per-
formance with regard to IMD (/n-
terModulation Distortion) because little
input filtering 1s provided. Interference
will be noted especially if the observer is
close to strong AM broadcast-band
transmitters. The standard method for
evaluating the intermodulation response

+20

-20

OUTPUT SIGNAL LEVELS—dBm

-80 -60 -40
TWO-TONE INPUT SIGNAL LEVEL -dBm
FIG. 3—THE HIGHER THE INTERCEPT POINTS. the better the amplifier's intermodulation rejection.

<« {60dB OVER S9 SIGNAL LEVELS)

of wrecenver s tomeasure the 2nd and Ard
order mtercepts

Freure 5 shows a plot of the output
power of the two fundamental stgnals (/.
f20 versus the output power of the second
order and thard order distortion products.
(We discussed mtermodulation distortion
products e the first part of this series.,
which appoared in the Februan issue of
Radio-Electronicss. Those are shown as
a funcuon of the power of a4 two-lone
MpUe sign.

One thing we should mention first is
that when the mput signals are too large.
the amphinier output will not follow the
input hnearly. That is called gain com-
pression and can be seen in Fig. 3.

I the ineur portions of the curves are
extended. they will eventually cross cach
other. That '~ shown in Fig. 3, where the
curves are extended by dotted lines and
cross at ar output fevel that cannot be
reached by the amplifier. The point where
they cross is called the amplifier in-
tercept. The input and output coordinates
where they cross give vou the input and
the output intercepts.

In general. the higher the intercept
point is on the gruph. the better the
amplifier’~ cupubility. Those mecasure-
ments are best made with a sensitive spec-
trum analy zer. but an approximate idea
can be obuained by using a receiver and
recording the S-meter readings with
appropridate signal-generator sources.
The relatively low number of onlv + 10
dBm for the 3rd order intercept indicates
that the active antenna should be used

14
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t /7 //
S
2NDDRDER!NTERCEPT~\ // ///
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L
3RD ORDER INTERCEPT 7;#
/I/
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over o wde trequeney canee only whee

ANTENNA
(SEE TEXT)

the Tocal mterterence level s not severe
Uhie antenmid, of course, might be used ma
high-signad wrea but the observer has o
cxercise some caution inmaking sure that 5
the 1IN stunals are not obscuring somwe m‘"
destred sienals on the same frequency Gl
T-or the s ideband case of [0 KFHZz to 30
ML those intermodulanion-distortion
measdrements suggest that only w sher
antenna of perhaps | ometer or even ess
will provide the least amount of spurions
responses-—increasing the untenna length
will only tend to increase the distortion
level. Lonver antennas should be used
only when the active preamphifier is pro-
vided with some form of input and or
output filtering o reduce the out-of-hund
interterence ctfects. With added input
filtering. un active anenna with a f-meter
whip can provide less IMD because the
mput fitter reduces the fikely interfering
signals before they have a chance 10 0p- CB radios at the 27-MHz region). A prim-
erate on the preamp input circuitry. ary reason {or using an active-antenna
Although the wideband active antenna svatem is to provide good performance
should not be used with anvthing longer over a wide range with small physicul
than a |-meter whip arcas of high size. Thus. if the antenna 1s to be used
adjucent-channel interference. longer onlv for the CB range. itwould be simpler
antennas—perhaps up o 10 meters—un to use an ordinary CB antenna and avoid
be tried in o quiet” location for operat- all of the wideband probiems.
ing in the VLF-LF range. However, when
u\in\; long antennas in the HE region there
< an additional inrcrfcrcncc problem be-
cause the antenna iy resonant at more thun
one trequency. One rule to follow here ix
10 keep the length of the untenna less than
»wavelength at the highest trequency
used for 4 wideband svstem. Although
that is short at the highest frequency. an

SECONDARY

FIG. 4__THE INPUT INDUGTORS and circuit capacitance form a lowpass filter that makes this an
amplifier for restricted use in the VLF-LF range.

The choice of those inductors is
somewhat critical because the preamp's
operation depends partly on the resonant
frequency of the coils. the distributed
capacitance. and the capacitance of the
windings to the shield housing. To reduce
mutual coupling. the coils are connected
in series with their windings opposing
cach other. Therefore. they stll can be
mounted close together on a small circuit
bourd with no interstage shield. That
arrangement prmldm at least another 30
dB of wtenuation for broadeast-band sig-
nals directly at the input to the pre amplr
fier where the problem of intermodula-
the amplitier circuit 1s moditied o pro- ton starts. A single inductor can be used.
vide input filtering and higher voltuge- but it will not provide quite ay sharp o
gain. Fiour re 4 shows the modified circuit. cutott for interference from the AM
Two input inductors and the circuit broadeast band.
capacitances form @ lowpass tilter with ¢ The output transformer is an ultri-
cutoff frequency near 430 kHz isee H__'. miniature audio-output transformer with
4 200-0hm center-tapped primary and zm
K-vhm center-tapped secondary. [ We wil
talk more about that transtormer when xhuv
series continues.) The output transtormer
has good response to at least 400 kHz.
: ) : s , even though it was originally intended for
CNEY : : s e R A 5 audio-frequency use. The smaller amount
‘ == of feedback applied trom drain-to-source
results inhigher voltage gain of about + 6
dB at the expense of ‘hghtly less power
cuin. ora highcr output impedance when
compared o the 11 wideband toroid.
However. we use the tron core transtor-
mier because of its Tow cost as well as the
low pass output filtering provided.
When used with a -meter whip. the
VEF-LF version of the active antenna—
with an input lowpass filter with about o
130 KH/ rolloff—provides higher in-
tercept potnts with respect to broadeust-
band mterference talthough it is about the
~anie for interference from other
frequenciesy. Hoyou are tocated ma reg-
fon {ree from high-power broadeast-bund
transmittters. then you can use the pre-
amplilier of Fig. 4 with longer antennas.
However, @ point is reached with any
active system where merely ereasing
the untenna size does pot improve the
overall stemal-to-noise ratio because the

antenna of that fength used with the wide- REF
band pre mp will perform almost as well
as o A8-tach top- ,\\ului verticul con-
nected to w 30-ohm svstem tas in mobile

Amplifier circuit—VLF and LF
At frequencies below about 300 kHz

70 GATE -
OFO1

T0 GATE

‘ DlSTR!BUTED 1 DiSTRISUTED
= CAPAC!TANCE = APACITA&CE =

ES

2.5METER T0 GATE
; oF Q1

- CBWHIP

: ‘,VTO“G’ATE ey
oFa!

¥

A

FIG. 5~VARI>O‘U>S INPUT NETWO@?KS for VLF-LF o'pe'ra'tion can imyprové performance at particular
frequencies or increase the antenna’s selectivity.

atmospheric noise level nereases at the
same rate s the stgnad
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FResonant input circuit

Fieare S iHustrates vartous high-
nnpedance mput networks for restricted
use i the VEF-LEF region ¢such as Loran-
Coonlve or WWNBO or for the 160
RHZ-190 kM7 experimenters’ license-
free hand). A series inductor with a small
mpul ning capacitor can be used to
turther reduce interference and inerease
the antenna pertormance. A miniature
rimnmer-capacitor with @ tuning range of
S o 30 pfplaced tfrom the gate to ground.,
directly across the I megohm input resis-
tor tsee Frgs. 3-b and 5-¢) provides a
means of tuning the series inductor tor a
peak at the desired trequency range. The
result is a sharp. high-frequency cutoff
with a more gradual low-frequency rol-
Joft. The inductor was chosen to be self-
resonunt (remember. real inductors also
huve capacitunce) at a somewhat higher
frequency than the top of the desired wn-
ing range. That technique will work for
some pot-core or slug-wound inductors
hut will usually not work well with large
torords. as they have too much distributed
capacitance at VLF. It is also possible 1o
shunt a slug-tuned inductor from the gate
o ground (as in Fig. 5-¢) but the preamp
will then require a larger housing. For that
parallel-tuned case. the 1-megohm resis-
tr can be removed because the inductor
provides the ground return for the gate.
The untenna is then connected directly to
the gate terminal with the inductor chosen
to resonate with the antenna. input-
circuit, and antenna-mount capacitances.,
The minimum of external tuning capaci-
tance provides the highest Q (most selec-
tivey antenna in this application. For DX
hunting in the low-frequency experiment-
ers” band (at 180 kHz). a narrowband
antenna with a Q of more than 50 can be
achieved with a parallel-tuned circuit.

One problem with using a tuned circuit
is that it restricts the remote applications
of the active antenna. That is because the
antenna must be located conveniently so
that 1t can be retuned. However. for
covering some fixed frequency (such as

tem can be aligned on the bench and then
mounted for unattended operation. When
tuning those svstems. 1t s advisable (o
temporarily mount the preamplificr
assembhvan u tairly clear area (preferably
where 1t will be permanently located) 1o
avord nearby capacitive coupling, which
might detune a very selective svsten.
Onc technique for broadbanding a
tuned circuit is 1o place a resistor n para-
el with the inductor (See Fig. 3-dy. Re-
sistor values in the range of S0K 1o 300K
ohms can help broaden Loran-C svstems
where o wide bandwidth 18 necessary.

the expertmenters” bundy the antennicsys-

Traps

Series-connected transmission-line
traps tuned to local broadcast-band sta-
tions and placed just ahead of the receiver
coupler can improve the IMD somewhat
and reduce overload or gain-compression
problems txee Fig. 61. The tuning capaci-
tors must be isolated from ground and the
inductor must be chosen so as to have «
reactance greater than 50 ohms at the de-
sired notch frequency. Dual traps are
possible. For example. Fig. 6 shows a
trap tor 970 kHz and another for 1340
kHz connected in series. The combina-
tion of input lowpass filters at the antenna
and traps at the preamp output can usually
provide sufficient attenuation for cases of
severe interference in the VLF-LF band
from stations in the broadcast band.

A summary of some measurements
made with different antennas at 60 kHz
for WWV'B reception is shown in Table
1. It should be noted that & 2-meter ver-
tical whip 1s about equivalent in sensitiv-
ity to the much larger flat-top antenna.
However. the flat top is much more sus-
ceptible to noise and interference. even
when it is operated with a lowpass filter at
the preamp input. The effective-height
estimate may not be the same over the
entire frequency range. For example. the
flat top appears to have an effective height
of about 2 meters at 200 kHz but less than
0.9 meters at 60 kHz. That is because of

LSHIELDED BOX__

=

FIG. 6—TRAPS CAN BE USED to reduce in-
terference from broadcast band stations—in
this case from stations at 870 and 1340 kHz.

K—~the shielding effect and conductiviny
ol the focal ground terrain, which in-
cludes all the trees. power lines. and
butlding structures. However, we are stil!
able to operate the antenna even down G
the 10.2 kHz Omega frequency with
reasonable success and 1tis used routinely
to check GBR on 16 kHz for VLF pro-
pagation conditions. tGBR is a high-
power military VLEF station from Greut
Brituin  In practice. it s always wise to
check for IM effects at the specific fre-
quency range that vou plan 1o use the
antenna. Sometimes they are severe but
only wt relatively nurrow freguency
ranges usually not in the VLF range.

For ceneral wideband surveillance. the
L-meter whip with an effective height of
about 30 ¢m is the best antenna of all.
because 1t has fewer IM interference
effects and less local noise from the pow -
er linex.

A general conclusion trom all of the
experments 18 that the local environment
and the ground-conductivity effects oi
nearhy structures are the most important
factors in determining antenna sensitiv-
itv. Small changes in antenna location can
produce remarkable differences in the an-
tenna’s performance.

Another observation is that the best
location for a short whip is invariably up
high in the clear. (That can especially be
seen in alreratt applications where a ven
short vertical whip is used with remark-
ably vood performance )

Low-frequency experimental radio sta-

RADIO-ELECTRONICS

~
n

TABLE 1 tion operators have reported good results

. . in mobtle operation with reception of 160

Physical Hegﬁ;’ameter (h) WTr‘r:1 V\;:f‘p 2 Fiagr:‘)p to 190 KHZz xignals using 2.5-meter CB
m . i merallel . N STw Ok ©

Antenna Capacitance (Ca)  10pF 20pF 118pF whips and parallel-tuned input networks.

Fixed Capacitance (G, + C,)  15pF 15pF 15pF We have conducted similar experiments
Voltage Gain at Preamp (A) 1 (0dB) 1 (0dB) 2 (+6dB) with Omega and Loran-C receivers in
Estimated Ground (K) 0.7 0.7 0.05 mobile vehicles where the only problems

Coupling Effect were those of shielding from buildings or

Effective Height (he) 0.28m 0.80m 0.88m when driving under bridges or near powe
WWVB Reading on S6 S9 S9+ lines. An additional problem in mobile

YAESU FRG-7700 operations is harmonie radiation from the
Estimated E-fieid for (E) 150 pV-per-m 150 pV-per-m 150 pV-per-m vehicle s AC alterntors.

WWVB (from NBS chart)

Output S~Nfor (B, = £ x h,) 42 uV 120 v 182 v ~When we continue this series, we will
60kHz WWVB at Preamp discuss construction details 111}(1 include
Estimated (S +N)/N during +10dB +20d8 +20dB prmlnl—urtull bourd lavouts for the ac-
60 Hz “quiet hours” tive antenna preamplhifier and receive:
Overall Noise Rating good fair poor coupler. We will also discuss how 1o
IM Distortion Rating fair poor very poor beneh test the preamp. and how o mount

the system R-E



