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N-BIT DIGITAL-TO-ANALOG CONVERTING
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority of Taiwanese Appli-
cation No. 100107536, filed on Mar. 7, 2011.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] The invention relates to a converting device, more
particularly to an N-bit digital-to-analog converting device.
[0004] 2. Description of the Related Art

[0005] Referring to FIG. 1, in C. H. Lin and K. Bult, “A
10-b, 500-MSample/s CMOS DAC in 0.6=2,” IEEE J. Solid-
State Circuits, vol. 33, no. 12, 1948-1958, December 1998,
there is disclosed a conventional N-bit digital-to-analog con-
verting device that is adapted for receiving an N-bit binary
digital signal D[k] and a clock signal (CK), and that is oper-
able for outputting, within each cycle of the clock signal
(CK), an analog voltage (vo) related to the digital signal D[k].
The N-bit digital-to-analog converting device includes a
decoder 1 and a converting module 2.

[0006] When the N-bit binary digital signal D[k] is in an
equally-weighted segmenting mode, the decoder 1 is adapted
for receiving the N-bit binary digital signal D[k], and is oper-
able to convert the N-bit binary digital signal D[k] received
thereby into a thermometer code (T) represented by 2™ bits.
[0007] The converting module 2 includes a plurality (2™) of
converters 21 and a load 22.

[0008] Each of the converters 21 is adapted to receive the
clock signal (CK), is coupled electrically to the decoder 1 for
receiving therefrom a corresponding one of the 2” bits that
represent the thermometer code (T), is operable to generate a
current with a current flow direction dependent on logic level
of the corresponding one of the 2 bits, and includes a latch
circuit (L), a current source (I), a first switch (S1), and a
second switch (82). Operations among the latch circuit (L),
the current source (I), the first switch (S1), and the second
switch (S2) are described in the aforementioned publication,
and hence will not be detailed hereinafter.

[0009] The load 22, which includes two resistors, is
coupled electrically to the converters 21 and generates the
analog voltage (vo) based on a summation of the currents
generated by the converters 21.

[0010] Shown in FIG. 2 is a timing diagram of the conven-
tional N-bit digital-to-analog converting device, in which
D[1]-D[4] are the values of the digital signal D[k] at four
different time points, and the analog voltage (vo) is shown to
vary according to the digital signal D[k]. Moreover, a non-
ideal effect associated with switching of the first switch (S1)
and the second switch (S2) causes a spurious wave to be
present in the analog voltage (vo), which leads to a spurious
free dynamic range (SFDR) degradation. Frequencies of
switching of the first switch (S1) and the second switch (S2)
are in a negative relation to the SFDR.

[0011] FIG. 3 shows a plot of measured output obtained for
the conventional N-bit digital-to-analog converting device in
a configuration where the clock signal (CK) has a sampling
rate of 1.6 GS/s and the digital signal D[k] has an input
frequency of 731 MHz. It is apparent that the SFDR is
reduced to 43 dB as a result of an increase in the third har-
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monic component attributed to the non-ideal effect associated
with switching of the first and second switches (S1, S2).

SUMMARY OF THE INVENTION

[0012] Therefore, an object of the present invention is to
provide an N-bit digital-to-analog converting device capable
of achieving a relatively wide spurious free dynamic range.
[0013] According tothe present invention, there is provided
an N-bit digital-to-analog converting device for converting an
N-bit binary digital signal into an analog voltage according to
a clock signal that alternates between first and second states,
N being an integer not less than two. The N-bit digital-to-
analog converting device includes:

[0014] a decoder operable for converting the digital signal
into a multi-bit thermometer code during each cycle of the
clock signal;

[0015] arandom number generator operable to generate a
reset signal having at least one high logic level bit and at least
one low logic level bit, the high and low logic level bits of the
reset signal being equal in number and having a random,
time-varying arrangement; and

[0016] aconverting module adapted for receiving the clock
signal, coupled electrically to the decoder and the random
number generator, and configured to convert the thermometer
code into the analog voltage corresponding to the digital
signal when the clock signal is in the first state, and to reset the
analog voltage to a reset value according to the reset signal
when the clock signal is in the second state.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Other features and advantages of the present inven-
tion will become apparent in the following detailed descrip-
tion of the preferred embodiments with reference to the
accompanying drawings, of which:

[0018] FIG. 1 is a circuit block diagram of a conventional
N-bit digital-to-analog converting device;

[0019] FIG. 2 is timing diagram of a digital signal and a
clock signal provided to the conventional N-bit digital-to-
analog converting device;

[0020] FIG. 3 is a plot of measured output obtained for the
conventional N-bit digital-to-analog converting device;
[0021] FIG. 4is acircuit block diagram of the first preferred
embodiment of an N-bit digital-to-analog converting device
according to the present invention;

[0022] FIG. 5 is a circuit block diagram of the second
preferred embodiment of an N-bit digital-to-analog convert-
ing device according to the present invention;

[0023] FIG. 6 is a timing diagram of a digital signal and a
clock signal provided to the N-bit digital-to-analog convert-
ing device of the preferred embodiments;

[0024] FIG. 7 shows a measured output spectrum obtained
forthe N-bit digital-to-analog converting device of this inven-
tion; and

[0025] FIG. 8 shows a plot of measured spurious free
dynamic ranges at different input frequencies.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0026] Before the present invention is described in greater
detail with reference to the accompanying preferred embodi-
ments, it should be noted herein that like elements are denoted
by the same reference numerals throughout the disclosure.
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[0027] Referring to FIG. 4, the first preferred embodiment
of an N-bit digital-to-analog converting device according to
the present invention is for converting an N-bit binary digital
signal D[k] into an analog voltage (vo) according to a clock
signal (CK) that alternates between first and second states, N
being an integer not less than 2. In this embodiment, the clock
signal (CK) has a positive phase and a negative phase, which,
in this embodiment, correspond to the first and second states
of the clock signal (CK), respectively.

[0028] The N-bit digital-to-analog converting device
includes a decoder 1, a converting module 2, and a random
number generator 3. The decoder 1 is for converting the
digital signal D[k] into a thermometer code (T) that has 2
bits during each cycle of the clock signal.

[0029] The random number generator 3 is operable to gen-
erate a reset signal (Z) having a total number of high logic
level bits and low logic level bits of 2%, The high logic level
bits and the low logic level bits are equal in number (i.e.,2™")
and have a random, time-varying arrangement. That is to say,
the reset signal (Z) has 2V of the high logic level bits and 27!
of the low logic level bits. In this embodiment, the arrange-
ment of the high and low logic level bits of the reset signal (7)
varies between consecutive cycles of the clock signal.
[0030] A method ofimplementation of the random number
generator 3 may be found in S. Haykin, Communication
Systems, 47 ed, Wiley& Sons, 2001. However, in practice,
implementation of the random number generator 3 is not
limited to such and may be otherwise in other embodiments.
[0031] Theconverting module 2 is adapted for receiving the
clock signal (CK), is coupled electrically to the decoder 1 and
the random number generator 3, and is configured to convert
the thermometer code (T) into the analog voltage (vo) when
the clock signal (CK) is in the first state, and to reset the
analog voltage (vo)to areset value (e.g., 0V) according to the
reset signal (Z) when the clock signal (CK) is in the second
state.

[0032] In the first preferred embodiment, the converting
module 2 includes: a plurality (2™) of converters 21 operable
to convert respectively the bits of the thermometer code (T)
into a plurality of differential currents (id) when the clock
signal (CK) is in the first state; and a load 22 coupled electri-
cally to the converters 21 and generating the analog voltage
(vo) based on a summation of the differential currents (id).
The differential currents (id) thus generated are applied to the
load 22 for generating the analog voltage (vo) when the clock
signal (CK) is in the first state. The converters 21 are further
operable to convert respectively the high and low logic level
bits of the reset signal (7) into the differential currents (id)
when the clock signal (CK) is in the second state. The differ-
ential currents (id) thus generated are applied to the load 22
when the clock signal (CK) is in the second state for resetting
the analog voltage (vo) to the reset value.

[0033] Specifically, each of the converters 21 includes: a
latch circuit (L) adapted for receiving the clock signal (CK),
coupled electrically to the decoder 1 and the random number
generator 3, and operable to convert the corresponding bit of
the thermometer code (T) into a corresponding differential
voltage (vd) with polarity based on logic state of the corre-
sponding bit of the thermometer code (T) when the clock
signal (CK) is in the first state, and to convert the correspond-
ing one of the high and low logic level bits of the reset signal
(7) into a corresponding differential voltage (vd) with polar-
ity based on logic state of the corresponding one of the high
and low logic level bits of the reset signal (7) when the clock
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signal (CK) is in the second state; a current source (IS) for
generating a bias current (I); and first and second transistors
(81, S2) each having a first terminal coupled electrically to the
current source (IS) for receiving the bias current (1) there-
from, a second terminal coupled electrically to the load 22,
and a control terminal coupled electrically to latch circuit (L).
During operation, for each of the converters 21, the corre-
sponding differential voltage (vd) from the latch circuit (L) is
applied across the control terminals of the first and second
transistors (S1, S2), which are responsive to the correspond-
ing differential voltage (vd) received thereby to generate the
corresponding differential current (id).

[0034] Thus, the analog voltage (vo) generated by the load
22 corresponds to the digital signal D[k] when the clock
signal (CK) is in the first state, and is reset to the reset value
when the clock signal (CK) 1s in the second state.

[0035] It is worth noting that, in this embodiment, each of
the first and second transistors (S1, S2) is a p-type Metal-
Oxide-Semiconductor Field-Effect Transistor (MOSFET)
having a gate terminal, a source terminal, and a drain terminal
that serve as the control terminal, the first terminal, and the
second terminal, respectively. Further, the load 22 includes
two resistors (R), each of which is coupled electrically
between ground and the second terminal of a respective one
of the first and second transistors (S1, S2) of each of the
converters 21.

[0036] In an exemplary scenario in which N is equal to 2,
the reset signal (7) has two high logic level bits and two low
logic level bits (e.g., 1100), and the converting module 2
includes four ofthe converters 21, whenthe clock signal (CK)
is in the second state, the latch circuit (L) of each of the
converters 21 is operable to convert a respective one of the bits
(1100) of the reset signal (7) into a differential voltage (vd) to
cause one of the first and second transistors (S1, S2) of the
converter 21 to conduct based on logic state of the respective
bit of the reset signal (7), thereby resetting the analog voltage
(vo) to the reset value.

[0037] Shown in FIG. 5 is the second preferred embodi-
ment of an N-bit digital-to-analog converting device accord-
ing to the present invention.

[0038] Inthe second preferred embodiment, the decoder 1
is operable to, during each cycle of the clock signal (CK),
convert the digital signal D[k] into the thermometer code (T)
that has (2*-1) bits, and a binary signal (B) that has (N-M)
bits, and to generate a fixed differential mode signal (F) that
has one bit, M and N being positive integers, M being smaller
than N and not smaller than 1. In this embodiment, the con-
verting modules 2 includes a plurality (2*-1) of most-sig-
nificant bit converters (HC), a plurality (N-M) of first least-
significant bit converters (LC1), a second least-significant bit
converter (LC2), and a load 22.

[0039] When the clock signal (CK) is in the first state: each
of the most-significant bit converters (HC) is operable to
convert a corresponding one of the bits of the thermometer (T)
into a high-order differential current (id) having a magnitude
of 2™ times that of a bias current (I) and a current flow
direction dependent on logic state of the corresponding one of
the bits of the thermometer code (T); each of the first least-
significant bit converters (LC1) is operable to convert a cor-
responding one of the bits of the binarv signal (B) into a
low-order differential current (id) having a magnitude of 2™
timesthat of the bias current (I) and a current flow direction
dependent on logic state of the corresponding one of the bits
of the binary signal (B), where x is bit position of the corre-
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sponding one of the bits of binary signal (B) and ranges from
1 to N-M; the second least-significant bit converter (LC2) is
operable to convert the bit of the fixed differential mode
signal (F) into a low-order differential current (id) having a
magnitude corresponding to that of the bias current (I) and a
current flow direction dependent on logic state of the bit of the
fixed differential mode signal (F); and the high-order and
low-order differential currents (id) thus generated are applied
10 the load 22 for generating the analog voltage (vo) based on
a summation of the high-order and low-order differential
currents (id) thus generated.

[0040] Configuration of the random number generator 3 in
this embodiment is identical to that in the first preferred
embodiment. Each of the most-significant bit converters
(HC) and the first and second least-significant bit converters
(LC1, LC2) corresponds to a respective one of the high and
low logic level bits of the reset signal (Z).

[0041] When the clock signal (CK) is in the second state:
each of the most-significant bit converters (HC) is operable to
convert the corresponding one of the high and low logic level
bits of the reset signal (T) into a high-order differential cur-
rent (id) having a magnitude of 2¥-* times that of the bias
current (I) and a current flow direction dependent on logic
state of the corresponding one of the high and low logic level
bits of the reset signal (7); each of the first least-significant bit
converters (LC1)is operableto convert the corresponding one
of the high and low logic level bits of the reset signal (Z) into
a low-order differential current (id) having a magnitude of
27! times that of the bias current (I) and a current flow direc-
tion dependent on logic state of the corresponding one of the
high and low logic level bits of the reset signal (Z), where x is
also bit position of the corresponding one of the high and low
logic level bits of the reset signal (7) and ranges from 1 to
N-M; the second least-significant bit converter (LC2)is oper-
able to convert the corresponding one of the high and low
logic level bits of the reset signal (Z) into a low-order differ-
ential current (1d) having a magnitude corresponding to that
of the bias current (I) and a current flow direction dependent
on logic state of the corresponding one of the high and low
logic level bits of the reset signal (7); and the high-order and
low-order differential currents (id) thus generated are applied
to the load 22 for resetting the analog voltage (vo) to the reset
value.

[0042] In the second preferred embodiment, each of the
most-significant bit converters (HC), the first least-significant
bit converters (LLC1), and the second least-significant bit con-
verter (LC2) includes: a latch circuit (L) adapted for receiving
the clock signal (CK), and coupled electrically to the decoder
1 and the random number generator 3; a current source (IS)
for generating the bias current (I); and first and second tran-
sistors (S1, S2) each having a first terminal coupled electri-
cally to the current source (IS) for receiving the bias current
(I) therefrom, a second terminal coupled electrically to the
load 22, and a control terminal coupled electrically to the
latch circuit (L).

[0043] When the clock signal (CK) is in the first state, for
each of the most-significant bit converters (HC), the first
least-significant bit converters (LC1), and the second least-
significant bit converter (LC2): the latch circuit (L) is oper-
able to convert the corresponding one of the bits of the ther-
mometer code (T), the binary signal (B), and the fixed
differential mode signal (F) into a differential voltage with
polarity based on logic state of the corresponding one of the
bits of the thermometer code (T), the binary signal (B), and
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the fixed differential mode signal (F); the current source (IS)
is operable for generating the bias current (I) with the mag-
nitude of 2% times for each of the most-significant bit con-
verters (HC), the magnitude of 2** times for each of the first
least-significant bit converters (L.C1), and unit magnitude for
the second least-significant bit converter (LC2); and the dif-
ferential voltage (vd) from the latch circuit (L) is applied
across the control terminals of the first and second transistors
(81, S2), which are responsive to the differential voltage (vd)
to generate the corresponding one of the high-order and low-
order differential currents (id) applied to the load 22.

[0044] When the clock signal (CK) is in the second state,
for each of the most-significant bit converters (HC), the first
least-significant bit converters (LLC1), and the second least-
significant bit converter (LC2): the latch circuit (L) is oper-
able to convert the corresponding one of the high and low
logic level bits of the reset signal (Z) into the differential
voltage with polarity based on logic state of the correspond-
ing one of the high and low logic level bits of the reset signal
(Z); the current source (IS) is operable for generating the bias
current (1) with the magnitude of 2™ times for each of the
most-significant bit converters (HC), the magnitude of 2**
times for each of the first least-significant bit converters
(LC1), and unit magnitude for the second least-significant bit
converter (LC2); and the differential voltage (vd) from the
latch circuit (L) is applied across the control terminals of the
first and second transistors (S1, S2), which are responsive to
the differential voltage (vd) to generate the corresponding one
of the high-order and low-order differential currents (id)
applied to the load 22.

[0045] Configurations of the first and second transistors
(81, S2) in this embodiment are identical to those in the first
preferred embodiment. In this embodiment, each of the resis-
tors (R) of the load 22 is coupled electrically between ground
and the second terminal of the respective one of the first and
second transistors (S1. S2) of each of the most-significant bit
converters (HC), the first least-significant bit converters
(LC1), and the second least-significant bit converter (LC2).
[0046] In a scenario where N and M are equal to 4 and 2,
respectively, and the reset signal (7) has the bit arrangement
of (1100), the latch circuit (L) of each of the three most-
significant bit converters (HC) receives a respective one of the
high and low logic level bits (110) of the reset signal (Z), and
causes one of the first and second transistors (S1, S2) of each
of the most-significant bit converters (HC) to conduct so as to
output high-order differential currents having magnitudes of
(+4xD), (+4x]), and (-4xI), respectively. On the other hand,
the latch circuit (L) of each of the first and second least-
significant bit converters (LC1, LC2) receives the remaining
one of the high and low logic level bits (7)) of the reset signal
(Z), which has alogic level of 0, and causes one of the firstand
second transistors (S1, S2) of each of the bit converters (LC1,
LC2) to conduct so as to provide differential currents having
magnitudes of (-1x1), (-2x1), and (-1xI), respectively. Thus,
the analog voltage (vo) is reset to the reset value, which, in the
scenario, 1s 0, based on a summation of the differential cur-
rents of (+4x1), (+4x1I), (-4xI), (-1xI), (-2x1), and (-1xI).
[0047] Shown in FIG. 6 is a timing diagram in which
D[1]-D [4] respectively represent values of the digital signal
D[k] at different time points, and Z[1]-Z[4] respectively rep-
resent values of the reset signal 7 at different time points. It
can be understood from the timing diagram that, through
resetting the analog voltage (vo) to OV with the reset signal
(7), timing sequence of switching of the first and second
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transistors (S1, S2) may be rendered independent of the digi-
tal signal D(k) such that harmonic distortion caused by
switching of the first and second transistors (S1, S2) is spread
over the noise floor, thereby alleviating the problem of nega-
tive relation between SFDR and switching frequency of the
first and second transistors (S1, S2).

[0048] Shown in FIG. 7 is a plot of measurement in which
input frequency of the digital signal D[k] is 731 MHz and
sapling rate of the clock signal (CK) is 1.6 GS/s. It is apparent
that the SFDR is increased to 56.5 dB.

[0049] Shown in FIG. 8 are plots of measured SFDR show-
ing a comparison between this invention and the prior art at
different input frequencies. The plot labeled “DRRZ” repre-
sents the invention, that labeled “NRZ” represents the prior
art, and that labeled “DRZ” represents the case where the
reset signal (Z)is non-varying,. It is apparent that, as the input
frequency increases toward 800 MHz, the SFDR of “NRZ” is
reduced from 65 dB to 42 dB, and the SFDR of “DRRZ”
exceeds 42 dB at frequencies below 460 MHz and exceeds 55
dB at frequencies below 800 MHz. Furthermore, the SFDR of
“DRZ” is narrower than that of “NRZ” because, at a low input
frequency, the first and second transistors (S1, S2) switch
more in “DRZ” than in “NRZ”.

[0050] Insummary, by virtue of the reset signal (Z) gener-
ated by the random number generator 3, the scope of SFDR is
relatively wide in the N-bit digital-to-analog converting
device of this invention.

[0051] While the present invention has been described in
connection with what is considered the most practical and
preferred embodiments, it is understood that this invention is
not limited to the disclosed embodiments but is intended to
cover various arrangements included within the spirit and
scope of the broadest interpretation so as to encompass all
such modifications and equivalent arrangements.

What is claimed is:

1. An N-bit digital-to-analog converting device for convert-
ing an N-bit binary digital signal into an analog voltage
according to a clock signal that alternates between first and
second states, N being an integer not less than two, said N-bit
digital-to-analog converting device comprising:

a decoder operable for converting the digital signal into a
multi-bit thermometer code during each cycle of the
clock signal,

a random number generator operable to generate a reset
signal having at least one high logic level bit and at least
one low logic level bit, the high and low logic level bits
of the reset signal being equal in number and having a
random, time-varying arrangement; and

aconverting module adapted for receiving the clock signal,
coupled electrically to said decoder and said random
number generator, and configured to convert the ther-
mometer code into the analog voltage corresponding to
the digital signal when the clock signal is in the first
state, and to reset the analog voltage to a reset value
according to the reset signal when the clock signal is in
the second state.

2. The N-bit digital-to-analog converting device as claimed

in claim 1, wherein said converting module includes:

a plurality of converters operable to convert the thermom-
eter code into a plurality of differential currents when the
clock signal is in the first state; and

aload coupled electrically to said converters, and generat-
ing the analog voltage based on a summation of the
differential currents.
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3. The N-bit digital-to-analog converting deviceas claimed
in claim 2, wherein the thermometer code has 2% bits, and said
converting module includes 2" of said converters operable to
convert respectively the bits of the thermometer code into the
differential currents that are applied to said load when the
clock signal is in the first state.

4. The N-bit digital-to-analog converting deviceas claimed
in claim 3, wherein a total number of the high and low logic
level bits of the reset signal is 2%, said converters being further
operable to convert respectively the high and low logic level
bits of the reset signal into the differential currents that are
applied to said load when the clock signal is in the second
state for resetting the analog voltage to the reset value.

5. The N-bit digital-to-analog converting device as claimed
in claim 2, wherein each of said converters includes:

a latch circuit adapted for receiving the clock signal,
coupled electrically to said decoder and said random
number generator, and operable to convert a correspond-
ing bit of the thermometer code into a differential volt-
age when the clock signal is in the first state;

a current source for generating a bias current; and

first and second transistors each having a first terminal
coupled electrically to said current source for receiving
the bias current therefrom, a second terminal coupled
electrically to said load, and a control terminal coupled
electrically to said latch circuit, the differential voltage
from said latch circuit being applied across said control
terminals of said first and second transistors, said first
and second transistors being responsive to the differen-
tial voltage to generate the differential current.

6. The N-bit digital-to-analog converting device as claimed

in claim 5, wherein:

the thermometer code has 2" bits, and said converting
meodule includes 2V of said converters; and

said latch circuit of each of said converters is operable to
convert the corresponding bit of the thermometer code
into the corresponding differential voltage, with polarity
based on logic state of the corresponding bit of the
thermometer code, when the clock signal is in the first
state.

7. The N-bit digital-to-analog converting device as claimed

in claim 6, wherein:

a total number of the high and low logic level bits of the
reset signal is 2, and

said latch circuit of each of said converters is operable to
convert a corresponding one of the high and low logic
level bits of the reset signal into a corresponding differ-
ential voltage, with polarity based on logic state of the
corresponding one of the high and low logic level bits of
the reset signal, when the clock signal is in the second
state for resetting the analog voltage to the reset value.

8. The N-bit digital-to-analog converting device as claimed
in claim 5, wherein each of said first and second transistors of
each of said converters is a p-type Metal-Oxide-Semiconduc-
tor Field-Effect Transistor having a gate terminal, a source
terminal, and a drain terminal that serve as said control ter-
minal, said first terminal, and said second terminal, respec-
tively.

9. The N-bit digital-to-analog converting device as claimed
in claim 5, wherein said load includes two resistors, each of
which is coupled electrically between ground and said second
terminal of a respective one of said first and second transistors
of each of said converters.
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10. The N-bit digital-to-analog converting device as
claimed in claim 1, wherein said decoder is operable to con-
vert the digital signal into the thermometer code and a binary
signal, and to generate a fixed differential mode signal, and
wherein said converting module includes:

at least one most-significant bit converter operable to con-
vert the thermometer code into at least one high-order
differential current when the clock signal is in the first
state;

at least one first least-significant bit converter operable to
convert the binary signal into at least one first low-order
differential current when the clock signal is in the first
state;

a second least-significant bit converter operable to convert
the fixed differential mode signal into a second low-
order differential current when the clock signal is in the
first state; and

aload coupled electrically to said at least one most-signifi-
cant bit converter, said at least one first least-significant
bit converter, and said second least-significant bit con-
verter, and generating the analog voltage based on a
summation of the high-order and low-order differential
currents.

11. The N-bit digital-to-analog converting device as

claimed in claim 10, wherein:

the thermometer code has (2*/-1) bits, the binary signal has
(N-M) bits, and the fixed differential mode signal has
one bit, M and N being positive integers, M being
smaller than N and not smaller than 1;

said converting module includes (2*-1) of said most-sig-
nificant bit converters and (N-M) of said first least-
significant bit converters;

when the clock signal is in the first state, each of said
most-significant bit converters is operable to convert a
corresponding one of the bits of the thermometer code
into a high-order differential current having a magnitude
of 2 times that of a bias current and a current flow
direction dependent on logic state of the corresponding
one of the bits of the thermometer code;

when the clock signal is in the first state, each of said first
least-significant bit converters is operable to convert a
corresponding one of the bits of the binary signal into a
low-order differential current having a magnitude of 2%
times that of the bias current and a current flow direction
dependent on logic state of the corresponding one of the
bit s of the binary signal, where x is bit position of the
corresponding one of the bits of the binary signal and
ranges from 1 to N-M; and

when the clock signal is in the first state, said second
least-significant bit converter is operable to convert the
bit of the fixed differential mode signal into a low-order
differential current having a magnitude corresponding
to that of the bias current and a current flow direction
dependent on logic state of the bit of the fixed differen-
tial mode signal; and

when the clock signal is in the first state, the high-order and
low-order differential currents are applied to said load
for generating the analog voltage.

12. The N-bit digital-to-analog converting device as
claimed in claim 11, wherein each of said most-significant bit
converters, said first least-significant bit converters, and said
second least-significant bit converter includes:

a latch circuit adapted for receiving the clock signal,

coupled electrically to said decoder and said random
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number generator, and operable to convert a correspond-
ing one of the bits of the thermometer code, the binary
signal, and the fixed differential mode signal into a dif-
ferential voltage when the clock signal is in the first
state;

a current source for generating the bias current with the
magnitude of 2 times for each of said most-signifi-
cant bit converters, the magnitude of 2 times for each
of said first least-significant bit converters, and unit mag-
nitude for said second least-significant bit converter; and

first and second transistors each having a first terminal
coupled electrically to said current source for receiving
the bias current therefrom, a second terminal coupled
electrically to said load, and a control terminal coupled
electrically to said latch circuit, the differential voltage
from said latch circuit being applied across said control
terminals of said first and second transistors, said first
and second transistors being responsive to the differen-
tial voltage to generate a corresponding one of the high-
order and low-order differential currents that is applied
to said load when the clock signal is in the first state.

13. The N-bit digital-to-analog converting device as
claimed in claim 12, wherein:

when the clock signal is in the first state, said latch circuit
of each of said most-significant bit converters, said first
least-significant bit converters, and said second least-
significant bit converter is operable to convert the corre-
sponding one of the bits of the thermometer code, the
binary signal and the fixed differential mode signal into
the differential voltage with polarity based on logic state
of the corresponding one of the bits of the thermometer
code, the binary signal and the differential mode signal.

14. The N-bit digital-to-analog converting device as
claimed in claim 12, wherein each of said first and second
transistors of each of said most-significant bit converters, said
first least-significant bit converters and said second least-
significant bit converters is a p-type Metal-Oxide-Semicon-
ductor Field-Effect Transistor having a gate terminal, a
source terminal, and a drain terminal that serve as said control
terminal, said first terminal, and said second terminal, respec-
tively.

15. The N-bit digital-to-analog converting device as
claimed in claim 12, wherein said load includes two resistors,
each of which is coupled electrically between ground and said
second terminal of a respective one of said first and second
transistors of each of said most-significant bit converters, said
first least-significant bit converters, and said second least-
significant bit converter.

16. The N-bit digital-to-analog converting device as
claimed in claim 11, wherein:

a total number of the high and low logic level bits of the

reset signal is 27;

each of said most-significant bit converters and said first
and second least-significant bit converters corresponds
to a respective one of the high and low logic level bits of
the reset signal,

when the clock signal is in the second state, each of said
most-significant bit converters is operable to convert the
corresponding one of the high and low logic level bits of
the reset signal into a high-order differential current
having a magnitude of 2** times that of the bias current
and a current flow direction dependent on the logic state
of the corresponding one of the high and low logic level
bits of the reset signal;
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when the clock signal is in the second state, each of said
first least-significant bit converters is operable to convert
the corresponding one of the high and low logic level bits
of the reset signal into a low-order differential current
having a magnitude of 2°* times that of the bias current
and a current flow direction dependent on the logic state
of the corresponding one of the high and low logic level
bits of the reset signal, where x is also bit position of the
corresponding one ofthe high and low logic levels bits of
the reset signal and ranges from 1 to N-M;

when the clock signal is in the second state, said second
least-significant bit converter is operable to convert the
corresponding one of the high and low logic level bits of
the reset signal into a low-order differential current hav-
ing a magnitude corresponding to that of the bias current
and a current flow direction dependent on logic state of
the corresponding one of the high and low logic level bits
of the reset signal; and

when the clock signal is in the second state, the high-order
and low-order differential currents are applied to said
load for resetting the analog voltage to the reset value.

17. The N-bit digital-to-analog converting device as

claimed in claim 16, wherein each of said most-significant bit
converters, said first least-significant bit converters, and said
second least-significant bit converter includes:

a latch circuit adapted for receiving the clock signal,
coupled electrically to said decoder and said random
number generator, and operable to convert a correspond-
ing one of the bits of the thermometer code, the binary
signal, and the fixed differential mode signal into a dif-
ferential voltage when the clock signal is in the first
state;

a current source for generating the bias current with the
magnitude of 2¥* times for each of said most-signifi-
cant bit converters, the magnitude of 2*" times for each
of said first least-significant bit converters, and unit mag-
nitude for said second least-significant bit converter; and

first and second transistors each having a first terminal
coupled electrically to said current source for receiving
the bias current therefrom, a second terminal coupled
electrically to said load, and a control terminal coupled
electrically to said latch circuit, the differential voltage
from said latch circuit being applied across said control
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terminals of said first and second transistors, said first
and second transistors being responsive to the differen-
tial voltage to generate a corresponding one of the high-
order and low-order differential currents that is applied
to said load when the clock signal is in the first state.

18. The N-bit digital-to-analog converting device as
claimed in claim 17, wherein:

when the clock signal is in the first state, said latch circuit

of each of said most-significant bit converters, said first
least-significant bit converters, and said second least-
significant bit converter is operable to convert the corre-
sponding one of the bits of the thermometer code, the
binary signal and the fixed differential mode signal into
the differential voltage with polarity based on logic state
of the corresponding one of the bits of the thermometer
code, the binary signal and the differential mode signal.

19. The N-bit digital-to-analog converting device as
claimed in claim 18, wherein:

when the clock signal is in the second state, said latch

circuit of each of said most-significant bit converters,
said first least-significant bit converters and said second
least-significant bit converter is operable to convert a
corresponding one of the high and low logic level bits of
the reset signal into the differential voltage with polarity
based on logic state of the corresponding one of the high
and low logic level bits of the reset signal.

20. The N-bit digital-to-analog converting device as
claimed in claim 17, wherein each of said first and second
transistors of each of said most-significant bit converters, said
first least-significant bit converters and said second least-
significant bit converters is a p-type Metal-Oxide-Semicon-
ductor Field-Effect Transistor having a gate terminal, a
source terminal, and a drain terminal that serve as said control
terminal, said first terminal, and said second terminal, respec-
tively.

21. The N-bit digital-to-analog converting device as
claimed in claim 17, wherein said load includes two resistors,
eachofwhich is coupled electrically between ground and said
second terminal of a respective one of said first and second
transistors of each of said most-significant bit converters, said
first least-significant bit converters, and said second least-
significant bit converter.
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