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DE SA CELL R PHONE WI
A FREQUENCY SYNTHESIZER |

Present invention relates to mobile or portable telephones that can
operate either through land-based cellular systems or through orbiting satellites,
and more particularly to a dual mode satellite/cellular telephone with a frequency
synthesizer that can provide both wide and narrow channel spacing.

- Background of the Invention :

In satellite/cellular systems, the signal bandwidth and channel
spacing used in the satellite mode is considerably different from the signal
bandwidth used in the cellular mode. For example, the GSM cellular system has a
channel spacing of 200KHz, while a satellite system may use a channel spacing of
SKHz. In the narrow band mode, frequency and phase noise is considerably more
troublesome than in the wideband mode. As a result, difficulties can arise in

. attempting to design re-used patterns for both modes. In analog cellular

telephones such as the ones designed for the U.S. AMPS system, for example,
conventional single-loop digital frequency synthesizers can be employed. In such
cellular phones, the channel spacing is 30KHz and there are no requirements for
extremely fast channel changing. In the pan-Eurbpean digital cellular system
GSM, frequency hopping is employed to mitigate the effects of slow fading. Fast
frequency switching synthesizers are then needed, but since the channel steps of

. 200KHz are relatively course, the switching speed can be achieved by

convennonal techmques

_ However, in the U.S. dlgltal cellular system 1S54, the channel
épacing is the same as the channel spacing in the AMPS system at 30KHz, but a
requirement for fast frequency changing arises in 6rder to permit mobile phones to

. scan the frequencies of surrounding base stations during short idle periods. U.S.

Patent Application No. 07/804,609 which is commonly assigned, describes
techniques that can be employed to assist in meeting this fast frequency changing
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 requirement and is incOrporated herein by refer!ence'." Qne of the techniques

disclosed is called "fractional-N" which is a way to oﬁtam fine frequency steps
while keepmg the phase companson frequency at wluch the loop phase error
detector operates relatlvely hrgh This is desrrable when fast switching and low
phase noise must be achleved '

In "Phaselock techmques by Floyd M. Gardener, Wiley 1979,
Gardener a dual-loop synthesizer called "vernier loop 1s illustrated which permits
the generation of small frequency steps while keepmg the phase comparison
frequency of both: loops high. This prior technique 1 is an alternative technique for
achieving small frequency steps, fast switching and low phase noise. Using the
vernier loop technique alone, narrow channel spaced modes may be obtained in
one frequency band. However, the larger frequency band with fast switching as
required in the cellular band can not be obtained. Consequently, one embodiment
of the present invention comprises an improved vemier. lbop syntheﬁ_zer in which

at least one loop is a fractional-N loop providing cellular frequency spacing.

m: nv
An object of the present invention is to combine both fractional and
vernier loop techniques so as to surpass the performance of either technique
performed alone. In addition, it is an object of the present invention to provide a
synthesizer which provides both a first output at a first fre'quency having fine or
small steps suitable for satellite communications and a second output at a second
frequency having course steps suitable for use in a cellular system.

- Present invention discloses a radio teleph'ene device which is
capable of switching between operating through a land based cellular network and
an orbiting satellite system. The radio telephone comprises a first antenna and
radio frequency means for receiving transmitted signals from a land based network
and transforms the received signals into a form for 'subseqnent numerical
decoding. The radio telephone also includes a second antenna and radio frequency
means for receiving transmitted signals from the orbiting satellite system and
forming signals for subsequent numericil 1dec_oding-. Numerical decoding means is
also provided for procesSing either first condition signals or second condition

L
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signals't'o provide an automatic ffequency' control signal (AFC). Reference

frequency oscillator means controlled by the AFC signal provides an accurate
reference frequency signal. A radio frequency synthesizer means is also disclosed
which uses the accurate reference frequency signal and has a first output at a first
programmable frequency connected to the first radio frequency means to determme
reception on a channel frequency of the land based network. The radio frequency:
synthesizer also has a second output at a second programmable frequency
connected to the second radio frequency means to determine reception on a
channel frequency of the orbiting satellite system.

~ Brief Description wi

These and other features and advantages of the invention will be
readily apparent to one of ordmary skill in the art from the following written
description, used in-conjunction with the drawings, in which; '

Fig. 1 illustrates a dual mode satellite/cellular phone according to
one embodiment of thé present invention; |

Fig. 2 illustrates a preferred arrangement of the dual mode receiver
sections of one embodiment of the present invention; |

Fig. 3 illustrates the preferred arrangement of the dual mode
transmitter sections according to one embodiment of the present invention; and

Fig. 4 illustrates a dual loop synthesxzer according to one |
embodlment of the present invention.

ile iption of the Pref odim
The Mnt invention is directed toward a dual mode
satellite/cellular telephone with a frequency synthesizer that can provide both wide
and narrow chanhel'spacing. The present invention is described in mnnecﬁon
with the GSM cellular system but is not limited thereto. It would be understood
by one skilled in the art that the present invention also pertains to other cellular
systems. | | | |

THIS SHEET HAS BEEN
REPLACED




10

15

20

25

30

M| 1111

Sheet Has Been Re laced
i PCT/US95/12413

A block diagram ofa satellite/cellular portable telephone according
to one embodlment of the present invention is 1llustrated m Frg 1. A GSM
transmitter/receiver RF circuit 10 is connected to a 900MHz cellular antenna 11.
A dual-mode synthesizer 34 supplies a local oscillator signal o the GSM circuits

" in the range of 1006-1031MHz in 200KHz steps. The ZOOKHz steps are derived

by dividing the output of a 13MHz frequency oscillator 12_?[!)y-65 in divider 22.
The phase detector 24 then compares this reference ZOOKHz signal with the output
of a Voltage Control Oscillator 30 which is divided byfa-',\'fa_uiable integer N1 in
divider 26. The phase error from the phase detector 24'is filtered in loop filter 29
and then applied to control the VCO 30 such that its frequency is N1 times
200KHz. o

The GSM recewer part of the transmrtter/recelver is illustrated in
circuit 10. In this embodrment the received srgnals are ﬁrst converted into a first
intermediate frequency (IF) of 71MHz by mixing the reeerved signals with the
synthesized local oscillator frequency and then to {1 secc'nd inte_rmediate frequency
of 6MHz by mi_xirig with 6SMHz wliic_h is five times the _13MHz reference signal.
The second IF signal is hardlimited and processed to extract an RSST signal which
is approximately proportional to the logarithm of the anrplitude of the second IF
signal. The hardlimited IF signal is processed in an AtoD convertor 13 to extract
numerical values related to the instantaneous signal phase, for example, COS(PHI)
and SIN (PHI). These values are then combined with the result of the analog-to-
digital converted RSSI signal. The combined signals are _tra_nsferred via a control
and interface circuit 14 to digital signal processing circuits 15. This method for
digitizing a radio signal is disclosed in U.S. Patent No. 5,048,059 which is
commonly assigned and hereby incorporated by reference. ~The signal is then
prbcessed to form PCM voice samples which are transferred'l back from the digital

signal processing circuits 15 to the DtoA convertor 13 via the control and interface

circuits 14. The DtoA convertor then transfers the PCM voice samples to an
earpiece 19. , - . .
~In the cellular transmit direction, a mrcrophone 20 supplies voice
S1gnals to the DtoA convertor 13 where the voice signals are digitized and

transferred via the control and interface circuits 14 to drgltal s1gna1 processing |
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circuits 15 for coding. The coding reduces the bitrate for transmission and the
reduced bitrate signals are transferred back through the control and interface
circuit 14 where the signals are converted to I,T;Q,a modulaﬁng signals. The
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- modulating signals are then fed to the GSM transmitter $ection of the circuit 10

where they are converted into the 890-915MHz range for transmission via an

 intermediate frequency of 117MHz, which is nine times the 13MHz reference

frequency. _ _
' The control and interface circuits 14 also contains a microprocessor

coupled to a RAM 18, a flash program memory 16, and an EEPROM 17, as well

astoa man-machme mterface 35 which may, for example, be a keypad and

. display.

When the telephone is in the GSM mode, the satellite
communication circuits 21 are powered down by control signals from the control
and interface circuits 14 to save power. Unused parts of the dual-mode
synthesizer such as VCO 31 are also powered down to save power. Many other
battery-power saving features can also be incorporated, and in particular, the
phone when in the standby mode can be powered down for most of the time and
only wake up at predetermined instances to read messages transmxtted by GSM
base stations in the phone’s allocated pagmg time slot.

. According to one embodiment of the present invention, when a
phone in the idle mode detects that all GSM base stations are becoming weaker,
the phone uses the idle time between GSM waking periods to activate the satellite
circuits to search for a satellite calling channel signal. The satellite receiving
éircuits in the satellite communication circuit 21 receive a local oscillator signal
from the dual mode synthesizer 34. This can be programmed in steps of 13MHz
divided by 64 multiplied by 65, according to the vernier loop principle. In
contrast with the vernier loop principle disclosed in the previously cited Gardener
publication, the synthesizer of the present invention has two outputs, one output

from a first phase lock loop suitable for GSM communications and an output from

a second phase lock loop suitable for the narrowband or satellite system. _Since'
the telephone must switch between modes quickly in this transition phasé between
satellite operation and cellular operation, both loops must be able to switch
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frequencies relatrvely fast.. By 1 mrxmg with the synthesrzer 's second-output, the

satellite receiver circuits convert received srgnals o a. ﬁrst intermediate frequency
of 156.4 MHz and then to a second intermediate frequency of 450KHz by mixing
_wrth the 13MHz reference frequeney multtplxed by 12;° The satellite mode channel
spacmgs m this mode are 13MHz/64 multiplied by 65 whxch equals 3.125KHz.
The second tntermedrate. frequency is hardlimited and processed to extract an RSSI
signal whiéh is approximately proportional to the logaﬁth;m of the signal amplitude
of the second intermediate frequency. The hardlmuted 1IFis further processed in
the control and mterface circuit 14 to extract srgnals whrch relate to an
mstantaneous signal -phase. These signals are combmed wtth the digitized RSSI
signals froht the AtoD converter 13 and passed to digital’signal processing circuits
15 where they are processed to detect satellite signals. If satellite signals are
'detected and GSM signals are weak, the phone sends a deregtstratrorrmessage to
the GSM system and/or a registration message-to the satell_r_te system. These
. aspects are described in U.S. Patent Application No. 08/179,958,; entitled
"Position Regtstrat:on For Cellular Satellite Communication Systems ~which is
commonly assrgned and incorporated herein by- referenoe B
'_ ~ Upon deregistration from the GSM system, the GSM circuits in the
phone are tumed off or put into a deep sleep mode and the satellite receiver and
relevant parts of the synthesizer are powered up ‘to lrsten to the narrowband
satellite control/pagmg channel. Preferably, this channel i 1s also formattéd in such
a way that the receiver only needs to power up to receive a particular timeslot
assigned for paging that mobile phone (sleep mode as opposed to deep sleep - -
mode). Thts conserves battery power while the phone is mvthe idle- mode,
especially 1f fast synthesxzer lock- times from momentary power up can be
achieved. Moreover, some of the spare time between pagmg slots in the satellrte
format can be devoted to scanning GSM frequencles SO that ‘the phone can
determine when a GSM base station signal reappears, whtch would trigger a
reversion back to the cellular mode. The cellular mode ts a preferred mode since
itis desrrable to minimize the number of subscribers usmg the capacrty-hmtted
satellite systlem at any give time. 'As a result, only a sma!_l ,percentage of the
phones, those that are temporarily outside the cellular coverage, represent a
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" potential load on theicapacity of the satellite system, ‘0 that the number of dual

mode mobile phone subscribers can be many times gmter than the capacity of the
satellite system alone could support. '

Because of the difficulty in obtaining a reference frequency
oscillator of adequate stability, small size, and low cost for a portable phone, it is
customary to utilize the base station signal as a reference signal and to lock the
phone’s internal reference frequency to the received base station signal by
generating an automatic frequency control signal (AFC) as shown in Fig. 1 as

. "voltage control* from the DtoA converter 13 to the reference oscillator 12.

The complexities that can arise due to Doppler shift in using the
satellite signal as a reference signal are solved by the invention described in U.S.
Patent Appiication No. 08/305,784, entitled "Frequency Error Correction In a
Satellite-Mobile Communications System", which is hereby incorporated by
reference. In the current invention, the AFC signal is derived from processing
both the land-based network signals and the satellite transmitted signals.-

The system described above is based on a 3.125KHz channel-
spacing satellite mode, although the present invention is not limited thereto. This
is determined by the divider values of 65 and 64 in dividers 22 and 23. The first
divider ratio arises due to GSM bitrates which are based on a 13MHz reference
clock which is 65 times the channel spacing. For a Vernier .loop synthesizer, the
second divider ratio is 1 away from the first divider, i.e., 64 or 66. The number
64 was selected in the present embodiment but is not limited thereto. _

It is also possible to configure the inventive dual-mode phone for
SKHz satellite mode channel spacing. In this case a 39MHz oscillator is used.
This embodiment is illustrated in Fig. 2 where only details of the RF circuitry and

_ synthesizer are shown. The baseband chips, i.e., the AtoD converters 13, the

control and interface circuit 14; and the digital signal processing circuits 15,
remain as described above. The 39MHz signal from the reference oscillator 52 is
divided by 39 and 40 in digital dividers 50-and 51 respectively. The divider 50
thus produces a 1MHz reference frequency for a phase comparator 48. The
reference frequency is then filtered in a loop filter 47 before being applied to the
VCO 40. The VCO 40 operates to produce a local oscillator signal suitable for

REPLACED
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the GSM mode which i_s_ then divided by Nl+dN1 in a fractional-N divider 43
operating as disclosed in U.S. Patent No. 5,180,993 and allowed U.S. patent
application No. 07/804,609,_ which are both incorporated herein by reference. The
value dN1 can be cor_ltrollecl_l'fr'om'o to 4/5ths in steps of :1/5th so that the VCO 40
is controlled to be N1+dN1 times IMHz in 200KHz steps.

A second VCO 41 operates to generate a suitable local oscillator
signal for the satellite mode. It is mixed down to the 280-300MHz range against
the output. of the VCO 50 in a mixer 42 and then after being low-pass.filtered in a
filter 45 is divided in a divider 44 by N2-+dN2 in steps of 1/5th. - The divided
output is compared in a phase detector 49 with the output of the divider 51 and the
error signal from the phase detector 49 iS filtered in a loop filter 46 before
application to the control VCO 41 such that its frequency is (N2 +dN2)39MHzI40 '
+VCO SOIfrequency. Thus the frequency of the VCO 51is given by

where nl = 5(N 1+le) and n2 = 5(N2+dN2). As a result, by varying the
integers nl and n2, the frequencies can be generated in S5KHz steps as required for
the postulated narrowband satellite mode. This desirable behavior is obtained by

~using a combination of fractional-N and Vernier Loop techniques to achieve both
200KHz and SKHz steps simultaneously at respective cellular and satellite
frequency bands. . Both synthesizer loops operate with reference frequencies
around IMHz and can have wide loop bandwidths to suppress phase and frequency
noise and to achieve fast frequency switching times.

The output of the VCO 40 which is between 1085 MHz and
1110MHz mixes with the GSM received signals in the bandwith of 935-960MHz
to generate a 150 MHz first intermediate frequency. This is chosen deliberately so
that a second local oscillator signal of 156MHz, which is used to convert the first
IF to a second IF of 6MHz, is a simple multiple of the 39MHz reference
frequency érystal, produced by the frequency multiplying circuit 53.
Alternatively, it can be advantageous to use a 156MHz crystal _reference oscillator
and instead to divide it down by 4 to generate the required 39MHz. In addition,
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any frequency mdltiplying circuit can be implemented with the aid of either a
harmonic generator plus a harmonic selection filter or, with the aid of a simple
phase lock loop. These options are a matter of detailed design choice and all lie
within the spirit of thé inventive dual-mode phone. It is.furthermore arranged for
economy that the second local oscillator can also be used for the same purpose in
the satellite receiver section. .

The satellite received section 55 amplifies and filters the satellite
received signal band of 1525-1559MHz which is then mixed down agaiﬁst the
output of the VCO 41 to generate a fixed IF of 156.45MHz. This is further
mixed down against the 156MHz of the second IF to generate the final IF of
450KHz. In addition, it is also possible to use the more standard 455KHz by
merely programming the satellite synthesizer one S5KHz step lower in frequency
and choosing the first IF to be 156.455MHz. The final IF of either 6MHz(GSM)
or 450KHz (satellité) is digitally processed as previously described. The digital
processing can be supplied with a 13MHz clock, from which all GSM bitrates and
frame periods are derived, by dividing the 39MHz reference frequency by 3 using
the divider (56).

The corresponding satellite and GSM mode transmit sections are
illustrated in Fig. 3. In the GSM case, the transmitted frequency must lie at a
frequency 4SMHz lower than the receive frequency and track with changes when
the synthesizer is frequency-hopped. Thus, the transmit signal can be generated
with the aid of a transmit IF that is 4SMHz higher than the received IF using the
same high-side mixing frequency from the synthesizer. Consequently, a GSM
transmit signal is first produced at an IF of 195SMHz which is a simple 5x multiple
of the 39MHz reference generated by a frequency multiplier 61. The 195 MHz
signal is then split in a splitter 64 into COS and SIN components (or 0 and 90
degree phase shifted components) which drive the I and Q modulators 65 and 66.
The quadrature modulator circuit composed of blocks 62-64 is known in the art,
but various preferred refinements are further discussed in U.S. Patent Application
No. 08/305,702, entitled "Quadrature Modulator With Integrated Distributed RC
Filters", which is hereby incorporated herein by reference.
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In the GSM case, the GMSK modulanon'employed is a constant-
envelope, i.e., purely a phase modulation. It is there_fqre_, necessary to only
transfer the phase of the modulated 195SMHz signal tothe output frequency rather
than also transferring the amplitude variations. This canbe accomplished with the
aid of a phase transfer loop which is composed of elements 68-73 which are
described below. The 195SMHz modulated signal is ﬁrSﬂOW-pass filtered in a
filter 68 to remove any harmonics produced in the modulators 65 and 66. The
transmit frequency is generated by a VCO 72 which dnves the transmit power
amplifier 73. A portion of the VCO signal is mixed dowh to 195SMHz in a mixer
70 against the local oscillator signal from the synthcsiz'e'erCO 40. The resulting
195MHz signal is phase-compared in a phase comparator 69 with the modulated
195MHz signal from the filter 68 to produce a phase ermr signal. The phase

‘error mgnal is then loop-ﬁltercd using an integrator 71 and applied to the control

input of the VCO 72 to force its phase and frequency to track the phase
modulation of the 195MHz signal. As a result, the desued modulation is
transferred to the VCO 72 operating at the transmit frequency. - The phase transfer
loop operates at a high loop bandwith because of a high phase comparison
frequency which allows the loop to easily follow the desirerl modulation and
locking from power-up in around 10uS. Thus, the entire circuit may be powcred
up and down at the GSM TDMA frame rate so that power is only consumed

during the transmit siot.

The satellite transmit section 80 can of course also use the same
principles as the GSM transmit section, if constant envclope modulation is chosen
for the satellite mode. For the purposes of illustrating the versatility of the present
invention however, block 80 has been configured to the generation of linear
modulation that has both amplitude and phase variations that must be reproduced
on the transmitter output. In the present embodiment, the transmit IF at which a
modulation signal is first generated does not need to be a multiple of the
synthesizer circuit 81. This is the case when the satellite mode is frequency-
duplexed and uses the 101.5MHz transmit-receive frequency spacing of
INMARSAT satellites. The transmit IF then employed ls 257.95MHz. This is so
close to the 20x13MHz that it is possible to use 260MHz providing the frequency
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of the synthesizér Vo441 is sidestepped 2.05MHz for ‘transmission. This is only
possible if a time-duplex mode is chosen for the satellite so that the local oscilator,

PCT/US95/12413

i.e., the synthiesizer output, does not simultaneously have to be used for transmit
and receive, but rather used alternately. |

For linear modulation, both- amphtude and phase variations of the
signals are translated up from 257.95MHz to the transmit band of 1626.5-1660.5
by a straight upconversion process using a mixer 89 and a bandpass filter 90 to
suppress the undesired lower mixing product. .

The above described inventive dual-mode satellite/cellular phone
simuitaneously accomplishes the implementation of two completely unrelated
communications standards and protocols, with considerable sharing of components
in both the baseband processing section and in the RF section, particularly the
synthesizer section. This is the result of the novel configuration of the synthesizer
using a combination of both fractional-N and vernier loop techniques to
simultaneously generate frequéncies in two different frequency bands with wide
and narrow channel spacings respectively. The general principle of constructing
such a synthesizer will now be described below in conjunction with Fig. 4.

Fig. 4 illustrates a first Voltage Controlled Oscillator 100 (or a
Current Controlled Oscillator) controlled in frequency by the output signal from a
loop filter (110). The loop filter has a broadly low-pass frequency response which
includes an output component proportional to the integral of the input signal plus
an output component proportional to the input signal. U.S. Patent No. 5, 095,288

- discloses how the integral and proportional components can be independently

controlled during frequency changes so as to accelerate transient settling of the
loop. This patent is expressly incorporated herein by reference and represents a
preferred construction of the phase detectors 104 and 105 and loop filters 110 and
111. The frequency of the VCO. 100 is divided using a fractional-N divider 101
by the programmable quantity N1+dN1/R1 where N1, dN1, and R1 are integers.

‘Rl is generally a fixed radix, for example 10, and N1 represents the whole part of

the division ratio and dN1 represents the fractional part, i.e. tenths if R1=10.
The fractional division ratio is, for example, created by dividing by N1 for 1-
dN1/R1 of the time and by N1-+1 for. dN1/R1 of the time, although other methods
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Approximating a fractxonal part by switching between adjacent integers in this way
results in a sawtooth error component or phase jitter, which all fractional-N
techniques seek to compensate in some way so as to avoid the jitter modulating the
VCO frequency and causmg unwanted spectral sidebands. Allowed U.S. Patent
Application No. 07/804,609 and U.S. Patent No. 5,180,993 .descnbe a suitable
technique that is compatible with the preferred embodiment of the phase
comparator and loop filter disclosed in the U.S. Patent No. 5,095,288 and are
inéorporated herein by rqfere"r_xce. The exact technique of fractional-N employed
for the current invention is however not material to the invention and use of any
techniques which allows a synthesizer to generate frequencies in programmable
increments that are smaller than the phase comparator’s reference frequency are
considered as falling within the scope and spirit of the present invention. . |

The phase comparator 104 is provided with a reference frequency
for comparison with the fractional-divider output by dividing the output of a-
crystal reference oscillator 108 by M1 in a réference divider 106. When the loop
has settled from a transient change to the programming of N1 or dN1, the VCO
frequency f1 will attain the value N1+dN1/R1 multiplied by the crystal frequency
Fref divided by M1 as illustrated below:

A second VCO 103 operates at a frequency f2 which is mixed with

the frequency f1 from the VCQ 100 in a mixer 109 to produce either a sum or

difference frequency or both. In general, the difference frequency is more
desirablé and can be selected with the-aid of a low pass filter which is not
illustrated. The difference frei;uency f2-f1 is then divided in a second fractional
divider 102 by N2+dN2/R2 in the same manner as performed in the divider 101.
The phase detector 105 then compares the result with the crystal frequency divided
by M2 which is produced by a reference divider 107 and feeds a control signal
back to the VCO 103 such that the difference frequency f2-fl (or f1-f2) is
controlled so as to equal | |

REPLACED
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15

- . _Fref _
Thus f2 = f1 + (R2°N2 + dN2) T
J[RINL D) | R2N2 + AN
'‘MI-RI | M2:R2

Letting RI'NI +dN1 = nl and R2:N2 +dN2 = n2,

72 = (M2R2ml + MIRIn2 ) ——Lrf
NI-RIM2R2

Thus by choosing nl and n2 (i.e. programming all bits of N1,dN1,N2 and dN2)
such that M2-R2-n1+M1-R1-n2 increments in steps of one, the frequency is
controlled in steps of the crystal frequency divided by M1-R1-M2-R2
For example, suppose M2-51, R2=5, M2-R2 = 255

and M1=32, R1=8, M1-R1 = 256
Then 2 = (256-n2 + 255-n1) Fref/(255x256)

Choosing Fref = 6.528MHz for example allows 2 to be programmed in 100Hz
steps while the phase comparators operate at reference frequencies of 204KHz and
128KHz respectively. _

- Itis well known how to decompose a desired multiple N of 100Hz
given by 256-n2 + 255-nl into integers nl and n2. If N is expressed in binary
form, then nl will simply be the two’s component of the least significant 8-bit
byte, and n2 will be the remaining most significant byte or bytes minus n2 plus 1.
This imposes the known limitation that, since n2 cannot be negative, the most
significant byte(s) of the desired frequency must be at least equal to the highest
value of nl1-1. This lower freﬁuency limi't.is on the order of the crystal frequency,
bﬁt this is not a problem when the objective of the synthesizer is to generate

frequencies much higher than the crystal frequency. It is not necessary for M2-R2

REPLACED
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and M1-R1 to differ by only 1. However, they should preferably be mutually

prime.

A particular situation arises when M1=M2. In this case, the two
reference dividers 106 and 107 can be simplified into a single reference divider M.
Then the expression for f2 becomes:

__Fref

= (R2nl + RIn2
12 = (R2ml + )MRI_RZ

For example, if R2=4 and R1=35, frequency steps of 1/20th of the phase
éomparator reference frequency Fref/M can be programmed. It is also possible to ‘
choose R2=8 and R1=5. Then, R2:n1+R1-n2 can be stepped in increments of |
one from a starting point n1,n2 by means of the sequence:

No = 8nl1+5n2
No+1 = 8(n1-3)+5(n2+5)
No+2 = 8(n1-6)+5(n2+10)

No+4 = 8(n1-12)+5(n2+20)
No+5 = 8n1+5(n2+1)
No+6 = 8(nl-3)+5(n2+1+5)
No+7 = 8(nl-6)+5(n2+1+10)
- No+8 = 8(nl+1)+5n2
No+9 = 8(n1+1-3)+5(n2+5)
etc. '
Thus, a possible implementation of the present mventlon to generate
GSM steps of 200KHz and satelhte-mode steps of SKHz is to operate with a
Fref=13Mhz, M1=65 so that the loop comprising VCO 100 gives 200KHz steps
without fractional-N interpolation but with R1=5 in the satellite mode combined
with fractional-N interpolation with R2=8 in the second loop comprising vCo
103. Thus in the satellite mode, the steps will be 200KHz /(5x8) which equals
5KHz. o
It will be appreciated by those of ordinary skill in the art that the
present invention can be embodied in other specific forms without departing from
the spirit or essential character thereof. The preSently disclosed embodiments are
therefore considered in all respects to be illustrative and not restrictive. The scope
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of the invention is indicated by the appended claims rather then the foregoing
description, and all changes which come within the meaning and range of

-equivalence thereof are intended to be embraced therein.
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WHAT IS CLAIMED IS: _ o
1. A radio' telephone device witﬁ,the capability of switching
between operating through a land-based cellular network and an orbiting satellite
system, comprising: '
first antenna and radio frequency means for receivihg
transmitted signals from said land-based network and formmg first conditioned
signals for subsequent numerical decoding;
second antenna and radio frequency means for receiving
transmitted signals from said orbiting satellite system and for forming second
condition signals for subsequent numerical decoding;
numerical decoding means for processing either said first
condition signals or said second conditioned signals to provide an automatic
frequency control signal;
reference frequency oscillator means controlled by said
automatlc frequency control signal for providing a reference frequency signal;
radio frequency synthes:zer means using said reference
- frequency signal and having a first output at a first programmable frequency
connected to said first radio frequency means for détermining reception of a
channel frequency of said land-based network and a second output at a second
programmable frequency connected to said second radio ffequency means for

determining reception of a channel frequency of said orbiting satellite system.

2. The radio telephone device according to claim 1 wherein said
device is controlled to either receive signals from said land-based network and

from said orbiting satellite system at different times.

3. The radio télephone device according to claim 1 wherein said
automatic frequency control signal. is determined by processing signals received
from said land-based network when available and at sufficient signal strength or
othérwise by processing signzils received from said orbiting satellite system when

available.
;\
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4.  The radio telephone device according to claim 1, wherein
when signals are received from the satellite system and the signals received from
the cellular system are weak, the telephone sehds"é deregistration signal to the
cellular system. . ' : ¢

5. - The radio telephone device according to claim 1, wherein
when signals are received from the satellite system and the signals received from
the cellular system are weak, the telephone sends a registration signal to the
satellite system.

6. The radio telephone device according to claim 1, wherein
when signals are received from the satellite system and the signals received from
the cellular system are weak, the telephone sends a deregistration signal to the
cellular system and a registration signal to the satellite system.

7.  The radio telephone device according to claim 4, wherein
~ said first antenna and radio frequenéy means is put into an energy saving.deep
sleep mode after the deregistration signal is sent.

8. The radio telephone device according to claim 5, wherein
said second antenna and radio frequency means are powered up out of a deep sleep .
mode when the registration signal is sent.

9. A radio telephone device with the capability of switching
between operating through a land-based cellular network and an orbiting satellite
system, comprising; - '

first antenna and radio frequency means for receiving
transmitted signals from said land-based network and forming first conditioned
signals for subsequent numerical decoding;

second antenna and radio frequency means for receiving

transmitted signals from said orbiting satellite system and forming second
I —
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.numerical decoding for processing either said first
conditioned signals or said second conditioned signals;.

dual-loop radio frequency synthesizer means 'com'prising a
first phase lock loop to generate a first output signal at a-first output frequency
connected to said first radio frequency means, said first output frequency being
programmable to determine reception on a desired land-based network charinel
frequency and a second phase lock loop to generate a second output signal at a
frequen_cj programmably offset from said first output frequency and connected to
said second radio frequency means in order to determine reception on a desired

channel frequency of said orbiting satellite system.

10.  The radio telephone device according to claim 9, ‘wherein
said second output frequency is programmable in channel steps that are sub-
multiples of the programmable channel steps of said first output frequency.

11.  The radio telephone device according to claim 9, wherein
said device is controlled to receive a signal from said land-based network and from
said orbiting satellite system at different times.

12.  The radio telephone device according to claim 9, wheréin
said first and second conditioned signals are formed by suitable amplification
filtering, frequency conversion and analog to digital conversion.

_ 13. A radio telephone device with the capability to switch
between operating through a land-based cellular network and an orbiting satellite
system comprising;

first antenna and radio frequency means for receivihg
transmitted signals from said lhnd-based network and forming first conditioned
sigﬁals for subsequent numerical decoding;

second antenna and radio frequency means for i'eceiving

‘transmitted signals from said orbiting satellite system and forming second

conditioned signals for subsequent numerical decoding;
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numerical decoding means for processing either said first

conditioned signals or said second conditioned signals to produce an automatic

frequency control signal;

reference frequency generator means controlled by said
automatic frequency control signal to produce a reference frequency signal;
dual-loop radio frequency synthesizer means utilizing said

reference frequency signal and comprising a first phase lock loop to generate a
first output signal at a first output frequency connected to said first radio
frequency means, said first output frequency being progfammable to determine
reception on a desired land-based network channel frequency, and a second phase
lock loop to generate a second output signal connected to said second radio
frequency means at a frequency pfogrammably offset from said first output
frequency in order to determine reception of a desired channel frequency of said

orbiting satellite system.

14.  The radio telephone device according to claim 13, wherein
said dev1ce is controlled to receive signals from said land-based network and said

orbiting satellite system at different times.

15.  The radio telephone device according to claim 13, wherein
said automatic frequency control signal is determined by processing signals |
received from said land-based network when available at sufficient signal strength

or otherwise by processing signals received from said orbiting satellite system

when available.

-16.  The radio telephone device according to claim 13, wherein

said second output frequency is programmable in channel steps that are a sub-

multiple of the programmable channel steps of said ﬁfst'output frequency.

17. The radio telephone device according to claim 13, wherein

said first and second conditioned signals are formed by suitable ampliﬁcation

filtering, frequency conversion and analog to digital conversion.
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18.  The radio telephone device according to claim 13, wherein
when signals are received from the satellite system and the signals received from

the cellular system are weak, the telephone sends a deregistration signal to the
cellular system.

19.  The radio telephone device according to claim 13, wherein
when signals are received from the satellite system and the signals received from
the cellular system are weak, the telephone sends a registration signal to the
satellite system.

20.  The radio telephone device according to claim 13, wherein
when signals are received from the satellite system and the signals received from
the cellular system are weak, the telephone sends a deregistration signal to the
cellular system and a registration signal to the satellite system.

21.' The radio telephone device according to claim 18, wherein
said first antenna and radio frequency means is put into an enérgy saving deep
sleep mode after the deregistration signal is sent.

22.. The radio telephone device according to claim 19, wherein
said second antenna and radio frequency means are powered up out of a deep sleep

- mode when the registration signal is sent.

23. A frequency synthesizer for providing a first output signal
programmable over a first frequency band in first frequency steps and a second
output signal programmable over a second frequency band in second frequency
steps, comprising;

first reference divider means for dividing a reference =
frequency by a first integer to pfoduce a first comparison frequency;
second reference divider means for dividing said reference

frequency by a second integer to produce a second comparison frequency;
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first controlled oscillator means for producing a first output

frequency and having an input for a first frequency control signal; -
- first fractional-N divider means for dividing said first output

frequency by a first programmable quantity having both a first mteger part and a
first fractional part to produce a first loop frequency;

first phase and frequency comparator means for comparing
said first loop frequency with said first comparison frequency to produce a first
error signal;

first loop filter means for processing said first error signal to
obtain said first frequency control signal; ' '

second controlled oscillator means for producing a second
output frequency and having an input for a second frequency control signal;

mixing means for generating a difference frequency signal
having inputs from said first and second controlled oscillator means;

second fractional-N divider means for dividing said
difference frequency by a second programmable quantity having a second integer
part and a second fractional part to produce a second loop frequency;

second phase and frequency comparator means for comparing
said second loop frequency with-said second comparison frequency to produce a
second error signal; '

second loop filter means for processing said second error
signal to obtam said second frequency control signal. - '

24.  The frequency synthesizer device as in claim 23, wherein
said first fractional part of said first fraction-N divider means is the ratio of a third
integer over a fourth integer and said second fractional part of said second

fractional-N divider means is the ratio of a fifth integer over a sixth integer.

25.  The frequency synthesizer according to claim 24, wherein
said fourth and sixth integers are mutually prime. |
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26.  The frequency synthes:zer according to claim 13, wherein

“L

said first and second integers are mutually prime.

27.  The frequency synthesizer according to claim 24, wherein a

product of said first and fourth mtegers is mutually prime from a
S second and sixth integers.

product of said

28.  The frequency synthesizer according to claim 24, wherein-a

product of said first and fourth integers is mutually prime to a product of said

second and sixth integers and said products differ by one.

29.  The frequency synthesizer according to claim 24, wherein

10 said first and second integers are equal and said first and second reference divider

means are the same means.

30. The frequency synthesizer according to claim 29, wherein

said fourth and sixth integers are mutually prime..

31.  The frequency synthesizer according to claim 30,-wherein

15 said fourth and sixth integers differ by one.

32. The frequeney synthesizer according to claim 23;—-Wherein a

dual-mode portable radio/telephone is used to provide in a first mode transmission

or reception of any one of 2 number of channels spaced with a first channel

spacing or to provide in a second mode-transmission or reception

of any one of a

20 second number of channels spaced with a second channel spacing.

33.  The device according to claim 32, w_hérein said second

channel spacing is a sub-multiple of said first channel spacing.

34.  The device according to claim 32, wherein a signal from said

land-based network is received during a short Time Division Multiple Access - -

_—
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timeslot and processed by said numerical processing and a signal from said

satellite system is received between said Time Division Multiple Access timeslots

and processed by the numerical processing.

35.  The device according to claim 34, wherein said processing
evaluates a signal strength measurement.

36. The device according to claim 34, wherein said processing
calculates a frequency error.
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