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| NVENTION 1. Field of the Invention The present invention relates to
amplifiers and signal nodulation. 2. State of the Art Battery life I&J&NZW
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power consunption is inefficient power operation. A typical RF
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bursts where the transmitter is active only during the burst tinmes and

inactive at all; @@t ®s It is therefore also desirable that control of
burst activa- tion
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Ceneral |l y speaKing, power anpli ers nto two |fferent cat ego-

ries, |linear a%’ﬁ?ﬁﬁr kdrf\}ﬁ%iess bR @lBhd fieeites (thbnlFhiss 1 vadTRtiehdyer s and
Class B push-pu anplifiers), maintain high linearity, resulting in

fai thful reprodtieid0r 16h-codtiehinitpe forsdi gilditaraly Bdieting ampRiér efficiescythenldut put
signal is linearly proportional to the input signal. In non-linear
anplifiers (e. gatigiynglaeateneler] C ass B and O ass C anpli
Furthermore, most modern digital wireless communications devices oper-
ate on a packet basis. That is, the transmitted information is sent in a series of one
or more short bursts, where the transmitter is active only during the burst times and
inactive at all other times. It is therefore also desirable that control of burst activa-
tion and deactivation be controlled in an energy-efficient manner, further contrib-
uting to extended battery life.
Power amplifiers are classified into different groups: Class A, Class B,
Class AB, etc. The different classes of power amplifiers usually signify different
biasing conditions. In designing an RF power amplifier, there is usually a trade-off
between linearity and efficiency. The different classes of amplifier operation offer
designers ways to balance these two parameters.
Generally speaking, power amplifiers are divided into two different catego-
ries, linear and non-linear. Linear amplifiers (e.g. Class A amplifiers and Class B
push-pull amplifiers), maintain high linearity, resulting in faithful reproduction of

the input signa) at their output since the output signal is linear]y proportional to the

input signal. In non-linear amplifiers (e.g. single-ended Class B and Class C ampli-



| 16 JAN 2004 fiers), the output signal is not directly proportional to
the input signal. The result ing anplitude distortion on the output sj ﬁd
makes these anplifiers nost applicable to signals wthout any anpﬂiﬁtlﬂ‘gg b
nodul ati on, which are al so known as constant-envel gpe signals. Agglifier
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the input (DC) power., A major source of power_ anplifier inefficiency is
power di ssi p@@@amhﬁqusitorgmP%ih?rqutwtelaagkmp«k s greplifiess pesti f i ci ent
since current flows contjnugusly through the, device- Conventionally,
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constant current source-- eit one that on briefly--and not a
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of power dissipation within the transistor, ‘'using the transistor nerely as

a switch. Thas atsdsr, ki wgvaioimnaripibe 166 lineah TRERLIiput #asefofin hdtsid bewi t ch
ideal |y dissipates no power, for there is either zero voltage across it or
zer o current niake singkoidtl. usSighe enk Rercuis of bibhbr Sitdf-tb fltepduChighs dnb ésvedror e
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frequency components. '
Class C amplifiers conduct during less than 50% of the cycle, in order to
further increase efficiency; i.e., if the output current conduction angle is less than
180 degrees, the amplifier is referred to as Class C. This mode of operation can
have a greater efficiency than Class A or Class B, but it typically creates more dis-
tortion than Class A or Class B amplifiers. In the case of a Class C amplifier, there
15 stil] some change in output amplitude when the input amplitude is varied. This is
because the Class C amplifier operates as a constant current source--albeit one that
1s only on briefly--and not a switch.
The remaining classes of amplifiers vigorously attack the problem of
power dissipation within the transistor, using the transistor merely as a switch. The
underlying principle of such amplifiers is that a switch ideally dissipates no power, |
for there is either zero voltage across it or zero current through it. Since the

switch’s V-1 product is therefore always zero, there is no dissipation in this device.

A Class E power amplifier uses a single transistor, in contrast with a Class D



A Cass E power anplifier uses a single transistor, in contrast with a
Class D2 1 6 JAN 2004 power anplifier, which uses two transistors In real
life, however, switches are not ideal. (Sw tches have turn on/off {gnRNIGH
on-resi stance.) The associ ated di ssipation degrades efficiency. The prior
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via a DAC (digkdenl Cla8s BRMpBGeRUY Ol 8 Rirther R1dsH6f Sl hUnbdOimplifilss Cldss a Si g-
nal GCTL drives the gate of an external AGC anplifier that controls the RF

| evel to therF poplifieAngenefateed mofe Ektd Atp@fwdEoralisusmpateditethddatki, via a
directional cou- pler, for closed-loop operation. The anplifier in Figure 1
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AB amplifier driven into satura- tion, and hence denonstrates relatively

poor ef fi ci entby.generation of odd-order harmonics (i.e., x3, x5, x7, etc.) and suppressing the
even-order harmonics (i.e., x2, x4, etc.) in the output network.

An example of a known power amplifier for use in a cellular telephone is
shown in Figure 1. GSM cellular telephones, for example, must be capable of pro-
gramming output power over a 30dBm range. In addition, the transmitter turn-on
and turn-off profiles must be accurately controlled to prevent spurious emissions.
Power is controlled directly by-the DSP (digital signal processor) of the cellular
telephone, via a DAC (digital to analog converter). In the circuit of Figure 1, a sig-
nal GCTL drives the gate of an external AGC amplifier that controls the RF level
to the power amplifier. A portion of the output is fed back, via a directional cou-
pler, for closed-loop operation. The amplifier in Figure ] is not a switch-mode
amplifier. Rather, the amplifier is at best a Class AB amplifier driven into satura-
tion, and hence demonstrates relatively poor efficiency.

Figure 2 shows an example of a known Class E power amplifier, described

in U.S. Patent 3,919,656, An RF input signal is coupled over a lead 1 to a driver

Ll



Figure 2 shows an exanple of a known Class E power anplifier, described in
U.S. Patent 3,919,656. An RF input signal is coupled over a |ead | tpggaN 2004
driver 16 JAN 2004 stage 2, the latter controlling the active device 5 via
a signal coupled over a lead 3. The active device 5 acts substantially as
a switch when appropriately driven by the driver 2. The output port of the
active device is therefore represented as a single- pole single-throw
switch 6. Connected across the switch 6 is the series conbina- tion of a DC
power supply fdtaget] thellatter nguitollingithe 2ofivealevivad vivatsignakeco@pled beerelegdt  port of
the load network 9 is connected to the load 11. As the switch 6 is

cyclical ly opbe entive deicetSastsgabstantigllyas aswitghivhenaeprganesly dovendiydkegy from t he
power supply 7. i onverted into AC ener at .t he swi tching. frequency (and
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as a true switch. Sokal further descri'bes a solution to the problem of
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drive magnitude through application of negative feedback techniques to
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exceeds three tinmes the supply voltage, precludes the use of the Cass E

circuit wth ckiarhddrizedetitetehaidori whish whigihsupgess sebstantal depamkaioomm vol t age. To
operate an RF power anplifier in switch node, it is necessary to drive the
out put transi speretfan)of thersievicy asretrigemitcl folkgl ffurther dgsatihes g solutiontotthfen back to
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the DC power supply of one or more preceding stages. The need for feedback con-

trol imposes constraints of feedback loop dynamics on a system.

The Class E amplifier arrangement of Figure 2, although it is theoretically
capable of achieving high conversion efficiency, suffers from the disadvantage
that Jarge voltage swings occur at the output of the active device, due to ringing.
This large voltage swing, which typically exceeds three times the supply voltage,
precludes the use of the Class E circuit with certain active devices which have a
Jow breakdown voltage.

To operate an RF power amplifier in switch mode, it is necessary to drive
the output transistor(s) rapidly between cutoff and full-on, and then back to cutoff,
in a repetitive manner. The means required to achieve this fast switching is depen-
dent on the type of transistor chosen to be used as the switch: for a field-effect
transistor (FET), the controlling parameter is the gate-source voltage, and for a

bipolar transistor (BJT, HBT) the controlling parameter 1s the base-emitter current.



transistor (FET), the controlling paraneter is the gate-source voltage, and
for a bipolar transistor (BJT, HBT) the controlling paraneter is tI?%JN 04
base-emtter current. 4 16 JAN 2004 However, the driving circuit in th eAF?IJ;l
anplifier of Figure 2 typically .includes a rratéhl nf%? net wor k c?n3| sting of
a tuned (resonant){OE’FY‘E ¢ ADREESHTERR ‘thSRﬁ:?@Blﬁ ery 1E“T§L?C‘HP§F% hrrangerrent
an RF i nput ,mg}@ |scouledtoadr|g\\;§r I|-f|er %,I of Class A
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the matching_network to a control terpnal of the swiitching. tran |stor,
shown in Fi glAgares3 .48 Sk‘fg ApETTAn RN 3D @é’iﬁﬁhs’&f‘a H1RSOYRIS! “hégﬂkf) "Fig- ure
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Accordi ngly, one or nore anplifiers nust be provided ahead of the final
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the determ nation of overall PAE.
amplifier design. For the chosen topology, maximum power-added efficiency
(PAE) of about 55% occurs at a power level of one-half watt or less. At higher
powers, PAE is dramatically reduced, e.g., less than 30% at 2W.
The PAE of a power amplifier is set by the amouni of DC supply power
required to realize the last 26dB of gain required to achieve the final output power.
(At this level of gain, the power input to the amplifier through the driving signal--
which is not readily susceptible to measurement--becomes negligible.) Presently,
there are no known amplifying devices capable of producing output powers of | W
or greater at radio frequencies and that also provide a power gain of at least 26dB.
Accordingly, one or more amplifiers must be provided ahead of the final stage, and
the DC power consumed by such amplifiers must be included in the determination
of overall PAE.
Conventional design practice calls for an amplifier designer to impedance-

match the driver output impedance to the input impedance of the final switching

transistor. The actual output power therefore required from the driver stage is



Conventional design practice calls for an anplifier designer to inpedance-
mat ch the driver output inpedance to the input inpedance of the final
switching transistor. The actual output power therefore required f r bAJANS00¢
.driver stage is 5 16 JAN 2004 defined by the required voltage (or current)
operating into the (usually low) effec- tive input inpedance of the
swtching elenent. A specific inpedance for the input of the sw tching
transi stor is not definable, since the concept of inpedance requires |inear

operation, a a%fsa#' bi Yee O ubBR PEperaing S MRI(Suly BR) Bifecanpl i fi er
circuit in ag%gr a c%&%g{tnﬁed?ﬁg %egr eé]oi ngépegpp%oach i(sushyown)i necFi gure 4. An

interstage " Tiveesdut Miped4HRe6f thé bigthp eRfhehNdusgédific inpbdande fo thrtinguapaci tor C
and an inductor L2 is used to match the driver stage to an assumed 50 ohm
| oad (i.e., tdfeheswitahingtrags)or ishivt defmabiv,siice Greabngepaftimpedancecat s t he
interstage between the drive and final stages as a |linear network, which
it is not. Fureqvitss lineaheperasioncandiaswish ip Ve opeiedfaxi - m zes power transfer

mat ohing) | Thus, P ERERAl 1 R ARORGEE R RGBT PERTPLE drive

voltage for a ngﬁ-gchaﬁ Sﬁf’mﬁiﬁﬂ%ﬂ- g &%Er?tﬁéé .?tn%étéont,g&s%qihgﬁga&qmmgl so devel op

i n-phase current as we rovi ance- mat power. Anot her

exanpl e of a CRRVRIM tHadior BanB eMiiduasMLY it LM t€akHHe divesd@emo o Figure 5.
This circuit uses "resonant interstage matching” in which the drive and

final stages amngnecddOphmdoadsi.agthe fisduppé)ng capacitor Ccpl. As noted,
conventional design practice fails to achieve high PAE at hi(gh out put
power (e.g., 2W dhisoaryentienabpragtisgiigs {he diersagt kebweeen dha drivg 2080 per at i on
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et e ot el BONER 1 S B ) gt o
further exem §fimpedance matching). Thus, for example, in order to develop the required drive
voltage for a FET as the switching transistor, the driver must also develop in-phase
current as well to provide the impedance-matched power.
Another example of a conventional RF power amplifier circuit is shown in
Figure 5. This circuit uses “resonant interstage matching” in which the drive and
final stages are coupled using a coupling capacitor Ccpl.
As noted, conventional design practice fails to achieve high PAE at mgh
output power (e.g., 2W, a power level commonly encountered during the operation

of a cellular telephone). A need therefore exists for an RF power amplifier that

exhibits high PAE at relatively high output powers.

Survey of Prior Patents

Control of the output power from an amplifier is consistently shown as
requiring a feedback structure, as exemplified by Sokal et al. and further exemli-
fied in the following U.S. Patents: 4,392,245; 4,992,753; 5,095,542, 5,193,223,
5,369,789; 5,410,272; 5,697,072 and 5,697,074. Other references, such as U.S.

Patent 5,276,912, teach the control of amplifier output power by changing the



fied inthe followng U S. Patents: 4,392, 245; 4,992, 753; 5,095, 542;

5,193, 223; 5,369, 789; 5,410, 272; 5,697,072 and 5, 697,074. O her

references, such as U S. Patent 5,276,912, teach the control of anpbijaNQods
out put power by changing the 6 1 6 JAN 2004 anplifier load circuit. A

rel at ed probirephifier lodeciraner ati on of nodul ated signals, e.g., anplitude
nodul ated (AM signals, quadrature anplitude nodul ated signals (QAM, etc.
A known | Q nodul Atrelstedsprobleruisehe gengision al meduwged signala et 3Rl i s

applied to a adr at ure nodul ati_on encoder, t ha roduces | d i | s.
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t he adr ature dul ator, i.s then applied to 1 ahl tt t.
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t aki n advant age of. the effect t i.St tr. : duct i
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amplified b v n r j AM
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signals such as vofce are not constant natre, and so the resulting AM

signals are coNg;idve@BOUaJusHAIN KISk dillrSislsRits VAR the iﬁedf%hﬂﬂmef,@ikiﬁ% oduci ng
accurate anplitude nodulated signals using non- linear Cass C anplifiers,

called "platad edfitieffedl 3shebeRinsich Wank@indavRhcd Pariey @dthsthagplékgscr i bed
in texts such as Ternman's Radi o Engi neers Handbook (MG awHi Il, 1943). In
the typical platendibdn haahgdivigginds sooigdyvtrelaed n@rite transistor transcon-
ductance, varying the transconductance effectively varies the amplifier gain. A
resulting signal is then amplified by a linear power amplifier and applied to an
antenna.
In AM signals, the amplitude of the signal is made substantially propor-
tional to the magnitude of an information signal, such as voice. Information signals
such as voice are nbt constant in nature, and so the resulting AM signals are con-
tinuously varying in output power.
A method for producing accurate amplitude modulated signals using non-
linear Class C amplifiers, called “plate modulation,” has been known for over 70
years as described in texts such as Terman’s Radio Engineers Handbook
(McGraw-Hill, 1943), In the typical plate-moduiation technque, output current
from the modulator amplifier is linearly added to the power supply current to the
amplifying element (vacuum tube or transistor), such that the power supply current

is increased and decreased from its average value in accordance with the amplitude

modulation. This varying current causes the apparent power supply voltage on the



fromthe nodul ator anplifier is linearly added to the power supply current
to the anplifying elenent (vacuumtube or transistor), such that t ﬁeﬁ RWM
supply current is increased and decreased fromits average val ue i
accordance-with the anplitude nodulation. This varying current causes the
appar ent powempBippg ylemsht Wmgearprintaheordante wjiliNhe 0Gistangsl(pf gandyclgheaient to
vary, in accordance with the resistance (or conductance) characteristics
of the anpli tharagenstogwhthe Byplifyinggrlerhen. direct control of output power, AM
can be effected as long as _the bandwi dth of the varying Operating voltage
is sufficient. Thalyusng thisedizecheertiohofl ewputpepier,fAl eandwstaifecied aadangss | i near
amplifiers with respect to the anplifier operat- ing voltage. To the extent
that this op#reaandyidiblof dyevarzmetpperating seliagetin suffimeniitagis, these/nomin-he

nonl i near power anplifier, the output signal will be linearly anplitude
nodul at ed. Cetfedmpltlieidpacfually atiss dpesug erstwidleTesp et ita theonnplifedr gperathe
conbination _of a multitude of constant anplitude signals, as . shown in the
fol l owi ng U. 818 yeltageehq he cxtangihal thys operagmg, volfage can besgrpggvithims wisle 546
Ampl i tude nodul ati on by, using pul se-wi dth nodul ation to vary the power
supply of thé”ﬁﬁ\ﬂége asdineer B PR n AUPHES ER) MG\ B5 g ineaxly aﬁi@fl 5.
4,896, 372, - 3, 50% 920; 3,588,744 and 3, 413,570. However, the foregoing

pat ents t eacPYREE he operating frequency of the swtch-node DC- DC

t t b Lgnifi t hi gh h th i . dul at.i
converef L b GHLLLSAN LN G0 0SB M AR
foli | ifi i dbha t t t .th . ifi
T N A N SE U
oper et 10 VOLIAG8 48\ ERE: oAk o LS ALl BN

g b A A S 0S5 S5 LB 1
to inprove efhbwhemme foReWinel &f Paehts N6 BN A 06f9299 3,588,744 and
3,413,570. However, the foregoing patents teach that the operating frequency of
the switch-mode DC-DC converter must be significantly higher than the maximum
modulation frequency.

U.S. Patent 5,126,688 to Nakanishi et al. addresses the control of linear
amplifiers using feedback control to set the actual amplifier output power, com-
bined with periodic adjustment of the power amplifier operating voltage to
improve the operating efficiency of the power amplifier. The primary drawback of
this technique is the requirement for an additional control circuit to sense the
desired output power, to decide whether (or not) the power amplifier operating
voltage should be changed to improve efficiency, and to effect any change if so
decided. This additional control] circuitry increases amplifier complexity and
draws additional power beyond that of the amplifier itself, which directly reduces
overall efficiency.

A further challenge has been to generate a high-power RF signal having

desired modulation characteristics. This object is achieved in accordance with the



decided. This additional control circuitry increases anplifier conpl exi ty
and draws additional power beyond that of the anplifier itself, whic
directly reduces overall efficiency. A further challenge has been ﬂB JAN 2004
generate a hi gh-power RF signal having desired nodul ation characteristics.
This obj ect teackinps efg®. Phtoned 580, HertoSwansdn bhesigg 26ndiANdRGGAigheefbhi ngs of
U S. Patent 4,580,111 to Swanson by using a multitude of high effi- ciency
anplifiers ptxaxzc}damghﬁer[s preddiogie flued petwetrpowedni whichreee ensbidtced seguaiequence
such that the desired total conbi ned output power is a nultiple of this
fixed indi- wachuthdt thepesifeddotabemirined qupiipewst Fenppltirieof i 19 weftinghange in
overall output power is essentially equal to the power of each of the

mul titude of vidughereplifieripemey. In dhiphdheaesthe smaflpsishynapiadyaray lﬂ‘-BP.Ht power
resolution IS required, then potenti all y a_very lar nunber i ndi vi dual
hi gh effici epgyeamssemnehixeqmgtme pevern ¢feach qhibs m@tlg&eﬂf haghef a&s&%)’ t he
overall conplexity of the anplifier. U S Patent 5,321, 799 erfo]rms pol ar
nodul ati on, Bmpliess. rléﬁtl@lb?cgf dtOBtPPhP‘PWBTrré‘é)E)‘HH%’e‘Sd%‘t‘%T@r tsaretentially @ not
useful wt h hi gh power h-efficiency_ anplifiers pat en aches
that anpl it udeargeumhs gwdm@%’@ble ffé%r‘%a&?iﬁ}ﬁeé?@aégﬁFF%m Bugh a

digital nmultiplier foll ow ng phase duI t|o si gnal generation
stages. The 1‘3? =y l%ﬁﬁé"ﬁ}sﬁbt@l"dﬁﬁn Ciog‘p 8%0 ”Hgggf”usi ng a digital -to-anal og

- . f | h
nfor mat i on’al r o0 THEReR B8 HoaRpr e VPP R e B Eh et bl o
th high-effi- |
\émeve[] e di st ?f%ﬁpe?ﬂs R R i i S U S
t [ b
eachi ngs o "ItherPg etnF]Fe%?ﬁ#Qh:{t%];n ﬁﬁﬁ%%nﬁ?on@%mﬁé H]Q)fd?%lim d yarer fikdd to De

sol ved, inclu ["OW n to achi eve hi anpl’i tude

modul ation of LiRNpIke hdg Fhl%h%ﬂ@ ¥PgdrRERioWSI Ng a
switch node ﬂ(]:](;%r%ﬁg &&ﬂi{uﬁt%m}’?fggu'l% %g ?n ghPf requencgénsvﬂét ch-]m)de

operation ( a%t:%@b FArhel@{a8 Gnd1Og 4166l @m% adJelipell LBIHgENE ¥t -foCanal g abn-
power - | evel burst control wth
verter. As stated in the State of the Art section herein, signals with information
already implemented in amplitude variations are not compatible with high-effi-
ciency, nonlinear power amplifiers due to the possibly severe distortion of the sig-
nal amplitude variations.

Despite the teachings of the foregoing references, a number of problems
remain to be solved, including the following: 1o achieve high-efficiency amplitude
modulation of an RF signal by varation of the operating voltage using a switch
mode converter without requiring high-frequency switch-mode operation (as com-
pared 10. the modulation frequency); to unify power-level and burst control with
modulation control; 1o enable high-efficiency modulation of any desired character

(amplitude and/or phase); and to enable high-power operation (e.g., for base sta-

tions) without sacrificing power efficiency.

SUMMARY OF THE INVENTION

The present invention, generally speaking, provides for high-efficiency

power control of a high-efficiency (e.g., hard-limiting or switch-mode) power



nodul ati on control; to enabl e higb- effici ency nodul ation of any desired
character (anpli tude and/ or phase), and to enabl e high-power operati gn
(e.qg., for base sta- tions) wi thout sacrificing power efficiency. su 1004

OF THE | NVI _E'\rﬁl'r@“f-gpﬁ) ﬁcﬁ%@ﬂﬁnﬁe?‘é?fgaécﬁxnevr?gag?%ﬁ% chnt:?(ﬂe?‘k' n(ﬁllzﬁ%ln WIHF s for

hi gh-efficienc power contro I'Cl ency ting or

swi t ch-mode) ﬂ?@ﬁﬁﬁr art ?ee]fl@ac]lm %QQ@%EE'THI% th@aﬁpﬁ Er:rf}ng'? nt?ck]eﬁo achi eve

a desired control nodul ati on the prio 'S not

requi red. Thagimcst C(H?ﬁqu@{ﬁ)bf ﬁbﬂenmdpﬁokcfgpﬁsrtﬁlehteﬂh M%gﬂ&%, [ijjhuous. or

frequent feedback adjustment one e read ét ween a

mexi mum f r equpRGY befwethe n%émhﬁﬂfr%gygbf@@ %&HSMB ddWle obEGGHENCY Of

a swi tch-node DC- DC convert er ow n

converter W tfeqath@cdiiawevildhigaae DQ;gEteéd?{venJﬂ% rédd?:%@'bg nrgi?c?{mg%e ydest gned

so as to control the operating voltage of the power

suf fici ent bamglie dohdértertvaitt an bdtfvellintaf ﬁ@b&%%c?hé hﬁezﬁerégxg%r AR ghedI&

nodul ati on waveform The lin- ear regulator is further e3|gne to rej ect

variations onsid soritiopthe operitdgey ege oMHd fowdr henpIidtep With«akt 384 vasdchanged
in response to an applied control signal. This rejec- tion will occur even

t hough the vandtittbdnhfolly tdpeodutieuhe dedied @ plineicaho® QBB Uvefbah ETHRTiEVEN
| ower frequency than that of the controlled output variation. Anplitude

modul ati on meyr isgulatihiefrethebyesigredad rgjecirvaeibfient dnvied puevoliagg evérewhile
operating voltage on the power anplifier while sinultaneously achieving
high effici difcgutpyf wolfege srahengédbm Tefpamise rmaryalﬁpﬂ)epi(matrol OgrdheTlampdjed- ude
modul ated out- put signal. H gh efficiency is enhanced by allow ng the
swi t ch- rode Biep s pecurcysn dhaueh the vaiigipnsamyth¢ inpubueltage avobf agemsuswh t hat
the voltage drop acrqoss the linear regulator is kept at a | ow and
relatively coHECRAYENIQYST frequspsydhan Babel thalcorpplied aitpetsenetioivh) bur sti ng
nodul ation, with

Cont ol of { YRR ERUBEoB ARy FHFCRUAT tTere by aeihe
operating voltage on the power amplifier while simultaneously achieving high
efficiency in the conversion of primary DC power to the amplitude modulated out-
put signal. High efficiency is enhanced by allowing the switch-mode DC-t0-DC
converter to also vary its output voitage such that the voltage drop across the linear
regulator is kept at a Jow and relatively constant level. Time-division multiple
access (TDMA) bursting capability may be combined with efficient amplitude
modulation, with control of these functions being combined. In addition, the varia-
tion of average output power level in accordance with commands from a commu-
nications system may also be combined within the same structure.

The high-efficiency amplitude modulation structure may be extended to
any arbitrary modulation. Medulation is performed in polar form, i.e., in a quadra-
ture-free manner.

Single high-efficiency stages may be combined together to form high-

power, high-efficiency modulation structures.
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tion of average output power |level in accordance with conmands from a
comu- nications systemmay al so be conbined within the sane structure. The
hi gh-efficiency anplitude modul ation structure may be extended to drfyJAN 2004
arbitrary nodul ati on. Mddul ation is perfonxted in polar form i.e., in a

quadra- ture-free manner .B§§E@E§S@Rg?}rgj1§i@ fhE Dg\]tAa\gmGrray be conbi ned

Y
together to form high- power, high-efficiency nodulation structures. 10 1 6

JAN 2004 BRI EF DESHR PaeCN: Ot BROVE NG D51 PE8 56 Blord MYERIAR, MY be

i
further understood fromthe follow'ng description in conj UI’IC'[IH%I’] with the

appended dr aviedgriptlod ik BShjaE@WNNEith !ﬁiqu?ﬁqd%aidﬁaxﬁng! Brthe dkAGREM Of a known
power anplifier with output power controlled by varying the power supply

voltage; Figure 2 is a sinplified block diagram of a known singl e-ended
switch node RF anplifier; Figure 3 is a schematic diagram of a portion of
a known RF anplifier-. ,Fj ] chematic diaagr f..a conventional RF
power anplifier ciP?éur?:']il‘J} ?Hé?kélraéf%r??ga gj(?%v('%]ﬁg y:1g] %%Hﬁ%&élm %ﬁp%r?&""ﬁ%r
conventional RF pdREYo g“ﬁ}ﬂ)‘l‘farﬁf‘%? PG SEPPIEVGUR&S 6 is a bl ock diagram of a
known | Q nodul atiqQn structure; Figure 7 is a block di_aqram of a power
amplifier in accor d&HE@‘WFW%ﬁedMI%W&%MOWﬁWg riegdedesvgiahs a pl ot
conpari ng sat ur at esedelRisempBfiigroner anplifier output power versus operating
voltage with the mat hematical nodel V = ~PR, Figure 9 is a waveform di agram
il lustrating oper dtigwe3of a sctemenbddignentf a Bogiome fkkricsvreRRawgiiéem di agr am
illustrating operation of another enbodi- nent;

Figure 4 is a schematic diagram of a conventional RF power amplifier cir-

cuit;

Figure 5 1s a schematic diagram of another conventional RF power ampli-
fier circuit;

Figure 6 is a block diagram of a known 1Q modulation structure;

Figure 7 is a block diagram of a power amplifier in accordance with an
exemplary embodiment;

Figure 8 1s a plot companng saturated Class AB power amplifier output
POWET versus operating voltage with the mathematical model ¥ = JPR;

Figure 9 is a waveform diagram illustrating operation of one embodiment;,

Figure 10 is a waveform diagram illustrating operation of another embodi-
ment;.

Figure 11 is a waveform diagram illustrating bursted AM operation;

Figure 12 is a waveform diagram illustrating bursted AM operation with
power level control,

Figure 13 is a block diagram of a polar modulation structure using a high-
efficiency amplifier;

Figure 14 1s a block diagram of a first high power, high efficiency, ampli-
tude modulating RF amplifier;

Figure 15 15 a waveform diagram illustrating operation of the amplifier of
Figure 14;

Figure 16 1s a block diagram of a second high power, high efficiency,

11



Figure | 1 is a waveformdiagramillustrating bursted AM operation; Figure
12 is a waveformdiagramillustrating bursted AM operation with p r

| evel control; Figure 13 is a block diagram of a polar nodul ation g’tVEJMZﬂOé
using a high- efficiency anplifier; Figure 14 is a bl ock diagramof a first
hi gh power, high efficiency, anpli- tude nodulating RF anplifier; Figure 15
Is a waveformdiagramillustrating operation of the anplifier of Figure
14; Figure 16 is a block diagram of a second high power, high efficiency,

11 16 JAN 2004 anphhplita® mewhisias RRGmplfienpl i fier; Figure 17 is a waveform
diagramillustrating operation of the anplifier of Figure 16; Figure 18 is

a bl ock di agram of FigareRF isavvh @lforiidiggranfilustritidg opératumadtiangtifievéft h one
enmbodi nent; Fi gur erihbrel1s; @ schematic diagramof a portion of an RF switch
node anpli- fier in accordance with one enbodi nent of the present

i nvention; Figure Byuied8ad Wbk Mdgidin 6ff an RFWiRh mddSathpliiet i deaadknset wor k f or
use in the RF sw LR of®ésoodmdnt.f i er of Figure 19; Figure 21 is a waveform
di agram showi ng i nput voltage and rel ated wave- forns for the RF switch
node anplifier of Fggkne idPschbrm@itideag?atn bfa Sorii@veian RN sditalgmate ahyivi ng base
and col | ector curr g&tin WeéRtandeOtitBorRlembb@meNd dfehY phehehtimvinligd; or of Figure 19;
Figure 23 is a waveform di agram show ng out put voltage for the RF switch

node anplifier of Figgierne isl&schbmglierdaglan bBa iitalble BB hetofk fagisain e a portion
of an RF switch noHE s@1# thodd dnipllifierofaggmé tance wit h anot her enbodi nent ;

Figure 21 is a waveform diagram showing input voltage and related wave-
forms for the RF switch mode amplifier of Figure 19;

Figure 22 is a waveform diagram showing base and collector current wave-
forms of the switching transistor of Figure 19;

Figure 23 is a wavefonmn diagram showing output voltage for the RF switch
mode amplifier of Figure 19;

Figure 24 is a schematic diagram of a portion of an RF switch mode ampli-
fier in accordance with another embodiment;

Figure 25 is a waveform diagram showing input voltage and related wave-
forms for the RF switch mode amplifier of Figure 24;

Figure 26 is a waveform diagram showing collector current waveforms of
the drive transistors of Figure 24,

Figure 27 is a waveform diagram showing a gate voltage waveform of the
switching transistor of Figure 24;

Figure 28 is a schematic diagram of an RF power amplifier circuit in accor-
dance with another embodiment; and

Figure 29 is a waveform diagram showing waveforms occurring at selected
nodes of the amplifier circuit of Figure 28.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to Figure 7, a block diagram is shown of a power amplifier
that overcomes many of the aforementioned disadvantages. A switch-mode {or sat-
urated) nonlinear amplifier has applied to it a voltage produced by a power control

stage. In an exemplary embodiment, the voltage V applied to the nonlinear ampli-
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Figure 25 is a waveform di agram show ng i nput voltage and rel ated wave-
forms for the RF switch node anplifier of Figure 24; Figure 26 is a
wavef or m di agr am showi ng col | ector current waveforms of the drive 16 JAN 2004
transistors of Figure 24; Figure 27 is a waveform di agram showi ng a gate

vol tage vavef aieoborddicd Sbd NG if FABRIBLO W@ nEeabiign 241 Fioure 28 is a

schemati c di agram of an RF power anplifier circuit in accor- dance with
anot her enbodi nent; and Figure 29 is apwavgpgr m di agram show ng wavef or ns
occurring at selected nodes of the anplifier circuit of Figure 28.

DETAI LED DESCRY1EH O (B dBklre i RRER VBRI VENT S fiBeher is ik raqwaic Jfi gur e

7, a block diagramis shown of a power anplifier that overcones nmany of the

af or enent i onedhéhspifianlRgRscasobbwiedh-MBEE of StuBadd-anylifHet de ROiBahderRr
anplifier has applied to it a voltage produced by a power control stage.

I'n an exenpl anyaebdedhriedtas céhigant OfHed @6 e campdlisefetrecelveea MMinbieitagdpl i 12
1 6 JAN 2004 fier is controlled substantially in accordance wth the

equation V =€z, fomhesatel, iagd tdreivees hower Jposieionnul PgHal ievaltpos a véleage
anplifier and Ris the resistance of the anplifier. In the case of a

Swi t ch- node onnsatardatoedvithniei fbregoingteheatiomsi st ance R nmay be regarded as
constant. The power control stage receives a DC input voltage, e.g., from
a battery, and recelhesfaagosfetirdc8y edntodling obtpsi ponatr dmdnlingzparbplifzervol t age
i n accordance with the foregoing equation. The efficacy of directly

control | i ng owvgua wpdswdynasfic renge b elelyamapying ther apergingrvoliagsi ig derdynstiaied r ange
by solely varyui n]% the operating voltage is denonstrated by Fi_?ure 8,

showi ng a pl ott¥ W&ra,ﬁg(’%%@r PleRpTTaEss sEBrysehetasaidl Ry s emeliBHLRVIP Y oner
versus operating voltage with the mathematical npdel V = . Referring again
to Figure 7, PNARRIETSESAPFBINE Voltagetwiihthgseadherasiedl ol lar ~FR-

Referring again to Figure 7, a power control circuit in accordance with an
exemplary embodiment. A power control circuit includes a switch-mode converter
stage and a linear regulator stage connected in series. The switch-mode converter
may be a Class D device, for example, or a switch-mode power supply (SMPS).
The switch-mode converter efficiently steps down the DC voltage to a voltage that
somewhat exceeds but that approximates the desired power-amplifier operating
voltage level. That is, the switch-mode converter performs an efficient gross
power level control. The switch-mode converter may or may not provide suffi-
ciently fine control to define ramp portions of a desired power envelope.

The linear regulator performs a filtering function on the output of the
swiich-mode converter. That is, the linear regulator controls precise power-enve-
lope modulation during a TDMA burst, for example. The linear regulator may or
may not provide leve] contro] capabilities like those of the switch-mode converter.

Note that, depending on the speed of the switch-mode converter and the
linear regulator, the power control circuit may be used to perform power control
and/or amplitude modulation. A control signal PL/BURST/MOD is input to a con-

trol block, which outputs appropnate analog or digital control signals for the
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exenpl ary enbodi ment. A power control circuit includes a swtch-node
converter stage and a |linear regul ator stage connected in series. TIgejAN 2004
swi t ch-node converter nay be a Cass D device, for exanple, or a

Steps down t RSTBETITRgE TS Suns bR EBREoniET SEikSaloisefh:
the. owi t ch niod RS LRSS S pRET Rl e I8 Fllei cont ol
cont rol 10 dof i ne Nag Rar ¢ g ool WAty Pyt Rty oSl ethert R o
Conver tor . TiAEr Brppiigr? oL ipbBHbA TheWelep oA BHE e Sfn el Vope

regul a con

dul i dur.i T far I Li
ol ot on Sk JaFRYBE 6 0 SRR Gpy A8 LRSI RGP Bory o
converter. NgLg.Lially SARAPRUISON ey SRERLl it RSN LEfielRag,conver ter
a t 0 may

and the 1line regul at or, e power coht circul e used to perform

power contr olswiRRdhSe @FREHEUSR HRAUIRE IQQL-JIaﬁrr?ﬁ@ﬁéc%!vglﬁlgﬁgﬁlmgya%g” MOD

is input to a con- trol block, which outputs appropri anal og or digital

control si gnahstchGhodd@niertdr s IANaBRIH larseditne RofRER, COMNGT f impHskis-he

|l i near regul ator. The control block may be realized as a ROM (read-only

nmenory) and/ ajvey SIO%ly( Vg 1Bk chMrdRANAIIA GOSN €6 b st nonBRfEpswadet €, fiegure 9,
a waveformdiagramis shown, illustrating operation of one enbodi nent of

t he inventi onoltipeVyawp tientegih tanshnBtovend £semMineaRfth@Y olta g Beahusicdiid s
applied to the switch-node converter and to the |inear regulator,

respecti vel y.switeb-moadeefaunesf e aumateré?, thepoksgnV | ilze havt pubnaidérabiges of the
swi tch-node converter and to the linear regulator, respectively. Assune
that the swianghnhofiepelentertreunhefdine reghiatd welepcH the glesitédmelagasiefings . e.
that it ranps rela- tively slowmy. Wen the control signal Ais set to a
first non-zertbe pekieur neapg|] Whepéhat yeltagggeregcheg, te aontal Peegl B soaisedhpnd owar d
a comensur ate vol tage, Because of the_ sw tch-node nature of the
converter, t H@WQ’tﬂdttagéﬁV 3 SefiFp o Homsmaspembrrgisy fiea the control signal B 1s

raised, the voltage V, ramps quickly up to a commensurate voltage, and when the
control signai B is Jowered, the voltage V, ramps guickly down. Following a series
of bursts (in this example), the contro) signal A is raised in order to increase the RF
power ]eve.l of subsequent bursts. The control signal B remains low during a wait
time. When the voltage V has reached the specified level, the control signal B is
then raised and Jowered to define a further series of transmission bursts.

The voltage V5 is shown in dotted lines superimposed on the voltage V.
Note that the voltage V, 15 Jess than the voltage V, by a small amount, greater than
the negative peak ripple on the voltage V. This small difference between the input
voltage of the linear regulator V and the output voltage of the linear regulator V,
makes overall high-efficiency operation possible.

Referring to Figure 10, in accordance with a different embodiment, the
switch-mode converter is assumed to have a relatively short time constant; i.e., it

ramps relatively quickly. Hence, when the control signal A is raised, the voltage
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anount of ripple. An anount of tinme required to reach the desired voltage

defines the wakeup period. Wen that voltage is reached, the contﬁgl 04
signal Bis raised and lowered to define a series of transm ssion LAAsNt@
When the control signal Bis raised, the voltage V2 rawick]y up to a

comrensur at & veimpageickhng thirammersuragoyaliage. Hegvairob gaal Fdastthe

vol tage V, ranps quickly down. Following a series of bursts (in this.
exanpl e), t heddmydee |zg$1§1|mmdithtgpg@gfcrqﬁlcgbaf@feep&heﬁéh%%@ HERF  power
| evel of subsequent bursts. The control signal B remains |ow during a wait
time. When thés fpied agdhaconiis] pigad foig reisyd %Fﬂ?f’eﬂalfee%ﬁl?"etwgmgdﬂ%rol
signal Bis then raised. and |owered to, define a further series of

t ransni ssi orPeOns short, PHEIMFIEHeEP\IME andPRYVE SEHNES EFOPITREE A Bo%i mposed

on the voltage V Nofe that the valtage V2 is |ess than t voltage V1 b
a smal | anoJhen 1ayyeE %‘rt{’? ﬁ‘a}?ﬁusfw%ﬁ]éeggquwssb%?mﬁ Bﬁf’re‘;h&’ﬁnt eec‘{}%‘io age V 1?/
he I]iw%rnrte ul ator V

Thi [l diff b t.he i t f it

" end e, odki B isuBet R BRE PhERphre R FAERF b PRl $p

hi gh-effici enc eratjon i Qhl.e. ferri to Fi i d

hTh 5 i fr ool BRbA RhRPRe Cecire A TaRE el st Aebh shdhdgge! CaNoE
| ati vel hort ti t i e it | ati vel i ckly.

Fence. when YhE CBAETBrsg b Aaitdineg of ettieeb i Vol tage 14 16 JAN 2004 v

e Y, Lo HhesSOrTRIRYEfs OkLeSe TS AR pshanaln B day hen

rai sed, and the voltage I'sra erence between when the

cont ol s1 analy 1o/l Bt OhINRAIRHER FRABIP, Pubve(6s argraely nes the

wake up tine, e ver ort, “maxim zing sleep tinme and power

savi ngs. Theg Qi iabtrating ks & AM ofraibnl AWRReslt3ignkher BoBsitsneideof the
transm ssion burst, after which the control 'signal Ais |owered. Follow ng

t he exanpl e @fnvEhedise&shBwniab aEbBdInige. 13, a Wharbeghs, theantpuokigaabofahe A i s next
rai sed, it defines a higher power level. Again, the voltage V2 is

super i nposedsvictplotie dodienesrappstup eOpidraligeas\shownThelasteddingt thectatch- may be
used to perform anplitude nodulation in addi- tion to power and bur st
control . RefswbengnteneFingurang bp teea fmaddeerl with thgrimewi regulator effecting all

of the amplitude modulation on the output signal. More preferably, from an effi-

ciency standpoint, the switch-mode converter effects amplitude modulation, pro-

ducing an output signal that, ignoring noise, is a smali fixed offset AV above the

desired output signal. The linear regulator removes the noise from the output sig-

nal of the switch-mode converter, effectively knocking down the signal by the

amount A'V. The output signal of the linear regulator is shown as a dotted Jine in

Figure 11. At the conclusion of the burst, the signals ramp down.

Full control of the output signal power Jevel (average power of the signal)
is retained. A succeeding burst, for example, might occur at a higher power Jevel,
as shown in Figure 12. As compared to Figure 11, in Figure 12, all signals scale
appropriately to realize a higher average power output.

Incorporation of amplitude modulation on a phase-modulated signal,

though it complicates the signal generation method, is often desirable since such

signals may, and often do, occupy less bandwidth than purely phase-modulated
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shown illustrating bursted AM operation. An output signal of the
switch-node converted is shown as a solid line. As a burst begins, bhﬁ i
out put signal of the sw tch-node converter ranps up. Optionally, aL s] H\pr

in dashed [i i ~. hod . fixed | |
i feenea e he ot st pde converto i Pamtlp Lo a Tk ove ™
oW §oh- mode BIURF BePe IR RE AL s I iShod e Bire N cepbed TaBdPhd N out put

i | that, i i .NOj i ||~ fixed off . AV t desired
output st gnap AR PRER L Fayrsis BesB SRR B S B don S  Hi tath s o-
the Camunt  Hev AR B 0T Hhior e H R MesRos SRu o v B S s &
d dli j i s . . R f,.the b h i |
S?’%; )Fui ?:c%ﬁ?-r@e%é"%%%g“@ﬁ BRERg RaChh ?“Lﬂi\?ﬁr“ﬁfi@@%;‘?ﬂéﬁe E?fgr%BE {a he
) 1 LS UGGERGAIS: B S0 PAGIIASIo e el
Figure 12, aj},sbanaks Iﬁﬁaelti A l}\'%g%;ﬁ‘i?%% ?Pfﬂeﬁ‘gﬁén%r LJ?onﬁ?m]lésEr%é%. 5 e%gg;hilgﬁﬁ g?g q

power output.” I ncorpor amplitu ulati’on~on a phase-no

signal,  t howghnihideGoual isﬁgﬁaﬁédwgnfai%gn%en rm%g@qmﬁvetﬁ]s ften

desirabl e sincé such " sig S may, a 0, OcCC ess bandwi dth than

purel y phasersgBidet apsderléonkdl éi@hla@ﬂ%s?bﬁa?{h%-mﬁﬁﬁﬁaé HAYe ogﬁ%%ﬁ 13, a

bl ock diagramis shown of a polar nodulation structure usin

hi gh-effici easstattiovdlfaige thadbs dpiRiel Y hedRHCHEARR Aniphiter. e mddhihde BV AT

nodul ation structure is capable of effecting any desired nodul ation. A data
signal is apmid thd non-imeamndatiplifidronahe psdtited fiotheREME UGS elBFple7, and phase

sig- nals. The phase signal is applied to a phase-nodul ati on-capabl e
carrier genedetiibed pisivookly, tvindivatdd ia Rignieng tsi goashed Bnal so applied. A
resulting signal is then anplified by a non-linear power anplifier of the
type previously débemadotitioVstnethidsalestribed thagfur tredmitshlgiod usesn,aqopdniged to a
magni tude driver- The magnitude driver also receives a power control
si gnal . | n red®pormrpdicaions, eribpwarttelgphens handsgis.obl siyaaraxsed for high-efficiency
RF signal generation exists in cellular telephone basestations. Basestations, how-
ever, operate at mmuch higher power than handsets. The following structure may be
used to achieve high-power, high-efficiency RF signal generation.
Referring to Figure 14, a first high power, high efficiency, amplitude mod-
ulating RF amplifier includes multiple switch mode power amplifier (SMPA)
blocks, each block being realized as shown in Figure 7, for example. An RF signal
to be amplified is input to all of the SMPA blocks in common. Separate contro]
signals for each of the SMPA blocks are generated by a magnitude driver in
response 10 a magnitude input signal. Qutput signals of the SMPA blocks are
summed to form a single resultant output signal.
The manner of operation of the amplifier of Figure 14 may be understood
with reference to Figure 15. On the left-hand side is shown an overall magnitude

signal that is applied to the magnitude driver. On the right-hand side are shown

SMPA drive signals output by the magnitude driver 1o be applied to the respective
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operating voltage that is applied to the non-linear anplifier. The

magni tude driver and the non-linear anplifier may be realized in tg%_ﬂmqmm
manner as Figure 7, described previously, as indicated in Figure 13 by
dashed line. The nodul ati on structures described thus far_are suitahle for
use in, armngSMBﬁﬁeNm&ﬁE?titEaﬁwa&é}hw iUzt deeg ﬁﬁﬁéﬁél%gﬂ&@t’%@ﬁ}@ag‘?lm | ar
need for high-efficiency RF signal generation exists in cellular tel ephone
basest at i ons."B2&&8¢%)at i ons, how ever, operate at much hi gher power than

handsets. The foll ow structure may pe ., used to achi eve hi gh-power,
oot T ci amcy RERE )RRl Febafia oRehighati S HARsL Feshou AP RTG! hi gh
power, high efficienc | i t.ude - ulating,.RE Lifier. includes
Ut bl o ow ¢ Kh OB RS T: SeRRPE T kel TRHEBIIE I s ng
realized as shown . n_.Figure 7, for.exanple. An RF signal ,.t0 be a ified
i nput to dePSVE AR iRt R Termeheaned 2L et FofmBPB i s or
each of the S I are generated by.a nitude driver jn _response to
2 mmgni tude i Hptt 2 REEAE R BT BGiruminds TBRERSR BivsceLF el B Rea o
forma single resul out put.,.si gnal . The ner .of .oper.at] f . L:he
aopl i i or of Hgar e Einaly BN SEM pugal BfBFL s BB el e ls. o
the | eft-han Ldayl R ; ek b BRGN e [ | -ggﬂplied to
t he nagnitudgug%iﬁéff“%n ?ﬁéégtht- And s!dégggergﬁ%agﬁhgkgiggifle signal s
output by the Wetaggﬁ Qoo Vet thOsR o PRIih&Yidul) 8H6e HERNE el déBhelbvedalf JAN
2004 SMPAs. Note that the sumof the individual drive signals yields the
overal I magnimbpdedeisgaal.. An al ternative embodi ment of a hi gh- power
anplifier is shown in Figure 1 6. In this enbodi ment, instead of generating
i ndi vidual drive sRefahsg heWw tb Fepure €8 aB6kEIY ehoWYPABIoCR didpiamdf & R¥e si gnal
is generated and applied in common to all of the SMPAs. At a given instant
in tinme, the somnodd anvpliSégnalccordam@ugigta ttothdransb@imahtuanRfahpigigone Nt h
of an overall nagnitude signal applied to the magni - tude driver, where N
i s the nunbernadfis §hPR6 .10 Thenfresulve drizing diuwitr Abedrivingfigurt & coupled to an

active device to drive the active device switch. The active device switch i1s coupled

to a load network that produces an RF output signal for application to a load, e.g,,

an anienna. Preferably, power is applied to the active device switch through a rapid

time variable power supply, realized by the series combination of a switch mode

power supply and a linear regulator, enabling the operating voltage of the active

device switch to be varied. By varying the operating voltage in 2 controlled man-

ner, power control, burst control and modulation may be achieved as described

previously.

The active device switch may be either a bipolar transistor or a FET tran-

sistor. Referring 1o Figure 19, a schematic diagram is shown of a portion of an RF

switch mode amplifier in which the active device swilch is a bipolar transistor hav-

ing collector, emitter and base terminals. The collector of the bipolar transistor N1

is connected through an RF choke L to an operating voltage Vp, and is also con-

nected to an output matching network. The emitter of the bipolar transistor N1 1s

connected to circuit { AC) ground.
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17. Once again, note that the sumof the individual drive signals yields
the overall magnitude signal. Referring nowto Figure 18, there isqgh

bl ock diagram of an RF switch node anplifier in accordance with a ]:\ﬁo'@hwgpm
enbodi nent. An RF input sig- nal is applied to a non-reactive driving
circuit. The drivi hle basecdithe bipolso uphsision i anmconaetied & thewimider of apihee t he
active device switch. The active device switch is coupled to a |oad

networ k that ppeldusassigar KE (detdsiver sengidr) inPadmgtincfashion The eollesadofe. g. |
an antenna. Preferably, power is applied to the active device switch

t hrough a raphg dovenBaRssterie és ponesied sl gperatowl yotlege Nyriven adris also

conbi nation of a switch node power supply and a |inear regulator, enabling
t he oper ati ngCafBretsg o abypass capaqtoe Asgesiated withithe Ariver tirasistor iNis aByas/ar yi ng
the operating voltage in a.controlled man-_ner, power control, burst

control and nsdYWPH: INGHGRE hBedt piteledembodiaset thsearesisiosy Fdui2yand e active
device switch_may be '}her a bipolar transistor or a FET tran- sistor.
Referring to Q}’lg[ﬁsgt%g# !a“é’é?ﬁ%‘i’rﬁfﬁemdh%la‘?’éfﬁrio§ theBiMer HRNESEOI GEMIlof an RF
swi tch node anplifier Ln mhichRéhe activg devic%ﬁsmd ch is a bipolar

transi stor ha¥fPURhPRYPETIERSOr R it earectsd fropn s bess of e s vertmnsestirtect or  of

oper o Pog ol PERRLVE oo RSB G s S
network. The enj,tter of _the. bipolar.transistor N 1 i connected to circuit
(A0 “ground. BraevsanAa gl PRESERL A SEVERE B sare! e dRSPIFReN i ¢
connected to ) . bipolar transistor N2 (the driver
transi stor) i%@%g@'ﬁ%ﬁ%%@%&%ﬁ&ﬁﬁ collector of the driver transistor

N2 | ted t | Sl ' dt
3 Sommecte3 {ORBBEIPE AR ASMAUEATEIEE it gy oqagfsted o

bypass capacitor. Assocl nsi'st or s a

netor k i ncl ughiddtarinhfinkl R a0, SRBPLITBRIC LI ee resistors, R, R2
and R3. One resistor Rl is connected fromthe em¥ter of the driver

transistor to CircWht RFGhOUNDIaAOSERANS §iRSiotdAas Bovi by aaneehad éfmp t he

base of the driver transistor to
ure 21. The input voltage is Jeve] shifted upward to produce a voltage at the base of
the dniver transistor N2, shown by waveform 2. The emitter voltage of the driver
transistor N2, shown by waveform 3, is one V. drop below and is applied to the
base of the switching transistor N1. At the beginning of the positive half-cycle, the
dniver transistor N2 is operating as an emitter follower, with output (emitter) volt-
age sufﬁcient}y below the turn-on voltage of the switching transistor N1 so that the
switching transistor N1 1s cut off. As the signal increases, the driver transistor N2
turns the switching transistor N1 on and drives it into saturation as shown in Figure
22. Current flows through the RF choke L and through the switching transistor N1,
and the output voltage decreases as the capacitor C,, is discharged as shown in
Figure 23. Near the end of the positive half-cycle, the driver transistor N2 output
voltage falls below the turn-on voltage of the switching transistor N1, allowing it
to turn off. The value of the resistor R1 is chosen such that the switching transistor

N1 quickly cuts off. Current continues to flow through the RF choke L, charging

the capacitor C,,, and causing the output voltage to increase.
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ground. The final resistor R3 is connected fromthe base of the driver
transistor N2 to VDRIVER An RF input signal is applied to the basq §OIAN 1B
driver transistor through a DC isolation capacitor G n. Referring to
Figure 20, the output network may take the_formof_ an ipped-. ange- ch| ng
transmission |ine efeawegtézFealaaéﬂﬁoﬁcheaa%cdlqrgr@mﬁsm\mpf yBPHRgOt ep i s

si nusoi dal as shown by wavefaorm 1 of Fig- ure 21, The jnput volt |s

| evel shi ftecﬁvamndn@dwnalﬁ%m&@'h&w peitys dgvice suitph i BF t@ﬁ@“&ff’%@ﬁ

transi stor shown b orm 2. emtter voltage ﬁ'&e driver

The

transi st or NZF EENSkd b %EM%?‘SQ heving ﬁ%a“bﬁ@m%én‘%lgﬁitﬁ tgay dramgin) i ed to
the base of the swi tching transisto 1. At bgnnln of .the positive
hal f-cycl e, tthe FErFansister q‘éllné?%qn&Fc‘ﬁf;thI% %]tgigh e;sf ef?érfg‘fodf)l ower ,
with output (emgtter),volt- ffici ntI the tur taeof
the. swi t ohi ngh 86 UimPad g GoPdgs & it woak%%opa%sqfﬁlﬁ%?*‘fm e cut
off. As the si. nal mcgﬁ‘f’% Q? gﬁ)lver tranS|stor turns the svmtchlng
transistor N Y 8ﬁlsacﬁ’8n FORSTPI RS BPEr ation as shovvn in Figure

Current flows thr O&l@%g% g%(l} lgé]f)l(rgnmst&ng bLQ&?HQE SRJPglfy g?tt%p(s@dat S%"Eal St or

1, and the output ecreases as thé tca rged as

shown in Fi 9\5‘2{18 ?e% std}kf?]r tafégg f?ﬁ% leg{f{gge\?vm;ﬁ%hg}l) Xﬁdqi%lfailg?{ el ’cﬂEnh@ ] gd’é ver

transi st or vol’ he“t urn-on vo

swi tchi ng t r aggﬁ'ﬂ @our Trap @b ARG tltansntst% légh&fcted l}ggﬁsﬁ’ﬁbﬂ%n‘%gérﬁ'&t

resi stor R such that the swltc |ng transistor™ N1 quickly cuts

of f. Cu”ent $ROLLVMGParkRtdrd HMIABLEAVEIN trh&id W Nake a PNIChaIAOP] . TThe
capacitor Co" t and causing the output voltage to increase. 18 16 JAN 2004

Referring to Ehigaéid of$he MPNGRRERriistiradr R ¥ohsectddavan @petingvbitoge YEcan RF
switch node anplifier in which the active device switch is a FET transistor

(MES- FET, JF&Id isRiicMbnnedted jo hbxangcapaeion, TisocnleetoandthgaReP devern inal-s. The
drain of the FET transistor M1 is connected through an RF choke L1 to an
operating vol sistaa@é i¥/efurmnddits 2 abgive osfaentedblage avig and pualsmeonweried tThe
source of the FET tran- sistor is connected to circuit (AC) ground.
a bypass capacitor. The bases of the driver transistors are connected in common.
Large-valued resistors R2 and R3 connect the common node to the respective
power supply rails.
A further NPN bipolar transistor N2 is connected in common base configu-
ration. The emitter of the further bipolar transistor is connected through a resistor
R4 to -Vg and is connected through a capacitor C3 1o the RF input signal. The col-
lector of the further bipolar transistor is connected through an inductor L2 to V¢c
and is also connected to a bypass capacitor.
Referring to Figure 25, input voltage waveforms 1-4 are shown for the cir-
cuit of Figure 24. The input voltage ] is level shifted down one Vy, (producing
voltage 2) and is then applied to the emitter of the bipolar transistor N2. A large
voltage swing 3 is produced at the collector of the bipolar transistor N2 by action
of the inductor L2. This voltage swing is level shifted downward to produce a volt-

age 4 that is applied to the bases of the driver transisiors at node N. In operaiion,

during the positive half-cycle, initially the further bipolar transistor N2 is turned
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IR ST

The gate of the FET transistor is biased fromsupply -VB through a | arge

val ue resistor Rl, and is further connected through a DC isolation

capacitor C to a pair of bipolar transistors (driver transistors) 1BJANZUU4
connected in push-pull arrangenent. The driver transistors include an NPN
transistor N1 and a PNP transistor P 1. The «collector of the NPN driver
transistor N1 is connected to an operating voltage VCC and is al so
connected to a bypass capacitor. The collector of the PNP driver tran-

sistor P 1 is ofoUnged 80wt Brcugha@ahduior L2HRé 8RCapMrI@IBupMBoand is al so
connected to a bypass capacitor. The bases of the driver transistors are

connected i n dosmofithe trhxarsgnpmalcaumhgthsNENdrasmﬂﬁr Mhth tk3 caandieamting he conmon

node to the respective power supply rails. A further NPN bi pol ar
transi stor N2 th@"é%ﬁﬁ@@toéal iWﬁmﬁgﬁFﬂub%%@ B¢ gglaﬂwaftapmm Ghis emitter of

t he further 3] i conneﬁted t hrou t} SIStOI‘_ R4 to -VB
and is connectc Hg%d%@h 5 @Qﬁ%ﬂ?ye&"\‘s“@t ?Sat?ﬁ‘ée'lf%‘ﬁ MérF&Psmgl'he co] -
lector of the, ftH'EJrﬁ'ﬁﬁgJ?% @C?&g%lﬁéx?etgg{veh%lfccg&g‘%ﬁeﬁﬂherbiggragﬂa;?“ I nduct or

L2 to VCC andt Is a ass capaci errlsﬁg to Figure

25, input vol 9@ weﬁéd%n@u&enﬂﬂ@«f@tmgme ,ﬁuuc{oPEz Q%ugthHé fur@by Figure 24.
The input voltage | is level shifted down one e (produci ng vol tage 2)

and is then apphdise NDotlie Vgirail. mrremfals‘ohlimblopodfallie BabdTheSRIOP triviis- A | ar ge
voltage swing 3 is produced at the collector of the bipolar transistor N2
by action of thﬁ’é urrdngcit o The DCTimlatiopshpasijer Ghisahaniges, loaseghg thhigbteed downwar d

to produce a volt- a is applied o the bases of the drjver
transi stors atp‘"ﬁ ﬂ}%e ?ﬁ*g@ef%ingﬁ to “’6‘&?11 EpeonipulRseyerk gperpiey inths ¢ | e

initially the tor N2 is turned 19 1 6 JAN 2004 off.
Current flows ; rou aﬁfg%&{%{e E into the capacitor C2 coupled to the

bases of the transR@feﬁfngB@M’te Flgaﬂeaerhgscﬁéiﬁmﬂéllamg;amagso%qrfa%dm &t@gd Urn on and
causing the PNP transistor Pl to turn off (Fi'gure 26). The DC I'sol ation

capaci tor O RS poglenagdiieugrduit vithttechiiosegopigyiriverairstingag beeusgdt e pot entii al
of the FET M1, causin it to turn on (Fllgure 27). During the negative
hal f-cycle, t h\é;q;;mt MR mspwnt&pmﬁas&ﬁgf acoupling capacitor C;, a capacitor C; and

an inductor L is used to set the input impedance of the circuit. A driver stage M|
and a final stage M, are shown as FETSs, although in other embodiments bipolar
transistors may be used. The drain electrode of the FET M, is coupled to a supply
voltage Vy; through a drain bias network including an RF choke Lj and a capacitor
Cs. Similarly, the drain electrode of the FET M, is coupled to a supply voltage V 4,
through a drain bias network including an RF choke L; and a capacitor C .

Respective gate bias networks are provided for the stages M; and M,. In
the case of the stage M, the gate bias network is composed of an inductor L,, a
capacitor C; and a capacitor C4 connected at a common node to a voltage V,;. In
the case of the stage M, the gate bias network is composed of an inductor L¢, a
capacitor Cg and a capacitor Cg connected at a common node to a voltage Vg2

The driver stage and the final stage are coupled by an interstage network,
shown here as a series LC combination composed of an inductor L, and a capaci-
tor Cg, values of which are chosen so as to provide a resonance with the input

capacitance of the final stage M,. The final stage M, is coupled to a conventional
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tor N2 is turned on. Current flows through the inductor L2, through the
further transistor N2 to the -VB rail. Current also flows out of thq3@§§ﬂm4
of the PNP transis- tor Pl, turning it on. The DC isolation capacitor

di sch o i h t .pat.ential, of t ET M i it tot

G e gos | SIS RGEALS, 000 BRSCRL L 3L I FEL Vb comsbagr( o o
d i bed. Ref L t o, Fi 8, .ch tic di i f
e PR T ER  RERE T IR

circuit may

capaci tor Cl, 'B2¢%R
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the drain electrode of the FET M2 is coupled to a supply voItaQe

through a drain bias network including an RF choke L7 and a capacitor

C10. Respective gate bias networks are jpappided for the stages M1 and M.

In the case of the stage M], the gate bias network is conposed of an b
i nductor L%, acli tor and g.6anaci tor conneckgdi.at al compn node
to a volta<a<%W£ﬁ¥h t he "case of Pﬁe Stade M2, the |gate E@as pefwork s
conposed off an [nductjor Le; a c¢apacjtor @8 anglya cdpaciyor C9i conpgcted| at
a common ng ! tage V. The driver qtage and the final stage are |
coupl ed by |an iaLerstiage network, sbpwn Here 3% a serie¥,;1C cpnbi Adtion
conposed of-aRr—i-hductor—4—antd—a—capact—tor—C6;—vahves—of—whteh—are_chosen
so as to prlovi d€3a resondh@k wii{h tHesinpyt cdpacitianceVgf the fi-haf stpge
M2. The final—stage M2 1S 90upi.d‘t a co vent%gnal 20 JAN 10041?9ad
network, il{lustrdted jn t Hi's exanpl e-hs a |CLC Pi networ k &bnposed of 'a
capacitor ¢ 41, -an inducter Ls and g capaditoryg 12,| val ues of | which are
det ermi ned |_in accordance with characteridtics of the final sthage M2, 1nian
exenpl ary e@nbodiggent, | conpagnent jval ueg nmay be 3% fol | ows, wherge

C, NA L 15

Cg 27 Lg 2.7

Cy 0.01

Cy 1.5

Cyy 5.6

In the example of Figure 28, the driver stage, stage M), is operated n

switch mode. Referring to Figure 29, waveforms diagrams are provided showing

the input voltage to the stage M at node A, the drain voltage of the stage M, at

node B, the drain voltage of the stage M; at node C, the drain current of the siage

M at node D, and the drain current of the stage M- at node E. Note that the peak

value of the gate voltage of the final stage, stage M, (waveform A), is considerably

greater than in conventional designs. In this arrangement, the input drive of the

swiich may be sufficiently high that the operating voltage of the driver stage may



capacitance is neasured in picofarads and inductance is neasured in
nanohenri es: Table | CapacitorpflnductornhVoltageV C, 27LI 8. 2Vdl 3. 3
C210L233Vd23. 2 C30. 01L333Vgl - 1. 53 CA27L44. 7Vg2- 1. 27 C527L5NA C627L638 JAN 2004
C/NAL715 CB27 ] 7 Cl11. 5 ¢l 256 t he exanpl e, of .Fi gure 28,
the driver st ;‘S%‘ﬁea‘s%“gg% ﬂ?ﬂr%‘bl 5‘08;?815‘%%8%%5 thsev&]nb ?éﬁpﬁ%&%‘:"%ﬁﬁ? PP¥g t o

Figure 29, wav i, agrans are provided showng the input voltage to
the stage M2 a&%ggggi{ﬁ%he drain voltage of the stage Mat node B, the

drain voltage of th I8 rent of the.stage M
gat node D, and theeéﬁlgﬁﬁgﬁg?ghfe %%q%]ﬁsérats[lfhggg‘ aztg)“Jh%S eee’gneﬂé)‘frgd Ftrﬁ? t he

peak val ue Ofoﬁtﬁ‘ﬁﬁﬁ\;&o\fgw.age of the final stage, stage M2 (waveform A),
i s considerably eater than in conventional designs. In this arrangenent,

the input drive of the switch may be sufficiently high that the operating
voltage of the driver stage may 21 1 6 JAN 2004 be reduced. This reduction

further reduces thepbfce WRPL HaPRR el Qitel Dot ¥Ghlifier ARG ts, US1 N9

circuits of the type illustrated, PE\E of ?(2)% Lasb]f)éeern maasu{F)%‘fﬁg%'lfI *an

out put power GhcR¥ing driving circuits and a multi-stage amplifier circuit, that allow for precise
generation of a desired RF waveform without the need for feedback and with high

power-added efficiency.
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Hence, there has been described power anplifier circuit arrangenents,

I ncluding driving circuits and a nulti-stage anplifier circuit, that allow
for precise generation of a desired RF waveform w thout the need fdrg JAN 2004
f eedback and with high power-added efficiency. 22 16 JAN 2004 What is
clainmed is: 1. A variable output RF power anplifier conprising: voltage
regul at @, BaRSnddas. produci ng a specified voltage within a range of

voltages i1n accordance with a control signal for performng at |east one

of level control, burst control and nodul ation; and a power anplifier

i ncl udi Ag a # YeeRbla AYPYIRIRMERAMRIISHEPMPESEG t he specified vol tage as a
supply voltage and having a drive signal causing the final anplification

stage to be %lita\gepegﬁ@&@%%lm PEIRER spdciiied Slalge Svithia ahaigd obwimpatie and a
hard-of f state, wt e anpli in a |linear ting

_ out operating t, ifi I r
regi on agcgrdapgs ‘@!Bpar“é’@‘r“éllﬂgé‘alpf@'r@éf%’f g&atd?asftqnﬁ@,?{e%ﬂé?'moﬁ bmewgﬁ%ﬁ ier is
control Led . midhey continuous or frequent feedback adjustment. 2. A
vari abl e out puf RF anplifier conprising: voltage regul ator neans for
produci ng a specified volﬂgge wi.thin a range of vol%g es,

| vo _ n accor dance
with a cont r élpowpiamalifiponclpding final agplificationtase frdngipe FReGiLe E@W@??ﬁ‘fsuBﬁP’st

control yand . oDo &l Qtive Libg YRKHASR S0 pREOdti ol B@ESo GO BRVanSeptgtedly between
swi t ch-no converter stage and a |linear regulator st

i i ; a haneriff state, i operating t gi%e'; 6}nd . ?rowerl'eSion
anpl i fi &wo stares, adindpratatd ang e hardsiff state Atithew operalie thepmtet e IOFE OPPRLE

vol t age f§S,a, SURRY perdBlab&Qinad having a drive signal causing the fina
anplificatloﬂ stage to be driven repeatedly between two states, a hard-on

state and a hard-off state, w thout operating thg anEIifLﬁ% i.n a |inear
operating reghsiein theamplifies sspueqlad Mihy ponsinpous e Beauentferdbagk afiustmept, o
anplifier is controlled w thout continuous or frequent feedback adjustnent.

3. The appar & i3iabit ofdp KR ZmplMREERIpRisihe swi t ch-node converter stage
provi des coarse |evel control and the |linear regul ator stage provides fine

ranp control. 4. The apparatus of im wher ei h [ |ifier i
halm(;- | i mit ed. voltage regulatorx)'rx)neans for producgg% spec?ﬁed voﬁag% wrllthil:n aeraﬁ)goem(ﬁvo]%rgrps in' 1€ S

accordance with a control signal for performing at least one of level control, burst control and modulation

the voltage regulator means comprising
a switch-mode converter stage and a linear regulator stage; and

a power amplifier including a final amplification stage having the specified voltage as a supply
voltage and having a drive signal causing the final amplification stage to be driven repeatedly between
two states, a hard-on state and a hard-off state, without operating the amplifier in a linear operating region

for an appreciable percentage of time;
wherein the amplifier is controlled without continuous or frequent feedback adjustment.

3. The apparatus of Claim 2, wherein the switch-mode converter stage provides coarse level control

and the linear regulator stage provides fine ramp control.
4. The apparatus of Claim 3, wherein the power amplifier is hard-limited.

5. The apparatus of Claim 4, wherein the power amplifier is a saturated amplifier selected from the

group of Class A, Class AB and Class C amplifiers.
6. The apparatus of Claim 3, wherein the power amplifier is a switch-mode amplifier.
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5. The apparatus of Claim4, wherein the power anplifier is a saturated
anplifier selected fromthe group of Cass A Cass AB and d ass C 15 JAN 2004
anplifiers. 6. The apparatus of Caim3, wherein the power anplifier is a
swi tch-node anplifier. 23 16 JAN 2004 7. The apparatus of Claim 3, wherein
the power anplifier is a Class C anplifier. 8. The apparatus of Claim 2,

wherein the sw tChﬁﬂDdeT%QB%d]%r£@50$C%ﬁl 3, VHRYe:EQBe pOWE! argflitier & a @REs Canp
control. 9. The apparatus of Claim 2, wherein the linear regul ator stage

pro vides ranpmghfier.ol and | evel control. 10. The apparatus of Caim 2,
further conprising neans for receiving said control signal and in response
thereto producing a first control signal for the sw tch-node converter

stage and a secondgcont kgl , 1%:95@5 o?@faiﬁ@dﬂe?@ﬁ&héﬁ%%&%ﬁgﬂeer coiv@lEr stdge The

apparatus of aim2, furth conprising a magnitu responsive to

a modul ation siaidds 18R coHtRAYRE RnA chatr@t control signal for the
swi t ch- nbde converter stage and a second control signal for the |inear

regul ator stage. 12. The apparatus of Claim 2, further conprising nmeans

responsive to a phase qﬁg@taéﬁ;!raéxg %@@laiho%, v%f%girn%é: ekt rggg%t'gf Etgg% a

havi ng a phase nodul ati on aracteris e carrier’s g applied

to the RF p-v e %ml!) L&t and RvelQhtpPar atus of Caim 12, wherein the
nodul ation si gnaF s a mag- nitude control signal, and the RF signal is

anplitude nodul ated. 14. The apparatus of Caim 13, further conprising a

nodul ati on encoder, ,responsi ve f at i gnal for.generat i t he.

magni t ude contr ol s} P'gnaﬁ’izlgr:i‘ap"lrf1 tﬁ]g OSF?Q%’E’a%?HﬁE%ﬁ cog?%sg?g mf?lnslf%gr?fﬁ\ll%04
said control signal and in response thereto producing a first control signal for the
switch-mode converter stage and a second control signal for the linear regulator

stage.

11.  The apparatus of Claim 2, further comprising a magnitude driver
responsive to a modulation signal for producing a first control signal for the
switch-mode converter stage and a second control signal for the linear regulator

stage.

12. The apparatus of Claim 2, further comprising means responsive 10 a
phase conirol signal for generating a carrier signal having a phase modulation

characteristic, the carrier signal being applied to the RF powar amplifier.

13.  The apparatus of Claim 12, wherein the modulation signal is a mag-

nitude contro] signal, and the RF signal is amplitude modulated.

14.  The apparatus of Claimn 13, further comprising a modulation
encoder responsive to a data signal for generating the magnitude control signal and

the phase control signal.
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15. The apparatus of Caim 14, wherein the nodul ati on encoder oper- ates in
a pol ar coordinate system 16. The apparatus of Caim2, further
conprising: a plurality of amplifier nodul es, each anplifier nodul € §dawitis
ing: a switch node converter having a power input, a power out- put and a
control input; a regulator having a power input, a power output and a con-

trol input, the poser TRPEpRitul BECIBAUl4ALPEr B HRIEANR Rerdc8ddrper-pOVET
out put of the switch-nbode converter; a magnitude driver responsive to a

nodul ati on sgtggﬁlal_f,](ggr coRF@fateispged. first control signal coupled to the
control input of the swtch node converter and a second control signal

coupled to the <control input of the regulator; and an RF power anplifier

having a non-lineg op%?%%%gﬁh%gpgﬁgn%mrm%g%ﬁ% of the regul ator

supplying a operating vo power i er; an RF signal

appl i ed in commn to aﬁlrp]dri]’%étkﬁ?ad gliﬁ@i"ﬁ{oldﬁi’éEJ ¢dch ﬂiﬁ@f‘ﬁi)oﬂul%%mlptrig-de driver

responsive to an overal signal for genérating one or nore
magni tude drive sj@gnals, a nmagnitude drive signal being applied to each of
the RF power anmplifiers. 17. The apparatus of Caim 16, wherein a separate

respective magni - tude drive seigRalcBeabBvaeneaaith J@ber SaaR, LHowdtduRF powver
anplifiers. 18. The apparatus of C aim 16, wherein 'a single nmagnitude drive

signal is applied in ORI dontadl Inpat; the RF power anplifiers. 25 16 JAN
2004 19. A nethod of controlling a power anplifier, conprising:

a regulator having a power input, a power output and a con-
trol input, the power input of the regulator being coupled to the
power output of the switch-mode converter;

a magnitude driver responsive to a modulation signal for
producing a first control signal coupled to the control input of the
switch mode converter and a second control signal coupled to the
control input of the regulator; and

an RF power amplifier having a non-linear operational
mode, a power output of the regulator supplying a operating voltage
of the RF power amplifier;
an RF signal applied in common 10 all of the RF power amplifiers;

and
a magnitude driver responsive to an overall magnitude signal for
generating one or more magnitude drive signals, a magnitude drive signal

being applied to each of the RF power amplifiers.

17.  The apparatus of Claim 16, wherein a separate respective magni-

tude drive signals are generated for each of the RF power amplifiers.

18.  The apparatus of Claim 16, wherein a single magnitude dnve signal

is applied in common to all of the RF power amplifiers.



generating a specified voltage in accordance with a control signal for
performng at |east one of level control, burst control, and nndulatbgn' 00
applying the specified voltage to a power anplifier as a supply volt* é@g 4
of a final anplification stage of the power anplifier; and repeatedly
driving the final anplification stage between two states, a hard-on state
and a hard-off stal®, wAtrhetibd opedsratoliivg 4 pewanahpiifi@] canprising: n- ear

operating region for an appreci abl e percentage of tine; wherein the
amplifier is controll edgsverhigta specified wolisgein dceargaed with & ecrasd kignal
adjustnent. 20. The nethod of Caim19, further conprising applying an RF
i nput signal to tfoepBfoanipiat least, onstodil@ieh codtes ] RFurkingoutrok e adodiktigitas e
nodul ated. 21. The nethod of C aim 20, further conprising; encoding data in
pol ar coordi nates to preaphiglngahaspgnifteddeltsggwa povaandnplifllasse sipglyato]t- and
generating the RF input signal in accordance with the phase signal;
wher ei n sai d nodul agd ofre Bhajpaiplifisatder stygdefftheo powar ainplifgerj andde sig nal . 26
repeatedly driving the final amplification stage between two states,
a hard-on state and a hard-off state, without operating the amplifier in a lin-
ear operating region for an appreciable percentage of time;
wherein the amplifier is controlled without continuous or frequent

feedback adjustment.

20.  The method of Claim 19, further comprising applying an RF input

signal to the RF amplifier, wherein the RF input signal is phase modulated.

21.  The method of Claim 20, further comprising,
encoding data in polar coordinates to produce a magnitude signal
and a phase signal; and
generating the RF input signal in accordance with the phase signal,
wherein said modulation signal is derived from said magnitude sig-

nal.
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