2 7 JAN 2004 | DRIVING CIRCU TS FOR SWTCH MODE RF POANER AMPLI FI ERS
BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention
relates to driving circuits for switch node radio fre quency (RF) pﬁﬁr 2004
anplifiers. 2. State of the Art Battery life is a significant conce TAH

wi rel ess communi cati ons devices such as cellul ar tel ephones, pagers,

wi rel ess nodens, etc. Radio-frequency trans- m ssion, especially, consunes
consi derabl e power- A contributing factor to such power consunption is
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a |l owcost technique for significantly boosting_anpl i];i er efficiency would
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comuni cati ons devices oper- ate on a packet basis. That is, the
transnitted l.ifieldweltthednyentigant in a series of one or nore short bursts,
where the transm Thepresdht Bobiticn rehatas tddriving ditveitbforstvitchmeedeanadio framact i ve
at all other tinmes. It is therefore also desirable that control of burst
activa- ti omupdy dRBcioweatinplifite. controlled in an energy-efficient manner,
further contrib- uti ng to extended battery life. Power anplifiers are
classified iﬂté’ta@é&fﬁ%%ﬂ-} groups: Cass A, Cass B, Cdass AB, etc. The
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amplifier for wireless communications operates with only about 10% efficiency.

Clearly, a low-cost technique for significantly boosting amplifier efficiency would
satisfy an acute need.

Furthermore, most modern digital wireless communications devices oper-
ate on a packet basis. That is, the transmitied 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 or load conditions. In designing an RF power amplifier, there is usually a
trade-off between linearity and efficiency. The different classes of amplifier opera-
tion 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 signal at their output since the output signal is linearly proportional to the



the input signal at their output since the output signal is linearly
proportional to the z 7 JAN 2004 2 input signal. In non-linear anplifiers
(e.g. single-ended Class B. and Class C anpli- fiers), the output sZgndN 2}
not directly proportional to the input signal. The result- ing anplitude
distortion on the output signal makesthese anplifiers nost applicable to
signals without any anplitude nodulation, which are al so known as )

const ant - envel8pesiZRal gidioa-hngsp pmphBersdeg ptivslefenped Gliey Biapdddesshetmpls t he
rati o between_the RF output _power and the input (DC) power._ A major source
of power anpl fifshihg Pyl ggnal ey not dresygrorgracsiapin B mmt sig@at danigsalior . A
Class A anplifier is inefficient since current, f|lows cantinuously through
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efficiency is inproved by trading-off ljnearity for ipcreased effi- ciency.
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a switch. The renmaining classes of anplifiers vigorously attack the problem

of powver di siepathRRighbl Bicht bifRIHNAMSIfDY e cydfd MedsMBe bpadidisSHa0fis pRI-el y as
a switch. The wunderlying principle of such anplifiers is that a swtch
i deal |y di ssi pidkébynaepmaeransistor (push-pull). As a result, the waveform will be less lin-
ear. The output waveform may stil] be made sinusoidal using a tank circuit or other
filter to filter out higher and lower 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 1s referred to as Class C. This mode of operation can
have a greater efficiency than Ciass A or Class B, but it typically creates more dis-
tortion than Class A or Class B amplifiers. In the case of 2 Class C amplifier, there
15 still some change in output amplitude when the input amplitude is varied. This is
because the Class C amplifier operates as a controlled current source--albeit one
that is only on briefly--and not as a switch.
The remaining classes of amplifiers vi gorously attack the problem of
power dissipation within the transistor, using the transisior 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 (ideally) no dissipation in



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 (ideally)
no dissipation in 2 7 JAN 2004 3 this device. A Cass E power anplZ§iJaN 2004
uses a single transistor, in contrast with a C ass D power anplifier,

whi ch uses two transistors In real |ife, however, switches are not ideal
(Swi tches have turn on/off tine and3on-resistance.) The associ at ed

di ssi pati on ﬁx‘?ﬂ@@\qgé lAFtidsg EeRAYer aklpBifief hedk a siidle amsisihie iredantrestsotaght  f or

ways to nodity so-called "swtch-node" anplifiers (in which the transistor

is driven tOc@;ﬁgI&Eo»@exsé%ﬁl‘?ﬁbr,aﬁuh{ch%séﬁlWoathirﬂBtcfrEequency to mni- mze the
power di ssi pate Ile the transistor is conducting current) so that the

swi tch vol tage is 12860 1i@hoveRer) swRElRs iafd sotiddal ofSwhiches lalvottrn pheffi nst ant  of
switching, thereby decreasing power dissipation. The Cass E anplifier

uses a react ipe i fiesisHRIcWO The hksatiapidaiisiesionniegpidedefriessy. The pneedom t o
shape the switch voltage to "have both zero value and zero slope at switch

turn-on, thugnneducdserewuiifond ayt Rasedify [-edkdFsaitph-ifode’ snplferst | | a
further class of switch-node anplifiers. Class F anplifiers generate a
nore square QHienlthewamelsasriz aSvanwopar stk tvatdhiv this operating ranency. 10 Thlg
“squaring-up" of the output waveformis achieved by encouraging .the

gener ati on ofp;gethepatesr dissipud whild the dransiz®y i@ndudtingesusrent) spdhasepr essi ng
the even-order harnonics (i.e., x2, x4, etc.) in the output network.
Figure | showwiwh vekaggiseemffona kowwerodnignal of typgaboui b ipsiprof sSHd™E bed i n
U S. Patent 3,919, 656, incorporated herein_ by refeli, nce. An RE input signal
is coupl ed oheebpdbaeabing pover dissiraipn sthedelsss Eepw ‘ﬁé‘& YT af:e(?ﬁ't‘Yeo‘?"\%?%g t he

active device 5 via a signal coupled ov | ead ,3. The active device 5

act's subst antrieavpsk thet prosigics émpughkﬂéﬂreﬁﬁﬁféﬁ%oﬂgi}‘aﬂ? ﬁ\?é?ﬁﬁ@/"?ﬁ “dfiver 2.
The output port of the active devi (fe Is therefore reﬁr u%%nts%i[ higﬁ a
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frequency,
sinewave. This “squaring-up” of the output waveform is achieved by encouraging

the generation of odd-order harmenies (i.e., X3, x5, x7, etc.) and suppressing the
even-order hapmonics (i.e., x2, x4, etc.) in the output network.

Figure 1 shows an example of a known Class E power amplifier, described
in U.S. Patent 3,519,656, incorporated herein by reference. An RF input s1 gnal is
coupled over a lead 1 10 a driver 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 2 single-pole single-throw switch 6. Connected across the
switch 6 is the serits combination of a DC power supply 7 and the input port of a
Joad network 9. The output port of the load network 9 is connected to the Joad 11.
As the switch 6 is cyclically operated at the desired AC output frequency, DC
energy from the power supply 7 is converted into AC energy at the switching fre-
quency (and harmonics thereof).

The arrangement of Figure 1, although it is capable of achieving high con-



energy fromthe power supply 7 is converted into AC energy at the sw tching
fre- quency (and harnonics thereof). The arrangenent of Figure 1, although
it is capable of achieving high con 2 7 JAN 2004 4 version efficied@yJAN 2004
suffers fromthe di sadvantage that |arge voltage swi ngs occur at the
output of the active device, due to ripging. This large voltage sw ng,
which typ- ically exceeds three tinmes the supply voltage, precludes the use
of the C ass ®erion effigiancy suffersdramihe dassdivardaghapitdergewhltage Sveiogs ecchoey
breakdown voltage. Furthernore, the driving circuit in the RF anmplifier

typi cal | y i nclthelestpat ofrthe sttiveglensewiieko ciogivesT hindprad veltaga sethg, mwdsdnant )
circuit. Referring to Figure 2, in such an arrangenent, an RF in%Hp si gnal
i s coupl ed toieallyrexgeed eitimesrthe supplycedliage, wecloiesdhe pseopfehaClasa E oinr

out put signal of the driver anplifier is coupled through the matching
network to a GOHIYIEH cerddippeiaye asvicehwhihibernp Aoy breakdewe yeltagthown in  Figure
2 as an FET. As with design of the |load network of Figure 1, proper design
of the matchi ng nethigtiermare, die diviea@icuidr the RE suphBirvtyecaliHmaip@asRT ON The
present invention, generally speaking, provides an RF amplifier circuit
architecture tAAFNIBEASMEkSPpHstHrErqf e%érwéﬁretsws@ ArcHiteRelgming ted 186 Reitng
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DRAW NG The Prﬁﬁﬁ@ﬁ’ai‘&\f"f%#t%{‘ﬂﬁ?’ﬁp& ;alggm}g%r_under stood fromthe foll ow ng

description in conjuncti e app drawi ng. In the draw ng:
SUMMARY OF THE INVENTION

The present invention, generally speaking, provides an RF amplifier circuit
architecture that enables high efficiency to be achieved while avoiding comph-
cated matching networks and Joad networks. The active device may be of the bipo-
lar transistor type or the FET (field effect transistor) type. A simple dnving circuit
is provided for each type of active device. In accordance with one embodiment of
the invention, a single-ended switch mode RF amplifier includes an RF input sig-
nal; an active device having a control tenminal; and a non-resonant driving circutt
for receiving the RF input signal and controlling a signal applied to the control ter-

minal so as to operate the active device in switch mode.

BRIEF DESCRIPTION OF THE DRAWING
The present invention may be further understood from the following

description in conjunction with the appended drawing. In the drawing:

Figure 1 1s a simplified block diagram of 2 known single-ended switch
mode RF amplifier;

Figure 2 1s a schematic diagram of a portion of a known RF amplifier;



Figure 1 is a sinplified block diagram of a known single-ended switch node
RF anplifier; Figure 2 is a schematic diagramof a portion of a known RF
amplifier; 2 7 JAN 2004 5 Figure 3 is a block diagramof an RF swi 2 A0
anplifier in accordance wth the present invention; Figure 4 is a
schematic diagramof a portion of an BF switch node anpli- fier in

p

accordance with one enbodi nent of the present invention; Figure 5is a

schemati ¢ di agr am &fguae 3us 4 hloick diagaain néavBF kswish mgle amplifieinRECoT§gicech node

anplifier of Figur Qujﬂq;‘thg.?wéélﬁ ifvdnsion; wavef or m di agr am showi ng i nput vol tage

and rel ated wave- forns for the RF switch node anplifier of Figure 4;

fFi gure f7 iﬁ a Wf'ivefFS)gdfbdii@ﬂ%@i&rﬁaﬁi@‘ﬁﬁd@&grﬁ@ﬁ@p@ﬂ%n@ﬂahmmitdhumc‘ferﬁrr;plhve-

orms of the switch ; ' ; vef orm
I%lepgw %/%?{B%haggé ?JE}P %%%gfngg&ﬁﬂ et of; {hd Pr&eft ihvenfiod@

di agram showi ng outpu swtc mode anplifier of Figure

4: Figure 9 is a sghe I ' f I: | li-
fi erI ?ﬁ accolr danceti:l\;l:%ufr %giggﬁgﬁ%gggﬁggﬁ%ﬁﬂ%Jflﬁ?ﬁgg%d?%ggﬁ%ﬁw&&g%Eﬁgg@: Eirrgulr e
] 0 is a waveform &VEGH BRIERTRIST PRSI bl t age and rel ated wave- forms for

the RF switch node _anplifier of Figure 9; Figure 1\] I s a wavef.or m di agram
showi ng col | ect or FuB¥EEHS aaNpYEimmeizgramsHRWH PRV VOLALS Béld\g%?‘egfwﬁi’r"gure 9;
and Figure 12 is a foanefootim RF awitehmodeampl fiar ¢fatiguigd: t age wavef orm of the
switching transistor of Figure 9. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS  Ref er rHigure Tasva v vEfogmrdiaggamtshewing ase hodveoector ewrkerdwageam of
an RF switch node gpphd §f B sivitckhiag oaddnceolFighread;pr ef erred enbodi nent of
the present inven- tion: An RF input signal is applied to a non-reactive

driving circuit: ThgggleigikRGvaveform diagram showing output voltage for the RF switch
mode amplifier of Figure 4,

Figure 9 is a schematic diagram of a portion of an RF switch mode ampli-
fier in accordance with another embodiment of the present invention;

Figure 10 is a waveform diagram showing input voltage and related wave-
forms for the RF switch mode amplifier of Figure 9;

Figure 1] is a waveform diagram showiny collector current waveforms of
the drive transistors of Figure 9; and

Figure 12 is a waveform diagram showing a gate voltage waveform of the
switching transistor of Figure 9.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to Figure 3, there is shown a block diagram of an RF switch
mode amplifier in accordance with a preferred embodiment of the present inven-
tfon: An'RF input signal is applied 16 a non-reactive driving circuit. The driving
circuit is coupled to an active device to drive the active device switch. The active
device switch is coupled to a load network that produces an RF output signal for
application to a Joad, e.g., an antenna. 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 a controlled manner, power conirol, burst control and modulation may



circuit is coupled to an active device to drive the active device sw tch.
The active device switch is coupled to a |oad network that produces an RF
output signal for application to a load, e.g., an antenna. Preferdo} yAN 2004
power is applied to the active device switch through a rapid tine variable
power supply, realized by the series, conbination of a switch node power
supply and a |linear regulator, enabling the operating voltage of the
active devi cke ggliieved asodeperibedriredousBy varying the operating voltage in a
controll ed manner, power control, burst control and nodul ation my 2 7 JAN
2004 6 be achi evedieastinedeiseowdichmeay ruesiher abipolaiciansstaeypdE W ch may
be either a hi POl ar transistor or a FET tran- sistor. Referring to _Figure
4, a schemat P&tod; Befeamng 1© Fagad o schemase diagrarans v wrrof apertien oy 8F
anplifier in which the active device switch is a bipolar transjstor hav-

i ng col | ect ofWitghmadsampugennskhich tieiaghyedevipeswiseh is atbapoleftransstasingwl ar
transistor NI is connected through an RE choke L to an operating voltage
VPA and is al BRloTERttsEdP R Ml The colbsator of the Bipptar angstor Né

bi polar transistor N.I is conpecied to circuit (AC ound., The base of
the bipol ar 15SREFEEGURPEh & RE Thoka et woonsreh ey alides Yota S RSP <o pol ar
transistor N2 (the driver transistor).in rli.ngton fashign. The coll ector
of "t he. dri varCES Tndh SYGR AGTPE T bitiaT s RO BRBRA TGN D 4 TAPETER er )
and is al so conne{:{j&g1 t o a, bypass capacitor. Associated with the driver
transi stor N PECUUHTSLEOWE work i ncluding, in the illustrated enbodiment.

three reststors. e dRe 8l Bhow Mialsp\II00oRds ERUSRIRALLOMENe

emtter of the driver ansrstor to circuit roun resi

connect ed Rg r ;ngot) g}qrg}gg?oéﬂz (t[]bé:"drﬂéeﬁ- YehsifthANs |[§atr8]5 %IBQ fasg{ QUAtle céﬁﬁ&&g cﬁ’?lo

resi stor connecte romt base of 't he ver transistor

VDPIVER. AN Hfe diRettirabRANDIiS caiftbiel % b obdigifiasg) %fgr\ﬁegﬂgvggw@rs di§Rnsi st or

t
through a DC isol ation capacitor C. Referring to Fi the out put
network may taktectditof D6yPadf caphiciionDefociafde SoitMiHeirer (rhAissl N3iiPRAblakne TL

and a capacitor (err].
network including, in the illustrated embodiment, three resistors, R1, R2 and R3.
One resistor R] is connected from the emitter of the driver transistor to circuit
ground. Another resistor R2 is connected from the base of the driver transistor to
ground. The final resistor R3 is connected from the base of the driver transistor N2
to Vpriver. An RF input signal is applied to the base of the driver transistor
through a DC isolation capacitor C;,,.
Referring to Figure 5, the output network may take the form of an imped-
ance-matching transmission line TL and a capacitor C,,.
The RF input voltage signal is sinusoidal as shown by waveform ] of Fig-
ure 6. The input voltage is leve] shifted upward to produce a voltage at the base of
the driver transistor N2, shown by waveform 2. The emitter voitage 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
driver transistor N2 is operating as an emitter follower, with output (emitter) volt-

age sufficiently below the tum-on voltage of the switching transistor N1 so that the

switching transistor N1 1s cut off. As the signal increases, the driver transistor N2



The RF input voltage signal is sinusoidal as shown by waveform | of Fig-

ure 6. The input voltage is |level shifted upward to produce a vol tage at

the base of the driver transistor N2, shown by waveform 2. The em t22UAN 2004
voltage of the driver transistor N2, shown by waveform 3, is one V[err]
drop below and is applied to the bage of the switching transistor N 1. At
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vol t age decreaSes ‘as e capaci I’scharged as s Fi gure

2. Near the aaglpd oli0BeRASHE LR HAHsEYH e shIEL Il ANSLAL g out put

voltage falls befow the turn-on voltage o tching ansistor N 1,

allowing it tBQuﬁu‘é"fff‘THfsfvaluaafth\é%s'é'f?r%l Fsh:%ogﬁsgu% Qhat e 4w siuh that

the switching transistor qui y cuts o rrent continhues to flow

through the R gliekg duts SharGlepdcodiRBeCRORRRS ﬁﬁBu%ﬂ Ble'HF 8ftkeqaURARthet NE

out put voltage to increase. Referring to Figure a schematic dilagramis

shown of a pahé cgRcRér @Q,Bﬁqaﬁ%gﬂ{kd@ﬁﬁv@ﬁ@éé {0 iBErelafe. Whi ch the active
device switch is a FET transistor (MES- FET, JFET, PHEMI, etc.) having

drain, source and Rtgingad Figiat S, a schemdf adiageim ist dhewnbolf algortien 6faTRM i s
connected through an RF choke L1 to an operating volt- age V[err] and is
al so connect edvitoh nagdecamtifier iretvitieh khe adiee device ewitth isveFEETrahsigor (MESt or i s
connected to circuit (AC) ground. The gate of the FET transistor is biased
from supply -NEGWREGUBHEMT,atgrhaving dreint smiret and gaté teramohls. STHeudrainerd
connected through a DC isolation capacitor C| to a pair of bipolar
transi stors (thefESrransiaiesiMt sreonnestasibrgl apR pelatkedul 10 arongrysgeilt:  The
driver transistors include an NPN transistor NI and a PNP transistor P 1.
The col | ect c&eofra 1l INPINC gpIRestedity ap epwrbpetRoIk | hecwuFecd dle BT 4an-

operating vol tage VCC .
P g SlSth 1s connected to circuit (AC) ground.

The gate of the FET transistor is biased from supply -Vg through a large
value resistor R1, and 1s further connected through a DC isolation capacitor Cl to a
pair of bipolar transistors (driver transistors) connected in push-pull arrangement.
The driver transistors include an NPN transistor N1 and a PNP transistor P). The
collector of the NPN driver transistor N1 is connected 10 an operating voltage Ve
and 1s also connected to a bypass capacitor. The collector of the PNP driver tran-
sistor P1 is connected to a negative reference voltage -Vg and is also connected to
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 to the RF input signal. The col-

lector of the further bipolar iransistor is connected through an inductor L2 to Ve



and is also connected to a bypass capacitor. The collector of the PNP
driver tran- sistor Pl is connected to a negative reference voltage -VB and
is also connected to a bypass capacitor. The bases of the driver 27 JAN 2004
transi stors are connected in comon. Large-valued resistors R2 and R3
connect the common node to the respecfive power supply rails. A further
NPN bi pol ar transistor N2 is connected in common base configu- ration. The
emtter of thedisiplshepnisciastara bpass¢appeitori s connected through a resistor
R4 to -VB and is connected through a capacitor C3 to the RF input signal.
The col - |ector ofRefsminaiotfigerebiOptipat velizgesyatedomiss) -¢ ermeberador Besligh an
inductor L2 to VCC 2 7 JAN 2004 8 and is also connected to a bypass
capacitor. Reh#rofiFigured§. Ehginpat vdtagedpsievwebsn Beddown enoV psant-igapplied &hown
for the cir- cuit of Figure 9. The input voltage | is level shifted down
one V[err] anhbe ewitigrsifitaibipelar traasisier N2eA lorervadtage pwings3 is praduced gibae. A
| arge voltage swing 3 is produced at the «collector of the bipolar

transi stor Nzobgctasef the ipolehansiiercia by 2stionrpf thevpgucinyd-2. JRisH§lReEe | evel
shifted downward to produce a voltage 4 that is applied to_.the pases of
the driver tr¥fag&lsvel %tﬂw&@"warﬂgo BpReiust Paﬁﬁasﬁrf thatpsiageli @itg?g%ses
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P 1, turning it~ on. e I so n capaci tor , | Oowering
the gate pot eRtdid tHaf gatd\otEfiTal M the FRIHSM 1, icAGsihE it nirH A (Pi;)gfuae Thepasaput
e

network operates in the sanme manner as previously descri :
the negative half-cycle, the further bipolar transistor N2 is turned on. Current
flows through the inductor L2, through the further transistor N2 to the -Vg rail.
Cﬁnent also flows out of the base of the PNP transistor P1, turning it on. The DC
isolation capacitor C1 discharges, lowering the gate potential of the FET M1, caus-

ing it to tum off. The output network operates in the same manner as previously

described.

It will be appreciated by those of ordinary skill in the art that the invention
can be embodied in other specific forms without departing from the spirit or essen-
tial character thereof. The presently disclosed embodiments are therefore consid-
ered in all respects to be illustrative and not restrictive. The scope of the invention
is indicated by the appended claims rather than the foregoing description, and all
changes which come within the meaning and range of equivalents thereof are

intended to be embraced therein.



It will be appreciated by those of ordinary skill in the art that the
I nvention can be enbodied in other specific forns without departing from
the spirit or essen- tial character thereof. The presently discl oset? JAN 2004

enbodi ments are therefore consid- ered in all respects to be illustrative
and not restrictive. The scope of the invention is indicated by the
appended cl ains rather than the foregobng description, and all changes

whi ch conme within the neaning and rangé of equivalents thereof are

i ntended to be enbraced therein. 2 7 JAN 2004 9 What is clainmed is: 1. A
singl e-ended switch node RF anplifier, conprising: an RF input signal; a
bi pol ar S\W}i%llﬁ%fqeﬁéﬁﬁsi stor having a collector, a base and an emtter; and
a driving circuit for receiving the RF input signal and controlling a
signal applied to the control termnal so as to operate the bipolar

swi t chi ng 1t r angi segle-endedswiitcls mode 8& amptifiep compmygng:a bi pol ar dri ver

transi stor having a collector, a base and an emtter, the emtter of the

bi pol ar dmhReTinputaipahist or being connected to the base of the bipolar
switching transistor; and a passive inpedance el enent coupled fromthe

enitter of, dilifarNwmehil adhdiME haVi@RZoRbQbr, b Basd and X eflitRptaat i al . 2. The
apparatus of claiml, "wherein the RF input signal is coupled to the base of
the bipolay. driver.t L: r . t - clat o the RF
nput si gfal LS do félgg?%&%n%em%t%%ﬁ p 1m§|?n§g}§§§ﬁr%im§£§k 1[}123\%\1% Ecpglé%r
through a ‘BRI SIBTRLRC Aplfc PPEPE Ao Phglres et ed s\t ¢ rmg:e Jﬂlﬁ ’

ﬁrrpl i fier UBHPP#sing: an RF input signal; a FET switching transistor
aving a drain, a_source and a gate; and a driving circuit for receivin

the RF | nMIP@Fd%ﬁ%YGTMS@@ﬁPF‘GW i2rigllgetes, grbase apd PR gty fheeemitter o the”' 0

bipolar driver transistor being connected to the base of the bipolar switching transistor;
and

a passive impedance element coupled from the emitter of the bipolar driver transistor to a
fixed potential.

2. The apparatus of claim 1, wherein the RF input signal is coupled to the base of the
bipolar driver transistor.

3. The apparatus of claim 2, wherein the RF input signal is coupled to the base of the
bipolar driver transistor through a DC isolation capacitor.

4. A single-ended switch mode RF amplifier, comprising:
an RF input signal;
a FET switching transistor having a drain, a source and a gate; and

a driving circuit for receiving the RF input signal and controlling a signal applied to the
control terminal so as to operate the active device in switch mode, comprising:

a pair of bipolar driver transistors each having a collector, a base and an emitter and
connected in push-pull arrangement, the emitters of the bipolar driving transistors being
connected to gate of the FET switching transistor, and

a further bipolar transistor having a collector, a base and an emitter, the further bipolar
transistor being configured in common base configuration, the collector of the further
bipolar transistor being coupled to the bases of the pair of bipolar transistors.

5. The apparatus of claim 4, wherein an operating voltage is applied to the FET
switching transistor through a reactive element, further comprising means for varying the
operating voltage to control RF output power.



control termnal S0 as to operate the active device in sw tch node,
conprising: a pair of bipolar driver transistors each having a collector, a
base and an emtter and connected in push-pull arrangenent, the znltte{ﬁ
of the bipolar driving transistors being connected to gate of th 004
switching transistor, and a further bipolar transistor having a collector,
a base and an emtter, the further bippolar transistor being configured in
common base configuration, the col l ect® of the further bi pol ar transi stor
bei ng coupled to the bases of the pair of bipolar transistors. 5. The
apparatus of claim4, wherein an operating voltage is applied to the FET
switching transistor through a reactive elenent, further conprising neans
for varyi sg t h&he apsrats oiclaiol 4, agerdio thed®E inplit REnabd it qouplep covie.eniittet of AN 2004
10 6. The taPRahebigolafiragbislor 4, wherein the RF input signal is coupled to
the emtter of the further bipolar transistor. 7. The apparatus of claim

6, wherein theq] &Bﬂ] | WherG BleGeF inguf éignaﬂe éohﬁred% theleRtedrlbirt her
bi pol ar tr éﬁﬂi é*é' Atdopl gﬁ& . The apparatus of
cl aim 6, ereln th Purt |polar tranS|stor is
coupl ed t an |n ucto to a e at| 0 i aratus of
claimi, ere E’é (Kré‘fq'teg‘p hego g;é‘? %@H B“Ibﬁégw gWI t chi ng
transi st oCOFRi @§H@B VW gp@@p er conpri sing neans for varying
the operating voltage to control RF out put power.

9. The apparatus of claim 1, wherein an operating voltage is applied to the bipolar

switching transistor through a reactive element, further comprising means for varying the
operating voltage to control RF output power.




