 Power Anplifier Having Nested Anplitude Mbdul ation ook a- o
Controll err and Phase Mddul ation Controll er Wty

- kield of the Invention 5 Cenerally, this invention rel ates to
| inear transmtters and, nore specifically, to nesting an anplitude
nodul ati on (AM control |oop and a phase nodul ati on (PM control
| oop around a power anplifier (PA) nodule in a radio frequency 10
transmtter. - Background of the Invention
Typically, radio frequency (RF) transmiltters, such as those,l 5 used.in .
radi ot el ephones, enpl oy st andard phase nodul ati on (PM techniques.
PMtransmtters enpl oy povver anplifiers éféﬁ) t hat .ar.e highly
efficient and havéawgyAmphifier ing NestedofAmpliiade; Y ‘%é'éﬁ'ﬂgé there is no.

anpl i tude nodul ati on (Bhtroller and PHRBModulatite CoitwbRér on format. These
PAs often enpl oy 20 transi stor bias techniques whereby the bias current

S mnimzed and the output power is controlled by changing the

bi as current. Recent | Fielthufrtheinsreheion a need to have a
transmtt for transm tting signals having AM conponents and PM 25
conponent An AMPMtransmtter requires nodul ation circuitry for
anpl i tude and phaddenanally; 4his invendiorovelades tmlinear transmitters :

and, more specifically, to nesting an amplitude modulation
- (AM) control loop and a phase modulation (PM) control loop
around a power amplifier (PA) module in a radio frequency

10 transmitter.

Background of the Invention

Typically, radio frequency (RF) transmitters, such as those
15 used in radiotelephones, employ standard phase modulation
(PM) techniques. PM transmitters employ power amplifiers
(PAs) that are highly efficient and have large amplitude
nonlinearity because there is no amplitude modulation (AM)
component in the modulation format. These PAs often employ
20 transistor bias techniques whereby the bias current is
minimized and the output power is controlled by changing the
bias current.
Recently, there has been a need to have a transmitter for
transmitting signals having AM components and PM
25 components. An AM/PM transmitter requires modulation
circuitry for amplitude and phase. Typically, the modulation
circuitry is accomplished with control loop circuit
configurations. FIG. 1 is a detailed block diagram of a prior
art AM/PM transmitter having an AM 115 control loop and a
30 PM 117 control loop. In addition to the phase modulation, the



cireuitry is acconplished with control loop circuit i configurations.
FIG 1 is a detailed block diagramof a prior art AMPMtransmtter
‘havi ng an AM 115 control loop and a 3 0 PM 117 control loop. In addition
to the phase nodul ation, the

2 PM control loop 117 performs a frequency translation of a

phase reference signal 121 to the desired output frequency. The
PM control |oop 117 includes a m xer 101, a phase detector 103, and
a voltage controlled oscillator (VCO 105. The 5 m xer generates an

I nternmedi ate frequency signal 127 having a frequency which is equal
to the difference between the frequency of a frequency reference

i nput signal 12PMeontrad loop 117 perfoymsefrequerey tragakatiothofa i s fed back I
fromthe VCO 10 : error signa
hase r eref{&?s@‘&?qgi ea(tléguéé)gum:'t@éﬁ??g}g

15770 °" 1 and o pikecbMeeriant bobrbid inludes a moixerid, srpbeseompar at or
QU 11166 AdeBkRIORI gl MGG HLLBE YED) 106 TIPS
phase r ef efence IELECBPEEs &b intarmedinte ianegey signal 130 boring
modul ation of t aefréqifemyt whiclsisjeqial thotheediffersnce betweéﬂ'lhteihévr quﬁﬂ?%g .port
! o1 ey o oM L 5 a4 B0, 1110 P
the frequency ofrequencyefithe signalawbich is fed backpiroms thp MCQI105. t he
frequency of thehhgiessd &dRparstor 10% dénerates an error signal based on
10 the difference in phase of an intermediate frequency signal 127
and a phase reference input signal 121. The phase comparator
output drives a tuning port of the VCO such that the VCO
output signal has a phase which is approximately equal to the
phase of the phase reference input signal 121, thus providing
15 the phase modulation of the VCO output signal. To perform
the frequency translation, the phase comparator output drives
the VCO tuning port such that the VCO output signal has a
frequency which is equal to the frequency of the local oscillator
input signal plus the frequency of the phase reference signal.
20 The AM control loop is integrated about a power amplifier
(PA) 107 having an output amplitude control port. The AM
control loop 115 includes the PA 107, an output power coupler
109, an envelope detector 111 and a difference amplifier 113. A
portion of the PA output signal is fed back to the envelope
25 detector 111 via the coupler 109. The difference amplifier 113
generates an error signal based on the difference in voltage of
the envelope detector 111 output and the amplitude reference
input signal 125. The difference amplifier 113 drives the PA
output amplitude control port such that the amplitude of the
30 PA output is responsive to the voltage of the amplitude
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- S
20" . The AM control loop is integrated about a power anplifier

(PA) 107 having an output anplitude control port. The AM contr ol
-l.0o0op 115 incl udes the PA 107, an output power coupl er 109, an

envel ope detector 111 and a difference anplifier 113. A portion of
the PA output signal is fed back to the envelope 2 5 detector 111 via the
coupler 109. The difference anplifier 113 generates an error signal
based on the difference in voltage of t he envel ope detector 111

out put and the anplitude reference 3 input signal 125. The difference
anplifier -113 drives the PA out put anplitude control port such that
the anplitude of the 3 0 PA output is responsive to the voltage of the
anpl i tude reference input signal 125, thereby achieving amplitude _
ref erence i nput _si . 1200 . - ey j " modul ation
of the power amﬁé@%&loéu&ph}g@l&gggIa.gﬁahﬁ& Bgtmﬁ%%obl em ari ses when the
AM control signal dbPreblem amses when the AMneondrolsignat goingtathease shift

orTect. This AM (g Enttol port cauded £ phade shifttrrthd Hia OufidcaipuL,s! on
. i versl
nonl i neari tij of rf’%é“:‘f\-&xt? ﬁgtaqm]to ORYPERIPR G -c&g’fls IAMst"\/ﬁMh enpl oy
d]gafsi gn techni qgeanvsmbﬁ effect is a reault Mam@lmemwyMIﬁaPﬁL thmtiigi ze pO-V\ﬁr
ef ficiency, an £n .ou t power {s.control.e rying the
bi 05 170" cur r shpracteriitor PRIECWHIN SBRIRY st st "Becn
used to ahinimize biasicurrent: andvheximizespower iencyj ad, by using a
when the output power is controlled by varying the bias
10 current.

(0]

In the past, several approaches have been used to
eliminate this AM to PM conversion effect. First, by using a
more linear PA module, AM to PM effects were reduced.
However, a linear PA is inefficient and power-consuming, and

15 is not desirable for applications such as portable radio
telephones. Second, the phase of the reference signal was
adjusted such that the PA input signal phase is predistorted
thereby canceling the phase distortion which occurs in the PA.
However, the required degree of predistortion is dependent on

20 output signal level, supply voltage, and temperature resulting
in a very complex open loop control scheme. Third, the PA
was embedded within a predistortion loop which shifted the
phase of the PA input signal such that the total phase shift
through the predistortion loop was automatically forced to

25 zero.

FIG. 2 is a simplified block diagram of a PA embedded in a
predistortion loop. In the cirduit, the input signal passes
through an input coupler 201 and a phase shifter 203 before
going into the PA 205. The PA output signal passes through

30 an output coupler 207. The input coupler 201 and output
coupler 207 feed portions of the input signal and the PA output



more |inear PA nodule, AMto PMeffects were reduced. However, a

linear PAis inefficient and power-consum ng, and 15 I's not desirable for
~applications such as portable radio t el ephones. Second, the phase of
t he reference signal was adj usted such that the PA input signal
phase is predistorted t hereby canceling the phase distortion which
occurs in the PA However, the required degree of predistortion is
dependent on 2 0 out put signal |evel, supply voltage, and tenperature
resul ting in a very conpl ex opendl oop control schene. Third, the PA
was enbedded within a predistortion |oop which shifted the phase of
the PA input signal such that the total phase shift t hrough the
predi stortion | sigmalde thetnhase compgrater 209. : The phase gomparator FIG 2

o0p. I the 3?%%?‘?“@5?9?%‘65?&%‘?%%@&%%‘3@ diffefence ir“o%’ﬁﬁé@ﬂi Shout
coupl er 201 andPgtwesn the inpytpigngt and output fig E%Li 6 €pPA 205.
The PA output stcomparpis09 dwiputdlrives)the eonteol portt of ¢hplphtasg07. The i nput
coupl er 204 and ﬁﬂf@r”é% such th&PHRS DA &ut RhRA iRy BI‘eéiQFoﬂ:&gm signal

and the PA~out pﬁ i ) _
signal to the paaddhecRpA=output signal has appbase whighisapproximatelyjener at es
an error signal |s | 8550 en the input
signal and the Sﬁ_aéﬁﬁ)ﬁ%g}gﬁa ‘&%?gﬁggd% n}:%or?p%hreg?%WZOQ out put
drives the cont eimipates the phasedigfertion in thePA; dowever, ¢hg that the PA

i nput i s aut omapirsdistortiireHopt dbéfidry adds unwanted cost and

10 complexity. Furthermore, a problem arises when the phase

shift of the PA exceeds the finite range of the phase shifter.
Thus, it would be desirable to develop an AM/PM

transmitter capable of frequency modulation, frequency
translation and amplitude modulation, wherein there are no

15 restrictions on the phase distortion which occurs in the PA,
nor dependency upon the output signal level, the supply
voltage, or the temperature.

Brief Description of the Drawings

20 '

FIG. 1 is a detailed illustration of a transmitter that is
prior art. .

FIG. 2 is a detailed illustration of a power amplifier which
is prior art.

25 FIG. 3 is an illustration in block diagram form of a
radiotelephone system in accordance with the present
invention. - _

FIG. 4 is a detailed illustration in block diagram form of a
transmitter in accordance with the present invention.

30 FIG. 5 is a detailed illustration in block diagram form of a
transmitter in accordance with the present invention.



and <t he PA output signal has a phase which is approxi mately - equal to
.the input signal. The predistortion | oop thereby elimnates the
"phase distortion in the PA. However, the predi stortion | oop
circuitry adds unwanted cost and 10 conplexity. Furthernore, a problem
ari ses when the phase shift of the PA exceeds the finite range of

t he phase shifter. Thus, it would be desirable to devel op an

AM PM transmtter capable of frequency nodul ation, frequency
transl ati on and anplitude nodul ati on, wlerein there are no 15

restrictions on the phase distortion which occurs in the PA nor

‘dependency upon the 8ytput signal_level, the supply voltage or the
t emperat ure. 6is a detailed illystratiomdsdlipgk diagrsm foxmmfawi ngs 20

FIG 1is a detﬁxlaﬂﬁbmﬂalw%baﬁiaﬁ&l%?aatﬁa&ﬁﬁﬁ'ﬁtéﬂﬁr at%ébi‘aahée with _prior

art. S a detall ed illustration a power anplifier

whi ch i Stltﬁpﬁqseglttmv% on. * G 3is an illustration in block

di agram-form of a radlotelephone systemin accordance with the

pr esent i nvention. FIG 4 is a detailed illustration in
bl ock diagram form of a transmtter in accordance with the present

i nvention. 30 FIG 5 is a detailed illustration in block diagram.form

of a _ transmitter in accordance with the present invention.



5 FIG 6 is a detailed illustration in block diagramform of an
.alternate realization of a transmtter in accordance wth the present

‘invention. 6

Det ai | ed Descrlptlon of a Preferred Enbodi nent FIG 3
illustrates, by exanple, a block diagramof a 5 conventional radio
conmmuni cation transceiver 300 (hereinafter referred to as

"transcei ver"). The transceiver 300 enabl es a nobile or portable
subscri ber unit to comrunicate wigt h a base station (not shown), for
exanpl e, over radio frequency (RF) channels in a radi o conmmrunication
system1l O (not shown). The base station thereafter provides

comuni cations with a |l and-line tel ephone system (not shown) and

ot her subscri ber uni taﬁtﬁlﬁa)ﬁ%ﬁ)ﬁ&% o’%fﬁ%fg%ﬁ%ﬁﬁ’fgﬁﬁeﬂ{"t hqw ng the

transceiver 300 is a The
transcei ver 300 of FIG 3 generally -includes an antenna, 301, a -

di pl exor 302, a reqq(y,&g 1l§9s'iraﬁzst b 'éﬁ'&ﬁ&f%r a%lﬁck%hagram(olgrlff erence

f | sourge ed | frequenc
S ;, ﬁ? Eg QIC)Z/eISg ggg coév%qﬁgeggls 5gd1glqym§wn1catlon transcelver 300 ) q Y

(hereinafter referred to as "transceiver"). The transceiver 300
enables a mobile or portable subseriber unit to communicate
with a base station (not shown), for example, over radio
frequency (RF) channels in a radio communication system

10 (not shown). The base station thereafter provides
communications with a land-line telephone system (not
shown) and other subscriber units. An example of a
subscriber unit having the transceiver 300 is a cellular
radiotelephone.

1S - The transceiver 300 of FIG. 3 generally includes an
antenna 301, a diplexor 302, a receiver 308, a transmitter 305, a
reference frequency signal source 307, a phase locked loop
(PLL) frequency synthesizer 808, a processor 310, an
information source 8086, and an information sink 304.

20 The interconnection of the blocks of the transceiver 800 and
operation thereof is described as follows. The antenna 801
receives an RF signal 320 from the base station for filtering by

~ the diplexor 302. The diplexor 302 provides frequency
selectivity to separate the RF received signal at line 311 and the

25 RF transmit signal at line 813. Alternatively, the diplexor may
provide temporal selectivity to separate the RF received signal
at line 311 and the RF transmit signal at line 313 by means of a
switch. The receiver 308 is coupled to receive the RF received
signal at line 311 and operative to produce a received baseband

30 signal at line 312 for the information sink 304. The reference

’ frequency signal source 307 provides a reference frequency




| nf Qr mati on source 306, and an information sink 304. 2 0 The

I nterconnection of the blocks of the transceiver 300 and operation
thereof is described as follows. The antenna 301 receives an RF
signal 320 fromthe base station for filtering by t he di pl exor 302.
The di pl exor 302 provides frequency selectivity to separate the RF
received signal at line 311 and the 25 RF transmt signal at |ine 313.

Al ternatively, the diplexor may provi de tenporal selectivity to
separate the RF received signal gt line 311 and the RF transmt
signal at line 313 by neans of a switch. The receiver 303 is coupled
to receive the RF received gnal at line 311 and operatlve to

produce a recei sighdiatdinndlR The PELg'mqueaicylsymhééﬁef 808tike i nformati on
Sink 304, The ! SHERRAY recoive tHe ARMRAG Rbiey AhaPadberfy des 3

reference frequenc

signal at |ine 3ng infornation foncdete pus\diéend ppersiee te produce acoupl ed to

receive the ref efﬁge@n;e&%ﬂﬁsggl 0531 C{?ésie 86 tdne the recelvéPQOanor”at'on
on a data hus 318 .and g_ﬁratlv scel.ver tuning

signal at PMine angd trgnsmitter 30 fé’cﬁlﬂﬁé'FchfF}'aRg ChaIH%ﬂ; { Tl PEPGasERT 305 t o a
particul ar RF ci3d0nhtrol§ ¢he bpertich of the PLI&l'@qﬁ@ﬂiéy’ SythieBize®308at i on. of

the PLL f th ecel r, 30 t he
trgnsm ttrerqugg%?z‘g{] ot (?Iga&ggﬁgelgansmltter VIF H?g %alﬁa@%.]r ce 306
produces a base@hedindfoprhatiodesource 306rpmiduses anbasepaald amplitnde314, and
baseband phase ERSl1R}ofkignl at 1P, dld holheid phlE rhodMRAL o 305 1S

coupled tqg receive t
P 10 signal at line 821. The transmitter 805 is coupled to receive the

baseband amplitude signal 314, the baseband phase
modulation signal 821 operative to produce the RF transmit
signal at line 313. The diplexor 302 couples RF transmit signal
at line 313 for radiation by the antenna 301 as an RF signal 320.

15 The RF channels in a cellular radiotelephone system, for
example, include voice and signaling channels for
transmitting and receiving (hereinafter referred to as
"transceiving") information between the base station and the
subscriber units. The voice channels are allocated for

20 transceiving voice information. The signaling channels, also
referred to as control channels, are allocated for transceiving
data and signaling information. It is through these signaling
channels that the subscriber units gain access to the cellular
radiotelephone system and are assigned a voice channel for

25 further communication with the land-line telephone system.
In cellular radiotelephone systems capable of transceiving
wideband data on the signaling channels, the frequency
spacing of the signaling channels may be a multiple of the
frequency spacing of the voice channels.

30 In some cellular radiotelephone systems, the transceiver
300 and the base station intermittently transceive information



baseband anplitude signal 314, the-baseband phase ' nodul ation si gnal

321 operative to produce the RF transmt signal at line 313. The

di pl exor 302 couples RF transmt signal at line 313 for radiation by
the antenna 301 as an RF signal 320. 1 5 The RF channels in a

cel lul ar radiotel ephone system for exanpl e, include voice and
signaling channels for transmtting and receiving (hereinafter
referred to as "transceiving") information between the base station
and the subscriber units. The vgice channels are allocated for 2 0
transcei ving voice information. The signaling channels, also

referred to as control channels, are allocated for transceiving : dat a

aﬂd si %nal i Bg i thiepebetivean. oxhthem@lmhnghh’ahneh Ommsiichhgystem, focli'chanlnel ﬁ
that the subscr ni t ) - radiotel ephone
system and are éﬁ‘?j{l t%’éalsgs a‘;@rb@gﬁﬁﬁﬁo& ﬁ}“g%%%mé%saqlaer communi cati on
with the |and- ISIgeahngepatim by synehronize thelintersnittent infapmetisnephone -
systens capabl qﬂm&%??é%?byét%ﬂl keelpmg‘ﬁ?élﬁﬁﬁ{%ey OU‘fdll‘ﬁ si gnal i ng

channel s, the frequent nal 1,ng é nnels may be a
afe '

mul tiple ol thepowered m'rlgql}bﬁ@ptgﬁafm?gtw tflﬁet rgppeaiveraffidss. 3 o I'n
some cel | ul ar rmieatﬁi £ a1t s gt @H’a‘nnéhﬁnhééég’sﬁeilyfﬁ'rams the 300 and the

pase station | gLt e Ll eVl VSt e i (o
exanpl e, uses dstrotaredeiviedi ﬁ‘hemfbre,mm'tmafazhemscewer 300 can
be powered off to prolong battery life when the transceiver is
10 not transceiving information. Further, portions of the
transceiver 300 can be powered off to prolong battery life when
the signal quality is good enough such that further repetition
of the same information is not needed. Intermittently
powering on and off, i.e. enabling and disabling, the
15 transceiver 300 during its receive operation is called
discontinuous receive (DRX) mode of operation. In the DRX
mode of operation, quickly enabling and disabling the portions
of the transceiver 300 produces the greatest savings in battery
life. '
20 FIG. 4 is an illustration in block diagram form of the
transmitter 305 of FIG. 3. In the embodiment illustrated in
FIG. 3, the phase modulation signal 821 provides a baseband
inphase (I) modulation signal and quadrature (Q) modulation
signal. The phase modulator 408 operates on the baseband I
25 phase modulation signal and the baseband Q phase
modulation signal to generate a modulated carrier signal 421
which acts as the phase reference signal input to the PM loop
417. The PM loop 417 consists of a mixer 401, a phase detector
403, a voltage controlled oscillator (VCO) 405, a PA 407, a
30 coupler 409, a switch 419, and a limiter 420. When the PA 407
is initially turned on, the switch 419 connects the VCO 405




'S|gr1allng met hod to synchronize the intermttent |nf6rmat|on. ' In
this type of system keeping the transceiver 300 fully 5 power ed during

the entire tinme that the transceiver 300 is tuned to the signaling
channel unnecessarily drains the transceiver's battery during those
times when the information IS not received. Therefore, portions of
the transcei ver 300 can be powered off to prolong battery |ife when
the transceiver is 10 not transceiving information. Further, portions of
t he transcei ver 300 can be powergd off to prolong battery |ife when
the signal quality is good enough such that further repetition of
the same information is not needed. Intermttentl powering on and

off, i.e. enabl butpursiguabththelimitend2® Aftardhe ntsdologml@ its
receive operati %&aﬂﬁ&ﬁq&ﬁé{l con%ltlonfq 'tﬁ%%h't&i’a!é dbﬁﬁ@FﬁéetlféWplane of

operation. Int Bera I on, g aabllng and
di sabling the peutpwnsignal to the fimiter 420 dkhe switc UEEBF% 8®8 ‘the greatest

savings in batt §f alto the rhixe® 404 that has &lstffidient patwet lleveltfoathen in bl ock

di agram f or.m of miter 305 he enbodi nent
i gst rated in contqgﬂ @0934%?%% mt‘l ‘ﬁ%ﬂg‘ﬁﬁlﬁ?&hé?ﬁ‘n@'}?ﬂl 1r'ov: des a
baseband oﬁhmnhsmdth}elypﬂld switeh 43i90mad liamidex; 420 catld be ( Q) modul ati on

moaatat i on st gnalTREARI Bl %ﬁgﬁlﬁfﬂﬁ%"“ Hfent RESAPRU dorteol, 100

si gnal
generate a rmdullactméll'bbnattamhmm he PA4071$\Mﬁ'chr!afdth§El§4lQ7ngphase

reference si gnalne'vaﬁ bife PM I oop 417. The PM | oop 417 consists
of a m xer 401 ase detector 403, a v Ita?e controll eq
osci |l at ol Qvoo) ke mixer 40} genezates an dp labpirequency &igAlo and a

limter 420. W‘Qﬂﬂl’f@nﬁé #féquency whiéh igegual to/tHe/diffstensde of tite swWi tch 419
connects the ch'equency of the frequency reference input signal 316 and the
frequency of the signal which is fed back from the limiter 420.
The phase comparator 408 generates an error signal based on
15 the difference in phase of the intermediate frequency signal
' 427 and the phase reference input signal 421. The phase
comparator output drives the a tuning port of the VCO 405
such that the limiter 420 output signal has a phase which is
approximately equal to the phase of the phase reference input
20 signal 421. Since the limiter 420, the switch 419, and the
coupler 411 have low phase distortion, the PA output has a
phase which is also approximately equal to the phase of the
phase reference input signal 421. The PM control loop 417
thereby achieves phase modulation of the PA 407 output signal.
25 Additionally, the PM control loop 417 achieves the
necessary predistortion at the VCO output signal such that the
phase distortion in the PA is automatically canceled. The
predistortion is achieved without the complexity of a dedicated
predistortion loop circuit. The predistortion is accomplished
30 by tuning the VCO 405 instead of a phase shifter as discussed
in the background of the invention. By using the VCO 405 the



9 . " output signal to the limter 420. After the AMcontrol |oop 415
attains a | ocked condition, the switch 419 connects the coupler '

output signal to the limter 420. The switching provides a signal to
the m xer 401 that has a sufficient power level for the 5 PM control

| oop 417 to attain | ock whether the PA 407 is on or of f.
Alternatively, the switch 419 and limter 420 could be elimnated if
PA output signal is sufficient for the PM control | oop 417 to attain
|l ock while the PA 407 is off, or if theijBA 407 is never turned off.
10 The m xer 401 generates an internedi ate frequency signal

427 having a frequency which is equal to the difference of the
frequency of thamoundofid pheserecorvectiomis essentaallg vmlimitednhe

[requency of ! PhatgBAe tHOptbblem BPQxE@éH‘in%ﬁ:ﬁ@faB eldffdsgiblé Hhase The

phase conparator, 403 generates_an error signal based on 15 the difference
i n- phase of theshkftsetsr@hmdpétﬂf-equency si gnal : 427 and t he phase

reference inp?t ﬁig!\f}@l %0 co'ﬂiﬁaﬂit@ﬁ%ﬁtplﬁt alsﬁ@ﬁ}?_%;%hérvg%mﬁingri ves thle a
tuni ng port of t such fhat e ligiter Wt put signa
has a phasé whi Eﬂﬁiﬂl e t%XP&PHﬁP‘é‘i ?@&ggast%ﬂweaﬁﬁﬁgﬁh ¥he phase
ref erence i nput equél to egfretuédy ofhrecfreqghenty refeeence2gignah816wi t ch 419,

and the ' . | ' hput has a
Phase whi ch is SUEOEmIREE 8 Eeq by Pt baARK refbfencdifigndl AgPLt 190
reference i nput ThiedtMl loop#171therehy echiaves fremyencyAranslation.her eby achi eves
phase modul ati on ofrychenPéyted! 1B RA4E 18iibairatdd bout thé'i 4gpnal |y, the PM

output i U sk AMEeontnel loop 115 igelidescite BALIEH, the quipthRoper
automatical |y casgsleed09] kA envelope détedtori 411 aad 4 differenes adnplifieout the
comlexivLy, of 843016 hadn orene P S dbha BBk IGLE, 110,
phase shifter aenvelopasetettor 411 via the ceuplerd§Oo Thie differeacenventi on. By
using the VCO 4Qg, 1¥er 413 generates an error signal based on the difference
15 in voltage of the envelope detector output and the amplitude
reference input signal 814 which comes from the information
source 806. Alternatively, the amplitude reference signal 314

could be derived from the amplitude of the phase modulator
| output signal 421. The difference amplifier 413 drives the PA
20 output amplitude control port such that the amplitude of the

PA output is responsive to the voltage of the amplitude |

reference input signal 314, thereby achieving amplitude

modulation of the power amplifier output signal.

FIG. 5 is an illustration in block diagram form of the

25 transmitter 305 of FIG. 8. The PM loop 517 consists of a phase

detector 503, a low pass filter 502, a voltage controlled oscillator

(VCO) 505, a PA 507, a coupler 509, a switch 519, a limiter 520,

and a fractional N divider 501. The fractional N divider 501

includes a multi-accumulator fractional N phase locked loop
30 such as that shown in U.S. Patent 5,166,642 entitled "Multiple

Accumulator Fractional N Synthesis with Series




10 . amount of PA phase correction is essentially unlimted.-
Therefore the probl em of exceeding the range of possible phase

shifts is elimnated. . The phase conparator output also drives
the VCO tuning 5 port such that the VCO output signal has a frequency
which is equal to the frequency of the frequency reference signal
316 plus or mnus the frequency of the phase reference signal 421.
The PM | oop 417 thereby achi eves frequency translation. The AM
control loop 415 is integrated about thqg PA 407. 1 0 The AMcontrol |oop
115 includes the PA 407, the output power coupl er 409, an envel ope

detector 411 and a difference anplifier . 413. A portion of the PA
out put signal i Recembinaiion)byrdietala andassignasetaithe-assignee of $he t he

coupl er 409. Th?r@éér{tei&ﬁ@ﬁﬁon. When $8H@PA 507 iélﬁit%[yi‘t@ﬁf&l an, tHd or si gnal
based on the di

baced on e FLSLA"SFo Losperts ok NGORO bubmtt Smuch o BuSEas oo P
i nformation 520. sAfer théPM céntrel toup SET attaﬁilis ?aqgkéd uaﬁdeitiaﬁxe ; gnce
moduiator 5 thegiiéh BRyihs Y68 colpll ol A MERale HIFHBNESE L os (e
PA 2 0 output 520p|Theswitchiilonglimiten520 thetebyproxide a sighaldd t he .
R i L ek it
pover anplifier tBaLeAR taptiain lock when the PA 507 is in the off condition.
Alternatively, the switch 519 and the limiter 520 could be
10 eliminated if the PA output signal level in the off condition is
sufficient for the loop to attain lock. The phase comparator
generates an error signal based on the difference in phase of
the fractional N divider output signal 527 and the reference
input signal 521. The phase comparator output drives the
15 VCO tuning port such that the limiter 520 output signal has a
phase which is approximately equal to the phase of the '
reference input signal multiplied by the fractional N division
ratio. Since the limiter 520, switch 519, and coupler 509 have
low phase distortion, the PA output has a phase which is also
20  approximately equal to the phase of the reference input signal
521 multiplied by a fractional N division ratio provided on the
phase modulation signal 321. The PM loop 517 thereby
achieves phase modulation of the VCO 505 output signal.
Furthermore the PM loop achieves the necessary predistortion
25 at the VCO output signal such that the phase distortion in the
PA is automatically cancelled. The predistortion is achieved
without the complexity of a dedicated predistortion loop circuit.
Since the predistortion is accomplished by tuning a VCO
instead of a phase shifter, the amount of PA phase correction
30 is essentially unlimited. Therefore the problem of exceeding
the range of possible phase shifts is eliminated. The phase



FIG. 5is an illustration in block diagramformof the 2 5 transmtter
.305 of FIG 3. The PM Il oop 517 consists of a phase detector 503, a

| ow pass filter 502, a voltage controlled oscillator (VCO 505, a PA
507, a coupler 509, a switch 519, a limter 520, and a fractional N
di vider 501. The fractional N divider 501 i ncl udes a .

mul ti-accumul ator fractional N phase | ocked loop 3 O such as that shown
in US Patent 5,166,642 entitled "Miltiple Accunul ator Fractional N
Synthesis with Series 12 Reconbi nation" by Hietala and
assigned to the assignee of the present invention. \When the PA 507
Is initially turned on, the swtch 519 connects the VCO 505 out put
signal to the | icomparator outpui2dso drrives thecVOKD tmﬂng)pomlﬁﬂbhtattal ns a

ot he f?r”nd'tte'r"@he‘fcos%“%%{%l@ﬂﬁ“#%&?%‘f A BRIl 2L

signal to degireditranemabter onutaut frrguensy. t hat has a suf ficient power

I evel for thFIGOGFlstaﬁl ﬁlﬁéthﬂtlbﬁqh mfeaa dli£§r fofdh dfSa N the of f
condi tion. ti veI e SWt 519 ci)rt he Iim ter 520 coul d
be 10 Qinm ﬁyteé'ﬂa lF’et Uﬁ?ﬁﬁta%?ﬁf?é}cel\? the,prefendtf condition is

suffici-ent for theentom. ‘LH?emI; the phlage ano?hihﬂﬂdilﬁ%%‘zm fﬁﬂr provides a
Pract fonal N a s B N%ﬁ&b Rpiaahl Belieeh ARGy TR 180 e,
signal 521. ThedpndedyBnHt andramanplog phasemadwdation sign&lGnipuiti ng por t
such that the | kgkhehqdéf 5047 ?I@'&nﬁitep&ﬁtﬁely, the digital integer
10 - may provide a portion of the phase modulation. This
transmitter illustrates an alternate method of applying phase
modulation to the fractional N phase locked loop. Here, an
analog modulation waveform is applied to the output of phase
detector 603. Due to the wide bandwidth possible with the
15 fractional N synthesizer, the analog signal on this port may
contain significant spectral components as compared to a
non-fractional phase locked loop. Operation of the transmitter
is identical to that shown in FIG. 5 in all other respects. AM
control loop 515 and AM control loop 615 are topologically and
20 functionally similar to the AM control loop 415 of FIG. 4.

What is claimed is:



phas.e which is approximtely equal to the phase of the ref erence
~input signal mltipiied- by~t—he__trﬁcti onal N division rati o. Since

the limter 520, coupl er 509 have | ow phase
di stortion, the P w .E Hase which is also 2 0 appr oxi mat el y
equal to the phase*o e i nput signal 521 multiplied by a

fractional N division rat i o provided on the phase nodul ati on si gnal
321. The PM | oop 517 thereby achi eves phase nodul ati on of the VCO
505 out put signal. Furthernmore theg PM | oop achi eves the necessary
predistortion 2 5 at the VCO out put signal such that the phase
distortion in the PA is automatically cancell ed. The predistortion

i s achieved wi thout the conplexity of a dedicated predistortion |oop
circuit. Since the predistortion is acconplished by tuning a VCO

I nstead of a phase shifter, the amount of PA phase correction 3 0 S
essentially unli mAefaansméttercfoetrmrprtbmgemal%ﬂbeesigngls t he range

of possible phaé@nﬁdﬂhiﬂ§ 19 dd atﬁﬁe(m %d RP%%e r%?(%ulsaaic Do

12 &5 or out t al.so drives, .
t he VCO outsput % |hﬁ;§§ W@&E&HH&PW&\ i s equal t ot he desi red
transnitter output af peseraeplifier (PA) havindh@ighal fnpiit ahdesiration in

the presont " SnBifindeontzol ifls” AR Doiver alRcr et BRI (300
provides a amplified RA outmgtemgrmbrhwmg maasedmfreqdeﬁqumdmy i nput
o the gl alipithudb! RO hadictRR) AlkoRRENG L Bhigifbudeanal | npu

10 control input; and
a PM control loop having a feedback signal input, a phase
‘reference signal input , and a frequency reference signal input
having a frequency, the PM control loop including inter alia a
voltage controlled oscillator (VCO), the VCO having a VCO
15 output signal and a control signal input, the VCO output
' signal is coupled to the signal input of the power amplifier,
and the feedback signal input coupled to the PA amplified
output signal, the PM control loop providing a phase
modulated and predistorted VCO output signal such that the
20 phase of the PA output signal is responsive to the phase
reference input signal, and the frequency of the PA output

signal is responsive to the frequency of the frequency reference
signal.



to t.he adder 504 of FIG G 5 Atternatively, the di gi'tal intéger 10 may

- provide a p_OLH—Gﬂ”O'f’ t he e nodul ation. This transmtter
iblustrates Wod of applying phase nodul ation to the
fractional W p. Here, an anal og nodul ati on waveform
is applied t € out ﬁ‘ut of phase detector 603. Due to the w de
bandwi dt h possible with the fractional N synthesizer, the anal og
signal on this port may cont ain significant spectral conponents as
conpared to a non-fractional phage | ocked | oop. Operation of the
transmtter is identical to that showm in FIG 5 in all other
respects. AM control |oop 515 and AM control |oop 615 are
topologically and 2 0O functionally simlar to the AMcontrol |oop 415 of
FIG 4. . 2W1@ttré1§s1ﬁit%ém afcéo dance w1t clalm 1 whqrem !:l%e PM

mtier tor tra t1ng signalrs € signals

13 ans
cont ai ni ng anpl F?’l‘fd‘@ iﬂ%]f‘&'ﬂ? %CQWW'ISQS@ Mgé having & fiost asd ~ (PM), the
transmtter Conﬁédoﬁxldnﬁlput and an outp%tpﬁﬂ’ﬁra f:!l‘lBEéfcbﬁf driafor RayidPad Si gnal

a2 8T et et B aad anoRbRyit e B%zaeréébékﬁi gﬁﬁe;at "
varl abl e anpl i t colzpledio ﬁmerPAtuutputmm‘E the secorid enigeBlihputie

coupled to the frequency reference signal, the mixer output

responsive to the frequency of the frequency reference signal

and coupled to the first input of the phase comparator, the

10 second input of the phase comparator coupled to the phase

reference signal, the phase comparator output responsive to a

phase of the phase reference signal and coupled to the VCO

control input signal.



1 ‘0, control input; and a PM control Ioop havi ng a feedback_

. signal input, a phase reference signal input , and a._ frequency
ref erence signal input . having a frequency, the PM cont
including inter alia a vol tage controll ed oscill w
having a VCO 1 5 output signal and a control signal in souf‘put
signal is coupled to the signal input of the power anplifler and
t he feedback signal input coupled to the PA anplified out put signal,

the PMcontrol |oop providing a phase 135 nodul at ed and predi storted VCO
out put signal such that the 2 0 phase of the PA output signal is
responsive to the phase reference input signal, and the frequency of
t he PA out put signal is responsive to the frequency of the frequency
reference ' 14
2. Atransm tte?r’ %angfgoi;o é;ﬁac.nsmlttthn%radm ffe% ?(RF%m%lﬁlsona control

| oop further co$ﬁi ¢iedschanneleth ﬁa\adh@canmm%mgand second i nput and

an output, and a p&@p&%cé%ﬁ%atgéhebmhg@hﬁan%hmdé peferanek sipm@nd i nput and
an output, the first mxer_ in -

ut |'ed 1.0 the P, si gnal ,
the secondnmi xef B garrier signal, gng, %d’qa@etlﬂg Wﬁﬂﬂgrﬁégn?ﬁftgﬁe'r%téé si gnal ,
the i xer out pufrequency cafdePsidng Havihga firsofreqapney ahidea firstjuency .

ref erence signal . and coupled to the first input of the phase
conpar at or, thepliaﬁe’ second i nput of the phase conparator coupled to the
phase a transmitter comprising:

a modulator coupled to the phase information
10 signal and generating a phase modulated (PM) carrier
signal having a second phase;

a power amplifier (PA) having a data signal input
and a PA control input and an output, the output
providing an amplified and modulated PA output signal

-15 ~ having a third frequency and a third phase, the third
frequency and the third phase responsive to the data
signal input;

an amplitude modulation (AM) controller having a
first input and a second input, the first input coupled to

20 the amplitude reference signal, the second input
coupled to the output of the PA, the AM controller
generating an amplitude control signal coupled to the
PA control input, the amplitude control signal
determining the amplitude of the PA output signal and

25 responsive to the amplitude reference signal;

a mixer having a first input and a second input, the
first input coupled to the radio frequency carrier signal,
the second input coupled to the power amplifier output
signal, the mixer providing an output signal having a

30 fourth frequency equal to the difference between the first
frequency and the third frequency and a fourth phase
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ref erence si gnal, the phase conparator output responsive to a phase

-of the phase reference signal and coupled to the VCO . -.cont+ol--i nput
si-gnal . 3. A radio for transmtting radi cy (RF)
signals on a sel ected channel, the radio corrpn I‘“‘\L‘iu{j‘mﬂm a
controller for generating an anplitude reference s e s = carrier
signal, and a phase information signal, the radio frequency carrier 5
signal having a first frequency and a first phase; a
transmtter conprising:- 16 a nodul ator having an i nput
coupled to the phase information signal and generating a
phase nodul ated (PM carrier signal having a second
phase; 10 equal to the differencp between the)firshphage and-the si gnal

i nput and a PA third phase; control input and an out put; the out put
provi di ng an anplified and nodul at ed PA out put signal
having a third a phase comparater having aofirsti inpusanda the third
frequency and the thiseGond input, the first in?uﬂaé\i?ﬁeﬂ%%%%&h\ffeﬂ&ﬂﬂﬁ dat a

si gnal - |np|.5t; 15 ional th (ﬁn arg Itp;ldg modul on (AM “controller
having a first Signal, the second, pput,coppied 4o ?Mpﬁ? €he first input
coupled to the signal, the phaserpmpardtor previdiwg asplasd detdegosecond

7ot EOuBl 40 1 oot igual reponsivd¥ i iRy bl Ao 0L £
control input, the a®geond pbase and the fourth phasepandol signal deternining

the anplitude of the PA gytqudlilator having an input, tﬁé% %]%g\s/t!%ﬁgs;v?i ?gt

t he anplitlgfje refereneﬂégg , ] C
i nput and'a’ second i _ﬁﬁatp, _ etegter output signal, the oscillatgrutpudipl ed to the
: ad![ g frequency ?:_a][ r Iceiipli!ldgﬁf\ﬂhe &!i_lﬁl ﬁgtﬁlgl‘@hput to %I%e power amplifiBfut -co_ug! ed
o the power anplifi ut_si.gnal. e, M xer . provi di ng
an output signal havﬁfﬂa%ﬁ&&ﬁ‘!ﬂ%ﬁ‘@&g&eba%‘aaﬂe%ned by the phase
detector output signal and responsive to the phase
modulated (PM) carrier signal and having a frequency
15 determined by the phase detector output signal and
responsive to the radio frequency carrier signal.
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equal to the di
phase;
second i nput, t

signal, the second input coupled to the PMcarrier

phase detector
responsive to t

he first input coupled to the m xer output 5

si gnal ,

provi ding a phase detecyqr out put si gnal

he di fference between the

fourth phase; and an oscillator having an input,

i nput coupl ed t

o 10 the phase detector output si gnal , the

t he
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power anplifier,
t he phase

nodul ated (PM
determ ned _by t
to the raddo fr

10

15

20

contalnmgjaxrg&tt@deompéuﬂa@og {&Mhaad,
ﬁawml the $haEhitdes cbAMiriding: f r equency 15

e LI

t he

second phase and the

ablobhe phase

det t |
equgwase%gme}g]for A ug a Bighal 1npu(ii: and an amphtudr esponsi ve

control input, the power amphﬁer generating an amplified PA
output signal having a variable amplitude responsive to the
amplitude control input and having a phase and a frequency;
and

a PM control loop having a phase modulated output, a
feedback signal input, a modulation reference signal input
having information content, and a frequency reference signal
input having a frequency, the PM control loop comprised of a
voltage controlled oscillator (VCO) having a VCO output signal
and a control signal, the VCO output signal coupled to the
signal input of the power amplifier, the feedback signal input
coupled to the PA output signal, the PM control loop providing
a phase modulated and predistorted VCO output signal such
that the phase of the PA output signal is responsive to the
information content of the modulation reference signal, and
the frequency of the PA output signal is respbnsive to the
frequency of the frequency reference signal.



17 . : 4. Atransmitter for transmtting signals, the signals
cont ai ni ng anpl i tude-mpdul-ati-en—(AM- and phase nodul ati on (PM, the

transmtter conpri pomer anplifier having a signal input
and an anplitude ﬂlmj HBI l“MJ“Iﬂ the power anplifier generating an
anplified PA aV|ng a variable anplitude responsive to
t he anplitude control input and having a phase and a frequency;

and 1 0 a PM control |oop having a phase nodul ated output, a

f eedback signal input, a nodul ation refiegence signal input havi ng

I nformati on content, and a frequency reference signal I nput having a
frequency, the PMcontrol | oop conprised of a vol tage control |l ed _
oscillator (VCO having a VCO output signal 1 5 and a control S|gnal, t he

VCO out put  si grli‘e @%@f ted F’xh&'ccor?ance Wlﬁ{‘@ialhf'@t}ﬁhé’lf

anplifier, the signa gﬁq SA out put
signal, the PMcenhraldpop &mgmmmges afrequ%nthé@é eDhhavEEa and

predi storted VGRgpuinah séb&ﬂf‘ Qnd an outy Ji:afanﬁ"!? phgge of the PA out put
signal is fesponsive to nf matl tq%}rg of the uI atlon

h |
ref er ence 3i gnfOMBAGtor avmg ﬁeﬁ 80 HIPUE;
responsi ve to tfiygt input of fhiefrequencydivider i:bmledruoytlreetwcnnpata gnal

signal, and the second input of the frequency divider coupled to
the modulation reference signal, the frequency divider output
coupled to the first input of the phase comparator, the second

10 input of the phase comparator coupled to the frequency
reference signal, the phase comparator output responsive to
the information content of the modulation reference signal and
coupled to the VCO control input signal.

15 6. A transmitter in accordance with claim 5 wherein the
information content of the modulation reference signal is a
digital signal.

7. A transmitter in accordance with claim 4 wherein the PM
20 control loop further comprises a frequency divider having a
first and a second input and an output, a phase comparator
having a first and second input and an output, and an analog
adder having a first and a second input and an output, the first
input of the divider coupled to the PA output signal, and the
25 second input of the divider coupled to a digital number
representing the frequency of the output, the divider output
coupled to the first input of the phase comparator, the second
input of the phase comparator coupled to the frequency
reference signal, the phase detector output coupled to the first
30 input of the analog adder, the second input of the analog adder



18 . 5. Atransmtter in accordance with claim4 wherein the PM
control loop further conprises a frequency divider _having-a---—-———first

and a second in
first and secon
frequency divid
i nput of the fr
signal, the fre

put and an output, and a phase 5
d i nput and an output, the
er coupled to the PA out put
equency divider coupled to
guency di vi der out put

CcO i a
G g e

Si ghrar, o second
t he nodul ati on reference

coupled to the first input of

t he phase conparator, the second 1 0 ilnput” of the phase conparator

coupled to the
out put responsi

frequency reference signal,

ve t

t he phase conparator
the information content of the nodul ation

ref erence si gnalcoblﬁgid to the modylatignirefeneacvsigndand the mptputofnal . 1 5

6. A transnittertherhileg addes obldd td HVEOHhEPEL.N the

content of the
7. Atransmtte

second inpy an
second i nput an

to the PA outpu

to a digital nu
di vi der out put

10

nmodul ation reference signal 1s a

di gi t al

/ r in accordance with claim4 wherein the PM 20
| oop further corfr Astrananfitierlianascosdaneewitlneldith @ wherein thier st and a

o ot 85355 SRR B B

second i nput andaing & pignal ihput andtan amplitudepraferdndehinpaityither coupl ed

tﬁ%%éﬂnﬁiputa&?xgtl&? fx?oxﬁitrl]lesﬁg d"

presen

dysi

requency o

g, dh

controller providing a control signal output coupled to the
control input of the power amplifier such that the variable
amplitude output of the power amplifier is responsive to the
- amplitude reference input.
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cdupl-ed to the first input of the ‘phase conparator, the second input
- of the phase—ecotparator—ecoupled to the frequency ref erence signal,

t.he phase det led to the first 30 i nput of the anal og
adder, the se "g"l wm anal og adder _

19 coup atlon ref erence signal and the output of

t he anal og adder coupled to the VCO as the control signal. 8. A
transmitter in accordance with claim4 wherein the 5 anplifier control
input is provided froman AMcontroller20 havi ng a signal input and an
anplitude reference input, the signal input coupled fromthe
anplified output signal, the AM ' controller providing a control

signal output coupled to the control input of the.power anplifier

such that the \gaf Aafdcﬁo%f)traﬁdmittﬁdngFosigﬁuls 61 of Selectedechanmdli fier is

r285p9n5| ve to tl]xe radio comgﬁsj tude reference input.
a processor for generating an amplitude reference signal,
5 a reference frequency signal and a baseband phase modulated

(PM) signal, the baseband PM signal having a first integer
value, the reference frequency signal having a first frequency
and a first phase;

a transmitter comprising:

10 a power amplifier having a data signal input and a control
input and an output, the output providing an amplified and
modulated output signal having a second frequency and a
second phase, the second frequency and second phase
responsive to the data signal input;

15 an amplitude modulation (AM) controller having a first

' input and a second input, the first input coupled to the
amplitude reference signal, the second input coupled to the
output of the power amplifier, the AM controller generating an
amplitude control signal coupled to the control input of the

20 power amplifier, the amplitude control signal determining the
amplitude of the power amplifier output signal and responsive
to the amplitude reference signal;

a frequency divider having a first input and a second
input, the first input coupled to the baseband PM signal, the

25 second input coupled to the power amplifier output signal, the
frequency divider providing an output signal having a third
frequency equal to a ratio of the second frequency and the
integer value and a third phase equal to a ratio of the second
phase and the integer value;

30 a phase detector having a first input and a second input,
the first input coupled to the frequency divider output signal,



9. 'Aradio for transmtting RF signals on a sel ected channel " the

.radi o conpri sing: a processor for generaLing.an anplitude“m
reference signal, 5 a reference frequency signal and

nodul at ed (PM signal, the baseband PM si gnalll"ﬂlumjw "Il':ﬂ Ifnt eger
val ue, the reference frequency signal having a first and a
first phase; . a transmtter conprising: 10 a pomer
anplifier having a data signal input and a control i nput and an

out put, the output providing an anplifi@d and nodul at ed out put

si gnal having a second frequency and a second phase, the second
frequency and second phase responsive to the data signal input; 15

an anpl i tude nodheserend inpyt evipled todherreferance frequency signalitheut and a
ool The! oo Pssbiteltdp Sl 3 &gt bignal reepdiBlid e °f Br once
anpl i fier, the %N&E’Eﬁ%: drat &eege&’@r 1¥"£Qhéﬁe and the §rsf) phases trol signal
coupl ed to the conterzpbsmnawr l@iVlthan?lﬁbut th@\/l/ﬁbuﬁiifbhpfddeto thide anplitude
output st gl aRherE ARy outout signal ik obgifif arrrab i E TRl o

? frtequenc%/ di wscEnalha\pumg;oa:hblpMen amnhﬁmdtheshd:arsdgnal havmgrmut t[].e
irst input coup i npu
coupled to the p @3 g?E%ﬁ?%zﬁm%H%}ﬁ{he hﬂﬁsgdgtect?fggﬁ{elgccy di vi der

provi di ng an outsfsﬂna aesmvfgtet *hlbﬂaeband Mrsigaalency equal to a ratio

of the second frequency and the i nteger value and a third phase
equal to a ratio of the second phase and the integer value; 3 0
a phase detector having a first input and a second i nput, the first

i nput coupled to the frequency divider output signal,



21 - the seconTJI_Tn\put_TGUpﬁed—t—o the reference frequency si gnal t he

phase detector pro " i gnal responsive to the
difference between ulﬁm'mmmyulgnd the first phase; and -an

oscillator having ar'irput, thesimput coupled to the 5 phase detect or
out put signal, the oscillator generating the data signal input to the
power anplifier, the data signal having a frequency and phase

determ ned by the phase detector output. signal and responsive to the
baseband PM si gnal . 22 22

10. Atransmitter in accordance with any claimwherein the frequency
divider is conposed of a fractional N type of frequency divider. 5

10. A transmitter in accordance with any claim whérei;i- the
frequency divider is composed of a fractional N type of
frequency divider.



