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( II.  Description of the Related Art ‘

15 Signals transmitted by wireless telephones are required to satisfy various
requirements. For instance, Code Division Multiple Access (CDMA) cellular |
phones are mandated by the FCC to limit out of channel distortion when
transmitting in the radio frequency (RF) spectrum. Adjacent Channel Power
Rejection (ACPR) is a metric frequently used to measure out of channel

20 distortion. ACPR is represented as a curve across the spectrum that is centered
at a transmitted RF signal’s center frequency. At this center frequency, an ACPR
curve is at ifs maximum. However, an ACPR curve symmetrically attenuates

" as frequencies depart from this center frequency. ACPR curves are compared
against the spectral power characteristics of transmitted RF signals. Current

25 CDMA standards, such as IS-98, require the spectral powei' characteristics of
transmitted CDMA signals to be below a defined maximum ACPR curve at all
frequencies and transmit power levels. When a signal complies with such a
requirement, the signal is said to have passing margin. When a signal fails to
comply with such a requirement, its out of channel distortion is excessive.

30 A wireless phone contains components that amplify RF signals so that

they have sufficient power for transmission. Before amplification, a properly
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provide the maximum possible output power without surpassing specified
ACPR limits.

15
SUMMARY OF THE INVENTION

The present invention is a method and system for maintaining adjacent
channel power rejection (ACPR) passing margin. The method and system
20 involves the control of an automatic gain control (AGC) amplifier to achieve a

power amplifier (PA) output power that is appropriate for the operating
conditions. |

A method of the present invention includes 'amplifying a first radio

frequency (RF) signal according to a first gain to produce a second RF signal and

25 amplifying the second RF signal according to a second gain to produce a third

RF signal. The method also includes determining a desired power level of the

third RF signal, computing a new gain value from the desired power level, and
adjusting the first gain to the new value. |

A system of the present invention includes an automatic gain control

30  (AGC) amplifier having an AGC input terminal, an AGC output terminal, and

a control signal input terminal. The system also includes a power amplifier
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3Cill ustrat.%hthe spectral characteristics of anmplification <circuit output
signal s; FM3INQUE PRGLY SORPTOMISTE QRIRIMWBPWEDNt r ol | er according to the
inventqggn; FIG S5 illustrates a relationship between a battery voltage

signal and a, digital battery voltage signal according to the invention;

25 FIG 6 illustrates BRIEFIDESCRIPTIONOF THEDRAWIKRGSf a power
{arrpl i fier output signal and a digital power signal according to the

invention; The present invention will be described with reference to the
accompanying drawings. In the drawings, like reference numbers generally
15 indicate identical, functionally similar, and/or structurally similar elements.
The drawing in which an element first appears is indicated by the leftmost
digit(s) in the reference number.
FIG. 1 illustrates an RF amplification circuit according to the invention;
FIG. 2 illustrates a typical battery discharge curve;
20 FIGs. 3A, 3B, and 3C illustrate the spectral characteristics of amplification
circuit output signals; '
FIG. 4 illustrates an output power controller according to the invention;
FIG. 5 illustrates a relationship between a battery voltage signal and a
digital battery voltage signal according to the invention;
25 FIG. 6 illustrates a relationship between the power level of a power
amplifier output signal and a digital power signal according to the invention;
FIG. 7 illustrates a relationship between the ambient temperature of an
RF amplification circuit and a digital temperature signal according to the
invention;
30 FIG. 8 is a flowchart illustrating a lookup table algorithm performed by a

processor according to the invention;
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EMBODIMENTS (
FIG. 1 illustrates an RF amplification circuit 100 in a wireless CDMA

15 telephone according to a preferred embodiment of the present invention. This
amplification circuit comprises several components. These components
include an automatic gain control (AGC) amplifier 108, a power amplifier (PA)
112, and an output power controlier 120. Several signals are associated with
this amplification circuit. These signals include a CDMA transmit signal 104, a

20  PAinput signal 110, a PA output signal 114, a power source signal 116, a reverse
link power control signal 118, an automatic gain control signal (AGC_V) 122,
and a PA_ON 124.

AGC amplifier 108 receives CDMA transmit signal 104 and amplifies it
according to an adjustable gain. In a preferred embodiment, this signal is at a

25 fixed power level. This enables predictable performance of RF amplification
circuit 100. This amplified signal is output by AGC amplifier 108 as PA input
signal 110.

The gain of AGC amplifier 108 is controlled by automatic gain control
signal (AGC_V) 122. In a preferred embodiment, this signal is an electrical

30 voltage or current that can be varied to adjust the gain of AGC amplifier 108..

Increasing the voltage of analog control signal 122 also increases the gain of
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108 as PA input signal 110. The gain of AGC anplifier 108 is controlled by

automati c ' rol signal (AGC V) 122. In a preferred e Lment . this
signal is gﬁd&‘)&gﬁi cal 30 voltage or current that can be vﬁ’ﬂ%‘ﬁz‘adj ust

L}

the gain of AGC anplifier 108.. Increasind the vol tage of anal og control
signal 122 al inclr. asgl tE\'fe gain of 29 SEP2003 WO 00/ 77950 '
PC1' / USOOL1 WA@% ﬁ?ﬁn PRraltegrate| embpdisnenty the gaiendbAiGE amplifier 388 n

of AGC anpl ¢4 BE cdRB0olIEAD s d by a digital signal. PA 112 is a
power anplifier that C’arrpl i’?igéig@%*l\s’?éﬁlﬁﬁt signal 110. This anplified signal

i s output by PA PA2133iPA powputamplifiet &M.ampuﬁe@rmﬁhw sign&8Mod] ThRs .
PA out put S%ﬂf. b]14. is.directed tq an _antenna segnent of a phone for
wireless tr3MEWES Hgnabis PEsPeLEY R d ldcaoPdi Agtnw sighakdd4. dai a prefemed

I n al ternat LHEN : ' e gain. The
performariﬂnce@r(r)lfg BE%(A klaflrg' }P?tﬁﬁpégﬁl%ggﬁ%@ﬁ%ﬁﬁzgg%{m@q?MISe&F‘elﬂ& of a
out put si gr@PMa0phage Ifor avipelese trandisdiodi nBA(112CGopratesanscdrding @nal fixe
| nput signal .11 and PA Ollflt ut si ngl 114 are_all RF signals. "I n other
wor ds, t hes®®&; &#8}”&"8%’&& ¢ afeh%m%r—‘ yperts, iy 11H a0 diavei an adjustablecgain.
enbodi nent s THehBe & osindh I st ugne €S,

1 st rated T By GoPaRGs St DU S12 S el BldaSlned B BT brhAIORYeL B1 pa
preferred eomwpditsignal 13Ower source signal 116 is a direct current (DC)

vol tag This vl signal ,is.als as Vvdd. Power_saqurce signal. can
be genglr0 at ed by]%a5 %g%fggr S’P‘bB?‘Hé'F“gx&g’m rapswit signab L AtpprE gignal 110,
batteries izinl Pdeolitputi sighal 014 &RdalDREK SiemABS aln i tehesd Rt es
©of external_ power stc.)purce?l i ncl ude car ci%ar ettealnig%h‘t@gf%% t%ﬁ%é ﬁ%t}gegﬁ%lgg{
al t er nat i ngticther BEt spestiupovdpweyesoiny altermnate embatimernts aghesePsigaalss oonkk

signal 116 :he A ON 124. PA ON 124 is a signal that is
R EGIRL PR e '

triggered W reles
As illustrated in FIG. 1, PA 112 accepts power source signal 116. In a

15  preferred embodiment, power source signal 116 is a direct current (DC) voltage.
This voltage signal is also known as Vdd. Power source signal can be generated
by a battery or other external power source. Typical batteries include lithium-
ion and nickel-metal hydride batteries. Examples of external power sources
include car cigarette lighters, and household alternating current (AC) power
20 converted to a DC voltage. Power source signal 116 can be interrupted by
PA_ON 124. PA_ON 124 is a signal that is triggered when a wireless phone is
in standby mode. This interrupt capability reduces the current draw on power
" sources, thereby conserving energy.

Output power controller 120 automatically controls the output power by
25 adjusting AGC_V 122, Specifically, output power controller 120 controls the
magnitude of AGC_V 122. In a preferred embodiment, output power
controller 120 accepts PA output signal 114, and reverse link power control
signal 118 as input signals. These input signals are then manipulated according
a process described with respect to FIG. 3 to generate automatic gain control

30 signal (AGC_V) 122.
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power: sources, thereby conserving energy. Qutput power controller 120
automatically controls the output power by 25 adjusting AGC V 122.
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AGC V 122. In a preferred enbodi nent, output power controll ézg(g:epts

PA out put signal 114, and reverse link p r control signal 118 as input
signals. These } i ls are t mani pyl at ed accordin a process

described with F’é@%&% oW§? cppfrolle; Es‘géﬁ%%fgﬁaaﬁm $1€nebﬂﬂ4 & gstimate the
si gnal  (AGEoMer 181 oFP SERESABsKR 0PI THOR REEND OO erf gg@gﬁrﬂtt PR

controller 120 accepts PA output signal 114 to estinmate Vel of
PA out put SPRfRalierialso menitops signale deprasenting rembinstt et parwBire aadithe! Der

al so nmonit i r esenting anbi ent, tenperature and the DC supply
vol t age. e@s?(glgil 5 :ﬁ%\es&s&frﬁg’; 3¢ pedp nguﬂ?}ﬁt peMesr cantyollgr SZOD to
det er nife deterpnine o makinad SlIERMBLe HEWRL 18fel A 1P t&m@ | 4. Qutput
power controller 120 al so accepts reverse ienk po%er gﬁts%fél 1sjlill'gnal 118 to

performin accoP¥ipet PAwer epntellen d20r elsei sempts aaverst| linkr poaser control
stations. DiQLiad | i nk _power cont,rol. signal 118 is a digital
signal. In JiltpIraieSf éf%gg%&bghiaﬁgq{ﬁ?m%i‘@h% iddﬁ?&F‘%P% 18esived fremp selllas hasges
recei ved fstations.1Digital vbvirsdafitk Bbfer Yontid? stefifl 114 R a Qﬁg—l@?f giéﬁgﬁnﬁﬁl

mrand a wirel ess

that is dedicated to overhead traffic. These directives C
phone to abfeiesred ganbodigeent, dhis signabjs slerived frognadirddtivesCrdceistedd bramn a

contraolg er qgh%]ed .t e_di Lves, i n,conjunctiaon w.th,the

deter(r)rlidnedcer}r%g?{r:mm al %l\s/é\}é)gl te;lg gpgmgémﬂé&epemo'&%cg{m gll“&né? q_q_ci}_catgd to

desired powesrhead etraffic. PAhesd plitectivedadontmah¥? o Ofikdless Dhomet b Send‘);ust1 Elée
r

consi derati on. neén F{Pternate enbodi nent, out put power~ controll
does not RNEPHTVi gf P4 ongpet sienal filddp okiptopomsr esingroller1 120 conaiterad,

out put po rs . i r evel to. maxi ny
ol baabl o erer e S K eminelin 36th! B BRtEhRRE magiER o lprable
desired ppawer lexebbf Pt ouGE sigri#12l 1davA ntesirbd ;&ﬁpépléﬁrbﬁbﬁmgﬁ{ﬁ&ldﬁgnal

15 114 results from this consideration. In an alternate embodiment, output power

(

controlier 120 does not consider digital reverse link power control signal 118.
Instead, output power controller 120 equates desired power level to maximum
allowable power level. Output power controller 120 then converts this desired
power level into AGC_V 122 having the appropriate magnitude.

20 FIG 2 illustrates a battery discharge curve. This curve depicts the typical
decline of a battery’s voltage over time as it supplies electrical current necessary
to support wireless phone calls. This discharge curve profiles a time interval
when battery voltage declines from 4.1 Volts to 3.2 Volts. As illustrated by this
curve, the battery’s voltage is gréater than 3.7 Volts for the majority of this

25 interval. A battery’s voltage also fluctuates according to temperature. In
general, as temperature increases, so does a battery’s voltage.

Wireless telephones are capable of operating across a range of voltages.
However, for all wireless phones, there is a minimum operational voltage. If a
wireless phone’s power source fails to supply power above this voltage, the

30 phone will not function properly. A typical minimum operational voltage for
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typical decline of a battery's voltage over tine as it supplies electrical
current necessary to support wireless phone calls. This discharge curve
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eitheryg. Zarr?’plzﬁca%on Fred's’ S00 operating voltage. Each of these figures contains
three curves of solid lines. These curves represent the spectral characteristics of
a PA output signal 114 when the operating voltage is either 3.2, 3.7, or 4.2 Volts.
Each of these solid line curves has a center lobe and two side lobes. The center
lobes exist is the middle of the depicted spectrum and have a larger magnitude |
20  than the side lobes that exist to the left and right of each center lobe. The center
lobes represent the power of PA output signal 114 inside its designated RF
transmission channel. The side lobes represent the power of PA output signal
| 114 outside of its designated RF transmission channel. This indicates the
| amount of out of channel distortion. In FIGs. 3A, 3B, and 3C, each center lobe is
25  of equal magnitude. In contrast, the side lobe magnitudes vary according to
operating voltage. Thus, out of channel distortion varies according to
operating voltage.
Each of these figures also contains a dotted line curve. This dotted line
curve is the ACPR limit. As stated above, the spectral characteristics of PA
30 output signal 114 cannot exceed this limit. In particular, FIG. 3C shows that as
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signal 114, exege t.he RIljimt, this situation, po, passing nargin
exists. WHEn Cona det!rgi ﬁégﬁ' e ?\tarpégt)gr Hoyits. argenet igyseedashid any IQRﬁfﬁng
the fat tvbhageperating voltages fluctuate, RF anplification circuit 100
must enpl oy techniques to ensure that ACPR linmts are not exceeded at any

operating 10 vl ceg¥enpopahyviachnitd foscgnarpdediog gomplinreei ngithomCPRNCce
phone' s arsi i apier o RaLE o bRt 67 5 Bifbiest rfonels realifigntionon
techni que ¢haretteeisticpodaringy praiamtidnn t hThisS @d1HrAHEK ORRERGiIqeR2! indad vage
and adjusting 15 AGC VY 122 sp that PA _output signal 114 yiel t he maxi num
possi bl e pBABEFTNg a Phone with its minimum operational voltage and adjusting
15 AGC_V 122 so that PA output signal 114 yields the maximum possible power
without exceeding a specified ACPR limit at this minimum voltage. This
technique is termed static calibration because once AGC_V 122 is set, it will not
be adjusted. Therefore, according to this technique, output power controller 120
merely provides a constant AGC_V 122.
20 Static calibration is performed at minimum operational voltage because
RF amplification circuit 100 is most susceptible to non-linear performance at
this voltage. However, static calibration is a less than optimal solution. Since
the voltage of power source signal 116 is typically greater than the minimum-
operating voltage, RF amplification circuit 100 is often capable of producing a
25  higher power PA output signal 114 without exceeding a specified ACPR limit.
Therefore, in a preferred embodiment, output power controller 120
dynamically controls AGC_V 122 in a manner that enables RF amplifier circuit
100 to produce a maximum power with passing margin.
FIG. 4 illustrates output power controller 120 according to a preferred

30 embodiment. Output power controller 120 comprises several components.



*wi thout exceeding a specified ACPRIimt at this mninumvoltage. Thigg SEP 7003
technique is ternmed static calibration because once AGC V 122 is set, It
will not be adjusted. Therefore, according to this technique, output power

- control |l er wiXéprrmo&y el y provides a constant AGC V 122. 20 St @'E;l‘ﬁjs‘b?ﬁdzg ation
Is perfornmed at m ni num operational voltage because RF anplification

circuit 100 is nost susceptible to non-li‘hear performance at this voltage.

v SURELECOALRA Do LERR IR SPUATTn SOLI St Sl i,

vol t age of power source sign

oper ati ng wmilpgge, digitab(d) D icoavedsr €08, Lﬁrbcé'é%%r i4%0,9f ](E;S\WJe‘E ?ﬂﬂﬂldlf‘eﬁgétgr 412,

produci ng a .25 hi;%Fh'er fower PA out put signal 114 wthout excee
t

speci fi ed AdHIAT} Pnéhigitdr to analog (PAreantvertdrodifreand ouempterpouver
controllerg r dgnam cally controls AGC_V 122 in a nmanner that enables RF
anplifier circuit 100 to produce a maxi mum power with passing margin. FIG

4 illustrates oBpopwr detewor 4BNac@bteP AIRAPAE GREtHING 4t fh P Bl
enbodi nment . t put pf)v\gr controll igr 120 conprises severale corarlg%s;g% g.gglzerQ

SEP 2003 V¥ 63575888l pdrjuSTeterBEs gmimdimend, ponyrndetestarrifiducin alepeteR F

det ect or I LDl 406, an,. anal tg digital [ D

converter 41491(63%,,&% v%? gcsggggggﬁgg h %gﬁ{pﬁﬁ\g ?‘leeﬁihtmlrt é’cj ﬂg‘f@& a 10‘&’9% ﬁ/HBgir pEdr

414, a di giniHiwat. an®oegr( Hefdctopny®r tao 4%5113:&{& ant %%Ogtyftg%alsmoris
u e

418. 5 Power detect gr 4&# accepts PA ou;g@ signal 114 and estinates the
power of PTIROMIONA, 0 ROpYeEt estiagtea nibd i pegferred osmbodément,othid (ahalag

det ect10RF sipRWE | gt _of 1.watt a
over 1 m 5 oo 1 AP0 Polfihe RRCLORndsl o RRoHBRRL 10 offh crSived 14150
signal thatuipst sgnaldilgi dievet detdeter 4@smdssthiisrahelogl SighaPEehar ingft port
ienmbodi ment anal DC vol tage that I's |inearl

proporti onar .ta?l é&f&]g“ﬂ : 19:'7' 2@81” Ei;cf’f"l"!?S"A etgehos #04Gagrhe kﬁnlﬁm@ﬁﬂérwﬁét%ﬁl@g
Pover et oot or 404 Eon e ot ShenEod arth Uindf g O, Al dLEREL 4k
pr ocessi ngEAIgaHPR HAganoKnawn tn persopsekilletd e che aelesradt arts.

15 Temperature sensor 418 converts the ambient temperature of RF
amplification circuit 100 into a temperature signal 436. In a preferred
embodiment, this temperature signal is a DC voltage that is linearly
proportional to the ambient temperature. Temperature sensor 418 sends this
analog signal to an input port on analog multiplexer 406. An exemplary

20  temperature sensor 418 is a thermocouple.

Battery voltage signal 420 indicates the operating voltage of RF

amplification circuit 100. In a preferred embodiment, battery voltage signal 420

* is simply the battery voltage. This voltage can be obtained by connecting
conductors to each battery terminal.

25 Analog multiplexer 406 has input ports to accept analog signals generated
by power detector 404 and temperature sensor 418. Analog multiplexer 406 also
has an input port to accept battery voltage signal 420. In a preferred
embodiment, analog multiplexer 406 time division multiplexes these signals

into a single output signal that is timed according to an input select signal 424.

30 Input select signal 424 is received from processor 410. This single output signal



estimation means known to persons skilled in the relevant arts. 15 29 SEP 2003
| Tenper at ure sensor 418 converts the anbient tenperature of RF

anplification circuit 100 into a tenperature signal 436. In a preferred
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i nput port and ‘conve Into a conposite da
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ovel of PCBERRPE: §e-fetuhed b ters Arclesraol mbaciment o Amacicptar of
Conver ter 408 Convarte these coal ac ot cuey ifale SIS 408 net
accordi ng thesaetgnadyto presessarshilpaccordiegeo a standard computer bus architecture.
15 In an alternate embodiment, these signals are sent to processor according to
any data interface known to persons skilled in the relevant arts.
FIG. 5 is a curve illustrating the relationship between BATT_N and
battery voltage signal 420 according to a preferred embodiment. BATT_N is a
quantized digital signal represented by eight bits. Battery voltage signal 420 is
20 represented in Volts. As illustrated, the relationship between BATT_N and
battery voltage signal 420 is essentially linear. However, in alternate
embodiments, this curve can have any shape. |
FIG. 6 is a curve illustrating the relationship between PO_N and the
power level of PA output signal 114 according to a preferred embodiment.
25 PO_Nis a quantized digital signal represented by eight bits. The power level of
PA output signal 114 is represented in decibels with respect to a milliwatt
(dBm). As illustrated, PO_N increases exponentially with the power level of
PA output signal 114. However, this curve can have any shape.
FIG. 7 is a curve illustrating the relationship between TEMP_N and the

30  ambient temperature of RF amplification circuit 100 according to a preferred
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di spersed (MSM) cth Processor 410 accepts TEMP_N, PO_N, and BATT_N from A/D

15  converter 408 and performs an algorithm that sets the maximum allowable

power level of PA output signal 114. This maximum allowable power level is

output by processor 410 as LIMIT_N 430. LIMIT_N 430 is an eight bit digital

signal sent to power limit register 412 according to a standard computer bus

architecture. In an alternate embodiment, LIMIT_N 430 is sent to power limit

20  register 412 according to any data interface known to persons skilled in the
_relevant arts. '

Processor 410 generates LIMIT_N 430 according to an algorithm. This

algorithm can be described at an abstract level with the following equation:

25 LIMIT_N = f(BATT_N, TEMP_N, PO_N, external power detected signal 422)

The above equation states that LIMIT_N 430 is determined according to a
mathematical function that is dependent on four signals: BATT_N, TEMP_N,
PO_N, and external power detected signal 422. Processor 410 can perform this

30 function through mathematical computation. However, in a preferred
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10 anmong one or nore application specific integrated circuits (ASICs) 98EP 2003
ot her hardware capable of perform ng algorithns. Exenplary processors 410
fnclude reduced instruction set conputer (RI SC) processors,
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tabl e al gor,th 0 py .processor 410 d@ccording t0 a preferre

enmbodi ment ?bel‘f?en%F— Keydigitalisignaldhat ean beseprasentedsby asp, nymberasfor
410 converpigs TEMP-N, PO-N, and BATT-N into a |ookup table address. Next, ip
step 806, processor 410 accesses the contents of this | ookup table

address. The cofredoskup tabieslesdribed abopecidhtainkemariiipoaeril@vad|f PAWET
ool o R il L8 e BTG AT
15 embodiment, each of these powers is based on a combination of temperature,
operating voltage, and the existing power level of PA output signal 114. The
contents of maximum power lookup table can be determined by -empirical
methods. An exemplary empirical method comprises operating RF power
amplification circuit 100 at various combinations of temperature, operating
20 voltage, and PA output signal 114 power level to determine the maximum
achievable power level within ACPR limits for each combinatipn. Once this
'maximum power level is determined for a given combination, it is placed in
the lookup table described above. In a preferred embodiment, this lookup table
is stored in memory that is contained in processor 410.
25 In alternate embodiments, maximum power lookup table can store a
function that is based on a theoretical formula. An exemplary formula is

provided below:

LIMIT_N = max(min((a * BATT_N + b « TEMP_N + C « PO_N), d),e),



- 10 processor 410 converts the accessed table entry into LIMT_N 43029§\FP 0]
descri bed above, LIMT_N 430 is a digital signal that can be represe e&ﬂ‘
by any nunber of bits. The | ookup tabl e descri bed above contai ns maxi num

- power | evelwo@émfddp output signal 114 that satisfy a specifiggquobifaes
requirenent. In a preferred 15 enbodi nent,, each of these powers 1Is based on

a conbi nation of tenperature, operating %I tage, and the existing power

| evel of PA out puapt}becriegnal 114. The contents of maxi num power | ookup table

can be determned by enpirical nethods. An exenplary enpirical nethod

conpri ses operating RE hpawed c arphndti®@tdraured fitbadsed 0f aleabtté®Uita from
conbi nations of tenp operating 20 vol tage, and PA output signal 114

ture,
power |evel to deter%ﬁé‘“ﬁﬂ’i’éﬁ?ﬁiﬂf}rﬁﬁfmﬁcmoévabl e power |evel within ACPR
limts for each conbigatio [ [: power |level is .determ ned
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contained in processor 410. 25 In alternate enbodi ments, maxi mum power
| ookup tabl e can storaé‘da function that is based on a theoretical fornula.

An exenplary formulads [ | ,omy. T = mn ATT N + b
TEV N T G PO N, d) - AR 138 b L TR eBa PA dudid O.
a, b, and c = a functsigmlcoiidciormeef FCOaspdrementeasured data from RF

anplification circuit 100; d = a value equal to a m ninum al |l owed power
| evel of PA 5 output signal 114 to neet specified CDVA perfornmance

output i gnal 114 . hoer Eony cnre el bEEGRLp QIR IARIE ip, didbelf welih
r el at i onshirgsRest (eamibwatt (dBab)sand IIBUTON 430 tAs stated above, LIMIT_N 430
( is a digital signal that quantitatively represents the maximum allowable power
level of PA output signal 114. In this figure LIMIT_N is a digital signal
represented by eight bits. In a preferred embodiment, the correspondence or

15  relationship between LIMIT_N units and the power level of PA output signal
114 in dBm is linear.

If RF amplification circuit 100 is powered by an external power source
such as a car cigarette lighter, External power detected signal 422 is enabled.
Processor 410 monitors external power detected signal 422. If this signal is

20 enabled, processor 410 does not perform the algorithms described above.
Rather, processor 410 sets LIMIT_N 430 to a predetermined value. In a
preferred embodiment, this predetermined LIMIT_N 430 value is 255. When
using the relationship defined in FIG. 9, this value corresponds to a PA output’
signal 114 power level of 29 dBm.

25 As described above, power limit register 412 receives LIMIT_N 430, from
processor 410. Power limit register 412 also receives reverse link power control
signal 118. Power limit register generates a dBm_N 432 signal and sends it to
linearizer 414. dBm_N is a digital signal that quantitatively represents the
desired power level of PA output signal 114. In a preferred embodiment,

30 dBm_N 432 is a digital signal represented by eight bits.
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of AGC .V Irea.prefersed embodiment, this relationship is substantially linear. However,

15  at higher dBm_N 432 levels, this relationship becomes non-linear. This non-
linearity is purposefully added to correct for non-linear characteristics of AGC
amplifier 108. AGC amplifiers 108 often have unique non-linear characteristics.
Therefore, the relationship between dBm_N 432 and AGC_N 434 must be
calibrated in each linearizer 414.

20 D/A converter 416 translates AGC_N 434 into AGC_V 122. AGC_V 122
is a DC voltage that controls the gain of AGC amplifier 108. In a preferred
embodiment, CDMA transmit signal 104 has a fixed power level. Therefore,
the gain of AGC amplifier 108 is the only variable that controls the power level- .
of PA output signal 114.

25 FIG. 11 is a curve illustrating the relationship between AGC_V 122 and
AGC_N 434. In a preferred embodiment, this curve is linear. However, in
alternate embodiments, this curve can have any shape.

FIG. 12 is a curve illustrating the relationship between PA input signal
110 and AGC_V 122. The curve is essentially linear. However, as AGC_V 122
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110 and A The. cur v s.essentially linear. However, as AGC_V 122 2
9 SEP 200§§%fpé%%9q 6“ﬁ§ﬁ1ﬁ$%ﬁﬁﬁ6h@ *15 increases, this relationship
becomes non-linear. As discussed above with respect to FIG 10, these non
| i near _characteristics are corrected by linearizes 414. Wil e various
embodi Hent W&fclaim: present invention have been described above, it shoul d
be understood that they have been presented by way 5 of exanple only, and
not limtation. Thus, the breadth and scope of the present invention
should not be imted by any of the above-described exenplary enbodi nents,

but should be defined only in accordance with the followng clains and
their equivalents. 10 W claim ‘
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2 9 SEP 2003 16 Wat is clained is: 1. A nethod of adjusting tran?@#PZUUH
power in a wireless phone to mai ntain adjacent channel power rejectivo
(ACPR) passing margin, conprising the steps of: anplifying a first radio
frequency (RF) signal according to a ff' st gain to produce a second RF
signal; amplifying said second RF signal according to a second gain to |
produce a third RF signal; determning a desired power |evel of said third ‘
RF si gnal¥hat Bslmed iy a new gain val ue from said desired power |evel; and
adjusting said first gain to said new gain val ue, wherein said determning
step conprises: determning a | ookup address; accessing a maxi num
al | onabl & powar metheélofcafdjwsing ttahimil pefves iig mawirtlessmphdrizetocmainein sdmacrd

| ookup tabl e address; receiving a.reverse |ink power control signal; and
setting g?ﬁnaeld’é’é"fq éﬁeﬁwﬁfﬁ’&)_ SYRE Wﬁ’@‘%cﬁmﬁﬁgg%ﬁsﬁ?ﬂf Haxi mum  al | onabl e
power | evel aﬁlﬂpﬁ@'irfka{ﬁ}’sﬂa'iﬁ‘o ht nePYRF) SN ﬁéﬂor&h%&% firs? gaihn8 pi&dueed of

claim1, wherein Saird | ookup table address is based on an operating
vol t age. se8ondRE sigiehod of claim 1, wherein said | ookup table address is

based on an ambignt tenperat ..4.  The thod of claim 1. wherei.n id
ookup tabl ¢ AavEwe il wstad RE ridpLagsardive 1 g eond pain & nroddey a tipd RF oy
5. A sysgigmlfor adjusting transmt power in a wreless phone to naintain

adj acent “channel power rejection (ACPR) passing margin, conprising: neans
for anplifyi néeterminingta degebpewardenah ef sqigihirdREpignalaccording to a first

gain to pr Od&'o%‘ﬁpﬁin%eacl?erwgﬁﬁ vgfug 'i%lm sa%d 8es§‘e§ pg“%lo l%gel; and
adjusting said first gain to said new gain value,
wherein said detérmining step comprises:
determining a lookup address;
accessing a maximum allowable power level of said third RF signal from
the contents said lookup table address;
receiving a reverse link power control signal; and
setting said desired power level to the minimum of said maximum

allowable power level and said reverse link power control signal.

2. The method of claim 1, wherein said lookup table address is based on an operating

voltage.

3. The method of claim 1, wherein said lookup table address is based on an ambient

temperature.

4. The method of claim 1, wherein said lookup table address is based on the power

level of said third RF signal.

5. A system for adjusting transmit power in a wireless phone to maintain adjacent
channel power rejection (ACPR) passing margin, comprising:
means for amplifying a first radio frequency (RF) signal according to a first gain to

produce a second RF signal;
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17 means for anplifying said second RF signal according to a secofd $fH W03} o
produce a third signal; neans for determ ning a desired power |evel of
$aid third RF signal; neans for conputing a new gain value from said
desired power |evel; and neans for adlL./Jsti ng said first gain to said new
gain value, wherein said neans for determ ning a desired power |evel of
said third RF signal conprises: neans for determ ning a | ookup address;
nmeans for accEsansigr amphfiing said secondRFesignahascordipgto p senend Rainclgrediics  of
sai d IoogHﬁrdt ¢ address; means for receiving a reverse |ink power control
signal ; and neans for setting said desired power |evel to the m nimum of
said maxi mummahisofondéternpiaingra desired povact lewal df sad diigiERF sigkalpower contr ol
signal. 6. The systemof c¢laimb5, _vvhe]rélei n s%iriﬁql Iooﬁup taPI e_ad(gress is
based on an of&REPREPMPYIMEAEW gainyale dtpm said desied prweslevelhandi n sai d
| ookup table ﬁ‘xggﬁset%?adjﬁsth%%%ﬁi migﬁnMCﬁﬂéwgﬁiﬁ%ﬁfe?t“r e. 8. The system of

oku address i

claim5, wherein said’lo p tab based on the power |evel of
sai d third RFwhemiasaid tneasts forstetarmiong adiesistd prgverrleved wif saidahied RFsignal

w rel ess phone to maintain adjacent channel power rejection (ACPR) passing
mar gi n, ‘g'ﬁ%? “¥ing: an automatic gain control (AGC) anplifier having an AGC

input termnal, anyBiHs fopHeeMhiniR I TobRIp adiRgs@ control signal input
termnal; a power anplifier (PA) "having a PA input term nal and a PA out put

ternminal, wherei nmsansifopActesping amaximwm allewahle pevwerltvelofrem; the Aamentst put

termnal ; and_an.outpu wey ntroller having a controller input term nal
and a control ?fgﬁ'mﬂéﬁg‘ﬁélPB eeard%re%% , Wherein the controller input termnal is

connected to said Méamiioptdceivirgy MeRadse ikl pbWwer cwnlol sighalyardut put terminal is
connected to said AGC input term nal, wherein said output power cfont_r ol l er
further conprises: megnsgipr, geftjng said desired power level to the minimum of said

maximum allowable power level and said reverse link power control signal.

6. The system of claim 5, wherein said lookup table address is based on an operating

voltage.

7. The system of claim 35, wherein said lookup table address is based on an ambient

temperature.

8. The system of claim 5, wherein said lookup table address is based on the power

level of said third RF signal.

9. A system for adjusting transmit power in a wireless phone to maintain adjacent
channel power rejection {ACPR) passing margin, comprising:

an automatic gain control (AGC) amplifier having an AGC input terminal, an AGC
output terminal, and a contro! signal input terminal;

a power amplifier (PA) having a PA input terminal and a PA output terminal,
wherein said PA input terminal is connected to said AGC output terminal; and

an output power controller having a controller input terminal and a controller

output terminal, wherein the controller input terminal is connected to said PA output
terminal and the controller output terminal is connected to said AGC input terminal,

wherein said output power controller further comprises:
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18 neans for calculating a maxi num al |l owabl e transmt power |evel; neans
for determning a desired transmt power |evel; neans for setting said
tesired transmt power |level to the m ninmumof the maxinum all owabl e power
| evel and the reverse |ink power contr signal; neans for converting said
desired transmt power |evel to an AGC signal; and neans for sending said
ACGC signal across said controller output termnal to,6 said control signal
i nput terminal . 1omeynstos jalpwating a maginam allgyiehle fransmit BowerdReels or
getermning a des: kidthd foR0sHhinimO Rk Sl PRRIASER, TPans fof
determning a | ookup table a and neans for accessing said desired
power |evel from tmeanx)fatsmtisg(smdmrded tmimpt pabérdevel da thessminifiim ghthesyst em

of claim 10, wherein Iooku bl ddress .is based on, an operating
vol tage. 12, MUy alvehie gpup e% aﬁ%rs‘f?rsgﬁiﬂaw%‘zwaﬁ%%g nAlnddr ess i s
based on an anbi eNineah CRPRLANGHiAy shd dediRal PUSHADAe bR B W AGORGHN Sl d
| ookup table address is based on a current transmt power |evel 4. A
system for adpngsting transmit power in a wreless phone to naintain

adj acent channel wer.rejec assin risin
automatic gain conﬁ'?3 s for, ééﬁ %ﬁ?fq%‘égo %‘é@a‘ﬁrﬁss %JJAT\B@% ﬂsﬁ?ﬂ[qg“ﬁﬁl and
AGC ouput terﬁ’ﬂldlad)mrcﬂ@(knal 1ﬁpﬁttté@hm§ll gnal input termnal; a power arrpl ifier
(PA) having a PA input termnal and a PA output term naI wherein said PA
input termnal is connected to said AGC output termnal; and an out put
power cong r ol tr p e

out put tg(? m ngﬁé gﬂ@rﬂ& na%e@éaﬁ{ekeg I éfra ilﬁh?)]tst fomedré%nr?gﬂg%%n%%%% gg}a%lgﬁgal d
AGC out ppldawertlesrahcmbnsasd the controller output termnal is connected to

said ACC | pu}ne;[m% or eterrmmng a%ookupot% le axgidress; and

means for accessing said desired power level from the contents of said lookup table
address.

11.  The system of claim 10, wherein said lookup table address is based on an operating

voltage.

12.  The system of claim 10, wherein said lookup table address is based on an ambient

temperature.

13. The system of claim 10, wherein said lookup table address is based on a current

transmit power level.

14. A system for adjusting transmit power in a wireless phone to maintain adjacent
channel power rejection (ACPR) passing margin, comprising:

an automatic gain control (AGC) amplifier having an AGC input terminal, and
AGC ouput terminal, and a control signal input terminal;

a power amplifier (PA) having a PA input terminal and a PA output terminal,
wherein said PA input terminal is connected to said AGC output terminal; and

an output power controller having a controller input terminal and a controller
output terminal, wherein the controller input terminal connected to said AGC output

terminal and the controller output terminal is connected to said AGC input terminal,
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cal cul ating a maxi num al |l owabl e transmt power |evel; neans for
determning a desired transmt power |evel; nmeans for converting said
desired transmt power |evel to an A ignal; and nmeans for sending said

AGC signal across said controller ouput”termnal to said control signal
input termnal; and wherein said neans for determning a desired transmtt

power | evel hﬁ‘i’\*if‘s@éd outpptppver gpntgelles forther RYMBrISASXI mum al | owabl e transmit
power |evel; nean signal ; and
means for settl ng glglglggfgégiﬁ?{é%hl?g% ﬁ%{lﬂggﬂv\%‘b’a eve%@gpﬁg]r%n%rh mum of said

maxi mum al | owabl e hreamsfor ietonmining aa&mlreditrdnmt powanlevede | i nk power cont roI
signal . 15. The system of clalm14 erein sai.d neans for de m, ni

maxi num al | owabl e ™A%, @%F‘r@lo%}sp’é*egow syl tp gp "’b‘g{:eﬁlgﬂa i ng a
| ookup tabl e zggress; and rreans for accessi ng sai d maxi num al | owabl e
transmt power level fromthe contents of said | ookup table address. 16.
The system of cl ai meass fonenrdengsadiAdiC sighalpcrasb kaid aduirells ouputdameidaloe an
operating vol t@g 0;7 T, e s st em of cgl aimed 15, wherein said | ookup table
address is baSid Y §e4 "?Bﬁlp%? ture. 18. The system of claim 15,

}Nner fal n said Wﬁ@ﬂéﬂpsalidiﬁﬂe&lﬂ@ﬂﬂ&éﬁmhﬁlg@c&@ﬁed)ﬁaﬁnﬁﬂ]ﬁd\ﬁé’itleveﬂ E@ApHids: Power
eve

means for determining a maximum allowable transmit power level,;

means for receiving a reverse link power control signal; and

means for setting said desired transmit power level to the minimum of said
maximum allowable transmit power level and said reverse link power control

signal.

15.  The system of claim 14, wherein said means for determining a maximum allowable
transmit power level comprises:

means for determining a lookup table address; and

means for accessing said maximum allowable transmit power level from the

contents of said lookup table address.

16. The system of claim 15, wherein said lookup table address is based on an operating

voltage.

17.  The system of claimed 15, wherein said lookup table address is based on an

ambient temperature.

18. The system of claim 15, wherein said lookup table address is based on a current

transmit power level.



