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H. Braubach, DL 1 GBH

V-MOS Transistors

in Power Amplifiers for 144 MHz

Several V-MOS power transistors have
become available on the market in the last few
years. This article is to describe the differen-
ces and advantages of these transistors with
respect to conventional MOS and bipolar tran-
sistors, and is to give infarmation regarding
their applications. Three pawer amplifier
stages are lo be described that match one
another. They allow one to carry out one's
own experimentation and to galn experience
using these camponents. On being connect-
ed together, a three-stage linear amplitier re-
sults that will provide an output of 80 to 100 W
at 144 MHz with a drive of less than 50 mW. The
article is completed by describing measuring
aids and a harmonic filter which is able to
handle this output power level.

1.
V-MOS, A SHORT INTRODUCTION

In the case of conventional MOS-FETs, the cur-
renl flows horizonlally in the substrate. as shown

Source Gate Orain
S0
7 \ N
N —— MN?

|

Fig. 1:
Cross section through a conventional MOS-FET
(SILICONIX data book V-MOS Power FETs, 1980)
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in the diagram given in Figure 1. The resistance
between source and drain is dependent on the
poteniial ai the gate. With a given spacing source
- drain and a given gale surface, it can only be
reduced ta a mimmum Rgg on. If the MOS-FET (s
t0 produce power. it is necassary for Rps ga t0
only amount 1o a few Q, olherwise, 1he dissipa-
tion power of 1he transistor will be too high. Of
course, lhere are convenlonal MOS-FETs
having a fow Rpg on. however, they require a large
gate surface and therefare exhibil a large gate/
source capacilance, For this reason, such transi-
slors are only suiable lor low-lrequency applica-
lions

In the RF-range. conventional MOS-FETs can
produce powers of up to 1 W Higher power levels
— up 10 approximately 120 W at frequencies of
up 1o approx. 300 MHz - have only become pos-
sible using MOS technology since the develop-
menl of the VMOS-FETs. The "V™ slands for
therr vertical siructure. the current flows verti-
cally in the substrate. as shown in Figure 2.

Due 10 the \+struclure, Ihe channel length is only

Source

Source Gate

Fig. 2:
Crass section through a WMOS FET (SILICONIX)
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approximately 1/3 thal of conventional MOS
siruclures, which reduces the ON-resistance 0
approximalely onse third. Furthermore, lwo cur-
rent channels are formed, which allows the ON-
resislance 10 be halved again. The other drain
siructure also allows 1the ON-resistance 1o be
reduced so that considerably higher currents
can flow thanin the case of a conventional MOS-
FET lor the same inpul capaciance,

Funher very imporiant advaniages of V-MOS
transistors should also be mentioned briefly:

® They exhibit a low feedback capacilance

® The ininnsic feedback capacilance is virtually
static in contrast (o bipolar transislors, which
leads 10 a very much lower tendency 10 para-
meiric ascillation.

e \-MOS transistors have a negative lempera-
lure coefficient, which means that the drain
current is reduced with increasing tempera-
\ure. This ensures 1hal the (ransisior cannot
destroy nself.

® V-MOS (ransistors exhibil an extremely linear
characteristic. The required quiescenl current
1s simply aligned by connecting a DC-voliage.
and a lemperalure compensation 1S not
required.

2.
BASIC CALCULATIONS IN THE CASE OF
V-MOS POWER AMPLIFIERS

The maximum oblainable power that can be

achieved with a Iransisior can be approxamated

wilh the aid al equation 1.
(Upp — Upson)?

Q)

2x R
whereby
Upp = Operaling vollage
Upson = Drain/source resigual voltage at full
drive
R, = Load resislance at the transistor

The residual voliage Ups o, can be calculaled
wilh the aid ol equation 2.

Upson = Imac X Rposon (2)

One is now able 10 see the effect of the transisior
impedance Rpy ., which was discussed 1 sec-
tion 1. A higher res:stance allows \he residual vo!-
lage Ups qon 10 be high and also only allows a
lower oulpul voliage. The maximum oulpul po-
wer Py, is mostly given in the data sheets. The
required load resislance Ry at the transisior can
then be calculaled according (o equation 3.
(UDD — UDS on)2 3

L 2 % Pas @
Finally, a fourlh equation is 1o be given which
allows 1he possible gan (in dB) ol a iransislor 1o
be calculaled:

Gp =10 B > %
=1 —_— | (4
p = 10100 | B R + vR2 | P

Aller two transformation steps one will obtain

o ngz x Re
Gp = 10 log R+ 2R, 1 T (ab)
Homz * F‘L
where:
gm = Forward slope
R, = Source impedance of the inpul

R. = Loadresislance athe drain
Royt = Oulput impedance
G, = PowerganindB

As i1s shown by equalion 4b, the pawer gain 1s
very sirangly affected by YR_ in the nominaios,
which means thal when R increases. this will
also cause Ihe gain 1o Increase. However, since
R 1s also present in the nominator of equalion 1,
the maximum output power will drop at lhe same
vme. This means thal the maxmum values of
galn and oulpul power are not achievable at ihe
same lime

2.1. V-MOS Transistors Used

SILICONIX 1ypes DV 2805 DV 2810, and
DV 2880 have been used. They belong la a
series of N-channel enhancement FETs that
comprise six types: DV 2805, DV 2810. DV 2820,
DV 2840, DV 2880. DV 28120. The number 28"
in the designation shows a nominal operaing
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Fig.3:
Types of cases of the '\MQOS FETs used
(Siliconlx)

voltage of 28 V, whereas the (ast wo or three
digits refer lo the maximum output power The
designalion “DV* designales types tor the VHF
frequency range in the order of 175 MHz.

All these transistors thal exhibil a low noise
figure are able 10 handle mismalch condiuons,
do not run away thermically, and can be desig-
ned (o operate with simple bias circuits for class
A, B, or C with a high dynamic range. Thelr nomi-
nal power gain when connected in @ common
source circuil amounts 1o 10 dB. They are avail-
able in cases type "W" and "S"' (ses Figure 3);
the higher-powered transistors are available in
cases "W, "U" (as “S", but larger). and “T". The
cheapest and thus most interesting types for
radio amateurs are the transisiors mounted in a
W' case.

Characteristics

Absolute limit values at 25°C
Gate-source voltage

Drain-source voltage

Drain-gate voliage

Drain current

Dissipahon power at 25°C case temp

Operating values at Upg = 28 V. [ = 175 MHz
Outpul powr Py,

Drain efficioncy

Slope gm 2105 Ip max

Inpul capacitance at Ugs = 0V

Oulput capacitance Coss at Ugs = 0V
Feedback capacnance C s atUgs = 0V
Noise figure al 0.0S Ip max

Transistor impedance Rps on

A few 1mportant specincauons o1 (ne Inree 1ransi-
slor lypes used are given in Table 1.

3.
DESIGN OF THREE AMPLIFIER STAGES

The requirement was lo design a power amplifier
wilh an oulput power of approximately 100 W and
wilh a drive power of & maximum of 100 mW. Of
course, a gain of 30 dB cannol be obtained in a
single transistor stage VMOS FETs have a lypi-
cal gain of 10 dB per slage, which means Ihal
Ihree amplilier stages are required. All three sla-
ges are designed so thal they passess an inpul
and output y/mpedance of 50 Q. This simplilies
alignmem and allows each stage 10 be used indi-
vidually. Special tealures of the circuil are now t0
be described brefly, beginning with 1he oulput
slage The overall circunnt diagram is given in
Figure 4.

3.1. The 100 W Stage

The transisior lype DV 2880 is used in this slage;
this is able 1o provide approximately 100 W PEP
at 145 MHz wih a gain of 10 dB at an operaling

DV 2805 1 DV 2810 DV 2880
|

40V a0V a0V
80V 8oV 80V
80V 80V 8oV
05A 1A 8A
(A% 20W 160 W

|

| 5W min 10 W min. 80 W min,
80% typ 60% 1yp. 65% lyp.
85mStyp. | 130mS typ. | 800 mS min.
12 pF yp 22 pF 1yp. 210 pF max.
11 pFiyp 21 pF typ. 175 pF max.
15 pF typ. 3 pF lyp. 25 pF max.
68d8B lyp 68dB iyp 40dB1yp

1 1Q 1Q 05Q

Table 1: Several imponant specifications of the V-MOS (ransistors used
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00,6 S
DL1GBH  HFp—— e e IS
e e ] / -12V|
DL1GBH 002 S0k — i
I 100mA

o—r
P<20mwW P=700mw 2270w P=00W

Fig. 4: Overall diagram of the three amplifier stages for 144 MHz

voltage of 30 V In order 10 calculate Ihe required T\ ug

load resistance R, the following specifications i

are required o Us

Roson = 05Q 5] )

Imar = 5A ) Jﬂ. Cﬂ#l QL‘ ut 501

Ugo = 30V oL -

Pou = hon Fig. 5: Quiput transformation of the 100 W stage

This can be calculated according (o equation 2

as:

Upson = 05Q x 5A =25V
and according 10 equauon 3

_(BoV -25V)2

= =3 2
fie 2 x 100 W R

This means that the output impedance musi be

transformed 10 3.28 Q as load impedance forthe  Fig. §: Input matching of the 100 W stage
transistor, which is carrned oul with 1he aid of a
circun as shown in Figure 5. Inductance L, is de-
signed so that it forms a parallel resonant circuil
together with capacilance Cpg of 1he transistor
so that 1 is able to neutralize this capacitance.
The load of 50 Q present on the outpul sockel is
rranslormed with the aid of L;, C,, and C, 10 an
impedance of 3 28 Q at the transisior.

- 0%

120k

[

The inpul maiching is made with a simlar net-
work (Figure 6). In order 10 avoid parasitic oscil-
lations, a resistance of between 100 and 680 Qs
connected in parallel with Yhe input. In the case 120k

of this amphifier stage, a value of 560 Q2 has been

found suilable. Fig. 7: Operating point adjustment of V-MOS FETs

133



X

VHF COMMUNICATIONS  3/83

The quiescent current is delermined in a simple
vollage owider which can be high-impedance ~
as in Figure 7 -, since a very high inpul impe-
dance exsts for DC-voltage For this reason,
there is adanger of the transistors being destroy-
ed by stauc charge, as is the case wilh all MOS-
semiconductors. One should Iherefore licstly sol-
der in the resistor 10 ground belore mounting the
transistor.

3.2. The 10 W Stage

The driver stage mus! provide 10 W inlo 50 O A
lype DV 2810 is used whose load impedance can
pe calculaled as loliows.

Upson = 05Q x 1A =05V
(295 V)2
= ————— = 43,
Bi 2x 10W 0

The input and oulpul matching are realized with
similar networks 10 1hat of 1he 100 W stage The
input matching 1s somewhat simpler as can be
seen in the circuit given in Figure 4.

3.3 The 1 W Stage

Since the 10 W stage provided a gain of approxi-
mately 12 dB instead of the assumed 10 dB, the
lirst stage equipped with the V-MOS 1ype
DV 2805 only has 1o provide an output power of
approximalely 700 mW For this lirst slage the
following specilications can be calculated
according ta ths previously mentioned equa-
ons:

Upson = 1Q x 03A = 03V
This vollage drop can be neglected

(30 V)2

RL= ——2_ -6420Q
2% Q7N

.UB

Lp

LS

Fig 8:
Outpul matching of the high-impedance 1 W stage
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This means hat the transistor inpul Impedance
of 50 Q@ musi be Iransformed 10 642 Q al the
Iransisior with the aid of a maiching network
This is achieved with the circuil given in
Figure 8. The input matching is made with a si-
milar network to \hal used for the order two
higher-powered stages.

3.4. Special Componenis

L1 2 wens of ¥ mm dia. silver-plaled copper
wire wound on a 5 mm former, pulled oul 10
a coillength ol 15 mm, seli-supporiing.

L2 1turnof 2mmdia. silver-plated copper wire
wound on a 5 mm former. pulled oul lo a coil
length of 5 mm, self-supporling.

L3 13 turns of 1 mm dia. silver-plated copper
wire, wound on a S mm former.

L4: 9 wrns of 1 mm dia silver-plaled copper
wire wound on a 5 mm former. pulled lo a
coll length of 15 mm, self-supporung

LS. 4 wrns of 1 mm dia silver-plated copper
wite, 5 mm former. & mm long. self-
sSupporing

L6: 2 1urns of 2 mm dia. silver-plaied copper
wire, 5 mm former, 1S mm long, self-
supponing

L7 3 wrns of 1 mm dia. silver-plated copper
wire, 5 mm former, 7 mm long, self-
supporting

L8 051urns of 2 mm dia stver-plaied copper
wire, 15 mm former, self-supporting

9 pcs. mica rimmer capacitors as shown in

Figure 4.

The coupling capacutors of 1.5 nF in the input and

dniver stage are mica lypes.

Ceramic muit-layer capacitors of approximately
1 nF should be used lor bypassing the dran
voltage: a 10-turn helical \nmmer polenhomeler
should be used for adjusting the gate bhas
voltage. The feedihraugh capacitors should be
for screw fitting. and have capacilance values of
between 1 and 2 nF.

4.
CONSTRUCTION OF THE AMPLIFIERS

A unwversal PC-board is pravided lor the various
amplifier stages (Figure 9). it is 105 mm x 54 mm
and s consiructed from 15 mm 1hick epoxy
glasstibre board
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fo———————————— 105

Fig. 9: Single-coated universal beard DL 1 GBH 001

Each board is provided wiifi a cutout for the Iran-
sisior o that the transistor nself can also be
directly screwed (0 the base plaie of the case
The components are direcily saldered 10 the sur-
lace ol the PC-board.

Each amplifier stage 1s installed in a cast alumi-
mum case The cases are prepared as shown in
Flgure 10. whereby the two M3 threaded holes in

DL GBH 001

T—Tl;

1

the narrow side panel of the case are only requir-
edinhe case of the 100 W stage, and only on the
oulput side, since an N-connector is 10 be used
here thal has a conventional BNC-flange. The
central hole at the bottom of the case 1s used 10
mounl the ransistor; Lhis position 1s marked after
the PC-board has been placed into the case The
other faur hales in the base plate are used (or

—~— =

- :
|

o -egi’—

tet b

45—

+— — ¢ —o— — —

Flg. 10: Preparation of the cast aluminium case
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Fig. 11:
Construction of the
1 W amplifier
ouT
T 2277 ‘ill/:.n\ F‘g' 12:
'Y Construction of the
S 10 W amplifier
——
n% L 30
E] = Nl -
120K © L0
IN = T2 @ ouT
ns LS
100
g | V20K 10k w0 |@
_uAg
+Ug3 +30V

N

el -
\\“\\\\\\\\\\\\\\\“\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
Q
W

Flg. 13:
Construction of the

rI inS
e A %3
120k

N
A S
=

|N [:j y
R
bl

100 W amplitier

N oNerm

S 3
O\ez

Ll L Ll Ll L L L Ll Ll

120k
DL
N AN ANRRNANRRNRY

mounting the heat sinks. which are only used for
the lwo higher-pawered slages; they are counier-
sunk lor M 2.5 screws These are nol required for
the 1 W stage. The holes in the long-side panels
are for \wo feedihrough capacitors, each, and
1hose on the narrow-side panels are for BNC con-
neciors for single-hole mounting

It is now possible for the amplifiers 10 be con-
136
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strucled according lo Figure 11 (1 W stage),
Figure 12 (10 W slage). or Figure 13 (100 W
slage).

The construction is commenced with the
resistors. after which the transistor is soldered
into place belore the inductances and capaci-
lors. A pholograph of a completed 1 W stage is
given in Figure 14, and lhe wo “higher
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Fig. 14: Photograph al the author’s prototype 1 W amplifier

Fig. 15: The 10 W and the 100 W power amplifiers are mounied together wlith the blas voltage board
DL 1 GBH 002 onto a common heat sink

137
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Fig. 16: The single-coated bias board DL 1 GBH 002

poweared' stages, logether with a small board 10
provide lhe bias voltlages. are shown n Figure
15, The 100 mm x 30 mm beard DL 1 GBH 002
(Figure 16) accommodales the lwo spindle Irim-
mers, the relay, the zener diode, the 1 mF eleclro-
lytic. and a lew solder points. Figure 17 shows

° Q
DLJO?BH / °
o o N
le— - 100 —

/S o~Cp ©
N\, 00 %
°

the component localion plan ol this PC-board, 1o-
gether wilh the overall consiruction and inter-
mediale connections. Finally, it should be noted
that the two lower-power ampliliers are provided
wilth covers, whereas this is not Lhe case wilh Lhe
100 W amplifier; in the case ol the latter, lhe

Short BNC cable
Bis +30V Bis o
of output stage | gy of driver Input
G I s WAL S o T
7 3\ e 3\ 7 \!
e 2] 2] e @ 2]
Output stage Driver stage Input stage
@ imm CaAg—]
+30V/ SA /{
from power supply /
U
Gl
DL1GBH w2
\e e/ \@ @/ \@ e/

Output 00W

Short BNC cable

Fig. 17: Mouniing and wiring of all three amphfiers 1o form a common linear amplifier

with 37 dB gain and 100 W outpul power.
138
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Fig. 18;

The following swept-
frequency responses can be
seen:

Upper left: Tendency o oscli-
lation due ta exira coupling:
Upper right: Slight osciliation
of the amplifier;

Lower lefi: Conslant strong

osciiation;
Lower right: Correcl swepl-
frequency curve

{oss6s due 10 induced RF-currents in the cover
are so high that the full output power could no
fonger be achieved.

5.
ALIGNMENT OF THE AMPLIFIERS

Any amateur who has construclted a power
amplifiec with an expensive iransisior and is
aboul lo ahgn it, knows the danger of a sudden
sell-destruction of the transistor The actual
danger are parasitic oscllalions which cause a
sleep increase of currenl. The resulling exeeding
ol the limit values can be avoided by nol provi-
ding a conlinuous signal al one frequency, bul
driving the stage with a swepl-frequency signal
over a wider frequency range. If frequency devia-
tion and speed are large enough, the lransisior
will only be in crilical operabng condiions for a
very shorl period. which usually does not
endanger Lhe tcansistor. Tendency o oscillation
and other instabililies can easily be seen on the
swept-Irequency curve. Figure 18 shows a few
examples of 1his. I1 is also favorable 10 monitor
the input maiching by placing a standing-wave
meter (reflectometer) between genecalor and the
amphfier stage o be aligned.

5.1. Adjustment of the Quiescent Currents,

For alignment ol the quiescenl current, each
amplfier siage is terminated with 50 Q al 1he in-
put and outpul Furnthermore, it should be
ensured thal the potenliomelers are placed in
their fully ground position before connecting the
gae bias voliages. This is fallowed by connecting
the voliages of +30 V (max. 5 A) and +12 V for
the relay; the following quiescent currents should
be adjusted

Y Wslage:lp = 25mA
10 W stage: ), = 100 mA
100 W stage: |y = 400 mA

The current should increase cantinuously on in-
creasing the gaie vollage; any sudden increase
indicates unwanted oscillalans. In this case,
reduce the gale vollage and aller 1he alignmenl
of the capacilors somewhal After \his, realign
the quiescent cuccent

5.2. VHF Alignment

This alignment requires measuring equipment
that shoulc ze connected as shown in Figure 19
Fislly only connect the 1 W stage and align 11 for
maximum oulput power. A smooth, and conii-
nuous swepl-frequency curve should be obtan-
ed, similar 1o thal shown in the lower pan of
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Amplificr

Swepl-frequen
24 10 be aligned

generalor

Atienvator
30d8

Oscilloscope
Measuring
probe Y

X

Fig. 19: Measuring equipmeni for alignment:

the attenuator must be able to handle the full outpul power

Figure 18. If 1he firsl stage is aperaling correcily,
lhe 10 W stage is connecied lo it and aligned in a
similar manner 10 that of the 1 W siage (to which
no further alignmeni should be made) Aller
compleling the alignment ol the 2nd slage. 1he
100 W slage is connecied and aligned in a similar
manner, Afier this, 1l is possible for corrections 10
be made o all alignment capacitors in order o
obtain the maximum oulput power 1ogether with
1he mos! favarable frequency response. The aut-
hor's prololype oblained an outpul power of
100 W with & dnive power of 20 mW, an oulpul
power of B0 W should always be achievable

The measured values of Lhe prololype are given
in Table 2.

In one of the next editions of VHF COMMUNI-
CATIONS. we will bring the concluding parts.

6 Home-made measuring aids
7 Hacmonic liler

For those requiring more information on V-MQOS
ransistors, we wauld hke 10 poim out Ihal SILI-
CONIX publish a boakiel entilled "*V-MOS Power-
FET Design Calalogue’.

P./dBm P,./imW P /dBm P,/mW P, /dBm P, P,,/dBm Pu/W

5 32 194 87 350 3.16 425 17.8

6 4 20.2 105 36.0 398 433 21.4

7 5 212 132 368 479 44 3 26.9

8 6.3 221 162 376 575 455 355

9 79 23.1 204 383 6.76 46.8 479

10 00 239 245 388 7.59 48.1 64 6

1 12.6 248 302 393 8 51 488 759

12 15.9 258 380 39.7 933 483 85.1
13 200 26.8 479 40.0 10 50.0 100

Table 2: Measured values of the 1 W stage (I). of 1 W and 10 W s1age (Il), as well as of all three stages

connected together (lll)
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Istvén Szabo, op. of HA 5 KFV
Sandor Nagy, HA 5 GH

Input Filters For Receive Applications
In The 144 MHz Range

Most active VHF amateurs will have noticed
that many non-amateur signals are audible in
the 2 m band. These can be caused by many
things. and can also be generated in the re-
ceiver itself. For example, two or more legal
out-of-band signals can generate in-band
signals within the amateur band due to inter-
modulation in the input stage of the receiver
or preamplifier. These can be mixed with the
“wanted'' signals and be demodulated with
them.

A (urther problem can be caused by individual
out-of-band signals from very strong trans-
mitters that shift the operating point of the
first stage and thus reduce the sensitivity of
the receiver (desensitization). If the strong,
out-of-band signal disappears, the (weak)
amateur signal will be audible again. Such
surprising variations are not caused by tro-
paspberic propagation, but by the insufficient
large-signal handling capabilily of our recei-
ver.

Such Iinterference can be reduced, or even
completely suppressed by using a selective
filter at the input of the receiver that only
allows the required frequency range 1o pass.

A good filter will also reduce the sum power of
ignition inlerlerence and other man-made noise
(also a form of conmaminanion!). Of course, the
rema‘ning interterence in the band waill still be
bad enough. and one could assume that this pro-
blem could be solved by simply increasing (he
lransmit power in order 10 ease receplion This
may bring a lemporary improvement, however, il
all other Iransmitlers operate with higher power,

the same old sitvation will prevail. For this
reason, attempls are being made Ihroughout the
world 1o improve the large-signal capabilities of
receivers. The described bandpass hiter repre-
sents one of these possibilities.

1.
BANDPASS FILTER

As is probably known, the losses of a resonam
circuit are dependent on the Q of the inductance
L and the capacitance C If the Q of a circuil is
mgh, this will mean thal \be resonanl curve is
sha‘p Tnus curve can be made sharper — or its
slope steeper - when two resonam CIrcuits are
coupled together. For quantitative calculalions,
which can be made wilh computers nowadays,
one requires values of O and degree of coupling.
Calculalions need nat be made individually sin-
ce the resulls can be taken [rom well-known
lables and diagrams (1) and (2).

For the designing process, one requires Lthe re-
quired lrequency response with atienuation va.
lues at certan lrequencies to form the basis of
the calculation (Figure 1). The msertion loss
(loss In the passband range) a, can fluciuale be-
tween a minimum and maximum value within the
passband range (number of maximums corres-
ponds 10 the number of coupled circuns). The
corner frequencies ol the passband range are 10
be designated I and f>. The atlenualion a, , will
appear af Irequency [, and the atlendalion
should oblain the value ac; at fea.
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0d8 Fig. 1:

amin Typical frequency response of a
bandpass filter logether with its

a,max  Specifications

The slope steepness of the filler s dependent on
the number ol resonant circuils ang on lhe
Q-values The shape of the curve, that is its band-
widh, as well as Lhe value of the inserlion loss
can be varied with the aid of the degree of coup-
ling {1 the coupling is lixed, the passband curve
will becomne wider and the fluctuations of the at-
tenuation (ripple) within the passband range will
become greater. In the case of so-called crilical
coupling, the relationships are more (avorable,
bul the bandwidth is lower. A loose coupling.
finally, results in the lowesl bandwidih, but also
the highest insertion loss.

In other words, each filter design requires com-
promises and the task is 1o obtain a required
bandwidth with a mimimum of insertion loss, and
al the same lime 10 oblain the required allenua-
tion values for out-of-band signals (ullimate
allenuation).
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-STAGE FILTER FOR 144 MHz

A lilier is now 1o be described for home-conslruc-
lion whose specilicalions are given in Table 1:

Center frequency: fo = 145 MHz
Insertion loss- a, = 16-18dB
Lower corner Irequency Ipy = 144 MHz
Atltenuation at a; =20dB
Upper corner frequency o> = 146 MHz
Attenuaton at fpp az=20dB
Lower cul-off frequency fey = 140 MHz
Attenuation at f, acy = 36-40dB
Upper cut-oll frequency fez = 150 MHz
Attenuation at f, ac; = 36-380B

Table : Filler specifications
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The filter comprises capacilively coupled LC-
circuits. In the case of 144 MHz, high-Q. air-
spaced coils with compact dimensions can be
used. When using silver-plated wire and nol 100
many turns. one can obtain Q-valuss of over 100.
This is. of course, no comparison 1o the Q of coa-
xial resonators (in the order of Q = 1000). but the
manulacture is considerably simpler. Induc-
1ances ‘or 144 MHz can be mace from t mm dia.
wire with a coil diameter of 6 10 8 mm.

Air-spaced or PTFE \rimmers of 8 10 15 pF can be
used for wning, however, [here are some ather
sofutions The construction of special coupling
capacilors 1s also 1o be discussed in 1his arlicle,
since they contnbute 10 the uning elements.

Input and oulpul are inductively coupled since
they allow simple transformation from 50 Q 1o the
resonance impedance of the circuits which are
usually in the order of kQ2. In arder 10 achieve the
required Iruely capacitive coupling, il is neces-
sary for 1he individual inductances to be accom-
modaled in screen)ng chambers.

3.
CONSTRUCTION

The equivalent dragram of the 4-stage filter is
shown in Figure 2. The wire length of the inducti-
ve taps amounts 10 12 to 15 mm. they are con-

Cross section

from above |

w—
‘ r— —1[ L\/—— Copper
= Q 1: : : ur——— Dielectric
- 1 N

: ! L (S Copper

|

Sy
O
~
-
n

Fig. 2:
Equivalent circuit diagram of a 4-stage (ilter
wilh capacitive coupling

necled la the coil at 0.25 10 0 75 turns from the
cele end. Silver-plaled copper wire al 1 mm dia-
meter should be used, and this wound around a
6 mm lormer.

Special allention and care was paid 10 the con-
struction of the coupling capacitars Cgy 10 Ces.
The idea was thal lwo neighbouring conductive
surlaces on a PC-board provided well-repro-
ducible capacitance values in (ne required order
of 0210 1 pF. Figure 3a shows this arrangement
and its equivalent circuil diagram. Figure 3b
allows cne to carry oul one’s own designs

Fig. 3a: Schematic arrangement and equivalent circull diagram of a coupling capacitor

in siripline technology.
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Fig. 3b: Design diagrams for stripline coupling capaciors

Our lilier, comprising concentrated induclances
and trimmers. 1s complemenled by disiribuled
capacilances using this easy-to-use and wide-
spread stripline lechnology. These capacitances
are realized on a double-coaled PTFE-glass fibre
PC-board with the dimensions 100 mm x 50 mm

(Figure 4) The arrangement is symmetrical.

The inductances are construcled in a coaxial
manner in chambers made from PC-board male-
(ial as shown in Figure 5 All solder joinls - also
those of the two coaxial connectors (BNC) —
must be on the inside so thal completely RF-light
chambers without gaps resull having a good
electrical contact 1o Ihe inpui and output connec-
tors. It is only the coupling capacitors that con-
duct the RF-current from chamber lo chamber.
Tronser air-spaced trimmers are used thal have
four connections lor which holes have been pro-

vided on the board.
144

3.3. Required Material

PC-boarg HA 5 KFV 001: 100 x S0 mm. con-
structed from double-coated glasfibre PTFE
maternal (¢, = 2 2). 1.5 mm thick (3M° 250 GX 15)

The following eight pieces are made from single-
coaled, normal PC-board matenal ol 15 mm
thickness'

3 pcs. intermedhale panels, 47 x 25 mm

2 pcs side peces, 97 x 25 mm

2 pes panels with BNC conneclor, 50 x 25 mm
3 pc cover 100 x SO mm

Furthermaore one will require.

2 BNC connectors (Radiall R-141554)

4 air-spaced lrimmers

(Tronser 10-1111-20014-000)

4 air-spaced coils: 7 turns of » mm dia. silver-
plated copper wire wound on a 6 mm former, self-
supporling. connected between ground and the
Tronser lnmmer.
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Fig.4: PTFE PC-board HA 5 KFV 001 for a d-stage bandpass filter for 144 MHz

Copper 1ol
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100 =~ ——

Fig. 5: Outside and intermediate panels, as well as the caver for the 4-stage filter
These can be made from single-coated PC-board material.
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Fig. 7. Frequency response of atienuation (centinuous line) and return loss of the input
(dashed-dolted line)
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X

Thin copper foil (approx. 0.1 mm Lhick) (o solder
the cover (0 lhe case and as melallic conlacl bet-
ween cover and upper edge of the intermediale
paneis. A completed blier. but without cover, is
given in Figure 6.

q.
ALIGNMENT

Although one can exaclly calculale all values, the
manufacluring tolerances of the induclances.
and the inleraction of resonant circuil and coup-
ling capacilances requires same lorm of align-
ment. For this reason, Irimmers have been pro-
vided as well as several ‘capacilance islands”
for the couphng The less of these “‘capacilance
islands'* that are located opposiie to each other,
the looser will be the coupling The optimum
alignmem of each 4-stage lilier is a ralther compli-
cated process lor which one requires a swept-
Irequency system or an RF network analyzer, and

Iots of pauience.

The fiest step 1s 10 align all ciccuns to the cenler
Ireguency of the band (1450 MRz). The coupling
is I1hen improved in steps by soldering several
islands together, unul the required bandwidth is
achieved The npul and oulput coupling should,
on the ather hand. be as loose as possible, what
IS achieved by connecling the 1apping ponts as
near 1o lhe cold end as possible Flgure 7 shows
the Irequency response of amphtude and input
matching alter alignmeni

5.
REFERENCES

(1) D G Fink Electronic Engineers Handbook,
Mc -Graw Hill Publhcations, New York

(2) G.Phizenmaier Tabellenbuch Tiefpasse
SIEMENS AG. Munchen 19714

New Interdigital Bandpass Filters

4-slage, sealed bandpass filiers for
1152 MHz, 1255 MHz, 1288 MHz or 1297 MHz
centre frequencies.

3 dB bandwidlh
Passband insertion loss
Attenuation at + 24 MHz
Atienuation at + 33 MHz
Return loss: Pl 1 wm
Dumensions (mMm). ... . ...

140 x 70 x 26

ldeal for installation between lirst and second pre-
amplifier or in [ront of the mixer for suppression ol
‘mage noise. and interfererce from UHF-TV
transmitters and nut-of-band Radar Stations. Also
very advisable al the output of a lrequency multi-
plier chan, or behind a transmit mixer.

168.—

il
.T‘ Price: OM

Please Iist required
cenire Irequency on

] ordering
/1N

| technik Terry D. Bittan - Jahnstr. 14 - Postfach 80 D-8523 Baiersdort

el West Germany 9133/ 855 - For representatives see cover page 2

147



Gerd Otto, OC 6 HL

VHF COMMUNICATIONS /83

A Variable Crystal Oscillator (VXO) with a
Pulling Range of Approximately 200 kHz

at 144 MHz

A variable crystal oscilator (VXO) is 1o be
described thal has been especially designed
for use in conjunction with the mini-SSB
transceiver for 144 MHz described by the
same author in (1). This ascillator provides a
very clean glgnal with a level of approximately
7 dBm. This can be tuned frem 13515 to
135.35 MHz, which corresponds to an operat-
ing frequency range of 144.15 to 144.35 MHz
for the transceiver, in other words for the SSB-
range. Detalls are to be given regarding calcu-
lation of the crystal frequency, which means
that this oscillator can also be designed for
other frequencies. The dimensions of \he
screened module are only 74 mm x 37 mm x
30 mm. It will be seen that its length cor-
responds 1o the width of the transcelver,
which means that the oscillator can be locat-
ed adjaceni to the crystal filter of the transcet-
ver,

1
CIRCUIT

Variable crystai oscillators are pgreferably used
when a relatively narrow lrequency range is 10 be
covered continuously - in con‘rast 1o channe!
swilching with FM transceivers. The frequency
stabilily corresponds to a value between a con-
venticnal crystal oscillaior and that of a good
VFO (LC-osci"ator with variable capacitor or dio-
de luning). Such variable crystal oscillalors
(VXOs) have oeen described several limes in

148

VHF COMMUNICATIONS - the last one was a
version wilh aight crystals. whose frequency ran-
ges overiapped (2).

In order 10 ensure a sufficienily wide pulling ran-
ge, a lundamental crystal is used al one sixth of
\he oulpul Irequency The crystal osciliates 1o-
gether with the dual-gate FET T 1 (Flg. 1). The
pulling inductance L 1 and the output circuit
comprising L 2 allow the pulling range and the
maximum oulpul level o be adjusted with very
slight interaction. Oue o the control valiage
generated across diode D 1, the oulpul vollade of
T 1 remains vinually constant over the whale
pulling range.

The push-pull push-push doubler equipped with
Schotiky diedes D 4 and D 5 is provided subse-
quent to the oscillator and generates a frequency
of 45 MHz. This is lollowed by a subsequeni
bandpass filter equipped wilh inductances L 4
and L 5 which is used 1o filter the 45 MHz signal,
especially 10 suppress ils subharmomc
22 5 MHz. and 10 supply a clean dnve signal for
the frequency Iripler equipped with T 2.

The 135 MHz signal generated in the tripler is fed
10 a Ihree-stage filter and is available at the oul-
put atalevel al atleast 7 dBm. This power leve!is
sufficient for driving standard Schotiky diode
mixers such as SRA-1, |1E-500, MO-108.

1.1. Selection of 1he Crystal

In order 10 oblain the required pulling range of
200 kHz at the linal frequency in the 2 m band, it
IS necessary — as already mentioned - 1o use a
fundamenial crystal at one sixih of the required
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Flg. 1: Variable crystal oscillator frequency mulliplication of six-times the crysial [requency

frequency. Since the pulling range is nan-sym-
melric 1o the nominal frequency (2). the specili-
cations of the crystal should be calculated ac-
cording 10 the following equation:

’ fu + 150kHz _ fy — 50 kHz

8 6 - 6

fy = lower Irequency limil

ful upper kmil of the pulling range

With a pulling range of 13515 10 13535 MHz. |,
will be 22 55 MHz. It is sufficient for one o order 3
fundamental crystal in a HC-43/U (HC-18/V) for
the calculated frequency that is designed for a
capacilive load of 30 pF

1}

']

1.2. Special Components

T 1 BF 981 (Philips), BF 907 (1)) or similas low-
noise DG-MOSFET in a plastic case

T 2. BFT 66 (Stemens) or similar low-noise URF
tcansistor in TO-18 case

11: LM 2931 (Nalional Semiconduclor)

D 1: C5V6 zener diode

D2 D03 BB505B0r505G

D 4. D 5: HP 2800 (Hewlett Packard) or similar

Schottky diode

D6: 1 N 4148 1 N 4151 or similar swilching
diode

L1 32urns of 0 2 mm dia. enamelled copper
wire in special coil set, (7V 1S) with core
(yellow). (previously: blue).
Glue the winding lo the coil former with the
aid of a dual-component glue without bub-
bles. Manulacture as shown in Figure 2.

L2: 13 + 2 + 2wrns, wireand coil setas forL 1
Glue the windings into place Manufacture
as shown in Figure 3.

L 3" Miniature cnoke 120 iH

L4: 2 + 8 turns, wire and coil set as for L 1
Manutacture as shown in Figure 4.

L 5. 81urns, wire and coil set as for L . Connec-
tion diagram is given in Figure 2.

L6 — L 8: Ready-wound cail type 05118

Crystal see Section 1.1

Case: Metal case, 74 mm x 37 mm x 30 mm
Tuning potentiometer: 100 kQ, 10-turn helical
potentiomeler
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Fig. 2:

Cannectionsof L 1 and
L S (top), and winding

diagram of L 1 (below).
Two layers of 16 turns,

eachl

Fig. 3:

Winding and connection dlagram of L 2

2.
CONSTRUCTION

All components are accommodaled on the
double-coated PC-board DC 6 HL 012 as shown
in Figure 5. This board is 70 mm x 32 5 mm and
s ground surface is arranged so that no RFcur-
rems from subharmonics can flow 1o the oulpul
pins.

150

Fig. 4:
Winding and conneclion
diagramof L 4

The component conneclions designated with
crosses should be soldered on both sides of the
board (lhrough-contacts)

Jnductances L 1. L 2, L 4, and L 5 are wound
according 1o the above-shown illustralions
(Fig 2-4). It is imponant that the winding of L 1
is carried oul in two layers using 0.2 mm enamell-
ed copper wire. A single-layer winding using a
thinner wire would lgad 10 100 low a winding ca-
pacilance and oo low aQ Transislor T 1 is solde-

Fig. 5:
The double-coated PC-board is
10 be soldered on boih sides ol
the board (through-contacts) at
lhe positions designated with a
- cross.
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red onlo the PC-board with the marking facing
towards the board.

After completing the PC-board. the outer frame
of the melal box s soldered around the edge of
the PC-board. The operating and lumng vallages
are fed n via feedthrough capacitors (shor ty-
pes) of approximalely 1 nF (4 pcs ). A thin coaxial
cable (RG-174/U or PTFE-cable) is passed
through a hole in the case and 1s directly solde-
red lo P1 5 and ground - solder pins are nol ne-
cessary A photograph of the pratolype is given in
Figure 6.

3.
ALIGNMENT

Connect the operating vollage and the tuning
potenuometer. Check 1he slabilized voltage of 1 1
and D {, n should amount 1o 105V

X

Set Ihe polenhometer 10 the highesl luning volia-
ge and turn out the core ol L 1 The oscillalor
should commence ascillalion on tuning L 2 This
can be measured wilh the aid of a (high-
impedance) volimeter at the calhodes of the fre
quency doubler diodes: (he reading should
amount 10 0310035 V.

Inductances L 4 and L 5 should be aligned lor
maximum currenl dran ol the complete circuit
should amount 10 15 mA.

Align induclances L 6. L 7. and L 8 lor maximum
oulpul power: an oulpul power ol approximalely
10 dBm should be achieved.

Rotale the core of L 11n, unil the oulpul [requen-
cy is aligned 1o fq x 6 + 50 kHz. The alignment
potentiomeler 1$ now tuned 10 he lowast (uning
voltage, which should resultin g x 6 — 150 kHz.
It 1the inductance of L 1 1s increased luather by in-
serting the core, (his will resull in the pulling ran-
ge lo become considerably greater lowards lower

Fig. 6: The construction requires a steady hand. sharp eyes and a soldering tron with a narrow tip
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frequencies. However. the Irequency s1abiiity be-
cames less and less determined by the cryslal on
increasng the pulling range For this reason, it
should nol exceed 200 kHz (=150 1o +50 kHz
from 1he nominal [requency)

4.
MEASURED VALUES

Stabilized vollage (using 5V stabilizer and zener
diode 5V6): 11.5 V.
Operating current (according 1o fregquency):
16-18 mA
Frequency range: 13515 10 135.35 MH2z
Output power. = 7 dBm (5 mW)
Spurious rejeclion (1, + 22.55 MHz). at least
80 dB

All others atleast 80dB
Harmonic rejection (2nd harmonic) 80 dB

All olhers. a1 leas! 80 dB

VHF COMMUNICATIONS /83

Frequency stability for a \emperature jump lrom
2010 50°C: approx 2 kHz.

Noe:
As is the case of a VFQ, this VXO should be
mecunted in a position in the (ransceiver or recei-
ver where the lowest amount of heating occurs
In aadition 10 this, il is advisable for the melal
case of the oscillalor 10 be surrounded with a
layer of at least 5 mm of styrine foam

5:
REFERENCES

1) K. Schop!, DB 3 TB.
A VXQO-Local Oscillator for 144 MHz
Transceivers VHF COMMUNICATIONS 14,
Ediion 21982, pages 84-88

2) B. Neubig. DK 1 AG.
Design ol Crystal Oscillator Circuits, Par! 1
VHF COMMUNICATIONS 11, Ediion 3/1979,
pages 174-130

RECEIVER for 136—-138 MHz
(Weather-satellite band)

The receiver described by Rudy Tellert,
DC3NT, in 4/1979 and 1/1980 of VHF
COMMUNICATIONS i1s now available in
the form of ready-10-operale maodules!

1. RF/IF module DC3NT 003:

complete winh special crystal fer,
demodulalor and filtering.  Also
incluges monitor amplifier and sub-
carner oulpul. DM 395.00

2. Oscillator module DC3NT 004:
Enclosed in metal case. Includes AFC
and scanning circuii, as well as a
35 MHz frequency shift circuit for
METEOSAT channels 1 and 2.

DM 168.00

3. VHF COMM. 4/79+1/80 DM 8.00

X'T’ff “berichte Terry D. Bittan - Jahnstr. 14 - Postfach 80 D-8523 Baiersdori

Tel. West Germany 9133-855. For Representalives see cover page 2
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Michael Martin, DJ7VY

Extremely Low-Noise Preamplifiers require
Low-Loss Antenna Cables!

Wideband Directional Coupler for
VSWR-Measurements on Receiver Systems

The use of GaAs-FET technology has brought
aconsiderable increase in receiver sensltivity
that was thought impossible several years
ago. Both bipolar transistors and GaAs-FETs
now offer noise figures of less than 1 dB, and
the latter even allow noise figures of less than
0.5 dB to be achieved, This means that system
temperatures of 50 K = -223°C are now
possible using this technology, which were
only possible with cooled parametric ampli-
fiers in the past. The following article is to
discuss several special features of the GaAs-
FET preamplifiers without which it is not pos-
sible to obtain the values given In the dala
sheets. Furthermore, a wideband directional
coupler is 10 be described that allows VSWR-
measurements 1o be made on the input cir-
cuits of receivers and preamplifiers in the fre-
quency range of 2 to 1400 MHz.

1.
GENERAL

A lypical receive sysiem comprises a receive
antenna, a short piece of feeder cable between
antenna and masthead preamplifier, a second,
longer cable 1o the actual receiver The task of
the antenna s o receive as much energy as pos-
sible This energy should be amphfied withoul
any deterioration up 1o the demodulation level;

this 15 oblained using special low-noise pre-
amplifiers at RF-level,

2.
NOISE

2.3. Thermal Noise

Thermal molecule movement causes noise
which tends 0 lankel very low receive-signal
levels The natural limil value is given by Lhe
noise ol the inpul impedance al Lhe recewver
which amounis to 290 K at an armbienl lempera-
ture of 17°C. This corresponds ta a noise power of
—174 dBm per Hz of bandwidlh. in the case of a
conventional bandwidth of 2.4 kHz, this is equal
1o an input noise power of —140dBm. correspon-
ding to an inpul voltage of 22 nV ino 50 Q This
means that no signals of less than 22 nV can be
received, even when using an ideal noiseless
receiver thal 1s conneclec using a lossless cable
10 the anlenna, If the pandwidlh is nol lo be
decreasea.

2.2. Signal-to-Naise Ratio (Noise Figure NF)

The noise ligure is used to define the qualily of
an amplifier. This de‘imition indicates how much
the signal-to-niaise ratio at the output of the
amplilier has detenorated with respect 1o thal at
the input,
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The noise factor F 1s always > 1 and s oblained
according 1o the loltowing equation:

SN
h SL“.‘KINO‘JI

(1)

The noise figure is given in dB and 1s obtained
from the noise (aclor wilth the aid of legarithms:

(2)

An ideal amphlier would have a noise ligure of
F =1 & NF = 0dB. and the inpul signal-lo-noise
ratio would be presenl al the oulpul withoul
change A (rue amplilier with a noise ligure of
3 dB will reduce a signal-lo-noise ratio of 10 dB
coming [rom the antenna to a value ol 10 - 3 =
7 dB al the output. The 1arget ol all amplilier
developments 1s to abtain a noise figure that is
less than 1 dB. Improvements 'n the order of
05dB can result in considerable system
improvemenls in the case of EME-communi-
calions where the antenna s poinled Iowards
cold space (1). lLis possible 10 achieve noise ligu-
res of 05 dB using the present slale-of-the-arn on
all amateuyr bands between 145 and 1296 MHz.

NF.s = 10IgF

2.3. Cable Noise

Cables. anenuators. input resonant circuns, and
all other passive four-poles will cause noise (@
the value of their insertion 1oss NF = ag (dB). A
cavily filter having an inserlion loss of 0 1 dB will
detenorate 1he inpul noise ligure by the same
value

2.4. Contribution of the Second Amplifier

1 will be seen that the huigher the preamplifica-
tion. 1he less will be (he contnbution of the se-
cond slage 10 the overali noise figure Fy

2.5. Measuring the Nolse Flgure

The maost favorable alignment of preamphiiers
wilh a continuous noise higure measurement is
possible wilh equipment operaling accargding to
the PANFi-principle (Precision Automatic Noise
Figure Indicator) by which the Y-factor of the
amplifier is recalculated inlo noise figure and Is
continuously indicated (2) The measunng sy-
siem for determining the noise figure with the aid
of the Y-facltor 1s shown in Figure 1.

According 1o equation 4 1he following results’

NFgg = ENHGB - 10 |g(Y ~ 1) (4)
where

P> o
Y = P_‘ = 10 0"

The value a, should be measured with an
accuracy ol +005dB.

ENR = Excess Noise Ratia = Noise power of the
noise generalor in dB, Y-factor: Ratio of the oul-
put noise power of the amplfier with the notse
generator swilched on and off.

If an additional anenuation of, lor instancse, a,
14 dB musl be inserted after swilching. in order 10
obtain the same meler-readmng with a noise ge-
neralor having an ENR of 15 d8, the following will

result from equation 4.
NF = 15 - 10ig(10'¢ - 1) = 1.17dB.

Stage
3 - f14. n ; |
The second ampliier slage of our recewer Ao a,-value of 145 dB, on 1he other hand, would
2 result in an NF-value of 065 dB. It will be seen
system influences the overall noise figure . ;
. ; from equation 4 that any inaccuracy of the ENR-
according 1o equation 3 :
calibration of the noise source will have an imme-
| Fo—1 w Fp=1 ) diate effect on the lesl result. A further difficulty
Lt G, 7 Gy x Gy in \he case of absolule measurements is that
50 P
| 1
\T Test object M
| NFm, 0z .
- Calibratea Fig. 1:
9:’0:':0‘0’ L B NF.,Gp NFy e D.etermining the Nolse
ENR. 1508 P, Figure NF from the
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only very good calibration attenualors atiow a
reproducible accuracy of better than 0.1 dB,
which (s especially required when low noise
figures are to be measured.

3.
CHARACTERISTICS OF ANTENNA
CABLES

All cables belween the antenna and 1\he pream-
plifier possess an insertion loss 1hal will deterio-
rale the system noise figure by alt leas! Ihe value
of its insertion loss. This is not only a function of
the cable length. bul is also dependent on the im-
pedance (Z,;, = 75 Q for CATV), and the termi-
nating resistance. The insertion loss is a mini-

mum when the impedance of the anlenna cor-
responds 1o Ihe impedance Z, of the cable. and
this 1o the inpul impedance Z, ol lhe pre-
amplifier

Il Ihere is a dilference belween Z, and Z,,, Slan-
ding waves will be generated 1n the cable thal
cause (12 x R)-losses al the ponls of maximum
current, and lead 1o grealer dielectric losses at
the points of maximum valiage, Cables having
gas or PTFE insulation using thick, polished con-
ductlors will have the lowesl losses. Figure 2
shows a diagram in which Inhe loss ol the mos|
common cables is given lor alengthof 100m as a
funchion of lrequency The dilferen! slope of the
lines shows the different distribution belween
copper and dielectric losses.

SCO

309

Fey

T{RG S8

NG lee

1D
CF 172
FL 3/E"

DL
3000

Fig. 2:

il

Q

Atlenuation a, of
varlous coaxial
cables, as well
as a 300 Qwin
line shown as a
funciion of fre-
quency fora
cable length of

W00 165 My

100 m
155
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Fig.3

Tiansmission loss Refl tactor

Rell pawe:

Relatlonship between return loss
2., YSWR, and reflection
factor o

In 1he ideal. maiched case, the (ollowing will
resull, for instance, with two metres of RG-213 ca-
ble having a, = 0.32 dB a1 435 MHz in front of a
preamplifier with a NF of 1 dB and an input impe-
dance of 50 Q and a VSWR of 10" Overall noise
figure NF o, = 1.0 + 032 = 1.32d8.

4.
CHARACTERISTICS OF PREAMPLIFIERS

8oth in the case of preamplifiers equipped with
bipolar transistors and those equipped with
FETs, there 1s a physically-dependent diffsrence
between their input impedance and the genera-
10r impedance required for obtaining a minimum
noise figure. This is the well-known difference
between power and noise mailching. Il was
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a, [d8| v, a8 o

possible in (3) 10 abtain an approximation of both
values, however, it was necessary (0 reduce Lthe
gain per slage to approximalely 10 dB, which
resulted in the conwribution of the second stage
1o amount lo ane minth of the 10tal value (see
equation 3)

Several preamolifiers were examined wilh the aid
ol a directional coupler bridge with respect to
their input maiching The following refationship

exisls between VSWR and return loss a,
according 10 equauon 5:

14100053, 1§
VSWR = i

1 - 10905 a, 1-¢

¢ = rellection factor

This can be determined graphically using
Figure 3.
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Bipolar amplifiers with feedback. exhibited
values inthe orderof a, = 12dB = VSWR = 167
with a NF of 1.2 dB. whereas GaAs-FET ampli-
fiers with a NF of 06 dB exhibited acvalues of
only 2dB = VSWR = 8.72.In the case of special
wideband ypes VSWR-values ol between 17 and
several hundred were exhibited. Especially low-
noise circuils with noise figures of less than
05dB exhibited. somebmes, negalive input
(mpedances

It was found in many measurements of \he cable
losses in a measuring Sysiem COmprsing naise
generalor — cable 10 be measured — preampli-
her — PANFI thal the determined values diftered
greatly from the theoretcal values (NF =
NFea + @) Thisiscaused by the fact \hat resi-
dual reaclhive components of Ine generator impe-
dance and the resulling impedance transforma-
lionin the cable can falsily the noise matching of
the amplifier These values will differ even more,
the higher the input VSWR ot the preamplifier,
and the langer the 1nierconnection cable.

5.
EXAMPLES

A few examples are now [0 be given o show the
effect of allenuation on the sysiem noise figure.

5.1.1. Preamplifier equipped
with bipolar transistor:

NF = 12dB, a, = 12 dB. VSWR = 167 When
using a 10 mlength of RG-213 cable a1 435 MHz.
1he follawing will result from Figure 2.

a, = 16d8:

NFw‘ =16+ 12 = 2863

5.1.2. Same amplifier located close
to the antenna.

2mRG-213.2, = 03208,
NF = 1.2 + 032 = 152d8

NOTE:
Low-Noise Preamplifiers should always be
mounted in the vicinity of the antennal

5.2.1. Preamplifier with GaAs-FET:

NF = 06dB

10 mRG-213 a, = 16d8

NF o = 06 + 16 = 22 dB: whal a wasle of a
GaAs-FET!

5.2.2. Same amplifier mounted in the
vicinity of the antenna:

2mRG-213.a, = 032d8B
NFi = 06 + 032 = 092dB

5.3. Low-Loss Antenna Cable

3/8-Flexwell cable with inner dia. = 4.2 mm,
oulerdia. = 16 mm: 013 dB/2 m a1 435 MHz

5.3.1. Blpolar Amplifier

NF = 1.2dB and VSWR = 167
NF = 1.2 + 013 = 1.3308B

5.3.2. GaAs-FET

NF = 0.6 0B and VSWR = 872
NF, = 06 + 013 = 073d8

6.

IMPROVING THE NOISE FIGURE BY
USING EXTREMELY LOW-LOSS FEEDER
CABLE

Twin-line "DL” is construcled from 25 mm dia.
enamelled copper wire with PTFE-spacers at a
spacing of A2, wire spacing 125 mm, Z, =
298 Q, Velocily Factor VF = 085,

Atienuation at 435 MHz: 3.3 dB/100 m,
2dB/100 m at 145 MHz.
6.1. Bipelar Amplifier with 2 m Twin Line

a, = 007dB
NFo = 12 + 007 = 1.27dB
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6.2. GaAs-FET Preamplifier
with 2 m Twin Line

a, = 00798
NF = 06 + 0.07 = 0.67 dB, which corresponds
1o a very low NF deterioration!

RESULT:

The high-impedance. low-loss twin line is very
suited 1o the high-impedance input of the GaAs-
FET preamplifier!

NF <= 06 dB = 43 K noise lemperature, NF =
0676 = 49K

NOTE:

In order 10 keep the elfects of differing cable
length n the system noise figure as low as pos-
sible, the intermediate cable should be as shorl
and as low-loss as possible An exact solution is
only possible by aligning the preamplifier in con-
junction with the antenna and inlerconnscting
cable by injecting a keyed noise power, using a
second anienna, N0 the receive system and
aligring it for minimum noise figure on the
PANFI.

Since this is very extensive, and is usually not
possible al most amaleurs’ locations. it can
usually only be carned out in the "laboraltory™
The generator impedance which the antenna
offers to 1he preamplifier at the end of the feeder
cable mus! be measured and the amount and
phase musl be simulated with the aid of a stub-
tuner belween norse generatar and preamplifier
during the ahgnment for minimum noise figure,

A minimum noise figure alignment made in the
laboralory (n conjunction wilh a noise generator
ympedanceof 50002 +05Q < a, = 40dB s only
reproducible in practice if the antenna exhibits
the same impedance’

Amaleur anfennas, on the other hand. some-
twmes have a, values between 10 and 20 dB,
which means Lhal the resulls remain somewhal
uncerain.
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MEASUREMENT OF THE INPUT
MATCHING WITH THE AID OF A
DIRECTIONAL COUPLER BRIDGE

Since preamplifier and receiver input circuits are
usually overloaded when using a power of 0 dBm
= 1 mW. il is not possible 1o use conventional
VSWR-melers due lo their insensitivily.

Wilh the aig of the measuring system shown In
Figure 4, it is possible for the a,-value to be de
termined reliably at levels of less than —40 dBm
A generalor feeds a level ol approx. -40 dBm at
the required measuring frequency 1o the bridge
circuit, The power present at the input of the test
object corresponds 10 the Injecied power minus
6 dB. A 50 © lerminaling resislor with (he beslt
possible ™alching is connected lo Ihe reference
port 10 which the Iest object is compared. The
recewver is now connecled via a calibrated
allenuator wilh the oulpul of the bridge After dis-
connecling the lesl object, the receiver is adjus!-
ed 10 a cenan S-meter reading corresponding lo

Gonerator

(RFtight')y

APprox 1MW

Test object

Fig. 4:
Measuring system for determining the return
loss of preamplifiers
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approximalely 50 dB with the aid of the cakbrated
atienuator If an igentical lerminanng ressstor 1s
now connected 10 Ihe test object port, the reduc-
tion of the S-meler reading corresponds 10 the
directional response of 1he bndge This should
be grealer than 30 dB. i possible. when low
VSWR-vzlues are 0 be measured. After connec-
ung 1he 1est object. \he reduclion of the S-meter
reading is directly proportional 10 the a;-value in
dB, if the S-meter 1s also calibrated in dB. With
(he aid of (he calibrated atlenuator, a substitulion
measuremenl can be carried oul by measuring
this awenuation and reading it ofl on the
auienuator.

It 1s lhen possible with the aid of equation 5 or
Figure 3 1o determine the VSWR. In order (0 be
able to estabhsh the overall sysiem noise figure
when using differing preamplifiers and cables, it
1s necessary for the input reflection values to be
obtained from the manufacturer of the preamgli-
fiers. A detalled description of further measure-
ments that can be carried oul with the awd of 1he
bndge are to be found in (4)

8.
CONSTRUCTION

r-— —35 — —
DJ7VY —r
006 [
R M Q
Fig. 5:

The double-coaled directional coupler baard
0J7VY D06 is made from 1.5 mm thick epoxy
glassfibre material G 10

The directional coupler bndge can be accommo-
daled on the double-coaled PC-board DJ7VY
006 and enclosed, as shown in Figure S, in a
melal box having the dimensions 35 mm x
110 mm. The main difficulty of this design s lo be
seen In \he conslruclian of the exiremely wide-
band balun lransformer which 1s similar o a
description published by HP in (5)

The case is lirstly provided with the four connec-
tars, afier their cenler congucliors have been
shortened down 10 approximately 2 mm. Afier
cutting the board a1 the dashed line, cul-outs
should be provided an1he PC-baard o (it the pro-
Iruding parts of the connectors and for the resi-
stors Caution should be paid Lhat not 100 much
maitenal is removed! The PC-board should (il in
as well as possible inio the 10p and bottam of the
case!

4610082 BNC DJ7VY
(2250 Q)
N
Ref
2 Farria
Py beads
a8
' T Smsa
i
v 1
Lo
i
OJ7VY
y 006b
K ] 7 [
—
Flg. &:

Partial PC-board DJ7VY DOGb must be rotated
by 180° and soldered Into place
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The two parts of the board are now soldered Into
place as shown in Figure 6 by firstly soldering
the siripline connections alter which 1he ground
surface is soldered Thse four 1% resistors that
form (he Inpul resistors are now soldered inio
place at Ihe location of the cutoul, and an appro-
ximately 90 mm length of SM 50 PTFE cable is
soldered lo 1he oulput stripline. Place as many
lerrile beads onlo the cable unlif approximately
7 mm spacing remains lo the balanced center
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point. The inner conduclor of the cable 1s con-
nected lo the reference striphne, and the outer
conducior is connecled (o the measuring porl
stripline. A copper wire of 0.8 mm diameier 1s also
provided with ferrie beads and is soldered inlo
place belween ground and 1he reference ling.
The lerrile beads should be glued as shown in
the protolype. using a normal adhesive so that
the last 7 mm remain free. Important: The balun
should run as barizontal as possible to the

Fig. T

Photograph of the
author’s prototype,
seenas Fig. 6

Fig. 8.

Photograph aof the
author’s prototype
from the other side
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balanced point of the bridge! This s shown more
clearly than in 1he text in the pholographs af the
aulhor’'s prololype Figures 7 and 8 show that
(wo pieces of 51 Q resisiors have been inslailed
instead of the four pieces of 100 (2

With a clean, balanced construction. the dicecli-
vity of the bridge will be greater than 30 dB! The
values ol the aulhor's prolotype are given in
Figure 9. Il is possible 1o construcl one’s awn
terminating resistors instead of the very expen-
sive precision terminating resistors described
(see Figure 10) Two 1%-resistors of 100 2, each,
can be soldered onlo a flange connectar aller
filing down the cenler pin to the same beight as
the outer collar, These terminating resistors exhi-
bited a return loss in the order of 30 dB even at
1296 MHz. This s greally suilable for amateur
measurements, since lhe lest objects lo be moa-
sured will never be betier lhan 12 & a, = 20 dB

Since the price of such hame-made lerminating
resislors 1s low, it Is recommended Lhat identical
60 Q (2 x 120 QM%) and also 75 Q (2 x
150 Q/1%) lypes are conslructed so that t iS pos-
sible 10 measure VSWR-values al other impe-

dances.

CAUTION:

The input couphing resistors will nol handie more
than 0. W. In the case of the author’s prototype.
1he lowest directivily values amount to

2 MHz- -22 dB, 4 MHz. -30 dB. 10 MHz:
-36 dB, 1400 MHz: -36dB. The lower cutoft fre-
quency of the bridge can be reduced down [0
below ¥ MHz by using a longer case and thus a
longer balun

9.
COMPONENTS

1 melal case

2 BNC flange conneclors

2 N flange connectors

2 N Hlange conneclors for lerminating resistors

1 PC-board DJ7VY 006

8 resistors 100 /1%

28 lerrite beads

approx. 20 cm 50 Q leflon cable SM50 or semi-
rigid copper cable

Fig. s:
Direciivity of the
directional coupler bridge
constructed as Fig. & with
(wo precision termina-
tions manufactured
by HP. Measured between
0and 1 GKz
(H: 100 MHz/T:
V: 10 dB/T)
2 MHz: -22dB
4 MHz: - 30dB
10 MHz: - 36 dB
1400 MHz: - 36 dB
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fig. 10:

Photograph of a home-made termination using
an N-flange conneclor and two 100 L resisiors

Pages 217-235
(2) M. Dohlus

Pages 30—36
(4

(5

~
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Gunther Borchert, DF 5 FC

A 2 m/70 cm SSB Transmitter with
High Spurious Rejection

Part |

Recently, various publications have been
brought giving circuit descriptions for high-
quality receiver input circuits, IF-amplifiers,
and oscillators. This means thal recelve tech-
nology is now at a very high level. This article
is lo give a recommendation for a combined
transmit system for 2 m and 70 cm, which is
based on an intermediate frequency of 9 MHz.
However, other Intermediate frequencies are
possible. It is only necessary to modify the
frequency plan.

During conception of the individual modules,
speclal attention has been paid that they are
modular and that they can be used for other
applications. It may seem that the modular
construction is rather complex, however, it
will Increase reproducibility and simplity
alignment.

1.
CONCEPT

The developmenl target was 10 oblain a 2 m and
70 cm transmit signal from an SSB (F-signal at

9 MHz wilh the aid of the lowest number of mixer
stages and individual frequencies. The conside-
ratons lhal led 1o this concept can best be seen
with the aid of a frequency scate:

As can be seen in Figure 1, the mixing of
135 MHz and 9 MHz will not only generaie the re-
quired 144 MHz. bul will also generate 1he image
frequency of 126 MHz This shows thal the 2 m
signal can be generaled easily if the 126 MHz
signal 1s suppressed.

A few prablems exist in the case of the 70cm A
direct conversion from 9 MHz 1s nol possible
since the required bandwidih should cover the
whole amateur band of 10 MHz. which means
1hat the local oscillator would fall in the required
range al the band limits. A further processing of
the 2 m signal is very untavorable, since lhe trcd
harmonic will also fall in the required range. The
generalion of this harmanic 1s inavoidable since
a conversion can only occur in conjunclion with
non-linearities. and these will also generate har-
monics

A solution can be found here In several ways
One can, for instance. irslly convert the 2 m

70 cm Band
|
1 ' ‘ ’ ‘ [ il
] 00 ol L00 <)
0 w | [' 00 30‘ 0 I ) D0 ¢ (rabiz]
IMHz 12‘7’4-47/ I 165 Mz | ‘ L35MH2
SS8-1F fa -frs £ oefi 0L MHz 378MHz 3iMHZ  3rd hormonic of
135 MHz Znd LD for Wem  3rd harmonrc the 2m signal,
DFSFC vfo operation of 126 MHz 15 no longer present

In the spectrum

Fig. 1. Individual frequencies appearing in the frequency plan
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/A Filg. 2:
Block diagram of the
9-MHz-5SB G - 1B MHz concept
A wsinrmn 2-m-fiter Ll -1EM2 2-m-PA
195-137 Mrz Mixer 126 - 128MM2 and amplifier Py T
VFO F - )
OFSFL 00V
A
DFSFC

MKz

DF SFC_003/004

signal to a further frequency, after which i1 1s con-
verted lunther This, on the other hand resulls in
further conversion praducls (and corresponding-
ly more lines on the frequency axis shown in
Figure ).

These frequencies can now form further unwant-
ed conversion products and harmonics in con-
junction with further non-hnearities The neces-
sary amounl of [ihering can then become exces-
sive, since these unwanted products can be adja-
centto the required frequency, which means Ihat
1he filters muslt be very sieep.

As previously mentioned, the output signal of a
mixer coniains not only the sum signal f.. + f,
put also lhe dilference signal fo;. — 1,,. The re-
sulling image frequency ol 126 to 128 MHz can
be used successiully for a further processing 1o
the 70 cm band. The third harmonic of this signal
is nearly 50 MHz fram Lhe required 70 cm band
(see Figure 1) and can be suppressed easily A
similar concepl has already been described by
DLB8ZX in (1).

A disadvantage of this method (s that an aver-
sion of the modulation sideband of 1he SSB
signal takes place during the dillerence conver-
ston. This means that an USB-signal will become
LSB and vice versa. This disadvaniage is not so
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important as the increase of the spunous signal
rejection It can be overcome by organizing a cor-
responding connection al the sideband crysials
together with the amateur band seleclion A fre-
quency concept resulted from Ihese considera-
tons Ihal can be best descnbed with he aid ol a
bluck diagram.

As can be seen in Figure 2, Ihe VFO-signal i1s
mixed with the 8 MHz SSB signal in the hrsi
mixer, which results m frequencies ol 145 MHz
and 126 MHz. The 2 m signal 1s now carefully f-
tered and amplified so that an oulpul power of
approximalely 50 mW s available allier Ihe selec-
tive amphifier for further processing

The 126 10 128 MHZz signal )s led 1o a second
mixer where it s mixed with 304 - 312 MHz 10
form the required (requency of 430 (0 440 MHz
Appraximately 50 mW)s also available at the oul-
put ol the mixer module.

The second local oscillator [requency 1s generat-
ed in a S-slage crystal oscillalor and muinplied.
The oscillator and the frequency multiplier are
constructed in a complex manner, snce the
signals are also o be used for receive applica-
tions
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2.
TECHNOLOGY

21.
SELECTION OF THE MIXER

Schottky diode nng mixers are used in both
mixer stages. since they are balanced and thus
suppress both input frequencies The use of a
high-level mixer, lype SRA-1H, is not absolutely
necessary, however, the less expensive IE-500 or
SRA-1 bave a considerably poorer wnlermadula-
tion bebaviour.

The typical intermodulation behaviour of diode
rnng mixers can be seen in he dala sheels. It is
shown that an intermodulation rejection IM3 of
60 dB resulis at an RF-level of 2 x -10 dBm &
2 x 01 mW. in1he case of the SRA-1H, or appro-
ximately 45 dB at an RF-level of 2 x 0 dBm =
2 x 1 mW. In companson lothis, anly an inlermo-
dulabion rejection of approximalely 20 dB (') 1s
oblained from the SRA-1 a1 2 x 0 dBm RF-level:
the SRA-1 1s very similar to the IE-500 with
respect 1o ils construction ang level values. A
reduction of the RF-level 102 x -10 dBm impro-
ves the rejection (0 45 dB These measured
values show that the SRA-1H does not react as
criically 1o overload as the less expensive
mixers. This is only valid win ihe oscillator
powers given in 1he data sheets:

SRA-IH  + 17.dBm & 50 mW;
SRA-1  + 7dBm = 5mW

Furlhermore, il is necessary for all ports of the
mixers 10 be lerminated with 50 Q, otherwise
dilferent values will result. Trus S0 @ matching
must be given lor all possible frequencies in
order to oblan a good inlermodulanon be-
haviour, which was discussed 1n detal by
0J 7 VY in several anicles (2. 3) Since the indivi-
dual frequencies appear discreately in the case of
aransminer, (<. [in. €1€.), and not as a vinually
continuous speclrum as given in the case of a
receive MIXer. Il is nO1 necessary 10 provide wide-
band malching. and this is specially valid when
the oscillalors possess a low-noise. narcow-band
spectrum.

2.2.
SUITABLE FILTERS

Helicial filters were used exclusively to obiain the
main selectivily in this design, They were select-
ed because Ihey can be calculated very easily
and are reprogducible during construclion The
expense may seem high. bul (he resulls are ex-
cellent. The mos! imporlant calcuiation funda-
mentals for helical hiters are to be mentioned
brielly.

Helical filers are bandpass fillers. The band-
width and slope ol such filters is not only depen-
denton the coupling between the two circuils bul
also on the Qof the individual circuits Normal in-
duclances have non-load Qs of up (0 approxma-
tely 200, and this 1s reduced considerably on
load. A high Q is required for high selectivily. {n
1he frequency range ol inlerest, any coaxial sy-
stems can be used. however. a normal /4 length
would be too long. For Lhis reason, one combines
inductance and resonalor by replacing the inner
conductor of I1he coaxial circun wilh a helical in-
ductance It is possible in this manner, {0 obtain
non-load Q-values of more than 1000 These cir-
cuits can eilher be luned with (he aid of a capaci-
tor which s built inlo the chamber. or by a metal
plale which will be broughi inte the vicinity of the
hot end of the coil. Due 10 Lhe lield disinbulinn,
this acls as a capacior.

L~—5~*-'. i

—S -

Fig. 3:
Construcuon of an individual helical circuit
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In our ¢case, Ihe circuits were luned with capaci-
lors, and lhese were special spindle trimmers in
order to obtain a higher reproducibility. The
spindie Irimmers are nol maunted on the fronl of
the chamber, but 1n one of lhe side surfaces,
which results in mechanical simplificalions. The
elfect of this capacitor is laken into consideration
during the design al lhe filier by deleting several
lurns from the calculated number (1his must be
determined experimentally in the case of home-
made Nlters) Actually, such a filter should have a
round case. however, square fypes are simpler
and do nol have any disadvantages. Figure 3
shows a drawing 0! such a single-liller chamber

Q with
24/ 1,
resonanl frequency in MHz

The following 1s valid S =

i

[o]

Q = Qof the inductance
H=168S
4000
The number of turns 1s found as N = ————
fo xSlcm

The length of the induclance should amount o S.
Ine coil crameler d = 0.66 S. and the wire dia-
meter D = SI2N. This cesults in the following lor
such an induclance:

2 = 2x105
fo xS

In the case of 145 MHz as cener frequency, one
will oblain the design shown in Figure 4 with the
following specifications

H = 36 mm
S = 20mm
d = 13 mm
D= 1mm
N = 8lurns

I should be taken inta consideration that the
length of the rasonalor and Ihe spacing [rom the
case are given

The other bandpass fillers are combined from
these resonators: neighbouring inductances
should have an opposile direction of lurns The
spacing between the inductances amounts 1o S
In the cass of the 2 MHz filter. \he couphng is
made capacilively wiih the aid of a coupling wire
which protrudes (rom one chamber inlo the other.
In the case of 1he filler with a bandwidth of 10
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either

cap. coupling &
the hot end using
awire or meal strip

or
inductive coupling
at the cold end with
the aid of a
Caver the unused
cutout!

]

Fig. 4:
A two-stage helical filter with two types of coupling

MRz for the second local oscillator, and in the 70
c¢m stages. Lhe filiers are coupled by radiation,
This allows a higher bandwidth. For Ihis reason.
anly 2-slage fillers are used for the Y0 MHz band-
width hlters. Three-stage filters can only be
tuned with considerable effort.

An example for tne seleclivily characteristics of
these filters can be seen in the case of the 2 m
mixer. A 1olal of two three-slage hliers are used
here Aher a carelul alignment © obtain a flat
passband curve. one will obtain a slopband atte-
nuation in Ihe order of 70 dB. 8 MHz from Lhe re-
quired band.

2.3.
AMPLIFIERS

Eilher FETs in @ comman-gaie circuit or ampl-
fiers such as described by DJ7VY in (4) are used
in all modules. Both lypes bave been lound 1o
wark withoul problems and only show a very low
tendency 1o inslability

In the case of the FETs. il has been lound that
ypes P 8000, P 8002, and 2 N 4856 A are equally
switable, however. the lirst two types are more
tavorable for power applications since they can
be cooled more easily.
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Prot INLBSBA oo,

vnnl ~
\DGam
S"( SRATH

P10z

ijSFK,
& Agnto  [g= doma
DFS FC 5e a5y
00!

Pr1de O 5 12 eMHz

Fig. §: Circull dlagram of the mixer from 9 MHz and 135 MRz 1o 144 MHz or 126 MHz, respectively, for 70 cm

transmitters

3.
CIRCUIT DESCRIPTION

3.1.
MIXER 145/126 MHz

The first mixer siage, which is shown in Figure 5.
is wideband at the inputs This means, Il 1S
simple to change it 10 other frequency plans. The
anenualors are 10 malch the input level (o that re-
quired by the mixer and lo dampen the ripple ol
the 50  matching Allenuation values are selecl-
ed so that an oscillator pawer of + 17 dBm (+ 7
dBm) results and an IF-power of 10 dBm (value
in parantesis for IE-500 or SRA-1)

201 €202 7203

The output of the mixer musli now be lerminaled
with approximalely 50 Q for all frequencies pre-
sent, in order o abtain the required inlermodula-
tion rejection, furthermare, the (wo frequencies
mus! have equal prionty for the cuiput coupling.

The maiching is made with the aid ol FET-stages
1n a common-gate circuil. In order 1o couple oul
two frequencies in parallel, the mixer is followed
by two FETs with a dran circuit, each. for the re-
quired output frequency The current is sel with
the aid of a common source resistor so thal the
mixer is provided with approximalely 50 Q. If the
two FETs have approximalely the same characle-
ristics, the current will be divided approximately
equally belween them A malching measure-

Tubular trimmer 0.5-6pF I
6 ¢ § TOUI TpH A +15V/ 144 MH
~elcal- BAREAD O Pt 202
fil>er in In
" T 201 L7 T202 4 407 P1203(SMC
2 LMHz out
PO g in 2NLBS6A —  PB000 3 wiMHz o
1L LHHE —
in d _L o

L201 L202 r203

Rx

With cooling tins!

DF5FC
002

Ry Screw to intermediate panel |
=30 mA
=40 mA

Align Rx 1o I
Align Ry fo

Fig. 6: Selective mixer-amplifier for 144 MHz with a3 maximum eutput of + 23 dBm
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ment carned oul with a nelwork analyzer (rom
HP showed thal the resisior value of the input im-
pedance of Ihe FET-circuil varied between 40 Q
and 60 Q, alihough the currenis werg not opli-
mized. and the FETs were not selecled. For both
resonant frequencies, the reflection faclor of the
stage was in lhe arder of 0.1, which meant that the
impedance values were considered (0 be per-
missible, and no further matching was made.

The oulput coupling slages are [ollowed by heli-
cal filters, which are used for the main selectivity,
a Ihree-stage filier 1s used for 2 m, and a 1wo-
slage filter for 126 MHz They are calculated ac-
corging o the already described cniena. The
subsequent FET-amplifiers are constructed as
usual.

3.2.
ACTIVEFILTER FOR2 m

The selecuvity of a hree-stage filter for 144-146
MHz was not found 1o be sauisfaclory in our mea-
surements. For this reason, a funher module

in

BFZ46 C "___i
n

—=

5%
BF2L6(

(DFSFC 002, Figure 6) and identically construct-
ed lihec with two further FET-amplifier was pro-
vided By correct selection of the most favorable
oulput coupling of the induciances in the drain
circuil of the stages (musl be made experimen-
tally), i1s possible lo obtain an overall gain of the
module of approximately 20 dB. I 1he operating
voliage Is increased 1o 24 V, it is possible 10 ob-
\1ain an outpul power of more than 100 mW Alter
changing the filier circuils, it is possible for this
module 10 also be used as a local oscillator am-
plifier up 10 an output level of + 23 dBm.

3.3.
SECOND LOCAL OSCILLATOR

A lunther local oscillator signal is required for the
further processing of the 126 10 128 MHz signal
In order to cover Ihe full required 10 MHz band-
widlh in the 70 cm band wilh a 1uning range of
2 MHz, itis necessary for the oscillator to provide
a lotal of five frequencies In the range of 304 10
312 MHz (similar 1o that described by DJ3VY in

(5)-

i35
P
—o +15V

HP 2800

76 -78MHz

1 L‘l

38-39MHz

DFSFC
003

Fig. 7: Crystal oscillator/doubler/lilter far 1he second lacal oscillator.
The following values are valid for the 76 MHz crystals: C 302:12 pF; C 303: 6.8 pf, C 304: 82 pF: L 301 and

L 302 see section 4 5.
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i

Fig. 8' Circuit diagram of the frequency multiplier for the

In the author’s prolotype, the lundamental fre-
quency chosen was 38-39 MHz, however, a fre-
quency range of 76-78 MHz would be more lavor-
able, since the frequency muliplicauon factor
would be lower. DJ3VY's PC-board can be used
for thus oscillator if some of the camponent va-
lues are changed, or. as an alternative, the oscil-
lator module DFSFC 003 shown in Figure 7 that
operales wilh crystals either in the range be-
tween 38 and 39 MHz, or between 76 and
78 MHz In the [irst case. a frequency doubler
equipped with Schotiky diodes is provided on the
PC-board. which can be bridged «f 11 is nol requir-
ed.

The other two doublers are lound on the second
board DFSFC 004, as can be seen in Figure 8,
they are similar o those pubhshed by DJ3VY and
DJ7VY, and Ihe information given in these arlic-
les is also valid The bandpass filler at 152 MHz
was necessary in order 10 suppress Ihe subhar-
monics sulficiently.

I i
.'.{n _— HP 2800 ‘%
el o
3 ‘%—wa

z 1 I

ZNGBS6 A

second lacal oscillator

The helical filters are calculated according to 1he
previously mentioned crileria. bul are provided
for rachalion coupling in order lo obtain the re-
quired 10 MHz bandwidth withoul complicaled
alignment processes. Two filters have been pro-
vided i oruer 10 oblain a suflicient spurious
rejection despile of the Iwo-stage filter. The
amplilier between Ihese is a "'slandard™ circuit
as designed by DJ7VY. and lhe instructions
given in his arlicle (4) are valid The oulpul stage
comprises lwo FET amplifiers (hat allow a low-
reaclive. simullaneous decoupling of the ascilla-
101 frequencies. for instance, for transmiller and
receiver.

A maximum of + 17 dBm can be coupled out at
an operating vollage of 24 V when using £ 8000
or P 8002 with adrain current of 40to SO mA. This
is sulficient for driving high-level mixers. When
used exclusively in the transmit mode, lhe two
amplifier stages can be deteted Irom (he board
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.‘d”i'ﬁsv
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L Xma DI e
E T L L
in P €3 ptep LSO SRATH
s -4 X
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50 508 |
126 - 28MHz %) ¢ -
Bt f— H R |
— . L I
140t 0. BFR3LA
DFSFC
005

Fig. 9:
Circuit diagrarm of the
70 ¢cm mixer DF5FC 00S

Measurements made on the Irequency multiplier
have shown a virlually spurious-Iree signal: only
a slight component of 152 MHz could be measur-
ed at 75 d& down on the oulput signal.

3.4.
70 cm MIXER

The same is valid for the maiching of the mixer of
module DF5FC 005 (Figure 8) as was vald for
the first mixer The ailenvalars are once again
used for power maiching and 1o reduce the rip-
ple The three-stage filter on the 126 MHz side is
to remove all 1races of the critical 145 MHz signal,
and it will also keep any harmonics of the ampli-
her away from the mixer For this reason, a band-
pass filter is provided subsequent 1o lhe oscilla-

170

toramptifier (T 501). This subsequentamplifier is
necessary il the oscillator signal 1s present witha
level ol approximately 7 1o 8 dBm If a power level
of + 17 dBm s already avarlable, 1his amplifier
can be deleted and the signal is sent direclly 1o
lhe lowpass filter.

The maiching of the mixer (o the subsequent
amplilier is made with the aid ol a Pi-hlter. This, in
turn. is followed by the 432 MHz two-stage helical
filer which is the anly selecuvily provided for 1he
outpul frequency. It is radialion-coupled in a
similar manner to the oscillalor filters in order 1o
oblain the required bandwidih of 10 MHz. Appro-
ximately + 17 dBm are avalable at the output of
the module, and the author’s prololype even pro-
vided + 20 dBm. When only one filter was used,
\he spurious waves could be reduced 1o -60 dB,
This high spurious rejection with anly one filter is
the restlt of the large spacing between the fre-
quenrcies Jused.
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Hans Joachim Senckel, DF 5 QZ

A 13 cm Fully Transistorized Transverter

All previously described and published 13 cm
fransmitters operated exclusively with high
local oscillator powers. Power mixers, such as
with a diode BXY 28 (1), or with atube 2C39 (2)
requlire local oscillator powers In the order of
1.5 10 2.5 W. In order o achieve such power
levels, several varactors, as well as a power
amplilier in the range of 350 to 500 MHz are
used. The mechanical but also the financial
expense are very considerable. For this
reason, a trangmitter was designed that could
be manufaciured at low cost and with low
mechanical needs.

BLOCK DIAGRAM

As can be seen n Flgure 1, \he iransverier com-
pnses five modules, the interdigital mixer and
\he IF-preamplifier are also given.

The local oscillalor module (DFSQZ 001) provi-
des an extremely low spurious signal 1o 1he
transmit mixer (002) The oscillator signal for the
receive converler is 1aken at this pomnt via a
further BNC-connector The receiver comprises
an nlerdigital mixer with IF-preamplifier as
descrnbedn (3).

it BN Ve 3ICMHz 20MHz N0MH
w2 | SMW | oraazoss | OMW $00mW 12W
vZ176HHz i WAMHz
imW 1Smw
P Re
2320 i
MHz l =
IF preamp ; .
arag [0 14 Mz Fig. 1. Block diagram of the transistorized 13 cm
transventer with receive converter

7N



Fig. 2. Lacal oscillator module DF5QZ 001

The lransmit mixer is in a push-pull ¢ircuil, which
converts up the nscillator signal and the 144 MHz
drive signai 1o \he required frequency range of
2320-2322 MHz. iwo linear amplifier stages are
provided o amplify the cequired signal by 10 dB
belore feeding it 10 the Lhird stage.

DF5QZ 003 s equipped with a further two-stage
linear amplilier. which suppligs suflicienm power
for driving the dnver module (004). This module
is Iollowed by a low-power amplifier (005). that
provides an outpul power of 1 10 1.2 W.

1.
LOCAL OSCILLATOR MODULE

The crystal oscillalor of this module (Figure 2)
oscillates at 90.666 MHz. This is multiplied by
twelve o provide 1088 MHz (the frequencies
given in the circuil diagram are rounded down).
This is followed by a printed 3-stage filter, which
ensures a clean spectrum. The following fre-
quency doubler slage is driven via lhe series
resonant circuit comprising L 9 and generales
the required local oscillator frequency of
2176 MHz The frequency doubler transistor T 5
Operates N0 a //2 air-spaced sinpline circuil
(L10). In order to obtain very high efficiency and
good sefectivily, a printed induclance was not
used here.
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The oulpul signal for tne transmil mixer was
fapped off at the 50 Q point of the circwl, where-
as the coupling for the receive muxer (RX) 1s
achieved via a coupling link in the direct vicinily
of the output circuit

This local oscillator can also be used lor the
23 cm band by replacing the crystal with a
96.000 MHz type and lpaving out 1he Jast stage
comprising T 5 The oulput frequency of
1152 MHz is lapped oll al the 50 Q pointof L 8
{(which is usually soldered to L 9). The 3-stage [il-
ter comprising L& — L 8is bighly selecuve, which
means thal one I1s able 10 obiain a very clean lo-
cal oscillator signal for 1296 MHz equipment ha-
ving an IF of 144 MHz.

1.1, Components

L Coll set blue/brown

(@ 2turns of 1 mm dia. silver-plaled
copper wire wournd on a 6 mm
former, self-supporting

L& asL2

L4-L8: printed on DF5QZ 001

L9: Bent wire, link, made from 1 mm dia.
silver-plated copper wire, bent
around a 6 mm former, 10 mm high

L 10: Brass-plate strip, 6 mm wide, 35 mm
lotal length, each end bent down by
a4mm
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Ca. Cb. Cc: Chip capacitars, approx. 1 nf;
press into slols on the board!
Tnmmers: 2 — 12 pF: plasiic foil trimmer,
yellow (Philips)
0.5- 6 pF: plastc foil rimmer,
grey (Philips)
0 3- 3pF: ceramic spindle trimmer
(Philips)

Fig. 3:
PC-board DF5QZ 001 showing
component lacations

RFC 1-RFC 5. 2 wurns of approx. 04 mm dia
enamelled copper wire wound in a
ferrite bead

RFC 6. 2 uros of ¥ mm dia. silver-plated
copper wire wound on a 2.5 mm
former, sell-suppornting

Metal case. 74 x 148 x 50 mm

(cover dimensions x height)
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1.2 Construction

A double-coated PC-board DF5QZ001 was
designed for accommodabing the local oscillator
module (Figure 3). The dimensions of 1his board
are 146 mm x 72 mm and it can be mounted in the
given metal box.

The upper surface 1s in the form of a ground sur-
face. which 1s only removed around Lthose con-
nections that are nal graunded Since the ground
surface of the base can affect 1\he oulput power, il
is necessary for 1he cover on the conductor lane
side 1o be soldered all around the edge The
component sige of the board does not require a
cover

The board s firstly campleled from the compo-
nent side of the board. and lhe 3 pF spindle
lnmmers (honzomal) are seldered from the con-
duclor side It is imponani that the ground con-
nections ol \hese Irimmers be connecled wilth
1he ground surface of the component side of the
board. The output circunt L 10 is also mounied
from the conductorside. The coldendsalL 5. L 7,
and L 8 must be “through-contacted’ to Ihe com-

® Ut

il i

Trough
contacts

DF5QZ 001

Fig. 4
Construction delalls regarding the lasl frequency
doubler on OF5Q2Z 001

ponent side of the board using a copper strip.
Figure 4 shows this crilical parl of the board

1.3 Alignment Detalls

The frequency is checked afler the crystal osci-
lator bas locked in. The subsequent Irequency
Iripler stage 1s checked wilh the aid ol a dipmeter
or Irequency counter since il is possible lor the
second harmonic to be aligned instead of the

DF 5Q7Z oo? |

L1

2
,_”{

nF

L1

i BFR3C A

@ Ua L

LD Smiw

2V

Fig. 5: Push-pull mixer, 2-stage linear amplifler, and blas voltage supply
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third. [f the required frequency is present at this
position. It Is possible for the subsequent slages
10 be aligned for maximum output power An in-
correct alignment is virtually impossible since
lhese circuits have been designed exactly. The
alignment of the A/2 circuil 1o the final frequency
does not present any problems and can be
carned oul easily.

2
TRANSMIT MIXER
The mixer module comprises lwo BFR34A as
push-pull mixer and two furlher transisiors ol this
type as selective linear amphliers (see Figure 5).
Itis also enclosed in a metal box, and the stages
are buill up in separate chambers using nter-
mediate panels.

Various attempis 1o use these SHF standard Iran-
sistors, lype BFR34A. in printed circui:s on epoxy
glasslibre boards have not been successlul. Un-
fortunately no allempls were made using PTFE
board malernial due to the high cosis envolved. It
seems. however, 1hat The expected performance
is not worth such expense.

Tne construction recommended here uses 4/2
air-spaced striphnes (Figure 6). and Il seems
lhat the maximum values of the semi-conduclors
have been achieved al 2300 MHz. !n addition o
this, the excellent selectivity of air-spaced strip-

Us U

line circuils lagether with the chamber consiruc-
tion ensures a clean oulpul signal from this
module.

The mixer version recommended bere wilh ils
specific tuning of the collecior circuit (o lhe re-
quired frequency corrects many old opinions thal
a conversion 10 2300 MHz wiln a BFR34A is no
longer possible. The problem was nol the
BFR34A, bul Yhe printed conslruction of the
modified DF8QK Iype In those cases, due 10 the
undefined selectivily, the 161th harmonic of the
2 m drive signal was radialed alter being ampli-
fied n the transmilier

This problem was not present here. and the sub-
sequenl lilier improves the oulput signal lucther
so that spurtous waves are more 1han sulficiently
suppressed Furlhermore, an imporiant point 1s
Ihe exacl matching (o the subsequent transistor
input with the aid of lhe series circuit comprising
LS.

2.1 Componenis

By |- 5 turns of 1 mm dia. silver-
plaied copper wire wound On a
5 mm dia coll former with
VHF-core; Input coupling:

2 turns of nsulated wire wound
symmaetrically to the center of
L1

Brass slrips, 6 mm wide. lenglh
before bending = 35 mm. benl
down 4 mm al both ends al an

angle of 90°

L2-L8.

g

1LMHz
IN

A Fig.s:

X P4
LY

N Us

;

Construction of medule
DFSQZ 002 (mixer and Hnear
ampiifier)
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LQ L 10. Bent wire lrom 1 mm dia.
silver-plaled capper wire, benl
over a & mm lormer

RFC 1, RFC 2: /4 choke for 145 MHz =50 cm.

ol 0.4 mm dia. enamelled
copper wire wound on a 4 mm
former. sell-supporting
RFC 3-RFC 10 2 wrns of approx. 0.4 mm dia.
enamelled copper wire wound
on a2 5mm formes, self-
supporting
Ceramic miniature spindle
inmmer 05-3 pF (Philips)
Coupling capacitors Ceramic disks ol 10-3 pF
Feedlhrough capacitors: approx. 1 nf
Metal box: 57 x 111 x 30 mm

C1-C9:

2.2 Construction Detalls

Construction is commenced by making Ihe holes
for the spindle trimmers in Lhe base of the box as
shown in Figure 6 Aller Lhis, the 4/2 circuds are
soldered into place with 1he holes (or the trim-
mers al the cenler. after which the intermediate
panels are also soldered inlo place The side
panels are provided with the hales for the BNC-
connectors and feedihrough capacitors After as-

VHF COMMUNICATIONS /83

sambling the base plale with 1t¢ side panels. itis
possible for Ihe Iransistors, chokes. disk capaci-
tors, as well as the 144 MHz circuil 10 be mounied
and then soldered imo place.

The netwark for adjusting the mixer balance and
the operaling points is provided oultside of the
box on a small Vero boards. This can be srewed
below the mixer module allerwards Figure 7
shows a pholograph of the author’s prototype.

2.3 Alignment

Firslly connect the operating vollage and local
oscillator signal, measure lhe voliage &rop
ac-oss (he collector resistor of one of the mixer
transisiors (between 12 V and point 3 or 4). )f
the outpul circuil of the oscillator module
DFSQZ001 and the inpul cireuil of the mixer are
in resonance. Ihe vollage drop will increase
clearly. The circuils should be aligned lor maxi-
mum voltage drop.

This is Iollowed by injechng a 144 MHz drive
signal (max. 15 mW!), and measuring ihe vollage
drop across Ihe colleclor bias resistor of Ihe
mixer transistor. This drive will cause a further in-
crease ol voliage This is broughl 10 maximum

Fig. 7: Photograph of the author’s prolotype of module DF5QZ 002
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OF S QZ 003

IN
2320M¢
Smd]

Fig. 8:
L L Two-stage linear amplifier for
& 157 | approx. 60 mW in the 13 cm
band

ouT
12012
L60m W)

wilh Lhe aid of ihe core of inductance L 1 and the
circuil capacilance. Finally swilch off the 2 m
carrier ang adjusl the quiescent currents of the
lransistors 10 approximalely 10 mA,

Swilch on the 2 m signal again and measure the
vohage drop across lhe collector bias resistor of
the lirst amplifier lransisior (poini 6). The collec-
lor circuit of the push-pull mixer, the filter circuit,
and the inpul network of the hirst amplilier should
now also be aligned lor maximum vollage drop

Also align the second amglifier stage Atention
should be paid hal one does nol align this to he
oscillatar frequency All circuills are sharp
enough 10 be aligned cleanly 1o the required, lo-
cal oscillalor, or image Irequency! The rule of
thumb 1s: The required frequency resulls with the
tcimmer virtoally at minimum capactiance

A sensitive power-meter Of indicalor suitable lor
lhe frequency should be used for optimizing this
module The balance of the mixer is aligned lor
best oscillator signal suppression wilh the aid of
the wallmeter The maosl lavorable values can.
tiowever, only be abtained with 1he aid of a spec-
tcumn analyzer The measured spurious suppres-
sion amounted (o 45 dB, and the oulput power
was 5 mwW

The inlermediate frequency ol 144 MHz used
was a disadvamage As previously mennoned.
the 16th harmonic of 1his band falls into Ine
13cm band This unwanted effect could be
avoided easily by using a ditferent IF (such as the
70 ¢m band) However, if a spectrum analyzer is
available, this harmonic of the 2 m signal can be
completely suppressed with ihe aid of the 2 m cir-

cwi and the mixer operating poinis

With respect 10 the oulputl power, it is possible
using this oulput power 10 communicale via a
Iransponder at a distance of 35 km (projected by
DCODA and DF5Q2Z) The inpul frequency was
232013 MHz. \he output [requency 432 75 MHz.
The aulhor's signal was 45 dB abovs noise and
was able lo drive the transponder fully The mixer
operaies stabily withoul any rendency 1o oscilla-
ten

3.
LINEAR AMPLIFIERWITHTWO BFR34 A

This low-power amplifier is equipped with 2 BFR
34A and is designed 1o be as seleclive as poss)-

70 — ——

wn
n
+Ug+Uc «Us
Fig. 9: Construction of the linear amplifler module
DF5QZ 003

V77
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ble and (o simultaneously provide a high. linear
gain. These demands can only be satisfied when
using chamber-type construclion and when
using ar-spaced striplines. The consltruction I1s
therefore identical lo 1hat of the 2-stage amplifier
in the mixer module 002 The SHF-circuit is
shown in Figure 8.

The bias voltage supply Is carried oul according
10 the circuit dragram given in Figure 5 A skelch
gwven 1 Figure 8 and the photograph of the
author’s prototype shown in Figure 10 give an
impression of the construction The arrange-
ment ol the circuits and the chambers is not crili-

Flg. 10:
Photagraph of the aulhor’s
prototype DFSQZ 003

cal. however, the base connection of (he Iransi-
stors ‘¢ the Inmmers of Ihe associaled maiching
circuit should be kept as shorl as possible.

3.1. Component Details

L1, L3 LA L6 L7 Brass strips. 6 mm wide,
35 mm lotal lengih. bent down 4 mm at both ends
(90°)

L2, L5 Bentlrom 1 mmdia silver-plaled copper
wire wound on a 3.5 mm former, height 8 mm.
Trimmers (7 pcs): ceramic miniature spindle (rim-
mers, 0.3-3 pF (Phil'ps)

Metalbox: 72 x 57 x 30 mm

L zrmcw
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Fig. 11:

Two-stage linear amplifier for
approximately 600 mW in lhe
13 cm band
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3.2. Alignment

Firstiy. acjust the quiescent currents o approxi-
mately 10 mA and connect a power-meter or
other indicator 1o the outpu! A signal of approxi-
mately 5 mW is now connected from the mixer
module 002 to the amplifier module 003. The vol-
lage drop across the iwo collector bias resislors
should now be measured again, and the reso-
nant circults aigned for maximum reading. The
wattmeter should finally indicate approximalely
80 mW The gain of this module was measured (0
be 12dB. and the 3 dB bandwidth 1o be 23 MHz

q.
DRIVER STAGE

Unfcrtunately, there are vintually no cheap power
transistors far the frequency range around
2500 MHz. A possible lype was given in (4), The
layout of (he PC-board described Ihere was mo-
dilied al one posilion, and then lested 10gether
with the transistor types BFQ 68 and BFQ 34.
Whereas the BFQ 34 provided posilive results, it
was found that the BFQ 68 was unsuitable for use
on this board. )t seems that the S-parameters of
this type differed greally. which meant that
maitching could nol be oblained.

On the other hand. the BFQ 34 provided a gatn of

X

ol el

Fig. 12: Single-coaled epoxy PC-board for the linear
ampliber equipped with twa BFQ 34

5106 dB at 2 3 GHz. and 1hus an oulpul power in
the order of 0.5 W. It was therelore decided 10
construct the two-stage driver equipped with lwo
BFQ 34, which provided the siable 10 dB gain as
was expected, (see Figure 11)

4.1. Construction

The wo-stage driver ampliher lor 2300 MHz
equipped with two BFQ 34 is accommodated on
PC-board DF 5 QZ 004 (see Figure 12). This
board is made (rom epoxy glasshbre malerial
(G 10) and its dimensions are 108 mm x 52 mm.

This board can be hitted into a metal box. whose
dimensions are 110 x 55 x 30 mm. The wo nel-
works for adjusling (he quiescenl currents are
built up on a piece of Vero board oulside of the
case (see Figure 13). The contact of the transi-
stor bolts 1o the base plate of the case is sufficient

Fig. 13:
Photograph of the author’'s
protolype DF5QZ 004
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Fig. 14- y W power amplifier for the 13 cm band
DF5QZ 005

for cooling The collector and base connections
of the transisiors should be shoniened and cut
wilth the aid of scissors before soldering info
place. The four chokes are lerrite beads placed
over the connection wires.

4.2. Alignment of the Driver

The quiescent current of both transistors is
adjusted ta 140 mA. The oulput should now be
connecled o a power mater The input signal is
now connected, and the spindle Irimmers align-
ed for maximum oulput power, With an inpu
power of 60 mW. it 15 possible 10 obtain an oulput
power of 600 mW, as was measured in the
author’s prototype This allows a tube amplifier
such as (2) 1o be driven lo approximately 8 W Sin-
ce lhe construclion of such a wbe amplifier re-
quires a lot of metal work, an altempt was made

Eeer

1o increase the outpul power further using the
relatively Inexpensive BFQO 34

S.
POWER AMPLIFIER

The transistor BFQ 34 was examined at higher
drive levels with the aid of an adjustable
2320 MHz power source. The result was that the
efficiency of this transistor ceases at an outpul
power of 1.2 10 1.5 W. The parallel connection of
two such BFQ 34 dicd not result in any noliceable
success

In the author's opinion, a printed consltruction is
not suitable to obtain the determined 3dB gain in
the power range over 0.5 W. For this reason, the
malching links were once again made In air-
spaced stripline technology. Figure 14 shows the
circuit diagram, Figure 15 the constructicn, and
Figure 16 the photograph of the author's proto-
type

The transistor Is screwed 1o (he base; a heal sink
made out of 5 mm thick aluminium plate having
the same dimensions as the case is used for
cooling. The hole around the transistor s careful-
ly sawn oul with the aid of a fretsaw, so that the
base and emilter connections do not touch the
base plate

5.1. Components

L 1- Brassslrip 6 mm wide, 15 mimn long. spaced
4 mm over the base plate

L 2- Brass strip, 10 mm wide. 25 mm long;
coliector end bent down 4 mm, other end

3 Smm Al

Metal case DF5QZ 00S
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Fig. 15:
Construction on the base af a metal
case
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should be cul as shown in Figures 14 and
16; mounled 6 mm over the base plate.

RFC 1.1 mm da
10 mm long

silver-plaled copper wire,

RFC 2. RFC &' Ferrite bead

RFC 32 mm dia silver-plaied copper wire.
10 mm long

Trimmer: 4 ceramic minialure spindle Irnmmers,
0.3-3 pF (Philps)
C 1 mounted between the conneclor
and L 1 self-supporling: C 2 - C 4: {or
horizontal mounting.

Metall case" 74 x 74 x 30 mm
Base and coflector voliage supply: As in the case
of driver DF5QZ 004.

5.2. Alignment of \he Amplifier

Connect a power meter 1o the outpul, and align a
quiescent current 10 140 mA, Connect the signal
at the input and align for max ~um oulput. In the
author’s prototype, | 10 1.3 W were oblained with
adrive level of 500 10 600 mW.

Fig. 16:

Photograph of the author’s
prototype 1 W power amplifier
DF5QZ 005
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G. Schwarzbeck, DL 18U

Antenna Polarisation for OSCAR 10

AMSAT have clearly stated that clockwise cir-
cular polarisation will be required for commu-
nication via OSCAR 10. However, 1bis was not
completely accepled by many users in the
tirst weeks of practical operation via this
satellite. Such opinions were due to monito-
ring the satellite incorrectly or at the wrong
time: It will be observed that anticlockwise
polarisation can provide a sironger signal
when the satellite is just over the horizon
(Fig. 1, Fig. 3), however, these are not the
most favourable times for working via
OSCAR 10.

The most favourable time for operation via
OSCAR 10is whenitis alits maximum altitude
(Apogee), and it will be seen from the
measured fieldstrengths that clockwise circu-
lar polarisation is far more favourable, both
with respect 1o fieldstrength and fading
(Fig. 2).

To prove this, 1he aulhor plotted the receive lield-
strength on a precision measuring receiver con-
nected lo a XY-plolter The 2 m beacon was
received using a B element crossed Yagianlenna
in conjuncuon with a polansation switching unn
as oflered by UKW-Technik, and described in (1)
Measuremenls were made just afler the saiellile
appeared over the horizon. al maximum allitude,
and just before dropping below the honzon
During a measunng peried of 60 seconds, each
ol the lollowing polansations were selecled for
10s

Diagonal 135°
Diagonal 45°
Venical

Horizontal
Anliclockwise circular
Clockwise circular

It widl be seen clearly lhat clockwise circular
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X

polarisation is superior at the maximum aluiude
ol approximately 35000 k. The received held-
strengih was an average ol -127 dBm, which
amounis 10 18 dB above the noise of a GaAs-FET
preamplifier. The depth of fading only amaunted
10 +11015dB.

One can also see from the number af fading
penods (spin of the satellite limes 3) thal one of
the anlennas s defective. You will notice that the
depth al the fading 1s far more pronounced with
linear polarisation than with circular (except at

OSCAR 1D OREIT 171 (4.Sept1983)

the horizon, where we are probably looking side
ontothe antenna. 6d ).
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Hans~J. Griem, DJ1SL

A Helical Antenna for the 23 ¢cm Band

Although OSCAR 10 was only considered
secondarily during the conception of this
antenna, this article describes just the anten-
na required for operating via the 23 cm/70 cm
transponder.

1.
INDRODUCTION

The main reason for selecting a helical antenna
were the buill-in wide bandwidth, and the circular
polarization The wide bandwidih of 1he antenna
means that it 1s not criical 1o conslrucl, since the
resonant frequency is nol dependent on frac-
tions of a millimeter! Circular polarizauon aliows
one 10 operale wilh siations using vinually any
polarizalion

One limit of this antenna is thai the direction of
the helical winding determines the polarizabon
of the transmit and receive signals and cannol be
switched as in 1he case of a crossed Yagi with two
separale leeders (1). Funhermore, the gain of the
antenna when receiving a linearly polarized
wave can be 3 dB lower than would be the case
when receiving the correct circular polarnzation
(2).

These disadvanlages were accepiable since the
author’s geographical location in a shallow valley
did not allow long-dislance tropospheric com-
mumnicatiens, and since he required a universal,
simple directional antenna for communication
on the 23 cm band A recent applicalion for this
antenna is for operation via the , L-Transponder"
of OSCAR 10 Remember. a clockwise circular-
polarized antenna will provide 3 dB more gain in
conjuncion with OSCAR 10 than a linear-
polarized antenna of the same gain!

184

2.
FUNDAMENTALS

There are a large number of publicanons regard-

ing the mechanical construchon of a helical

anlenna. such as (2) and (3) Three main charac-

leristics were imgportant during the conception of

\he antenna-

). Good matching to the feeder cable over the
widesl possible bandwidlh

2. Low sidelobes in the polar diagram

3 Best possible circular polarization

All \hree dsmands are required to obtain the
highest antenna gam with given dimensions, n
other words, to get as near as possible o the
maximurn theoretical values The author studied
all available literature in order to determine the
stale-of-the-art,

2.1. Matching

Publications (2) and (3) described a matching
network for transforming the characierisuic impe-
dance of lhe helical winding (approximately
140 )10 the required feeder impedance of SO (2
using a Af4 transformer. In (3) the matching obtai-
ned in the 70 cm band (2.3% bandwidth) was gr-
ven as 1.4 VSWR In (4) a type of L/C-malching
was dgscribed. however, Lhis was only aligned for
adescrele frequency In(5)and (6), a staiphne cir-
cuit with continuously varying impedance (expo-
nential line) was used for Iransformation where a
VSWR ol 15 and a bandwidth of 25% were obtai-
nad (in (5), whereas 53% was abtained n (6). In
(7). a wideband maiching was achieved by using
acone around the comemencament of the helical
winding instead of a flat plale reflector. This an-
lenna was called “Heli-Cone™. The (ransforma-
tion can be inlluenced wilhin certain imils by va-
rying the angle of the cane.
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Fig. 1: —4a57.1¥-¢—
Dimensions of a hellx antenna
comprising 18 furns. for 1240—-1300 MHz

2.2. Radiation Diagramm

Sidelobes reduce Ihe antenna gain and allow
signals 1o be received Irom unwanled directions.
These unwanted signals can be ignilion interle-
rence (yes, lhey can still be received on Lhis
band!) or terrestial noise. The latter |s imponant
when using the anlenna in conjunclion with very
law-noise receive syslems for space communica-
lions (EME, salelites) Sidelabes and (ront-10-
back ratio can be improved up 10 30 dB by increa-
sing the size of the reflecior and forming ) into a
cone, however, the design ol the helical winding
can also influence the sidelobes (6). (7).

2.3. Circular Polarization

If a circulac-polarized anlenna also generates a
lefi-hand circular component or recenves i, this
represents lost gain, unless the other station has
an antenna with the same characieristics. A
measure of the polarization error is the axial ralio
of the elliptical polarization. This is a true circle
wiih pure circular polarization According to the
axial relalionship and position of the ellipucal po-
larizabion of two antennas 10 another, the reduc-
tion in gain due 10 non-circulanty can be between
a few hundredth of a dB up to several dB (9). (10).

As can be seen from (6) and (7), the axial ralic
can be ymproved considerably by using a conical
shaping of 1ne commencemen! and end of the
helical winding. li seems that this reduces the re-
fleclion al lhe end of the anienna considerably
which means that the transiion of the UHF-
signal from the anienna to space is made without
discontinuity.

2.4. Characteristics of the Antenna

As a resull of these experiments. an anienna was
designed according lo (6) with the charactensucs
listed in table 1.

The main characteristic is the conical form of the
helical winding. Figure 1 shows the consiruction
of the antenna in the form of a chagram. and the
nelical winding 1s only indicated. Figures 2, 3,
and 4 show the completed antenna as a rear view
and (rom the front of the antenna tawards the
refleclor
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Frequency range’

Gain:
(RHC)

Sidelobe suppression -20dB
Circulanty: 06d8 % 107
VSWR: 1.2
Overall length 1117 mm
Helical lenglh. 1103 mm
Helcal diameler

al feedpoint: 102 mm

at the front end: 573 mm

Helical winding:

wire
Turns spacing
Rellector diameter 215 mm
Rellector collar: 72 mm

Boom dimensions (mm)

3.
CONSTRUCTION DETAILS

The helical winding is held every haitf a turn using
an insulating suppon. This is made by culling
the required length of dielectric insulation from
an RG-2)3/U coaxial cable A total of 37 pieces
are required whose length should be approxima-
tely 5 mm greater than the helical radius at \he
assaciaied position. Of course, half the diameter
of the boam should be deducted. These suppons
are cul and are provided with holes at \he correct
posiion which are drilled with the diameier of the
helical winding. All supports should naow be
placed onto the helical winding in the correct
sequence, and disiribuled in approximaiely the
correct spacing of 163 10 95 mm. which
decreases approximately linearly.

Enamelled copper wire I1s usad as helical ele-
ment, since i can be ben easily and is protecied
against carrosion The dameter is not cruical,
and 2 1o 3 mm chiameter was found (o be sunable
Approximately 5 m are required.

Itis advisable 10 manufacture the boom from a
tube with a square cross-seclion, such as 15 mm
x 15 mm aluminum, wilth a wall Lhickness of
15 mm. The lenglh should be at least 1400 mm,
in order Io ensure thal a mast clamp can be pro-
vided behind the reflector. The author reinforced
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1240-1300 MHz
15.8 dBi. clockwise circular

Table 1:
Helix antenna
for the 23 cm band

3 mm dia. enamelled copper

61.27 mm (calculaied valug)

15 x 15 x 1S aluminium

Flg. 2: The author’s prototype antenna

o
A

Fig. 3: View onto the refiector
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the boom using an additional lube of 20 mm x
20 mm which was glued to the boom with the aid
of dual-component glue. Siarting from the from
of the boom, 37 holes of 3 mm diameter are requi-
red for mounting the supporis with the aid of
brass scraws M3 x 20 The spacing is equal to
half 1he spacing of the winding, which amounts
to 30.635 mm (calculated value)

The reflector is made from alurmnium plate. The
circular shape of 1he collar is approximated using
22 cuts. in order o obtain siraight mouniing tabs
which are then screwed (o 1he reflecior disk. The
coaxial conneclor s moumed in the reflector with
a spacing of 51 mm from he center. The author
used a 50 Q (ype 4.1/95 manufaciured by
Spinner (BN 982300), which possesses a moun-
ting flange and a cable connection, onto which
the helical winding was later soldered.

Flg. 4:
Matching device inside
the reflector

The whole refleclor plaie is mounied to the boom
with the aid of Iwo alummium brackets so that Ihe
commencement of the helical winding (Jlongest
support) 1s shified by 90° with respect 1o Lhe
coaxial sockel. The intermediate piece of helical
winding s used later far maiching The reflector
possesses a round hole with a diameter of 30 mm
through which the boom is placed. As can be
seen in the phalographs, i1 is not necessary 10
close this gap

The helical winding 1s mounied onto the boom as
follows: The boom is mounted in a vice without
reflector and supporl. The helical winding is laid
out sohat the shortest supportisin the vicinly of
the front of the anlenna This supporl 1S now
screwed (0 the boom; the brass screw can be
screwed in lighily nta the hele where the inner
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Orilled acc (o
helix wire
Helix o
radius o
¢
H
| A Boom
{
f ]
)
0
DJ1SL M3 x 20 mm
brass
Fig. 5:

One of the 37 insulating supports
made from the dielectric of RG213/U

DJ1ISL Helix wire
lH Refleclor
:J_IL
: T 1 T .
;
i Coaxial conneclor
Fig. 6:

Antenna connecior and helix wire,
without matching device

First support

i
i ———3

Boom
° Helix wire
Coaxial
connector
L Stretched length
— 80
DJ1SL Brass strip 6 mm wide

approx. 0.5 mm thick
Fig. 7: The matching device
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conductor was originaily supported (Fig. 5). In
order to ensure Lhat 1he helical winding cannol
jump out, bend back the end araund the support!
Open the vice and turn the boom by 180° and
lighten the vice again. Pay atiention {a the direc-
tion of winding: The helical winding should form
a clockwise scrcew Form the helical winding at
the front @f I1he antenna in a semi-circular shape
and screw in the next support inie place, and so
on until the 371h support has been mounted.

Inaccuracies of the helical winding should be
compensated for during mounling and afler
completion by bending and shifting the wire to
the various supports. One is best able to see de-
viauons from the circular form by observing the
antenna from the frant, Finally, the helical win-
ding is hxed 1o each suppor by providing a glue
inta the hole provided by the onginal inner
conduclor

This type of construclion ensuces that no metal
pieces inerfere with the operation of the helical
winding.

After this, the rellecior is mounted so that it is
spaced 14 mm from the cenler of the longest heli-
cal suppon. The end of the helcal winging 1s
then soldered (0 the inner conductor of the
coaxial conneclor. In the author's case, this
resulled n an arrangemem as shown in
Figure 6.

The transformation of the characternstic mpe-
dance of 1the helical winding 10 50 Q was made
wilh the aid of an exponenlial line, which Is
shown in Figure 7. The shape of the brass slrip
(that is grounded (o the body of the ceaxial con-
nector) was found experimentally by observing
the maiching 1n 1ne frequency range of inerest
with 1he aid of a direclional coupler, and by
bending Lhe sirip carrespondingly until the return
loss was better than 20 dB, which correspands 10
aVSWR 1.2,

It s important Ihat the strip is near 10 the helical
winding al the ground end (approx 2 mm), in
order to ensure that 1he local impedance distn-
bution is in (he vicinity of 50 @ The maiching ex-
penments were made, by lthe way. with stip
lengths of 32 mm to 60 mm, hawever, 50 mm has
been found 1o be optimum, and corresponds 10
approximalely )/4 al a wavelength of 23 cm.
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3.1. Mast Mounting

It is advisable (0 reinforce the boom using an
exiratube of 20 mm x 20 mm in order 10 be able 1o
use conventional mast clamps. The antenna is
mounted so0 that the commencament of the heli-
cal winding at the coaxial connecior [aces down-
wards, which means that no rain can eanler ihe
connector. This means lhat the helical supports
are lhen vertical, which ensurgs a mimmum de-
posil of dust and snow. Furlhermore, birds are
nol able 10 use them as supporls.

RG 214/U was used as leeder cable, since il was
found 10 have far less reflection disconlinuilies
when measuring the impedance run up 10
1300 MKz, than similar lengths of RG-213/U (ob-
tained from vacious suppliers). The measure-
ment was made in Lhe same way as measuring
the matching of the antenna, however, the lest
object was a ring of cable (20 m or more) 10gether
wilh a 50 Q terminaling resistor ai the far end

4.
OPERATING EXPERIENCE

The characlenstics of the antenna could only be
judged subjectively, in other words, the measu-
ring eguipment and a measuring range were nol
available for gain measurements The good side-
lobe suppression was indicaled when receiving
\he 23 cm beacon DB@GP al Goppingen (42 km,
non-hne-ol-sight) with approximaltely 12 dB over
noise, whereas it could hardly be heard when the
antenna was rolated 1o both sides. CW-signals
can be heard a far below the noise level.

In experiments carried out iocally in conjunction
with DL 71X 11 was found thai the helical anlenna
showed hardly any field strength variations when
DL 7IX rotaled his indoor transmil antenna, whe-
reas a very slrong QSB was exhibiled when
using (he author's vertical. omni-directional an-
tenna. The resullis that a lar more homogeneous
signal strength 1S oMained than when using a li-
nearly polarized anienna

5.
REFERENCES

=

(1) T Biuan,. DJOBQ Circular Polanzauon on

2 Metres
VHF COMMUNICATIONS 5, Edibon 2/1973,
Pages 104 -109

(2) DriIng.A Hock, DCOMT
Theory, Advantages and Types of Antennas
tor Circular Polarization al UHF
VBF COMMUNICATIONS 5, Edition 2/1873,
Pages 110~115

(3) W.Such, OE1GHB.
A Relical Antenna for 70 ¢cm
VHF COMMUNICATIONS &, Edition 3/1974,
Pages 149-155

(4) Dennis R. Murphy. KGGRM: More on 50 Q
Helix Feed, QST 1981, December,
p. 54-55

(5) Dr Jobn D Kraus: A 50 Q Input Impedance
For Helical Beam Antennas. |[EEE Transacl
on Ant. and Prop. (AP). 1977. November,

p. 913.

(6) J.L.Wong.H E.King: Broadband Quasi-
Taper Helical Antennas. IEEE (AP), 1979,
January, p. 72-78.

(7) 0.J. Angelacos, D. Kajlez: Modihications on
the Axial-Mode Helical Antenna, |IEEE
(AP), 1967. Apal, p. 558-5592

(8) J L Wong,H E King" A Wideband Low
Sidelobe Disc-O-Cone Antenna, IEEE (AP).
1983, January. p. 183-184.

(9) D G.Fordham Jr.,R. S Brazil Polarization
Loss For Elliptically Polanzed Antennas,
Microwave Journal, 1969. December,

p 50.52,

(10) A.C. Ludwig: A simple Graph For Deter-
mining Polarization Loss, Microwave Jour-
nal. 1976. September. p. 63

189



X

VHF COMMUNICATIONS  3/83

Further Notes On:

The Digital Storage Module
For Weather Satellite Images
YU3UMV 001/002

In the meanlime. several hundreds af these digi-
tal storage modules are in operalion and it has
been seen that the 64-k-storage ICs are nol so
critical as was assumed It 1s possible o use
(gaod) sockets if “pull-up resislors” are used on
the address multiplex lines. As can be seen in
Figure 1, a TTL-high line (cenler) can be modu-
lated by ils neighbauring lines (upper and lower
in Figure 1) so that an incorrect pulse appears
when a high-to-low 1ransition 1akes place on
these lines This cross-1alk is possible with clock
or address lines This can be seen most easily
when no video signal is present. Insigad of
having a conlinuaus black area, the monitor will
show a geomelric patlern of brighter potnts. Pull-
up resisiors as shown in Figure 2 provide a reli-
able aid. The siorage block Is 1o the nght-hand
side of Figure 2.

YU 3 UMV

TTL rwgh
TTL low
TTL hign vri high
lvl
TIL tigh
- g
l
|
| —~

Dietmar Gralz of Oberursel has seni us modifica-
ton nstructions for the digital storage module
which are 100 extensive 1o be brought here. They
describe circuit modifications that allow the
readout of 1he storage to be made in 1he correct
direclion, even though it may not correspond 1o
the direction of the satellite path.

This is possible by changing both 74LS161 (I 213,
1 214) for 74LS169. This IC1s an up/down caunter
with which all conneclions are compatible with
the excepuion of pin 1 (U/D). However, pins 7 + 10
of 1 213, as well as pins 7 + 15 0f | 214 must be
connecied in an wnverted manner. The reguired
inveriers are 1aken from the paralle! circuits of
) 217.

Unfonunately, lhis requires more exlensive
modificanhons on the board than may be assum-
ed from this description. However, the operaung
comlforl provided by this compensales for the
elfort made If there I1s sufticient nterest lram
readers, the editars are willing 10 either bring this
modiication in the magazine, or 1o Iranslate 1
and maks il avallable.

2y A Balwm ™ L5V

SV saply

(R




MATERIAL PRICE LIST OF EQUIPMENT

described in edition 3/83 of VHF COMMUNICATIONS

Power ampliliers for the 2 m band with V-MOS-FETs

1 W stage
PC-board
Pars

Kit

10 W slage
PC-board
PC-board
Parts

Kit
100 W stage

PC-board
PC-board
Parts

Kit
DC6&HL

PC-board
Parts

Cryslal
Kit

DJ7VY
PC-board
Parts

Kit

DL1GBH 001  single coaled. withoul comp. loc plan 6787
DL1GBH/1W | V-MOS-FET DV 2805, 1 Z-diode 15V,
3 mica t(nmmer ¢aps., 2 mica ¢aps
1500 pF. 2 feedlhrough caps. ¥ m of
silver-plated wire 1 mm @, 1 alumin
diecast case, 2 BNC conn_, 1 10-turn pol.
50 kQ, 6 resisters 6783

DL 1GBH/1 W, complete with above pans 6790

DL 1GBH 001  single coaled, withoul comp. loc plan 6787
DL1GBH 002 single coated. withoul comp. loc. plan 6788
OL1GBH/10W 1 V-MOS-FET DV2810, 1 Z-diode 15V,

2 mica lrimmer ¢aps., 2 mica caps

1500 pF. 1| ceram. mullilayer 1500 pF,

2 teed-through caps.. 1 m of silver-plated

wire 1 mm @, 1 al. diecast case, 2 BNC

conn , 1 10-lurn pol. 50 kQ, 1 relaise

RS-12V. 1 electrol. cap. 1000 uF/40 V,

6 resislors 6791

DL 1 GBH/10 W, complete with above paris 6792

DL1GBH 001  single coated, wilhout comp. loc. plan 6787
DL1GBH 002 single coated. without comp. loc. plan 6788
OL1IGBH/100 W 1 V-MOS-FET DV 2880, 1 Z-diode 15 V.

4 mica trimmer caps., 1 ceram mullilayer

cap 1500 pF, 1 m of silver-plated wire

I mmand 2 mm @. 1 BNC and 1 Min»-

flange N conn , 1 al. diecast case,

1 10-lurn-pot 50 k<2, 1 relaise RS-12V.

1 Alumin. electrol. cap. 1000 yF/40 V,

4 183IStors 6793
DL 1GBH/100 W, complete with above parts 6794

Variable crystal oscillator (VCXO) for the 2 m band
DC&HL 012 double-coaled, with through-contacts 6784
DC6HL 012 2 transistors. 1 special regulator, 1 Z-
diode, 2 varactors. 2 Schollky and 1 swit-
ching diode. 4 coil kits, 3 coils alrgady
wound, 1 mins. wire 0 2 mm &, 1 choke.
1 metal case, 4 feedihrough caps., 3 tan-
talum and 19 ceram. caps., 11 resistors 6785

22.550 MHz HC-43/U 6795
DC6HL 012 complete with above parts 6786
Directional coupler bridge for VSWR measurements

DJ7VY 006 double coated, silver plated 6775
DJ7VY 008 1 inned-metal case, 2 N flange-connec-

tors, male and female, 2 BNC connec-
tors, 8 metal-film resistors 100 Q/1%.
4.5 mm long, 1.5 mm dia.. 28 ferrite
beads 5 mm long, 20 cm of 50 Q PTFE
cable type SM 50
DJ7VY 006 complete with above parts 6776

Art No.

Ed. 3/1983

DM 1450

DM 132 —
DM 145,—

DM 1450
DM 12—

OM 172,—
DM 196,—

DM 14,50
DM 12—

DM 618 —
DM 639,—

Ed. 371983
DM 31—

OM 99—
oM 41—
OM 166,—

Ed. 3/1983
DM 17—

DM 95—
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FOR OSCAR 10 AND NORMAL COMMUNICATIONS

Polarisations Switching
Unit for2 m
Crossed Yagis

Ready-t0-operale as descnbed in VHF
COMMUNICATIONS. Complete in ca-
binet with three BNC connectors.
Especially designed for use with crossed
yagis mounted as an "X". and led wih
equal-length feeders. Following six pola-
(isalions can be selecled: Verical, hori-
zonlal, clockwise circular, anticlockwise
circular, slant 45° and slant 135°.

VSWR max 1.2
Power, 100 W carrier
Insertion loss 011003 dB
Phase error approx. 1°
Dimensions: 216 x 132 x 80 mm

Low-Noise GaAs-FET Masthead Amplifiers
for 144 MHz and 432 MHz

MV 144 and MV 432 <
. -

Selecuve High-Power Masthead Amplifiers in Waterproof
cast-aluminium case with mast brackets. Built-in relay for
transmit-receive switching. PTT via coaxial cable using ‘-l
supplied RF/DC-sphtter. t

® Noise ligures: MV 144: 0 9 dB/0.6 6B .
(lyp values) MV 432:1 0dB/0.8 dB

® Overallgain. MV 144, 15/20 dB. switchable
MV432 .15dB

& Inserlion loss, transmit: typ 0 3dB ® Connections:

. N-Connectors
® Maximum transmil power

MV 144; 800 W SS8, 400 CW/FM ® Dimensions’
MV 432 500 W SSB, 250 CW/FM 125 x 80 x 28 mm
(without bracke1s)

& Operaling vollage. 12 V via coaxial cable
Further derails on request.

VAL -
“technik Terry D. Bitan_Jahnstr. 14 __Postfach 80 - D-8523 Baiersdorf
Tel.: West Germany 8133 / 855 - For representalives see cover page 2




German Quality you can afford

technik PA 5500

WEATHERSATELLITE
RECEIVING SYSTEM

The PA 5500 system

® professionally proved

® produced in small series
offers reception and image display of the weather satellites METEOSAT & GOES
This system is very compact, complete and ready to use.

It consists of:
® special developed antenna/SHF down-converier
@ receiver, WEFAX electronics, scan converter
® black/white video monitor with extreme bandwidth

Features:
® zoom, timer
® optional: synthetic color presentation

Detailed info, price and delivery lime at the addresses below.
UK: Microwave Modules Ltd., LIVERPOOL L9 7AN, Tel. 051-5234011.
USA: Weathersat Inc., FREDERICK, MD 21701, Tel. (301) 694 6666.

Other countries:

X technik Terry 0. Bitan _Jahnste. 14 - Postfach 80 - D-8523 Baiersdort

Tel . Wesl Germany 9133 /855 For represenlalives see cover page 2




OUR GREATEST now with reduced dimensions !

T,
e
y Knslal v-mJ»mra
[T T Necrartischolshesn [
[
L &K
Case: 1 15 14 13 17
DISCRETE Appli MONOLITHIC EQUIVALENT
CRYSTAL c:liijolr-\ with impedance transformation without )impedance iransformation
FILTER Type Termination Case Type Termination Case
XF-9A SSB 500 Q || 30 pF 15 XFM-9502 | 1.8kQ || 3pF 13
XF-9B SSB 500 @ || 30 pF 15 J | 18k || 3 pF 14
XF-9C AM 500 @ || 30 pF 15 1| 2.7kQ || 2pF 14
XF-9D AM 500 Q || 30 pF 15 33kQ || 2pF 14
XF-9E FM 1.2 k&2 || 30 pF 15 »| 82k || 0pF 14
XF-9B01 LSB 500 @ || 30 pF 15 » | 1.8kQ || 3 pF 14
XF-9B02 use 500 Q || 30 pF 15 "] 18k || 3 pF 14
110 SS8 o - COR05B 1 18Kk 3pF 15

* New: 10-Pole SSB-fliter, shape factor 60 dB : 6 dB 1.5

Dual (manolithic twopoie)
Matched dual pair (four pole)

DISCRIMINATOR DUALS (see VHF COMMUNICATIONS 1/1979. page 45)

for NBFM XF-909
{or FSK/RTTY XF-919

XF-910; Bandwidth 15 kHz, R = & kQ. Case 17
XF-920; Bandwidth 15 kHz, R = 6 k2, Case 2 x 17

Peak separation 28 kHz
Peak separation 2 kHz

CW-Filters — still in discrete lechnology’

Type 6 dB Bandwidth | Crysials | Shape-Factor | Terrunauon | Case
XF-9M 500 Hz 4 60dB 6dB44 | 5004 || 30 pF 2
XF-9NB 500 Hz 8 60dB-6dB22 | 500 ¢ || 30 pF 1

b p- s . 22 } |

" New !

KRISTALLVERARBEITUNG NECKARBISCHOFSHEIM GMBH

D-6924 Neckarblschofshelm - Posttach 61 - Tel. 07263 /6301
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