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Bernd Kaa, DG4RBF

FREQUENCY DIVIDER UP TO
4GHZ

Suitable Frequency d h'itlcrs a rc often
required for home-made ct rcuus in
the U1 n'-Sl-IF range.

Recently, thou gh , there ha ve been
problems pmcu r ing Irequ cocy dil id­
Cr-< which sti ll fu nction a t frequ encies
t'xcccdin~ 2 Gllz.

Either the integrated ci rc uit.. ca n nu
longer he nbtained or th e pr ices a re
dispropnrtlona tcly high .

l.

UF:SCRIPTION OF CO M I'( )NENTS

thus, for examp le, the ~IPWiSl and 5iC
pre-dividers from NrC, well -known to
rad io amateurs (divider : 2, div ider: 4)
can be used up to 3.7 Gil l . But there is
now almost nowhere where these advan­
tageously priced integrated ci rcuits can
st ill be obtain ed.

Another option is represented by divid­
crs from Plessey, which can be obtained
with vario us divider factors and which
func tion up 10 5 Gi ll or 6 G Hz.
Unfortunate ly various frequency divider
les from other manu facturers can not be
supplied at all now, bec ause they are no

longer manu factured or arc diffi cult to
obtain and the prices haw rise n accord­
ingly.

One very interesting alternative is the
\ I-:C divider, type ~I PB 1505. The .uPB
1505 frequency divide r is specified lor
up to 3 Gl lz. but function s up to ~ Gi ll:
and beyond. and i ~ housed in an R-pill
5\ 10 housing.

The scnsit ivity and dynamics are consid­
erably better than in the olde r version".
IIPB 581/582. TI1c prograuuuab!c di·
vidcr factors of 64. 128 or 256 an: also
very interesting.

Here arc a few of the frequency dividers
da ta. take n from the manu facturers
speci fications:

- High actua l frequency range:

0.5 Gill 10 3.0 GHz

- Low current consumption:

Typically 14 rnA at 5 V

- High d ivider rat io:

: 256. : 128. : 6-1

- High inpu t sensit ivity :

2



128

: 64
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PIN ASSIGNM ENT (lop Viaw )

0
"

'N e

V. , , GNO

SW I , e SW,

DOT • S GNO

SW I = Low and
SW2 = Low

SW I = Low and
SW2 = High

SW I = High and
SW2 = High

The follow ing typical app licat ion shows
how litt le it costs 10 expand a relatively

ol d frequency count er to 4 Gl lz,

14 to -'"- 10 dBrn (er ]. 0 to 2 .7 CiHI.)

r i:,:. I : "in assi~"mclll of J.l IJR 1505

- I lig.h output level:

1.5 v....... (CL = 8 pF load)

111C desired divider factor can be set
using p ins , SW I and SW2 , in accord­
ance with the foll ow ing tahlc :

Most frequency counte rs which funct ion
up to approximate ly 1,000 Mi ll ha .... e a
pre-di vider with one of these three

divider factors : 64. 128 or : 256.
The se pre-dividers arc usually mounled
direct ly at the input j ack on a small
printed circuit board or in a separate
tin plate housing. This pre-divider mod­
ule is simply rep laced by the new
pre-divide r. which has a great er ope ra­

tiona l range .

The great advantage of a replacemen t.
as against addit ional series-connectedWiring :Divider factor;

ri~, 2: C irc uit dia~ra ll1 of p re-div ide r u p tu 4 ( ; lIz (d ivider factors M ,12R,2S6)

3
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- A: Th rough a n.~ is\(... only

- 8 : Throu gh a resis tor with high-fre-
quency chokes wired in series

Vers ion (A) is the simplest and most
unproblematic way of feeding in the
operating vo ltage. But the maximum
output is not anaincd. especia lly at luw
supply voltages. At low supply ...oltages.
a correspondingly low resistance (Rbias)
is used. causing a high-frequency gain
loss to take place. The maximum
attainab le gain is therefore not avai l­
able.

Regarding the high-frequency gain. ver­
sion [ B] is more efficient, since the
additional choke blocks the high fre­
quency better and the gain divider effec t

is avoided.

Hut this can result in having to deal with
undesirable resonances, which leads In

undesirab le osci llations.

The curves in Fig. 5 show the readings
from a test circuit with an ERA I
(...ersion A). with a supply voltage of

circuitry .

Finally. a 74 HCOO provides the correct
TTL level which is req uired lo r further
processing in the frequency counte r.

Fig. -l shows the output signal for an
input signal of 3.6 Gi ll wnh a d ivision
of : 256. The divider factor : 64 can not
be used below 4 GH1... since the result ­
ant output frequency is too high for th e
level convers ion and a lso lo r the subse­
quent ITL stages (4.000 MH;,r: (w

62.5 MilL).

In princip le. the re are two ways in
which the operating voltage can be fed
in for M~ ICs:

The circuit essentially consists o f three

units: pre-amplifier , frequency divider
and level convener (Fig. 2).

The pre-amplifier fulfils two require­
ments. Firstly, it raises the 1('\e1 of the
input signal. ....hich increa ses the sensi­
tivity, and secon dly it protects I~

Ji"jdcr against destruction due 10 CXCI,.~­

sivc input po.... er.

The [ R,\ 3 from MiniCircuil!> was used
as a pre-amplifier here. Th is MMIC
e lves a vel)' uniform amplification of
; pproximatcl)' 20 dH up 10 epproxl­
male)' 2 GHl., falling j,omcwh,J1 a... the
freq uency increases. th (lu~ it is still
approximately lJ dB at 4 Gllz.

To illustrate this. see the measurement
curves in Figs. 3a and J b. They were
measured before the d ivider fC was
inserted. and show all outstandingly
unifor m amplification of ]1) ro 20 L10
over the range in question.

The high arnpliflcation rather balances
out the decrease in sensitivity of tho:
pre-d ivider below 200 Ml lz, so thai the
latter can be used with good sensitiv ity
even at 100 MHz (- 26 dls m).

This is followed by the di..-idcr IC.
which needs practically no external

2.

PR [ -D1VII)Ut CI RCUIT

Dr.SCRIPTIO~

(~ ....!::.'2!~~~='_"""""

d ividers. is that the frequency to be
counted i.. dirt..-ctly displayed. This dis­
penses .... ith the burdensome conversion
to the actual frequency nece......itated by
the odd divider ratio. together with
additional modification measures to gen­
erate the gate time.

4
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Fig. 4: Ou tput signa l of divider with
TLL level, at input Frequ ency of 3.6
G llz, d ivided hy 256

f 5 V or -+- 12 V. It can be dearly seen
that the gain is lower for an operating
volragcorS V.

IIere is a simple formu la to calculate the
protective resistor, Rbias, for MM1Cs :

Rhias '" {LOOO* (Vee Vd) / lbias

where :

- Vee is the supply voltage.

- Vd is the MM IC voltage, and

- lhias is the current in mAo

An example :

Vee = 9 V, Vd = 3.5 V and I ~ 35 mA

R "" (1,000 * (9 3.5) / 35 = 157 Ohms

Version A was selected (without choke).
since the ERA MM IC types have shown
themselves to be somewhat critical when
powered with chokes.

3.
CONSTRUCTlON

The small circuit is constructed on a 1.0
nun. thick, double-sided printed circuit

6
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board made from epoxy material (Fig.
6), which naturally already represents a
certain compromi se for the high fre­
quenci es.

The fccdrhroughs are manufactured first.
The best th ing to use for this is small
compression rivets with a diamete r of
approximatey I mm., which are well
so ldered to the top and bottom sides of
the prin ted circuit board. Hut make sure
the comp ression rivets do not fil l up
with solder ! Special attention should be
paid to the low-inductance feedthro ughs
on the divider IC. l'hc fccdthrough
direc tly below the divider Ie must be
kep t nat, so that it will not touch the Ie
when it is fitted.

The hole for the pre-ampl ifier lC meas­
ures 2.2 mm.. The MMIC (ERA 3) is
inserted from the earth side, so that its
earth connections can he soldered d i­
rectly on the underside of the printed
circuit hoard. To this end, the little
connection struts at the input and output
are bent up at 90 degrees and are fed
throug h the hole for the MMIC and the n
soldered to the top side of the primed
circuit board. If necessary, the ho le must
be slight ly widened to do this.

The dot on the F I{A 3 indicates the
input. Make sure that thc positive po le
of the SM D electrolytic capac itor is also
identifie d by a line or bar.

Two connection options have been pro­
vided for the high-frequency input, so
that if space is availab le, the circuit can
be di rec tly soldered to the input j ack of
the frequency counter. If necessary , it is
also po ssible to build the circuit into a
litt le tinplate housing.

The components arc soldered on the
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layout side of the printed circuit board.
with the usual precautions ag..tins! ..tatic
charging.

1111.' circuit has been laid out in such a
way tha t then: arc selectable options for
the operating voltage.

The followin g types of supply an:
po ssible for the circuit

Firstly . the circuit cou ld LX' powe red
from the frequen cy counter with a
stabilised voltage of - 5 V. In this case.
the tw0 fixed vo ltage regulators arc not
lilted . but are replaced by bridge s. The
protective resistor to r the ERA 3 is
choscn to r a voltage of 5 Volts ( Rbias
lor 5 V is about 3Q-B Ohms).

The othe r option is laid (lUI for all input
voltage of approx imat ely 10 to 12 v.

ilcrc the IWI) Fixed vo ltage regula tors ( i

q V and i 5 V) arc required and are
alS!.\ mount ed . .

This gives the advantage that the value

F i ~. 6: L ayout of p re-divider pri nt ed
cireuil boa rd

7



of resistor (Rb ias) for the MM1C can be
bigger , and we can obtain ap proximately
2 dB more amplification (Rbias for 9 V
is app . 150 Ohm s).

In exactly the same way, we can also
mount only the + 9 V voltage regulator
wh ich supplies the MM IC, the 5 V
sec tion being supp lied from the subs e­
quent counter.

The ERA 3 is operated with a current or
35 to 38 mA. The 5 V section of the
circuit require s app . 25 rnA.

Th e circuit is cal ibration-free and should
function at first go.

Component list:

S\1 D components:

R1 22 kOhms

R2 150 Ohms

R4 270 Ohms

R5 68 kOhms

c r. cz. e1 2 100 pl­

C3,e7.C ll lnF

C4 22 nf

C5, CR 100 nF

C(j 1.5 nF

C9 , C iO4 .7 IlF tantalum

C I3 680 pF

le i j.Il'H 1505

rcz 74 ncoo
IC 3 ERA 3

Wired componen ts:

1C4 78 1.09

IC5 78 LOS

R3 68 kOhms

B
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5.

CONCLlI S IO~

Like man y other pre-div iders, th is one
also oscillates at the frequency of its
max imum sens itivity if no input signal is
prese nt (app . 2,5 Gllz). BUI since this
osci llation is unstable, it sho uld be
possible to d istinguish this fro m the
genuine input signa l.

There is something which can he help­
ful, but which can not he recommended
unrese rved ly.

With a resistance of approximate ly 68
kOhms at the input of the divide r (R3),
we can try to suppress the oscillation.
However. a ce rtain loss of sensitivity is
also invo lved. The resistance must be
individually matched, and should not be
any lower than is absol utely necessary .

Since . in the upper frequency range in
partic ular. th is leads to a detectab le loss
o r sensitivity {from 3 GH7), it should be
posvihlc to switc h off the resistance
using a switch or a small relay.

This pre-divider module is also used in
a micro-contro ller reg ulated dou ble Ir e­
quency counter up to 4 ( iHl , which the
author uses and which is described in
the next artic le.

The small circu it (Fig. 7) was built into
a fre quency cou nter hy the auth or, and
here it replaces the internal pre-divider
mod ule and an addit ionall y built-on
pre-di vider bas ed on .uPS 58:?: .

The frequency counter is operating con­
siderably better thanks to the modifica­
tion, and has fewer prob lems.

The prototy pe is very sensitive, even in
the upper frequency range.
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MHz dRm ~lIz dRm

50 - \0 I.SOO • -13

80 -23 2.000 • -.13

100 -::!6 2.200 - '4

1'1 - 30 2..,100 < - 50

, 00 - 33 2.600 < - 50

. 00 - 37 2.SOO -4.
,,00 -., 3,0110 - 3S

800 • 42 3,200 - 36

Fig. 7 : Prototype of pre- dblde r with 1,000 - . 3 3,400 - 3.1
S\ I I> components

1,200 - . 3 3,600 - 30

Sen... i tivily of frequency d ivider with 1,.100 -.. 4,000 - 26

U{A 3 :

VISA
Mle

A MEX

Amateur Television
Quarterly

Great articles on : ~-~
ATV
BA LLOONING
PROJECTS
SSTV
ATV ACTIVITIES

OSCAR Satellite
Report

A g reat NEWSLETTER pub­
lish ed twice a month to keep
yo u up to date on what is hap­
pen ing . Sent FIRST CLASS
MAIl!

Write or check we bpa ge TODAY for more informationr
Published by Har lan Tech nol ogies

5931 Alma Dr., Rockford, Ill inoi s 61108 USA
http://www.hamp ubs.com
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Band Kaa. DG-lRBF

FC 4000 MICRO

CONTROLLED DOUBLE
FREQUENCY COUNTER UP
TO 4.0 GHZ

This is a gen uine dou ble frequency
co unter, whi ch can count and displa y
two frequencies a t the sa llie rfm o, a nd
which works with a p recision of up to
9 places at up to " ,000 1\1I1l.

T hese two churactc rt st lcs j us tify
huil ding your uwn counter (' \1(' 11 to­
day. Moreover, a counter of this
na t ure can he a meaningful add ition
10 II rad io a mateurs mea suring equ ip­
ment.

1.
INTRODUCTION

People 'will undoubtedly ask why they
should build a frequency co unter them­
selves when they can buy ready-made
equipment from £200 upward s. This
double frequency counter is nor cornpa­

rablc with a common or gard en counter.
since it can count and display two
frequencies simultaneously. The operat­
ing range of such a counter for high­
frequency usc is VCl)' wide and, for
instance, offers the inestimable advan­
rage of being able (0 measure the basic

oscillator and the intermediate frequen cy
simultan eously during balancing work
on high-frequency equ ipment such as,
for example. transvcrtcrs.

The dou ble frequency counter (Fig. I) is
modular in structure and consists of tbc
following assemblies :

- Pre-divider for channel A (100-4,000
Mll z)

- Pre-divider for channel H (O.5·IOO
MHz )

- Micro -controller board (Uniboard
C50 I) with contro l keys and LC
d isplay, and

- Frequ ency counter

The actual calculations arc done by the
processor board. The pre-amplification
and pre-division of the signal to be
processed take place in the pre-stages
lo r (he respec tive channels. The fre­
q uency co unter assembly is actuall y a
frequency counter attachment, which
performs on ly the preliminary work

10
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•

"'i~ . I : Prototype Double Frequency Counter Read y til Operate

relevant to tile counter and hands every­
thing else over to the processor for
process ing.

2.

Il ESCH II'T IO I"\ Of ASS ..:M IU .l F.S

2.1. Oh'itlcr Ill" to 100 MJb

The in put sect ion 1'01" the 0 .5 to 100
Mllz frequency range (channel H) was
cr eated using 50-Ohm technology. with ­
out any specia l integrated ci rcuit" (F ig .
2). 1\ type MAR 8 MMIC is used as
pre-amplifier. with a high umpllflcnrlon
of app rox imately 30 d B in the freq uency
range up to 100 M H/.. There are
limiting diodes at the inputs and outputs,
whic h keep the levels within the penn is­
siblc range for driving the subsequent
ICs.

The le vel conversion and subsequent
d ivisio n by 4 is carried out by Ie 2a and

the dual D-Flip Flop rc 5.

The relatively high operating frequency
of 100 MHz pos es a problem for norma l
TT L ICs. So various ranges IIf tC were
tes ted. and the combi nation {If 7-1 IIC 00
with 74 F 7·1 !!:<lVC the best results. lfwc
also use a 74 He 00 manufactured by
SGS-Thomson (ST), we can obtain apr.
10 dll more se nsitivity . The prototype is
thus already operating <It frequencies of
up tn 120 Mllz.

The small circuit is powered by a single
supply of - 12 V. Vo ltage regulato r ICs
(series 780 X or 78 LOX ) provide internal
stab ilisation to + 9 Vand I 5 V.

The prototypes channe l B sensit ivity
was measured at:

- 44 dBrn at 5 MHz

- 44 dg m at 10 MH.l

- 48 dB m ar 20 MHz

11
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Fig. 2: wlrtng Uiagram ,,(O.s to 11I0 Mil L Input Sec tion

[Vnrtcilcr .., Pre-d ivide r )

shows the component layo ut.

The- circuit had to be incorporated in a
tinplate housing of suitable dimensions
for screening pUI'JX'S'.'S.

:U .2. Pre-divider pam list

- < 50 dam at 50 MHz

- ~I dHm at 80 ~mL

- 3S dBm at 100 Mllz

- (30 dBm at 120 '-1Hz)

2.1.1. Const ru ctio n

The circuit is constructed on a one-sided
primed circuit board (Fig. 3) '" hich
measures 54 mrn. x 35 mm.. Fig. -I

CI. C-I. CQ

C2. C3

C5 C7

C8

22 nf

100 of

100 J.IF

loF

f ig. J: Layout of Inpu t Sect ion
f ig. -I: Co mpo nen t Pla n of Inpu l
Sectio n

12
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-
Fig. 6: Component Plan of Mi cro-Contr oller Board (not to scare)

I)J D'1 IN414S le4 78 OS, 5 V

le i MARS voltage regu lator

IC2 74 He 00 le 5 74 F 74

IC3 78 09, \) V K I,K2 I x 2 columns
voltage regu lator K I 22 Ohms

Fig. 7: C501 Prototy pe Uniboard

14
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DG\RllF

Fie. II: C ir('uil Diagram or Freq uency Counter Unit

( [ in\ I t' lI u n~ ffir Ga lt' Ti me - Galt lime sehing. KaHIl! - Cha nnel, Spindd ­
Spi nd lr)

15
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The entire control system or the double
frequency cou nter, including the I.CD
module, is operated through the C 50 1
Uniboard (Fig. 5) from [2J. The Uni­
board is not used in its fully extended
version Ior the double frequency cou nter
app lication .

2.3. 1. Construction

hg. 6 shows the com ponent plan. The
followin g compon ents arc not required
(as against the fully extended vers ion)
and are there fore not fitted:

KI ,1 with diode matrix, P5 port expan­
sion (le7, K5), seria l interface (R4 , R5,
1)3 , ri , K I2), reset IC li C IO, R6, R7,
R8, CIO, 04, K l l, R i ll , TTL oscill ato r
()2), l.CD bus connection (l C I I, K17,
RIO) and single-ser ies bus connect ion
(K9).

The keys (Ga te/Mod/Swing/ Hold) are
here connected to KS (pins 1-4).

The processor fo r this app lication is an
80Ql' 31-16, which is driven wit h a
16.0 MH z crystal (Q 1). In add ition ,
connections K I8 and K 16 should be
short -c ircuited, since no reset IC is

2.3. t.uivcrsat mtcro- controncr
board

approximately ISO mv. The turn-on
voltage and the supp ly' voltage shou ld be
measured as precisel y as possib le, e.g .
with a dig ital multimete r.

In the prototype. the sensitivity of
channel A is a splendid 26 dBm at 4
GHz, and is thus suffic ient for most
applications.

For screening purposes, the circu it
should be built into a tinplate housing of
suitable dimensions.

15 Ohms

I kOhm

The pre-divider module is equi pped with
a 9-Volt voltage regu lator for the
MMIC. The 5-Voll section is supplied
by the counter assembly. The switch
inp ut SWI of the divider IC is Sci to
Iligh (V + of Ie).

In order to ob ta in optimal resolution for
the system, the pre-divider for channel
A is dri ven with the low divider factor
of only 64 up to a frequency of 2.450
Mllz, and only above th is frequency is
it switch ed over to the factor 128. The
d ivider factor is changed over thro ugh
the micro-controller at port 1'1.3.

For this purpose , pori 1'1.J is connected
to K2 (SW2 on ul'H 1505) on the
pre-divider printed circuit board. It
should be taken into accou nt that the
contro l inputs of the pre-divider lC,
SW I and SW2 , can be switched cor­
rectly only if the high level corresponds
to the supply voltage of the IC. A
difference of on ly G.I v can cause
unstable switching.

Since the contro l voltage at the output
of the micro-controlle r is already ap­
prox imately 0.1 V lowe r, the 5 V
distribution voltage of the pre-d ivider
mus t be minimally reduced . This can be
broug ht about for example, by means of
a 10-Ohm pre- res istor in the supply line,
which brings about a reduction of

2.2. Pre-divider up to 4 GJlz

This pre-divider has already been de­
scribed in this issue and [I] . ln add ition
to the basic description, the following
spec ial features should be taken into
account:

(:f> ---------- ----''''--'= = =--''= ''-'''=

R2

R3

16
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Pcgel-wandelun g = Leve l cu nvcrskm, Prog.
Te de r- "" ll i\ idn prol!ramm in~. Tt'i lt' r =

Divider, I nrzctt = Ga lt' t ime. Ka nul «

C hannel. Zilhlc r = Counter. Da tenbus =

. "ig. I) : Uloc" Diagra m of Counter L'nit

r6 ~~~!~
_ .. lOt.... _ ..

I oe.., i
I

being used here. Thus the RA\ t receive s
the supply voltage and is switched into
active condition.

Fig. 7 shows the processor board, the C
SOl Uniboard. in the appropriate layout
for the double frequency counter.

2.3.2. Components li ~ t

IC I 27C2S6 l-prom.

FC ...000

Ie .:! 62256

le3 74 HC573

IC' 7S05. 5· V
voltage regulator

IC5 RO C31-16,
processor

IC6 74 HC 57'"

res 74 HC 138

IC9 74 HC 541

1> 1. 02. 0 18 IN4 1"'S

Q I 16.000 MHz

C I. C2 33 pI'

C3, C.... C7 100 IIF

C' OA7 uF

C6 10 JlF. 25 V

17



4.7 Ohms

8 x 10 k'Ohms,
array

22 kOhms

VHF COMMUNICATIONS 112000

K3, 1(6, K7, K8 1 x 8 co lumns

I\.10 2 x 5 columns

K l 5 I x I column

The pri nted circuit board here (r ig. 10)
was prepared for 2 kinds or TCXO.
Firstly, for a standard TCXO, which has
to he tuned with a small built- in
trimm ing capacitor, and secondly for a
trimrncrlcss precision TCXO, which is
ba lanc ed with a control voltage of
approximately 2.5 V. For this purpose,
there is a tunable voltage reference (LM
336) on the primed circu it board, which
can be adju sted using a spindle trimmer.

2.4 , The freq uency cou nter assembl y

The circuit (Fig. 8 ) contains the gate
time ge ne ration, together with lour x-bit
binary co unte rs. 2 o f which arc wired
togethe r for each input cha nnel. and
which take over the coun ting of the
lower 16 bits (Fig. 9). The interna l t imer
of thc micro-controller is respons ib le for
the co un ting at 16 bib and above.

The core o f the gate time ge neral ion i" a
TeX() (temperature-compensated crys­
tal osci llato r), which can be set tor
13.000 Mllz or 20.000 MILl . Ttl I.'
quality o f the TCXO will determine the
accuracy and temperatu re stability o f the
unit.

K I , K2, K 16, 1\. 18 1 x 2. columns

K4 1 x 10 columns

R9

R2

RJ

I f.1 F, 25 V

0.1 ,..F

4 .7 ,..1", 25 V

100 Ohms

C8

C9

CIO

" I

\~ ---------------'''''-'''''''''===~'''''''
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This enables a high frequency accuracy
to he att ained with a very precise line
adj ustm ent.

A type BF 324 transistor brings the
Te XOs signal to the correct level fo r
the su bsequent programmable binary

coun ter (d ivider). This binary counter
div ides the signal optionally by 2 101212/
or 2 14. The three possible gate times arc
selected through inputs B and C.

The divided signal then arrives at a
fi xed binary divider with a divider factor
o f 213 or 214, depending whether a
13-MHz or 26-Mll z TCXO IS being
used.

The gate time pulse generated in this
way stops the four counters (74 HC590 )
and triggers an interrupt (IntO!) on the
micro-cont rolle r. For the micro-control­
ler. this conveys the instructio n Start a
new calculation cycle immcdiatcly l.

The com puter first scans the slate of the
external coun ters. For this purpose. the
counters arc acces sed through the ad­
dress decoder. sending their data to the
micro-controlle r via the data bus.

Once all data have been read, a reset
signal (RES\) IS transmitt ed to P3.3,
which inhibits and resets the gate time
preparation and the fou r extern a l
counters. The external counters arc
inhib ited through the d iode 0 1 for as
long as the (RES\) signa l is present .

With the presence of the internal counter
conditions TO and '1'1 , a ll the necessary
information IS now available, and the
computer begins the freq uency calcula­
tion. Depending on the gate time and
frequency level set, the ca lculation is
carried our lor up to 9 places and the
result is d isplayed. Since each channe l
(A and B) has its own counters. the two
channels arc measured simultaneously.

2.4.1. Construct ion

The equ ipment IS assembled on a
single-sided printed c ircuit board with

19
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Fig. ll : T wlt-line
LC D Di~p la)' in
Prototype

, .<
9 s J.}

't ' 1 2 3a;;c; '1_ M. " ; -- ''1,a L j

Ie 1. J(, 2, re s , IC6 74 HC5lJO

1C'J 74 IIC4020

IC4 74 HC04

le 7 74 HC294

IC8 LM33ti-2.5

C I. C2. C3, <.'5 100 nF

C4 I nF

III IN41..1K

0 2 I ,ED

11 BF324

TCXO 13.0 MHI
(26.0 Mllz)

Kl 2 x 5 columns

K9, KJO J x 3 columns

K2. K7, Kl r. K 12 1 x 1 column

K' I x 2 columns

For reasons o f space, there is no d irect
so ldering point for one R6 connection.
Instead. the d irect so lder ing connection

goes 10 1-::4. and then on to pin IJ o f Ie
5. The same app lies to R7, K5 and IC6.

Til e channel A pre-divide r is conn ected
to [e LK I] (K9). The t 5 V are also
available at K9. The channel B pre­
d ivider is connected to [CL K2] (KIO).
The to 5 V connection is not used here,
since this pre-d ivider is powered entire ly
from outside.

dimensions of 1-16 rum. x 35 mrn., 2.-1-.2. <:OIlllmnenl lisl
corr esponding to the component plan in
r ig. I I.

A recess shou ld be provide d on the front
of the printed circu it hoard for the
ribbon connection. so Ihal the cable can
run down 10 the micro -controller.

T he wire bridges raust be fined be fore
the other components.

20



VHF COMMUNICATIONS 1/2000

RI 22 kOhms

" 2 1.5 kOhms

"3 6.8 ko hms

1t4 HO Ohm s

ItS R7 [00 kmuus

RS 330 Ohm s

R9 MHl Ohms

RIO 10 kohms

(spind le trimm er)

RII ~2 kOhms

RI2 4 70 kOhms

2.5. The LC tli'iphly

An Le i ) dot-matrix module with 2 x 16
characters is used for the display. Fig.
12 shows the represen tation of the two
freq uenc ies, each shown in one line of
the disp lay.

The d is p lay is driven through port I o f
the micro-controller. The connection
diag ram was taken from [2J.

. ' ig. 13: C o unter
a nd Processor
Printed C ircuit
Boards arc
mounted
Pi~g}' b llck in
Tinpla te Huu sing

3.
ASS F. MHI .Y

lhe micro- controller and counter assc rn­
blies arc incorpo rated together into a
standa rd tinplate hou sing measuring 74
r nm. x 14K mill. .\ 50 111m. (Fig. 13),
with the counter printed c ircu it hoard
locat ed abo ve the micro-contro ller
printed c ircuit hoard.

The simples t way to hand le the various
data bus co nnections is to connect them
using a I n-pin ribbon cable with co lumn
plug con necto rs. Please make sure that
pin 1 also comes onto pin 1.

4.

OI'ERATION OF CO I INT ER

The ope ration has been kept as sim ple
and ( lear as poss ible.

One of the three possible gale limes IS

selected via the (Gate) key. The CUf­

rcmly uctivc time is d isplayed through
the corresponding LED. (Gate times:
app. 0.3/ 1.2/6 sec.)

The desired operating mode is selected
via the (Mod) key . Here you can choose
whether th e channel (A) and channel (8)

21



VHF COMMUNICATIONS 1/2000(:(' ----'""'--'===c="-"'=

"" i<roc<lnIroll", Un"""'r~

CIi0 1

~
K~ (r a) K 3 (P41

"
, , , ll " '"

!l Il lI l~ "mil
" ..... .....,-:=. .~. -

T. tl ... LEGs

"

Fig, 14: lnter-con nect len of Individua l Fe -I{IO(l Assem blies

(Taste r '" Keys, Zah l t'rl. u~alz "" Counter attachment. vortcucr = Pre-divider ,
Ka llal = Channel. Te ller = Divider)

fre quenc ies arc to be dis played simulta­
ncou sly.

If only one of the two chann els is
selected . and if the re lim: only one line is

requ ired 10 d isp lay the freq uency
counted . the second line di splays the
period for thl' actin: chann el.

The visual d isplay showing which chan­
nel is active is again provid ed th rough
two light-e mitt ing diod es.

If desired. an addit ional key (Swing
Protect ) can he co nnected. Using the

assoc iated output. it is then possible to
trigger a relay which influences the
pre-divider {channel A), On this subject.

sec instructions in I I).

A holdi ng function is also possible if an
add it ional (11<111.1 ) key is connected to
earth at pin 4 of Kg.

In th is condition. the current frequency

dis play is frozen. the counter i ~ stopped,

the word ' [old is displayed . and the
corresponding LED is activated.

5.

FAUlT· FI N()I I\G

Problem s on micro-controller:

- Is Kl 6 sho rt-circ uited?

(Earth at pill 20 of RA\I )

- Is KIRshort-circuited?

( f- 5 V at pin 2&of RAM)

- Chec k all solder ing with a mag nify­
Ing glass! (Usually its j ust a simp le
\uldcring error !)

- Are all l( s and d iodes correctly set ?

- Is the cont rast setting of the IC d is-

play correct?

22
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- For most disp lays, the connection for
the contrast setting is earthed directly
or through a resistor. But there arc
also displays wh ich require negative
voltage to disp lay the text. As a
minimum, the bar of the first line
must he visible .

- Is the reset capacitor (C5) in order?
(rep lace with I ~ F if nece ssary )

- The Ri l resi stor (shown as dotted
line) should not be used!

- Check following poin ts using osc illo­
scop e:

Is the ALE signal present at KI S
(square wave signal]?

- Do the address and data bus lines
have TLL levels? (intermed iate val ­
ues ind icate a short-circuut)

- Fault: On ly half the frequency is d is­
played for gate time 3 (long)!

- Origin : Tum-on voltage at SW2 o f
divider is not connected (PU) or is
lower than supply voltage!

6.

CONCLUSION

The prototype has bee n very success­
fully in use for some months. The
techn ical data in part icular, those re lat­
ing to accuracy of measu rement and
temperature drift are ent irely capable of
standing comparison with indus trially
produced frequency counters (£200 ­
£500 ).

7.

LITERATURE

I I ] Frequency Div ider up to 4 GIlz

Bemd Kaa. DG4 RBF

vur Reports 1/98, Pp . 23-30

12J C 50 1 Unibcard Universal Micro­
controller Board

Bernd Kaa, 1)(;4 RRF

FAQ on the Web Sit.e

I would like to start an FAQ (Frequently Asked Questions) sect ion of the VHf<
Commun ications Web site. This would be especially for those readers who arc
either constructing projects from tile magazine or using the informat ion publish ed
and are having d iftic ulties . Emai l or wr ite to me and I will put your questions on the
web site fo llowed by any replies or information that I rece ive form other read ers . As
the editor I will use my discretion when putting information onto the Web site.

If you don't have access to the internet you can still write to me and I will respond
back to you by paper mail - Andy

http://www.vhfcomm.co.uk
23
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He/mill Neidel, DL I IN

5.7 GHZ ATV CONVERTER

T he 200 M Hz wide e-em. a mateur
radi o hand in the 5.7 <aiL range
orrers ideal conditions for narrow­
ba nd and br ead-band transmis sions.
O ne type of t ransmissinn of this
nillure is th e ATV mode, for which a
do wn-con verter to the SAT Iutcnnedf­
a ll' frequency is described here.

- Transmission amplifi cation. App. 40
dB

- Image aucnuation: App. 50 dB

- Op erat ional voltage/current: IO-12V/
0.26 I\.

- IN co nnect ion: SMl\. jack

- (JUT connect ion: SMC jac k

I.

I NTI~OnUCTION

To receive AT V signals at 5.7 GHz a
converter is needed which converts the
whole of the e-cm. band into the range
of the normal SAT intermedia te fre­
quency. Any standard commercial SAT
rece iver can then be used.

The technical data o f the 5.1 GHz ATV
converter are:

- Input frequency: 5,65-5.85 GJlz

- Output frequency: 1.4· 1.6 GHz

- Noise factor: < I dB

In the planning phase, the question of a
suitab le oscllfnror was hound to come
up. Layo uts with ceramic resonat ors
{coax or DRO) often founder on the
roc ks be-cause of obtaining these l;ompo­
nents, particularly in smallnumber s. T he
usc o f a crysta l oscillator . as in narro w­
band converters. creates undesirable har­
monics in the 200 MHz wide intermedi­
ate-frequency and reception range. The
use of SAW resonators o ffers an inter­
es ting alternative. TIlCYhave outstandin g
charac teristics, but are, of course, avail­
ab le only in a few fixed frequenc ies. A
frequenc y o f 423 MHz was selected,
whic h does not cause harmonics either
in the reception range or in the intcrmc-
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diate frequency range.

Th e SAW oscillator also has very little
pha se j itter, which is comparable only
with good crystal oscillators. Only the
temperature stability is lower than for a
real crystal.

2.

C IRC UIT DESCRIPT IO N

The circuit o f the ATV converter for 5.7
GIL,: is shown in Fig. 1, including the
internal voltage regulator.

The circuit consists of a 3-stagc ampli­
fier, :1 sub-harmonic mixer and the SAW
oscill ator.

Immediately next to the high-frequency
input there is a short-circuited lambda/a
line for protection aga inst sialic charge s

AIT[ 18 B
ilL S dBI IV

on the aerial cable.

The first two amplifier stages are each
equipped with an NEe HEMT (type NE
32584 ), which creates a noise factor less
than 1 dB. The subsequent amplifier,
with an ERA-3 from Mini Circuits.
balances the attenuation of the 5.7 G117:
filter (image frequency) and the mixer.

An HP double diode (type I ISMS 8202)
acts as a sub-harmonic mixer. Together
with the filter input resistances, the
conduction components on the mixer
create the impedance conditions re­
quired tor the mixing d iodes.

Even while the printed circuit board was
being developed. appropriate matching
structures were provided. Thus, together
with its connecting line. the 5.7 Gil l
filter branch forms a lambda!4 compo­
ncnt for 2.1 Gllz, while with its feed to
the dou ble diode the 1.0 filter supplies a

H,
R8 3.ea ""1 UB ] .e8 MHz

28 dB p r l'oJ . p
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Intermediate
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Spectru m of :' .?
C Hz Converter
without Input
Sig na l
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short-circuit there for 5.7 UHz. For the
intermediate freq uency. reactive imped ­
ances arise on both sides of the diode
which, together with the conduction
component Lt I (approx imately lambda!
4 lor 5.7 Gll z) and the input circuit of
rc 3 (stub 1, C 10) form a low-pass
filter for the intermediate frequency. Ie
3 acts merely as an intermediate frc­
qucncy amplifier. through which the 1,0
is additionally attenuated using stub I.

A Colpms circuit was selected for the
SAW oscillator I IJ. which osc illates at
423.2 Mll z..

The output spectrum of Ie 4 contains a
large number of harmonics (2). of which
the 2. 1 Gllz signal is brought to
approximately 3 mW by means of
selective amplifier stages with Ie 5. By
increasing the RI 7b resistance (56
Ohms), the LO power can be reduced, if
applicable, to optimise the noise .

Fig. 2 shows the intermediate frequency
spectrum without an input signal. The
external oscillator harmonics and the
attenuation of LO obtained (2. 1 Gl lz)
can clearly be seen.

Photo of read )'
to ope rate 5.7
GHz Conver ter;
th e Track
Structures a TC

\ eTY easily
recog nisable

27
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Power for the con verter can be supplied
optionally thro ugh the intermediate fre­
quency cab le or separately through a 1
nF fcedthrough capacitor. The suoprcs­
sor diode 0 4 is intended to prov ide
protect ion aga inst exces sively high vo lt­
ages and reverse connections.

It V was selected as the internal opera­
tional vo ltage for the converte r. The
voltage mult ipliers for the ERA ampli­
fier arc each made up of two paralle l
SMO resistances, in order to attain the
necessary rating.

The layout o r the input stages has been
optimised using the simulation so ftware
Silver Star from Eaglewarc, for minimal
background noi se and the largest possi­
ble amplificat ion under cond itions of
absolute stabi lity (K < I, B > 0). Fig. 3
shows a typ ical curve for the circu its
noise factor and tran...mission ampllfica­
tion

J .
ASSEM BLY

The printed circuit hoa rd, made from
0.5 nun. thick Rogers mater ial R040U3,
is so ldered into a tinplate housing
meas uring 30 mm. x 37 nun. x i iI
mm.. All the SMD components arc on
the foil side (Fig. 4).

Essent ia lly, SMD format 0805 is used .
Only on the dra in connections of ll EMT
TI and 12 was format 0402 needed for
R2, R8 and C4, in order to attain the
desired values for sensit ivity and stabil­
ity with the pre-set line lengths.

1 he SAW resonator and a wire strap to
the voltage regulator are on the back o f
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the printed circu it board . Th e 8-V fixed
voltage regulator is soldered d irectly to
the housing for better heat dissipation.

Just a tip from persona l expe rience
because some of the SMD components
for this circuit arc especially small . this
article is addressed only to exper ienced
DlY ers with a very steady hand.

This project can therefore also be
obtained as a complete ready-to-op erate
module .

••
LIT ERATURE

[1 1 RF Monolirhics data book

12l n UBUS 2/98, P. 32

Iligh-Order Frequency Multipliers us­
ing MMIC Devices

[3] Eagclware Corporation, Ocnesys,
version (i

Simulatio n Manual

[.tl NEe datil sheet NE 32584

PUFF version-2.1
MICROWAVE CAD SOFTWARE
Complete with full handbook

£23.50

Shipping UK £I.511; Surface £3 ,1l1l; Air £5 .1111

KM Publications, 63 Ringwood Road, Luton,

Beds, LU2 7GB, U.K.

Tel l Fax +44 1582 58 1051

email: sales@vhfcomm.co.uk
Credit Card orders +5%
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Matjaz Vidmar, S53MV

Correction to Marker Counter
for Spectrum Analysers in
4/1999

Pegc 234 of Issue 4/191)\) conta ined
Fig 2 which was tit led Prescale r. It
was in tact a copy of Fi~ I on page
23 I. The diagram shown on tbts page
ls t he correct F'ig 2.

T ha nks to Ma tjaz for sending the
co rrect diagram in time for this issue.

Policy on Er ro rs

Every effort is made to ensure that then:
arc no errors in this publicat ion, but it is
always possible that one or two will get
missed. If you spot a mistake please
e ither write or email the editor and i f
possible a correc tion will be published
in the next issue.

Where possible the error will also be
published on the VHI· Communications
web site so that keen constructors won' t
have to wait three months to find out
why their new project is not working
properly 1

•

liFr

•

F'i2 2 : Presca ter
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Wolfgang Schneider, D.J8 ES

SSB/CW TRANSCEIVER FOR
144 MHZ

Building a complete transceiver you r­
self still represen ts a hig challenge for
a rad io ama teur. 'reebnology has
changed over the yea rs, bUI so have
the demands which will be made on
eq uipment of this na tu re, ir respective
of whether it is a transceiver for
sho rt-wave signliis or for the VI..'/
UII F bands.

Th is a rlicle dcst'rihes how an SSW
C \ \' tr ansceiver for the z-m. a mateur
radio band can be const ructed.

The possibility uf ustn g this as a
control tr ansceiver (a dd-on) for Glb
t ra nsverters has heen considered a t
a ll stages of development.

I­
I NTRODUCTI ON

l11C research I have carr ied out leads me
to the conclusion that all the articles
published on this subject in the last ) 0
years can be counted Oil the fingers o f
my two hands. l et them be represented
by the SSB transceiver for the 2-m.
band from DC6 I II [11. the 2-m./70-cm.
transceiver according to DJ7 QY [2J.
and the zero-I F tra nsceiver for the GHz

bands from S53 MV [3].

In the conce pt la id out below, specia l
importance has been given to modular
structure. rep roducib ility and simplicity
of operation. !I. DDS oscillator was
selected. which has already been de­
scribed in deta il in this review [41, and
the advantages of which, among others,
include thc smallest possible step size of
I l iz.

2.

TH I<~ ASSEMII U F.S

The block d iagram (Fig. I) shows the
structure of the complete SSBiCW
transceiver for 144 Ml lz, The individ ua l
funct ional units are described in greater
detail below.

2.1. T he DDS useilla tor

With present-day techno logy, it is rela­
tively simple to create a DDS oscillator
(DD S = Direct Digital Synrhesiscr)
(Fig. 2) and it is a lso a genuine
alternative to standard oscillators in
terms of price. The technical advan­
tages for such modu les cannot be ig.
nored. Special advantages. in part icular,
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Fig. I : Block I)ja2ram fur SSR/CW T rd nMCin'r

(Z ...-v ersta rker ... Interm ed ia te-freq uency amphfler , H:cgclun2 = Adj ust ment.
Bandp an = Band pass , vcrst arker = Ampl ifie r)

arc the high frequency stability, the
clean output signal, the wide luning
runge (which covers the entire frequency
range desired without any problems), the
case of assembly and relatively low cost.

2. 1. 1. nns oscillator circuit
descr iption

The con: of the circuit is the integrated
I\D 9850 DDS mod ule from Ana log
Devices. It supplies a cmuso ida l output
voltage at 50 Ohms. The usable Ire-

10lI,OMIl.

~

1"M,,' H,"""..~
100,0 \l Ib

0::-'---,

Fj~ . 2: nos Oscillat o r with Miller after 133 1\lIIz

(Mikro-prozcssor = Micro-proeessor, TicfpalJ = Deep pass, Quarz-osztllator =

C rys ta l oscillat or, Dllndpall = Blind pass, Vcrstarker = Amplifier)
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quency lies in the range between 0 H7
and approximately 33~. of the clock
frequency. Th us. for a 100 MHz clock
oscillator. the maximum usable fro­
quency is approximately 33 Mil l. The
background to this restriction is the
output spectrum of a DDS mod ule
which. in add ition to the desired fre­
quency (fundamental wave ) also genc r­
ales alias products such as: clock Ire­
quency + fundamental wave and clod ;
frequency fundamental wave. The sallie
appl ies to Ihe d ock frequency x 2. the
clock freq uency x 3. and so on. This
again results in an infi nite quantity of
mixed prod ucts.

The spectrum can be restr icted only by it

high pass filter with Hanks as steep as
possible at 30 to 4()'% of the cluck
frequency. The required para meters can
be achieved by using a 7 pole Butter­
worth high pa!>!> fihcr which ha... been
characterised fur 50 Ohms. All values
an: normalised to standard values: the
limiting frequency is approximately 40
Ml lz.

The DOSs output signal o f 33 .3 to 35.3
Mil; is mixed up to the requ ired 133.3
to 135.3 MHz in the subsequent mixer
(NE 612). The mixing signal for this
comes from the ex isting reference oscil­
lator (100 MH7).

The 2 stage band pa....s filter is followed
by a broad-band amplifier module (type
MSA 01(4), which raises the output
signal to approxim ately 0.5 mw r- 3
dUm) (Fig. 3).

The DDS module receives frequency
data from a serial input. To this end. the
serial data. W Clock (Word Clock) and
FQ UP (Frequency Update) lines are fcd
out through Te flon bushings to the C50 1

-"=.L

0-1

I,
i ll

'r-r-r- tl I

,
"'-,

,,=
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f ig. 4: Layout of
[)J8F.S o.&J DDS
Prin ted Ctreun
Board

•• •
~~. 144
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~~- T
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, • • 00

I -. o ~-.
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II 'o~c:.aHH__0_

DDS
MHz

~
I
I
I
I
I
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I
DJ 8 ES ' Cl:"I' 0 J

043 0

micro-con troller Uniboard conncction of
DG4RBF(4).

11Ie circuit lor jhe comp lete DSS osc il­
lator is mounted on iI double-sided
CPOX)-" primed circuit board measuring
72 rum. x 72 mm. (Fig. 4). The printed

[~
DDS

I
144 Mllz,- I II:'

jl

~.,-
: II!- · ~ -..... •• •

-~ U :
•

~ ~ !; , i... G
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I<"ig. 6: Components
Side of DDS
Assembly for
U41\1"1.

circuit board fits into a standard tinplate
housing measuring 7'1 r um. x 74 !TIm . x

30 mm..

First. the earth connection for the AD
tJH50 is created using a compression
rivet. It makes sense to fit the relati vely
expensive DDS module last (Fig. 5).
The AD QH50 DDS module is s oldered
011 the foil side. This is an Ie in a SMD
housing, with a half screen interval of
only 0.65 mm. t For assembly, U~ a very
line soldering iron tip and a magnifying
glass.

All other components are inserted from
the components side as usual (Fig. 6)
and then soldered. Earth connections are
soldered on both sides.

2.1.3. nns components list

I x AD 9H50BRS. DOS

I x MSA 0104. MMIC

x NE 6 12. mixer IC

2 x 7N I.05. voltage regu lator

I x CMOS 1lI0.0 MHz crystal osc illator

2 x HV506 1, Noosid 0 .1 Ili l ready-made
coil

2 x 12 pI-" foil trmrmcr , yellow

3 x to IJ.F, 25 V tantalum electrolytic
capacitor

I x 3<J0 Ohms. 0.5 W

x tinplate housing, 74 x 74 x 30 mm.

I x I nl- Df-Kond. solderable

3 x Tenon bushing

I x SMA Ilnn ged bush

I x SMA connector

I x 4 rum.soldering tag

4 x compression rivet

I x DJ8 ES 043 printed circuit board,
DDS oscillator
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. 'iJ:. 7: Prntntype of nus for 144 MilL, a) Top b) BoHom

I x 24 Ohms. 0.\ W; RM 10 rom.

I x 51 Ohms. 0.1 W; RM 10 mm.

2 x I kfjhms, n. 1 W: R~ JO mm.

1 x 3.9 kOhms, 0 ,1 W: RM 10 rom.

I X4.7 ko hrns. 0 .1 W; R..\I 10 mm.

1 x I pF, ceramic wafer ..c....s, EGPU

2 x 2.7 pF R\ l 2.5 mm.

6 x I nF.

!;.) I~('W_ 1-_ _ -,
\1.....1.'...

rig.8: Block Diagra m for SSR/CW Prep ara tion wlth Intermediate-Frequency
Amplifier

(CW.Ton=CW to ne, ~F.Amp=Lo,, ·frcq ucllC)' a mplifier. Quarz-ntter-Crystet
filter , ZF-AmJF lnterm ediatc-frcq ucncy filter, Regel-spann ung- Control vottage}
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DJ8ES

FiJ;:. '): Wi r in~ Diagram for Microphon e Ampli fier, Mh;er a nd Intermed ia te­
Frequency Amplifier Stages

5 .\ lO nF,

2 x 0 .22 J.l H. SMD choke

3 x 0.39 !JH. SMD cho ke

2 x 4.7 pl", SMD~C

2 x 120 pr, SMD-C

2.\ 150 pF. SMD-C

2. 1.4. I' tl Uin~ DDS into 01'Hlltiflll

Ttl put the DDS into operation with the
AD 9H SO. tile assembly is cormccrd 10
the operating voltage + 12 V ( 150 mA)
and joined up to the micro-controller.
For a more deta iled descript ion, see the
article by Bernd Kaa [4J.

Tile two 12 pF foil trimmers in the
z-circuir band filter arc the so le halanc­
ing eleme nts. They should be recipro-

cally ~I 10 tile ma ximum output po wer.

The out put frequency o f the DOS
modu le starts at 133.3 Ml lz and goes up
to a maximum of 135.3 Mllz. Th us the
ent ire 2-m. amateur radio band is coy­
ered , plus the intermed iate frequenc ies
from 10.7 MI Lt . The output power is
approx imatel y 0.5 mw (- 3 Jll m).

2. 1.5. DOS control

The DDS assem bly and other functions
of the SSB/C W transceiver are contro l­
led throu gh the C50 1 Uniboard micro­
controller boa rd [a ]. The operating soil­
ware is housed in an EPRO M. Ce rtain
parallels with the KW4 QRP short-wave
transce iver will have struck the attentive
reader 15J.
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'- ig. l 0: Tone
Generator fo r
Mo rse Keys

--

I-no --0--;====== ~ ,,. Cl ' , . ----., ~I~ HI
~'~ j '- '

~ ~ ~~-
~ ..:.. j.{2J-
r- , ('I ' . ~
t ~ r~·-- '"

' J, =,-

2.2. SSR/CW exciter

The preparation of the SSBfCW in­
volves all the stages required lo r the
modu lation or demodulat ion of a SSB or
C W signal, including the low-frequency
section. Thus a microphone, a loud­
speaker and a Morse key call be
connec ted directly here. In addition, the

intermediate-frequency amplifier with a
crystal filter lo r 10.7 MHz.. the regulator
voltage generation and the S-mctc r are
consti tuent elements of this assembly.

The interaction of the individual tunc­
rional units in the SSR!CW exc iter is
shown in the block diagram in Fig. H.

DJ8ES

filf. II : Wiring Diagram for C rysta l Filter Assembly with Tra nsmissionl
Recepti on Change-over

(Ouarzn fte r = Crysta l filter. Mtscher « Mixer)
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DJ8ES

rig. I2 : Cont ro l voltage Generanon fer S-:\l eCer

- ~

, Me'''''

(} I

2.2.1. SSH/CW exciter ci rc ui t
d escri ption

The microphone signal is first amplified
by a factor of S. using a low-noise
operational amplifi er (TL 01:1 1) (Fig. 9).
The subsequent mixer (NE 612 ) is thus
still not overloaded. The amplification is
fixed by means of the feedback resistors.
and thus a MIC gai n control can be
dispensed with !

-

The C\V tone of approximately IWO Hz

is al so led in thro ugh the microphone
amplifier. It is generated through an Nf
555 time r rc (Fig. 10). The freque ncy is
determ ined by the I{C combination 33
kOhms I 100 kOhms J 10 nF. The CW
signal is coupled through a 250 O hm
trimmer to set the level ,

The CW key (Lo w -acuvc j is connected
to the l HGl l-activc trigger input o r the
generator Ie through a transistor stage

FiJf. 13: T wo-S tage
Low- f treq uency
Amplifier
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Fig. 14 : Layou t of lURES 1144 SS H/CW Exciter

wired as all inverter. With 311 NE 6 12
IC, 111 ~ modulator generat es a DSIl
signal at 10.7 MIl/.. using the internal
osci llator. '111e crystal freque ncy is
1O.69S5 Mllz (sideband crysta l I'M
USn).

A crystal f ftcr suppresses the unwanted
sideband. together with the car rier Ire­
qucncy (Fig. 11). At the out put, the
US B transmissio n signal. with a level of
approximately 0.5 mW (- 3 dRm) , is
avai lab le to drive the transmission
mixer. The crystal filter is used bi­
directionally and is switched over when

44

requir ed,

The Me 1350P is responsible for all the
intermediate-frequency amp lification re­
quired in receive mode. Depend ing on
the cont rol voltage, this Ie amplifie s to
maximum 60 d B. The co ntro l volta ge
(Fig. 12) is obtained from an integrat ed
interm ediate- frequency amplifl cation
modu le (NE 6 14 intermediate-frequency
IC) with field strength ou tput inuncd i­
ately behind the crystal filter. Following
the necessary level matching, a se ns itive
mo ving coil instrument (c.g. 100 IlA )
d isplays the rece ived field strength as an
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Fi~. 15: Co mponent Plan of SSB/CW Exciter (Rc lais = Relay, Q uarxfllter =

Crystal filter, Hru ckc = nrid~t')

S-mclcr.

An NE 6 12 mixer Ie is again used as
demodulator. However. here the side­
band oscillator is powered exter nally
from the modulator IC. The demodu­
lated reception signal runs through a low
pass filler ((I remove the high frequency
signals. lh e low frequency amplifier has
two stages (Fig. 13). n il: first stage ,
with V =- 4, acts merely as a pre­
amplifier. The fina l amplifie r is an LM '"
386 ted through the volume control (10
k Ohms). With an amplification of max.
x 200, thi.. low-frequency fC supplies an

out put power o f app. 0.5 W at S Ohms.

2.2.2. Asse mhly Instructions for
SSH/CW excite r

The SSBiCW exciter element (DJR
LS( 44) for the 144 MHz transce iver is
assembled on a double-sided coated
epoxy printed circuit board measuring
JOO mill. x 120 mill. (Fig. 14). The
comronet side is not etched. This
guarantees good carthing conditions .

First the holes are drilled for the
components to.X mm.). The earth sur­
face can then be taken away around the
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Fig. 16: Plan Vie"
of Assemhled
Prototype nf
SSB/CW Eecttcr

holes on the componen t side. using a
25-mm. drill. N.H.: Thl' earth surface
around the holes must remain for all
earth connections! The individual com­
ponent i ~ later soldered directly on the
earth surlace.

The position of the components is
shown on the component plan (Fig. 15).

2.2.3. SSB/CW exciter co mpo nents
list

.2 x XE 612, integrated mixer circuit

1 x NE 61-.1 , log amplifier

I x Me 1350P, intermediate-frequency
amplifie r

I x LM 3&6. low-frequency amplifier

I x NE 555. timer

I x LM 358. Oil

l x TL OSI. OP

3 x Be 541JC. transi..lor

3 x Af 245C, I'ET

I x 7& 1.06. 6.v voltage regulator

4 x IK 414K, Si diode

(j x 0.4 7 !iF, 25 V, tantalum electrolytic
capacitor

2: x 4.7 flF. 25 V. tantalum electrolytic
capacitor

(; x 10 ul-. 25 V, tanta lum electro lyt ic
capacitor

I x 250 W. horizontal trimmer potenti­
ometer. RM 5i lO mm.

I x 10 kw linear potentiometer, 6 mm.
axis

I x 90 IlF, fo il trimmer. red. Rt.t 5/ 10
mm.

1 x 22 mH verticilI choke, R\ 1 5 mill,

1 x 10 IlH horizontal choke, RM 10
min.

I x DJ8 [ 5044 SSBfCW exciter primed
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"·ig. 17:Rlock m agram or U -I Mllzl lO.7 M Hz TrdnsmissionlHl"('cption l\1i\l"r

(DantlpaU - Hand pa ss. v crs tarker '" Am plifier, Ma~t-V(Jr-vcr~t lt rkc-r ­

Masthead pre-amplifier)

circuit board

1 x 10.lltJ l:l5 MILl crystal lUSB side­
band crystal)

I x 10M 22D crysta l filter, alternative
1 0~1 22C

3 x 10.7 Mit, ic ready-made filter,
green. RM 5 mm.

2 x relay 2 x UM. 12 V

27 x 1.3 mm. soldering stu d

1 x 100 Ohms. each 0.1 MW. RM 10
mm.

4 x 560 Ohms

2 xlkOhm

I x 1.5 kOluns

I x 2.2 "-Ohms

I x 2.7 "-Ohms

1 x 6.8 "-Ohms

7 x 10 kOhms

1 x 33 kohms

7 x ~7 kOhms

6:.. 100 kOhms

I x 22 pF. ceramic wafcr-Cs, EG PU

I x 68 pF, RM 2.5 mm.

I x 100 pF

2 1x lO nF

9 x 100 nF

2.2.4. Putting SSRlCW escner int o
operatio n

Following a visual check (If the fully
equipped print ed circun board (Fig. 16 ).
the operational voltage (If + 12 V can be
applied. The functionin g of the sideband
oscillator can easily be checked using an
osci lloscope at the 10.7 MHz filter pot
(sec ondary side on 10 IIF capacitor ).
The co il core can he used to adjust to
the maximum output level. The precise
frequency of 1O.69K5 Mill is set by tine
adjustment o r the 90 pf trimmer.

The microphone can now be connected.
and - 12 V can be fed into the
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)<0' TXIRX-"ischcr

t

Fig:. 19: Layo ut of [US ES n4S Trausmlsdon/Rccc pt lon J\liwr (Mi schcr = Miwr)

microphone amplifier {ll, OR I. pin 7).
The signals (low-frequency and high­
frequency signals) can h~' tracked stage
hy stage. Measuremen t points arc. for
example. the input or output o r the TL
OX I micro phone amplifier. the output of
the l\E 612 modulator, and the input
and output o f the crystal filler. :\". B.: Do
not forget that the PTT must be con­
nected to ea rth for receive .

If a loudspeaker is now connected and
the low-Ircquency amplifi er (1'1. OS I
and LM J X6) is powered at the opera­
tional voltage (T I ~ V). the equtpments
own transmission signal becomes audi-

blc on the 10.7 MHl Intermedia te­
frequency band. The funct ioning of the
demod ulator and the low frequency
amplifier can likewise be assumed . A
connected S-meter shows a correspond­
ing movement of the needle when
moduhuion is appl ied.

Checking. the functioning of the CW
tone generator i'i a lso very simple .
Connect up \ 1nrsc keys and check the
signal at the CW output using an
oscilloscope. There musr he a square­
wave voltage here, with a frequency of
app roximat e ly 800 IlL.
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"-ig,. 20:Cu mpolll'1l1 Plan ur Tran...nit/Receive Mixer (Relais '" Relay)

2.3. TX fRX mixer

The TX/Rx mixer converts the 10.7
Mllz intermed iate frequency signal d i­
recrly to the 2-m. amateur radio band
(Fig. 17). The DOS module desc ribed
contro ls the freq uency by micro contr ol­
IeI' control [6].

In accordance with the overall concept.
as a control transceiver lor GHz trans­
verters. an output p ower of approxi­
mately 100 mw is sufficient here. The
receiver input is designed for good

50

high-level signal behaviour.

For possib le use as a station transceiver.
the TX/RX mixer can easily be supple­
mcntcd hy an additional power amplifier
and a reception pre- amplifier.

2.3.1. l'X/IU mixer circuit
des cription

The DDS oscillator signal is amplifie d
10 app roxim ately 20 mW using all M SA
1 1O~ MMIC. The discrete ly assembled
Wilk inson hyb rid d ivides the oscillator
level unifo rmly into transmi ssion and
reception branches. The necessary signal
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Fig. 21: Fully
Assembled P ro totype
of TXlRX Mixer

level is thus available to both IE 500
rtng mixers .

In the transmission branch , the mixer is
fed, not only by the oscillator ( 133.3 to
135.3 MII:I.), but also by tile SSBiC\\'
exciter assembly, at lO.7 MHz.

The usable signal at 144 :vtHz is filtered
out through a 1 stage filter. The va lues
have been chosen to attain the suppres­
sion of oscillator and signal frequencies.
A second 2 stage filler supp resses the
oscillator and signal frequenc ies further.

The subsequent amp lifier stage is assem­
bled using an MMIC (mono lithic micro­
wave integrated circu it), type MSA
088 5, which suppli es approximately 30
dB amplification at 144 MH z for a
maximum output power of 10 mw. Be
especially careful here to mount the
components neatly, using short connect­
ing wires, otherwise there will be a
tendency to oscillate .

And finally . the transistor stage ampli ­
fies the transm ission signa l to the de­
sired va lue of approximate ly 100 mW

with a OFR 96S. Thi s allows direct
feeding of e ither trausvcrtcrs lor the
Gllz range or power amplifiers 161 for
the 2-rn. amateur radio band.

T he reception branch attains ib high
selecti vity, in part icular, throug h the 2
stage hand pass fil ter directly at the
input. Since the ent ire transverter is
strictly orientated aro und the standards
of 50-Ohm technology. this filter is
structured like the one already described
in the transmitter.

Before the reception signal is mixed
down to 10.7 MH z, it first runs through
an amplifier stage (M SA 088 5) and the
second band pass filter. A type IE-5 00
ring mixer is used ill the reception
branch as well .

The mixed-down recep tion signal is
coupled through the ready -made filter
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for 10.7 MHz and ted tu the low-noise
amplifier stage with a HF 98 1 dual-gate
MOS FEr. This stage amplifies the
signal somewhat 10 20 dB. and thus
guarantees the level requ ired for feedin g
the SSB/CW exciter.

2.3 .2. T XlRX mixer as sem bly
inst ruct ions

The board lor the TX/RX mixer (DJ8
ES( 45) is a double-sided cpnxy print ed
circu it board meas uring 100 mill. x 120
mill. (Fig. l ~) . When the soldering
po ints have been drilled (O.S mm. ), they
arc countersunk from the earth side with
a 2.S-mm, drill. This does 1101 apply to
the earth connection s. which are sol­
dered on both sides . All com ponen ts arc
mounted from the fully-coate d side (Fig.
20 1.

The str ipline transistors (Hi-! 9X l, BFR
9(iS) and the MM1Cs (M SA 11 0't, MSA
( 885) arc inserted into the board. Ap­
propr iate holes should be drilled for th is
purpose: lor the MMICs. 4 rnm. or :::!.5
111m., and lor the transistors .'i mm.
Th ese techniques prov ide suitable
mo unting for high-frequency equipment.
....'Ith short connecting wires. This guar­
amccs stab le ope rationa l behaviour and
makes the equipment easy to w py.

All hand pass fi lters, both ring mixers
and the foil trimmer are a lso each
so lde red to the earth surface at two
points.

One piece of advice here if anothe r type
of ring mixer is to be used as au
alte rnat ive to the IE 500 ring mixer
proposed (for example, SRA- l or SBL­
I), the technical data may indeed be
comparable, hut it is po ssible that the
earth connections will not connect

firmly to the metal housing. They should
therefore be through-hole plated to the
board using compression rivets, as de­
scribed ear lier.

The coupling coil L on the co llector of
the BFR 9fiS has 4 .5 turns and is made
trom 0.8 mm. silver-plated copper wire.
The coil d iameter and the interval
between the turns arc measured rrom the
so ldering points. The clearance from the
printed circuit board is 1 mill..

2.3.3. TX /I{X mher components li"l

I '" BFR 96S, transistor

1 x BF 981, dual-gate MOS FET

I x MSt\ 1104, MMIC

2 x t\1SA 0885, MMIC

2 x IN 4 148. d iod e

2 x IE 500 ring nnx er (SRA- l or
SBI .- I )

10 x BV 5 1 4630, 0 .076 ul l Ncosid
read y-made liltcr

I x LC ready-made filter, 10.7 Mllz,
green, RM 5 mm.

I x 45 pF fo il trimmer, vio let

2 x 2.2 mH cho ke, RM 5 mm.

1 x 10 mil choke, RM 5 nnn.

1 x 120 Ohms, U.S W, carbon lilm, KM
12.5 mm.

2 x 150 Ohms, 0 .5 W. carbon mill, KM
12.5 111m.

1 x re lay, 2 x Urn, 12 V

I x coil, 4.5 tur ns, C uAg wire. 0.8 mill.

I I x soldering studs, 1.3 mm.

S x compression rivets

1 x DJ8 ES045 T X/RX mixer board
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I x 10 Ohms. each 0.1 W. KM 10 mm.

I x 22 Ohms

1 x 100 Ohms

1 x 150 Ohms

I x 820 Oh ms

I x4.7\..OhOlS

1 x 10 kOhms

1 x 18 kohms

~ x 1 pF individual ceramic wafcr-Cs

Rx 2.7 pF. EGPll with RM 2.5 mm.

R .x lO pF

5 x 22 pF

9 x 1nF

4 x 10 of

2.3.... rlltt i n~ TXlR.X mixer info
o pera tion

Fo llowing a successful visual check. tho
assembly can be put into operation in
stages. The supply voltage for all co m­
ponents is + 12 V. This gives r.ero
signa l currents (i.e. without input) of 15

rnA (LO). 45 rnA (RX ) and 100 mA
(TX). At full d rive, the current in the
tran smission section rises to 100 mA.

with input using a C\\' signal at 10.7
\1 11z. on ly the rwo band pass flfters
need to he set to maximum out put
power ( 100 mwj. using the coil cores
and the 4:'; -pF foil trimmer at the output.
A loud warning signal should immedi­
ately be heard in the rece iver. Ilere 100,

the only adjustable e lements arc the two
2 stage filters.

3.
J:"TF,R·CON~ ECTIOI\ A1'II O

PUTTING INTO O I'F,RATION

High-frequency assemblies, of whatever
type, should essentially he incor pora ted
in a screening housing (metal housing).
This simultaneously prevent s the re­
radiation of undesirable frequencies and
also the penetration of external interfer­
ence into the equipment.

One of the biggest interference sources
is in the equipment itself The micro­
controller produces a spectrum of inter­
ference rad iation co vering the entire
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fi~. 23: Arrangement of Individual Elements on Back of Frontplate

VHF range. This primed circuit hoard
must be mounled in a separate tinplate
housing measuring 74 mm. \. 146 min. x
30 mm.. All connec tions here can be fed
through a 25-pin SUA-D connec tor (or 9
pins. for the LC display). The se connec­
tors can he supplied in a specia l
electro-magnetically compatible version.
i\ I nl! solderabtc fccdthmugh capacitor
is used for the supply voltage.

T here are no further pre-conditions for
the layout o f the remaining assemblies
or boards of the transce iver. However,
unnec essarily long cable connection s
should be avoided here. In addit ion.
unimpeded access to tho: assemblies
should he possible for adjus tment work.

3.1. Operating controls a nd
co nnections

The number of operating controls and
connect ions for the 144 Mil .! SS B/C W
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transceiver has been reduced to what is
necessary , The only luxuries arc the
frequency storage keys. F l to F4. 0 11 the
fro nt o f the equipment.

3.1.1. Funcucn '-Cl S

The function key assembly (DJS ES042)
has already been used in the artic le 0 11

the a -band QHP short-wave transceiver
l5J. Ilere there are pressure keys for
specific contro l functions such as band
se lection, RIT and frequency storage.
The key contro l operates in a low-act ive
manner i.e. all thc keys switch to earth.

The switching outputs lor tho: PTT
switchnv er (including the sequ encer) for
operation with a po werful final stage
and a masthead pre-amplifier, or as
cont rol transceiver for transverter mod e,
are ava ilable on the board at the same
time.

The ULN 2803 is used as the integra ted
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driver circuit. Its switching outputs can
cope with a current of max. 500 mAo
T he outputs pins I I to 18. and the
corre spond ing input is oppo site. Th us.
for example, if the input is pin I , the
output is pin 18, ere..

The same app lies to the vo ltage supply:
earthing at pin \) and i 12 V at pin 10
of ULN 2803 integrated driver circui t.
Th e funct ion key printed circu it board
(DJ8 [ SO.:l2) consis ts of single-sided
copper-coated CPI)XY materia l measuring
50 111m. x 100 min..

J, I.2. Elements orfr ont plat e

In the prototype. the microp hone jack
and. the connection for a headset are 011

the left-hand side of the front plate (Fig.
22 ), with the Scmcrcr disp lay nbove
them.

The LC d isp lay a lways shows the
current condnton o f the transceiver.
Thus the status regarding VFO or
storage mode. TX /RX and clarifier is
always displayed.

T he frequency is adjusted using the
large tuning knob in the bouom right­
hand comer (accuracy of d isplay 10
Hz).

All operating controls are either sc rewed
to the front panel direc tly or else
fastened by means of glued-on M3 blind
nuts. The adhes ive used is two-com po­
nent adhes ive. The photo (Fig. 23)
shows the layout of the comp onents on
the back of the front panel.

More effort is invo lved in mounting the
shall encoder . With the favourab ly­
priced variant o f the incremental trans­
mitter used here from Sharp (type OPI
A70R), the hybrid light barr ier and the

~

Fig. 24: St r uct ure of Hybrid light
Barrier with IJi\'iding Plate

dividing plate must be mounted to a
sp ind le and a mounting plate (Fig. 24).
Alternativ ely. enclosed models of shan
encoder can also he sought. In the end,
this is merely a matter of price.

3.2. Co mponents list for assembly

1 x housing, 200 nun. x 100 mm. x 250
mm.

I x LC d isplay, 2 lines. each with 16
cha racters

x front frame for l .C display

x 4-pin microphone jack

3 x 3.5 nun. j ack plug

2 x flip switch, single-po le Ur n

I x I() k'Ohms (linear), potentiometer
with switch

I x Scmctcr, 100 J.lA

I x turning knob, 15 mm.

x turning knob, 2 Rmm.

1 x PL jack (SO 239)

3 x chinch jack
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I Funktions- :
' tasten , I
L ~Wt-J

SSB/CW

fij.t. 25: Wiring Diagram of Asscrnhl k s of 2-111 . Transceiver

{Funk tinns- tas ten = Function keys. Scqucnzcr > Seq uencer, Mikrocont rollcr '"
Mlcro-cont rullerc Mischer = Mhcr)

I x fuse holder

I x 2A fine-wire fuse

lOx pressure key

2 x pin jack. red or black

1 x breadboard

1 x SCB-D plug-type connector (elcc-
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tro-magnetically compatible). 9-pin

1 x SUB-D plug-type connector (e lec­
tro-magnetica lly compatible), 25-pin

1 x incremental trans mitte r (e.g. GPI
A70R, Sharp )

2 x flange sleeve

I x breadboard

I x 4 mm. ax is

The article by Bernd Kaa, DG4 RBF,
contains further instructions reg ard ing
the micro-controller, inclu ding the con­
trol lines and the ope rating software
required for the 2-m. transceiver.

3.4. Putting into operation

Following the com plete wiring up of all
the Vl IF transcei vers assemblies, the
transceiver can be put into operation for
the first time .

And in arhlit iun, mbcellaneou s
installation material :

Ribbon cable

As far as poss ible, the indiv idual stages
shou ld already have been tested and
pre-set. Thus. for example, the funct ion­
ing of the DDS oscillat or can be
checked in iso lation.

Stranded hook-up wire

RG 174 coax cable

M3 blind nuts

MJ screws with nuts

When the equipment has been switched
on and the switchin g on routines have
been run through, chec k the d isplay to
see whether the micro-co ntro ller is func­
tioning satisfact orily ; this should show
144 .300 .00 M Hz.

3.3. Wirin~ of a ssemblles

The SSRC W transceiver to r 144 MlIz
consists of 5 assemblies in all. The
individua l compone nts are wired up to
each other in accordance with the
general plan in Fig . 25.

In detail, the following cable material is
used to r the internal wiring:

RG 174 coa x cable for high-frequency
conn ections

Screened low-frequency flexes for mi­
crophone, loudsp eaker and volum e con ­
tro l

Stranded hook-up wire for pow er supply

Switches, S-meters , etc.

Ribbon cabl e for connections to rmcro­
controller

If an aeri al is connected, sig nals from a
stron g station shou ld now already be
audible at 2 m.. For th is purpose , the
recep tion frequency is tuned using the
shall encoder. Even i f absolutely no
signal should be aud ible, still a t least the
loudspeaker shou ld hiss!

It is simplest if the prec ise balanc ing of
the hand pass filter is carried out in
transmission mode (CW). Thus, the
ampl itude of the indivi dual frequ enci es
can be disp layed and tuned to the
maximum, using an osci lloscope. During
this phase, the transmitter should he
connected to a wattmeter fitted with a
50-Ohm dummy load . The 25 0-0 hm
potentiometer for the CW level is in the
mid-posit ion.
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O PERATI NG F.X r ER I E~C[S

The SS H/CW transceiver for 144 ~1 111

has been developed as an add-on for
Gllz transvcrtcrs. Special features such
as, for example, PIT switching via coa x
cable, are naturall y taken into account
here.

The transmission section in the (mils­
ccivcr supplies approximately I(}() mw
at 144 MII7.. This output can easily be
adapted for various transvcrtcrs.

The des ign of the receiver ensures high
input sensitivity and high signal strength
performance . Thus the first stage is tile
input 2 stage baud pass filter. and on ly
after this do we find an amplifier stage.
With this design. the noise factor is
apprcx uuately 5 dB. Since the amplit l­
calion for standard trausvcrtcrs is ap­
proximately 20 dB, the entire system
possesses the necessary receiver sensi­
tivity.

TIu: output power of approximat ely 100
rnW is sufficient fo r driving a power
amplifier. '[here arc essentia lly two
options here either a conventional two­
stage or three-stage transistor amplifier
or a modern hybrid module is used (e.g.
M 57727 from Mitsubishi). This makes
it simple to attain outp uts o f 20 to 50
Walts.

It is normal nowadays for VHF DX
stations 10 usc a masthead pre-amplifier
to improve the reception sensitivity o f
the 2-m. SSO!CW transceiver.

56

VHF COMMUNICATION S 112000

5.

LlTEHAT URE

[ I] SSB Transceiver for the 2-m. Band
DC 6HL VHF RcpOl1S. Seventies issue

[2J 2-m.nO·cm. Transcei ver DJ7Q YDU·
BUS, issue

[3] Zero lnrermedlmc-lrequen cy Trans­
ceiver fo r Gf lz Bands S53 MV From
years 111116·191.)7

l41 Bernd Kaa, DU4 RUF C50 1 Uni­
board Micro-Controller VHF Reports
3,/9S Verlag UKW-Berichtc. Baicrsdorf

[5} Wolfgang Schneider DJ8LS: 1<.: \\"4
(O R!' ) 4-Ralld OR !' Short-Wave Trans­
ceiver VHF Report s 3/98 and 4/98
Verlag l iKW-l3crit hle, Haiersdorf

[61 \Voligang. Schneider DJ8ES Hybrid
Amplifie r for [44 t\.l l1z VHF Reports
2/93 Verlag UKW-Ikrichte, Baicrsdorf

Do You Want
To Advertise

In This
Magazine

The lII a~al.in e is sold through ou t the
world In Radio AIIIute urs and Elec­
tron ics profess iona ls. If yo ur prod­
ucts a rc a imed at these ma rk ets,
contact And y Ba rt e r ror more Inror­
mation o n the compcnttv c advertis­
i n~ rates.



VHF COMMUNICATIONS 112000

Bernd Kaa, DG -I RBF

CONTROL OF SSB/CW
TRANSCEIVER (VHF 2 M)
FOR 144 MHZ

All addit iona l control printed circui t
bua rd with a mfcro-controjfcr and
ope ra ttona t softwa r e is requi red fur
t he 2-m t ra nsce iver project with nus
fr om Wnl f~aIl~ Schne ider, I).I!WS [ I I.
Here lou, the C501 I2 l lJniboard
comes inlo use.
T ile snftl\':dre for the SSRlCW
traesceoer (V IIF 2 m) in version 2.0
was prep a red u..ing a new compiler
which 1'1a....t ill mo re efficient, wh ich
It'd to II few changes in the hardw are
a nd softwa re. However. ma n)' pui nb
a rc t he sa me as in the descrip tion fllr
t he KW .a(Q R P) 131. so tha i onl) the
points l'I-here III£'r£' are disu t'p and es
a nd Ihe chan~£'s art' deall wilh bere.

I.

HAIWWARE

1.1. T he micro-control ler board

The C501 micro-controller board comes
into use here in the same asse mbly stage
as for the KW4(QRP) sho rtwave trans­
ceiver [3}. The on ly change is reset
capacitor C5. wh ich is changed 10 I
~F- 1.5 ~ r. For the sake o f complete­
ness. the component plan is shown in

the vers ion for 14-1. Mill TRX.

1.2. Shaft encoder to r freq uency
adj ust men t

The VI1F2m operational so ftware in the
2.0 vcr..ion con fers a marked advantage
in t LTfIIS of speed, which main ly makes
itse lf noticeable in frequency adj usuneut
using the shaft encoder. For this reason,
we were also able to d ispense with tho:
pro gressive programming of the sha ll
encoder. The shall encoder hen: sho uld
be on ball-bearings SH that it moves
easily. and to make rap jd tuning possi­
ble.

1.5 Connections

Important changes take place concern ing
the disp lay connection:

The LC display is dr iven at port I. In
software version 2.0 it is important that
pin 5 (RlW) o f the LC d isplay is
connected to ea rth. Pin 2 at K4 (port
1.1) rema ins free .

The table shows the connection of the
l .C disp lay at port I in so llware vers ion
2.0.
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Fil!. I: Componen t Plan of Unihmtrd C :;ot MkrlJ~Cllntrnllcr Board in Vers inn
for SSBlCW T rallsceivcr for 144 Mll7:

T1Ihlr: LC ni~p l llY Connections
Plug K7 J port 3

P 3.0 '" Channel A shaft encoder
J)i~I," ~ Sie.n~ 1 )' in 0" .," ("omme nl

po ., Jl 3.1 - Connect 10 K I2 (COM ) serial
interface

Prn I """ .~ I 0"" P 3.:!.'lnlO - Channel A ..haft encoder

ooK I9 1)3.3 DDS = FQ Update

I' ln 2 '5 ~ 10 ,.... 2 .j, 1)3A DDS = Serial Data
lI" KI<)

I'm .1 C" nlT'lM Uq >l'ld_
P3.5 DDS = Word Clock

00 (' lug t\:1 4 (inpul)
lIl"du k

I'in ·1 " PIQ ~ell Select
I: I "" Memory I E2 -= Memory 2

1'10 ~ ~/W (j",1 E3 - Memory 3 E4 - Memory 4

Pill I, t J P1.2 I::nahk E5 = Memory 5 Ell = Vf'( J/C I.K
1'10 7 IX' Gnd (out from memory'}
1'11I II D' God E7 = Fast ! Slow E8 = Up (lrq. Step)
Pill 10 1>2 Gnd

I'm 11 1>, s PIA f)a la E9 - J)mm EIO == PTT

Pin 12 Uj 6 ru D,," ('Iu~ K 8 [inpuf]
1'10 n IX. 7 1'1.6 Dall' P6A -" Function (menu)
1'111 14 1>2 , 1'1.7 f).II .

P6.5 == CLAR (clari fier}
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70 em (2)

13 em (4)

6 cm (6)

24 Gllz (8)

V HF COMMUNICATIONS 1/2000

2. 1. Oper-Ation

Up I Down [F rq . Step):

The \UPJ and [DOWN] keys can he
used to adjust the fr equency in specific
steps. The step width can be adjusted in
the system menu using the STEP Up/
Down menu option.

Basic settings with menu system:

Activating the [Function] key takes you
inlo the menu. llcrc you can select the
following menu options using thc shan
encoder:

I. Crystal 2. QRG

3. FRQ Trim 4. STEP Up/Down

5. Sequencer 6. End

In order to implement the se lected
menu option, act ivate the [Function]
key.

T tl leave the menu system. selec t option
<END>.

- I. Crystal :

Il ere the d od , osc illator freq uency is
adjusted . It is adj usted using the shaft
encoder. in 10-l lz steps, or using the
Up/Down keys in l OO-kllz steps. To
adjust the frequency, press the [Func­
tion] key.

Default setting = !OOOOOOO Hz (ltXl .OOO
Mi lL)

- 2. QRO:

Since the SSB/CW transceiv er (VHF
2 m) has been specia lty laid out for
rransvertcr mode for higher bands . the
bands listed below can be selected

Fi~. 2: LC Display during Ope ration
with Sellings for 13-em . Hand

directly. Thus, when ope rat ing with the
corresponding transvcrtcr. (he correct
frequency is always d isp layed .

2 m ( Il

23 em 0)

9 em (5)

10 CH I? (7)

47 Gllz(9)

Fig. 2 reproduces the LC disp lay when
the l f-c m. band is selected.

- 3. FRQ, Trim:

Should the d ock oscillator used not
osc illate at prec ise ly its rated frequency,
a line correction can be made here
using the sha ll encoder. Very fine
frequency correction below I l iz is
possible in version 2.0 of the pro­
gramme.

During the setting itself: the frequency is
re-calculated and immedi ately trans­
ferred to the DDS, so that when a
frequency counter is connected up the
current output frequency can be meas­
ured without delay.

To store the corrected frequency again.
usc the (Funct ion] key.

- 4 , Step Up-Down:
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,PI ~I"1(19

K2 K14 K 8

." , 2 3 4 ~ 6 , "' ro ~ ~ 7 a

' n l _~ .,
"UP ' '' ' - ,~,;,

' J ' ' '' ' x ~ 8 qs c
• ~H H q

Tasler iostor

MikrocontroHc r

,
11.: «u

uacoorc
COOl

K7
(1"31 •..,

K3 (1'4)
1234 5~ 7H

Ausgongc

'"

Drehgeber
GP1Al 00

"'X 5 _ .

"",.ie ' = '""
()..~,"" <

,; " '"

riA, J : Exter na l Wi r i n~ for ll n iboa rd C~(J I M icro-C onlrutkr Boa rd for
SSII/CW T ra nsce iver fo r 144 MHz (VII F 2m)

( K ont rast = Contravt, Batte r!c ~ RMlIny, xpctcncr '" I\l rfTI"~Y, vtcnue - 1\I ~III1 , I\likrnronll"olh' r '"

J\li r r u-r "nlmllu , Pie.r.o S ill l1 ~ h:d~r ("hllr t:l r kl nJl1i kl - I'ir -w , ignal f r l ll .m itl ~ r (", ithout

r ll'('lrullks ). I)rt"hgl"hrr ~ Sha rl ....ueed ....r . Srq ur nl fr ~ s..~urnn·'-. Ta ~rfr " Key. ,,,- ,,,gAugc '"

UurplIl~. WkhliJ:~ .\ ndn u lll:.... n fllr '" ImlM'rl lln l r ha n!:I'!! fo.-. Rrs rl-Kolldrn"-'llor : It \'!;Cl ca pac-iln r ,

.\ lLd c- rn ,,"r: ( 'h an J,:r 10, I' in ~ (WW ) tlr~ 1,( '" ...ir <l , "r \I a~..., ~e ltl: 1 uud I'" rl 1.1 am Me IJI ~ i hl

fr l'i .. I'in S (I{(W I nr l .C 'U i. earthed ~ n rl lll 'ri 1.1 111 1\1(' re fII ~in ~ frer )

Here the step width for the UpIDown
keys is set in kHz. The default setting is
.5 HI....

- .5 Sequencer:

Here the delay time for the sequencer
can he set in stages of 1-250. The
default value is 35 .

is switched on: provided the 3 V lithium
battery is built- in.

2.2. Additiona l (unct ion... durin g
switch-on

If a key is pressed during switch-on,
specific set-up functions can be carri ed
out.

- 6 End:

Use this option to leave the menu.

All settings activated remain stored in
the RAM of the micro-controller printed
circuit board even when the equipment

Thus. for example. no micro-contro ller
system should be without a reset func­
tion with which a defined initial cuudi­
tion can be re-established.

Press key 6 [VFO/CLRJ to carry out a
reset function and re-establish a ll set-
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rings.

The following set-up functions are also
available:

whether correct data are present in the
RAM , and the message System OK
should be displayed .

Key ( I ) S 1 = Rand limit
\ 11-IL (de fault)

144-146 3.

LITERATLR E

Key (2) 52 • Band limit . 140-150
Mllz

Key (7) f ast /Slow " Info on program
version

2.3. Pll tt i n~ equipment into
operatio n:

The first time the equipment is swit ched
nn, a warn ing signal is heard and the
message Datil lost: is displaye d. sinc e
the RAt",l memory co ntains no mean ing­
ful data as yet.

Dur ing subsequent switch-on proce­
dures. a check function determines

[I ] \\'ll l fg.mg Schneider, DJ8E$

S5WC\V Transceiver for 144 MHz

VIIF Report s 111999, Pr. 9·30

[::! J Bernd KOla. DG4 RDf

Uniboard C501 universa l Micro-Co n­
troller Hoard

VHF KcpOI1S3!199M, Pp. 13Y·144

[3J Bernd Kaa . IK i4 KIH'

Micro-Controller .\IId sonware for
K \V4(QKI' ) S5 B/C W Transceiver

V IIF Reports 311 998, Pp. 169- 174
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