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said providing means comprising means for adding additional pulses such
that said frequency This invention relates to variable frequency       of
output pulses is varied in a first predetermined generators responsive to
digital data.               direction in response to a predetermined number
Radio transceivers gain flexibility at reduced    5    of bits of said
digital data of a first polarity; cost by the use of synthesizers as
sources of the      said providing means comprising means for
adio-frequency signals for transmission and for   subtracting pulses so
that said frequency of out- living. Such a circuit allows the use of a
single  put pulses is varied in a second predetermined frency-determining
element to enable a selec-       direction opposite said first
predetermined direc- tion of many channels. This represents a signifi-   10
tion in response to a predetermined number of cant saving over the use of
multiple crystals, one   bits of said digital data of a second polarity;
for each channel that is to be used. When a            characterised by:
synthesizer is used in the typical installation for    said adding means
comprising a first dividing land mobile or fixed station radio
communication,    means responsive to a predetermined number of using voice
signals, a phase-locked loop may be    is   first polarity bits in the
digital data, said first used to generate a frequency that is deviated at
dividing means controlling the rate at which an audio rate to produce a
modulated signal.         additional pulses are added to said output
pulses, When the modulating signal is voice, there is no     and said
subtracting means comprising a second problem in controlling the deviation
of the phase   dividing means responsive to a predetermined locked loop and
thus the synthesized frequency.   20    number of second polarity bits in
the digital data, When the modulating signal is voice which has a      said
second dividing means controlling the rate at zero average value, the
resultant deviation of the   which pulses are subtracted form said output
synthesizer output frequency around the carrier      pulses. frequency is a
very close representation of the        Application of a predetermined
number of digi- modulating signal.                             25   tal
data signals of one sign causes the periodic The situation changes,
however, when it is         subtraction of the pulse at the subtractor,
thus desired to use frequency-shift keying to send        reducing the
average frequency at the output digital data in a circuit that uses a
synthesizer.   from the pulse subtractor. The signal at the output There is
a significant probability that the data will  from the subtractor is
applied to a pulse adder have a non-zero average value. In other words,
30   which adds a pulse to the subtracted pulse train in the data may have
a DC component. The oper-          response to a predetermined number of
data ation of a synthesizer is such that it will not      pulses of the
opposite sign. The output pulse train maintain the DC component of a
signal, but will     is thus varied in frequency in response to vari- cause
the average value (the DC component) of        ation in the digital data
input. The order of the signal to approach asymptotically the at-rest   35
addition and subtraction may be reversed, and carrier frequency. The
long-term effect of this      one of the functions can be performed in the
action is to generate unequal frequency deviation    feedback loop of a
frequency synthesizer. of the signal around the carrier value.
Fig. 1 is a block diagram of a circuit for the From United States patent
no. 4206424 there is     practice of the invention. known a circuit for
generating a variable fre-   40    Fig. 2 is a detailed circuit diagram of
the circuit quency signal which varies in response to the        of Fig. 1.
digital data consisting of a continuous train of       Fig. 1 is a block
diagram of a circuit for the equally significant bits.
practice of the invention. In Fig. 1, a fixed ref- However, this known
circuit operates only on       erence AC voltage is applied at terminal 10
to a the instantaneous state of the digital data, that is   45   pulse
subtractor 12. The frequency at terminal 10 it can operate only in a
synchronous manner          is supplied by a precision frequency source
such between the data and the added and subtracted        as a crystal
oscillator. The output of subtractor 12 pulses, which is required in order
to maintain the  is connected to a pulse adder 14 which produces precise
phase angle control necessary when deal-     an output at terminal 16 at a
frequency which is ing with phase modulation.                     so
adjusted with respect to the input frequency at It is an object of the
invention to provide a      terminal 10. The adjustment is a function of
digital circuit for generating a variable frequency signal   data in binary
form that is applied at terminal 18. which varies in response to digital
data and which   The data from terminal 18 is applied as one input may be
operated asynchronously.                      to AND gate 20 and also as an
input to inverter 22. In accordance with the present invention there   55
The output of inverter 22 is taken as one input to is provided a circuit
for generating a variable      AND gate 24. A second input to AND gates 20
and frequency signal which varies in response to         24 is supplied by
oscillator 26. The output of AND digital data consisting of a continuous
train of     gate 20 is divided by a constant K in divider 28, equally
significant bits, said circuit comprising a  and the divided result is
taken to control subtrac- source of pulses at a fixed frequency and provid-
60   tor 12 to subtract pulses from the input at terminal ing means
connected to receive said fixed fre-       10. The output of AND gate 24 is
taken to divider quency pulses from the source and to provide         30
where it is divided by a constant, here taken as output pulses whose
frequency is selectively        the same K, and applied to control pulse
adder 14 altered in response to a predetermined number of     to add pulses
to the input signal at terminal 10. 



bits of said digital data of the same polarity;  65   The purpose of the
circuit of Fig. 1 is to subtract a 2    3               EP 0108124 B1
4 predetermined number of pulses' from the ref-        applied to the
synthesizer, then programmable erenced signal at terminal 10 for each
predeter-     divider 38 is caused from time to time to divide by mined
number of bits of one sign applied at          four instead of three. This
produces an output terminal 18 and to add a number of pulses, here
from programmable divider 38 that is a pulse the same number, to the signal
applied at ref-    5    train at a mixture of frequencies of 4.8 MHz and
erence 10 for each predetermined number of bits      3.6 MHz. The average
value of this mixture will be of the opposite sign applied at terminal 18.
some number less than 4.8 MHz, the amount The operation of the circuit of
Fig. 1 can be      depending upon the percentage of the time the understood
by considering first the range of         programmable divider has been
caused to divide frequencies involved. The data applied at terminal   10
by four instead of three. The output of programm- 18 are typically binary
signals at a base frequency   able divider 38 is taken to buffer 40 from
which it of the order of hundreds of Hz. The signal applied  is applied to
adder 14. It is evident that the result at reference 10 is thefixed
reference frequencyfor   of causing programmable divider 38 to divide a
synthesizer which is typically at a frequency of   occasionally by four
instead of three has had the the order of MHz or tens of MHz. The frequency
of   15   effect of subtracting amounts from the frequency oscillator 26 is
selected in conjunction with the    of the input signal at terminal 10,
achieving the divider constant K of dividers 28 and 30 to add or   purpose
of subtractor 12. subtract a predetermined number of pulses from
Control of subtractor 12 and of adder 14, to the signal applied at terminal
10 for each binary    which it is connected, is accomplished in Fig. 2 by
digit or predetermined number of binary digits   20   taking the signal at
14.4 MHz from terminal 10 to applied at terminal 18. Details of the
selection will  serve when modified as oscillator 26. Thus, the become
apparent in a consideration of the actual     signal from terminal 10 is
divided by two in circuits involved. However, it should be evident
divider42 which is coupled to terminal 10, and the from an inspection of
Fig. 1 that if it is desired to  output of divider 42 is divided again by
32 in make one correction for each data bit applied at   25   divider 44.
This produces an output at 225 KHz terminal 18, then the frequency of
oscillator 26     which is the output of oscillator 26 of Fig. 1. This
should be chosen equal to the product of the data    output is taken as an
input to AND gates 20 and 24 frequency at terminal 18 and the dividing con-
of Fig. 2. Data bits applied at terminal 18 are taken stant K of dividers
28 and 30. If it is desired to  through a resistor 45 as a second input to
AND make two corrections per data cycle, then the    30   gate 20 and
through inverter 22 as the second frequency of oscillator 26 should be
twice the      input to AND gate 24. Inverter 22 as shown here product of
the frequency of data applied at ter-     was actually a NAND gate with
both inputs taken minal 18 and the constant K of dividers 28 and 30.   from
terminal 18. With a bit rate of the order of In the application for which
the circuit of the      150 hertz applied at the terminal 18, it can be
seen present invention was developed, it was desired    35   that a bit of
one sign will enable AND gate 20, to shift the output of the circuit for an
amount that  passing pulses at a frequency of 225 KHz to was proportional
to the shift in the average value   divider 28. This is set to divide by
8192. The result of the data input. It is equally possible to vary the  is
to produce pulses at 27.47 Hz which are taken to shift in the two
directions by making the dividing   subtractor 12. There they are applied
both directly constants unequal. This is a matter of design    40   and
through a low-pass filter 46 to an EXCLU- choice.
SIVE-OR (EO) gate 48. The output of EO gate 48 is Fig. 2 is a circuit
diagram of a circuit for the   taken through resistor 50, filtered in
low-pass practice of the present invention. In Fig. 2,       filter 52, and
taken through blocking capacitor 54. elements that correspond to those of
Fig. 1 are      There it is applied both directly and through a given
corresponding numbers. Thus, in Fig. 2,   45   resistive network 56 to
programmable divider 38. terminal 10 receives a properly buffered signal at
An RF choke 57 completes the connection of 14.4 MHz from a source such as a
crystal-con-        external elements at programmable divider 38. trolled
oscillator. That signal is squared as        The result is that whenever
AND gate 20 is necessary to form a pulse train and is applied to
enabled, divider 28 begins to accumulate a count. subtractor 12, which
includes a blocking capacitor   50   Suppose first that it is a binary "1"
that enables 36 that is coupled to a programmable divider 38.     AND gate
20 and that a steady stream of 1's is The programmable divider 38 is
capable of divid-     applied at terminal 18. Divider 28 will produce ing
by either three or four under external control.  pulses at 27.47 Hz which
are shaped into narrow When programmable divider 38 divides by three,
pulses of the same frequency by the combination it produces a signal at 4.8
MHz that will be seen to   55   of low-pass filter 46 and EO gate 48.
Programm- be the nominal output frequency at terminal 16. It   able divider
38 will thus be caused to change its is intended to take this signal as the
reference     dividing ratio at a rate of 27.47 Hz. This represents
frequency source for a synthesizer in an FM          the maximum rate at
which the circuit of Fig. 2 transceiver. If the frequency to be generated
by     will cause programmable divider 38 to shift to 



the synthesizer is modulated with voice or data   60   divide by four and
hence will cause the maximum having no DC components, there would be no
possible amount of subtraction and the lowest reason to cause any change in
the frequency of       average values of the output frequency. Suppose the
4.8-MHz reference signal. However, if the        now that a single bit from
the same bit stream is presence of data with a non-zero average value
applied at terminal 18. This will gate 1500 pulses makes it desirable to
reduce the frequency    65   of the output of divider 44 into divider 28.
Since 3    EP  0108124 B1                      6 the 1500 pulses are fewer
in number than the        thus disable dividers 28 and 30 during voice 8192
divide ratio of divider 28, that count will be  transmission. Under this
circumstance, adder 14 accumulated. Divider 28 will produce no output
would not add, subtractor 12 would not subtract until it has had a total of
approximately six such  and the circuit would comprise blocking capacitor
pulses (actually, 8192/1500 = 5.46). This accumu-    5    36, programmable
divider 38, set to divide by 3, 'n of counts in divider 28 reduces the
amount  buffer 40 and EO gate 60. itching of programmable divider 38.
The circuit of Fig. 2 is most useful when it is If it becomes desirable to
increase the fre-      applied as a source of a reference frequency for a
quency at terminal 16 above that of the output of   synthesizer in a radio
transmitter or receiver. The subtractor 12, then adder 14 is caused to
operate.   10   output of terminal 16 in Fig. 2 is taken to a Adder 14
comprises a D flip-flop 58 which is        reference divider 64 which
divides the reference clocked by the signal at 14.4 MHz that was applied
frequency at terminal 16 by an integer that is at terminal 10. The output
of subtractor 12, which  chosen to relate the output frequency of the is an
AC signal at an average frequency that is     reference divider 64 to the
channel separation less than or equal to 4.8 MHz, is taken as the input
15   that is desired in the output frequency of the to flip-flop 58 and
also as one input to EO gate 60.  synthesizer. Typical band spacings for
channels in The output of D flip-flop 58 is used to clock D flip-  various
land-mobile bands are 20, 25, and 30Khz. flop 62 which receives as an input
the output       An appropriately chosen one of these values signal from
divider 30. Divider 30 divides by       would be selected for the output of
reference 16,384 to produce a signal that would be at 13.73   20   divider
64 if the output of the synthesizer of Fig. 2 Hz if AND gate 24 were held
on by a continuous      were used directly to set the frequency of trans-
signal to inverter 22. To follow the operation of    mission or of a local
oscillator for a receiver. If the adder 14, suppose that a signal
containing all      output of the synthesizer is to be multiplied by a
zeroes is supplied at terminal 18. This will cause  constant to achieve the
desired final frequency, inverter 22 to apply a signal at AND gate 24 while
25   then the desired band spacing must be divided by AND gate 20 is cut
off. AND gate 24 will thus apply  that same constant to achieve the desired
output pulses at 225 KHz to divider 30, which produces     of reference
divider 64. A later example will make output pulses at 13.73 Hz. This input
to D flip-flop  this clear. 62 will produce extra pulses at the output of D
flip-  The output of reference divider 64 is taken to a flop 62 that cause
EO gate 60 to produce extra   30   phase detector 66 which produces an
output that pulses in the output from adder 14. The effect is to  is taken
to low-pass filter 68. The filtered output add pulses so that the output of
EO gate 60 is at a  from low-pass filter 68 is taken to summer 70 higher
frequency than the output of subtractor 12.  where it is combined either
with a data modulat- For this reason, it is appropriate to refer to adder
ing signal from terminal 18 or with a voice 14 as an adder.
35    modulating signal from terminal 72. The output of The circuit of Fig.
2 has as its objective the    summer 70 controls
voltage-controlled-oscillator generation of an AC signal at terminal 16
that is   (VCO) 74 which generates the desired output caused to vary in
frequency about the center        frequency at terminal 76. The output of
VCO 74 is value of 4.8 MHz as a function of the average       also taken
through pulse adder 78 to divider 80 value of the data. The values chosen
for the    40   where it generates a feedback signal that is taken elements
of Fig. 2 were selected to provide a       to phase detector 66 to close
the loop of the particular desired amount of frequency variaton
synthesizer. and response time. If it is desired to make the       The
circuit of Fig. 2 without pulse adder 78 has frequency change faster at
terminal 16 in            been built and used in a synthesized radio trans-
response to changes in the average value of data   45   mitter operating at
a frequency of the order of 900 appliedatterminal
18,thiscouldbeaccomplished        MHz. This was accomplished by multiplying
the by reducing the divide ratios of any or all of      output signal from
VCO 74 by 6. The reference dividers 42, 44, 28 and 30. For example,
replacing  frequency supplied at terminal 10 was 14.4 MHz divider 42 with a
short circuit, removing a division  and the frequency of the data applied
at terminal by 2, would cause frequency changes to be made    50   18 was
approximately 150Hz. The digital signal twice as often. The corner
frequency of filter 46   applied at terminal 18 was at a level of zero
volts determines the pulse width that EO 48 will gener-   for a binary "0"
and five volts for a binary "1". ate. The width of this pulse is chosen to
meet the  This will be referred to as the signal of the first input
requirements of programmable divider 38.      polarity. Its inverse,
zerovolts fora binary"1" and 



The circuit of Fig. 2 shows that, for equal excur-   55   five volts, for a
binary "0" is the signal of the sions in the average value of the output,
fre-      second polarity. These are matters of design quency dividers 30
and 28 were in a ratio of two to  choice. Appropriate frequencies in the
circuit are one. If it is desired to correct the frequency      summarized
in the Table which lists the elements differently for bits of different
sign, then the ratios  of Fig. 2 and the frequency of the output from of
these two dividers with respect to one another   60   each. Referring to
the Table, it can been seen that could be changed correspondingly. It
should also    the output of programmable divider 38 is 4.8 MHz be evident
that if the circuit of Fig. 2 is used in an  for a divisor of 3 and 3.6 MHz
for a divisor of 4. In FM transmitter that is used for both data and
the absence of a data input at terminal 18, voice, it would be desirable to
keep programm-      programmable divider 38 will be set to divide by 3 able
divider set continually on divide by three and    65   and thus produce an
output of 4.8 MHz. When a 4    7               EP  0 108124  B1
8 data bit at terminal 18 causes programmable          corrective pulse per
5.46 data bits of the same sign divider 38 to change to a different
divisor, the     and divider 30 produces one pulse per 10.92 data result is
to produce a few bits at 3.6 MHZ, reducing  bit of the other sign. Terminal
16 produces a signal the average value of the output to some figure less
at a nominal 4.8 MHz, varied about that value by an than 4.8 MHz. By this
means, programmable    5    amount designated f in response to the presence
divider 38 can be said to subtract from the nominal  of data of one sign or
the other. Reference divider frequency of 4.8 MHz.
64 was here selected to produce a frequency that In the circuit for which
values are represented in  would control a synthesizer producing a
frequency the Table, binary digits at a frequency of 150 Hz    to be
multiplied by 6 with band spacing of 25 ere applied to terminal 18. The
output of divider   10   Kilohertz. For this reason, the frequency output
of 44 was applied as one input to AND gates 20 and      reference divider
64 is 2083 1/3 Hz, one sixth of 24.
25KHz, plus or minus a divided frequency variation f' that is introduced to
correct for shifts of the TABLE                             average value
of the data. Divider 80 is caused by 15   the feedback action of the
synthesizer to produce Frequencies of outputs of elements of Fig. 2
an output at the same frequency. The integral dividend of divider 80 is
changed by one in OUTPUT OF                  FREQUENCY
response to a signal of terminal 79 to change channels in the transmitter
that is controlled by the Terminal 10                  14.4MHz           20
synthesizer of Fig. 2. In the circuit that was built to practice the
present Programmable divider 38:                            invention, it
was convenient to use the programm- 3                        4.8MHz
able divider 38 of Fig. 2 as the pulse subtractor 12 [err] 4
3.6MHz                 and the combination of flip-flop 58 and 62 and EO 25
gate 60 of Fig. 2 as the pulse adder 14 of Fig. 1. This Divider 42
7.2MHz                 is a matter of circuit convenience since a 3/4
programmable divider is operable at relatively Divider 44
225KHz                 high frequencies and produces as an output a pulse
train at a frequency that is lower than the Terminal 18
150Hz            30   input. It would be equally as effective, however, to
reverse the order of pulse subtractor 12 and pulse AND gate 20
225KHz                 adder 14 of Fig. 1 so that the input signal at
terminal 10 was increased first in frequency and (per data bit:
then decreased. This could be done quite readily 1500 pulses)
35   by interchanging the elements of pulse subtractor 12 of Fig. 2 and
those of pulse adder 14 of Fig. 2 so AND gate 24                   225KHz
thatterminal 10 was connected directly as an input (per data bit:
to the D terminal of D flip-flop 58 and the output of 1500 pulses)
EO gate 60 was taken as an input to programmable 40   divider 38.
Similarly, the pulse subtraction and Divider 28             27.47Hz Max.
pulse addition could have been carried out by (one pulse per     5.46 data
bits)               cascading two programmable dividers. The first could be
connected like programmable divider 38 Divider 30             13.73Hz Max.
of Fig. 2 so that the normal mode was a divide by 3 (one pulse per
45   and the frequency adjustment was accomplished 10.92 data bits)
by dividing by 4. This results in a subtractor. If this were cascaded with
a programmable divider that Terminal 16                 4.8MHz  f
was set normally to divide by 4 but could be triggered as in Fig. 2 to
divide by 3, then the 



Reference                                      50   programmable divider
would comprise an adder. divider 64                 2083.3Hz  f
Such a cascade of dividers placed between ter- minals 10 and 16 of Figs. 1
or 2 would produce an Low-pass
output pulse train at a frequency 1/12 of the input filter 68
near DC                 frequency, adjustable up or down in response to 55
shifts in the average value of the data input. The Summer 70
Audio or data             alternate modes described above are available for
the choice of the designer. VCO 74                    150MHz nominal Claims
Divider 80                 2083.3Hz  f'       60 1. A method for generating
a variable frequency As a result, when either and gate 20 or 24 was
signal which varies in response to digital data gated on by a data bit of
an appropriate sign, its   consisting of a continuous train of equally
signifi- output was 1500 pulses per data bit of that sign.    cant bits,
including the step of generating pulses at Thus, the output of divider 28
produces one    65   a fixed frequency and 5    7               EP 0108124
B1                        8 data bit at terminal 18 causes programmable
corrective pulse per 5.46 data bits of the same sign divider 38 to change
to a different divisor, the     and divider 30 produces one pulse per 10.92
data result is to produce a few bits at 3.6 MHZ, reducing  bit of the other
sign. Terminal 16 produces a signal the average value of the outputto some
figure less   at a nominal 4.8 MHz, varied aboutthat value by an than 4.8
MHz. By this means, programmable    5    amount designated f in response to
the presence divider 38 can be said to subtract from the nominal  of data
of one sign or the other. Reference divider frequency of 4.8 MHz.
64 was here selected to produce a frequency that In the circuit for which
values are represented in  would control a synthesizer producing a
frequency the Table, binary digits at a frequency of 150 Hz    to be
multiplied by 6 with band spacing of 25 ere applied to terminal 18. The
output of divider   10    Kilohertz. For this reason, the frequency output
of 44 was applied as one input to AND gates 20 and      reference divider
64 is 2083 1/3 Hz, one sixth of 24.
25KHz, plus or minus a divided frequency variation f  that is introduced to
correct for shifts of the TABLE                             average value
of the data. Divider 80 is caused by 15   the feedback action of the
synthesizer to produce Frequencies of outputs of elements of Fig. 2
an output at the same frequency. The integral dividend of divider 80 is
changed by one in OUTPUT OF                  FREQUENCY
response to a signal of terminal 79 to change channels in the transmitter
that is controlled by the Terminal 10                  14.4MHz           20
synthesizer of Fig. 2. In the circuitthatwas builtto practicethe present
Programmable divider 38:                             invention, itwas
convenient to use the programm- -3                        4.8MHz
able divider 38 of Fig. 2 as the pulse subtractor 12 [err]4
3.6MHz                and the combination of flip-flop 58 and 62 and EO 25
gate 60 of Fig. 2 as the pulse adder 14 of Fig. 1. This Divider 42
7.2MHz                is a matter of circuit convenience since a 3/4
programmable divider is operable at relatively Divider 44
225KHz                 high frequencies and produces as an output a pulse
train at a frequency that is lower than the Terminal 18
150Hz            30   input. Itwould be equally as effective, however, to
reverse the order of pulse subtractor 12 and pulse AND gate 20
225KHz                 adder 14 of Fig. 1 so that the input signal at
terminal 10 was increased first in frequency and (per data bit:
then decreased. This could be done quite readily 1500 pulses)
35   by interchanging the elements of pulse subtractor 12 of Fig. 2 and
those of pulse adder 14 of Fig.2 so AND gate 24                   225KHz
thatterminal 10 was connected directly as an input (per data bit:
to the D terminal of D flip-flop 58 and the output of 1500 pulses)
EOgate6Owastakenasan inputto programmable 40   divider 38. Similarly, the
pulse subtraction and Divider 28             27.47Hz Max.
pulse addition could have been carried out by (one pulse per     5.46 data
bits)               cascading two programmable dividers. The first could be
connected like programmable divider 38 Divider 30             13.73Hz Max.
of Fig.2 so that the normal mode was a divide by 3 



(one pulse per                             45   and the frequency
adjustment was accomplished 10.92 data bits)
by dividing by 4. This results in a subtractor. If this - were cascaded
with a programmable divider that Terminal 16                 4.8MHz + f
was set normally to divide by 4 but could be triggered as in Fig. 2 to
divide by 3, then the Reference                                      so
programmable divider would comprise an adder. divider 64
2083.3Hz + f'             Such a cascade of dividers placed between ter-
minals 10 and 16 of Figs. 1 or 2 would produce an Low-pass
output pulse train at a frequency 1/12 of the input filter 68
near DC                 frequency, adjustable up or down in response to 55
shifts in the average value of the data input. The Summer 70
Audio or data            alternate modes described above are available for
the choice of the designer. VCO 74                    150MHz nominal Claims
Divider 80                 2083.3Hz  f'       60 1. A method for generating
a variable frequency As a result, when either and gate 20 or 24 was
signal which varies in response to digital data gated on by a data bit of
an appropriate sign, its   consisting of a continuous train of equally
signifi- output was 1500 pulses per data bit of that sign.    cant bits,
including the step of generating pulses at Thus, the output of divider 28
produces one    65   a fixed frequency and 5    providing output pulses
based upon said fixed      sisting of a train of equally significant bits,
said frequency pulses whose frequency varies in           providing means
including means (12, 14, 20, 22, response to a predetermined number of bits
of        24, 28, 30) for varying the pulse rate of said output said
digital data of the same polarity;              pulses in response to a
predetermined number of adding additional pulses to said output pulses    5
bits of said digital signal of the same polarity such such that the
frequency of output pulses is varied  that said predetermined numbers of
bits of said a first predetermined direction in response to a  digital
signal of opposite polarity equally mod- determined number of bits of said
digital data    ulate the frequency synthesizer. of a first polarity;
4. The frequency synthesizer according to claim subtracting pulses from
said output pulses so      10   3 wherein said varying means (12, 14, 20,
22, 24, that the frequency of output pulses is varied in a   28, 30) varies
the pulse rate such that a first second predetermined direction opposite.
said        polarity bit of the digital signal and a second first
predetermined direction in response to a       polarity bit of the digital
signal having a polarity predetermined number of bits of said digital data
opposite the first bit each cause the frequency of of a second polarity;
15   the synthesizer to change an equal amount. charaterised by: counting a
predetermined number of first polar-    Patentanspruche ity bits of digital
data, controlling the rate at which additional pulses are added to said
output pulses      1. Verfahren zum Erzeugen eines Signals varia- in
response to the predetermined number of first   20    bier Frequenz, die
sich in Abhgngigkeit von Digi- polarity bits, counting a predetermined
number of    taldaten 5ndert, die aus einem zusammenhin- second polarity
bits of digital data, and control-   genden Zug gleich signifikanter Bits
bestehen, l ling the rate at which pulses are subtracted from   umfassend
den Schritt des Erzeugens von Impul- said output pulses in response to the
predeter-      sen mit einer festen Frequenz und mined number of second
polarity bits.          25      auf der Grundlage der genannten
Festfrequen- 2. A circuit for generating a variable frequency   zimpulse
das Abgeben von Ausgangsimpulsen, signal which varies in response to
digital data      deren Frequenz in AbhAngigkeit von einer vorbe-
consisting of a continuous train of equally signifi-  stimmten Anzahl von
Bits gleicher Polarit~t der cant bits, said circuit comprising a source
(10) of  genannten digitalen Daten schwankt; pulses at a fixed frequency
and providing means    30  Hinzufiugen  zusdtzlicher  Impulse  zu  den (12,
14, 20, 22, 24, 28, 30) connected to receive    genannten Ausgangsimpulsen,
so dalg die Fre- said fixed frequency pulses from the source (10)     quenz
der Ausgangsimpulse in einer ersten vor- and to provide output pulses whose
frequency is      bestimmten Richtung in Abhingigkeit von einer selectively
altered in response to a predetermined   vorbestimmten Anzahl von Bits
gleicher Polaritat number of bits of said digital data of the same    35
der genannten digitalen Daten verindert wird; polarity;
Subtrahieren von Impulsen von den genannten said providing means comprising
means (14)         Ausgangsimpulsen, so dag die Frequenz der Aus- for
adding additional pulses such that said fre-     gangsimpulse in einer
zweiten vorbestimmten quency of output pulses is varied in a first pre-
Richtung entgegengesetzt zu der ersten vorbe- determined direction in
response to a predeter-   40   stimmten Richtung in Abhdngigkeit von einer 



mined number of bits of said digital data of a first  vorbestimmten Anzahl
Bits einer zweiten Polarit~t polarity;
verdndert wird; said providing means comprising means (12)
gekennzeichnet durch: for subtracting pulses so that said frequency of
das ZMhlen einer vorbestimmten Anzahl von *1   output pulses is varied in a
second predetermined    45    Digitaldatenbits der ersten Polaritft,
Beeinflussen direction opposite said first predetermined direc-  'der Rate,
mit der zusitzliche Impulse zu den tion in response to a predetermined
number of        Ausgangsimpulsen addiert werden, in AbhAngig- bits of said
digital data of a second polarity;      keit von der vorbestimmten Anzahl
Bits der ersten characterised by:
PolaritAt, ZMhien einer vorbestimmten Anzahl von said adding. means
comprising a first dividing    50    Digitaldatenbits der zweiten PolaritAt
und Beein- means (30) responsive to a predetermined            flussen der
Rate, mit der Impulse von den Aus- number of first polarity bits in the
digital data,   gangsimpulsen subtrahiert warden, in Abhgngig- said first
dividing means controlling the rate at.   keit von der vorbestimmten Anzahl
Bits der zwei- which additional pulses are added to said output     ten
PolaritAt. pulses, and said subtracting means comprising a    55  2.
Schaltung zur Erzeugung eines Signals varia- second dividing means (28)
responsive to a pre-      bler Frequenz, die sich in Abhgngigkeit von Digi-
determined number of second polarity bits in the    taldaten 5ndert, die
aus einem zusammenhin- digital data, said second dividing means control-
genden Zug gleich signifikanter Bits bestehen, ling the rate at which
pulses are subtracted from    welche Schaltung enthilt: eine Quelle (10)
fMr said output pulses.                            60   Impulse einer
festen Frequenz, und eine Abgabe- 3. The circuit for generating a variable
fre-      einrichtung (12, 14, 20, 22, 24, 28, 30), die so quency signal of
claim 2 characterised in that it is  angeschlossen ist, daB sie die
Festfrequenzim- specially designed for use in a frequency syn-       pulse
von der Quelle (10) entgegennimmt und thesizer adapted to be modulated by a
digital        Ausgangsimpulse abgibt, deren  Frequenz in signal having a
non-zero average value and con-   65   Abhdngigkeit von einer vorbestimmten
Anzahl 6    11               EP  0108124  B1                     12 von
Bfts der genannten Digitaldaten der gleichen    termin6 de bits des bits de
donnees num6riques Polaritat wahlweise geandert wird;                   de
la meme polarit6; welche Abgabeeinrichtung eine Einrichtung            a
additionner des impulsions suppl6mentaires (14) zum Addieren zusatzlicher
Impulse enthalt,      auxdites impulsions de sortie de maniere que la so
daS die Frequenz der Ausgangsimpulse in    5    frequence des impulsions de
sortie soit modifi~e einer ersten vorbestimmten Richtung in Abhan-
dans une premiere direction predeterminde en gigkeit von einer
vorbestimmten Anzahl von Digi-     reponse A un nombre predetermine de bits
des- taldatenbits einer ersten Polaritat geandert wird;      dites donnees
num6riques d'une premi6re pola- welche Abgabeeinrichtung eine Einrichtung
rite; (12) zum Subtrahieren von Impulsen enthalt, so    1o   a soustraire
des impulsions desdites impul- dal die Frequenz der Ausgangsimpulse in
einer        sions de sortie de maniere que la frequence des zweiten
vorbestimmten Richtung entgegenge-           impulsions de sortie soit
modifiee dans une setzt zu der ersten vorbestimmten Richtung in
seconde direction predeterminee oppos6e A Abhangigkeit von einer
vorbestimmten Anzahl          ladite  premiere direction  predeterminee  en
von Digitaldatenbits einer zweiten Polaritat gean-   15   r6ponse A un
nombre pr6determine de bits des- dert wird;
dites donnees num6riques d'une seconde pola- dadurch gekennzeichnet, da8:
rit6; die Addiereinrichtung eine erste Teilereinrich-      caracterise en
ce qu'il consiste 6galement: tung (30) enthalt, die auf eine vorbestimmte
A compter un nombre pred6termine de bits de Anzahl von Bits der ersten
Polaritit in den digita-   20   premiere polarite des donn6es numeriques, A
len Daten anspricht, welche erste Teilereinrich-     commander la fr6quence
a laquelle des impul- tung die Rate beeinflulit, mit der zusatzliche
sions supplementaires sont additionnees aux- Impulse zu den
Ausgangsimpulsen hinzugefugt          dites impulsions de sortie en reponse
au nombre werden, und dag die Subtrahiereinrichtung eine       predetermine
de bits de premiere polarit6, a zweite Teilereinrichtung (28) enthalt, die
auf eine    25   compter un nombre predetermine de bits de vorbestimmte
Anzahl von Bits der zweiten Polari-     seconde polarite des donnees
numeriques et A tat in den digitalen Daten anspricht, welche zweite
commander la frequence a laquelle des impul- Teilereinrichtung die Rate
beeinfluBt, mit der       sions sont soustraites desdites impulsions de
Impulse von den genannten Ausgangsimpulsen           sortie en r6ponse au
nombre predetermine des abgezogen werden.                              30
bits de seconde polarite. 3. Schaltung zum Erzeugen eines Signals varia-
2. Circuit de production d'un signal de fre- bler Frequenz nach Anspruch 2,
dadurch gekenn-       quence variable qui varie en reponse A des don-
zeichnet, daR sie speziell zur Verwendung in         nees numeriques
consistant en un train continu einem Frequenzsynthesizer gestaltet ist, der
dazu    de bits de meme signification, ledit circuit com- eingerichtet ist,
durch ein digitales Signal modu-   35   portant une source (10)
d'impulsions A une fre- 



liert zu werden, das einen von Null abweichenden     quence fixe et un
dispositif de production (12, 14, Mittelwert hat und aus einem Zug gleich
signifi-     20, 22, 24, 28, 30) connecte pour recevoir lesdits kanter Bits
besteht, und daB die Abgabeeinrich-      impulsions de fr6quence fixe
provenant de la tung eine Einrichtung (12, 14, 20, 22, 24, 28, 30)   source
(10) et produisant des impulsions de sortie enthalt, um die Impulsrate der
genannten Aus-   40   dont la frequence est modifiee selectivement en
gangsimpulse in Abhangigkeit von einer vorbe-        reponse A un nombre
pr6determin6 de bits des- stimmten Anzahl Bits gleicher Polaritat des
dites donnees num6riques de la m6me polarite; genannten digitalen Signals
zu variieren, so daB      ledit dispositif de production comprenant un die
vorbestimmten Anzahlen von Digitalsignalbits     dispositif (14) destin6 a
additionner des impul- KY     entgegengesetzter Polaritat den
Frequenzsynthe-   45   sions supplementaires de maniere que ladite sizer
gleich modulieren.                         - - frequence des impulsions de
sortie soit modifide 4. Frequenzsynthesizer nach Anspruch 3, bei
dans une premiere direction pr6d6terminee en dem die Variiereinrichtung
(12, 14, 20, 22, 24, 28,  r6ponse a un nombre predetermine de bits des- 30)
die Impulsrate derart variiert, daR ein Digital-  dites donnees num6riques
d'une meme polarite, signalbit der ersten Polaritat und ein Digitalsignal-
50   ledit dispositif de production comprenant un dis- bit der zweiten
Polaritat, die entgegengesetzt zu    positif (12) destine A soustraire des
impulsions de der des ersten Bits ist, jeweils bewirken, daB die   mani6re
que ladite frequence des impulsions de Frequenz des Synthesizers sich um
den gleichen       sortie soit modifiee dans une seconde direction Umfang
andert.                                       predeterminee opposee a
ladite premiere direc- 55   tion pred6terminee en reponse A un nombre
Revendications                                       pr6determine de bits
desdites donnees numeri- ques d'une seconde polarite; 1. Procede de
production d'un signal de fre-        caracterise en ce quo: quence
variable qui varie en reponse a des don-       ledit dispositif d'addition
comporte un premier nees numeriques consistent en un train continu    60
dispositif de division (30) reagissant a un nombre de bits de meme
signification, consistent A pro-     predetermine de bits de premiere
polarite dans duire des impulsions A une frequence fixe et        les
donnees numeriques, ledit premier dispositif A produire des impulsions de
sortie sur la base    de division commandant la frequence a laquelle
desdites impulsions de frequence fixe dont la        des impulsions
supplementaires sont addition- frequence varie en reponse A un nombre
prede-   65   nees auxdites impulsions de sortie et ledit dispo- 7    13
EP 0108124 B1                       14 sitif de soustraction comportant un
second dispo-   impulsions de sortie en reponse a un nombre sitif de
division (28) r6agissant a un nombre       predetermin6 de bits desdites
donnees numeri- pred6termine de bits de la seconde polarit6 dans    ques de
la meme polarite de mani6re que lesdits les donnees numeriques, ledit
second dispositif     nombres predetermines de bits dudit signal de
division commandant la frequence a laquelle    5    numerique de polarit6s
opposees modulent 6ga- des impulsions sont soustraites desdites impul-
lement le synthetiseur de frequence. T.;,ns de sortie.
4. Synth6tiseur de fr6quence selon la revendi- \. Circuit de production
d'un signal a frequence    cation 3, dans lequel ledit dispositif de
modifica- variable selon la revendication 2, caracterise en ce  tion (12,
14,20,22,24,28,30) modifie la fr6quence qu'il est concu specialement pour
etre utilise dans    10   des impulsions de maniere qu'un bit d'une pre- un
synthetiseur de frequence agence pour etre       miere polarite du signal
numerique et un bit d'une module par un signal num6rique ayant une valeur
seconde polarite du signal numerique ayant une moyenne non nulle est
consistent en un train de     polarite oppos6e A celle du premier bit
entrainent bits de meme signification, ledit dispositif de     chacun que
la frequence du synthetiseur change production comprenant un dispositif
(12, 14, 20,   i5   d'une valeur egale. 22, 24,28,30) pour modifier la
frequence desdites 20 25 30 35 40 45 50 55 60 65 8    


