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DUAL- MODE RADI OTELEPHONE APPARATUS FOR DI G TAL OR ANALOG MODULATI ON Fi el d
of the | nMRt%BE3Mhe present invention generally rel ates to FCRIUSH7/17542
transmtters capable of 5 both digital and anal og nodul ati on for

i npressing information on the transmtted signal, and in particular to
personal portable comruni cati ons devices such as cellul ar phones using
frequency nodul ati on or quadrature nodul ati on. Background of the Invention
In U S. Patent Application Serial No. 07/967,027, filed Cctober 27, 10
1992, the entirety of which is incorporat d herein by reference, a dual

node radi o appar at us ha l%]lgi ssi on node
and an anal og transm SSI on no e I's desc ﬁng‘ﬁ%e m)dufsg{mgl in either the
digital or anal og node | FORDIGITAL ORIANALOGMODULATIONEe (1) and
Quadrature (Q signals representative of the desired nodul ated si gnal

vector and applying the 1,Q 15 signals through | and Q DJA converters to
a quadrature RSYLALY Invehen Patent No. 5,020,076 to Cahill discloses a

hybri d nodul a hat in a digital nodul ati on node applies I,Q
nmodul ati on to a qua‘dieqireseat imvemticat generallydreiaesan radiel t@@smidtfsa;h &ble bpde
applies a g,.f ncy nodul ati,.on_waveformto phase | ock -l oop to -
generate g?fg digjta dz%la 08 @Wéﬁ%%&gslwr@ﬁmallgfﬂm&aﬁ%@gﬁh%ﬁranswtted

nmodul at or Whl S t O%&gb desirabl e
to generate tﬁgn%naﬁgyﬁogﬁ%%?ltgﬁ&\%ab%f%h r%gr?:de xﬁcat! e\Q%aJr?gf F“eh od by
usi ng a di gi t edglldargpladinep usiog Sequemsypinoshdatidroor quagiratate nodulagibnon to conpute

a sanpled digital representation of the anal og nodul ation 25 waveform
and then converting the digital representation to the required anal og

modul ati on waggél%rgﬁﬂsbpglethgﬁ{?nt he I D/A converter or the Q converter or

bot h. 2 It™wWo esirable for an anal og nodul ati on

i npl enent ation to &vdl.8. PhenCAppli¢ativeSenialjNe. 67/968 027 dilech Octobdn 22t ed

signal t %OUQ%QL the entirety of which is incorporated herein by reference, a dual mode
radio apparatus having both a digital information transmission mode and an
analog transmission mode is described. The modulation in either the digital or
analog mode is applied by first computing In-phase (I) and Quadrature (Q)
signals representative of the desired modulated signal vector and applying the 1,Q

15 signals through I and Q D/A converters to a quadrature modulator.

U.S. Patent No. 5,020,076 to Cahill discloses a hybrid modulation
apparatus that in a digital modulation mode applies 1,Q modulation to a
quadrature modulator, and in an analog modulation mode applies an analog
frequency modulation waveform to a phase lock loop to generate a signal which

20 is then passed straight through an I,Q modulator which is biased with constant
I,Q signals.

It would be desirable to generate the analog modulation waveform needed
in the Cahill method by using a digital signal processor employed for digital
modulation to compute a sampled digital representation of the analog modulation

25 waveform, and then converting the digital representation to the required analog
modulation waveform using either the I D/A converter or the Q converter or
both.



per manent | y-bi ased |, Q nodul ator, since the Cahill nethod nmay sonetines
result in a digital nodul ati on frequency which is undesirable for anal og
modul at i owo 9817615u nmrelts Sheet cenReplagefi on Accordi ng to one aepasbypkad he
present invention, thent MH ml ﬁﬂia radio transmtter/receiver for -
selectively transm tti dul ated signals in a digital node or
anal og nodul ated signals in an anal og node conprising: digital signa
processi ng nmeans having an input for receiving an 10 i nformati on signal,
a first output for supplying an |In-phase npodul ating signal | and a second
out put for supplying a Quadrature modul at3 ng signal @Q quadrature

nodul ati on nmeans coupl to the fi.r nd second outputs. fqr digitally
modul ating a carrﬁ'e?v%?&g%@ﬁﬁge Idﬁsu['ai?ip r@?‘taé‘f‘%ﬁd}]%&{{l Bt ’6‘&{88‘83 g‘é‘?‘b?"t ally
modul at ed si g{gik; théhhillPtechnique of passing mé'ﬁ?ddﬁ%téﬂ)ﬂghﬁtth%gﬁ‘iaﬂs coupled to
the first and second out puts for generating an analog nodul ati on of a

carrier freqpemanently{thasedhA) opdniatier, tsince thedGehillamethod iy soowktiimes ecbudti gnal |
wherein said.I|n-phase lating signal .I. and saj adr.at ur e, modul ati ng
ol 'gnal "o bypis8 CAF TR EheRtl Mhioris WiesiBble e Aupe BoiiRice sarc

anal og nodul ated signal. 20 The present invention is directed
toward a transmtter/receiver, such as a radiotel ephone, which is capable
of oper abi ngSummagy ofrthednventiom first node, the transmitter signal is

nodul ated with digital infornmation. ..S ificall a digital signal
processor conput eglhgag{ﬁ?egg _“H'ieﬂ{l?%fs qlé%&gistgﬁ’taﬁc{ ?%ﬁgs‘ﬁg{??f A e cgc?? 4 n-
phase wavef oksdibtelephBle,aRhitiROt4pable G operaikahtie Mes! ann fifd mode, the
After digital-to-anal og conversion in respective | and Q DY A converters, a

quadr at ur e nm@usmiter signgl isgsedulad withgligitghniafermationn Spaeificalbdi adigiteladi o

desi o 1 andibreCPBSERRL Biniioe BRREY clcher KAPRHENLY WA s tor ©

radi ot el@phomphadeewgveféfm () andaanl inagirses of Quagiure Wiseforan@yi tter signal is
nodul ated with an anal og, signal. Specifjcally, the digital signal processor

forms the anal og MTaligkgl-tewnplosicegversivanpireeehivei k aid Qepiesemeatersod of
the anal og m&ﬁ%ﬂ&fa{dré’ 'i‘nosdugﬂglj img;l;gfses the 1,Q signals on an intermediate radio

frequency. The intermediate frequency is subsequently upconverted to a desired

transmission frequency by a local oscillator signal from the radiotelephone

15  receiver.

In a second mode, the transmitter signal is modulated with an analog
signal. Specifically, the digital signal processor forms the analog signal by
computing a sampled digital representation of the analog modulation signal. The
sampled digital representation is converted to an analog waveform using either or

20  both of the I or the Q D/A converter, and applied to an analog modulator to
produce an analog modulated radio signal that may be at a second intermediate
frequency. This second intermediate frequency signal is subsequently converted
to the desired transmission frequency with the aid of a local oscillator signal
from the radiotelephone receiver.

25 In a preferred implementation, both the digital modulation and the analog
modulation are constant envelope modulations that vary only the signal’s phase
angle. A preferred method of transferring the desired angle modulation to the
desired transmission frequency is to use a voltage-controlled oscillator to produce

a signal at the desired transmission frequency and mix the signal with a local
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sanpled digital representation is converted to an anal og wavef orm usi ng
either or both of the | or the Q DA converter, and applied to an anal og
nmodul at or W@ 98/170125r oduce an anal og nodul ated radi o signal tRER/USRML7SE at a
second internedi ate frequency. This second internediate frequency signal is
subsequently converted to the desired transm ssion frequency with the aid
of a local oscillator signal fromthe radi otel ephone receiver. In a
preferred inplenmentation, both the digital nodulation and the anal og 10
nodul ation are constant envel ope nodul ati ops that vary only the signal's
phase angle. A preferred nethod of transferring the desired angle

modul at i on too%cpﬁéggiig?@dfr&ﬁx%é %c%ﬂeg'io rGdUeE Bﬁﬁ?ﬂeﬁnéﬁﬁtﬁ%gee@f?%/ / signal.
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phase- conpar egscifidtbr & fd1Rfw &emﬂé@aﬁge%aﬁmﬂ%ﬁeﬂn{.eﬁ%%&ﬁ)ﬂ | to
produce a feedback signal to control The oscillator to follow the desired

angl e nodfl at bamiwidihefsdurtherfimre fadaptbd @kcdrding t6 the dulatidn made selacteder nor e
adapt ed accordi,ng .t he nodyl at | on. node..sel ected either to fpllow digital
modul at | o onttig b dphog HRt B ot R SRR Steahar bt offloR Fialck
applied to th&oﬂﬁiaii@ﬂ%pﬁﬂﬁ Eﬁiﬂe%lﬁgébbﬁ@él%-os@iﬂa&fr. Description of the

Drawi ngs The invention w e nore readily understood upon reading the
follow ng 10 Detail ed Description of the Preferred Enbodi nents in

conj unction V\bt.h RGO nyi drawings, in which |ike reference indicia
indicatelike#ﬁ%ﬁ%@—émr,?o ' P2 FIG 1 is a block diagramof an
exenpl ary dual - modqheaai&ikidh SPMARCMRES Aadlily dndéstob@ upbR 2&4Ming théefallbRihg 15
FIG 2 is a block diagramof an exenpl %rcg quadr at ure nodul ator suitable for

use in the rabietailetl d)esoription ofthe PreferraddEmbodimentshinagonjuiction aithsthowi ng an
exenplary fr egcuc%rx}lcﬁﬁn%sn%i &Q&Fn%ts, lanQ‘ﬁ{E% liikré 1IeIfleerexgc%diingxlciaz:lI f E:g{}eelilgg elgrlngnts,l ;
and in which:
FIG. 1 is a block diagram of an exemplary dual-mode radiotelephone
according to the present invention;
15 FIG. 2 is a block diagram of an exemplary quadrature modulator suitable
for use in the radiotelephone of FIG. 1;
FIG. 3 is a block diagram showing an exemplary frequency assignment
scheme in the radiotelephone of FIG. 1;
FIG. 4 is a block diagram showing exemplary upconversion circuitry
20 suitable for use in the radiotelephone of FIG. 1; and
FIG. 5 is a block diagram of an alternative quadrature modulator suitable

for use in the radiotelephone of FIG. 1.

Detailed Description of the Preferred Embodiments
Referring to FIG. 1, a dual-mode radiotelephone according to an

25  exemplary embodiment of the present invention is shown. The dual-mode
apparatus of FIG. 1 is suitable for selectively producing analog modulation when
operating in a first frequency band or digital modulation when operating in a

second frequency band. For example, the first frequency band may be an



FIG 4 is a block diagram show ng exenpl ary upconversion circuitry 20
sui.table for use in the radiotel ephone of FIG 1; and FIG 5 is a block .

di agr am ofwaass/edoier nati ve quadrat ure nodul ator suitable for @? Sb"rﬁ) %

radi ot el ephone of FIG 1. Detailed Description of the Preferre I nent s
Referring to FIG 1, a dual-node radiotel ephone according to an 25

exenpl ary enbodinent of the present invention is shown. The dual - node
apparatus of FIG 1 is suitable for selectively produci ng anal og nodul ati on
when operating in a first frequency band or digital nodul ati on when
operating in a second frequency band. For4exanple, the first frequency band
may be an
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frequency processor 16 and may be digitized for digital sig ﬁ processi ng

in DSP 17. A dipiaxalsinseferaply m:kgeﬁvet ignals usputoypol capleumgufutmmanm
h d f whi ch
| noor por D ed Tis et 13 ol i e b o P ren b0 FEMER I B Tore | ocal

oscillators tamplifivatioe aﬂﬂnbwgcdvaeﬂm&ﬂw £suitple HoMReaRYETHSHRAcy dPd out put's
one or nore | ocal oscillator sﬁgnals for use in the transmtter 15. The

| ocal osci | | dFesuentighaiThe intstraedisie feequennyr Enabyansfiltered; arch eplified kresi zer 18
whi ch is contpallally frequency processor 16 and may be digitized for digital signal

3-—10

processing in DSP 17. A suitable digitizing method is the logpolar digitizing

15 technique described in U.S. Patent 5,048,059, the entirety of which is
incorporated herein by reference. Front-end 14 includes one or more local
oscillators to provide mixing frequencies for downconversion, and outputs one or
more local oscillator signals for use in the transmitter 15. The local oscillator
signal frequency is controlled by frequency synthesizer 18 which is controllably

20  programmed according to the selected channel frequency. The synthesizer
preferably operates according to U.S. patent numbers 5,095,288 and 5,180,993
which are hereby incorporated by reference and provides a fast locking capability
from power up or on channel change to implement the standby power saving
features described in U.S. Patent No. 5,569,513 (Harte, Dent, Croft and Solve),

25  issued October 22, 1996 which is also incorporated herein by reference. The
synthesizer 18 may also contain circuits coupled to transmitter 15 for controlling
the transmit intermediate frequency.

Transmitter 15 provides transmit power outputs at the analog and digital

frequency bands. These outputs are fed to antenna 10 via diplexing filter 12 or

30 T/R switch 13 respectively. T/R switch 13 is controlled by DSP and control



20 programed according to the selected channel frequency. The

synt hesi zer preferably operates according to U S. patent nunbers 5, 095, 288
and 5, 180}'@9@8’W9F%h are hereby incorporated by reference an&PFSI7E42 o
fast | ocking capability frompower up or on channel change to inplenent the
standby power saving features described in U S. Patent No. 5,569,513
(Harte, Dent, Croft and Solve), 25 | ssued Cctober 22, 1996 which is al so
i ncorporated herein by reference. The synthesizer 18 may al so contain
circuits coupled to transmtter 15 for comtrolling the transmt

i nternmedi ate frequency. Transm tter 15 provides transmt power outputs at
the anal og angtogdsdbt 8 16 hRGWRNRGYr RandSissidh 8f eeceplionbf THMAS Sghal BuARy gnna 10
via diplexing filter 12 or 30 T/R switch 13 respectively. T/R switch 13

i s control | ecanbgitapaatinghoagegrtknown as VignoBuplegq JTransmitter 15 also receives
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respectively fromDSP 17 via the |-waveform connection 19a or the Q
wavef or m&onnect i ohwagpform modulation cennggijess &9 preirrablatsuppliesdraiansed bn 19a

preferably suppli.e n | ¥ ' I a. | i,nes
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19b pr ef er abl @-wa\afbing $ndtal2id6 ednfd GicNEibSpreferdblAREpPlet dalahbedvQasigdatnd Q
These signals are preferably generated by an |, Q nodul ator such as the one

di scl osed i n wansmipet & viaQ and @30Ilese signalsiare prefergblyogenerated b and Q 14,
1994) which i td LON- i N f .S i ' j al No.
071 067, 027 ariiouERAP e Yo aBabtedtn Ui PG 3. SRR ERDOR, BHELD, N
No. 5, 5300 7225¢htembers s, 199a) wahctofs dlegntinahtiepinvpdrt of ¥.85 oPgeieA pplécakioh anced
I/ Q signals froma stream of _binary words that nunerically represent

sanpl ed 1/ Q vl I¥ers07/8A% 0BT gR s incarroraled Bgxein BY refeFgcre Ibits EBEIF-es and
their 15 Cg&%@ﬁ%”%sﬁo r&ik&&%%@'ﬁ% BfeﬁiilgitaloéonQﬁé’xjs Y& Qeﬁerﬁé%ﬁﬁﬁl@% ed by
the ratio of brnary [ "8 106 binary S in a stream I's alflows the anal og

wavef or ms andl/Qhsighals fxomn astretin dfebinayovende dhat inupleyichlyy represeatssanipléd er s,

wi t hout the use of additional. DA converter?., ) .
1/Q waveforms, and high bitrate streams of single-bit samples and their

15 complements, wherein the desired I or Q value is represented by the ratio of
binary 1’s to binary 0’s in a stream.. This allows the analog waveforms and their
inverses to be recovered simply by low-pass filters, without the use of additional
D/A converters.

The balanced, analog 1,Q waveforms supplied to transmitter 15 are then

20  fed to a quadrature modulator composed of an I modulator 15a and a Q
modulator 15b to generate respectively a cosine waveform and a sine waveform
at an intermediate transmit frequency TXIF. The I,Q modulator is preferably
performed in transmitter 15, while the cos/sin TXIF signal generation may be
contained in the transmitter 15 or alternatively in the receiver section 16, which

25 will be described in more detail below with reference to FIG. 3.

As described in Application Serial No. 07/967,027, the balanced 1,Q
waveforms represent digital information modulated in a digital transmission
mode, or alternatively represent analog frequency modulation in the analog
mode. It will be appreciated that the analog mode may conform to the U.S.

30 AMPS standard or indeed any analog FM cellular standard including the British



The bal anced, analog I, Q waveforns supplied to transmtter 15 are then 20
fed to a quadrature nodul ator conposed of an | nodulator 15a and a Q
nodul at or YBb98/rogener ate respectively a cosine waveform andP@r,gs 7542
waveform at an intermediate transmt frequency TXIF. The I, Q nodulator ts
preferably performed in transmtter 15, while the cos/sin TXF signal
generation may be contained in the transmtter 15 or alternatively in the
recei ver section 16, which 25 wi Il be described in nore detail bel ow
with reference to FIG 3. As described in Application Serial No.

07/ 967,027, the bal anced I, Q wavef orns rep@esent digital information

' | gt al 1 SSI de, I tivel [ t anal og
Moauoncy moddHhes:otisrndidtdh N, e, &Eafw%?o[;ﬂé“ra'a%?éép&%ﬁéﬁgﬁ& the
1 - e an
anal og node NMenfREdsCPIiedd P&xa}t}tﬁs o?QQeﬁgh MBI I%E@&‘&ac{\;%a@%? ﬁ%ﬁz y

anal og FM cel lul ar standard including > British _
PCT/ US97/ 17542 6 ETAGSrding Se dlreipresssit anvelhifn,sars slearsativel dnabfy mbielatiemplody

i . i t ude .vari at i into. duced
Gynam c. 1 ange SRBHRE G TR mofPE TRt 10 gnh o Rom RSk Se@ic T 68 Bhai og
modul at i ors NodehRNEd OWhérgir the ahal\%ﬁ R6tIAIoNGS nbi ARl tﬁ@f‘,(%%d{xra?dp L

section 17 can be 5 achi eved, erein the anal’'og modulation is not
appl i ed to thdola separstrureales medulatay. FlSeplashovs anexeoplary chmbxidimentFl G 1

A i i h | og. nodul at is f db
conb i ng- one WreRaRE SEH0E HodSbris ot Bf Supfify oadpbiediostumn,
anal og modul atthere thepiga)Rpphed Mérfhnaanﬁfbgsrﬁodlﬁﬁkoﬁ RBHPARK 1§¢]gfi‘liﬁ| a ful’izﬁg‘

er

synt hesizer 18 in a | oop fil 15d. The choice to use 10 t ghal is
arbitrary, as lp¢kefaedBacknsignad frosmsywhesizes 18 iniagloap Silter 16t Therchalide toastd be

conmbined 4 th e -signal _in.order.to achi eve apal og

f requencywm)dlﬁlg?iS%@P%h%Bgﬁé’ced@?qﬁ@gﬂggﬁggﬁ %%f@ﬂg&ﬁlsig A6 &ﬂbi trary
and anpl i t ude coullbatobinedwith Mletpagalocy Ftedbiek $1584 -in Di€erRtbixehient Gndbg t he
present invention is illustrated nore generally in FIG 2. 15

Referring to Hreguency modplgtone Teeghoios£f frogpency lgn@ula&im_s iSdflllg? achitrary gmd|
| ogi ' ' : neric
epr osont at | o ad ot chfla Skt gy 3B TRLEC TR IR of i rerey

repr esent at i onnwdntian is illustrated more generally in FIG. 2.

15 Referring to FIG. 2, it can be seen that DSP 17 includes digital signal
processor logic 20 for computing either a sampled numerical 1,Q representation
of a digital modulation waveform or a sampled numerical representation of an
analog modulation waveform. The result of the computation is applied to at least
one of D/A converters 21a and 21b which preferably operate by converting an

20 input to a high bitrate delta-sigma modulation sigpal and then low-pass filtering
the signal in one of balanced low-pass filters 22a and 22b as disclosed in the
patent applications referenced above. The D/A converted, balanced waveforms
are applied to balanced modulators 27a and 27b which modulate respectively a
cosine and a sine waveform at a first transmit frequency or an intermediate

25 frequency TXIF(D) that is desired for the digital modulation mode. The digital
modulation mode can be, for example, a GSM mode in which a speech encoder
compresses the bitrate and thus the occupied transmission bandwidth for digital
speech for transmission using time-duplex TDMA in the 1900MHz PCS band:
the modulation would be 270-833 kilobits per second for the GSM mode.
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15 (or Q and 6) signals in a balanced to unbalanced converter, or perform more

sophisticated combining of an I signal representing the coarse part of an analog
modulation waveform with a Q signal representing the error between the coarse
representation and the ideal waveform, in order to achieve a reduction in
quantizing noise. Another method of combining separate I and Q signals to

20  produce a desired modulation would be two-point frequency modulation of a
frequency synthesizer, wherein one of the I or Q signals is used to frequency
modulate a voltage controlled oscillator (VCO) while the other signal is injected
into the synthesizer loop controlling the VCO to counteract the loop’s tendency
to correct the first signal’s modulation of the VCO. Still another method of

25 using I and Q signals to produce an analog modulated signal would include
frequency modulating the signal with one of I or Q waveforms while using the
other to determine the amplitude of transmission.

Any of the above methods of selecting one or more of the I,Q signals or

using them in combination to effect analog modulation while bypassing the

30  quadrature modulator 25 can be implemented in the present invention.



representation and the ideal waveform in order to achieve a reduction in
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channel To use the same value of LO1 to produce the transmit frequency when operating
15 in the same band (800MHz or 1900MHz) the apparatus must include means to
offset LO1 by an amount TXIF(A or D) to produce the desired transmit channel
frequency Ftx. It can readily be seen that

Ftx = 101 - TXIF

Frx = 101 - IF1

20  Therefore DUPLEX SPACING = Frx - Ftx = TXIF - IFl
or alternatively TXIF = IF1+ DUPLEX SPACING.

If substantially the same frequency IF1 is to be used in both modes, but
the duplex spacing is different, then TXIF(A) in one mode will not be the same
as TXIF(D) in the other mode. This hinders the use of the same I,Q modulator

25  for modulation in both modes, as it may be difficult to produce an I,Q modulator
that performs well at both TXIF(A) and TXIF(D). The actual duplex spacings
are 45SMHz in the 800MHz band and 80MHz in the 1900MHz band. Therefore
TXIF(A) and TXIF(D) will differ by approximately 80-45 = 35MHz if the same
IF1 is to be used. It would of course be possible to configure a design which

30  uses the same TXIF in both bands and modes, by instead allowing different IF1s.



frequency Ftx. It can readily be seen that Ftx = LO1 - TXIF Frx = LO1 - IF1l
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provide fast channel changing time and low phase noise by use of the fractional-
N technique of incorporated U.S. Patent 5,180,993. Neither 30KHz nor 240KHz

15 divides into 13MHz, but this problem is solved by multiplying the frequency
from reference oscillator 30 by six in frequency multiplier 31 to obtain 78MHz,
which is 325 times 240KHz. 78MHz is also a convenient second local oscillator
frequency for mixing signals at the chosen first IF frequency of 72MHz down to
a second intermediate frequency of 6MHz in second mixer 33. The 6MHz signal

20 is then further amplified and filtered in second IF 34 to produce an output for
digitizing and processing in DSP 17. The choice of second intermediate filter
equal to 6MHz allows the use of existing off-the-shelf filters available at that
frequency, but it will be appreciated that other suitable frequencies may be
chosen.

25 In the time-duplex TDMA digital mode (GSM at 1900MHz), the duplex
spacing is 80MHz, which requires a TXIF(D) equal to IF1 (=72MHz) plus
80MHz, or 152MHz. By further frequency doubling the 2nd local oscillator
signal L.02 from 78MHz to 156MHz, a useable TXIF(D) is obtained. The 4MHz
discrepancy between 152 and 156MHz can be accommodated because

30  transmission and reception do not take place at the same time. Therefore, using



fromreference oscillator 30 by six in frequency nmultiplier 31 to obtain
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second internediate filter equal to 6MHz all ows the use of existing

of f-the-shelf filters available at that frequency, but it will be

appreci ated that other suitable frequenci& may be chosen. 2 In
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different no ann requencies by control signals 10 sent from

control processor The BeQudnty miiieipliegaised ey produtd PEMETzSandSESEMHz Rapduce
78MHz and 156MHz can enpl oy phase | ock | oops that divide an oscillator

running at t hempleyinhase jackdeenschatyivleqn asillatorgparing at theidasiaed Siegheicy whi ch
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control sign to con 0ScCl
from oscillator 30 to produce a feedback control signal to control the oscillator to

15 the desired multiple. For example, a 156MHz signal can be produced in this
manner and a 78MHz signal can be derived from an intermediate divide-by-2
output of the loop divide-by-12 circuit.

The 156MHz signal is modulated by digital information in the digital
mode by I,Q modulator 25, which includes quadrature network 28 to generate

20 cosine and sine waveforms. The modulated signal at TXIF(D) (=156MHz) is
then upconverted to the desired 1900MHz band in the following manner
applicable to constant envelope modulations: Voltage Controlled Oscillator 54
operates at the desired output frequency to drive transmit power amplifier 55.
The output signal from oscillator 54 is mixed with the receive local oscillator

25 signal LO1 which has been sidestepped 4MHz as described above during the
transmit burst. The resulting signal after low pass filtering in filter 51 is at
TXIF(D) and is phase compared in comparator 50 with the 1,Q modulated signal
at TXIF(D) from quadrature modulator 25. Comparator 50 generates a phase
error signal which, after loop filtering using an integrator in filter 53 produces a

30  control signal coupled to VCO 54 that controls its phase to follow the modulation



15 the desired multiple. For exanple, a 156MHz signal can be produced in
this nmanngr_and a 78MHz signal can be derived froman internediate

di vi de- by*P Ut of the loop divide-by-12 circuit. The 15BGEAUSIVEIEE i s
nodul ated by digital information in the digital node by I, Q nodul ator 25,
whi ch i ncludes quadrature network 28 to generate 20 cosi ne and sine
wavefornms. The nodul ated signal at TXIF(D) (= 156MHz) is then upconverted
to the desired 1900MHz band in the foll ow ng nmanner applicable to constant
envel ope nodul ations: Voltage Controlled gpcillator 54 operates at the
desired output frequency to drive transmt power anplifier 55. The out put
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filter 53 produces_a 30 control signal coupled to VCO 54 that controls
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dupl ex spacing of 45MHz in the 80QVHz band |eads to.a TXI F(A) .10 equal to
72.06+45 = 11%8sH¥NgProguced ysingayxiliary syathesisers43, sharipg relerencridividerdfsi |y be
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at which frequency it is phase-compared with the signal TXIF(A) divided by 1951.
15 An oscillator 64 running at the desired transmit frequency in the SOOMHz
cellular band drives power amplifier 65 and is also coupled to mixer 62 where it
is mixed against the receive local oscillator 101 operating at the appropriate
frequency for reception in the 800MHz band. The resulting signal at
117.06MHz is applied, after low pass filtering in filter 61, to auxiliary
20 synthesizer 43 where it is divided by 1951 to 60KHz and phase compared to the
60KHz reference signal to produce a phase error signal. The phase error
signal is filtered and integrated in loop filter 63 and then added to the selected I
or Q or combined signal, the desired analog frequency modulating waveform to
produce a control signal for oscillator 64. The control signal limits the oscillator
25 64 to the desired transmit channel frequency and modulates the oscillator 64 with
the desired frequency modulation waveform.
It should be noted that while separate mixers 52,62, low-pass filters 51,61
and power amplifiers 55,65 are illustrated in FIG. 3, any or each pair can be
combined to reduce complexity. For example, mixers 52 and 62 can be the same

30 mixer, the selection of which is based on which of oscillators 54,64 was enabled
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15 comparator at 60 or 120KHz. This is because a large phase error signal due to

the modulation can cause distortion of the modulation frequency response or non-
linear distortions due to non-linearities of the phase detector.
Thus, the exemplary frequency plan of FIG. 3 includes a range of options

for the values of IF1 and TXIF(A) used in the analog modulation mode. The

20 choice of IF1, in the analog mode to be 72.06 or 71.94MHz can be useful also in
the digital mode. According to the digital GSM standard, the cellular network
radiates a special signal called the Frequency Correction Burst or Frequency
Correction Channel (FCH) as part of the Broadcast Control Channel (BCCH).
The FCH is an unmodulated TDMA burst. More precisely, the burst is

25 modulated by an all-1’s or all-0’s pattern, which produces a CW carrier that is
offset by 1/4 of the bitrate, due to the characteristics of Gaussian Minimum Shift
Keying modulation (GSMK). Since the bitrate is 13MHz/48 (270.833KB/s), the
frequency is offset by +67.708KHz. This is translated to the first intermediate
frequency with a sign change if the receive local oscillator frequency LO1 is

30  greater than the recetve frequency Frx. The FCH burst may be readily detected
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FIG. 4 shows more detail of the upconversion process from intermediate
transmit frequencies TXIF(A) or TXIF(D) to the final transmit frequency Fitx in
either the 800MHz or 1900MHz bands.

Quadrature modulator 25 (FIG. 2), composed of balanced I-modulator 27a

20 and Q-modulator 27b, is driven by cosine and sine outputs from Quadrature
VCO 84 through buffers 86,87. A buffered output through buffer 85 is also
coupled to divide by 12 circuit 81,83 having an intermediate divide by 2 output
at 78MHz coupled through buffer 82 to IF amplifier 16. This 78MHz output is
used in a second downconverting mixer in IF amplifier 16, which is preferably of

25 the image rejection type. An image rejection mixer also requires cosine and sine
injection waveforms at 78MHz, and can be derived easily from the 156MHz
signal by producing a 78MHz divide-by-2 output delayed by one half cycle of the
156MHz waveform, as an undelayed output from buffer 82. The extra
components for this embodiment are not shown in FIG. 4, but suitable

30  components will be readily apparent to those skilled in the art.
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form of a cur BRANd poyssdowarialorder tOtrsgmebaﬁnrafs@néumgaon hriaghvating the

| ow pass fi | t 0

corrponentﬂs) 888ﬁr$% 6%(1 (%{r“ggbg @9?1#? Q‘g P&UJC}S inér SI gnM:A 9&4‘)6(} Iﬁéﬁ S

control QVCO 8dd digitah eradasit tietkslohs Mrizluting Guslog trecelVeepdriva. I'Bhepmﬁ?qﬁa@xl y a
second order servo having a fast lock tine that enables rapid power- up and

pover - down i ndBHEBIEqERLiPR Al & AagsaptobARARRSh ite Which ﬁ@tawataiufgh%t% o1y
entire QVCO agphhy® HYbE Mindn20d BEthy xkdth Bty Fabidl 1ddiMiipleS CEl Ve timeslots

The outputs of modulators 27a,27b are summed through low-pass filter 51

15 and applied to phase detector 50, where the GMSK modulated signal is compared
with a signal derived from transmit power amplifier 55 by downconversion
against the receive local oscillator in mixers 52,62. FIG. 4 illustrates the
previously mentioned inventive feature of combining certain parts common to
both frequency bands. Mixers 52,62 have been combined into a single mixer

20  with selection of the signal source by the enable inputs of input buffers 521,621.
When transmission in the 1900MHz band is required, buffer 521 is enabled by a
signal EN1900 from DSP 17 to allow a sample of the 1900MHz transmit signal
taken by coupler 552 to pass to the mixer 522. Alternatively the signal EN80O is
activated to pass a sample of the 800MHz signal to mixer 522. The local

25 oscillator from dual-band front end 14 is selected at its source to deliver a signal
appropriate to the selected band in order to convert the selected transmit signal
frequency to the desired transmit IF TXIF(A) to TXIF(D). The converted signal
output is low-pass filtered in.combined filter 51,61 and fed by dual-output buffer
81 to both phase detector 50 and auxiliary synthesizer circuit 43 comprising

30  divider 90, reference divider 91 and phase detector 92.



and digital transmt tineslots, or during anal og receive periods. The duty
factor” during reception of the anal og control channel, to which the

appar at uswqg§’é'f?§2on standby, may be minimzed using known F&NESY1E4Yi ng
techni ques. The outputs of nodul ators 27a,27b are sunmmed through | ow pass
filter 51 15 and applied to phase detector 50, where the GVSK nodul at ed
signal is conpared with a signal derived fromtransmt power anplifier 55
by downconversi on against the receive local oscillator in mxers 52,62.
FIG 4 illustrates the previously nmentiongg inventive feature of conbining
certain parts common to both frequency bands. M xers 52,62 have been

conbi ned into a si Wghén 411B60MEL. translil Bper@icitis! sefec, GHRIratusd HodaR:CS PY
the enable inputs of input buffers 521,621. When transnmission in the

1900MHz band ard phafgi desrstorhift argrposvered ¥p o Fiigse detbsion 58 icgmphresth® phast rafm DSP

17 to allow a f ansn I.an t b oupl.er 552 to
pass to the m‘hﬁggé‘g‘i&dﬁ ‘?'g:r(#zg ?\ﬁ% ’;ﬁt‘{%gﬁg}%ﬁ}“%&ﬁg@&aﬁﬁ? c%l% (Cf’a?tg?g“‘feoa pass
a sanpl e of tbar&RGifal pregortionad ke phdse 2rrof herHesitten? & filtere§@hdi! at or from
dual -band _front end 14 is selected at its source to deliver a signal

appropri abe t Biesfatedising enly pasndve flter ersppansuisotdy e Pptionallys dhephase lockansni t

signal freque t ' ] E(D). The
converted si gﬁg‘?é ﬁoﬁ?p‘%ﬁv é}‘éﬁ:: %%%éa@ﬁqc{dewe:gzﬁlﬁé@kﬁévn%ugﬁqlégg o%?o,og 1 and
fed by dual - ofiltpritapacitbe53 Bit the dadidf HTBILA drirci@smERioarid alesklupaadle,

synt hesi zer circuit 43 conprising, 30 di vider 90, reference divider 91
and phase det BBy channel freqygngy, withiipDSP/Control processor 17.

PCT/ US97/ 17542 15 . %U%%\Bm ' ' drature
nodul at or 25 and p\f?&ggﬂg\’e‘gﬁég or re 6{))%%8&%%.9&3%3%@%2%@?&ﬁzg

conpar es 10he phmeetedf and apptizdub girigipaKidtégohton tcapbdiz3 witd Préchargeuhout from
buffer 89 to produce a current signal proportional to the phase error. The

current is fiFARSFKRF thapRsoximaaly dhe, eeraech ypHegeolst befaessiransmissianeef @ onponent s

53. Optionall tie: r : LR 7). Ze
recordi ng pre?/kll)omuge?}g tag(taﬂseo%ﬁlel %rggm;l% ?@g&%&gbg@ tr%@%@%rég%a{ﬁ?é\ ‘eg\glﬂg? a
TDVA bur st trtheslobpds tovked, the Ictoskd-dgpopt bhideyidtheprovided bariog filtee§iégncy,

wi thin DSP/ Control. processor 17. The previously digitized and stored
vol tage val u oPreferahy nw;cgceéjlopg}a to ppuge the phase o% the trafismit signal sample to be

15 controlled to follow the phase of the GMSK signal from quadrature modulator

25.
When transmission in the 800MHz band is selected, the output from

buffer 89 is divided by 1951 in programmed divider 90 and compared with a
60KHz reference obtained by further dividing the 240KHz output of divider 40

20 by four in divider 91. The comparison of the two 60KHz signals in phase
detector 92 produces an error current signal whose mean value is proportional to
the phase error which can be low-pass filtered and integrated using passive loop-
filter 63 to obtain a control signal for 800MHz transmit VCO 64. Passive loop
filter 63 includes components 634, 635, 633, 632 and 631 designed to filter a

25 balanced 1 signal I’,—I—’ from DSP 17 to produce the balanced I,f drive signals
from modulator 27a as well as to filter common mode components of I’,f with a
different filter characteristic for injection into the loop via capacitors 634,635.
The arrangement of this filter illustrates the option of using both I and 1 signals
to produce analog modulation. In this case, I’ and I’ signals from DSP 17 are

30 not complementary signals, but are selected to be the same or to have a sum or



10 converted, and applied to principal integrator capacitor 531 to
precharge the capacitor to approxinmately the correct voltage just before

t ransm sswen9anf70x2 TDMA burst on the same previous frequencyeCrossg/insduci ng
relock tinme. Wien the loop is |ocked, the closed-|oop bandw dth provi ded by
|l oop filter 53 is preferably w de enough to cause the phase of the transmt
signal sanple to be 15 controlled to follow the phase of the GWSK si gnal
from quadrature nodul ator 25. Wen transm ssion in the 800MHz band is

sel ected, the output frombuffer 89 is diy 6lded by 1951 in programed

di vider 90 and conpared with a 60KHz ref effence obt ai ned by further dividing

of the two coRee lsdbbeRitipdne Sepire Bt ot o Bhe sse N BRFT ot °"

si gnal whose fiRa@wilBbas the nivdaR@iohistimals tbw¢¢)€64p&h@§ﬁg$ihﬁ§troﬂ/\ﬂh @lengpn be
| ow- pass filtered and inte {%rated usi passi ve | oop- |ter 63 to obtalna
control si gnamofgiatignoNhe ecaqa%stgn%kgpmha%g@tpcﬁ@r Py ayillftend tor capmteramt| udes

conponent s 63 n laher nced |
signal 1", ?So%%gg“lgg@ ?‘ﬁ%ﬁ duceéghéej&g{é&aaﬁ%eé&@eg ggr II?/I%V%%I@?%% om
modul at or5 27amaau1\aﬁbh afithet l@wfasd hedulafumfrequencies aqlipepartialycdouhterdcted, t h a
different filter characteristic for injection.into the |oop via capacitors

634, 635. The BSTRapfyRGresNitaing bpgssingithe korw modulatipn feequenciesapiardn ¥ usi ng
both I and I [ nd |’
signals from %g%g%&apgﬁgofjﬂn é}PQ'bB gl[%ﬁ?‘h ‘9& oﬁ‘@r hli%ﬁflggﬁgmtslé Se@t ed to
be the sane othetdigitelidnais inrDSP 17 aI\AQleQ@h&d? Eblﬁchxeve the overall modulation

PCT/ US97/ 17542 16 nean val u&ﬁ rep resentl ng. the desired anal ogh npdul ati on.
The phase | oc quﬁYfrP#méﬁe smed ¥ gaalpg eamcaﬁh%g Brfaf1BPhASISCO 64

causi ng ase or f ipNgs T,

det ectorﬁ)gz w | | tieﬁ; to %lgg}r%g%bg%tp%t ?s&%rrg% ation, E) tbh%ré%?%%%gﬁegy S
reduced by dias alaingBOuniNaviap tak@dmmm, Atsenid® (Gakm)dmt@ltatw cirtuit, hehileo 58,554

nodul ation fre |es wi | | artla.ll ounteracted, perhaps
necessitating gg at*f%or}do qurt-i g’f&ééﬁ&ﬁ&?‘é%mb}' alsp tlecFOB’W‘ed

conversi on i ni QSR S}J le §H§lhbafﬁd@9§§ n@%mb@@ﬁlcdﬁ th other filtering operations

in the digi ta1 domsu h in are designed to achieve the overall
nodul ati on In the d1g1ta1 mode loop filter 53 is preferably designed to obtain a

15 closed loop transfer function broad enough to follow the digital modulation. In
the analog mode, loop filter 63 is preferably narrow, so as to prevent the loop
from attempting to correct for the impressed analog modulation. Specifically, by
tailoring the characteristics with the loop integrating filters 53,63, the desired
angle modulation is transferred to the oscillator at the output frequency while

20  suppressing noise at other frequencies and in particular in the receive frequency
band. A first loop filter characteristic is employed for AMPS modulation, which
has desired modulation components only up to about 10KHz, while a second loop
filter characteristic is employed for a GSM 270.833KB/S GMSK waveform that
has desired components up to 150KHz. The wider loop filter characteristic in

25  the GSM case allows rapid acquisition of phase lock at the beginning of the
TDMA burst such that the VCO accurately tracks the desired angle waveform
only a few tens of microseconds after the circuit is enabled. The phase lock
circuit may thus be powered down to save power during the receive part of the

TDMA frame and powered up just prior to the transmit part of the frame.
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frequency response desired in anal og FM node, including pre-enphasis. 10

In one -inpl enentation PA 65, oscillator 64 and m xer 62 are constructed as
a single uNW@9IEIOKY a Gallium Arseni de (GaAs) integrated cirearyssmersae 55,
54 and 52 forma second GaAs circuit. Both GaAs circuits may al so be '
conbined into a single dual-band GaAs integrated circuit. In the digital
node, loop filter 53 is preferably designed to obtain a 15 cl osed | oop
transfer function broad enough to follow the digital nodulation. In the
anal og node, loop filter 63 is preferably erroma so as to prevent the | oop
fromattenpting to correct for the inpress anal og nodul ati on.

Specifically, by tal inhgkgxtigﬁgcﬁgﬁﬁéé ﬂfeil&&io?%n%ﬁg%tﬁ%i%igﬁF:gh?%rg&rtgti ng

filters 53,63, the desir ulation is transSferr

oscillator at ineasuraitpeiooprfitprentegratbi veitage at tiugpl efSs bogt and e revordtheer
frequencies and in partjcular in the receive frequengﬁlh band. A first |oop

filter charact ¥plngmumerically ) ayaigrapseceagpSeraeRy| aginsh the ghannel f5equeasy-r ed

nodul ation congans Y | jkdser
characteristic I's gt?lrglsgﬁlgcf Oré]?@%ﬁg?@?éﬁ%ﬁ%&@%ﬁv&ﬂ forﬂrlré)%ﬁrae%élhégs
desi red coffponemdt applfed © d POKHonvdter wi prechakgmotheflodp entegratar aelgey dwtingsthen 25
the GSM case al |l ows rapid acqui sit] of phase | ock at. the begi nni of the
TDMA bur st sucPeeH&tO%t P@bggg&’iémfrﬁ%c Ut pRQT &&%%@Saﬁg?@wg orm
only a few ten ' SRS RS ' h ~d I - : .0

| ock circuit gﬁeﬁtﬁ&gﬁpom?@ﬁﬁ\%&eﬁéﬁs%y %gﬁéﬁgggﬁﬁg@?ﬂgT@ggﬁgg part

of the TDMA fr staedaadd phewphasd enyprjcustenpisi wsed to finkly ddjust sl osciiator cdnttohe
frane. WD 98/ 17012

PCT/ US97/ 17542 Yeageiinden claseqd Loppcsantiohe AL tansmission, the findiadjustsd voltagsyi ¢ al
converter 1h0 NMBAFUWLrdalfolcReRvite! the !brév:?é\ﬁgkfaﬁeofn HembASR plovidieconfdudis @

burst and to record the value nunerically in a mcroprocessor nenory
agai nst t he chagmbibratioaquBhis feattiieanantiecused e spdedrnipephase depkeavquisitionsaidect ed

| ater, the voltage, val ue i,s recall ed nd appli.ed to.a DA .converter to
br echar ge the. FUOAISP ectied iB e Siaide Pt oG iieorblis 08 1o FOVERRRngl | ne
TDVA frame. JU%‘eqﬁéﬂc‘S’lree&? tﬁﬁbeth‘ért?diﬁﬁ‘i&erﬂﬁbberﬁfedtdﬁ%nfr rf?émenéyhe DA

connection to the |l odp integrator capacitor is open-circuited (tri- stated)
and the phase error Auehtemativesembediment fricarpoyating) the afarpmenderied| Gabdk cont r ol

15  disclosure is shown in FIG. 5. Control processor/DSP 17 in this case produces
I’,-I—’ and Q’,a’ signals which are filtered using balanced filter 63a to obtain a
first balanced, filtered signal I,—I- to drive modulator 27a, a second balanced
filtered signal Q,(S to drive modulator 27b, and a common mode filtered signal
I" to inject into combined loop filter 53,63. In the digital mode, the common

20  mode signal is suppressed by causing I’ and T 1o be generated as complementary
signals. In the analog mode, the balanced mode signal is suppressed by
generating I’ and T’ to be non-inverted signals. This results in modulator 27a
having nominally no output. The output in the analog mode is caused by
supplying constant signals Q,a’ at their maximum complementary levels to allow

25 the QVCO signal at 117MHz to pass through Q-modulator 27b at the same time
the QVCO loop receives an injection of analog modulation from the common
mode I’:f’ signal. In addition, reference divider 40 and auxiliary divider 43 are
programmed to different values depending on whether the digital or analog

modulation mode is selected.



vol t age under closed |oop control. After transm ssion, the find-adjusted
vol tage 10 may be read to overwite the previous value in nenory to
provi de cH ?M8t& recalibration. This feature can be used REI/ESpIAGS4AD
phase | ock acquisition and can al so be used in the anal og FM node by
recording the | oop voltage agai nst frequency eery time the transmtter is
operated at any frequency. An alternative enbodi nent incorporating the

af orenmenti oned Cahill 15 di sclosure is shown in FIG 5. Control
processor/DSP 17 in this case produces |I';d' and Q,Q signals which are
filtered using balanced filter 63a to obtain a first bal anced, filtered
signal 1,1 to driv rrp,ﬁg% Cglgfﬂ ; | ' L Qto
drive nodul ator 27 ,n 1a ba cé]rtr%g?lr no ee“??}f]?eelrag{d@gag%a{ﬂollgkﬁérgg}gﬁﬁ)gg?bitﬁQto
conbi ned | oopgérierdte botiBalBog amd I,Qemaidygliatian suhsthetialihsinadianeousB0 In thixde

S gnal s, 1 n {HOEn BEbTSRREY (PSR Rt AU a TG e SRR
generating | ;i domrhéh Hﬁagg}tan' SPUEE fep s‘i%mam mgﬁ'ﬁlﬁﬁerfg%%c? bipiedul at or

27a having nomnally no out The out put 1 n the analo 'S caused by
suppl yi ng5 conangletinsidegthal @VQOJoopt Ldweifreqnency mompooenss ofrthet dasired engles t o
all ow 25 t he signal at, 117VMHz t ass thr Q nodul ator . 27b at "t he
Same tie  homeRUBPR L BB LR e BRT o B ARG IR AR ( he
common mode | arel appfied Ritsidel tle 364H by QeneriiME Rl bAIE DS Rk T aAtxI |1 ary

di vider 43 are pfp grammed to different values dependi ng on whether the
digital or an& &Y sigual$ & boprapodéoral te tleawsind and sing@eqRLUETEAY 2f the desired

PCT/ US97/ 17542 18 An inprovenent. aver. Cahill .may be .achi eved .b r ogr amm ng
bSP 17 1o genEMkrieAnEieH Bt BERMAOR SETpaln UES WA oRies Htnizpipy dowath

si nul t angQus! Yero! fleduhéy BafIEe oblafiiRd! rEFURANY ¢ MWMPONRAA 21s8fbel o€ 16 &sdp ed

anal og nodul ation are dgenerated in the coomon node part of the I', I

signal s and nfitter 63363 ) andube commonpmade part of Q) ean heiuged tagethew/adhi thep. Low

be- count er act BB vonads BF o8 TR itk EpltRRA FLR L gy G e 1oop

by gener at i ngnidagiatiehance®4pald gederilnehel I sifnal aa4 b@Tgcﬁéra@aglad delfa0 be
proportional to the cosine and sine respectively of the desired
modulation representation of half the sum of a désired balanced (odd mode) and

15 unbalanced (even mode) waveform, while T’ is a delta-modulation representation
of half the difference. Likewise, Q and 5’ represent half the sum and half the
difference of desired even and odd waveforms.

The selection of division ratios has been previously described. The
selection of low division ratios 6 and 12 respectively results in a high loop

20 bandwidth in the digital mode for controlling the frequency of QVCO 84 to
156MHz. The selection of high division ratios 1300 and 1951 in the analog
mode result in a low loop bandwidth for controlling QVCO 84 to 117.06MHz.
By suitably selecting division ratios and designing loop filters 53,63 according to
well known techniques, different loop bandwidths may be produced even at the

25 same intermediate transmit frequency (e.g., 117MHz) in the case that analog and
digital modulation was required in the same frequency band, for example for the
purpose of implementing the dual-mode phone of Application Serial No.
07/967,027. In that case, the modulation in digital mode is not a pure phase

modulation but also includes amplitude modulation, so that upconverter 100 is a



| owf requency phase nodul ation signal. In this }Nﬁy, Qphazeqrmdul at : on gom? 4
to 10 z ency can be obtained. Optionally an can also be fe
to | oop f?fv?eg?rl(?%%, 63) and the conmon-node part of Q Q can ¥f'U¥RG7542
together with the comon-node part of 1',I' to provide enhanced accuracy
for frequency- nodulation VCO 84. In general, the I signal can be generated
as a delta- nodul ation representation of half the sumof a desired bal anced
(odd node) and 15 unbal anced (even node) waveform while I' is a

del ta- modul ation representation of half tH® difference. Likew se, Q and Q
represent half the sumand half the difference of desired even and odd
wavef or ms. Théinga uraonyertesf todhe fisabhansatit frequeasy bawhppwervarplifier Sdsisra bed.
The sel ecti onlig%gjgx/ division ratios 6 and 12 respectively results in a

hi gh | oop 20 ndwidth in the digital node for controlling the frequency
of QVCO 84 to 156Mdhe J&wers&h;ﬂmdrqeq@fexﬁunﬂdﬂfod!imFﬁdn%ﬁhgtcbﬁﬁa&%{i’H
in the anal og node result ina | ow ['oop bandw dth for controlling /CO 84
to 117. 06MHz. Dydulationggs psek ineGSVh gndiANES @re easiardbamfnt thie yarymiggmpbimde

filt 53, 63 i . el t echni gues iLfferent | oop bandw dt hs
my b pr oduc bl it BAMSR Whert R iR Steetls HRA trapaticE ARt
(e.g., 117MHzpfiview e combimet GSM anpAMPS Rendlirgd intd a'RELIREE PRoMES Or@ei 1 ed
in the sane frequen% band, for exanple for the purpose of inplenenting the

dual - node phoRthesmhapd, AMBS aadh GSMiuse difécrenheare] dandwidths: ansk spacimgs of he

nmodul ati on i nqdi-eh | . u hase .nodul.at ion but .al so i.ncl udes
anpl i t ude mdaﬁgﬁzg%!d o) ?#a? es@g%tb‘%\l)gr F gqlﬁms?lgerapomt ?/%"5%’/ liamfgcordmg

PCT/ US97/ 1754% i pricear, preaaderts ake the dahe banadidth iaBsiH oliécaygecy, and
power anplifier 551 is _a linear PA._  The power anplifier requirenments for

i mpl enentifng EBEBHYA ArChisEue elea dualumads Bhenedisqlessd here ammomicallxvREiexes

[ than f t | | | | S in. D S,
Cher of o o't Dottt 108 ¥G&Y L AR o }f8fe Bana, TREIA 04 BRROY SRRIHGR GRS . o
and AMPS st anttansinitientwhile sbeemnroddeng bothewiderant harhBindhgietin S and GSM

use different channel wi gt and spaci ngs of 30KHz and 200KHz
respecti vel y. T¢BHPR Ofg@ﬂvéﬂwggi%t])'&MB$éWPie‘e‘mIeéW accor di ng

A further aspect of the present invention provides for facilitating the

1951

y d
=

15 construction of radio transmitter-receivers, such as digital cellular phones or
personal wireless communicators, that operate according to two different
standards using non-integrally related bandwidths or bitrates.

In an exemplary implementation, a radio receiver for GSM and AMPS
signals includes a reference clock at a frequency of 39 MHz, which is divided by

20 144 to produce a first sampling rate of 270.833KS/S, or alternatively divided by
150 to produce a second sampling rate of 260KS/S. When receiving GSM
(digital) signals, the received signals are digitized by any suitable means
(Cartesian or Logpolar) using the first sample rate, and when receiving AMPS
(analog) radio signals the received signals are digitized using the second sample

25  rate. The analog signal stream sampled at the second (260KS/S) rate is then
digitally filtered to narrow the receiver pass bandwidth to a value adapted to the
AMPS mode, and simultaneously the sampling rate is reduced by downsampling
to 80 KHz, being a convenient multiple of a 10KB/S signalling rate used in
AMPS and of a standard 8KS/S speech processing rate for processing sampled

30  and digitized (PCM) speech.



to the prior art, preferable to use the sane bandwi dth in both nodes. The
10 inventive architecture of a dual node phone discl osed here

econoni caNg/98tMMieves both | ow cost, dual -band or singl e barcrussmgrssal and
anal og nodul ati on of the transmtter while accommodati ng both wi de and’
narrow band filtering for reception of GSM AMPS or D-AMPS respectively. A
further aspect of the present invention provides for facilitating the 15
construction of radio transmtter-receivers, such as digital cellular
phones or personal wreless comruni cator szothat operate according to two

di fferent standards using non-integrally Tel ated bandw dths or bitrates. In

an exenplary inple Qﬁu?&xﬁ I ] %&méw [ | s

i ncl udes a referen?g C oc}aﬂlgt&aiﬁggglufeiﬁésfs\églg , Vﬁ%ﬁ%éd%/f%né%d by 20
144 to producateaisfdr sitegsalrgubinuffipiabé thef inPTtOsaBHBKEHS, InceatineyppHedtioat ys

di vided by 150 to dyce a second sanpling rate of 260KS/S. When receiving
GSM (di gi t al )e@mfg{eg,a ¥e ¥ éé%gegas%ﬂb 9 %03%3 M gL nnly rale §hat i ¢ abl e
means (Cartesj : S| He f i rSt: .

ecer vi ng. AVES (AEieaSSRIbRUAIDIE DT e AP flel i o7 BOOR, i PR MRS o
usi ng t heS seciomentimplorid2s a meansan geherahtoatompusé haitpst saampiessfomeleny Mt t he
second (260KS S ratﬁ i S taen Pig‘ivtal Il%.gfkltered to narrow the receiver-
pass bandwi dt FPEGSANRIET e? Stedial dOWPEmALS AMSE rode, and si mul t aneously t he
sanpling rate is r i : j L ent
miltiple of a 10 KB?‘%%?%#? |a?‘%@§r BBy Bbdifinéif feinv it PindnfPBURRHRG,
speech procesusimgyN digétal Giterpsuciess FIRy filtarspdashl having aamassehiajed setexf f{lRREM)
speech. WD 98/17012 .
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out put sagpl ecdedfiSichiSardthbhOULR that YRETHhthhPdatnpMs édi‘l‘?pdtélpyi' sORERIR fiRdE- I N
certain applications as exenplified above, it ‘can be desiTable to produce
an out put sangspeesentt 2 fiithred signahyalug @t DMhsusgesaiveimerinteivpls equispaded dvaput

rate, i.e. 80:;260 or .4:.13.. The prese 5 i pvention provi means in
general to co?ﬁggtpgrﬁdoﬁt]%ﬂ‘p@as“ PZ%S'%%WWIWiWBﬁ?m@gnﬁlzggﬁlsip P4 gi t al
downsanpl i ng ddmplerateAs eppIEdNG folr fite®)X €48h! G WhieHpestudBNAn olifpat baiysietat Ve

met hod conpri ses
a 20KHz rate. The four 20KHz streams may then be multiplexed to produce an

15 80KS/S stream which is further processed to extract 10KB/S Manchester coded

and frequency modulated signalling data or 8KS/S PCM speech which is then
D/A converted using a PCM CODEC circuit to produce an analog speech
waveform that is fed to an earpiece.
Many variations to the illustrative embodiments disclosed above will be
20  readily apparent to a person skilled in the art without departing from the spirit
and scope of the invention as defined by the following claims and their legal

equivalents.



using Ndigital filters such as FIRfilters each having an associ ated set
of filter coefficients adapted to conpute one output sanple per M i nput
sarrpl es. §9§’ 7012 c0efficient are chosen such that the out pd’p 2
conput ed by successive filters represent a filtered signal value at N
successive tine intervals over each period of Minput sanples.

In an exenpl ary appm B@M&E@ /S i nput sanple rate is applied to four
filters, each of whi n«out put sanple at a 20KHz rate. The four
20KHz streans may t hen be mul tiplexed to pgpduce an 15 8CKS/ S stream
which is further processed to extract 10KB/ S Manchester coded and frequency
nmodul at ed si gn@LAIMS:data or 8KS/S PCM speech which is then D/ A converted

using a PCM CODEC circuit to produce an anal og speech waveformthat is fed
to an earpiece. Man}y- VAFAGipitEARSIitEeTiTReeiyer| fOE 6¢ a‘itl"\ﬁbf easanittingrdigitalls cl osed

depart Y“nl;'frona%?ﬂ%'a{seﬁaﬁ#@ P AL e BrARRE st Bl i n oot

foll ow ng cl ai medag ?heing | egal equival ents. 21 CLAIMS: 1. Aradio
transmtter/receiver for sel ectrvely transmtting digitally nodul ated
signals in a digital nmodéigial sigaal ﬁoﬁﬁaﬁgdﬁ@ﬁs $pYRg (a8 inputfer 2¢c41VARE ABde

conpri si di P f iWwing
a5 o P or ket AL SEERA AP ARDIRY Rn el LRl SEGA S
nmodul ating si giml a kecond cutprdonsupplyipgta deraumoinysdmgtmg Qgaslr@;j ur e

nmodul ating signal Q quadrature nodul ation nmeans coupled.to the first and

second outputs for digi taprvamm%}aﬁanan%ar FPupled F‘bﬁ‘&éﬁé&/a‘?%setcﬁﬁd di gi t al
de t d
nMbde 1o pro uc@utﬂu@'fﬂi‘ Bf’éﬂa}% "ﬁgcgwtlﬁff?da éér?ir@f;‘%‘rea@%r@géc the dlgltal mode {0

anal og nodul at | means cou ond COutputs ftor
generating an prodhoganiigitdllytmodulated signat; randr frequency I n the anal og node
to produce an anal og nodul

ted nal , wherei uI ating
signal 118nd said Quadr a?ﬂ‘ﬁﬁg mﬁ&?aéror*rraeagﬁsgﬁar M@Pg’é‘fﬂecﬁﬂ QUL e
modul at ' on Neaps: defefHiflg antMaldpOb&Raict of 2B&rRY ffE'&%Hc?txﬁC{hé LEHI8L mode to

produce an analog modulated signal.

2. The radio transmitter/receiver of claim 1, wherein the digital signal

processing means includes logic circuitry for computing a sampled numerical
15 representation of the information signal, D/A conversion means for converting
the sampled numerical representation into the In-phase modulating signal I and

the Quadrature modulating signal Q.

3. The radio transmitter/receiver of claim 1, wherein the digitally
modulated signal is at a first frequency, the analog modulated signal is at a
20 second frequency, and the transmitter further comprises upconversion means for
converting the digitally modulated signal to a third frequency and converting the

analog modulated signal to a fourth frequency.

4. The radio transmitter/receiver of claim 3, wherein the upconversion
means includes digital and analog loop integrating filters which control digital

25 and analog voltage controlled oscillators, respectively, to convert the digital

r--_m
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15 2. The radio transmitter/receiver of claim1l1, wherein the
digital signal processing neans includes logic circuitry for conputing a
sanpl ed n¥YRPF QL2 r epresent ati on of the information signal , PCIBSYAIS42r si on
nmeans for converting the sanpled nunerical representation into the In-phase
nodul ati ng signal | and t he QJadrature nodul ating signal Q 20

3. The radio tra m‘ of claim1, wherein the digitally

nodul at ed si gnal E@ S““\T equency, the anal og nodul ated signal is at
a second frequen Lthe transnitter f?%t her conpri ses upconversion
means for converting the digitally nodul at®d signal to a third frequency

and_conver ti nddifauad 3fefth 0 ltﬁ}&ﬂfaﬁ%@?lanéﬂl%ﬁa?ﬂég h3alfaBAUGREN vo R

4. The radio transmtt ecel ver e upc nver

means i ncl udedoutitlyifteghermyd whilal sappiessine hoibegr gthemfyeduienties.s whi ch control
digital and anal og voltage controlled oscillators, respectively, to convert
the digital. WD 98/ 17012

PCT/ US97/ 17542 22 @dﬁieafaﬁﬁ) ﬁ%& bedrRediD& 51*51{1191 4T GRERTE thetd) 1t§lh80§nal 09

nodul at ed signal to e fourt requency, e sUppressing Aol'se ‘at ot her
fr equenci es. 5nte'g’twng dilten has anwidet tremsfereforctionr thaf tied alaﬂng4100phﬂfregralmng he
digital oop qtegratlng filter has a wder transfer function than the -
anal og | op i ’c@ératlng 5 filter. 6. The radio transmtter/receiver of
claiml1, wherein the transmtter operates according to the GSM standard in
the digital node, and according to the AMPS standard in the anal og node. 7.
The radi o transm tt&arTheetadiu/Eansuiittcﬂ/micciwdr oﬁMiairreilnwmhmirdﬂgi tralsnditgnal 10

processi ng neans_gener at ase, du atjn and .t he

Quadr at ur e nncﬁ?F‘ff?‘?snﬁcgf %s@%@? V’y §|dllﬁ}%t‘ u§T’ acgordipg 1o thi
transmtter/rmpgegmgfar@h@m@ﬁmwgﬁ%@é n the upconversion neans further
includes neans for measuring and storing a loop filter integrator voltage

and a correspondi ng frequency after each received transm' ssion burst, 15
and for prechargin of the | agp ,int.eqrati.n ers usi i ously
stored | oop fil terg7| n {} Lﬁgrégecgy?ro&tql%ﬂ[ﬁ ilﬁfeéléﬁl?n 1 1r‘iglrfp il

cor respopyi ng ﬁré@h@bﬁﬁ@@ﬂeans generates the In-phase modulating signal I and the Quadrature

modulating signal Q substantially simultaneously.

8. The radio transmitter/receiver of claim 4, wherein the upconversion
means further includes means for measuring and storing a loop filter integrator
voltage and a corresponding frequency after each received transmission burst,

15 and for precharging one of the loop integrating filters using a previously stored

loop filter integrator voltage prior to transmission on a corresponding frequency.

9. The radio transmitter/receiver of claim 1, further comprising a receiver
portion for receiving a digitally modulated signal or an analog modulated signal,
the receiver portion including digitizing means for digitizing received digitally

20 modulated signals sampled at a first sampling rate and digitizing received analog
modulated signals sampled at a second sampling rate, and one or more digital
filters for narrowing the bandwidth of digitized analog signals and reducing the

second sampling rate to an output sampling rate.



9. The radio transmtter/receiver of claim1l1, further conprising a receiver
portion f Lving a digitally nodul ated signal or an anal og._ nodul ated
signal, t Ee)grggz@?ver portion including digitizing nmeans forpcéﬁ'g? 7f12?4ﬁg )
received digitally 20 nodul at ed signals sanpled at a first sanpling

rate and digitiazi | og nodul ated signals sanpled at a second
sanpling rate, QMflmmammmlm gital filters for narrowi ng the bandw dth
of digitized anal*g ¢si gnats and reduci ng the second sanpling rate to an

out put sanpling rate. 23 10. The radi o2Bransmtter/receiver of claim?9,
wherein the output sanpling rate is not a integral submultiple of the
second sanpling ratl@. The radibdransmittertrecaienriaftalaifir 8cwheein tife auygitm 9,
wherein there are.N digital filters, each _haying an assocjated set of
filter coeffi W%ﬁf@ F4g ISC%W%QMW&$%P¥§%CQH SAMBNAg 1At i nput
sanples. 12. The radio transmtter/receiver of claim1ll. wherein the filter
coefficients are chosen such that the output sanples conputed by successive
filters represent a1fTheegadid teangmitierirataineer atf dlaigucwisicuethieravarei Nitdégitadl s
equal | y spaced, over each .period of I nput..sanples. 13, A radi.o
transnmitter/ rgggﬁsvg?g’f ﬁ?V‘E%FBé‘fﬁo\(/‘@It N Qﬁilrlﬁef %ﬁ&“ﬁaﬂ?&ﬂ”&‘ﬂﬁt—m&%& essed

di gital speechyt hgg@hplgrfoggve}miihyﬂesaﬁ@m@[ essed anal og speech signal

conpri sing: analog-to-digital conversion neans having an input for

recei ving an anal og speech signal and an output for producing a sanple

stream of nuneri cal,s | es representative of .t.he.anal og. speech signal;

digital signal pr 03%3?ﬁﬁéa‘ﬁgéﬁa@sWéﬁrhaceéﬁrﬁ%ﬂlﬁE) ’ Wb%rgil\/ﬁ%ﬁgﬁieﬁg sanpl e

stream and oneo@fici@ﬁfseare@h_@séh%u_m&ha&wbmgﬁgs@ﬁplwccﬂhﬁtﬁsd BpdutRLding si gnal

| and a Quadrature nodul ati ng signal 3 the digital signal” processing neans
e

converting t hEliswmgpeesentraefilieiedtsigral valnaai H suceenspreaime intervalscgueldy di gi t al
vector modur atieged Ber s@liheliod AT IBNEHIEER ot el cpecch signal or a
nunerical streamon at |east one of the outputs representative of an
amplit U(iig_ Corrpand?g’ \Ae;a%iiootqrar?sfmitttgre/rg:gglex? ?orss%?e%ﬁgeliitxgarxllgxln;itting a bandwidth-
compressed digital speech signal or an amplitude-compressed analog speech
signal comprising:
analog-to-digital conversion means having an input for receiving an
analog speech signal and an output for producing a sample stream of numerical
15 samples representative of the analog speech signal;
digital signal processing means having an input for receiving the
sample stream and one or more outputs for supplying an In-phase modulating
signal I and a Quadrature modulating signal Q, the digital signa! processing
means converting the sample stream into a bandwidth-compressed and coded
20 digital speech signal and an I and a Q sample stream representative of a digital
vector modulation of the bandwidth-compressed digital speech signal or a
numerical stream on at least one of the outputs representative of an amplitude-
companded version of the analog speech signal;
digital-to-analog conversion means for converting the I and Q
25 sample streams to associated I and Q analog modulating waveforms;

quadrature modulator means coupled to the digital-to-analog

conversion means for vector modulating a carrier frequency with the I and Q
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di gital -to-anal og conversion neans for converting the | and Q sanple

streans to associated | and Q anal og nodul ati ng wavef orns; quadrature
modul at or W@8¥37%3dupl ed to the digital -to-anal og conversi onPorass? /542
vector nodulating a carrier frequency with the I and Q WO 98/ 17012

PCT/ US97/ 17542 24 anal o ting waveforns for transmtting the

bandwi dt h- corrpnmﬁfmumﬁlj{ﬁjumeech signal ; and anal og nodul ati on neans
coupled to thelld WO g conversion nmeans for produci ng an anal og
nodul ation of a carrier frequency 5 u§j‘ng at |east one of the I or Q
anal og nodul ati ng waveforns for transmtting the anplitude-conpressed
anal og speechagilen #hoduldi i ? i, f: r I ) |4
wherein the bandweat h-ulﬁlgrgrp%se bt of Al fie WGt Bhpfd: B Rigita
frequency, thépesehlsignaieandonpr essed anal og speech signal is at a second
frequency, and the transm'ltter rther 10 gon*%)i i,e_s upconver si on means
for converting the digi AR08 JRuulatigngmegnscoupled ko ighe{cieranglognd
converting theo@ysalios nRACESt fbgidhe bR aflalb@ MiddMdtfoR W Grier Bequlliey T 2di 0
transmtter/receiver of claiml4, erein The upconversion means Thcl udes
digital and aR8REE! lesshoncnelededtarnQ analoganeduldtingtwavefemul foditghsmittianthe

anal og voltag e illators,, respectively, to convert the digital
15 speechsglﬁgﬁltaeoétotkﬁ)?ﬁg&fﬁﬁl% ?Eeéaﬁé}%‘ ‘and the anal og speech signal to
the fourth frequency, while suppressing noise at other frequencies. 16. The

radio transmtter/receiver of claim15, wherein the digital |oop
integrating filter Mhadhe ragie dransmittesireqeivenof claim 3 arherdie thebimiwitithop

integrating fj O4: . 7, The radio transmtter/receiver

cl'ai m 15, "whe FaPfessedigial speoch signat s et Reh Fabenyc Ritp b ESmpessed

measuring andasdlog ispeech signabisfdtlat @Eond freguedt P andotht 38Qsafier Fufigs’ espondi ng

frequen(ié after each received transm ssion burst, and for precharging one
Foo

of the HBop i FRTEBFISAS URGORYESiER 10385 foy epnyPiting dhe Higitel speech Signg) tbial thimd
I ntegrator voklaterdnd cohPertih@ i Thmtod §peBth fighdl b %Sﬁ)%gglflpglu];ﬁce)(quency'

of

15. The radio transmitter/receiver of claim 14, wherein the upconversion
means includes digital and analog loop integrating filters which control digital
and analog voltage controlled oscillators, respectively, to convert the digital

15 speech signal to the third frequency and the analog speech signal to the fourth

frequency, while suppressing noise at other frequencies.

16. The radio transmitter/receiver of claim 15, wherein the digital loop
integrating filter has a wider transfer function than the analog loop integrating
filter.

20 17. The radio transmitter/receiver of claim 15, wherein the upconversion
means further includes means for measuring and storing a loop filter integrator
voltage and a corresponding frequency after each received transmission burst,
and for precharging one of the loop integrating filters using a previously stored

loop filter integrator voltage prior to transmission on a corresponding frequency.



WD 98/ 17012
PCT/ US97/ 175 18. The radio transmtter/receiver of claj erein
t he trans\g#)tgﬁg‘?&gperat es acco“ng to the GSM st andard fora%MS%”\ta/?‘fzng t he

di gital speech signal, \ ding to the AMPS standard for transmtting
t he anal og speec ' e radio transmtter/receiver of claiml13,
wherein the di g&\ “ 5 processi ng neans generates the I n-phase

nodul ating sign cand the Quadrature nodul ating signal Q substantially

si mul taneously. 20. The radio transmttergseceiver of claim 13, further
conprising a receiver portion for receiving a digitally nodul ated signal or
an anal og nodul at ed8sThaahdio trmsmitee/reemivep@ftdam 13chvhetemgthditcankmitterg nmeans
for digitizing 10 recei ve l.qi.tall dul at ed .si gnal s. sanpl ed at a
first sampli nBPOAIS aERIGEGOLRS M SERNFAcHET STFRSBIFing A Gekiel Siegrinsignal,
sanpl ed at a QARG | . t2hs R e ' iSnd107
narr ow ng theéﬁgg%%?gnoftﬁ%émmigggg[&%ggpgg sl gna smggdé‘%?gd%%%%gglgﬁ% second
sanpling rate to an output sanpling rate. 21. The radio

transmitter/receiv cl aim 20, .wherei.n the_ qutpyt 15 . S li n ate
is not a integral géb%ﬁr? P draGpmiti rg‘éeé‘fﬁ"\d’r}% P#gwﬁear?’é‘ m?é‘?gn‘%'\élg%ﬁ{ji o
transmtger/ rgﬁﬁ:béé%iug feafd géﬂé‘rﬁés theNAlghae MdAGRLA Sighalll Sid e Glddriufe each
having an associ ated set of filter coefficients for "conputing one out put
sanpl e for everoduMtingsignat &hpibstantididy sifivdtanentisly.t ransmitter/recei ver of
claim22, wherein the filter 20 coefficients are chosen such that the
out put sanpl es conputed by successive filters represent a filtered signal
val ue at N successhpe The FadibHmsmater/Belir of IAAC LS RYBer EaAPriAAgia0d of M

i nput sanples. 24. An apparatus for alternatively nodulating a carrier
signal with arecgiver pgrisdnyfesireeniviag di ¢gitally miognlated signabor shragalog 26 digital

bi Uatr e 1 T RUBRErEY: S PN barbiRhotidhe Rk inie ot on dor Rt | "

10 received digitally modulated signals sampled at a first sampling rate and

digitizing received analog modulated signals sampled at a second sampling rate,
and one or more digital filters for narrowing the bandwidth of digitized analog

signals and reducing the second sampling rate to an output sampling rate.

21. The radio transmitter/receiver of claim 20, wherein the output

15 sampling rate is not a integral submultiple of the second sampling rate.

22. The radio transmitter/receiver of claim 21, wherein there are N digital
filters, each having an associated set of filter coefficients for computing one

output sample for every M input samples.

23. The radio transmitter/receiver of claim 22, wherein the filter
20 coefficients are chosen such that the output samples computed by successive
filters represent a filtered signal value at N successive time intervals equally

spaced over each period of M input samples.

24. An apparatus for alternatively modulating a carrier signal with an

analog signal or a digital signal, comprising:



a digitally nodul ated signal or an unba\l\-gnced hi gh-frequency conponent o

an anal og frequency nodul ated si m an | n-phase bal anced :
| ow f r eqUEROP/1HD12 conpone \ m nd pair of delta- RETAISAVITSAR
bitstreans representati vgl\\m& a® bal anced Quadrature conponent of a
digitally nodul ated si gnal®

¢ a ‘bal anced Quadrature | owfrequency conponent
of an anal og nodul ati on wavef ornt Quadrat ure nodul at or neans, responsive to
t he bal anced | n-phase and 10 Quadrature signals, for

Quadr ature-nodul ating the carrier signal;,and frequency nodul ati on neans
responsi ve to the unbal anced hi gh-frequen?cqi1 conponent for frequency

modul ating the cargj ' ' ks A o .1 her
guadr at ur e nodul at Eeii&%\%\} %hg%%é?%%gé%n%g%ﬁt%%{agﬁ r?alng’gséq rog&g%&ncy or phase
modul at ed w t imobinlation bitsiveahiseppessentative of citherl adaltingédt 1n-phuse romponema@ient of
an anal og nodul ation signal. 25. The apparatus, of claim 24, wherein the

digital signa? SR IEedHatad sigaalyenan wetalanced high-fsequercinsempensat at a# e
si gnal s subst | ' - 3 |
transmtter/ r%%tg?%‘gf )‘%@C%(?%,Q&@ }eizr”1 | {I’?ls g%lhbp%ahsglbégmﬁ%dd@%gﬁegﬁén% ans
i ncl udesS meansorfipsnest| @dtd segond peivrdfideliagnoialatiof: ibitstreaamrepessomdtiveioput s i n
order to generagte a frequency or anplitude nodu| ating sjgnal.. ’
either a balanced Quadrature component of a digitally modulated signal or a
balanced Quadrature low-frequency component of an analog modulation
waveform,;
Quadrature modulator means, responsive to the balanced In-phase and
10 Quadrature signals, for Quadrature-modulating the carrier signal; and
frequency modulation means responsive to the unbalanced high-frequency
component for frequency modulating the carrier signal,
wherein the carrier signal is either quadrature modulated with a digital

modulation signal or frequency or phase modulated with both a low-frequency

15 and a high-frequency component of an analog modulation signal.

25. The apparatus of claim 24, wherein the digital signal processing
means generates the In-phase and Quadrature signals substantially

simultaneously.
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