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(57) ABSTRACT 

Apolar-loop Wireless communication apparatus includes, on 
a forWard path between an amplitude detector and a poWer 

ampli?er Which constitute an amplitude control loop, a 
variable gain ampli?er and a sWitch to change characteristics 
of a loop ?lter to output a frequency bandWidth of the 
amplitude control loop to an order less than an order for 
normal operation. The system is operated With the charac 
teristics set to the loWer order to measure outputs from the 

poWer ampli?er to calibrate the output poWer of the poWer 
transmitter, and the register is operated With the character 
istics set to the higher order to measure the open loop gain 
of the amplitude control. According to results of the calcu 
lation, data to correct gain characteristics of the variable gain 
ampli?er With respect to an output control signal is stored in 
a nonvolatile memory of a baseband circuit. 
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COMMUNICATION SEMICONDUCTOR 
INTEGRATED CIRCUIT, A WIRELESS 

COMMUNICATION APPARATUS, AND A LOOP 
GAIN CALIBRATION METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] The present application relates to subject matters 
described in the US. patent applications being ?le based on 
the United Kingdom Patent Applications No. 0212737.1 
?led on May 31, 2002, No. 02127298 ?led on May 31, 
2002, No. 02127231 ?led on May 31, 2002, No. 0212735.5 
?led on May 31, 2002, and No. 02127322 ?led on May 31, 
2002. All of those U.S. applications are assigned to the same 
assignees of the present application. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a technique for 
improving controllability of output poWer using a poWer 
control signal in a high-frequency poWer ampli?er circuit 
and for calibrating variation or dispersion in a characteristic 
thereof due to deviation of a gain of an ampli?er control 
loop, and in particular, to a technique effectively applicable 
to a communication semiconductor integrated circuit includ 
ing a phase detecting or detector circuit and an ampli?er 
detecting circuit and to a Wireless or radio communication 
apparatus such as a portable telephone including the Wireless 
communication apparatus. 

[0003] One of the systems for Wireless communication 
apparatuses (mobile communication apparatuses) such as a 
portable telephone of the prior art is a global system for 
mobile communication (GSM) adopted in Europe. This 
system uses a phase modulation method called a Gaussian 
Minimum Shift Keying (GMSK) method in Which a phase 
of a carrier Wave or a carrier signal is shifted according to 
transmission data. 

[0004] In general, a transmission output section of a 
Wireless communication apparatus includes a high-fre 
quency poWer ampli?er circuit, and some GSM Wireless 
communication apparatuses of the prior art are con?gured as 
beloW. To obtain output poWer required for a telephone call, 
a bias voltage of the high-frequency poWer ampli?er is 
controlled by a control voltage outputted from a circuit 
called “automatic poWer control (APC) circuit” Which gen 
erates a control signal of transmitting or transmission poWer 
according to a signal from a detector to detect transmitting 
or transmission poWer and a transmission request level from 
a baseband LSI. 

[0005] Incidentally, for recent portable telephones, a sys 
tem of enhanced data rates for GSM evolution (EDGE) has 
been proposed, the EDGE system having a dual-mode 
communicating function in Which an audio signal is com 
municated in the GMSK modulation and data is communi 
cated in 375/8 rotating 8-PSK (phase shift keying) modula 
tion. The 8-PSK modulation is a modulation implemented 
by adding, for example, amplitude shift to the carrier phase 
shift of the GMSK modulation. In comparison With the 
GMSK modulation in Which information of one bit is 
transmitted per symbol, information of three bits is trans 
mitted per symbol in the 8-PSK modulation. Therefore, a 
higher transmission rate can be used for communication in 
the EDGE than in the GSM. 

Aug. 24, 2006 

[0006] As a method to implement a modulation method in 
Which each of a phase component and an amplitude com 
ponent of a transmitting or transmission signal contain 
information, there has been heretofore knoWn a method 
called “polar loop” in Which a signal to be transmitted is 
divided into a phase component and an amplitude compo 
nent, a feedback operation is conducted for the components 
respectively by a phase component loop and an amplitude 
component loop, and signals resultant from the feedback 
operations are mixed With each other by an ampli?er to 
output a signal (described, for example, in page 162 of 
“High Linearity RF Ampli?er Design” Written by Peter B. 
Kenington and published from ARTECH HOUSE, INC. in 
1979). 
[0007] Since it is necessary in the GSM communication 
system to output a phase-modulated signal according to a 
requested output level, a high-frequency poWer ampli?er 
circuit in a ?nal stage can be operated in a saturation range. 
In contrast thereWith, in a Wireless communication system 
capable of conducting communication in the EDGE method, 
the high-frequency poWer ampli?er circuit in the ?nal stage 
must be operated in a non-saturation range. HoWever, in a 
drive method to drive a high-frequency poWer ampli?er 
circuit used in the GSM communication system of the prior 
art, it is dif?cult to keep linearity required for the high 
frequency poWer ampli?er circuit in a region of a loW output 
level. In comparison With this method, the polar loop 
method is advantageous: the request of linearity for the 
high-frequency poWer ampli?er circuit can be satis?ed and 
poWer ef?ciency in a loW output level range can also be 
improved. 

SUMMARY OF THE INVENTION 

[0008] In this situation, the inventors of the present inven 
tion discussed adoption of the polar loop method in the 
EDGE Wireless communication system. As a result, there 
has been detected a problem that When the 8-PSK modula 
tion is carried out in the polar loop method, it is dif?cult to 
satisfy requirements of speci?cations of, for example, pre 
cision of modulation for a transmission Waveform (error 
vector magnitude (EVM)) and a degree of noise suppres 
s1on. 

[0009] Speci?cally, there is a problem in Which While the 
modulating precision is higher and a characteristic called 
“spectral re-groWth” indicating a degree of Waveform dis 
tortion becomes better When the frequency bandWidth of the 
amplitude control loop (a frequency range from a central 
frequency of the transmission carrier Wave to a frequency 
thereof for Which an open loop gain is 0 decibel (dB)) is 
Wider, attenuation of the amplitude control loop becomes 
smaller for a receiving or reception frequency apart from 20 
megaherZ (MHZ) from the central frequency of the trans 
mission carrier Wave and a suf?cient degree of noise sup 
pression cannot be obtained When the bandWidth is Wide. 

[0010] In addition, in tWo feedback loops, the loop gain 
particularly of the ampli?er control loop varies due to 
dispersion or variation in characteristics of constituent com 
ponents in production and hence stability of the loop 
decreases, and hence it is dif?cult to obtain a desired output 
level in a speci?ed or predetermined period of time. It has 
been also detected that the system of the polar loop has a 
problem that When an output control operation is conducted 
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for the amplitude modulation in the amplitude control loop, 
the gain of the amplitude control loop changes to reduce a 
phase margin and hence stability of the loop is loWered. 

[0011] It is therefore an object of the present invention to 
improve the modulating precision of a transmission Wave 
form and the spectral re-groWth and to sufficiently suppress 
noise in a receiving frequency bandWidth in a Wireless 
communication apparatus such as a portable telephone hav 
ing a function to conduct phase modulation and amplitude 
modulation. 

[0012] Another object of the present invention is to pro 
vide a reliable Wireless communication apparatus Which 
prevents degradation in stability of a loop due to variation in 
a loop gain caused by dispersion in characteristics of con 
stituent components in production. 

[0013] Still another object of the present invention is to 
provide a reliable Wireless communication apparatus Which 
prevents, When an output control operation is conducted for 
amplitude modulation, degradation in stability of a loop due 
to decrease in a phase margin caused by variation in an 
amplitude control loop gain. 

[0014] An outline of representative aspects of the present 
invention is as folloWs. 

[0015] In a Wireless communication apparatus of polar 
loop type having a phase control loop to control a phase of 
a carrier Wave or signal outputted from a transmission 
oscillator and an amplitude control loop to control amplitude 
of a transmission output signal outputted from a poWer 
ampli?er circuit, there are disposed, on a forWard path from 
an ampli?er detector circuit to a poWer ampli?er circuit 
Which constitute the ampli?er control loop, a variable gain 
ampli?er circuit and a sWitching unit capable of conducting 
a change-over of a characteristic of a loop ?lter for a 
frequency bandWidth of the amplitude control loop to a 
degree loWer than a degree of the ?lter in an ordinary 
operation. While the system is being operated in a state in 
Which the loop ?lter characteristic is changed to the loWer 
degree ?lter characteristic, the output from the poWer ampli 
?er is measured in this state to calculate variation in the gain 
of the ampli?er loop. According to a result of the calculation, 
there is obtained data to calibrate or to correct the gain 
characteristic of the variable gain ampli?er circuit With 
respect to an output control signal in order to reduce the 
variation. The correction or corrective data thus obtained is 
stored in a nonvolatile memory in a baseband large scale 
integration (LSI) chip. Resultantly, by changing the loop 
?lter characteristic to the loWer-degree ?lter characteristic, 
the measurement can be conducted When the amplitude 
control loop is in a more stable state. Additionally, by 
correcting the gain characteristic of the variable gain ampli 
?er circuit With respect to an output control signal according 
to the correction data beforehand measured and stored in the 
nonvolatile memory, it is possible to calibrate or to correct 
the variation in the gain of the amplitude control loop caused 
by the dispersion in characteristics of constituent compo 
nents in production. 

[0016] According to the present invention, there is pro 
vided a Wireless communication apparatus of polar loop type 
having a phase control loop to control a phase of a carrier 
Wave outputted from a transmission oscillator and an ampli 
tude control loop to control amplitude of a transmission 
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output signal outputted from a poWer ampli?er circuit. A 
variable gain ampli?er circuit is disposed in a feedback path 
from a transmission output level detector circuit to an 
amplitude detector circuit Which constitute the amplitude 
control loop. A variable gain ampli?er circuit is disposed 
also in a forWard path from the amplitude detector circuit to 
the poWer ampli?er circuit of the loop. Gains of the variable 
gain ampli?er circuits are controlled in mutually opposing 
directions and the sum of gain of the poWer ampli?er circuit 
and gain respectively of the variable gain ampli?er circuits 
is controlled to be ?xed regardless of the output control 
signal. As a result, even When the output poWer is changed, 
the open loop gain of the amplitude control loop can be kept 
?xed. This prevents the degradation of stability of the loop 
due to the variation or deviation in the loop gain. 

[0017] Other objects, features and advantages of the 
invention Will become apparent from the folloWing descrip 
tion of the embodiments of the invention taken in conjunc 
tion With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a block diagram shoWing an outline of a 
con?guration of a transmitting circuit of polar loop type in 
an embodiment of the present invention and an example of 
a con?guration of a Wireless communication system using 
the transmitting circuit; 

[0019] FIG. 2 is a graph shoWing an open loop gain 
characteristic of an amplitude control loop in the transmit 
ting circuit of FIG. 1; 

[0020] FIG. 3 is a block diagram shoWing an example of 
a con?guration of a Wireless communication apparatus using 
a high-frequency integrated circuit (IC) using a polar loop 
method and a measuring system according to an embodi 
ment of the present invention; 

[0021] FIG. 4 is a block diagram shoWing an outline of a 
con?guration of a circuit, Which operates When an output 
poWer characteristic of an output poWer ampli?er is mea 
sured; 
[0022] FIG. 5 is a block diagram shoWing an outline of a 
con?guration of a circuit Which operates When an open gain 
characteristic of an amplitude control loop is measured using 
a load, i.e., a load loW-pass ?lter (LPF) 3 to reduce the 
number of poles to one in overall loops in the polar-loop 
transmitting circuit according to an embodiment of the 
present invention; 

[0023] FIG. 6 is a block diagram shoWing an outline of a 
con?guration of a circuit Which operates When an open gain 
characteristic of an amplitude control loop is measured using 
a ?lter, i.e., an LPF 2 of a high degree in the polar-loop 
transmitting circuit according to an embodiment of the 
present invention; 

[0024] FIG. 7 is a graph shoWing a frequency response 
characteristic in amplitude modulation When the amplitude 
control loop is in a closed loop state; 

[0025] FIG. 8A is a graph shoWing a relationship betWeen 
an output control voltage VRAMP and gain of a variable 
gain ampli?er circuit in a polar-loop transmitting circuit 
according to an embodiment of the present invention; 

[0026] FIG. 8B is a graph shoWing a relationship betWeen 
an output control voltage VRAMP and an output poWer of 
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an output power ampli?er in a polar-loop transmitting circuit 
according to an embodiment of the present invention; 

[0027] FIG. 9 is a graph shoWing a gain characteristic of 
an open loop of an amplitude loop and a phase characteristic 
of the amplitude loop When a loop ?lter LPF 2 is used; 

[0028] FIG. 10 is a circuit diagram shoWing a speci?c 
example of a variable gain ampli?er circuit employed in an 
embodiment of the present invention; 

[0029] FIG. 11 is a graph shoWing relationships betWeen 
an output control voltage VRAMP and gain of a variable 
gain ampli?er circuit (MVGA) on a feedback path and gain 
of a variable gain ampli?er circuit (IVGA) on a forWard path 
in a polar-loop transmitting circuit according to an embodi 
ment of the present invention; 

[0030] FIG. 12 is a graph shoWing relationships betWeen 
an output control voltage VRAMP and a bias current of a 
variable gain ampli?er circuit (MVGA) on a feedback path 
and a bias current of a variable gain ampli?er circuit (IVGA) 
on a forward path in a polar-loop transmitting circuit accord 
ing to an embodiment of the present invention; 

[0031] FIG. 13 is a circuit con?guration diagram shoWing 
an example of a con?guration of a gain control circuit 
employed in an embodiment of the present invention; 

[0032] FIG. 14 is a con?guration diagram shoWing an 
outline of a con?guration of a bias current generator circuit 
constituting the gain control circuit of FIG. 13; 

[0033] FIG. 15 is a graph shoWing a relationship betWeen 
an output control voltage and a current of each current 
source and relationship betWeen an output control voltage 
and a bias current obtained by combining the currents With 
each other; 

[0034] FIG. 16 is a circuit diagram shoWing a speci?c 
example of the bias current generator circuit of FIG. 14; 

[0035] FIG. 17 is a graph shoWing gain control sensitivity 
With respect to the output control voltage VRAMP of the 
output poWer ampli?er; 

[0036] FIG. 18 is a graph shoWing variation of gain of the 
variable gain ampli?er circuit (IVGA) on the forWard path 
in the polar-loop transmitting circuit according to an 
embodiment of the present invention; 

[0037] FIG. 19 is a circuit con?guration diagram shoWing 
another speci?c con?guration example of the gain control 
circuit; 

[0038] FIG. 20 is a circuit con?guration diagram shoWing 
further another speci?c con?guration example of the gain 
control circuit; 

[0039] FIG. 21 is a graph shoWing a characteristic of a 
bias current IIVGA of the variable gain ampli?er circuit 
IVGA With respect to the output control signal VRAMP 
When gain of the ampli?er is changed by a slope control 
signal; and 

[0040] FIG. 22 is a graph shoWing a characteristic of a 
bias current IIVGA of the variable gain ampli?er circuit 
IVGA With respect to the output control signal VRAMP 
When gain of the ampli?er is changed by an offset control 
signal. 
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DESCRIPTION OF THE INVENTION 

[0041] FIG. 1 shoWs an outline of a con?guration of an 
embodiment of a transmitting circuit of polar loop type 
according to the present invention. The con?guration of 
FIG. 1 includes a high-frequency integrated circuit (IC) 100 
to conduct GMSK modulation in a GSM system or 8-PSK 
modulation in an EDGE system, a poWer module 200 
including a high-frequency poWer ampli?er circuit (to be 
abbreviated as a poWer ampli?er hereinbeloW) 210 to con 
duct communication via an antenna ANT and a coupler 220 
to detect transmission poWer, a baseband circuit 300 Which 
generates an I/O signal according to transmission data (a 
baseband signal), a control signal of the radio-frequency IC 
100, and a bias voltage VBIAS for the poWer ampli?er 210 
in the poWer module 200, a transmission oscillator TxVCO 
to generate a phase-modulated transmission signal (carrier 
Wave), and a loop ?lter LPF1 to limit a bandWidth of a phase 
control loop. 

[0042] The radio-frequency IC 100 is a semiconductor 
integrated circuit formed on one semiconductor chip. 
Although not shoWn in FIG. 1, there is formed on the chip 
of the radio-frequency IC 100, in addition to the circuits for 
transmission described above, a receiving circuit 190 (ref 
erence is to be made to FIG. 3) including a loW-noise 
ampli?er (LNA), a mixer (Rx-MIX) to directly convert a 
reception signal into a baseband signal, and a high-gain 
programmable gain ampli?er (PGA). The radio-frequency 
IC 100, the transmission oscillator TxVCO, the loop ?lter 
LPF, and the like can be mounted on an insulating substrate 
such as a ceramic substrate into one module. The polar loop 
of the embodiment includes tWo control loops, namely, a 
feedback loop for phase control (to be referred to as a phase 
loop hereinbeloW) and a feedback loop for amplitude control 
(to be referred to as a amplitude loop hereinbeloW). 

[0043] The radio-frequency IC 100 con?guring the polar 
loop of the embodiment includes a phase divider or demul 
tiplexer circuit 110 Which receives an intermediate-fre 
quency oscillation signal <|>IF generated from an oscillator 
IF-VCO to generate signals apart 90° in phase from each 
other, a quadrature modulator circuit 120 Which conducts 
quadrature modulation by mixing an I/O signal from the 
baseband circuit 300 With a divided signal from the phase 
divider circuit 110, a mixer 131 Which mixes a feedback 
signal from the transmission oscillator TxVCO With an 
oscillation signal <|>RF signal from an RF-VCO to generate 
a signal having a frequency of 80 MHZ, a phase detector 
circuit 140 to detect a phase difference betWeen an output 
signal from the mixer 131 and an output signal from the 
quadrature modulator circuit 120, a mixer 132 to mix a 
detection signal from the coupler 220 to detect an output 
level from the poWer ampli?er With an oscillation signal 
<|>RF from the high-frequency oscillator RF-VCO, a variable 
gain ampli?er MVGA on feedback side to amplify an output 
from the mixer 132, an amplitude detector 150 to compare 
the ampli?ed signal With an output signal from the quadra 
ture modulator 120 to detect an amplitude difference, a loop 
?lter LPF 2 Which generates a voltage corresponding to the 
output from the amplitude detector 150 and Which limits a 
frequency bandWidth of the amplitude loop, a variable gain 
ampli?er IVGA on forWard side to amplify the output from 
the loop ?lter LPF2, a gain control circuit or controller 160 
to control gain of the variable gain ampli?ers MVGA and 
IVGA, a register 170 to store, for example, control infor 




















