; e3en@ kDDEFFFHEHT@ GRPo s auc 2002 10 DESCRI PTION 15 The in@snp' erz
.relates to power anplifiers, nore pdrticularly, but not exclusive y @2

- power anplifiers used in portable tel ephones used in cellular tel ephone
systens. apt digital nobile conmunications systens require RF power
anplifiers in the handset transmtter to have high efficiency linearity not
only at high output 20 | evels but also at | ow output |evel ﬂ’lllm

stringent requirenents arise fromthe nged of the cellular m%@/”fo
further increase the systemtransm ssion data rates and to exp@dgg?t
capacity. In a portable handset for use in such system a two or three
stage power anplifier is normally used to power the transm wm i IS
essential to determine 25 the talk time and the size of the HWQWMMW
order to ensure that the battery |lasts as long as possible in sigh 2
handset it .is inportant to ensure tlp og&r consunption is mnimsed. It
is known tﬁat in a portabl e handset m L?@EBIy inthe transmtter
consunes 70 % -809h of the battery power. It is evident therefore that a
hi gh 30 efficiency power anplifier inmportant if the power consunption of

the handset is to be reduced. D 6 AUG 2002 -2Normal Iy a high out put power
is required for the power anplifier in the handset if the handset is at a

position renote fromthe base station. However) the handsets will be often
sufficiently close to a base section to allow operation of the anplifier at
a nmediumor |ow output power level. 5 1i is also inportant to nmaintain as

hi gh as p®8sible the power add efficipRsSgrREPAENfor the anmplifier at |ow
and medi um out put | evels. Again the higher linearity is required of the
anplifier to reduce adjacent channel power (ACP) | eakage over the whol e

. power range - especially at high power levels. There are contradictions in
the way one achieves linearity, power and 10 efficiency in a power
anplifier design. If high lineazity is required for a power anplifier it is
usual to bias the anplifier at a high quiescent current such as class A
The efficiency therefore becones | ow conpared with class B or class C
anplifier Howeve i.f a_power anplifier i s biased at a | ow qui escent
current hf@h ef fici ﬁé’}velnagn\f{\ﬁ@e%lmq“fqré‘mpélgﬁfsbé‘lqiEHF@‘FB@I}%?U&% linearity

of the device iSelv! {0 ry Ry o0 fparTRke 2
trade off bet \?v;é%!rllgle?ly’l {giﬂeoﬁ%ey,%@?lﬁgfa}rlfs?glﬁpa%& g%te?ﬁ%%é\ﬁeuga%@%onj unction
wi th the bi astelphont Bystetiit ching circuits and the |ike. Various suggestions
have been made (see bi bliga%raph and end of description) To increase the

PAE at | ow and hi gt cis Compaijnicationesystems require RF power amplifiers
' in the handset transmitter to have high efficiency; linearity not only at high output

20  levels but also at low output levels. These stringent requirements arise from the
need of the cellular system and to further increase the system transmission data
rates and to expand the capacity.

In a portable handset for use in such system, a two or three stage power
amplifier is normally used to power the transmitter — which is essential to determine

25  the talk time and the size of the handset. In order to ensure that the battery lasts as
long as possible in such a handset it is important to ensure that power consumption
is minimised.

It is known that in a portable handset the power supply in the transmitter
consumes 70%-80% of the battery power. It is evident therefore that a high

30 efﬁciéncy power amplifier is-#hportant if the power consumption of the handset is

10 be reduced.



20 proposed a schene with switch circuits. In this schenme the_sw tch
~circuit and one or nore anplifier circuits are introduced to OlﬁpAUGeZUUZ
“amplifier.efficiency. The first anplifier circuit is designed to achieve a
hi gh PAE at hi gh out put power |evels whilst the second anplifier is
designed for high PAE at |ow output powej_ levels. Thus at different power
| evel s different power anplifiers are used to a i fy the 25 input signal.
Therefore the anpl i Negpalbas high utputirogist saeqeired n&ivﬂlﬁn ampligier liethel s but

unfortunately L. ethe jneari Q I|f|er at

hi gh out put poﬁa&)d‘gﬁfl &1 % ;I, ata%?ﬁ 0858%10{ ?Iﬂél?ch%as?g %8“‘2%?’5?"%&? was
suggest ed ear | imdsdts @81l Balofen shficidhtl§ c&ﬁ@mbame&ﬂinq&éﬂbt@%ﬁ{o {d¥qhe
anplifier is varied according to the output 30 power |evels_ | ow out put

pover |evels) #mplifierat espedinmroriow ogpnepowerdevdli er is tuned to low to

achi eve high eff|C| nc At hi gh out put. | evel as cu nt_for the
power anpl |gf i er [%“ ?W&éﬁﬁgﬂﬁ%&lla@tﬁ’oﬁﬂﬁ‘ég’ﬁ P‘V”'cr &fﬁﬂﬁ%ﬁyel y
the 06 A%@mmﬁt&wmamwwm%aﬁl 11l ST A equi r ed
to realise the bias control function which agaln ing?crea éeﬂs.ltt%eorﬁ;%ﬁgil ty of
the power anpllidfeasity isirequisedeotf thbpmplifief totrbducpradjneertt chmehpowee (ACPy ovite a
power arrplifielr whi ch neets the above noted requirenents whilst being

si gni ficant |y '63k38F Ovex 'ili‘ér‘?’l't%"epg‘”'ffr'@ﬁé"sale@éﬁﬁab athigh pewey levelse aspect the

e gna b be anp) IPEHRE cAORL A LAY o8 RN Gy Bbwlnd PCC! V! MO
si gnal i s 1pas sfficiebdyeindp®verodnm uﬁer%slg@rmMg@l 13@arityfik wécﬁﬂmeﬂ)fopﬁ peaegaded

anplifier stages oné of which conprises a plurality of anplifiers connected
in 10 parall elamnh@rﬂmuuﬁualﬁpbtasg&@phﬁﬁr@t & bighequicsgentrryrenesuch@aclass Apor t s

cascaded ot agale <Pl BB otBs 85 {oar &0 ki BRE 0T T & Ruplifiegs
| east one of widGhvel Sifhi uRd adlplifieA ihid¥ed ahs 1 qhigashe aﬁpén@ﬁ{

dFRdeh
bi ased at class C. In this arrangerrent when the power | evel %h fﬁe |%ut
signal is Iowfohélecanaﬂdictmaeadpbvefdltmttlullmaentysofabtedavuca)ﬁdils dnd ushadrint he

Pl 111 o1 $ar FoBFERIERREES &Pa'lc"e‘?‘ggﬁgﬁlh‘l’fgg?‘g’%tﬁa elrifeage Ry Suborm o
B R e
envi saged that the \ézrnimfsuggesﬂn@hmbbemmbﬂe(sbe biblibgraphpasdiead of | ass C when
t he power | evedlesc?_Ipt;tog)e i nput signal is low and at class AB when the power
To increase the PAE at Jow and high output power levels some have
20 proposed a scheme with switch circuits. In this scheme the switch circuit and one
or more amplifier circuits are introduced to improve amplifier efficiency. The first
amplifier circuit is designed to achieve a high PAE at high output power levels
whilst the second amplifier is designed for high PAE at low output power levels.
Thus at different power levels different power amplifiers are used to amplify the
25 input signal. Therefore the amplifier can obtain high PAE at low output power
levels but  unfortunately it cannot improve the linearity of the power amplifier ar
high output power levels.
Another approach to increase the efficiency was suggested earlier (see Sato).
In this scheme the gate voltage of the amplifier is varied according to the output
30 power levels. At low output power levels, bias current for the power amplifier is
tuned to low to achieve high efficiency. At high ourput power levels bias current

for the power amplifier is adjusted high to achieve high linearity. Unfortunately the



Level of the input signal is high. Again, alternatively) the saigpl%o ?g@e
may conprise two or nore anplifiers,” each of which nmay be sw tcha |%i d

~at class AB or class C and the 25 gates wi dths of which may be different.
In this arrangenent one of the anplifiers conprising an FET with a snaller
gate width may be biased ac class AB whiglst the others are biased at class
C when the input power level is |ow and one of the anplifiers of |arger
gate wi dt h mapower ssnseFeandhiascqonsel pipcujjsiareequived i reakise the biasicgawel at cl ass

C when the in - £ level. 30 | ' |} _of the anplifiers biased
at class AB m_ﬁ’g’%u&ﬁ%%pﬁmq gg%ﬁ“ﬁ%scgﬁl%%mfﬁg%mefﬂ Sf'ages may conprise
bi pol ar junction tdnshsbRtsofthe prkst ifVdntioh td Ve fder amfliffer AE12002 - 4
Means are preferably provided enabling the power to be divided to the input

to each anpl i fmeels thnabpwedotrderegisgreenshwhilss dningeigmificanty shmpleuthanttke of each
of said anplifiers.to he c?nbi ned. There nmay be provi ded between the power
di vi di ng gi npropgsql%g]a ?\B‘ﬁ fpf 5 each of said anplifiers a matching circuit

enabl i ng phase shi bﬁlgas?)@ct(‘fﬁgﬁﬁ'ﬁﬁt@&leprtaoirde& R BoREPAhHIEE tﬁogltgg%/ﬁ?% i €sponse

of each of said anplifiers In said one stage there nmay be p d between
t he out put powermiml faaeteiving easighahnpbd dmplifiedeand antos o ndrninal go wdiictt the

thatching circuit _epablin hase, shifting to conpensate foy the anplitude
and phase resm&%ﬁlgﬁegpgﬁe@m%wﬁm#& ComprifIAg 3 RHTRUY ofG9ecaded he

i nvention proyj &g%% E S ' e : ' r.-receiving
a signal to béhggr%friasftl e gﬁgﬁg)rl}iégucﬁglg?g %s'e?%u?\%ty tH g %{{g}cﬁgﬁ%{ﬁ% Tied
si gnal i si(paspadllelavith ieirchperqioptsiisesofngetedr adithsir odtpangrts’ inercommecedct ed

in parallel wth th& r input ports interconnected and their output ports
i nt er connect ed. 1553 @ng stagg maybethe lAsteags MeaidPlwwHY ofrisscaded s@ges. | east

e P, S5 o o L R P

at class C. It may De arra geoa? ( . power
signal is | ovhihfid 4lchss AdBard1bdst Mot QT Hich i9BIsad hiodlads @nd when t he

power |evel of the input signal becones high both the class AB and class C
anplifiers are opehnathisoaradnge@@ntTkbenctherpowhelepelefittkehphiwignal intovetherghdssf i er s
at | east 3¢ 2.{3 a%}i)lﬁ‘{]eria?one is operational and when the power level of the input signal
becomes high both the class AB and class C amplifiers are operational.
Alternatively said one stage comprises two or more amplifiers at least one of
which is biased at class AB and at least another of may be switchably biased at class
AB or class C.
20 It is envisaged that the amplifier with switchable bias is biased at class C
when the power level of the input signal is low and at class AB when the power
level of the input signal is high.
Again, alternatively, the said one stage may comprise two or more
amplifiers, each of which may be switchably biased at class AB or class C and the
25  gates widths of which may be different.
In this arrangement one of the amplifiers comprising an FET with a smaller
gate width may be biased at class AB whilst the others are biased at ¢lass C when
the input power level is low and one of the amplifiers of larger gate width may be
biased at class AB whilst the others are biased at class C when the input power level
30 is medium, and all of the amplifiers biased at class AB when the input level is high.
The amplifier stages may comprise bipolar junction transistors or field effect

transistors.



bi ased at class AB and at |east another of may be swi tchably bi ﬁfdﬂ?é
_class AB or class C. It may be arranged such that the anplifier t 2002
- switchable bias is biased at class C when the power |evel of the input

signal is low, and at class AB when the 25 power |evel of the input signal
is high There may be provided two or norg anplifiers each of which may be
switchably biased at class AB or class C and the gates w dths of which are
different. It nmay Ddeansrmaanpeefersblyiprovided edablifgthepaver do berdiviidad aheinpudt h

is biased at class AB and.the other at c¢class C when the input power is |ow,
but ¢ he anpl i £9 EhBURIIP 40 4 A STRed 20y HEAnyReLpt e gt ok 2P 5575 and
the others ar & LfigedC When the input power |evel is medium and
in which all '?hﬂg’ an%ﬁoﬁee@s ared'bi ased to class AB when the input power

level is HIGH A @hétdGn296Z preGldbewadi the potver dividing peinstoctheupus of

different threshold volta field effect transistors having the sane gate
bi as volta esfa‘gh‘éfdséfpp?rpf’ﬁ&?ré 3 FpRIchBg CHFHEEABInG PRRSE SRR £ ¢REmPansaie §9Tst or s

or field effe S ) By ' : bling the power to be
G vi ded to t e %‘ﬁp@%ta{%g’g‘{é%aé%@gsﬁgﬁfueérgaéﬁféi&yn‘%g’ﬁghﬁﬁgbl ing the outputs of
each of said anpli flne#id on® sB@e ¢iTd nidgbe ploeited bawesretheroayut perthof erroft he
power dividing point to the input of each of said anplifiers a matching

circuit en?bl ﬁﬁ% apﬂ&éf @rﬁaﬂdﬂhr _ﬁgmbf_ @%ﬁqg@mm@mﬂfmmé C&Eﬁiiﬂ%ﬂi@éﬁt éﬁﬁiﬂﬁﬁase

response o1 ea 0] a .01 ers. re np LOV4d de en e

Ut put ports. SpmRSRtde? SR el Fimast frsfihe O RIS WP o

mat ching ggrcui t engbhdder ﬂﬁ@&&héﬁﬂvéﬁzﬁclﬂg%rbome& SWERAADLifT HabMgaiiinpitude
|

and phase response of each of said anp i ers. The above aspect’s, features
and advant agegerofinal fer pceiving a signalne boamplified betaneutpytarmeingl torwich the

Lol owi g desers B 0Nl En, o IE, now IELLS W h Tl e fothe
o SaEE" ST g SO BB IR PR 2 5 2
shown i n Fi guimercbnndctegure 3 is a schematic circuit dia~aramof the third
stage of tl? © pouer T%greamnapjlz IbIz ip(raorvic?erglonv‘% grnmcl):riegalljzgp?iﬁ%'rs at least one of which is
biased at class AB and at least another of which is biased at class C.
It may be arranged such that when the power level of the input signal is low
the class AB amplifier alone is operational and when the power level of the input
signal becomes high both the class AB and class C amplifiers are operational.
20 There may be provided two or more amplifiers at least ope of which is
biased at class AB and at least another of may be switchably biased at class AB or
class C.
It may be arranged such that the amplifier with switchable bias is biased at
class C when the power level of the input signal is low; and at class AB when the
25 power level of the input signal is high.
There may be provided two or more amplifiers each of which may be
switchably biased at class AB or class C and the gates widths of which are different.
It may be arranged such that the FET with a smaller gate width is biased at
class AB and the other at class C when the input power is low, but the amplifier
30 who’s FET with a wider gate is biased at class AB and the others are biased at class

C when the input power level is medium and in which all the amplifiers are biased

1o class AB when the input power level is HIGH



Figure 4 is a schematic circuit diagram of another formof the ﬂ@ié@%?ﬂﬂ\pe
_of the anplifier shown in Figure 1, 'and Figure 5 is a schematic Ci [
di agram of yet another formof the third stage of the anplifier shown in
Figure 1. 25 Wth reference now to the drawi ngs. The power anplifter shown
in Figure 1 has an input termnal |IN connected through an input matching
circuit M1 to a first anplification stage Al of the anpliferThe out put of
fast stage Al is connected via an inte‘r5§_ta e matching circuit M12 to a
second anplifi cati Sreferahlye aamptiferssompuise Gfferchiethesad dolsaza disldidfdcs
connect ed t hr qugh. ' r ecthng. circuit 30 M3 to a final
anplification stagtggkgh%h%é“%%}%ﬁ%%%g%sﬁ % inal stage A3 is connected
t hrough an out put Mt ahiplifers mia§Wbetforidtod bipoRr putcpet raRistor®br t he power
anplifier. 0 6 AUG 2002 -6As can be nore clearly seen fromFigure 2 the
first and secdAtlsEAFES BE ¢¥7&Campl i fi er shown in Figure 1 conprise FETs
bi ased at gate vol mﬁssgﬁrgbc P@%e@@ﬁ%ﬁn?[ﬂk@w‘éﬁk%@%ﬁ?é@o A0 gﬂ%

f tt R3Ot the

respectively. It is to be noted however th e tinal stage

power anpl 8f i eachrampliicyandemping nzhlipp thieasipys3)cadin@Bailepenlificed tp beor t he two
FET's which are jnc ed init. The.third stage Qqf the r. anplifier
has one drain 'P{ég'ﬁl’s'ﬂf)hﬁ%/m%be?’roo?l %%’ 6 n@ﬁg ‘élginﬁt?loff(ﬁg“ﬂ%ﬁnﬂ"f?fme :
first and secemth cftsadesnplifiefshematithd éitciishabNng phske ABiftid) oQPRIpBAsaR 185 Cl ass

AB amplifiers. Their quiescent currents are set to 5 - 10 %of the
saturated 14 Hifrdreiudsrand phaserespepsgofpach of puid ppplifierst age conprises two 1
ET's in parallel, I j | J -4 S biased
at a typical class ?%%g?%&qémﬁ% 6aém?}élje;ﬁ@éﬁlcde t Eﬁ%ﬁ‘geﬁa%)?%gdp@%ﬁﬁa ely 5
-10 % of #fe sud treabmblining poiutta modtchingecifeai endbiling phishehifidgan chbinpensatebi ased at

class C where_t uiescent. current is roximatel.y equal to zero. 15

Mat chi ng ci rc&?rﬂge %ﬁ"@l&e‘&’pﬁqdél reﬂ’?”?h?f\aﬁ%&o‘giéaﬁg’ﬁmhlﬁgsppmr di vi di ng poi nt
and the inputs to Theam¥Rlabdeb®! fatufds ahd AWahBFes R ERYIERN BlerRonWi®
anplification and phase response of the anplifiers. Again matching circuits

M ate provi debBewEcappirerhieom tefalleviag dessepiapmntiapicabedigieat navemsde withat  whi ch
t he out puts a;&e@gmbqgg?&%ﬁ@nggl\ggfﬁ%ﬁ?gg asation for the anplitude and

phase response of each o lers. This particular formation of

power anplsfier giFigsral Ba schematiobhdok diagfam ofr powemantphified eintpelyingahe ar ,
there is an inprovenent to the power added efficiency at | ower power
level s. At | oRFSTE RIS wer | evel s the output of the second stage A2 of the

power anplifier iSFiTgn%Jifsiacgcﬁéiﬁitaéchjtﬂbdﬁga&ma@M&b@coﬁheﬁge&ﬁﬁ in the
third stage 2S A3 of the power anplifier. In that condition, the class AB

FET in the thpeWersampidersBows ipigneetl onal and the class C FET is turned OFF.
As there is no qui ERGET is aCsléﬂgmeanIc.c{rgL{it ihoer Clo%%ﬁs (Bfrgls:'[-ggea& L‘ng Ogrj[ put power
| evel s the total current “consunption o *The anﬁl Ifrercs agepgﬁ is reduced
to the | e2@| amplifier shown in Figure 1.
Figure 4 is a schematic circuit diagram of another form of the third stage of
the amplifier shown in Figure 1, and
Figure 5 is a schematic circuit diagram of yet another form of the third stage
of the amplifier shown in Figure 1.
25 With reference now to the drawings. The power amplifier shown in Figure 1
has an input terminal IN connected through an input matching circuit M1 to a first
amplification stage Al of the amplifier. The outpur of first stage Al is connected
via an interstage matching circuit M12 to a second amplification stage A2. The
output of the second stage A2 is connected through an interstage connecting circuit
30 M23 to a final amplification stage A3. The output of the final stage A3 is

connected through an output matching circuit M3 to the output port of the power

amplifier.



of the class AB FET consunption. As a result higher efficiency f&e&he\ﬁﬁf\er
.30 anplifier can be obtained at | ow output power |evels. 'Wen
anplifier:showmn in Figure 1 operates at high output power |evels the out put
| evel s of the second stage of the anplifier A2, will turn ON the class C
FET. At | ow and 0 6 AUG 2p~~ nedi um power Ievel s ) the class C FET has
not conpletely turned on so the gain of the class C FET is very |ow. The
mai n contribution ¥ ‘taﬁéetlﬁﬁ’@ldwl}’rﬁe@ﬂ fromeFigntsi 2 tiedirstcandesecintdosagesof cheas s

AB FET dth {1 d t d AB FET.
When th(f(jampovve?[m%J gl{Sho r@?‘ﬁ‘:r@}%b‘g% %E&?ngBE%?ﬁBFg&E:‘&S?S% gai n

of the class Mﬂlmgcbamlr@dtm @sly. However, at the sane tine, the
class C FET is driven to work with the |ncreased |nput power. Wth the

ar r angenent shovvn lfnlsmggme@dilomva that the fipdstige| A3 ofithd poivgnatphifity ks

poi nt) th 0 the f ot ET an tching circuit such that the
class r AB t%g evg%ﬁ\ %EFT‘??@‘F’ éh%?%ﬁﬁgewslr—é aghichudedt he
other_ In thl ﬁléommﬁﬁ@m O3l or4Rd &@ﬂbu&{ﬁ:ﬂ@ S\ @it

level . In this way the powgr coorrpr eggl on poi nt Ih%&'ltl he am@%ﬁgﬂ}’gg\gﬁéhed
up to a hi ghebotbutfsie FEdiseinclugudin inhi ch i nproves the Iinearity at higher

out put power Ieveli Sj\g errgodl nent of {)he i nyention has been applied to.the
design of a three {P&&ES aNnG sesnd RS pothe £t Adrand Ap Properatedas MM C

Technol ogy. Thgd I@Qﬁ@l Q _ f i hown in
table 1. Table 1 Ite %onglsi%J‘ E%ﬁddet?%{\ S&%}?F@%ﬁonwt%‘?ﬁ%ﬁi t put
Power POACHR( turienZBfE/Ha:)PBT%Hé’rdchZSdBrrLl near Crrai n@ Pi n-10

dBn80dBPo= 29850600nADr ain Cux-rentld totVdd=3. 6VPo=15] 20150mAPo =570100mA

20 It is often ver yhelfipgl sagecomprisehive/EET isrin paiallgl, ascmgthenlpaccmiuwar
wi th high e~c el 2l | ower. pwerfrana lifier.

si mul at ed corr%?efson%?b’%ﬁ 3 ﬁypdf?g a% TS&OR “Qg“fﬂ?“c Hﬁ‘f“@e‘ghovm
infigure 1 aaaap@sénma&bssagw%beat@ﬁvﬂrcuﬁm bf the FETwiltGhe SREPFERT t he

stages conprises a class AB anplifier. 0 6 AUG 2002 _$ Simulations have
shown t hat thlébctasaégtﬂssxﬂ:u@c@ Mme‘sc&ntCMsntss approxioarely pMm peroce and
advant ag over t [e conveg‘él onal ass AB I|f| ers, ch. as are
listed irtable 2. MatoRRY GrGut alis] 35 FHqvGbsREEn e Revar JOdE pRfRL

T ARt e W
dB nml00 mA150phmée Fésgomse of thd hmphﬁm.es\gam mhickihp eircvies Moaroppdviddbbétivietsl
stage of the the outputs of the amplifiers and the point at which the outputs are combined to
allow for compensation for the amplitude and phase response of each of the
20  amplifiers. This particular formation of power amplifier gives rise to a number of
improvements.

In particular, there is an improvement to the power aidad efficiency at lower
power levels. At low output power levels the output of the second stage A2 of the
power amplifier is insufficiendy high to turn QN the class C FET in the third stage

25 A3 of the power amplifier. In that condition, the class AB FET in the third stage A3
is operational and the class C FET is nuned OFF.

As there is no quiescent, current for the class C FET at low output power
levels the total current consumption of the amplifier stage A3 is reduced to the leve]
of the class AB FET consumption. As a result higher efficiency of the power

30  amplifier can be obtained at low output power levels. When the power amplifier
shown 1 Figure 1 operates at high outpur power levels the output levels of the

second stage of the amplifier A2, will turn ON the class C FET. At low and



_ anplifier falling within the scope of the present invention- h%e Egur
shows this anplifier stage conprises two (or nore) FET's in parabl IAGFEﬂﬂ B

“is biased:at 10 class AB whilst the bias for FET A can be switched from Vga
1 to Vga 2 (and vice versa) by a switch SW .Vgal is selected to bias FET A
at class AB and Vga2 to bias FET at class C. Wen the input power is |ow
the switch, SWis set to Vga2_In this condition FET A works at class A As
the output power is insufficiently high to turn the class C FET ON only the
class AB FET is operational. The class C FEf 15 is at an OFF state at |ow
power output levels. It will be appreciated that at this time there is no
current consugti on for class C FET-4t | ow power output |levels and the
total power ®EeHSWPOFEDIsVElarthe Hass SPET hdsawt simpipeely sirmedchincsedthd gait be | evel of
t he cl ass Al LHY u of, this hi gher
efficiency nggﬁg'ﬁ é%f’&gggst”g{ﬁ%%@ﬁﬁo ﬂ“ 3‘? h&ﬁmﬁlcga’é’t‘)fltg w out put power

| evel s. \Wherampiifiepoowees fram etle obdss ABéBTmmdtthbtglrh?ﬂheh&ohﬂlﬁﬂtfbhes swtch SWis

set to Vga2.,6At thisg t F s at class AB. At this nonent the

amplifier wot el2°§mé%ed3’y c‘%ﬁﬁﬁﬁoﬁﬁp%ﬂéﬁ‘ﬁwf’wrﬁ“’d KAoteR @rceaiipdsvaht i ve for m of

the anpl ifi efeastoagrafbnINONin dMhé¢lgy AB FET 1 befind\dicopidi® HgWRlvES | lati‘r stage

conprises two gor nore) FET's_in parallel. The bias F ~ 6 AUG 2002

-9FET A can B&SamG tgp eflr"lﬁirﬁ E@EI‘S %eWa@fF%@q%@%@mﬁtW‘?i switch Vgal

is selected to bigy e bl aP§hah Akwtd 2753 #R @000 090G BE! ect ed 10
The s tor

bias FET A to operate at ctass I a can a e swi t ched
from Vgbl t diddyiwint( the widtbef vhergsa)of e FETand enehbig sctictuch\di th‘dg:llﬂss is
selected to ke. EET at.e at Ias whi | st V 2 es FET.B to
operate at d@ggde_&ssﬁigﬁfr&ngpma %@Aﬁc%pe&%e% 8”8 E’t‘{Promthat of
FET B_ I10 Wamemw%mmhatmgﬁkp&ml%t%waky &EPEEBA is larger
than that of FET B. Nornmally an anplifier biased at hi gher quiescent
current can @&PF@\?@DB%%‘E%QWLG“PWE&MWPHW Beher orRYERPVEr l9veler qui escent
current. Howeyex inhl6vedfiid me%mtﬁ?y RRGLS tevels.| arger gate wi dth FET bas
better linearity and power capability at h| gher power |evels than an FET
with a smaller geftlbcmhfmfhem pf thevinventioe hasdisee eftplied thhdasignrofakibrear r angenent
di scl osed WI sel ec betvveen t he
different con |gura ons %\g)owcﬂﬁeéérb??%“ogn%ésg%mgg%éh?? & between

| i neari tip anttsigh kpecifieadan fat tdipbtaraiplifirdsetiowndy ebk s shown in Table 3. :,
Tabl e 3 I nput powerSwitch Set upFET AFET BPerf or manceLowSW 1: Vga2d ass

Cd ass ABLow qui escent SW2: Vgb l1current Medi unSW : Vgal C ass ABC ass CMedi um
qui escent SWrapMgp2current H ghSW : VgalCd ass ABC ass ABH gh out put

power SW2: Vgblwi th better linearity Wien the input power is |ow switch SW
is set to Vga2 and swwtch SW2 is 20 set to Vgal. In this condition FET A

works JUr cigsg €= ‘(;SyE{%_gl BWOT KSTAL Chidfn Specification Unit

Min | Typ | Max
Output Power Po ACPR(+1.25MHz) < =45dBc | 25 dBm
Linear Grain Gt Pin-10 dBm 30 dB
Po=29 550 600 mA
Drain Current Id tot Vdd=3.6V Po=15 120 150 mA
Po=5 70 100 mA
20 It is often very difficult to achieve linearity at high output power with high

efficiency and higher and lower output power for an amplifier.
A simulated comparison was made with an amplifier such as for example
shown in figure 1 against a 3 stage CDMA power amplifier in which each of the

stages comprises a class AB amplifier.



AB. As the output power is not high enough to tun ON FET A (the class C

_ FET) only FET B (class AB FET) is operational. FET Ais OFF at ld/é)w Oilfé)m

- power levels. In this condition there is no power consunption 0820
the total current consunption for the anptifter stage is reduced to the

| evel of FET B_ As a 0 6 AUG 2002 -lo result of this higher efficiency
for the power anplifier stage can be obtai ned at hi gher output |evels. Wen
t he output power is nmediumthe switch SWL is set to Vgal and switch SW2
set to Vgb2. Therefore FET A works at class AB and FET B works at class 5 .
C. As the gate wdth of FET Ais wider than that of FET B, FET Ais used to
del i ver hi gher output power at mediUm power |evels. Again. the current

consunpt i on f or SicrBations havejshpwsthatghe flass Adipleed amalifigrehap sigeificast t he curr ent
consunpti o I r i i s set to
Vgal and s c’?é’?\jﬁgvsl %dlagbiﬁgagtgg?vcltr g]% %%?%ﬁtgndto%lg 53%4%%%%2{%\/%% s at class

AB and FET aBawzllsgdintdol 2at r cl ass AB. Both FET's are biased at AB to
deliver high power output with better linearity conpared with the FET s
bi ased at class C. Fromthe above it will be appreciated that: 1. C ass AB

pl us C anpllable@r has a hi gher output power than class AB 15 anplifier at
the same |inearity 2 At high output power levels the class AB plus C

power anplli fi etehas Hetter FhEdtop t han |aCRisAR AR ERY FrsARAmR {|he
same currgnt consunptiion at the sanme outpyt power |evel-| This neans tjhat
the cl ass | Bk P5wkr JNRCPR(ET.25RE1z) 295 @BeNeNt 3I1M) ABREAT I[TY WRIZABHT
sacrificing efficienrly. 20 3. At _|ow outpyt power |levelg the class AB plus
C anplifi ¢Limansunes || ess cWizelidBthan thg cl as® &B anpl|i fi e36 @B t he
result that—the—-elass-AB plusCanpli-fier i j refficiencylthan a
cl ass AB an?IPfCF‘érFmat | ow out putPIEA B The entfbtiftment |of t3d Bventli on
whi ch has|been descri Q?&I_r? $ U= BfapaET [S angsdigs oeer T Mg gEted| maki ng
use of MM|C technol ogy. 1TTt°"W ljl be apprecijated that thig is sinply by way
of exanpl @ and that gther forngs pd=6dB&UI {[Ty NMB)0 @ USEJ T OT150%=AIP! €
bi - pol ar jlunction trgnsistors|or indeed any other formqf transistor. Again
it wll be appreciated that technologies other than MM C (e_g. discrete

conponents) nmay be utilised to achieve the particul ar arrangenents
di scl osed within theFg¥ediysates ghalternative form of the third stage of the

amplifier falling within the scope of the present invention. As the Figure shows this

amplifier stage comprises two (or more) FET’s in parallel. FET B is biased at
10 class AB whilst the bias for FET A can be switched from Vgal to Vga 2 (and vice
versa) by a switch SW. Vgal is selected to bias FET A at class AB and Vga2 to
bias FET at class C. When the input power is low the switch, SW is set to Vga2.
In this condition FET A works at class A. As the output power is insufficiently high
to turn the class C FET ON only the class AB FET is operational. The class C FET
15  is at an OFF state at low power output levels. It will be appreciated that at this
time there is no current consumption for class C FET at low power output levels
and the total power consummption for the amplifier stage is reduced to the level of
the class AB FET current consumption.
As a result of this a higher efficiency for the amplifier stage can be obtained
20  at low output power levels.
When the power level of the input signal is HIGH the switch SW is set to
Vga2. At this ime FET A works at class AB. At this mnoment the amplifier works
as a conventional AB amplifier.
Another alternative form of the amplifier stage as shown in Figure 5 in

25  which the amplifier stage comprises two (or more) FET's in parallel. The bias for



30 It will be further appreciated that although the anplifier Os§ Al 9882 ng
a plurality of anplifiers has been described as the |ast in the cascaded
anplifier, it may be placed anywhere in the chain. ~ 6 AUG 2002 -11
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US Pat ent 5548746, uMa¥or 4980 A dhdhisd [:Red v b H Ono, A_
wai, E. Hase, C eKusa%a, 20 Clﬂ?lrlll?em 5’lg’gen% ’ﬁ’ﬁ‘\{%\?\eﬂ?" r@&u@%@%r&%&s CDVA
appl i catd orhy'a secordEwitll SV Mgbk isrsaletiethal mdkke FEGViRORer o arf dasedde, pp201- 204,
1998. 06 A{. JG,2 -1 ins A power anplifier having an input term nal
for receivihg h §%ﬁﬁﬁa%ggbggtoa?ﬁﬁrlafefaféﬁssaczd an 5 output termnal to which
the anmplified siTheadtali gBrePAatast FEIN isRIg@@En: &val thid # FETHE ingy Bg a plurality
of cascaded anplifier stages one of which conprises a plurality of

anpl i fi ers &B¥irddeeekampleghsaha gare Wdtof FRd| 4 ijlager hapthptcofiHFIR.connect ed and
their output pongmhilf & £ANRRFbESdWREE: Quticchi@BREnQRE 1 FiRL kT 1S biased
at class AB and at Lyast&gézotﬁelr anpl ?fi g‘rl icg [bi asned a%.cl ass % 10 2. An
anpl i fil¥r dinewfigtitmecdne hiagidait lnwer quibssensiciirenti dowever Be affisidngy mhpdb¢ ast st age

insaid plurality,of casc S . ?a_‘[gpii'ir claimed in Caim
3, arrange(fogﬁ%hxtkﬁé?r ace%ﬁﬁﬂ:ﬁ)@%ﬁﬁriﬁ\% % tog"fef %}gﬁ@'ﬁ?i%n is lowthe

cl ass AB arfphvict ieeéls tHabRe FET wipes ahdllengle widdh. when t he power |evel of the

i nput 15 signal becaones high both the class AB ang class C anplifiers are
operational . 4. ltawillhedppreriaied ghat iyt srpapesmenefissipsed vah Ieienti ®. wherei n, sai d
one stage [ ik erfbod@@3tioRNE a@fievahli Ch i s biased
at class Agﬁgﬁgsgﬁpgiﬁlp{aorfg?ﬁ?ﬁ@%f%tf\h}i:dﬁér?gﬁo be S\E/lv(i)[?chabl y‘)é%i ased at class
AB or cl5asgo®@prangiséper fmanep [betuieer lingariy |and aiidicney acdifemns powerdeisljed such t hat
the anpli fiagrshc\)m“;,&h fa‘ﬁ’iet habl e bias is biased at class C when the power

| evel of the |npufn signal is low, and at class AB when the power |evel of

t he i nputrsdignal is high. 25 6. An anplifier as clained in daiml or daim
2, whereln_-said one stage caonprises two_or i-fiers—eash—of—which

may be swi PEHAINST bil asedSKEETEPs AB|of B As$ FEhE t e gé‘?ég@ﬁl}’?ﬂc&i dt s of
whi ch are—dirffgrent- SW1: Vga2 Class C | Class AB Low quiescent
) SW2:Vgbl current
- Medium SW1:Vgal Class AB Class C Medium quiescent
SW2:Vgh2 current
High SW1:Vgal Class AB | Class AB High output power
SW2:vgbl with better linearity

When the input power is low switch SW1 is set to Vga2 and switch SW 2 is
20  set to Vgal. In this condidon FET A works at class C and FET B works at class
AB. As the output power is not high enough to tun ON FET A (the class C FET)
only FET B (class AB FET) is operational. FET A is OFF at low output power
levels. In this condition there is no power consumption by FET A and the total

current consurmnption for the amplifier stage is reduced to the level of FET B. As a



7. An anplifier as clained in Claim?7 arranged such that the FET %tn!?\]ﬁ 2002
.Smaller gate wwdth is 30 biased at class'AB and the other at class C en
“the input .power is low, but the anplifier who's FET with a larger gate
width.is biased at class AB and the others are biased at class C when the

i nput power |evel is mediumand in whichyg@l!l the anplifiers are biased to

cl ass AB when_t FRRUL . i Fr%] lifier
as clained i "3 ?otﬁ@s M%%ﬁﬂo%c’ p?/\‘%errel ﬁeﬁgtggcnp I ‘?8‘?@?@@& d one
stage conpri sgighéd digp@nevdléir eshol d vol tage biased filed effect transistors,

havi ng the same gate bias voltages. 5 9 An anplifier as claimed in any one’
of Jaims 1 to 8, Whenghnoupiepargslis mediumsthggedich SV F isrsge Yealagsoysa
junction trangjstors. anpl i fi.er as,cl ai,med 40 i lto
9, wherein §a$y%ﬁﬁlt9f\%g%?‘ﬁl%§'§g%°aﬁéféd”9rﬁ Pfe%]a%f“*é f’-‘g‘?ﬁ%‘%%@?ﬁ{ ?gac SPstors.
11. An anpy i f cera@geGatd WRith bIFRTYA RNWidef tHa ShaR o€ FET BOFET & BBusedi ¢! udi ng
nmeans enabling the power to be divided to the input to each anplifier in
sai d one st agéelived hiphansutpnafvwergt tredivoupputrdevdls.eAghindhe eairentanpl i fiers to
be conbi ned. 15 12. An agBIifi er as clained in ni/ ope of claims 1 to 4,
wher ei n t her ecqnSUBpPHQR fRrdhe aMREE {1388 %6%3%*%38"?(5 BOMACUEDS he i nput of
each of said it tching circuit nmeans enabling phase shifting
t o conmpensat e@ﬁh@ﬁgﬁﬁ it'iq'ge and phase response of each of said
anplifiers. 20 13. wienan®idpht pswesis HIGHBeitdhrSWNYs seoeo VigaThad switdh §W 2,
wherein in said final stage there is provided between_the output ports of

each of sH}d ireptiof Vel Anthis hemeddabirvoerks poslat AB aad ERIHR alsprarks 2enabl i ng
h hifti t f Oor. i h
D o o anpl | e A BREEET ] arobialdaaPld diVE: B3 (BURPSubEoRARBELE | °OC]

receiving a sjighgdhy E6mpfed Wl the FETNBIadd @elapeC. term nal to which the

anplified signal i's passed, and which conprises a plurality of anplifiers
connect ed i n par al Fedm wie dbovhet will bepapprgsiatedsthanit er connect ed and their

out put ports interconnected wherein at.least one anplifier is biased_ at
class AB and at |ehst ahdhéB BRHG W@qurgaﬁﬁgb@'g‘ﬂr g‘?“"&‘l%?é’écr(‘:ﬁms@a? *PAn
anplifiery@s i I %ﬁé . arranged such that when the power |evel
of i nput gslagn%]ﬁ?ig{&?aév% e cllrﬁ}';lésagl[yAB anplifier alone is operational and when

t he power |evel of2the Anhigh outfutfpoder Bvala@iRx cldss AB ghalC pewanamplifigrhasot h

class AB and class C anplifiers are operati onal .
better linearity than a class AB amplifier with the same current consumption at the

same output power level. This means that the class AB plus C amplifier has
improvement in linearity without sacrificing efficiency.

20 3. At low output power levels the class AB plus C amplifier consumes
less current than the class AB amplifier and the result that the class AB plus C
amplifier achieves higher efficiency than a class AB amplifier at low output levels.

The embodiment of the invention which has been described makes use of
FET's and has been implemented making use of MMIC technology. It will be

25  appreciated that this is simply by way of example and that other forms of circuitry
may be used for example bi-polar junction transistors or indeed any other form of
wansistor. Again it will be appreciated that technologies other than MMIC (e.g.
discrete components) may be utilised to achieve the particular arrangements
disclosed within the specification.

30 It will be further appreciated that although the amplifier stage having a
plurality of amplifiers has been described as the last in the cascaded amplifier it

may be placed anywhere in the chain.



16. An anplifier as clained mdC aim16, wherein there are provi detﬂ ﬁv\m@r?tw
.nore anplifiers at 5 | east one of which i's biased at class AB and-‘at Teas
“anot her oft which may be switchably biased at - class AB or class C 17. An
anplifier as claimed in Caim19, arrange such that the anplifier with
switchabl e bias is biased at class C when the power |evel of the input
signal is low, and at class AB when the wer 10 | evel of the input signal
is high. 18. An anplifier as clainmed in Taim 16, wherein there are
provi ded two Reférenéesanplifiers each of which may be switchably biased at
class AB or class C and the gates w dths of which are different. 15 19. An’
anplifier as Ella3mwwedae Margi eh 3T AGadvidiayes fappliffegior 8 FEPMA/AMPSnal | er
gate wi dt h i sDuakMededtelipladhonss " HREEMET of diel3,Mo. 12| RecentbarHlOfSt pip 22838t
power is |%w, 2848. the anplifier who's FET with a wider gate is biased at
class AB and {d1q10Yhek§a, 8. ORiraSEdval, T PasagechhBniddeshi BRUK JRKR! “keyel is
medi um and i Dol e%apéslﬂ Sﬁﬁaﬁggﬁﬂﬁﬁ&%ﬁlﬁ%‘ﬁ@ﬁ BheBeddee
199

. g&k‘éch
i nput power 2 velZ.| s ifler I one
of "Claims 16 ggpﬁ?egg%g? o TRIE Tt eE Qs iepoiing Tor awe! MIS4RNg

vol tage field FPRE39% %\%ﬂg rs having the—same gate bias voltages. 25 21.
A power alfﬁ)lifier as clainmed in any one of Clains 16 to 20 wherein said
anplifiers arBlfloBmNishimupd, 9| bway, JdcYdmaguchiaks iTekemura 4@ Y AMipgaspka.f 135 as
cl ai ned i n any apeeatithh ddiverasnplifiet MMEC utilizing Sril 193 cabaaipdsi fbr €195 GHe wide-red
of FET's. 30 bard 6DMIS 200Rr pAdnedS. IEBPEAMITTIS Ritera@ioahENEetoliav@ny one of

Clains 16 to égnfe:[&?guﬂ,qugggnabl ing the power to be divided to the
input to ch anplifiet- and méans enabling the outputs of each of said

anplifiers to nbi ned 24.._An anplifier as.clained.Jn.any,.one of C ains
2o o 15, wholdls PRBMESR X TARRET plvtiiun. S REE sl F\’}?Cﬁdﬁiﬁﬁ:&i 0t to the
i nput of each!TepcddnsemateBingrGieRY 384 @ sHieh FiEdg, SiSrRament SAdeao, 199% phase
shifting to conpensate for the anplitude and phase response of each of said
amplifiers. 1{5]2h.Safs) Si¥plyadhied. Nakajina, #edOng) Arwanrie BiseClCaiKmsadfy, to 18,
wher ei n tiger e«JulelRg&it IRFBPober medile firPCRBICPDMA ROplicatiehs "¢ IEHEMNTIaS d
anplifiers anghlheqGeriRlfeavRCdtiernddbsIU10M4C 19681 t enabl i ng phase ,
shifting to conpensate for the anplitude and phase response of each of said
anplifiers. 15 . A53. A AN39. Aa. AF9. A AL. A@. A A{ L.AF". A Y. As?. A ?. Al +%
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3. An amplifier as claimed in Claim 3, arranged such that when the power level of the input
signal is low the class AB amplifier alone is operational and when the power level of the input

15  signal becomes high both the class AB and class C amplifiers are operational.

4, An amplifier as claimed in Claim 1 or Claim 2, wherein said one stage comprises two or
more amplifiers at least one of which is biased at class AB and at least another of which may be

switchably biased at class AB or class C.

20
5. An amplifier as claimed in Claim 5, arranged such that the amplifier with switchable bias is
biased at class C when the power level of the input signal is low, and at class AB when the power
level of the input signal is high.

25 6. An amplifier as claimed in Claim 1 or Claim 2, wherein said one stage comprises two or

more amplifiers each of which may be switchably biased at class AB or class C and the gates of

widths of which are different.

7. An amplifier as claimed in Claim 7 arranged such that the FET with a smaller gate width is

30  biased at class AB and the other at class C when the input power is low, but the amplifier who’s
FET with a larger gate width is biased at class AB and the others are biased at class C when the
input power level is medium and in which all the amplifiers are biased to class AB when the input
power is HIGH.
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9 An amplifier as claimed in any one of Claims 1 to 8, wherein said amplifier stages are

formed of bipolar junction transistors.

10. An amplifier as claimed in any one of Claims 1 to 9, wherein said amplifier stages are

10  formed of field effect transistors.

11. An amplifier as claimed in any one of the preceding claims, including means enabling the
power to be divided to the input to each amplifier in said one stage and means enabling the outputs
of each of said amplifiers to be combined.

15
12. An amplifier as claimed in any one of claims 1 to 4, wherein there is provided between the
power dividing point to the input of each of said amplifiers and matching circuit means enabling

phase shifting to compensate for the amplitude and phase response of each of said amplifiers.

20 13. An amplifier as claimed in any one of claims 1 to 4, wherein in said final stage there is
provided between the output ports of each of said amplifiers and the combining point a matching
circuit enabling phase shifting to compensate for the amplitude and phase response of each of said

amplifiers.

25 14, A power amplifier having an input terminal for receiving a signal to be amplified and an
output terminal to which the amplified signal is passed, and which comprises a plurality of
amplifiers connected in parallel with their input ports interconnected and their output ports
interconnected wherein at least one amplifier is biased at class AB and at least another amplifier is
biased at class C.

30
15. An amplifier as claimed in Claim 17, arranged such that when the power level of input

signal is low the class AB amplifier alone is operational and when the power level of the input
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