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Dr. Eng. Ralph Oppelt. DB 2 NP

The Generation and Demodulation of
SSB Signals using the Phasing Method

Part 2: Signal Processing for a SSB/DSB/AM­
Transceiver without using Crystal Filters

A practica l realintion of phasing SSB pro­
cessing will now be described. the des ig n
principles of wh ich were expounded In VHF
COM MUNICATIO NS 2 1987. The exl*1mental
prot otype presen ted here cont.lnsthe pIl . ...
shifting networh and mixer stages for both
sender and receivet". The single-sld..tNJnd
signs l Is capable of being swit ched belYrtMn
upper and lower sideband and the term
doubl e-sioe-band relers to two sloebands
carrying Identica l modulation but having a
suppreSllled carr ier . The AM signal is, 01
course, the OSB signal complete with lull
carrier .

Switching between send and rece ive as well as
between the three modes is accomplished at
audio frecuency by means of CMOS SWitches.
SWitching at HF is not requned In any form

The compete ceccrthas bee n evc eo Into mod­
ules each of whICh IScapa ble of being wIthdrawn
from !he complete system, mod ified and tested in
Isolation, Shouldcertaln tacilitles(e,g USBor Rx)

'30

no! be required. the app ropnate erect portoo
can be left out and bridged in the Wlrlng ptan.

5.
CIRCUIT CONCEPT

The circu it concept cr lhe equipment to be de­
scribed is embod ied In lhe block diagram of f ig, 7.
If compri ses the follow ing features ' -
a) The audio Signal processing : pre-amplifier ,

dynam ic limiter and ecce frequency bound ­
ing.

o j The Hilbert t ranstormer which perfo rms the
90° phase- shift for the audio signal. It consists
of two all-pass chains wh ich are capable of
bei ng upgr aded to a 4th-order filter. These
Units are used for bofh send and receive
luncbons.

c) The 90" phase -shIft ne twort< for me HF carrier
d) 'two pc sb-pcumeees
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Fig . 7: Bloek di llgr/lm 01phase-method ofpro<:en ing SSe "OSB,AM signals showing sig nal paths. Points A ..L
cerr••po nd to the same points In fig. 2. Switehed to ....:.Iv. (LSB).

tt ) A 2.5 kHz low-pass 7th-order filter to deter­
mine ee adjacent channel select ivity in the
receiv e mode.

f) Alt TIliAI{ and mode sWitching togethel with me
necessary AF swrcoes and frequency di­
piexers.

Only the circuit necessary fOf the processmq of
the sse signal for the transceiver has been con­
srdared. al l other components 01 the transceiver
necessary for a complete installation such as
up/down converters lo r the HF band, AF amphtr­
calion and RF power amplification. have been
omitted. For one thing there is an abundance ol
CIrCUit literature on these topics and also the unit
described here has universal applications ,

The Signal paths are eas ily lollowed on the b1oc11
diagram. The similanly belwtten me fig s. 1 and 2
01the theoretical pa rt ol lhis art icle and the trans­
mit and receive conditions respectively in fig . 7
can be clearly seen . A general functional de­
scription will ther efore not be given aga in here ,

6.
CIRCUIT DETAILS

The c nccnt technical realization ot the block eie ­
gram of fi g. 7 is detailed in the scnematc of fig . 8
The semi-conductors were carefully chosen SO
met they could be easily obtained and are also
quite inexpensive. This had to be, as otherwise
Ihe whole point of the inexpensive design re­
sult ing Irom the omission of the crystal filte r would
be nullified by the cost of lhe other com ponents
The Circuit hlQh-lights . out lined in 5 a to 5 I, will
now be explained in more deta il:

.j
The proce ssing of the audio Signal IS elleetad by
three of fOUf ope ratlona! ampi ll iers encapsulated
in I 1 The first op.-amp. forms a p'e·ampll'tef , the
gai n of which is cont rolled between 1 and 22

times, by means ct P5. The CR combina\lon al lhe

,',
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fig , 8: Clr<:uit $Chemal lc 01ttl. SSB 0$8 AM proceuor, Points A•••E .... t.l< ... !rom the PCB tor hll1har con­
nections, Points k...n s,.connected on lhe PC B bltt . rs shown unconneetecl lo con..... cls rity. Circuit
shown switctled to fltC$ Y' (LSB). Supply: 9 V (I . mA ) 10 12 V (19 mAl.
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FIlii· g, M. ..ured amall-llignallrequency r. apon• • of
lh e ap8Kh processor pr.... mplifi.r,dynamic
range limiler and band·pass filler.

input altenuates the sub-audiO frequencies The
seooocI ap-amp. amplifies by a lactor at 22 and
also acts as Iidynamic compressor uSing the two
anti-eonnected leed-back diodes The third op­
amp . IS ccoreciec in a third-order, Iow·pass

fi tter cir CUIt whICh suppr esses SIgnal compo­
nents above about 3 kHz . The small slQnallJe·
~ response 01 this Circu it IS shown in fig . 9
tt is impor1anl thai the tow·pass fl ttering ta kes
place allet: dyn amIC compressing because. in
sprte 01 the relabvely soff compression afforded
by the ecees.hafmootcs would be gener ated

b)
The all-pass flffer eoens Of the Hi lbel1lTanstormer
are buitt around twoquadruple operational ampli­
liers TBA 324 (12 and 13)and logelher formed up
to a lourtll-order filter ci rcuit. Through the use 01
an active all-pass litter. capacitors and rests ­
tors of awkward values can be avoided and the
normal series values may be selected. The fol­
lowi ng, however, should be noted:

All resistors Rvp. (v = 0 , 1.2,3: Po = 1,2) should be
metal film and 1 % tolerance. All capacitors e vp'
should be poly styrene or sim ilar specification in
orde r that the temperature drill characteristics
are low_The reststoes ROcan. in principle, be any
value from about 10 kU to 470 kU but the impor ­
lant 1t1ing is !hal tworeSistors of e.actIy the same
value are used 00 each individual amplifier.

STO~ 10 ODD. 000" .

MA"""" .. 000. DOOM .
MAC ' ''' -:;!'8.515_

- -,
- -

"-

I <,

- ,---!-+--- <,

_J -~

f- -+- ! I
I I,

REF LEvEL ~C J V

-5. OO~.. 5.000.. "

S ~ " T O. OO....~

N , 1• • / ~ l.,z / ~ ,. Rv1 I kO Cv 1 / nF Rv2 1kO Cv2 1nF ,.
1 • 51,704 504 ,02 ± 18,96 • 51 1 51 I. _ 18 ° / + 20 _

2 o 22,924 1136,8 I 1,598 · -o 2,2 11. I. - 1,7 " / + 3.6 "
1 277 ,56 93 ,890 '00 2.7 20 4,7

3 o 14,938 1744 .6 I 0,133 " 15 1 I,. ,. - 0 ,6°/ + 1,1.
1 112,78 231 ,07 24 4,7 130 1.'
2 504.02 51,704 ' 30 3 ,' 51 1

4 • 11,114 234 4,8 I 0,01 1 ·
1 70,524 369,52

For N = 4 the E 121E 24 value steps are too great
2 211,11 123,44
3 720,43 36 ,173

Table 1: The time ccnetenter ,...al a funct ion ofth. number N ol equlpped all-pas. filter-ehain
sect ions over a frequency range of 270 Hz to 3600 Hz. 'P' re praaenta the ma ximum
phase departure from the Idea over Ihls treq.range. If" Is the m• • lmum phase de­
parture 10 be e.pec1ed If r •• ls determined by Rvp. t ho5efl from the E 24 series and
C,·" 'rom the E 12 _ie. 0 1lt8nda rd com ponents (see te xt).

133



The values lor Rvl' and Cvp. are dependent upoo
the number 01all-pass stages whiCh it has been
decided to equip. The point 10 observe here is
that each chain must be eQuipped with the same
number ol stages. The tabl.1 gives a summary.
11 shows the calculated valuM of the nme-con­
stents TVI' .. Rvp. CVI' lor the IreQuency range
270 10 3600 Hz as a function 01 lhe numbel" 01
equipped stages, The table also shows lhe mao­
mum phase deviatIOn IJ' from 90" retereoce
occuring in Ihal frequency band. It can be seen
thaI as the number 01stages N is ecreased 'f ' is
dearty reduced As ee si<leban<1 suppression IS

reduced as 'f ' increases. it tS adviSable to use at
least two stages l.e. N = 2,On theother nand,the
choice 01 N .. 4 is only meaningful when il IS

possible to check and adjust with high-precis:on
test geaf ThiS is because ltte tolerance in com­
ccoeots becomesmoreental as the phase drf­
teeerce becomes ccser 10 retereece. A c;om.­
promise choice would therelore be a figure of
N = 3.

The fig s, 10 .nd 11 show the comparison be­
tween the calculated and the attaioed phase
differences at lhe outputs of both all-pass chains.

• --!,L ' I
• i
.~

, !

, !
-f--+.- 1 :], L i:~ I

Fig . 10 ' Calculated . 1I·p. .. outp ut ph..e difference
le ken 10' N - 3

'"
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Already it can be seen that the phase err or, ma in ly
brought abou t by the component tolerances. is
greater than that theoretically pred icted Th iS
cause s the skewed phase response Dut at ± 0.5"
it is suffi cientty small.

Ta~ 1 also gives the component values lor llle
lime constant l.~ . Using Capacitors of the E 12
senes and E 24 res istors, the ma ximu m phase
deviation If" is given. " . however, an exact I • • IS

required. the Rvp. and the requis'fe CVI' (d"9,tally
me asured) can be determ,ned exactly by Rvl' ..
1.~Vp. . The exact va lues may be made up wilh
added series or pafallelc:omponet1ts, In addi llO it
may be menboned mat the bases 01output em,t·
ter follower T6 and T7 (point b) is connecte<\to the
las t of the EK<uipped stages of the ea-paes filter.
Fig 6 shoWs the case N = 3 (potnl b connected 10
pomt 3), The components R 3 1. R 32, C 31 , C 32
together w ith 4 x ROcan ther efore be dlspensed
.rth.

oj
Theearner phase--shlft networks each conSIst of a
high and low- pass li rst-order lilter (R4 . P4. C4 and

... ...."L'M..' .... ·<1"'_ 9-r r,
~--

- .

I i
I-- t ..

• ,

1 i

2RI I I

IU&.= '"

Fig. 11: As lig. 10 but mea sured yaluu. Standard
se ries components "",f, ulMd: "alstor.
E 24 . caPl'citor. E 12.
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R3, P3 , C3) . P3 and P4 are adjusted in order to
achieve the relat ionship (R3 + P3)C3 '"
(R4 .. P4)C4 = 112ll'fc where Ie = cemer Ire·
quency, The two networks will een have Iden tica l
crweoensncs possessmg equal amplitudes and
a 90" phase difference. Metal him resistors 011 %
tolerance are requited lot R3 and R4 , P3 and P4
should be cermel mu ltHurn potentiometers C3
and C4 should be polystyrene or Similar. The
va lues are given lor a carrier Irequency 019 MHz
but may be appropnalely scaled lor other fre­
qUencies,

d)
Both mlJlefS 19/11 0 use the SieI'1'leflS Ie S 042 P
wInch IS bott1 inexpensive and easily obtained.
Both ICs recewe at the ir inpl.Jts (pms 718) a 90"
phase shrtted carrier wavelotm . ln the case 01!he
SSB send concIitiOn . the other input (pin 11/13) is
used lor Ihe 90"phas&-$hlfted audio input to !he
fl'ner The mucer OlJtputs (plrl2) are summed via
1 nF cecactces al the 9 MHz tuned circuit L4iC5
and taken out via a coupling WInding , The 1 mH
erose. also connected to pirl2. serves to block

~ E ~ _~ " E L ""~ "A ''''ER 2 a29 .000-.
0. ""0dI0~ ' 0. COO...9 .. AO 'R ) _ ' " ..... ' ...e~-, - ~

- ... -

f- 1\ .

\ _. -

1\1
,

1-, --,- <, --
f- -
U~T O. " "'-'H o STO ~ II nnn. """...

Fig. 12; Meaaured Irequen cy rsapon.. ottha output
AF Io...-pe.. 7th-ord ... flit ... . Frequancisa
under s.o Hlara alao auppreaseod.

the passage 01 RF and does not effect the Circuit
otherwise,

In the receive condition, the IF Signals are led to
the inputs (pin 11/13) ct me two mixers via two
470 pF caoecnos. As each inpul works at both
RF and AF, two O9COUpiing capaCitorS are lined 10
pin 13 , The low- frequency base-band, present al
each mixer (pin 2). is taken VIa a 1 mH RFC 10

ovtpuI erTIIUer-loIlowers T4IT5 h is then ta ken 10
the inputs 01 ee all -pass cha ins for phase­
sh ift ing .

The two cermet multi-tum pot 'meters P1 and P2
seeve to balance the two mixers exactly. The two
47 kO resistors connected 10 these pofmet6fS
are 1 % metal-him, l 4-c5 must be su-tabty ad­
justed if !he camerfrequencydeparts Irom 9 MHz.

0 )
The required selectlVlty is ach.eved by a 7th-order
low-passfiltef{l1 ,l2, L3. 2 x470 nF, 2 x 680 nF)
whICh extlibits a slope of 42 caeeeve (f ig . 121.

The fi lter has a cnarectensec impedance of 330 II
which should be borne in mind when laSting it
The follow ing audio arnpi llier shou ld tt1erelore not
have an input imped ance 01 les s than 5 kll ThiS
Mer is only used lor tt1e receive mode where It
determ ines ire selectiVity oltha receiver . It plays
no pa rt In the working principle 01 the ssa mode
For me initi al test ing . it can readily be replaced
by a simple RC audio l requency low-pass lilter.

I)
The mode selection and send/receive SWl lching
are. with the exception 01 s t. car ried out by the
CMOS sw itche s (15, 16, 17, 18), Their function can
be see n from f ig . 7 and descr ibed In the first part
of this article ,

st . il may be mentioned, is used only In tne SSB
mode to carry the two 90' ph ase-shift ed audio
signals to the mixer In the DSB and the AM mode,
both mixers recei ve one and the same signal,
therefore il makes no difference wheth er the
switch S l is in the USB or the l Sa position , The
resistor R5 se rves to unba lance the mixer in the
AM mode th us allowing the COffee! carrier ampli ­
tude 10 be modulated.

'"



For the sake 01cceceieoees the CW mode has
also -been provided . The mi"9f does not receive
an audio signal but the cemer IS weeteoceo
with the senc!9f key , The carri9f is produced lor
ceexenco purposes in a similar fash ion.

7.
CONSTRUCTIONAL DETAILS

The complete circuit of fIg. 8 was accommodated
on a 72 mm x 146 mm sized printed circuit board .
It was designed 10I~ a lin-plate box 01(14 x 148 x
30 mm), Only a singl e-sided layout was devel ­
oped on the grourn:ts of cost The layout may be
seen in fig. 13, The re are, however. relat ively few
wire bridge s which had to be employed and also
two through-contacts to the ground plane : the
wipers 01P1and P2 and the ground connection 01

VHF COMMUNICATIONS 3167

L4 's output coup ling loop. The ground connec­
tions of the 680 nF capaCitOrs in the AF Iow--pass
fitter were accomplished by soldering diredly to
the tin-plate housing wa ll.

The PCB component side is oot etched and
serves as a ground plane. All connections. which
are not earthed. passing through the PCB to the
components. are prevented from shorting to
earth by countersinking the holes with a 4 mm
drill on the ground-plane side ,

The construction is best effected using the
following procedure:
Firsl drill all holes lo r the feed-through capacitors
and the inputs and outputs in the side wens of the
housing. II is not necessary 10 emulate the
example in fig. 14 and put them all to one wall.
They can . 01course. be located on other walls in
order to serve !he interest of shorter connecting
leads Care shou ld be taken however, that they
do not lou l other components by dril"ng the holes
too close to the topsurface 01the PCB, Four 4 mm

Fig. 13: CompoMnl plen 01 PCB DB 2 NP 001 for schemelic ollig. 8.
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Fig. 14: P'QIGtyfl'! of S$B OSB AM phnlng rM'thod processor.

drillings are also required in the PCB for the trim ­
pot'metees P1 to P4 , Their location may be ob­
tained from the companent plan of fig . 13 ,

The PCB can then be so ldered into the tin-plate
box about 5 mm from the lower edge. The eccee
of the ground-plan e side should be completely
soldered 10 lhe hoosing wall except in the vicinity
of L1 to L3, In this spot, the groond edge on the
PCB underside may be solderd to the tin-plate
wa ll.

When equ ipping ee board. ensure that all com ­
ponents whICh are soldmed to the ground plane
are inser1ed IIr5l. giving prior ity to those at the
edge of the board ThiS will facilit ate the free
acces s 01 the solde ring Iron withou t damage to
othe r components All tC hold ers are the n sol­
dered-In but 19and I t Owhich are directly so ldered
to the PCB , have their ground pins 1, 4, 6, 9 and

14 bent so that they do nol pas through the board
but are soldered directly to the ground plane

Before the board ISequipped, it must be decided
which of the possible modes are actually desired
and also Ij full TIc/ Ax or on ly Tx IS required , The
following simp llflcallons ale possibte :

a
SSB-only ccereuco With USB and LSB , No DSB
or AM oper ation : ccorecr po int F With K and G
With L direct on the PCB The external mode
swilch ISnot required

b )

LSB-onl'i Of use-eras. IC 5 and IC 6 are not re­
qUired Wire bndges are necessary 10 es tabl ish
the correct 'SWitch ' coorectens

,)

T)(-onl'i : The ICs 17and 18 are dispensed With and
replaced b'i four wire bridges (Instead of 17, pin 3
and pin 4 are bridged. also pin 8 bridged 10pin 9
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Instead 0118 ,pin 1 is connected to pin 2 and pin 10
to pin 11). 11. in addition, case b) above is con­
sidered, 14 is also superfluous Also, all com­
ponents of the output AF filter (P6, T8, L1 to L3
etc.) are not required,

8.
ADJUSTMENT AND TEST RESULTS

The following adjustment procedure is based
upon the usual assumption that a spectrum ana­
lyzer is not available. There should , of course, be
on hand the usual run-of-the-mill items such as
a low-frequency oscilloscope. an HF receiver with
BFO capable 01 receiving at the relevant fre­
quency or a simple detector receiver with a
separate HF test oscillator, a Wien-bridge os­
cillator etc ,

All tuning elements are so arranged that they can
be accessed only from above (P5, P6, L4) or from
a side wall (P1 to P4), The first task is to select
SSB and Tx and balance both mixers. The HFre­
cefver input is connected 10 the "HF out" by
means ot a coaxial cable and the '"Mike in" is
short-circuited Using the receiver BFO, the
residual 9 MHz carrier will be heard as an audible
whistle, The tuned circuit L4/C5 is adjusted lor
maximum volume II this circuit is made from
10,7 MHz filter components, the capacitor C5
may require a little padding,

Following that, the potentiometers Pl and P2
are iterated until a minimum volume has been
achieved whereby the output tone is almost at
circuit noise level. Should the tolerance spread
of \9/110 result in these potentrometera being
near their end stops, the 47 kl! series resistor
may be adjusted accordingly.

The Hilbert transformer is then checked lor
correct lunctioning by injecting a 2 kHz sine ware
into "Mike in" at a level of 20 mVPI' and setting
P5to its mid position. The outputs C and Dol the
Hilbert transformers are connected to the X and Y
inputs 01 the oscilloscope. At equal amplitude
signals at the scope deflection plates and a 90°
phase shift, there should be a perlect circle dis-
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played on the trace Ttus should also be true for
any frequency of the input signal between 270 Hz
and 3600 Hz

When the audio input has a frequency of say
2 kl-iz. the "HF out" has two spectral components,
one at 8998 kHz and another at 9002 kHz. The
9 MHz carrier is also present to some degree
Using the BFO, the weaker of these two signals is
selected. If the USB is selected and at a BFO ire­
quency of 8997 kHz, a weak 1 kHz tone and a
stronger 5 kHz tone should be present. Now, P3
and P4 are iterated until the 1 kHz tone falls to a
minimum into the noise, In the LSB position the
conditions are reversed i.e. the 1 kHz tone re­
mains slrong and Ihe 5 kHz tone is absent.

The LSBJUSB luning adjustment may also be
carried out in the receive condition. In the position
USB, a tesl signal to the "IF in" , will deliver a
varying (beat) tone at the "AF cut" when il is
0.2 to 3 kHz higher than the carrier frequency. If
the test oscillator is set to 1 kHz lower than the
carrier, a weak, noise-plagued, 1 kHz signal will
appear at the output. The sideband suppression
can now be optimized in the receive condition
with P6, This should result in a clear audio mini­
mum in the middle of the potentiometer's track

There is no adjustment required for the double­
side-band (DSB) mode. The AM mode, however,
may require an adjustment to the value of R5
dependent upon the tolerance spread of 19/1l0.
A broadband oscilloscope can display directly
the "HF out" signal. Resistor RS is so chosen
that at a suitable audio level (adjust P5} a 90 %
modulation factor is obtained. R5 can also be set
by simply listening to one's own audio signal
andseiecting the best value.

It is to be observed that in "receive" the SSB de­
modulation is effected even when DSB or AM has
been selected, This is because the aocctner has
a high attenuation at 0 Hz in order that the carrier
is suppressed (no carrier growl on AM), This SSB
detection mode, having a re-inserted carrier, has
certain advantages over AM using the conven­
tional AM envelope detection.

Following a careful tuning/adjustment procedure,
the spectrum diagrams of figs, 15 - 18 where
taken. Finally, if, owing to a wiring fault, the other
sideband is being transmitted to that which was
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Fig. 15 - 18: Meawrlll<l output .pectrt,lm taken with 9 MHz ca rr ier I nd modullte<l 112kHz for USB (fi g . 15).
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9.
COMPONENTS

received, it is only necessary to change the in­
puts to the all-pass chains with each other (points
A and B).

Tj ...T8:
11 ..13:
14

15...18:
19,110'
P1.. .P4 :

P5, P6:

L1...l 3:

BC 238 B or similar
324 (various makes)
4011 (various makes,
can be 4(01)
4066 (various makes)
S 042 P (Siemens)
Multi-turn pot'meter
RM 517, 5/2,5
Trimmer pot'meter RM 10/5
(Piher)
Pot core 11 mm dia x 7 mm
(Siemens) material N 48,
IX value
250 nl-l/turn",
CuL wire 0.1 mm ora.
L1, L3: 290 turns (21 mH)
L2: 297 turns (22 mH)

VHF CQMMUNICATlONS 3/87

L4/C5: 10,7 MHz IF filter green (TaKa)
or Neoso BV 5138with C5'
approx. 100 pF

All RFC approx. 1 mtt .
All resistors marked with' and also ROand RvJ.' of
the all-pass network are 1 % metal-film,
Oa, C4 together with all CVJ.' of the all-pass filter
chain capacitors:
polystyrene or similar quality
All HF coupling and by-pass capacitors:
ceramic RM 5
All AF coupling and low-pass filter capacitors'
MKl types RM 5 or 7.5,
All electrolyt ics (except 100 J.'F): tantalum
All feed-through capacitors :
short sotceratse type 1 nF (appmx.]
3 items teflon feed -throughs for "HF in", "HF out"
and "IF in".
8 items IC holders, 14 pole.
1 item tin-plate housing 74x 148x3Qwithtwolids

VHF COMMUNICATIONS - Selected Articles on a Common Topic

1 Antennas: Fundamenlals
2. AntennasfOl 2 m and 7Qcm
3, Antennas for 23 ern and 13 ern
4, Microwave Anlennas
5 Amateur Television (ATVl
6, Crysla l Oscillators: XOs and VXOs
7. VFOs
6. Synthesizers
9. RF and AF filters

10. Frequency Counter s and Dividers
11. Noise-Figure and Noise-Spectrum Measu rements
12. Simple Test Equipmenl

13, HF Power Measurements
14, Shortwave and IF Circui ts
15. Mini Radio Direction Finder for 2 m and 70 em
16. Converters and Pre-amps fOl 2 m and 70 em
17. Converters and Pre-amps, for 23 em and 13 em
18. Transvertera and PAs for 2 m
19 Transverters and PAs for 70 em
20. Transverters and PAs for 23 em and 13 em
21 Circuits for 9 em and 6 em
22 10GHzTechr.ologyPart1
23, 10 GH, Techno logy Part 2
24 FMEquipmentfor3cmand l .5cm

Single-theme collection, including binder and postage, only OM 29,50
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Andreas Schaumburg. OF 7 ZW

Broadband HF Power Amplifiers

A btoltdb8Ind tr8n81stor~ 8mplifief is
now the nann In .very modem HFtrIInacelver.
0\'., 8 hqu.ncy r8nv-tronll .5to 30 MHz,the
necesury Impedance tr8nsforrt\ltion is ear­
rIed out by mean. of 8rt~ trIInstormer .
This, togetn.r with thtl ~" IIIter, the
stabiliz.l1ion of the qu~tCURllnt 8ncl the
dlrectiCN\llI coupler 8r8 the subjects ot this ,
the flr8t~ of thtl 8rticle. The second pIIrt
will deal wtth the description of 8 280 W power
amplifier supplted with 13.8 VDC.

The construction of such a power amplifier is 1'I(l(,

however. a projec:f lor the beginner, The con-

T,'

structioo 01 a transistor PA is not to be advised.
especially it a 100 MHz cscu ceccce is no!
available.

The author also has access10 a supply ol cheap
HF power tranSistors in the senes SO 1076 ,
MRF 454 , SC 2290 so thai the expertenee 01
destroying many tranSistors during lasting is not
prohibilively exceosve As a warri ng i1 can also
be mentionecllhal , wiItlouI protectlOf'l , a tranSistor
can be instantly destroyed in the even l of a mlS·
match OCCUrring Push-pull power ampliti9f'S for
stcn-waves are notnearly so robust as those lor
the UHF amateur bands where they 81e always
narrow -band devices

T,'Tn

DF7ZW

""
II r-r-

,,,,,

r.>' T2

"" • ~; " J ~ '

Fig. 1:
Push-pull .mpl it~, _ sle
combl...,.



1.
THE POWER AMPLIFIER MODULE

The PA employs AMIDON ferrite ring cores
stacked together in a 2 x stackpole of 57-3238
elements, The basic diagram 01the PA is shown
in fig, 1 and run-through 01 the quantita tive char­
acteristics is undertaken as follows:

VHF COMMUNICATIONS 3/87

where V, '" peak output voltage

N = number of turns
A = area of core in m2(here 1.1 x 10-4)
B = flux density in VJm2 = testa (T)

(1 T = 10" Gauss)

Example

122.5V
B~ ­

2 iTX1 5 MHz x1 1 x 10
0.0296 T

where V..., ± 1 volt
Vo . = "13.5 volts
Po = 70 watts

with the above values R, = 1 1 l!

The output is transformed from 2 R, to 50 n

For this PA a ratio n of 4 was chosen

V, = V 2 p. R = peak value

The core mix 61, according to AMIDON (5) has a
saturation density of 2150 Gauss l.e. 0.215 T.
It is now seen that the maximum magnetic field ,
produced by the PA, is well within the capabilities
01 the core.

If the PA is used below 3.5 MHz and a higher core
loss can be tolerated , a core cross-sectiona l area
oj 0.3 em" shouid be sufficient. By these formulae
all ring-cores used in the PA are calculated.

2.
THE POWER COMBINER

To bring together two powers 01 the same order a
power combiner is required. This may be con­
structed as shown in f ig. 2 For a summed power

The output power is 150 W at 50 n

V, = \!"""2X 150 x 50 = 122,5 V peak

The magnetic flux B (max) can now be calculated:

Trl..,,
~"Jfi ,,

" ,,

OF 7ZW

Tr2

'"
B~

v.
2/T f AN Fig. 2: Power combiner
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T, 2

SOil

T,'

sing le output 01double the power can, 01course ,
be used to split a single power into two equal
components,

3.
THE DIRECTIONAL COUPLER

of 500 W (max), the following core and winding
details should be observed: -

Tr t 2 x FT 82161 mix with 2 x 6 turns
copper lacquered wire {Cull 1.5 mm dia

Tr 2 ' 2 x FT 114/61 mix with 3 x 5 turns
CuL wire 1 5 mm eta

The transformer Tr 1 combines the power of the
two separate components 01the push-pu ll amp li­
nar.each with an output impedance of 50 1I, to a
comb ined output impedance of 2511. The equali­
zing t on n (fig. 2) resistance only absorbes
power when the two input signals have unequal
phase and equal amp litude wave forms. A watt­
age rating of 15 W is sufficient for a total output
power 01 300 W. Both windings 01 Tr must be
carefully bitilar-wound in order to ensure a tight
coupling A loose coupling at the higher fre­
quencies approaching 30 MHz would cause prob­
lems

Of course , the arrangement of fig . 2 can also be
used for the splitling of an HF power where, per­
haps, the power is much smal ler and therefore
smaller cores can be used.

The transformer Tr 2 transforms the impedance
from 25 n to 50 n. or more exactly 56 n. as the
square of the turns ratio 3 ' 2 = 1.5 is 225, Again,
the three windings are trilila r and tightly wound for
good HF performance. The arrangement of IIg 2
for the combining of two equal HF powers into a

The directional coupler has the important task of
reducing the drive by means of the ALC (auto­
matic level control } in the event of a severe mis­
match in order to prevent the destruction of the
transistors. The direct ional coupler circuit of
fig . 3 is somewhat more detailed than usual.

For a power of 300 W, the two similar trans­
formers use the following components :

Tr 1, Tr 2
FT 50161 mix
35 turns 0.4 mm dla
1 turn 1mm dia
lacquered copper wire (Cut}

In the case that the transformer Tr 1 is saturated
and starts getting warm , the number of turns
should be increased Irom 35 to 40 - 45 This in­
creases, however, thecoupling factor olthe direc­
t ional coupler.

Fig. 4: Low-passfilter lor 4 MHl , 8 MHl and 15MHl
(for values seatable)

A low-pass filter is required after the power
amplifier in order to suppress the harmonics
largely generated by the latter According to the

4.
THE LOW·PASS FILTER

1:
T

I
DF7 ZW

Fig. 3: 3 - 30 MHl directional coupler
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Table 1: tij01t 01 02 L turns
(MHz) (pF) (pF) (iLH ) on T94

80m , 920 1570 2,725 180n l2

'a m 8 460 780 1,36 130n l2
20m 15 240 420 0.73 100n /6

band in use, the limi t frequency shoul d lie be­
tween 4 MHz (80 m) and 30 MHz (10 m). for the
4 octa ves 2 - 4. 4 - 8, 8 -15 and 15 - 30 MHz,

four different low-pass filters were des igned and
built.

The three lower frequency low-pass f ilters po s­
sess 5 elements, as in fig. 4, They exhib it a 0 ,1 dB
ripp le corresponding to a VSW R 011 to 1,36.

The calculated suppre ssion attenuations are:

2f : 35 dB
3f : 54dB
4f :67 dB

The dimensioning can be carried out according
to the stan dard formu lae :

L~

Table 1 contains the values lo r the lower three
shortwave amateur bands ,

6'.....1g" -.:; "' ''' 11 Wd<J . "D rrvr ' IWdg . 1Om '" 6 >'Idg'- '0", ,,,
le l 801m I- Xm", 1030mm ' o Wmm

Fig . 5: 7 po le , 30 MHz low-pass filter,
all Inductors 1.3 mm Cul
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The low -pass for the 10 metre band has seven
elements and a limit frequency of 30 MHz. The
component values are given in fig .5. All inductors
consist of lacquered copper wire 1.5 mm oe.
According to ref , (2) the filter components should
have the following goodness factors and toler­
ances:

Low -pass with five elements and 0.1 dB ripple:
max 5% toI. Q = 65.

Low-pass with seven elements and 0.1 dB ripple :
max 5% tol. Q = 120.

According to AMIDON's data boo k, a far higher Q
is to be expected from their ring -cores than 65 ,

If the capacitors are rounded--off to the standard
ser ies values, the completed low-pass should be
examined with a sweep generator set-up and the
turns on the cores adjusted for the required re­
sults.

The seven-pole low-pass with a limit frequency of
30 MHz should be connected directly to (and left
connected even when working on other bands)
the output of the power amplifier. This ensures
that the harmonic radiation does not exceed
- 50 dBc whereas the PA alone is on ly capable of
a 20 dB suppression of the predominant (th ird)
harmonic.

5.
QUIESCENT CURRENT
STABILIZATION

For this, the author resorted to a lill ie more com­
plicat ion than would at first bethought necessary.
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.11'1 lOQ/IOW

OF7ZW
B0135

'" " U,

05fi "
,,10 l ,
n

723 ".

" 0'

'" "

Fig.6 :
Quiescent c urrent stabilization

The circuit (fig. 6) was taken trcm ret. (1) with a
change of two resistor values in order that the two
PA elements could be accommodated.

The pin-out refers to the LM 723 14-pole DIL
plastic package. The 1 kO potentiometer adjusts
the quiescent current of the four transistors to
approx. 4 A.

6.
PA CONSTRUCTION

The construc tion of the PA was carried out in
contormity withthe Motorola application note 762
The only depa rture was that the ring-cores and

3 tmzw

+ 13.5V

'"
00"

OF 7 ZW

'"' T'2 T'3
U"l12W ?

,~T,,1 f- ~
,"0, D" Tl,T ~ Ea::t>0

, , , ;' ,
son ! : , , ,

RFeI
lX~~0 76 od e r

, , , ,",, , ,
002xM 454 , , ,

t--- 1.1il12W
0,2 2~ 2290
RF[2 "", 1

"'"'" of""'"' 3.1DnW

" ,oo}! ,j"J,in ;;n
1 ~ 1"' I ,

u,
lonT I T 330l.J

""H
Fig. 7: 150Wbroedband PA module
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transistors were changed to types which were
available in Germany . The circuit Is shown in
fig. 7.

The following data is given for the wound compo­
nents:

T, '
Core 4 x FT50/61 mix
4 turns - 1 turn (brass tube)
Impedance ratio 16 : 1

T,2
Core FT 82/61 mix
2 x 6 turns (brhlar]
1.5 mm etaCul
feedbackwdg. 1 turn

r,3
Core 2 stack-pole 57·3238
or 2 x 8 FT 50161 mix
4 turns - 1 turn (brass tube)

Choke 1, Ch 2: Valvo 6-hole bead

All capacitors which are not for decoup ling pur­
poses must be either mica or chip capacitors as
these are capable of handling the heavy currents
- disc ceramics are not.

The feedback consists of the 3.1 nand 1.3 nre­
sistors , the 4.7 nF (or 5.7 nF) capac itors ensure a
constancy of gain over the 1.5 - 30 MHz band.

VHF COMMUNICATIONS 3/87

The 50 n winding of Tr 3 should be carried out
uSing 1.5 mm dia teflon Insulated copper wire

The capacitors across transformers Tr1 and Tr 3
have only approximate values. They should be
experimented with as they will be depe ndent
upon the type of transistors used. the charac­
teristics of the wound components as well as the
power outpu t.

The author did not develop a PCB for the proto­
type-but used a epoxy-g lass board with a thick
coating of copper. Islands were milled out of the
copper surface to which the components were
soldered. The ground ing of the heat-sinks was
effected by mea ns of screws through to the
ground plane.

The supply potential feed-in point via Tr 2 re­
sults in a better harmonic suppression than that
provided by the direct connection to the centre
point 01 Tr 3

Fig. 8 shows the power frequency response
taken at 4 W drive V = 13.5 vous and I -c 19 A.

The inpul VSWR is 2.3 (max) below 6 MHz and
above this frequency it is better Ihan 2.0 .

When one transistor is conducting, Ihe other
is biased off. In the blocked phase the peak col­
lector voltage can reach 40 V. The data sheet
specifies a collector-emitter breakdown vollage

';0

"

1
18 8

p"'"'

,8

J\ J I ~, ~w

,

/~
\ -

-- -. ....... \
1'1 "....J -

-,
•

:

h'

I" ,

5':-

D:'- 1
"
"

Fig . 8: Power output and efficiency with treq.... ncy of PA driven at 4 Wand !Supplied with 13.5 VDC
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Fig. 9: 280 W P A blOCk diagram

TX ISllJ'OlI'

1'-E:J---l )
•

n m
'w

Rei

of 36 V which is over-stepping the mark a little.
A mismatch, moreover, could send the peak volt­
age soaring to 70 V, leading tothe instant destruc­
l ion of the transistor. For this reason the employ'
ment of a protection circuit should be considered
as mandatory. Valved power amplifiers can be
operated without any form 01 protective device
whereas shortwave amateur transceivers are
comprehensively protected. Maybe the next ge­
neration. using VMOS-FETs, will also be as inher­
ently robust as valves were/are. The power ampli­
fier introduced in this article will, anyway, be pro­
tected against mismatch damage by means of a
direct ional coupler .

Another possibility is now thrown in for considera­
tion'
The PA can be built with 28 V transistors and
driven to only 14 V in order that there is hardly a
possibility of them being destroyed. A suitable
type is the MRF 422 (28 VI150 W}. In this PA
circuit, the two transistors will deliver 120 - 130
watts output.

7.
COMBINING THE MODULES
FORA300WPA

Following the description of the circuits , the con­
struction according to the block diagram of fig. 9
should present few problems.

The power splitter T comprises:

1 x FT 50/61 mix
2 x e tcms bifilar
Cul1 mm eta

The 30 MHz low-pass filter is connected in the an­
tenna line solely for the 15 and 10 metre bands,
and remains in circuit forthe other bands too. The
reasoning behind this is as follows:

low-pass filters having ferrite ring-core inductors
possess the unpleasent characteristic of core
saturation, thereby causing to a greater or lesser
extent the production of harmonics The 30 MHz
low-pass is, however, constructed with air-cored
inductors. This will prevent harmonics from the
lower band filters, which have been caused by
core saturation , to be attenuated to negligible
proportions in the critical region of 100 - 200
MHz. This measure limits the possibility of BCI or
Tvtto very low proportions.

Each of the PA modules requires a drive power of
4 W. In order that the 300 W amplifier can be
driven with the normal 15 W, about 7.5Wmustbe
diss ipated as heat. This is done main ly by the
25 n 10 W resistor , forming an input altenuator ,
together with the 330 n 2 W resistor. Since the
input impedance of the input power divider is also
25 n, the tota l input impedance to the PA is 50 lI­
The resistive attenuator serves to increase the
real part of the input impedance and the VSWR is
less than 1 . 2 over the entire worki ng range

Both 150 W modules must , of course , be abso­
lutely identically built This applies also to the

'"
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-
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fig. 10: The MJthor', HF power .....p1thM

interconnecting cable lengths whlctl must be

short and swnmeincat. Pailed transistors were
not available to !he author but the output bal­
ancing resistor always remained coot,Should any
assymmetry develop through a teuu.or any other
reason, this resistor would start showing signs 01
ctseess immediately. The 300 W PA has in tact
proved more robust than the individual 150 W
modules . The reason could lie in the lact that the
power combiners, the low-pas s filters and the
connecting cables all contribute with their at­
tenuarors to the ameliorat ion of the conse­
quences ct a mismatch Nevertheless, a mis­
match protective circui t is st ill necessary,

The input supply current can peak to 40 A at full
drive thus necessita ting a suitable connecting
wire cross-sectional area Supply inputs to both
amplilier modules are tcseo at 20 amps ,

When apply ing power lor the hrst time, reduce
the supply pctannaltc some g V. at which voltage

'"

the etlects 01a laull may be withstood ,Only when
e'lel)1hing seems to be in ordel and the AlC has
been adjusted can the lul l supply voltage 01 13.8 V
be applied ,

The author is now plannlllg the construction 01
a PA using 28 V transistors wtlict1 can deHver a
power in the order 01 500 - 600 W. Whether or
not a construction kit will come out 01 it is not yet
decided. On the one hand such a project is not
really suitable lor the inexperienced and on the
other hand valves are much more robust and
simpler, They are also cheape r ilthey can be ob­
tained at the Ilea- market.

Finally, the author would like to thank Oscar ,
DL 4 FA for the favourable terms under which the
transistors were obtained. Withoot this help this
project coold not have been completed.

The author woold also like to establish an OJ(­

change 01 intormation with any amateur who has
built these, or similar , amplifiers
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New High-Gain Vagi Antenna

The SHF 1693 is a special version for the recep­
tion of METEOSAT 2, This unobtrusive alter­
native to a 90 cm diameter parabol ic antenna
enables, with the aid of a modern pre-amplifie r or
down-converter . noise-free weather picture
reception .

length'
Gain: 20.1 oa., i. e.
Beam-w idth'
Front I Back ratio:
Side-lobes:

Stock-No 0102

3m
18 ea,
16.8°
25dB
- 17dB

Price: DM 398.-

k IJIKji,\[berichte Twy 0 , Billao . Jahostc. 14· Posllaeh 80 ·0-8523 Baie"dccl
Te l. West Germany 9133 47-0. For Representatives see cover page 2
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Additional Notes on the
70 em Han dhe ld DB 1 NY 004

The additional info rmation has beed otlered
following tn. construction of MVeI'al DB 1 NV
004 70cm handheld tranaeelven described in
edition 2,1986.

1. Syn thesizer

Some e.amples of the Me 145152 synthesizer
iCs have a spurIOUS impulse itom lhe modulus
conlrol output (pon 9) whiCh causes errors in the
counlong 01 prescaler SP 8793 This results in the
channel bemg switched 10 one lower than that
whiChwas selected A ceremc capacilor of 10 ­
50 pF, connected from pln 9 Of the Me 145152to
grouM, will eliminate this detect

2. Control Amplif ier

The foil capacitors used in this amplifier have
specified a tolerance of 10 % or bener. Normal
ceramic capacitors, used for decoupling pur­
poses . have a 50 % tolerance and are unsuitable
for this particular application , The component
values given in the circuit diagram represent the
best compromise between the fast operation of
the synthesizer and the loop stability Too small a
value engenders synthesizer rmcrophony and
detenotates the cross-ta lk from adjacent chan­
nels

'"

3. BF 979 Buffer Ampl ifier

This stage tends to self·osclli ate when the
damping resistor in trle SF 979 'sc:oHectoriSphys­
ically too large, II shoukl be replaced wTtt1 a re­
sistor of the 0204 seres II IS also advantageous
to slip a ferrite bead over the BF 979 collector
lead, as In the tuner, in order to assist In damping
the dual-gate FEfs. ThISappears to be !he most
crihcaJ stage in the unit

4. send Amplifier

Some e.amples 01 the BFR 96 ed 'libit 100 little
gain (under 20 dB) so that In $pile ot eoecoete
drive [> 5 mW) the output power is no1 SUffiCiEll11
The only recourse is to change the transistor.

5. IF Amplifier

The mixer crystal 20.945 MHz must be a series
resonant mode type as indicated in the compo­
nent list. Parallel types either oscillate 011 a para­
sitic Of at 5 kHz too low, The 1st IF and the
ceramic filter 2nd IF are then relatiyely displaced.
leading to an unacceptably high distortion teeter.
Replace this crysta l with the one specified

6. c an-r ene Generator

Only a CMOS 555. t.e. ICM 7555 or TLC 555.
should be used here. Normal NE 5555 cause
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Fig. 1: Modifi.cl call-lone generator

neec:lle pulses to contaminate the Vee line leading
10a cal l-lone frequency spectrum extenc!1flQ ove'
seveeet megahertz. As the adjustmen l of thecal!·
tone With IwO resistors is not easy , rhe modlft­
cal l1)l1 of Ilg. 1 is suggested. The 6811.11 reseioe
so choser1 lhat a cal-lone frequency of 1750
+/ 30 Hz is produced In additiOn . ee supply
potenbal of the nc 555 iseecoooee at pin 8 with
an l C filter thus prellentlng the call-tone ever ­
modulatJOtl altogether . If tne long unscreened
leads to the call swtfch picks up HF, they should

be decoupled With a 2 2 nF capacitor and, if nec­
essary . also an RFC.

7_Housl ng

The meta l work of the houslOQ and ItscontacI to
the PCB must be earned out l!loroughty other­
Wise unpleasant watching noises will be ap­
parent as the umt is movecI

DL5NPDB1NV

'-E ,1
- I,

.•URQCA.o>o-=
You can now orde r magazines, kits etc . using

you r Eurocard or VISA Credit Card 1

We only require th e orde r against your

signature . the card number and its expi ry date .
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Jan-Martm Noeding. LA 8 AK

Improve the Oscillator Circuit in your old 2 m
Converter like DL 6 HA DOlor Similar
Designs

2m conven ers like Ihe DL 6 HA 001 design
(VHF COMMUNICATIONS 1..'1970) are still in
use in some radio amaleur etetrcns. In COn­
trast to Ihe operal lng techniques some 20
years ago , frequency accuracy Is necessary
loday. The problem, e xcertenced not just by
myself. is Ihat it II not pOllible to pull the
cry stal frequency of the abo ve mentioned
convert er to eractly 116.000 MH..:. Thi s can be
cured by relati vely si mp le changes in the os ­
c ill ator c ircu it. Since l imilar circuits are used
in other conver1erl , II seems wor1hwile to
publish the modification.

1.
MODIFICATION

My crrcun does not rsquue any modlhcation to the
PC-board DL 6 HA 001 , in teet-we capaci tors and
two resistors less are used than in the original

152

circuit. The oscillator transistor T4 (fi g. 1) is ex­
cnarq eo from a bipolar type 10 a JFET (f ig. 2),
The original crystal. delivered by the Verlag UKW­
BERICHTE. is used.

Before commencing modifications, the injection
level to the mixer stage should be measured,
using any kind of (simple) RF probe. After the
modification. the injection shou ld be adjusted to
the same level again.

Remove «ansistors T4 and T5 (BFY 37), as well
as the capacitors C16, C17, C18. C19 and C20.
and the resistors A8. A9. A t O and At 2, It is Im­
portant 10 use a smaller value for C20, since the
original value 0115 pF causes 100 much load onto
the oscuetot: sufficient drive is obtained wilh only
2 pF.

Now connect the new components as shown In
fig. 2. Solder a wire bridge across lhe crystal and
Check me resonant trequency of L8 using a dip­
meter. II should be adjustable \0 38,666 MHz,
otherwis e the coil hASto be modili&d.
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2.
SAFETY MEASURES

Fig. 2: 1lMImodified oaclll.lor circuit with lhoe
orIglMI COtNMOCtIon, to .,.,. o..::U'-!or
trwwlafoO' T.. In ~"'I"-I'. AlUppIy von..ge
..,.n.tion NtwewI t tnd 1S VC8U_ an
~or drtf'l of,.., __ than + 1- 200 Hz ..

111Mttz.

T5 B~m

011

'"

(20 1pl

iLB

LABAK
c:--r-,.-t-,In order to dilIeoupIe the 12 V suppty, 5 to 6 e_Ira

capacilors (around 1 nF) should be saoered 10
tho SlJppIy ~ 1"l8 on the solder Side Also a lemte
radIO-frequency choke (RFC) should be coo­
r ectee In series with the 12 V supply . These
measures will help to avoid interference mtc the
lower UHF TV channels. Additionally the stability
is improved.

If a low-noise (hlQh-gain) preamplifier 'S used at
the antenna , it is advisa~e to remove the fll st
ampllf,er tran~stor (T l) of the converter

Thrs moclifled converter IS used ertens#ve!y tor
2 m dx WOOo; in sse and CW by LA 5 MI< and
LA 8 AI<.

,"
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Jocnen Jirmann, DB 1NV

A Spectrum Analyser for the Radio Amateur

Spectrum analysers enjoy a special place In the
hearts and minds of amateur radio constructors.
For one thing, they are able to display immediate­
ly the full output spectrum of a transmitter and the
relative amplitudes. The other awe provoking
thought which springs to mind is their enormous
cost - now, almost as much as a small house.
The possession of a spectrum analyser must
surely be, for most amateur constructors', com­
pletely out of the question. Also, a perusal of a
commerc ial analyser's specifications are enough
to convince many that the amateur construction
of such an instrument is fraught with unsurmount­
able difficulties. But, of course, one should'nt
despair quite so easily because , for example,
what radio amateur requires faci lities such as a
10 Hz resolution at 20 GHz? In other words, if
the facilities offered by a commercial spectrum
analyser were pruned down to those required by
the radio amateur then it is indeed entirely
feasible to undertake the home construction of
such an instrument.

The following article Is Intended to excite the
reader to experiment with th e project, those
who require a " watert ight" construction ar­
ti c le complete with PCB layout petterns and a
guarantea of sure-fire rasults will be disap­
poi nted. It must be appreciated that the de­
talled descr iption of suc h a project would

"4

occupy all the pages of VHF COMMUNICA­
TIONS for the whole year. The author is, how­
ever, prepared to give advice to various pro­
jeet-qrcupe which might be formed.

In the almost continuously occupied frequency
bands of today, a smooth succession of stations
carrying various services can only be maximized
within a given band if mese stations observe the
minimum demands concerning the radiation of
extraneous energy. Even modern high·leve l re­
ceivers employing ring mixers fed with a high
oscillator power in the region of 200 mW can,
when poorly designed/constructed, cause a lot of
trouble . Whi lst one can be reasonably assured
that a transceiver of a proprietry manufacturer
will satisfy at least the minimum requirements of
the radio regulatory authority, it will not be so
certain that a home-constructed piece of equip­
ment will offer the same freedom from spurious
and unauthorized radiation. This can only be
ascertained, in most cases, by a visit to the post
office stand at a large ham-fest where the item
may be subjected to the statutory tests.

If a complete survey of the harmonic and inter­
modulation content of a transmitter or osci llator
is required then the spectrum analyser is the
correct instrument to do il. It represents an
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elect ron ical ly periodICally tunable supemeterQ­
dyne receiver whICh is able to display the level
of the s;gnal -under-Ies t together with the relative
levels of its modulation and spurious Signals. A
commercial instrument would cover, typically . a
range from a few Hz right up to twenty GHz (with
supplementary mixers 325 GHz) and cos t from 20
to 300 thousand OM, Not many amateurs could
afford 10 buy a new one and those offered lor
sale at flea-markets are age ing . obselete ex­
amples which have a restricted dynamic range
Those not haw"IQ the luck to find a good second­
hand analyser miqht consider the idea at making
one for themselves .

In 1976, DL 8 ZX publ ished one of the f irst home­
brew conc epts which cov ered a frequency range
from 0 to 60 MHz and from 120 to 180 MHz . A
cable TV tuner was introduced in 1980 wh ich was
used as the lirsl down-converter. The present
artic le will COflsider how a spectrum ana lyse l
with usable spec ifications can be realized with a
tenable degree of constructional ccmolexrty.

1.
CONCEPT

Before a circuit conc ept may be considered, it is
necess ary to define the facili ties the instr ument
shoul d offer in order that a sense 01proportion is
acquired and that no subli minal objectives should
be striven for . A lew minimal demands will there­
fore be set down as follows: -

Frequency range: 0 - sao MHz and eventually
500 - 1500 MH z. ThiS covers au the chiel activi­
t ies up to 70 cm with the basic unit, The addi tional
down-conve rter covers the 23 cm band and all the
important signal processing frequencies fo r the
production of signals in the microw ave bands.

Dynamic range: At least 60 dB. A harmonic and
Intermodulation capabi lity 01 60 dB is perlectly
sufflcl6l1tand is. indeed, better than that atta ined
by some Iower-priced commerciat ins truments .
Valved power amplifiers, withoul output hn9f1ng.
achieve only up to 40 dB harmonic and inter-

modulation speoficalioo and 2 m and 70 cm
transistor PAs are not much belter,

Resolution (analyser band width) : swncreeie
from 200 - 500 kHz for survey measurements
and dow n 10 t kHz in order to iden lify third-order
intermoc. products and ne ighbouring synthesizer
channels,

Stability : Short-term slability must be better lhan
the smallest resolution bandwidth i.e 1 kHz
Long-term stability: betler than ± 3 dB bolh over
the whole freql.lency and the whole dynamiC
range.

Sensit ivity (10 dB s = N/N) : better than - 100
dBm i e 12 /A-V/SO n at the smallest band width.

LO spectral pur ity : Noise sidebands ± 25 kHz
from carrier should be lower than ~ 60 dB In order
to preserve the validlly 01 me dynamic range
spec ilication.

The circui l should use easily ob tainable com­
pon ents and requ ire the minimum 01 luning ad­
justment even it this might mean increasing the
circuit com plrilJdty some what. Oth erw ise , the
circuil might require the services of another
spectrum analyser to align it ~ and that ooesnt
help anyone. A few modules will flOW be regarded
a Imle more closely in order to evo lve lhe various
realizat ion possibilities and at the same time
idenbfy a lew JXltential trouble-spots in order to
circcmveot them. The mosl important step In this
direction is the detarminalion ctme loca l oscillator
and IF frequency plan ,

1.1. Frequeocy Plan

The spectrum analyser is a periodically. tunable
receiver with an extremely large lreql.lency range
encompasSing two or three decades. Signals
Within this freql.lency range must be ecovertec
into a fixed intermed iate freqeancy in order that
the selection and amp litude processing can be
carried out. Every superhet. receiver has a
principal spurious rece ive frequency. known as
the image-Irequency whose effects are normally
rendered harmle ss. in a convenl iooal recei ver,
by Ihe preselec10r liner circu its . II goes Without
saying that this lechniql.le is 001 SlJilable tor this
application where the tuning range is completely
coonncccs. The on ly solution tneretore is to

'"
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Fig. l . t :
Block d leg..... of
0-1500 ..tU~l'\lm
.rwty_

make Itle IF, as WIth many modem generat-pur­
pose receivet'S , lie above the highest receiver
Input tr~ncy. The image frequency can then
be identilled and filtered out Of the receiver in­
put by means at a SimPle low-pass filter . The
image frequency can also be used as a second
Input traquency and this is quite normal now in
commercial instruments.

By USing harmoniCS 01the IocaJ OSCillator lor use
in the roer. tur!tIef recetVe ranges can be ar­
ranged. It has 10 be borne in mnd, however , that
the convel"SlOn loss at the mixer is much greater
at harmonic LO Inpuls This is the usual practice
lor commercial analysers wI'IiCh use up to the
20th LO harmonic in order to provicIecoverage 10

the mi Mimeler wave range.

The most obvious Irequency plan lor a receive
range 01 0 to 1500 MHz would be to locale the IF
at above 1500 MHz, eg ,2 GHz , and theoscillator
luning from 2.0 to 3,5 G Hz as shown in fig . 1.1 .
The received input range is then tully covered and

the image frequency can easily be eliminated with
a Simple Iow-pass input Iiller.

The snag with this soIutioo is that a IlJned OSCIlla·

tor range of 2.0 to 3.5 G Hz would be required.
wNch with amateur means. IS hardly l&a$lbIe,
moreover. a mlxer lor these Irequencies is re­
latively expeosrve.

The IF at 2 GHz presents no real problem but it
should be borne in mind that a second converSiOn
to a more amenable trequency for barw;tw;dth and
Signal processing e.q. 10.7 MHz Of 21 .4 MHz Will
hav e 10 be carried out. Thus the receiver input
range can remain unbrollen with a high image re­
ectco and the signal proces$Ing can be eeee ­
tively carried out . all by means of the double­
superhelerodyne lechniQue _If an IF of 500 MHz is
chosen, two ranges 01 input freque ncy become
av ailable, 0 to 500 MHz and tooo 10 1500 MHz
With the local oscillator IlJning between 500 and
1000 MHz . The receive ranges may be separated
with se lectable high and jow-oess hllers Diode

-
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tuned vco's are eas ily realized at the se fre­
quencies and the translation of 500 to 10.7 MHz

may be carried out in a single step. The dis ·
advantage of the missing input spectrum rangeol

500 10 t 000 MHz may be overcome by employing
an add 'tionallst lOcovenng 1000 to 1500 MHz.
This furth er ex te-ds the received inpul range
possibihty from 1500 to 2000 MHz , The block
diagram for this arrangement is sho wn in fig. 1.2.

A third possibility is represented by an IF of 1 GHz
but this brings a rather more un favourable receive
range than the above cases as can eas ily be
appreciated

Aflef selliing , in general. that a frequency plan
such as that of fI g. 1.2. is in fact tenable. the block
diagram of the spectrum ana lyser can be fleshed ­
out a lillie.This is shown in fig . 1.3. which includes
the follo wing modules:

The input mixer: A proprietary miller such as
the SRA-220 may be employed he re .

- The VOltage-eontro lled-osciliator. (VCQ) con-

trolled by a Pll ci rcu it for ade quate frequency
stability when uSing the higher reso lutions ,
The IF 2nd mixer do wn-converting from SOO
MHz 10 10.7 MHz or 21.4 MHz .
Thtt ma in analyser lillering in the 2nd IF.
The logariltlmic display amplifier .
The control circuits for the tuning and control

of the oscillator.

Th e 2nd mixer. wh ich bnngs the first IF do wn \0 a
standard 10,7 MHz or 21.4 MH z. wil l be con .

eideredf irst.

2.
THE 2ND MIXER

Foliowing the plan as laid out in the prev ious
chapter. the 500 MHz 1st IF signa ls are procluced
by received inputs bein g mixed with a first loca l

,"
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Fig.2.1:
AnIF converterwith
two conversions

Fig.2.2:
An IFeeeveeter with
a single conversion

oscillator with a tunable range of 500 MH2 to
1000 MHz. The conversion of the signals to 10,7
MHz must be carried out with an image l requency
suppresssion of at leasl 60 dB in order to reduce
spurious inputs to the following circuits. In a
normal receiver, this would be accomplished
using a further IF at about 70 MHz in order to
reduce the demands upon the mixer input filter
for this level of image suppression . This scheme
is shown in fig:2.1 .

The disadvantage of this technique is Ihe greatly
increased possibility of producing spurious sig­
nals from the total of mree instrument LOs which
would have to be employed. The author has
therefore decided upon Ihe direct conversion at
1st IF signals at 500 MHz to an IF of 10.7 MHz and
this is outlined In the scheme of fig. 2.2. It will be
observed that the image frequency is a121.4 MHz
removed from the 500 MHz input trequencv and
the filter must satisfy the 60 dB image suppres­
sion requirement.

This order of suppression can only be achieved
with pot resonators or with helix resonators ­
the latter. on account of its smaller form, is to be
preferred . The mini helix filter 10H3 can be cb-

' 58

tamed from Telequarz, for about OM 20,-. This is
tunable from 440 MHz to 500 MHz and at 450
MHz it has a selectivity of some 40 dB. Cascading
two oteeee filters ensures that the image specifi­
cation of 60 dB suppression will easily be
achieved, This entails fixing the first IF not at
exactly 500 MHz but at 460 to 470 MHz in order to
avoid direct interference from any local channel
21 to 25 television transmitter.

The satellite televis ion receivers use a surface
wave filter which has a suitable mid-frequency of
479,5 MHz but the insertion loss at 20dB is tar teo
high. Also its bandwidth is around 35 MHz with a
selectivity of 50 dB. The latter specification would
make two in cascade necessary, The author has
therefore decided for the helical filter. The de­
tailed schematic of fig. 2.3 shows two such filters
separated by an amplifying BFT 66 transistor.
The net gain of this combination is 5 dB with a
bandwidth of 6 MHz.

A ring mixer follows the second helical filter which
supplies the second IF at 10.7 MHz. The 2nd
local oscillator consists of a BF 247 Colpitts os­
cillator circuit working at 10,7 MHz below the first
IF and supplying 10 mW output power. The os-
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cill alor frequency can be shifted a few MHz by
means of a vancap diode.

It has been proved that sman swept bandwidths.
I:e. under 5 MHz, are bener a<X:OfTlPIlshed by
fi xing the 1st LO wrth a crysta l and sweeping the
frequency aI the 2nd LO. The analyser fine­
tuning be tween the synthesizer step frequencies
can also be clOne here

The ring -mixer IF OUtput IS lerm lnated wrth a
diplexer but it is ect stnctly necessary. A SF 246
trans istor matching stage amplif ies the Signal by
10 dB . The Signal is then filtered by a 10.7 MHz

r

F~.3 .2 :

Crysull filter stage wIth "lIrtabie blIodwldttl

"0

VH F COMMUNICATIONS 3187

Fig. 3.1;
e.s.Ic clrcult of. crystsl fitter

bandpass c rcort lallowed by a further 30 dB aI
a~llicatiOn in a MOSFET (e.g 4(673) ampl i­
fying stage . The gain of the converter can be
con trol led downwards !Tom 30 dB by the~
eaton 01 a bias on the gate 2 of th is MOSFET
stage, The 10.7 MHz amplifying stage has a
- 3 dB bandwidth of 500 kHz and a -50 dB
bandwidth of 5 MHz.

For the display of larger bandwidths, 100 to 500
MHz used lor example in the investig ation 01
harmonic and spurious SignalS. this resolutoo IS

optimal. The output sign al of the IF oonvetIercan
then be directly fed to the Ioganthmic display
amplifier in order to present a dB-linear displa y.
If a higher resolution is required then an appr o­
priately dimensioned fill er can be inCluded in the
signal patn The design of suitab le fillers will now
be considered.

3.
THE FILTER BANK

The filter quality determines the spec trum ana­
lyser's resolut ion, i.e . the ability to separate t.....o
signals in juxtaposition. Whil st at 10.7 MHz , re­
solutions of 50 kHz may be obta ined with LC cir -
cuits, only crystal filters can achieve me Io er
band.....dths . In fact , it may be staled tha t one ay
forward is to select suitable crys tal filters trom the
extensive rang e oHered by firms such as Te le­
Ouarz or KVG and s.....itch them .....ith relays or
diodes into the signal path.
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Apart from the fact that each liner costs around
OM 150 ,- they are intended IOf communiCatlOl1
receivers and as such are only of hmlled use fOf a
spectrum analyser. This is because the ir steep­
sided nank.s cause !he signaJ-unclEtr-examination
to nng as II is swept through the fi ller. A more
surtabIe passband is belI-shaped, possessing an
eXpOnentially falling response equally disposed

about the centre freQUency in the marmer of the
so-called Gaus liners. The realisa tion of such
liners is really not so dllfi cun when one is ec­
qU81nted with the basic CircuitS of crystal lillers.
O lder ama teurs will recall the times when propri­
elry crystal fillers we re a rarity and liners had 10 be
home-made with surpl us crystals.

The basic circuit 01 a quartz filte r is shown in
fig . 3.1, The input signa l is led in ant iphase, from
a tran sformer to a crystal and to a pre set capacitor
thu s torming a bridge circuit. If it is remembered
that a crystal is basically a high C , series- tuned
crrcun having a para llel ho lder capacitance then
the function 01 the bfi dge circuli becomes a nme
clearer . The capacitive preset arm neutralizes the
slray parallel cry sta l hold er capacitance leaving

!he bandwidth to be detem'llned by the crystal C
and the termina ting resistance R. II thiS preset is
made variable, the finer may be rune<! ove, a
range of fTequencies.

A practical eircuiI is shown in fig . 3.2. The trans­
former has been replaced by an amplifying stage
with two Iow-im pedance outputs and the tennt­
natiOn by an LC circuit tuned" the crystal's nomi­
nal freQuency . This circuit has the advantage that
the ever-present unwanled crystal 'esona nces
are suppr essed completely by this lorm of termi­

nallO. An adJUstable attenuation , or luning Ofthe
tUned circuit, aners th e loading on the crys1al and
thereby the circuit bandwidth. The ootput musl be
loa~ by the next stage wit h a higher impe­
dance.

One such fitter stage offers a se lecl ivily of around
20 dB and therelore several must be cascaded.
The supply of suitable crysta ls pre sents no pro­
blems if a quartz filter f rom a 50 kHz step PLL
(Irom an old NO BL) tran sceiver is taken apart
and identiCal cry stals extracted . An experimental
ci rcuit w ith lour cascaded filters 01the type shown
in fi g . 3.2. yielded a 1 to 20 kHz ( - 3 dB ) tunable

bandwidth and a lorm lactor IBW 1- 3 dB)JBW
1- 60 dB)) of 10 - sufficienllor most purposes.

The final version of this filler with lour cascaded
stages is shown in fig .3.3, complete WIth a by­
pass line and fina l amplification. The bandwidth
switching is carried out by means of diodes wtIiCh
switch in lt1e variOus allenuabon networks in
parallel with the tuned c.-cuit.

The adjustment lor this filler is only possible by
the use of a sweep ger'IenItOf lest sel-up. Mos t
commercial sweepers are of ~ltle use lor ltlis
purpose as they are no! able 10 sweep wit h pre­
cision over such small c1eviations. The best
sonmon is to mak e one from a veo at 10.7 MHz,
tuned by a varicap diode ove r a range of ± 100
kHz, The sweep frequency shou ld also cause the
Y amplif ier of an oscilloscope to traverse Ihe
trace synchrcnousry with II.

Each stage is tcneo ind iVidually by adjusting the
load luned-eircu it tor maximum barldw idlh. The
neutral izing capacitor is then tun9d so that the
response ClJNe is symmelrical about 10.7 MHz.
The line tuning will be carried oct later in the
l inished analyser for a symme1rical overall re­
sponse and highest-possible re;ection.

The next module in the analyser's signal path 10
be considered is the IoqarithmiC amplifier.

4.
THE LOGARITHMIC
DISPLAY AMPLIFIER

It is not normally consequential simply 10 amplify
the IF signat at thiS stage and to linearly rectify it
for presentation to the moni tor screen . This would
result in signal s which have at the most a 20 dB
ampli tude difference being represented correctly
on the same trace Instead , an amplifier/rectifier
arrangemenl is employed wh ich deli vers an out­
put which is proportional to the logarilhm of the
input vohage. The accuracy of th is con version
process determines the level of the instrument.

The actual functioning 01 lhis Iype of chain­
rectJfier/amplilier will not be considered he re as

'0'
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DC-outp ut 1
PI 4

DC-out put 2
Ptl

~RF-outPut

1 p t 2

pt 5 12V•

H Feedthro ugh fil ter

DL 8 ZX ,.tIP 0'8
NTC l' ,J!2c
15k-l ( :0

f22C
I 100p-1 L1 150k 500~

lOOk
RF-input ~ 3N 140 lOOp

'T
Pt1 40673 410k 25~

680~
y~

150 122C
BAV18 '7

/' ~ 25k rlOQP
BAV18- Gain

Fig. 4.1: One stage of a chain of rectifier/amplifier (OL 8 ZX)

it has been extensively treated in VHF COMMU­
NICATIONS 211977 by DL 8 ZX. The circuit con­
sidered in that article is reproduced in fig . 4.1.
It is distinguished by its simplicity and easy re­
production. The main disadvantage is that each
ampl ifier has four adjustment points which makes
the calibration a bit of a head-ache. Today, semi­
conductors are much cheaper than they were a
decade ago and therefore a trade-in can be made
of a little more complexity for ease of calibration.
The author obtained his inspiration from an in-

T

to "'-""lin]
..,;nt

Fig. 4.2: One stage of a logarithmic d isplay amplifier

dustrial (Hewlett-Packard) logarithmic amplifier
and modified it with the following results:-

The amplifier stages consist of bipoiar dif­
ferential amplifiers whose gain is fixed by
resistors and is therefore reproducible and
does not need provision for adjustment. No
tuning is required as the circuit has no tuned
elements so, of course, the selectivity of the
display amplifier is minimal.

Instead of summing the outputs of the instru­
ment rectifiers of each stage the HF voltages ,
of each stage are combined and presented to
one instrument rectifier. This obviates any
necessity to match individual stage rectifiers.
Any deviation from the required demodulator
characte ristics can be correcrec by an adfust­
mentto the summing resistances .

The linear/dB presentation of the spectrum
is effected with only a single rectifier.

Fig . 4.2 shows a single differential amplifier
stage and fig. 4.3 the practical circuit having a
70 dB dynamic range. Actually, each differentia l

'6'
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amplifier stage should have a constant current
supply arrangement in its emitter but it has been
found that a single high resistance will suffice.
The negative rail, however, must be relatively
high - in this case - 24 V. Apart from the in-

creased dissipation, this practice has no particu­
lar disadvantage.

The level accuracy of such an ampl ifier lies in the
order of 1 to 2 dB absolute, which is considered to

10 1MH. 1n

-~

II
V

I
/ 1= 1(1. 1M Hz

/

V
1/

- 90 - E\l - 70 -60 -50 - 1,0 - 30 · 10 dam 0

~ -
Fig. 4.S.: TIle HE 614 ••• logllrltmlc dlsp"Y

smpllfler
Fig . 4.5b: The chsrscterlstlc curve of the HE 614

.mpllfier
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be sufhcieol. The cneractenstc shown in fig . 4.4
is that 01the prototype amplifIer shOwnIn fig. 4.3.
The accuracy can be Improved by decreasing the
resrstaoce between each stage and thereby re­
dUCing the amplification but there is also a re­
duction in the dynamic range. If this resistor is
dropped from 56 n to 39 11, for example, oyer
70 dB of dynam ic range can be Obtained but the
maxImum error also increases by ± 1 dB.

A supplementary demodulator, connected 10 the
last amplIfying stage, supplies a lInear output
from an IF inpul signal. This latler amplifier stage
may be connect ed to the monitol deflection am­
plifiers and is very useful for more accurate mIni­
mal or maximal tuning adjustments as a linear
change in level is easier to observe,

It can be seen that both modules can be em­
ployed as logarithmic IF amplilier/detectors if
the demands upon dynamic range and linearity
are renee great

A 1ur1hef possibi lity for the realizalion of a loga­
nthmc IF amplifier is the employment of the

'"

purpose-built Plessey dlflereotial amplifIer series
Sl521,SL523,SL 1521. SL1523.orSl 1613. AII
sutler from the dIsadvantage that they have a
large (150 MHz) bandwidth. The wideband noise
could be held within bounds by placing tuned
circuns between each stage but this would in­
crease the complexity. This circuit technique
was not therefore persuad further.

If so much complexity is to be avoided, there are
many FMl IF chips which can be used which have
a dB·.near cneracteossc. The VAlVa NE 614 is
an IFfdemodulator chip for Irequencies 10 15 MHz
and the Pressey SL 6652 has an IF limit of only
1.5 MHz but it does have an internal mixerfos­
cuetor Circuit at the designer 's disposal. The
experimental circuit for the NE 614 is Shown in
"g. 4.5a and the IF (10.7 MHz) input signal (dB)
versus output voltage is shown In flg s. 4.68 and
4.6b respectively, but the input Irequency in this
case was 455 kHz. It can be seen lhallOO Sl 6652
has a more linear characteristic but a frequency
translation is required from 10,7 MHz to under
1.5 MHz,
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Manfred Muehlbacher, DB 9 S8

More about the 2.3 GHz Divide-by-IOO Scaler

By way of supplementary Infor mation to the
article in VHF COMMUNICATIONS 1/1985
about the 2.3 GHz divlde-by·100 scaler, a new
lind better version will now be briefly de­
scribed.

Telefunken has announced that the frequency
divider U 822 as has been replaced by the later
type U 862 BS (available al the same price!) , The
U 862 BS is pin-compatible with the U 822 6S
and it divides frequencies of up to, typically, 2,6
GHz, by a factor of 2. It will therefore fit directly on
to the printed circuit board DB 9 S6 001 without
any modifications.

The author obtained an upper frequency limit of
2690 MHz and a lower limit of 140 MHz. Fig . 1
shows the dynamic range, It is not recommended
that the sca ler be used below about 430 MHz as
the dynamic range rapidly deteriorates: about
5 - 15 mV in the 2 m band and that is too small for
most purposes.

Telefunken also says that the U 862 6S tends to
osci llate at approximately 2.1 GHz but a resist­
ance of 12 KII connected from the input pin to
+ 12 V will eliminate the trouble.
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Hans Oppermann, Quickborn

PC Interface for the YU 3 UMV
Weather Picture Store

The reception of weather satellite pictures with
the YU 3 UMV store, described in VHF COM­
MUNICATIONS 411982, 1/19 83 and 211 983 , is
carried out. in general, such that the signals
are fed directly into the store and read out in
parallel to tape on cassette machines. 11 these
pictures are required to be viewed later .from the
tape, a relatively large time is required (about
4 mins.) until a 256 line picture has been com­
pleted.

As this store possesses an internal serial
interface, It Is feasible to control this exter­
nally and to connect It via a suitable Interface
to a personal computer (by personal com­
puter It Is meant the IBM PC/XT/AT or com­
patible computers of other manufacturers).
The digitalized signals can be stored on the

PC's data carrier, (floppy or hard disc) and
recalled at will to the YU store again. This
operation can be carried out at a much higher
speed requiring only 2Q seconds to form a
picture.

As the pictures are stored in the PC's data carrier
in file form, the possibilities of digital processing
are almost unlimited (f ig. 1). It can, for example,
give reproductions via the colour-graphics
adapter (CGA) with 4 grey levels or colours, orvia
the extended graphics adapter (EGA) with 16
colours. In addition, the reproduction in mono­
chrome graphic cards, such as for example the
Hercules Graphic Card {HGC) is possible if the
requisite processing of the grey levels is under­
taken, The most impressive reproduction is,
however, that of the weather picture on a matrix

Oppermann
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printer. 01 course. pictures produced on softw are
with the characteris tics of weather pictures can be
transmitted from the YU 3 UMV memory .

redundant stop bit into a start bit . This is easily
carried out by taking 1108 pin 4 to grouoo.
The normal (unctioning of the YU store will not be
compromised by this measure.

1,
YU-MEMORY MODIFICATIONS 2,

PC INTERFACE

As already mentiOned. the YU memory has a
seria l in terface and is inleodad for coonecIion 10
PCBs 00 1 and 002 . A glance attig. 9 01 the YU
article (1) migi'll gIVe lhe Impress ion that a USART
was to be added. Closef inspection revealed.
howev er. that the serial cata does 001 hav e a
start bit but has twostop bits instead. As it is 001
possible to employ USART without a start bit (in
the asynchronous mode) and only one stop bit is
required . it should be possible to conv ert the

The PC interlace (lig. 2) is connected between
PCB 001 aocl 002 on the seriaJ inter1ace. The
lallowi ng table shows the signals appearing at the
appropriate coooectioO poinls:-

PI 201 - Dat a 110
PI 202 Bit-clock 110
PI 203 Pi.el-elock ltO
PI 205 ure-occe 0

'6'
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Fig. 3: Output impulse diagram
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The designation input/output (I/O) may be re­
garded as valid as far as the interface is con­
cerned.

The interface functioning is based mainly upon
the USART (universal synchronous/asynchro­
nous receiver/transmitter) 2651 (I 101) by
Signetics or Valvo, Its extensive application
possibilities will go unmentioned here. It is
sufficient to regard It In its use here as a pro­
grammable serial/parallel converter.

The required clock rate lor 1101 is produced by
the circuit of 1102. I 103 forms the address de­
coder for I 101 with the port address H'300' ­
H'30S'

2.1.lnput

In order to be able to read the digitalized signals
with the USART. signals from PI 201, PI 202 and
PI 205 are necessary, The baud rate of the
USART is controlled with the signal on PI 202
whilst the actual picture information appears at
Pt201.

The iine sync. at Pt 205 synchronizes the soft­
ware with the beginning of each line,

2.2. Output

More complexity is necessary in order to make
the digitalized picture signals to be released
from the YU store as the latter does not operate
without the supplementary signals from Pt 203
and PI 205.

The basis for the production of the pix-sync, for
PI 203 forms the signal TxRDY, This signal goes

"0

low when a pixel atll0l from the ecis delivered,
This co-incides with the negative flank of the
start bit (TxO) (fig. 3), TxRDY goes high when
1101 is again ready to receive a pixel. The T~RDY
cycle is then the best suited lor the pixel clock but
the timing is not what the YU...OO2 requires,
TxRDY appears exactly 1.5 bit-sync. too early,
1104 effects the necessary delay and consists 01
two JK ntp-ttops.

The line-sync, for PI 205 is produced by the soft­
ware.under the control of RTS,

The bus-driver I t 06 is controlled by the OTR
signal from I 101. It becomes active when the
YU 3 UtylV store is read-out and inactive when
data from YU is read into the PC. The appropriate
control by I 111 on the YU...001 ensures that no
crash of outputs occur.

3.
CONSTRUCTION

The interface is realized upon an IBM-prototype­
card (3), This is available at every IBM outlet for
about DM 100.- , It must, however, be equipped
with the integrated bus driver. The board already
has the printed circuitry for it, so one is spared
the exasperation and fiddle of wiring it in on
vercocero.

The actual circuit is, however, wired on Vero­
board and placed on a free spot on the card. The
number of ICs is not great and the work should
proceed without problems.
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4.
PC SOFTWARE

The driv e to the PC interface requires a law
rrccues w1"lich are coocemed with the read",n

and read-out arrangements. With these modules
a C()I'l"IpIete prog ram with any required functlOl1,

as indicated earlief , can be achieved

Th ese modules are wri tten In Pasca l and S81'Ve
melely as an example as . of COUISe , other
languages can be used. The language shoUld
pos sess , however, the op timal speed cha rac­
teristics , as lt1e read- in and read -out of the

picture elements is time crit ical .

The procedures are serf-explanatory during the

course 01 the commentary.

If the digitalized pictures are not read-out of the
YU store but reta ined for furth er processing , a
pixel con version table (CONY) will be necessary .
The YU store delivers th e "most signi ficant bit"
(MS B) in Ihe "least significant biropo Silion.

5.
OPERATIONAL EXPERIENCE

The interlace has been Ifl use some gjx months
now and it fulfiAsits purpose admrably

Duringthis period, a program (see appenc!lx )wlth
Ihe folloWlIlQ IuncllOflS has been develop&d

Read ing in and out pictu res with the YU store
- Read-out ~a oolor-graphics adapter

geac-cct via th e Hercules card (HGC) for
monochrom half-lone picture s
Read-out on the matrix print er

More attention should, however , be devoted to
the last item. It is particularly probl ematical to
reproduce grey leve ls on a mat nx printe r. Refer­
ence (2) proposes several scroucoe to the prob­
lem but on ly two 01them are relevant. t.e.:

1. Grey-lone pic ture s via 4 II( 4 memces
2. Grey-tone pictUres wit h the multI expa nsiOn

lechniQue

The tat ter lechniQue has lt1e advantage 01ree ­
bvaly last computer processing as wel l as the 1 1
relation ship between read-in and read-oul . This

means. thai every input element corTesponds to
an output element. The pcwre QUality is, how­
ever. som_:hat mediocre and I use it only for
pictUre monrtonng purposes.

The first tectnque entails the representation 01
ev ery grey level on a 4 x 4 mamx - b1ac\l be ,ng
produced by 16 black elemenlS and white by a
matrill( conta.nlng no elements, The other 14
values are represented by a number 01 elemeols
corresponding to lt1e grey value, The position 01
mese elements is deterrrllned by a co-incldence
generator to avoid panernlng. In nus manner,
16 grey leve ls can be present ed with a really
good picture quality

Even better resu lts may be obtained if 32 grey
levels are used . Th is can be done by double
pr inting in the follow .ng manner :-

The grey valu es fOf a line are first of all divided by
4 and lhe corresponding 4 II( 4 mamces formed
and fed to the printer. The printer head is then
pos itioned at the start of this lioe For all grey
values whose halved ong i!'l81 grey value '5 less
than 15 (0 = black) are then given the same 4 x 4
marices again .

The procesSIng Orne reQUIred lor tne technique
on the PClXT IS about 20 minutes lor a picture
01200 II( 240 elements but the time spent waltlnQ IS
really worth it '

6.
REFERENCES

{ll Matjaz Vidmar, YU 3 UMV
A Digital Storage and Scan Converter
for Weather Sate llite Images
VHF COMMUNICATION S : Edi tion s 4.11982,
1/1983 and 2/ 1983

(2) Peter Habe racker
Digitale Blldverart>eilung
Carl-Henser-vertaq MunchenlWien

(3) IBM Per sona l-Computer XT
Tecno scnes Handbuch
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7. APPENDIX · EXAMPLE OF A PROGRAM

proqram plcio;
label loop;
canst

mI'l '5302; (* mode registe.' 1 *)

mp 2 $ ,302: (* mode .'eg i3te" 2 * )

e e- $303 , ( -It com,nand reqiste,' -It )

sr $301 ; ( .. status r ..giste.' .. )
dt' 5300; (* data r e q i s t e r .. )

(* look UP table * )

con y, at't'ay COoe r , 6 3 1 c e b,...t .. '" ('1;0. '52 0. '1;10 . $ :':;0, $8. $ 2 8. $ 1 8 . $ 3 8.
$ 4.'524, $ 14,'534. Sc,S2c . S l c,$3c ,
$~,$22,$ 1 2,5 32 ,5a,$ 2a,$la,S3a ,

56, $26, S1 6 , $36. $e, 52e, $le, $::;e ,
51. $ 21, S11 , $31. $ ':", $ 29, $ 19, 5::>9,
$5. $ 25. 51 5, $ ::;.5, 5 d, 52d. s ie , $::;;d,
s 3 ,S23.S1 3, S 33,$b, SZb,S lb,s 3 b,
$7.$27, S17 , 537,S1, .2f , $1 f, $ 31 );

type
vol

Vilr

I.-J,K.P I
a , B,O
DataFile,
vall,
f.l nam ,

apt'ayC I, . 32767] 01 b v t e ;

Integer;
byte;
Fi I e ,
apt'ay[! . . 21 o f ~v .. l ;
stt'ingC14 1;

m-oc adur-e lnlt265 1 ( r e a d , boolean ):
be<;pn ( '" re t e t a i r c .. 2651 ( 1 101)
if not read t hen

beq i.n ( * Init fa t' OU"put
popt Cmrll :"" S46;
port[mrZ] :- $ 2f;
port[cr] := 533 ,

ond
else

beQi n (ll- In i t fOI' I"p~\t

p optCmp!] 1 = $45 ;
portCmt'2J := S OO;
portCcp] := S34:
E< ,"' $341

enc
end;

.,

p t'ocedw' .. New'l.. in", ;
beq in

port [Ct'] :. 5 3 3;
p o r tlcp] , = 51 ~':; ,

e"d ,

( ~ pu lse RTS to. ' ne.. l in e .,

p f' o c",dut· .. F' i" elljut ;

" ..gIn
a : = 0 ;
",hI le a 1 do
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begIn
• := p o" t es ,' ]: '" := a "''' d I ,

end;
p o,-t Cd,' ] : -= () ;

e nd;

( * l o o k t o r 2 6 51 is r e",dy .)

p,-oc:edu,'e F·I }(el l n:
begi n

a : = 0 ;

1 * .... a it: f o'- '- .~c: elve<1 pi" "' 1

( ll- r-eee i n 0 1",,1
: '" B ; <ll- p 'J lse DTf'i

<) t h a n

1000to test

tes t t " "".,i ng

<* reset Ov .. ,',-un e,-,-o ,'

a : '" '" and :;: ,

...hi.l .. a. <:' 2 d o
begin

a := portC.w J :
~nd;

i t (POt't [s ,' 1 an d $2 0 )
begi n

o : = portld,' ] ;
B : = B >< o r $20 ; po,-t l e,']

..nd el s e
begi n

pcwtlc:,-] : ~ $14:
write(·Er .... o r ' l ;

.. nd ;
end :

o r-cc ecnn-e L inStart:
begin

a :'" $80 ,
...hile a <> 0 do
be-gi n

it := po,' t ls,'] ;
end:
while a <> ~80 do
begi. n

'" P' o ort e ,. ,-];
end:
po,'tle,'] . " ~ 14;

end:

,. wait 'oc sta,' ;, 0 ) lin e .,

" .. ",a,' .:;h to ,' DS!': . ' line - c ia.:;) .,

" ,= " a nd $ 80'

" sea.' c:h t or- DSR 0 ' )

" : -= " "C, $ 8 0 :

" s1:al't 0' 1 i,.,,,,, found _ -eee e .,,. o'lerr~,n e " ....Or . )

p"oeedu,'E' G r ays<: a l e :
b",gi n ( ... ,",,,ampl,,, f o ,- usage o f loo k we tabl e "' )

repeat
NewL ine;
fo r i : = 0 t <:> 63 d o begin

few j t e 1 t o 4 do b e ", in
0 :'" "onv[,J:
Pl"eIOut ;

e n d ; end :
u n t il ke yor essed

ef,d:

( . ~ "' ll- "' * . ll-. ~ "' . "'** ~ * *

v a" r",p l v ' er.a,',
beg i.n
N",,,,,i va l l l l J ):
New( v a l l l 2 l i;
.. ,- t t .. l.n ( S I'HR'l
1 0 00:

po,-t.r",-J : = $~':'4;

11 A I N

! ,

, * 'l ",t; s t o .'",",c, P. "'0'" """,,,,1 bl.\ti"" , iT.·;V~ 'i

( ... () e "t st ol"",,- ,-, e fo'- P l. ",, '! b,.,i f .." i:.s~V) .. ·,
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t) U

"",-,i,,~Jn' F' l C; t U' "'-J 'lp'_',"
r' '''<ld ( k t d . r".., 1
coo,,,,, t- "',, : -,' ",'r
i . '-- - - - - - ,"'

r :

o : l' E""n
,~ .- , CC>J n ' ,-", i::p" ,,1; - ) :

(~ In it To, ' ou ~ ~ ut

r ,, ~.m .,,,, ,, =t ,~ ,.,' T"D," d' ,; k 'o- /
r ,, 25b • :2, ,"' r '~ ,", d ::::2: f r o m c l ,; k *)

- - --- - - ---- -, - - *)

i n a u l;

" ' - " ,-" I r , ' """~2'- I- , l·:efl "" """ ,~

.- e ~,d .ln r r i .1,---.,;,0 ) :

IT j''''4th ~, 'j '~ d ,n, ... ', ' " ..,en t I .I" ",,,, : "
.,. l s 01 f.l J'13m : '" r lln ;~m . P I C

A':' ~ I ' :; n \ D ,,"~3 t"; la . r , l'1O'Oll-':
F:l? s""t'.i.)~t ,.I"Il~· ) :
b l ,;],. , >'1';' "" .. " , ,, ....""t= i l e. '-13 ,1 ill j

8 1 o '=k ~:e a, ,'] Da t",F , l". '"" i l : .c ]
Close .Dd t a~ li e, :
fo t- p , .. 1 tei 2. dt;1 b ..,,,,n

Te, ,· 1 := '< ':a 128 dc, b,",~i,-,

New~ , l " "' :

t ,;w ,1 : '" t o :25" do neg; fl
0 : '" v ,,",llCp ] [ .. 2 5 6 + j) :
F' j 0;,., li.i,-,t, ;

im ,j: ,? r.d; 1"" :' to 1.:c'1oi
...nc!; , . D"' J t ·:> ,~ . '

e' I;Cl :

(*--- - - '--- - - -1-' I C 1 hi I" OJ

bee, ] n

""t- i to' I n

ruT' p : '" ' ;.l <:10 be ')] ;

TD'- , .. 0 t o t28 0 '-" b "ylr'
L. "6~", ' - t ;

f ,'l' - ; = 1 ~u 2:::" ,j ,:> De") l "
P "; f' ; I n:

1 J ' " iJ ,
L:a -li i

v,d llO ] li ;'2~"

e n d: ", nd : ( ,~ , "" :> t o
.. ,., d : ( ~ D"'l ta ~' ,, )
s,'j 'J"d (4 " "
D", l~' 5(;') '
ND50un d ,
writel n ' Ent, a,- FIt ",.,,,,,,,,, ,

, ;' ;'l D t,',t

,
. ':, J,,, ~

, , , ,.,, , ..'P ,,'" ;j , - '-'.. , ,

, L' " - ~ , " w , , , t ,~ .::,, ':; ,-

r-e eu i n ', 'r, IF,,,,,,,
,'f 1,,,.,,,,,~h'T]L-';''' m)"'' '-' f; r ,-"f'o e,L, ,,,,,, ' 0'

",1 ""." * ' 1 r, -'\rr, : '" i , I."d m OF'

i--\3 s '''f'''" U ",t,c'd'''' l''-. t ilp =t'fi"
f.,'~ ~,," i t ,, '.1J6 t a t" , L.,':"
E< J.",,: ;,, 'vl ;, ,~ , 0 ~~ ",,"'j I.... 0 3,I l, t J

l:< tDc k~" 1 ' ," ,c'" !';, '.."'] :, C' . V ..'" 1 1 ~ ~" :

[10 ~ E'U~tal; ' J~ ,
end ,

·"I"' ~' "'1,"1"" ''-'
ha J c'

'On,;,

'-i" " D l c,'"p:
e·"j.

'"
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Andreas Claar, OF 9 CP

Electronically-Switched Attenuators

Attenuators, whether fixed or variable, have a
very deflnate place in the realm of radio teen­
nfquee. They render vital service in such
items as signal generators, selective level
meters and in radio communications sys­
tems.

In order to determine the optimal functioning of a
radio item. the input signal levels must lie be­
tween certain fixed limits In radio receivers espe­
cially, the input signal is so vaned that II is diffi­
cu lt to come to any sort 01 prognosis upon it The
receiver must therefore be in Ihe position to auto­
matically adjust Itself according to the prevaumq
signal conditions Thrs Implies that the receiver
must present all modules wrth a Signal with which
they can handle efficiently and without distortion
Too much signal power leads to inter-modulation
distortion and also to the tarsmcauon ot the S­
mete r indication OWing to saturation effects ­
the needle remaining practically jammed at full­
scale deflection and no meaningful signal-level
read ing can be carried out

An anenuator. placed at a suitable point In the
Signal chain, does help to bring the signal down to
a more workable level Even better would be a
continuous ly variab le attenuator Witha calibrated
scale such as the one described in ref, (1) Often.

however . an artenuator variable in knawn fixed
steps is desired which allows a better apprecia­
tion of the input signal strength, or indeed. its
measurement.

For many years now. step attenuators have been
avaneore commercially whose attenuation may
be stepped by a fixed amount either higher or
lower. The attenuatcr range, its insertion loss and
input impedance together With its working tre­
quency range are allimportani specifications in its
evaluation and eventual selection, The attenua­
tion adjustment IS mostly carried by control po­
tentials at TTL voltages in order that a convenient
control circuitry can be developed. A user- friendly
step attenuator could have the following criteria
specified:-

Attenuation continuously adjustable in 1 dB
steps over the range 0 -100 decibe ls.
Wideband frequency range with neglig ible
VSWR.
The attenuation is effected by means of
UP/DOWN buttons or a decade switch, the set
attenuation being indicated on a digital drs­
play.

To buy such an item would cost a mint of money
but precrston would be assured, The radiO ama­
teur with a ready access to components can. how-

175



1 0 d 6

VHF COMMUNICATIONS 3/87

Fig. 1 : Various altenuator tour-poles
with mu1tl~way switch

Fig. 2: series attenu.tor pads which are either bypassed or
Inserted to make up the desired total attenuation.

connected in series, the fo llowing combinations
are possible '

ever, build a step attenuator tor relative ly litt le
outlay which would entirely suffice for hobby pur­
poses. No exotic parts are required and the tech­
nica l specification of the finished instrument is
worthy of note . Theconstruction of the instrument
to be described later in this article can be em­
ployed in the VHF range , 2 m and 70 cm bands
and in the higher UHF ranges.

OdB
10dB
20 dB
30dB

the two pads bypassed
only the 20 dB pad bypassed
only the 10 dB pad bypassed
both pads connected in series

1.
PRINCIPLE

A step switchat>le attenuator can be realized in
one of the following ways :

1st Method

a) An attenuatorfour pole with the vanous oes jreo
values of attenuation can be selected with a mufti­
way switch as in fig. 1.

b) A specially dimensioned series of attenuators
can be either inserted or bypassed in the chain
by switches as in fig. 2.

If many attenuation steps are requ ired to be
selectable then method a) is unsuitab le as one
four-pole is selected for each value of attenuation
required.

The method b) is to be favoured as the individual
elements are more fully utilised . From n various
independent four-po le elements. 2" different
attenuation values may be obtained. For ex­
ampl e : If a 20 dB and a 10 dB attenuator pad were
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Fig. 3: a) series attenuator:
No refle<:tion-treetermination
Z=f(R} =(SO - >0 ) 0

b} Pilrellel ettenuatee:
No rellec:tlon-lree termination
Z=f(R) =(O -SO) f1

c) Atlenu.lItor wllh malchlng circuit
Z = constant (e.g. 50 l1)
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Fig . 41: A continuoully vlril ble attenuetor achieved
by a trick circuit(ref. 1). Th<t Input andoutput
resistance remains Independent 01the
selected value 01attenuation at exactly 50 n.

A step attenuator from 0 to 30 dB switchable in
10 dB steps, using only two elemental pads, is
the outcome.

2nd Method

The four-pole attenuators of method 1 all possess
a constant, defined input and output resistance
of e.q. 50 n - as long as they are constructed in
either a T or a 'Pi' network. A def inate and a con­
stant-with-frequency characteristic impedance is
very important. The controllable PIN-diod e at­
tenuator elements from (1) achieve these con­
ditions by means of a circuit trick - but there are
also othe r simpler methode of signa l attenuation.

FIg.4b: The continuoualy variable adjustment of
the PINdiode -'l:enuator aboVemay be
carried out by metIIna of an analogue-to­
digital converter.TtMI pre-set potentio­
meter adjusts th<t control current to the
deaired value.

a) The pr incip le of para llel and series attenuators
is shown in fig. 3. The variable resistor here can
be a resistor capab le of working at HF or a PIN
diode with the appropriate control circuitry.

This arrangement has the disadvantage that the
input/output impedance varies over quite a large
range , giving rise to energy reflections. There
are circumstances in whic h a constant charac­
teristic impedance is not abso iute ly essential.
Sometimes a match ing circuit must be made in
order to keep the input characteristic constant,
e.q . with a directional coupler. For frequen cies
under 1 GHz the comp lexity is too high . For such
frequencies the following solutions are avai lab le:

b)The cont inuous ly variable attenuators of fig . 4.
mentioned in (1), both possess a constant input
impedance over the frequency range 50 to 800
MHz and at all attenuator settings.

The attenuator sett ing may be accomplished by
means ofa DC potentiometer circuit or with the
assistance of a digital to analogue converter
(DAC) . For every comb ination of bits presented to
the DAC (fi g . 4b ), a different value of attenuation
is set-up and for which a diffe rent value of control
current fiows.

With the combination of an EPROM and an UP/
DOWN switch it is poss ible to control the attenua­
tion with any degree of required resonmon .

The attenuation versus control-eurrent charac­
teristi c is not a linear functi on . The appropr iate
function: a" = f(cont.) must therefore be line­
arised with the help of an EPROM , The EPROM
may be read e.g. with a torwarcs.backwaros
counter.

2.
THE PIN DIODE AS AN HF SWITCH

,Modern HF systems are no longer switched by
means of relays except for the most special
cases . RF coaxial relays are easy in their app li­
cation but very uneconomical. In other respects
too they fall short of the ideal, being slow in opera­
tion and they are prone to mechanical wear and
tear . They do, however, offer low insertion im-
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Fig. 5a: HF PIN-di ode equiva lent c ircuit

CG Capac ity 10 ground

L...:> lead inductance
Re PCB treck restatance

C, I-Zone (:apacitance

R. HF resistance (dependent upon

control current)

Fig . 5b : Simpillied PIN-diode equivalent circuit
C' - 'rctat capacitance
R' = Tol/ll resistance

pedance and high open -circuit isolation but
nevertheless, they are being gradually replaced
by the PIN -diode switch . How PIN diodes are able
to switch HF energy will now be briefly explained,

2.1. What Is a PIN-Diode?

PIN dides are bas ically silicon diodes Their
mode 01operation, as opposed to other types of
diodes, is quite easy to understand. In between
the P and the N junction. normal to a Silicon diode,
an additional layer known as the r-zone is intro­
duced, The I stands for "Intrinsic" (hence PIN
diode) which means inherently conducting, in
this context The exact physical exp lanat ion of
how they work is explained elsewhere (2). The
PIN-diode characterist ics at low frequencies and
at DC, are indistinguisable from those of a normal
silicon diode, that is, the transfer characteristics
are Similar.

As the frequency 01operation is raised , the PIN­
diode Characteristics become evident. This
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happens at lim it frequencies between 1 and 5
MHz . The rectifier act ion gradually disappears
and the device assumes the cha racter of an HF
resistor. This HF resistor comprises several
components, but in the main they can be cern­
pared to an adjustable ohmic resistan ce. The
actua l resistance is determined by the ampl itude
of a control current which is passed through the
diode together wittl the signal to be attenuated.
The HF resistance can be varied by these means
from a few ohms to several thousand oh ms,
Beca use of these characteristics, the PIN diode
may be said to bean HF resistor or switch capab le
of being conrouec by a direct current.

2,2, PIN-Diode HF Equivalent Circuit

The equivalent circuit of a PIN diode is shown in
fig. sa, Examination of this circuit reveals that
there exists a definate limittothefrequency which
can be handled by the device . These lim its vary
with the individual types of PIN diodes Some of
the undesirable properties are the parasitic in­
ductance l...g (aporox . 0,7 nH), the ohmic resist­
ance Rb (aoprox. 1 Il) and the capacitance C,
across the I zone, The resistance Ai represents
the desirable property of the device which can be
varied between 5 nand 10 kn (approx.). This is
the component about which everything etse re­
volves.

The parallel stray capacitance Cg tends to nullify
the resistance R;when the resistance is set to the
higher values and also with increasing frequency,
thus selting an HF limit to its fu ll range operation.

It is, then , typical for every PIN diode to have a
frequency specification jcr which the main re­
sistance band remains within tolerance The un­
desi rable diode reactances should therefore be
kept as small as poss ible. The characteristic of
fig . 6 shows the dependence of the high-fre­
quency resistance (r,) of the PIN diode upon the
controlling direct cur rent IF.

2.3. The PIN-DIode Switch Function

Whe n the PIN diode is employed as a switch,
there are only two functions which are desired
In one condition the diode should have a lower re­
sistance when it is closed and in the othe r con­
dit ion, open, it should posse ss extremely an high
resistance , In other words exactly the same
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properties as one would expect from a mechani­
cally operated electrica l switch.

In order to obtain a low-ohmic resistance, the
largest permissable control current should flow
through the diode - the resistance then is only a
few ohms. When this current is rerovec then the
diode reverts to its maximal resistance for that
frequency. This high value of resistance can be

maximised by placing a bias across the barrier
direction but in general, no great benefits can be
expected for the extra complexity involved.

In the 'open' condition the diode resistance is a
few thousand ohms but this is frequency depend­
ent and the total circuit resrsrancevarres with both
the characteristics of the individual diode and
upon the external circuitry Involved.
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Fig. 9a: The inclusion of componentll in a 50 II
system giv8ll rise to impedance bumps'

"
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'.­
so 0l1~

o-- ---'-- -DFig. 7a: HF Ilquivalent circuit 01PIN-<llode
&howlng lIttenulltlon In the direction 01
conduction

""

.,
pl ~te GapdCi to< ll'F flO, 31'li41'l 0< o>quiv .
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Fig. 7b: HF Ilqulvalent circuit 01PIN-diode
ahowlng attenUlltlon In the blocked
direction

Fig.9b: P1N-diO<M switches constructed in the
strlpllne technique

The equivalent circuit of a PIN-diode switch is
shown in fig. 7. The undesired diode reactances
may be partially compensated for by the external
connection of both Land C which effectively tunes
them out. This measu re . of course, is only effec ­
tive at or near a certain frequency and since most
PIN-diode circuits are required to be wide band,
resonance effects are normally to be avoided.
Later on, a few techn iques will be exp lained
which are commonly used in HF circuit ry:

Fig. 9c: Sugg8llted lorm of PIN-dIodeswitCh In
coaxiallorm

10 £ of O'od. BA 319

Fig. 8: The lsoilltion llllalunc:tlon 01frllquency

180

FIgIJ. lo.tb: Low-p8sSfllter teed for the control
current
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Fig. 10e: MethOd01co ntrol-current feed taken from
a Hewlett-Packard cir culi .
Frequency range: 10 to 1000 MHz

a) Insertion loss: The inclusion of a PIN diode in
a circuit always' intriducs a residual attenuation
(fig.7a).

b} Isolation: The PIN diode in the biased-off state
always lets a lillie RF energy flow through the
circuit. The isolation I is strongly dependent upon
the frequency and is expressed in dB. The higher
the isolation (dB) the better the 'switch-off' state
will be. This is of particular importance for
change-over switches because the switched out
portion of the circuit should have no influence
upon that which is working (fig. 7b) . The isolation
I in dB is shown in fjg. 8, plotted against fre­
quency.

2.4. The Control of PIN-Diodes

The control current must be applied carefully as
the PIN diode is included normally in a 50 H net­
work. The control current is introduced via means
of low-pass filters and is superimposed upon the
HF signal to be controlled . These low-pass filters
must not be allowed to interfere with the charac­
teristics of the HF circuit. Every additional compo­
nent, introduced into the 50 n system , brings a
potential reflection point with it (f ig, 9). In order
that the control current be fed in and out olthe PIN
diode without affecting its operation, the following
possibilities may be considered (fig, 10):

a) The DC feed-in is effected by means of wide­
band high-frequency chokes which present a high
impedance to the working range of frequencies.
The direct control current can, of course , flow un­
hindered through the chokes. This method is
used preferably in a pure current control, for
example , by a digital-to-analog converter.

Fig. 11a: Equivalent circuit of one turn on a coli

c c "" c, '.
o ' L •

o " 0' o '

- " , " '- ,
Fig. llb: Lw = Inductance 01a turn

COl '" Capacitance to gl'Ol.lnd
Cw = Inter-turn capacitance
At higher f requen cies the ohmic co mpo­
nent may be neglected but not the sell·
capacltance

b) The feed-in is effected by HF resistors . These,
resistors in relationship to the characteristic im­
pedance of the PIN-diode system, should be
correspondingly high - a 50 n system using
feed-in resistors of 800 to 1000 ohms. The
loading effects upon the PIN-diode system are
minimal and therefore the system's return-loss is
unimpared . In order to fully control the diode, 10
to 100 rnAare required which necessitates having
a rather large control circuit potential - 10 rnA
through a 1 kn resistance is already a potential
difference of 10 V. This means that heat loss in
the feed resistors is unavoidable.

The best solution is probably a combination of
both method a) and b). The first method has the
disadvantage that care must be exercised during
testing not to destroy the PIN diode. The second
method's disadvantage is that a high-eOlltrol
supply voltage is required.

High-frequency chokes also have their problems.
Commercia l HCFs normally consist of many
windings of fine wire which create quite a large
capacitance across the component. The HFC's
sell -capacitance then resonates with the rated in­
ductance at some frequency. In the interests of a
predictable wideband system per1ormance, this
resonant frequency should not lie within the band
of interest. Also, without resonance effects, a
large HFC selt-capacnance represents a capaci­
tance directly across the 50 HPIN-diode system

'"



thus tending to shunt away the RF Signal ene rgy
in an uncontrolled manner. High sett-cepacity
chokes cannot therefore be employed in wide­
band attenuator systems . Genu ine wideband
HFCs covering HF to UHF are very rare compo­
nents .

The classical VAL va, six-hale Itl rrite choke core
represents an acceptable alternative but In order
10 improve its pertonnarce at high necceoces. a
4·turn , air-eored coil should be used in series
with it a t the 'hoI enc!

VHF COMMUNICATIONS 3/87

Pertssps the besl way 01getting a suueoe HFC is
to make one. This can be done by simply winding
8 turns of copper wire around a 3 mm former thus
making a still-supporting air-cored inductor.
Seve ral HFCs 01 this kind used in a system may .
lead 10 resonance ettects but perhaps with luck
the frequencies et whiCh reson ance occurs wiil
not be used by the system .

The IndUctance of an ae-coreo coil may be in­
creased considerably by the use 01 a suitable
femte core. The numbel ot required turns wil l be

r F~
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Fig. 12s:
Simple switch SPST

Fig. 12b:
Simple chang.over switeh
SPOT (left) . The tree output
" automatictlly short­
elreultad, The residual RF I.
reflected (right).

I:I n ,,' FiIl,12e:

,~
SImp'e multI-way Iwltch

I I
SPMT ( lett). The free outputs

I, mUlt be lermllWlled in 50 n

,o' I" (rig ht ). The free OUtput un be
, horl ed wlthCHJt IIffectlng theM_

~~, InputVSWR, so Oh. so 0""--
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Fig. 13:Main constrllchon,,1 points in stripllnetechnlque

smaller and lhe sen-resonant frequency higher
The simplilied equivalent chcuu of a high-Ire­
quencychoke Is given 10 lig. 11

The HFC problem ISonly troublesome With wide ·
band systems, I e say 40 10900 MHz. II oolyone
band of interest is contemplated thefl the chokes
descnbed above can be used wlthOlJt any prob­
lems.

The cold end 01the choke must be effectively RF­
earthed With one, or preferably several. good ·
quality capacitors. Normal teec-neo' cepectors
alone are usually not adequate for the job but a
small value SOldered in parallel should do the
trick. A more complicated low-pass teed origi ­
nating trom Hewle" Packard is shown in fig. 1Oc.

3.
PIN·DlOOE SWITCH
BASIC CIRCUITS

PIN diodos allow HF circuits to be realized with
the same faCility otthose at AF. Figure 12 gives
a rough review of tne possibilities. In principle.
these possibilities are only limited by the imagina­
tion. The following Circuits may be recognized:

a) NormalON/OFFLe .SPST swrtch (Stngle Pole
Single Throw)

b) Change-over SPDT SWitch (Single Pole
DoublEtThrow)

c) Multlpolr:l SPMT SWitch (SlnQle Pole Multi
Throw)

In order to improve the docoupllng between
'throws', the unused PIN-diode circuits may be

readily shorted to ground by means ot another
switch wafer. This almost guaranl/fflS mat there
will be no RF at the outputof the unused SWltch­
ways . Shor1-clr.culting the unused oulpuls, how­
8V8f", means thal the tnpUl resistance 01 tho ap­
propriate PIN-d,ode swrtch·way will tend to zero.
ThIs affects tho Input ees.stance 10 the sWllch,
making II deviate from 50 n and mus giVing rise to
power reflec tions. This can be undes"sbht, espe­
cially in systems where the modular inpul and out­
put impedances require a 50 II termination In
such a case it will be necessary to include a 50 n
resistance in the sbort-orcun path 01 the diode
Such devices are known as non-reflective
swucres.

In order 10 Improve upon the PIN-<liode SWitching
pencrmarce, several oIlhem may be connecled
In series, ThiS greatly increases Ihe isolation in
the off-condillon but the residual attenuation is , 01
ccerse. «creased This is dealt wM In ret, 3 The
diagram of fig . 13 shows the practICal form of
some PIN switches, The stripline form is particu­
larly well-suited lor this type 01 switch because
me characteristic impedance ISvery well def ined
at all parts Reflective points caused by the long,
thin connecting wires 01 the PIN diode are
avoided.

Even when tne conductor track width Of the smp­
line ISrXlt exactly 50 R rt is far better than a fr&ely­
wired Circuit. A meaningful and enecnve alter ­
na tive 10elchlng the copper 10lorm tracks is toCUI
them . The copper-sided board Is cut into 3 mm
wide stri!,s and glued 0010 a conducting sunace
(tin ptete or PCB stock). Fhts rnetnod IS very
SUitable tor experimentatioo and when the tesunq
and adjustment has been optimized, a fina l PCB
may be etched out
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Fig . 14: Pi-fitenualOfwith aou~ and Io.cI
resistenee. A1

4.
FIXED ATTENUATORS IN THE
PI-TECHNIQUE

In order to realize an anenuescr network which
can be slapped, the individual elemenls must be
independent of frequency . The Picreon offers the
best solution in the UHFNHFrange as a rule. The
formulae, used to cecerete the elemen1al resisl­
ance, are given below lor the sake of complele­
ness. The Pi Circui1 of filii , 14 applies:-

1:, ca Cl cz

V Z* , IZ ...

n U 1 f U 2

n 10 _ 120 . v"T

b) Symmetrical

A1
n · - 1

2n Z.

AZ
n + 1

Z.--
n-'

V Z .. l fZ ... _ l

A, - A3

n U 1 1U2

n 10 - ' 20

Fig. 15a: Swltcn.d lour-po" with . Impl,
SPOT .wltch

Fill. 15b: With~ SPMT . wllch ..vetIIl .tt,nu8tOf
ptiI. ml Ybot~. Thl poor llolillon,
how...er , <:Iu'" probllm.

The impatient practical constructor should, how­
ever. look up the following tabla. It gives attenua­
tion values up 10 20 dB. II largar values of total
attenuation are required. they shOuldbe realised
by connecting several values In series to make up
Ihe toter value i.e. no sing~ pad should have a
grealer attenuation than 20 dB, egoa total value
of 35 dB could be maoe of a 15 dB and a 20 dB
pad . At single attenuations above 20 dB. the
resistors Al and A3 are lending to Iow·value
resistances and A2 is teoding towards being a
high-value resistance. This means that the react­
ance 01 the sen-eececneree across A2 tends to
the same order 01R2 itself thus tending to leak. the
AF over the attenuator and eventually nullifying
its effect as the frequency increases to around
1 GHz .
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Fig. 16: FaYr almple method. 0' . wll ching . fDur1>Dle networ1l

aw /dB Rl , R3 / n R2 f Jl

1 dB 896 5 II 58 II
2 dB 436 .2 II 11.6 II 5.
3 dB 292 .4 II 17.6 II REALIZING A
4 dB 221 .0 II 23.8 II SWITCHED ATTENUATDR
5 dB 178.5 II 30 .. II
e dB 150.5 II 37 .4 II
7 dB 130.7 II 448 II
8 dB 116.1 II 52.8 II By means 01 two change -over switches - SPOT
9 dB 105.0 II 61.6 II or SPMT - a lour-pole network may be switched

10 dB 96.2 II 71.2 II in quite a simple fashion.
11 dB 892 II 81.7 II If the etrenuators are switched In series then the
12 dB 83 .5 II 93.2 II SPOT switch of fig . 1sa is reQuired. .
13 dB 78.8 II 106.1 II Paralle l sW'lchmg 01 loul-pole nelworl<,s makes
14 dB 749 II 120 .3 II use of the SPMT switches as in fig . 15b .
15 dB 71. II 136.' II
1. dB 688 II 153 .8 II In order to sw,tch a lour -pole nelwor'k on or 011

17 dB 66" II 173 .5 II two SPOT swtcoes are leQUlled . It is a simplEII

18 dB 64' II 195 4 II process when one 01 the swilch functions is com-

19 dB 62.6 II 220 .0 II bined with the four-pole network nseu. The pnn-

20 dB .11 II 247.5 II Ciple is always the same, namely :

Table 1: Determina tIOnof the resistors tor a 50 n
- Inpul and output 01 the netwol1l. are switched

pi-anenuato r
at high impedallC'l .

- The high-impedance network can be shOl1-
Zw, • Zwz . 50 1I circuited
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The ' @v >eWol fig. 16 shows a lew 01the possibili·
11 10'S Fig. 168 and 16b: These depict ee ,ntro­
occtoo 01 the control sccrce to effect lt1e
sWltchirog. This is accomplished by chang'ng the

polarity of the control current le. the attenuator
being either activated Of Short-ofC\lrted The
con lrol-eurrenl sou rce must be able 10 reverse the
poIarrty of the output current.

Fig. 16c ar1d 16d: The polarity here plays no part
In the swilchlflg, It ISdone SImply by the presence
or ceewee 01 the inpullo be SWltclled.

The circuit 01fig. 17 has been used I()l' some time
now. The res.steoces of the P'·fletworll are
galvanIcally separated In order Itlal no DC can
flow, otherwise the resistors would be 0\18"
heated. The method 01 operation 01 this 20 dB
aeewetcr ISas follows :~

a) No attenuaton : A 1:? V potential is applied to
the control input and diode 01 conducts Diodes
02103 then receive a reverse bias, The enenue ­
tor input is now high impedance Owing teia nega­
tive bias on control input Z diode 02 swncnes \0
a slightly higher impedance ,The lower the imped·
ance of 01 and the higher the impedance of
diodes 02103, the better Hie change-over action.

b) Allenuation selected: The control vol lage po­
tential is changed, Control input 1 now rece ives
- 12 V, diode 01 is blocked and diode 03 con­
ducts . A potential of + I:? V at control input 2
allows 02 to become conductive and the lour­
pole netwOfk is SWitched Into crrcurt. The desi red
value of attenuation is now dependent upon the
negative bias on diode 01
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Both cure 1 kO HF resistors used lo r the control­
current leed can be replaced by hlgh-frequeor;;y
chokes. The ecce ccrreot can then be increased
thus achteYlI)Q the maximal performa nce.

The iSOlatiOn of \he shUnt dIOde IS not able 10

bridge eeeooatcos 01 more than aooul 30 dB
ThIs was de terrmned by expenmeets with the BA
379/479 ,Fi lled anenuators up to 20 oaere able 10
be shunted with a PIN diode but higher va lues .
say up to 40 dB may be bridged With two PIN
diOdes in series in order to increase the lSOIahon

A sWltetlable 20140 dB aneouetor is shown In
f ig. 17. The 40 dB IS rea lized by 2 • 20 dB ele­
ments lor the reasons expounded earlier. A meta l
screening wall divides the two lour-po le elements
tnc s preventlr19 mutual interference. This meas­
ure enables the full 40 dB to be held constan t
over the whole of the frequency range.

A step anenuator may be formed by the series of
switChable fill ed elements ,

In order to adjust the anenv anoe to the desired
value, the necessary electronics mu st be devel­
oped - bUt more ct menater .

clc;C4 a

. \ , -q :J;7;~.'~.-3>$*

• 0

Fig. 19: 5I.lggesiM eon-moetiorllw a 5tep-Switehed
atleonualOf in coaxiallotm. Not usually
empIoyad lor widaband ~a11of1

tended frequency ranq e. bul nevertheless, the
module gives very good resu lts

If it is pre ferred to consmct the PIN switch in a
tin-plate box using free wiring , it is best to use the
coaxial form of construction - the PIN diode run­
ning coaxially in a copper tube as in fig . 19 . The
diode lead wires must not be left too long as this
will adver sely effect the Characteri stic «n ped-

6.
A PRACTICAL PIN-DIODE
ATTENUATOR

Fig . 18 shows a po ssible layout, again in strip­
line technique. The pri nted circuil board nts Inlo
a propnelary Iin-p1ale housing, The Iayou1and the
supply wiring are rot quile opli mal fer 1he in -
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lac , 00 300 .:)0 500 &00 100 800 900

.j,

.J
I

J
I

I
lO J
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Fig . 20 , Tell "",,Ita lor an ._P"llnRllally-con­
stfUCled awllehad atI...ualDf •• da-aeribed
in 1elrt.12O 1ft"eon1ro1 eurrent)

1.3 mm
1.9mm
2.7mm

PCB track-width

75 I!
60n
son

Charac teristic Impedance Z"

Slrlpll l'1e techniques are used lor a practical
a" enuater . The stnpline 's cneracrensnc imped­
ance depends upon the basic PCB material and
from the width oI lhe copper track, USing normal
1.5 mm thick epoxy, the following values may be
taken:
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FIg, 21; Simple Interface lorthe PIN-dlode switch

Supply voltag e lor 7400 : + 5 V
lorLM324: ±1 2V
lorLEDlI: + 5 V

ance. As well as the danger of HF reflection
points, mentioned earlier , there is also skin-effect
losses to be considered , The higher the working
frequency, the more these effects become promi­
nent.

The great advantage of the stripline approach is,
that at all points along the line, the characteristic
impedance is closely delined. Only the compo­
nents can cause trouble in this respect but the
amateur can do nothing about it normally. The
special chip components which harmonize with
the striphne technique and homogen ize the con­
struction , are not universaly available. The test
results show, however ,that even without special
components a good attenuator can be con­
structed.

6,1. The Printed Circuit Board

The copper under the Pi elements is not, in this
version, etched away. The capacitance to ground
tends to linearize the attenuation curve. All DC
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supply lines are effected via HFCs and the feed­
in is carried out on the solder side by means of
small air-supported chokes (4 turns wound on a
3.2 mm drill). The feed-through capacitors must
be shunted by small high-quality capacitors in or­
der to improve the low-pass effect - the value is
uncritical, but in the nF region.

1 nF plate capacitors are used for coupling pur­
poses. The 114 W resistors 01 the Pi network and
also the PIN diodes are soldered directly on the
top 01 the board's surface, no holes being nec­
essary for the leads. All the cold ends of the Pi­
networks are however, connected through to the
ground plane via drilled holes. The screening
wall is important in the interestsol agood attenua­
tion characteristic.

6.2. Test Results

The step-switched attenoator was constructed
according to the diagrams of fig ll . 17 and 18
and supplied the following results:



VHF COMMUNICATIONS 3187

The precision, i.e . the lineanty of attenuation over
the entire frequency range as well as its stable
input return- loss is dependent upon the method of
construction and the components utilized. The
most importa nt single factor is the method of
introducing the DCcontrol current.

Using the recommended construction, the test
results depend naavily upon tna manner in which
Ihe DC was fed in. Tna test results for Ina given
construct ion can beseen in rig. 20. It indicates ltle
attenuation versus frequency for various system
attenuations, When zero attenuation is selected.
the residual attenuation Is appro:w:imately2 dB .

6.3. Plllrt s List

All the low-pass enersallow a control currenl of
50 mA to be ach ieved.

1 Tin-plate box 74:w: 37 :w: 30 mm
2 N-panel mounting connectors
1 Printed circuit board. two-sided etched

asinlig.18
Screening walls , as in fig . 18

8 Valvo 6-hoIe wideband VHF chokes

8 Sell-supporting 4 tum 3 mm ee chokes
7 Plate capacitors, appro:w:. 1,5 nF
7 PIN diodes BA479 G ; I..... ... 50 rnA

(only 25 rnA used here)
4 Feed-through capacitors approx. 1 nF or more
9 Resistors (3 :w: 3 resistors of the 20 dB Pi·net ·

WorltS of table 1)

Otheritems: Add itional chokes, lerme beads and
capacitors as required In order to improve the
low-pass f ilters.

7.
SIMPLE CONTROL CIRCUITS

The electronically-switched attenuator requires
an additional supply wh ich is able-to switch the
polarity under the influence of TTL potentiais.

The simplest solution is fa use an ope rational
amplifier in a comparalor cnccn.According tothe
input signal level. the output de livers a volt age
which is either pos rtive or negative .

A simple interface is shown in fig . 21 which

util izes tna 4 x operational amplifier LM 324 ,
This is able to deliver the required 20 rnA. or
more, current required but if a power op-amp is
available, so much the better.

The two TTL inputs of the interface allow four
possibilities. The selected attenuatiOn is indi ­
cated by an LED , By means of a pre-set poteotio­
roster in the operational amplifier output. the
required control current can be set as desired.
The four outputs are connected with the appropri­
ale control inputs of the attenuator module.

8.
CONCLUSION

The electronically-switched attenuators are also
usable in the high ·frequency range. The control
cu rrent must, however, be tailored to match the
wofi(ing frequency . Tna Pl N-diode dafa sheet
must be oonsulfed to de1ermine !he Iowest-per·
missable frequencyof ope ration.

This article cannot represent all that oneneeds to
krlOW on tna SUbject of PIN diodes for amateur
purposes but it might etreeet serve to stimu late
the contructor inlo prac tical e:w:perimentation. If
fhe'version described here is faithfully copied, a
fully functional ins l romeot will be aqu ired - and
with good eceenceeeos.
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BRIEFLY
SPEAKING...

High PeffonMnc. V.n.bIe
CllpacltOfS are f"lOl yet ec­
solete It IS. that'oksto the e"arts
01 Ol 3 FM. that an on.going
SOUtCe tortheM componentS IS

st ,ll aVailable,

A senes olM-spaced and bat­
bearIng vaflable cececncrs ,s
ava,labie in many lofms, singl e
to four-gang. from less than
10 pF to grealet than 500 pF,
as wel l as trimmers and slow­
motl()l'l drives ,
HATRA-ElMtronk:,
8124 SeeshIlupt,
West-Germany,
ret:08801 ·1269

Aloia ~ndl, DE & AP,
Co-founder ol UKW·BeOchle , a
regular ellponenl ollha higher
frequencies and through EME,
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as wei as numerous 00I'I1aCt

firsts , is rerQWT'lfld tar OUlSide

the Austrian borders

Following the drswltlQ 01 !he
guide-IInes lor the awarding 01
OVSV (Austrian nabonairadiO
SOCiety) honours and !he

nawty-1nlJoduced perlofmance
shield at me 1987 AG M, it was
decicled 10 giVe DE & AP the
shield 01 lor his outstand ing
pertonnance m ttle VH F, UHF
and SHF bands. The shield 02
was award«! to clu~tlOll

DE 5 XXL lor an above ever­
age performance over ttle year
in VHF, UHF and $ HF con ­
tests. Only a maximumonnree
performance awards are gillen
per year.
Congratu lahons from
VHF COMMUNICATIO NSI
UKW Berichlel
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Order your free copy

of the complete Index

of VHF COMMUNICA TIONS
(either via the national representative or directly
from the publishers)

Complete Index
ofall volumes from 1970 to 1986

k lUJJiS}iberichte Teny D. B;t1ao Ja"",Ie. 14 . Po,",," BO· D-B523 Ba;e"dod
Tel. West Germany 9133 47-0. For Representatives see cover page 2
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Plastic Binders for
VHF COMMUNICATIONS

• Attractive plastic covered in VHF blue

• Accepts up to 12 ed itions (three volumes)

• Allows any required copy to be found easi ly

• Keeps the XYL happy and contented

• Will be sent anywhere in the world for
OM 9.00 includ ing surtace mail

Order your binder via the nat ional rep resentative
or directly from the publ ishe rs of
VHF COMMUNICATIONS (see below)

Reduced Prices for VHF COMMUNICATIONS I!!

Subscription 1988
VH F COMMUN ICATIONS 1987
VHF COMMUNICATiONS 1986
VHF COMMUNICATIONS 1985
VHF COMMUN ICATIONS 1980 101984
VHF COMMUN ICATIONS 197510 1979

Individual copies out of elder, incomplete
volumes, as long as stock lasts:.
1/1970, 211970, 2/1971 , 1/1972, 211 972, 4/1972 ,
211973, 4/1973, 119174, 3/1974

Plastic binder for 3 volumes

All prices Including surface mall.

Volume

OM 25.00
OM 24.00
OM 24.00
OM 20.00
OM 16.00
OM 12.00

Individual copy

each OM 7.50
each OM 7.00
each OM 7.00
each OM 6.00
each OM 4.50
each OM 3.50

eachOM 2.00
each OM 2.00

OM 9.00

When ordering 3 co mplete volumes , a free binder Is Included l

k mWberichte Tec" D. Bitt"" . Ja""". 14 · Po"lao" 80 · D-8523 Baia"dort
Tel. West Germany 9133 47-0. For Represen tatives see cover page 2
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Weather Satellite
Receive Systems
for private or profess ional use

NEW 10 image memor ies disp lay NEW
NEW - in col our, if desir ed - NE W
NEW (storage capacity 4MBit i NEW

UKWalpha
UKWbeia
UKWgamma
UKW delta

". ., . .,-
•• . .-

• • • •-
•- .

Complete System

UKW alpha

from DM 4,950.-

including: cotsoro. ccoverte­

receiver, 1image memory,

moni tor, interron n.cable
This new Compact Sys tem offers .. .

• modular design,allowing extension

• movie display with the aid of 10mimage memori es

• programmable automati c reception

• brill iant colour images

• zoom ing
• digita l data output (optional)

More informat ion availabl e ot :

METEOSAT·lmage C 02

Terry Bittan Ver1rlebs-GmbH Tel. (09133) 47-0
P,O. Box 80 - JahnstraBe 14
D - 8523 Beeesoost (W GeHT\any) Telex 629BB7



You should know
,

I whafs behind our sign
We are the only European
manufacturers of these

Miniature TCXO's
ceo 102, ceo 103,
ceo 101, ceo 152
modulallie table

higher stability than a
quartz crystal:
less than ± 3 ppm over
the temperature range
-30 10 +6O"C. (types B)
low ageing rate:
le ss than 1ppm per
year.
wide frequency range:
10MHz to 80 MHz
low supply voltage:
+5V
low current consumption:
3 rnA max, (series ceo 102)
small outlines: ceo 104 .. 2,6 ems, ceo 1021152 = 3,3 ems,

ceo 103 = 4,0cma
widespread applications e.q . as channel elements or reference

oscillato rs in UHF radios (450 and 900 MHz range)

Our R + D engineers are
constantly working with
new technology to
develop new products.
We can offer technical
advice for your new
projects or manufacture
against your specification.

Quartz crystal units in
the frequency range
from 800 kHz to 360
MHz 'Microprocessor
oscillators (TCXO's,
VCIO's , OCIO's)
crystal components
according to customer's
specifications

. CC0102 CCOlo.l CC01G4, a r , • r ,
" r-

0 lO- OOMHz 6 ,~-Z5MHz lO-OOMHz

:)(l t o +00"<; -:lO to + 6O"C 'lO t o + 6O"C.
ecc 15Z~;~02 h +1\, m81 3 1llA mOX, lOrr.A ffi81 lOmA

>tUB _ + ~v .' U" ~ H V "UB - ' ~V aJl'e ",ze a~

Od BISOOhrn
" c4ulation \Il;>ut t'{?lIU1Z1

_lO dil ISO O~m ITL<)()mp.tibl. ~eviation, , DC \0].0, (Ton·out Z) od.I, equenC'j, 201<0
1l\ ce :

Typ~

mput..-
Cuml1l

con . umption

" o.loilJ'Y

.".mp.,."~

... Your precise and reliable source
TEJ..E-QUARZ GMBH D-6924 Neckarbischofsheim 2

Te Jelon 012 68/ 601.(1 TeJe x 182359 tq d Te Jefa >: 0126811435
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