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nobi |l e or portabl @ telephones that can operate either through

| and- based cel | ul arTifis/ShéetH%s Beén Rebla@dgh orpiting satellites, 5 - and
nore particul arIy to tellite/cellular tel ephone with a

frequency can provi de bot h wi de and narrow
channel spaci ng. Background of the

I nvention - ' In satel I |te/cel | ul ar systems t he signal

“bandwi dt h and channeqnq! MODE § R PH de is
considerably differen rom T NeeR w _

Present invention relates to mobile or portable telephones that can
operate either through land-based cellular systems or through orbiting satellites,
5 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
10 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
15 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
20 frequency switching synthesizers are then needed, but since the channel steps of
- 200KHz are rélatively bours_e, 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
25 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 empldyed to assist in meeting this fast frequency changing
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10 bandwi dth used in the cellular node. For exanpl e' the GSM cel lul ar -
system has a channel spaci ng of 200KHz, while a satellite system
use a channel spams etcblhsBeenReP‘aced BKHz. In trhe narr ow band node,

frequencwgﬁmse n | rably nore - t rBCHPSSHRE3 han in
t he wi deband node.

|cuIt|es .can arise in
attenpting to desrgn re use patterns foR -both nodes. In analog cellular 15
t el ephones such as the ones deS|gned for the U S . AWS system for exanple,

gag\r/]ent i onalrequlr?tlmTtlandpimcgrpcaated hmuehxiyefsvncmeﬂnmfsha:mhmqg@nﬁl oyed. In
el L.yl ar ne Hz
no requi rene‘?iﬁ‘goqegr‘s called %cges?ﬁ‘g‘gnﬁ’%ﬂ 1§§t‘3 acn%“?’rﬂ? anlﬁéqsﬁee_ e

pan- Eur opea I conysarisen ing is
enpl oyed ton‘?,nﬁliltl?lg(&?kngtcﬁg e?%ects of slfrg\‘/lvuefngdlarrgﬁmllf‘aﬁslé g] Eﬁ'fairgquency
swi t chi ng sydetéotor operatesarelativelyrhigh.c Jds isislesirahle when ffast switohing and dpx of
-200KHz_ar e r | at |veI ogrseh tege sw t ching speed can be achi eved by
conventi onalP ﬁ'&st © actiev However, in the U S

digital cellular system'*ﬁﬁéetoémecmh@m%y Floyd M. Gaamr,nwney 197, sane as
t he channel spacing in the AWPS system at 30KHz,  but_a : requi r ement

for fast freGamensr xdualdoonysynthesizer called,” aemlqrdomrmlumm ‘é!h‘ﬁh PREmity o

et ode. U She EERor by SHR PUARARY e SuilkXeble st Bhalf cOliBitsah ! O\
assi gned, defréduely of both loops ﬁlgﬁhl'ITh@stﬁort techiniquenisian 2emiatye techniqas forst i n

~neeti n8 this fast freﬁuenc chang nfg
1 achieving small frequency steps, ast 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. loop syntheﬁ_zer in which

15 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 performartce of either technique
performed alone. In addition, it is an object of the preSéﬁt invention to provide a
20 synthesizer which provides both a first output at a first fréquency 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‘dne device which is
capable of switching between operating through a land based cellular network and
25 an orbiting satellite system. The radio telephone comprises a first antenna and
radio frequeticy means for receiving transmitted signals from a land based network
and transforms the received signals into a form for 'subseqﬁent numerical
decoding. The radio telephone also includes a second antenna and radio frequency
means for receiving transmitted signals from the orbiting satellite system and
30 forming signals for subsequent numericil 1dec_oding-. Numerical decoding means is
aiso provided for processing either first condition signals or second condition

L
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PCT/ US95/ 12413 requirenent ;and is incorporated herein by
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"fractional -N" which i ain fine frefuéency steps whil e
keepi ng the phase co cy at_which the | oop phase error
detector operates relatively high. Thi s-i%- desirabl e when fast switchi ng
and low 5 . hase noi se nust ,be. achieved.. . In

" Phasel ock t%‘&ﬂﬂ? 6&18@”‘%3/“\:‘]“59’83“?? g&‘l’%ﬁ@?‘,‘u‘wqw}ﬂ {AFG). Reference Gy dener
a dual -| 00p guidkey osallatPineant cofffollb® by (RORFC Sighdipist bl permits
t he generati on of Zr?gfil at?r equen%y st epsyv%pl eck!?a}‘gpil1 g tlﬁgst%ﬁgasgg%npari son
frequency of rdfetehcd frequenby gignalThA sragioi frequencyhsyinthesizers meansails tatsondisdlosed

LU | Chnih e A RS PR A GRSl R

channels spac ptheFaifibiableTreiencyainekih tdthe first radio flfuchéP fisghto debéithine

However, the"larger frequency band wt ast sw tching "as . required
in the cel |l ureceptiemon aahannel fiequenioy of theilanddasedonetworky | The cadiorifregueneyt
of the present .jnventjon conprises. an inproved vernier.l@op synthesizer in
whi ch 15 Sythesizee alsg has & SEbond Gubit ab dfsetand; prRETRSIPADIS BSRVERY col | Ul ar
frequency spaérregted to the second radio frequency means to determine reception on a

channel frequency of the orbiting satellite system.

10 ~ Brief Description wi
These and other features and advantages of the invention will be
readily apparent to one of ordinary skill in the art from the following written
description, used in-conjunétion with the drawings, in which; :
Fig. 1 illustrates a dual mode satellite/cellular phone according to
15 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
20 Fig. 4 illustrates a dual loop synthesizer according to one |
embodiment of the present invention. ' |

iled Description of the Pref odiment
The presén't invention is directed toward a dual mode
satellite/cellular telephone with a frequency synthesizer that can provide both wide
25 and narrow channel 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. | | | |
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Summary of the | nvention An obj ect of the present

I nvention is to conbl ne hot f a tipnal and verni-er |oop
t echni quwe6 96/08885 t ormance of either tecﬂ@t .
perfornmed al one. H s an obj ect of. the presen #”f?()éﬂf’. on to
provi de a 20 ch prow des ‘bot.hra first output at a

first frequency haV| ng fine or 4 snal | steps suitable for satellite

comuni cations and a d,. out put. at f requency havi ng
course steps suitabl eg%gq&ﬁ%gr?ﬁ W@%P@Vﬁble telephone according
Present i nygohé @mbBindndof thePpregesit mkﬁﬁ&pﬁqnﬁmﬁi‘eﬂ'@% bas*e)% M

capabl e of swi tching between operating throu
net wor k andragymtter/recemracﬂncmmgl%mmnnm m%ﬂMﬂihellnhﬂmnﬁ thhone

Cranom ¢t ed oo BRI S somplics  ofal st 8 i G8%4 Rt e | h
receifved siigifd fangd of 1006-203IMHE it 206KHY idps. n%ErZOQRH z steps are fleﬁl%ipd' ng.

The radio tel ephone al so includes a second ant enna; an requency
means for b¥ciyidingghe outputpf a ddMHz frequenty osaillater 62 by 165rip divider 22.t e system

oconi ng 1S PRREA0ALAGPP ulf coBRSHE HreBAlE SR SRl M e T
condi ti on of gridlmge Controb Odciliawf 30iwtich is divided by %&ﬁbﬁ&ﬁ&ﬁa N1 in
PCTI US95/ 1%4 l(?er 26. The phase error from the phase detector 24 is: ﬁltered in loop filter 29
10 and then applied to control the VCO 30 such that its frequency is N1 times ' (
200KHz. ' '

The GSM reeewer part of the transmrtter/recelver is illustrated in
circuit 10. In this embodlment the received sxgnals are ﬁrst converted into a first
intermediate frequency (IF) of 71MHz by mixing the recerved signals with the

15 synthesized local oscillator frequency and then to e. sece'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 eonvertor 13 to extract

20 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

25 _ 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. . N :

30 - In the cellular transmit direction, a mrcrophone 20 supplies voice
srgnals 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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5] gnal s to provide an-auteratic—frequency control signal (AFC). Reference
frequency oscill at or ns cont roI I ed by the AFC signal provides an

accurate SI gnal . A radio frequenc nt hesi zer
freans is N& %m&?scl 0S ch uses the atturate re‘f‘é‘?’éﬁ’é
frequency signal and put at a first 5 pr ogr ammabl e
frequency connected to the f| rst radl o fr®quency neans to determ ne
reception on a channel frequency of the |and based network.. The radio
frequency  circuits 15fortdodingz cFheacading, redugessthe cbmnte@rpmnsansswxsmﬂothd

Teans Lo det PN SRR senalh ap, e AT Sétx gt e Gl AR el ”

orbi ting sat @irchit 34 Shtfer€ the mgn% are converted to 1.1,Q,Q modulatmg slgnaﬁr "Pﬁe
Description of the Draw ng hese and ot her features
and advant ag@spdyiatmgéxgnnlseaﬁ@ ithem fed|tp thasGSM msmlttﬁremnowowmlmt Kb one of

O dinargy SKI ek de) Se b b nd 890.18 e Yahded R transmission VIERAT ' P11 O

used i n conj un awi ngs

Fig. 1ill ustiiit&txﬂédmednqhem:ydﬁ 1aaMm | witich 89 hink aimesthe) ¢3MEzOrefbranret 0 15
one enbodi nent of the present |nvent|on Fig. 2
Il lustrates affqgﬂ@ﬁ“drred arrangenent of the'dual node receiver

sections of one enbodi ARt Irolt%ﬁ ﬂi&ﬁ%&:ﬂ:@’seﬂ #‘Eﬁcgmﬁ“s lBlCtOpl’OCGSSOI‘

Fig. 3 illustrates the pre erred arrangemnen
coupled to a RAM 18, a flash program memory 16, and an EEPROM 17, as well

10 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

15 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.

20 : . 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
circuits in the satellite communication circuit 21 receive a local oscillator signal

25 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

30 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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transmtter sections arrnrding te—one enbodi nent of the present inventionf
and 20 Fi g. 4 illustrates a dual- | oop synthesizer

accor o (Rggane This Sheet Has B ffent of the present invent
Detaile scrl pti wmllﬂ erred Enbodi mant S n¥Bs/12413
The present invent d toward-a dual.‘node

satellite/cellular tel ephone with a fﬁe'quency synt hesi zer that can provide
both wide_ 25 | and n?asr ow channel . spaci ng..- The present invention is

descr i bedTequensigs latively fast. By mixipg with the syg eé!erq "8, 5econd Pyt thet i s not
limted tQenflGecdiber@ithfls Q&r\}eﬂ%béib&f) goals to aﬁ rst%teﬂ‘ﬁ@dr% frdandy? the art

- that the present’invention also.pertain er ce
syst ens. of 156.4 MHz and then to a second intermediate frequency of 450KHz by mixing

TH S SHEEL, th_lehs Fﬁ&ﬁz reference frequeney multlplxed by 12;° The satellite mode channel
5 spacmgs m this mode are 13MHz/64 multiplied by 65 whxch equals 3.125KHz.
The second mtermedrate frequency is hardlimited and proccssed to extract an RSSI
signal whrch is approxlmately propomonal to the loganthm 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 -
10 mstantaneous signal phase. These signals are combmed wrth the digitized RSSI _ (
signals from the AtoD converter 13 and passed to drgltal srgnal processing circuits '
15 where they are processed to detect satellite signals. If satellite signals are o
'detected and GSM signals are weak, the phone sends a dereglstratrorrmessage to
the GSM system and/or a registration message to the satellrte system. These
15 . aspects are, described m U.S. Patent Application No. 08/179 958, entitled
"Position Regrstratron 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

20  relevant parts of the synthesizer are powered upto lrsten__ :_t_o, the narrowband
satellite control/paging channel. Preferably, this channel is also formattéed 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). Thrs conserves battery power while the phone is mvthe idle- mode,

25 especially 1f fast synthesrzer 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, whrch would trigger a
reversion back to the cellular mode. The cellular mode rs a preferred mode since

30 itis desrrable to minimize the number of subscribers usmg the capacrty-hmrted -

 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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14 - “_____' A bl ock d| agram of a satellite/cellular

portabl e tel ephone accordl ng ‘'t o one enbodi nent of the present :
I.nvention tr aFB laced GSM - c b transm E% ver RF
circuit 1y¢%ddggér?§ect cellular antenna 11. P égrsﬂs‘ﬁk

dual - node synt hesi zer | ocal oscillator signal to the GSM
circuits 5 I n the range 0 06- ¥0BAMHZ in 200KHz steps. The 200KHz
steps- are derived y. dividing the output.of a 13NVHz frequency

osci | | at or 190’59&%5104410@1 mqf@@ammof the satellite systomm, ‘s thak thecrumhes of hen

conpares thi f
Vol tage Cont §$g£éﬁﬁc‘g}°§gg§§évﬁ#§%s Jﬁ%yc}nﬁeﬁwvarl a e |n{tgger N1 in
di vi der 26. $helliphssenealone couldsuppart.ohase detector 24 is filtered in | oop

filter 29 10 andthen applledt ontrol ,the VCO 30 such that its
frequency is Nl tinmes Because of ez@ﬁp in o talmngareference frequency The GSM

recei ver par bs é?l;l%tiaigﬁfe %%gﬁ@s%bﬁitﬁﬂﬁﬁﬁl ¥i26, dng loW ¢t g&taego phone, it is

circuit 10 he recer’ved signa PVt t ed
into a first customary to utilize ¢herbabeastationrsignabas g réfiefénce sigrdl akﬁztoﬂgclmml ng the

then To a SOPBYRE'S MIGPAETEBIerFulBALip the roceived [9pS SRHED BYTHHON no w th
Sl e g i ey GHEIER T o P 20
i s appr oxi rrat"vbl;agermpuol"lﬂomlthe EtMne:ohmerllﬂhmthﬁ reférencengrciltatarel 0f t he
Z’?g%nc n\ljer t or 13 i zl gglﬁxpagepp?e ?t?t{s%étnga%%%sé I(:iueSItquoppler shi t%%sélsngdthé nan
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
15 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
20 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.
25 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 dxgml 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
30 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
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20 . nuneri cal he instantaneous signal phase, for
exanpl e, COS(PHI) . This Shee l J—H ). These val ues are then conbi ned
Wi th t hewheithdssOf 't °P e digital conver;gg,gggﬂ fg gnal .
The conbi ned si gnal S d vi-a a control - 24ert ace
circuit 14 to digi taI 5| ng circuits 15. This nethod for
digitizing a radi o signal i s di scl osed 8 m U S Patent No 5, 048, 059 whi ch
is 25 aSSI &g&md hereb i ncor por at ed reference The
stgnal is tthe wms€ divides PRI fop dmcton are
transferre gpﬁé cwts 15 to
t he Dt oA Cg:#g&ﬂflg VI a ﬁ]g‘ %gir:]%tﬂ)t N%nsdllsgigg:? d Qﬁ&Q&Gﬁlgl |t{tcw ts 14.
The Dt 0A capplicdtion NdneOV/SMaﬁ@Q evlach hre lidﬂl/llnmmatedrhpfem by eeference. The
~ear pi ece 19. 30 he ceIIu transmt direction, a
m cr ophone YBbEdhFLLe geptalied from 0 to ‘Qﬁém Sept 0F £l5t0ne et e, VELAO 13
wher e5 t he I £ transferred via the
control . ﬁgl nt er*eggg b?llﬁfcufiﬂg%‘i gﬁtzoPKgilzgsrthF processi ng VO
96/ 08883 A 'second VCO 41Rﬁ§&ﬂt@m’ genérate a suitable local oscillator
'ErSensm ssi o‘Fg‘?‘L rt és&tglhfteotrn e. lItn mlxeg dg\ci)rglt(r)] e féwgmhg%)gleta{gaa}n%t For
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
10 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)39MHz/40
+VCO 50 frequency. Thus the frequency of the VCO 51 is given by
where nl = 5(N 14dN1) and n2 = 5(N2+dN2). As a result, by varying the
15 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 Vemnier Loop techniques to achieve both
200KHz and SKHz steps simultaneously at respective cellular and satellite
frequency bands. . Both synthesizer loops operate with reference frequencies
20 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
25 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 crystal, produced by the frequency multiplying circuit 53.
Alternatlvely, 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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reduced bitrate si gnals are transferred back through the control and

I nterface circuit 14 where the signals are converted to I
nodul at i Nowgiddpaess: The modul ating signal s,;are thenpgis %
transnitter section of the circuit 10 5 where t hey are conver ed |nt

t he 890-915MHz range for transmni ssion via - internediate
frequency of 117MHz, which is nine tines ?he 13MHz reference
frequency. .

d f
al so cont ai n<y frauency; 5‘88@\3‘?‘3 clrcmpcan F@gnﬁl“ghﬁh accgopﬁfrﬂfq?!ftsﬁ H

program wemrnarﬂaamcagaﬁeﬁfbﬁm{hﬁﬂom@&lmh flRr or, with e hid 6f I'§iplachi ne
interface 35 which may, for exanple, be a keypad and di spl ay.

When the tel q;iumbckdwm TheseGwtions dre, a mattesof detailadedesign choice andralh ke cat i oh

circuits 21 arg,. ont s f ntrol

and interfacev e %Bfg‘gig?m’ 8 -m%ﬂﬁg@@; p@lr’gtur@?"ﬁ T afpneed S0t 15
synt hes§ zer sarofio§ thitehe decond walsesdnwwk 41€0/'be hsedfor thePQANRY purpBseyinot her
battery-power saving features can al so be incorporated, and in particular,

t he tha satellilg caseiver seclion: andby node can be powered down for m)st of

trggsaiggg ?pgnsm tted b%\eﬁh& %@é%&é@&gﬁffmgﬁﬁgﬁ ﬁtﬂ&%ﬁ%éﬂgﬁx | ocat ed

paging time Sieeélvedzﬁgnal band of 1525- 1559MHz \ﬂﬁﬂﬂtscﬂlagntmed)dwmathiﬁhtrmt of the
present invention, in the idl e node detglcts that all

GSM base st at QWP %frtbe N&Qﬁll 19 gﬁm@ra fixed IF of 156.4MBz o nkhis dfurthee | g e
time bgyween mw&&ggﬁdﬁﬁ\mﬁﬁf ih‘éa‘}e@mfdhﬁ: ﬁaéﬁk}a'té ?‘&‘?mtln: of Clrcuits

to search for a sate e annel gnal € receiving

circuits in t480K¥H.cln addmom,rﬁnmalmposstble:tdmlthe fiore sandard 455Keizctly
oscillator S|%na

erely programmmg 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

15 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

20 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

25 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

30  No. 08/305,702, entitled "Quadrature Modulator With Integrated Distributed RC
Filters", which is hereby incorporated herein by reference.
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T el RS ol th he SabbrPE S50 867 i X172
transmit frequency is generated by a VCO 72 which dn_v__es 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 synthesiz'e'r'fVCO 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 efmf signal. The phase

‘error mgnal is then loop-ﬁltered 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 desirea modulation and
locking from power-up in around 10uS. Thus, the entire circuit may be powéred
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 envélope 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 pfoviding the frequency
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comonl y assMhEgeNEgb qtrfé@FbB?%’é@"ﬁ@& n by referehce.
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Pr of or bl y,  PRACSOBIRHA ABronversian.sorsSf Hing & mixet B0 an a baapats FIRERG 0 ot 1 e
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1

node). This conserves The above qnscabedmwmvemaipmmsatd itefcejlular iphore node, 25
especi,al Iy I f. fast synt hesi z ,mes fromJmonent ar ower can be
achi e\} o l‘é@ ﬁﬂ'&s g}f’ P]?'W%atf%’t?/ﬁg’ﬁ ‘f?g@?l#ﬁ&s‘f’g?lg n the
satel | i te-- commumcatxér%rdﬁfdaﬁﬁrhﬁ?)r&@dﬂﬁ ewith @oﬁﬁdﬁ?ﬁblé‘@hz@ﬁﬂ of QMUAENSS SO
that the phone can determ ne_ when a GSM base station signal

reappears, wifl both\the basebandyprogessing section andrig\the RFosection kparticularly thel | ul ar
mode. The Cek}ﬁ{ﬁ&fzep?&%oh.s Thif fsetilg Tedaft JFIHE nﬁJ/éf %Snﬁgurauon of the synthesizer

using a combination of both fractional-N and vernier loop techniques to

15 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
20 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
25 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
30 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 gf the time, although other methods
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30 it is desirable to mnimze the: nunber of subscribers using the
capacity-limted This Sheet 33 Bleh Righcaly St €M at - any give tine. As a result,

only a srpbleg ent a ' phones, those that_are tenporari I y
out side the ce ﬁl ar amﬂ m r"lmmssent a Wo 96ToHER$12 nP
PCT/ US95/ 12413

-7-
potential |oad on the capaC|ty ‘of the sd?el lite system so that the nunber

f dual subscrj bers gan be man nmes greater
?hanu?he caﬁ?ﬁ:ﬁ%}wb*" Ehﬁé’mr mpa" 't € Rresent invention s potlimied é’t%ﬂt@l support .

Because of r&dxﬁlﬁhﬁglhtfthchana@?hﬂ Uyma fcﬁld'get;e% ﬁz{c@ﬁﬂﬂfégﬁ% iR this w

oscillator of "adequat'e stabili sl ze OW COS or a poi}yt abl e
phone, it i gesults masawtmﬁtumrgompnmm orn phas¢ hneﬂ;aﬁaclsﬂafmﬁbmwal as a
ref erence S'&e% er.nal reference

frequency t ﬁﬂ‘@“?%?&f‘fi%@ﬂag’ga‘&‘ﬁtsf’ﬂﬁ ‘!*}Yg%aﬁs ‘Bya""‘ d'né jitter gadulating the an
aut omgt i ¢ T NI ERgMe m%a%uﬁh%aawaﬁtéﬁaecﬁm d, nAﬁ?@ed 1.85Paten

"vol tage control ™ from converter 13 to the reference osmﬁ | at or
12. 10 Application No. 07/804;609 snchPl. %xPatmtsNQ 180,993 descsbe dusaitabde Doppl er

shift in us el I a| !a r signal are

sol ved by t h%ﬂwﬂggmait 6%°%Iﬁ%f°f H‘Li pi® en merﬁ ? :
comparator and loop filter disclosed in the U.S. Patent No. 5,095 ,288 and are
incorporated herein by reference. The exact technique of fractional-N employed

10 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

15 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:

20 A second VCO 103 operates at a frequency f2 which is mixed with
. the frequency f1 from the VCO 100 in a mixer 109 to produce either a sum or
difference frequency or both. In general, the difference frequency is more
desirable 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
25 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 | |
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Pat ent Application No.. 08/ 305,784, entitled "Frequency Error Correction In
a Satel lite-Mbile Comunications Systent, which is hereby

mcorpora&,?q, reference. In the current inventi
signal is er}%eé from processing 15 both Pﬂhe | and- b%@ﬁ}%gfégfk
signals.and the satellite transmtted signals. The
syst em descri bed above is based on a 3."1B5KHz channel - spaci ng
satellite node, although the present invention is not limted thereto. This
is determ ned by the divider values of 65 and 64F di viders 22 and 23. The
fi rStTh1sSheetHasBeduRpp f ratio afd-ybs (R2N2o+ @il)- tes which are based on
K clock which is 65 ti M&Rhe channel spaci ng. For

a 13 ! _ I ng.
a Vern .
from | Vi der i.e., 64 or 66. The nunber 64 was sel ected

si zer, the second divider ratio is 1 away
in the present enbodi rrent t I( [elt'flgf
It is also possible to config ‘e e |nvent| umlm)de phone for

SKHz satellite node channelrRpag IDCHNI)H t(stNz:a,sgNg) 39MHz oscillator is
used. 25 -Thi s enbodF M Wv—gwnzewhere only details
of the RF circuitry and gnt he5| zer sh The baseband chi ps,
i.e., the AtoD converters 13, the control and interface circuit

e 8 A, A RN, @y ! ST

di vided by 39 and 40 in digital dividers 50 and 51 respectively. The

di vi der 50 30 t hus produces a 1MHz reference frequency for a phase
conpar at or 48. The ?ﬁ&g € fﬂpmuﬁggy is Frekn filtered in a loop
filter 47 before being a pI|

\NR2M2-Rhe VCO 40 operates
to produce a local oscillator signal suitable for :

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

5 ~ and M1=32, R1=8, MI-R] = 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.

10 - 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

15 significant byte(s) of the desired frequency must be at least equal to the highest
value of nl1-1. This lower freeuency 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
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-8 e€fRepfccllien di vided by N1 +dNL in a
fract [ onwobmhgs der erating as disclosed i at ent No.
5,180, 993 and al | owe application Nor}’#‘f‘?%%&z‘ﬂé@

whi ch are both |ncorporate by r erence The val ue dNI can _
be controlled fromO to 4/5ths |n steps f 1/5th so that the VCO 40 &5

is controll I 0K t eps. .

A second V 4 gr‘@'g’é@y by ﬂg‘sjr aﬁgwﬁ‘quﬁ\"‘é{ Fé“lad%&;m@bbp? raiteally
signal for pﬁmesatel lite node. It is mxed down to the 280-300MHz range
agai nst the out put of the VCO 50 in a nixer 42 and then after

bei ng | owpass fil t er Adparticular situation arises lwhen M5=M2.dln ithie dasep tiee tho/i der 44

gﬁaggrgstz elc oF ngidﬁ,]% ﬁfeé]ﬂ?t-r tgﬂ:‘%e? 'é'péf)?ﬁ e a§f‘gfifngf?'ﬁs - aivider 4. gpr gr

si gnab fronThetretlnhap&sﬂOﬁGﬂ‘tﬂrbeéﬂmbﬁ filtered in a loop filter 46 before
‘application to the control. VCO 41 such that its frequency is

EI)

(N2+dN2) 39MHz/ 40 +VCO 50 frequency. Tt}ns t he frequency of the VCO
51 is given by 2 = (R2nl + RIn2) mfl%

For example, if R2=4 and R1=35, frequency steps of 1/20th of the phase
comparator 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:

10 : - No = 8nl145n2
No+1 = 8(n1-3)+5(n2+5)
| No+2 = 8(n1-6)+5(n2+10)

No+4 = 8(n1-12)+5(n2+20)
15 ' 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)
20 : _ 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
25 = 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
30 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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Wwhere nl = 5(N1+dNI) and n2 = 5(N2+dN2). As a result, by varying the 15
integers nl and n2, the frequencies can be generated in 5KHz steps as
required %g t he postul ated narrowband satiellite gﬁﬁ Thi
desirabl e éﬂ%{(\'ﬁsg‘? is obtained by : usi ng -‘a“conbi naﬂ2 5?4’112%3
fractional -N and Vernier Loop“techniques to achieve both 200KHz
and 5KHz ‘steps sinultaneously at respectilye cellular and satellite
frequency bands. Both synthesizer | oops 8£§rate with reference frequencies

20 ar oghthelinpentionds indicated, by Wherppeadnd dlaims iateer depdhe foreg@isg phase

and frequenc s 'ﬁﬁn EAVZ= i tching timnes.
The out put O?es{cng%nggﬁi |cgéggh%g%gy%égﬁmé@ﬁg%&w6fclllOM—|z

m xes W th t-bguitiidhoectheresfaresingndéd:to be ebrabed therdih. of 935- 960Mz

to generate a 150 MHz first internedi ate frequency. This is chosen

del i berately S0 25 tthat—a—second | ocal oscillator signal of 156MHz,

which is usemhistsRect ARNRLIRGAG I T ST IF to a second IF of 6MHz, is a -
sinple multip r;ef erence frequency crystal, produced
by the freque m g circuit 53. Alternatively, it can be
advant ageous crystal reference oscillator : and

instead to divide it down by 4 to generate the required 39MHz. In addition,
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any fr eayugyseioshal ti Pl yi ng ci fictis nted wit h ei ther .
ﬁér noni-c gener at o pl usngp s l ection fi I"{J‘.Zqég&“%\n th the

.a|d of a sinmple options are a matter of

det ai | ed desi gn choice and aII I|e '16' within the spirit of the '

i nventive dy Mn ll _is furthernore arranged for 5 econony
that the seeen \ errt&t or can also be used for the sane purpose in
the satellite receive[ seckifgio telephone device with the c[aPablthP@f swtchidg €

recei ved section 55 anplifies and lters the sat recei ved

si gnal bandbeswedrb@perdtintgothirougita fandibasedneetiular netivaitk and an airbiting tsitellite
output of the VCO 41 tp generate a fixed |F of 156.45MHz. This is further

10 mi P HSRTPISREAst the 156MHz of the second |F to generate the
final §1 F of 450KHgrst hﬂeﬁwﬁd fdio fréqd mﬁhﬁ&pﬁ%ﬁ #o use the
nore standard 455KHz by ng the satelr

e progra
synt hesi zer trmsmxaadﬁgsaleﬁom)md lang- ase;ﬁu@wogk and forming first! conditieniedg t he

f t I'F to.be.156.455MHz. The ] L.F _of th 6MHz ( GS
4|5(r)SKHz (sa?ﬂgﬁlf gﬁr seapaqtt%nfesl;wﬁf@%gglggg agl prg\r“ ousl§/ dgl’acri bed. Thce)r

digital 15- processi n&cﬁ@aﬂ@nﬁtﬁﬂlmﬁw&n heéifidzfo lr&@lving r om whi ch
all GSM bitrates and frame periods are derlved by dividing the

39MHz 1 ef er Eansaited-gjguale fropy said oEitieg satellite systemmand;foyifarming segond
The 4@7r esPgAfish s?;iﬁai*é For sGbRHenPRYMERES debsdlfgy t sections are

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
15 automatic frequency control signal for providing a reference frequency signal;
| radio frequency synihesiz_er 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
20 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.

25 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 signals received from said orbiting satellite system when

available.
;\
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fllustrated in Fig.” 3. In the GSM case, the transnmitted frequency nust lie

at a 20 frequency 45M—|z_ | ower than the receive frequency and track

Wi th changssedaes ‘the |f ' [ T eguency-h , the
fransmt signal can be generat ’tﬁ?’:{l\hg ‘aid of a r%nsg | F
that is 45MH4z higher than the r e - sanme hi gh-side

m xi ng frequency fromthe synthesizer. nsequently, a GSM

transmt signal |sf|rst p an |.F .of 195 ch s smple 5x
mitiple 250 Sof #he homFUARRsEe @weadsgﬁéré%%%o Kl e

mul tiplier @hen $ipRalsAPe Mdeived from the s‘alté]li@'syStEmtdfiﬂrthé BighhlsirBeeivediPfroint e 64
into COS and SIN conponents (or 0 and degree phase shifted

conponent s) thergelilag sysiem age weak,ihe QIMFQGMS@ dmegipiration. signal to the The
quadr ature ﬁ]z#raﬁfy?% circuit conposed of blocks 62-64 is known in the art,
but vari ousg% W®-refinenents are further d| scussed in U S. Patent
Application 30 No. 08/305,702, entitled" QJadrat ure Mddul ator Wth
Integrated Distributed RC Filters”, which is her eby i ncaor por at ed

herei 8 by reference. 5. . The radiguslephopedgwice according to claim I, wherein

PCT/ US95/ 12 - 0 -
In the GSM f‘:@g'é sxg[nﬁlé W fo t%ensaéerlrl]:l) oys%mi as{'dam% cs)ﬁn?ar{Pce ived fron}l

en?/el ope, i tie celinlar Gystern 496 aveak e ueleplione sedds 4 fegistration e‘rgnalrleqﬁssar y to
onty satellite system.

6. The radio telephone device according to claim 1, wherein
10~ 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
15 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
20 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;
25 . second antenna and radio frequency means for receiving

transmitted signals from said orbiting satellite system and forming second
I —
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conditioned signals for subsequent numerical decoding;




transfer the phase of the nodul ated 195MHz signal to the output frequency
rat her than al so ' litude variations. This can
be acconygdh séiskdsivi th the | jase transfer

conposed of elenments 68- 78 whl. _descri bed be‘llé)\(/}\ﬁs’%%ﬁ%
nodul ated signal is first Iow-passfllt ed 1n a filter 68 to
renove any harnoni cs produced in the nb&iFators 65 and 66. The

transmt frequency is generat ed VCQ 72 which drives, the transmt povver
anplifier 73. A portion of™ %%d&gaorl PLOGESSIRg W IBY5MHz in a

m xer 10 cond,@e@g%hmtortsgﬂ geggﬁ c@ﬂmdnwg%hﬂg gnal. fromthe: synthesizer
VCO 40. The resulting signal” I's phase-conpared in a phase
conparator 69 with the nodduakieap radlo frequencyl ithesizer qmeahs éompnmﬂgaaf ilter 68
to produce is then

h . I
| oop. 111t r Bt BEsEock [oon o defkrat sk i, erel a o ek iy ey
i nput50f t h@oniedeed o wdfmﬁt%dlbtﬁeq@eﬁ@emem Eﬁ&%"tﬁn‘fp&t reégﬁéﬁ‘ég il phase 15

modul ation of the 195MHz signal. As a resu t he desir lon is
transferr eommgrammabk:co memepgompn @msmmmbaserdrmenkoghanneie phase
transfer | o h, | Wi bec.au of a high
phase corrpam%ﬂcy and 8 ‘8‘%‘?‘9%@‘3&%&@%@ @ﬁ%?ﬁ&,ﬁ%gﬁogw?fgn@ A3 y follow
t he desi r edfrequésnty ptopfarimably offset from! wﬁfwoﬁmﬂﬁwé did conmeredng | QuUS.
Thus, the entire circuit may be powered up and down at the GSM
TDVA frame $Rif second radie fffamyurae&smwowﬁé@ﬁ@smme receptionjon jardlesirete tr ansni t
sl ot t ansmt section 80 can of
courég al Soch&gréeltfﬁequenc#eof said Iltiﬁu'TQgp(’;ﬁa‘ﬁl'rlli(l:'%ep %%‘lhas the GSMtransmt section, (

i f constant envel ope nodul ation is chosen for the satellite mode.

For the purposes of illustrating the versatility of the present 25
i nventi on however, bl ek gbhe,mdiieigph 9%1’?"@%’1"6‘”{"&)“& occlgign®, whemsin of | i near

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
15 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.

20 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

25 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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‘nmodul ati on that has both anpli tude and phase variations that nust be

repr oduced . on the transm S _ e present enbodi ment,
the trangyg bedsgs®t Which a " gl is f éﬁﬁsﬁﬁ? rat ed

. € RE Hhesi zer” Ci'rcul 1. This
Is the case when the satellite nose=s Sisicatieymitieei dupl exed and
uses the 101.5MHz transmt-receive fre'q@l%ncy spaC| hg of | NMARSAT

satellites. The transm't |F then ed |s 57.95MAZ. This js.so
STose 10 the Dox] Srot hat nppang SERedils @ sgr%memm.% the

frequency congditioned Signals or said second ca'ﬂlhﬁ'oxﬁﬁ Rfinald?d Hﬁ&ﬁfée WO
96/ 08883 PCT/ US957 12413 of the synt hesi zer VCO 41 |s

si dest eppedfigquEwyicofitoel signaksmi ssion. This is only possible if a
ti me-dupl ex node i s chosen for the satellite so_that the!]I Sﬁxal psci |l at or,

i .e., the synthesizer out plRfcrepgRTeqHsACY BRARTAOR Bi5ALY used for
transgt automahé@ﬁqﬁ&ﬁ?'déﬁmpﬁéndl% pRIduk® S%f&én%é 'ﬁﬂqﬁé s'i_’%

For linear nodul ation, both anplTtude and phase variationS o the

signal s are translat ed up fualrioomradis freguency syrthesizen segans ptilizing fsaid

1626. 5- 1660,

re?ference 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
10 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.

15 ~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 |
20 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-
25 multiple of the programmable channel steps of said first 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.. @—————
f—"_’—f”'_’— - This Sheet Has Been R
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by a straight upconversion process usi ng a mxer 89 and a bandpass filter -
90 to suppress t e s Xi ng product.

The abowv. sbed i nventy ymscméammsﬁau lite/cellular phone 10

si nul tangg(}? gédaccorrpl i shgs theRERRAGEBN atijpn of two conPCdUsPY1244% el at ed
comuni cati ons standards awd—protocc consi derabl e sharing of
component s in both the baseba-nZD processing section and in the RF
section, particularly the nt hesi zer section. This is the result
of the novel - confi gurki onn!ﬁraﬂt%te@?ﬁt’ﬂﬁe@"i@raccmdmg to claigi 13, whereimbi nat i on

B s L L el

and narrow théeelhdar syeeni agsweks tctelephbie sehis a @efepistration sighaltohef
constructi n% l[a.ﬁsyq such a synthesizer will now be described belowin

conjunctio Fig. 4 illustrates a first
Vol tage Control |l ed CBCl I | ator .100 (or a. Current Controlled
Oscillator) controlled in frequency by the- output signal froma 20 | oop
filtey (110). The | ool.f i |Ther radivstelephomeadtvice! avordingstofalaimuis)oyhereiaponse E
whi ch i.ncl udes an ut . co nent 0] rtlonal to the integral of
t he i nput s‘?’léﬁﬁ‘a-'f‘g'ﬁﬂ]%?" recexved'l}rgghths&@ Fé?ﬂb thegnads: feceived from ¢ he

i nput  si gnahe chijutar §3ie f:.re'\@eakf’thept% g.nds éee%set{r;]ﬂ@ﬁﬁ?@fifﬂﬁlw the

i ntegral and proportlona onpdnent's” can

control | ed satetlitagysteraquency changes so as to accel erate transient settling
of the 25  loop. This patent is expressly incorporated herein by

ref erence and represents a - preferred construction of the phase ‘

detectors 104 and 103mnd Tﬂéoﬂdfdﬂefe?ﬁ&)e]d&x&%agdmg&o clauéllljs Jﬁk@ﬂ;‘requency

of the VCO 100 is divided using a ffacti onal t he
pr ogt@rmab| whessignals greNecsividifrom the satellitel systew andathe signalsrmelmdegons

RL 1s _genengl biinflar dysath SN, 4 eRBROR £ndPa aBfigishdd* BeRa 8 e t N Who! @

part of
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
15 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
20 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;
25 . second reference divider means for dividing said reference

frequency by a second integer to produce a second comparison frequency;

Ay - “|‘]|S|*ii|°|‘|i‘ii|ﬂi|°|“|i‘ﬂi'i“"




30 t he di vision ratio and dNI represents the fractional part, i.e.
tenths if RL = _ Thefractlonal division ratio is, for exarrple,
created b g by N1 for 1-f e t he tlme and b + 1
for le/R #é/l‘tsﬂ%{ltl me, although oTHHS,rSHEﬁrmeEEN %

PCT/ US95/ 12413 REPLACED | - 12 -

are known in the prior art andt € prese Is not limted

t her et o. Approximating a fractional part by swtching between

adj acent int egers in this wégst controlled oscrélamrtmeann for Bmdmmgla st output

conponent or : foactional - . techni ques seek
o bonpensa: FEREREy At RaYine 48 6Py ot o -8 ARy, ool gt i ng the s

VOO frequency and_causing ufine fiaedomh eV bivider Tl A Evidihg QP Rrdd cipuPat ent
Application No. 07/804,609 and U.S. Patent No. 180, 993 descri be a

sui t abl e frequency by anfirst progremmable quantity lbvmg\mmatﬂw lpteseremand a

enbodi gent o oop filter disclosed in
t he U ge Pat éﬁ{t?ﬁg%@%gﬁ"% %‘gﬁ%ﬁ&b%ﬁ%corporat ed herein by
reference. The exact techni ﬁmphﬁsefmmc?mmy%mimyﬁﬁaﬁﬁforcoﬁpamghe

current invention i.s however naot material to the invention and use of any

t echni ques whaig first| loepdrequengy withssaid first compatisas: @eques@pu %Eﬁodgcﬂ a first

progr armabl €error signal;

first loop filter means for processing said first error signal to
10 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;

15 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
20 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
25 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. |

" This Sheet Has Been Rer]aced .
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i ncrenents that are—swaller than the phase conparator's reference frequency
are conside[re(g as falling within the scope and spirit of the
his Sheet Has Been Replaced. - phase cofiparator 104 is

resen j on. s _
Br ovi dé’vadé:‘i;‘fsﬁga r ef e[Hum uuHMA 1 15\S BEEN conpar i sACHYIN/12413
fractional -divider o 3 i MR ng Bthe ouffput of a cryst al
reference oscillator 108 by ML Iin a refTEf &l di vider 106. Wen the | oop .
has settled froma transient change to the programm ng of N1 or dNl, the’

VCO frequenc36.f| The ftequenaysymhnsizeahmrdﬁgfaiblahﬁllmw}kié@ﬂéi Ied by
the crystal_f n v Fref divided by ML as illustrated bel ow
said fifSe Gd Secopd dntegers atpcruiually gpme,

20 tes at a frequency f2 which is
m xed with the frequency fl fromthe VCO 100 in a m xer 109 to
produce either a sumor : di fference frequency or both. In general,

the difference frequedlsy iEhenfrequency synthesizerac¢oording toncldin 24, wherefrt 2ct ed

ith th ' 1 fil A jch i t . il l.ustrated. The
Gt 11 er once Aol B s 30 touts ek iy nfieidly prime from 2 progiiidRits |
di vi d®r 10Z%ebohd\ehdd€ikthRategérst he sane manner as perfornmed in the divider

101. The phase detector 105 then conpares the result with the
crystal frequency divided - by M2 which is produced by a reference

i Vi ' . . VCO.103 h '
~ Chat ‘the i fer ence. FPquoltty/ Ty fpmesies spordifi o Glinh 28, ¥t ¥ e 'S0 s

to equal  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 réference 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 frequelicy synthesizer according to claim 23;—-Wherein a
dual-mode portable radio/teléphone 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. ' R

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

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

. I Im"j m,ﬂ"!” "'1' " Im '. o - 1 THIS SHEET HAS BEEN

REPLACED
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[err] Let wglstHéﬂTH&tk\llaEENn and RRN2 +dN2 = n2,
E WO 96/08883 . REPLACED *,. | PCT/US95/12413

-23-

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
S evaluates a signal strength measurement.

36. The device according to claim 34, wherein said processing
calculates a frequency error.
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f2 = (M. R2nl
[err]

N, AN, N2 voe> /643
steps of one, the frequency is
frequency divided by ML R1 M2 R2
M. R2 255
f2 = (256.n2
for exanple gl o
phase conpar gt

+ M.RL.n2 )
Thus by choosing nl and n2 (i.e. programmng all bits of
such that M R2 nl +M R n2 increnents in
controlled in stepsPEFUSNE2By st al
tar exanpl e, suppose M2. 51, R2=5,

and ML=32, R1=8, ML.R1 256 Then

Choosi ng Fref 6. 528MHz
steps while the

128KHz res It is well known how to
deconpose ( N jof 100Hz gi ven by 256.n2 + 255.nl .
into integers S X P e S STt = a=y form then nl.
will sinply be Rea] €ast srgnrrrecanmt—83hit
byte, and n2 wl| pst=Esiigni fi cant byte or byjtles m nus n2
plus 1. o ation that, sincg|[n2 cannot be
negative, e[-nsee.t. = Sswh byte(s) of the desired |frequency
nust be at | dagE § S EE .
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value of nl-1. This | ower frequency Iimt is on the order of the crystal

frequency, but this is not a problemwhen the objective of the
synt hesi z generate frequenci es nmuch hi gher than the
cryst al %8@3’3&'&3 is not necessary for M. R2 PERASITAES
PCT/ US95/ 112413 2/4 - 14 -
and M. Rl to differ by-only 1. However, they should preferably be nutually
pri nme. A partigularg®tyation arises when ML =M2. In
this case, the two referencejdi vi e ®6 and 107 can be
simplified into a single reference % i der |B =& Then the expression
for f2 becones: S f2 =(R2.nl + R .n2)[err]
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For exanple, if R2 =4 and RL =5, frequency steps of 1/20th of the phase
conparat or reference frequency Fref/M can be programmed. It is al so
Rossi bl e o 96/08883 choose R2=8 and R1=5. Then, R2 nl +RI n2 can be stepped

in increments of one froma starting point nil,n2 RFHBEFA2H8 t he
sequence: 10 : - 3/4 No = 8nl +5n2

No+1 = 8(nl -3)+5(n2+5) ' o+2 =

8(nl - 6) +5( n2+10) S No+4 3=

8(nl -12) +5(n2+20) 15 oIz Noi& & 8nl +5(n2+1)
No+6 = 8(nl -3)+5(n2+1+5}~ : = =3 No+7 =

8(nl -6)+5(n2+1+10)
No+9 = 8(nl<3+ 1-3)+5(n2t5) 20 etc.
Thus, a pos& bl e inplemgntation of the‘\mesent i nvention fo generate

GSM st eps O 200KHz and|sateltiteennde, sSjeps—af SKHz is tlo operate with a
Fref= 13Vhz8 ML =65 so {h the loop c I sing VCO Y00 g ves 200KHz steps
wi t hout fragionaI-N i n{erpol ati on but th RL =5 in the atellite node

conbined 255 ¢, wWith frastional-Nin irppol ati on pwkthe 2 _i.n..t.he second

= 8(nl + 1)+5n2

| oop corrprig ng=/CO > 103. Thus|'™ the sat {;I lite pRde, the steps
w il be 200& g ch equal s 5KHz. :2
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I't will be appreci ated by those of ordinary skill in the art that the
present invention can be enbodied in other specific forns w thout departing
from 30 wooglf@sspirit or essential character thereof. Thepgresentl

di scl osed enbodi nents are therefore considered in BFI/USEYREAR s to
be illustrative and not restrictive. The sgape WO 96/ 08883
PCT/ US95/ 12413 ' - 15 - of

the invention is indicated by the appended clains rather then the foregoing
description, and all changes which come within the nmeaning and range of
equi val ence thereof are intended to be enbraced therein.
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WHAT IS CLAIMED IS - 1. A radio tel ephohd?® EMEN] SHEET
the capability of sw tching -bet ween operating thr :

uph a T and- base
cel lular network and an orbiting -1fatellite syste o8Pt MAR'®97
5 first antenna and radio frequency nean or receiving
transmtted wHARIIS €LAMMED 9S! and- based network and formphg Trrst :
condi ti oned signals fromsaid | and-based network [|gnd form ng first
condi tioned signal.s f oA radio telephone deyise veitit the wapability| of deitobiing dretween

d d d f f i i t itted
i onal s 11 orteEe AENER agetdBiRl TR Buntand R Pt e
condi tion Sidbﬁgirﬁiﬁg@r subsequent nunerical decodi ng;

nuneri cal. decodi ng means for processing either said first o )
conditi oA signals or sfiisHanternsrandcfinsdradioofrequencyymenrs fop receining eramsmitted

automati c . r nt .ol _signal ; 15. .\ .
reference fré %ﬂ%g&osgﬁ’ﬁﬂé%ggeﬁnc&m@r & 0?% PP Forming Gy condmoned SIgRAIS Rk i ¢
frequency caabsequertittinirichiodecbdiagi di ng a reference frequency signal;

radi o frequency synthesizer means using said reference .
second antenna and second radio frequency means for receiving

transmitted signals from said orbiting satellite system and for forming second
10  condition signals for subsequent numerical decoding;
numerieal 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 automatic
15  frequency control signal for providing a reference frequency signal;
radio frequency synthesizer means using said reference frequency signal-
and having a first output at a first programmable frequency connected to said first
radio frequency means for determining reception of a channel frequency of said land-
based cellular network and a second output at a second programmable frequency
20  connected to said second radio frequency 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 cellular network and from

25  said orbiting satellite system at different times.

-3, The radio telephone device according to claim 1 wherein said automatic
frequency control signal is determined by processing signals received from said land-
based cellular network when available and at sufficient signal strength or otherwise by

30 processing signals received from said orbiting satellite system when available.
I —
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frequency signal and h vﬁ%AﬁEMENEtSHSHp t at a fi rst p‘%ﬁmgl OAUG \996

frequency . - conpegted to said f]rpt radio freque

determ ning reception at{a3 1#AR 199¥cond| programmabl e frequency connect ed
to said second radio fgje uency Teans for determ ning reception of
a channel frequency of |sard—ortrtimg {17-. satellite system -

2. The radi o tel ephgne device accordihg to claim1 wherein said

device is control4 ed tThequdibaélepitir!déRics 'aGétﬁfhﬁ’lgfté Q!Bufaall oy heréidl-WRhesgnals
cel lul ar 25 network and fromsaid orbiting satellite system at

di fferent tiamereceived from the satellite systgm and tlmggngsj reseived dromo the lgnd-based
according t S t C

signal is dg @1?“11 {ri?’e% %@g{?%%é‘g Ztlleﬁtglegp%rheaﬁegdéig d8rr£% s&rﬁn&{ Enaqug)ihe gé]}ular
REPLACEMENT s$sthl WD 96/ 08883

PCT/ U895é 12413

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

10

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

15 |
| 7. The radio telephone device according to claim 4, whefein said first
antenna and radio frequency means is put into an energy saving deep sleep mode after

the deregistration signal is sent.

20 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
25  operating through a land-based cellular network and an orbiting satellite system,
comprising; |
first antenna and first radio frequency means for receiving transmitted
signals from said land-based cellular network and forming first conditioned signals for

subsequent numerical decoding;
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217- rece vmmcamm'aiswEEhn based cel | ul ar netviot k- %&“UG 1996
avai |l abl e and at sufji ¢remt sj gnal strength or othérw se by

processing signals r acm e qags,al 0 prbiting satellite system
when avai | abl e. K ?JAFP 4. The radi o tel ephone device
according to claim1} wherein when 21gsignals are received fromthe
satellite systemand|the signals receiljed fromthe | and- based
cel l ul'ar network aremﬁmmmmﬁ@réﬁ@%qeadé?rﬁ&mwfewomg

signal to the | and-based cellul ar network The
radi o tel epfmansnmedw(gaakscfwndmdg)rbmmglsatethm sysié¢m and forseing second conditibnedst

antenna and ra nmeans into an energy saving deep sl eep
10 node aﬂg@gf c%ﬂfes‘g’g? gf’ ’E?’i“ii‘rl.dg‘f Hﬁ' is sent. 6.

The radio tel ephone d%\ﬁhﬁﬁcﬂ%@é&i %"@oﬁ Sro€ésgingefther\aQs fitsP c&ﬁtﬁﬁoned signals
signals are received fromthe satellite system and the signals received
fromt heS or said second conditioned signals;

dual-loop radio frequency synthesizer means 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 programmable to
determine reception on a desired land-based network channel frequency and a second
10  phase lock loop to generate a second output signal at a frequency programmably offset
from said first output frequeﬁcy and connected to said second radio frequency means
in order to determine reception on a desired channel frequency of said orbiting

satellite system.

15 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
20 controlled to receive a signal from said land-based cellular network and from said

orbiting satellite system at different times.

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

25  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;
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t-el ephone device according to clai-m 6, wherein sal d second
antenna and radi o frequency neans are powered up out of a deep sleep

node when the registration signal is sentyg. 8. The
radi o tel ephone device-according to claiml, V\/nerel n when signal s
are received from the figt idnnh and Yiétaadio TeequbiySedin| for FeReRi arfshﬁﬂ%d he
20 | and- based cel | ul ar network are weak, qthe t el ephone sen

der egi st r at isignals from said lapdyhased cellularenetwork andsfoaming fisst mndrmrmd rSIgnalsofoa
registratio | satellite system WO 96/ 08883
PCT/ US95/ 12311!%e&%& nh&eh@ﬁ decoding;

second antenna and second radio frequency means for receiving
5  transmitted signals from said orbiting satellite system and forming second conditioned
signals for subsequent numerical decoding;
numerical decoding means for processing either said first conditioned
signals or said second conditioned signals to produce an automatic frequency control
signal;
10 reference frequency generator means controlled by said automatic
frequency control signal to produce a reference frequency signal;
dual-loop radio frequency syr;thesizer means utilizing said reference
frequency signal and cdmprising_ a first phase lock loop to generate a first output
signal at a first output frequency connected to said first radio frequéncy ineans, said
15 first output frequency being progranimable 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
programmably -offset from said first output frequency in order to determine reception
of a desired channel frequency of said orbiting satellite system.
20 _
14.  The radio telephone device according to claim 13, wherein said device
is controlled to receive signals from said land-based cellular network and said orbiting

 satellite system at different times.

25 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 cellular network when available at sufficient signal strength or

otherwise by processing signals received from said orbiting satellite system when

available. | T | REPLACEMENT e
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-18- 9. - A radio tel ephone device w t t
of swi tching bet ween operating through a | and-&eyg@%pgrAUG 199 '
network and an orbiting satellite system conpri sing: :
first antenna and first radio frequency neans for receiving 5

transmtted signals fromsaid | and-based 2|l ul ar network and formng first
condi tioned signals for subsequent nunerical decoding;

second ant enna antb. sec’ﬁhujradmjtelephoqumninryacnmdmg toaolaime t®i whergin said second

transmtted si s from said orbi |ngs II|t st em.,and. f or mj second
Condi 1 oned SHEHdraue s ppadaTERble g it gl g sub-mylpiple of thd
nurer i cal defagiaffindtil cRiRErassE sﬁidthﬁf o&@mdfréqdeﬁ&y condi ti oned |

signals or sai econd condi tioned signals
dual -1 oop radi o frequency syntheS|zer neans conpr|3|ng a first

phase | ogk | oop ta ge ut naI t out

f requenc§ £7. COMF@? {eifpé ?Vl chc?rg gotof é% %Jgffit
first out pUtanHrs‘éGMﬁf‘éBﬁdhﬁinB&l signald are Rfrﬁﬂﬂ%?@ﬁﬁlﬁefaﬁl ﬁﬁéﬁ{dﬂ ﬂ"l@erﬁ%cept ion on
a desired | and-based cel |l ul ar networ k channel frequency and a

second phaséréquency canyersionyantdeanalag ta digitad canvensipit signal at a
frequency programmably offset fromsaid first output frequency and
connected to said second radio frequency neans in order to determ ne

reception on a degg.redTagivclelephSiitd@dvicé Rtordaigholdihi 13)0whettidl whdére system
10  signals are received from the satellite system and the signals received from the land-
based cellular network are weak, the telephone sends a deregistration signal to the

cellular system.

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

the satellite: system.

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

land-based cellular network and a registration signal to the satellite system.

21.  The radio telephone device according to claim 18, wherein said first
25 antenna and radio frequency means is put into an energy 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

30 the registration signal is sent. REPLACEMENT SHEET
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out put frequency nrllmu

according to cla i
from sald | and- based ceIIuI ar n'e%]vvork. 2 5 and from g ald orbiting

satellite system di £f td . . 3 .
PCT/ US95/ 12413 3, o ATeR@Blicy' yWBidsizer for pdvidifk 858 ourput signal
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The radi o tel ephone devi ce accor di ng#ﬂm
sec@dSMTBe&m atedcy i s progranmabl e il p itSHEET

e progrannable channel steps ¢ f
The radi o tel ephone de ice
ice is control | dd|t o3 AMAR 7
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12. The r gubgratmmiabidhover Difist Geqaencybdnd éh it Elegueficy stepd ane 'arheééﬁddou
first and second conditioned signals are forned by suitable anplifica | on

filtering, fSiSnalBMREAMAAYIECYEDHA Smdefmpwymndugmwdcfmvemoyl steps,

10

15

20

25

30

comprising;

first reference divider means for dividing a reference frequency by a
first integer to produce a first comparison frequency;

second reference divider means for dividing said reference frequency by
a second integer to produce a second comparison frequency;

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 frequéncy
by a first programmable quantity having both a first integer 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

obtain said second frequency control signal, wherein a dual-mode portable

. radio/telephone is used to provide in a first mode transmission or reception of any one

of a number of channels spaced with a first channel spacing or to provide in a second
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13. A radio teI ephone device with the capability to E\?

operating thr ceI | ul ar networ k and an o

system conpri s ll“"m m [ first antenna anp

frequency nean transm tted signals

| and- based cel lu ar netvvo and fo first condy tj oned si g”g(s
for subsequent nunerical decoding; 10’ 2‘ ecomu—ant-es

and second raal 0 fre uenc¥ neans f recei %

from sai-d of9f¢ fTAPSTRISHIARN (Of Fecepiien 8 O
signal s for wiHRSREHERNEndBEpabi. decodi ng,
numeri cal decodi ng nmeans for processing either said first

conditioned signals or said second condi ti oned signals to produce an

[ |
?:;12 grgtnl:g fr eque%% r eqiﬁ%?’éf&%&i@%&ﬁ%ﬁ? 8% iy glaim 23, wherein said figst, ¢ j ¢

frequengy cCqadtiodhal pard Bfkaill q*uarmaﬁ@ﬁ-m diVEdeR "RARE i th8 GHES6F a Thigd dteger over
dual -1 oop radio frequen‘(% synt hesi zer neans utilizing said

reference fa é@}uﬂhmyeggr ) Isaldrsgc@drfpﬁcngnaignaa dfisnisk seponds fra¢tinnial-Nodipiden
generate a nal at a Lrst out put frequency connected
to said fi rg‘Fa'?sa‘a tlae ra%xo &“a P%Pé‘ g‘? § ﬁéﬁ‘ﬁ‘% DEEHd first out put frequency
bei ng programmabl e to determ ne reception on a desired | and-based
cel lul ar network channel frequency, and a second phase | ock | oop
to generate a seddbnd Eh@ﬁr@quwnﬁxmhmmq@ngéogm 24, wherein saiddeudhr adi o

f requengy 'nﬁ?dnssxxﬁtin?egysea%’mal@rﬁ'ﬂﬁémm y offset fromsaid

'tted S|gnals

26.  The frequency synthesizer according to claim 23, wherein said first and

second integers are mutually prime.

15 27. The frequency synthesizer according to claim 24, wherein a product of
said first and fourth integers is mutually prime from a product of said second and

sixth integers.

| 28.  The frequency synthesizer according to claim 24, wherein a product of
20  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 said first and
second integers are equal and said first and second reference divider means are the

25 same means.

30.  The frequency synthesizer according to claim 29, wherein said fourth

and sixth integers are mutually prime.

30 31.  The frequency svnthesizer according to claim 30, wherein said fourth

and sixth integers differ by one.
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25 first output frequency in order to determ ne receptl Qgewgzqon".
channel . frequency of said orbiting satellite swg S T
96/ 08883 - '

PCT/ US95/12413 - - 20-
14. The radi o tel ephone device accordi ng to claim 13, wherein said
device is controlled to receive signal s-®3om sai d | and- based cel | ul ar

net wor k znd ﬁ_gi g orbiting sate litZS %stem at different tines.

15.  The radio & epftBRde¥Es AEOTHDE 40 glafp 20 o WEPTEIL 214 secpd chanpel spagng 5
automati ¢ f{eORaNMAnEIE b did Firstdannet spigy. M ned by processing signal s
received from said | and-based cel |l ul ar network when avail abl e at sufficient
signal strength or otherw se by processing signals received fromsaid

orbiting 33° at thle idte\?ices ‘éééo%“inE"i‘E Claf %! %BLFein a signal from a land-based
5  cellular network is received during a short Time Division Multiple Access timeslot
and processed by said numerical processing and a Signal from a satellite system is
received between said Time Division Multiple Access timeslots and processed by the

numerical processing.

10 34.  The device according to claim 33, wherein said processing evaluates a

signal strength measurement.

35.  The device according to claim 33, wherein said processing calculates a

frequency error.
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16. The radi o tel ephone device according to claim 13, wherein sai d#e~og@e?7
second® output frequency is programmable in channel steps that are a sub-

mul ti pl e Wb dgrggg®30gr ammabl e channel steps of said fi rsp%mmliﬁgguency.

17. The radi o tel ephoné device according to claim 13, erein sal

first and second conditioned signals are fornmed by suitable anplification
filtering, frequency conversion and analog to digital conversion. 15
18. The radi o tel ephone device accordi T"to claim 13, wherein

when signals are received fromthe satellite systemand the signals

recei ved ' fromthe | and-based cellular network are weak, the

t el ephone sendsWHAT IS CLAIMED &8} strati on signal to the | and-based cellul ar
net wor K. 19. The radio tel ephone device according to
claim 18, wherein sald Agadiptelephore davise with theeapabilityeofisvitchingeans s put

into an energy ﬁ&We&go&?&ngst{u%ﬁghaland-based-é@ﬂfar%%rrkwfmg&rbﬁg{gﬂ ration

signal is sent.
satellite system, comprising:

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

second antenna and second frequency means for receiving
10  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;

15 reference frequency oscillator means controlled by said
automatic frequency control signal for providing a reference frequency signal,;
radio frequency synthesizer means using said reference
frequency signal and having a first output at a first programmable frequency
connected to said first radio frequency means for determining reception at a
20  second programmable frequency connected to said second radio frequency
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 larid-based celluilar

! *
25  network and from said orbiting satellite system at different times.

3. The radio teléphone device accofding to claim 1 wherein said

- automatic frequency control signal is determined by processing signals
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20. The radio tel ephone device according to claim 13, wherein
when signals are received fromthe satellite systemand the signals

recei ved WO 96/08¥3396/ 08883 PCT/US95/1224113

PCT/ US95/ 12413

fromthe | and-based cellular network are weak, the tel ephone sends a

registration signal to the satellite syst

21.

radi o tel ephone device according to clai m20, wherein said
antenna and radi o frequency neans are powered up out of a deep sleep
node when the registration signal is sent.

10

15

20

received from said land-based cellular network when available and at sufficient
signal strength or otherwise by processing signals received from said orbiting

satellite system when available.

4. The radio telephone device according to claim 1, wherein when
signals are received from the satellite system and the signals received from the
land-based cellular network are weak, the telephone sends a deregistration
signal to the land-based cellular network.

5. The radio telephone device according to claim 4, wherein said
first antenna and radio frequency means is put into an energy saving deep sleep

mode after the defegistration signal is sent.

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

7. The radio telephone device according to claim 6, wherein said
second antenna and radio frequency means are powered up out of a deep sleep

mode when the registration signal is sent.

8. The radio telephone device according to claim 1, wherein when
signals are received from the satellite system and the signals received from the
land-based cellular network are weak, the telephone sends a deregistration
signal to the land-based cellular network and a registration éignal to the

satellite system.

-

Wy e

~J APR 1998

The
second
5



22. The radio tel ephone device according to claim 13, wherein
when signals are received fromthe satellite systemand the signals

recei ved w0 96/08883f rom t he | and- based cel | ul ar network ?“Mbalszeﬂagel Lul ar

t el ephone sends a " deregistration signal to the [and-

network and a registration signal 10 to the satellite system

-22- node transm ssion or receptig@rof any one of a second nunber of
channel s spaced with a second chan spaci ng. 24.

The frequency synthesizer device as in claim?23, wherein said first 5
fractional part of said first fraction-N divider neans is the ratio of a
third integer over 9. A radiortelephone dgeice with thadapabitityosfwitchingi onal part
?Lt Zgie? g\e,g(r)ng {:t;z%%ﬁ g{)lﬁar!g%tg, . I \1/1|g g.rland-based cne‘iﬁllpa?' nletswotrngn(i 213 (I)r(l))it(i)ng a fifth
satellite system, comprising:
first antenna and first radio frequency means for receiving
5  transmitted signals from said land-based cellular network and forming first
conditioned signals for subsequent numerical decoding;
second antenna and second radio frequency means for receiving
transmitted signals from said orbiting satellite system and forming second
conditioned signals for subsequent numerical decoding;
10 numerical decoding for processing either said first conditioned
signals or said second conditioned signals;
dual-loop radio frequency synthesizer means 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
i5 programmable to determine reception on a desired land-based cellular network
channe] frequency and a second phase lock loop to generate a second output
signal at a frequency 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.

20 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.  Theradio telephone device according to claim 9, wherein said
device is controlled to receive a signal from said land-based'cellular network

25  and from said orbiting satellite system at different times.

d
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25. The frequency synthesizer according to claim24, wherein said fourth

10 and sixth integers are nutually prine. 26. The

f r equencywey9e/08883zer according to claim 23, wherein sapéﬁUggast/Img

second integers are nutually -prine. 15 27. The frequency

synt hesi zer according to claim 24, wherein a product of said first
and fourth integers is nutually prime froma product of said second and

si xth integers. 28. The™frequency synthesizer according to
claim 24, wherein a product of 20 said first and fourth integers is
mutual |y prime to a product of said second and sixth I nt egers and

said products differ 1By oil'heradlotelephonedewcea@&:rdmgfdnelaﬁnéqwhelemsa;cht hesi zer
according to cl 4 wher ein.said, first and on ntegers are
equal and said ﬁfs@{‘ i%ﬁﬁ@%ﬁ’@?@lﬁ@@ W?%@FSWE @m?’é{"?%@ 25  sane

nmeans. filtering, frequency conversion and analog to digital conversion.

13.  Aradio telephone device with the capability to switch between
5  operating through a land-based cellular network and an orbiting satellite
system comprising:
first antenna and first radio frequency means for receiving
transmitted signals from said land-based cellular network and formmg ﬁrst
conditioned signals for subsequent numerical decoding;

10 second antenna and second radio frequency means for receiving
transmitted signals from said orbiting satellite system and forming second
conditioned signals for subsequent numerical decoding;

numerical decoding means for processing either said first
conditioned signals or said second conditioned signals to produce an automatic

15  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

20  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 cellular 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 programmably offset from said

25  first output frequency in order to determine reception of a desired channel

frequency of said orbiting satellite system.
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30. The frequency synthesizer according to claim 29, wherein said fourth
and sixth+-integers are nutually prine. 30 31. The frequency

synt hesi g0 ggpsR8Rgi Ng to claim 30, wherein said fourth PCT/US9%7'&4§§Xt h
integers differ by one. - y

-23 - 32. The device according to claim23, wherein said
second channel spacing is a sub-nultiple of said first channel
spaci ng. 33. The devi ce2lccor di ng to claim 23, wherein a

signal froma land-based 5 cellular network is received during a short
Time Division Miultiple Access tineslot
14.  The radio telephone device according to claim 13, wherein said

device is controlled to receive signals from said land-based cellular network

and said orbiting satellite system at different times.

15.  The radio telephone device according to claim 13, wherein said
5 automatic frequency control signal is determined by processing signals
received from said land-based cellular 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
10  second output frequency is programmable in channel steps that are a sub-
multiple of the programmable channel steps of said first 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.

15 18.  The radio telephone device according to claim 13, wherein
when signals are received from the satellite system and the signals received
from the land-based cellular network are weak, the telephone sends a
deregistration signal to the land-based cellular network.

19.  Theradio teléphone device according to claim 18, wherein said
20  first antenna and radio frequency means is put into an en€rgy saving deép sleep

mode after the deregistration signal is sent.

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

when signals are received from the satellite system and the signals received

REPLACEMENT SHEET
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and processed by said nunerical processing and a signal froma satellite
systemii s recei ved between said Tine Division Miultiple Access

ti mesl ot w@ogoRggressed by the nuneri cal processipger/US93/42413
34. The device accordihg to claim 33, wherein said processing evaluates a

signal strength neasurenent. 35. The device according to
claim 33, wherein said processing cal cul 3{ es a " frequency error. 15

from the lan_d-based cellular network are weak, the telephone sends a
registration signal to the satellite system. '

21.  The radio telephone device according to claim 20, wherein said
second antenna and radio frequency means are powered up out of a deep sleep

5  mode when the registration signal is sent.

22.  The radio telephone device according to claim 13, wherein
when signals are received from the satellite system and the signals received
from the land-based cellular network are weak, the telephone sends a
deregistration signal to the land-based cellular network and a registration signal
10 to the satellite system. '
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(87) Abstract

A radio telephone which is capable of switching between operating through a land based cellular network and an orbiting satellite
system is disclosed. First antenna and radio frequency circuits receive transmitted signals from the land-based network and form first
conditioned signals for subsequent numerical decoding. Second antenna and radio frequency circuits receive transmitted signals from the
orbiting satellite system and form second condition signals for subsequent numerical decoding. Numerical decoders process either the
first condition signals or the second conditioned signals to provide an automatic frequency control signal. Reference frequency oscillators
controlled by the antomatic frequency control signal provide a reference frequency signal. Radio frequency synthesizers using the reference
frequency signal and having a frist output at a first programmable frequency connected to the first radio frequency circuits determine
reception of a channel frequency of the land-based network and a second output at a second programmable frequency connected to the
second radio frequency circuits determines reception of a channel frequency of the orbmng satellite system.




