
Rock Solid Rf 

Get pinpoint precision with this 
PL L-based frequency synthesizer. 

T he main problem radio 
Emil O c i e p k a  amateurs face in con- 
83-1 10 Tczew strutting a receiver or trans- 
ul. Mate jk i  2 ceiver is ensuring constant 
Poland frequency of the receiver 

heterodyne or the transmit- 
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Fig. 1.  Principle o f  operation o f  FLL synthesizer. 

Fig. 2. Block diagram o f  radio receiver. 
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ter frequency. I t  is not SO 

diff icult to  ensure stable 
operation of a vfo operat- 
ing on a relatively low fre- 
quency and within a fixed 
range. The problem lies in 
ensuring constant frequen- 
cy of an oscillator which 
has to  operate within vari- 
ous bands (10, according to  
the latest band plan) and on 
a relatively high frequency. 

The problem may be 
solved by using switched 
crystal oscillators in the 
band generator or by using 
t h e  P L L  (phase- locked  
loop) method when con- 
structing the band oscilla- 
tor. The use of this method 
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Received 
frequency 
FR (MHz) 

1- 2 
3- 4 
7- 8 

10-1 1 
14-15 
18-19 
21 -22 
24-25 
28-29 
29-30 

FLLBS 
frequency 
FHI (MHz) 

5.0 
7.0 

11.0 
14.0 
18.0 
22.0 
25.0 
28.0 
32.0 
33.0 

under  nonp ro fess i ona l  
conditions i s  d i f f icul t  since 
the system is qui te com- 
plex and involves the use 
of proper programmed di- 
viders and a f i l ter in the 
vco control system which 
is di f f icul t  t o  optimize and 
which has t o  operate over a 
large frequency range. 

M y  solution is to  use the 
F L L  ( f r e q u e n c y - l o c k e d  
loop) method for frequency 
stabilization of the band os- 
cillator. The advantages of 
this method are a relatively 
simple system and the pos- 
s i b i l i t y  o f  app l y i ng  i t  t o  
already-constructed equip- 
ment. The use of the FLL 

Vfo Output frequency 
frequency of heterodyne 
F H ~  (MHz) mixer (MHz) 

10-11 
12-13 
16-17 
19-20 
23-24 
27-28 
30-31 
33-34 
37-38 
38-39 

Table 7 



method for freauencv sta- 
bilization of LC 'gene;ators 
in the already-constructed 
equipment involves mini- 
m u m  system alterations 
while i t  considerably im- 
proves frequency stability. 

Fig. 1 explains the princi- 
ple of operation of the FLL 
system. The essential part is 
a f l ip- f lop, type D, wh ich  
func t ions  as a harmonic  
mixer. Signals F, from the 
vco and the clock signal, Ft, 
obtained from the quartz 
generator are supplied to  its 
inputs D and C. The output 
signal of  the flip-flop ele- 
ment, Fq, is expressed by 
the formula: Fq= F,- kFt, 
whe re  k is a pos i t i ve  
integer. 

Obtaining the values of - 
Ft and Fq as constants, we 
can change the frequency 
F, in a function of the har- 
monic number k. In order t o  
ensure constant frequency 
Fq, this frequency was com- 
pared w i th  frequency Ft 
from the quartz generator. 
Both signals, Ft and Fq, are 
transformed into impulses 
with opposite polarization; 
added, their mean value is 
formed in the integrator, 
and they are ampl i f ied. 
From the amplifier output, 
the voltage of error is taken 
t o  adjust the frequency of 
the vco. Frequency F, was, 

in my case, set at 50 Hz. 
Since frequencies Ft and Fq 
differ substantially, voltage 
levels Ft and Fq when added 
were also differentiated. 

The Radio Receiver 

The synthesizer con-  
structed by me with the 
help of the FLL method is 
thought to  be part of a ra- 
dio receiver (and a trans- 
ceiver in the future). A 
block diagram i s  shown in 
Fig. 2. As can be seen, the 
receiver system is of  a con- 
ventional type. Single-fre- 
quency conversion was 
used with an i-f of  9 MHz.  
The vfo operates in the fre- 
quency  range  o f  5 t o  6 
MHz.  The receiver has ten 
bands. The determination 
of basic frequencies accord- 
ing to  the formula FR= 
(FH1 + FH2)- F,.f and the de- 
terminations of the FLLBS 
synthesizer frequencies are 
given in Table 1. 

The vfo is of  a conven- 
tional construction: I t  is an 
LC generator. I intend to  
build a vfo also based on 
the FLL method, however. 
When  cons t ruc t ing  t he  
whole receiver or transceiv- 
er, i t  is also possible to  use 
the microprocessor vfos de- 
scribed in 73 (june, 1982); 
that output frequency i s  
also 5-6 MHz. 
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Fig. 3. Block diagram o f  band synthesizer. 

The FLLBS Synthesizer 

lC1 
GENER 

A block diagram of the 
synthesizer is presented in 
Fig. 3, while its schematic 
diagram is shown in Fig. 4 
(digital part) and Fig. 5 (the 
V'CO). As can be seen from 
the drawings, the synthesiz- 
er is of a simple construc- 
tion: All that is needed are 
several standard elements, 
and the cost of this system 
should not exceed ten t o  f i f- 
teen dollars. 

E X T  INPUT 
'I.OMH2 

<E:FO;E;;; OUTPUT , 
ICZ  
5 

112 1 c 3  
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can operate on its own crys- 
tal  or from an external 
1 .O-MHz generator. 
@ The next element (IC2) 
operates as a divider by 5; 
at its output (pin 11), a fre- 
quency  o f  200 k H z  is 
obtained. 
T h e  frequency detector 
(IC3) is based on a 7474 flip- 
f lop. A t  its clock input (pin 
11, IC3), a frequency of 100 
kHz is supplied, obtained 
by dividing 200 kHz by the 

100KH: 

The operation of indivi- first flip-flop of IC3. To the 

dual parts of the system is input D of the detector (pin 

as follows: 12, IC3), a frequency ob- 
tained from the vco, prelim- 

@The 1 .O-MHz crystal 0s- inarily divided by 10  in the 
cillator is a typical one; i t  IC4 counter, is supplied. 

Fig. 4. Digital part o f  band synthesizer [FLLBS). 
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FIG 4 

Fig. 5. Vco o f  band synthesizer. 

@ IC5 operates as an inte- 
grator; due to  high resis- 
tances in the adding circuit, 
I constructed i t  wi th the use 
of an FET amplifier wi th  
high input resistance. 

@ IC6 functions as a low- 
pass filter; it has t o  detect 
and signal through the diode 
LED the state of desynchro- 
nization of the frequency- 
locked loop. Transistors 4 2  
and 4 3  serve to  neutralize 
the integrator when the vco 
is desynchronized and r e  
store the state of synchroni- 
zation of the loop. 

@ Desynchronization often 
takes place when changing 
the bands o f  the vco. 

8 The vco (Fig. 5) operates 
in a standard system. For in- 

dividual operating bands 
(see Table I) ,  separate reso- 
nance circuits were used, 
changed by selector switch 
together with the corre- 
sponding input circuits of 
the receiver. The function 
of the switch may be also 
performed by contacts of 
relays. For tuning the vco, a 
varicap diode was used. At 
the generator output,  a 
vo l t age  f o l l o w e r  f r o m  
which the output signal i s  
taken was used. The signal 
from the follower i s  ampli- 
fied by transistors Q6 and 
Q1 and supplied t o  the 
counter from IC4. 

Construction and 
Alignment of the FLLBS 

The digital part of  the 

system and the vco were 
placed on separate printed 
circuit boards. The purpose 
of this was to  eliminate dis- 
turbing pulses from the dig- 
ital part which could reach 
the receiver input through 
the vco. Depending on the 
actual mechanical design 
of the receiver, i t  might be 
necessary to  enclose the 
digital part of the synthesiz- 
er in a shielded casing. 

The vco, the voltage fol- 
lower, and one stage of the 
amplifier were placed on a 
plate with the resonance 
circuits and the band-selec- 
tor switch. Figs. 6 and 7 
show the digital part of  the 
synthesizer. The construc- 
tion of the vco depends on 
the  type o f  the  band- 

selector switch used and 
the coil casing of the reso- 
nance circuits. The des~gn 
of the vco PC board should 
be worked out individually, 
depending on the needs. 

For the same reasons, I 
am not giving here the data 
for the LC circuits for indivi- 
dual bands; they should be 
selected according t o  the 
generally-known principles. 
All transistors and diodes 
used in my construction 
may be replaced by their 
more recent equivalents. 

When aligning the crystal 
oscillator, pins 5 and 12 01: 
IC1 should be properly con- 
iiected. When working wi th  
a built-in crystal, pin 12 
should be connected t o  
ground and pin 5 left free; 
when using an external os- 
cillator, i t  should be con- 
nected t o  the proper termi- 
nal pins o f  the PC board and 
pin 5 should be connected 
to  ground, while pin 12 
should be left free. 

When aligning the syn- 
thesizer, a voltmeter should 
be connected to  output 6 o f  
IC5 and then controlling the 
vco frequency meter or a 
calibrated receiver, the vco 
resonance circuit of  the vco 
should be tuned by means 
of the coil core to  a fre- 

Fig. 6. Digital part o f  FLLBS PC board [foi l  side). Fig. 7. FLLBS, component placement. 
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quency close t o  the re- 
quired frequency until the 
vco is synchronized. When 
synchronizing the oscilla- 
tor, the LED should go out. 

To obtain a maximum 
range of loop synchroniza- 
tion. the vco resonance cir- 
cuit' should be tuned in 
such a way that the voltme- 
ter shows about 11 V. The 
above method of aligning 
should be repeated for all 
operat ing bands o f  the 
synthesizer 

Other Applications 
of FLLBS 

The FLL band svnthesizer 
described above operates 
with an interval equal t o  1 
MHz.  In case i t  is used for 
oscillator stabilization with 
a different frequency inter- 
val, the frequency Ft should 
be selected accordingly. 
For instance,. in a generator 
operating with an interval 
equal to  500 kHz, the fre- 
quency Ft should be re- 
duced at output 3 o f  IC3 
from 200 kHz t o  100 kHz 

(IC2 should be changed so 
that i t  could divide by ten). 
No  other change is needed. 

When the FLLBS is used 
for oscillator stabilization 
in the already-constructed 
equipment, besides choos- 
ing the correct frequency, 
F,, a varicap diode should 
be bui l t  into the existing os- 
cillator through the correct 
padding capacity and the 
resonance circuits should 
be tuned into the loop syn- 
chronizat ion range. The 
loop synchronization range 
depends on changes in the 
capacity of the varicap di- 
ode and the value of the 
padding capacitor, C15. 

A capacitor with a rela- 
t ive ly  low capacity was 
used here to  make impossi- 
ble any accidental synchro- 
nization of the vco with the 
frequency different by k 1 
MHz  from the desired fre- 
quency. The operation of 
the vco and its synchroniza- 
t i o n  were tested up  t o  
about 60 MHz; synchroni- 
zation was correct within 
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the whole range. If we want IC. Capacitor C15 should be 
to  use the FLLBS for opera- reduced and the vco reso- 
t ion at higher frequencies nance circuits should be se- 
than 60 MHz, IC4 should be lected and tuned; no other 
replaced with a fast-series changes are necessary.. 

Component 

R1 
R2 
R3, 24, 25 
R4, 5 
R6, 7, 19 
R8 
R9 
R10 
R11 
R12 
R13,22 
R14 
R15 
R16, 17 
R18 
R20 
R21, 23 
R26 
R27 
L1 
Y1 
C l  

C2 

C3, 14, 20 

Parts list 

Value Quantity Component 

1.8k 1 C4, 5, 21 
560 1 C6,7 
220 3 C8 
300k 2 C9,lO 
22k 3 C11 
4.7 Meg 1 C12 
680k 1 C13,17 
56k 1 C15, 22 
2.2k 1 C16 
l k  1 C18 

.68k 2 C19 
270 1 C23 
30k 1 C24 
10k 2 C25 
510 1 Q1,2,6 
47k 1 Q3 
330 2 Q4,5 
120k 1 D1,2 
680 1 04 
100 uH 1 D3 
1.0 MHz 1 IC1 
10-60 pF I C2 
var. 1 IC3 
20 pF if  IC4 
needed 1 IC5 
47k 3 IC6 

Value Quantity 

4.7k 3 
4.7 UF 2 
0.22 UF 1 
6.8k 2 
2.2 UF 1 
1 UF 1 
l k  2 
10 pF 2 
18 pF 1 
27 pF 1 
33 pF 1 
47 pF 1 
100 pF 1 
0.1 UF 1 
2N2369A 3 
2N2907 1 
2N3819 2 
1 N4148 2 
ZC826 1 
LED 1 
SN7400 1 
SN7490 1 
SN7474 1 
SN74LS90 1 
LF356 1 
SN74123 1 
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