
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2009/0040086 A1 

US 20090040O86A1 

Hong et al. (43) Pub. Date: Feb. 12, 2009 

(54) DWASTRUCTURE AND METHOD THEREOF (22) Filed: Aug. 7, 2007 
DIGITAL-TO-ANALOG SIGNAL O O O A O 

CONVERSION METHOD AND SIGNAL Publication Classification 

ROUTING METHOD (51) Int. Cl. 
H03M I/66 (2006.01) 

(75) Inventors: Ghia-Ming Hong, Hsinchu City (52) U.S. Cl. ........................................................ 341/144 
(TW); Chia-Wei Chang, Taichung 
County (TW); Yan-Hua Peng, (57) ABSTRACT 
Hsinchu City (TW); Kuang-Chih 
Liu, Hsinchu City (TW); 
Chung-Fu Lin, Taipei County 
(TW) 

Correspondence Address: 
JC PATENTS, INC. 
4 VENTURE, SUITE 250 
IRVINE, CA 92618 (US) 

(73) Assignee: 

(21) Appl. No.: 

FARADAY TECHNOLOGY 
CORP. Hsinchu (TW) 

11/835,094 

A data weighted average (DWA) structure including a first 
delay unit, a binary to thermometer code converter, an adder, 
a second delay unit, a decoder, a barrel shifter, and a plurality 
of signal lines is provided. The first delay unit delays an input 
digital signal. The binary to thermometer code converter con 
verts an output signal of the first delay unit into a thermal 
code. The second delay unit delays an output signal of the 
adder. The adder adds the input digital signal to an output 
signal of the second delay unit. The decoder decodes the 
output signal of the second delay unit. The barrel shifter 
generates an output signal from the thermal code in accor 
dance with an output signal of the decoder. The signal lines 
route the output signal of the barrel shifter into two indepen 
dent control signal groups. 
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DWASTRUCTURE AND METHOD THEREOF, 
DIGITAL-TO-ANALOG SIGNAL 

CONVERSION METHOD AND SIGNAL 
ROUTING METHOD 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention generally relates to a data 
weighted average (DWA) structure and a digital-to-analog 
signal conversion method, in particular, to a DWA structure 
and a digital-to-analog signal conversion method for reducing 
errors caused by element mismatch. 
0003 2. Description of Related Art 
0004 Digital-to-analogy converters (DACs) and analog 

to-digital converters (ADCs) have been broadly applied to 
communication systems, consumer electronic products, and 
audio equipments etc. However, within DACs or ADCs, non 
linear problems caused by element mismatch are inevitable, 
and Such problems are very crucial to a sigma-delta modula 
tor (SDM). 
0005. Dynamic element matching (DEM) has been pro 
vided for resolving the non-linear problems in DACs, 
wherein data weighted averaging (DWA) is a well-known 
DEM algorithm. Generally speaking, DWA realizes first 
order noise shaping and reduces element mismatch effect. In 
addition, DWA can reduce capacitor mismatch at the input 
terminal of analog circuits (for example, a Switched-capacitor 
reconstruction filter, SCF) in DACs; thus, DWA has good 
signal noise ratio (SNR) and total harmonic distortion (THD) 
performance. 
0006. However, the existing DWA structures still have 
Some problems. For example, in-band tone may be produced 
in the existing DWA structures, thus, the spur-free dynamic 
range (SFDR) performance may not be satisfactory. In addi 
tion, existing high resolution DACs have low efficiency and 
large circuit area. 
0007 Accordingly, a new DWA structure having forego 
ing and/or other advantages but without foregoing and/or 
other problems is to be provided. 

SUMMARY OF THE INVENTION 

0008 Accordingly, the present invention is directed to a 
data weighted average (DWA) structure having reduced cir 
cuit area and reduced in-band tone. 
0009. The present invention is directed to a capacitor con 

trol method for a switched capacitor filter to be applied to 
digital-to-analog signal conversion for reducing errors caused 
by capacitors mismatch during long time operation. 
0010. According to an example of the present invention, a 
DWA structure including a first delay unit, a binary to ther 
mometer code converter, an adder, a second delay unit, a 
decoder, a barrel shifter, and a plurality of signal lines is 
provided. The first delay unit receives and delays an input 
digital signal. The binary to thermometer code converter 
receives an output signal from the first delay unit and converts 
the output signal into a thermal code. The adder receives the 
input digital signal. The second delay unit receives and delays 
an output signal of the adder. An output signal of the second 
delay unit further feeds back to the adder. The adder adds the 
input digital signal to an output signal of the second delay unit 
to obtain the output signal thereof. The decoder receives and 
decodes the output signal of the second delay unit. The barrel 
shifter receives the thermal code from the binary to thermom 
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eter code converter and generates an output signal according 
to an output signal of the decoder. The signal lines route the 
odd bit in the output signal of the barrel shifter into a low-bit 
signal of a DWA output digital signal and route the even bit in 
the output signal of the barrel shifter into a high-bit signal of 
the DWA output digital signal. 
0011. According to another example of the present inven 
tion, a signal routing method adapted to a DWA structure is 
provided. The signal routing method at least includes follow 
ing steps. An M-bit input digital signal is provided. The odd 
bit in the input digital signal is routed into a low-bit signal of 
an output digital signal, and the even bit in the input digital 
signal is routed into a high-bit signal of the output digital 
signal, wherein the output digital signal has Mbits. 
0012. According to yet another example of the present 
invention, a digital-to-analog signal conversion method is 
provided. The method includes at least following steps. An 
input digital signal having a plurality of bits is provided, 
wherein these bits are evenly distributed in a first signal block 
and a second signal block. A plurality of capacitors is pro 
vided, wherein these capacitors are evenly distributed in a 
first capacitor block and a second capacitor block, and the 
pattern for distributing these capacitors is related to the unit 
capacitance errors of these capacitors. The charge order of the 
capacitors in the first capacitor block is determined according 
to the relationships of the unit capacitance errors of the 
capacitors in the first capacitor block. The charge order of the 
capacitors in the second capacitor block is determined 
according to the relationships of the unit capacitance errors of 
the capacitors in the second capacitor block. How many 
capacitors are to be charged is determined according to the 
input digital signal. The capacitors to be charged are selected 
alternatively from the first and the second capacitor block, 
and the current selection is corresponding to the previous 
selection. The capacitors are charged according to the input 
digital signal So as to perform the digital-to-analog signal 
conversion. 
0013. According to still another example of the present 
invention, a data weighted averaging method for a plurality of 
conversion units is provided. The method at least includes 
following steps. The conversion units are grouped into at least 
a first block and a second block. The conversion units are 
selected alternatively from the first and the second block to 
obtain the DWA thereof, wherein when one of the conversion 
units in the first block is to be selected, the currently selected 
conversion unit is located at one side of the previously 
selected conversion unit, and when one of the conversion 
units in the second block is to be selected, the currently 
selected conversion unit is located at the other side of the 
previously selected conversion unit. 
0014. According to yet still another example of the present 
invention, a data weighted averaging method for a plurality of 
conversion units is provided. The method at least includes 
following steps. The conversion units are grouped into at least 
a first block and a second block. The conversion units are 
selected alternatively from the first and the second block to 
obtain the DWA thereof, wherein when one of the conversion 
units in the first block is to be selected, the conversion unit is 
selected from the first block in one direction, and when one of 
the conversion units in the second block is to be selected, the 
conversion unit is selected from the second block in another 
direction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 The accompanying drawings are included to pro 
vide a further understanding of the invention, and are incor 
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porated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, 
together with the description, serve to explain the principles 
of the invention. 
0016 FIG. 1 is a circuit diagram of a data weighted aver 
age (DWA) structure according to an embodiment of the 
present invention. 
0017 FIGS. 2-4 illustrate the relationships between an 
input signal Q3-Q1 and an output signal S8--S1 in the DWA 
structure according to the embodiment of the present inven 
tion. 

DESCRIPTION OF THE EMBODIMENTS 

0018 Reference will now be made in detail to the present 
preferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever pos 
sible, the same reference numbers are used in the drawings 
and the description to refer to the same or like parts. 
0019. According to embodiments of the present invention, 
a new data weighted average (DWA) structure is provided for 
generating an output signal using DWA algorithm. The DWA 
output signal is routed into two control signal groups which 
operate (or rotate) independently through signal routing. The 
two control signal groups are used for controlling charging of 
internal capacitors of for example, a Switched-capacitor 
reconstruction filter (SCF). Errors caused by capacitor mis 
match in the SCF during longtime operation can be reduced, 
and accordingly the operation accuracy of the circuitry can be 
improved. 
0020 FIG. 1 is a circuit diagram of a data weighted aver 
age (DWA) structure according to an embodiment of the 
present invention. The DWA structure in the present embodi 
ment can be applied to a sigma-delta modulator (SDM). 
Referring to FIG. 1, the DWA structure 10 includes a delay 
unit 12, an adder 13, a binary to thermometer code converter 
14, a delay unit 15, a decoder 16, and a barrel shifter 17. The 
delay unit 12 and the delay unit 15 operate synchronously, 
and they are both controlled by a clock signal CLK. 
0021. In the present embodiment, the SDM 11 may be a 
quantizer and convert an input signal IN (for example, a 
high-bit digital input signal Such as a 12-bit digital signal, a 
14-bit digital signal, or a 16-bit digital signal) into a low-bit 
digital signal. As shown in FIG. 1, the SDM 11 converts the 
input digital signal IN into a 3-bit digital signal Q3-Q1. The 
3-bit digital signal Q3-Q1 is input to the delay unit 12 and the 
adder 13. 
0022. The delay unit 12 delays the 3-bit digital signal 
Q3-Q1 and outputs the delayed signal to the binary to ther 
mometer code converter 14. The binary to thermometer code 
converter 14 converts the delayed 3-bit digital signal Q3-Q1 
into an 8-bit digital thermal code A8-A1. For example, if the 
3-bit digital signal Q3-Q1 is 000, the 8-bit thermal code 
A8-A1 converted by the binary to thermometer code con 
verter 14 is 00000001), and if the 3-bit digital signal Q3-Q1 
is 001, the 8-bit thermal code A8-A1 is 00000011. The 
conversions between the digital signal Q3-Q1 and the ther 
mal code A8-A1 are listed below: 

TABLE 1. 

Q3-Q1 A8-A1 

OOO OOOOOOO1 
OO1 OOOOOO11 
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TABLE 1-continued 

Q3-Q1 A8-A1 

O10 OOOOO111 
O11 OOOO1111 
100 OOO11111 
101 OO111111 
110 O1111111 
111 11111111 

0023 The binary to thermometer code converter 14 out 
puts the 8-bit thermal code A8-A1 to the barrel shifter 17 as 
an 8-bit input digital signal of the barrel shifter 17. 
(0024. The SDM 11 outputs the 3-bit digital signal Q3-Q1 
to the adder 13. The adder 13 and the delay unit 15 form a 
feedback system. The output of the delay unit 15 is defined as 
the output of the feedback system. The adder 13 and the 
decoder 16 receive the 3-bit output signal of the feedback 
system. The adder 13 adds the 3-bit digital signal Q3-Q1 to 
the output signal of the delay unit 15, and then the delay unit 
15 delays the 3-bit output signal of the adder 13 and outputs 
to the adder 13 and the decoder 16. 

0025. The decoder 16 receives the 3-bit output signal of 
the feedback system and decodes it into an 8-bit digital signal. 
The 8-bit digital signal output by the decoder 16 is used for 
controlling output configuration of the output signal B8-B1 
of the barrel shifter 17. 

0026. As described above, the 8-bit digital signal output 
by the decoder 16 is used as the control signal of the barrel 
shifter 17, and the 8-bit digital signal A8-A1 output by the 
binary to thermometer code converter 14 is used as the 8-bit 
input digital signal of the barrel shifter 17. 
(0027. The 8-bit output signal B8-B1 of the barrel shifter 
17 is routed by the signal lines L1-L8 into a digital signal 
S8--S1, and the digital signal S8--S1 can be used as a switch 
control signal of an 8-level SCF 18. Each switch and the 
corresponding capacitor form a conversion unit. As shown in 
FIG. 1, the signal bits B1, B2, B3, B4, B5, B7, and B8 are 
respectively connected to the signal bits S1, S8, S2, S7, S3, 
S6, S4, and S5. Or, the connections between the output signal 
B8-B1 and the digital signal S8--S1 may be expressed as: 

wherein in represents the total bit number of the signal and is 
a positive even number (as shown in FIG. 1, n=8), and i is a 
positive integer between 1-n/2. 
(0028. The 8 signal bits S8-S1 can be distributed into block 
1 and block 2 according to the operation of the barrel shifter 
17 and the connection pattern between the signal B8-B1 and 
the signal S8--S1, wherein block 1 contains signal bits S1-S4 
(the first half of the signal), and block 2 contains signal bits 
S5-S8 (the second half of the signal). 
(0029. Only a part of the internal structure of the 8-level 
SCF 18 is illustrated in FIG.1. Referring to FIG. 1, the 8-level 
SCF 18 includes switches SW1-SW8 and capacitors C1-C8. 
The signal bits S8--S1 respectively control the on/off of the 
switches SW8-SW1, and the on/off states of the switches 
SW1-SW8 determine whether or not the capacitors C1-C8 
are charged. The capacitors C1-C8 are grouped into blocks, 
for example block 1 and block 2, wherein C1-C4 are in block 
1 and C5-C8 are in block 2. 
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0030. In the present embodiment, the rule of selecting the 
capacitors C1-C8 to be charged is as following: 
0031 (1) How many capacitors are to be charged is deter 
mined according to the input signal Q3-Q1. For example, 1. 
2, 3, 4, 5, 6, 7, and 8 capacitors are charged when the input 
signal is respectively 000, 001),010, 011, 100,101), 
110, and 111, respectively. 
0032 (2) Capacitors in the two blocks are selected alter 
natively, and the current selection is based on the previous 
selection. 
0033 (3) In block 1, the capacitors are selected in the order 
of C1->C2->C343 C4->C1->C2->C3->C4-> ... (assum 
ing capacitor C1 is selected first). In block 2, the capacitors 
a selected in the order of: 
C8->C7->C6->C5->C8->C7->C6->C5-> . . . (assuming 
capacitor C8 is selected first). 
0034 FIGS. 2-4 illustrate the relationships between the 
input signal Q3-Q1 and the output signal S8--S1 of the DWA 
structure according to the embodiment of the present inven 
tion. The rule for selecting capacitors to be charged can be 
understood clearly by referring to FIG.2 FIG. 4. In the present 
embodiment, it is assumed that the unit capacitance errors of 
the capacitors C1-C8 are respectively (-0.01), (-0.0075), 
(-0.005), (-0.0025), (+0.0025), (+0.005), (+0.0075), and 
(+0.01). Generally speaking, the unit capacitance errors are 
linear in consideration of process drift. Thus, the capacitors 
having larger unit capacitance errors are distributed at two 
ends of the capacitor array (as the capacitors C1 and C8 in 
FIG. 1). A capacitor is charged when the corresponding 
Switch is turned on. For example, the capacitor C1 is charged 
when the Switch SW1 is turned on. 
0035) Refer to FIG.2, whereintimepoint t21 is assumed to 
be the start point. 
0036. At time point t21, the signal Q3-Q1 is 000, the 
signal S1 is 1, and the other signals are 0. Here the capacitor 
C1 is charged (which is default setting), while the other 
capacitors are not charged. In the following, “selecting” a 
capacitor means "charging the capacitor. 
0037. At time point t22, the signal Q3-Q1 is 001, the 
signals S8 and S2 are 1, and the other signals are 0. Here the 
capacitors C8 and C2 are charged (in the order of C8->C2), 
while the other capacitors are not charged. The reason of 
selecting and charging the capacitors in the order of C8->C2 
will be described herein. The previously selected capacitor 
(C1) (at time point t21) belongs to block 1, and thus, at time 
point t22, a capacitor in block 2 is to be selected. The capaci 
tor C8 in block 2 is then selected (which is default setting). 
After that, a capacitor in block 1 is to be selected. Since the 
previously selected capacitor in block 1 is capacitor C1, the 
capacitor C2 is then selected. In FIGS. 2-4, signal 0 repre 
sents that the corresponding capacitor is not be selected, 
while the parameter m represents the order in which the 
corresponding capacitor is selected, wherein m is a positive 
integer between 1-n. 
0038. At time point t23, the signal Q3-Q1 is 010, the 
signals S7, S3, and S6 are 1, and the other signals are 0. Thus, 
the capacitors C7, C3, and C6 are sequentially charged, while 
the other capacitors are not charged. The reason of selecting 
the capacitors in the order of C7->C3->C6 will be described 
herein. The previously selected capacitor (C2) (at time point 
t22) belongs to block 1, thus, at time point t23, a capacitor in 
block 2 is to be selected. Since in block 2, the previously 
selected capacitor is capacitor C8, the capacitor C7 is then 
selected. After that, a capacitor in block 1 is to be selected. 
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Since in block 1, the previously selected capacitoris capacitor 
C2, the capacitor C3 is then selected. 
0039. Accordingly, at time point t24, capacitors C4, C5, 
C1, and C8 are selected sequentially; at time point t25, 
capacitors C2, C7, C3, C6, and C4 are selected sequentially: 
at time point t26, capacitors C5, C1, C8, C2, C7, and C3 are 
selected sequentially; at time point t27, capacitors C6, C4. 
C5, C1, C8, C2, and C7 are selected sequentially; and at time 
point t28, capacitors C3, C6, C4, C5, C1, C8, C2, and C7 are 
selected sequentially. 
0040. At time points t21-t28, the capacitors C1-C8 are 
respectively selected 5.5, 4, 4, 4, 4, 5, and 5 times. Thus, the 
average capacitance error during this period is: 

0041 FIG. 3 illustrates another example about how to 
determine the output signal S8--S1 according to the input 
signal Q3-Q1. Refer to FIG. 3, wherein time point t31 is 
assumed to be the start point. 
0042. At time point t31, the signal Q3-Q1 is 000, the 
signal S1 is 1, and the other signals are 0. Here the capacitor 
C1 is charged (which is default setting), while the other 
capacitors are not charged. 
0043. At time point t32, the signal Q3-Q1 is 000, the 
signal S8 is 1, and the other signals are 0. Here the capacitor 
C8 is charged, while the other capacitors are not charged. The 
reason of selecting the capacitor C8 will be described herein. 
Since the previously selected capacitor (C1) (at time point 
t31) belongs to block 1, at time point t32, a capacitor in block 
2 is to be selected. Then capacitor C8 in block 2 is first 
selected (which is default setting). 
0044) At time point t33, the signal Q3-Q1 is 000, the 
signal S2 is 1, and the other signals are 0. Thus, the capacitor 
C2 is charged, while the other capacitors are not charged. The 
reason of selecting the capacitor C2 will be described herein. 
Since the previously selected capacitor (C8) (at time point 
t32) belongs to block 2, at time point t33, a capacitor in block 
1 is to be selected. In block 1, the previously selected capaci 
tor is capacitor C1, thus, the capacitor C2 is then selected. 
0045. Accordingly, at time point t34, capacitor C7 is 
selected; at time point t35, capacitor C3 is selected; at time 
point t36, capacitor C6 is selected; at time point t37, capacitor 
C4 is selected; and at time point t38, capacitor C5 is selected. 
0046. At time points t31-t38, the capacitors C1-C8 are all 
selected once. Thus, the average capacitance error during this 
period is: 

0047 FIG. 4 illustrates another example about how to 
determine the output signal S8--S1 according to the input 
signal Q3-Q1. Refer to FIG. 4, wherein time point ta1 is 
assumed to be the start point. 
0048. At time point ta1, the signal Q3-Q1 is 000, the 
signal S1 is 1, and the other signals are 0. Here the capacitor 
C1 is charged (which is default setting), while the other 
capacitors are not charged. 
0049. At time point ta2, the signal Q3-Q1 is 110, the 
signals S8, S2, S7, S3, S6, S4, and S5 are 1, and the other 
signals are 0. Thus, the capacitors C8, C2, C7, C3, C6, C4, and 
C5 are sequentially charged, while the other capacitors are 
not charged. The reason of selecting the capacitors C8, C2, 
C7, C3, C6, C4, and C5 in such an order will be described 
herein. The previously selected capacitor (C1) (at time point 
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t41) belongs to block 1, thus, at time point ta2, a capacitor in 
block 2 is to be selected. The capacitor C8 in block 2 is then 
selected (which is default setting). Next, a capacitor in block 
1 is to be selected. In block 1, the previously selected capaci 
tor is capacitor C1, thus, the capacitor C2 is then selected. 
After that, the capacitor C7 in block 2 is selected (because the 
previously selected capacitor in block 2 is capacitor C8). And 
so on, the order in which the capacitors are selected can be 
obtained as described above. 
0050. At time point tA3, the signal Q3-Q1 is 010, the 
signals S1, S8, and S2 are 1, and the other signals are 0. Thus, 
the capacitors C1, C8, and C2 are sequentially charged, while 
the other capacitors are not charged. The reason of selecting 
the capacitors C1, C8, and C2 in such an order will be 
described herein. Since the previously selected capacitor (C5) 
(at time point t32) belongs to block 2, at time point ta3, a 
capacitor in block 1 is to be selected. In block 1, the previ 
ously selected capacitor is capacitor C4, thus, the capacitor 
C1 is selected. After that, the capacitor C8 in block 2 is then 
selected (because the previously selected capacitor in block 2 
is capacitor C5). Next, the capacitor C2 in block 1 is selected 
(because the previously selected capacitor in block 1 is 
capacitor C1). 
0051. Accordingly, at time point ta4, capacitors C7, C3, 
C6, C4, and C5 are selected; at time point ta5, capacitors C1, 
C8, C2, and C7 are selected; at time point tak6, capacitors C3, 
C6, C4, C5, C1, and C8 are selected; at time point ta7, 
capacitors C2 and C7 are selected; and at time point ta8, 
capacitors C3, C6, C4, C5, C1, C8, C2, and C7 are selected. 
0052 At time points ta1-t48, the capacitors C1-C8 are 
respectively selected 5.5, 4, 4, 4, 4, 5, and 5 times. Thus, the 
average capacitance error during this period is: 

0053 According to the present embodiment, errors caused 
by large unit capacitance errors and by Small unit capacitance 
errors may be cancelled, reduced or eliminated. Accordingly, 
during long operation period, the entire average error caused 
by element mismatch may be cancelled, reduced or elimi 
nated. 
0054 Additionally, even though in foregoing description, 
the capacitor having the largest unit capacitance error in each 
block is selected first, the present embodiment is not limited 
thereto. Since the selection rule allows those capacitors hav 
ing symmetrical errors to be selected alternatively, the same 
effect can be achieved as well. For Example, the capacitors 
may also be selected in the direction of: 
C2->C3->C4->C1->C2 . . . (block 1) and 
C7->C6->C5->C8->C7 ... (block 2). The present embodi 
ment can be implemented variously by those skilled in the art 
without departing the scope and spirit of the present inven 
tion. 
0055. In the embodiment illustrated in FIG. 1, various 
DWA alternations may be implemented by changing the map 
ping between the signals B1-B8 and S1-S8 constructed by 
the signal lines L1-L8. For example, if the routing of the 
signal lines L1-L8 is to map the signal bits B1-B8 respec 
tively to S4, S5, S3, S6, S2, S7, S1, and S8, then the capacitors 
in block 1/block 2 can be selected/charged alternatively in 
anticlockwise/clockwise direction. In addition, if the routing 
of the signal lines L1-L8 is to map the signal bits B1-B8 
respectively to S1, S5, S2, S6, S3, S7, S4, S8, then the capaci 
tors in both block1 and block 2 can be selected/charged alter 
natively in clockwise direction. Moreover, if the routing of 
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the signal lines L1-L8 is to map the signal bits B1-B8 respec 
tively to S1, S4, S6, S2, S5, S7, S3, S8, then the capacitors 
C1-C8 can be grouped into three blocks (the capacitors 
C1-C3 are in one block, the capacitors C4-C5 are in another 
block, and the capacitors C6-C8 are in yet another block), 
and capacitors in the three blocks can be selected/charged 
alternatively in clockwise direction. 
0056. The structures of the delay unit 12, the adder 13, the 
binary to thermometer code converter 14, the delay unit 15, 
the decoder 16, and the barrel shifter 17 are not limited in the 
present embodiment, and any structures thereof may be used 
as long as they can accomplish foregoing functions. In addi 
tion, the signal S1-S8 may be used for controlling other types 
of digital-to-analog conversion units besides the capacitors 
C1-C8 in FIG. 1. 
0057 Compared to the conventional DWA structure, the 
circuit area of the DWA structure in the present embodiment 
is reduced. 
0058. In overview, the DWA structure in the present 
embodiment may reduce in-band tone. Moreover, the DWA 
structure in the present embodiment may also reduce signal 
dependent harmonic distortion. 
0059. It will be apparent to those skilled in the art that 
various modifications and variations can be made to the struc 
ture of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is 
intended that the present invention cover modifications and 
variations of this invention provided they fall within the scope 
of the following claims and their equivalents. 

1. A data weighted average (DWA) structure, comprising: 
a first delay unit, receiving and delaying an input digital 

signal; 
a binary to thermometer code converter, receiving an out 

put signal from the first delay unit and converting the 
output signal of the first delay unit into a thermal code: 

an adder, receiving the input digital signal; 
a second delay unit, receiving and delaying an output sig 

nal of the adder, an output signal of the second delay unit 
further feeding back to the adder, the adder adding the 
input digital signal to the output signal of the second 
delay unit to obtain the output signal of the adder; 

a decoder, receiving and decoding the output signal of the 
second delay unit; 

a barrel shifter, receiving the thermal code from the binary 
to thermometer code converter and generating an output 
signal according to an output signal of the decoder; and 

a plurality of signal lines, routing an odd bit in the output 
signal of the barrel shifter into a low-bit signal of a DWA 
output digital signal, and routing an even bit in the output 
signal of the barrel shifter into a high-bit signal of the 
DWA output digital signal. 

2. The DWA structure according to claim 1, wherein the 
first delay unit and the second delay unit operate synchro 
nously. 

3. The DWA structure according to claim 1, wherein the 
connection between the odd bit in the output signal of the 
barrel shifter and the low-bit signal of the DWA output digital 
signal constructed by the signal lines is: 

wherein B(2i-1) represents the odd bit in the output signal 
of the barrel shifter, S(i) represents the low-bit signal of 
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the DWA output digital signal, i is a positive integer 
between 1 and M/2, and M is the bit number of the output 
signal of the barrel shifter. 

4. The DWA structure according to claim 1, wherein the 
connection between the even bit in the output signal of the 
barrel shifter and the high-bit signal of the DWA output 
digital signal constructed by the signal lines is: 
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wherein B(2i) represents the odd bit in the output signal of 
the barrel shifter, S(M+1-i) represents the high-bit sig 
nal of the DWA output digital signal, i is a positive 
integer between 1 and M/2, and M is the bit number of 
the output signal of the barrel shifter. 

5-12. (canceled) 


