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(7) ABSTRACT

The circuit compensates for phase error in the case of
fractional-N-based PLL frequency synthesizers. All required
actuating and reference signals are derived from the VCO
frequency of the voltage-controlled oscillator by using an
auxiliary phase-locked loop. The circuit is specifically appli-
cable for HF-PLL frequency synthesizers using integrated
circuit technology.
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DIGITAL PLL (PHASE-LOCKED LOOP)
FREQUENCY SYNTHESIZER

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This is a continuation of copending International
Application PCT/DE99/01569, filed May 28, 1999, which
designated the United States.

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

[0002] The invention relates to a digital PLL (Phase-
Locked Loop) frequency synthesizer, in which a reference
frequency formed by the division of a stable quartz oscillator
frequency is compared with a second frequency, derived by
dividing the frequency of a voltage-controlled oscillator, in
a phase-frequency detector whose output signal serves, after
being led via an optionally provided charge pump and a loop
low-pass filter in the PLL loop, as control voltage for the
voltage-controlled oscillator. For the purpose of dividing the
frequency of the voltage-controlled oscillator there is pro-
vided in the PLL loop an N/(N+1) frequency divider, which
can be switched over between two adjacent integral divisor
factors N and N+1, divides by N for the duration of M-K
cycles, and then divides by N+1 for the duration of K cycles.
For the purpose of causing automatic switching over of the
N/(N+1) frequency divider there is provided a phase accu-
mulator to whose contents the value K with a modulo-M
addition is added with each pulse of the divided VCO
frequency and which causes a change in the divisor factor
from N to N+1in the next cycle after each overflow.

[0003] Conventional digital PLL frequency synthesizers
operate using the known principle illustrated in the form of
ablock diagram in FIG. 1. There, a reference frequency f.¢,
which is formed by downward division of a stable quartz
frequency f, generated with the aid of a crystal-controlled
oscillator 1, by the divisor factor ‘P’ with the aid of a
reference frequency divider 2, is compared in a phase-
frequency detector 3 with a second frequency f, which is
derived by dividing a frequency fy,, generated in a voltage-
controlled oscillator (VCO) 4 by the divisor factor N. This
frequency division by the divisor factor ‘IN” is performed in
an N-frequency divider 5. The phase-frequency detector 3
generates—depending on the design together with a charge
pump 6—and a loop low pass filter 7, the control voltage
which causes the voltage-controlled oscillator 4 to oscillate
at a desired frequency fy,o.

[0004] The divider ratio ‘N’, which can be set by the
N-frequency divider 5, is integral, which means that the
voltage-controlled oscillator 4 can oscillate only at an inte-
gral multiple of the reference frequency fi. when the
phase-locked loop is locked. This fact is attended by some
disadvantages.

[0005] A low reference frequency fy . must be used for a
desired small spacing between the frequencies f5,~o which
can be generated in the voltage-controlled oscillator 4. Since
the phase-locked loop PLL constitutes a sampled system
with the sampling frequency fr.., the sampling theorem
(Nyquist theorem) can be used to obtain a stable system by
selecting the bandwidth of the phase-locked loop PLL to be
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not higher than fi_¢/2. In practice, the bandwidth is usually
at approximately 10% of the reference frequency f_.

[0006] However, a small PLL bandwidth means a slow
transient response upon switching over the N-frequency
divider 5 in order to set another frequency fy,~o of the
voltage-controlled oscillator 4, that is to say another fre-
quency channel.

[0007] Another disadvantage stems from the fact that the
frequency fy,o of the voltage-controlled oscillator 4 must
be divided very far downward. Since the divided frequency
fyco 1s compared with the reference frequency f ., which
must have low phase noise, although the phase noise of the
divided frequency {5, is optimized by the PLL control, the
phase noise of the voltage-controlled oscillator 4 itself is
worsened as the divisor factor ‘N’ increases.

[0008] A reference frequency fr ., which is higher than the
required channel allocation, can be used whenever the
divisor factor ‘N’ can no longer be set integrally. Since the
N-frequency divider § itself can divide only by integral
factors, the fractional divider ratio must be set as the time
average over M cycles, that is to say it is necessary to divide
by the divisor factor ‘N’ for the duration of M-K cycles, and
then to divide by the divisor factor ‘N+1" increased by the
whole number ‘1’ for the duration of K cycles.

[0009] The result of this in the case of a steady-state
phase-locked loop PLL is a mean frequency fy,oo of the
voltage-controlled oscillator 4 of:

Fvcofrer"(N+K/M)

[0010] Starting from a stable frequency fyoo , set in
accordance with the desired fractional divider ratio, of the
voltage-controlled oscillator 4, it can be shown that the
frequency fy,o/N is too high during the cycles in which
division is by the divisor factor ‘N’, and that therefore the
phase difference between the reference frequency fr ¢ and
the frequency f5,o/N is increased by the factor

Ty co-setpoint " K/M

[0011] at each pass.

[0012] This accumulated phase difference grows to a
maximum of one VCO period of the voltage-controlled
oscillator 4, and is raised again overall precisely in those
cycles in which division is by the divisor factor ‘N+1°, with
the result that after M periods of the reference frequency f ¢
phase coincidence prevails again between the reference
frequency f ¢ and the divided frequency fy,o . The factor
M is the modulus, that is to say the greater the factor M, the
higher it is possible to select the reference frequency fy.;,
and the smaller the frequency steps, that is to say the smaller
the frequency channel spacings can be set.

[0013] Circuit proposals are known which permit a phase
accumulator to be used to switch over the divisor factor of
the N/(N+1) divider automatically. The value K with a
modulo-M addition can be added again to the contents in a
phase accumulator after each pulse of the divided frequency
fyco from the voltage-controlled oscillator. After each over-
flow of the phase accumulator, the divisor factor of ‘N’ is
changed to ‘N+1° in the next cycle. It is implicit therefrom
that the phase accumulator always has a value which, when
multiplied by the factor Ty,co_gerpoin/M represents the cur-
rent phase value at the phase-frequency detector.
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[0014] Because of the phase difference which is set up at
the phase-frequency detector in each cycle, the PLL will,
however, attempt to keep correcting the voltage-controlled
oscillator (VCO), and will therefore have a negative influ-
ence on the phase stability. Consequently, a constant VCO
frequency and VCO phase require a constant control voltage
at the voltage-controlled oscillator, and thus a large time
constant of the loop low pass filter, and this precisely
contradicts the desire for a larger loop bandwidth.

[0015] Various approaches to a solution have become
known for the purpose of achieving a reduction in phase
jitter. One such prior art method (from the Marconi com-
pany) consists in using a plurality of cascaded phase accu-
mulators which use the sigma-delta principle to drift the
frequency components of the phase jitter into regions which
are strongly damped by the loop low pass filter. No com-
pensation is then required anymore. However, a plurality of
phase accumulators are required.

[0016] Another prior art method for reducing phase jitter
is active compensation of control by interventions at the
phase-frequency detector or at the loop low pass filter. In this
case, for example, it is possible in addition to the actual
charge pump current to feed a compensation current into the
loop low pass filter in order to compensate the effect of the
first-named current. In this case, it is necessary to vary either
the magnitude or the duration of the feed from cycle to cycle,
in order to make available for compensation purposes a
charge quantity dependent on the phase error.

[0017] The individual graduations of the different charge
quantities depend on the desired frequency fy,co of the
voltage-controlled oscillator and can, for example, be set as
a function of a reference current which depends on the VCO
frequency/period. The current compensation principle is
used in the case, for example, of the so-called fractional-N
phase locked loops (PLLs) built by the Philips company. The
disadvantage of this method resides in the need to set the
reference current and in interfering at the loop low pass filter
through an extended charge pump.

[0018] Another prior art method for reducing phase jitter,
which is used by the National Semiconductor company, is
the cycle-dependent active delaying of the active edge of the
divided frequency f5,o of the voltage-controlled oscillator.
For this reason, the phase-frequency detector is always
conveyed phase coincidence, and adjustment of the phase-
locked loop PLL is avoided. The relative magnitude of the
required time delays is monitored with the aid of the
contents of the phase accumulator. Only the absolute mag-
nitude of the minimum time delay is dependent, in turn, on
the desired frequency f,~o of the voltage-controlled oscil-
lator.

[0019] With the exception of the above-mentioned method
used by the Marconi company, for reducing phase jitter, it is
common to all these known methods that they require a
reference in the domain either of time or of voltage and/or
current, the magnitude of which is a function of the fre-
quency to be synthesized.

SUMMARY OF THE INVENTION

[0020] The object of the present invention is to provide a
digital, fractional-N phase-locked loop synthesizer which
overcomes the above-noted deficiencies and disadvantages
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of the prior art devices and methods of this general kind, and
which enables phase-error compensation and wherein all the
required actuating and reference signals can be derived from
the frequency fy,~o of the voltage-controlled oscillator
(VCO).

[0021] With the above and other objects in view there is
provided, in accordance with the invention, a digital PLL
frequency synthesizer, comprising:

[0022] an input receiving a signal having a stable
quartz oscillator frequency;

[0023] a voltage-controlled oscillator outputting a
VCO frequency;

[0024] a first PLL loop connected to an output of the
voltage-controlled oscillator and an N/N+1) fre-
quency divider connected in the first PLL loop for
dividing the VCO frequency and generating a
divided VCO frequency;

[0025] a phase-frequency detector having a first input
receiving the stable quartz oscillator frequency and a
second input receiving the divided VCO frequency,
and configured to compare the quartz oscillator fre-
quency with the second frequency, and outputting an
output signal connected as a control voltage for the
voltage-controlled oscillator;

[0026] the N/(N+1) frequency divider being config-
ured to be switched over between two adjacent
integral divisor factors N and N+1, to divide by N for
a duration of M-K cycles, and to divide by N+1 for
a duration of K cycles;

[0027] a phase accumulator connected to the NAN+
1) frequency divider for automatically switching the
N/(N+1) frequency divider, wherein a content of the
phase accumulator has added thereto the value K
with a modulo-M addition with each pulse of the
divided VCO frequency and the phase accumulator
causing a change in the divisor factor from N to N+1
in a next cycle after each overflow;

[0028] a PLL phase delay device connected between
the N/A(N+1) frequency divider and the second input
of the phase frequency detector and to the phase
accumulator, the phase delay device containing M-1
time-delay elements in a phase delay chain and
having first and second control inputs, the first con-
trol input for setting a respectively corresponding
magnitude of a fundamental delay of each the time-
delay element of the phase delay chain, and the
second control input for setting a number of the
fundamental delays to be active in the phase delay
chain, wherein the contents of the phase accumulator
are increased with each output pulse of the phase
delay device by the adjustable fraction K of the
reference frequency modulo-M, and wherein, in
event of an overflow, the N/(N+1) frequency divider
is switched to N+1 for a next period,;

[0029] the phase accumulator having an output con-
nected to the second control input of the phase delay
device;

[0030] a further phase frequency detector having a
first input, a second input connected to the output of
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the voltage-controlled oscillator without an interpo-
sition of a time-delay element, and an output;

[0031] a further phase delay device for simulating
corresponding time-delay conditions, configured
identically to the PLL phase delay device, but having
a number M series-connected time-delay elements,
and connected between the output of the voltage-
controlled oscillator and the first input of the further
phase-frequency detector; and

[0032] a further loop low pass filter connected
between the output of the further phase frequency
detector and the first input of the PLL phase delay
device and a control input of the further phase delay
device for forming an auxiliary PLL and for setting
a respectively corresponding magnitude of the fun-
damental delays of the time-delay elements of the
PLL phase delay device and the further phase delay
device.

[0033] In accordance with an added feature of the inven-
tion, a charge pump and a loop low-pass filter are connected
in the first PLL loop.

[0034] In accordance with an additional feature of the
invention, the second control input for setting the number of
the fundamental delays active in the phase delay device is
formed by a control input of an M:1 multiplexer, whereby
the multiplexer selects, in dependence on a control signal
present at a control input thereof, the output signal of which
of the series-connected time-delay elements is decoupled
and fed to the second input of the first phase-frequency
detector and to the phase accumulator.

[0035] In accordance with another feature of the inven-
tion, the further phase delay device comprises dummy
decoupling elements in addition to and associated with the
time-delay elements for simulating the time-delay condi-
tions corresponding to the time-delay conditions of the PLL
phase delay device.

[0036] In accordance with a further feature of the inven-
tion, the further phase delay device comprises dummy
decoupling elements in addition to and associated with the
time-delay elements for simulating the time-delay condi-
tions corresponding to the time-delay conditions of the PLL
phase delay device.

[0037] In accordance with again an added feature of the
invention, the dummy decoupling elements are load ele-
ments simulating a loading by the input of the M:1 multi-
plexer of the PLL phase delay device.

[0038] In accordance with again an additional feature of
the invention, the auxiliary PLL including the further phase-
frequency detector is configured with a very high loop
bandwidth. Preferably, the auxiliary PLL has a bandwidth in
an order of magnitude of a bandwidth of the reference
frequency.

[0039] With the above and other objects in view there is
provided, in accordance with the invention, an integrated
digital PLL frequency synthesizer, which comprises the
integrated frequency synthesizer outlined above embodied
in integrated circuit technology.

[0040] Other features which are considered as character-
istic for the invention are set forth in the appended claims.
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[0041] Although the invention is illustrated and described
herein as embodied in a digital PLL (Phase-Locked Loop)
frequency synthesizer, it is nevertheless not intended to be
limited to the details shown, since various modifications and
structural changes may be made therein without departing
from the spirit of the invention and within the scope and
range of equivalents of the claims.

[0042] The construction and method of operation of the
invention, however, together with additional objects and
advantages thereof will be best understood from the follow-
ing description of specific embodiments when read in con-
nection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] FIG. 1 is a block diagram of a conventional, prior
art PLL frequency synthesizer (described in the introductory
text above);

[0044] FIG. 2 is a block diagram of a fractional-N PLL
frequency synthesizer according to the invention;

[0045] FIG. 3 is a schematic block diagram of the layout
of a PLL phase delay device, provided in the circuit of FIG.
2, with M-1 time-delay elements and an M:1 multiplexer;
and

[0046] FIG. 4 is a schematic block diagram of the layout
of a further phase delay device, provided in the circuit of
FIG. 2, with M time-delay elements.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0047] Referring now to the figures of the drawing illus-
trating the invention in detail and first, particularly, to FIG.
2 thereof, there is seen a block diagram of the circuit of a
digital PLL (phase-locked loop) frequency synthesizer. Also
to be seen in this circuit are the known elements of a
conventional PLL frequency synthesizer circuit already
described in conjunction with FIG. 1, specifically a crystal-
controlled oscillator 1, a reference frequency divider 2, a
phase-frequency detector 3, a charge pump 6, a loop low
pass filter 7, and a voltage-controlled oscillator (VCO) 4.

[0048] 1In the frequency synthesizer illustrated in FIG. 2,
a reference frequency fy ., which is formed in the reference
frequency divider 2 by dividing the quartz frequency f,
supplied by the crystal-controlled oscillator 1, is compared
with a second frequency f,, derived by dividing the fre-
quency fy,o of the voltage-controlled oscillator 4, in the
phase-frequency detector 3, whose output signal serves in
the PLL after being led via the charge pump 6 and the loop
low pass filter 7, as control voltage for the voltage-controlled
oscillator 4.

[0049] By contrast with the prior art frequency synthesizer
circuit, described in FIG. 1, in order to divide the frequency
of the voltage-controlled oscillator 4, there is provided in the
PLL an N/(N+1) frequency divider 9 which can be switched
over at a control input 8 (select) between two adjacent
integral divisor factors N and N+1, can be programmed in
pitch by n and is, as appropriate, implemented using the dual
modulus principle.

[0050] Likewise other than in the case of the prior art
circuit according to FIG. 1, there is further inserted between
the frequency divider 9 and the input for the frequency £, at
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the phase-frequency detector 3 a phase delay device 10
which has two control inputs 11 (DelAdjust) and 12
(DelSel), respectively. The control input 12 is implemented
by a plurality of lines and it may be, for example, a bus with
1d(M) lines. A basic time delay is set at the control input 11,
and a number of these basic time delays after which the
output 13 of the phase delay device 10 follows the input 14
thereof is set at the control input 12.

[0051] With reference to FIG. 3, which illustrates in detail
the design of the PLL phase delay device 10, the phase delay
chain 15 contains—in accordance with the selected modulus
M—M-1 time-delay elements 16 which in each case have
the same delay time. The delay time can, however, be set via
the control input 11. The decoded DelSel signal value from
the control input 12 is used to select the time-delay element
16 downstream of which the signal for the phase-frequency
detector 3 and a phase accumulator 17 is decoupled.

[0052] The control input 12 provided for setting the num-
ber of the basic time delays active in the phase delay chain
15 of the PLL phase delay device 10 is simultaneously the
control input of an M:1 -multiplexer 18 by means of which
it is possible to select as a function of the control signal
present at its control input downstream of which of the
series-connected time-delay elements 16 the signal to be fed,
on the one hand, to one input of the phase-frequency
detector 3 and, on the other hand, to the phase accumulator
17 is decoupled. The above-mentioned decoding can even be
omitted, if appropriate, by the use of a multiplexer in order
to select the number of time-delay elements.

[0053] With each output pulse of the phase delay device
10, the phase accumulator 17 is increased by the settable
fraction K of the reference frequency fx.¢, although modulo-
M, for which reason an adder modulo-M 19 is provided. In
the case of an overflow, the N/(N+1) frequency divider 9 is
switched to the divisor factor (N+1) for the next period via
an overflow output 20 of the phase accumulator 17. The
output 21 of the phase accumulator 17 directly provides the
control word DelSel for the control input 12 of the PLL
phase delay device 10.

[0054] As mentioned above, the phase error to be com-
pensated is both a function of the cycle number within M
consecutive cycles, and a function of the desired frequency
fi,co of the voltage-controlled oscillator 4. It can be shown,
and this has already been done, that the required cycle-
dependent time for delaying the divided f;,., phase must
therefore be an integral multiple of

T detmin=1/ (fVcofselpcim *]W)

[0055] An essential step in the method according to the
invention is that the control voltage DelAdjust with which
this time T,,,;, is set via the control input 11 at each
time-delay element 16 of the phase delay chain 15 in the
phase delay device 10 is derived directly from the frequency
fi,co of the voltage-controlled oscillator 4 with the aid of a
further phase delay device 22 and a further phase-frequency
detector 23.

[0056] As FIG. 4 shows, the further phase delay device 22
is of exactly the same design as the phase delay device 10,
that is to say in accordance with the decoupling lines for the
time-delay elements 16 of the phase delay device 10 accord-
ing to FIG. 3 it is loaded by dummy decoupling elements 25
in the case of all time-delay elements 24, in order to simulate
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the same time-delay conditions as in the PLL phase delay
device 10 fitted with the M:1 -multiplexer 18. However, in
the further phase delay device 22 it is not, as with the phase
delay device 10, M-1 time-delay elements which are con-
nected in series, but M time-delay elements 24, and this is
of great significance.

[0057] The frequency fy - of the voltage-controlled oscil-
lator 4 is fed at an input 26 into the further phase delay
device 22 via a buffer amplifier 27, and the phase of the
signal at the output 28 of the further phase delay device 22
is once again compared, with the aid of the further phase-
frequency detector 23, directly to the frequency fy,q, led via
the same buffer amplifier 26, of the voltage-controlled
oscillator 4. The result of comparison, derived from the
output 28 of the further phase delay device 22, is subjected
to low-pass filtering in a second loop low pass filter 29, and
then forms for the further phase delay device 22 the control
voltage which is fed there to a control input 30.

[0058] This control voltage DelAdjust is used to set the
same basic time delay in each case for the time-delay
elements 24 on the further phase delay device 22. The
further phase delay device 22 is therefore, as it were, a
constituent of an auxiliary phase-locked loop (auxiliary
PLL) in which the voltage-controlled oscillator 4 generates
its own reference frequency. The auxiliary PLL can have a
very high loop bandwidth because of the high frequencies.

[0059] However, a value which is of the order of magni-
tude of the reference frequency fy., suffices, since a sub-
stantially faster DelAdjust control signal cannot be more
quickly evaluated, in any case. If it is ensured that exactly
one VCO period of the oscillation of the voltage-controlled
oscillator 4 is contained in the further phase delay device 22,
it holds that:

To0=M*T yeimin=T" VCO-setpoint-
[0060] This means that each time-delay element 24 of the
further phase delay device 22 is delayed by exactly the M™
part of TVCO—setpoint'

[0061] This is precisely the required elementary value or
quantum value of the phase delay chain 15 contained in the
actual, that is to say the phase delay device 10 of the main
PLL. Because the time-delay elements 16 and 24, respec-
tively, in the two phase delay devices 10 and 22, respec-
tively, are of identical design with reference to their time
response, the control voltage for the further phase delay
device 22 can also be used as control voltage DelAdjust for
the purpose of feeding to the control input 11 of the phase
delay device 10.

[0062] A frequency synthesizer designed in accordance
with the invention can be implemented in a particularly
advantageous way using integrated circuit technology.

We claim:
1. A digital PLL frequency synthesizer, comprising:

an input receiving a signal having a stable quartz oscil-
lator frequency;

a voltage-controlled oscillator outputting a VCO fre-
quency;

a first PLL loop connected to an output of said voltage-
controlled oscillator and an N/(N+1) frequency divider
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connected in said first PLL loop for dividing the VCO
frequency and generating a divided VCO frequency;

a phase-frequency detector having a first input receiving
the stable quartz oscillator frequency and a second
input receiving the divided VCO frequency, and con-
figured to compare the quartz oscillator frequency with
the second frequency, and outputting an output signal
connected as a control voltage for said voltage-con-
trolled oscillator;

said N/(N+1) frequency divider being configured to be
switched over between two adjacent integral divisor
factors N and N+1, to divide by N for a duration of
M-K cycles, and to divide by N+1 for a duration of K
cycles;

a phase accumulator connected to said N/(N+1) frequency
divider for automatically switching said N/(N+1) fre-
quency divider, wherein a content of said phase accu-
mulator has added thereto the value K with a
modulo-M addition with each pulse of the divided
VCO frequency and said phase accumulator causing a
change in the divisor factor from N to N+1 in a next
cycle after each overflow;

a PLL phase delay device connected between said NN+
1) frequency divider and said second input of said
phase frequency detector and to said phase accumula-
tor, said phase delay device containing M-1 time-delay
elements in a phase delay chain and having first and
second control inputs, said first control input for setting
a respectively corresponding magnitude of a funda-
mental delay of each said time-delay element of said
phase delay chain, and said second control input for
setting a number of the fundamental delays to be active
in said phase delay chain, wherein the contents of said
phase accumulator are increased with each output pulse
of said phase delay device by the adjustable fraction K
of the reference frequency modulo-M, and wherein, in
event of an overflow, said N/(N+1) frequency divider is
switched to N+1 for a next period,;

said phase accumulator having an output connected to
said second control input of said phase delay device;

a further phase frequency detector having a first input, a
second input connected to said output of said voltage-
controlled oscillator without an interposition of a time-
delay element, and an output;

a further phase delay device for simulating corresponding
time-delay conditions, configured identically to said
PLL phase delay device, but having a number M
series-connected time-delay elements, and connected
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between said output of said voltage-controlled oscilla-
tor and said first input of said further phase-frequency
detector; and

a further loop low pass filter connected between said
output of said further phase frequency detector and said
first input of said PLL phase delay device and a control
input of said further phase delay device for forming an
auxiliary PLL and for setting a respectively corre-
sponding magnitude of the fundamental delays of said
time-delay elements of said PLL phase delay device
and said further phase delay device.

2. The digital PLL frequency synthesizer according to
claim 1, which further comprises a charge pump and a loop
low-pass filter connected in said first PLL loop.

3. The frequency synthesizer according to claim 1,
wherein said second control input for setting the number of
the fundamental delays active in the phase delay device is
formed by a control input of an M:1 multiplexer, whereby
said multiplexer selects, in dependence on a control signal
present at a control input thereof, the output signal of which
of the series-connected time-delay elements is decoupled
and fed to said second input of said first phase-frequency
detector and to said phase accumulator.

4. The frequency synthesizer according to claim 1,
wherein said further phase delay device comprises dummy
decoupling elements in addition to and associated with said
time-delay elements for simulating the time-delay condi-
tions corresponding to the time-delay conditions of said PLL
phase delay device.

5. The frequency synthesizer according to claim 3,
wherein said further phase delay device comprises dummy
decoupling elements in addition to and associated with said
time-delay elements for simulating the time-delay condi-
tions corresponding to the time-delay conditions of said PLL
phase delay device.

6. The frequency synthesizer according to claim 5,
wherein said dummy decoupling elements are load elements
simulating a loading by the input of said M:1 multiplexer of
said PLL phase delay device.

7. The frequency synthesizer according to claim 1,
wherein said auxiliary PLL including said further phase-
frequency detector is configured with a very high loop
bandwidth.

8. The frequency synthesizer according to claim 7,
wherein said auxiliary PLL has a bandwidth in an order of
magnitude of a bandwidth of the reference frequency.

9. An integrated digital PLL frequency synthesizer, which
comprises the integrated frequency synthesizer according to
claim 1 embodied in integrated circuit technology.
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