WO OU22604 PCT/ USOQ 26194 1 METHOD AND APPARATUS FOR W RELESS PHONE

TRANSM T PONER AMPLI FI CATI ON W TH REDUCED POWER CONSUMPTI ON 5 BACKGROUND
OF THE | NVEHFiARs 1. Field of the Invention The presericriiénssson rel ates
to RF anplifiers. More particularly, the 10 present invention relates to a
novel and inproved nmethod and apparatusifor RF anplification of a wireless
phone transmt signal. If. Description of the Related Art 15 A nobile unit .

or wireless pho_nMZEiI’rH@]_atANE ARATLDH FORMWIRELESS PHIONE r anscei ver

i s used to provieANSMIT POWER AMPLIFICATION WITH REDUCEDt i ons. The

RF transceiver is conprised %W?dﬁ%ﬁ%’f}@?nsm tter. The antenna,
es the n

interfaced to the nobile unit’ recel sm ssion fromthe base
station and outputs the signal to the receiver. The receiver anplifies, 20
filters, &d downconver BAOKGROUNDPIOHE THE INVENSHQ@NI. The baseband
signal is then routed to a baseband processing circuit. The baseband
processing circuit denpdul ates the signal and conditions it for broadcast
through a spaaliaiosiiRe Ii\erts - User input via keypad presses or voice
input to a mcrophone I1s 25 conditioned in the baseband processing
circuit, The signal is nodulated and routed to the transmtter. The

transnmitter takesThdpsbanthvehtoR relagenorRIF a¢hplifiers. INI6rePhiticaladly, tthend
upconverts, filters, and anplifies the signal. The _upconverted and

anpl i fi edlORFPESERM-INVPRLiQD Eeiates te aovel and IpREAYedimethgd andk pRAFatUSHEr sane
antenna as URed{9iH £ 8Jidefss pR&helt BLigRair equi renent s of sustained
hi gh quality vol c‘g ghg&agt a%ftér gﬁgm&ées?%}]sgrﬁ}uglgﬂ%le bal anced agai nst the

design requirenents of battery operation, small size, |ow cost, and high

reliability. The requirement_ that .a nobile unit operate under battery
pover presenFsP’\?ﬁ‘Ff SERRARE A 0 be WD 01/ 29604 PO/ US00126164 2

15 A mobile unit or wireless phone integrates numerous complex circuits.
An RF transceiver is used to provide the wireless communication link with base
stations. The RF transceiver is comprised of a receiver and a transmitter. The
antenna, interfaced to the mobile unit, receives the RF transmission from the
base station and outputs the signal to the receiver. The receiver amplifies,

20 filters, and downconverts the received signal to baseband. The baseband signal -
is then routed to a baseband processing circuit. The baseband processing
circuit demodulates the signal and conditions it for broadcast through a
speaker to the user.

User input via keypad presses or voice input to a microphone is

25 conditioned in the baseband processing circuit. The signal is modulated and
routed to the transmitter. The transmitter takes baseband signals generated in
the mobile unit and upconverts, filters, ‘and ‘amplifies the éiggial_. The
upconverted and amplified RF signal is transmitted to the base station through
the same antenna as used for the receiver.

30 The design requirements of sustained high quality voice and data
transmission must be balanced against the design requirements of battery
operation, small size, low cost, and high reliability. The requirement that a

mobile unit operate under battery power presents various issues that must be



addressed. Batteries can only provide a limted anmount of energy.
Mnimzing power: consunption is the only way to extend battery life.

| ncr easi ngv@ew®epder denands to reduce the size and wei ghecrafisoazéipor t abl e
phone put further pressure on the hardware designer to reduce the 5 size
and wei ght available for a battery. Advances in battery technol ogy all ow

for sonme recl ti gn,0f avail able ene .st.or.age | ost. due tQ si.ze,

reduct i on. RPET B?%?‘??\Fé?&“hy P?‘E’l‘ﬁsfg%/ Mmﬂé’éﬁ@%d RS wer
consunpt i on gswerdoRBI@APHER s 1B LARWAY toBABEd bakdryaltd. st andby tines while
si mul taneously reducing the formfactor of the phone. 10 The transmt RF

anplifier chain iBresdngfconpamgy elemandssiouredureothepsizer and omeighptdfom i n a

nobi | e phon ' m F.amlifier .chai i n_a Code
D1 vi st on LRTEPE RESAEBPruhét bisBRRE o W dient Brafe Besdif 1b8 by
speci fi cabi iz anthomightavailakile fidr Dbxrkdry! Adenelirobdtiy; te@FolsEyCdlow
Speci fications constraini ng bi | e phone design include 15

Tel ecommuni ¢SF SBM€ Terlamatiop ofsawdlable; energy siorage dest rduie to sigeaedugtion.

As . t . I _ _ ]' -

STANDARD. FOR DU kS SPAD, SBLC TN e ereng ore Ry SRR o5,
RECOMVENDED avimengfor PRREGRIgANEheS TAKDNEDS aR ARy Digdds Mbile sSrRitaheGiRECTRUM 20
CELLULAR weh&d§g£%}]%§ﬁfﬁ5§¥\ﬁéﬁrﬁﬂh%omar abl e specifications exist for

nobi | e phones ope €t he cellul ar frequency band as wel |

as for nmtdile phdhesrdsisirit RF agnpifiee chaih i¥ @ne R thé ki difest SHERBS of Poltens Ti M
Division Multiple Access (TDVA) or anal og Frequency Mdul ation (FM. The
speci fi cat i SRASHPRHPRM I & mrokiledthoneo Hhsfdeézgcmf/ﬁh%;rsn@mtiw amplifienr daim| 25

Communi cati g RY&hLaasDiR ' AnBh| i t [
Institute (ANSI) J-STD 00 oRRRE® AdtSon RPMAL i Qor HIRNEY | 1
REQUI REMENT SoRstRained byOspedificatsnCimppobid/Iodl eltput! pawet FarfeChied qutpd)
PERSONAL CC]\éIXLHJN Tl SYSTEMS. Simlarl y,%ﬁ% r .persona
station, is speer |’eglN?S%e O3S STERIUNg) %? i ORVANCE
REQUI REMENT JefeBimitndinicat{dn2. OIradstgODR skbiARION (MA) Vel ofpfcCE SR St
PERSONAL  STATI ONS.
ssociation  (EIA) IS-95-B MOBILE STATION-BASE STATION
COMPATABILITY STANDARD FOR DUAL-MODE SPREAD SPECTRUM
SYSTEMS as well as TIA/EIA IS-98-B, RECOMMENDED MINIMUM
PERFORMANCE STANDARDS FOR DUAL-MODE SPREAD SPECTRUM
20 CELLULAR MOBILE STATIONS. However, comparable specifications exist

for mobile phones operating in other than the cellular frequency band as well

e ¢

as for mobile phones utilizing alternative modulation schemes such as Time
Division Multiple Access (TDMA) or analog Frequency Modulation (FM). The
specification covering the operation of a CDMA system in the Personal

25 Communication Systems (PCS) band is the American National Standards
Institute (ANSI) J-STD-008 PERSONAL STATION-BASE STATION
COMPATIBILITY REQUIREMENTS FOR 1.8 TO 2.0 GHZ CODE DIVISION
MULTIPLE ACCESS (CDMA) PERSONAL COMMUNICATIONS SYSTEMS.
Similarly, the phone, or personal station, is specified in ANSI J-STD-018,

30 RECOMMENDED MINIMUM PERFORMANCE REQUIREMENTS FOR 1.8
TO 2.0 GHZ CODE DIVISION MULTIPLE ACCESS (CDMA) PERSONAL
STATIONS.



WO 01/ 22604 PCT/ USOQO 26194 3 A successful anplifier design nmust satisfy
all required specifications as well as mnimze power consunption. One

net hod of W@ Hi22%4i ng power consunption within an RF poREFUSWEFIHier is to
utilize an efficient anplifier topology. Cass A power anplifiers provide
the best linearity but also are the 5 st inefficient. Cl ass AB power

amplifiers provi geqlRedsBASHApIHidr! desRRCHusailtisfyCald $équireddetificticnsdds & COSt -
of increased out pu? dgi Stortion. rThe%[rt}onfll i nelgflf cﬁeglr act regfi_b!egt_i cs of the
cl ass AB poweell asphinfingze pawer iconsunptidn.e QGme yetbod tof minimiizingi pAwerower

anplifier in the transm,t. RE lifier ain, r led- .1 er 0gi es
a?g not sui tBPETPY X’%‘Hﬁpﬂo@'eﬁ WB}PQ’}}%&? gﬁaﬁgz%gﬁﬁelffﬁ&%xﬁem&%ﬂﬁ?% %I A
| S-95- B spegbpodlegy TlasBer puiRr hbhg¥ifiefscpretifdl e bestRearithbut albeard the
requirenents. However, one s:@&gl e anplifier is incapable of providing the
%ﬁu n, f out%utmoasoniefﬁgleath][a@Sﬁ pw:rr agplifie RrAvidednereatee s ificisagnover .
erefore, s r . : e : e
transmt pat a\érge%uﬁnr‘@%ﬁ% salt earlg"%bztm%a%s}ﬁ? e d|h§t0§1t(?c§:ﬁeisca gr&&%}:lhgir%l i fier
confi gur at i ahatdesdristied oftthe kst AB pdwereanplifier mealesit suitableoenlgbiithe final

communi catiqQns while mnjmzin ower .cgnsu Lon.n order to i mze
battery |if .lg}SLHMWYarEPL EIN} ARAERAReRt amnBﬁ%"rteE}éaﬂﬁ‘ iﬂ&gﬁﬁ%ﬂnﬁﬁ? a novel
and i nproveqopBbhRgd 28 hoRRAREKIE Usr af ODMI Mobild phéd bpéragihgavithineliess phone
transmt signal. "The anplifier chain wuses three separate anplifier stages:
a pre- dr 19 erTIAABIA dSH5iK specifigrtionrkecause tiey PeviEnablee mesk thelineatiyr chain
S configurq_g &#%Reﬁtgat the driver stage can be 25 bypassed. Wen the
driver stage s ypassed the signal only passes through the pre-driver anp

and the hi gh powloveever, oresidgleamplifieristincapablecfiprgvidingpthergaimouifuter i s
controlled to one of three val ues dependi on..the,requi red output, power.
Two data bi t(ROWfFe a&'éleﬁf“‘ﬁ‘t‘)“té’o ﬁ‘fqudfedt ng @\ﬁn F‘gﬁé‘é“tb%@ssﬁéﬂ{*ﬁ’é&d P?‘{%é?ll anp 30
as well as the S nfdf bEBiscadkid in@rieditd Seish Wle tRABBIt FatR redilitdinént.i r st
output power is required fromthe anplifiers, the data bits are set so
t hat t hel3lr jWhat is required is a cascaded RF amplifier configuration that maintains the

linearity necessary for CDMA communications while minimizing power

consumption in order to maximize battery life.

SUMMARY OF THE INVENTION

20
The present invention is a novel and improved method and apparatus

for RF amplification of a wireless phone transmit signal. The amplifier chain

uses three separate amplifier stages: a pre-driver amp, a driver amp, and a high

power amp. The amplifier chain is configured such that the driver stage can be

25 bypassed. When the driver stage is bypassed the signal only passes through

the pre-driver amp and the high power amp. The bias current on the high

power amplifier is controlled to one of three values depending on the required
output power.

Two data bits are used to control the switches bypassing the driver amp

30 as well as the bias current setting on the high power amp. When a first output

power is recjuired from the amplifiers, the data bits are set so that the driver

amp is bypassed and a first bias current is provided to the high power



anp is bypassed and a first bias current is provided to the high power WO
01122604 PCT/ USQCQ 26194 4 anplifier. A second output power is defined to
be great ewobumena first output power. Wien second out puRCESERB261P4 required
fromthe anplifier the data bits are such that the driver anp is bypassed
and a second bias current is provided #o the high power anplifier. The

: d bi . ' h he, f.i bi , | rd
out put posr MR h3e e byt Bt M aciined ook bRt LR fuaf obBln

out put poverpdveae | WheY¥e&ond culpitporiisifeqiredrfrdm the Ghiplifidr tHeodata bite
anplifier the data bits are set such that the signal is routed through the

driver anp aa7d sich that theydzivercamp inbynassest and asecand hinecywrent ip preyided
anplifier. thj ' C el €Nty | [ ' or
bt b s B S BoRGPinHRE Tk S8 R B ARSIl ML Bl
when it 15 ibiad berdnipasdded shipiue poMee issdefired tolbeggreatet tanveitheo e fitstvel s

are defined, a first, a second and third that correspond to | atively
| ow, noder at®,S€q RP&?Ptd??ﬁY‘?rﬂFﬁéQs'ongﬁhaﬂb‘B PEROWEt 15t 15GUIH 2’5’ ower

level s utilig@SRpIfmd: @S RAMIbRE 2Pk 36t Suth! @At HOkignhDR il BAWREhaRE! i fier.
The first, second, and third bias currents correggond 15 to relatively | ow,

medi um and drivgy ampandiy third bias surrent ihprovigedite thenhighf pewer amplifier.

cal i bration ble Jj,s used to contral the out put . power fromthe .anplifier
ond pr ovi dos B et (iiferieds SRRt HiarcifheR MEHs: BOURLRl IR el ' ' T
si gnal pnocesiacuriditis pviddden tho drivuf amp WiREt isinithe Bypadsedstated
threshold to set the data bits to control the a ol i fier settings as

detai l ed above. Jdereferetirge srlplivepewerleunts oz Actugt 3seqqned 38l Bower
fluctuates upiANGaH e&ﬁe%&dr OSRERRIY fbw,nﬁ\%a@ﬂte,mﬁigﬁ?%%{gﬂﬂ& Qﬁté::ut

over-the-air power cont | nf or mat’l on.” Hysteresis | rporated into
t he t hr eshol powert (Eash iof ther theee powerplevele mtilizesq vemespondiyig rigs ofirremtefor

lifi Lngs_wh he.. | i . hreshol d. Ther ef
W Pdow T epr BB RSN PHEST RPEERBE cLie o) Re-ohBy oy Cyaf et SESR S rREPRe -
anpl i fi en5comtreltively 16Wan@g i) drid Kgh s cafrenifoh e D%%Weﬁa QnBlifier.S

I ncreasing or decreasjng. BRI EF _DESCRI PTI ON OF THE GS 30 The
features, object ™ &FgC M tpble iy usedeto) pRIER): the RIAYE BAWST Iffomgbeone

mor e appar enfmp R dldpd6ides AR IndR 265 Bf e butflt pAWE ORLLGHA B essor.

The signal processor then compares the output power with a calibrated

threshold to set the data bits to control the amplifier settings as detailed above.
20 The data bits are dynamically updated as the RF power fluctuates up and down
in response to internal phone commands or over-the-air power control
information. Hysteresis is incorporated into the threshold values in order to
prevent frequent toggling of the amplifier settings when the power level is near
a threshold. Therefore a window represents the threshold and the actual value
25 at which the amplifier control is changed will depend on whether the RF power

is increasing or decreasing.

BRIEF DESCRIPTION OF THE DRAWINGS

30 The features, objects, and advantages of the present invention will
become more apparent from the detailed description set forth below when
taken in conjunction with the drawings in which like reference characters

identify correspondingly throughout and wherein:



taken in conjunction wth the drawings in which |ike reference characters

i dentify correspondingly throughout and wherein: WO 01/22604 PCI/US00/ 26194
5 FIG 1 WOU20ck di agram of a wirel ess phone transmi EEBUSE2H4]| path; -
and FIGs 2a-b are block diagrans of RE anplifier inplenentations.

DETAI LED DESCRI PTI ON OF THE PREFERRED 5°EMBODI MENTS A wirel ess phone
utilizes an RF tragsmidd Slock Gid ggma%taegsﬁ%tﬂ%mﬂn%% igrfdl bR, g ©
station. In wireless phones su hose operating I n ance with

TI A/ El A | S-95- B tF&.s2aate Beclodingramspef\ R amplifierghiplemétations.rol | ed to

maxi m ze the comunication link quality while sinultaneously. m nim zing

I nterference. The phone adj usts t he RF output power through open | oop as

wel | as cl osed | oophEqri CRIPTTIBN' O e when it has
not established a com‘rum cat I on ﬁ%@?at I on. an exanpl e,
when the phone is attenpting to se station in order to set

up a 15 traffic caII t he phone utilizes open |oop estimtes of the output
power to set the Apiiaelesst phanecutilizesamRF dvarismitiefute cemmyinicate from fke base

station. I d Q | on |ink
with the bag%ﬁ&%afCl ct)p(e bawg{;ﬂb heﬂggggEI%? %ﬁ ra%'lt"r‘ﬁ:ha%a ,sgt(i?gp%k‘(ﬁﬁse uses
open | oop poamordanne mitht'ﬂA,(EleBtQ&BetH@racmagrRH cuplitn poaved] isutiglstheaused
by phone vemen The open | 00 0CESS es the received |gnal
strehgthlﬂg ¢ ’ggt‘?errgﬁ ?ﬂjﬁ ‘CaT‘B‘%é‘“i‘r %EV}BII?O?%‘“?‘GH‘F% hase
station. Si %ﬁuhhange%tf&@ﬁcél hdri® dusts thdIKH AUt pbWeARBGEEh bpal the
transmtted signal There is not good 'Eh h loss correlation be vveen the
two. Ther ef deep as Mell@sslosed dgopr conirohs Ehe phene lstﬂyte@wpm loop mpde Z\é'lehnst ances
o pver comnensglSfeidia £ethide0.8h IR h358 BIRAR, 28 4 aXehbino
within a vehicle gives ri nal "tades and nul 1’8 o%chr
quickly to buhemthespbmteaslal-&nipaingl tecbonﬁeatgo a[bmse biaﬁpnﬁnmde:cﬁrﬁet up a The
rapid ch ges t.h l.oss are co sated using.closed | oo

Cont o - 101 ErdS el Fs B M6 AP IoOpIAS RN & FiR SRPHEPAVBER B message

from the basghdreabitRé nihintfimi 189d] réGitifed fo dReds@he Badd sthG¥R! AdARidrafipsm t
power. 30 The power step size is a predeterm ned constant therefore the
base st ati oriwhef the phone has established a communication link with the base station, as

t oo

in the case of a traffic call, the phone uses open loop power control to
compensate for signal fading and nulls caused by phone movement. The open

20 loop process utilizes the received signal strength as a basis for estimating the
loss from the phone to the base station. Since the received signal is on a
different frequency than the transmitted signal there is not good path loss
correlation between the two. Therefore, the open loop response time is slow to
minimize instances of over compensation. The condition of a wireless phone

25 travelling within a vehicle gives rise to many signal fades and nulls that occur
too quickly to be satisfactorily handled using open loop power control.

The rapid changes in path loss are compensated using closed loop power
control. In closed loop power control the phone receives a periodic message
from the base station which instructs it to raise or lower the transmit power.

30 The power step size is a predetermined constant therefore the base station only
sends information instructing the phone to increase or decrease the output
power. The phone must be capable of controlling the output power to the

accuracy of the predetermined step size.



sends information instructing the phone to increase or decrease the output
power. The phone -nust be capable of controlling the out to the
accuracy S‘fopqlﬁémﬁredeterm ned step size. WD 01122604 P&W%M 6 A
basi c bl ock diagram of a wrel ess phonegtransrri t path is shown in FIG 1.

In a typical wireless phone the user provides input to the phone via sone

‘user interface (mObasidiloEl digfdindsa viledyspPlhoné tEhanhpadn . shda inFEG.
interface converts the user input to an electrjcal signal that is sent to
t he baseband- 5inpt éxrisalgrireless phone the usegpEgvides npupdo the pheRe VRS a base

station the 1%@??@8@&(& (R{)Pﬁ}%mrsg&}%?s H%%;& SFnﬁé}SPﬁ{gﬂé?aih@ﬂée? i@tﬁgﬁf:éi er and

upconverts the trequency o t'h nal ansmtte requency.

upconvert ed cohgertsd the uséreinpmanio 410 eldveridaF sigraplthdti Br seh?2 Gowther basebandsi gnall

| evel is increased. The outgut of the RF a ifigr 120 .may, be fjltered or
1

sent to a prRIPEREERTOMD i f iy $188YdR to e ATansuiies Bt 2 PsY fiBkoR segibr e
connection ?P}og\l{n%s%gﬁ'}ﬂﬁdﬁﬁ% ROGRRA Sﬁ%aﬁﬂﬁ' aﬁﬂg.gghﬂ{réts e fiky L0 the

base stati or. attenuator 1s-used In the bas processor 1I0 to
adj ust the teithmfihalprassmittenfeéquency.hhe npednverted hignBiHs dhel seinit bo theRE | n

order to support. open l.oo nd.dosed |.opp, power,control the OLﬁPQUt IS
measur ed andimRHfEL) f%ﬂ' é(‘f}l%g JG%rSIE elgﬁ‘fli Pe“ﬁ%@'pfﬂ%@‘ﬁ?‘ﬂ%ﬂﬁgbﬁr. " The
measur ement JeslifdrS120iRay Bé Hlifgrbd &k st i85 aGibldRfiah cRbuit 30tiEas dx is¥idtbt N the
baseband processor 110. Yl'he RF calibration table 112 accounts for any gain

swi t chi n§0 pdndbshmsvin) beforeccoRmectiorpta &nh @ntenpg . (nThahdyaewhere thersigradder 110
control s gai ' i ' e RF anplifier 120. Gain swtching is
acconpl i she(ﬁ}géla\é&tggﬁ%gtﬁgﬁ%gstt%hmattenuator 20 val ue in the baseband

processor 110 at ahREFhatgaivatornistused Bh iebakébapid Prddesssh aud do hejusedbeed.
Wien the attenuator reaches this predeterm ned setting an_instruction is

sent to a sisgnal povesdewelrat the inpu: togthe Bl amplifist 439-a 1 grdenoto sRROTt 142

T Lo at Sk il Lheld oG il BRI R A0 Bl | €1
25 Fl G s12A-c@aBbrated dwtrdhr enidreGange Ghthteraiten(146T) Thepldabumemeardmedvdtsased as in
the basebang RG%% oa i calibratf3h tahle 11 Wil tebastband processor FI Hre're "¢ A
calibration table 112 accounts for any gain switching performed in the RF
amplifier 120. The baseband processor 110 controls gam switching in the RF
amplifier 120. Gain switching is accomplished by designating an attenuator
20 value in the baseband processor 110 at which gain in the RF amplifier 120
should be reduced. When the attenuator reaches this predetermined setting an
instruction is sent to a signal processor 140 that operates two data control bits
142. The two data control bits 142 control gain switching in the RF amplifier.
Two possible RF amplifier 120 gain switching implementations are shown in
25 FIG.s2A-2B.
An Automatic Gain Control (AGC) amplifier can be used as in the
baseband processor 110 as an alternative to the RF attenuator. The AGC
amplifier serves the same purpose as the RF attenuator, that is, adjusting the
signal power level to the input of the RF amplifier 120. The AGC amplifier is
30 able to provide a wide gain variation. The RF output is calibrated over the

entire range of the AGC amplifier. The gain of the entire RF transmit chain can



anplifier serves the sane purpose as the RF attenuator, that is, adjusting
the signal power level to the input of the RF anplifier 120. The AGC

anpl i fi erwiom@moebl e to provide a wide gain variation. THREUS26M$ put i s
calibrated over the entire range of the AGC anplifier. The gain of the
entire RF transnit chain can WO 01/22604 PCTI US00126194 7 be achi eved by

whi 1 o usi ng B e by SotRet i e KF PRI UG BT pfhes R ST ARG oo o
char act eri zifgplifee @Rile wdirl; 92d28tant poverRhpae/tbbhat AGT baiplified. 1 2The Wien

gain is switched in the RF anplifier 120 the sudden gain change is 5
conpensat ed meisiemenss Araragerigingtthe gainase savetbingthg linegtioniableriigr . Thi s

ensures a |ipear change i.n tyan .aaj i f.i Ois
controlled t‘&ﬁgﬂxﬁaﬁ %Swt&%?cggl%éﬂé n a%%‘g(l)lggl.l q%ﬁzhézgﬁggpg?%r&‘%e s%own in
FIG 2A i5 cohffenbstbeiship the RIedibraficittabla Vel andhé AGE amphfier.pMhiglr i ver

anp 210 is a low level anplifier that 10 receives the output fromthe
baseband pr cweuresra livgar Thangs, i dransmit pathpgairges \tbe Biamplterc Bk is; dri ver

anp 220. The of .4 he i is bandpass filtered 230 before
proceedi ng tcggﬁhggéfon%vptt%?%]ﬂﬁséé Esri(ik;tgr?rl]g1 0. The pre-driver anp 210 and the

driver anp 220 ofheaRE asplifiersi20Askovph iihi BiG 24 isneotistruzted| usingréhtse The

hi gh power anp. 240 operates as a class AB amplifie 5 {n order to

maxi m ze t handividual amplifigrs.; iherprg rb‘@ﬁém%g@é.s a(}{%"ﬁ}%‘(ﬁ& taemlﬁ ra‘hﬁt power
control yythin.: | £ Chaiydd | drhbrk phation
of anpli ??e?egﬁﬁﬁ%gtggmw%‘gé g?r%‘l ?@i%ﬁéﬁ&dg‘g‘?%g.%tﬂ?é& d'g[‘g oggtg{}r(gl tﬁgirﬁ%s 142 are
provi ded to drivenwsip cthfdeds al driver 2y 228 e The omtpdt ¢fheadrpler famep 220 n. The
out put of the power, control_ |ogic 250, secti.on.2Q.qperates to i teh the

bi as curr enB’ pasrcfiltred 230 Bﬁ%gEQEWCS‘?F‘Bg tQfhe %%%é}’l 'Rﬁwe’c')ﬁmtpn%mﬁ@%ee of the
two control gatfifarbeng 420 afddhé Id@RRE latp Qilﬁo?&\&?é a€ @Rbs A amlpBiGiess RS0 sends

informationto a PA biras control 260 circuit that adjusts the bias current
to the hi gh mpexievzelipdarity.c The Aigh pojves ainpR40iapebites at & clash ABoampliiem| gh
power a I f.ier

A T S
bias current. Thgai switdhihdcardpoiear eostes! within the amplifier chain is
accomplished through a combination of amplifier shutdown and amplifier
biasing. Two data control bits 142 are provided to a power control logic 250
section of the amplifier chain. The output of the power control logic 250 section
20 operates to switch the bias current to the driver amp 220 on or off depending
on the state of the two control data bits 142. Additionally, the power control
logic 250 sends information to a PA bias control 260 circuit that adjusts the bias
current to the high power amplifier 240.
Adjusting the bias current on the high power amplifier 240 changes
25 some of the critical operating parameters of the amplifier. The gain of the high
power amplifier 240 varies with the bias current. The gain of the amp decreases
with a decrease in bias current, although not proportionally. Also, the
distortion parameters of the high power amplifier 240 change with bias current.
The intercept points characterizing the higher order distortion products
30 decrease as the bias current to the amplifier is decreased. The decreased higher

order intercept points reduce the usable input power range. Because of the



wWith a decrease in bias current, although not proportionally. Al so, the

di stortio ters of the high power anplifier 240 c ] bi as
current. q*ﬁgﬁﬁﬁﬁércept poi nts characteri zing the higheﬁ%%ﬁﬁ#% P%tortion
products 30 decrease as the bias currentgto the anplifier is decreased. The
decreased higher order intercept points reduce the usable input power
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level is reiu pliftendebignanpl i fi er chain. Shutting down the driver anp
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l ow out ptEJé{ power)fﬁ% qt”é'ﬁﬁial% zgﬂe‘s qum &rhery gn Yhéelﬂf"’gﬁuwelfe"%lnﬁl i fier

240 is alsors edrdn? the "REApUAE! QU&En. dh d&AvVﬁfth%”Hri%]O i g0t shut
u a

down the 10 attenuator within the baseband procCessor 110 wo ve to be
i ncreased i nCoRseRes poyverdhateweuld efherwise be dissipatedbywthe ampeWhereadowver anp

220 i s shut | C a i xed attenuatgr...Simlarl en_t he bias

current to tﬁgqﬁﬁ?kve%o'\%\g?&%ﬁ%q hel @?S fﬂﬁe?ts%r gﬁu@@h R%erg%f'ﬂ §r 24015qevi ce
is reduced. &lsoeedided t6hlthedit@evel i 1Y eHe @fivertfp 294 frefSnét shiut @dwal fhgnuat or,
the bias current to the high 15 power anplifier 240 cannot be reduced to a

mi ni mal Vi uatteuater pthipy she heseband pooegssarall® wouldphaxe thebe ifidreasedrin out put
power. There il LI er fiauratton of FI G 2A e hi gh power
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hi gh out put gowerit acts neqdixed dttenaator.hSinilaly, Wikh BB didd duffent td WR highp 220
is 20 turned on and. the high power anp 240 operates at high bias current.
Wien a noder B'P‘é(eﬁ?ﬂﬁahbero%odgf%&‘\ggmm§f Fhﬁ:fi)ﬁ"rl??ds sedyagd. gmﬂ? the ghut chain
the driver agBwR2Bvé&@hp220McRUs & Hgeki . gn anp
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25 current tgr?oudihSt or Ei on on t f%ﬁ output signal is not increased since both
the i nput gh gamn to provide sufficient output power.
Therefore, in the amplifier configuration of FIG. 2A, the high power
amplifier 240 has only two bias current options, high and medium. When a
high output power is required from the amplifier chain the driver amp 220 is
20 turned on and the high power amp 240 operates at high bias current.
When a moderate amount of output power is required of the amplifier
chain the driver amp 220 remains on but the bias current on the high power
amp 240 is reduced to the medium level. Although the gain and high order
intercepts on the high power amp 240 are reduced with the reduction in bias
25  current the distortion on the output signal is not increased since both the input
power to the high power amp 240 and the required output power are reduced.
When low output power is required of the amplifier chain the driver
amp 220 is shut off. In this condition the driver amp 220 acts as a fixed
attenuator. The high power amp 240 operates with a medium bias current. The
30 bias current to the high power amp 240 cannot be reduced to a low level

because a low bias current decreases the gain of the amplifier below the level



power to the high power anp 240 and the required output power are reduced.
When | ow out put power is required of the anplifier chain the driver anp 220
is shut ofwWgedmedshi s condition the driver anp 220 acts @cTasshineesd
attenuator. The high power anp 240 operates with a nmedi um bias current. The
30 bias current to the high power anp 240 cannot be reduced to a | ow | evel
because a | ow bias current decreases the gain of the ,anplifi pbel ow t he
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anplifier chgpjfinpwhen the driver anp 220 is shut down. Therefore, power
savings are achieved by reducing the bias current in the high power anp
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hi eved by shut.ting d dr | 220 wh |
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hi gh povwels shaiver savintEee heieRdd B shutBAPIowretHe! drivel Qe 230wHEonly 411 gh

bias current” of 150 mA is used for the hi (l;_h_ power anp 240. The anplifier
chai n consuniew eutpakpawer istrequitedtomchopmplifiseekaind i n the hi gh power

state. The maxi Lifier .cunrent, .. o4 i renr al of
all active devi (r:n;ig\ 0?1%%?1 técug“rrﬁﬁal %@?ﬁtgﬂgﬁ %e%hé’%%& ?%utgnﬁg%%éé%{]&%/%ﬁhe al so
takes into apewenlevelBabbie a6 siBh.c W hight bias catrenpdf 150 imA ishesedi fol thower
anplifier 240 when outputti ngwgi gher power. The noderate out &P6 ower
state is defRiBBPOYETARP FA0pJheramphifisrechauy Grrsymes 2 Bragfi e m The
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driver anp 220 1s-still active the noderate power state. The anplifier

chai n consunesamptionmenresénts 3be ngtalvob all getivatdettides in fee ampligienchaipower
oL, T | i BUPRbEPERaC b A Sk Pt R v ol
240 remains @iqsﬁﬂlp'ﬁﬁnmgt the hegldpbwer amipllifies 24011hefl @fputfing Hghrigovwadr. chai n
consunes a maxi mum of 82 mA when operated in the | ow power state. The
anpl i fier cohte BEAgHARRALPUE PPer sitess slpfined a5 RBIIY PIVSEIRICITRATWERDTY on. The
oDl b TR S e M 088 a0 Wt pover
to 80 mA. The driver amp 220 is still active in the moderate power state. The
amplifier chain consumes a maximum of 180 mA when operated in the
moderate power state. The low output power state is defined as output power
levels below -4 dBm. In the low power state the bias current to the high power
20 amp 240 remains at 80 mA but the driver amp is shut down. The amplifier
chain consumes a maximum of 82 mA when operated in the low power state.
The amplifier configuration of FIG. 2B provides improved power
consumption. The amplifier chain utilizes a pre-driver 210, driver amp 220,
and high power amp 240 as in the implementation shown in FIG. 2A. The
25 improved amplifier implementation of FIG. 2B also incorporates two RF
switches 272 and 274, that are used to route the signal path around the driver
amp 220 and bandpass filter 230. The switches 272 and 274 can be set such that
the signal from the pre-driver 210 is routed through the driver amp 220 and
bandpass filter 230 before proceeding to the high power amplifier 240. This is
30 accomplished by connecting the input of a first switch 272 to the output of the

pre-driver amp 210. The switch is then positioned such that the signal flows to



25 inproved anplifier inplenentation of FIG 2B also incorporates two RF
switches 272 and 274, that are used to route the signal gg}lﬁgﬁ{f%nd t he
driver am®%9##%nd bandpass filter 230. The switches 27 can be
set such that the signal fromthe pre-driver 210.is routed through the
driver anp 220 and bandpass filter 23 efore proceeding to the high power
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t he out put Ghput é@hb exfd Ber2ad t he output of the second switch 274
I s connected ?o t he |nput of the high power anplifier 240. 5 In the
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To acconpl i @hfighitationaht ki@i*@ﬁhk%mzhhﬁdl th@%hnapas*s fBtet 286 hresbypaeted? 7Bo and t he
output to the second switch 274 are connected in the sane manner as

descri bed atRseemplish thiseandiguration thgiinpwide the rsyewiitch@q@ and theoutpat to he

i Soct 1y conte Sped SHath Z7e SECRARCAENAN 0 b lel asttlebi P et ! o
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sane manner as the a kaler conflgijratlon of 2A. .Power copntrol |ogic
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274 p03|t|oq§ftﬁg§é%gagg,ll¥]f129@v\er control logic 252 also directs the driver
anp 220 to turn on or o according to the control data bit 142 val ues.

| nformation f romﬂiefmnp\dvarconﬁguramionl af F1G. 2B Aises thesemhtin) daltee bR\ 182 ars

control 262 o a ust the I as suppl i t hi gh power .

ampl i fier 2 B i n g oM igrBon PPt ah B e e B Kiie 11 er
confi gur agi cn“szoéeceﬁééim@ %on&él Wald bRe 1@2%%{%&@6&@%wﬁaeszeztmdeﬁwut put
power | evels may not be the sane as the output power |evels defined for

the anplifi @osmmuagmrdmgm POWeFICGltrQlegicr?-SchlﬁOahpftdtﬁ therdriverfanyp22@ i on of

FIG 2B 117 80,5008 ofrdid ccordmg & the control data bit 142 values. Information from

the power control logic 252 is used by the PA bias control 262 to adjust the bias
current supplied to the high power amplifier 240.

20 Three output power levels are defined for the amplifier configuration of
FIG. 2B. As will be discussed below, these three output power levels may not
be the same as the output power levels defined for the amplifier configuration
of FIG. 2A. In the amplifier configuration of FIG. 2B first, second, and third
output power ranges are defined. The first output power range represents the

25 lowest power range to be output from the amplifier. A second output power
range greater than the first output power range defines a moderate output
power from the amplifier. Finally, a third output power range greater than the
second output power range defines a high output power from the amplifier.

Each of the three output power ranges has a corresponding bias current

30 defined for the high power amplifier. There are first, second, and third bias

current levels. The first bias current is a low level of bias current used with the



out put power ranges are defined. The first output power range represents
the 25 | owest power range to be output fromthe anplifier.. A second output
pover ranY@WP¥Bter than the first output power range dBfVH¥2¢%pderate
output power fromthe anplifier. Finally, a third output power range
greater than the second out put power raﬁge defines a high output power
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correspondi ng current I ned power a ler. There
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on and the hh@hjg&gyhﬁ&eﬁﬁ? Zﬁﬂislsﬁﬁﬁﬁkid)éﬂﬁﬁﬂﬁaé BirtéhtD ThSs stateieffectiVBlys state
S effectlvel.g i dentical to the high power state for the anplifier

confi gur at i oddenisahtq therhigh powgr state fasdhe amplifish eondignsationghawn én FiGaui r ed
fromthe arrplz%{_i er chain the switches 272 and 274 are set such that the

driver anp 2 and the bandpass filter 230 are bypassed. In this noderate
second polr st at &Whdreadetarel pawer 286! is seqlired fbin #md amplifien ctaini the

current is supplied_the high power 240. The band s filter 230 is used
Lo refect si GHAKLE 727 angh a2k A Aetsveh gheinie deiver it 920 gafdhe FAadpate: ve
band signals fﬁfe?Qﬁf‘ire!b‘}gE&%dl o defid sdbRd F:Bﬁrer Easdidhk defves hipadaob! eed
through fromthe receive path. The bandpass filter 230 is used to provide

i ncreased i sd4$ sititoff andonsechrd bias sireniiasupplied the higlopewet amp24@ut . The
spurious receive th signal.s are above.the transni ath _noi ge .floor only
For high 1 evel & of g dRdiAie eitef 2 AIRET o iect SARBRha P PRl | fE pipne

pr ef er r edi®neiveebind. h&hb3eekNs bad Isighhlsysiesdrit ihyHha I @mil ﬁﬁ@\ ddet thet he
driver anp 220. Bypassing _the bandpass filter 230 allows the_insertion

| oss associ afedlt ofisignal kleedthraughfgomdhe eeceivienaghyt The hardpass lten¥bisent i s

bypassed. used to provide increased isolation from the receive path to the transmit
output. The spurious receive path signals are above the transmit path noise
floor only for high levels of gain in the transmit path. Therefore, in the
20 preferred embodiment the bandpass filter 230 is bypassed along with the driver
amp 220. Bypassing the bandpass filter 230 allows the insertion loss associated
with the filtering to be eliminated when the component is bypassed.
Alternatively, the second switch 274 may be placed prior to the bandpass filter
230 so that it is not bypassed.

25 When a first output power is required from the amplifier chain the
switches 272 and 274 are set to bypass the driver amp 220 and bandpass filter

230. The high power amp 240 is supplied with a first bias current.
In one particular implementation of the amplifier configuratioﬁ shown
in FIG. 2B the third power state is defined as output power above +16 dBm. In
30 the third power state the driver amp 220 is active and included in the signal
path. The high power amp 240 is biased with 150 mA of current. The amplifier



Alternatively, the second switch 274 nmay be placed prior to the bandpass
filter 230 so that it is not bypassed. 25 When a first wer is
required WP8HI%¥e anplifier chain the switches 272 andr%&%@%et to
bypass the driver anp 220 and bandpass 1?ilter 230. The high power anp 240
is supplied with a first bias current. "fn one particular inplementation of
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defined as output power above +16 dBm In 30 the:third Pigwer state the
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two RF switches 272 and 274 I npl emented as active switches such as PIN
di ode swil cloperated inethe daw powves stakechani cal switches coul d be used but

there are reliabili swit chi f | i ssues, rel at t.o,.neC i cal
it chos t hat | aiat e sAUhE pRland s P NEREnTritd s WalE SUARMES
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t hat consune power provides, power savings in the RF applifier 120. The
source of tHEEHEHE Fh%a@rqqge}lagglw &n&ewt%mg tigng Jgsueprelated te g ik the

| mproved REo@ighéd ihif matke feff uritshidb BPUEL 2GARSRBNI NG State over greater
conditions. The source of the power savings can be better explained by 20
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anpl i fier C%% that rchés pgvaell': %%vigéé g(r)]vg/er savings in the RF amplifier 120. The

source of the power savings is largely due to the ability to operate the

improved RF amplifier of FIG. 2B in a power conserving state over greater

conditions. The source of the power savings can be better explained by
20 comparing the two RF amplifier designs.

The high power state for the amplifier configurations of FIG. 2A and
FIG. 2B are functionally identical. Both amplifiers define the high power state
as output power levels above +16 dBm. The RF transmit signal is routed
through all components in the amplifier chain and the bias levels for the

25 amplifiers are identical.

The moderate power states of the two RF amplifier configurations differ
in RF output power range covered and in amplifier power consumption. The
design of FIG. 2A defines the moderate power state over the RF output range of
-4 dBm to +16dBm. The amplifier design of FIG. 2B defines the moderate

30 (second) power state over the RF output range of +8 dBm to +16 dBm. While
both amplifier designs reduce the bias current on the high power amplifier 240
the design of FIG. 2B additionally bypasses the driver amp 220 and shuts it off.



FIG 2B are functionally identical. Both anplifiers define the high power
state as output power |evels above +16 dBm The RF transmit signal is .
routed tiwoomgdieml | conponents in the anplifier chain a®ETUsed2si%s | evel s
for the 25 anplifiers are identical. The noderate power states of the two
RF anmplifier configurations differ in KF output power range covered and in

i fi tion, Th ign of FIG.2A defines the moderat
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bel ow -4 dBm reas the anplifier~design of FIG 2B defines the” |ow power
state for RFFiSut2shytewlowrh 8icodrive aBm 2201t sloes nbt furthgysieducathe Fag 2A

shuts down the driver 220 but not furt duce the,.bi a current
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attenuation contributed by the driver "anp 220 when it is turned off.
Therefore, attenuatibn cortribwediby ther drivey apgo220swhen ihis Birned affy Tiergfate, gai n,

it is acting_as an. attenuator. e bias.currept. ne..high. anp 240
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change in signal gain due to shutting down the driver anp 220. In
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the driver atgsh2i®ing dowythe sleivenhmip 220. iIn cohtrastpthie amplifier design of FIG. '
2B further reduces the bias current to the high power amp 240 in the low power
state. This results in an 18 mA difference in current consumption between the
two amplifier designs. Since the driver amp 220 is bypassed when it is shut off
20 there is no additional signal loss incurred. Therefore, the amplifier chain can
readily accommodate a gain reduction in the high power amp 240. Because
there is no signal loss associated with switching off the driver amp 220 the low
power state can operate at a much higher output power level. The increased
operating range of the low power state further conserves power by minimizing
25 the time that the RF amplifier 120 must operate in one of the higher power
states.

Two phones were constructed to test the decreased power consumption
using the new RF amplifier design. The two phones were identical escept for
the RF amplifier. The performance of the two amplifier designs was compared

30 using a call model specified by the CDMA Development Group. The result was

a reduction in total phone current consumption with the new design of



20 there is no additional signal loss incurred. Therefore, the anplifier
chain can readily accommpdate a gain reduction in the high power anp 240.
Because W{29122604 no signal |oss associated with sw tchiBf 026 driver
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RF anpl i 5 erpebériaingezd®nds the talk tinme of the phone while sinmultaneously

reduci ng the phone caost.
Therefore, the addition of RE switches 272 and 274 that bypass a driver

amp 220 into an RF amplifier chain extends the talk time of the phone while
simultaneously reducing the phone cost.

The previous description of the preferred embodiments is provided to

20 enable any person skilled in the art to make or use the present invention. The

various modifications to these embodiments will be readily apparent to those

skilled in the art, and the generic principles defined herein may be applied to

other embodiments without the use of the inventive faculty. Thus, the present

invention is not intended to be limited to the embodiments shown herein but is

25 to be accorded the widest scope consistent with the principles and novel

features disclosed herein.

WE CLAIM:



The previous description of the preferred enbodinents is provided to 20
enabl e any person skilled in the art to nake or use the _pres ?t invention.
The vari JVRO¥BEM{ i cati ons to these enmbodi nents will be gﬁjéﬁqvlgépparent to
those skilled in the art, and the geneﬁic princi ples defined herein may be
applied to other enbodi nents wi thout tte use of the inventive faculty.
Thus, the present invention is not intended to be lNmted to the
enbodi nents shown herein but is 25 to be accorded th '

consistent with the principles and nCyAIMBeat ures dﬂlmwmuumnmmll\m
CLAIM WO 01/ 22604 PCTNS00/ 26194 15 CLAIMS | 111111'11191HE1?113114111 CL
MS 1. An RF anplifier for a wireless phone conprising: 2 a pre-driver
amplifier; a driver anmplifier, 4 a bandpass filter with an input connected
to an output of tlhe dANREamglifien for awireess phogh coBREFNGhpl i fier; a first RF
sw tch hayi ng an i npuj.con .d to an output of the pre- 8 driver

anplifi eryvm'th aafé}fggé{nv%\?ma{}@%hggt put connected to an input of the driver
anplifier; and 1Q drigeaaipdifiel, swi tch havi ng an out put connected to an i nput
of the high power anplifier, a first input connected to the . output of the
bandpass filter, a'ﬁ“r%ﬁs Qf@’éc‘fﬂﬁﬁa?dﬁm‘t JHFsteret? ?%%%‘étcgﬁﬂ‘eoaﬁﬁfﬁ of the
first RF sw id4ch that the driver anplifier and bandpass filter can be

swi t chably bypassed. 2. The RF anplifier of claim1 further conprising: 2
a power céntrol ladgghkpowecamplifitat i nputs data control bits and provides

correspondi ng out ppt n hat con j n witch 4
positions. 3. Thé tmw?’f@é?‘a gc?%alsr{rﬁqlﬁ %ﬁ’ﬁg‘?c&%‘%% hag‘ %%%&?%ggﬂﬁgﬁ- | ogi c

al so 2 ogt pdfiverianhslifier tvriet a ffirst ssoisdh ohtpat conreictesl A imput of thendrikergh power
anplifier.

amplifier; and
10 a second RF switch having an output connected to an input of the high
power amplifier, a first input connected to the output of the bandpass filter,
12 and a second input connected to a second output of the first RF switch such that

the driver amplifier and bandpass filter can be switchably bypassed.

2. The RF amplifier of claim 1 further comprising:
2 a power control logic circuit that inputs data control bits and provides
corresponding output signals that control the first and second RF switch

4 positions.

3. The RF amplifier of claim 2 wherein the power control logic also

2 outputs information for control of a bias current of the high power amplifier.

4. The RF amplifier of claim 3 wherein the power control logic also

2 outputs a signal that controls the driver amplifier to an ON or OFF state.

5. The RF amplifier of claim 4 wherein the power control logic

2 controls the driver amplifier to an ON state when the RF switches are



4. The RF anplifier of claim3 wherein the power control Iogic also 2
outputs a signal ‘that controls the driver anplifier to an or OFF state.
5. The RFVEQ®W22604er of clai m 4 wherein the power controll’q'r()‘éﬁ"ﬁ’2 1% control s
the driver anplifier to an ON state when the RF switches are WD 01/ 22604
PCT/ USO0/ 26194 16 positioned to connect® t he pre-driver anplifier to the
driver anp! ifdsRion@ltol Bfined RRRAORAER ! hh{gﬁ?xeﬁ@ortﬁtedﬂbwa pUAEr aihd i er. 6.
The RF anpli‘tier cI al m% reint cont rol 2 outputs

i nf or mat i 4n odpess filkerdo thechigh powenamgilifiet.o t he hi gh power anplifier to a
predeterm ned high | evel when the RF switches are positioned to connect the
4 pre-driver anplifier to the driver anplifier and the bandpass filter to
the high power lifherRF ampliiRr Bf @Rk S wHeréth ®e %@vér WbRIr6l ogife pover
control logic 2 controls the driver anplifier to an F state when the RF
swi tches ar eoutpwuqusn@éion soniypling the biagcupment tnibleitigle pouied applidisn e

e e A PRt Henalph WAL R el S ER BTSSRI ! 10° 2
provi di ng aatﬂree S ﬁp conprising a r|ver

driver anpl llirbefnvearamﬂ:ﬂwgda tmmdﬁvelamphﬁeaﬂnd ﬂ1el trqutassr@ltéraophmﬁglcont r ol
|l ogic on the anplifier one of a plurality of possible power control
states; and BPWGHT qrng a signal path through the three stage anplifier
accor di ng to the input power control state. 9. The method of claim8
further conprising the steps: 2 configuring the driver anplifier to an ON
or OFF state accdrdi nghedR¥ henplifiepwef plaivers Gﬁmﬁol‘d@tmwer aouitrdl degi¢ i guri ng
a bias current.s e toth | fi.er ng, Lo the power
control sfat@nr g"p%ﬁ cg'f’ﬂaetrhon(‘}PégfilergFal m th1r:")%l I’W}tl ¥ | as ghvr{r%léln ag'ﬁppl i ed
to the 2 higpsitionedr eplbylpasy ithe a drivest Sinplifienir raaat baedpdsbe filser

control state is a first power state. --- - 1111111111111 111J1 '11111]
L1l
8. A method for RF amplification in a wireless phone comprising:
2 providing a three stage amplifier comprising a pre-driver amplifier, a

driver amplifier, and a high power amplifier;

4 inputting to power control logic on the amplifier one of a plurality of
possible power control states; and

6 configuring a signal path through the three stage amplifier according to

the input power control state.

9. The method of claim 8 further comprising the steps:
2 configuring the driver amplifier to an ON or OFF state according to the
input power control state; and
4 configuring a bias current supplied to the high power amplifier

according to the power control state.

10.  The method of claim 9 wherein the bias current supplied to the

2 high power amplifier is a first bias current when the power control state is a

A

first power state.



C S WD 01/ 22604 PCT/USOQ 26194 17 11. The nethod of claim9 wherein the
bias current supplied to the 2 high power anplifier is a second bias
current gre¥@QeHR26Mhan a first bias current when the powdiCTAHAYIM state is
a second power state, wherein the second 4 power control state is defined
as a range of anplifier output power gr®ater than the anplifier output
power in a first power t al.e ] . cl al ein the-
bi as current supplted T’E‘%c}%@ghz&h@&dﬁ %éé\lﬂeerragﬁtp [ i&(e)g‘lr?ésnta;l@hﬁ% t iaés
current greahigh pdvweer anphfier ia af decarid biassaent grdatersthanifar 13t biskenrdehe power
control state.is third power state, wherein the 4 third power congrol
state is def eR EPM%S@“&? SEIB IS @) ot YT paker W}tj‘r‘%gttg; s t he
anplifier 40%@&&&9&@15&& 18 defihéd a4 rh %@%%uﬁ@iﬂ@ﬁtg%gbw% grédtetiRdp. 13
The nethod of claim8 wherein the sign path is configured“to 2 flow from
t he pre-dri vihe amplifier outputpomes ima finstpoxeer conpol tater and bypasses the
driver anplifier when the power control state is a first power state or a 4
second power state, wherein the second power state is defined as a range of
anplifier output 1RowWeThgrRehed dflehiimt 9 eviaighi the GiasOtlirpeit sapphed ikd there first
6 power state. 14. The nethod Qf claim 13 wherein the driver anp is

confi gured thighpoxver epplidierisa thirhbias, gusren) gregfgnghancaither g firstosisgcond ¢ he
first power g . ISBWe 0! : im8
wherein the E‘%ﬁ%ﬁﬁr&ga‘{” S!Il‘ ;ﬁfgﬁ??gﬂr eg 1%&@3@? Iﬂégvdf r omrﬁéetgbgg-e{frni?\%

anpl i fi er 4t othidde pawew eontaioipbtafe ér defimed herm rangehef hinglifiep oweputapgiver i er

when the input power gcontrol..state is a third. wherein the
35 tian [ cater

wer_ st at 4
third pover BE TR OB, RgRres i 2, fHFE £F & Se5ohg Rowsh AeptEo
than the gnpdtatei er out put power in a first power state or a second 6 power
state. 11121111 111111 (et et e rerr M

13.  The method of claim 8 wherein the signal path is configured to

2 flow from the pre-driver amplifier to the high power amplifier and bypasses
the driver amplifier when the power control state is a first power state or a

4 second power state, wherein the second power state is defined as a range of
amplifier output power greater than the amplifier output power in the first

6 power state.

14. The method of claim 13 wherein the driver amp is configured to
2 an OFF state when the input power control state is the first power state or the

second power state.

15.  The method of claim 8 wherein the signal path is configured to

2 flow from the pre-driver amplifier to the driver amplifier and then to the high
power amplifier when the input power control state is a third power state,

4 wherein the third power state is defined as a range of amplifier output power
greater than the amplifier output power in a first power state or a second

N

6 power state.




