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the Invention This invention relates generally to anplifiers and
specifically, to a method and apparatus for inproving the efficiency 15 of
an anplifier. Background of the Invention Consuner denands have fuel ed
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Field of the Invention

- This invention relates generally to amplifiers and, more
specifically, to a method and apparatus for improving the efficiency
15 of an amplifier.
Background of the Invention

Consumer demands have fueled technological advances in
the area of electronics. Through aggressive development and
20 manufacturing, the industry has accomplished increased
minjaturization of electronic components resulting in the advent of
extremely lightweight and dimensionally constrained hand held
portable electronic devices. Such devices, including portable
radiotelephones, are typically battery powered. The operational
25 longevity of the radiotelephone based on its associated battery life
often becomes a fundamental consumer selling point. In order to
maximize battery use and, thus, satisfy consumer demands, the
radiotelephone must be developed to optimize power consumption.
Essential to the operation of the radiotelephone, as well as to
30 other two-way communication devices, is an amplifier. An
amplifier is utilized to amplify radio frequency (RF) signals for
transmission so as to permit the radiotelephone to communicate
with a fixed site transceiver, which, in turn, is interfaced between
the landline tefephone system and other multiple, portable, or
- 35 mobile radiotelephone systems contained within a geographic area.
Existing amplifiers typically utilize amplifying elements comprised



vu"ih "é fixed site franscei ver, which, in turn, is i nterfaced betwee_n t he
| andl i ne tel ephone system and other mmtiple, portable, or 35 nmobile
radi ot el ephone systens contained within a geographic area. Existing
anplifiers typically utilize anplifying el ements conprised -2- of a FET
(Field Effect Transistor). Recently, the industry has shifted away from
utilizing a silicon MOSFET (netal oxide sem conduct or FET) aﬂd tO}Mli!’d
utilizing a |1 ET ef.fi,ci enqy. Tk allium
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Descri pti on negatixe voliagergThe amplifier of the radlotelephone may utlhze

10  as much as 500 mA of current to amplify RF signals to output power
levels on the magnitude of 29 dBm. Thus, the amplifier must be
operated as efficiently as possible so as to make battery-powered
handheld radiotelephones feasible. |

Therefore, what is needed is a method and apparatus for

15  increasing the efficiency of amplifiers, especially those amplifiers

- utilizing gallium arsenide FET amplifying elements.

-

Brief Description of the Drawmgs
20

FIG. 1 is a block diagram illustrating a radiotelephone

communications system that may employ the present invention.

_ FIG. 2 is a block diagram illustrating a transmitter having
. amplifying circuitry and corresponding control circuitry that may
25 employ the present invention.

FIG. 3 is a schematic diagram illustrating a transmitter having
amplifying circuitry and corresponding control circuitry that may
employ the present invention.

FIG. 4 is a schematic diagram illustrating an alternate

30 embodiment of a transmitter having amplifying circuitry and
corresponding control circuitry that may employ the present
invention. :

FIG. 5 is a method flow chart of an efficiency algorithm that
may employ the present invention.



20 FI ‘G 1is a block di agramillustrating a radiotel ephone comuni cat i ons
systemthat nmay enploy the present invdntion. FIG 2 is a block diagram
illustrating a transmtter having anplifying circuitry and correspondi ng
control circuitry that may 25 enploy the present invention. FIG 3 is a
schematic diagramillustrating a transmtter having anplifying circuitry
and correspondi ng control ci rcuitry that nay enploy the present invention.
FIG 4 is a sche c dla il lustrat an al tiernate 3 enbodi nent of a
transmtter havi n'gf 3!1?4@09. %‘ﬁlw %ﬁﬁl gﬁf)ﬁﬂmﬁ@ control circuitry
that may enphlporithm masmay employt theprésent ibverstieon.net hod flow chart of an
efficiency al gorl thmthat may enpl oy the present invention. -3- FIG 6

is . a method flow chart of a transmtter control algorithmthat may enpl oy
t he present invention. Det ai | ed Description of the Preferred

Enbodi merg s The pr € 6F HEPPRctEired@ BhPOdithéns! having

anpllfylng C|rCU|tr or anpl1ying an 1 nput signal 1nto an anplified
out put signal and control circuitry for controlling the

The present invention encompasses a transmitter having
amplifying circuitry for amplifying an input signal into an
amplified output signal and control circuitry for controlling the

10 amplifying circuitry. The amplifying circuitry is coupled to a power
source and has a first, a second, and a third input, an output, a
saturation point, an amplification magnitude responsive to a
voltage of an amplifier control signal, and a gate bias responsive to a
gate voltage signal. The control circuitry comprises detecting

15  circuitry for detecting the output power level of the amplified
output signal, integrating circuitry, responsive to the detecting
circuitry, for generating the amplifier control signal for setting the
amplification magnitude of amplifying circuitry so that the output
power level of the amplified output signal remains at a

20 predetermined constant level, and processor circuitry for
dynamically varying the gate voltage signal to its largest operative
magnitude permitting the amplifying circuitry to function at or near
the saturation point for increased efficiency.

FIG. 1 is a block diagram illustrating a radiotelephone

25 . communications system that may employ the present invention. A
radiotelephone system typically includes a fixed transceiver 101 that
sends out RF (radio frequehcy) signals to portable and mobile
radiotelephones contained within a geographic coverage area. One
such phone is a portable radiotelephone 103.

30 The portable radiotelephone 103, such as model number
F19UVD0960AA available from Motorola, Inc., includes an antenna
105, a transmitter 107, a receiver 109, a processor 111, and an user
interface 113. '

The antenna 105 is used to transmit and receive RF signals to

35 and from the fixed transceiver 101. Upon receiving signals, the



10 anplifying circuitry. The amplifying circuitry is coupled to a power
source and has a first, a second, and*& third input, an output, a
saturation point, an anplification magnitude responsive to a voltage of an
anplifier control signal, and a gate bias responsive to a gate voltage
signal. The control circuitry conprises detecting 15 circuitry for
detecting the output power |level of the anplified output signal,

integrating circuit responsgi ve to t.he detecti circuitry, for
generating t ABtEQRY ﬁﬁ %qn‘e%\tﬁam Slspglﬁdr‘?? Sﬁc&qqlﬁﬁ’gsm@rsa i fication
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enpl oy the pPe¥eHsable by fhegest &!@(ﬂ lega }9331@? P@ﬁﬂp§'p¢‘é¥I ly includes a
fixed transceonin t8htroh aformationtet béitilizéd by fheqsierasior 191gnal s to
portabl e and nazl le 1 agdagta%?ef[ohon}s cori)ggéned Wi tgﬂén a |tgeo raE)ttl)\l C coverage
area. One suBR9pAbyaIce 3y S Pt Itgﬁiﬁf’ﬁ Thepnigged w . The
portabl e radihe eseminterfaceOB]3 touptovide audibhleroutput td-a UHOIG0AA avai | abl e
from Motesol a, In | : 04, 1t a receiver
109, a p?%cessor ?flflod and_an b%gf)f{%teégg?%%’eﬁﬁg? e gin lelﬁégjf%% is used to
transmt andthetansmitter 107 informagion to be transmitted as well as control
" information. The transmitter 107 takes the information to be
transmitted and converts it into electrical RF signals. The electrical
RF signals are amplified in accordance with the control information
15 via an amplifier contained within the transmitter 107. The
transmitter 107 couples the amplified electrical RF signals to the
antenna 105 which converts the electrical RF signals into RF signals
for transmission into the air for use by the fixed transceiver 101.
FIG. 2 is a block diagram illustrating the transmitter 107
- 20 having amplifying circuitry 203 and corresponding control circuitry
including, but not limited to, detecting circuitry 215, integrating
circuitry 217, and processor circuitry 219, that may employ the
present invention. The circuitry that may embody the functional
- blocks, as better illustrated in FIGs. 3 and 4 below, may be disposed
25 upon one or more circuit boards and housed within a housing of
‘any portable RF communication device, such as the radiotelephone
103.

The amplifying circuitry 203 contains at least one amplifying
element, preferably a gallium arsenide FET (Field Effect Transistor).
30 A power source 209, such as a battery, is denoted by VB+ and
supplies power to the amplifying circuitry 203. Although the battery
comprising the power source 209 may be fabricated to provide a
particular voltage, such as 6.0 V, when nominally charged, the
amplifying circuitry 203 must be capable of functioning when the



35 and fromthe fixed transceiver 101. Upon receiving signals, the -4-
antenna 105 converts the signals i nt ool ectrical RF signals and transfers
the signals to the receiver 109. The receiver 109 denodul ates the received
electrical RF signals, converts the denodul ated RF signals into data
signals, and couples the data 5 signals to the processor 111. The received
data signals, which are now usable by the rest of the portable

radi ot el eph . I @ i ' : utilized by the
processor 1 %%5&?‘3? %@gﬁi@{ Q‘st%ﬁgﬁé"?aﬁ? %&8@%&%?%3 t%‘g"'gﬁ'%peaker cont ai ned
“with the usqarticularfenltagel3 to provide audible output to a user. 10

Upon transm ssiornﬁ{ ey LS r transmtter
107 information to %‘Bﬁgjﬁsﬁ% ?%ﬁ@?%gﬁﬁ@#%ﬁﬂgﬁ% The '
transmitter provideskby REiinpuicircuitry 205 (typically containing voicgiandnverts it
into el egtriduth tB'Be&Eﬁib?hﬁtedThﬁt&hﬁﬁh[oﬁlﬂ?éd Rﬁ_éﬁ:gn% 1206/ tHef i ed i n

i thin tho SKEMEHY SgRAISHA isarapl Shch DRt W EOURGE RAYEEAL! | {1 0a
P T A A e R A S T
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20 havi ng dheltransmitter 1024 Theyamnplifien dircuitrye 203 subseguentlyr ol circuitry .
10 outputs the RF output signal 206 to RF output circuitry 207. '
| The block diagram of FIG. 2 contains several control loops,
including an output power control loop and a gate bias control loop
that are interrelated to maximize the efficiency of the operation of
the amplifying circuitry 203. Common to the operation of the
15  output power control loop and the gate bias control loop is the
| processor circuitry 219. It should be noted that although the
transmitter 107 utilizes the integral processor circuitry 219, the
- processor-dependent functionality of the transmitter 107 could be
solely provided by a device-central processor, such as the processor
20 111 depicted in FIG. 1.
The output power control loop maintains the amount of
power in the RF output signal 206 at a constant level by varying the
magnitude of amplification of the amplifying circuitry 203 via an
amplifier control signal 211. The output power control loop consists
25  of the detecting circuitry 215, the processor circuitry 219, and the
integrating circuitry 217. In addition, the output power control loop
functions while the transmitter 107 is in operation.
The detecting circuitry 215 is coupled between the amplifying
circuitry 203 and the RF output circuitry 206 as well as to the
30 integrating circuitry 217 to detect the power level of the RF output
signal 206. Upon detection, the detecting circuitry 215 creates and
outputs a detected power output signal 216 to the integrating
circuitry 217. The detected power output signal 216 corresponds to
the amount of power in the RF output signal 206.




i ncl'udi ng, but not limted to, detecting ci reuit ry 215, integrating
circuitry 217, and processor circuitry-219, that nay enploy the present"
invention. The circuitry that may enbody the functional blocks, as better
illustrated in FIGs. 3 and 4 below, may be di sposed 25 upon one or nore
circuit boards and housed within a housing of any portable RF communi cation
devi ce, such as the radiotel ephone 103. The anplifying circuitry 203
contains at |east.0one anmplifying el nt, efergbly.a | | ium arseni de FET
(Field Effect Trahd§ BTQReS r%raﬂtrbr rls§BHBEeé;§b ,eé'ﬁ%ﬁ}% Ba battery, is
denot ed by \@rcuitrgt 297 ipl prewidoagpower oliput phiro) signat 218 thérefo.203. Al t hough
the battery rls] aﬂﬁ%’ Qgigﬂ d to provide a
parti cul ar vﬁﬁ&?és%&:rhngggﬁégi ?ﬁ%\%ggsﬁgﬁt nar 0 charge é-<§he_ anpl i fying
circuitry 20alneslefining shelamoustt of powen thatshawld benin the BEi t ery has
significantl %;,’ﬁ f@{ﬂ t RdefsitningadSvaltié s b alplueati® ofv0l t age. The
o w?r ng:g;grrp i? REE biié o 2% ?r

anplifying circy I es, an I nput S| gha 4 provided by RF
i nput ci r cui Phasing yaluepthat are, stoged in @ mgmasy of thEProcessqfa to be
transmtt ed)df@ﬁ&ymgaaﬁmgilﬁdnﬂacmﬁeput signal 206. The RF input si gnal
corresponds 1o onTNGIEBRENE LG 27, iBRE Rimpaf bRt cVors *
whi ch def i nepawer optputtsigmal 16 and the power output control signal 218 to
10 ensure consistency between what the amount of power in the RF
output signal 206 is, and what it should be. The integrating circuit
217 accordingly adjusts the magnitude of the amplifier control
signal 211 to ensure that the amplifying circuitry 203 provides an
accurate and constant RF output signal 206.
15 The gate bias control loop dynamically varies the gate bias of
the amplifying circuitry 203 to establish a desired operating point
thereof. The gate bias is responsive to a gate voltage signal 213
coupled to the amplifying circuitry 203 by the processor circuitry 219.
In the preferred embodiment, the gallium arsenide FET comprising
20 the amplifying element of the amplifier circuitry 203, is biased by a
negative voltage; thus, the gate voltage signal 213 consists of a
negative voltage. The gate bias control loop comprises the processor
circuitry 219, the power source 209, and the amplifier control signal
211. The gate bias control loop may be executed every time there is a
25 power level change, a channel change, or an initial power-up of the
radiotelephone 103.

The processor circuitry 219 dynamically varies the negative
voltage of the gate voltage signal 213 to cause the amplifying
circuitry 203 to operate as close to saturation or as close to, as well as

30 into, class B operation as possible. Class B operation occurs when
the operating point of an amplifying element is at an extreme end of
its characteristic (i.e., the gate voltage signal 213 is approximately

“equal to the cutoff voltage defining the saturation point of the
amplifying circuitry 203). By controlling the amplifying circuitry 203
35 such that it operates near saturation, an increase in the efficiency of




the transnmitter 107. The anplifier circuitry 203 subsequently 10 outputs
the RF output signal 206 to RF output “Ti rcuitry 207. The bl ock di agram of -
FIG 2 contains several control |oops, including an output power control
| oop and a gate bias control |loop that are interrelated to nmaxi m ze the
efficiency of the operation of the anplifying circuitry 203. Comon to the
operation of the 15 output power control loop and the gate bias control

| oop is the processar ciseuitr 0 .be not a although t he
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close to the point of saturatlon and if S0, ad]ust the negative voltage

of the gate voltage signal 213 to a less negative value to prevent
saturation. Operating an amplifier in saturation is typically

15 undesired, as damage to some properties of the amplifying elements
may occur, subsequently reducing the efficiency of the amplifying
circuitry's operation.

While concerned with preventmg saturatlon, the processor

circuitry 219 is equally concerned with adjusting the amplifying

20 circuitry 203 to operate as close to the saturation point as possible to
achieve increased amplifier efficiency. When the amplifier control
signal 211 is not within the aforementioned predetermined value
describing the point of saturation, the processor circuitry 219 adjusts
the voltage of the gate voltage signal 213 to a more negative value.

25 - Because the amount of power in the RF output signal 206 will
decrease as the amplifying circuitry 203 nears, or goes into,
saturation, the output power control loop and the gate bias control
loop are interrelated such that the output power control loop is able
to maintain the amount of power in the RF output signal 206 at a

30 constant level while the gate bias control loop dynamically varies
the gate voltage signal 213 to the most negative allowable voltage
causing the amplifying circuitry 203 to operate closer to saturation
and with increased efficiency.

In addition, by dynamically varying the gate voltage signal
35 213 in the aforementioned fashion, the present invention is better

ﬁ




the amount of power in the RF output signal 206. The processor circuitry
219 is coupled to the integrating circ8itry 217 to provide a power. output
control signal 218 thereto. The power output control signal 218 contains a
predeterm ned val ue defining the amount of power that should be in the RF 5
out put signal 206. The predetermnined value is one of a plurality of phasing
values that are stored in a menory of the processor circuitry 219 during

manuf act ure. The,i n r.ati.ng c CU|tr 217 effectivel res the
det ected povEAPARIE EPQ%‘P&BH‘ Gio%?ﬁﬂ{‘yegﬁf’%r I3 gnal 218 to
10 ensure ctheskEostput bxgmbé%min&rwm-samm tenvpenatire or mséhﬁorRF out put

Zlcgg?ljl ﬁgltsyI ad] usi1 W{lﬂ'}s nagnltégﬂé% %?ﬂ}e%qg@ ?gegidéggﬁ?r%ﬁﬁgflﬁ 211 to
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RF out puts si gnal RR$.3 ia schemahé-ﬁfaéﬁﬁgl rcw tr %ghgo gp dynam call y
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Compr i i ng 20t 851“?%#"%%??3 MR b A e o CoT
bi ased by a employ the prasentinverniion. FIG @mcue\spbtﬂ@allylcwiﬂiesﬁhé consi sts of
a 10 components of the transmitter 107 including the amplifying :
- circuitry 203 and the control circuitry that maintains the 6utput
power control loop and the gate bias control loop so as to permit
efficient operation of the amplifying circuitry 203.
The amplifying circuitry 203, which is multi-stage, receives
15 the RF input signal 204 from the RF input circuitry 205. The RF
input signal 204 is comprised of a frequency modulated information
signal generated by the RF input circuitry 205. The RF input
circuitry 205 receives an electrical information signal consisting of
converted voice signals typically supplied by the user of the
20 radiotelephone 103 via a microphone (not shown) or data signals.
A VCO (Voltage Controlled Oscillator) 301 combines the
information signal with an oscillating signal of a certain frequency
to create the frequency modulated information signal. The
| frequency modulated information signal is then coupled to a buffer
25 303 that functions both as a filter, typically a passband filter, and an
amplification device that increases the magnitude of the frequency
modulated information signal. Prior to amplification by the
amplifier circuitry 203, the RF input signal 204 is coupled through a
variable attenuator 305 comprised of variable resistors. The variable
30 attenuator 305 can be adjusted to provide high attenuation when
the transmitter 107 is not transmitting or low attenuation to permit
transmission of the RF input signal 204. :
The RF input signal 204 is coupled to a power amplifier
_ driver 307 that forms an initial stage of the amplifying circuitry 203.
35 The power amplifier driver 307 amplifies the RF input signal 204 to




‘negatlve vol tage. The gate bias control |oop conprlses t he processor
circuitry 219, the power source 209, &hd the anplifier control signal 211.
The gate bias control |oop may be executed every tinme there is a 25 power
| evel change, a channel change, or an initial power-up of the

radi ot el ephone 103. The processor circuitry 219 dynamcally varies the
negative voltage of the gate voltage signal 213 to cause'the anpllfylng

circuitry 203 to qgpe e as ose to turatlo as well as
30 int oy clﬁw@%éﬁ ﬁd§§’ pii erGP%@Q ﬂgﬁﬁgilﬁrl C!3(:'€urs when t he
Oﬁeratl ng poextlusifrelyrccﬁtpléd&dlthgp@mmhl plifieptriver 887 &ivhend ?f| its o
characteristic te,vol tage si roxmneyequa o}
The cutof t ereeed smborfintEe e poRER amnilifler AFivar S07CRaRERARY: ng
circuitry 20®)thel?-;mphfmr obnirobsighal 2t lis typable of amplifying @8e RF such t hat
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reduction i ne¥ekashighasaboutrht? gBsvessor circuitry 219 control s the
anplifying ci rchr powéBaind li$ié§1369'is Eﬂ'ﬂérhrﬂéﬁfptﬂ%ﬂﬁ\étpdwexby i ncreasing

ampl i ying IR ? %%Z#eﬂlf" Btk foPLAagE Wi che SROROME nnr the |
saturation pmramtrymﬂﬂ tUponageeivingethef RF linpatisignhl 204 awwrol signal 211 is
10 amplified, from the power amplifier driver 307, the power amplifier |
309 additionally amplifies the RF input signal 204 to a power level
as high as about +30 dBm. The power amplifier 309 is biased into
operation via the application of the gate voltage signal 213. In the
preferred embodiment, the power amplifier 309 is a gallium
15 arsenide FET that requires a negative biasing voltage between about
0V and -5.4V for operation. The RF input signal 204, now having
been amplified by the power amplifier driver 307 and the power
amplifier 309 to a level suitable for transmission via an antenna
(such as antenna 105 of FIG. 1), is output from the amplifying
20 circuitry 203 in the form of the RF output signal 206. Prior to
transmission, the RF output signal 206 may be filtered by a
duplexing band-stop filter 311 of the RF output circuitry 207.
The output power control loop maintains the amount of
power in the RF output signal 206 at a constant level by varying the
25 amplifier control signal 211, which directly controls the magnitude
of amplification of the amplifying circuitry 203. As specified, the
output power control loop consists of the detecting circuitry 215, the
processor circuitry 219, and the integrating circuitry 217.
Coupled between the amplifying circuitry 203 and the RF
30 output circuitry 207 is the detecting circuitry 215 for detecting the
power level of the RF output signal 206 prior to filtering by the RF
output circuitry 207. The detecting circuitry 215 includes a
directional coupler 313. The directional coupler 313 includes an
electromagnetic coupler which couples the RF output signal 206 to a
35  detector 315 without causing excessive loss to the RF output signal




within a predeternined val ue of the nagnitude of the power source.209. By
coupling the anplifier control signall®l1l and the power 10 source 209 to

t he processor circuitry 219, the processor circuitry 219 is able to
determne if the anplifying circuitry 203 has becone too close to the point
of saturation and, if so, adjust the negative voltage of the gate voltage
signal 213 to a less negative value to prevent saturation. Operating an
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mai nt a mount .0 e out put  si

| evel \Mipl %ﬁs"ﬁs‘?‘éﬁﬂ §5¥\‘%{>?11$ '{l‘ﬂ HM ?re gate vol tage
si gnal 213 twhichds wostpnisegaof afe'oklage\mn‘espynding;m tlummngnt anplifying
circuitry 2Q%wé MResAbAICHE Shhtaifed Hh & RFButput signal 206, is

produced by a microprocessor 317, such as a 68HC11 microcontroller
available from Motorola, Inc., contained within the processor

15  circuitry 219. First, the microprocessor 317 determines which one of
the plurality of predetermined power output levels the transmitter
107 should be operating at by discerning a power control instruction
(not shown) sent by the fixed transceiver 101 (see FIG. 1).

Second, the microprocessor 317 accesses phasing values stored

20 in an associated memory 319 in order to set the voltage of the power
output control signal 218. During the manufacture of the
radiotelephone 103 phasing values are programmed into the
memory 319. The stored phasing values typically consist of the
plurality of predetermined power output levels. Each of the

25 plurality of predetermined power output levels are associated with
an actual power value that defines the amount of power that should
be contained in the RF output signal 206 after amplification in
accordance with the particular predetermined power output level.
For example, 80(hex) could correspond to 27.5 dBm. The

30 microprocessor 317 is able to retrieve the actual power value from
among the phasing values stored in the memory 319 by referencing
the predetermined power output level with the power output level
dictated by the power control instruction. The microprocessor 317
sets the voltage of the power output control signal 218 to correspond

35 to the retrieved actual power value




and With increased efficiency. In addition, by dynamically varying the gate
vol tage signal 35 213 in the aforeneﬂﬂ+oned fashion, the present invention
is better - -8- capable of maintaining the necessary constant anount of
power in the RF output signal 206 under worst case tenperature or insertion
| oss conditions with respect to the gallium arsenide FET anplifiers of
current transmtters that function at a set negatlve gate vol tage. 5

FIG 3 is a sche iC dlagramfurthe AR i#]atl transmtter 107
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10 in response to the comparison of the detected power output signal
216 and the power output control signal 218. The integrating
circuitry 217 includes an integrator 323 for comparing the detected
power output signal 216 and the power output control signal 218.
The detected power output signal 216 and the power output control

15 signal 218 are coupled to the respective negative (-) and positive (+)
inputs of the integrator 323. If the voltage of the detected power
output signal 216 is less than the voltage of the power output

" control signal 218, the voltage at the output of the integrator 323 is
increased. Conversely, if the voltage of the detected power output

20 signal 216 is greater than the voltage of the power output control
signal 218, the voltage at the output of the integrator 323 is
decreased.

The integrating cireuitry 217 further includes a buffer 325
coupled between the output of the integrator 323 and the power

25 amplifier driver 307. The buffer 325 is primarily comprised of an
npn transistor 327 and a p-channel enhancement mode MOSFET
(Metal Oxide Semiconductor Field Effect Transistor) 329. A resistor
331 couples the base of the npn transistor 327 to the output of the
integrator 323. As the voltage at the output of the integrator 323

30 increases, such as when the detected power output signal 216 is less
than the power output control signal 218, the current flowing into .
the base of the npn transistor 327 increases causing the current
flowing into the collector of the npn transistor 327 to increase. The
collector of the npn transistor 327 is coupled to the gate of the

35 MOSFET 329.
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ponverted voi ce signals typically suqalled by the user of the 20"

radi ot el ephone 103 via a m crophone ( ét shown) or data signals. A VCO

(Vol tage Controlled Gscillator) 301 conbines the information signal with an
oscillating signal of a certain frequency to create the frequency nodul ated
information signal. The frequency nodul ated information signal is then
coupled-to a buffer 25 303 that functions both as a filter, typically a

passband filter, ap anpl i ati.on .dev t he magni t ude
of the frequency ﬁﬁlﬁ‘f‘l ﬁl CogusT ﬁﬂﬁﬁ‘%ﬂn mF‘Bﬁ%&?%B?ttﬁgm i fication by
the anplifi etransistori327\inéfeases, hevolageraenosssa seeand2edistor 333up| ed through a
variable att riable 30

St tenuator SLHNE B@%ﬁ\%ué%??&ﬁ%o@?ﬁ“%&%é%ﬁa - MC e? t he
transmtter 3297ta &\ergatetqfdhe MOSFE§ 329 mgmaa@&mg the MOSEET;

transmi 3§ oo yq ffmin. Wbt R\, 2pérediof Bhe amataﬁraww i s coupl ed

to a power r.driv 307 .1 hat ns_an i.niti t fthe
anpl i fying Wf Ggm%msﬁéeamﬂ}é%{ qrg?‘?leﬁlg%é %}3 ﬁ%? Qnmplifies the
RF input si gtiwd dﬁérhmphﬁer&inverrwm The powert anplifiey driver 368! i fi er control
signal 211, mhlc X oIy p driver 307.
In the pref e’FFé%PSSﬁE‘agPﬁ% "“’l‘fénéf Afg%gﬁl i BF %M#ﬁﬁg onsive to
the anplifi e20%imacesrdangmuitethe magnitudernf-theramplifier gontgol signgl
10 211. In addition, another portion of the drain current flows through

a third resistor 335 and a fourth resistor 337 generating voltage on

the emitter of the transistor 327 tending to turn off the transistor

327.
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Alternatively, a decrease in the voltage at the output of the
15 integrator 323 causes the current flowing into the base of the npn
transistor 327 to decrease. This, in turn, causes the current flowing
into the collector of the npn transistor 327 to decrease further
causing the voltage drop across the resistor 333 to decrease. The
decrease in the voltage drop across the resistor 333 causes the
20 MOSFET 329 to turn off, reducing the amplifier control signal 211.
A reduction in the amplifier control signal causes the power
amplifier driver 307 to reduce the magnitude of the amplification of
the amplifying circuitry 203.
The gate bias control loop forces the amplifying circuitry 203
25 to operate as close to saturation as possible without inhibiting the
output power control loop from niaintaining the necessary amount
of power in the RF 'output signal 206. As previously mentioned, the
emplifying circuitry 203 can be forced to function close to saturation
by controlling the negative magnitude of the gate voltage signal 213
30 that supplies the gate of the gallium arsenide FET comprising the
power amplifier 309. Because output power decreases as the
amplifying circuitry 203 functions closer to saturation, the negative
magnitude of the gate voltage signal 213 is dynamically increased or
decreased to maintain the required amount of power in the RF



5 input signal 204 froma power |evel of about +8 dBmto a power |evel as
hi gh as about +17 dBm A power anplif+l8 309 is coupled to an output of the
power anplifier driver 307 and fornms a final stage of the anplifying
circuitry 203. Upon receiving the RF input signal 204, now 10 anplifi ed,
fromthe power anplifier driver 307, the power anplifier 309 additionally
anplifies the RF input signal 204 to a power |evel 'as high as about +30

dBm The power anplifier. 309,.is hiased info, operation vig.the application
of the gate QWiRU and maximize, %P&F&Woo WSO%FF‘R&FNI,“& he power
anplifier SO&MWM,I lum 15 arsenide FET that requires a negative

bi asi ng vol tage b&iween about OV _apd .. 5.4V for operatio he, RF i nput

si gnal 204, now h ?t%‘cmcﬁmiﬁ?&f Wﬂ@%ﬁ\g}f% 2” glﬁh?!i' ver 307 -and
t he power anfiindtions tdGdyramitally\intrease oaldeerdase the megatiesi on via an ant enna
(such as gnt . I ' fs LTyl 20
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transm ssi onlevelseofrthegpewer seurse 209206l ﬁwamp?xﬁettcenuol signal 24b! exi ng

band- st op fiThsrvom&e%vém%f%ﬂ?%@;sbuféﬂs%%&é209’2%1tﬁaea ifiell power
control | oop maintalns power, 1 n the Rng_gtrYg# signal 206 at a

e anoun
constant | eveEY HgnY %wecozwﬁe‘iﬁwth? ricropFeresser 211, which
directly contdspestivé analogrtotdigitab(A AD) cohveréisB890dnd B41 2ontaihed Ny

et oot i oi PO pRREor dituit) 2180 T afiliBroRBbaEoondRRA 30 025 21 g
circuitry 21nd Q4lgranslatet thecontimuousptinieyvanying analag yoltagessofl t he RF
| the power source 209 and the amplifier control signal 211 into
discrete digital values discernible by the microprocessor 317.
The microprocessor 317 compares the voltage levels of the
15 power source 209 and the amplifier control signal 211 with respect to
a predetermined value stored in the memory 319. If the voltage
level of the power source 209 is within the predetermined value of
the voltage level of the amplifier control signal 211, the
microprocessor 317 determines that a decrease in the negative
20 magnitude of the amplifying circuitry 203 is necessary to prevent the
amplifying circuitry 203 from saturating. Alternatively, if the
voltage level of the power source 209 is not within the
predetermined value of the voltage level of the amplifier control
signal 211, the microprocessor 317 determines that an increase in the
25 negative magnitude of the amplifying circuitry 203 may occur to
force the amplifying circuitry 203 closer to saturation and thus
improve the efficiency of the power amplifier 203.
The microprocessor 317 generates a digital signal
corresponding to the previously determined increase or decrease in
- 30 the negative magnitude of the gate voltage signal 213. The digital
signal is output to a second digital-to-analog (D/A) converter 343 of
- the processor circuitry 219. The digital-to-analog converter 343
converts the digital signal into a proportional positive analog
voltage. The positive analog voltage is coupled to the negative




30 output circuitry 207 is the detecting circuitry 215 for detecting the
-power |evel of the RF output signal ot prior to filtering by the RF out put
circuitry 207. The detecting circuitry 215 includes a directional coupler
313. The directional coupler 313 includes an el ectromagnetic coupl er which
coupl es the RF output signal 206 to a 35 detector 315 without causing

excessive loss to the RF out put SI gnal -10- 206. The directional coupler
313 also inglu resi s ode for. directing.the coupled RF
out put si gnéﬂ‘p‘%éfsﬂ ?R?é'aﬁ %ﬁ Hosh 8?9'#5’ aZ | ow pass filter,

ef fectivel yamplpﬁmscartfeguhatlentw power output signal 216 having a vol tage

h
ot et od ponel oot m oPERdonfl BHplde t“ﬁ"éﬁ%ﬁ%?ﬁé@ﬁ%ﬁﬂi Lorating

circuitry 2§mphfpe50ﬂ@epost16veranalqgvp #geamm x)thep igitakta-amalogzr out put

si-gnal 286 @bneeﬁ@ﬁmnln\bayﬁhxstﬁ&e ecgmﬁﬁ{ atseplidé s dependent
on the proc r circuit 219 to r}e héﬁn out put control

si gnal 218. TPre*PBREFNE, o‘ﬁﬁﬁﬂr rgﬁglo 2@5 5§""'J Bised of a
Y?\let %geoﬁf:f%pmbﬂse@ ino operationbyta négativevoltigd applied A z\aimtsmﬂegsl 2
68HC11 mcr g&: roIqJIl"gr%pagt\} “Jf?g@l&ece)g% ?@Pﬁeé{ uﬂﬁe 85%%“0 éd within the

processor 18mplifiercardiguration 346are dmemﬁcramlﬁye’d\eovom det er mi nes whi ch
one of 10 generated by the microprocessor 317 to an appropriate value for
biasing the amplifying circuitry 203. The amplified negative analog
voltage generated by the operational amplifier configuration 345 is
output to the amplifying circuitry 203 as the gate voltage signal 213.
An alternate apparatus for genei‘ating the gate voltage signal

15 213 is shown in FIG. 4. FIG. 4 differs from FIG. 3 only with respect to
the architecture and the function of the processor circuitry 219. The
microprocessor 317 of FIG. 3 generates the voltage corresponding to
the gate voltage signal 213 in response to a comparison of the
amplifier control signal 341 and the power source 209 coupled

20 thereto. In FIG. 4, no such comparison is necessary; therefore, the
processor circuitry 219 of FIG. 4 need not contain the first and second
analog-to-digital converters 339 and 341 or the digital-to-analog
converter 343 as a microprocessor 417 contained therein does not -
require inputs from the power source 209 and the amplifier control

25 signal 211. The gate voltage signal 213 is generated by an alternative
operational amplifier configuration 445 in direct response to the
changing voltage of the amplifier control signal 211 (of the output
power control loop).

Although not indirectly generating the gate voltage signal
30 213, the microprocessor 417 couples a reference voltage through a
- constant voltage source 443 and a resistor R1 to the negative (-)
‘input of the operational amplifier comprising the operational
amplifier configuration 445. In addition, a negative supply voltage
- 447, controlled by the microprocessor 417, biases the operational
35 amplifier configuration 445.



t he pI urality of predeterm ned power output |evels the transmtter 107
shoul d be operating at by discerning adower control instruction (not
shown) sent by the fixed transceiver 101 (see FIG 1). Second, the
m-croprocessor 317 accesses phasing values stored 20 in an associ at ed
menory 319 in order to set the voltage of the power output control signal
218. During the nanufacture of the radiotel ephone 103 phasing val ues are

d to t 319..T Qre hasi ng val wes t cally consi st
b “The o ur | Ly de BA CPILARS sisal 213 Fesiile 50 A oripdiihn SO, o
plurality of referateearoltagecansh theer amplifier dontrel signad 2:13 dattlazhdi)h an
I u e
Cont ai nES“?LP%‘%W’SJ*@q%Bgf“ 68 opeEu i Pl Qf‘éﬁﬁ‘eﬂ%iﬁ% accor dance
with the paroperatipnab ampl rﬁqmman@n 446 p%iﬁ&@%k losprcopyprisgck, 80( hex)
could corg esapacfeélet&wlsi&n IIHQJe?Qeeﬁ“tﬁéﬁﬁ fléné‘fﬂ eto

) VS L e il B o ﬁi Betueh uith the
power out put réststot dividentempris eﬂhsf resistor R@Iﬁlﬁ@hou Ridr wcthieon. The | 01
o cort Ziﬁiﬁﬁﬁﬁ'@% Bke ?ﬁ?‘%s*%%ﬁaa@faeéﬁﬁfa%%%‘é&i& Ri GaBledler " out put
control si gnbetveen thﬁpmlhlw input of the pperational applifier and groundr ough a
first digytalstPrésidd, WhdPiR output power control loop forces the amplifier
- control signal 211 to go high so as to increase the amount of power
in the RF output signal 206, the gate voltage signal 213 at the output
of the operational amplifier becomes less negative to prevent
saturation of the amplifying circuitry 203 and make it less difficult
15  for the amplifying circuitry to maintain a constant amount of power
in the RF output signal 206. Alternatively, when the output power
control loop causes the'voltage of the amplifier control signal 211 to
go low s6 as to decrease the amount of power in the RF output
signal 206, the gate voltage signal 213 at the output of the
20 operational amplifier becomes more negative to force the
amplifying circuitry 203 closer to saturation and increase efficiency.
In the preferred embodiment, the alternative operational
amplifier configuration 445 is modeled by the following equation
(where Vgate refers to the voltage of the gate voltage signal 213
25 Vcontrol refers to the voltage of the amplifier control signal 211, and
Vref refers to the voltage of the voltage reference provided by the
microprocessor 417):

Vs X R4 R2><V,,, VMxR4xR2
R3+R4 Rl RIX(R3+ R4)

Vew=

30
Substituting values for the resistors, R1=R2=R3=10K ohms and
R4=1K ohms, and the voltage reference, Vyef = 4.75V, results in the
following equation:



.converter 321 prior to belng coupled to the integrating circuitry 217. The
first digital-to-analog (DA convertdr 321 converts the digital 5 power
out put control signal 218 output by the mcroprocessor 317 into an anal og
power output control signal 218 that can be discerned by the integrating
circuitry 217. - The integrating circuitry 217 controls the amount of
power in the RF output signal 206 by varylng the anplifier control signal
211 10 in response tq,the onparé% Eh he det ect ed power output signal
216 and the power out MijaeT tobiraP< [ 8 8 The integrating circuitry 217
I ncludes an integrator 323 for conparing the detected power output signal
216 and the_power output_ control S|gnal 218. The detected power out put

si gnal 216 refore, by making the gate i tﬂgeﬁglﬁlgﬂé d@néoaot&\sl ed to the
respective a iﬁefeto&uaol leHItinV@ccbﬂaﬂMﬁ\ e afoRemeheiohador 323. If

Vol tage 57 m«?ﬁeﬂet gepfityife sieuftin i s 8o adhievsdincigged ( ne out put
of the i nt eefffdim Bihilesmafritairing the Ganowntsof poWei:h mh?ﬁéms g)ia?gute)f 012 htehe
pover  out B‘J%‘%esﬁ?%#*  fpardide a2 Page at the out put of the
i ntegrator 323 i Experimendation has shamgﬁmtlhygdy,namaﬂlyyvmg the her incl udes
SSbu;Ine)lr | ?Izg dri % %ggﬂe%? dtﬁ)ﬁ.'iﬁf er gégﬁégi%rﬁll y gneérrp?lzgegngf t gﬁ ﬁg\r/lver
transi si&r atorementionsd dnanner reswlisincingrgas d@rmsmqwet BY oxide
Seni condu ct dynamitallyvdrgong Thegatesicltagedignal 2185ad 6pposed to
' merely setting the gate voltage signal to a constant value in
accordance with the prior art, measurements of current drain at ten
spots across the transmit band reveal an average savings of
15 approximately 19.2 mA when the gate voltage signal 213 was
adjusted to its most negative value while the amount of power in
the RF output signal 206 was maintained at a constant value.
Although FIGs. 3 and 4 illustrate coupling the dynamically
varying gate voltage signal 213 only to the power amplifier 309, it
20 should be noted that the gate voltages of additional amplifier stages
could also be independently dynamically varied in the
aforementioned manner for increased efficiency. For example, with
respect to FIG. 3, the microprocessor 317 could generate and couple
an additional gate voltage through an additional digital-to-analog
25 converter and operational amplifier configuration to the gate of the
power amplifier driver 307. With respect to FIG. 4, the variable gate
voltage of the power amplifier driver 307 could be generated from a
similar alternate operational amplifier configuration comprised of
appropriately-valued resistors having the amplifier control signal
30 211 and a voltage reference coupled to the inputs thereof.
The aforementioned efficiency may be achieved by employing
a preferred algorithm illustrated in the flow chart of FIG. 5. The
algorithm may be stored in, and executed by, the processor circuitry
219. After initiating the algorithm at step 501, the processor circuitry




331 coupl es the base of the npn transistor 327 to the output of the
.integrator 323. As the voltage at thelﬁutput of the integrator 323 30

i ncreases, 'such as when the detected power output signal 216 is |ess than
t he power output control signal 218, the current flowing into the base of
the npn transistor 327 increases causing the current flowing into the
collector of the npn transistor 327 to increase. The collector of the npn

transi stor 3 7 | u Ied the e 3 FET -12- When
the current §“‘? tzgpa&dt&ﬁegaiﬁﬁlxgégﬁgfzﬁ%r 327 increases,

a vol tage acamp: h éﬂB&bwanqitag&gsdahtds dNeatrstep508our ce 209

and the sour 329 increases
causi ng the %ﬁﬁ%ﬂ&sw ru%r%%sstgg&%ﬁ“?j?urn on, a portion of the drain’
current of mer\smma?zsl@ynérqrsuhgffmepmreduf@tt@ammngs SRl 211 flows
to the payersggly %dq;ﬂm%e%sﬂﬂ@rgqug@gMHWr dri ver 307 |ncreas_es

accor dance w th (GEChil ebsier 1(7as ARkt Bt keied atmep 305" 211
addi tion, aﬂmef]ﬁfocésﬁdr crtultry me dét@miines whethef be\mmdsﬁnmhsaot hird
e Ptor 330 48 %ﬁ“a fials b e peREg ey o385 e emtter ©
increase efficiency. At step 507, the processor circuitry 219
10 determines whether or not the difference between the voltage of the
power source 209, VB+, and the amplifier control voltage 211
("CONTROL VOLTAGE") is within a predetermined range. In the
preferred embodiment, the predetermined range is 0.2V, which
corfesponds to the minimum voltage drop across the FET transistor
15 329 included in the integrating circuitry 217 (see FIG. 3). If the
difference between VB+ and CONTROL VOLTAGE is less than or
equal to 0.2V, the gate voltage signal 213 ("GATE VOLTAGE") is
" increased or made less negative at step 509. In the preferred
embodiment, GATE VOLTAGE is increased by 1 or more D/A steps
20 depending on the exact implementation of the algorithm. A larger
D/A step will cause faster convergence towards the saturation of the
amplifying circuitry 203, while a smaller D/A step will provide
greater resolution. This prevents the amplifying circuitry 203 from
operating too close to saturation while attempting to increase, or
25 maintain an increased level of, the amount power in the RF output
signal 206. |
If the difference between VB+ and CONTROL VOLTAGE is
greater than 0.2V, the processor circuitry 219 proceeds to decrease, or
make more negative, GATE VOLTAGE forcing the amplifying
30 circuitry 203 to run closer to saturation and, thus, increasing the
efficiency of the amplifying circuitry 203. However, prior to
decreasing GATE VOLTAGE, the processor circuitry 219 determines
if GATE VOLTAGE is already too close to the negative supply
minimum voltage at step 511. In the preferred embodiment, the
35 negative supply has a rail, or minimum, of just below -5.4V. This




Alternatively, a decrease in the voltage at the output of the 15

I ntegrator 323 causes the current flo g into the base of the npn

transi stor 327 to decrease. This, in turn, causes the current flowng into
the collector of the npn transistor 327 to decrease further causing the

vol tage drop across the resistor 333 to decrease. The decrease in the

vol tage drop across the reS|stor 333 causes the 20 MOSFET 329 to turn off,

cont ol si gnaRenache ANkl A2pdBingd tné ppfitiin, Rt dbndil. |

magni t ude of suppl)amptmtnycmed)rifﬁATEé/Qh‘FAGEm@omlosamhe pra®8sorThe gate
bi as contr ol Io | el ' Aoprate as
close to satUra "nggg %g%@sﬁgf%é%[}? blc?l n éﬁilszx?ott t  power contr ol

| oop from rrarccntthemeggtlméuppbemwollagng PVOInTA B out put signal
206. As DSEV'dQHféa)éedTBBtd\éHk_eﬁoré Hpélaig @.rcuitry 203 can be forced to

gate vol tage i gnANEriscissing b ssa%ra? GRIURGE e Gl | | um ar seni de
FET conpri si pgotdssont ?19 bhee agdin. détepmittes whether qmvm:rthéﬁcr ease;sI \6/12
mgnitbde of RETYEEL 107 Behed Wil SISO RR e 0781, oo or
decreased t o detérmined tohe keyed; theiprotessar adrfcuptry219ireturne tBtep - 13-
10 507. If the transmitter 107 is not keyed, the processor circuitry 219
returns to step 503.
FIG. 6 illustrates a transmitter control algorithm that may
employ the efficiency algorithm of FIG. 5. The transmitter control
algorithm of FIG. 6 may be employed by the processor circuitry 219
15 of FIG. 2, so as to direct the operation of the transmitter 107. Upon
turn-on (of the radiotelephone 103) at step 601, the processor
. circuitry 219 determines if a transmitter prekey is enabled at step 603.
The prekéy, which was previously discussed in conjunction with
FIG. 4, is a voltage provided by the processor circuitry 219 to provide
20 initial biasing of the amplifier circuitry 203. Until the prekey is
enabled, the processor circuitry 219 will not proceed to the next
instruction block of the algorithm.
Once the prekey is enabled, the processor circuitry 219
- proceeds to step 605 and places the amplifier circuitry 203 into a
25 forward isolation mode. The forward isolation mode increases the
attenuation of the RF input signal 204 through the amplifier
circuitry 203 by setting the gate voltage signal'signz-il 213 to a value
near OV. o
The processor circuitry 219 then proceeds to determine if the
30 transmitter 107 is keyed at step 607. If the transmitter 107 is not
keyed, the processor circuitry 219 returns to step 605. If the
transmitter 107 is determined to be keyed, the processor circuitry 219
proceeds to step 609 to determine if a power boost is necessary.
If the radiotelephone 103 struggles to maintain
35 communication with the transceiver 101 (see FIG. 1) due to lack of




.out put signal 206 and maxi m ze the effé0|ency of the anpllfylng circuitry
203. The m croprocessor 317 of the pr essor circuitry 219 further
functions to dynam cally increase or decrease the negative 5 magnitude of
the gate voltage signal 213 in response to the voltage | evels of the power
'source 209 and the anplifier control signal 211. The voltage |evels of both
the power source 209 and the anplifier control signal 211 are coupled to

the m cropr r | Qi D) converters
339 and 341%%?%\ i#ﬁbnﬁswéggoe@g rci réciuéll't rWThe
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the predgter 891 YAH e s the dwég@&%tlng(y@é of the anplifier control

signal 211, the cro roc%sso r&eter?ﬁes that an increase in the 25
negative magnitu FP;*F CRYSESMAMEnIALY;r t o

increase in the amount of power in the RF output sxgnal 206. This
is accomplished through an increase of the power output control
signal 218 by the processor circuitry 219, which, in turn, causes an
15 increase in both the amplifier control signal 211 and the
amplification of the amplifying circuitry 203. Because the power
boost mode consumes a large amount of power, it is preferred that
the power boost only occur for a short duration. Upon completion
of the power boost, the processor circuitry 219 proceeds to step 609 to
20 determine if the radio is still in power boost mode.
If power boost mode is no longer necessary, the processor .
circuitry 219 proceeds to step 613 and initiates the efficiency mode.
The efficiency mode of step 613 is disclosed in the aforementioned
algorithm of FIG. 5 and, thus, will not be reiterated here. Upon
25 exiting from the efficiency mode of step 613, the proéessor circuitry
219 proceeds to step 615 and determines if the transmitter 107 is de-
keyed. If not, the processor circuitry 219 returns to step 613 and re-
initiates the efficiency mode. If the transmitter 107 is de-keyed, the
processor circuitry 219 returns to step 603 to wait for enabling of the
30 prekey. :
In summary, the present invention provides a method and
apparatus for increasing amplifier efficiency in the radiotelephone
103. By increasing the negative magnitude of the gate voltage of the
gallium arsenide FET comprising the amplifyixig circuitry so that
35 the amplifying circuitry operates closer to saturation, current




force the anplifying circuitry 203 closer to saturation and thus inprove
the efficiency of the power anplifier 8. The mcroprocessor 317 generates
a digital signal corresponding to the previously determ ned increase or
decrease in 30 the negative magnitude of the gate voltage signal 213. The
digital signal is output to a second digital-to-analog (D/A) converter 343
of the processor circuitry 219. The digital -to-anal og converter 343

converts the digital signal_into roporti onal 03| e anal og vol tage. '

The positive &% b%a@é-“?%‘& gﬁfﬁ%\')&t éeﬁaf@eﬁbg “"qnhput of an

operational apmistimeaintsionie amooneobf powver thatd oatits fat arcom&intgur ation

posi t1ve anal S R, GRvating nepliBer Aol ioss W RapRaBRR NTT | o1 305

I nversion is mrhmethy dmumlsefpﬁweg&h&tnﬁmdpnﬁn%g&ﬁwdtagnmnshg the -

power anplgfi dé%n?i agieR! dof d into

operation %y be ati &gﬁgg tage ayg f@ggﬁi o the gatetit)ﬁt? The val ues of
ates

the resi storsTE‘GFR F?zél}' ntilizing » gatebias cantrohlogn, whichg Yﬁﬂ%ﬁ\ﬁtl on 345 are

chosen to arrpheganwm@hhmeoﬂ&m emiagé vattib Subbervaditaeaasor 317 to an

appropriate val for bla he a Ci rcu ite 203 The arrpl ified
negative anal 8&%‘6’1 PQY: (?rgﬁ?ﬂ, ¥‘6‘b‘&f

confi gur at i onafidlifier output power, the gate voltage can be dynamlcally vaned
10 to its most negative value while constant amplifier output power
can be maintained.




..'output to the arrpllfyl ng circuitry ZOélas the gate vo|
alternate apparatus for generating thé'tgate voltage SI I m Mﬂmi F
in-FIG 4. FIG 4 differs fromFIG 3 only with respect c ure
and the function of the processor circuitry 219. The m-eroprocessor317 0

FIG 3 generates the voltage corresponding to the gat e N %&3

I n response to a conparison of the anplifier control sig

power source 209 coupled 20 theret laifs ' G 4, no such fﬁmﬁ ﬁ

necessary; therefore, the processor circuitry 219 of FI
contain the first and second anal og-to-digital converters 339 and 341 or

the digital -f 0- angl¢pghsrRitdeR" ? Hyﬁ,@ﬁé t ai ned
therein doesf'noh;&eqw re i nfﬁ?‘galf'%qﬁﬁé mﬁgea%%ourc Q{rg ﬂtg}'g&?he anplifier

control 25 amphfifingan inpwt signal W?&g@nﬁ gd outpyt si aat ed by an
al ternat isve m@tdmadryqaphbﬁu@ emtpem* théect response.to .
the changin vo ifier _control sj

f _he a f the out put
power contr gg m“ nﬁ MPPE’EHW%P‘Q‘FK %g‘ fe vol t age
si gnal 30 &kﬂond}‘mdfa@mdn'qnﬂsm oﬁlﬁut;mtusatmnpbmteme voI tage through

t ant t
ot “the oper AT pAAFadol sifiifiad BarbrsfY &) 2h oﬂ‘P“?. t UBna0 Sansf, ) 1P
confi gur at i Ahdia gate hlaadsmqreﬁw Agge Vo ag%é‘ﬂn?l \the dnpat 318#31 cont rol | ed

by ]E he rgcr cuam?m $0'a firkt inpuesehe AMpHRAFANRZ ciritry Stheddplifier
configuratio tro? signal coupled to a second input of the amplifying circuitry,

the gate voltage signal coupled to a third input of the amplifying
circuitry, the amplified output signal having an oﬁtput power level
and coupled to an output of the amplifying circuitry, the control
15 circuitry comprising:
detecfing circuitry for detecting the output power level of the
amplified output signal, said detecting circuitry coupled to the
output of the amplifying circuitry;
integrating circuitry, responsive to said detecting circuitry, for
20 generating the amplifier control signal for setting the amplification
magnitude of the amplifying circuitry so that the output power
level of the amplified output signal remains at a constant level, said
integrating circuitry coupled to an output of said detecting circuitry
and coupled to the second input of the amplifying circuitry; and
25 ~ processor circuitry for dynamically varying the gate voltage to
its largest operative magnitude causing the amplifying circuitry to
function at or near the saturation point for increased efficiency, said
processor circuitry coupled to said integrating circuitry, the third
input of the amplifying circuitry, and to the voltage source.

30



The g}ate vol tage signal 213 results frogma conparison-

vol tage and the anplifier control signe4 211 coupled to

i nput of the operational anplifier conprising the operamﬂm l@“ﬁ“l m
configuration 445. A feedback | oop conprised 5 ~of a reskstor M Sscoepl ed
between the output of the operational anplifier and t he negative input of

the operational anplifier. A resistor divider corrprlsed of resistor R3,

esistor Ra. Zouplo R b ABtbrehet JRRRELH s oBerel el ool

anmplifier andntygwmg trys isefurther| coupléct to said processor jgireaitrgont rol | oob
o ook 88 B YpAAeE R0 Bl G R S 115

anount of power e RF out put si

t he out put oFlI{CHMY)ﬁ@W AN HHBET Qﬂotaﬂmpewerggselwwgheu ve to prevent
sat urat i oB Ofanﬁﬂﬂ@ﬁéﬁfﬂh Wt $ignsl dvdiiat poweP dufist dBHtRol i r%ﬁﬂsﬁro%&é dcult-15

for the anpl I ng circuitry to maintain a constant a of power in the
RF out put si S’Xé ch EOCERPQT, e"r'%ﬁ't‘Wel y, when the output power control |oop
causes the voltage of the anplifier control signal 211 to go low so as to

Sféﬁiﬁsiléhita?ﬁﬁ%lsﬁﬁ?ﬂ“?fe%%é%ﬁ%% RSl EPherBR il o oros e

negative to %@fﬁmil gnalrig furtheticoupledotd said processor airouitry on and
i ncrease1@ffi f el e
o et i a5 8 By S,

oper at i onal gﬂgllfleé uration 4
equation (wh AHORPQINL. (o t he vol tage of the gate voltage signal 213

4. A transmitter in accordance with claim 3 wherein
determining whether the amplifying circuitry is operating near the
15 saturation point further comprises comparing the difference
between the power source and the amplifier control signal to a
predetermined value.
5. A transmitter in accordance with claim 3 wherein said
20  processor circuitry increases or decreases the gate voltage signal in
response to the determination of whether the amphfymg circuitry is
operating near the saturation point.

6. A transmitter in accordance with claim 1 wherein said
25 processor circuitry further includes an operational amplifier
configuration for inverting the gate voltage signal. -
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25 J[err]

refers to the voltage of th

: ‘ ?%arrpllfler control
Vref refers to the voltage of the voltage reference pro Jﬂl J |

m croprocessor 417): [err] 30 Substltutlng val ues for t

R1=R2=R3=10K ohns and R4=1K ohns, "and the voltage reference, Vref 4 75V
results in the follow ng equation: -16- [err] Therefore, by naking t he
gate vol tage signal 213 dependent on the anplifier control signal 211 in

203 is abl e téhaiﬂﬁ‘e‘@%ﬁfdﬁ@fé‘%‘é%@ﬁﬂ#“‘?ﬁ@m ‘f"ﬁgﬁhwal RS crount o

power in theimuitgyicpuples tgapowss seurece and second, ansht a:]l on has
h t hat t t he
2ol fying o ﬁ‘f‘%ﬁhw‘w 4 ﬁpﬁ%@??ﬁe’“ﬁ?ﬁw bﬁsg@?rmﬁ;ségul s in

accordance

i ncreased c (@ gagval

837"\/’5‘1’9"1’%&"} FeIRANBIVBIQ age si gnal

e e gt gt e,
oS Bl oo SO BB ATy

10

15

20

30

the amplifier control signal coupled to the second input of the

amplifying circuitry, the gate voltage coupled to the third input of
the amplifying circuitry, the amplified output signal coupled to the
output of the amplifying circuitry, the method of controlling the
amplifying circuitry comprising the steps of:

(a) detecting the power level of the amplified output signal
and generating a detected output power level signal;

(b) integrating the detected output power level signal and a
power level control signal into the amplifier control signal;

(c) generating the amplifier control signal so that the

amplified output signal remains constant; and

(dy dynamically varying the gate voltage signal to a most
negative operative magnitude such that the amplifying circuitry
functions at or near the saturation point for increased efficiency.

8. A method of controlling amplifying circuitry in accordance

with claim 7 wherein said step (d) of dynamically varying is
preceded by the steps of:

determining if the saturation point of the amplifying circuitry
has been reached by comparing the amphﬁer control 31gnal to the
power source;

increasing, responswe to determmmg that the saturation
point has been reached, the gate voltage signal by a first
predetermined increment; and

decreasing, responsive to determining that the saturation
point has not been reached, the gate voltage signal by a second
predetermined increment.
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A5 approximately 19.2 mA when the gatﬁrvol t age si gnal adj u :
-its nbst negative value while the anot of power in the mm‘,mg‘m%\‘“
206 was maintained at a constant value. Al though FIGs. 3 :
coupling the dynamically varying gate voltage signal 213 orly® to the power

anplifier 309, it 20 should be noted that the gate vol tages of additional
anplifier stages could al so be independently dynamcally varied in the

af orenenti ongd manpn ] th respect
to FIG 3, ﬁe m g‘r@%ﬁ)@%%%@%%&%é’& a%%c(%h uaE;l‘}r'tiéaddltlonal
gate vol tagewlth daim &whemintsaichstepfdecreasing mesgdqrbbydbnstﬂp er and
operational ggplifier configuration to the gate of the power anplifier
driver 307. Wth respect to FlG 4, the varjable gate voltage Qf the power
anplifier driver detersuning ifchgsate xo gm)iﬁsatbm%wed@tqr@nnsa

operati orml @aRke.fier configuration conprised of appropriately-valued -
resistors having the anplifier control signal 30 211 and a voltage
‘reference coupled to the inputs thereof. The aforenentioned efficiency may

be achi eved Bb§. en@ n;eﬂ:qdmfpnnhmﬂhmlanipﬂdym@mrcﬁitgsbfanﬁl n the flow

ng(r:fasgI)r FLI rc@ﬂwi%ﬂqﬁvﬁef | n%%%@m at q’&?‘SOEhet he

processor Ci SQléﬂcﬁrajld having a first arnsl a secm@mmmntcagpugu gysaturation and t he
gate vol j@gepgint} Agate bias responsive to a gate voltage signal, and amplifying

an input signal into an amplified output signal having one of a
plurality of power levels, the input signal coupled to the first input
of the amplifying circuitry, the gate voltage signal coupled to the
third input of the amplifying circuitry, the amplified output signal
15 coupled to the output of the amplifying circuitry, the method of
controlling the amplifying circuitry comprising the steps of:
(a) causing the amplifying circuitry to attenuate in a forward
isolation-mode;
(b) boosting the amplifying circuitry, when the RF
20 communication device is outside of a range of normal
communications, such that the amplified output signal has a power
level greater than the plurality of power levels to maintain
communication; and
(c) dynamically varying the gate voltage signal, when the RF
25 communication device is functioning within the range of normal’
communications, for operating the amplifying circuitry as close to
the saturation point as possible without preventing the amplifying
circuitry from maintaining the amplified output signal a preferred
one of the plurality of power levels.
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amplifying circuitry 203 to a nom nal voltage such as 4V at step 503. Next,
at step 505 the processor circuitry 219 determnes if the transmtter 107
is keyed or, in effect, prepared for trfy?m'tting. Step 5 505 is repeated
until the transmitter 107 is keyed. On he transmtter 107 is determ ned
to be keyed at step 505, the processor circuitry 219 determ nes whet her or
not to increase or decrease the gate voltage of: the anplifying circuitry
203 so as to increase efficiency. At step 507, the processor circuitry 219
10 determ nepgwhet her or not the difference between the voltage of the
power source\09, VB+, and the anplifier control volta 2 - CONT
VOLTAGE") is WMthin a predeterm ned range. In the pref e di yent, the
predet erm ned} range is 0.2V, which corresponds E‘@ he T ni um volt age drop
across tjre—fE apsi stor 15 329 included int Integrating circuitry 217
(see FI d TRANSCEIVER e di f frerence bet ne pyBiamd EONTREE VOITAGE T5.7kess 1
than or Ggua ol 2V, the 1061 t ATE VO.TAC;E"& is
i ncreased or vgde | ess negayf ve at | '
GATE VOLTAGE il¥!increased by} 1 o
i npl enentation of the al gorijthm JA
convergence towards the saturati
smaller D/A step will prdvi de gr
anplifying circuitry 203 from operd
attenpting to increase, Qr 25 nmmintain a

power in the RF output si"gn'a'l 2006 — """ - """ - —-—"—-—"==—-=

Vg4
209 107 |
205 ' 203 206 207
RF INPUT 4 RF OUTPUT
CIRCUITRY CIRCULITRY
DETECTING
CIRCUITRY 215

INTEGRATING
CIRCUITRY

PROCESSOR
CIRCUITRY

219

217

216




I f the difference between VB+ and CONTROL VOLTAGE is greater than 0.2V, the
processor circuitry 219 proceeds to decrease, or nake nore negative, GATE
VOLTAGE forcing the anplifying 30 circuitry 203 to run_closer_to, __ __ _
saturation and, thus, increasing the effiZydéhcy of the a{l"rp‘l'lf'yl‘ﬁg'tlﬁwtﬂv
203. However, prior to decreasing GAT CLTAG i try 2]|£I
determ nes if GATE VOLTACE is already| too cl ose fo the lrie tive suI y

m ni mum vol tage at step 511. In the preferred eng d|rret| 33 gd
supply has a rail, or mninmm of jusk below -5.4V. Th|s
be adj usted depend| ng on the particulpr negative power | upp ' [ |y |
used. If GATE VOLTAGE is too close, the processor ci rcwltry 219 re urns t
step 507. If GATE VOLTAGE is not too Ll ose t 0 he negath Ive supply ni rmm
vol t age, GATE VOLTAGE is 5 decreased erB.d,e_Unk_e_an_aulhe—at—s-t-ep 513
After increasing or decreasing GATE VG rAGE the processor

once agai n deterpines whether or not [N transmtter 107 i$
515. If the tranQmitter 107 is deternjadd to he keyed ar
circuitry 2.1Lr_e wos.to step 10 507} IF the transmitter
the processor cifcuitry 219 returns tg sfep 503. FIG 6 i
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enpl oy the efficiency algorithmof FIG 5. The transnitter control
algorithmof FIG 6 may be enployed by the processor circuitry 219 15 of
FIG 2, so as to direct the operation of the transn1tkeL_1QZ UQQn_Lan_Qn
(of t he radi ot el ephone 103) at step 601, 8 processo FC|rCU|TTy 279~ — 1
determines if a transmtter prekey is : ekey, ||
whi ch was previously discussed in con| S
provided by the processor circuitry 219 to provi |qn
the anplifier circuitry 203. Until the prekey is enabLF
circuitry 219 will not proceed to the}next |nstruct|o b
al gorithm Once the prekey is enabled| the pro®essor chu
to step 605 and places the anplifier gircuitry 03 in
i sol ati on nmode. The forward isol ati on{|noee—ner dases 4 ke -at
RF input signal 204 .through the anpli{fey cifcuitry 203 by
vol tage signal signal 213 to a value pegy OV] The proce
then proceeds toJdetermine if the 30 FersH tter 10
If the trangnttgr-107,is not keyed, helprocessor Ci
step 605. Ir t he trans tter 107 is dgfe mned to be ke
circuitry 219 §step 609 to HeL
necessary. |i.t ephone 103 ggl es to mai
1p1 (see @G 1) quF to | ack of
o~

unct on w
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-19-"proximty therewith or obstruction by natural or nmanmade structures
posi tioned therebetween, the processor circuitry 219 may control the
transmtter 107 to boost power. For e e, when the cellular

radi ot el ephone 103 is operating at, or“outside of, the 5 boundary of
coverage of the transceiver 101 (which has no bordering transceiver), the
radi ot el ephone 103 may nonentarily boost power above the |argest one of the
plurality of the predeterm ned power output |evels to maintain

conmmuni cation with the transceiver 101. When such conditions occur, the
processor circuitry 219 proceeds to 10 step 611 and enters the power. boost
node. The power boost nodg stQp 6 causes a nomentary increase in'the

anount of power in the RF 3 206. Thi np hed t hr ough
ontrol signal Ff& 5essor

an increase of the power oY

circuitry gro—whrch—Tmtur causes an 15 increase in both the anplifier
contr ol siEnaI 211 and the amnlification of the anplifying circuitry 203.
Because t he power anount of power, it is

preferred fhat thémkiies for a short duration. Upon

conpl eti onf of the power boost S rcuitry 219 proceeds to step
609 to 20 | determne if the rRdi f@ﬁtlll in power boost node. If power
boost node} i s no | onger - € processpr circuitry 219 proceeds to
step 613 and initi atse ) uﬂaNdThn efficiency node of step 613
is discloskd in td

NO

IS
Vg,~(CONTROL VOLTAGE)>0.2

!

| INCREASE GATE VOLTAGE I"509

o1

IS
GATE VOLTéGE <54V

DECREASE GATE VOLTAGE 513

o IS
TRANSMIT:I’ER KEYED

YES




algorithmof FIG 5 and, thus, will not be reiterated here. Upon 25
exiting fromthe efficiency node of step 613, the processor circuitry 219
proceeds to step 615 and determ nes igkyge transmtter 107 is de- keyed. If
not, the processor circuitry 219 returds to step 613 and re- initiates the
efficiency node. If the transmtter 107 is de-keyed, the processor
circuitry 219 returns to step 603 to wait for enabling of the 30 prekey.
In summary, the present invention provides a nmethod and apparatus for
increasing amplifier efficiency in the radigyelpp e 3. By increasing
the negative magnitude of the gate voltagelggjipdzgg$l m ar seni de FET
conprising the anplJ ng circuitry so that 35 the anplifying circuitry
operates closer ta sngr[at' of01current -20- savings can be realized.
However, because t e ylng C|rCU|try nust nalntaln the anount of power
that it outputs at a clas : 9 ry
cl ose to saturation. jat e
vol tage nust 5 be
power . Therefo e
negati ve ng
power contro
power, the gate

| oop, which varies {he
=32 i s subservient to an out p{t
ons to nalntaln constant anplifier out put

605
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10 tb its nost negative val ue whil e constant arrpl i fier output power—c& 1

mai nt ai ned. -21- dains 1. A transmtter containing, ITp\ﬁ@BHaET HAS Bet
anplifying circuitry for anplifyin =87 gnaly knto 4 IREHL&“&ED
out put signal and 5 control cir iy o f-OFT contro] ng thg_—amsA 7
circuitry, the’ arrpl ifying circuitr coup‘v.ed -0, source and haV| ng a

e

first, a second, and a third input “a saturatlon p0| nt, an

anplification Mﬁq S”‘f‘bkrﬁil |, and a
gate bias respm‘gﬁy)gg? 1Y na th%e | npu Si gna 10

coupled to a first input of the an‘pﬂlﬂﬂ Bﬁ rcwtry, the anmplifier control
signal coupled to a second input of the anplifying circuitry, the gate

voltage signal coupled to a third input of the anplifying citcuitry, the
anplified output signal having an out put power |evel and coupled to an
out put of ghe anplifying circuAbstracttdfethediiveptiohS circuitry- conprising:
detecting circuitry for detecting the output power |level of the anplified
out put signal, said detecting citcuitry coupled to the outgut of the

anpl i fyi ng circui t Aytransiniden(l07) indudes amplifyimgociraiitry @03kamd det ect i ng
;Irr{olcﬂ It (r:gt | Lgroﬁgol cﬂ&ﬂﬁ@a&ﬁg%ﬁﬁlwﬂﬂﬁﬁﬁgwtﬁfﬁhﬁh@@ﬁcﬁﬂy setting the
(203) so that it operates closer to saturation with increased efficiency.
10 The gate voltage signal (213), which provides a gate bias, is coupled
~ to the amplifying circuitry (203) and is dynamically varied by the
processor circuitry (219) in response to the value of the amplifier
~ control voltage (211) coupled to the amplifying circuitry (203). The
amplifier control voltage (211), which has a value for maintaining
15 the output power of the amplifying circuitry (203) at a constant, is
produced by the integrating circuitry (217) in response to a
comparison of the detected power output signal (216) produced by
the detecting circuitry (215) and the power output control signal
(218) produced by the processor circuitry (219). Efficiency is realized
20 by dynamically varying the gate voltage signal (213) to its largest
magnitude so that the amplifying circuitry (203) may operate as close
to saturation as possible while still maintaining a constant output
power.

—_—
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F3 .

magni tude of the anplifying circuitry so that the output—power_level. of the
anplified output signal remains at a constant |evel, s4g ﬁEpnABg{,saHngg
circuitry coupled to an output of said detecting circuijkry and coupl egi’

the second input of the anplifying circuitry; and 25 Date . Z@(F«Eﬁsm
circuitry for dynamcally varying the gate voltage si gt o t+tg Tar(est
operative nagnitude causing the anplifying ci rcuitry to function at or near

coupl od 1o sai dRREGS af“*'?é??éﬁ?%?fﬁ ‘f‘?ﬁ'ﬁ. rﬁﬂ InRe ARPERETER

circuitry, and to the 30 power s Atransmtter in
accordance with claim1l wherein said |ntegrat|ng CII’CUItI’y Is further
coupl ed to said processor circuitry such that the anplifier Ttontrol signal
generated by said integrating circuitry consists of an integration of the

out put povger level of the 5 sbgthddtisfctheUnehtiohgnal and a power out put
control signal provided by said processor ci rcuitry. 3. Atransmtter in

accordance with claim1 wherein the anplifier control signal is further
coupl ed to said préctransmittér (107} inchides dmplifigingrairouitry (08)tdred t he

ransn trer i poRbl tpeed RIS 270 2 or IREAE NG kit Y Btenifly

(203) so that it operates closer to saturatmn with increased efficiency.

10  The gate voltage signal (213), which provides a gate bias, is coupled
to the amplifying circuitry (203) and is dynamically varied by the
processor circuitry (219) in response to the value of the amplifier
control voltage (211) coupled to the amplifying circuitry (203). The
amplifier control voltage (211), which has a value for maintaining

15  the output power of the amplifying circuitry (203) at a constant, is
produced by the integrating circuitry (217) in response to a
comparison of the detected power output signal (216) produced by
the detecting circuitry (215) and the power output control signal
(218) produced by the processor circuitry (219). Efficiency is realized

20 Dby dynamically varying the gate voltage signal (213) to its largest
magnitude so that the amplifying circuitry (203) may operate as close
to saturation as possible while still maintaining a constant output
power.

_FIG. 2



det er ni ni ng whether the anplifying circuitry is operating-near the 15 .

saturation point further conprises conparing the di fferej m;ﬂagbm@mﬂém:w |
power source and the anplifier control signal to a prede erm &Cgsval ue.

A transmtter in accordance with claim3 wherein sai.d 20| Dapy:
circuitry increases or decreases the ga{zﬁ vol t age si gnal ‘
whether the anplifying circuitry is opéfdting near the

Atransmtter in accordance with claim 1l wherein said 2
circui-try further includes an operati @aimanplifier conf Jl‘ﬂﬁmﬁmjﬂ " ,
inverting the gate voltage signal. -23- 7. A et ho

anplifying ci rcwtrx the anplifying circuitry coupled to a power source
and having a fl.rst etr@mmﬂter comdaining)i interi aliuamplifying sircuitey ot uration

point, a gat e Qh pcﬁ{‘ﬁ{piﬁ digndl iﬂ% @n'dth ﬁﬂ@d%lﬂ?ﬁ{ 81@911 afgp! i fying an
I nput S|gn res Sl, eto an-a i.er control Into an anplified
output si g 1 canyieol;Gi Gipsitry; f@ﬁ 59@”&5}&31% By g S %lfcqlﬁpfufheof t he
L0 i o ool L0l o
ItRPlrjél |Onput of® ‘ﬁ‘dy (?I @Wﬁ Eﬁlt u ﬁesagﬁfﬂ% ‘%g‘u But gl gnal 10
coupled to t heamphfm&tmﬁ magnifughé Lrégpmgma te ahtampplifiae comtrobdigmial,
and a gate bias responsive to a gate voltage signal, the input signal
+ 10 coupled to a first input of the amplifying circuitry, the amplifier
control signal coupled to a second input of the amplifying circuitry,
the gate voltage signal coupled to a third input of the amplifying
circuitry, the amplified output signal having an output power level
and coupled to an output of the amplifying circuitry, the control
15 circuitry comprising:
detecting circuitry for detecting the output power level of the
amplified output signal, said detecting circuitry coupled to the
output of the amplifying circuitry;
integrating circuitry, responsive to said detecting circuitry, for
20 generating the amplifier control signal for setting the amplification
magnitude of the amplifying circuitry so that the output power
level of the amplified output signal remains at a constant level, said
integrating circuitry coupled to an output of said detecting circuitry
and coupled to the second input of the amplifying circuitry; and
25 processor circuitry for dynamically varying the gate voltage
signal to its largest operative magnitude causing the amplifying
circuitry to function at or near the saturation point for increased
efficiency, said processor circuitry coupled to said integrating
circuitry, the third input of the amplifying circuitry, and to the
30 power source.




cont}ollingthe anplifying circuitry t eps ™ = i

a power |evel of the anplified out pullmﬂm‘mﬁw Q ratinfy ETOACEMENT SHEET
out put power level signal; (b) integratinguhe deteeted o ] e
signal and a 15 power |evel control signal into the anplif %%ec(%),tw?gf‘}%
signal; (c) generating the anplifier congrol signal so that the anpri
out put signal remains constant; and (d)™“fynamcally varying the gate
vol tage signal to a nost negative operative magnitude such that the

arpl i fying cir@uitry ansinittet iroascortiance with claira Isadiereinhi said poi nt f or

i ncreased effi . troll. RLi f.vi circuitry in
accordance wt tgggélﬂrﬁgcu %@.ﬁg&‘% g{néé%? dt;o %g&@)%ﬂ%%;é%F%éﬁ\%r ying is
preceded by thauch &pat thie:amplifier controlisignalngerienatedfby baidsimtegratingn poi nt of
the anplifyi ngc&bﬁﬁy Eéﬂsigﬁ%fbaﬁﬁﬁtégé@il?ﬁdomec&.@ﬁi drlBval N fhlel er

control sigpal to _tlle power source;-increasing, responsjve to deferm ning
that the sa?ur ARRIHIGSHPHIPUHASRRIANT 8 RATERF, owifat FRPEro) Staned TV by a

first 30 predeb?rsaidlpﬁodessﬁrejmmtry,and decreasi ng, responsive to determ ning
that the saturation point has not been reached, the gate voltage signal by
a second predeterm ned increnent. _

3. A transmitter in accordance with claim 1 wherein the

amplifier control signal is further coupled to said processor circuitry
10 for determining whether the amplifying circuitry is operating near
the saturation point.

4, A transmitter in accordance with claim 3 wherein
determining whether the amplifying circuitry is operating near the

15  saturation point further comprises comparing the difference
between the power source and the amplifier control signal to a
predetermined value.

5. A transmitter in accordance with claim 3 wherein said

20 processor circuitry increases or decreases the gate voltage signal
responsive to whether the amplifying circuitry is operating near the
saturation point.

6. A transmitter in accordance with claim 1 wherein said
25 processor circuitry further includes an operational amplifier
configuration for inverting the gate voltage signal.
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value. 10. A method of controlling anplifying ci reuitr
comuni cation device, the anplifying circuitry coupled t

and having a first and a second i nput, 24" out put, a saturation 10 point, a
gate bias responsive to a gate.voltage si gnal and arrpl [ fy| ng an I nput

si gnal into an7anpl JAfnmiﬂ'l@djtqﬁltbn&i f power

| evel s, the i NRY 9484 t <R a QI ng
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10  coupled to the output of the amplifying circuitry, the method of
controlling the amplifying circuitry comprising the steps of:
(a) detecting a power level of the amplified output signal and
generating a detected output power level signal;
(b) integrating the detected output power level signal and a
15 power level control signal into the amplifier control signal;
(c) generating the amplifier control signal so that the
amplified output signal remains constant; and
(d) dynamically varying the gate voltage signal to a most
negative operative magnitude such that the amplifying circuitry
20 functions at or near the saturation point for increased efficiency.

8. A method of controlling amplifying circuitry in accordance
with claim 7 wherein said step (d) of dynamically varying is
preceded by the steps of:

25 determining if the saturation point of the amplifying circuitry
has been reached by comparing the amplifier control signal to the
power source;

increasing, responsive to determining that the saturation
point has been reached, the gate voltage signal by a first

30 predetermined increment; and

decreasing, responsive to determining that the saturation
point has not been reached, the gate voltage signal by a second
predetermined increment.
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9. A method of controlling amplifying circuitty in accordance
with claim 8 wherein said step of decreasing is preceded by the step
of:
determining if the gate voltage signal is less than a
5 predetermined value.

10. A method of controlling amplifying circuitry of an RF
communication device, the amplifying circuitry coupled to a power
source and having a first and a second input, an output, a saturation
10 point, a gate bias responsive to a gate voltage signal, and amplifying
an input signal into an amplified output signal having one of a
plurality of power levels, the input signal coupled to the first input
of the amplifying circuitry, the gate voltage signal coupled to the
third input of the amplifying circuitry, the amplified output signal
15  coupled to the output of the amplifying circuitry, the method of
controlling the amplifying circuitry comprising the steps of:
(a) causing the amplifying circuitry to attenuate in a forward
isolation mode;
(b) boosting the amplifying circuitry, when the RF
20 communication device is outside of a range of normal
communications, such that the amplified output signal has a power
level greater than the plurality of power levels to maintain
communication; and
(c) dynamically varying the gate voltage signal, when the RF
25 communication device is functioning within the range of normal
communications, for operating the amplifying circuitry as close to
the saturation point as possible without preventing the amplifying
circuitry from maintaining the amplified output signal at a
preferred one of the plurality of power levels.



