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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': C]a;._é A, Class B,
Class AB, etc. The different classes of power gmpliﬁers usually51gmfy 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 wayé 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
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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
is still some change in output amplitude when the input amplitude is varied. This is
because the Class C amplificr operates as a controlled current source--albeit one
that is only on briefly--and not as 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 (ideally) no dissipation in



swtch's V-1 product is therefore always zero, there is (ideally) no
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Is therefore represented as a single-pole singlesthrow switch 6. Connected

‘across the s anoplifiersi generite agmore sparcoutpuhwaveformas camp@ediowhs usvalppl y 7 and

the input port of a _|oad network 9. The output port of the |oad network 9
i s connect ed tSinewaYe- This fsquering-up” of the output waveform is achieved by encouraging

the generation of odd_—ord_er harmonics (i.e., X3, x5, x7, etc.) and suppressing the
even-order harmoni?i# (i.e., X2, x4, etc.) in the output xietwork.

Figure 1 sﬁoiyv'_s an example of a known Class E 'r::_ower'ampliﬁer, described
in U.S. Patent 3,919,656, incorporated herein by mfaeﬁpe. An RF input signal is
coupled over.a lead 1 toa drivér stage 2, the lalter controlling the active device 5
via a signal coupl_;d over alead 3. The acti\}g: device 5 acts substantially as a switch
when appropriate]__y';iriven 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 sefié.s_ combination of a DC power suppl_y 7 and the input port of a
load network 9. Thq}output port.o_f ;he load network 9 is connected to the load 11.
As the switch 6 1s ,éycli_ca]ly operated at the desired AC--outp_ut frequency, DC
energy from the power supply 7 is éonvertod into AC energy at the switching fre-
quency (and hanﬁdiiics thereof). '

The arlfangément of Figure 1, although it is capable of achieving high con-
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enbodi nment of F° %t%i%ﬁét&gﬁkngn&'aﬂ sg;,xg _d_ switch node RF arrpl ifier .
i ncl udes an R |npu - nal’; an actrve dévice having a control term nal;
and a non-resonant driving circuit for receiving the RF input signal and

controlling a signal applied SUMMARYORtTHE INCENTKIMal so as to operate the

active device in svgf,ht ch mode. BRI EF SCRI PTI ON "TH DRA}%NG, .
e present invention, generally speaking, provides an RF amplifier circuit

architecture that enables high efficiency to be achieved while avoiding compli-
cated matching networks and load networks. The active device may be of the bipo-
lar transistor type or the FET (field effect transistor) type. A simple driving 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-
ﬁa}; an active device having a control terminal; and a non-resonant driving circuit
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 is a simplified block diagram of a known single-ended switch
mode RF amplifier;

Figure 2 is a schematic diagram of a portion of a known RF amplifier;



The present invention may be further understood fromthe foll ow ng
description in conjunction with the appended drawing. In the draw ng: *
Figure 1 iwoatasei®! i fied bl ock diagram of a known singl epenaiseb28tsdt ch node
RF anplifier; Figure 2 is a schemat i di agram of a portlon of a known RF
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Figure 7 is a vvave ase an 0 curren vvave-
;orms of the svmthW’ %%F?P g’ure4 Figure 8 is a waveform

I agr am show ng outF gf;rﬂfh vol g%i@m f“l, gt of Figure
4; Fi gure 9 is a 59 'tﬁe Q\ﬁftﬁi y a%'é’%ﬁ (* ngg {éd node anpli -
fier in accordance h ano er e e p’r esent |nvent|on

Figure 10 is a wav% AR hb B b el 20feci durr it #hid Wave-
forms for the. %%t ArEg pfﬂléequreQ Figure 11 is a
wavef or m di agrams OWI ng co ct current vvaveforms of the drive

transistors of Fig m%%vgfoﬂﬂﬁﬁgﬂa%néhéwﬁ gRMRE Miab R e P Sieii Ny a gate
vol t age waveform o Nggg, .transi stor of .Figure 9. DETAILED
oDl

DESCRI PTI ON OF THE MENTS Referring. now to Figure 3, there

i's shown a block d qufscﬁéhaag diapbahtdT a portion of an RF switch mode ampli-
fier in accordance with another embodiment of the present invention;

Figure 10 .is é'waveform diagram showing input voltage and related wave-
forms for th'e‘RF switch mode ampliﬁer of Figure 9;

Figure 11 is a waveform diagram showing collector current waveforms of
the drive transmtors of Figure 9; and

Figure 12 isa waveform diagram showmg a gatc voltage waveform of the
swilching transistor of Figure 9. =

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring;_r;.o.\gv to Figure 3, there is shown a bloék diagram of an RF switch
mode amplifier m 'ac_cordan_ce_ with a preferred embodiment of the present inven-
tion. An RF input signal is applied to 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 té a load ﬁetwork that produc.es. an RF output signal for
applxcatmn toa load e.g., an antenna. Prcferably, power is applied to the active
device switch through a rapld time vanable power supply, realized by the series
combination of a switch mode power supply and a linear regulator, enabling the
- operating voltage éf the active device switch to be va.t_ied.-B'y varying the operating

voltage in a controllgd manner, power control, burst control and modulation may

e



mode anplifier in accordance with a preferred enbodi nent of the present
inven- tion. An RF input signal is applied to a non-reactive driving
circuit. T dlhbasng circuit is coupled to an active devﬂgﬁﬁls‘oﬂzﬁgﬂ ve.the
active device switch. The active deyice switch is coupled to a |oad

network that produces an RE output signal for applicationto a |load, e.g.,
an ant enna. P&éﬁgﬂgﬁﬁﬁgﬁﬁﬂ@dﬂ‘%"‘%’d} ied to the active device swtch

t hr ough id ti | all: | i:zed.by th ]
Conbi ot on of . sif 4ive BRAE S b R Bler 5 KBS o AFET R " enabl i ng
the operati ngiskp! Réfafingto FiffreACH HEMAIRVdifRar éh‘awo?agﬁ?érﬁg{;mb% By varying

the operating voltage rn a controlled nmanner, power ¢ urst control

and nodul at i oswitelymbiid émpﬂtﬁ-wlﬁaﬂthsam%ﬂm&ﬁ%bi@l%ﬁﬁﬁb%d as
descri bed previously. The active Mce switch may be either a

bi pol at f f i nsi degfoligptor, emitter andchese tsrmingls. ThrepRectdriofthe bipelag transistor Nd schenat i ¢
diagramis shown of ortio f.an RF swtch de anplifier in which the
active device '%W"Pﬁ‘ﬁeaq tgmgglb?'bngﬁﬁy‘ﬁﬁerlatﬂﬂ QP‘E{F“%Y%?‘“%&&WP%@%?@-em tter
and base termpalk$io ahdotmPh C : | r igtor Ni. .is -
connected through act’na RFtpgﬁoﬁ%%@égﬁh%g?&aeﬁqﬁg&v%ﬂ@%é%ﬁ bsﬁo%eﬁtefls al so
con- nected t qo ifcult(AD) roagd.wor k. The emittcr of the bipolar transistor NI

is connected to circuit éAC) ground. The base of the bipolar transistor N
i s connected to t hdbehssepgthe bipolantansistor NJi ip odrmected trthé erhitter dfanéthére dri ver

transistor) i .Iﬁlrlin ton fashion. The collector of the driver transistor
N2 i s connect 2’8’ %%ﬂg%&‘%ﬁﬁ'%?mg@rmaslmmm@- Fheeollegtarpfect ed to a
bypass capaci . | W iver..transi st,or N2 i.S bi as

net wor k i ncl uéﬁ]%n\éfﬁ%iﬁgﬁ-l ll%‘%{n?g éehﬁcgﬁnggﬁ?l% otﬁalfﬁ%@%@dﬁ %F"s, R, R
and R3. One rcommetfed o £bypass GPINSE WRshclatd Wit e Sﬁéérh‘iﬁsié?& NS a%fd.fsver

transistor to circuit ground. Another resistor i's connected fromthe
base of the dmetrark inchudinigsindire itlostratpd embddimehe thrégvesdistore SR § RQranlR3i S
connected fromthe, base of the driver transistor N2 to VDRNHR An RF input
signal is applnedesiteritids popngcted fromdhegmitterofithedrivierransistor 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 6f 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 1 of Fig-
ure 6. The input voltage is level shifted upward to produce a voltage at the base of
the driver 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
driver transistor N2 is operating as an emitter follower, with output (emitter) volt-
age sufficiently below the turn-on voltage of the switching transistor N1 so that the

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



through a DC isolation capacitor Cn. Referring to Figure 5, the out put
network nay take the formof an inped- ance-matching transm ssion |liné TL
and a capaigdefios®ut The RF input voltage signal is sinugcrasbe2aseshown by
waveform 1 of Fig- ure 6. The input yoltage is Ievel shifted upvvard to

d I t t § fo,th t
el orm 2. TIROTRHE PYRRENAPREr I oF fed SFybints SREHER S v F el un by

waveform 3, is ﬂﬁmm%wg ;ﬁ}] N Bltfle 1 S BR {;ﬁ@%&&n&hﬁ 2 aAsifordi1, t he

swi t chi ng tran3| stor e beginning o he positirve hal f-c¢ycle, the
driver transi %h@me&tﬁnﬁv&ﬁgé@éctda&sasth&&aﬁ&héﬁ@o{n i§ disthayged as shioi imut put
(emitter) volt- age sufficiently below the turn-on voltage of the switching
transi stor N Figure &dﬂeatﬂleen@oiﬂlcmwethﬁﬁwsﬂ&ttbﬂdwefmmmmtpuﬁxs t he
signal increases, the driver transistor N2 WD) 01/10015 USOO’ 0150 7
turns the swi tofirgsfalisbelnyy @F&mﬂnrd&&eaﬁﬁleaw%%g‘rwwg SOYEH on as

shown in Figure sugh the
swi t chi ng trar%:gtmil e,vgﬂ%ﬁéﬁ]?ﬁ%sgg %v%%gggmﬁggé:ﬁg{gg@ ggﬁﬁe capaci t or
Cout is di schajoqd l@fcﬁé‘ﬁ‘ﬁ"tdﬂ%nt dﬁhﬁﬁﬂe@tcﬁﬂo%ﬁéugh'ﬂfélﬁﬂﬁmﬁé L} éhargagsi ti ve

hal f-cycle, the driver transistor N2 output voltage falls below the
turn-on vol taghecﬁpamheCWﬂ&daungmean@hmmgd\iomcrabé owng it to turn off.
The val ue. of the resistor: i s chosen such that the switchi @r__]ansi stor
N | quickly cuts o&f“wtpé'#&“f%%ﬁtsmﬁ?@é‘ @@W@W@WW@%&“ oke L,

charging the ca it . and .c u5| ng 4t Crease.
Referring to Iﬁwéﬁgg‘o eaxgp WRei g gy dﬂx&%ﬁﬁ\ﬁ%%ﬂ%ﬁ%@}%?ﬁgﬁgof an RF
swi tch node argly fpgr, FHEW'mﬁabﬁgﬁ%n \SGurleMidGatetidistdls. The draftfef t r ansi st or
(MES- FET, JFET, 'PHEMT, etc.) having drain, source and gate termnals. The
drain of the tEEFETtramthsMbnnecmddmmﬁcahm‘mbke:mghaarwpﬁﬁﬂnﬁwlte L 1to an
operating volt- age VpA and is al so connected to an output network. The
source of the #BEVppmanthis alsosprnected togsy iyt Beiwprk. The sourseof hsEETdR@BUNd. The
gate of the FET tr.ansi st o |s hi d fromsupply -VB through a large value
r.esi stor - Sitey i conpegt 8hrough a DC isolation capacitor O

to a The gate of _the FET transistor is biased from supply -Vp through a large

value resistor R1, and is further connected through a DC isolation capacitor C1 to a
pair of bipolar tansjctors (driver transistors) connected in push-pull arrangement.
The driver transisfofc include an NPN transistor N1 and a PNP transistor P1. The
collector of the NPN dnver transistor N1 is connected to an operating voltage V¢
and is also connected to a bypass capacitor. The collector of the PNP driver tran-
sistor P1 is connectqd to a negative reference voltage -V and is also connected to
a bypass capacitpn 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 transistor is connected through an inductor L2 to Ve
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pai r of bipolar transistors (driver transistors) connected in push-pull
“arrangenent. .The driver transistors include an NPN transistor N1 and a
PNP tran5i§6%{,1£151- The collector of the NPN driver trangriisednodse iS
connected t0 an operating voltage V! and is al so connected to a bypass
capacitor. The collector of the. PNP driver tran- sistor Pl is connected to
a negative refand isralse comnectgd to a RyPasiaIPcton| so connected to a bypass

it . The b f the.dri 1 i st t j .
Largo- val ued ?esﬁiﬁéﬁ&w2@%%@%%@%%%%@%%3#%8@%%&9{ﬁ%cﬁ-‘é&”&‘é& i ve
pover supply rcgifxbmgmefé.hwiﬁmﬁglw 1%1&9&3@%@&@%@ isﬁmﬂﬁ&&ect ed in

common base configu- ration.’ mtter | pol-ar transistor
s connect ed iy gl of hétipdliraransifidr No. A WpsviskapSswing D Wciratickduabigh
capacitor C3 to. the. RF input signal. The col- lector of the further

bi pol ar t r ansicsilestoriof thedipodu trausiston W2 b action ofithe duductof R2.tThissoBagd | i f| : WO
01110015 PCr/ USOO 20750 . s .and is al so _connected to a éx,pgss capaci tor.
Referring to FwaRgislevgl shified dowpwerd soprofucrar voitags 4thatin applisd ta{B6PaseHr t he

cir- cuit of Figure.9. The in wal . g Lev bfE .one Vb.
and is appli ed f?lg' ‘E'fv%émé'r% o eéri)s‘{}c’)(}e Itehﬁé%gigrﬁ!c'ﬁdarﬁ%u*gatﬁésésg 6Jre hﬁﬁ-&%&’ﬁ% ge

vol tage swi Ng @ity the ¥kl bfdlad iradsivor N2is @RS, CurdeMS R sRRoagh the ansi st or N2
by action of the inductor L2. This voltage swing is |evel shifted downward
to produce a \indickad.24ntb limicapacitapP?2 cagpldaddao tHedales ofthe trahsidtbrepaily causr
transistors at node N. In operation, during the positive half-cycle, ini-
tially the furingthe NFNtansistor Ndrie tusn gn angdeausing the FW tepmsistor i} tocthm off ows

t hrough the ipnductor L2 in0fo t.he capacitor .C2 coupled, to the bases of the
transi st or pai&,‘guﬁeaﬁ@‘-{'l?e Fﬂ'@“ﬂb‘f&?ﬁ‘&ﬁ’ﬁ?ﬁémﬁ%ﬁ“P@mﬂﬂ‘ﬁ%ﬁsm >causi ng t he
PNP transi stor : | 1d) e ' At mg:i tor C
I's charged up rfa Egl%&%h%a%\}%é&g%lpoﬁmﬂ;g‘iléﬁamgﬁgog%fgﬁgﬂcl)?g%?@ élﬁ of  the FET

M, causing i tthé fegativéihadiicycle] B figthk?Pbipolakitransigtor N2ds tudi@dionVCurkat f - cycl e, the
further bipolar transistor N2 is turned on. Current flows through the
i nductor L2, tflewithtoughtheinductork2;ithrongh the Sirtheptransiston 812-ty/iher-¥p rail.

Current 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 turn 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 apﬁended claims rather than the foregoing description, and all
changes which come wiihin the meaning and range of equivalents thereof are

intended to be embraced therein.



Current also flows out of the base of the PNP transistor P 1, turning it

on. The DC isolation capacitor Cl discharges, |owering the gate potenti al
of the FETwlbiadesd!S- ing it to turn off.. The output netweckus@eossbes in the 5
same nmanner as previously described It will be appreciated by those of j
ordinary skill in the art that the i'nvention can be enbodied in other

specific fornms witWhatisglamedisng fromthe spirit or essen- tial character

t hereof. The presently disclosed enbodi nents are therefore consid- ered in

all respects to be illustrative .and not . .restrictive. The scope of the
invention is indikat ed"ﬂ?afﬁg&gﬁﬁét%@ﬂd%ﬁmﬁﬁ%wg}mfﬂﬁn t he foregoing
description, and all- i ogh come within the nmeaning and range of
equi val ents thereof ar ?ﬂﬁﬁéﬁ%ﬁ o be enbraced therein. WO 01/10015

PCT/ US00/ 20150 9 What ghackietictiRehaving alconflobtefighdl; vdded swi t ch node RF
amplifier, conprising: an:RF. input signal; an-active device: having a
control termnal;. and airivinggincuit foir resgivingfthe RF nput signabandieentrgilingdut  si gnal

and controlling a signal;.applied to the control termnal go.as to operate
the active device §ign @H‘%E’%&E"@ t@@ﬁ@“&ﬁrﬂ?ﬁ?&[ﬂ@?ﬁ”@ﬁ%%’i wher ei n
the active device istcg b&FEfQI ar switching transistor having a collector, a
base and an enittef m Ifie apparatus of Claim2, wherein the driving
circuit conprises a bipolar driver transistor having a collector, a base
and an emtter, thg em-frer Bl PUtRFeithb it 1848 a bigelar Pei NQ
connected to the E%se o’#ﬂet%&%é}%ﬁmﬁﬂs%%%ﬁuﬂ%b%‘?gﬁdh?leers]i?gr%lﬂ4 The
apparat us of Giidhinglransisef kdving dwdllttor, A pase and gneahittess coupl ed to the base
of the bipolar driver transistor. 5. The apparatus of Caim4, wherein the
RF input signal is coupled‘to- :

' 3. The apparatus of Claim 2, wherein the driving circuit comprises a

bipolar driver tran§isfc_>r having a collector, a base and an '_gmitter, the emitter of the
bipolar driving mqiétor being connected to the base of the bipolar switching tran-

sistor.
4. The'apparatus of Claim 3, wherein the RF input signal is coupled to
the base of the blpolar driver transistor. o .

5. The a_pbaratus of Claim 4, wherein the RF input signal is coupled to

the base of the bxpolar driver transistor through a DC isolation capacitor.

6. | The gf)paratus of Claim 1, wherein the active devicc is a FET
switching transisquj having a drain, a squrce_and a gatef -

7. The apparatus of Claim 6, wherein the dnvmg circuit comprises a
pair of bipo]ar'drii(et’_iiansistors each having a collector, a base and an emitter and
connected in push-jj}ill arrangement, the emitters of the bipolar driving transistors

being connected to géte of the FET switching transistor. -

I
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t he base of the bipolar driver transistor through a DC isolation capacitor.
"6. The apparatus of Claim1l, wherein the active device is a FET sw tching
t ransi storWB%y,iuﬁgsa drain, a source and a gate.. 7. The papRibcHoerss Of Cl aim
6, wherein the driving circuit conmpri,ses a pair of bipolar driver

transi stors each having a collector, 'a base and an_emtter and connected

i n push-pul | arr angenentThe apparatys ofiClgim 7 furthepcamprisinga fusthey bipglaf trehsi st or s
bei ng connected ate of..the FET sitching.trapsistor. 11~~1 CL p~ S |

Il WO 01/ 100 1581?56%’%%'@6?6{%&?" i@%@%ﬁ-%ﬁgﬂﬁﬁgﬁb ipplaL frapisistor beipg 1o
conprising a fuhaky {HicBitndh bhieBnfi frstiop! 6 Bicbldr Bf HERIAC Hpolardraiase and an
emtter, the fu?tlr bipolar transistor being connected Iin common base
confi gurati on, sisthebeiny dofibdeted tothetbases bfith P&ik obbipslletransis®s: Si st or bei ng
connected to the bases of the pair of bipolar transistors. 9. The apparatus
of Caim8, wherein the RF input signal is coupled to the emtter of the
further bipolar trahsi stlhe apiaatusiofclaimBa whenein thé REinputsighal isheupbsdiot he RF

i nput signal is coutFI ed tg the emtter of the further bipolar transistor

t hrough a DC i Hhsemities of thg Sarther bipolantransiftes appar at us of C aim 8, wherein the
collector of the further bipo- lar transistor is coupled through an

i nductor to an opergting potential_, 12. The apparatus of Claim1l,  wherein
an operating volt age”i sgré‘ﬁﬂP?aéﬁ“s?f&l?‘Weq’&’éF‘ie ¢RY input enabig geppledtaact i ve

I t. 13. T f i . 1.Si f
\e/are;r:s Eg t he o%gregwegé%gﬁfg‘ge&kgla&n tfs%)F%trﬁ%gB %g%%%??ﬂsl i o

11.  The apparatus of Claim 8, wherein the collector of the further bipo-

lar transistor is coupled through an inductor to an operating potential.

12. The apparatus of Claim 1, wherein an operating voltage is applied

to the active device through a reactive element.

13.  The apparatus of Claim 12, further comprising means for varying

the operating voltage to control RF output power.
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