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(54) Current addition type D/A converter

(57) The current addition type D/A converter of the
present invention is equipped with a control circuit to re-
duce power consumption.

A control signal is input from a control terminal (17),
the resistance value of a resistor (10) that determines a
reference current of a current mirror is multiplied n-fold
and thereby the operating current of current cell matrix
(1) is reduced to (1/n). On the other hand, the resistance

value of a current/voltage conversion resistor (16) is
multiplied n-fold so as to compensate the reduction of
the operating current and maintain a predetermined D/
A conversion rate. Normally, there is no input near an
upper limit of the input dynamic range, and therefore
there is no inconvenience regarding the conversion rate
of the D/A converter even if the operating current is re-
duced.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a current ad-
dition type D/A converter.

Description of the Related Art

[0002] A cellular phone set based on a CDMA com-
munication system sends an analog signal converted by
a D/A converter from a digital signal subjected to
spreading/modulation.
[0003] The performance required of a D/A converter
is determined by, for example, IMT2000, a worldwide
unified standard for mobile communications. For exam-
ple, the standard specifies the number of gradations of
a D/A converter and the range of a maximum allowable
conversion rate when digital data is converted to an an-
alog signal, etc.
[0004] When extremely fast D/A conversion is re-
quired, a current addition type (flash type) D/A converter
is used. A current addition type D/A converter is a type
of converter that generates a current corresponding to
an input digital signal, flows the current into a current/
voltage conversion resistor and thereby obtains voltage
output corresponding to the input value.
[0005] Suppose a digital signal input to the current ad-
dition type D/A converter takes 256 values. Also sup-
pose 256 reference current sources are provided in re-
sponse to the input value. Then, according to "1" and
"0" of the input bits, switching ON/OFF of the reference
current sources corresponding to the input bits is con-
trolled. A/D conversion is implemented by adding up
currents output from ON-state reference current sourc-
es and converting the total current to a voltage.
[0006] In a current addition type D/A converter, a pre-
determined amount of current flows constantly through
multiple reference current sources. This involves a prob-
lem that it is difficult to reduce power consumption.
[0007] However, it is not possible to reduce currents
themselves generated by the reference current sources,
either. This is because reducing the amount of current
of each reference current source itself reduces the D/A
conversion rate, failing to satisfy the predetermined
standard.
[0008] On the other hand, for a mobile communication
apparatus such as a cellular phone, reduction of power
consumption of the apparatus is a stringent require-
ment. This involves a problem that if power consumed
by the D/A converter increases too much, its power con-
sumption does not meet the power consumption stand-
ard for the cellular phone. Another problem with the con-
ventional addition type D/A converter is that it forces pe-
ripheral circuits to reduce power consumption exces-
sively.

[0009] The present invention has been implemented
to solve such problems and it is an object of the present
invention to effectively suppress the amount of power
consumption of a D/A converter.

SUMMARY OF THE INVENTION

[0010] The D/A converter of the present invention has
a circuit configuration to reduce power consumption.
[0011] The performance of a D/A converter specified
by a standard is naturally based on the premise that con-
version output will be obtained within a predetermined
time regardless of the type of input. That is, the standard
specifies the highest performance.
[0012] As the value of a digital signal input increases,
the voltage after D/A conversion increases proportion-
ally. Generating a high voltage within a predetermined
time using a current/voltage conversion resistor re-
quires a great amount of current. The standard specifi-
cation determines an amount of reference current so
that a conversion voltage can be generated within a pre-
determined time even in the case of data input at an up-
per limit of the dynamic range of the D/A converter.
[0013] However, it is extremely rare that data near an
upper limit of the dynamic range of the D/A converter is
actually input except the case where a communication
apparatus is used for a special purpose. Therefore, if
there is obviously no high level input, reducing the
amount of reference current produces no problem. That
is, with low level input, it is possible to generate a con-
version voltage within a predetermined time even if the
amount of reference current is reduced.
[0014] Thus, for example, a circuit condition in a low
consumption mode is set and the amount of reference
current reduced at factory settings. It is possible to re-
duce the amount of reference current by appropriately
combining a change of the size of MOS transistors, re-
placement of fixed resistors with variable resistors or
modification of input data.
[0015] An embodiment of the present invention, for
example, cuts a current that flows through a current mir-
ror by half to reduce the operating current of the D/A
converter to a half. On the other hand, it doubles the
resistance of the current/voltage conversion resistor
(variable resistor) to generate a predetermined conver-
sion voltage. Instead of doubling the resistance value,
it is also possible to apply shift processing to an input
digital value to compensate the amount of current re-
duced.
[0016] Another embodiment of the present invention
reduces the amount of operating current by turning OFF
unnecessary current cells.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The above and other objects and features of
the invention will appear more fully hereinafter from a
consideration of the following description taken in con-

1 2



EP 1 130 781 A2

3

5

10

15

20

25

30

35

40

45

50

55

nection with the accompanying drawing wherein one ex-
ample is illustrated by way of example, in which;

FIG.1 is a circuit diagram showing a configuration
of a current addition type D/A converter according
to Embodiment 1 of the present invention;
FIG.2 is a circuit diagram showing a configuration
of a current addition type D/A converter according
to Embodiment 2 of the present invention;
FIG.3 is a circuit diagram showing a configuration
of a current addition type D/A converter according
to Embodiment 3 of the present invention;
FIG.4 is a circuit diagram showing a configuration
of a current addition type D/A converter according
to Embodiment 4 of the present invention;
FIG.5 is a circuit diagram showing a configuration
of a current addition type D/A converter according
to Embodiment 5 of the present invention;
FIG.6 is a circuit diagram showing a configuration
of a current addition type D/A converter according
to Embodiment 6 of the present invention;
FIG.7 is a circuit diagram showing a configuration
of a current addition type D/A converter according
to Embodiment 7 of the present invention;
FIG.8 is a circuit diagram showing a configuration
of a current addition type D/A converter according
to Embodiment 8 of the present invention;
FIG.9 is a block diagram showing an overall config-
uration of a cellular phone set equipped with a cur-
rent addition type D/A converter of the present in-
vention;
FIG.10A illustrates a time variation of an input volt-
age of a D/A converter;
FIG.10B is a waveform diagram showing an exam-
ple of transmit power (adjacent channel leakage
power) versus the frequency of a transmission sig-
nal in a transmitter of a cellular phone;
FIG.10C is a waveform diagram showing another
example of transmit power (adjacent channel leak-
age power) versus the frequency of a transmission
signal in a transmitter of a cellular phone; and
FIG.11 illustrates a circuit showing a configuration
example of a current addition type D/A converter
without using the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0018] With reference now to FIG.10A, 10B and 10C,
the reason that the present invention can reduce power
consumption of a D/A converter will be explained in de-
tail below.
[0019] FIG.10A shows a voltage transition with re-
spect to an elapsed time (horizontal axis) when the volt-
age between both ends of a current/voltage conversion
resistor rises from V1 to V3 through V2. In the figure,
suppose period T1 is an allowable conversion time.
[0020] Attempting to generate a high-level voltage V3

will require the voltage to be increased drastically. How-
ever, if only a low-level voltage V2 needs to be gener-
ated, it is understandable that a voltage rise can take
place slowly.
[0021] FIG.10B and 10C show transmit power (verti-
cal axis) with respect to the frequency (horizontal axis)
of a D/A converter used for transmission of a cellular
phone when the operating current of the D/A converter
is reduced. That is, FIG.10B and 10C show adjacent
channel leakage power in the transmitter.
[0022] Here, FIG.10B shows adjacent channel leak-
age power when the voltage of a signal to be transmitted
is high (that is, the output level of the D/A converter is
high). FIG.10C shows adjacent channel leakage power
when the voltage of a signal to be transmitted is low (that
is, the output level of the D/A converter is low). In the
figure, "LV" indicates a noise floor (the level of normal
noise).
[0023] When the level of a signal to be transmitted is
high (FIG.10B), leakage power due to harmonic distor-
tion that occurs in the D/A converter is detected in chan-
nels (frequency f2) adjacent to the transmission channel
(frequency f1) and this increases noise. Therefore, re-
ducing the amount of current under a circumstance un-
der which a signal near an upper limit of the dynamic
range is input to the D/A converter will increase noise,
which is not desirable.
[0024] However, in the case where the voltage of a
signal to be transmitted is small (FIG.10C), though a
similar curve of adjacent leakage power exists, the
curve sinks by the amount of a drop in the voltage level.
After all, the level of noise caused by adjacent leakage
power falls below the level of the noise floor (LV) and
buried in the noise floor (normal noise level). In a normal
communication, almost no high level is input near an up-
per limit of the dynamic range. That is, the output level
of the D/A converter is not so big.
[0025] Therefore, under a normal communication
condition, reducing the operating current to reduce pow-
er consumption causes no problem with noise deriving
from adjacent leakage power.
[0026] As is clear from the above explanation, in the
case where the voltage of an input digital signal does
not reach a high value in a transmitter, decreasing the
current of the D/A converter as shown in FIG.10C caus-
es no actual problems.
[0027] For example, if a conversion rate of 1 to 200
gradations is guaranteed with a 256-gradation D/A con-
verter, there is no problem even if conversion in the high-
level gradation area becomes a little slower.
[0028] Focused on such a point, the present invention
makes it possible to select a mode to reduce current
consumption appropriately using a control signal from
the outside.

(Embodiment 1)

[0029] FIG.1 is a circuit diagram showing a configu-
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ration of a current addition type D/A converter according
to Embodiment 1 of the present invention.
[0030] On the other hand, FIG.11 is a circuit diagram
showing a basic configuration of a current addition type
D/A converter without using the present invention. First,
a basic configuration of a current addition type D/A con-
verter will be explained using FIG.11.
[0031] As shown in FIG.11, this D/A converter com-
prises a current cell matrix 1 (equipped with a plurality
of current cells C0 to C255), bias circuit 2, decoder 50
that decodes a digital signal input from input terminal
14, resistor 20 (resistance value "R1") and resistor 18
(resistance value "R2").
[0032] Resistor 18 (resistance value "R2") shown at
the bottom right of the figure is a current/voltage con-
version resistor. Currents output from current cells C0
to C255 that form current matrix 1 flow into this current/
voltage conversion resistor 18 and the voltage output to
output terminal 15 is determined by a product of the sum
total of these currents by the resistance value of resistor
18 (that is, "R2").
[0033] Each of current cells C0 to C255 that form cur-
rent cell matrix 1 has, as shown in the figure, PMOS tran-
sistor (current source transistor) 11 that supplies a cur-
rent and switching PMOS transistors (12, 13 ... 12', 13')
that form a differential pair to select whether the current
should be input to current/voltage conversion resistor 18
or thrown out to ground.
[0034] Voltage VB at voltage terminal 7 is commonly
applied to the gates of switching PMOS transistors
(13 ... 13') in current cells C0 to C255.
[0035] On the other hand, the output voltage of de-
coder 50 (decoded output voltage) is applied to the
gates of switching PMOS transistors (12 ... 12') in cur-
rent cells C0 to C255.
[0036] If the gate voltage of switching transistor 12 is
greater than reference voltage VB, transistor 12 (12')
turns OFF and transistor 13 (13') turns ON, and the cur-
rent (I) of its current cell flows into current/voltage con-
version resistor 18. On the other hand, if the gate voltage
of switching transistor 12 (12') is smaller than reference
voltage VB, transistor 12 (12') turns ON and transistor
13 (13') turns OFF and the current (I) of its current cell
flows to ground.
[0037] In FIG.11, bias circuit 2 is a circuit that makes
it possible to supply current I in current cells C0 to C255
that form current cell matrix 1.
[0038] As shown in the figure, bias circuit 2 comprises
operational amplifier 5 that receives reference voltage
VA and reference voltage VB as inputs, PMOS transis-
tors 8 and 9, and reference resistor 20 (resistance value
"R1").
[0039] PMOS transistor 8 and current source transis-
tors (11 ... 11') in current cells C0 to C255 form a current
mirror.
[0040] Since the voltage of the non-inversion input
terminal of operational amplifier 5 is equal to reference
voltage VA, reference current I on the input side of the

current mirror is obtained by dividing reference voltage
VA by the resistance value (R1) of reference resistor 20.
That is, I = VA/R1.
[0041] Since this reference current I flows through
PMOS transistors 8 and 9, the reference current on the
input side of the current mirror is I (= VA/R1). If the cur-
rent mirror ratio of the current mirror is designed to be
1:1, that is, if the channel conductance (W/L) of transis-
tor 8 and that of transistor 11 are designed to be identi-
cal, output current I is obtained from current source tran-
sistor 11 of each of current cells C0 to C255.
[0042] Output current I of each current cell is added
up according to the output of decoder 50, converted to
a voltage by current/voltage conversion resistor 18 and
the output of the current addition type D/A converter is
obtained from output terminal 15.
[0043] This completes the explanation of the basic cir-
cuit configuration of the current addition type D/A con-
verter.
[0044] Next, the D/A converter according to Embodi-
ment 1 of the present invention shown in FIG.1 will be
explained.
[0045] The D/A converter of this embodiment is char-
acterized by the ability to change the mode of the current
addition type D/A converter to a low power consumption
mode by adding control terminal 17 and inputting a con-
trol signal from control terminal 17.
[0046] That is, providing a resistance value of refer-
ence resistor (variable resistor) 10 twice that of the prior
art in FIG.11 (that is, 2·R1) reduces the reference cur-
rent of the current mirror to 1/2 and reduces the operat-
ing current in current cells C0 to C255 to 1/2. On the
other hand, to compensate the 50% reduction in the cur-
rent, the resistance value of current/voltage conversion
resistor 16 is doubled (that is, 2·R2) and the amount of
a voltage drop is kept the same as the prior art. In this
way, a conversion voltage equivalent to that of the prior
art is output.
[0047] The basic configuration of the D/A converter in
FIG.1 is the same as the conventional example in FIG.
11. The same components of the D/A converter in FIG.
1 as those in FIG.11 are assigned the same reference
numerals.
[0048] In FIG.1, current cell matrix 1 has a plurality of
current cells (C0 to C255).
[0049] A bias voltage is applied from bias circuit 2 to
the gates of current source transistors (11 ... 11') of cur-
rent cells (C0 to C55).
[0050] Bias circuit 2 comprises operational amplifier
5, PMOS transistor 8 on the reference side of the current
mirror and switching transistor (PMOS transistor) 9. This
switching transistor 9 is provided so that the circuit on
the reference side of the current mirror has a configura-
tion equivalent to the circuit configuration of current cells
C0 to C255. Transistor 8 and transistors (11 ... 11') that
form the current mirror have the same structure and
size. That is, each transistor has the same channel con-
ductance W/L, and therefore the current mirror ratio is
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1:1.
[0051] A reference voltage (VA) is applied to the in-
version terminal of operational amplifier 5 from terminal
6. A switching control voltage (VB) is applied to the gate
of switching transistor 9 from terminal 7.
[0052] Furthermore, reference resistor 10 is a resistor
whose resistance value can be changed (variable resis-
tor). The resistance value of reference resistor 10 varies
depending on a control voltage applied from the outside
via control terminal 17. Control terminal 17 is a terminal
to input a control signal to switch the mode of the D/A
converter to a low power consumption mode.
[0053] n-bit input data is input from terminal 14. The
n-bit input data is decoded by decoder 50. ON/OFF of
the differential switching transistors (12 ... 12') in current
cells C0 to C255 is controlled according to H/L of the
output voltage of decoder 50.
[0054] Current/voltage conversion resistor 16 con-
verts currents input from On-state current cells (C0 to
C255) to a voltage. The resistance value of current/volt-
age conversion resistor 16 varies depending on the con-
trol signal input from control terminal 17.
[0055] The operation of the current addition type D/A
converter of this embodiment with such a configuration
will be explained below.
[0056] In bias circuit 2, an imaginary short is estab-
lished at operational amplifier 5 and the potential at the
non-inversion input terminal of operational amplifier 5
becomes equal to reference voltage VA applied to ref-
erence voltage input terminal 6. Therefore, the refer-
ence current is determined by reference voltage VA and
the resistance value of reference resistor 10.
[0057] This current becomes the current that flows
through transistor 8 on the reference side of the current
mirror. Then, this current is mirrored and becomes an
operating current in current cells C0 to C255.
[0058] In current cells C0 to C255, when the gate volt-
age of PMOS transistor 12 falls below the gate voltage
(= VB) of PMOS transistor 13 as a result of decoding by
decoder 50, PMOS transistor 12 turns ON and the cur-
rent of the current cell flows into current/voltage conver-
sion resistor 16. This results in a conversion output.
[0059] On the other hand, in a current cell in which the
gate voltage of PMOS transistor 12 is higher than VB,
PMOS transistor 13 turns ON and the current of the cur-
rent cell is thrown out to ground.
[0060] In this embodiment, at the factory setting, a
control signal is input from control signal input terminal
17 and the resistance value of reference resistor 10 is
set to 2·R1 and the amount of reference current is set
to 1/2 of the example in FIG.11 and thereby the operat-
ing current in current cells C0 to C255 is reduced by half.
[0061] On the other hand, to compensate this reduc-
tion in the amount of current and keep the conversion
output the same as the previous level, the resistance
value of current/voltage conversion resistor 16 is dou-
bled (2·R2).
[0062] This makes it possible to reduce the current in

bias circuit 2 by half and also reduce the operating cur-
rent in current cell matrix 1 by half. This allows power
consumption of the current addition type D/A converter
to be reduced.
[0063] In this embodiment, the amount of current dur-
ing low power consumption is reduced to 1/2, but the
present invention is not limited to this. For example, it is
also possible to reduce the amount of current to 1/4 or
1/8. Furthermore, selection of a low power consumption
mode can also be left to the discretion of the customer.
[0064] The extent to which the operating current can
be reduced can be estimated to a certain degree by ex-
amining the past history of the output dynamic range of
the signal to be sent.
[0065] That is, the dynamic range actually required for
a D/A converter is estimated by examining the past op-
erations of a communication apparatus. Then, a control
signal at a desired level is given from control terminal
17 so that a predetermined conversion rate is guaran-
teed for the input signal within the dynamic range. This
makes it possible to effectively reduce the operating cur-
rent of the D/A converter while securing the function ac-
tually required of the D/A converter.
[0066] Adjustments for reducing power consumption
of the D/A converter based on an analysis of past oper-
ation states can be automated by control using a com-
puter. Such a control method can also be equally adopt-
ed in the D/A converters in the following embodiments.

(Embodiment 2)

[0067] FIG.2 is a circuit diagram showing a configu-
ration of a current addition type D/A converter according
to Embodiment 2 of the present invention.
[0068] The basic configuration is the same as that of
the circuit in FIG.1. However, this embodiment is pro-
vided with bit shift circuit 19 that applies a bit shift to a
signal output from decoder 50. Moreover, current/volt-
age conversion resistor 18 is fixed at resistance value
R2 as in the case of the circuit in FIG.11 and this is what
differs from the circuit in FIG.1.
[0069] Through a control signal input from control sig-
nal input terminal 17, the resistance value of reference
resistor 10 is doubled, the reference current (current on
the input side of the current mirror) is reduced to 1/2 and
the operating current of current cells C0 to C255 is re-
duced by half. This makes it possible to reduce the op-
erating currents of both the bias circuit and current cells
by half as in the case of the aforementioned embodi-
ment.
[0070] However, since the conversion output of the D/
A converter is reduced to 1/2 in this way, a bit shift is
applied to the output data of decoder 50 and the data
value is doubled to prevent the conversion output of the
D/A converter from being reduced to 1/2. This doubles
the number of current cells that supply currents to cur-
rent/voltage conversion resistor 18 and obtains the con-
version output equivalent to that of the circuit in FIG.1.

7 8



EP 1 130 781 A2

6

5

10

15

20

25

30

35

40

45

50

55

(Embodiment 3)

[0071] FIG.3 is a circuit diagram showing a configu-
ration of a current addition type D/A converter according
to Embodiment 3 of the present invention. The basic
configuration is the same as that of the circuit in FIG.2.
[0072] However, in the circuit of this embodiment, the
resistance value of reference resistor 20 is fixed at R1.
On the other hand, the level of a reference voltage (VA)
applied to reference voltage input terminal 6 is shifted
by a control signal input from control terminal 17 to re-
duce the level of an input voltage. When the level of the
reference voltage is reduced to 1/2, the current that
flows into transistor 8 in bias circuit 2 (reference current
of the current mirror) becomes 1/2. The current in cur-
rent matrix 1 is also reduced to 1/2 accordingly.
[0073] This makes it possible to reduce the operating
currents in both bias circuit 2 and current matrix 1.
[0074] However, since the conversion output will fluc-
tuate in this way, bit shift circuit 19 applies a bit shift to
the output data of decoder 50 to prevent the conversion
output voltage from fluctuating and compensate the re-
duction of the reference current.
[0075] That is, when the reference current of the cur-
rent mirror is reduced to 1/2, bit shift circuit 19 shifts the
data by 1 bit leftward and doubles the output of decoder
50. This keeps the voltage output from current/voltage
conversion output 18 at the same level as that in the
circuit in FIG.1.
[0076] The above explanation describes the case
where the reference voltage is reduced to 1/2 and digital
data is doubled, but the present invention is not limited
to this. It is also possible to reduce the reference voltage
(VA) applied from reference voltage input terminal 6 to
1/4 or 1/8 and quadruplicate or octuplicate digital data.

(Embodiment 4)

[0077] FIG.4 is a circuit diagram showing a configu-
ration of a current addition type D/A converter according
to Embodiment 4 of the present invention. The basic
configuration is the same as that of the preceding em-
bodiment.
[0078] This embodiment doubles the apparent size
(that is, channel conductance W/L) of transistor 8 on the
input side (reference side) forming the current mirror us-
ing a control signal given from the outside. This changes
the current mirror ratio from 1:1 to 2:1.
[0079] A total operating current in bias circuit 2 (total
amount of current on the reference side of the current
mirror) is not changed.
[0080] This reduces the current flowing into current
cells C0 to C255 to 1/2. This makes it possible to reduce
power consumption. On the other hand, the resistance
value of current/voltage conversion resistor (variable re-
sistor) 16 is doubled (2·R2) to prevent the conversion
output from fluctuating.
[0081] A more specific explanation will be given be-

low. In FIG.4, three transistors 8, 21 and 11 have the
same size (W/L).
[0082] During a normal operation, switch 22 is OFF
and transistor 21 is not used. The amount of reference
current created by bias circuit 2 is "I".
[0083] Here, a control signal is input from terminal 17
to turn switch 22 ON. Then, the current is supplied from
not only transistor 8 but also transistor 21. Since tran-
sistors 8 and 21 have the same size, the same amount
of current flows through both transistors.
[0084] That is, the current that flows through transistor
8 is reduced to 1/2. This is equivalent to saying that the
apparent (practical) size (W/L) of transistor 8 has dou-
bled.
[0085] Since the current on the reference side of the
current mirror has practically reduced to 1/2 (1/2), the
output current of the current mirror (that is, current in
each of current cells C0 to C255) also becomes I/2, thus
attaining a reduction of power consumption.
[0086] The resistance value of current/voltage con-
version resistor 16 is doubled (2·R2), which allows a de-
sired conversion output voltage to be output.

(Embodiment 5)

[0087] FIG.5 is a circuit diagram showing a configu-
ration of a current addition type D/A converter according
to Embodiment 5 of the present invention. The basic
configuration is the same as that of the preceding em-
bodiment. In this embodiment, only the operating cur-
rent of bias circuit 2 is reduced.
[0088] That is, the size (W/L) of transistors 8 and 21
on the reference side of the current mirror is 1/2 of the
size (W/L) of transistors (11 ... 11') on the output side.
[0089] In a normal operation mode, switch 22 is ON,
and two transistors 8 and 21 and transistors (11 ... 11')
form a current mirror of 1:1. In a normal operating mode,
current I flows through reference resistor 10.
[0090] In a low power consumption mode, the resist-
ance value of reference resistor (variable resistor) 10 is
doubled (2·R1) by a control signal input from terminal
17 and the reference current is reduced to 1/2 (that is I/
2).
[0091] At the same time, switch 22 is turned OFF.
Concurrently with turning OFF of switch 22, transistor
21 is deactivated and the apparent size (W/L) of tran-
sistor 8 is reduced by half. The reference current (1/2)
of the current mirror only flows through transistor 8.
[0092] Transistor 8 and transistor 11 form a current
mirror of 1:2, and therefore current I (= (I/2)·2) flows
through current cells C0 to C255 in the same way as a
normal mode.
[0093] This makes it possible to reduce the operating
current through bias current 2 by half and reduce power
consumption by that amount.
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(Embodiment 6)

[0094] FIG.6 is a circuit diagram showing a configu-
ration of a current addition type D/A converter according
to Embodiment 6 of the present invention.
[0095] The basic configuration and operation are al-
most the same as those of the circuit (FIG.5) of Embod-
iment 5. That is, this embodiment also seeks to reduce
power consumption by reducing the operating current
of bias circuit 2.
[0096] In Embodiment 5, the reference current is re-
duced to 1/2 by doubling the resistance value of the ref-
erence resistor. In this embodiment, however, level con-
verter 23 reduces the level of reference voltage VA ap-
plied to reference voltage terminal 6 to 1/2 and reduces
the reference current by half (I/2).
[0097] At the same time, switch 22 is turned OFF and
the apparent size (W/L) of transistor 8 is reduced to 1/2.
Reference current I/2 of the current mirror flows through
transistor 8. Since the current mirror ratio is 1:2, the op-
erating current of each current cell (C0 to C255) is I (=
2·I/2).

(Embodiment 7)

[0098] FIG.7 is a circuit diagram showing a configu-
ration of a current addition type D/A converter according
to Embodiment 7 of the present invention. The basic
configuration is the same as that of the preceding em-
bodiment.
[0099] However, the circuit of this embodiment adopts
a configuration of turning OFF a current source transis-
tor itself for some current cells in order to reduce power
consumption. In this point, this embodiment is different
from the preceding embodiment.
[0100] As shown in the figure, the D/A converter of
this embodiment is provided with current cell restriction
circuit 24.
[0101] Then, when a control signal is input to control
terminal 17 and a low power consumption mode is en-
tered, current cell control circuit 24 turns switch 25 OFF
and turns switch 26 ON. Then, a power supply voltage
(VDD) is applied to the gates of current source transis-
tors (11 ... 11') in at least one predetermined current cell.
As a result, the transistors (11 ... 11') turn OFF. That is,
the current no longer flows through the current cells, and
it is possible to reduce power consumption by that
amount.
[0102] It is desirable to turn OFF the current of a cur-
rent cell (a high-order current cell) corresponding to the
higher bit of the input data in order to increase the effect
in reducing power consumption.

(Embodiment 8)

[0103] FIG.8 is a circuit diagram showing a configu-
ration of a current addition type D/A converter according
to Embodiment 8 of the present invention. The basic

configuration and operation are almost the same as
those of the circuit in Embodiment 7.
[0104] As in the case of the circuit in Embodiment 7,
the circuit in this embodiment also seeks to reduce pow-
er consumption by turning OFF the current of some
cells. However, this embodiment forcibly turns OFF
switching transistors 12 and 13 that form a differential
pair in a current cell. In this point, the circuit in this em-
bodiment differs from the circuit in Embodiment 7.
[0105] As shown in FIG.8, the D/A converter in this
embodiment is provided with current cell restriction cir-
cuit 24.
[0106] Then, when a control signal is input to control
terminal 17 and a low power consumption mode is se-
lected, current cell control circuit 24 turns switch 30b
OFF and turns switches 29 and 30a ON.
[0107] Then, a power supply voltage (VDD) is applied
to the gates of both switching transistors 12 and 13 that
form a differential pair in a predetermined current cell
(for convenience of explanations, suppose current cell
C0 here) and both transistors turn OFF. This reduces
the operating current of current cell C0 to 0 and reduces
power consumption by that amount.
[0108] In this embodiment, the current of current cell
C0 is turned OFF for convenience of explanations, but
it is actually desirable to turn OFF the current of a current
cell corresponding to the higher bit of the input data.
[0109] Thus, bringing unused high-order current cells
out of conduction allows the operating current in current
cell matrix 1 to be reduced.

(Embodiment 9)

[0110] FIG.9 is a block diagram showing a configura-
tion of a cellular phone set equipped with a current ad-
dition type D/A converter with the configuration ex-
plained in the preceding embodiments.
[0111] What is shown in the upper half of FIG.9 is a
receiver and what is shown in the lower half is a trans-
mitter.
[0112] Current addition type D/A converter 45 of the
present invention is used for a transmitter. Reference
numeral 17 denotes a terminal to input a control signal
to select a low power consumption mode (control signal
input terminal).
[0113] As shown in the figure, the transmitter compris-
es coding circuit 41, frame composition circuit 42, mod-
ulation circuit 43, spread spectrum circuit 44, D/A con-
verter 45 of the present invention, transmission radio
section 47 ( including frequency conversion circuit 48
and amplification circuit 49).
[0114] On the other hand, the receiver comprises re-
ception radio section 32 (including amplification circuit
33 and frequency conversion circuit 34), A/D converter
35, despreading circuit 36, demodulation circuit 37 and
decoding circuit 38.
[0115] Reference numeral 30 denotes an antenna
and reference numeral 31 denotes a duplexer. Refer-
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ence numeral 39 denotes a reception level measuring
circuit and reference numeral 40 denotes a transmit
power control circuit.
[0116] The present invention reduces power con-
sumption in D/A converter 45, and thus can extend the
service life of a battery of a cellular phone set.
[0117] As explained above, the present invention ex-
haustively reduces needless operating currents by aim-
ing at implementing a conversion rate specified by a
standard only within the dynamic range of a D/A con-
verter in actual use.
[0118] The conventional D/A converter makes a high
current flow even for a maximum signal specified by a
standard so as to enable the signal to be converted at
a predetermined speed.
[0119] Thus, the present invention can drastically re-
duce power consumption of a current addition type D/A
converter. With a mobile communication apparatus
such as a cellular phone, signals with a maximum rating
are rarely transmitted in normal voice transmission.
Therefore, the present invention can be used for a trans-
mission section of a mobile communication apparatus.
The present invention can extend the service life of a
battery in a cellular phone.
[0120] The present invention is not limited to the
above described embodiments, and various variations
and modifications may be possible without departing
from the scope of the present invention.
[0121] This application is based on the Japanese Pat-
ent Application No.HEI11-316809 filed on November 8,
1999, entire content of which is expressly incorporated
by reference herein.

Claims

1. A current addition type D/A converter that converts
a sum total of currents output from a plurality of cur-
rent sources whose ON/OFF is controlled accord-
ing to input data bits to a voltage by a current/volt-
age conversion resistor, comprising a control termi-
nal (17) to input a control signal to switch between
a mode of assuring a predetermined conversion
rate over the entire range of an input dynamic range
and a mode of reducing an operating current at the
sacrifice of a conversion rate in a high-level input
range including an upper limit of said input dynamic
range.

2. A current addition type D/A converter that creates
a reference current using a variable resistor, cre-
ates a plurality of currents based on said reference
current using a current mirror, switches and/or con-
trols whether each of said plurality of currents
should be input to a current/voltage conversion var-
iable resistor according to input data or not, and
thereby generates a voltage corresponding to the
input data at said current/voltage conversion varia-

ble resistor, comprising a control terminal to input a
control signal to change said reference current by
changing the resistance value of said variable re-
sistor and change the resistance value of said cur-
rent/voltage conversion variable resistor so as to
compensate a variation of the reference current.

3. A current addition type D/A converter that creates
a reference current using a variable resistor, cre-
ates a plurality of currents based on said reference
current using a current mirror, switches and/or con-
trols whether each of said plurality of currents
should be input to a current/voltage conversion re-
sistor according to input data or not, and thereby
generates a voltage corresponding to said input da-
ta at said current/voltage conversion resistor, com-
prising a control terminal (17) to input a control sig-
nal to change said reference current by changing
the value of said variable resistor and execute bit
shift processing corresponding to said input data so
as to compensate a variation of the reference cur-
rent.

4. A current addition type D/A converter that creates
a reference current by applying a reference voltage
to a resistor with a fixed resistance value, creates
a plurality of currents based on said reference cur-
rent using a current mirror, switches and/or controls
whether each of said plurality of currents should be
input to a current/voltage conversion resistor with a
fixed resistance value according to input data or not,
and thereby generates a voltage corresponding to
the input data at said current/voltage conversion re-
sistor, comprising a control terminal (17) to input a
control signal to change said reference current by
changing said resistance voltage and execute bit
shift processing on said input data so as to compen-
sate a variation of the reference current.

5. A current addition type D/A converter that creates
a reference current by applying a reference voltage
to a resistor with a fixed resistance value, creates
a plurality of currents based on said reference cur-
rent using a current mirror, switches and/or controls
whether each of said plurality of currents should be
input to a current/voltage conversion variable resis-
tor according to input data or not, and thereby gen-
erates a voltage corresponding to the input digital
data at said current/voltage conversion variable re-
sistor, comprising a control terminal (17) to input a
control signal to change the output current of said
current mirror by changing a practical current mirror
ratio of said current mirror and change the resist-
ance value of said current/voltage conversion vari-
able resistor so as to compensate a variation of said
output current.

6. A current addition type D/A converter that creates

13 14



EP 1 130 781 A2

9

5

10

15

20

25

30

35

40

45

50

55

a reference current using a variable resistor, cre-
ates a plurality of currents based on said reference
current using a current mirror, switches and/or con-
trols whether each of said plurality of currents
should be input to a current/voltage conversion re-
sistor with a fixed resistance value according to in-
put data or not, and thereby generates a voltage
corresponding to the input data at said current/volt-
age conversion resistor with a fixed resistance val-
ue, comprising a control terminal (17) to input a con-
trol signal to change said reference current by
changing the value of said variable resistor and
change a practical current mirror ratio of said cur-
rent mirror so as to compensate a variation of the
reference current.

7. A current addition type D/A converter that creates
a reference current by applying a reference voltage
to a resistor with a fixed resistance value, creates
a plurality of currents based on said reference cur-
rent using a current mirror, switches and/or controls
whether each of said plurality of currents should be
input to a current/voltage conversion resistor with a
fixed resistance value according to input data or not,
and thereby generates a voltage corresponding to
the input data at said current/voltage conversion re-
sistor with a fixed resistance value, comprising a
control terminal (17) to input a control signal to
change said reference current by applying a level
shift to said reference voltage using a control signal
from the outside and change a practical current mir-
ror ratio of said current mirror so as to compensate
a variation of the reference current.

8. A current addition type D/A converter that creates
a reference current using a resistor, creates a plu-
rality of currents based on said reference current
using a current mirror, switches and/or controls
whether each of said plurality of currents should be
input to a current/voltage conversion resistor ac-
cording to input data or not, and thereby generates
a voltage corresponding to the input data at said
current/voltage conversion resistor, comprising a
control terminal (17) to input a control signal to turn
OFF some of a plurality of transistors on the output
side that form said current mirror.

9. A current addition type D/A converter that creates
a reference current using a resistor, creates a plu-
rality of currents based on said reference current
using a current mirror, switches and/or controls
each of a plurality of switching circuits provided in
accordance with said plurality of currents according
to input data, controls whether said plurality of cur-
rents should be input to a current/voltage conver-
sion resistor or not, and thereby generates a voltage
corresponding to the input data at said current/volt-
age conversion resistor, comprising a control termi-

nal (17) to input a control signal to forcibly deacti-
vate some of said plurality of switching circuits.

10. A current addition type D/A converter comprising:

circuits (5, 10) that create a reference current
using a variable resistor;
circuits (8, 11 ... 11') that create a plurality of
currents using a current mirror based on said
reference current;
a current/voltage conversion variable resistor
(16);
a plurality of switching circuits (12, 13 ... ...12',
13') that switch whether each of said plurality
of currents should be input to said current/volt-
age conversion resistor or not according to the
values of input data bits; and
a control terminal (17) to provide a control sig-
nal to change said reference current by chang-
ing the resistance value of a variable resistor to
create said reference current and change the
resistance value of said current/voltage con-
version variable resistor so as to compensate
a variation of said reference current.

11. A current addition type D/A converter comprising:
circuits (5, 10) that create a reference current using
a variable resistor;

circuits (8, 11 ... 11') that create a plurality of
currents using a current mirror based on said
reference current;
a current/voltage conversion variable resistor
(16);
a decoding circuit (50) that decodes input data;
a bit shift circuit (19) that applies bit shift
processing to each bit of output data of said de-
coding circuit;
a plurality of switching circuits (12, 13 ... ... 12',
13') that switch whether each of said plurality
of currents should be input to said current/volt-
age conversion resistor or not according to the
output data of said bit shift circuit; and
a control terminal (17) to input a control signal
to change said reference current by changing
the value of said variable resistor to create said
reference current and control the operation of
said bit shift circuit so as to compensate a var-
iation of said reference current.

12. A current addition type D/A converter comprising:

circuits (5, 20) that create a reference current
by applying a reference voltage to a resistor
with a fixed resistance value;
circuits (8, 11 ... 11') that create a plurality of
currents using a current mirror based on said
reference current;
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a current/voltage conversion resistor with a
fixed resistance value (18);
a decoding circuit (50) that decodes input data;
a bit shift circuit (19) that applies bit shift
processing to each bit of output data of said de-
coding circuit;
a plurality of switching circuits (12, 13 ... ... 12',
13') that switch whether each of said plurality
of currents should be input to said current/volt-
age conversion resistor or not according to the
output data of said bit shift circuit; and
a control terminal (17) to input a control signal
to change said reference current by changing
said reference voltage and make said bit shift
circuit perform bit shift processing so as to com-
pensate a variation of said reference current.

13. A current addition type D/A converter comprising:

circuits (5, 20) that create a reference current
by applying a reference voltage to a resistor
with a fixed resistance value;
circuits (8, 21, 11 ... 11') that create a plurality
of currents using a current mirror based on said
reference current;
a current/voltage conversion variable resistor
(16);
a decoding circuit (50) that decodes input data;
a plurality of switching circuits (12, 13 12', 13')
that switch whether each of said plurality of cur-
rents should be input to said current/voltage
conversion resistor or not according to said in-
put data bits; and
a control terminal (17) to input a control signal
to change the output current of said current mir-
ror by changing a practical current mirror ratio
of said current mirror and change the resist-
ance value of said current/voltage conversion
variable resistor so as to compensate a varia-
tion of said output current.

14. A current addition type D/A converter comprising:

circuits (5, 10) that create a reference current
by applying a reference voltage to a variable
resistor;
circuits (8, 21, 12, 13 ... 12', 13') that create a
plurality of currents using a current mirror
based on said reference current;
a current/voltage conversion resistor with a
fixed resistance value (18);
a plurality of switching circuits (12, 13 ... ... 12',
13') that switch whether each of said plurality
of currents should be input to said current/volt-
age conversion resistor or not according to the
values of input digital data bits; and
a control terminal (17) to input a control signal
to change said reference current by changing

the resistance value of a variable resistor to
create said reference current and change a
practical current mirror ratio of said current mir-
ror so as to compensate a variation of said ref-
erence current.

15. A current addition type D/A converter comprising:

a level shift circuit (23) that outputs a reference
voltage by shifting the level of a voltage input;
circuits (5, 20) that create a reference current
by applying said reference voltage output from
said level shift circuit to a resistor with a fixed
resistance value;
circuits (8, 21, 11 ... 11') that create a plurality
of currents using a current mirror based on said
reference current;
a current/voltage conversion resistor with a
fixed resistance value (18);
a plurality of switching circuits (12, 13 ... ... 12',
13') that switch whether each of said plurality
of currents should be input to said current/volt-
age conversion resistor or not according to the
values of input digital data bits; and
a control terminal (17) to input a control signal
to change said reference current by controlling
level shift processing by said level shift circuit
and change a practical current mirror ratio of
said current mirror so as to compensate a var-
iation of said reference current.

16. A current addition type D/A converter comprising:

circuits (5, 20) that create a reference current
by applying a reference voltage to a resistor;
circuits (8, 11 ... 11') that create a plurality of
currents using a current mirror based on said
reference current;
a current/voltage conversion variable resistor
(18);
a plurality of switching circuits (12, 13 ... ... 12',
13') that switch whether each of said plurality
of currents should be input to said current/volt-
age conversion resistor or not according to the
values of input digital data bits; and
a control terminal (17) to input a control signal
to turn OFF some of a plurality of transistors on
the output side that form said current mirror.

17. A current addition type D/A converter comprising:

circuits (5, 20) that create a reference current
by applying a reference voltage to a resistor;
circuits (8, 11 ... 11') that create a plurality of
currents using a current mirror based on said
reference current;
a current/voltage conversion resistor (18);
a plurality of switching circuits (12, 13 ... ... 12',
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13') that switch whether each of said plurality
of currents should be input to said current/volt-
age conversion resistor or not according to the
values of input digital data bits; and
a control terminal (17) to input a control signal
to turn OFF some of a plurality of transistors on
the output side form said current mirror.

18. A current addition type D/A converter comprising:

circuits (5, 20) that create a reference current
by applying a reference voltage to a resistor;
circuits (8, 11 ... 11') that create a plurality of
currents using a current mirror based on said
reference current;
a current/voltage conversion resistor (18);
a plurality of switching circuits (12, 13 ... ... 12',
13') that switch whether each of said plurality
of currents should be input to said current/volt-
age conversion resistor or not according to the
values of input digital data bits; and
control circuits (24, 29, 30a, 30b) to forcibly de-
activate some of said plurality of switching cir-
cuits.

19. A communication apparatus equipped with the D/A
converter according to claim 1.

20. A design method of a current addition type D/A con-
verter mounted in a transmitter that converts trans-
mission data to an analog signal, comprising:

the first step of specifying the range used for
actual voice communications of an input dy-
namic range specified by a standard regarding
said transmitter;
the second step of determining a minimum op-
erating current capable of securing a D/A con-
version rate specified by said standard for only
the input range specified in said first step; and
the third step of adjusting circuit parameters of
the current addition type D/A converter so as to
flow said determined minimum operating cur-
rent.
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