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present invention relates to RF anplifiers., More particularly, the 10
present invention relates to a novel and ir]rproved met hod and apparatus for

RF anplification-o ' e §ﬁ|5 ' | . j;ﬁ;ﬁ“lgn of
the Related Art E gaﬁe)%mﬁh @@%ﬁgﬂgwmb F&étg us
conplex circuits. FEPQWER AMRISFIGATION HREDUGCED
comuni cation link with base SsSpPOWER Cmmm@g ver is conprised of
a receiver and a transmtter. The antenna, interfaced to the nobile unit,
receives the RF transm ssion fromthe base station and outputs the signal
to the recebver. The: recBACGKGROWUND OFTHEINVENTIONWcCconverts the
recei ved signal to baseband. The baseband signal is then routed to a
baseband processing circuit. The, baseband processing circuit denodul ates
the signal and epidictitRPfnddntlgy Proadcast through a speaker to the user.
User input via keypad presses or voice input to a mcrophone is 25
conditioned in the baseband processing circuit. The signal is nodul ated and

routed to the transgt T sm r, . tgkes eba signal s ner at ed
in the nobile uni tsﬂ.laeng&rl?%%to%ee%l[%g),H #Ell+t%§rtg,ﬂérﬁ1% iR F'gogetﬁ%#'ﬂ"ﬁﬁ&'.ti‘?he
upconver t et arpreserm! intetibrRielstedala hevéll b Tnptéhd methisd Qﬁ&ea%iaﬁ'ﬁﬁ@”for
through the same antenna as used for the receliver. 30 The design

requi renents JiF amplificaaen of g wirglessiphpnedransmihgignal. a  transmi ssi on nust be
bal anced agai nst the design requirenments of battery operation, small size,
| ow cost, and high reliability- The requirement that a fl Mc unit operate

under battery PODRicriPtiifof the Rélaf¥bALSSUes that nust be 1 9 FEB 2004 WO
01122604

v e

15 A mobile unit or wireless phone integrates numerous complex circuits.

" AnRF transceiver is used to provide the wireless communiication 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 signal. 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

maobile amt operate under battery power presents vanous 1ssues that must be
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energy. M Q\«ﬂ! 2% power consunption is the only way to extend batte
life. Incre @t} onsumer denmands to reduce the size and V\BIT@WSCERG&!

portabl e phone put further pressure on the har dwar e desi gner to reduce the
5 size and weight available for a battery.2 Advances in battery technol ogy

allow for so n_of avajl abl e,en torage l.ost due to size

reducti on. vifers{;éegreanﬁét%m%?%ﬂ Pn Y RiYyide a ﬁ'&%ﬁ‘?cﬁ Q5 8RerEyh Minipraing

consunpti on gower RSl SXEEBH] tgh&@ﬁteha'ﬂmﬁgﬂlﬁé andby times while
ac e

si mul t aneousl'y reducing the form of th 10 The transmt RF
anplifier chain idnoreasiog tdmmgnaatcba‘tarﬁiwma@dnﬁe Peesize CARS UreightNof B a

nobi | e phone. de n of transmt RF anplifier chain in a Code

Di vi si on Ml tR%Fag’l @3@2@ R‘@[ﬁ\’ﬁﬁ‘ wuptrhéhe bardivarecdesignen tareducebthe
speci ficatgo e range .and out

Speci fi cat? o%sfz c%ﬁgt r A ngtﬂt‘:“BEla \p,)\ﬁ %Wde§ﬁ§@5§épﬁgét teci\no?ogy allow

Tel econmuni cszr sdmel fﬁéuﬁﬁﬁﬂoxﬂﬂ%‘ fhbRNekdrA) c

Associ ation (EIA) 1S 95 B MBI LE STATI O ERQ)o P (8 etiRtion.
STANDARD FOR everotiee ereElirrEGTRUMrdS dederEdiphont poager ToAslanptioh-£8- B,

COMVENDED i NI VUM PERF%%} STAN RDS F AL MODE SPREAD SPECTRUM 20
CELLULAR VOBI L B84 fopgxte: c fimesawhalgssimultaneonsly

nmobi | e phonesew@hg%gg)@f&gmf&‘gﬁa%@e cel lular frequency band as wel |

as for mobile phonés utilizing alte I've nodul ation schenes such as Tine

Di vi si on Mul ti pl e Thecransoif RPxmplifiee ahain Fawuentie Medusesbortes weie
specification coveri n t he oBerat ion of a CDVA systemin the Personal 25

Communi cati o HOWBFE (pagpope phoset Hhesdasigreahthedransmit R amplifigs chain

REQU RENENTS Ik ToRer OISyt Db el é%ﬁ&“ﬂ&%‘m clifher

PERSONAL COMVigbh&tEAR Sy edifiviti t
NSy onsliffipoded Yon %E%tﬁveto& EE%/ANCE

., station, is specified in ANSI J-STD-018, 30 RE

~ REQUI REMENTSEmissiong T&pecificationscopsnatramisigONmdbile] Fplmmco&e"ﬁgncmmmde
PERSFNAL 15 Telecommumcahons Industry Association (TIA)/ Electronic ' Industries
o Association  (EIA) IS-95B MOBILE STATION-BASE STATION
COMPATABILITY STANDARD FOR DUAL-MODE SPREAD SPECTRUM
SYSTEMS as well as TIA/EIA 15-98-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
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 18
TO 2.0 GHZ CODE DIVISION MULTIPLE ACCESS (CDMA) PERSONAL
STATIONS.
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desi gn nust waee122604 al | required specifications as well as Rcjini8egSs189V\E"
consunption. One nmethod of mnimzing power consunption within an RF power
anplifier is to utilize an efficient anplifjer topology. Cass A power
anplifiers provide the best linearity but also are the 5 nost inefficient.
O ass AB power arypl4 fsuecessinl avipléidrnbesigss adist htisfiyerik yequinid spdciictidns as
anplifiers at a.cost of. increased output distortion. The non-linear
characteristi c‘%e]gfast Funiinize power, SRRFUMRAHPNS | Onenmiethed of uininibhizing ippweer
the final hi ; b bR L transpit. applifier.chain. er
anplifier tog%l’l ogi snoglpgllt‘rl%ﬂtl %éulzﬂ?ggl eerfadppgmm?%ﬁﬁf%aﬁlﬁfﬁge&bm%%
within the 10 pologha (O PowePirplitidtd PRrIBE T BediNfeatits bR A Pl nEeet
the linearity requirenments. However, one single anplifier 1s 1 ncapable of
provi di ng the Westinefficientt Classw&B pawer himpdifiers proeidaiinedased effividricgnevart
pat h. Therefor severa |ifiers must be cascaded in series to satisfy

the transnmit ngZ{Sﬁ eﬁ‘&?h@ﬁ%ﬂ?& a i@?t\N_faF‘cF%asﬁ‘éq_%HtPBH_4i§t°aﬁ%s c B gorelinear
amplifier Confd'xgwcfé!‘iéﬁlsb?ﬁé cl@ﬁp%@ﬁert é}ﬁglr%{apﬁ-laaic'etiy %‘}qg"g’ S[snﬁ_[}%%gﬁ{ﬁ é}gYA

conmmuni cations while mnimzing cons on1n

battery |ife. MghMpoeOamipiifidr NvEMNd Gdndthifl IRF REGSERT RNt OMRer andpliFRYe!
and i nproved nethod and apparatus for RF anplification of a wireless phone

transmt si gndPPOPRIESRe Not syitaliaifar auSBMAhmebilecphonet operatingf dthintthges:
-dri , dfd d hi gh Th I fi hai
s con i gured SU4EEnr YT R firaron, bejatse, tRe 25 Uphle ke redyibe baanty |

driver stage iraqiiyemefisd the signal only passes through the pre-driver anp
and the high power anp. The bias current on the high power anplifier is

controlled to one dfowhyvereoneisingle amplifier ispircapabile of paovidag the i) oRpier .
Two data bits _are used,t.0 control the sw tches bypassing the driver anp
power, “and linearity requl.re% In the transmit path. Therefore, several
amplifiers must be cascaded in series to satisfy the transmit path requirements.
15 What 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 afnpliﬁér 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 required 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



30 as well as the bias current setting on the high power anp. Wen ajfg 55 2008
output power is required fromthe anplifiers, the data bits are set so

that the dr W22y is bypassed and a first bias current i pognewheadst o

t he high power 19 FEB 2004 WO 01/23604 PCT/US00/ 26194 4 anplifier. A

second out put power is defined to be great#r than a first output power.

When second o - power is required fromthe anplifier the data bits are
such that t he‘u’éﬁ":ﬂiﬁ&?- ﬁﬁe@é‘ TPHES RPVERTdS defined o bx geeater thant a ifisstpswtpiusted

to the high i f I T d_bi t ] t than th
first 5 bias Bonesnyere kong Clp 3 EPoREr B ultdiroradhe omhldierche cata hits
ei ther the fi amsdsuchrthaedandriQext ME @Bg?ﬁssbﬁ‘éﬂldsa s%g}ﬁ 121&% Hh[-%g? lﬁﬁﬁg‘gﬁéﬁg Ir

is required from the anplifier the data bits are s

i s routed thrtuthe high pawevemplifieraTheasdcbhd bikd aGrreHf iseeieaité' MaRVihgeRret0
t he hi gh pgweh.a lifier- Thcg third bias current is greater than either the
first or sdconf® ury Bt outpit poover; is defined do beigrepteo vhate dither tHeefirst

driver anp WhgpgidopiSad d.gtate. . Therefore, three relatjve
power |evels are gﬁg%ﬁ:u&%v?%@l?é&% s“gt'%& QUIRYY PRWER &% TePHFes foma t o
rel atively | othe amgtifier ¢he @ath bitgra el hite thAUH anp f ot

t hree power I&v_el s utilizes a corréspondi ng bi as (L:I‘{'Jl ren%gegoo"}tg&ﬁﬁ{agﬁ}bﬁﬁe
pover anplifi €RVETTAS pndia, thiek biad, cuamenttibiprdvitiedstoc te' RS p6aet QiSIkerl5
to relatively ‘%ﬁ‘uﬁiﬁdi u and hi gh l%ééals ,currtgnt:s for the high power
anplifier. An 195 YrTeDy, 1 SEspter;than either; the fisat ersecond hias puremtsdNo
from the 10npbiaé c@freAl s RHONHAES Waloll | f., t he .out put r to a

si gnal processor. The s%’nm pro@ggyggkwn%gﬁﬂ&ségtﬁﬁb%ﬁ%a\tﬁ%mr W th
a calibrated thrcEhereforeptiset rélitivelpowebldvels sreCdutiried, atfﬂ@t,EHT&gbﬁa 3hd a
settings as detajl.ed above. 20 The data bits are dynam cally updated as the

RF power fluc é‘?tlﬁpmoa_ém relativedy dows maderate, andahigbhamplitieroanpat or
Suer e POUEL 8RO 5Pl tRLEEOTH B b o5k ol B
il s s e e
Increasing or decr gaskR % ibration table is used to control the output power from the
amplifier and provides an indication of the output power to a signal processor.
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 ¢orrespondingly throughout and wherein:
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which i ke reference characters identify Gorrespondi ngly throughout and
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di agram of a wi r el e§¥ophisidloeladingramer aswiyabess phohe transmitidiGi oalth Adred

bl ock di agrans of REE%? Li,fier. ingplementatigns. DETAI LED DESCRI PTI'ON OF THE
PREFERRED 5 EMBODI mé"?k’ %erbé?‘ggso@la&ﬂm&oﬁﬁ amRlifierinpiementationst er to
comuni cate fromthe phone to the base station. In wirel ess phones such as
those operating in accordance with TIA/EIA | S-95-B the actual RF out put

power is tightly 10 cDETAIIED PESE ' m quality
whi | e si nmul zaneously. mnim zing |m aﬁ%iggdgmg the RF
out put power through open |[|oop as WSOOp control. The phone
utilizes open | oop node when it has not established a comunication |ink

with a base stationA Wireless pteomel atilizeshem RFErapb@ifer fo 2bmemiiica® &6m the
connect to a baﬁe statio%i n order to set up a 15 traffic call the phone

utilizes open PBORE dQrtRabase satione Buvpiselesroplones sugh ashthosghoperating ire
m ni mum | evel j G&aS h tati on,. ditionally, .when the
phone has est a%‘ﬁcﬁg(?lség@anﬁgg@m% cat'i g%gsﬁl!ﬁﬁn ?ﬂﬁ“&héégé’?&"éﬁ ePPI‘%/ﬁ{ is, dightly
the case ofl0a corfdlled pkaxiihe ORORNHABSARANHR WaaB W SRR Mo Busty,

conpensate for signal fading and nulls caused by phone “novenen e open
20 | oop procesTURMRIZINgnterfrrenes; clhephengadjbiststthe Rt dutpat poles terogh open

estimting the 0 from.t he, phone to.t base station. Since the received
signal is on aloohiaf%]‘s‘g?]iﬁ? clp B@lﬁ’c%?mnqﬁﬁé’ Hhizes epenilopmmadeawben dt
not good path h&sSSot &Rabi&had! mEhNEERI Bt YRk refor t he _open | qop
response tine is ST oW 10 %Hrfénl% ze |n§dihances %%5%8%&2’&;{??8&6‘?@%:
condi ti on of awhendhephophasattémptingviel ddnngctid #ibas@ stEBhGheordiey 8 sétl 88 o ©

many.of ool f odep o pultsethay occur 1o quickly, to be sarl ot acfor T
2 ' phone to the mlmmum level required to access the base station. Additionally,
when the phone has established a communication link with the base station, as

in the case of a traffic call, the phone uses open loop power control to

~ compensate for signal fading ahd nulls caused by phone movement. The open |
20 loop process utilizes the received sighal 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.
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control . | gosed | oop power control the phone receives a periodic nessage
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power. 30 The power step size is a predeterm ned constant therefore the

base station only sends information instructing the phone to increase or
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transmt path is shown in FIG 1. In a typical wre e user

provi des i npuuseranientace foteshomnan)such asuslerypadt @ frdcrophione. Thewdpr fusfads a
keypad or m crophone, The user interface  converts tﬁe user input to an
el ectri cal siﬁ?\ﬁ'ﬁﬂish%\e neersEyRut (@ AR elpcisisplasignsl fhafc s semt tal dhe Itaseland
signal is to ht t b station. baseband,.. processqr 110
nodul at es tshepl?icégr?gpigpﬁ t(gpglecag'-lk6ll ?leirgstgr?& Eé‘&%ﬂ\y&:a&o ???@5? ?Mgrfgﬁ%ﬂtsgba&fi
final transm piceesshr 280 eI latbE fhe! catr@Pahdl RF
anplifier 120 where the signal leve ?g%éﬁ?eased?}qhtgég&%gﬁq@% ﬁ{eﬁle&%%
anpl i fier 120torthg finel frahsmitéet foequemay. Theaipponvened eigral isctheh seneld the R

| sol ator 10 (notpﬁhmgné bgfore connection to an antenna (not shown) where
the signal is2MBpBekdZe: where the gigralsleyel ds ingreaged.at Thaveutputief the®Fn

the b band .ad] h ' | | |, at the | t
Lo the R ampPIASS B isd B ifigtdihe Lot a0t BRStechi Sirsual Richasan Polaior
pover cont@ol(nbbehdvnd befite ORNEBESH t¢ Andltterta $AGI SHAVRY P;e}gﬁ# rt}ﬁé;ﬁiéﬁi e

range of the attenuator. The neasurenent results are sto
calibration thrspdcastto the base statiorbaseband processor 120. The RF

calibration table 11 ccounts for any gain switching perfornmed in the RF
anplifier 120. The‘&Bigéﬂ uatog Js 11‘1&‘.9 basebaBAPrOsessor 10t adjushthere

RF anplifierg; ) ' ' ' | c i . si,gnati ng an _
at't enuat or ZOSI%EPJe i nph?gd Eg@e‘gg‘.ﬁ%‘ﬁ p;&o%gegggrﬁﬁﬁghg{ ]%E'l c ‘S‘Ié#eﬁqPr?“mth

“anplifier 12Copeshindpahd closkd ddop avet kBnabl ehe RPoutpAE e médduted and
_predeterm ped setting an_instruction is sent to a signal processor 140

t hat oper <];1_ esCaiREated Oy ek tha enfirelrange of gl atteruatap The anessurenentiesults 4ge
control gai n GG AR LaitiGuBh 1250115 WHthin the baseband processor 110. The RE
' calibration table 112 accounts for any gain sWit‘ching performed in the RF -

amplifier 120. The baseband processor 110 controls gain switching in the RF -
amplifier 120. Gain switéhing 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 atténuator reaches this predetermined setting an
instruction is sent to a signal procéssor 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



Two possible RF anplifier 120 gain switching inplenmentations are sho E@ o
25 FI G s 2AwWnde4Aut omatic Gain Control (AGC) anplifier CWE% [”p
. e AGC

the baseband processor 110 as an alternative to the RF attenuator
anplifier serves the same purpose as the Rk attenuator, that is, adjusting
t he signal p%&{e;ﬂ{level to the input of the RF anplifier 120. The AGC
anplifier is levedbprchuiateerizing dhe R Suipdt iotel e edfife RRRW '
calibrated over the entire .rangeu(p)‘% t he AGC?p?‘npl ifier. Tﬁee gnzﬁgn Egt?%t)ﬁg;c
entire RF trarfAPtieharhile aingbaoqorseat4pewer AEBUL A0 4thePAGUSHAPRANA The be

achi eved by Chﬁ‘a rizi ng t he RF. output over the entire range of the AGC

anplifier V\:hilereUSI Jent g adiaTz g3 are sayedna the®Eaaliration tabind12.

measur ement s CRBNeRACLSH % &0; i i RFE calibration table

112. \Wen gain is %ﬁht thge‘glt{:ﬁr?d[ %g tﬁﬁa%ﬁpqﬁﬁ‘ﬁgt?r ?%‘E)Qﬁﬁes%eﬂa’&amhﬁe

i s 5 conpenSateunpetisated hsinRithe REF bAlAbiagibnt t i fher .

This ensures a |iInear changeﬁhi n transr?i tnptggﬁ;%%lggﬂ% rfgeﬁ%%ﬁ?’%i er 120

is control | ecPnisyreswiat bheayacargea gre transnait dpattit gaihhas RheaRB! Afmiptified 20205 fown
he

in FIG_ 2A is cons cted using three  individual anplifiers.
pre-driver arrpcof'féh{e tQ sid |@3%Ptasﬁ§,m%put-hat 10 receives the out put

fromthe baseband 10, ut put pre driver . 210 feeds
a driver anp 220. %ﬁgmﬁﬁgrt%ﬁaﬁ?@r “é%dz%“if CM@WS Sheee
230 before pranddddagl amplifierd | Mhe Hiedd . r e~ drkyer. anp
210 and the_driver anp 220 operate lgis cIggegﬁ%pggg?%%elroyﬁgvan@ﬁ%gm&

li nearity. 10haergiyes thavoutpatyfr@mothefesebarsd @&o@sﬁduam.A%érﬁﬂctgﬁi 8f thd prén
order to maxinjze the efficiency, of the hi %ﬂh ower stage. in switching

and power contBYeRATMR; F0;feeds ardnivereampid outpwnef thehdrverampg22is
conbi nati on of Li.f ERL 0 and anplifje I ggi.ng. Two data. control
bits 142 are pﬁ'ag\\% _edhﬁgr@%%ﬁeoﬁwcggg% océ'fs‘%"aﬁ'@gﬁ iPSveramp 240. The
ampl i i er chaipre drieroathBU11004nd e REIRE SRR ob&HElE a2 3hsS K WAL o

operates to switch the bias current to the triver anp n-or
dependi ng on maxmizedineafityt hEhe higle poweolamipao bperatds s aAtalistAB aMplifiert he

o power contfol 4 order to maximize the efficiency of the high power stage.

Gain switching and power control 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

J 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 ramplifier 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




logic 250 sends information to a PA bias control 260 circuit that adjgsgeg )

the bias Gupgedepd © the high power anplifier 240. Adjustin fﬂ@nﬂ&?ﬁ
current on the high power anplifier 240 changes 25 sone of e critical

operating paraneters of the anplifier. Theggain of the high power
anplifier 240 varies with the bias current.” The gain of the anp decreases
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fromthe algpl i fier cha{ig the driver anp 220 is 20 turned on and the high
power anp ‘240 PoMeEE Arapliber 24 cannotdbe-taducad to a minimal value since it must have

enough gain 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
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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 aiso 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
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““Informati ép f3nreceives the control data bits 142 and directs the switch 272 and 274
positions accordingly. Power control logic 252 also directs the driver amp 220

~ to turn on or off according to 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
tange 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
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driver anp %0 nust &Biaageé:ffngnpcéﬁﬂr?‘f ‘ﬁirﬁﬂuﬁﬁag?"%ng’ezﬁﬁ‘ﬂ €3 P81t dhea

third bias curiggn ' by | f [ ' i . | r
state for the am@ﬁzgﬁgggfii?u?%t%nﬁgho%ﬁ Fhrf Eﬁg@; S%B z%ga%h etrll-lgalg%‘e on
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off and a second bi urrent s sunolied,the high anp 240. .The

bandpass filter. 230(%1??_ L‘g‘gga‘?sohﬁ_%ﬁ g@f”ﬁﬂé??’?ﬁ%‘ﬁ%ﬁ%?t-? _ & the,phong 5

receive bants Te@ive®ahd® T feceivitBaid RiGHE& présént A thé aPa{Enhit PALK 236 ghkhe
result of signal bleed through from the receive path. The bandpass filter 230 is

used to provide increased isolation from the receive path to the transmit
output. The spurious receive path signals are above_l the transmit path noise .
floor only for hlgh léyels 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 configuration 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
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in the second po st at The fir 0 state is defined as, output
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VeChant cal s A ERER 1 Fakabem uadearable fas bR IGHPBI ||ty and s t Chi ng
time issugs relat gdig at}%rgﬁﬁfi@ﬂi 16811t that the inclusion of two active switches 272 and
- 274 that consume poWer provides power 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 consérving 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.
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to the high p r anp 248_. The design of FIG 2A can only utilize two 10
oglyy the nednun hias beeause thepgainof the Jughpower amp 249 veduld

15 drop to a level where it could not compensate for the change in signal gain due

to shutting down the driver amp 220. In contrast, the 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 congerves 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



attenuation contributed by the driver anp 220 when it is turned off. FEB 2004
Therefore, _not only is the driver anp 220 not providing any signal bgl ﬁ

it is acti nﬁoﬁn&ﬂ“ attenuator. The bias current for the hi @CTAISM2619% D 240
cannot be reduced below the nmedi um bi as because the gain of the high power
anp 240 would 15 drap to a level where it Moul d not conpensate for the

h in siggal.gai o to shutting down the. dri 220. |
cont tast | ¢ haaBpPkihedly e B Tarh e S upinen ¢Bimeasls, nThis Ganslatesent
to the high peweramimkréAldi @Ik hnd BrapouiRimath?s%, S hely Sl Al 18 ™

difference in current consunption bet two anpli e dince

the driver anh@2@o phbpensesdtwh®F amnplifieshtie Percelagd SrprbPeriiént, when
addi ti onal signal |loss incurred. Therefore, the anplifier ¢hain can

readi |y acconhB¥RRENg eplyrthecausntfonsumptionhof the plifiess)6s nBebamere
the Tow powerBesticen®s TBRESEL st dhyd Netiahs Wheperstiage iiprpugment fic
Tt m 2ing 25 thE ten Chat i RE T oy Thf i VaherERTTNF Rl
the hi gher po¢Rasumptiorand The cotrespnding émpoosdment indalkotiines hrd provided.eased
denti cal oscept f BIRARd KU { FomorTHE R0 AAEEEST A dhe vamplifer
ampl 1 11 er des batpigfioR WS 9B20mete Ae AohPlilrel B RGR! LL S Xuliie (SPVA

Devel opnent Group. The result was a reductionn

consunpt i d& wtheh higte posverdasiplifiep 2400 BAAR BeR4cdrrOnFEBtAEd B%ﬂﬁw/tﬁélg‘l
s

14 approximately 7% for both urban and suburban call nodels. T
transl ates i FROUE amplifigs dimeprity ovemtheodperpting xiange off the MiasSiurcentt leveln| v

diff ' t t anmplifier, t t L

o e AU Ml o, R S e
anplifiers, iampuzin BRGe relakesthé ilfr@atity ¥éthend Hﬁ_lthlé%gﬂ ére%hbgiﬁ rthe
percentage inprovement in total power ‘consunption. Therefore, only

| nprovenent i ¥Q.ofThis sllows it mare wemmon dowansbt taheplifier” R5 BeNka Jot T BygeNt
in talk tiggs are g{n%végoed. I ncreased talk tine is not the only advantage
I L)

of the anpPif Payer
Therefore, the addition of RF switches 272 and 274 that bypass a driver

~amp 220 into an RP_arﬁpliﬁer chain extends the talk time of the phone while

simultaneously rediicing 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:




configuration of FIG 2B. There are now three bias current |evels avalicg FPI e
for 10 the high power anplifier 240. Each bias current is tailored t B 7004
achieve the required anplifier linearity over the operating range of the
bias current level. The use of three bf s current levels in conjunction

Wi th bypassing the driver anp 220 stage€ relaxes the linearity requirenent
on the high power anplifier 240. This allows a nore conmon | ow cost
anplifier to be used for the high 1LY anp 240. Therefore, the

addition of RF switches 272 and 274 that bypass a driver anp 220 into an

RF anplifier chain extends the talk time of the phone while sinultaneously
reduci ng t e phamRE amplifiditfor »wirelegsiphahesomprisingn of the preferred

enbodi ments is provided to., .20 enable any person skilled in the art to nake
or use the pr esgﬁfe‘ii‘ﬂ\’f‘éﬁﬂpé‘ﬁ?‘ﬁhe various nodifications to these

enbodi nents wi | cadid vy, apparent to those skilled in the art, and the
generic princi p%lgge?j{aégﬁlﬂgaﬁcﬁherei n may be applied to other enbodi nents

wi t hout the useabhandpass filterewith areinpatreonhectediiown output opthe sleiver arpliftses i on i s

not intended to be.linmted iiﬁ t he enbodi ments shown herein but is 25 to be
accorded the w BQ%" REBHA™PYNE st ent with the principles and novel

features di scl ogofish RECitcRafthglaM inpud o208 dPofdbll WP le pRiker
amplifier for a wireless phone conprisSing: a pre-driver anpliftier; a

driver anphmplifier with b finstswitch diipirieconnedtéd taraniinpuitof dendveet aipliberan out put  of

the driver anplifier: hi. awer anplifier; first RF i tch having an
i nput connect ed 26587 %ﬁfﬁ’&?ﬁl ﬁ%ﬁ@nﬁp&%ﬁwmaéﬂﬁpi‘ﬁ'&“\% hlgg ROWES

swi t ch out piplifier) B Feétaapiit Qombctedb theXbuthli®f te Bﬁﬂg&ﬁmﬁ, laBd a sécond G RF
sw tch havi ng an out put connected to an input of hi gh power anplifier,

he hi
a first ingoAnegisd te @segondooutput of the firstdF swidchhsush thatghe driverr amplifier andecond
I nput con Q@pﬁﬁ ggg 1 first RF switch such that the
driver arrplgl rer @ﬁeé%a‘g% pas@BWer aargﬁbe swi t chably bypassed; and
a power control logic circuit that inputs data control bits and provides
corresponding output signals that control the first and second RF switch positions and
controls a bias current of the high power amplifier to one of a plurality of active bias

levels.

2 The RF amplifier of claim 1 wherein the power control logic also outputs a
signal that controls the driver amplifier to an ON or OFF state.

3. The RF amplifier of claim 2 wherein the power control logic controls the driver
amplifier to an ON state when the RF switches are positioned to connect the pre-driver
amplifier to the driver amplifier and the bandpass filter to the high power amplifier.

4, The RF amplifier of claim 3 wherein the power control logic outputs
information controlling the bias current to the high power amplifier to a predetermined
high level when the RF switches are positioned to connect the pre-driver amplifier to
the driver amplifier and the bandpass filter to the high power amplifier.

3. The RF amplifier of claim 2 wherein the power control logic controls the driver
amplifier to an OFF statc when the RF switches are positioned to bypass the driver
amplifier and bandpass filter.



a power control logic circuit that inputs data control bits and prow dqeg
correspondi ng out put signals that control the first and second RF ' v]n B 2004
positions and controls a bias current of the high power anplifier to one

of a plurality. of active bias Ilevels. 2. The RF anplifier of claiml
wherein the power control logic also outputs a signal that controls the
driver anplifier to an ON or OFF state. 3. The RF anplifier of claim?2
wherein the power control logic controls the driver anplifier to an ON
state whengt he RRnshbd Fgﬁlﬂ {BRgPre-driver

anplifier ?o thgndlrl vefdilggr:pﬁ{;l f%@ﬁgl&\}jlp?ﬁgefgg paggﬁ?})#]gg to the high power
anplifier. 4. Tpevidngaphicki sageoimplifigrned@npatsargea rpre-deveroavapliftanardriver ogi ¢

outputs inforpation coptrolling.the bias current to the high power
anpl i fier '.’IBD{SHH %‘HQ?@'&EPH a'ﬂfcfi ievel when the RF switches are
positioned to c ﬂﬁﬁigtb"ﬂ%vd%f@oﬁifdl‘l@éw%ﬂﬁhéﬁinﬁﬁﬁ&oonetc‘]ﬁ Hfu&'ﬂﬁj’r oﬁ%&sﬁﬁléer and

t he bandpassfllter to the high power amplifier. 5. RF amplifier of
cl ai m 2 whpewsreontel sigewsr control |ogic controls the drlver anpllfler to

an OFF state wh he RF sw t,ch i oned to _by. assth driv
amplifier and b§?{!ﬁ%‘§g pigngl P ﬁéﬁrﬁﬁép%k"ﬁ%% N0 ¢
anplificat h@mm&m&@lm phone conpri sing: provi d| ng a three st age
amplifier conprising a pre-driver anplifier, a driver anplifier, and a

h:c gh poveer anpl| P‘Enf@rm &bltasucngemoswhed t%éhﬁhtﬂhrwrfcamﬂlﬁqnewanﬂsl @ﬁaler one
of a plura RORS SR ing a signal pa

t hr ough thél.u}%lrtgefstaglg aﬁ%ﬁc%%@gém@%r&l%mgﬁﬁ%%ﬁ mpukg power contr ol
state; configuring a bias current supplied to the high power anmplifier to

one of a | ura ve bjas | evel s according to the input power
contr ol stgte Y%ET\#S%WQI&GEWMG‘IH“E?%OB‘W% 4% SY¥RSpri si ng the steps:
confi guri ng t Necklifigitihg 3P lif {drimditick o Ghl Y o TUFF® tighud e
i nput  power coﬁtr Fat e. 8. e ?%ggl ‘ | ali m&@.‘e ere|9{ toheebllﬁbad'te
current suppwemmbntrol stite. hlgh pomer anpllfler is a first bias current when
~ the power control state is a first power state. 9. The nethod of claim?7
wherein the bias current supplied to the high power

8. The method of claim 7 wherein the bias current supplied. to the high power

amplifier is a first bias current when the power control state is a first power state.

9. The method of claim 7 wherein the bias current supplied to the high power
amplifier is a second bias current greater than a first bias current when the power
centrol state is a second power state, wherein the second power control state is defined
as a range of amplifier output power greater than the amplifier output power in a first
power control state.-

10.  The method of claim 7 wherein the bias current supplied to the high power
amplifier is a third btas current greater than cither a first or second bias current when
the power control state is a third power state, wherein the third power control state is
defined as a range of amplifier output power greater than the amplifier output power in

a first or a second power control state.

11.  The method of claim 6 wherein the signal path is configured to 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 second power state, wherein the



anplifier is a second bias current greater than a first bias current g@
t-he power control state is a second power state, wherein the second %@ 7004
control state is defined as a range of anplifier output power greater than
the anplifier output power in a first wer control state. 10. The net hod
of claim?7 wherein the bias current supplied to the high power anplifier

is athird bias current gr ?%Fr t han eitPer first or second bias current
when the POFREF POBISE stafe b dgtwed as 2 rangs @ ﬁB\BEﬁ%E"éH’Bt, P reader thenithe (g
power cont ; i i e of anplifier output power

greater thgﬁb? %ﬁgﬁ%r??P@fﬁ%ﬁfgﬁ?ﬁgﬁﬂgﬁﬁgn a first or a second power
control state. 11. The nethod of claim®6 wherein the signal path is

configured,to flow fromt . -griver, applifier, to the high r

Cop 1 Frer dhd by Dbt ol € whrelt The Bhver g s cutgignbic g bRE et a o
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second power stzft eb@ﬁﬁ;@g??g@ﬁgspg\ggg of aﬁrr%fe%}?%ér%cgﬂ%p t“a"&%mdg‘FE greater
than the anplifier output power in the first power state. 12. The net hod
of claim 1l.,wherein the driver _anp i.s.confiqured.to an OFF st at en the
"nput - powed ScondPe et Bf iR §Mereid i Bapel ol iecsbnftRvage vo ol Fomolhe
state. 13. tpﬁn&i\me fief to-ih@idfver 1N Férant iBerbio0Ma highPddvdr anfifliflet SibeRd 1O

flow fromthe pre-driver anplifier to the driver anplifier and then to the
hi gh power thenjspif pasverygonirol state isrsthirdpponear staset whereist the dhird pawethstelg ipower

out put - pondriigs bt 8 S ST poper pitr Pl B8, a2 SpiPh B,

state or aafk@QodepstaRroralsdédhd power state.



