
1.                 0 045 795                        2 Description
Summary of the invention It is an object of this invention to provide a
Background of the invention                        frequency synthesizer
which  is particularly I. Field of the invention
suited for high frequency radio communi This invention relates generally to
the elec-    5    tions applications. tronic processing art and, in
particular, to an       It is another object of the invention to pro-
improved low noise frequency synthesizer with      vide an improved
frequency synthesizer which high speed locking capability.
has the capability of very rapidly switching from one frequency value to a
new desired fre- II. Description of the prior art             10   quency.
Digital frequency  synthesizers commonly           It is another object of
the invention to pro- employ  standard  phase-lock  loop  circuitry
vide an improved frequency synthesizer which wherein a voltage controlled
oscillator (VCO)       has fast locking capability with excellent noise
signal F[err] is divided by a loop divider. The out-  performance. put of
the loop divider is fed back and com-   15     It is another object of this
invention to pared in a phase comparator to a reference fre-     provide an
improved frequency synthesizer quency signal FREF. The phase comparator
which can cover a wide range of frequencies. generates a control signal
which is then coupled      Briefly, in accordance with one embodiment to
the controlled oscillator, thereby providing an  of the invention, an
improved frequency syn- output signal from  the controlled oscillator   20
thesizer is provided which is capable of locking which has the desired
frequency. The loop           on to a new frequency at very high speed. In
the divider produces an output signal in response to   frequency
synthesizer a reference signal of fre- every Nth input pulse thereby
dividing the input    quency FREF is generated and applied to a first
frequency by N. The output frequency of the         input of a
sample-and-hold phase comparator. VCO will therefore be locked to N times
the   25   In addition, a voltage controlled oscillator is pro- reference
frequency (i.e. [err]). Such a      vided for producing an oscillator
signal at its digital frequency synthesizer is known from         output in
response to a control signal applied to United Kingdom Patent No. 1444860.
its controlled input. The voltage controlled One type of phase comparator
which can be        oscillator (VCO) has a characteristic gain [err]. The
used is a sample-and-hold phase comparator.   30   VCO signal is applied
directly to a programm- This type of phase comparator samples the
able divider for frequency dividing the oscillator phase relationship
between the input reference      signal by a divisor N. The divided signal
is then frequency and the loop divider output and holds     applied to a
second input of a sample-and-hold a value representative of that phase
relation-      phase comparator. The sample-and-hold phase ship on its
output until the next sampling    35   comparator compares the reference
signal occurs. The resulting phase detection signal has    applied to a
first input and the divided signal minimal ripple voltage, but during each
cycle of    applied to a second input and generates a the reference
waveform the output is incre-         control signal at its output which is
repre- mented in steps according to the last sample       sentative of the
phase difference between the held. This type of circuit offers high per-
40   two input signals. In order to obtain fast lock formance and is
capable of integration on a         when  changing to a new  frequency, the
semiconductor chip.                                 Applicants have
determined that the optimum By utilizing such a sample-and-hold phase
gain [err] of the phase comparator must be comparator and a programmable
loop divider a        approximately  [err].  Here  [err]  is frequency
synthesizer can be constructed which   45   expressed in terms of
radians/volt-sec, N is the is relatively low in cost and covers a wide
band-  loop divider division ratio and [err] is expressed in width of
frequencies. However, such systems         volts/radian. The  resulting
control  signal are relatively slow in responding to a command
generated by the phase comparator with the re- to change the output
frequency to a desired        quired gain is coupled to the signal
oscillator. new  frequency value. One method to decrease   50     According
to another feature of the inven- the time taken to switch to a new
frequency is     tion, the programming of the divider from an old divisor
to a new divisor to change the syn- to increase the loop bandwidth of the
syn-         thesizer frequency is synchronized. To syn- thesizer. This,
however, results in increased      chronize the divider, the new divisor is
loaded so noise and reference feedthru. Other approaches to high speed
frequency synthesis include dual   55   that the divider does not begin
counting by the loop and mixed loop synthesizers. However,          new
divisor before the divider has completed these require complex and
expensive circuitry       the count by the old divisor. According to still
another feature of the and tend to generate spurious signals.
invention, the voltage controlled oscillator has a Accordingly, there is a
need for a frequency    60   plurality of frequency ranges which are syn-
synthesizer which is relatively low in cost and    chronously shifted.
Thus, the voltage controlled which has the capability of very rapidly
respond-  oscillator is shifted to a new frequency range in ing to a
command to change its output fre-         response to the divider means
having com- 



quency while maintaining optimum noise and         pleted the count
utilizing the old divisor. spurious performance.                         65
According to still another feature of the 3    3                  0 045 795
4 invention, a signal processing circuit is coupled  signal of a frequency
F[err] such as that shown as from the output of the phase comparator to the
waveform A of Fig. 6. In the preferred embodi- input of the voltage
controlled oscillator. The    ment, as shown, this reference source 1 1 is
signal processing circuit is an adaptive filter    composed of a high
frequency oscillator 12 which directly connects the phase comparator   5
coupled to a reference frequency divider 14 output to the signal controlled
oscillator input in  which divides the oscillator frequency to the response
to a change in the divider N. Thus,       desired reference frequency [err]
when the frequency is changed, the phase com-        The reference signal
is coupled to a first input parator is connected directly to the signal
con-   terminal 16 of an optimum gain sample-and- trolled oscillator for a
period of time to permit  10   hold  phase  comparator  20.  The  phase the
new frequency to be acquired. At all other     comparator 20 has a second
input terminal 22 times the signal from the phase comparator is      and an
output terminal 18. The sample and hold coupled to the input of a filter
which filters the  phase comparator 20 compares the reference control
signal and couples the filtered control    signal applied to input terminal
1 6 to a loop signal to the voltage controlled oscillator.  15   divider
signal applied to the second input ter- Under ideal conditions the
invention as des-     minal 22. The phase comparator samples the cribed
permits locking to a new frequency with-    phase relationship between the
two signals in one cycle of the reference waveform. This is     upon the
occurrance of each loop divider pulse the result of the use of optimum gain
for the      and produces a control signal representative of
sample-and-hold phase comparator. By using   20   the phase error. This
control signal is held on the additional features of the loop divider syn-
the phase comparator output, terminal 18 until chronization and range shift
synchronization, a    the next sampling. Thus, the control signal high
performance frequency synthesizer is pro-     changes in increments
occurring only when a vided which takes full advantage of this fast lock
loop divider pulse occurs. capability. In addition, the use of the adaptive
25  The control signal at the output terminal 18 filter provides improved
noise performance in       of the phase comparator 20 is directly coupled
the lock condition.                                to the control input
terminal 24 of a voltage controlled oscillator 30. The voltage controlled
Brief description of the drawings                  oscillator 30 produces
an oscillator signal of fre- The features of the present invention which
30   quency F[err] at its output terminal 26 respon- are believed to be
novel are set forth with parti-  sive to a control signal (i.e., the phase
com- cularity in the appended claims. The invention,    parator error
signal) received at the control together with further objects and
advantages       input terminal 24. thereof, may best be understood by
reference to       The output terminal 26 of the voltage con- the following
description when taken in con-   36   trolled oscillator 30 feeds to the
input terminal junction with the accompanying drawings.           32 of a
loop divider 34. The loop divider 34 Fig. 1 is a block diagram
illustrating one      divides the signal of frequency Fvco from the
embodiment of the novel fast lock frequency        voltage controlled
oscillator by an integer synthesizer utilizing an optimum gain sample-
number N. The output terminal 36 of the loop and-hold phase comparator.
40    divider 34 is coupled to the second phase com- Fig. 2 is a block
diagram illustrating another   parator input terminal 22 thereby applying
to embodiment of the novel fast lock frequency        the input terminal 22
a loop divider signal of fre- synthesizer utilizing synchronization of the
loop  quency F[err] divided by N. A typical loop divider divider and the
voltage controlled oscillator.     signal is shown as waveform L of Fig. 6.
Fig. 3 is a block diagram  illustrating still  45  In order to change the
frequency at the out- another embodiment of the novel fast lock fre-
put terminal 28 the divide ratio N must be quency synthesizer utilizing an
adaptive loop       changed to a new value. The divide ratio N is filter.
changed by reprogramming the loop divider 34 Fig. 4 is a schematic diagram
illustrating in    with a new value of N via the inputs [err]. The greater
detail the frequency change detector cir-  50 frequency of the signal at
the output terminal cuit shown in Fig. 3. Fig. 5 is a schematic diagram
illustrating in    28 will be equal to the reference oscillator fre-
greater detail the adaptive loop filter shown in    quency F[err] times the
divide ratio N (i.e. Fig. 3.
[err]. Fig. 6 is a timing diagram illustrating wave-   55  Typically,
frequency synthesizers of this type forms at various points in the circuits
shown in   are relatively slow in locking to the new fre- 



Figs. 1-5.                                         quency when the divide
ratio N is changed to a new divide ratio [err]. However, Applicants
Description of the preferred embodiment            have determined that,
ideally, the synthesizer Fig. 1 is a block diagram  illustrating one   6o
can lock to the new frequency within one cycle embodiment of the novel fast
lock frequency         of the reference signal if the gain of the sample-
synthesizer utilizing an optimum gain sample-      and-hold phase
comparator K, is given by the and-hold phase comparator. As shown therein,
following expression: a phase-lock loop 10 is utilized having a reference
source 1 1 which produces a reference   65              [err] 4    5
0045 795                       6 where [err] is the gain of the voltage
controlled   erroneous divide ratio, which causes the ou oscillator
expressed in radians/volt-sec. Thus, if  frequency of the frequency
synthesizer to start the value of N is changed to NNEw after one
locking to the wrong frequency. It is therefore complete counting of N, a
loop pulse will be     desirable to synchronize the programming of
generated and compared to the reference wave-    5    the loop divider so
as to avoid an erroneous form. If the gain of the phase comparator is the
divisor. correct value given by equation 1, then the vol-   In addition, it
is common to use multiplexing tage from the phase comparator will be the
to load the new divide data into the loop divider. exact voltage required
to shift the VCO to       When this occurs, the time necessary to load
exactly the new desired frequency [err]     10  these data is spread over a
period of time and Thus, the new frequency would be obtainable      can
result in part of the data being loaded in within one period of the
reference waveform.     during one count cycle and part during the next.
This ideal result cannot actually be obtained due  This also results in
erroneous division thereby in practice to non-ideal effects such as, non-
causing the synthesizer to require more time to linearity of the frequency
versus voltage charac-   15  lock to its new frequency. Fig. 2 illustrates
teristics of the voltage controlled oscillator and  another embodiment of
the invention in which loop time delays. However, optimum results can   the
loading of the loop divider is synchronized in be obtained, producing a
lock condition within   order to take maximum  advantage of the only a few
reference waveform periods, by        optimum gain sample-and-hold
frequency syn- utilizing a sample-and-hold phase comparator   20   thesizer
and avoid delay in lock acquisition due gain which is approximately that
determined by   to an erroneous divisor. the equation (1). Therefore, in
the preferred      In the frequency synthesizer of Fig. 2, a clock
embodiment the phase comparator gain is set      signal is taken off an
early stage of the reference to be a value approximately that determined by
divider and applied to the CLK input 42 of a the equation 1.
25   counter 40. An example of such a signal is It is common in the
frequency synthesizer art  shown as waveform B of Fig. 6. The counter 40 to
use a loop divider composed of a dual         is made up of three
flip-flops 44, 45, and 46 modulus prescaler and at least two counters in
and a NAND gate 43 to give a counter of order to obtain division by N. In
circuits of this  modulus six. The counter 40 as shown will type the
divisor N is determined by the count   30   generate six output states, for
use as address values programmed into the counters. One such    signals, on
its outputs 47, 48 and 49 according system is disclosed in a patent to
Miller et al.,  to the truth Table 1 shown below, and as shown U.S. Patent
No. 4,053,739, assigned  to         in Fig. 6 as waveforms C, D and E.
Motorola, Inc. Another approach, preferred by the Applicants, utilizes a
dual modulus pre-   35                TABLE 1 scaler and two counters with
programmable         Output      Output         Terminal modulus A and B. A
count cycle begins with the     state       47          48         49 A
modulus counter counting while the pre- scaler has a predetermined modulus
of P+1 and        1          0          0           0 when the A count is
finished the modulus of the   40       2    1           1          0
prescaler is changed to a second predeter-          3           0
1          1 mined modulus P and the B modulus counter           4
1          1           1 begins to count. A complete count cycle ends
5          0          0           1 when the B counter stops counting, and
then          6          1          0           0 the cycle begins over
again. The operation of   45 the divider is such that when the A modulus
The six output states generated by counter counter is counting, the B
modulus counter is    40 are applied to the address inputs 51, 52 and
loading count data, and when the B modulus       53 of multiplexer 50.
Multiplexer 50 is essen- counter is counting, the A modulus counter is
tially a 3 to 6 line decoder which is enabled by a loading count data.
Since the A counter is in the   50   low on the ENABLE input 54. The output
of the counting mode at the beginning of each cycle     reference source
with frequency [err] (wave- 



and the B counters are loading at the same       form A of Fig. 6) is
applied to the ENABLE input time, then if the divider programming data is
54 of the multiplexer. As a result, the six output changed during this
time, the A modulus          states from the counter 40 are continually
being counter will have counted using the modulus for   55   applied to the
address inputs 51, 52 and 53 of the old frequency and the B modulus counter
the multiplexer 50 but the multiplexer 50 is only will then count using the
modulus for the new    enabled when the reference signal is low. This
frequency. Thus, the division ratio will be in   will result in preventing
data from being loaded error for one cycle and the next sample will not
into the loop divider frequency programming produce the desired loop
switching effect.  60   data latches 60 except when the reference There are
other known prescaler counting       signal is low. The reference signal is
low only systems using multiple counters for the N divide  during the
second part of the N divider count function. In any of these approaches, if
the new  cycle (i.e., when the B counter is counting) due divide ratio data
is loaded at the wrong time    to the phase relationship of the loop
divider during the count cycle, the result Is an   65   signal (waveform L
in Fig. 6) and the reference 5    7                  0045 795
8 divider signal (waveform A in Fig. 6) when the      ted . The three least
significant bits [err] are system is in phase lock. Thus, it is during this
applied to the PROM  from  the multiplexer. period when the new data can
properly be            Therefore, the six PROM memory locations will loaded
into the data latches without producing      be addressed sequentially as a
result of the six an erroneous divisor.                          5
address states of Table 1 being applied sequen- When the multiplexer 50 is
enabled by a low       tially to the inputs [err] of the PROM 70. Each on
the ENABLE input 54, the multiplexer 50          location in the PROM will
contain four data bits applies the address signals (waveforms C. D and
which are applied to the outputs 71-74 of the E of Fig. 6) to its address
outputs 55, 56 and 57   PROM  70 when the address of that location which
are coupled directly to the address inputs   10   exists on the PROM 70
address inputs [err] AO, Al and A2 of a programmable read-only
It should be recalled that at the same time memory (PROM)70.
Simultaneously, the multi-         that the address inputs [err] are being
plexer decodes the address inputs on inputs 51,     sequentially
incremented (see waveforms C, D 52. and 53 and sequentially generates a
strobe      and E of Fig. 6), the strobe lines [err] of the pulse on each
of the strobe lines [err]. These    15   multiplexer 50 are being
sequentially strobed strobe pulses are shown as waveforms F-K in
(see waveforms F-K, Fig. 6). As a result, the Fig. 6.
multiplexer strobes each set of four latches in The frequency programming
data latches 60         the frequency data latch 60 at the same time as
hold the frequency data for the loop divider 34     it addresses a set of
four bits in the PROM and can, as well, hold additional information. In
20   which are directly applied to the data input the preferred embodiment,
this set of latches is    [err]. Accordingly, the data [err] is loaded made
up of a total of 24 latches organized in six   into the appropriate data
latch. Once a complete groups of four. Each group of four latches is
cycle has occurred (i.e., after the strobe pulse [err] addressed
respectively by one of the strobe         has occurred), the decoder will
be disabled until lines [err]. When a pulse appears on the    25   the
reference signal again goes low on the strobe line, data on data input
lines [err] of     ENABLE input 54. The overall result is that new the data
latches 60 will be loaded into the         data is multiplexed into the
frequency program- strobe line, data on data input lines [err] of      ming
data latches 60 only during the time that latches 60 is applied directly to
the loop divider  the reference signal is low. via the inputs [err].
30      Another method of improving  the per- The data applied to the data
inputs [err] of      formance of frequency synthesizers involves the data
latches 60 is coupled from the data out-       use of a multiple range
voltage controlled puts 71, 72, 73, 74 of the PROM 70. The data
oscillator. This permits the frequency syn- from the PROM 70 which is
applied to these          thesizer to operate over a wider range of fre-
four data outputs 71-74 is determined by the    35   quencies by breaking
the voltage controlled signals on the PROM 70 address inputs [err]
oscillator tuning range down into smaller fre- from the multiplexer 50 and
the address latches     quency ranges, thereby allowing a smaller vol- 80.
tage controlled oscillator gain constant to be A frequency selection input
is applied to the     used to cover an equivalent range of fre- address
latches 80 via the five data lines 91    40   quencies. However, to obtain
the full advan- from a frequency selection device 90. The fre-      tages
of the optimum gain sample-and-hold fre- quency selection device 90 can be
any circuit       quency synthesizer, it is necessary to syn- which will
supply the five digital address inputs   chronize the shifting of the range
of the voltage which are needed to select a given frequency.
controlled oscillator so that the range shifts at This device can be any of
a wide variety of avail-   45   the beginning of the first count cycle
using the able devices including binary switches, toggle      new divisor.
This is because the described fast 



switches, an encoder or microprocessor etc.         lock technique requires
that the loop cycle be The address latches 80 will load the address
completed using the old N with the old fre- data only when a positive pulse
occurs on the       quency from  the voltage controlled oscillator clock
input 82. The clock input 82 is coupled    60   before the range is
shifted. directly to the output terminal 36 of the loop        The range
shift synchronization is accom- divider. Therefore. the address latches
will load   plished as shown in Fig. 2 by the use of the new data into the
latches only when a loop          range shift latches 92. In the preferred
embodi- divider pulse (see waveform L, Fig. 6) occurs.      ment two bits
of the data stored in the fre- This prevents the data in the address
latches    55   quency programming data latches 60 are the from  changing
except when the loop pulse           data which determine the range of
operation for occurs. The data stored in the address latches is  the
voltage controlled oscillator at the pro- applied to the address inputs
[err] of the          grammed frequency. Thus, the range shift bits PROM
70. In the preferred system, these            [err] and [err] are coupled
from the frequency pro- address inputs are the five most significant bits
60   gramming data latches 60 to the inputs 94, 95 of the PROM address. The
PROM 70 is arranged        of the range shift latches 92. The clock input
93 so that the five most significant bits address a    of the range shift
latches 92 is coupled directly- segment of the PROM which contains the six
to the output terminal 36 of the loop divider 34. sets of data to be loaded
into the frequency pro-   The range shift latches 92 are positive edge
gramming data latches for the frequency selec-    65   triggered.
Therefore, after the frequency pro- 6    9                  0045 795
10 gramming data has been strobed into the data      oscillator 30. When
the timer signal on the latches and applied to the loop divider 34, the
control input terminal 102 of the adaptive loop loop divider 34 will finish
dividing the existing  filter 100 is high, the filter connects the input
signal at the old divisor and will produce a loop  terminal 103 directly to
the output terminal 104 divider pulse at the end of the count cycle. This
5    thereby connecting the phase comparator 20 loop divider pulse will
then trigger the range    directly to the voltage controlled oscillator 30.
shift latches 92 causing the data applied to the  This allows the fast lock
technique as pre- inputs 94 and 95 to be loaded into the range      viously
described to be fully utilized and yields a shift latches 92. An example of
the signal on the  first order loop transfer function. After a time output
of one of the latches 92 when the data is   10   period determined by the
timer 99 the timing changed from a low to a high is shown as wave-
signal on the control input terminal 102 goes form M of Fig. 6. When the
new data has been      low and the adaptive loop filter switches a low
loaded into the range shift latches 92, the data  pass filter between the
input terminal 103 and is applied directly to the range shift inputs 25
the output terminal 104. Thus the control signal and 27 of the voltage
controlled oscillator 30    15  from the phase comparator 20 is filtered
and thereby changing the range of the voltage con-    filtered signal is
applied to the voltage con- trolled oscillator. Thus, the range of the
voltage  trolled oscillator 30. The phase locked loop will controlled
oscillator is changed only at the      then yield the desired second or
third order beginning of the first count at the new divisor.  transfer
function for optimum closed loop per- In order to improve noise performance
in fre-   20   formance. This permits the frequency syn- quency
synthesizers, it is common to place a      thesizer to lock to a new
frequency when there low pass filter between the phase comparator      is a
frequency change using the fast lock first and the voltage controlled
oscillator. In the     order loop, and permits the loop filter to be novel
fast lock system described, however, this   placed in the loop after lock
has been acquired, would cause the frequency synthesizer to take   25
thus providing improved noise and feedthru per- substantially greater time
to lock to a new fre-  formance. quency. However, in order to obtain the
advan-       The frequency change detector 97 is shown tages of improved
noise performance and still     in greater detail in Fig. 4. As shown in
Fig. 4, a maintain the fast lock characteristic of the novel  set of five
inputs [err] are respectively coupled frequency synthesizer, an adaptive
loop filter is   30   directly to one input of a set of five exclusive OR
employed as shown in Fig. 3. This type of filter   gates G1-G5. In
addition, the inputs [err] are allows the loop filter to be bypassed for
large   coupled respectively to the D input of a set of D frequency changes
but places the filter in the     latches [err]. The Q output of each D
latch loop when frequency lock is obtained. Thus, the   L1-L5 is coupled
respectively to the second fast lock technique can be used in a high per-
35   input of the exclusive OR gates G1-G5. The formance digital frequency
synthesizer with low    output of the five exclusive OR gates G1-G5 noise
and feedthru characteristics.               are coupled to the inputs of a
five input OR gate Referring now to Fig. 3, the frequency selec-   G6. The
output of the OR gate G6 is coupled tion data from frequency selection
device 90 on   directly to a monostable multivibrator 105 the five data
lines 91 is applied to the address   40   whose output is coupled to the
output terminal latches 80. The frequency data is then coupled    98. The
output of the monostable multivibrator 



directly to the inputs [err] of a frequency       105 is also coupled to
the C (clock) input of change detector 97 via the five data lines 96
each of the D latches L1-L5 as shown. from the address latches 80. The
frequency           In the steady state condition the D input and change
detector 97 generates a pulse on its   45   the Q output of each D latch
[err] is at the output 98 whenever the data on any of the five    same
logic level and therefore the output of data lines 96 changes. The signal
on the fre-     each exclusive OR gate G1-G5 is at the logic 0 quency
change detector output terminal 98 is      level since both inputs of each
gate are equal. applied directly to a timer 99. The timer 99      Since all
inputs to the OR gate G6 are zeros, its generates a pulse of predetermined
period on its   50   output is also at the zero level, and the mono- output
terminal 101 in response to the pulse      stable multivibrator 105 is
untriggered and in from the frequency change detector output ter-    the
zero output state. If one or more of the input minal 98. The timer pulse is
selected to be long  data bits [err] changes state, the input D and enough
to permit the loop to acquire a new fre-   the output Q of the D latch
associated with each quency before the loop filter is switched into the
55   changed bit will be in opposite states and the synthesizer loop and to
permit the charging of    exclusive OR gate of each changed bit will the
appropriate loop filter capacitors.           change to the one state. This
will cause the out- The timing pulse on the output 101 is applied   put of
the OR gate G6 to change to the one directly to the control input terminal
102 of an  state thereby triggering the monostable multi- adaptive loop
filter 100 (shown in greater detail   60   vibrator 105. Since the
monostable multi- in Fig. 5). The adaptive loop filter has an input
vibrator 105 is connected to the C inputs of the terminal 103 coupled
directly to the output ter-  D latches L1-L5, the new data on the B1-B5 in-
minal 18 of the phase comparator 20 and has       puts will now clock
through the latches L1-L5 an output terminal 104 coupled directly to the
causing all the exclusive OR gates G1-G5 and input terminal 24 of the
voltage controlled   65   the OR gate G6 to revert to the zero state. When
7    11,                 0045795                          12 the pulse from
the monostable multivibrator           a programmable divider circuit (34)
for fre- 5 times out, the circuit is again in its original    quency
dividing  the  controlled  oscillator state awaiting another data change.
Therefore,         signal by a divisor N; and it can be seen that the
frequency change             a phase comparator (20), having a first input
detector shown in Fig. 4 will generate a pulse    5    (16) coupled to the
reference signal source, a on the output terminal 98 whenever the data on
second input (22) coupled to the divider cir- the inputs [err] changes.
cuit, and an output (18) coupled to the Fig. 5 illustrates a more detailed
circuit dia-     signal controlled oscillator, for producing the gram of
the adaptive filter 100 shown in Fig. 3.       control signal at its
output, representative of Switch 1 and switch 2 shown in Fig. 5 can be   10
the phase difference of the signals received at any low  input-output
offset voltage analog            the first and second input, the frequency
syn- switch. In the preferred embodiment, these             thesizer
further characterized by: said phase switches are CMOS transmission gates.
When a           comparator being a sample and hold phase high signal is
applied to the switch control input     comparator and having a set gain K,
approxi- 102. switch 1 and switch 2 are closed and the    15    mately
given    by   the    expression loop is in a wide bandwidth mode. In this
mode,        [err] where [err], is expressed in the filter composed of the
resistors R1,R2 and        volts/radian, F[err] is expressed in hertz, and
[err] [err]and capacitors C1 and C2, is shorted, and          is expressed
in radians/volt-sec. the input 103 is directly connected through closed
switch 1 to the output 104. Also, in this   20  2. The improved fast-lock
frequency syn- mode, when switch 1 and switch 2 are closed,
thesizer of claim 1 further characterized by, cir- the capacitor C1 is
quickly charged by the signal    cuitry (40, 50, 60, 70, 80 & 90) for syn-
on the input 103 through the closed switch 2         chronously programming
the divider circuit from and the capacitor C2 is quickly charged through
an old divisor to a new divisor by loading the the closed switch 1. This
shortens the charging    25   new divisor so that the divider circuit does
not time by a significant amount and allows the          begin counting by
the new divisor before the loop to reach its new frequency quickly with the
divider circuit completes a count by the old first order closed loop
response previously des-     divisor. cribed with reference to Fig. 2. When
switch 1         3. The improved fast-lock frequency syn- and switch 2 are
opened, by the signal on    30   thesizer of claim 2 wherein the voltage
con- control input 102 going low, the full loop filter    trolled
oscillator operates over a plurality of fre- attenuation is in place to
obtain the desired        quency ranges, further characterized by, cir-
noise and reference feedthru rejection. The loop    cuitry (92) for
synchronously shifting the fre- filter can be designed to yield the desired
quency range of the voltage controlled oscillator second or third order
closed loop response. The    35   by range shifting in response to the
divider time period during which the control voltage on      means having
completed the count utilizing the 



input 102 remains high, keeping switch 1 and        old divisor switch 2
closed should be sufficient for the first     4. The  improved  fast-lock
frequency  syn- order loop to acquire the voltage that corres-
thesizer of claim 1, 2 or 3 further characterized ponds to the new
frequency and to permit the   40   by: capacitors C1 and C2 to charge. It
can be seen that a fast lock frequency syn-    signal processing circuitry
(97, 99, 100) includ- thesizer is provided which is capable of locking
ing filtering circuitry (100), and having an to a new frequency very
rapidly. In addition, the      input coupled to the output of the phase
high speed characteristics of this loop can be    45   comparator and an
output coupled to the fully utilized whep using a multiple counter loop
signal controlled oscillator input, said signal divider, a multiple
frequency range voltage con-       processing circuitry for connecting, for
a trolled oscillator and an adaptive loop filter, by     period of time
required to permit the fre- means of proper synchronization.
quency synthesizer to acquire the desired fre- While a preferred embodiment
of the inven-   50     quency, the input directly to the output in res-
tion has been described and shown, it should be        ponse to a  change
in the loop divisor and for understood  that other variations and
modifica-       coupling at all other times, the input to the tions may be
implemented.                              filtering circuitry for filtering
the control signal and applying the filtered control signal to the Claims
55      output. 1. An improved fast-lock frequency syn-
Patentanspruche thesizer (10) including: 1. Verbesserter
Frequenzsynthetisierer (10) a reference signal source (11) for generating a
60   mit schneller Verriegelung mit: reference signal of frequency F[err];
a voltage controlled oscillator (30), for produc-   -  einer
Bezugssignalquelle  (11) zum   Er- ing an oscillator signal (Fvco) at its
output        zeugen eines Bezugssignals der Frequenz (28) in response to a
control signal applied to      FR its input (24) and having a gain K[err];
65   -  einem spannungsgesteuerten Oszillator (30) 8    11
0045 795                        12 the pulse from  the monostable
multivibrator        a programmable divider circuit (34) for fre- 5 times
out, the circuit is again in its original   quency  dividing the controlled
oscillator state awaiting another data change. Therefore,         signal by
a divisor N; and it can be seen that the frequency change            a
phase comparator (20), having a first input detector shown in Fig. 4 will
generate a pulse        (16) coupled to the reference signal source, a on
the output terminal 98 whenever the data on        second input (22)
coupled to the divider cir- the inputs [err] changes.
cuit, and an output (18) coupled to the Fig. 5 illustrates a more detailed
circuit dia-     signal controlled oscillator, for producing the gram of
the adaptive filter 100 shown in Fig. 3.      control signal at its output,
representative of Switch 1 and switch 2 shown in Fig. 5 can be    10    the
phase difference of the signals received at any low  input-output offset
voltage analog           the first and second input, the frequency syn-
switch. In the preferred embodiment, these            thesizer further
characterized by: said phase switches are CMOS transmission gates. When a
comparator being a sample and hold phase high signal is applied to the
switch control input    comparator and having a set gain [err]approxi- 102,
switch 1 and switch 2 are closed and the    15   mately   given   by   the
expression loop is in a wide bandwidth mode. In this mode,       [err]
where [err], is expressed in the filter composed of the resistors R1, R2
and       volts/radian, F[err] is expressed in hertz, and [err] R3, and
capacitors C1 and C2, is shorted, and         is expressed in
radians/volt-sec. the input 103 is directly connected through closed switch
1 to the output 104. Also, in this   20  2. The improved 'ast-lock
frequency syn- mode, when switch 1 and switch 2 are closed,        thesizer
of claim 1 further characterized by, cir- the capacitor C1 is quickly
charged by the signal   cuitry (40, 50, 60, 70, 80 8 90) for syn- on the
input 103 through the closed switch 2        chronously programming the
divider circuit from and the capacitor C2 is quickly charged through     an
old divisor to a new divisor by loading the the closed switch 1. This
shortens the charging    25   new divisor so that the divider circuit does
not time by a significant amount and allows the         begin counting by
the new divisor before the loop to reach its new frequency quickly with the
divider circuit completes a count by the old first order closed loop
response previously des-    divisor. cribed with reference to Fig. 2. When
switch 1        3. The improved fast-lock frequency syn- and switch 2 are
opened, by the signal on    30   thesizer of claim 2 wherein the voltage
con- control input 102 going low, the full loop filter  trolled oscillator
operates over a plurality of fre- attenuation is in place to obtain the
desired       quency ranges, further characterized by, cir- 



noise and reference feedthru rejection. The loop    cuitry (92) for
synchronously shifting the fre- filter can be designed to yield the desired
quency range of the voltage controlled oscillator second or third order
closed loop response. The   35   by range shifting in response to the
divider time period during which the control voltage on     means having
completed the count utilizing the input 102 remains high, keeping switch 1
and        old divisor. switch 2 closed should be sufficient for the first
4. The improved fast-lock frequency syn- order loop to acquire the voltage
that corres-     thesizer of claim 1, 2 or 3 further characterized ponds to
the new frequency and to permit the    40   by: capacitors C1 and C2 to
charge. It can be seen that a fast lock frequency syn-   signal processing
circuitry (97, 99, 100) includ- thesizer is provided which is capable of
locking      ing filtering circuitry (100), and having an to a new
frequency very rapidly. In addition, the     input coupled to the output of
the phase high speed characteristics of this loop can be    45  comparator
and an output coupled to the fully utilized when using a multiple counter
loop     signal controlled oscillator input, said signal divider, a
multiple frequency range voltage con-      processing circuitry for
connecting, for a trolled oscillator and an adaptive loop filter, by
period of time required to permit the fre- means of proper synchronization.
quency synthesizer to acquire the desired fre- While a preferred embodiment
of the inven-   50    quency, the input directly to the output in res- tion
has been described and shown, it should be       ponse to a change in the
loop divisor and for understood that other variations and modifica-
coupling at all other times, the input to the tions may be implemented.
filtering circuitry for filtering the control signal and applying the
filtered control signal to the Claims
55      output. 1. An improved fast-lock frequency syn-
Patentanspruche thesizer (10) including: 1. Verbesserter
Frequenzsynthetisierer (10) a reference signal source (11) for generating a
60   mit schneller Verriegelung mit: reference signal of frequency F[err]:
a voltage controlled oscillator (30), for produc-  -einer
Bezugssignalquelle  (111) . zum  Er- ing an oscillator signal (F[err]) at
its output       zeugen eines Bezugssignals der Frequenz (28) in response
to a control signal applied to     FREF: its input (24) and having a gain
Kv;        65       einem spannungsgesteuerten Oszillator (30) 8    13
0 045 795                      14 zum  Erzeugen eines Oszillatorsignals
F[err]         Ausgang unter Ansprechen auf eine Ander- an seinem Ausgang
(28) unter Ansprechen            ung in dem Schleifendivisor und zum
Koppeln auf ein an seinem Eingang (24) angelegtes         des Eingangs zu
alien anderen Zeiten mit der Steuersignal und mit sinem Verstarkungs-
Filterschaltung zum Filtern des Steuersignals faktor K,;
5       und Anlegen des gefilterten Steuersignals an -  einer
programmierbaren  Teilerschaltung           den Ausgang dient. (34) zur
Frequenzteilung. des gesteuerten Oszillatorsignals durch einen Divisor'
(N);     Revendications und -  einem  Phasenvergleicher (20) mit einem
10      1. Synthetiseur de fr6quence A verrouillage ersten Eingang (16),
der mit der Bezugs-        rapide perfectionne, comprenant une source
signalquelle gekoppelt ist, einem zweiten       (11) de signal de reference
pour produire un Eingang (22), der mit der Teilerschaltung       signal de
reference 3 une fr6quence (FREF), un gekoppelt ist, und einem Ausgang (18),
der      oscillateur commande par tension (30) pour mit  dem
signalgesteuerten   Ozillator   15   produire un signal d'oscillateur
(Fvco) A sa sortie gekoppelt ist zum  Erzeugen des Steuer-         (28) en
reponse a un signal de commande appli- signals an seinem  Ausgang, das
repre-          que a son entree (24) et ayant un gain (K.J, un sentativ
fOr die Phasendifferenz der an dem     circuit diviseur programmable (34)
pour diviser ersten und zweiten .Eingang empfangenen         la frequence
du signal d'oscillateur commande Signale ist, wobei der Frequenzsynthe-
20   par un diviseur (N) et un comparateur de phase tisierer ferner dadurch
gekennzeichnet ist,     (20) comprenant une premiere entree (1 6) dal der
Phasenvergleicher ein Abtast- und       reliee A la source de signal de
reference, une Haltephasenvergleicher ist und einen ein-       seconde
entrde (22) relies au circuit diviseur et gestellten Verstarkungsfaktor V,
besitzt, der   une sortie (18) reliee A l'oscillateur commande annahermd
gegeben ist durch den Ausdruck   25   par signal, pour produire le signal
de com- K,=NxFRE/Kv, wobei K, ausgedruckt ist in       mande A sa sortie,
representant la difference de Volt/Radian, FREF ausgedrOckt ist ini Hertz
phase des signaux recus a la premiere et A Ia und Kv ausgedrOckt ist in
Radian/Volt-          seconde entrees, le synthetiseur de frequence 



Sekunden.                                       etant en outre caracterise
par un comparateur 30   de phase consistant en un comparateur de 2.
Verbesserter Frequenzsynthetisierer mit       phase A echantillonnage et
maintien ayant un schneller Verriegelung  gemAl  Anspruch  1,         gain
regle (K,,) donne approximativement par ferner gekennzeichnet durch eine
Schaltung         1'expression (K,=NxFRJ/K,) ou K, est exprime (40, 50, 60,
70, 80 und 90) zum synchronen         en volts/radians, FREF est exprime en
Hertz et Kv Programmieren der Teilerschaltung von einem    35   est exprim6
en radians/volts-seconde. alten Divisor auf einen neuen Divisor durch
2. Synthetiseur de frequence 3 verrouillage Laden des neuen Divisors
derart, daB die Teiler-   rapide perfectionne selon la revendication 1,
schaltung nicht mit dem neuen Divisorzu zahlen      caracterise en ce qu'il
comporte en outre un cir- beginnt, bevor die Teilerschaltung eine Zdhlung
cuit (40, 50, 60, 70, 80 et 90) destine A pro- mit dem alten Divisor
beendet hat.            40   grammer en synchronisms le circuit diviseur 3.
Verbesserter Frequenzsynthetisierer mit       d'un ancien diviseur A un
nouveau diviseur en schneller Verriegelung gemaB  Anspruch 2,
chargeant le nouveau diviseur de maniere qus le wobei der
spannungsgesteuerte Oszillator uber       circuit diviseur ne commence pas
a compter eine Vielzahl von Frequenzbereichen arbeitet,       avec le
nouveau diviseur avant que le circuit ferner gekennzeichnet durch eine
Schaltung    45   diviseur n'ait termine un comptage avec I'ancien (92)
zum   synchronen  Verschieben  des           diviseur. Frequenzbereichs des
spannungsgesteuerten             3. Synthetiseur de frequence A
verrouillage Oszillators durch Bereichsverschiebung unter        rapide
perfectionne selon la revendication 2, Ansprechen auf die Beendigung der
Zahlung der       dans lequel l'oscillateur commande par tension
Teilermittel  unter  Verwendung  des  alten   50   fonctionne dans
plusieurs plages de frequence, Divisors.
caracterise en outre par un circuit (92) pour 4. Verbesserter
Frequenzsynthetisierer mit       decaler en synchronisme la plage de fre-
schneller Verriegelung gemiB Patentanspruch        quences de l'oscillateur
commande par tension 1, 2 oder 3, ferner gekennzeichnet durch:          par
decalage de plage en reponse au dispositif s5   diviseur ayant termine le
comptage utilisant eine  Signalverarbeitungsschaltung  (97, 99,
I'ancien diviseur. 100) mit einer Filterschaltung (100) und mit       4.
Synthetiseur de frequence a verrouillage einem Eingang gekoppelt mit dem
Ausgang          rapide perfectionne selon la revendication 1, 2 des
Phasenvergleichers und einem Ausgang         ou 3, caracterise en outre par
un circuit de gekoppelt mit dem signalgesteuerten Oszilla-   60
traitement de signaux (97, 99, 100) compre- toreingang, wobei die
Signalverarbeitungs-       nant un circuit de filtrage (10U) et une entree
schaltung zum Verbinden des Eingangs fOr         couplee A la sortie du
comparateur de phase et eine Zeitperiode, die erforderlich ist, damit
une sortie couplee a l'entree de l'oscillateur der Frequenzsynthetisierer
die gewunschte        commande par signal, ledit circuit de traite-
Frequenz annehmen kann, direkt mit dem    6s    ment de signal connectant,
pendant une ptriode 9 HI11qu IIIIIIIIf1li    15                  0 045 795
16 necessaire pour permettre au synthdtiseur de       couplant A tous
autres moments 1entree au ci frequence  d'acqudrir la frequence  voulue,
cult de filtrage pour filtrer le signal de corn- directement l'entr6e a la
sortie en reponse a un   mande et pour appliquer le signal de com-
changement dans le diviseur de boucle et           mande filtr6 de la
sortie. 5 70 g5 20 25 30 35 40 45 50 55 60 65 10    


