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(57) ABSTRACT 

According to an embodiment of the invention, there is pro 
vided a digital/analog converter includes: a decoder that con 
verts a (n—1)-phase input digital signal to a n-phase output 
digital signal; and a signal generating unit that generates 
analog signals according to the n-phase output digital signal. 
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DIGITAL/ANALOG CONVERTER AND 
TRANSMITTER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a Continuation of and claims the 
bene?t of priority of US. patent application Ser. No. 11/755, 
872 ?led May 31, 2007, the entire contents of Which are 
incorporated herein by reference. 
[0002] This application is based upon and claims the ben 
e?t of priority from Japanese Patent Application No. 2006 
152479, ?led May 31, 2006, the entire contents of Which are 
incorporated herein by reference. 

BACKGROUND 

[0003] 1. Field The present invention relates to a digital/ 
analog (D/A) converter that converts a digital signal to an 
analog signal. 
[0004] 2. Description of the Related Art 

[0005] In a signal processing in radio communication, the 
amplitude and phase of a signal are operated and thus there is 
often used a tWo-dimensional orthogonal signal of In-phase/ 
Quadrature-phase (I/Q). Therefore, as disclosed in Porra, V., 
Halonen, K., Koli, K., Paakonen, M., Siilasto, S., Tiiliharju, 
E., Tolonen, P. and Wahlroos, T., “LoW voltage circuits for a 
single chip 2 GHZ transceiver for mobile telecommunica 
tion”, International Symposium on Circuits and Systems, Vol. 
1, pages 492-495 (12-15 May, 1996), a D/A converter in a 
radio transmitter generally operates tWo signals of I/Q sig 
nals. 

[0006] Also, to output I/Q analog signals as differential 
signals respectively, as shoWn in FIG. 10, generally, a tWo 
phase D/A converter is used for an I signal and another tWo 
phase D/A converter is used for the Q signal. In FIG. 10, the 
analog value of the I digital signal is obtained by a difference 
betWeen OUT I+and OUT I—, While the analog value of a Q 
digital signal is obtained by a difference betWeen OUT Q+and 
OUT Q—. 
[0007] As in the technique described above, When tWo dif 
ferential output type D/A converters are used, conversion 
accuracies of the tWo converters do not coincide With each 
other because of a matching error betWeen the tWo D/A con 
ver‘ters. Also, When there are provided the tWo independent 
differential output type D/A converts, the chip area and poWer 
consumption thereof unfavorably increase. And, When a load 
is provided as an external load, the number of parts increases. 

SUMMARY 

[0008] According to an aspect of the invention, there is 
provided a D/A converter that operates multi-dimensional 
signals such as a complex signal With high accuracy Without 
causing increases in the chip area, the poWer consumption 
and the number of parts. 

[0009] According to an aspect of the invention, there is 
provided a digital/analog converter includes: a decoder that 
converts a (n—1)-phase input digital signal to a n-phase output 
digital signal; and a signal generating unit that generates 
analog signals according to the n-phase output digital signal. 
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BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0010] In the accompany draWings: 
[0011] FIG. 1 is a block diagram of a n-phase output D/A 
converter; 
[0012] FIG. 2 is a vieW ofa complex plane; 
[0013] FIG. 3 is a vieW ofa tWo-phase signal and a three 
phase signal Which express a complex signal; 
[0014] FIG. 4 is a vieW of a three-phase signal and a four 
phase signal Which express a three-dimensional signal; 
[0015] FIG. 5 is a circuit diagram of a D/A converter 
according to a ?rst embodiment of the invention; 
[0016] FIG. 6 is a circuit diagram of a D/A converter 
according to a second embodiment of the invention; 
[0017] FIG. 7 is a circuit diagram of a D/A converter 
according to a third embodiment of the invention; 
[0018] FIG. 8 is a circuit diagram of a D/A converter 
according to a fourth embodiment of the invention; 
[0019] FIG. 9 is a block diagram of a transmitter according 
to a ?fth embodiment of the invention; and 
[0020] FIG. 10 is a circuit diagram of a conventional D/A 
converter. 

DETAILED DESCRIPTION 

[0021] A general architecture that implements the various 
feature of the invention Will noW be described With reference 
to the draWings. 
Principle The n-phase output D/A converter 1 as shoWn in 
FIG. 1 receives a digital vector signal Which expresses n-1 
dimension values in the form of (n—1)-phase signal, converts 
the digital vector signal to n analog signals respectively 
expressing the n phases, and outputs the n analog signals. A 
sum of the n analog signals is controlled to be a substantially 
constant. Therefore, the common-mode component of the 
output signals is 0. 
(In a case of n:3) 
[0022] NoW, for simpli?cation of explanation, description 
Will be given beloW of the case Where n:3 With reference to 
FIGS. 2 and 3. FIG. 2 is a vieW ofa general complex plane. In 
this ?gure, there is shoWn a composite vector I+jQ Which is 
composed of I (Which is shoWn by the horiZontal axis) and jQ 
(Which is shoWn by the vertical axis). The reference vectors of 
a three-phase signal are three vectors Which are different by 
2/375 from one another in phase. That is, the reference vectors 
are respectively shoWn as folloWs: 

[0023] When the complex signal I+jQ shoWn in FIG. 2 is 
expressed using the three reference vectors, folloWing equa 
tion (2) is obtained. 

[0024] Here, a, b and c are coef?cients Which are respec 
tively expressed by scalar amounts. Thus, according to the 
condition that the common-mode signal component is 0, there 
is obtained a+b+c:0. Therefore, When the equation (2) is 
solved about a, b, c, under the condition of a+b+c:0, there is 
found the folloWing equation (3): 
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[0025] Accordingly, the tWo-phase signal expressing the 
complex signal of I/Q (tWo-dimension value) is converted to 
a three-phase signal Which is de?ned by a, b, c. FIG. 3 shoWs 
?rst to third-phase signals 2, 3, 4 Which are obtained When the 
complex signal I+jQ shoWn in FIG. 2 is converted according 
to the equation (3). Although variables of the three-phase 
signal are to be three (a, b, c), a degree of freedom of the 
three-phase signal is tWo due to the condition, a+b+c:0. 
Similarly, a degree of freedom of a signal that is outputted by 
an ordinary n-phase output D/A converter is n-l. 

[0026] As described beloW, by using a three-phase signal, a 
complex signal can be expressed by a single D/A converter. 

[0027] In the above-mentioned description, there are 
shoWn an example in Which the three reference vectors are 

different by 2/3 from one another. HoWever, it goes Without 
saying that the present invention is not limited to this. 

(In the case of n:4) 

[0028] In the case of n:4, as shoWn in FIG. 4, a three 
dimensional signal is expressed While four directions respec 
tively extending from the center of gravity G of a regular 
tetrahedron toWard the respective vertexes of the regular tet 
rahedron are used as reference vectors (shoWn by thick solid 
lines). When these four reference vectors are shoWn by three 
dimensional orthogonal coordinates (x, y, Z), there is obtained 
the folloWing equation (4): 

[0029] When an arbitrary three-dimension signal (x, y, Z) 
expressed by three-dimension orthogonal coordinates is 
expressed by these four reference vectors (that is, in four 
phases), there is obtained the folloWing equation (5): 

[0030] Here, a, b, c and d are coef?cients Which are respec 
tively expressed by scalar amounts. 
[0031] When the equation (5) is solved similarly to the case 
of n:3 under the condition that the common-mode compo 
nent is 0, that is, under the condition that a+b+c+d:0, there is 
obtained the folloWing equation (6): 
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[0032] Thus, a three-phase signal Which expresses a three 
dimensional signal (x, y, Z), is converted to a four-phase signal 
Which is de?ned by a, b, c, and d. 
[0033] In this manner, since use of a four-phase signal 
alloWs the expression of three-dimension vectors, the 4-phase 
output D/A converter can be applied to a device such as a 
sonar Which applies beams in a three-dimensional direction. 
[0034] In the above-mentioned description, there are 
shoWn an example in Which a tWo-dimensional value is 
expressed by three phases and an example in Which a three 
dimensional value is expressed by four phases. HoWever, it 
goes Without saying that the present invention is not limited to 
this. 
[0035] NoW, description Will be given beloW of the mode 
for carrying out the above-mentioned principle of the tWo 
phase input, expressing a tWo-dimensional value, and three 
phase output. Of course, When a n-(n is integer and tWo or 
more) dimensional value is operated, an equation for convert 
ing a (n—l)-phase input expressing a (n-l) dimension to a 
n-phase output may be loaded into the decoder, and there may 
be additionally provided n analog signal generating circuits 
Which corresponds to the number of output phases. 

First Embodiment 

[0036] FIG. 5 is a circuit diagram ofa D/A converter 100 
Which is a current-steering type With tWo-phase input three 
phase output according to a ?rst embodiment of the present 
invention. 
[0037] The D/A converter 100 according to the ?rst 
embodiment includes: a decoder 101; constant-current 
sources 110-1,110-2, . . . , 110-m; PET-type transistors 111-1, 

112-1, 113-1, 111-2, 112-2, 113-2, . . . , 111-m, 112-m, 
113-m; resistors 141, 142, 143; and analog output terminals 
151, 152, 153. 
[0038] The transistors 111-1,111-2, . . .,111-m and resistor 
141 cooperate together in constituting an analog voltage gen 
erating circuit corresponding to one phase. Also, the transis 
tors 112-1, 112-2, . . . , 112-m and resistor 142 cooperate 

together in constituting an analog voltage generating circuit 
(signal generating circuit) corresponding to another one 
phase Further, the transistors 113-1, 113-2, . . . , 113-m and 

resistor 143 constitute an analog voltage generating circuit 
corresponding to still another one phase. The constant-cur 
rent sources 110-1, 110-2, . . . , 110-m are used in common in 

the respective analog voltage generating circuits. 
[0039] The decoder 101 decodes a tWo-phase m bit digital 
input signal expressing a tWo-dimensional signal (I, Q) input 
ted therein to a three-phase m bit digital signal of a negative 
logic binary code. The decoder 101 converts the tWo-phase 
digital input signal so that the sum of three m bit digital signal 
values to be outputted simultaneously is a substantially con 
stant value. 
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[0040] The decoder 101 is realized by a digital circuit 
Which satis?es, for example, the equation (3). 
[0041] However, since the respective analog output signals 
do not have a value less than 0, Which are obtained When 
minimum values of the values a, b and c obtained according to 
the equation (3) are subtracted from values a, b, c, provide the 
three-phase m bit digital signal. 
[0042] Of the three-phase digital signal that is outputted as 
the negative logic binary codes, the values of respective bits 
of digital values in a certain phase (Which is hereinafter 
referred to as a ?rst phase), that is, a ?rst bit value, a second bit 
value, . . . , and m bit value are outputted in the order starting 

from the loWest bit from their associated output terminals 
102a-1, 102a-2, . . . , and 102a-m respectively. Similarly, the 

values of the respective bits of digital values in another phase 
of the three phases than the above-mentioned phase (Which is 
hereinafter referred to as a second phase), that is, a ?rst bit 
value, a second bit value, . . . , and m bit value are outputted in 

the order starting from the loWest bit from their associated 
output terminals 102b-1, 102b-2, and 102b-m respectively. 
Further, similarly, the values of the respective bits of digital 
values in the remaining phase of the three phases (Which is 
hereinafter referred to as a third phase), that is, a ?rst bit value, 
a second bit value, and m bit value are outputted in the order 
starting from the loWest bit from their associated output ter 
minals 102c-1, 102c-2, . . . , and 102c-m, respectively. The 

values of the bits outputted from these output terminals serve 
as control signals of the respective transistors. 

[0043] The constant-current sources 110-1, 110-2, . . . , and 

110-m are respectively connected to a common poWer supply 
having a voltage Vdd and output output currents 11 to lm 
respectively. The intensities of the respective output currents 
ll to lm correspond to the respective orders of the m bit. That 
is, as in the ?rst embodiment, When the output of the decoder 
101 is a binary code, the output current 12, . . . , lm is 

respectively tWo, . . . (2’"—l) times as the output current I1. 

[0044] The transistor 111-1 operates as a sWitch that con 
trols a How of the output current ll to the resistor 141. The 
output current 11 is outputted from the constant-current source 
110-1 and is inputted into the transistor 111-1 through a 
source terminal thereof. And also, the transistor 111-1 corre 
sponds to the value of the ?rst-phase lower 1 bit. To a gate 
terminal of the transistor 111-1, there is inputted the digital 
value of the ?rst-phase lower 1 bit from the output terminal 
102a-1 of the decoder 101. 

[0045] Also, the transistor 112-1 operates as a sWitch that 
controls a How of the output current 11 to the resistor 142. The 
output current 11 is outputted from the constant-current source 
110-1 and is inputted into the transistor 112-1 through a 
source terminal thereof. And also, the transistor 112-1 corre 
sponds to the value of the second-phase lower 1 bit. To a gate 
terminal of the transistor 112-1, there is inputted the digital 
value of the second-phase lower 1 bit from the output terminal 
102b-1 of the decoder 101. 

[0046] Further, the transistor 113-1 operates as a sWitch 
that controls a How of the output current 11 to the resistor 143. 
The output current 11 is outputted from the constant-current 
source 110-1 and is inputted into the transistor 113-1 through 
a source terminal thereof. And also, the transistor 113-1 cor 
responds to the value of the third-phase lower 1 bit. To a gate 
terminal of the transistor 113-1, there is inputted the digital 
value of the third-phase lower 1 bit from the output terminal 
102c-1 of the decoder 101. 
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[0047] Similarly, to a gate terminal of the transistor 111-m, 
there is inputted the digital value of the ?rst-phase loWer mbit 
from the output terminal 102a-m of the decoder 101. Also, to 
a gate terminal of the transistor 112-m, there is inputted the 
digital value of the second-phase loWer m bit from the output 
terminal 102b-m of the decoder 101. Further, to a gate termi 
nal of the transistor 113-m, there is inputted the digital value 
of the third-phase loWer m bit from the output terminal 
102c-m of the decoder 101. 
[0048] One end of the resistor 141 is grounded. To the other 
end of the resistor 141, there is inputted a sum of currents 
Which are outputted from respective drain terminals of the 
transistors 111-1, 111-2, . . . , and 111-m. A potential differ 

ence betWeen the tWo ends of the resistor 141 provides a ?rst 
phase analog output signal OUTa. 
[0049] Also, one end of the resistor 142 is grounded. To the 
other end of the resistor 142, there is inputted a sum of 
currents Which are outputted from respective drain terminals 
ofthe transistors 112-1, 112-2, . . . , and 112-m. A potential 

difference betWeen the tWo ends of the resistor 142 provides 
a second phase analog output signal OUTb. 
[0050] Further, one end of the resistor 143 is grounded. To 
the other end of the resistor 143, there is inputted a sum of 
currents Which are outputted from respective drain terminals 
ofthe transistors 113-1, 113-2, . . . , and 113-m. A potential 

difference betWeen the tWo ends of the resistor 143 provides 
a third phase analog output signal OUTc. The resistance 
values of the resistors 141, 142 and 143 are set equal to each 
other. 
[0051] The sum of currents to be outputted from the analog 
output terminals 151, 152 and 153 respectively provided on 
the other end sides of their associated resistors 141, 142 and 
143 is alWays a substantially constant. Therefore, currents, 
Which How to the respective grounded ends of the resistors 
141, 142 and 143, cancel each other and thus cause no change 
in the other currents of these three resistors. Thanks to this, it 
is not necessary that the analog ground provides a loW imped 
ance; for example, there is no need to provide a buffer of a 
high driving ability for the analog ground. 
[0052] As regards the analog output voltages, since the 
resistors 141, 142 and 143 are con?gured such that their 
resistance values are equal to each other, similarly to the 
output currents, the sum of the output voltages is alWays a 
substantially constant. Thus, the common-mode component 
of the output signal is substantially 0. 
[0053] In the ?rst embodiment, although the equation (3) is 
employed in the decoder 101, the relationship betWeen the 
input and output of the decoder 101 is determined in a one 
meaning manner and, therefore, the decoder 101 can also be 
realiZed using a lookup table. Also, of course, it is possible to 
use other various means, that is, the invention is not limited to 
the above-mentioned embodiment. 

Second Embodiment 

[0054] FIG. 6 is a circuit diagram of a D/A converter 200 
Which is a current-steering With tWo-phase input three-phase 
output according to a second embodiment of the above-men 
tioned principle. 
[0055] A D/A converter 200 according to the second 
embodiment includes: a decoder 201; constant-current 
sources 210-1, 210-2, . . . , 210-(2'"—l); FET-type transistors 

211-1, 212-1, 213-1, 211-2, 212-2, 213-2, . . . , 211-(2’"—l), 
212-(2’"—l), 213-(2’"—l); resistors 241, 242, 243; and analog 
terminals 251, 252, 253. 
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[0056] The transistors 211-1, 211-2, . . . , 211-(2'"—l), and 

resistor 241 cooperate together in constituting an analog volt 
age generating circuit corresponding to one phase. Also, the 
transistors 212-1, 212-2, . . . , 212-(2'"—l), and resistor 242 

cooperate together in constituting an analog voltage generat 
ing circuit corresponding to another one phase. Further, the 
transistors 213-1, 213-2, . . . , 213-(2'"—l), and resistor 243 

cooperate together in constituting an analog voltage generat 
ing circuit corresponding to still another one phase. Here, the 
constant-current sources 210-1, . . . , and 210-(2’"—1) are used 

in common in the respective analog voltage generating cir 
cuits. 

[0057] The decoder 201 decodes a tWo-phase m bit digital 
input signal expressing a tWo-dimension signal (I, Q) inputted 
therein to a three-phase m bit digital signal of a negative logic 
thermometer code. The decoder 201 converts the tWo-phase 
digital input signal so that the sum of three m bit digital signal 
values to be outputted simultaneously is a substantially con 
stant value. 

[0058] The decoder 201 can be realiZed by a digital circuit 
Which uses, for example, the equation (3). 
[0059] Of the three-phase digital signal Which is outputted 
as the negative logic thermometer code, the value of a certain 
phase (Which is hereinafter referred to as a ?rst phase) of the 
three phases is outputted using output terminals 202a-1 to 
202a-(2'"—1). Speci?cally, for example, When a value to be 
outputted is 0, the potentials of the output terminals 202a-1 to 
202a-(2’"— l) are all set in a Hi level (the potentials Which turn 
off the sWitch operations of the transistors 211-1 to 211-(2'"— 
1) , 212-1 to 212-(2’"—1), . . . , 213-1 to 213-(2’"—1) ); and, 

When the value to be outputted is l, 2, . . . , or m, of the output 

terminals 202a-1 to 202a-(2'"—1), the potential of one output 
terminal, the potentials of tWo output terminals, . . . , and the 

potentials of (2’"— 1) output terminals are set in a Lo level (the 
potentials Which turn on the sWitch operations of the transis 
tors 211-1 to 211-(2’"—1), 212-1 to 212-(2’"—l), 213-1 to 
213-(2’"—1)). 
[0060] Similarly, the value of the other phase (Which is 
hereinafter referred to as a second phase) than the above 
mentioned ?rst phase of the three phases is outputted using 
the output terminals 202b-1 to 202b-(2'"—l). This means that, 
for example, When a value to be outputted is 0, the potentials 
of the output terminals 202b-1 to 202b-(2’"—1) are set in the 
Hi level; and, When the value to be outputted is l, 2, . . . , or m, 

of the output terminals 202b-1 to 202b-(2’"—l), the potential 
of one output terminal, the potentials of tWo output terminals, 
. . . , and the potentials of (2’"—l) output terminals are set in the 

Lo level, respectively. 
[0061] Further, similarly, the value of the remaining one 
phase (Which is hereinafter referred to as a third phase) of the 
three phases is outputted using the output terminals 202c-1 to 
202c-(2’"—1). This means that, for example, When a value to 
be outputted is 0, the potentials of the output terminals 202c-1 
to 202c-(2’"—1) are set in the Hi level; and, When the value to 
be outputted is l, 2, . . . , or m, of the output terminals 202c-1 

to 202c-(2'"—1), the potential of one output terminal, the 
potentials of tWo output terminals, . . . , and the potentials of 

(2’"—l) output terminals are set in the Lo level, respectively. 
[0062] The values of bits to be outputted from these output 
terminals provide the control signals of the respective tran 
sistors respectively. 
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[0063] The constant-current sources 210-1, . . . , 210-(2'"— 

l) are connected to a common poWer supply having a voltage 
Vdd and respectively output output currents Which are equal 
to each other. 

[0064] The transistor 211-1 operates as a sWitch that con 
trols a How of a current inputted to a source terminal of the 
transistor 211-1 from the constant-current source 211-1 to the 
resistor 241. The current corresponds to the minimum unit of 
the ?rst phase. A gate terminal of the transistor 211-1 is 
connected to the output terminal 202a-1 of the decoder 201 
and thus, When the transistor 211-1 turns into the Lo level, it 
alloWs the How of the current. Also, the transistor 212-1 
operates as a sWitch that controls a How of a current inputted 
to the sources terminal of the transistor 212-1 from the con 
stant-current source 210-1 to the resistor 242. The current 
corresponds to the minimum unit of the second phase. A gate 
terminal of the transistor 212-1 is connected to the output 
terminal 202b-1 of the decoder 201 and thus, When the tran 
sistor 212-1 turns into the Lo level, it alloWs the How of the 
current. Further, the transistor 213-1 operates as a sWitch that 
controls a How of a current inputted to a source terminal of the 
transistor 213-1 from the constant-current source 210-1 to the 
resistor 243. The current corresponds to the minimum unit of 
the third phase. A gate terminal of the transistor 213-1 is 
connected to the output terminal 202c-1 of the decoder 201 
and thus, When the transistor 213-1 turns into the Lo level, it 
alloWs the How of the current. 

[0065] Similarly, the transistor 211-(2’"—1) operates as a 
sWitch that controls a How of a current inputted to a source 

terminal of the transistor 211-(2'"—1) from the constant-cur 
rent source 210-(2’"—l)to the resistor 241. The current corre 
sponds to the minimum unit of the ?rst phase. A gate terminal 
of the transistor 211-(2’"—1) is connected to the output termi 
nal 202a-(2’"—1) of the decoder 201 and thus, When the tran 
sistor 211-(2’"—1) turns into the Lo level, it alloWs the How of 
the current. 

[0066] Also, the transistor 212-(2’"—1) operates as a sWitch 
that controls a How of a current inputted to a source terminal 

of the transistor 212-(2'"— 1) from the constant-current source 
210-(2’"—1) to the resistor 242. The current corresponds to the 
minimum unit of the second phase. A gate terminal of the 
transistor 212-(2'"—1) is connected to the output terminal 
202b-(2’"— l) of the decoder 201 and thus, When the transistor 
212-(2’"—1) turns into the Lo level, it alloWs the How of the 
current. 

[0067] And, the transistor 213-(2’"—l) operates as a sWitch 
that controls a How of a current inputted to a source terminal 
of the transistor 213-(2’"— 1) from the constant-current source 
210-(2’"—1) to the resistor 243. The current corresponds to the 
minimum unit of the third phase. A gate terminal of the 
transistor 213-(2'"—1) is connected to the output terminal 
202c-(2’"— l) of the decoder 201 and thus, When the transistor 
213-(2’"—1) turns into the Lo level, it alloWs the How of the 
current. 

[0068] One end of the resistor 241 is grounded and, to the 
other end of the resistor 241, there is inputted the sum of 
currents Which are outputted from the respective drain termi 
nals ofthe transistors 211-1, 211-2, . . . , and 211-(2’"—l). A 
potential difference betWeen the tWo ends of the resistor 241 
provides an analog output signal OUTa of the ?rst phase. 
Also, one end of the resistor 242 is grounded and, to the other 
end of the resistor 242, there is inputted the sum of currents 
Which are outputted from the respective drain terminals of the 
transistors 212-1, 212-2, . . . , and 212-(2'"—l). A potential 
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difference between the tWo ends of the resistor 242 provides 
an analog output signal OUTb of the second phase. Further, 
one end of the resistor 243 is grounded and, to the other end 
of the resistor 243, there is inputted the sum of currents Which 
are outputted from the respective drain terminals of the tran 
sistors 213-1, 213-2, . . . , and 213-(2’"—l). Apotential differ 
ence betWeen the tWo ends of the resistor 243 provides an 
analog output signal OUTc of the third phase. The resistance 
values of the resistors 241, 242 and 243 are set equal to each 
other. 
[0069] The sum of currents to be outputted from the analog 
output terminals 251, 252 and 253 respectively provided on 
the other end sides of their associated resistors 241, 242 and 
243 is alWays a substantially constant. Therefore, currents, 
Which How to the respective grounded ends of the resistors 
241, 242 and 243, cancel each other and thus cause no change 
in the other currents of these three resistors. Thanks to this, it 
is not necessary that the analog ground provides a loW imped 
ance; for example, there is no need to provide a buffer of a 
high driving ability for the analog ground. 
[0070] As regards the analog output voltage, the resistors 
241, 242 and 243 are con?gured such that the resistance 
values are equal to each other and, therefore, similarly to the 
currents, the sum of the voltages is alWays a substantially 
constant. Thus, the common-mode component of the output 
signal is substantially 0. 
[0071] As described above, even When the thermometer 
code is used as the output of the decoder 201, the present 
invention can also be enforced. 
[0072] By the Way, in the second embodiment as Well, the 
decoder can also be realiZed using a lookup table. Also, of 
course, there can also be used other various means and the 
invention is not limited to the above embodiment. 

Third Embodiment 

[0073] NoW, FIG. 7 is a circuit diagram of a D/A converter 
Which is resistor string type and a tWo-phase input three 
phase output D/A converter 300 according to a third embodi 
ment of the present of the invention. 
[0074] The D/A converter 300 according to the third 
embodiment includes: a decoder 301; resistors 340-1, 340-2, 
340-(2’"+1); sWitches 311-1, 311-2, . . . , 311-2’", 312-1, 

312-2, . . . , 312-2'", 313-1, 313-2, . . . , 313-2'"; analog output 

terminals 351, 352, 353, and taps 341-1, 341-2, . . . , 341-2’". 
Here, m is equivalent to the resolution (bit) of the output 
voltages of the respective analog output terminals. 
[0075] The sWitches 311-1, 311-2, . . . , and 311-2’" coop 

erate together in constituting an analog voltage generating 
circuit Which corresponds to one phase. Also, the sWitches 
312-1, 312-2, . . . , and 312-2'" cooperate together in consti 

tuting an analog voltage generating circuit corresponding to 
another phase. Further, the sWitches 313-1, 313-2, . . . , and 
313-2m cooperate together in constituting an analog voltage 
generating circuit Which corresponds to still another phase. 
And, the resistors 340-1, 340-2, . . . , and 340-(2’"+l) are 
disposed in such a manner that they canbe used in common by 
the respective analog voltage generating circuits. 
[0076] The resistors 340-1, 340-2, . . . , and 340-(2’"—1) 
cooperate together in constituting a resistor string. The resis 
tance values ofthe resistors 340-1, 340-2, . . . , and 340-(2’"+ 

l) are set equal to each other. From the taps 341-1, 341-2, . . 
. , and 341-2'" of the resistor string, there can be taken out a 
voltage Which is obtained by dividing a reference voltage Vref 
at equal intervals. Of course, When the reference voltage Vref 
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is a positive voltage, there are obtained voltages that is, [the 
voltage at the tap 341-1>the voltage at the tap 341-2>the 
voltage at the tap 341-2'"]. 
[0077] In FIG. 7, to one end of the resistor 340-1, there is 
applied the reference voltage Vref. Also, the other end of the 
resistor 340-1 is connected to one end of the resistor 340-2, 
While the connecting portion betWeen the resistors 340-1 and 
340-2 is used as the tap 341-1. And, the other end of the 
resistor 340-2 is connected to one end of the resistor 340-3, 
While the connecting portionbetWeen the tWo resistors is used 
as the tap 341-2. Similarly, the other end of the resistor 340 
2'" is connected to one end of the resistor 340-(2'"+l), While 
the connecting portion betWeen the tWo resistors is used as the 
tap 341-2’". HoWever, the other end of the resistor 340-(2’"+ l) 
is grounded. 
[0078] The voltages of the taps 341-1, 341-2, . . . and 
341-2m are selected by the sWitches 311-1, 311-2, . . . , 311-2'", 

312-1, 312-2, . . . 312-2’", 313-1, 313-2, . . . , and 313-2’" and 

are outputted to the analog output terminals 351, 352 and 353. 
[0079] In FIG. 7, the respective ?rst ends of the sWitches 
311-1, 312-1 and 313-1 are connected to the tap 341-1. And, 
the respective ?rst ends of the sWitches 311-2, 312-2 and 
313-2 are connected to the tap 341-2. Similarly, the respective 
?rst ends of the sWitches 311-2'", 312-2’" and 313-2'" are 
connected to the tap 341-2'". 
[0080] The second ends ofthe sWitches 311-1, 311-2, . . . , 

and 311-2’" are respectively connected to the analog output 
terminal 351. The second ends of the sWitches 312-1, 312-2, 

. , and 312-2'" are respectively connected to the analog 

output terminal 352. Also, the second ends of the sWitches 
313-1, 313-2, and 313-2’" are respectively connected to the 
analog output terminal 353. 
[0081] One ofthe sWitches 311-1, 311-2, . . . , and 311-2’" 

is turned on to output the voltage of a tap connected to one end 
of the sWitch from the analog output terminal 351 . And, one of 
the sWitches 312-1, 312-2, . . . , and 312-2’" is turned on to 

output the voltage of a tap connected to one end of the sWitch 
from the analog output terminal 352 . Also, one of the sWitches 
313-1, 313-2, . . . , and 313-2’" is turned on to output the 

voltage of a tap connected to one end of the sWitch from the 
analog output terminal 353. 
[0082] The decoder 301 decodes a tWo-phase m bit digital 
input signal expressing a tWo-dimension signal (I, Q) inputted 
therein to a three-phase m bit digital signal. The decoder 301 
converts the tWo-phase digital input signal so that the sum of 
three m bit digital signal values to be outputted simulta 
neously is a substantially constant value. 
[0083] The decoder 301 can be realiZed by a digital circuit 
Which satis?es, for example, the equation (3). 
[0084] Of the output terminals 302a-1, 302a-2, . . . , and 

302a-2’", one output terminal, Which corresponds to a digital 
value in a certain phase (Which is hereinafter referred to a ?rst 
phase) of a three-phase digital signal to be outputted there 
from, is turned into the Lo level, Whereas the other remaining 
output terminals remain in the Hi level. 
[0085] Similarly, of the output terminals 302b-1, 302b-2, 
and 302b-2'", one output terminal, Which corresponds to a 
digital value in a certain phase (Which is hereinafter referred 
to a second phase) of a three-phase digital signal to be out 
putted therefrom, is turned into the Lo level, Whereas the 
other remaining output terminals remain in the Hi level. 
[0086] Further similarly, of the output terminals 302c-1, 
302c-2, . . . , and 302c-2’", one output terminal, Which corre 

sponds to a digital value in a certain phase (Which is herein 
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after referred to a third phase) of a three-phase digital signal 
to be outputted therefrom, is turned into the Lo level, Whereas 
the other remaining output terminals remain in the Hi level. 
[0087] In other Words, in order to turn on only one of plural 
switches connected to an analog output terminal, only one of 
plural output terminals of the decoder 301 corresponding to a 
phase is turned into the Lo level and the other remaining 
output terminals are held in the Hi level. The voltage levels of 
these output terminals provide the control signals of the 
respective sWitches. That is, the output terminal 302a-1 is 
connected to a control terminal of the sWitch 311-1 to control 
the on/off of the sWitch 311-1. Speci?cally, When the output 
terminal 302a-1 is in the Lo level, the sWitch 311-1 turns on 
and the voltage at the tap 341-1 is outputted from the analog 
output terminal 351. When the output terminal 302a-1 is in 
the Hi level, the sWitch 311-1 turns off and the voltage at the 
tap 341-1 is not outputted from the analog output terminal 
351. 
[0088] The output terminal 302b-1 is connected to a control 
terminal of the sWitch 311-1 to control the on/off of the sWitch 
312-1. Speci?cally, When the output terminal 302b-1 is in the 
Lo level, the sWitch 312-1 turns on and the voltage at the tap 
341-1 is outputted from the analog output terminal 352. When 
the output terminal 302b-1 is in the Hi level, the sWitch 312-1 
turns off and the voltage at the tap 341-1 is not outputted from 
the analog output terminal 352. 
[0089] The output terminal 302c-1 is connected to a control 
terminal of the sWitch 313-1 to control the on/off of the sWitch 
313-1. Speci?cally, When the output terminal 302c-1 is in the 
Lo level, the sWitch 313-1 turns on and the voltage at the tap 
341-1 is outputted from the analog output terminal 353. When 
the output terminal 302c-1 is in the Hi level, the sWitch 313-1 
turns off and the voltage at the tap 341-1 is not outputted from 
the analog output terminal 353. 
[0090] Similarly, the output terminal 302a-2'" is connected 
to a control terminal of the sWitch 311-2’" to control the on/off 
of the sWitch 311-2'". Speci?cally, When the output terminal 
302a-2m is in the Lo level, the sWitch 311-2’" turns on and the 
voltage at the tap 341-2’" is outputted from the analog output 
terminal 351. When the output terminal 302a-2’" is in the Hi 
level, the sWitch 311-2’" turns off and the voltage at the tap 
341-2m is not outputted from the analog output terminal 351. 
[0091] And, the output terminal 302b-2’" is connected to a 
control terminal of the sWitch 312-2'" to control the on/off of 
the sWitch 312-2'". Speci?cally, When the output terminal 
302b-2m is in the Lo level, the sWitch 312-2’" turns on and the 
voltage at the tap 341-2’" is outputted from the analog output 
terminal 352. When the output terminal 302b-2’" is in the Hi 
level, the sWitch 312-2’" turns off and the voltage at the tap 
341-2m is not outputted from the analog output terminal 352. 
[0092] Also, the output terminal 302c-2’" is connected to 
the control terminal of the sWitch 313-2’" to control the on/off 
of the sWitch 313-2’". Speci?cally, When the output terminal 
302c-2m is in the Lo level, the sWitch 313-2'" turns on and the 
voltage at the tap 341-2’" is outputted from the analog output 
terminal 353. When the output terminal 302c-2’" is in the Hi 
level, the sWitch 313-2’" turns off and the voltage at the tap 
341-2m is not outputted from the analog output terminal 353. 
[0093] The decoder 301 selects the output terminal to be 
turned into the Lo level according to the equation (3) so that 
a sum of the values of the output digital values of the three 
phases is a substantially constant. As a result of this, the sum 
of the voltages to be outputted from the analog output termi 
nals 351, 352 and 353 is alWays a substantially constant. 
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[0094] As described above, the present invention can be 
enforced even When there is employed the embodiment in 
Which the output voltage of the decoder 301 is divided by the 
resistor string. 
[0095] By the Way, in third embodiment as Well, the 
decoder 301 can also be realiZed using a lookup table. Also, it 
goes Without saying that other various means can also be used 
and the present invention is not limited to the above-men 
tioned embodiment. 
[0096] And, When the minimum output voltage of the D/A 
converter 300 is set for 0 and the maximum voltage thereof is 
set for the reference voltage Vref, the tWo resistors 340-1 and 
340-(2’"+l) can be saved; that is, the number of resistors 
necessary can be reduced doWn to (2’"—l) 

Fourth Embodiment 

[0097] FIG. 8 shoWs a circuit diagram of D/A converter 400 
Which is a current-steering and tWo-phase input three-phase 
output according to a fourth embodiment of the invention. 
[0098] The D/A converter 400 according to the fourth 
embodiment includes: a decoder 401; constant-current 
sources 410-1, 410-2, 410-3; plural FET-type transistors; 
resistors 441, 442, 443; and analog output terminals 451, 452, 
453. 
[0099] The constant-current source 410-1 and transistors 
412-1, 413-1 cooperate together in constituting a ?rst analog 
output signal generating circuit. Similarly, the constant-cur 
rent source 410-2 and transistors 412-2, 413-2 cooperate 
together in constituting a second analog output signal gener 
ating circuit; and, the constant-current source 410-3 and tran 
sistors 412-3, 413-3 cooperate together in constituting a third 
analog output signal generating circuit. 
[0100] While, in the second embodiment, the number of the 
transistors that control currents is necessary three times the 
number of the current sources. In the second embodiment, 1/3 
of a maximum voltage at the analog output terminals corre 
sponds to an average voltage of the three analog output ter 
minals, that is, corresponds to a common-mode output volt 
age. Therefore, according to the second embodiment, it may 
be possible to output voltage in positive tWo times as that in 
negative With respect to the common-mode output voltage. 
HoWever, it is frequent that a signal used in radio communi 
cation has same amplitude both in positive and in negative 
With respect to the Common-mode output. Consequently, the 
D/A converter according to the second embodiment has 
redundancy. On the other hand, according to the fourth 
embodiment, the number of transistors is 2/3 of the number of 
current sources in the D/A converter 400. That is, the number 
of transistors becomes 2/3 compared With the second embodi 
ment. Each of the current sources is connected to only tWo 
output terminals through tWo transistors and not connected to 
one output terminal. In terms of one output terminal, maxi 
mum output voltage reduces to 2/3 of that in the second 
embodiment since 1/3 of the Whole current sources are not 
connected to the output terminal. HoWever, D/A converter is 
also useful Whose output voltage is from 0 to 2/3 as 1/3 is taken 
as center value since it is frequent that a signal used in radio 
communication has same amplitude both in positive and in 
negative as described above. In other Words, While 1/3 of 
transistors are saved, the siZe reduction of the circuit can be 
realiZed. 
[0101] The constant-current sources 410-1, . . . , and 410-3 

are respectively connected to a common poWer supply having 
a voltage Vdd, and they output currents Which are equal to 
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each other. The constant-current sources 410-1, . . . , and 

410-3 are disposed as a con?guration Which can be used in 
common in the respective analog voltage generating circuits. 
However, as described above, one constant-current source is 
used in common in tWo analog voltage generating circuits. By 
the Way, it is not alWays necessary that the constant-current 
sources are equal to each other; for example, a Weight of 2k 
can also be applied to one or more of the current sources. 

[0102] The decoder 401 decodes a tWo-phase digital input 
signal expressing a tWo-dimension signal (I, Q) inputted 
therein to a three-phase digital signal of a negative logic code. 
The decoder 401 converts the tWo-phase digital input signal 
so that the sum of three digital signal values to be outputted 
simultaneously is a substantially constant value. 

[0103] The decoder 401 can be realiZed by a digital circuit 
Which employs, for example, the equation (3). 
[0104] One end of the resistor 441 is grounded; and, to the 
other end thereof, there is inputted a sum of currents that are 
outputted from drain terminals of the transistor 411 group. A 
potential difference betWeen tWo ends of the resistor 441 
provides an analog output signal OUTa of the ?rst phase. And, 
one end of the resistor 442 is grounded; and, to the other end 
thereof, there is inputted a sum of currents that are outputted 
from drain terminals of the transistor 412 group. A potential 
difference betWeen tWo ends of the resistor 442 provides an 
analog output signal OUTb of the second phase. Also, one end 
of the resistor 443 is grounded; and, to the other end thereof, 
there is inputted a sum of currents that are outputted from 
drain terminals of the transistor 413 group. A potential dif 
ference betWeen tWo ends of the resistor 443 provides an 
analog output signal OUTc of the third phase. The resistance 
values of the resistors 441, 442 and 443 are set equal to each 
other. 

[0105] The sum of currents, Which is to be outputted from 
analog output terminals 451, 452 and 453 respectively pro 
vided on the other end sides of the resistors 441, 442 and 443, 
is alWays a substantially constant. OWing to this, currents, 
Which How to the respective grounded ends of the resistors 
441, 442 and 443, cancel each other and thus these currents 
have no in?uence on other currents ?oWing in these three 
resistors. Therefore, the analog ground need not provide a loW 
impedance; for example, it is not necessary to provide a buffer 
of a high driving ability for the analog ground. 
[0106] As regards the analog output voltages, since the 
resistors 441, 442 and 443 are all equal in the resistance 
values thereof, similarly to the currents, the sum of the analog 
output voltages is a substantially constant, that is, as the same 
phase components of a signal, the sum of the voltages is 
substantially 0. 
[0107] As described above, the present invention can also 
be enforced even When the output of the decoder 401 is set in 
a thermometer code. 

[0108] By the Way, according to the fourth embodiment as 
Well, the decoder 401 can also be realiZed using a lookup 
table. 

[0109] Also, as shoWn in FIG. 8, the constant-current 
source groups may also be arranged adjacently to each other 
physically in the order of numerals shoWn after “—”. 

[0110] Further, it goes Without saying that other various 
means can also be used and the invention is not limited to the 
above embodiment. 
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Fifth Embodiment 

[0111] FIG. 9 is a block diagram of a transmitter 900 
including the output D/A converter With tWo-phase input 
three-phase according to the above-mentioned embodiments. 
[0112] The transmitter 900 includes: a digital transmission 
data generating unit 901; a D/A converter 902; local signal 
generators 903, 904, 905; multipliers 906, 907, 908; an adder 
909; a poWer ampli?er 910; and an antenna 911. 

[0113] The D/A converter 902 converts tWo-phase digital 
transmission data 950 and 951 of an I signal and a Q signal to 
be outputted from the digital transmission data generating 
unit 901 to three-phase analog signals 952, 953 and 954. 
Here, the I signal and Q signal are tWo-phase (tWo-dimen 
sional) digital data in Which information to be transmitted is 
expressed as complex signals. 
[0114] As the D/A converter 902, there can be used the D/A 
converts 100, 200, 300 and 400 respectively according to the 
above-mentioned embodiments. 

[0115] The local signal generator 903 oscillates a local 
signal (a local oscillation signal) 955 to be multiplied by the 
analog signal 952. The local signal generator 904 oscillates a 
local signal 956 shifted in phase by 1200 in relation to the 
local signal 955. The local signal generator 905 oscillates a 
local signal 957 shifted in phase by 1200 in relation to the 
local signal 955 in the reverse direction to the local signal 956. 
That is, phases ofthe local signals 955,956, 957 are shifted by 
(2/3)J'|§. Generally, When n is any integer, phases of local signals 
may be shifted by (2/n)s'c. 
[0116] The multiplier 906 multiplies the analog signal 952 
and local signal 955 and outputs the product thereof. The 
multiplier 907 multiplies the analog signal 953 and local 
signal 956 and outputs the product thereof. The multiplier 908 
multiplies the analog signal 954 and local signal 957 and 
outputs the product thereof. 
[0117] The adder 909 adds the outputs of the multipliers 
906, 907 and 908, and outputs the sum thereof. 

[0118] The poWer ampli?er 910 ampli?es the output of the 
adder 909. 

[0119] The antenna 911 radiates the output of the adder 909 
ampli?ed by the poWer ampli?er 910. 
[0120] In the transmitter 900 according to the ?fth embodi 
ment, differently from a conventional transmitter Which uses 
tWo one-phase input one-phase output D/A converters for an 
I signal and a Q signal, it is possible to reduce the deteriora 
tion of the accuracy of a complex signal caused by a matching 
error betWeen the tWo D/ A converters. Also, When compared 
With a transmitter using tWo D/A converters for I/ Q, the 
number of transistors as Well as the number of resistors can be 
theoretically reduced to 3A and, therefore, the chip area and 
poWer consumption of the ?fth embodiment can be reduced 
accordingly. 
[0121] According to embodiments described above, a D/A 
converter controls the inconsistency of the analog conversion 
accuracy of a digital multi-dimensional signal such as a com 
plex signal. 
[0122] The present invention is not limited to the above 
embodiments as they are but, in the enforcing stage of the 
invention, the invention can be embodied While the compos 
ing elements thereof are changed or modi?ed Without depart 
ing from the subject matter of the invention. Also, When the 
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tWo or more composing elements disclosed in the above 
mentioned embodiments are properly combined together, 
there can be developed various inventions. For example, some 
of all the composing elements shoWn in the above-mentioned 
embodiments can also be removed. Also, the composing ele 
ments used in the different embodiments can also be properly 
combined together. 
What is claimed is: 
1. A digital/analog converting method comprising: 
converting a (n—l)-phase input digital signal to a n-phase 

output digital signal; and 
generating analog signals according to the n-phase output 

digital signal, 
Wherein n is an integer more than 1. 
2. The digital/ analog converting method according to claim 

1: 
Wherein the analog signals are generated according to the 

n-phase output digital signal, respectively. 
3. The digital/ analog converting method according to claim 

1: 
Wherein the (n- 1 )-phase input digital signal is converted to 

the n-phase output digital signal so that a sum of values 
of the analog signals to be generated by the generating 
step is a substantially constant value. 

4. A digital/analog converting method comprising: 
converting a tWo-phase input digital signal comprising a 

?rst-phase input digital signal and a second-phase input 
digital signal, to a three-phase output digital signal com 
prising a ?rst-phase output digital signal, a second 
phase output digital signal and a third-phase output digi 
tal signal, according to the folloWing relationship: 
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Wherein a is the ?rst-phase output digital signal, b is the 
second-phase output digital signal, c is the third-phase 
output digital signal, I is the ?rst-phase input digital 
signal and Q is the second-phase input digital signal; 

generating ?rst to third analog signals according to the ?rst 
to third-phase output digital signals. 

5. The digital/analog converting method according to claim 

Wherein the ?rst analog signal is generated according to the 
?rst-phase output digital signal, 

Wherein the second analog signal is generated according to 
the second-phase output digital signal, and 

Wherein the third analog signal is generated according to 
the third-phase output digital signal. 

6. A transmitting method comprising: 
converting a (n—l)-phase input digital signal to a n-phase 

output digital signal; 
generating n analog signals according to the n-phase output 

digital signal; 
generating n local signals With phases being shifted in 

relation to one another; 
multiplying the n analog signals by the n local signals, 

respectively; 
adding n outputs of the multiplying step; 
amplifying a signal from the adding step; and 
radiating the ampli?ed signal, 
Wherein n is an integer more than 1. 
7. A transmitting method according to claim 6, 
Wherein the analog signals are generated according to the 

n-phase output digital signal, respectively. 
8. The transmitting method according to claim 6, Wherein 

the (n—l)-phase input digital signal is converted to the 
n-phase output digital signal so that a sum of values of the 
analog signals to be generated by the generating step is a 
substantially constant value. 

9. The transmitting method according to claim 10, 
Wherein the n local signals are generated With phases being 

shifted in relation to one another at least by (2/n)s'c. 

* * * * * 


