1, B NAY 2005 WO 02/43240 PCT/ GB01/05182 AVPLIFIER CIRCUI T The invention
relates to an anplifier circuit and a nethod of operating an agﬁihﬁw 5
Background of the Invention Electronic anplifiers, and in particl ﬁm%er
anplifiers, are widely wused in audio equipnent and in the transmtters of

t el ecommumvoatiiao transcei vers. One of the requirenent sPEHGBUEHS2anplifiers
is to obtain the best possible efficiency. For the purpose of this )
description, anplifier efficiency 10 can be regarded as the rati o between
alternating-current (AC) output power and direct-current (DC) input power
supplied to the anplifier. In knowm anplifiers, this requirenent is .

addressed by first specifying th&NﬁﬁH§$$ﬁqjﬁkhﬂFﬁ power |evel, and then

optimsing the anplifier for that t power |evel. One known
way of optimsing t amplifier is to 15 I -an L oad .faor the
requi red out put pomehfhﬁ 1g§eer1t1_o " ?%%tf ité)rani gsml%h et g%‘flg%/ndggg\?ﬁénﬁg%%ﬁingad t hat
can be adjusted accorﬁ%gg to different required output power |evels.

Usual Iy, the out T level, in the case of a single value of load, is
specified to be either the highest operating |level, or slightly belowthe
hi ghest operating level in order to mnimse the effect of reduced 20
efficiency, neasured as |ost dissipated power, at higher power |evels for
whi ch di ssi Pat edBadsground oftheduvesion However, a probl em of this approach is
that it is only possible, for a given load, to maintain near-optinmm
efficiency for the spPleetrdniccamplifiggsitand in particular power amplifiers, are widely

used in audio equipment and in the transmitters of telecommunication
transceivers. One of the requirements for such amph'ﬁérs is to obtain the best
possible efficiency. For the purpose of this description, amplifier efficiency

10 can be regarded as the ratio between alternating-current (AC) output power
and direct-current (DC) input power supplied to the amplifier.

- Tn known ajnpliﬁefs, this requirenienf is r;lddressed By first specifying .
the required output power level, and then optimising thé amplifier for that
specific output power level. One known way of optimising the amplifier is to

15 select an optimum load for the required output power level. Another is to
employ a switchable load that can be adjusted according to different required
output power levels. Usually, the output power level, in the case of a single
value of load, is specified to be either the highest operating level, or slightly
belov& the highest operating level in order to minimise the effect of reduced

20 efficiency, measured as lost dissipated power, at higher power 1-eve1s for
which dissipated loss is greatest.

However, a problem of this approach is that it is only possible, for a

given load, to maintain near-optimum efficiency for the specified output



1A MAY 2005 WD 02/43240 PCT/BA ML82 2 power level for that load. If an
anplifier optimsed for a specified output power |level is used for a

-di fferent power level, then a significant reduction in effici egz%’MNeﬁ]B'J ts
if the anplifier is not re-adjusted (e.g. by adjusting the |oad). For
exanpl e, i¥woa2akass-A anplifier with a fixed supply vol t aper/GBo1Bsmat i m sed
for an output power |evel of P Watts, then the anplifier, when operated at
t hat output power level P, will have an efficiency that approaches the

i deal 50% (the theoretical maxinumfor a transistor saturation voltage. V,,t
of zero). If the sane class-A anplifier iS operated at an out put power |evel

of P/2 Watts, then the theqgretical. best ai nable efficien is 25% 10
The invention ai Hﬁw’?roleﬁ‘?lo‘{;}’ g??i?Fdaan) 40 ?‘%@BIWHSBEW’FH%T ér‘f‘BWﬁ%/flan%u

optim sed for a range of  output power |evels. Summary of the |nyention
Accordi ng to onePa¥pFdetel b use dor ydisigtenbpewer hevieh thed hilsyiliged redyctignohi fier 15
circuit conprising: an anplifier for anplifying an input signal to produce
an out put si gnalefficidney aesplts fif ére bwplafersiepof readibsted (egppl yedivstingathe and a
supply current ; and control neans for adjusting, in accordance with a
transfer functi doad). bdFoh ekdreplsuifpd ylasAramilifian dvithup dixgd wopplageltage Br der to
optimse anplifier efficiency. 20 According to another aspect of the

i nvention, ther e opsmBedV¥ordad oatput poPer lelh@rofCh Veatis] tie@MBE Shplder, avheanpl i fi er
for anplifying an input signal to produce an output signal, the anplifier
having a current ,6Qntd H thel @Rt doREIevel P, will have an efficiency that approaches

the ideal 50% (the theoretical maximum for a transistor saturation voltage Vi

of zero). If the same class-A amplifier is operated at an output power level of

P/2 Watts, then the theoretical best obtainable efficiency is 25%.

10 The invention aims to provide an amplifier whose efficiency can be

optimised for a range of output power levels.

Summary of the Invention

According to one aspect of the invention, there is provided an amplifier

15 circuit comprisi_ng: an amplifier for amplifying an input signal to produce an

output signal, the amplifier being supplied by a supply voltage and a supply

current ; and control means for adjusting, in accordance with a transfer

funcﬁon, both the supply current and supply voltage in order to optimise
ampiiﬁer efficiency.

20 According to another aspect of the invehtion, there is provided an

amplifier circuit comprising:an amplifier for amplifying an input signal to

produce an output signal, the amplifier having a current-control signal input

for determining a supply current and an input for receiving both a supply



for determning a supply current and an input for receiving both a supply 1,
8 'MAY 2005 WO 02143240 PCT/GBA /0-5182 3 voltage V and supply T?-B'rf‘flﬁ% I
for driving the anplifier; neans for specifying 9 a desired power eveOIS;
and control neans for cal cul ati ng values of supply curre upply
voltage V MO BHFP to optimise anplifier efficiency at thge”QB@QEPﬁed power

| evel, and for applying the corresponding current-control 5 signal and a
correspondi ng supply voltage to the respective inputs of the anplifier. The
control nmeans nay be operable to adjust t Re supply current | and the supply
voltage V to maxim se the anplifier efficiency in accordance with the

vari abl e desi r ed veitags M ansoieply|carrent IHor dmdng Se spipdifian mieghs {or spachiyiagn 10
constant the anplifier efficiency over a range of anplifier output power

| evel s P. | n praaciesica, pavier lavgd] ardd eontoil mezant foragaladarimgi wduea dfrsapglyst or, and
the control neans nmay be operable to adjust the supply voltage V such that
V = V-2j U3 + V~. currdb I whtesipbly Rltage ¥ in @dder taptihaise empli g effi@ehcatat tie out put
of the transistor die, and V,a, Is the transistor saturation voltage. The
supply current | gh3imdi Mit@deded ¥hd Rr iR Yhe tHSBOMIiAS icBireichbhtediency can

be the sane (i.e. near-ideal) for a
5 signal and a corresponding supply voltage to the respective inputs of the
amplifier.

The control means may be operable to adjust the supply current I and
the supply voltage V to maximise the amplifier efficiency in accordance with
the variable desired output power level P, and to substantially maintain

10 constant the amplifier efficiency over a range of amplifier output power levels
P.
In practice, the- amplifier circuit may comprise a transistor, and the -

control means may be operable to adjust the supply voltage V such that

V=+2RP + Vg,
15 wherein R is a real impedance presented at an oﬁtput of the transistor die, and

Vi is the transistor saturation voltage. The supply current I is adjusted to

1=
'Thereby, the amplifier efficiency can be the same (i.e. near-ideal) for a
wide range of output power levels. This is particularly advantageous for
20 equipment that is required to operate at more than one output power level.
This is achieved without requiring re-adjustment of the load impedance. In

other words, a constant value of load impedance may be used for different

output power levels without impairing the amplifier efficiency.



wi de r,ange of output power levels. This is particularly advantageous for 20
eduipment that -is required to operate at nore than one output power \)c E{el.
This is achieved without requiring re-adjustnment of the |oad i'nﬂ)feﬂdW\ @.5 n
ot her words, a constant value of |oad inpedance may be used for different
out put powdO e s without inpairing the anplifier efficPeHEFP1%2g pvay
2005 WD 02143240 PCT/GBOA /05182 4 A typical application for the anplifier
circuit would be for dynamc power control in a base station (terrestrial
or satellite) of a telecommunications syétem or indeed in a nobile

term nal where efficiency is a key paranmeter and where the output signal

power |evel can varya Sygiynaspptisdtion oy &e ihpRiRNHrcaN 8odd WedBr BaRaac Of
| evels. Also, if a battery is used for supplying power to the anplifier, by

adj usting the voldage nhBPUln 1@ g agm!iarﬂ pErresrtﬁglhec]Eri thami§uPet yang the

anplifier direct fromthe battery, the anp ler's efficiency is independent

of a change of @%@ﬁxﬂﬁnﬁs@%aﬁ&% é}?éﬁrq,eé%i&ii%'dQH Ao Ié[’ %ﬁ'}ffnral Qherl @ﬁfc?ernx

di scharge. A DC- conve be "use 0 provide the V&t i abl e
supply voltage. DC-t0-DC converters have relati.vely hi efficiency.
U hor mor o by Baf JSY1 REEBORD ViR LS SR et ARt (RS Copi v
current, the levels of generated harnonies in tge ase of non-class-A
operation can bedX@miGaYY oxer s andysy ¢ Yiderarge qfdevels symmetri cal wavef orm can
15 be produced for a w de range of output power |evels, wth voltage
limting and currentlsp; if & ibaBergcie uised Ay ePPbig PpwEk &0 HredamplsipghBY of t he
si gnal

adjusting the voltage V input to the amplifier, rather than supplying the

amplifier direct from the battery, the amplifier’s efficiency is independent of a
change of charge in the battery, e.g. as a result of battery discharge. A DC-to-
10 DC converter could be used to provide the variable supply voltage. DC-to-DC
converters have relatively high efficiency.
 Furthermore, by adjusting both the input supply voltage and the supply
current, the levels of generated harmonics in the case of non-class-A
operation can be controlled more easily. That is, a symmetrical waveform can
15 be produced fo; a wide range of output power levels, with voltage limiting
and current limiting occurring at both peaics and troughs of the signal
waveform. This reduces the level of second harmonic generated. |
According to a further aspect of the invention, there is provided a
method of operating an amplifier for amplifying an input signal to produce an
20 output signal, the method comprising: supplying the amplifier with a supply
voltage and a supply current; and adjusting, in accordance with a transfer
function, both the supply current I and supply voltage V in ofder to optimise

amplifier efficiency.



wavefarm This reduces the | evel of second harnonic generated. According to
a'further aspect of the invention, there is provided a net hod.le$ M%é@ﬂéti ng
‘an anplifier for anplifying an input signal to produce an 20 output signal,
t he met hod conprising: supplying the anplifier with a su e and a
supply cur‘y‘éﬁg,%zé‘hd adjusting, in accordance with a tran?gér)r/(}ﬁ/@h%%?i on, both
the supply current |I and supply voltage Vin order to optimse anplifier
efficiency. MAY 2005 WD 02/43240 PCT/GBOA 1"182 5 The above and further
features of the invention are set forth wwth particularity in the appended
clainms and together with advantages thereof wll becone clearer from

consi deration of the follhewbaye atet rthedeatese of fieiinventibn are seb fosthpidh vy

enbodi ment of the invention given with reference to the 5 acconpanying
drawi ngs. Brief fdaekmiaripy inothe appdnded Ednianwi and sogethar vith advaitdgeg Sierdot gilt e |

illustrates a transistor anplifier circuit; 10 Figure 2 illustrates '
col | ector char acjeghs tlefre€ BoMESongiddrator yNaEallowadel dethil diiede@ériptids of knsi st or
of Figure 1; Figure 3 illustrates idealised collector characteristic curves

and a dynami ¢ | gagslaenibddinéntDer ORET Alddin PRIVEE Rith VierdBtbelhP ke Figure 4
illustrates idealised collector characteristic curves and a 15 dynam c | oad

line with a5DC oa%ggnqﬁdn%ggﬁggﬁlggt V, and 1, ;

Brief Description of the Drawings

In the drawings:
Figure 1 illustrates a transistor amplifier circuit;
10 . Figure 2 illustrates collector characteristic curves and a dynamic load
line of the transistor of Figure 1;
- Figure 3 illustrates ‘idealised collector characteristic curves- and a
dynamic load line with a DC operating point at Vs and %4l;
Figure 4 illustrates idealised collector characteristic curves and a
15 dynamic load 1;116 with a DC operating point at V and I;
Figure 5 illustrates idealised collector characteristic curves and a
dynamic load line with a DC operating point at V; and 2I;
Figure 6 1illustrates idealised collector characteristic curves and a
dynamic load line with a DC operating point at 1.5V and 1.5
20 Figure 7 illustrates idealised collector characteristic curves and a
dynamic load line with a DC operating point at 0.75V; and 0.751;
Figure 8 is a flow diagram of one method of optimising the efficiency of

an amplifier;



Figure 5 illustrates idealised collector characteristic curves and a
dynanic load line with a DC operating point at V, and 21,; Figufe BAY 20[]5
illustrates idealised collector characteristic curves and a dynamc

line with rating point at 1.5V, and 1.51,; 20 Fig strates

i deal i sed §6Fgggg§r characteristic curves and a dynamc ngﬁipp%%£3nth a DC
operating point at 0.75V, and 0.75L; Figure 8 is a flow di agram of one

met hod of optimsing the efficiency of an anplifier; 1, 8 MAY 2005 WO

02/ 43240 PCT/GBO /05182 6 Figure 9 is a ﬁﬁom1diagran1of anot her net hod of
optimsing the efficiency of an anplifier; Figure 10 is an outline block

di agr am showi ng t he. du@ral9 if andpvosiagem phanaiker imetead of reptimising e gure | |
is a nore detailed block diagramof the anplifier circuit; and Figure 12 is
anot her det ai | ed dffioeicydif agrmpliodr; t he anplifier circuit. Detailed

- Description of an Enbodi nent of the Invention Referring to Figure | of the
acconpanyi ng dr aw ngFigurd1€0 és s osthiasvbloak diabthnasidwihp elie dbvedirfimcSomglf a NPN

bi pol ar transistor TR1L. An inductor LI is 'connected to a collector
termnal 2 of tthéQﬁﬂgkﬁbﬂ@uﬂRl Li kew se, an inductor L2 is connected to
a base termnal 3 of the transistor TRL. Aload Z,,d is connected to the

collector tesm nal 2 pyhge & is%saﬁ&,@%aa{r@&m &mn@m&ﬁm&e anl}f!hﬁeifa?cuhtoéxﬁi ess

mat ching circuit trans orms the load Z 0 a conpletely
Figure 12 is another detailed block diagram of the amplifier circuit.

‘ Detailed Description of an Embodiment of the Invention

Referring to Figure 1 of the accompanying drawings, there is shown an
10 amplifier 1 comprising a NPN bipolar transistor TR1. An inductor L1 is
connected to a collector terminal 2 of the transistor TR1. Likewise, an
' inductor L2 is connected to a base terminal 3 of the transistor TR1. A load

Zicag 1s connected to the collector terminal 2 via a lossless matching circuit
M1. The lossless matching circuit transforms the load Zo,q into a completely
15 real mmpedance Ry  Accordingly, the effective load presented to the
transistor collector is Rqp.  Preferably, the matching circuit M1 includes any
transistor parasitics (collector-emitter capacitance and load inductance) so that
Rop: is the impedance presented to the transistor die. Rop: is called the
dynaﬁdc load impedance and has the value of a pure resistance, measured in

20 units of Ohms.
Referring now to Figure 2, there are shown the collector characteristic
curves (1) of the transistor TR1 together with dynamic load line (2). The

horizontal axis of the graph correspdnds to the collector-emitter voltage Vee.



15 real inpedance & ,t. Accordingly, the effective |oad presented to the
.transistor collector is Ropt. Preferably, the matching circuit 1M MAhglpudes
any transistor parasitics (collector-emtter capacitance and | oad

i nduct anc t Rpl is the inpedance presented to t i Sstor die.
&t is cale‘%'gggu#}@ dynam c | oad inpedance and has the valltt}gr/%§(ﬁg§!gzre
resistance, measured in 20 units of Chns. Referring nowto Figure 2, there
are shown the collector characteristic curves (1) of the transistor. TRL
together with dynamic load Iine (2), The 7horizontal axis of the gr aph
corresponds to the collector-enmtter voltage V, t-8 MAY 2005 WD 02/43240
PCTJGBO1/ 0' ) 182 (¥, ix fbee, aliernative aafieléefieatitasistar {FET)dweas tsed tinstead wéitks or ( FET)
was used instead of the NPN bipolar transistor TR, V,, would correspond to
t he drai n- sour ceNR bipaipe trabstof TR,V t Weuld@orresoat tame«iraimbdmc)e)voltigee verti cal
axis of the graph corresponds to the collector current I. (the equival ent

for a FET woul d be (Witethdsande atbetevdlts. THelVertiddlaxiasfihedreptcdotregondsl)
correspond to different values of base current (corresponding to different

val ues of gate ugkfcaQ8esior c@reﬁﬁ-@(the-'éaﬁlvglreﬁt%?ﬁlFEwaouﬁ&"ﬁe MY BaA Girdegd 1ine is
equal to - V, desi gnat es a particular value of DC supply voltage on the

col | ector il e‘%r,;% tor

supply currgﬂt eii%‘ ﬁlte tRfe})récd&%%eogl?é}‘a%%&v&ﬁfv%%%eqfs%%a (gilnlr?gpwave of
l'itude V,, d th tude I,

EgIrJ Ithg ter ansi stn ms‘f%f r‘lr%ﬁ%ttvr%uteyr ate ‘%ﬁargag d%"gafr euze 1t

I's biased to Obttﬁé dynamic load line is equal to — (1/Ropr). Vs designates a particular value of

s DC supply voltage on the collector, while I designates a particular value of

the DC collector supply current.

10 In Figure 2, the coilector AC voltage is a sine wave of amplitude Vj,
and the éollector AC current is a sine wave of amplitude I;. For the transistor
TR to demonstrate the- characteristics of Figure 2, it is biased to obtain
maximum efficiency. The condition for maximum efficiency is represented
by load line (2) and corresponds to a unique value of Rep. That is, Rop: is

15 predetermined such that, as the output power level is increased from zero,
eventually, when limiting starts to occur, both voltage and current limiting

begin simultaneously.

The output power level is equal to

- 2
p VeV

ac
2R,

(equation 1),

20 where Py is in units of Watts, V. and Vg, are in units of Volts, and Rep is in

units of Ohms. In Figure 2, V. =V;. Thus

A

equation 2).
== op (eq )

opt



maxi mym ef fi ci ency. The condition for maxi numefficiency is repr esented by
Jlo6ad line (2) and corresponds to a unique value of Rpt. That gﬂ % Uﬂés 15
predeterm ned such that, as the output power |level is increasetd™f r121 ero,

eventual |y imting starts to occur, both voltage ap T@gog,gﬁgz limting
e V.1), P.

begi n si mul't | y. The out put power |evel is equal to V~~
2R P . (equation 1), 20 where Pa, is in units of Watts, V,, and V,,t are in
units of Volts, and Rp, is in units of nms. In Figure 2, V,, = V.. Thus P.

- (T7, V." (equation 2). 2ROPI 8 MAY 2005 WD 02/43240 PCT/ GB01/05182 As
V,,t tends to zero, and the DC coIIector supply current 1, P. Ropt tend to
P.C=VS 2 =VSIs.(equation 3 Rop eteDC|nput poder is V, -1,
the resulting theor ebf al teaes focﬁeé?}@?d@ﬁsDQ/COl%e“% SUPRIY GHE R ds 79‘{6) Pas 509
Equation 2 can be used to calculate the opti num DC supply vol t&je V,: V-~
=r2 ~PP.~ + V~., (equation 4). FromV,, the required DC collector supply
current, L., cantchéto

P r——=" (equation 3).

Since the DC input power is VS-IS; the resulting theoretical efficiency (as Vga
5 approaches zero) is 50%.

Equation 2 can be used to calculate the optimum DC supply voltage Vi:

V.=\2R, P, +V, (equation 4).

From V,, the required DC collector supply current, I, can be

calculated:

10 I =—= ' ' . (equatic;n 5).

Figures 3, 4 and 5 illustrate three graphs of collector characteristic

curves and dynamic load lines. In each of these graphs, Ve = V;is a constant

value, and the load line gradient, derived from Rop, is constant ( - ). For

opt

each graph, the value of collector DC supply current I is different (2 multiple

15 or su’b—multiple of I;). For simplification, the characteristic curves have been

approximated such that Vg, is zero. The locus of collector voltage V. and the
collector current I is the load line.

Figure 3 illustrates idealised collector characteristic curves and a

dynamic load line with a DC operating point at V and %2l where V and I; are



calcul,ated: 10 -T~" =V, (equation 5). Ropt Figures 3, 4 and 5 illustrate
three graphs of collector characteristic curves and dynamc I‘oa»g |42§ﬂ% I n
each of these graphs, V., =V, is a constant value, and the | o&i MAY
gradient, derived fromé&pt, is constant For R-Pt each graph, the val ue of
col l ector WO ®BUpPPY current 1., is different (a nultiple P(%GB?”@EPB-WUI tiple
of 1,). For sinplification, the characteristic curves have been approxi nat ed
such that V,,t is zero. The |ocus of collector voltage V,, and the

collector current Ic~is the load line. FPgure 3 illustrates idealised

col l ector characteristic curves and a dynanmic load line with a DC operating
point at V, and V21, where V, and |, jare_ 8 MAY 2905 WO 02/43240

PCT/ GBO / 05182 9cong@Rst Bnfigurelh Igigurg - sForithe limyiing epse mhera hngisease wher e
the signal is 2 maxinmum for |inear operation (where limting is just about

to occur), the efficiency.is 25% .Figure 4. i].lustrates idealised,collector
characteristic cwmﬁ%}ygma& OFSFARAH %Vuli‘eé%limfl{l S Thy ago"ﬁgocf’ﬁ&?rgttihﬁg poi nt
at V. and Is. In Eigure, = ls to bias the transistor to obtain maxi mum

L~
efficiency. The E@Pﬁeé%)f’ééS%C voltage is a sine wave of anplitude Vs and the

collector current is_a sine wave of o
Figure 4 illustrates idealised collector characteristic curves and a

5 dynamic load line with a DC operating point at V and L. In Figure 4, I, =L
to bias the transistor to obtain maximum efficiency. The collector AC voltage
is a sine wave of amplitude V; and the collectof current is a sine wave of
amplitude L. This corresponds to the conditions of Figure 2, subject to Vg
being assumed zero. In this condition, the amplifier is on the threshold limit

10 of saturation, where the maximum voltage and current swing are obtained
whilst maintaining linear (class A) operation with no limiting of either voltage -
or current. Thus, the the;retical efficiency is 50%.
Figure 5 i}lustrates idealised collector characteristic curves and a
dynamic load line with a DC operating point at Vs and 2I. In Figure 5, I =
15 2I;. It canbe seen that, as the signal amplitude is increased from zero, voltage
limiting will occur first on the voltage minima, but not on the voltage
maxima, giving rise to a high level of second harmonic relative to the
fundamental. If, for the supply current of Figure 5, the amplifier is operated
at maximum power level whilst maintaining linear (class A) operation (as
20 shown), then the efficiency is 25%.
Figureg 6 and 7 iilustrate two examples where both the supply voltage
and the supply current Icc are adjusted simultaneously to give a théoretic

efficiency of 50% for each of two different power levels. Figure 6 illustrates



anplitude Is. This corresponds to the conditions of Figure 2 subject to
V,~t ‘being assunmed zero. In this condition, the anplifier o) h%g
threshold linmit 10 of saturaton, where the maxi num vol t age and @ﬂu A803 swi ng
are obtained whilst maintaining linear (class A) operation with no limting
of either woliwagmo or current. Thus, the theoretical effiktBGBY/SB250%

Figure 5 illustrates idealised collector characteristi.c curves and a .
dynamic load line with a DC operating point at V. and 21,. In Figure 5, L,
15 21,. It can be seen that, as the signah anplitude is increased from zero,

voltage limting will occur first on the voltage mnim, but not on the.

voltage meXi e iqGhikigolidoRE dradchhNurRicha o ¢3RN TAALRANE, TR AL ve 10

t he fundanental he supply current of plififr is

operated at max] %Wﬂt %]teyg{/ Whh iSdyg. nﬁh@rtea’% N l%les E&%ﬁme‘dcé f28iof)

operation (as hé effiti'e res and 7
|IIustratetwoe es,.where both the.s vol.t a andthesp

current lcc are r%tﬁpét&; §1TER %%S&W #‘g ?{ Sih %@gr%qef@ngé’f)ﬁ @Fency of
50% for each of two dlffer?nt power levels. Figure 6 illustrates tO MAY 2005

WO 02143240 PCTI&BYy83P82510 i dealised collector characteristic curves and
a dynamc load line with a DC operating point at 1.5Vs and 1.51s. Figure 7

i1l ustratesS5i deal i sédgwes P agd 8r111u%4ﬂ§r5él€h@f figferent siayy EsWhish the ampidiel ¢ | oad

line with a DC operating point at 0.75V, and 0.75L. 5 Figures 8 and 9
illustrate slighhmhybel¢dnirotlehFigay8§ is arflavhdligpratthe canephdtiiadenf optimising the

efficiency of an amplifier. In Figure 8 a required level of the power in the
output from the amplifier is accepted at stage 3. Next, at stage 4, a value for
the supply voltage V is calculated followed by a calculation 5 of the current 1.

10 The calculated voltage and current are then applied 6 to the amplifier to
optimise its efficiency. Figure 9 is\a flow diagram of another method of
optimising the efficiency of an amplifier: In Figure-9 the same operations are .~ - -
performed, but the voltage and current calculations of stages 4 and 5 are
calculated simultaneously or non-seﬁuentially.

15 Figure ‘10 of the accompanying drawings is a schematic circuit
diagram of an amplifier circuit 11 with supply current and supply voltage
control. The amplifier circuit 11 comprises an amplifier 12, which may for
example comprise the amplifier of Figure 1. The amplifier 12 has a current-
control signal input (Ieonmor) for determining a supply current I and an input for

20 receiving both a supply voltage V and supply current I, for driving the
amplifier. The Iongor Signal operates, in the case of a bipolar transistor
amplifier, to adjust the base bias current of the transistor, and this in turn acts

to adjust the supply current (collector current). In the case of a FET amplifier,



-.'maybe controlled- Figure 8 is a flow di agram of one nethod of optimsing the
efficiency of an anplifier. In Figure 8 a required level of th }ygmﬁgmin t he
output fromthe anplifier is accepted at stage 3. Next, at staaé , a val ue
for the supply voltage Vis calculated followed by a caI&g% #%Epm of the
current 1.WPP24##d cal cul ated vol tage and current are then § d'6 to the
anplifier to optimse its efficiency. Figure 9 is a flow di agram of anot her
met hod of optimsing the efficiency of an anplifier. In Figure 9 the sane
operations are performed, but the voltadé and current cal cul ati ons of
stages 4 and 5 are calculated sinultaneously or non-sequentially. 15 Figure
10 of the acconptmyliotg stralwpryaies & adiusthematei voltega eflithe tragsision aricdfin an
anplifier circuit 11 with supply current and supply voltage control. The
anplifier circuituriictcomdjusstrs sapplpoptdant {deain #&yenthi ch may for &xanpl e
conprise the anplifier of Figure 1. The anplifier 12 has a current- control
signal input for deteThd ahplfied ElpekiyeL bisig@l od afrndp@ninendt odteuts 20
receiving both a supply voltage V and supply current 1, for driving the

anplifier. The |gapifdQlvefdi@\ed thO RREREESigndl Bn bl GutpsEnOA fovRt Rhdking I ansi st or
anplifier, to adjust the base bias curréent of the, transistor, and this in
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(o, 20 st the 924g yablans: Shal IELEASLakole a0l el N AGheLo advst

nput i and oyt put s Pl STRLIY hed.er 210 Ofud BSgSeiet ol gl on
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with the output line, but would nevertheless perform the same power
measuring function.

10 A signal representing power is supplied from the power measuring
circuit 13 to a power control circuit 14. The power control circuit 14 also
receives a desired power lc;vel signal from a desired power level indicator 15.
In an audio amplifier circuit, the desired power level indicator could be a
variable resistor connected to a volume control knob for selection by a user.

15 In cellular phone systems power control is used to control the power output by
a cellular telephone. The power control essentially comes from one or both of
two sources, namely from the cellular telephone itself or from the cellular
system. In the foxmez; case power control is effected by measuring power in
communication signals received by the cellular telephone and adjusting the

20 output power in inverse proportion thereto. In the latter case pov&e; control is
effected in the form of command signals from a mobile controller in the
cellular system, which controller measures power in signals received from the

cellular telephone and sends command to the cellular telephone to adjust its



5 circuit 13, which may be an envel ope detector for exanple, is connected to
the output line and nmeasures power in the signal thereon. It w '1-:18%”
appreci ated that a power neasuring circuit could instead be placed In @éri es
with the output |ine, but would nevertheless performthe s wer.

neasuri ng YOS YR. 10 A signal representing power is supf)(faﬂgﬁ&?“rsb% t he
power neasuring circuit 13 to a power control circuit 14. The power control
circuit 14 also receives a desired power |evel signal froma desired power

l evel indicator 15. 1In an audio anmplifief circuit, the desired power |evel

i ndicator could be a variable resistor connected to a volune control knob
for sel ection byoupusmewer Iborder togh¢el degireg parammeteys wethio the ewstens ditis,ob i s used
to control the power output by a cellular tel ephone. The power control
essential | y conesn hmpiifierrfer okcelhddrhielsphonehe siosiredgmwen davel indicatoncodié cel | ul ar
tel ephone itself or fromthe cellular system In the forner case power
control is effecbed RyistteaBatliefdvd3ois fioth aCIFoeNinGahdl it &Sitghalts thecei ved by
the cellular tel ephone and adjusting the 20 output power in inverse
proportion theretuk fidghgnd.atter case power control is effected in the
form of command signals froma nobile controller in the «cellular system

whi ch contral | er neas L 1l r I : Lyl ar
t el ephone a?d sends cgﬁnf%}ﬁg%ﬁg?ﬂﬁg glgc%lnﬁ"%? ttﬁée:lﬁgééﬁegn%&vgéop fgg]ﬁusslgﬁlh ttgl MAY 2005

WO 02/ 43240 PCT/ GB01/,.05182 out put, p [ 4:n. order t.o et sire rameters
W thin the syst e%c%asaflgi%%e%% glﬁp%:g% edrlscﬁLl %F&jasug%lpll‘&%aage ?\&ﬂ%‘%ﬁ%}%}’g? t he

desired poer | eyel I Pdheator could, B 13 [SUSNEL (LRl LSS YPR Rt 2 from 2

- from desired power level indicator 15 together with the output power signal
from the power measuring circuit 13 to adjust further the value of V or I to
10 control accurately the desired output power.
In general terms, efficiency is controlled by adjusting both supply
- voltage and supply current according to a desired power levél,' using a transfer °
function. The transfer function may be realised using a circuit which applies
the above-discussed equations or one or more look up tables comprising
15 empirically determined relationships between power levels, supply currents
and supply voltages. Either way, the values of supply current I and supply
voltage V mnecessary to achieve optimum amplifier efficiency for the
desired/required power output are determined by the power control circuit 14.
The power control circuit 14 then adjusts the supply current I and supply
20 voltage V accordingly.
Figure 11 is a more detailed block diagram of the amplifier circuit, and
shows how efficiency and power are controlled independently. Power control

is achieved by adjusting the supply voltage in accordance with measured



cellular tel ephone. 5 The power control circuit uses the desired power |evel
si;.gnal* to calculate and generate the above di scussed supply vol ?agmyg@ag
r

supply current 1. The power control circuit 14 al so uses the desrt

| evel signal fromdesired power |evel indicator 15 together with the output
power si gnaiomhggﬁnthe power neasuring circuit 13 to adj uptT/EBEvRER t he

val ue of V or to 10 control accurately the desired output power. In
general termns, efficiency is controlled by adjusting both supply voltage
and supply current according to a desiregszpower |evel; using a transfer
function. The transfer functl on may be real ised using a circuit which
applies the abov<§FF i scus

ions ,or.one nor.e ok U
conprising 15 en‘fﬁ gaYVFS/ qr %C%B%W?é?vg lsdﬂ% t?)g Cé@?kﬂﬁ%mﬁpﬁ rn%evel S,
supply currents and su y volt way, .t he va ply
current | and supi% © P& acdréu\? qf Jatgt hyadyes 3?51 tHEF)l er
efficiency for the desired/requi red power out put_are determ ned by the
power control cigoEGsRONdRE valifeOlhhwer lpont 3tdhe cripvlaied valne sdAPHAP U8E s t he

supply current ‘I and supply 20 voltage V accordingly. Figure | | is a nore
det ai | ed bl ock dinegjifiem 1Gf at hime alfpl Inf they welyr dai afficieney of Hbasamipdifierfis i ci ency
and power arc controlled i ndependently. Power control is achieved by

adj usting thhe suppirylladol t age i n accordance with nmeasured 1,8 MAY 2005 WO
02/ 43240 PCT/ GO /05182 13 output power. The required power |evel is input
to a cal cul ati ng uniThelsGpply volitege V at the calculated value is output on line 20 to a
summing circuit 21. The output from the power measuring circuit 13, i.e. a
signal representing actual power, is input to a control unit 22, which also
receives the required power level signal from the desired power level register
10 16. The control unit 22 serves as a comparator that provides a signal
proportional to the difference between the required power level signal and the |
sighal répresentihg actual power.
The output of the control unit 22 is also input to the summing circuit 21,
which thus adjusts the supply voltage V applied to the amplifier 12 depending
15 on the diﬁere@ce between the desired power and the actual power. The
summing circuit 21, the control function 22, the amplifier 12 and the power
measuring circuit 13 thus form elements of a control loop to control the output
© power of the amplifier 12 as a separate parameter, independent of the
controlling of efficiency.
20 Figure 12 is another detailed block diagram of the amplifier circuit,
showing an alternative arrangement in which power control is achieved by

adjusting the supply current in accordance with measured output power. The

arrangement in Figure 12 is similar to that shown in Figure 11, except that the



power control circuit 14, which calculates values for V, I, and the
corresponding value O Icontm - |control at the cal cul ated val ue ilsq impgﬁ%to
the anplifier 12 at line 19. In this way the efficiency of the anplifier is
5 controlled. The supply voltage V at the cal culated value is output on |ine
20 to a swouRgeeircuit 21. The output fromthe power neesUGBMYPStsr cuit 13,
i.e. a signal representing actual power, is input to a control unit 22,
which also receives the required power |evel signal fromthe desired power
| evel register 10 16. The control unit 2214serves as a conparator that
provi des a signal proportional to the difference between the required power
| evel signal andpﬁt‘ﬂﬁt poW@RALodtRINEE 8¢ AR oARE Blpl POWRINt, J*b\?g&éé&@é’%heo‘c the
control unit 22 is also input to the summng circuit 21, ich thus adjusts
t he supply vol tag]gF K,@&%gg.ed to the anplifier 12 depending 15 on the
di fference between“t'he désired power and the actual power. The summ ng
circuit 21, the contrgl_function 22 the ifi 12 and the .power
measuring circuit 13 ﬁh%nshgﬁa%geeﬁgﬁn&ﬁp 1 ngslhggﬂﬁqgIpof’vgrofjontttr8?célgcﬁ\{,ﬁél t he
out put power of e anplifier 12 as a separate_ paraneter, inde dent of
the. cont rol | i ng SRRy it HEaTseY FegGeia e SRS LA NG REr THeR T EA! HFock
diagram of the anplifier circuit, showing an alternative arrangenent in
whi ch power Tont PBPUTY cienit d¢dy opier toeptigniss the cffieeensy 9 e anplifish based
accordance wi th measured output power. The arrangenent in Figure 12 is
simlar to that ohdninput Poyer & e araNifigptand Haa geineoBthipynm@es InWwis02/ 43240
PCT/ GBO /" 182

arrangement the power measuring circuit 13 would take measurements of the

input signal and then adjust the supply voltage and current of the amplifier
accordingly. A value could be. assumed for the gain of the amplifier based
10 upon knowledge of the characterisﬁcs of the amplifier. Alternatively, the gain
could be measured by using a second power measuring circuit to measure the
 output power. Independent accurate power control could be implemented as -
shown in Figure 11 or Figure 12.
Having thus described the invention by reference to a preferred
15 embodiment it is to be well understood that the embodiment in question is
exemplary only and that modifications and variations such as will occur to
those possessed of appropriate knowledge and skills may be made without
departure from the spirit and scope of the invention as set forth in the
appeﬂded claims and equivalents thereof. |

20



14 output power is controlled by adjusting the supply current, as opposed
to the supply voltage. In an alternative arrangenent (not showr) Mthdilpower
.control circuit 14 addiitionally or alternatively-controls the supply

vol tage and current of the 5 anplifier circuit 12 in order to optimse the
efficiency of the anplifier, based on the input power to the anplifier and
the gain of the anplifier. In this arrangenent the power nmeasuring circuit
13 woul d take neasurenents of the input signal and then adjust the supply.
vol tage and current of the anplifier ‘accordingly. A value could be assuned
for the gain o£ tBSE_arrpl ifier based 10 upon know edge of the characteristics
of the anplifi & %t ernatively, the gain could be neasured by using a -
second power neasuring circuit to neasure the output power. |ndependent
accurate power control could be inplenented as shown in Figure | | or
Figure 12. Having thus described the invention by reference to a preferred
15 embodi ment it ils t SUKERREF] CIRGHE il FUBRISI8at t he enbodi ment in question is
exenplary only and that nodifications and, variations such as will occur to
those possessed offmAsSET (1) fondEmiiuagan Hpyt sierdl|'e PRRYCHE HEE wi t hout
departure fromthe spirit and scope of the invention as set forth in the
appended & ai ngzwshdhepunlifisr €7D seing aynplied 2 upply pliseBgnd bepabigicdl . An
anplifier circuit (11) conprising:

by a bias current I, characterised by:
control means (13,14,_17,21,23) for adjusting, in accordance with a
transfer function, both the bias current I and supply voltage V in otrder to
optimise amplifier efficiency.
10 ’
2. Anamplifier circuit (11) as claimed in claiﬁ 1, further comprising
means (15) for specifying a desired output power, and wherein the transfer
function serves to calculate values for both the bias current I and supply
voltage V depending on the desired output power.
15
3, An amplifier cirenir (11) as claimed in claim 1 or 2, wherein in
use the output signal is output to a load impedance, and the transfer function
serves to calculate vélues for both the bias current I and supply veltage V
depending on the load impedance.
20 ;4
4. An amplifier circuit (11) as claimed in any preceding claim,

wherein the control means (13,14,17,21,23) comprises a power measuring

circuit (13) for measuring power in the signal output from the amplifier (12),



an anplifier (12) for anplifying an input signal to produce an output 0 5
sgignal, the anplifier (12) bei ng supplied a supply vol tage V and pgiMMg 2005

. birased by a bias currenti 1, characterised by: control neans (13,14, 17,21, 23)
for adjusting, in accordance with a transfer function, both the bias
current | and supply voltage V in order to optimse anplifier efficiency.
10 2. An anplifier circuit (11) as clained in claim1, further conprising.
means (15) for specifying a desired ougput power, and wherein the transfer
function serves to calculate values for both the bias current | and supply

vol tage V deD%ﬁ@'ﬂﬂgmﬂﬁelt ﬂﬁc&%%bfv@éilo%lcaute ROWE for 281caddn@BPhi biagr circuit
(11) as clai in claiml 2, wherein in wuse the output signal is output

to aload inp ng; Sf QLnehiiRet SeEYes phwerCial 164!l at e val ues
for both the %ﬁggﬁ?ﬁ??%n€$ﬂﬁvaﬁ@€upp R gf?ggﬁv depegdlag on the | oad

i npedance. 20 4 {\ rl’rpl ifier circuit (11) as clainmed in any preceding claim
wherein the conFPro neans (13,14,17,21,23) conprises a power mneasuring

circuit (13) for neasuring power in the signal output fromthe anplifier _
(12), 1: O MAY 2005 16'and the transfer function serves to cal cul ate val ues

forai |egst one of the bins. CuRs A% .Jadfids SHRRKY, YBkLAGEYfigPendi ng on

t he nmeasured powe

means (15) for Spemfymg a desired output power level, and wherein the
transfer function serves (o calculate values for both the bias current 1 and

supply voltage V depending on the desired power.

10 6. An amplifier circuit (11) as claimed in any preceding claim,
wherein the control means (13,14,17,21,23) comprises a look 1p table and the

transfer function is calculated by way of the look up table.

7. An amplifier circnit (11) as claimed in any preceding claim,
15 wherein the conwol means (13,14,17,21,23) is operable to adjust the bias
current I and supply voltage V to mainrain substantially constant the amplifier

efficiency over a range of amplifier output power levels P.

8. An amplifier cireuit (11) as claimed in claim 7, wherein the

20 amplifier (12) output power level P is an AC output power level.



output signal. 55 An anplifier circuit (11) as claimed in claim4, further
conprtsing neans (15) for specifying a desired output power |ev h /ﬂgﬁi
‘Wherein the transfer function serves to cal cul ate values for bot NG as
current | and supply voltage V depending on the desired power. 10 6~ An
anplifier circuit (11) as clainmed in any preceding claim wierein the
control nearis (13, 14,17,21,23) conprises a |ook op table and the transfer
function is calcul ated by way of the ook lip table, 7. An anplifier circuit
(11) as clainmed in any preceding clai m’ 15 wherein the control -means
(13,14,17,21,23) is operable to adjust the bias, curr%nt | and supply -
vol tage V to maint%i nASuBSPEGH | GIcpy (Ebnst smedhi slam iS5 MEFe e i ency over
a range of anplifier output power.levels P. 8, An amplifier cipcuit (11) as
clained in cl aamplifier (ke cenprisena rapgsteriNl).iagd wWhersin %t?@blmpe%ﬁie{‘ level Pis
an AC output power level. TS MAY 2005 17 9. An anpli fier circuit (11) as
clai med in cl aispr8snigghie e cnpeind thedpapristor die. (12) CGonprises a transistor
(TRI'), and wherein a real inpedance R is presented to an output of the
transistor die, 5 10. An anplifier circuit (11) as clained in cWn 9, :
wherein the control neans (13, 14,17, 21, 23? is operable to adjust the supply
voltag~'. & such ithatAnvamplpfier cieuis (V1)~as claimadr g elaiys 9, wheregthghet r ansi st or
saturation voltage. '

control means: (13,14,17,21,23) is operable to adjust the supply voltage V

such that
V=v2R-P+V,,,

wherein Vi is the transistor saturation voltage.

10
11. An amplifier circuit (11) as claimed in claim 10, wherein the
control means (13,14,17,21,23) is operable to adjust the bias current I such
that
I- %.
15

12. An a.mpliﬁer circuit (11) as claimed in claim 10, wherein the
control means (13,14,17,21,23) is operable to adjust the bias current I such
that

I=\2(P/R)

20



10 11, . An anplifier circuit (11) as clained in claim10, wherein the
control neans (13, 14,17, 21 23) is operable to adjust the bias curreng MAY308h
‘that' I R is 12. An anpllfler circuit (11) as clainmed in claim 10, wherein
the control nmeans (13, 14,17,21,23) is operable to adjust the bias current |
such that 1=V 2(PIR 20 8 VAY 2005 11 An anplifier circuit (11) as .
claimed in claim 10, wherein the control neans (13, 14,17,21,23) is operable
to adjust the bias current | such th & 14. Azi anplifier circuit clained
in any of claiins 9 to 13, wherein the transistor (TRI) is a bipolar
transistor, and the. bisasaspliffeerirclit (H)tdeclaimed liwclatm 1©ymwherin G t he bi pol ar
transistor. 10 15. An anplifier circuit (11) as clainmed in any of clains 9
to 13 wher ei negnh6l MeaRSIFINL7,LTH))is operablé tebdusitiebius tukens sichr, and the
bias current | is the drain current of the field-effect transistor. 16, An
anplifier circght (11) as clainmed in any of clains 9 to 15, 15 wherein the
load Ris predeterm ned such that when litniting starts to occur on

I=(2(PIR)+V,,)/ R

14." An amplifier circuit (¥1) as claimed in any of claims 9 to 13,
wherein the transistor (TR1) is a bipolar transistor, and the bias current I is the

collector current of the bipolar transistor.

10 15.  An amplifier circuit (11) as claimed in any of claims 9 to 13,
wherein the transistor (TR1) is a field-effect lransistor,‘and the bias cwrent [
is the drain current of the field-effect transistor.

16. An amplifier circuit (11) as claimed in any of claims 9 to 15,

15 wherein the load R is predetermined such that when limiting starts 1o occur on
an increase of the amplifier output power level P, both voltage and current

limiting start substantially simultaneously.

17.  An amplifier circuit (11) as claimed in any preceding claim,
20 wherein the control means (13,14,17,21,23) is operable to adjust the bias

current | and the supply voltage V simultaneously.



an increase of the anplifier output power |level P, both voltage and current
limting start substantiplly si mul t aneously, 17. An anplifier Cirf@%&w&ﬁ%)
‘as' clainmed iri any preceding claim 20 wherein the control nmeans™®
(13,14,17,21,23) is operable to adjust the bias current | and the supply
voltage V simultaneously. 1,7 8 MAY 2005 19, A nobile termnal for a

t el ecommuni cati ons system the nobile term hal conprising an anplifier
circuit (11) as clained in any precedilg claim 5 19, A base station for ‘a
t el ecommuni cati ons system the basa station conprising the. anplifier  °
circuit (11) of ang, ofs glBildRrhinkiofol Z.tel2mmititiegosEm| drtrebils syst em _
conprising one or nore nobile termnals according to claim 16, and one or’
nore base st at j.Qfsala%arding Gint SnpliHer ehrait119 as 2bimdha &8 ge@awyni cat i ons
system of claim 20, wherein the telecommunications systemis a CDVA-based
system 15 22. A,pethod of operating an anplifier (12) for anplifying an

i nput signal to produce an output signal, the nmethod conprising: supplying
the anplifier (12) with a supply voltage V; and supplying the anplifier (12)
with a supply current 1, characierised. by; adjusting (13, 14,17,21,23), in

accordance: Wi th a 4fgrans : ] Mrm Qod P vollipge V and
supply cufsr ant | iltr?' o%d%arggts%ﬂgkg%#%qglg anp |%iggr£1%<§:-fifIll ﬁeébﬁcey.t tfl\a/AY 7005

comprising the amplifier circuit (11) of any of claims 1 to 17.

20. A telecommunications system comprising one or more mobile
terminals according to claim 16, and one or more base stations according to

10 claim 15,

21. The telecommunications system of claim 20, wherein the

telecommunications system is a CDMA-based system.

15 "~ 22. A method of operating an amplifier (12) for amplifying au input
signal to produce an output signal, the method comprising:
supplying the amplifier (12) with a supply voltage V; and
supplying the amplifier (12) with a supply current I, characterised by;
adjlusn'ng (13,14,17,21,23), in accordance with a transfer function, both
20 the supply voltage V and supply current I in order to optimise amplifier

efficiency.



20 23, A nethod as clained in claim?22, further conprising specifying (15)
a desired output power, and cal cul ating values for, both the bias current |
and supply vol tage V depending on the desired output power. 5 241.8AMAelliod
as claimed in claim22 or 23, Rather conprising outputting the output

signal fromthe araplifier (12) to a | oad inpedance"” and calcul ating val ues
for one or nore of the bias current | and supply voltage V depending an the
| oad i npedance. 10 25, A nethod as clakped in any of clains 22 to 24, -
further conprising neasuring (13) the power in the signal output fromthe-

anplifier (12), ang, calcul ating.values fo h_the_bi: cent | and
Slr.erp| y vol 'Eag)e V de enginheéw%oaﬁ lrge#r%naélﬁple ’E)%%err cf’%ﬁ%‘?%ﬁ%%@si gnal . 15
26. A nethod as, clained in claim?25, rther . conprigi specifying (15) a
desired out put (b‘i&ﬂgilesqe VB B é’ﬁllfcglf‘{h?ﬂgv% g%smﬁ‘oﬁﬁg%? ﬁ““feﬁﬁf bi as

current | and supply, voltage.V, depending.on the desired power. 27. A nethod
as claimed in &P@g‘ﬁglyé’P ?%q?é?e{“gng%?g?gg?rﬁgf’ute‘btﬁﬁ?”iersi ng 20 using a | ook up
table to calculate the transferfincdon. 28, A nethod as clainmed in any of
claims 22 to 27, farther conprising adjusting (13,14,17,21,23 )) the bias
current | and supply voltage, V to maintain i 8 MAY 2005 substantially
constant the anpl i?‘%l-er"’ke“f'lﬂ‘t e} éhCPiBYE AN £13iE e 05123 a dFTHSF iCERPRRE Ut power

| evel s P, 29, A nethod as clainmed in claim 28, wherein the anplifier output
5 power |evel PupEtigg theoui pighel fomethe paphifier (12) to 2 load impedance; and '

calculating values for one or more of the bias current I and supply voltage V

depending on the load impedance.

10 25. A method as claimed in any of claims 22 to 24, further comprising
measuring (13) the power in the signal output from the amplifier (12), and
caleulating values for both the bias current I and supply voltage V depending

on the measured power in the outpur signal.

15 26. A method as claimed in ¢laim 25, further comprising specifying
(15) a desired output power level, and calculating values for both the bias

current I and supply voltage V; depending on the desired power.

27. Amethod as claimed in any of claims 22 to 26, further comprising

20 using 2 look up table to calculate the transfer fumction.

28. A method as claimed in any of claims 22 to 27, further comprising

adjusting (13,14,17,21,23) the bias current I and supply voltage V to maintain



30. A nethod as clainmed in claim?29, wherein the anplifier (12) conprises a
tfansitor (TRI), and wherein a real inpedance R is presented to hpﬂ@b
.of ' the transistor die. 10 31. A nethod as clained iri claim 30, mh

supply voltage Vis adjusted such that V~ ~/-2R P +V,,,, mhereln V., is
the transistor saturation voltage. is 32. A nethod as clained in claim 30,
wherein the bias current | is adjusted such that J~ R 20 33. A nethod as.
clainiod in claim31l, wherein the biaszcurrent | is adjusted such that | +2
-(PL R 1198 NAY 2005 22 34, A nmethod as clained in claim31, wherein the

bi as current sdb§tan@éiiﬂylé§ﬁs?&t %%phh@rtefﬁcxenc%&er_a%ngt oY emiplfich offp@>. A met hod-

as clainmed in any of Clains 31 to 34, Tein tranS|stor (TRI) is a
bi pol ar. transEagégrlevegry_j the bias curTent | is the collector current of The
bi pol ar transiStor.

29. A method as claimed in claim 28, wherein the amplifier output

5 power level P is an AC output pawer level.

30. A method as claimed in claim 29, wherein the amplifier (1é)
comprises 2 transitor (TR1), and wherein a real impedance R is presented to
an output of the transistor die.

10
31. A method as claimed in claim 30, wherein ﬂle supply voltage V is:

adjusted such that
V=r2R-P+ Vears
wherein Vy is the transistor saturation voltage.
15

32. A method as claimed in claim 30, wherein the bias current I is

adjusfed such that

20 33. A method as claimed in claim 31, wherein the bias current I is

adjusted such that

I=:J2(P/R)



10 36, A nethod as clainmed in any of clainms 31 to 34, wherein the

transistor (TRI) is a field-effect transistor, and the bias currenfg Mg\i?ﬂﬂﬁt he
‘driai'n current of the field-effect transistor. 37. A nethod as clained in
any of clainms 31 to 36, further conprising is predetermning the |oad R
and, on an increase of the anplifier output power level P, limting
substantially sinultaneously both voltage and current. 38. A nethod as
clainmed in any of clainms 22 to 37, fur2zzher conprising adjusting
(1.3,14,17,21,23) the bias current I and the supply voltage V 20
substantial ly sinultaneously.

34. A method as claimed in claim 31, wherein the bias current I is

adjusted such that

I=(\/2(P/R)+V,,)/ R

35. A method as claimed in any of claims 31 to 34, where¢in the
transistor (TR1) is a bipolar.trangistor, and the bias current I is the collector

current of the bipolar transistor.

10 36. A method as claimed in any of claims 31 tw 34, wherein the
transistor (TR1) is a field-effect mwansistor, and the bias current I is the drain

current of the field-effect transistor.

37. A method as claimed in any of claims 31 1o 36, further comprising
15 predetermining the load R, and, on an increase of the amplifier output power .

level P, limiting substantially simultaneously both vollage and current.

38. A method as claimed in any of claims 22 to 37, further comprising
adjusting (13,14,17,21,23) the bias current I and the supply voltage V

20 substantially simultaneously.



