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(57) ABSTRACT 
A distortion compensating technique applied to a transmitter 
for transmitting a quadrature modulated signal in a wireless 
digital communication system is provided. A phase adjust 
ment value is determined for a quadrature demodulated 
feedback signal based on comparison between the feedback 
signal and a reference signal to be transmitted from the 
transmitter. This phase adjustment value is compared with 
the previous phase adjustment value. If the comparison 
result between the current and previous phase adjustment 
values satisfies a prescribed condition, correction for 
quadrature modulation, such as DC offset correction, 
orthogonality correction, or IQ amplitude correction, is 
performed. 

8-4 
NO 

  

  

  

  

    

  

  

  



Patent Application Publication Feb. 22, 2007 Sheet 1 of 13 US 2007/004272.6 A1 

g - 
C 
s 

1. 
O 
Z 
n 
C 

  



US 2007/004272.6 A1 

TOH1N00 |NOTIVSNHdW00 NQ1180.1810 LINTI NOLL\/SNEdWOO NOLL HOLSIO 

TO?IN00 }| 10B8800 

9 ESVHd TVILINI ISTITCIV 

TV/NOIS 

Patent Application Publication Feb. 22, 2007 Sheet 2 of 13 

  

  

    

  

  

  

  

  

  

  

  

  

  

  



US 2007/0042726A1 

NOI LOE|}}}|OO W LIT\/NOWOOH LAHO!\!}}}}}}}!!!!!} 
HO-H NOI LOT!!! LSNI NOI LOERH?HOO LEIS-||-|O OC] (HO-H NOI LOTHI SNI 

EZ'0IH 

Patent Application Publication Feb. 22, 2007 Sheet 3 of 13 

  



Patent Application Publication Feb. 22, 2007 Sheet 4 of 13 US 2007/0042726A1 
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DISTORTION COMPENSATION IN WIRELESS 
DIGITAL COMMUNICATION 

BACKGROUND OF THE INVENTION 

0001) 
0002 The present invention generally relates to distor 
tion compensation, and more particularly, to a distortion 
compensation technique applied to a transmitter for trans 
mitting quadrature modulated signals in wireless digital 
communication systems. 
0003 2. Description of the Related Art 
0004. In mobile communications, including IMT-2000, 
broadband radio services are being offered, and especially, 
broader-band radio transmission is being discussed for the 
next-generation mobile communication schemes. In general, 
complex baseband signals are first converted to an interme 
diate frequency (IF) band, and the IF signals are further 
converted to radio frequency (RF) signals suitable for broad 
band radio transmission. 

1. Field of the Invention 

0005 Such broadband mobile communication systems 
require bandpass filters to have steep filter characteristics, as 
well as a flat characteristic over the entire passband, in order 
to sufficiently reduce high-frequency components generated 
during the frequency conversion. However, since Sophisti 
cated and high-performance devices and circuits are 
required in broadband radio transmission, the device scale 
and the manufacturing cost increase consequently. To avoid 
this inconvenience, direct RF modulation schemes for con 
verting baseband signals directly to RF signals are attracting 
attentions. 

0006 Meanwhile, in recent years and continuing, highly 
efficiency digital transmission schemes are widely employed 
in wireless communication systems. When employing a 
multi-level phase modulation scheme known as one of the 
high efficiency transmission schemes, a technique for reduc 
ing non-linear distortion in a power amplifier and adjacent 
channel leakage at a transmission end is required to improve 
power efficiency. This technique, known as distortion com 
pensation, is an adaptive predistortion type for a transmis 
sion amplifier. 
0007 With a distortion compensating transmission amp 
of an adaptive predistortion type, a portion of the output 
signal (quadrature modulated signal) of the transmitter is 
Subjected to quadrature demodulation to produce a feedback 
signal, and the feedback signal is compared with a trans 
mission signal (reference signal) prior to quadrature modu 
lation. Based on the comparison result, a weighting factor 
for distortion compensation is updated in real time. The 
transmission signal (reference signal) is multiplied by the 
updated weighting factor in order to give an inverted char 
acteristic to the transmission signal in advance, and then 
quadrature modulation and power amplification are per 
formed on the distortion compensated transmission signal. 
After the quadrature modulation and power amplification, 
the transmission signal is finally transmitted from the trans 
mitter. See, for example, International Patent Publication 
WO O3/1031 63. 

0008. However, with such a direct RF modulation 
scheme, errors are generated in both the in-phase component 
and the quadrature component of the=transmission signal to 
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be supplied to the quadrature modulator, due to variation in 
analog devices and change over time. As a result, undesir 
able leakage of waves is generated as imaginary components 
in the modulated analog transmission signals, which causes 
degradation of the transmission signal quality. 
0009. In addition, the transmission signal (reference sig 
nal) is delayed using a delay element in the comparison 
process with the feedback signal in order to make the phases 
of the transmissions signal and the feed back signal be 
consistent with each other. Even if the delay time is correctly 
set in the delay element, the phase of the feedback signal 
itself fluctuates due to clock jitter caused by thermal noise or 
external disturbance. In short, it is difficult for a conven 
tional adaptive predistortion technique to guarantee stable 
and reliable distortion compensation, which technique is 
likely to generate undesirable out-of-band power radiation. 
0010 Another publication, Japanese Patent Application 
Laid-open (Kokai) No. 6-37831A, discloses a linear trans 
mission circuit of a wireless digital transmission scheme 
having a non-linear distortion compensating circuit for a 
high power amplifier. In this publication, the phase differ 
ence between the reference signal and the feedback signal is 
measured during the rising period of a burst signal, and the 
demodulation phase of the feedback signal is adjusted based 
on the measurement result so as to allow the measurement 
of the phase difference to be performed with least measuring 
error. This technique aims to guarantee correct operation of 
distortion compensation. 
0011. However, due to malfunction of analog circuits, 
including an oscillator for a down converter, the phase 
difference between the reference signal and the feedback 
signal may not be correctly determined. In this case, distor 
tion compensation and/or other corrections cannot be per 
formed correctly, causing abnormal operations. 
0012 FIG. 1 is a diagram illustrating phase adjustment 
results performed in normal operation and abnormal opera 
tion of the oscillator for a down converter. In the normal 
operation, the phase is set to Substantially 90 degrees to 
maintain orthogonality. In contrast, during malfunctioning 
of the oscillator, the phase varies randomly ranging from 
-180° to 180° even after the phase adjustment. 

SUMMARY OF THE INVENTION 

0013 The present invention is conceived in view of the 
above-described problems in the prior art, and it is an object 
of the invention to provide a distortion compensation tech 
nique that allows a transmitter to transmit a high-quality 
distortion-compensated and quadrature modulated signal, 
without causing undesirable leakage of out-of-band radia 
tion. 

0014. In a preferred embodiment, it is determined 
whether the phase difference between the feedback signal 
and the reference signal reside in a normal range, and if the 
phase difference is in the normal range, distortion compen 
sation and/or other corrections for quadrature modulation 
are performed. 
0015. In one aspect of the invention, a distortion com 
pensating device-applied to a transmitter for transmitting a 
quadrature modulated signal in a wireless digital commu 
nication system is provided. The distortion compensating 
device includes: 
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0016 (a) a phase adjusting unit configured to determine 
a phase adjustment value for a feedback signal Subjected 
to quadrature demodulation, based on comparison 
between the feedback signal and a reference signal to be 
transmitted from the transmitter; 

0017 (b) a phase adjustment result storing unit config 
ured to store a current phase adjustment result represent 
ing the determined phase adjustment value; 

0018 (c) a phase adjustment result comparison and deter 
mination unit configured to compare a current phase 
adjustment result with a previous phase adjustment result: 
and 

0.019 (d) a correction control unit configured to allow 
correction for quadrature modulation to be performed if 
the phase adjustment comparison result satisfies a pre 
scribed condition. 

0020. In a preferred example, correction for quadrature 
modulation is performed if the phase adjustment comparison 
result satisfies the prescribed condition at least a prescribed 
number of times. 

0021 Examples of correction for quadrature modulation 
include direct current (DC) offset correction, orthogonality 
correction, and amplitude correction performed on the in 
phase component and the quadrature component of the 
reference signal. 
0022. In another preferred example, distortion compen 
sation is performed if the difference between the current 
phase adjustment result and the previous phase adjustment 
result is within a prescribed range. 
0023. In another aspect of the invention, a distortion 
compensating method applied to a transmitter for transmit 
ting a quadrature modulated signal in a wireless digital 
communication system is provided. This method includes 
the steps of: 
0024 (a) determining a current phase adjustment value 
for a feedback signal Subjected to quadrature demodula 
tion, based on comparison between the feedback signal 
and a reference signal to be transmitted from the trans 
mitter; 

0.025 (b) comparing the current phase adjustment value 
with a previous phase adjustment value; and 

0026 (c) allowing correction for quadrature modulation 
to be performed if the current phase adjustment value 
resides in an acceptable error range with respect to the 
previous phase adjustment value at least a prescribed 
number of times. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0027 Other objects, features, and advantages of the 
resent invention will become more apparent from the fol 
lowing detailed description when read in conjunction with 
the accompanying drawings, in which: 
0028 FIG. 1 is a diagram illustrating phase adjustment 
results in normal operation and abnormal operation; 
0029 FIG. 2A is a schematic block diagram of a distor 
tion compensating device applied to a transmitter, and FIG. 
2B is a functional block diagram of the CPU used in the 
distortion compensating device shown in FIG. 2A; 
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0030 FIG. 3 is a flowchart of the phase adjustment 
operations for setting a phase adjustment value e for a 
feedback signal; 

0031 FIG. 4A and FIG. 4B are schematic diagrams for 
explaining direct current (DC) offset correction, and FIG. 4C 
is a flowchart of DC offset correction; 

0032 FIG. 5A is a schematic-circuit diagram for explain 
ing orthogonality correction, and FIG. 5B is a flowchart of 
operations for orthogonality correction; 

0033 FIG. 6A is a schematic diagram for explaining 
amplitude correction for the in-phase component (I) and the 
quadrature component (Q) of the input signal, and FIG. 6B 
is a flowchart of operations for IQ amplitude correction; 

0034 FIG. 7A is an outlined operations flow of the 
distortion compensation, and FIG. 7B is a detailed opera 
tions flow of correction control for direct RF type quadrature 
modulation according to an embodiment of the invention; 
and 

0035 FIG. 8 is a detailed operations flow of distortion 
compensation control according to an embodiment of the 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0036 FIG. 2A is a schematic block diagram of a distor 
tion compensating device 10 applied to a transmitter 1 of a 
direct RF modulation type, and FIG. 2B is a schematic block 
diagram of CPU 1-15 shown in FIG. 2A. The transmitter 1 
(or the distortion compensating device 10) includes a dis 
tortion compensation unit 1-1, a direct current (DC) correc 
tion unit 1-2, an orthogonality correction unit 1-3, an IQ 
correction unit 1-4, a digital-to-analog converter (DAC) 1-5, 
and a CPU 1-15. The transmitter 1 also includes a quadrature 
modulator (MOD) 1-6, a power amplifier (PA) 1-7, a delay 
unit 1-8, memories 1-9 and 1-10, a digital oscillator (NCO) 
1-11, a quadrature demodulator (DEM) 1-12, an analog-to 
digital converter (ADC) 1-13, and a down converter 1-14. 

0037. The CPU 1-15 includes a phase adjusting unit 21, 
a phase adjustment result storing unit 22, a phase adjustment 
result comparison and determination unit 23, and a correc 
tion control unit 24, as illustrated in FIG. 2B. The correction 
control unit 24 has a quadrature modulation correcting 
instruction generator 25, and a distortion compensation 
control instruction generator 29. The quadrature modulation 
correcting generator generates, for example, a DC offset 
correction instruction 26 for controlling the operation of the 
DC correction unit 1-2, an orthogonality correction instruc 
tion 27 for controlling the operation of the orthogonality 
correction unit 1-3, and an IQ amplitude correction instruc 
tion 28 for controlling the operation of the IQ correction unit 
1-4. 

0038 A portion of the transmission signal to be output 
from the power amplifier (PA) 1-7 is branched, and sub 
jected to frequency conversion to an intermediate frequency 
by the down converter 1-14, which signal is then converted 
to a digital signal by the analog-to-digital converter (ADC) 
1-13. The A/D converted signal is subjected to quadrature 
demodulation by the quadrature demodulator (DEM) 1-12, 
and stored as a feedback signal (FB) in the memory 1-10. 
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0039. A portion of the transmission signal input to the 
transmitter 1 is also branched and used as a reference signal 
(Ref). The reference signal is delayed at the delay unit 1-8 
for a duration corresponding to the feedback time of the 
feedback signal (FB), and then stored in the memory 1-9. 
0040. The phase adjusting unit 21 of the CPU 1-15 
adjusts and sets initial phase 0 in the NCO 1-11 for quadra 
ture demodulation of a current feedback signal, based on 
feedback signal FB and reference signal Ref read from the 
memories 1-10 and 1-9, respectively. The phase adjustment 
result storing unit 22 stores the phase adjustment result 
(phase 0). The phase adjustment result comparison and 
determination unit 23 compares the current phase adjust 
ment result with the previous phase adjustment result stored 
in the phase adjustment result storing unit 22, and deter 
mines whether the comparison result satisfies a prescribed 
condition (for example, whether the difference between the 
current and previous phase adjustment results resides in a 
prescribed range). The correction control unit 24 controls 
distortion compensation and/or correction for quadrature 
modulation (including DC correction, orthogonality correc 
tion, and IQ amplitude correction) based on the comparison 
result of the current and previous phase adjustment results. 
0041) Returning to FIG. 2A, the CPU 1-15 also deter 
mines a distortion compensation weighting factor (or coef 
ficient) for the distortion compensation unit 1-1, based on 
comparison between the reference signal (Ref) and the 
feedback signal (FB) read from the memories 1-9 and 1-10, 
respectively, and Supplies the weighting factor (or coeffi 
cient) to the distortion compensation unit 1-1. The distortion 
compensation unit 1-1 updates the weighting factor in real 
time, in response to the receipt of the newly supplied 
weighting factor, and multiplies the reference signal (Ref) 
by the updated weighting factor to give an inverted distor 
tion characteristic of the power amp characteristic or other 
distortion characteristics to the reference signal (transmis 
sion signal) in advance. In this manner, distortion due to 
power amplifier (PA) 1-7 and other components is compen 
sated for. 

0042. The above-described distortion compensation is 
performed when the CPU 1-15 supplies a distortion com 
pensation instruction, that is, when the phase adjustment 
comparison result satisfies a prescribed condition. 
0043. Next, adjustment of the initial phase 0 is explained 
below. To deal with the phase fluctuation of the feedback 
signal (FB), the initial phase of the digital oscillator (NCO) 
1-11 used for the quadrature demodulator (DEM) 1-12 is 
adjusted. 

0044) The CPU 1-15 performs arithmetic operations 
using the reference signal (Ref) data and the feedback signal 
(FB) data read from the memories 1-9 and 1-10, respec 
tively. Reference signal (Ref) and the feedback signal (FB) 
are expressed as 

where Ref denotes a reference signal, Ref ich denotes the 
in-phase component of the reference signal, Ref qch 
denotes the quadrature component of the reference signal, 
FB denotes a feedback signal, FB ich denotes the in-phase 
component of the feedback signal, and FB qch denotes the 
quadrature component of the feedback signal. 
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0045. A correlation value C is calculated by 

C = Refx FB" (2) 

= X(Ref ich + jRef qch)x (FB ich-jFB qch). 

If FB=Refix A exp(-0) holds, the correlation value C is also 
expressed as 

C = Refx FB" (3) 

= XRef XA exp(it)) 

From exp(0)=cos 0+ sin 0, the real part and the imaginary 
part of the correlation value are expressed as 

C(real)=Axx/Reft cos 0 
C(imaginary)=Axx/Reft sin 0 (4) 

Based on the correlation result, 
0=tan'C(real), C(imaginary) (5) 

is determined. The phase 0 is set as the initial phase of the 
digital oscillator (NCO) 1-11 used for the quadrature 
demodulator (DEM) 1-12. This operations flow is illustrated 
in FIG. 3. 

0046 First, feedback signal (FB) data are written in 
memory 1-10 (step 2-1), and reference signal (Ref) data are 
written in memory 1-9 (step 2-2). All the feedback signal 
(FB) data items written in the memory 1-10 are read (step 
2-3) and integrated (step 2-4). Similarly, all the reference 
signal (Ref) data items written in the memory 1-9 are read 
(step 2-5) and integrated (step 2-6). 
0047 Then, the real part and the imaginary part of the 
correlation value are calculated (step 2-7 and step 2-8. 
respectively) using equation (4), and a phase 0 is calculated 
from the real part and the imaginary part of the correlation 
value (step 2-9). 
0048. The determined phase 0 is set as the initial phase of 
the digital oscillator (NCO) 1-11. 
0049 Next, explanation is made of DC offset correction 
carried out by the DC correction unit 1-2. 
0050 FIG. 4A and FIG. 4B are diagrams showing direct 
current (DC) offset correction. As illustrated in FIG. 4A, the 
DC correction unit 1-2 has a first adder 3a-1 for adding an 
in-phase (Ich) correction value to the in-phase (Ich) com 
ponent, and a second adder 3a-2 for adding a quadrature 
(Qch) correction value to the quadrature (Qch) component. 
0051. Using the reference signal (Ref) and the phase 
adjusted feedback signal (FB), which signals are expressed 
aS 

Ref-Ref ich+jRef qch 

FB=FB ich-tiFB qch, (1) 

a correction vector is expressed as Ref-FB. 
0.052 FIG. 4B(1) and FIG. 4B(2) illustrate a reference 
signal (Ref) vector and a phase-adjusted feedback signal 
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(FB) vector, respectively. The reference signal (Ref) vector 
does not contain direct current (DC) offset component, while 
the phase-adjusted feedback signal (FB) contains a direct 
current (DC) vector component generated by the quadrature 
modulator (MOD) 1-6 and/or other elements. 

0053 FIG. 4C is an operations flow of direct current 
(DC) offset correction. The current feedback signal (FB) is 
Subjected to phase adjustment and written in the memory 
1-10 (step 3c-1). Then, all the feedback signal (FB) data 
items are read from the memory 1-10 (step 3c-2) and 
integrated (step 3c-3). 

0054 All the reference signal (Ref) data items are also 
read from the memory 1-9 (step 3c-4) and integrated (step 
3C-5). The reference signal (Ref) data have also been written 
in the memory 1-9 in the step of phase adjustment. A 
correction vector is calculated by Subtracting the integrated 
feedback signal (FB) from the integrated reference signal 
(Ref) (step 3c-6), and the calculated correction vector is set 
as the direct current (DC) correction value (step 3c-7). 

0.055 Next, explanation is made of orthogonality correc 
tion carried out by the orthogonality correction unit 1-3. An 
output signal from the quadrature modulator (MOD) 1-6 
contains deviation from orthogonality, and is expressed as 

I coS of+9 sin(ot+(p) (6) 

where () denotes an angular frequency of quadrature modu 
lation, p denotes the deviation angle from orthogonality, I 
denotes the in-phase component of the input signal, and Q 
denotes the quadrature component of the input signal. 

0056. This output signal is fed back to the quadrature 
demodulator (DEM) 1-12, and an arithmetic operation 
expressed as 

I cos (ot+9 sin(ot+(p)cos cottisin ot) (7) 

is carried out on the feedback signal when it is quadrature 
demodulated and converted to a baseband signal. 

0057 The real part of equation (7) becomes 

By removing the harmonic component from the output 
signal, the real part is expressed as 

Output(Real)=(1/2)(1+9 sin (p). (9) 

0.058. The imaginary part of equation (7) becomes 
Icos (otsin ot-HQ sin(ot+(p)cos (otsin ot-(1/2)sin 
20t+9(cos (p-cos(20t+(p) (10) 

By removing the harmonic component from the output 
signal, the imaginary part is expressed as 

Output(imaginary)=(1/2) cos (p. (11) 

Consequently, feedback signal (FB) expressed as 
FB=(1/2)(1+9 sin (p)+ig cos (p (12) 

is output. This output signal can be rewritten in the form of 
I+Q. without containing deviation from orthogonality, by 
Setting 

O'FPicos p, and 

I-I-O tan p. (13) 
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0059) Deviation angle (p from orthogonality is determined 
in the following process. Using the reference signal (Ref) 
and the feedback signal (FB) expressed as 

Ref-Ref ich+jRef qch 
FB=FB ich-tiFB qch, (1) 

a power level Pow Ref of a reference signal (Ref) is 
expressed as 

Pow Ref-(Ref ich) +(Ref gch)’. (14) 
0060) If the feedback signal (FB) contains phase rotation 
of 0 and deviation angle (p from orthogonality, then the feed 
back signal (FB) is expressed as 

FB=(Ref ich+(Ref qch)sin (p)+(iRef goh)cos 
(px(cos 0+i sin 6). (15) 

Equation (15) is rewritten as 
FB=(Ref ich)cos 0+(Ref qch)sin(cp-0)+i (Ref 
ich)sin 0+(Ref qch)cos(cp-0), (16) 

and the feedback signal power level Pow FB is expressed as 
Pow FB=(Ref ich)^+(Ref qch) +2(Ref ich) (Ref 
qch)sin (p=Pow Ref-2(Ref ich)(Ref qch)sin (p. (17) 

0061 From the foregoing description, the deviation angle 
(p from orthogonality is expressed as 

(p=sin(Pow FB-Pow Ref)/2(Ref ich)(Ref gch). (18) 
0062 FIG. 5A illustrates an example of the orthogonality 
correction unit 1-3, and FIG. 5B illustrates an operations 
flow of the orthogonality correction process. The orthogo 
nality correction unit 1-3 is configured to perform the 
above-described arithmetic operations, which are repre 
sented by 

D'Egicos p, and 

I-I-O tan p, (13) 

on the in-phase component (I) and the quadrature compo 
nent (Q) of the input signal. To realize this, the orthogonality 
correction unit 1-3 has a tangent table 4a-1 for acquiring tan 
(p and a secant (1/cos) table 4a-2 for acquiring (1/cos (p) of 
the deviation angle (p from orthogonality. Using the calcu 
lated values tan (p and 1/cos (p, parameters I" and Q' with the 
orthogonality corrected are output. 

0063. In the operation flow shown in FIG. 5B, the current 
feedback signal (FB) is subjected to phase adjustment and 
written in the memory 1-10 (step 4b-1). A feedback signal 
(FB) data item is read from the memory 1-10 (step 4b-2), 
and a power level Pow-FB of this feedback signal (FB) is 
calculated (step 4b-3). 
0064. Then, a reference signal (Ref) data item is read 
from the memory 1-9 (step 4b-4), and a power level Pow 
Ref of this reference signal (Ref) is calculated (step 4b-5). 
The current reference signal (Ref) data item has been written 
in the memory 1-9 in the step of phase adjustment. 

0065. Then, the product (Ref ich) (Ref qch) of the real 
part and the imaginary part of the reference signal is 
calculated (step 4b-6). The steps 4b-2 through 4b-6 are 
repeated until all the feedback signal (FB) data items and the 
reference signal (Ref) data items are processed (step 4b-7). 
0.066 When all the data items have been processed (YES 
in step 4b-7), the power levels Pow FB of all the feedback 
signal data items are integrated and averaged (step 4b-8). 
Similarly, the power levels Pow Ref of all the reference 
signal data items are integrated and averaged (step 4b-9). 
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The products (Ref ich) (Ref qch) of all the reference signal 
data items are also integrated and averaged (step 4b-10). 
0067 Based on the feedback signal average power level 
Pow FB, the reference signal average power level Pow Ref. 
and the average product (Ref ich) (Ref qch) of the real part 
and the imaginary part of the reference signal, a deviation 
angle (p from orthogonality is calculated using Equation (18) 
(step 4b-11). This deviation angle (p is used as the orthogo 
nality correction value (step 4b-12). 
0068 Next, explanation is made of amplitude correction 
for the in-phase component (I) and the quadrature compo 
nent (Q) carried out by the IQ correction unit 1-4. If the 
cumulative value of the reference signals is expressed as 
Ref Acm=XRef, and if the cumulative value of the feedback 
signals is expressed as FB Acm=XFB, the mean absolute 
value of the reference signal Ref Baland the mean absolute 
value of the feedback signal FB Bal are expressed, respec 
tively, as 

Ref Bai=Ref Acm (positive)-Ref Acm(negative) 

FB Bal=FB Acm(positive)-FB Acm(negative). (19) 

Equation (19) represents that the negative Summation of the 
reference signals (or the feedback signals) is subtracted from 
the positive Summation of the reference signals (or the 
feedback signals). 
0069 Errors in amplitudes of in-phase component (I) and 
quadrature component (Q) are determined by (FB Bal)- 
(Ref Bal), and the amplitudes of the in-phase component (I) 
and the quadrature component (Q) are corrected based on 
the determined error. 

0070 FIG. 6A illustrates an example of the IQ correction 
unit 1-4, and FIG. 6B illustrates an operations flow of the IQ 
correction process. The IQ correction unit 1-4 is configured 
to multiply the in-phase component (I) and the quadrature 
component (Q) by the in-phase (Ich) correction value and 
the quadrature (Qch) correction value, respectively. 

0071. In operations shown in FIG. 6B, the current feed 
back signal (FB) is subjected to phase adjustment and 
written in the memory 1-10 (step 5b-1). Feedback signal 
(FB) data items are read from the memory 1-10 (step 5b-2), 
and a positive Summation (i.e., the Summation of all the 
positive feedback signal data values) and a negative sum 
mation (i.e., the Summation of all the negative feedback 
signal data values) are determined (step 5b-3). 

0072 Reference signal (FB) data items are also read from 
the memory 1-9 (step 5b-4), and a positive summation (i.e., 
the Summation of all the positive reference signal data 
values) and a negative Summation (i.e., the Summation of all 
the negative reference signal data values) are determined 
(step 5b-5). The steps 5b-2 through 5b-5 are repeated until 
all the feedback signal (FB) data items and the reference 
signal (Ref) data items (step 4b-7) are processed. 

0073. When all the data items have been processed (YES 
in step 5b-6), an error in amplitude is calculated from the 
mean absolute FB Bal of the feedback signals and the mean 
absolute Ref Bal of the reference signals (step 5b-7). Based 
on the calculated error, amplitude correction values for the 
in-phase component (I) and the quadrature component (Q) 
of the input signal (transmission signal) are determined (step 
5b-8). 

Feb. 22, 2007 

0074. In the embodiment, the above described distortion 
compensation and correction for quadrature modulation 
(including DC offset correction, orthogonality correction, 
and IQ amplitude correction) are performed only when a 
phase adjustment value (i.e., a phase difference between the 
feedback signal and the reference signal) is correctly deter 
mined because, with an incorrect phase adjustment value, 
distortion compensation and/or correction for quadrature 
modulation cannot be correctly performed. 
0075) To realize this, it is determined whether the phase 
difference between the feedback signal and the reference 
signal resides in a correct range based on determination as 
to whether the current phase adjustment result is within an 
acceptable error range with respect to the previous phase 
adjustment results. 

0.076 FIG. 7A, FIG. 7B, and FIG. 8 are flowcharts of 
distortion compensation control and quadrature modulation 
correction control. With the distortion compensating device 
10 shown in FIG. 2A and FIG. 2B, distortion compensation 
various types of RF quadrature modulation corrections (e.g., 
RF correction 1 through RF correction 4) are controlled by 
the CPU 1-5, as illustrated in FIG. 7A, using a prescribed 
criterion as to the appropriateness of the phase adjustment 
performed on the feedback signal. 
0.077 FIG. 7B is a sub-routine of any one of RF correc 
tion controls for quadrature modulation. In the example 
shown in FIG. 7B, a target correction counts value (or the 
number of corrections) is set to a prescribed value K (step 
7-1), and a successful phase adjustment counts value (i.e., 
the number of phase adjustments performed with correct 
phase values) is set to zero for initialization (step 7-2). 
0078. Then, the previous phase adjustment result (phase 
adjusting value 0) is read from the phase adjustment result 
storing unit 22 shown in FIG. 2B (step 7-3), while a current 
phase adjustment result (phase adjusting value 0') is 
acquired by the phase adjusting unit 21 (step 7-4). The 
current phase adjusting value 0' is compared with the 
previous phase adjusting value 0 and it is determined by the 
phase adjustment comparison and determination unit 23 
whether the difference 6'-0 between the current and previous 
phase adjustment results is within the range from -N to N 
(step 7-5). 
0079 If the difference between the current phase adjust 
ing value 0' and the previous phase adjusting value 0 is 
within the range from -N to N (YES in step 7-5), the 
Successful phase adjustment counts value is incremented 
(step 7-6). If the current phase adjustment result differs from 
the previous phase adjustment result by an amount that 
exceeds the +N range (NO in step 7-5), the successful phase 
adjustment counts value is maintained at Zero (step 7-7), and 
the process jumps to step 7-10 described below. 
0080. After incrementing of the successful phase adjust 
ment counts value, it is determined by the phase adjustment 
result comparison and determination unit 23 whether the 
Successful phase adjustment counts value is at or above a 
prescribed value “m” (step 7-8). If the successful phase 
adjustment counts value is not greater than “m” (NO in step 
7-8), the process jumps to step 7-10 without performing RF 
correction. 

0081. If the successful phase adjustment counts value is 
greater than “m” (YES in step 7-8), the correction control 
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unit 24 generates an instruction for RF correction (for 
example, an instruction for DC offset correction) to cause 
the associated element or functional block to perform this 
RF correction, and the correction counts value is incre 
mented (step 7-9). Then, it is determined whether the RF 
correction has been performed at least K times (step 7-10). 
If the correction counts value does not reach K (NO in step 
7-10), the process returns to step 7-3 to repeat the process 
until the RF correction has been performed at least K times. 

0082 If the correction counts value reaches K (YES in 
step 7-10), the sub-routine finishes, and the process returns 
to the main flow shown in FIG. 7A to perform next RF 
correction control. 

0083. In this manner, if the phase adjustment result (0) is 
within the correct range at least a prescribed number (m) of 
times, RF correction is performed and this RF correction 
process is repeated until the RF correction is performed at 
least a target number of times (K times). In the operations 
flow, N is an acceptable phase error, and m and Kare natural 
numbers. 

0084 FIG. 8 is a flowchart of the sub-routine of distortion 
compensation control shown in FIG. 7A. When distortion 
compensation control is started (step 8-1), the previous 
phase adjustment result (phase adjusting value 0) is read 
from the phase adjustment result storing unit 22 shown in 
FIG. 2B (step 8-2), while a current phase adjustment result 
(phase adjusting value 0") is acquired by the phase adjusting 
unit 21 (step 8-3). The current phase adjusting value 0' is 
compared with the previous phase adjusting value 0 and it 
is determined by the phase adjustment comparison and 
determination unit 23 whether the difference 6'-0 between 
the current and previous phase adjustment results is within 
the range from -N to N (step 8-4). 

0085. If the difference between the current phase adjust 
ing value 0' and the previous phase adjusting value 0 is 
within the range from -N to N (YES in step 8-4), the 
correction control unit 24 allows distortion compensation to 
be performed (step 8-5), and determines whether the current 
timing is in the distortion compensation period (step 8-6). 
The distortion compensation is performed until the end of 
the distortion compensation period. If the current timing is 
out of the distortion compensation period (NO in step 8-6), 
distortion compensation is not performed (step 8-7). 

0086. In this manner, appropriateness of performing dis 
tortion compensation is determined based on whether the 
comparison result of the current and previous phase adjust 
ment results satisfies a prescribed condition. 

0087. With this arrangement, abnormal operation of dis 
tortion compensation and/or RF correction for quadrature 
modulation due to malfunction of an oscillator for the down 
converter and other elements in an analog section can be 
prevented. 

0088. Because distortion compensation and/or correction 
for quadrature modulation are performed only when the 
phase adjustment values are correctly set, undesirable out 
of-band radiation can be reduced from the output signal 
from the transmitter. 

0089. This patent application is based on and claims the 
benefit of the earlier filing date of Japanese Patent Applica 
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tion No. 2005-236814 filed Aug. 17, 2005, the entire con 
tents of which are incorporated herein by reference. 

What is claimed is: 
1. A distortion compensating device applied to a trans 

mitter for transmitting a quadrature modulated signal in a 
wireless digital communication system, thee distortion com 
pensating device comprising: 

a phase adjusting unit configured to determine a phase 
adjustment value for a feedback signal Subjected to 
quadrature demodulation, based on comparison 
between the feedback signal and a reference signal to 
be transmitted from the transmitter; 

a phase adjustment result storing unit configured to store 
a current phase adjustment result representing the 
determined phase adjustment value; 

a phase adjustment result comparison and determination 
unit configured to compare the current phase adjust 
ment result with a previous phase adjustment result; 
and 

a correction control unit configured to allow correction for 
quadrature modulation to be performed if the phase 
adjustment comparison result satisfies a prescribed 
condition. 

2. The distortion compensating device of claim 1, wherein 
the correction control unit allows the correction for quadra 
ture modulation to be performed if the current phase adjust 
ment result is within an acceptable error range with respect 
to the previous phase adjustment result at least a prescribed 
number of times. 

3. The distortion compensating device of claim 1, wherein 
the correction control unit generates an instruction for 
performing direct current offset correction on an in-phase 
component and a quadrature component of the reference 
signal if the current phase adjustment result is within an 
acceptable error range with respect to the previous phase 
adjustment result at least a prescribed number of times. 

4. The distortion compensating device of claim 1, wherein 
the correction control unit generates an instruction for 
performing orthogonality correction on an in-phase compo 
nent and a quadrature component of the reference signal if 
the current phase adjustment result is within an acceptable 
error range with respect to the previous phase adjustment 
result at least a prescribed number of times. 

5. The distortion compensating device of claim 1, wherein 
the correction control unit generates an instruction for 
performing amplitude correction on an in-phase component 
and a quadrature component of the reference signal if the 
current phase adjustment result is within an acceptable error 
range with respect to the previous phase adjustment result at 
least a prescribed number of times. 

6. The distortion compensating device of claim 1, wherein 
the correction control unit allows distortion compensation to 
be performed if the difference between the current phase 
adjustment result and the previous phase adjustment result 
resides in a prescribed range. 

7. A distortion compensating method applied to a trans 
mitter for transmitting a quadrature modulated signal in a 
wireless digital communication system, the method com 
prising the steps of 

determining a current phase adjustment value for a feed 
back signal Subjected to quadrature demodulation, 
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based on comparison between the feedback signal and 
a reference signal to be transmitted from the transmit 
ter; 

comparing the current phase adjustment value with a 
previous phase adjustment value; and 

allowing correction for quadrature modulation to be per 
formed if the current phase adjustment value resides in 
an acceptable error range with respect to the previous 
phase adjustment value at least a prescribed number of 
times. 

8. The distortion compensating method of claim 7. 
wherein at least one of direct current offset correction, 
orthogonality correction, and amplitude correction for an 
in-phase component and a quadrature component of the 
reference signal are performed if the current phase adjust 
ment value resides in the acceptable error range with respect 

Feb. 22, 2007 

to the previous phase adjustment value at least a prescribed 
number of times. 

9. The distortion compensating method of claim 7, further 
comprising the step of: 

allowing distortion compensation to be performed on the 
reference signal if the current phase adjustment value 
resides in the acceptable error range with respect to the 
previous phase adjustment value at least a prescribed 
number of times. 

10. The distortion compensation method of claim 7. 
further comprising the step of 

performing the correction for quadrature modulation on 
the reference signal repeatedly a target number of 
times. 


