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(57) Abstract

A $A modulator—controlled, phase—locked—loop circuit (10), and an associated method, generates a frequency-regulated signal (26)
which does not exhibit undesired tones. Dithering signals (46) are generated and are provided to a S A modulator (38). The £A modulator
(38) forms a division—factor control signal (36) used to control the division factor of a frequency divider (28) forming a portion of the PLL
circuit (12). The dithering signals (46) applied to the A modulator (38) reduces the likelihood that the A modulator (38) shall enter a

limit cycle and generate repetitive output signals.




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CcG
CH
CI
C™M
CN
CU

DE
DK
EE

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Céte d’Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES

KR
KZ
LC
LI

LK
LR

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Ireland

Israel

Iceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
SZ
™
TG
TJ
™
TR
TT
UA
UG
Us
vz
VN
YU
W

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




10

15

20

25

30

WO 99/31807

PCT/SE98/02246

2A MODULATOR-CONTROLLED PHASE-LOCKED-LOOP
CIRCUIT AND ASSOCIATED METHOD

The present invention relates generally to a PLL (phase-locked-loop) circuit,
such as a PLL forming a portion of a radiotelephonic device. More particularly, the
present invention relates to a XA modulator-controlled PLL circuit. Dithering signals
are generated and are provided to the XA modulator. The LA modulator forms a
division-factor control signal of values, in part, determined by the dithering signals.
The dithering signals are at least pseudo-random in nature, and their application to the
2A modulator reduces the likelihood that the XA modulator shall enter a limit cycle
and generate spurious, repetitive output signals.

Because the 2A modulator is less likely to enter a limit cycle and generate
repetitive output signals, control signals formed therefrom for controlling the PLL
circuit make the occurrence of unwanted tones in a frequency-regulated signal formed
by the A modulator-controlled PLL circuit unlikely.

The XA modulator-controlled circuit, in one implementation, forms a
frequency synthesizer. In another implementation, the XA modulator-controlled PLL
circuit forms a modulator for generating a modulated signal, such as a GMSK

(gaussian minimum shift keying) -modulated signal.

BACKGROUND OF THE INVENTION

A communication system is operable to communicate information between a
transmitting station and a receiving station by way of a communication channel. A
radio communication system is a communication system in which the communication
channel by which information is communicated between the transmitting and
receiving stations is formed upon a portion of the electromagnetic spectrum. A
cellular communication system is exemplary of a multi-user, radio communication
system.

The portions of the electromagnetic spectrum portion allocated to a radio
communication system is typically bandwidth-limited. That is to say, only a limited

spectrum portion, referred to as “bandwidth”, is permitted to be used by a particular
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radio communication system. All of the radio channels available for use in the system
must be defined within the allocated bandwidth. The capacity of the radio
communication system is sometimes limited by the bandwidth allocated to the system.

Efficient utilization of the bandwidth allocated to the radio communication
system is therefore required to ensure that the communication capacity of the radio
communication system is maximized. Manners by which to utilize more efficiently
the bandwidth allocated to a radio communication system permits greater numbers of
channels to be defined within the allocated bandwidth.

Advancements in technologies have facilitated more efficient use of the
bandwidth allocated for radio communication systems. Radio communication systems
in which advanced communication technologies have been implemented permit
increased numbers of communication channels to be defined within the allocated
bandwidth, thereby to increase the effective communication capacity of the system.

For instance, in some radio communication systems, digital modulation
techniques have been implemented to increase the effective capacity of the
communication system. When digital modulation techniques are utilized in a radio
communication system, a lessened amount of frequency spectrum is required for the
communication of information between sending and receiving stations operable
therein. When a digital modulation technique is utilized, a single carrier can be
divided into a plurality of channels so that a single carrier can be used to transmit
information between a plurality of sending and receiving stations.

In a radio communication system utilizing a digital modulation technique, as
well as other modulation techniques, information is modulated upon a carrier of a
frequency to form a modulated signal centered at, or about, the carrier frequency upon
which the radio channel is defined. The carrier upon which the information is
modulated must be of frequency stability characteristics good enough to ensure that
the modulated signal does not drift from the carrier upon which the channel is defined.
Otherwise, if the carrier signal upon which the information is modulated is not of an
adequate frequency stability, a modulated signal transmitted by a transmitting station
might drift away from a designated channel and interfere with ongoing

communications on another channel.
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Attempts are made, therefore, to ensure that the carrier upon which information
is modulated is of acceptable frequency stability characteristics. Phase-locked-loop
(PLL) circuits, for instance, oftentimes form portions of a transmitting station. A
phase-locked-loop (PLL) circuit typically includes a voltage-controlled oscillator
(VCO) having an output oscillating signal of a frequency which is related to an input
reference signal. A signal related to the output oscillating signal generated by the
VCO is compared with the input reference frequency. Responsive to phase differences
between such signals, a voltage is applied to the VCO either to increase, or to
decrease, the frequency of the output, oscillating signal.

A frequency divider is typically positioned in a feedback loop of the PLL
circuit. The frequency divider divides the output oscillating signal by an integer value
to form a frequency-divided signal. The frequency-divided signal forms the signal
which is compared with the input reference signal. In some PLL circuits, the
frequency divider can only divide the output oscillating signal by set, stepped
amounts, e.g., integer amounts. And, the PLL circuit is able merely to generate output
oscillating signals of set, stepped frequencies as the output frequency is equal to the
reference frequency multiplied by the division factor of the frequency divider. The
resolution of the output oscillating signals is therefore limited.

To improve resolution, some PLL circuits utilize fractional n synthesis by
including a ZA modulator. The division factor by which the frequency divider divides
the output oscillating signal is determined by a signal generated by a ZA modulator.
Such an arrangement is sometimes referred to as a 2A-controlled PLL circuit. Use of
a ZA modulator is advantageous as both highet-frequency resolution and higher
bandwidth of the PLL is permitted. When a XA-controlled PLL circuit is formed, both
cost and space efficiencies are provided. Also, such an arrangement permits
continuous phase modulated signals to be generated. And, direct and digital control
over modulation, as well as channel selection, can be provided in apparatus in which
such an arrangement is embodied. U.S. Patent No. 5,055,802, for instance, discloses
a frequency synthesizer which utilizes a XA modulator.

However, particularly when an input signal applied to the ZA modulator is of
a constant frequency value, the modulator is susceptible to enter into what is referred

to as a “limit cycle.” The division-factor control signal might then begin to repeat
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itself. When such a signal is applied to the frequency divider of the PLL circuit, the
output oscillating signal might exhibit unwanted tones. Such tones deleteriously effect
operation of a sending, or receiving, station of which the A modulator-controlled
PLL circuit forms a portion.

While some manners have been developed to reduce problems associated with
the generation of tones caused by repetitive behavior of the XA modulator, such
manners are expensive and difficult to implement. For instance, feed-forwarding of
an analog error signal to the PLL circuit to cancel the error caused by the repetitive
behavior of the XA modulator is sometimes provided. Difficulty and expense results
as matching of RF hardware is required and, in any event, component value
uncertainty limits the successful implementation of such a solution.

A manner by which better to assure acceptable operation of a 2A modulator
of a 2A modulator-controlled PLL circuit would therefore be advantageous.

It is in light of this background information related to PLL circuits that the

significant improvements of the present invention have evolved.

SUMMARY OF THE INVENTION

The present invention, accordingly, advantageously provides a 2A modulator-
controlled PLL circuit. The ZA modulator-controlled PLL circuit is operable in a
manner in which repetitive behavior of the XA modulator is avoided, thereby to avoid
the generatioh of unwanted tones as part of the output oscillating signal generated by
the PLL circuit. The ZA modulator-controlled circuit generates an output oscillating
signal which is related to an input reference signal. While controlled by the XA
modulator, the output oscillating signal does not exhibit signal tones of which
conventional such circuits are susceptible of exhibiting.

In one aspect of the present invention, the XA modulator-controlled PLL
circuit forms a frequency synthesizer for generating a stable, carrier frequency signal
related to an input reference signal. Frequency input signals corresponding to the
desired frequency of oscillation of the output oscillation signal generated by the
frequency synthesizer are provided to the 2A modulator. Signals related to the
frequency input signals are summed with dithering signals, and the summed values are

quantized during operation of the ZA modulator. The output signal generated by the
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2A modulator forms a division-factor control signal which is used to control the
division factor of a frequency divider of the PLL circuit. The output oscillating signal
generated by the VCO of the PLL circuit is related to the input reference signal applied
to the PLL circuit and to the frequency input signals applied to the XA modulator.
Because pseudo-random dithering signals are also provided to the XA modulator and
summed together with the signals related to the input frequency signals, the likelihood
that the £A modulator might enter a limit cycle is reduced. Thereby, the output
oscillating signal generated by the VCO is unlikely to contain unwanted tones.

The dithering signals are preferably applied just prior to quantization so that
dithering noise generated by the dithering signals and quantization noise generated by
the quantization are similarly treated by the noise shaping of the 2A modulator.

In another aspect of the present invention, the frequency synthesizer is used to
form a portion of an IQ modulator. The IQ modulator is used, e.g., to form a portion
of aradio transceiver operable in a cellular communication system. The IQ modulator
is implemented, for instance, in the radio base station of the cellular communication
system. The IQ modulator is similarly also implemented in a mobile terminal of the
cellular communication system.

Output oscillating signals generated by the VCO form carriers, or other up-
mixing signals, upon which I- and Q-component portions of information to be
communicated during operation of the communication system are modulated. The
advantages of utilization of a ZA-controlled PLL circuit are provided but without the
problems associated with the generation of unwanted tones associated with
conventional XA modulator-controlled PLL circuits.

In another aspect of the present invention, a modulator is provided by which
to generate a modulated signal, such as a GMSK (gaussian minimum shift keying)
signal. Information signals are provided as an input to the ZA modulator. Dithering
signals are also provided to the £A modulator and are combined with the information
signals, prior to their application together to the ZA modulator. The division-factor
control signal generated by the XA modulator also includes the informational content
of the information signal. Thereby, the VCO is regulated in the manner such that the
output oscillating signal generated thereat forms a modulated signal, modulated with

the information of the information signals provided to the XA modulator. Because the
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dithering signals are also used by the 2A modulator, the £A modulator is less likely
to enter into a limit cycle and generate repetitive outputs. Therefore, the output
oscillating signal forming the modulated signal generated by the PLL circuit is
unlikely to contain unwanted tones.

In other aspects of the present invention, the £A modulator-controlled PLL
circuit is implemented as a frequency synthesizer forming a portion of a receiver
circuit, such as a receiver circuit operable in a communication system, such as, e.g.,
a cellular communication system, a satellite communication system, or other radio
communication system.

In these and other aspects, therefore, apparatus, and an associated method,
generates a division-factor control signal for application to a frequency divider of a
PLL (phase-locked-loop) circuit. The PLL circuit has a VCO (voltage-controlled
oscillator) for generating a VCO output signal. The VCO is maintained in a desired
relationship with an input reference signal. And, the VCO output signal is coupled to
a feedback loop having a frequency divider for dividing the VCO output signal by a
selected division-factor. Values of the division-factor control signal are determinative
of the selected division factor. A dither signal generator generates dither signals of at
least pseudo-random values. And, a noise shaper, such as a 2A modulator, is coupled
to receive frequency input signals having a first signal characteristic and also to
receive the dither signals generated by the dither signal generator. The noise shaper
sums together signals related to the frequency input signals and the dither signals.
Responsive to the summed values formed therefrom, the division-factor control signal
is generated. The division-factor control signal is formed of division-factor control
signals having a second signal characteristic.

A more complete appreciation of the present invention and the scope thereof
can be obtained from the accompanying drawings which are briefly summarized
below, the following detailed description of the presently-preferred embodiments of

the invention, and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates a functional block diagram of a XA modulator-controlled

PLL circuit of an embodiment of the present invention.
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Figure 2 illustrates a portion of the XA modulator-controlled PLL circuit
shown in Figure 1, here showing an exemplary £A modulator.

Figure 3 illustrates a functional block diagram, similar to that shown in Figure
2, here showing a second-order XA modulator according to an embodiment of the
present invention.

Figure 4 illustrates a functional block diagram, also similar to that shown in
Figure 2, here showing a third-order XA modulator according to another embodiment
of the present invention.

Figure 5 illustrates a functional block diagram of a dithering signal generator,
forming a portion of the 2A modulator-controlled PLL circuit shown in Figure 1.

Figure 6 illustrates an IQ modulator of which the £A modulator-controlled
PLL circuit, shown in Figure 1, forms a portion.

Figure 7 illustrates a modulator of which the £A modulator-controlled PLL
circuit, shown in Figure 1, forms a portion.

Figure 8 illustrates a method flow diagram listing the method steps of an

embodiment of the present invention.

DETAILED DESCRIPTION

Turning first to Figure 1, a XA modulator-controlled PLL circuit, shown
generally at 10, of an embodiment of the present invention includes a PLL circuit 12.
The PLL circuit 12 is coupled to receive, by way of the line 14, an input reference
signal to which the PLL circuit 12 is to be regulated. The input reference signal
applied on the line 14 is preferably of stable frequency characteristics.

When the circuit 10 forms a portion of a radio base station of a cellular
communication system, for instance, the input reference signal generated on the line
14 is of frequency stability characteristics which meet, or exceed, frequency stability
requirements set forth in specification standards pursuant to which the radio base
station is operable. Analogously, when the circuit 10 forms a portion of a mobile
terminal, the input reference signal provided on the line 14 is also of frequency
stability characteristics which meet, or exceed, frequency stability requirements set

forth in such specification standards.
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The line 14 is coupled to a first input of a phase detector 16. A line 18 is
coupled to a second input of the phase detector 16. The line 18 forms a portion of a
feedback loop, here represented by the arrow 22. The feedback loop 22 is coupled to
an output side of a VCO 24. And, the feedback loop 22 includes a frequency divider
28. When the feedback loop is coupled, as shown, an output oscillating signal
generated by the VCO 24 is applied to the frequency divider 28. And, a frequency-
divided signal generated by the frequency divider 28 is provided to the second input
of the phase detector 16.

The PLL circuit 12 further includes a filter 32, coupled between the phase
detector 16 and the VCO 24. The filter 32 is operable to filter signals generated by the
phase detector 16.

During operation of the PLL circuit 12, the output oscillating signal generated
on the line 26 is maintained in a frequency relationship with the input reference signal
generated on the line 14. The output oscillating signal generated by the VCO 24 is
provided to the frequency divider 28, and phase differences between the frequency-
divided signal generated by the frequency divider 28 and the input reference signal
generated on the line 14 are compared. The phase detector 16 generates a signal
representative of phase differences between the signals applied thereto. After filtering
of the signal by the filter 32, the VCO 24 is provided with a voltage signal
representative of the phase differences detected by the phase detector 16. The
frequency of oscillation of the VCO 24 is altered, i.e., “warped”, responsive to such
phase differences.

Thereby, the output oscillating signal generated by the VCO 24 becomes
maintained in a frequency relationship to the input reference signal applied on the line
14. The PLL circuit 12 is self-regulating. That is to say, if the oscillation frequency
of the output oscillating signal generated by the VCO 24 starts to drift out of
regulation with the input reference signal, phase differences between the signals are
detected by the phase detector 16, and the VCO 24 is warped to bring the VCO, and
the signal generated therefrom, back into a desired relationship with the input
reference signal.

The division factor is a value by which the frequency divider 28 divides the

signal provided thereto. The frequency of the output oscillation signal generated by
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the VCO 24 equals the reference frequency of the input reference signal generated on
the line 14 multiplied by the division factor by which the frequency divider divides the
signal provided thereto.

The division factor by which the frequency divider 28 divides the signal
provided thereto is determined by a division-factor control signal generated on the line
36 by a A modulator 38. The XA modulator 38 receives, as an input, by way of the
line 42, frequency input signals defining the frequency at which the output oscillation
signal generated on the line 26 is to exhibit.

Dithering signals generated by a dithering signal generator 44 are also provided
to the ZA modulator 38, here by way of the line 46. The dithering signals and signals
related to the frequency input signals are combined by the XA modulator 38, and the
combined values are quantized during operation of the XA modulator.

The ZA modulator is operable to shape the noise components of the frequency
input signals applied thereto. That is to say, the modulator “pushes” the quantization
noise generated during operation of the modulator up in frequency. The dithering
signals are combined with the frequency input signals to randomize the signals which
are quantized by the modulator. Randomizing of the signals reduces the likelihood
that the ©A modulator might enter a limit cycle and generate repetitive outputs. The
signal generated by the modulator 38 forming the division-factor control signal
generated on the line 36 forms a fractional n-filter synthesizer signal. Such operation
permits the frequency of the output oscillation signal generated on the line 26 by the
VCO 24 to be of any of many selected frequency values.

Figure 2 illustrates the £A modulator 38 together with the dithering signal
generator 44. The line 42 upon which the frequency input signals are applied to the
modulator and the line 46 upon which the dithering signals are generated by the
dithering signal generator 44 are again illustrated in the Figure.

The XA modulator 38 is here shown to be formed of a single-loop feedback
circuit having two filters 52 and 54, here represented by G(z) and H(z). The modulator
38 also includes a quantizer 56 and summing elements 58 and 62. The filter 54 is
coupled in a feedback connection between the output of the quantizer 56 and an input
to the summing element 58. The line 42 is coupled to an input through the filter 52,

and the output of the filter 52 is coupled to an input of the summing element 58. The

PCT/SE98/02246
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output of the filter forms the signal related to the frequency input signal applied on line
42. Summed values formed by the summing element 58 are provided to an input to
the summing element 62. And, the line 46 is coupled to an input of the summing
element 62. The surhming element sums the values provided thereto and provides a
summed signal to the quantizer 56. Quantized values generated by the quantizer 56
form the division-factor control signal generated on the line 36.

The noise transfer function, NTF, and the signal transfer function, STF, of the
modulator 38 are defined by the following equations:

A

NTF=—m78M—
1+AH(z)

AG(z)

STF= —— —
1+AH(2z)

where A is the gain of the quantizer.

Through appropriate selection of the characteristics of the filters 52 and 54,
desired noise shaping is effectuated, subject to stability requirements of the feedback
arrangement, during operation of the modulator.

Particularly when the frequency input signals generated on the line 42 are of
constant values or if the frequency input signals are related to the rate at which the
signal is sampled, the modulator 38 might cause operation of the circuit 10, shown in
Figure 1, to exhibit repetitive behavior. The dithering signals generated by the
dithering signal generator 44 and applied to the modulator 38 increase the randomness
of the quantization noise of the modulator. Application of the dithering signals
generated by the dithering signal generator reduces the likelihood that the modulator
shall enter a limit cycle and generate repetitive outputs which result in the repetitive
behavior of the PLL circuit 12.

As illustrated, the dithering signals are applied to the modulator prior to
quantization by the quantizer 56. The transfer function of the dithering noise, DNTF,
is the same as the noise transfer function, NTF, indicated by the previous equation
caused by quantization. That is to say, DNTF equals NTF. Therefore, the dithering

noise is subject to the same noise shaping as that of the quantization noise.

PCT/SE98/02246
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Figure 3 illustrates a second-order £A modulator 38, again together with a
dithering signal generator 44. The modulator includes two filter elements, namely,
filter elements 66 and 68. The modulator again includes a quantizer, here quantizer
74. And, the modulator includes three summing elements, elements 76, 78, and 82.
The second order modulator includes two feedback paths, a first feedback path
includes a ROM (read only memory) table 84 coupled between the output of the
quantizer 74 and a negative input to the summing element 76. A second feedback path
is formed of the ROM table 84 and a constant gain element 86. The second feedback
path is coupled between the output of the quantizer 74 and a negative input to the
summing element 78. The ROM is used for purposes of scaling as shall be noted by
mathematical analysis which appears hereinbelow. In other embodiments, the
functionality of the ROM is not required, and inclusion of the ROM is obviated.

Again, the dithering signals forming the dithering signal generated by the
dithering signal generator 44 are summed together with signals representative of the
frequency input signals generated on the line 42. Summation is performed prior to
application to a quantizer, here the quantizer 74. Such addition of the pseudo-random
values increases the randomness of the signal. And, the noise components of the
quantized signal are shaped to form the division-factor control signal generated on the
line 36. The dithering signals are applied just prior to the quantizer 74. Dithering
noise caused by the dithering signals and quantization noise generated by the quantizer
are, therefore, acted upon similarly.

Figure 4 also illustrates the ZA modulator 38 together with the dithering signal
generator 44. Here, the modulator 38 forms a third-order, feed-forward modulator.
The modulator 38 shown in this Figure is sometimes also referred to as being a
cascaded modulator or as a MASH (multi-stage noise shaping) modulator. The third-
order modulator is formed of two second-order modulator portions, designated by 38-1
and 38-2, respectively. Each of the second-order modulator portions 38-1 and 38-2
include structure corresponding to that forming the second-order modulator 38 of the
embodiment shown in Figure 3. Common designations are used to identify the
structure shown and described previously with respect to the second-order modulator

38 shown in Figure 3.
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The third-order modulator 38 further includes filters 92 and 94 which filter
signals generated by the second-order, modulator portions 38-1 and 38-2. Filtered
signals generated by the filters 92 and 94 are applied to inputs of a summing element
98. And, the summed signals formed thereat form the division-factor control signal
generated on the line 36.

The dithering signal generator 44 generates dithering signals on the line 46.
The line 46 is here coupled to input sides of the summing elements 82 of both of the
modulator component portions 38-1 and 38-2.

Linear analysis of the modulator 38 shown in Figure 4 indicates that the
quantization noise, as well as the dithering noise, from the lower portion 38-2 of the
modulator cancels. Therefore, as long as the ZA modulator 38 exhibits sufficiently
random behavior, only the quantization noise, and the dithering noise, of the upper
portion 38-1 of the modulator affects the noise behavior of the modulator.

Analysis of the modulator 38 further indicates the noise transfer function, NTF,
of the quantization noise of the upper portion 38-1 of the modulator 38 to be defined
by the following equation:

(z-1)°

z

NTS=

As the transfer function is a third-order equation, the quantization noise and the
dithering noise exhibited by the third-order modulator is shaped by a third-order
amount. The dithering signal is filtered in the same manner as that which the
quantization noise is filtered. Thereby the dithering noise and quantization noise are
shaped in the same manner.

The quantizer 74 of the modulator portions 38-1 and 38-2 is an mth-level
quantizer. An exemplary m-level quantizer, here a 5-level quantizer, is described by

the following:
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2
1 i B, 45 2
2 2
A (04 04
= = 0 if = > x> =
b4 0(x) > >
-11f—gzx>—a—3
2 2
2 if -3 L 4
2

where ¢ is an element of the setin {1, 2,3, .. .}.

The ROM tables 84 of the modulator portions 38-1 and 38-2 are each used in
a manner to generate an output that is of a value o multiplied by the input value
provided thereto by the quantizer. The value o defines a scaling factor which scales
the quantization level. In other implementations, scaling can be performed in other
manners.

The frequency resolution of the modulator 38 is the minimum frequency
difference that can be generated by two different constant input signals to the

modulator 38. The frequency resolution, f_, is defined by the following equation:

2 “res?

f =f _Ja

res ref

The parameter «a is a parameter that can be modified. Thereby, the frequency
resolution of the modulator 38 and PLL circuit of which the modulator forms a portion
can be controlled.

In a mobile terminal operable in a GSM cellular communication system, a
value of f; of 13MHz, or a multiple thereof, is conveniently utilized. Such a value of
f .is advantageously utilized for the reason that channel spacing in symbol rates of a
GSM cellular communication system are easily derivable from a 13MHz frequency.

When the PLL circuit 10 (shown in Figure 1) forms a PLL-modulator (e.g., shown in
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Figure 7), modulation for every GSM channel is able to be generated with a value of
o={13e6/200e3} x =650, where B is an element of the set {1, 2, 3, ...}.

Figure 5 illustrates a dithering signal generator 44 forming a portion of the XA
modulator-controlled PLL circuit shown in Figure 1. The dithering signal generator
44 is here shown to be formed of three pseudo-random noise generators 102, 104, and
106 and a ROM 108. The pseudo-random noise generators 102, 104, and 106 generate
single-bit values on the lines 112, 114, and 116, respectively, which are used to
address the memory locations of the ROM 108. The values retrieved from the ROM
108 form the dithering signals which are generated on the line 46. Each memory
location of the ROM 108 is formed of a multi-bit value. As described with respect to
the preceding Figures, the dithering signals are applied to the £A modulator 38 and
are summed together with signals representative of frequency input signals separately
applied to the modulator.

In other embodiments, the dithering signals generated on the line 48 are pre-
filtered and are added at other locations of the XA modulator. Also, in a cascaded, XA
modulator, the dithering signals corresponding to different quantizers may be
generated by independent dithering generators. And, in a multi-level modulator,
dithering signals need not be added to each of the quantizers.

Figure 6 illustrates an IQ modulator, shown generally at 120, of an
embodiment of the present invention. The IQ modulator 120 includes the XA
modulator-controlled PLL circuit 10, shown in Figure 1, as a portion thereof. In this
implementation, the PLL circuit 10 is operable as a frequency synthesizer for
generating mixing signals of high frequency stabilities. The input signal to the circuit
10 on the line 42 is of a value corresponding to the frequency of the up-mixing signal
to be applied for up-mixing purposes.

An information signal which is to be modulated by the IQ modulator 120 is
provided thereto by way of the line 122. The line 122 is coupled to a DSP (digital
signal processor) 124. The DSP 124 is operable to generate in-phase (I-) and
quadrature-phase (Q-) component portions of the information signal applied thereto
on the lines 126 and 128, respectively. The line 126 is coupled to a D/A (digital-to-
analog) converter 132, and the line 128 is coupled to a D/A converter 134 whereat the

I- and Q-component portions are converted into analog form.
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The converter 132 generates an analog signal on the line 136 which is coupled
to a low pass filter 138. And, the converter 134 generates an analog signal on the line
140 which is coupled to a low pass filter 142. The filters 138 and 142 generate filtered
signals on the lines 144 and 146, respectively. The line 144 is coupled to an input of
a multiplier 148, and the line 146 is coupled to an input of a multiplier 152.

The signal generated on the line 26 by the PLL circuit 10 is applied to a second
input of the multiplier 148. And, the signal generated on the line 36 is applied, by way
of a phase adjuster 154 to a second input of the multiplier 152. The phase adjuster
introduces a 90° phase offset of the signal applied thereto, in conventional manner.
The multipliers 148 and 152 thereby up-mix the I-component and Q-component
signals applied thereto and generate up-mixed signals on the lines 156 and 158,
respectively. The lines 156 and 158 are coupled to inputs of a summing element 162.
The summing element 162 sums together the signals applied thereto and generates a
combined signal on the line 164. The combined signal is thereafter amplified and
transmitted.

Operation of the ZA modulator-controlled PLL circuit 10 generates a signal
of high frequency stability characteristics without exhibiting unwanted tones. Thereby
the signal generated on the line 164 is of similar advantageous characteristics. High
resolution in frequency is provided and fast frequency hopping is permitted.

Figure 7 illustrates a PLL modulator, shown generally at 170, of an
embodiment of the present invention. The PLL modulator 170 includes the ZA
modulator-controlled PLL circuit 10, shown previously in Figure 1, as a portion
thereof. Component portions of the PLL circuit 10 are again designated by the
reference numerals used previously with respect to Figure 1. The PLL modulator 170
is operable to modulate an information signal generated on the line 172 to form a
modulated signal on the line 26.

The line 172 is coupled to a waveform generator 174. The waveform generator
174 is operable, responsive to values of the information signal provided thereto on the
line 172, instantaneous frequency values, divided by a reference frequency on the line
176. The line 176 is coupled to an input to a summing element 178. The summing
element 178 is also coupled to receive an offset frequency signal generated on the line

182. The summing element 178 functions as a channel selector in which the offset
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frequency signal generated on the line 182 is used to generate channel offsets, as
desired.

A summed signal is generated on the line 42. The line 42 is coupled to the ZA
modulator 38 to apply the summed signal thereto. The division factor of the frequency
divider, controlled by the division-factor control signal generated on the line 36,
permits the information signals generated on the line 172 to be modulated to form a
modulated signal on the line 26. The band pass of the filter 32 is wide enough so as
not to reject information component portions of the signal generated by the phase
detector 16. GMSK (gaussian minimum shift keying) modulation, for instance, can
be performed by the PLL modulator 170.

Figure 8 illustrates a method, shown generally at 190, of an embodiment of the
present invention. The method generated division-factor control signal for application
to a frequency divider of a PLL circuit.

First, and as indicated by the block 192, dithering signals formed of at least
pseudo-random values are generated. Then, and as indicated by the block 194, the
dithering signals are combined with signals representative of the frequency input
signals to form combined values. The frequency input signals have first
characteristics.

Then, and as indicated by the block 196, the combined values are quantized to
form quantized values. The quantized values have second characteristics and form the
division-factor control signal which is applied to the frequency divider of the PLL
circuit.

An embodiment of the present invention, therefore, provides a £A modulator-
controlled, PLL circuit capable of generating a highly-stable signal which is unlikely
to exhibit undesired tones. The ZA modulator-controlled PLL circuit is implemented,
for example, to form a frequency synthesizer or a PLL modulator. The circuit is
amenable for any implementation in which a highly stable signal is required and is
amenable, for instance, to form a portion of receiver or transmitter circuitry of a
mobile terminal or a radio base station of cellular communication system.

The previous descriptions are of preferred examples for implementing the
invention, and the scope of the invention should not necessarily be limited by this

description. The scope of the present invention is defined by the following claims.
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WHAT IS CLAIMED IS:

1. In aPLL (phase-locked-loop) circuit having a VCO (voltage-controlled
oscillator) for generating a VCO output signal, the VCO regulated by an input
reference signal and the VCO output signal coupled to a feedback loop having a
frequency divider for dividing the VCO output signal by a selected division-factor, an
improvement of apparatus for generating a division-factor control signal for
application to the frequency divider, values of the division-factor control signal
determinative of the selected division factor, said apparatus comprising:

a dither si gnal generator for generating dither signals of at least pseudo-
random values; and

a noise shaper coupled to receive sequences of frequency input signals
having a first signal characteristic and to receive the dither signals generated by said
dither signal generator, said noise shaper for generating responsive to summed values
formed therefrom, the division-factor control signal, the division-factor control signal

formed of division-factor control signals having a second signal characteristic.

2. The apparatus of claim 1 wherein said dither signal generator comprises
a memory device having memory locations for storing a plurality of values therein, the
memory locations accessed in at least a pseudo-random manner, the values stored in
the memory locations accessed in the pseudo-random manner forming at least portions

of the dither signals.

3. The apparatus of claim 2 wherein said dither sequence generator further
comprises at least one pseudo-random noise generator, said pseudo-random noise
generator for generating pseudo-random noise values, the pseudo-random noise values

used to address the memory locations of the memory device.

4. The apparatus of claim 3 wherein said at least one pseudo-random noise
generator comprises a first pseudo-random noise generator for generating first pseudo-
random bits, a second pseudo-random noise generator for generating second pseudo-
random bits, and a third pseudo-random noise generator for generating third pseudo-

random bits, and wherein three-bit combinations, each formed of a first pseudo-
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random bit, a second pseudo-random bit, and a third pseudo-random bit, form the

pseudo-random noise values used to address the memory locations of the memory

device.

5. The apparatus of claim 1 wherein said noise shaper comprises a LA
modulator.

6. The apparatus of claim 5 wherein said XA modulator comprises a

quantizer and wherein the frequency input signals and dither signals are summed

together prior to application to said quantizer.

7. The apparatus of claim 5 wherein said XA modulator comprises a

multi-order XA modulator.

8. The apparatus of claim 7 wherein said £A modulator comprises a third-
order, feed forward ZA modulator formed of a first, second-order XA modulator and

a second, second-order XA modulator connected together in a cascaded connection.

9. The apparatus of claim 8 wherein the first, second-order ZA modulator
comprises a first quantizer and the second, second-order XA modulator comprises a
second quantizer, and wherein dithering signals are summed together with frequency-
value input signals at each of the first and second ZA modulators, respectively, prior

to application to the first and the second quantizers, respectively.

10.  The appé.ratus of claim 1 further comprising a clock signal generator
coupled to said noise shaper and to said dither signal generator, said clock signal
generator for generating a clock signal, said noise shaper and said dither signal
generator operable responsive to detection thereat of individual clock pulses of the

clock signal.

11.  The apparatus of claim 1 further comprising a clock signal generator

coupled to said noise shaper, said clock signal generator for generating a clock signal,
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said noise shaper operable to perform signal-shaping operations responsive to

detection thereat of selected clock pulses of the clock signal.

12.  The apparatus of claim 1 further comprising a clock signal generator
coupled to said dither signal generator, said clock signal generator for generating a
clock signal, said dither signal generator operable to generate dither signals responsive

to detection thereat of selected clock pulses of the clock signal.

13.  The apparatus of claim 12 wherein the input reference signal to which
the VCO is locked is generated at a first characteristic frequency and wherein the clock
signal generated by said clock signal generator is of a clock signal frequency

substantially corresponding to the first characteristic frequency.

14.  The apparatus of claim 1 wherein the frequency input signals to which
said noise shaper is coupled to receive comprise signals defining a selected carrier |

frequency.

15.  The apparatus of claim 1 wherein the frequency input signals to which
said noise shaper is coupled to receive comprise signals defining an information

signal.

16. A division-factor selection signal generator circuit for generating a
division-factor control signal, values of the division-factor control signal, when
applied to a frequency divider, determinative of a division factor of the frequency
divider, said division-factor selection signal generator circuit comprising:

a dither signal generator for generating dither signals of at least pseudo-
random values; and

a noise shaper coupled to receive frequency input signals having a first
signal characteristic and to receive the dither signals generated by said dither signal
generator, said noise shaper for generating, responsive to the dither signals and the

frequency input signals, the division-factor control signal, the division-factor control
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signal formed of division-factor control sequences having a second signal

characteristic.

17. A method for generating a division-factor control signal for application
to a frequency divider of a PLL (phase-locked-loop) circuit, said method comprising
the steps of:

generating dither signals formed of at least pseudo-random values;

combining the dither signals generated during said step of generating
with frequency input signals to form combined values, the frequency input signals
having first characteristics; and

quantizing the combined values formed during said step of combining
to form quantized values, the quantized values having second characteristics, and the

quantized values forming the division-factor control signal.

18.  The method of claim 17 wherein said steps of combining and
quantizing together shape at least noise component portions of the frequency-value

inputs.

19. A method of regulating operation of a VCO (voltage-controlled
oscillator) which generates a VCO output signal and which forms a portion of a PLL
(phase-locked loop) circuit, the PLL circuit coupled to receive an input reference
signal, said method comprising the steps of:

coupling a frequency divider in a feedback loop to the VCO;

generating a division-factor control signal, at a XA modulator, the XA
modulator operable to shape at least noise components of summed values formed of
a frequency input sequences with dither sequences into desired characteristics;

applying the division-factor control signal to the frequency divider
coupled during said step of coupling, values of the division-factor control signal
determinative of a division-factor by which the frequency divider divides a feedback
signal provided to the frequency divider;

dividing the feedback signal by the division factor to form a frequency-
divided signal;
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determining phase differences between the frequency-divided signal
and the input reference signal; and
adjusting oscillation of the VCO responsive to phase differences

determined during said step of determining,.



WO 99/31807

a—
s

N\
:LT——’ PHASE

[em——————
N

1/4

.| DETECTOR [

FILTER

PCT/SE98/02246

N
[o2]

\:?

FREQUENCY

<.

P\
Y

DIVIDER

7 82 [\ 38

_~46

DITHERING
SIGNAL
GENERATOR

FIG. 1

S
[N
—_————

[ ———————

SUBSTITUTE SHEET (RULE 26)

- 44

DITHERING
SIGNAL
GENERATOR

PRI I |

V8




WO 99/31807 PCT/SE98/02246

~
—

2/ 4
DITHERING
44~J " SIGNAL
GENERATOR
_______________ N e
| 76
| Zo(i)
|
|
|
f
ROM | |
TABLE}
i
|
i
|
|
—————————————————————————————————— |
THERING
38 44~ "5l
N 38-1 GENERATOR
f ______ 6-6 _____ > --—58 ------------- 7-4——_--:
- 46 !
S e S~ oL |
—r—?, Oz = \*i‘* ac) i
| 82 |
! -
: 2 | :
t |
| |
L e e e e e e e o e o o e o o] e e > o ———— - — J
e 66 | 55 88 | 7%
: 76 \ : 36
k)_{.ép* 2-1-1 a() sl ;2 w@‘r«(k)
| - |
| : 38
ROM
E 841 5\38—2
{ I
| :
e __ - 4 FIG. 4

SUBSTITUTE SHEET (RULE 26)



WO 99/31807

PCT/SE98/02246

3/4
44\‘ 08
1
112 /
102~ PSEUDO NOISE /
GENERATOR 1 "
1 /14 46
104 PSEUDO NOISE J
™  GENERATOR 2 > ROM
116
PSEUDO NOISE /
1061  GENERATOR 3 "
FIG. 5
42
120 l/
pu 10
124 132 138
\ 12\6 \ 13\5 \ 14\4 156
0/A » LPF > 162
129 / X 1/ 164
N ol psp 148 SUMMER |-C—>
152
/A > > ——;——-T
v / v LPF | @
128 7140 7 146 158
134 142 ‘J
PHASE

154 | ADJUSTER

FIG. 6

SUBSTITUTE SHEET (RULE 26)



WO 99/31807 PCT/SE98/02246

4/ 4
10
Fm——-T-= S e e Dt YRR g
" R > b, | 26
§
! PHASE o FILTER o Vo 1y
| DETECTOR !
l |
|
: 28~JFRequeNcY || !
' DIVIDER !
b '; 3 \
178 | :
/ ! !
WAVEFORM !
———1 GENERATOR |77 SUMMER [ AL N3 !
172 % 176 142 s
174 /T | :
182 | ,
(=],
A ! N 44
170 | | GENERATOR !
FIG. 7 | — __ |
190

\‘

GENERATE DITHERING 192
SEQUENCES

A

COMBINE DITHERING 194
SEQUENCES WITH FREQUENCY p~
VALVE INPUTS

A

QUANTIZE COMBINED VALUES | ~196
TO FORM QUANTIZED VALUES

FIG. 8

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

Int ional Application No

PCT/SE 98/02246

A. CLASSIFICATION

OF SUBJECT MATTER
IPC 6 HO3L7/197

H04L27/20

According to Internationat Patent Classification (IPC) or to both national ciassification and 1PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 6 HO4L HO3L

Documentation searched other than minimum documentation to the extent that such documents are included in the fieids searched

Electronic data base consuited during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

6 August 1991
see the whole document

X US 5 305 362 A (MILLER BRIAN M) 1,5-7,
19 April 1994 10-14,
16-19
see column 1, line 5 - line 11
see column 2, line 7 — line 12
see column 3, line 1 - line 12
see column 3, line 46 - line b7
see column 4, line 38 - column 8, line 24
see column 7, line 49 - line 55; figures
2-4
Y 2,3,8,15
L US 5 038 117 A (MILLER BRIAN M) 1-19

Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particutar relevance

"E" earlier document but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principie or theory underiying the
invention

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the ant.

“&" document member of the same patent family

Date of the actual complstion of the intermnational search

19 March 1999

Date of mailing of the international search report

29/03/1999

Name and mailing address of the ISA

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,

Fax: (+31-70) 340-3016

Authorized officer

Balbinot, H

Fom PCT/ISA/210 (second sheet) (July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Int .ionai Application No

PCT/SE 98/02246

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category * | Citation of document, with indication,where appropriate. of the relevant passages Relevant to claim No.
Y US 4 410 954 A (WHEATLEY III CHARLES E) 2,3
18 October 1983
see column 3, line 63 - column 5, line 22;
figure 2
Y US 5 079 521 A (GASKELL PHILIP S ET AL) 8
7 January 1992
see column 2, line 23 - line 24
see column 3, line 37 - column 4, line 16;
figure 5
Y EP 0 788 237 A (ANRITSU CORP) 15
6 August 1997
see page 3, line 30 - page 4, line 5;
figures 16,17A,17B
X EP 0 515 154 A (AMERICAN TELEPHONE & 16-18
TELEGRAPH) 25 November 1992
see column 1, line 32 - column 8, line 18;
figures 2-4
A 1,5-7,
10-13,19
X SHPERLING I: "SIGMA DELTA MODULATOR WITH 19
A RANDOM OUTPUT BIT STREAM OF SPECIFIED
1/0 AVERAGE RATIO"
MOTOROLA TECHNICAL DEVELOPMENTS,
vol. 18, 1 March 1993, pages 156-160,
XP000349609
see the whole document
A 1,5-7,
11,14,
16-18

Form PCT/ISA/210 (continuation of second sheet) (July 1992)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

Inte

.onal Application No

PCT/SE 98/02246

Patent document Publication Patent family Publication
cited in search report date member(s) date
US 5305362 A 19-04-1994 DE 4325728 A 16-06-1994
GB 2274221 A,B 13-07-1994
JP 6244721 A 02-09-1994
US 5038117 A 06-08-1991 CA 2019297 A 23-07-1991
DE 69023219 D 30-11-1995
DE 69023219 T 04-04-1996
EP 0438867 A 31-07-1991
JP 4212522 A 04-08-1992
US 4410954 A 18-10-1983 CA 1156765 A 08-11-1983
EP 0049320 A 14-04-1982
JP 57092925 A 09-06-1982
US 5079521 A 07-01-1992 GB 2238434 A 29-05-1991
AU 628235 B 10-09-1992
AU 6656690 A 30-05-1991
DE 69032554 D 17-09-1998
DE 69032554 T 24-12-1998
EP 0429217 A 29-05-1991
EP 0788237 A 06-08-1997 us 5808493 A 15-09-1998
Wo 9706600 A 20-02-1997
EP 0515154 A 25-11-1992 us 5144308 A 01-09-1992
DE 69215271 D 02-01-1997
DE 69215271 T 05-06-1997
EP 0709969 A 01-05-1996
HK 42997 A 11-04-1997
JP 2061726 C 10-06-1996
JP 5160736 A 25-06-1993
JP 7093582 B 09-10-1995
KR 9510212 B 11-09-1995

Form PCT/ISA/210 (patent family annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

