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COMPLEX TYPE SIGMA-DELTA ANALOG TO 
DIGITAL CONVERSION UNIT AND RECEIVER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Application 
No. 2005-128661, ?led on Apr. 26, 2005, the entire contents 
of Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention relates to a complex type 
sigma-delta analog to digital conversion unit and a receiver 
having the same. 

[0004] 2. Description of the Related Art 

1. Field of the Invention 

[0005] FIG. 7 is a vieW shoWing the con?guration of a 
radio receiver having a real type sigma-delta analog to 
digital conversion unit described in the folloWing Patent 
Document 1. A mixer 701a mixes an input signal With a 0° 
phase shift signal to generate an I signal. A mixer 701b 
mixes an input signal With a 900 phase shift signal to 
generate a Q signal. The I signal and Q signal are signals that 
are orthogonal to each other. A real type sigma-delta analog 
to digital conversion unit 70011, which includes a subtractor 
711, a loop ?lter 712, an analog to digital (A/D) converter 
713, and a digital to analog (D/A) converter 714, converts 
the I signal into a digital format from an analog format. A 
real type sigma-delta analog to digital conversion unit 700b, 
Which includes a subtractor 711, a loop ?lter 712, an analog 
to digital (A/D) converter 713, and a digital to analog (D/A) 
converter 714 like the analog to digital conversion device 
700a, converts the Q signal into a digital format from an 
analog format. 

[0006] FIG. 8 is a vieW shoWing the con?guration of a 
radio receiver having a complex type sigma-delta analog to 
digital conversion unit described in the folloWing Patent 
Document 2. A mixer 801a mixes an input signal With a 00 
phase shift signal to generate an I signal. A mixer 801b 
mixes an input signal With a 90° phase shift signal to 
generate a Q signal. The I signal and Q signal are signals that 
are orthogonal to each other. A complex type sigma-delta 
analog to digital conversion unit 800 includes subtractors 
811a and 811b, loop ?lters 812a and 812b, analog to digital 
(A/D) converters 813a and 813b, and digital to analog (D/A) 
converters 814a and 81419. The output signal of the loop 
?lter 81211 is outputted to the loop ?lter 81219 With its 
positive-negative sign maintained and, and the output signal 
of the loop ?lter 81219 is outputted to the loop ?lter 81211 
With its positive-negative sign inverted. 

[0007] [Patent document 1] Translated National Publica 
tion of Patent Application No. 2003-527795 

[0008] [Patent document 2] Us. Pat. No. 5,764,171 

[0009] FIG. 9 is a vieW shoWing a quantization noise 
spectrum of the real type sigma-delta analog to digital 
conversion unit of FIG. 7. When an input signal is converted 
into a digital format from an analog format, a quantization 
noise due to the quantization Will be generated. The quan 
tization noise spectrum is symmetrical With respect to the 
axis of Which the frequency is 0 Hz. The frequency range 
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RN of the input signal includes positive and negative 
loW-frequency ranges having a predetermined quantization 
noise or less. The positive frequency range of the input 
frequency range RN is a positive signal bandWidth CW. 

[0010] FIG. 10 is a vieW shoWing a quantization noise 
spectrum of the complex type sigma-delta analog to digital 
conversion unit of FIG. 8. The difference betWeen the real 
type and complex type sigma-delta analog to digital con 
version units is Whether the loop ?lter has a complex pole or 
not. In the real type of FIG. 9 the quantization noise 
spectrum becomes symmetrical With respect to the axis of 
the frequency is 0 Hz, While in the complex type of FIG. 10 
the quantization noise spectrum shifted in the positive 
direction of the frequency axis can be obtained. In realizing 
a reduction in the quantization noise in the signal bandWidth 
CW With the same ?lter order, the same ?lter cut-olf 
frequency, the same sampling frequency, and the nearly 
same poWer consumption, the complex type of FIG. 10 can 
reduce it much more as compared With the real type of FIG. 
9. 

[0011] HoWever, in the real type of FIG. 9 the quantiza 
tion noise level in the negative input frequency range is 
nearly equal as compared With the one in the positive input 
frequency range, While in the complex type of FIG. 10 the 
quantization noise level in the negative input frequency 
range becomes extremely large as compared With the one in 
the positive input frequency range and thus the input fre 
quency range RN is restricted to a positive range. 

SUMMARY OF THE INVENTION 

[0012] The present invention is intended to provide a 
complex type sigma-delta analog to digital conversion unit 
capable of reducing the quantization noise and converting 
input signals having a positive and negative frequency into 
a digital format from an analog format, and to provide a 
receiver. 

[0013] According to one aspect of the invention, there is 
provided a complex type sigma-delta analog to digital 
conversion unit that includes: a ?rst subtractor for carrying 
out subtraction by inputting a ?rst input signal and a ?rst 
feedback signal; a ?rst ?lter for ?ltering an output signal of 
the ?rst subtractor; a ?rst analog to digital converter for 
converting the output signal of the ?rst ?lter into a digital 
format from an analog format; a ?rst digital to analog 
converter Which converts an output signal of the ?rst analog 
to digital converter into an analog format from a digital 
format and outputs the converted signal to the ?rst subtractor 
as the ?rst feedback signal; a second subtractor for carrying 
out subtraction by inputting a second input signal and a 
second feedback signal, the second input signal being 
orthogonal to the ?rst input signal; a second ?lter for 
?ltering an output signal of the second subtractor; a second 
analog to digital converter for converting the output signal 
of the second ?lter into a digital format from an analog 
format; a second digital to analog converter Which converts 
an output signal of the second analog to digital converter 
into an analog format from a digital format and outputs the 
converted signal to the second subtractor as the second 
feedback signal; a ?rst sign controller Which inverts a 
positive/negative sign of the output signal of the ?rst ?lter in 
response to a control signal and outputs it to the second 
?lter; and a second sign controller Which inverts a positive/ 
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negative sign of the output signal of the second ?lter in 
response to the control signal and outputs it to the ?rst ?lter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a vieW shoWing a con?guration example 
of a radio receiver having a complex type sigma-delta 
analog to digital conversion unit according to a ?rst embodi 
ment of the invention. 

[0015] FIG. 2 is a vieW shoWing a quantization noise 
spectrum of the complex type sigma-delta analog to digital 
conversion unit of FIG. 1. 

[0016] FIG. 3A and FIG. 3B are vieWs for explaining a 
loW IF (intermediate frequency) system according to this 
embodiment. 

[0017] FIG. 4 is a circuit diagram shoWing a con?guration 
example of a loop ?lter and a sign controller of FIG. 1 
according to a second embodiment of the invention. 

[0018] FIG. 5 is a circuit diagram shoWing a con?guration 
example of the loop ?lter and the sign controller of FIG. 1 
according to a third embodiment of the invention. 

[0019] FIG. 6 is a circuit diagram shoWing a con?guration 
example of the loop ?lter and the sign controller of FIG. 1 
according to a fourth embodiment of the invention. 

[0020] FIG. 7 is a vieW shoWing the con?guration of a 
radio receiver having a real type sigma-delta analog to 
digital conversion unit of Patent Document 1. 

[0021] FIG. 8 is a vieW shoWing the con?guration of a 
radio receiver having a complex type sigma-delta analog to 
digital conversion unit of Patent Document 2. 

[0022] FIG. 9 is a vieW shoWing a quantization noise 
spectrum of the real type sigma-delta analog to digital 
conversion unit of FIG. 7. 

[0023] FIG. 10 is a vieW shoWing a quantiZation noise 
spectrum of the complex type sigma-delta analog to digital 
conversion unit of FIG. 8. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

A First Embodiment 

[0024] FIG. 1 is a vieW shoWing a con?guration example 
of a radio receiver including a complex type sigma-delta 
analog to digital conversion unit 100 according to a ?rst 
embodiment of the invention. The radio receiver receives a 
radio signal via an antenna to generate an input signal S1. A 
local oscillator 101 generates a signal having a frequency 
fLO, based on Which a phase shifter 102 generates a 0° phase 
shift signal and a 90° phase shift signal. Amixer 103a mixes 
the input signal S1 With the 0° phase shift signal to generate 
an I signal S2a. A mixer 103b mixes the input signal S1 With 
the 90° phase shift signal to generate a Q signal S2b. The I 
signal S211 and Q signal S2b are signals that are orthogonal 
to each other. 

[0025] The complex type sigma-delta analog to digital 
conversion unit 100, Which includes subtractors 111a and 
111b, loop ?lters 112a and 112b, analog to digital (A/D) 
converters 113a and 113b, digital to analog (D/A) converters 
114a and 11419 and sign controller 115a, and 115b, converts 
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the real signal S211 and the imaginary signal S2!) of an analog 
format into a real signal S311 and an imaginary signal S3!) of 
a digital format. 

[0026] First, a real channel Will be described. The sub 
tractor 111a subtracts the feedback signal, Which the digital 
to analog converter 114a outputs, from the I signal S211 and 
outputs a real signal X. The loop ?lter 112a inputs the real 
signal X and the output signal of the sign controller 115b, 
?lters these input signals and outputs a real signal Y. The 
analog to digital converter 113a converts the real signal Y 
into a digital format from an analog format and outputs the 
real signal S3a of a digital format. The digital to analog 
converter 114a converts the real signal S3a into an analog 
format from a digital format and outputs it to the subtractor 
11111 as the feedback signal. 

[0027] The digital to analog converter 114a outputs a 
signal obtained by converting the digital output signal S3a 
that is one cycle ahead into an analog format from. The 
subtractor 111a outputs a differential signal X betWeen the 
last-time output signal and this-time input signal. The loop 
?lter 112a, Which is, for example, a loW pass ?lter and has 
an integrator function, outputs this-time real signal Y by 
adding the differential signal X to the last-time real signal Y 
The analog to digital converter 113a converts the signal Y 
into a digital format from an analog format. Thereby, the real 
signal S2a in an analog format can be converted into the real 
signal S3a in a digital format. 

[0028] Next, an imaginary channel Will be described. The 
subtractor 111b subtracts the feedback signal, Which the 
digital to analog converter 114b outputs, from the Q signal 
S219 and outputs an imaginary signal jX. The loop ?lter 112b 
inputs the imaginary signal jX and the output signal of the 
sign controller 115a, ?lters these signals and outputs an 
imaginary signal jY The analog to digital converter 113b 
converts the imaginary signal jY into a digital format from 
an analog format and outputs the imaginary signal S3!) in a 
digital format. The digital to analog converter 114b converts 
the imaginary signal S3b into an analog format from a digital 
format and outputs it to the subtractor 11119 as the feedback 
signal. The imaginary channel, like the real channel, can 
convert the imaginary signal S2!) in an analog format into 
the imaginary signal S3!) in a digital format. 

[0029] A channel selector (the operation section) 104 
selects, in response to a user’s operation, the channel of the 
frequency to be reproduced and outputs a channel signal. A 
memory 105 stores the relationship betWeen the channel 
signal and a control signal CTL, and outputs the control 
signal CTL in response to the channel signal. The sign 
controller 115a inverts the positive/negative sign of the 
output signal of the loop ?lter 11211 in response to the control 
signal CTL and outputs it to the loop ?lter 11219. The sign 
controller 115!) inverts the positive/negative sign of the 
output signal of the loop ?lter 11219 in response to the control 
signal CTL and outputs it to the loop ?lter 112a. Moreover, 
the sign controllers 115a and 11519 amplify the output signal 
of the loop ?lters 112a and 11219 by a factor of a constant 
“C”, respectively, and output them to the loop ?lter 11219 and 
112a. 

[0030] FIG. 2 is a vieW shoWing a quantiZation noise 
spectrum of the complex type sigma-delta analog to digital 
conversion unit of FIG. 1. When the input signal is con 
verted into a digital format from an analog format, the 
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quantization noise Will be generated due to this quantization. 
The horizontal axis represents the frequency and the vertical 
axis represents the quantization noise. 

[0031] When the control signal CTL is in a ?rst state, the 
sign controller 115a maintains the positive/negative sign of 
the output signal of the loop ?lter 112a and outputs it to the 
loop ?lter 112b, and the sign controller 115!) inverts the 
positive/negative sign of the output signal of the loop ?lter 
11219 and outputs it to the loop ?lter 112a. In this case, in the 
real type of FIG. 9 the quantization noise spectrum becomes 
symmetrical With respect to the axis of Which the frequency 
is 0 Hz, While in the complex type of FIG. 2 a quantization 
noise spectrum 201 shifted in the positive direction of the 
frequency axis can be obtained. In case of realizing a 
reduction in the quantization noise in the signal bandWidth 
CW1 With the same ?lter order, the same ?lter cut-off 
frequency, the same sampling frequency, and the nearly 
same poWer consumption, the complex type of FIG. 2 can 
reduce it more much as compared With the real type of FIG. 
9. 

[0032] When the control signal CTL is in a second state, 
the sign control 115a inverts the positive/negative sign of the 
output signal of the loop ?lter 112a and outputs it to the loop 
?lter 112b, and the sign controller 115!) maintains the 
positive/negative sign of the output signal of the loop ?lter 
11219 and outputs it to the loop ?lter 112a. In this case, in the 
real type of FIG. 9 the quantization noise spectrum becomes 
symmetrical With respect to the axis of Which the frequency 
is 0 Hz, While in the complex type of FIG. 2 a quantization 
noise spectrum 202 shifted in the negative direction of the 
frequency axis can be obtained. In case of realizing a 
reduction in the quantization noise in the signal bandWidth 
CW2 With the same ?lter order, the same ?lter cut-off 
frequency, the same sampling frequency, and the nearly 
same poWer consumption, the complex type of FIG. 2 can 
reduce it much more as compared With the real type of FIG. 
9. 

[0033] As described above, according to this embodiment, 
the sign controllers 115a and 11519 selectively invert the 
positive/negative sign of the coef?cient (the constant) C, 
thereby making it possible to obtain the quantization noise 
spectrum 201 shifted in the positive direction of the fre 
quency and the quantization noise spectrum 202 shifted in 
the negative direction of the frequency. The quantization 
noise spectrums 201 and 202 become mutually symmetric 
With respect to the axis of Which the frequency is 0 Hz. 
Thereby, the quantization noise can be reduced not only in 
the signal bandWidth CW1 in the case Where the frequency 
is positive, but also in the signal bandWidth CW2 in the case 
Where the frequency is negative. Moreover, the input fre 
quency range RN can be expanded not only to the positive 
but also to the negative frequency range. 

[0034] FIG. 3A and FIG. 3B are vieWs for explaining a 
loW IF (an intermediate frequency) system according to this 
embodiment. The loW IF system is a system in Which the 
received signal S1 is once converted into a signal having a 
relatively loW intermediate frequency HF, and thereafter 
only a required bandWidth is selected and ?ltered. Accord 
ingly, only the signal having a required bandWidth can be 
selected ef?ciently. This frequency conversion is carried out, 
by mixing the output from the local oscillator 101 having the 
frequency fLO such that the intermediate frequency fIF 
becomes a difference With the frequency fRF. 
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[0035] The case Where the signal S1 of the frequency fRF 
is selected using fLOl as the frequency of the signal of the 
local oscillator 101 Will be described. Since the frequency 
fRF is larger than the frequency fLO1, the intermediate 
frequency fIF1 becomes a positive loW frequency from the 
relationship of the intermediate frequency fIF1=fRF-fLO1. 
In this case, a quantization noise spectrum 501 of FIG. 2 is 
selected to use the positive signal bandWidth (the channel 
Width) CW1. 

[0036] In addition, the case Where the signal S1 of the 
frequency fRF is selected using fLO2 as the frequency of the 
signal of the local oscillator 101 Will be described. Since the 
frequency fRF is smaller than the frequency fLO2, the 
intermediate frequency fIF2 becomes a negative loW fre 
quency from the relationship of the intermediate frequency 
fIF2=fRF-fLO2. In this case, a quantization noise spectrum 
502 of FIG. 2 is selected to use the negative signal band 
Width (the channel Width) CW2. 

[0037] Although in the radio receiver of FIG. 8 only the 
positive frequency can be used as the intermediate fre 
quency, in this embodiment both positive and negative 
frequencies can be used as the intermediate frequency. For 
this reason, in this embodiment the magnitude relationship 
betWeen the oscillation frequency fLO of the local oscillator 
101 and the input frequency fRF is not restricted and thus the 
circuit size and the poWer consumption can be reduced. 
Speci?cally, the circuit of the local oscillator 101 can be 
simpli?ed as compared With the one of FIG. 8. 

A Second Embodiment 

[0038] FIG. 4 is a circuit diagram shoWing a con?guration 
example of the loop ?lters 112a and 11219 and the sign 
controllers 115a and 11519 of FIG. 1 according to a second 
embodiment of the invention. The loop ?lters 112a and 11219 
are continuous-time ?lters of an RC (a resistor-capacitor) 
active ?lter, respectively. The sign controllers 115a and 11519 
correspond to sWitches SW1 and SW2, respectively. The 
input real signal X, the input imaginary signal jX, the output 
real signal Y, and the output imaginary signal jY are differ 
ential signals, respectively. Each differential signal is a 
signal With tWo signals Whose phases are inverted to each 
other combined as one pair. 

[0039] The real differential signal X is inputted to the 
positive input terminal and the negative input terminal of a 
differential ampli?er 407 via resistors 401 and 402. A 
capacitor 403 is coupled betWeen the positive input terminal 
and the negative output terminal of the differential ampli?er 
407. A capacitor 404 is coupled betWeen the negative input 
terminal and the positive output terminal of the differential 
ampli?er 407. The real differential signal Y is outputted from 
the positive output terminal and the negative output terminal 
of the differential ampli?er 407. 

[0040] The imaginary differential signal jX is inputted to 
the positive input terminal and the negative input terminal of 
a differential ampli?er 417 via resistors 411 and 412. A 
capacitor 413 is coupled betWeen the positive input terminal 
and the negative output terminal of the differential ampli?er 
417. A capacitor 414 is coupled betWeen the negative input 
terminal and the positive output terminal of the differential 
ampli?er 417. The imaginary differential signal jY is out 
putted from the positive output terminal and the negative 
output terminal of the differential ampli?er 417. 
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[0041] The switches SW1 and SW2 make the output 
dilTerential signal lines of the loop ?lters 112a and 112!) 
straight or cross in response to the control signal CTL, 
respectively, and couple them With the input dilTerential 
signal lines of the loop ?lters 11219 and 11211. 

[0042] First, the case Where the control signal CTL is in 
the ?rst state and the quantization noise spectrum 201 of 
FIG. 2 is selected Will be described. The sWitch SW1 (the 
sign controller 115a) cross-couples the output dilTerential 
signal line of the dilTerential ampli?er 407 With the input 
dilTerential signal line of the dilTerential ampli?er 417 via 
resistors 415 and 416. Namely, the positive output terminal 
of the di?cerential ampli?er 407 is coupled With the positive 
input terminal of the di?cerential ampli?er 417, and the 
negative output terminal of the dilTerential ampli?er 407 is 
coupled With the negative input terminal of the di?cerential 
ampli?er 417. Accordingly, the real dilTerential signal Y is 
inputted to the dilTerential ampli?er 417 With its positive 
negative sign maintained. Moreover, the sWitch SW2 (the 
sign controller 115b) cross-couples the output dilTerential 
signal line of the dilTerential ampli?er 417 With the input 
dilTerential signal line of the dilTerential ampli?er 407 via 
resistors 405 and 406. Namely, the positive output terminal 
of the dilTerential ampli?er 417 is coupled With the negative 
input terminal of the di?cerential ampli?er 407, and the 
negative output terminal of the dilTerential ampli?er 417 is 
coupled With the positive input terminal of the dilTerential 
ampli?er 407. Accordingly, the imaginary dilTerential signal 
jY is inputted to the di?cerential ampli?er 407 With its 
positive-negative sign inverted. 

[0043] Next, the case Where the control signal CTL is in 
the second state and the quantization noise spectrum 202 of 
FIG. 2 is selected Will be described. The sWitch SW1 (the 
sign controller 115a) couples the output dilTerential signal 
line of the dilTerential ampli?er 407 straight through the 
input dilTerential signal line of the dilTerential ampli?er 417 
via the resistors 415 and 416. Namely, the positive output 
terminal of the dilTerential ampli?er 407 is coupled With the 
negative input terminal of the dilTerential ampli?er 417, and 
the negative output terminal of the dilTerential ampli?er 407 
is coupled With the positive input terminal of the dilTerential 
ampli?er 417. Accordingly, the real dilTerential signal Y is 
inputted to the dilTerential ampli?er 417 With its sign 
inverted. Moreover, the sWitch SW2 (the sign controller 
115b) couples the output dilTerential signal line of the 
dilTerential ampli?er 417 straight through the input differ 
ential signal line of the dilTerential ampli?er 407 via the 
resistors 405 and 406. Namely, the positive output terminal 
of the di?cerential ampli?er 417 is coupled With the positive 
input terminal of the di?cerential ampli?er 407, and the 
negative output terminal of the dilTerential ampli?er 417 is 
coupled With the negative input terminal of the di?cerential 
ampli?er 407. Accordingly, the imaginary dilTerential signal 
jY is inputted to the dilTerential ampli?er 407 With its 
positive-negative sign maintained. 

A Third Embodiment 

[0044] FIG. 5 is a circuit diagram shoWing a con?guration 
example of the loop ?lters 112a and 11219 and the sign 
controllers 115a and 11519 of FIG. 1 according to a third 
embodiment of the invention. The loop ?lters 112a and 11219 
are continuous-time ?lters of a gm-C (transconductor-ca 
pacitor) ?lter, respectively. The sign controllers 115a and 

Oct. 26, 2006 

115b correspond to a sWitch SW4. The input real signal X, 
the input imaginary signal jX, the output real signal Y, and 
the output imaginary signal jY are dilTerential signals, 
respectively. 

[0045] The real di?cerential signal X is inputted to the 
positive input terminal and the negative input terminal of an 
OTA (Operational Trans conductor Ampli?er) 501. The OTA 
501, Which is a voltage-current conversion ampli?er, con 
verts the dilTerential voltage signal X into a dilTerential 
current signal and outputs it. A capacitor 502 is coupled 
betWeen the positive output terminal and the negative output 
terminal of the OTA 501. The real dilTerential voltage signal 
Y is a signal betWeen both ends of the capacitor 502. 

[0046] The imaginary dilTerential signal jX is inputted to 
the positive input terminal and the negative input terminal of 
an OTA 511. The OTA 511, Which is a voltage-current 
conversion ampli?er, converts the di?cerential voltage signal 
jx to a dilTerential current signal and outputs it. A capacitor 
512 is coupled betWeen the positive output terminal and the 
negative output terminal of the OTA 511. The imaginary 
dilTerential voltage signal jY is a signal betWeen both ends 
of the capacitor 512. 

[0047] A sWitch SW3 couples the output dilTerential signal 
line of the OTA 501 straight through, or cross-couples it With 
OTAs 503 and 513 in a ?xed manner in response to a ?xing 
signal FX. The sWitch SW4 selectively couples the output 
dilTerential signal line of the OTA 511 straight through, or 
cross-couples it With the OTAs 503 and 513 in response to 
the control signal CTL. 

[0048] (1) Straight Coupling of SWitch SW3 

[0049] The case Where the sWitch SW3 is ?xed in a 
manner of the straight coupling Will be described. The 
positive input terminal of the OTA 503 is coupled With the 
positive output terminal of the OTA 501 and the negative 
input terminal of the OTA 503 is coupled With the negative 
output terminal of the OTA 501. The positive output terminal 
of the OTA 513 is coupled With the negative output terminal 
of the OTA 501 and the negative output terminal of the OTA 
513 is coupled With the positive output terminal of the OTA 
501. 

[0050] In this case, the case Where the control signal CTL 
is in the ?rst state and the quantization noise spectrum 201 
of FIG. 2 is selected Will be described. The sWitch SW4 (the 
sign controllers 115a and 1151)) makes a straight coupling. 
Namely, the positive output terminal of the OTA 503 is 
coupled With the positive output terminal of the OTA 511 
and the negative output terminal of the OTA 503 is coupled 
With the negative output terminal of the OTA 511. The 
positive input terminal of the OTA 513 is coupled With the 
positive output terminal of OTA the 511 and the negative 
input terminal of OTA the 513 is coupled With the negative 
output terminal of the OTA 511. As a result, via the OTA 
503, the real dilTerential signal Y is outputted to the output 
dilTerential signal line of the OTA 511 With its positive 
negative sign maintained. Namely, this means that the sign 
controller 115a maintains the positive-negative sign. More 
over, via the OTA 513, the imaginary dilTerential signal jY 
is outputted to the output di?cerential signal line of the OTA 
501 With its positive-negative sign inverted. Namely, this 
means that the sign controller 115!) inverts the positive 
negative sign. 
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[0051] Next, the case Where the control signal CTL is in 
the second state and the quantization noise spectrum 202 of 
FIG. 2 is selected Will be described. The sWitch SW4 (the 
sign controllers 115a and 1151)) makes a cross coupling. 
Namely, the positive output terminal of the OTA 503 is 
coupled With the negative output terminal of the OTA 511 
and the negative output terminal of the OTA 503 is coupled 
With the positive output terminal of the OTA 511. The 
positive input terminal of the OTA 513 is coupled With the 
negative output terminal of OTA the 511 and the negative 
input terminal of the OTA 513 is coupled With the positive 
output terminal of the OTA 511. As a result, via the OTA 
503, the real differential signal Y is outputted to the output 
differential signal line of the OTA 511 With its positive 
negative sign inverted. Namely, this means that the sign 
controller 115a inverts the positive-negative sign. Moreover, 
via the OTA 513, the imaginary differential signal jY is 
outputted to the output differential signal line of the OTA 
501 With its sign positive-negative maintained. Namely, this 
means that the sign controller 115!) maintains the positive 
negative sign. 
[0052] (2) Cross Coupling of SWitch SW3 
[0053] The case Where the sWitch SW3 is ?xed in a 
manner of the cross coupling Will be described. The positive 
input terminal of the OTA 503 is coupled With the negative 
output terminal of the OTA 501 and the negative input 
terminal of the OTA 503 is coupled With the positive output 
terminal of the OTA 501. The positive output terminal of the 
OTA 513 is coupled With the positive output terminal of the 
OTA 501 and the negative output terminal of the OTA 513 
is coupled With the negative output terminal of the OTA 501. 

[0054] In this case, the case Where the control signal CTL 
is in the ?rst state and the quantization noise spectrum 201 
of FIG. 2 is selected Will be described. The sWitch SW4 (the 
sign controllers 115a and 1151)) makes a cross coupling. 
Namely, the positive output terminal of the OTA 503 is 
coupled With the negative output terminal of the OTA 511 
and the negative output terminal of the OTA 503 is coupled 
With the positive output terminal of the OTA 511. The 
positive input terminal of the OTA 513 is coupled With the 
negative output terminal of the OTA 511 and the negative 
input terminal of the OTA 513 is coupled With the positive 
output terminal of the OTA 511. As a result, via the OTA 
503, the real differential signal Y is outputted to the output 
differential signal line of the OTA 511 With its positive 
negative sign inverted. Namely, this means that the sign 
controller 115a inverts the positive-negative sign. Moreover, 
via the OTA 513, the imaginary differential signal jY is 
outputted to the output differential signal line of OTA 501 
With its positive-negative sign maintained. Namely, this 
means that the sign controller 115!) maintains the positive 
negative sign. 
[0055] As described above, the sWitches SW3 and SW4 
are sWitches for making a straight/cross coupling. Although 
the inversion operation of the positive-negative sign is 
possible only With one of the sWitches, it is also necessary 
to insert the dummy sWitch SW3, Which is not used, in order 
to maintain symmetry betWeen the real channel and the 
imaginary channel. In this embodiment, an example of using 
the sWitch SW3 as the dummy is shoWn. The dummy sWitch 
SW3 is ?xed on a manner of a straight or cross coupling. 

[0056] In case of the gm-C ?lter, both the input differential 
signal terminal of the OTA 503 and the output differential 

Oct. 26, 2006 

signal terminal of the OTA 513 can be coupled With the 
output differential signal terminal of the OTA 501, and both 
the output differential signal terminal of the OTA 503 and 
the input differential signal terminal of the OTA 513 can be 
coupled With the output differential signal terminal of the 
OTA 511, Whereby it is possible to simplify a Wiring as 
compared With the case of the RC active ?lter of FIG. 4, and 
to use the sign controllers 115a and 1151) in common, 
thereby to realize it With one sWitch SW4. 

A Fourth Embodiment 

[0057] FIG. 6 is a circuit diagram shoWing a con?guration 
example of the loop ?lters 112a and 1121) and the sign 
controllers 115a and 1151) of FIG. 1 according to a fourth 
embodiment of the invention. The loop ?lters 112a and 1121) 
are discrete-time ?lters of a sWitched capacitor ?lter, respec 
tively. The sign controllers 115a and 1151) correspond to 
sWitches SW5 and SW6, respectively. The input real signal 
X, the input imaginary signal jx, the output real signal Y, and 
the output imaginary signal jY are differential signals, 
respectively. 

[0058] Capacitors 603-606 are coupled With a differential 
ampli?er 607 and capacitors 613-616 are coupled With a 
differential ampli?er 617. A sWitch for a control signal (1)1 
Will be turned on When the control signal (1)1 comes into, for 
example, a high level. A sWitch for a control signal (1)2 Will 
be turned on When the control signal (1)2 comes into, for 
example, a high level. The control signals (1)1 and (1)2 are 
pulse signals Whose phases are inverted to each other. The 
sWitches for the control signals (1)1 and (1)2 are turned on 
alternately. 

[0059] First, When the sWitch for the control signal (1)2 is 
turned on, the real differential signal X With the ground 
assumed to be a reference Will be stored in capacitors 601 
and 602, and the imaginary differential signal jX With the 
ground assumed to be a reference Will be stored in capacitors 
611 and 612. Next, When the sWitch for the control signal (1)1 
is turned on, the real differential signal X stored in the 
capacitors 601 and 602 Will be inputted to the positive and 
negative input terminals of the differential ampli?er 607, and 
the imaginary differential signal jX stored in the capacitors 
611 and 612 Will be inputted to the positive and negative 
input terminals of the differential ampli?er 617. Next, When 
the sWitch for the control signal (1)2 is turned on, the signal 
of the positive and negative output terminals of the differ 
ential ampli?er 607 Will be outputted as the real differential 
signal Y and stored in capacitors 608 and 609, and the signal 
of the positive and negative output terminals of the differ 
ential ampli?er 617 is outputted as the imaginary differential 
signal jy and is stored in capacitors 618 and 619. 

[0060] Next, the case Where the control signal CTL is in 
the ?rst state and the quantization noise spectrum 201 of 
FIG. 2 is selected Will be described. A sWitch SW5 (the sign 
controller 115a) cross-couples the output differential signal 
line of the differential ampli?er 607 With the input differ 
ential signal line of the differential ampli?er 617. Namely, 
the positive output terminal of the differential ampli?er 607 
is coupled With the positive input terminal of the differential 
ampli?er 617 and the negative output terminal of the dif 
ferential ampli?er 607 is coupled With the negative input 
terminal of the differential ampli?er 617. Accordingly, the 
real differential signal Y is inputted to the differential 
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ampli?er 617 With its positive-negative sign maintained. 
Moreover, a switch SW6 (the sign controller 115b) cross 
couples the output differential signal line of the differential 
ampli?er 617 With the input differential signal line of the 
differential ampli?er 607. Namely, the positive output ter 
minal of the differential ampli?er 617 is coupled With the 
negative input terminal of the differential ampli?er 607, and 
the negative output terminal of the differential ampli?er 617 
is coupled With the positive input terminal of the differential 
ampli?er 607. Accordingly, the imaginary differential signal 
jY is inputted to the differential ampli?er 607 With its 
positive-negative sign inverted. 

[0061] Next, the case Where the control signal CTL is in 
the second state and the quantization noise spectrum 202 of 
FIG. 2 is selected Will be described. The sWitch SW5 (the 
sign controller 115a) couples the output differential signal 
line of the differential ampli?er 607 straight through the 
input differential signal line of the differential ampli?er 617. 
Namely, the positive output terminal of the differential 
ampli?er 607 is coupled With the negative input terminal of 
the differential ampli?er 617 and the negative output termi 
nal of the differential ampli?er 607 is coupled With the 
positive input terminal of the differential ampli?er 617. 
Accordingly, the real differential signal Y is inputted to the 
differential ampli?er 617 With its positive-negative sign 
inverted. Moreover, the sWitch SW6 (the sign controller 
115b) couples the output differential signal line of the 
differential ampli?er 617 straight through the input differ 
ential signal line of the differential ampli?er 607. Namely, 
the positive output terminal of the differential ampli?er 617 
is coupled With the positive input terminal of the differential 
ampli?er 607 and the negative output terminal of the dif 
ferential ampli?er 617 is coupled With the negative input 
terminal of the differential ampli?er 607. Accordingly, the 
imaginary differential signal jY is inputted to the differential 
ampli?er 607 With its positive-negative sign maintained. 

[0062] As described above, in the ?rst through fourth 
embodiments, the positive-negative sign of the coef?cient 
(the constant) C con?guring the complex ?lters 112a and 
1121) can be sWitched depending on Whether the intermedi 
ate frequency fIF is positive or negative. In the loW IF 
system, basically, there is no possibility that the signal of the 
positive intermediate frequency and the signal of the nega 
tive intermediate frequency are received simultaneously. 
Accordingly, the positive-negative sign of a pass band (the 
frequency range in Which the quantization noise is sup 
pressed) of the signal can be inverted by sWitching the sign 
of the coef?cient C in conjunction With the positive-negative 
sign of the intermediate frequency HF. 

[0063] The receiver of FIG. 7 and FIG. 9 has a draWback 
that a SN ratio is loW, and the receiver of FIG. 8 and FIG. 
10 has a draWback that both positive and negative interme 
diate frequency fIF cannot be used. According to the above 
described embodiments, the intermediate frequency fIF of 
both positive/negative can be used, While making the most 
of the merit that the SN ratio of the complex type can be 
enhanced. Accordingly, in the receiver of the embodiments 
described above the circuit can be simpli?ed as compared 
With the case Where the complex type sigma-delta analog to 
digital conversion unit of FIG. 8 is used because the 
requirements for the oscillation frequency fLO of the local 
oscillator 101 of the receiver is eased. Moreover, as shoWn 
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in the above-described embodiments, only a small-sized 
sWitch circuit requires an increase in the circuit size. 

[0064] In addition, in any one of the embodiments 
described above, just examples of the embodiments in 
implementing the invention have been shoWn, and thus the 
technical scope of the invention should not be limitedly 
interpreted. Namely, the invention can be implemented in 
various forms Without departing from the technical thoughts 
or the main features thereof. 

[0065] Since the ?rst and second sign controllers couple 
the ?rst and second ?lters to each other, thereby alloWing the 
complex type sigma-delta analog to digital conversion unit 
to be realized, the quantization noise can be reduced as 
compared With the real type. Moreover, since the ?rst and 
second sign controllers invert the positive/negative sign in 
response to the control signal, the input signal of the positive 
and negative frequencies can be converted into a digital 
format from an analog format. 

What is claimed is: 
1. A complex type sigma-delta analog to digital conver 

sion unit, comprising: 

a ?rst subtractor for carrying out subtraction by inputting 
a ?rst input signal and a ?rst feedback signal; 

a ?rst ?lter for ?ltering an output signal of the ?rst 
subtractor; 

a ?rst analog to digital converter for converting an output 
signal of the ?rst ?lter into a digital format from an 
analog format; 

a ?rst digital to analog converter Which converts an output 
signal of the ?rst analog to digital converter into an 
analog format from a digital format and outputs the 
converted signal to the ?rst subtractor as the ?rst 
feedback signal; 

a second subtractor for carrying out subtraction by input 
ting a second input signal and a second feedback signal, 
the second input signal being orthogonal to the ?rst 
input signal; 

a second ?lter for ?ltering an output signal of the second 
subtractor; 

a second analog to digital converter for converting an 
output signal of the second ?lter into a digital format 
from an analog format; 

a second digital to analog converter Which converts an 
output signal of the second analog to digital converter 
into an analog format from a digital format and outputs 
the converted signal to the second subtractor as the 
second feedback signal; 

a ?rst sign controller Which inverts a positive/negative 
sign of the output signal of the ?rst ?lter in response to 
a control signal and outputs it to the second ?lter; and 

a second sign controller Which inverts a positive/negative 
sign of the output signal of the second ?lter in response 
to the control signal and outputs it to the ?rst ?lter. 

2. The complex type sigma-delta analog to digital con 
version unit according to claim 1, Wherein: 

When the control signal is in a ?rst state, the ?rst sign 
controller maintains the positive/negative sign of the 



US 2006/0238395 A1 

output signal of the ?rst ?lter and outputs it to the 
second ?lter, and the second sign controller inverts the 
positive/negative sign of the output signal of the second 
?lter and outputs it to the ?rst ?lter; and 

When the control signal is in a second state, the ?rst sign 
controller inverts the positive/negative sign of the out 
put signal of the ?rst ?lter and outputs it to the second 
?lter, and the second sign controller maintains the 
positive/negative sign of the output signal of the second 
?lter and outputs it to the ?rst ?lter. 

3. The complex type sigma-delta analog to digital con 
version unit according to claim 1, Wherein the ?rst and 
second ?lters are RC active ?lters, respectively. 

4. The complex type sigma-delta analog to digital con 
version unit according to claim 1, Wherein the ?rst and 
second ?lters are gm-C ?lters, respectively. 

5. The complex type sigma-delta analog to digital con 
version unit according to claim 1, Wherein the ?rst and 
second ?lters are sWitched capacitor ?lters, respectively. 

6. The complex type sigma-delta analog to digital con 
version unit according to claim 1, Wherein the ?rst and 
second sign controllers amplify the output signals of the ?rst 
and second ?lters by a factor of a constant, respectively. 

7. The complex type sigma-delta analog to digital con 
version unit according to claim 1, Wherein in the ?rst and 
second ?lters, the input signal and the output signal are 
differential signals, respectively. 

8. The complex type sigma-delta analog to digital con 
version unit according to claim 7, Wherein the ?rst and 
second sign controllers make the lines of the output differ 
ential signals of the ?rst and second ?lters straight or cross 
in response to the control signal and couple them With the 
second and ?rst ?lters, respectively. 

9. The complex type sigma-delta analog to digital con 
version unit according to claim 1, further comprising an 
operation section for outputting the control signal in 
response to an operation. 

10. A receiver comprising: 

the complex type sigma-delta analog to digital conversion 
unit according to claim 1; and 
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a mixer for mixing an input signal, thereby to generate 
?rst and second input signals that are orthogonal to 
each other. 

11. The receiver according to claim 10, Wherein: 

When the control signal is in a ?rst state, the ?rst sign 
controller maintains the positive/negative sign of the 
output signal of the ?rst ?lter and outputs it to the 
second ?lter, and the second sign controller inverts the 
positive/negative sign of the output signal of the second 
?lter and outputs it to the ?rst ?lter; and 

When the control signal is in a second state, the ?rst sign 
controller inverts the positive/negative sign of the out 
put signal of the ?rst ?lter and outputs it to the second 
?lter, and the second sign controller maintains the 
positive/negative sign of the output of the second ?lter 
and outputs it to the ?rst ?lter. 

12. The receiver according to claim 10, Wherein the ?rst 
and second ?lters are RC active ?lters, respectively. 

13. The receiver according to claim 10, Wherein the ?rst 
and second ?lters are gm-C ?lters, respectively. 

14. The receiver according to claim 10, Wherein the ?rst 
and second ?lters are sWitched capacitor ?lters, respectively. 

15. The receiver according to claim 10, Wherein the ?rst 
and second sign controllers amplify the ?rst and second 
?lters by a factor of a constant, respectively. 

16. The receiver according to claim 10, Wherein in the ?rst 
and second ?lters, the input signal and the output signal are 
differential signals, respectively. 

17. The receiver according to claim 16, Wherein the ?rst 
and second sign controllers make the lines of the output 
differential signals of the ?rst and second ?lters straight or 
cross in response to the control signal and couple them With 
the second and ?rst ?lters, respectively. 

18. The receiver according to claim 10, further compris 
ing an operation section for outputting the control signal in 
response to an operation. 


