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such as from a voice peak, are added to this number, a large dynamic range of greater than
15 90 dB may be needed.

To keep manufacturing cost low, WCDMA transmitters may be designed to
integrate a considerable portion of the radio frequency circuits, and other circuits, within a
few intergraded circuits. For example, a WCDMA transmitter may be designed with as
many of the RF circuits, such as voltage control oscillators, integrated on a single

20 integrated circuit that may be considered a transmitter function block.

However, the isolation between the input and the output of any transmitter function
block may limit the dynamic range of that block by the amount of isolation that may be
considered Pmin. In order to decrease power below Pmin, an effective increase in the
isolation path must be achieved. An increase in isolation may typically be accomplished

25 by physically distributing system components of the variable gain amplifier across a
plurality of chips. This however may result in increased chip count and may increase
manufacturing costs.

In cellular telephones, a signal source such as a voltage controlled oscillator (VCO)
may be amplified by one or more variable gain stages. The minimum output power of the

30  cellular telephone may therefore be limited for the reasons detailed above with the result

that unwanted signal source power may be present in the cell phone RF output. Therefore,



30 cellular tel ephone may therefore be limted for the reasons detailed
above with the result that unwanted signal source power nmay be present in
the cell wbon@IRW® out put. Therefore, WD 03/092249 PCT/ USORC@ABAR09622 a need
exists to inprove the dynam c range of a transmitter such as WCDVA nobil e
transmtters. Brief Description of thezDramjngs Figure 1 is a bl ock diagram
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invention. Figure 2 i's a block diagramof a radio frequency section of a
cel | phorf@nsmittegcor dance with a enbodi nent of the present invention

Figure 3 is a block diagramillustrating a variable power vco in accordance
wth a ?(B M ol pLEs&nt invention. 10 Figure 4 is a block diagram
of a vari rol oscillator in accordance with a
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appl i cat icgibediniért b@u@predeat dreaAat i nvention is not limted in this
respect, the circuit disclosed herein _ nmaybe used in nmany apparatuses such
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| nel uded 4t Bhibelvith £6BSuiRent AnOPRIGR VA ER! [ ON 1 Nl ude by way of
exanpl e only, cellul ar radi 0 el ephone comuni cati ons system two way
radi o comuni cati ons systens, one way pagers, two way pagers, personal 25
conmuni c ddétaikesi Basstiptien (PCS), and the |ike. Types of cellular radio
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sequence-£848o provide a thorough understanding of the invention. However it would be

15  understood by those of ordinary skill in the art that the present invention might be
practiced without these specific details. In other instances, well-known methods,
procedures, components and circuits have not been described in details so as not to
obscure the present invention.

It should be understood that the present invention might be used in a variety of

20  applications. Although the present invention is not limited in this respect, the circuit
disclosed herein maybe used in many apparatuses such as in the transmitters of a radio
system. Radio systems intended to be included within the scope of the present invention
include by way of example only, cellular radio telephone communications system, two
way radio communications systems, one way pagers, two way pagers, personal

25 communications systems (PCS), and the like.

Types of cellular radio telephone communication systems intended to be within the
scope of the present invention include, although are not limited to, direct sequence-code
division multiple access (DS-CDMA) cellular radio telephone communications systems,
wideband CDMA and CDMA 2000 cellular radio telephone systems, global systems for

30 mobile communications (GSM) cellular radio telephone systems, North American Digital

Cellular NADC) cellular radio telephone systems, time division multiple access (TDMA)



di vi si on nuléigle access (DS-CDVA) cellular radio tel ephone communi cati ons
systens, w deband CDVA and CDVA 2000 cellul ar radi o tel ephone systens,
gl obal sywDena®w9X2¢¢ 30 nobil e comuni cations (GSM cel | ul arcragododset ephone
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cont rol | ed 056t Lhator 34, t0L0UgN, OGOl IPLEcyRON ol i gnal s 38. VPVOO 34
nmaybe co_lfﬁrfé? g At o° P @ uency i errace 14 t hrough one or nore
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pr oc&ssormgyDSRtroR the owput pewer ofdhaveltageabntoslted dscidlatb 34 tidough ebueranerao

const ant envel qQpe_ vect I d Q 203 d_205.. tiv | ch
orovi de. [PIPLEBIS hoRby SO Debe carblslip e 360 TRBmawBA 2l 6 iy
provide Idﬁg%}ﬁl&éﬁiggala}ingpgg_e detector 211 and an anplitude detector 213. An

out put 215 fromt phase
As will be discussed in more detail subsequently, a base band processor 16 may

control the output power of the VPVCO 34 and, in that manner, may effectively provide
20  for an increased dynamic range in the output power of the cell phone 10.

Referring now to Fig. 2, a portion 200 of the radio frequency interface 14 is
illustrated. A digital signal processor (DSP) 201 may receive a signal over bus 15 and
produce two constant envelope vectors I and Q, 203 and 205 respectively, which may
provide inputs to a modulator 207. An output 209 from modulator 207 may provide inputs

25  to aphase detector 211 and an amplitude detector 213. An output 215 from the phase
detector 211 may be coupled to a signal generator 217. The signal generator 217 may
include a loop filter and a VPVCO not illustrated. A variable power input 38 may also be
coupled to a signal generator 217. Output 219 of the signal generator 217 may be coupled
to an out phasing signal generator 221. Amplitude detector 213 may be coupled to a

30 signal shaping circuit 223 that, in some embodiments, may be coupled to an input signal
225 that may comprise a GSM-EDGE signal. Outputs 227 and 229 of the signal shaping
circuit 223 may provide additional inputs to the out phasing signal generator 221. Outputs



detector 211 maybe coupled to a signal generator 217. The signal generator
217 may include a |loop filter and a VPVCO not illustrated. A variable
power i npaD 0389218y al so be coupled to a signal generator PRIUSOSM6RUL 219
of the signal generator 217 may be coup]Jed to an out phasing signal
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| evel . Addi ti Ll f eedback .circy-t 237 i nclu n m.xer and phase
splitter d]ﬁﬁ t%%ﬁﬁﬁélé}(ﬁg?‘ﬁ"aﬁk EH %68% %ﬁﬁgan?%‘ Iﬁ?‘)%r %bdv%%lzats%sé))iﬁtre Eq&gncy of
t he out puhaplertdien 46iné embbaiglentNed ik EWW thé ifRqueAdP of theddutMPE tHer equency and
to adjust the phase of that signal prior to the Input of phase detector

211. IBnhasemhineend RE>amplifies 238 fea kavrss dicauency ,anéré@/afbgﬁéh%@}@sa%ﬂha%%g@l ror
i | th . i i h h b he feedback
si gna t2 orﬁgﬁ{eﬁhﬁayogﬁgge&fgégtoﬁllzfli'erence in the phase between the feedbac

si gnal a e Si romthe i nput nodul ator 207. This error
signal may t hePhdsedetettot 2El] ibyorhdembodimants ihay gererat e phabertoosigdplubat a

f f i nt | VPVCO t sh . . Ref i Fig.. 3, i
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sone enbodinments, réeceives the output of phase“detector 211" and Tilters the
out pult5 ofenpraase 10e0 edjustra Rddqiency pff aminttenal V@ VEPO Grotshgma). 305 to t he
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to vari atjogp$ilteP 3@ that mijd RupRA%o a MRG0 Bb?bﬂlﬂh RHbr sip@MB0S5 OLoshEIMPVCO, in
sone enbodi nents, may change i n response to changes in the
301 in some embodiments, receives the output of phase detector 211 and filters the output
of phase detector 211 to provide the error signal 305 to the variable power vco 303. The
20  VPVCO 303 maybe designed such that changes in the signal 305 may cause the VPVCO
303 to change frequency in response to variations in error signal 305. Also, the output
power of the VPV CO, in some embodiments, may change in response to changes in the
variable power control signal 38.
Referring now to Fig. 4, a differential VCO 401 may produce two output signals
25 403 and 405 that maybe of similar amplitude but phase shifted by 180 degrees from each
other. These signals 403 and 405 may, in some embodiments, be buffered by buffer
amplifier 407 that may be coupled through signal lines 219 to the out phasing signal
generator 221 (shown in Fig. 2). To change the amplitude of the output signals 403 and
405, in some embodiments, the current provided by controlled current source 409 may be
30  varied and thereby may change the current through transistors 411 and 413. The
amplitude of the oscillation on signals 403 and 405 may be proportional to the dc current
through transistors 411 and 413 since the dc current may define both the large and small

signal transconductance of the transistors 411 and 413.



vari abl e power control signal 38. Referring nowto Fig. 4, a differential
VCO 401 nmay produce two output signals 25 403 and 405 that maybe of
sim|ar awplodioexte but phase shifted by 180 degrees from e&Ch/usovbmese2 These
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i nput 143334 omey, énclusly ap@étgmtatmg eyrrep C);slgn\ed jand g direqt owergnt (RT)seeipanent

al ter nat 't'ﬂg 191 op fAt‘l ISHOQH@ dgo %gélllgtﬂnr ot he él%} GRS t hat
HY B8R Brorpa Pl 9i0e SetpHEneel)

may be propor e anp he 0SCI T O erenti al
VCO 401. SiGhgnel7 Mdyralseinchids an bfﬁétudﬁa@“dl&ftb #6d cuvieht &gendine vbitage e tigur r ent

dependentco\élct)rloheggur?é‘nttsgleme 26)9r3t roll ed current source 409.
The output 421 of the low pass filter may be coupled to one input of a differential
20 ampliﬁer 423. Another input to differential amplifier 423 may be provided by a reference
voltage circuit 425 that may be coupled to an output 427 of a second difference amplifier
429. The output 427 of the differential amplifier 429 may also be coupled to the
controlled current source 409 to provide adjustment of the controlled current provided by
the controlled current source 409. An output from the differential amplifier 423 may be
25  coupled to an input of differential amplifier 429. A second input to differential amplifier
429 maybe provided by signal 38 that may be coupled to base band processor 16 (shown
in Fig. 1).
In some embodiments, the detection of the oscillation amplitude of the differential
VCO 401 maybe achieved by filtering signal line 417. Signal line 417 may include an
30  alternating current (AC) frequency signal, a direct current (DC) component that may be
proportional to the amplitude of the oscillation of differential voltage control oscillator

401 and a voltage offset due to the current dependent voltage of the control current source

409. The detection of the amplitude may be achieved by filtering signal 417 with the low



The output 421 of the low pass filter may be coupled to one input of a

differential 20 anplifier 423. Another input to differential anplifier 423
may be prwoiodeg2y a reference voltage circuit 425 that mag/uses/ewepl ed to
an out put 427 of a second difference an(glifi er 429. The output 427 of the
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in part, from the VPVCO output signal(s). In some embodiments, this reduction in the
20  differential voltage controlled oscillator output may serve to effectively increase the
dynamic range of the transmitting circuit, in part, by reducing the input signal to
subsequent amplifier stages in a transmitter. This increase in dynamic range may be
achieved utilizing a single integrated circuit that may contain the VPVCO and other
coupled amplifiers although the scope of the present invention is not limited in this
25  respect. The integration of the VPVCO and other coupled amplifiers onto a single
integrated circuit may provide for manufacturing and other efficiencies.
While certain features of the invention have been illustrated and described herein,
many modifications, substitutions, changes, and equivalence will now occur to those of
ordinary skill in the art. It s, therefore, to be understood that the appended claims are
30 intended to cover all such modifications and changes has fall within the true spirit of the

invention.

What is claimed is:



15 fromthe cellular or other system commandi ng a reduction or an increase
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wherein the first. praocessor i.s.a base. band ocessor. 3. The cellul ar
toF eafonesgiroL PSR ARG a iR Gyog SneBIF SR0Her. *opl et ons
processor. 4. The cellular tel ephone of claim 1l wherein the variable power

voltage 10 control oscillator includes a differential voltage controlled
oscillator. 5.5The thq ¢aliular telenhoppehelapn 4@1@%@@1}&%@@@@@?@4%@ a

control | eé%u?ctércroﬁﬂlted to the first processor to control the amplitude of the variable power voltage

control oscillator.

6. The cellular telephone of claim 5 further comprising:
15 a reference voltage circuit coupled to the controlled current source and to
the first processor to control, in part, the amplitude of the variable power voltage control

oscillator.

7. The cellular telephone of claim 1 wherein the first processor is adapted to
vary the amplitude of the variable power voltage control oscillator in accordance with a

20  wideband code division multiple access cellular telephone standard.

8. The cellular telephone of claim 1 wherein the first processor is adapted to
receive a power level command and is coupled to the variable power voltage control
oscillator to adjust the amplitude of the variable power voltage control oscillator output in

response to the command.

25 9. The cellular telephone of claim 1 further comprising:



source coupled to the first processor to control the anplitude of the
vari abl e power voltage control oscillator. 6. The cellul ar tel ephone of
claim5 fwotohme22eonpri sing: 15 a reference vol tage circui PCraisps/es22 o t he
controlled current source and to the fjrst processor to control, in part,
the anplitude of the variabl e power vdlgt’age control oscillator. 7. The

cel lul ar tel ephone gfeyphdidpledVb ehicipplichitionk ipfsdesspr;ocessor is adapted to
vary the anplitude of the variable power voltage control oscillator in
accordance with a 2bspipenwid todaranpligations RTOFSFCHpl e access cel | ul ar

t el ephone st andar d'aﬁs%&@@g@%dugieﬁrtotﬂ% PE’QR)PQEro%EQBf“aﬁd"mer ein the first

processor is adapte elve a powe eve ommand and is coupled to
t he vari abl e power awttmbaemornyt campledds aisbdomtl prodessoadj ust the anplitude of
t he variabl e power voltage control oscillator output in response to the
command. 25 9. The cellul ar tel ephone of claim11 further conprising: WO

03/ 092249 PCT/%?;OW&Q%Iamgc(ﬁnW@d coupled to the applications
processor; a display coupled to the apgl i cations processor; a first nmenory

coupl ed to the applé odtagonentpilsd @seiliator having an ewpwrvithvamemnplivdesndd to a

second processor. 5 10. An appaatus conprising; 'l ed
oscillator having aﬁ?%ﬁ?ﬂ%}?r ‘(E/)ﬂoupt?%éﬂﬁ?r?ﬁwgﬁgoé}%gﬁ(goycgf#@?&%gnﬁ{ag{ %1;3 coupl ed
to the vol tage contgghilieds 6é bbigdgelcoh@olad] disillatobutpanpl i t ude of the

vol tage controlled oscillator output. 11. The apparatus of claim 10 wherein

the voltage controlled oscillator is a 10 differential voltage controlled

osci || ator. 12,) Therapagt Akius,@faifl 8 hckn WISHAlB. bl GRIALEEid C! udes a

controlled en ce. e apparatus o alm ereln the

cont rol | egferenfisintliageisditrollsd osvijidted to a processor to control, in part,
the controlled current source. 15 14. The apparatus of claim 13 wherein a
vol tage reference is coupled to the

12.  The apparatus of claim 10 wherein the attenuator includes a controlled

current source.

13.  The apparatus of claim 12 wherein the controlled current source is coupled

to a processor to control, in part, the controlled current source.

15 14.  The apparatus of claim 13 wherein a voltage reference is coupled to the

controlled current source.

15.  The apparatus of claim 10 wherein the attenuator is coupled to a processor

to control, in part, the amount of attenuation of the attenuator.

16.  The apparatus of claim 15 wherein the processor receives a transmitted

20 power command.

17.  The apparatus of claim 10 further comprising a radio frequency amplifier

coupled to the voltage controlled oscillator output to transmit a signal.



controlled current source. 15. The apparatus of claim 10 wherein the

attenuator is coupled to a processor to control, in part, the anount of
att enuat iwp 00f0922lke attenuator. 16. The apparatus of clai mPCH/Ush&®2N t he
processor receives a transmtted 20 poyer command. 17. The apparat us of
claim 10 further conprising a.radio frequency anplifier coupled to the
vol t age controld.ed Descappasttor of@wldimut7 fucthércangpnisinga mbcpssdr.colifile 83 82249

PCT/ US03/ 0962 -9 18. The a ratus of .claim.17. further conprising a

b 0cessor PEE BTGNSt 15 BOGrhy gt b ARBTFHIoBOLt RO TBHeTGh part
the anplifhggddron of the radio frequency anplifier. 19. A nethod
conprising:” 5 generating a signal having a frequency and an anplitude
utilizing a voltage controlled oscillator voltage controlled oscillator;
attenuating thf-9 Si gnarrlletﬁn(fl itude in response to a second signal; and
transmitting a Si gn%l 1T P S part, from the vol tage controlled
oscillsator  signal . geki@ratflg a BlialBiviitla Gbquehay Badléh amplitidé BEliAeNLKakdgdeg, N
part, the second signal utilizing a processor. 21. The nethod of claim 20
further i¢rsfiglpdhes reliaggcomiwlisd egmliatei gnal in  response to the

processor receiving , G . ) im19

i ncl udi ng attenuati %%n“%@{éz%% 91adrrr"p Wﬁ%r gs%ﬂn%grgtaggé%%ﬁa}’%?ng a
control |l ed current sashdgingaupdral] dedvédia pdrt) frageheositage lcbmitblkdaistillatodr . 23.
The nethod of claim 22 including attenuating the signal anplitude, in part,
utilizi ng®8%ol tage reference coupled to the controlled current source. 24.
The nmethod of claim 19 including generating the signal, in part, utilizing
a differential voltage controlled oscillator. 20 25. The nethod of claim
19 i nd udi ng u2Q.l i zZThgmathod of eksol Stinclading gaierating, ingatt, thetsheonsdrsigriat ude of

the transm.tted signal.
utilizing a processor.

g

21.  The method of claim 20 further including generating the second signal in

response to the processor receiving a transmitted command.

22.  The method of claim 19 including attenuating the signal amplitude, in part,

15  utilizing a controlled current source coupled to the voltage controlled oscillator.

23.  The method of claim 22 including attenuating the signal amplitude, in part,

utilizing a voltage reference coupled to the controlled current source.

24.  The method of claim 19 including generating the signal, in part, utilizing a

differential voltage controlled oscillator.

20 25.  The method of claim 19 including utilizing a processor to control, in part,

the amplitude of the transmitted signal.



