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(57) ABSTRACT 

A signal converting apparatus for integrating an analog-to 
digital converter (ADC) and a digital-to-analog converter 
(DAC) and an integration unit thereof are provided. The 
present invention integrates ADC and DAC, that do not 
operate simultaneously, into a signal converting apparatus 
(SCA), Wherein a control signal decides Whether an analog 
to-digital mode or a digital-to-analog mode is selected. By 
sharing the operational ampli?ers and other components in 
the SCA, the chip area and the cost are signi?cantly reduced. 
In addition, in the integration unit, by sWitching a plurality 
of capacitor sets With various capacitances, the capacitance 
coef?cients required for sWitching ADC and DAC are 
obtained. 
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SIGNAL CONVERTING APPARATUS FOR 
INTEGRATING ANALOG-TO-DIGITAL 

CONVERTER AND DIGITAL-TO-ANALOG 
CONVERTER AND INTEGRATION UNIT 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the priority bene?t of Tai 
Wan application serial no. 94116050, ?led on May 18, 2005. 
All disclosure of the TaiWan application is incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention relates to a signal converting 
apparatus (SCA) betWeen an analog signal and a digital 
signal, and particularly to a signal converting apparatus 
(SCA) for integrating an analog-to-digital converter (ADC) 
and a digital-to analog converter (DAC) and an integration 
unit thereof. 

[0004] 2. Description of the Related Art 

1. Field of Invention 

[0005] FIG. 1 is a block diagram shoWing a conventional 
processing structure of analog and digital signals. In general, 
an ADC 110 and a DAC 130 are tWo independent analog 
circuits designed separately. For converting an analog signal 
A1 into a digital signal D1, the analog signal A1 should be 
converted into a digital signal D1 by the ADC 110 ?rst, then 
sent to a processor 120 (for example, a digital signal 
processor DSP) to process the digital signal. If the digital 
signal D2 output from the processor 120 is to be converted 
into an analog signal A2, the DAC 130 converts the digital 
signal D2 from the processor 120 into an analog signal A2 
for output. 

[0006] In real practice, hoWever, there is little chance to 
conduct signal converting of both ADC and DAC simulta 
neously. In other Words, only one converter, either the ADC 
110 or the DAC 130, converts signals, While the other 
converter is idle. Thus, the circuit utility rate is loW. 

SUMMARY OF THE INVENTION 

[0007] An object of the present invention is to provide a 
signal converting apparatus (SCA) for integrating ADC and 
DAC, Which do not operate simultaneously, into a common 
circuit, Wherein a control signal decides Whether an analog 
to-digital mode or a digital-to-analog mode is selected. By 
sharing the operational ampli?ers and other components in 
the SCA, the chip area and the cost are signi?cantly reduced. 

[0008] Another object of the present invention is to pro 
vide an integration unit, Wherein a capacitance coef?cient 
required for sWitching ADC and DAC is obtained by sWitch 
ing a plurality of capacitor sets With various capacitance 
ratios. 

[0009] Based on the above objects and others, the present 
invention provides a signal converting apparatus (SCA), 
Which is operated in an analog-to-digital mode or a digital 
to-analog mode according to the control signal. In the 
analog-to-digital mode, an analog signal from an analog 
input end is converted and a converted digital signal is 
output at a digital output end; While in digital-to-analog 
mode, a digital signal from a digital input end is converted 
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and a converted analog signal is output at an analog output 
end. The SCA includes a feedback unit, a ?rst sampling unit, 
a ?rst integrator and a quantiZer. The feedback unit outputs 
at least one feedback signal according to the digital signal 
output from the digital output end. The ?rst sampling unit is 
coupled to the analog input end, the digital input end and the 
feedback unit. In the analog-to-digital mode, the ?rst sam 
pling unit is used for sampling the analog signal from the 
analog input end as a sampling signal during a ?rst period, 
and outputting a differential signal according to the sampling 
signal and the corresponding feedback signal output from 
the feedback unit during a second period. In the digital-to 
analog mode, the ?rst sampling unit is used for sampling the 
digital signal from the digital input end as a sampling signal 
during the ?rst period and outputting a differential signal 
according to the sampling signal and an integration result 
from one of the integrators disposed betWeen the ?rst 
sampling unit and the analog output end during the second 
period. The ?rst integrator is electrically coupled to the ?rst 
sampling unit and the analog output end for integrating the 
differential signal. The quantiZer is electrically coupled to 
the ?rst integrator and the digital output end for quatiZing the 
input of the quantiZer and providing a digital signal output 
from the digital output end. 

[0010] According to the embodiment of the present inven 
tion, the above-mentioned ?rst sampling unit of the SCA 
includes a ?rst capacitor, a ?rst sWitch set, a second sWitch 
set, a ?rst sWitch and a second sWitch. The ?rst sWitch set is 
coupled to the analog input end and the ?rst capacitor. In the 
analog-to-digital mode, the ?rst sWitch set connects the 
analog signal of the analog input end to the ?rst end of the 
?rst capacitor during the ?rst period and disconnects it 
during the second period. In the digital-to-analog mode, the 
?rst sWitch set connects the integration result from one of the 
integrators disposed betWeen the ?rst sampling unit and the 
analog output end to the ?rst end of the ?rst capacitor during 
the second period and disconnects it during the ?rst period. 
The second sWitch set is coupled to the digital input end and 
the ?rst capacitor. In the analog-to-digital mode, the second 
sWitch set charges the ?rst capacitor according to the cor 
responding feedback signal output from the feedback unit 
during the second period and disconnects it during the ?rst 
period. In the digital-to-analog mode, the second sWitch set 
charges the ?rst capacitor according to the digital signal at 
the digital input end during the ?rst period and disconnects 
it during the second period. The ?rst sWitch is coupled 
betWeen the second end of the ?rst capacitor and the ?rst 
reference voltage, for connecting the ?rst reference voltage 
to the second end of the ?rst capacitor during the ?rst period 
and disconnecting it during the second period. The second 
sWitch is coupled betWeen the second end of the ?rst 
capacitor and the ?rst integrator, for electrically connecting 
the second end of the ?rst capacitor to the ?rst integrator 
during the second period and disconnecting it during the ?rst 
period. 
[0011] According to the embodiment of the present inven 
tion, the above-mentioned SCA further includes at least an 
integration unit, Which is electrically connected in series 
betWeen the ?rst integrator and the quantiZer and further 
electrically connected in series betWeen the ?rst integrator 
and the analog output end. The integration unit includes a 
second sampling unit and a second integrator. In the analog 
to-digital mode, the second sampling unit samples the input 
signal of the integrator unit and outputs a second differential 
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signal according to the sampling result and the correspond 
ing feedback signal output from the feedback unit. In the 
digital-to-analog mode, the second sampling unit samples 
the input signal of the integrator unit and outputs the 
differential signal according to the sampling result and the 
integration result from one of the integrators disposed 
betWeen the integration unit and the analog output end. The 
second integrator is electrically coupled to the second sam 
pling unit and the analog output end for integrating the 
differential signal. 
[0012] On the other hand, the present invention provides 
an integration unit, having an input end and an output end. 
The integration unit includes a ?rst capacitor device, a 
second capacitor device, a ?rst sWitch, a second sWitch, a 
third sWitch, a fourth sWitch and an operational ampli?er. 
The capacitance of the ?rst capacitor device is determined 
by a control signal. The capacitance of the second capacitor 
device is determined by the control signal. The ?rst end of 
the ?rst sWitch is the input end of the integration unit, and 
the second end of the ?rst sWitch is coupled to the ?rst end 
of the ?rst capacitor device. The ?rst sWitch is on during the 
?rst period, connecting the ?rst end and second end of the 
?rst sWitch, and is off during the second period. The ?rst end 
of the second sWitch is coupled to the ?rst end of the ?rst 
capacitor device, and the second end of the second sWitch is 
coupled to a ?rst voltage. The second sWitch is on during the 
second period, connecting the ?rst end and second end of the 
second sWitch, and is off during the ?rst period. The ?rst end 
of the third sWitch is coupled to the second end of the ?rst 
capacitor device, and the second end of the third sWitch is 
coupled to a second voltage. The third sWitch is on during 
the ?rst period, connecting the ?rst end and second end of 
the third sWitch, and is off during the second period. The ?rst 
end of the fourth sWitch is coupled to the second end of the 
?rst capacitor device, and the second end of the fourth 
sWitch is coupled to the ?rst end of the second capacitor 
device. The fourth sWitch is on during the second period, 
connecting the ?rst end and second end of the fourth sWitch, 
and is off during the ?rst period. The ?rst input end of the 
operational ampli?er is coupled to the ?rst end of the second 
capacitor device, and the output end of the operational 
ampli?er is coupled to the second end of the second capaci 
tor device. 

[0013] Since ADC and DAC, Which do not operate simul 
taneously, are integrated into a common circuit and a control 
signal decides Whether an analog-to-digital mode or a digi 
tal-to-analog mode is selected in the present invention, the 
operational ampli?ers and other components can be shared 
and the chip area and the production cost is signi?cantly 
reduced. In addition, the present invention provides an 
integration unit, by Which capacitance coef?cient required 
for the analog-to-digital mode or the digital-to-analog mode 
are obtained by sWitching a plurality of capacitor sets With 
various capacitance ratios. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The accompanying draWings are included to pro 
vide a further understanding of the invention, and are 
incorporated in and constitute a part of this speci?cation. 
The draWings illustrate embodiments of the invention and, 
together With the description, serve for explaining the prin 
ciples of the invention. 

[0015] FIG. 1 is a block diagram shoWing a conventional 
processing structure of analog-digital signals. 
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[0016] FIG. 2 is a block diagram shoWing a processing 
structure of analog-digital signals according to an embodi 
ment of the present invention. 

[0017] FIG. 3 is a block diagram shoWing a signal con 
verting apparatus (SCA) for integrating an N-order Z/A 
ADC and an N-order sWitching-capacitor DAC according to 
an embodiment of the present invention. 

[0018] FIG. 4 is a block diagram shoWing a signal con 
verting apparatus (SCA) for integrating an N-order "c/A ADC 
and N pieces of l-order sWitching-capacitor DAC according 
to an embodiment of the present invention. 

[0019] FIG. 5 is a circuit draWing of a signal converting 
apparatus (SCA) for integrating a 3-order Z/A ADC and tWo 
pieces of l-order sWitching-capacitor DAC according to an 
embodiment of the present invention. 

[0020] FIG. 6A is a schematic equivalent circuit draWing 
of the SCA in FIG. 5 operating in analog-to-digital mode. 

[0021] FIG. 6B is a schematic signal timing draWing of 
the SCA in FIG. 5 operating in analog-to-digital mode. 

[0022] FIG. 7A is a schematic equivalent circuit draWing 
of the SCA in FIG. 5 operating in digital-to-analog mode. 

[0023] FIG. 7B is a schematic signal timing draWing of 
the SCA in FIG. 5 operating in digital-to-analog mode. 

[0024] FIG. 8 is a schematic circuit draWing of an inte 
gration unit according to another embodiment of the present 
invention. 

DESCRIPTION OF THE EMBODIMENTS 

[0025] Since both a Z/A (integration/difference) ADC and 
a sWitching-capacitor DAC are analog circuits and can be 
implemented by a sWitching-capacitor circuit, the purpose of 
integrating a ADC and DAC into a single signal converting 
apparatus (SCA) can be achieved by sharing some analog 
components, for example, operational ampli?ers and capaci 
tor devices Whose capacitance ratio is adjustable, and 
sWitching capacitance coe?‘icient required for the analog-to 
digital mode or the digital-to-analog mode. 

[0026] FIG. 2 is a block diagram shoWing a processing 
structure of analog-digital signals according to an embodi 
ment of the present invention. Referring to FIG. 2, an ADC 
and a DAC are integrated into a signal converting apparatus 
(SCA) 210. To convert an analog signal ADCIN into a 
digital signal ADCOUT, a control signal CTRL is used for 
setting the SCA 210 as the analog-to-digital mode. Accord 
ingly, the SCA 210 converts the analog signal ADCIN at the 
analog input end thereof into a digital signal ADCOUT, 
Which is output to a processor 220 (for example, a digital 
signal processor DSP) via the digital output end of the SCA 
for digital signal processing. When converting a digital 
signal DACIN output from the processor 220 into an analog 
signal DACOUT, the control signal CTRL is used for setting 
the SCA 210 as the digital-to-analog mode. Accordingly, the 
SCA 210 receives the digital signal SACIN processed by the 
processor 220 at the digital input end thereof and then 
converts the received signal into an analog signal DACOUT 
for output at the analog output end of the SCA. The signal 
converting apparatus (SCA) 210 can be implemented 
according to the block diagram 300 in FIG. 3. 
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[0027] FIG. 3 is a block diagram showing a signal con 
verting apparatus (SCA) for integrating an ADC and a DAC 
according to an embodiment of the present invention. Refer 
ring to FIG. 3, the SCA 300 is formed by N pieces of 
integration units 330_1~330_N connected in series. 
Wherein, N is an integer larger than Zero and the last stage 
of the integration unit 330_N outputs the analog signal 
DACOUT. The quantiZer 340 is used for quantiZing the 
input signal thereof and providing the digital signal 
ADCOUT output at the digital output end. The SCA 300 is 
an embodiment of integrating an N-order Z/A ADC and an 
N-order sWitching-capacitor DAC. 

[0028] The SCA 300 is set as an analog-to-digital mode or 
a digital-to-analog mode by the control signal CRTL. In the 
analog-to-digital mode, the SCA 300 converts the analog 
signal ADCIN at the analog input end thereof into a digital 
signal ADCOUT for output at the digital output end of the 
SCA. While in the digital-to-analog mode, the SCA 300 
converts the digital signal DACIN at the digital input end 
thereof into an analog signal DACOUT for output at the 
analog output end of the SCA. 

[0029] A feedback unit 350 outputs N pieces of feedback 
signals in response to the digital signal ADCOUT output 
from the digital output end. When the SCA 300 Works in an 
analog-to-digital mode, during the ?rst period, the sampling 
unit of each odd-stage integration unit samples an analog 
signal output from a last-stage integration unit. For example, 
a ?rst sampling unit 310_1 samples an analog signal ADCIN 
at the analog input end. MeanWhile, the sampling unit of 
each even-stage integration unit outputs a differential signal 
to a corresponding integrator according to a previously 
sampled signal and a corresponding feedback signal output 
from the feedback unit 350. When the SCA 300 Works in 
analog-to-digital mode, during the second period, the sam 
pling unit of each odd-stage integration unit outputs a 
differential signal to a corresponding integrator according to 
a last sampled signal and a corresponding feedback signal 
output from the feedback unit 350. For example, the ?rst 
sampling unit 310_1 outputs a differential signal to the 
corresponding ?rst integrator 320_1. MeanWhile, the sam 
pling unit of each even-stage integration unit samples an 
analog signal output from a last-stage integration unit. For 
example, a second sampling unit 310_2 samples an analog 
signal output from the ?rst integrator 320_1. Every integra 
tor 320_1~320_N of all integration units integrates the 
differential signal output from the corresponding sampling 
unit. For example, the second integrator 320_2 integrates the 
differential signal output from the second sampling unit 
310 2. 

[0030] When the SCA 300 Works in the digital-to-analog 
mode, during the ?rst period, the sampling unit of each 
odd-stage integration unit samples a signal output from a 
last-stage integration unit. For example, the ?rst sampling 
unit 310_1 samples a digital signal DACIN at the digital 
input end. MeanWhile, the sampling unit of each even-stage 
integration unit outputs a differential signal to a correspond 
ing integrator according to the sampling signal and the 
integration result from one of the integrators disposed 
betWeen the sampling unit and the analog output end of the 
SCA 300. In the embodiment, the SCA 300 in digital-to 
analog mode is designed as an N-order sWitching-capacitor 
DAC, every sampling unit 310_~310_N is accordingly 
alloWed to receive the integration result from the last-stage 
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integrator 320_N. Thus, at this time, the sampling unit of 
each even-stage integration unit outputs a differential signal 
to a corresponding integrator according to the sampling 
signal and the integration result from the last-stage integra 
tor 320_N. During the second period, the sampling unit of 
each odd-stage integration unit outputs a differential signal 
according to the previously sampled signal and the integra 
tion result from the last-stage integrator 320_N. For 
example, the ?rst sampling unit 310_1 outputs a differential 
signal to the ?rst integrator 320_1 according to the last 
sampled signal and the integration result from the last-stage 
integrator 320 N 

[0031] Nevertheless, the SCA in the digital-to-analog 
mode can be designed With other structure of sWitching 
capacitor DACs. For example, anyone skilled in the art is 
able to form the SCA in the digital-to-analog mode With a 
plurality of 2-order sWitching-capacitor DACs connected in 
series. FIG. 4 is a block diagram shoWing a signal convert 
ing apparatus (SCA) for integrating an N-order Z/A ADC 
and N pieces of l-order sWitching-capacitor DAC according 
to an embodiment of the present invention. The SCA 400 in 
FIG. 4 is similar to the SCA 300 in FIG. 3. The difference 
from FIG. 3 is that When the SCA 400 is set as the 
digital-to-analog mode by the control signal CTRL, all 
integration units 430_1~430_N are equivalent to N pieces of 
l-order sWitching-capacitor DACs connected in series. In 
other Words, each integration unit of 430_1~430_N feed 
backs the output signal thereof to the sampling unit inside 
the integration unit. 

[0032] To explain the present invention in more detail, 
another embodiment is described hereinafter. FIG. 5 is a 
circuit draWing of a signal converting apparatus (SCA) for 
integrating a 3-order Z/A ADC and tWo pieces of l-order 
sWitching-capacitor DAC according to an embodiment of 
the present invention. Referring to FIG. 5, a SCA 500 
includes a ?rst sampling unit 510_1, a ?rst integrator 520_1, 
a second sampling unit 510_2, a second integrator 520_2, a 
third sampling unit 510_3, a third integrator 520_3, a 
quantiZer 530 and a feedback unit 540. In the embodiment, 
it is assumed that the control signal CRTL takes a logic-0 
corresponding to the analog-to-digital mode With the SCA 
500, While the control signal CRTL takes a logic-l corre 
sponding to the digital-to-analog mode With the SCA 500. 
Wherein, in the analog-to-digital mode, the SCA 500 con 
verts an analog signal ADCIN at the analog input end thereof 
and sends a digital signal ADCOUT to the digital output end 
for output. While in the digital-to-analog mode, the SCA 500 
converts a digital signal DACIN at the digital input end 
thereof and sends an analog signal DACOUT to the analog 
output end for output. 

[0033] The Z/A (integration/difference) ADC integrated 
by the SCA 500 is a 3-order system herein, and the order 
number 3 is larger than the order number of tWo l-order 
DAC connected in series. Thus, the ?rst sampling unit 
510_1, the ?rst integrator 520_1, the second sampling unit 
510_2 and the second integrator 520_2 are shared in both the 
analog-to-digital mode and the digital-to-analog mode. The 
second integrator 520_2 provides the analog signal 
DACOUT for output in the digital-to-analog mode. Besides, 
the third sampling unit 510_3 and the third integrator 520_3 
serve for the analog-to-digital mode only. The quatiZer 530 
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quantiZes the output signal from the third integrator 520_3 
and provides the digital signal ADCOUT for output at the 
digital output end to output. 

[0034] In the embodiment, the feedback unit 540 is 
formed by, for example, a latch 541 and a latch 542 
connected in series. The latches 541 and 542 latch the data 
signals according to the timings of the phase signals P1 and 
P2, respectively. The feedback unit 540 outputs the 
unlatched digital signal ADCOUT to the third sampling unit 
510_3, and the latched data signals output from the latches 
541 and 542 in the feedback unit 540 are sent to the second 
sampling unit 510_2 and the ?rst sampling unit 510_1, 
respectively. 
[0035] The ?rst sampling unit 510_1 includes a ?rst 
capacitor C1, a ?rst sWitch set 511_1, a second sWitch set 
512_1, a ?rst sWitch SW1 and a second sWitch SW2. In the 
analog-to-digital mode, during the ?rst period, When the 
phase signal P1 is transferred to logic-l status and the phase 
signal P2 is transferred to logic-0 status, the sWitch set 511_1 
connects the analog signal ADCIN at the analog input end to 
the ?rst end of the capacitor C1. In the analog-to-digital 
mode, during the second period, Where the phase signal P1 
is transferred to logic-0 status and the phase signal P2 is 
transferred to logic-l status, the sWitch set 511_1 discon 
nects it during the second period. In the analog-to-digital 
mode, during the second period, the sWitch set 512_1 
connects the corresponding feedback signal output from the 
feedback unit 540 to the ?rst end of the capacitor C1, and the 
sWitch set 512_1 disconnects it during the ?rst period. 

[0036] In the digital-to-analog mode, during the second 
period, the sWitch set 511_1 connects the integration result 
from one of integrators (i.e. the integration result of the ?rst 
integrator 520_1 herein) disposed betWeen the ?rst sampling 
unit 510_1 and the analog output end to the ?rst end of the 
capacitor C1 and disconnects it during the ?rst period. While 
the sWitch set 512_1 charges the capacitor C1 With the 
digital signal at the digital input end of the SCA 500 during 
the ?rst period and disconnects it during the second period. 

[0037] The sWitch SW1 is coupled betWeen the second 
end of the capacitor C1 and a ?rst reference voltage (for 
example, the grounding voltage GND herein) and used for 
connecting the ?rst reference voltage to the second end of 
the capacitor C1 during the ?rst period and disconnecting it 
during the second period. The sWitch SW2 is coupled 
betWeen the second end of the capacitor C1 and the ?rst 
integrator 520_1 and used for electrically coupling the 
second end of the capacitor C1 to the ?rst integrator 520_1 
during the second period and disconnecting it during the ?rst 
period. 

[0038] The above-mentioned sWitch set 511_1 includes, 
for example, a third sWitch SW3; a fourth sWitch SW4 and 
a ?fth sWitch SW5. In the analog-to-digital mode, the sWitch 
SW3 connects the analog signal ADCIN at the ?rst end 
thereof to the second end thereof. In the analog-to-digital 
mode, the ?rst end of the sWitch SW4 is connected to the 
second end of the sWitch SW3. While the second end of the 
sWitch SW4 is connected to the output end (i.e. the output 
end of the ?rst integrator 520_1 herein) at one of the 
integrators disposed betWeen the ?rst sampling unit 510_1 
and the analog output end of the SCA 500. In the digital 
to-analog mode, the sWitch SW4 is turned on betWeen the 
?rst end and the second end thereof. While in the analog 
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to-digital mode, the sWitch SW4 is turned o?‘. The ?rst end 
of the sWitch SW5 is connected to the second end of the 
sWitch SW3, While the second end of the sWitch SW5 is 
connected to the ?rst end of the capacitor C1. Moreover, in 
the analog-to-digital mode, the phase signal P1 is selected 
for sWitching and controlling the sWitch SW5 to be turned on 
during the ?rst period and to be turned off during the second 
period. In the digital-to-analog mode hoWever, the phase 
signal P2 is selected for sWitching and controlling the sWitch 
SW5 to be turned on during the second period and to be 
turned off during the ?rst period. 

[0039] The above-mentioned sWitch set 512_1 includes, 
for example, a sixth sWitch SW6. The ?rst end of the sWitch 
SW6 is coupled to a second reference voltage, for example, 
a reference input voltage REFin herein. The second end of 
the sWitch SW6 is coupled to the ?rst end of the capacitor 
C1. In the analog-to-digital mode, the feedback unit 540 is 
selected by sWitching for outputting a corresponding feed 
back signal to control the sWitch SW6, and the sWitch SW6 
is turned on or off according to the feedback signal. In the 
digital-to-analog mode, the digital signal DACIN at the 
digital input end is selected for sWitching and controlling the 
sWitch SW6, and the sWitch SW6 is turned on or off 
according to the digital signal DACIN. 

[0040] The above-mentioned ?rst integrator 520_1 
includes, for example, a ?rst operational ampli?er OP1 and 
a ?rst capacitor device. The ?rst input end of the ?rst 
operational ampli?er OP1 is coupled to the sWitch SW2, the 
second input end thereof is coupled to a third reference 
voltage (for example, the grounding voltage GND herein). 
The ?rst end of the ?rst capacitor device is coupled to the 
?rst input end of the operational ampli?er OP1, and the 
second end of the ?rst capacitor device is coupled to the 
output end of the operational ampli?er OP1. The capacitance 
of the ?rst capacitor device is determined by the control 
signal CTRL. 

[0041] The integration unit formed by the second sam 
pling unit 510_2 and the second integrator 520_2 is con 
nected in series betWeen the ?rst integrator 520_1 and the 
quantiZer 530 and connected in series betWeen the ?rst 
integrator 520_1 and the analog output end of the SCA 500. 
In the analog-to-digital mode, the sampling unit 510_2 
samples the integration result of the ?rst integrator 520_1. 
Further, a second differential signal is output according to 
the sampling result and the corresponding feedback signal 
output from the feedback unit 540. While in the digital-to 
analog mode, the sampling unit 510_2 samples the integra 
tion result of the ?rst integrator 520_1. Further, a second 
differential signal is output according to the sampling result 
and the integration result of the integrator 520_2. The 
integrator 520_2 is coupled to the sampling unit 510_2 for 
integrating the second differential signal and outputting the 
integration result as the analog signal DACOUT to the 
analog output end. 

[0042] The sampling unit 510_2 includes a second capaci 
tor C2, a third sWitch set 511_2, a fourth sWitch set 512_2, 
a ninth sWitch SW9 and a tenth sWitch SW10. The sWitch set 
511_2 includes a seventh sWitch SW7 and an eighth sWitch 
SW8. The sWitch SW7 is coupled betWeen the output end of 
the ?rst integrator 520_1 and the ?rst end of the capacitor 
C2, and the phase signal P2 turns on or off the sWitch SW7. 
The ?rst end of the sWitch SW8 is coupled to the ?rst end 
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of the capacitor C2. The second end of the switch SW8 is 
coupled to the output end of an integrator (i.e. the integrator 
520_2 herein) disposed betWeen the sampling unit 510_2 
and the analog output end of the SCA 500. In the digital 
to-analog mode, the phase signal P1 is selected for sWitching 
and controlling the sWitch SW8 to be on or off according to 
the timing of the phase signal P1. While in the analog-to 
digital mode, the signal With logic-0 is selected for sWitching 
and controlling the sWitch SW8 to be o?‘. The sWitch set 
512_2 is coupled to the capacitor C2. In the analog-to-digital 
mode, according to the corresponding timing the sWitch set 
512_2 connects the corresponding feedback signal output 
from the feedback unit 540 to the ?rst end of the capacitor 
C2. While in the digital-to-analog mode, the sWitch set 
512_2 is turned o?‘. The sWitch SW9 is coupled betWeen the 
second end of the capacitor C2 and the ?rst reference voltage 
(i.e. the grounding voltage GND herein). The sWitch SW9 is 
turned on or off by the phase signal P2. The sWitch SW10 is 
coupled betWeen the second end of the capacitor C2 and the 
integrator 520_2, and the sWitch SW10 is turned on or off by 
the phase signal P1. 

[0043] The sWitch set 512_2 includes an eleventh sWitch 
SW11. The ?rst end of the sWitch SW11 is coupled to the 
second reference voltage, for example a reference input 
voltage REFin herein. The second end of the sWitch SW11 
is coupled to the ?rst end of the capacitor C1. In the 
analog-to-digital mode, the feedback unit 540 is selected for 
sWitching and outputting a corresponding feedback signal to 
control the sWitch SW11, and the sWitch SW11 is turned on 
or off according to the feedback signal. In the digital-to 
analog mode, the signal of logic-0 is selected for sWitching 
and controlling the sWitch SW11 to be o?‘. 

[0044] The integrator 520_2 includes a second operational 
ampli?er OP2 and a second capacitor device. The ?rst input 
end of the second operational ampli?er OP2 is coupled to the 
sWitch SW10, and the second input end thereof is coupled to 
a third reference voltage (for example, the grounding voltage 
GND herein). The ?rst end of the second capacitor device is 
coupled to the ?rst input end of the operational ampli?er 
OP2, and the second end of the second capacitor device is 
coupled to the output end of the operational ampli?er OP2. 
The capacitance of the second capacitor device is deter 
mined by the control signal CTRL. 

[0045] The third sampling unit 510_3 is electrically 
coupled betWeen the ?rst integrator 520_1 and the quantiZer 
530. In the embodiment, the sampling unit 510_3 is coupled 
to the output end of the integrator 520_2. The third integrator 
520_3 is electrically coupled betWeen the sampling unit 
510_3 and the quantiZer 530. The third integrator integrates 
the output signal from the sampling unit 510_3 and outputs 
the integration result to the quantiZer 530. 

[0046] To better understand the SCA 500 operation modes 
selected by the control signal CTRL, i.e. the analog-to 
digital mode and the digital-to-analog mode, FIG. 6A and 
FIG. 7A are presented. FIG. 6A and FIG. 7A are schematic 
equivalent circuit draWings of the SCA 500 operating in 
analog-to-digital mode and in digital-to-analog mode, 
respectively. Same elements in FIGS. 5, 6A and 7A are 
marked With the same indication numbers. 

[0047] FIG. 6A is a schematic equivalent circuit draWing 
of the SCA 500 in an analog-to-digital mode. FIG. 6B is a 
schematic signal timing draWing of the SCA 500 in an 
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analog-to-digital mode. In FIG. 6A, the signal paths and the 
sWitch statuses that are disconnected in the analog-to-digital 
mode of the SCA 500 are not illustrated. In addition, in FIG. 
6A the sWitches that are connected in the analog-to-digital 
mode of the SCA 500 are illustrated by short circuits. 
Referring to FIGS. 6A and 6B, in the analog-to-digital 
mode, the SCA 500 serves as a 3-order Z/A (integration/ 
difference) ADC. The phase signals P1 and P2 are inverse to 
each other in terms of timing. When the SCA 500 Works in 
the analog-to-digital mode, during the ?rst period, the sam 
pling unit 510_1 and 510_3 sample the analog signal 
ADCIN and the output signal from the integrator 520_2, 
respectively. The sampling unit 510_2 conducts a subtrac 
tion operation on the previously sampled signal output from 
the integrator 520_1 and a feedback signal ADCIN2 output 
from the latch 541. Then, the result signal of the subtraction 
operation is sent to the integrator 520_2. During the second 
period, the sampling unit 510_1 conducts a subtraction 
operation on the previously sampled analog signal ADCIN 
and a feedback signal ADCIN1 output from the latch 542; 
the sampling unit 510_3 conducts a subtraction operation on 
the previously sampled signal output from the integrator 
520_2 and a feedback signal ADCIN3 output from the latch 
542. The result signals of the subtraction operations are sent 
to the integrator 520_1 and 520_3, respectively. Meanwhile, 
the sampling unit 510_2 samples the signal output from the 
integrator 520_1. 
[0048] FIG. 7A is a schematic equivalent circuit draWing 
of the SCA 500 in FIG. 5 operating in digital-to-analog 
mode. FIG. 7B is a schematic signal timing draWing of the 
SCA in FIG. 5 operating in digital-to-analog mode. In FIG. 
7A, the signal paths and the sWitch statuses that are discon 
nected in the digital-to-analog mode of the SCA 500 are not 
illustrated. In addition, in FIG. 7A the sWitches that are 
connected in the digital-to-analog mode of the SCA 500 are 
illustrated by short circuits. Referring to FIGS. 7A and 7B, 
in the digital-to-analog mode, the SCA 500 serves as tWo of 
l-order sWitched capacitor DACs connected in series. When 
the SCA 500 Works in the digital-to-analog mode, during the 
?rst period, the sampling unit 510_1 samples the digital 
signal DACIN and the sampling unit 510_2 conducts a 
subtraction operation on the previously sampled signal out 
put from the integrator 520_1 and the signal output from the 
integrator 520_2. Then, the result signal of the subtraction 
operation is sent to the integrator 520_2. During the second 
period, the sampling unit 510_1 conducts a subtraction 
operation on the previously sampled digital signal DACIN 
and the signal output from the integrator 520_1, and the 
result signal of the subtraction operation is sent to the 
integrator 520_1. MeanWhile, the sampling unit 510_2 
samples the signal output from the integrator 520_1. 
[0049] In the above-described embodiments, the capaci 
tance of the capacitor devices in the integrators of all 
integration units are determined by the control signal CTRL, 
so that the different capacitance ratios for the analog-to 
digital mode and the digital-to-analog mode of the SCA 500 
operation are obtained. HoWever, in the present invention, 
the determined capacitance of the capacitor devices is not 
limited to the above-mentioned control signal CTRL. FIG. 
8 gives another embodiment of the integration unit. Refer 
ring to FIG. 8, an integration unit 800 has an input end “in” 
and an output end “out”. The integration unit 800 includes 
a sampling unit 810 and an integrator 820. The sampling unit 
810 includes a ?rst capacitor device 811, a ?rst sWitch 812, 
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a second switch 813, a third switch 814 and a fourth sWitch 
815. The integrator 820 includes a second capacitor device 
821 and an operational ampli?er OP. Wherein, the capaci 
tance of the capacitor device 811 and the capacitor device 
821 are determined by the control signals including Sla, SIb, 
. . . and S2,, 82b, . . . . The capacitor device 811 comprises 

a plurality of ?rst capacitors Cla, Clb, . . . and a plurality of 
control sWitches Which are controlled by the corresponding 
signals S 1,, SB, . . . ,respectively. The capacitor device 821 

comprises a plurality of second capacitors Cza, Czb, . . . and 
a plurality of control sWitches Which are controlled by the 
corresponding signals S2,, SZB, . . . , respectively. 

[0050] In FIG. 8, the ?rst end of the sWitch 812 is just the 
input end of the integration unit 800. The second end of the 
sWitch 812 is coupled to the ?rst end of the capacitor device 
811. The phase signal P1 controls the sWitch 812 to be on 
during the ?rst period, and to be off during the second 
period. The ?rst end of the sWitch 813 is coupled to the ?rst 
end of the capacitor device 811, and the second end of the 
sWitch 813 is coupled to the ?rst voltage (for example, the 
grounding voltage herein). The phase signal P2 controls the 
sWitch 813 to be on during the second period, and to be off 
during the ?rst period. The ?rst end of the sWitch 814 is 
coupled to the second end of the capacitor device 811, and 
the second end of the sWitch 814 is coupled to the second 
voltage (for example, the grounding voltage herein). The 
phase signal P1 controls the sWitch 814 to be on during the 
?rst period, and to be off during the second period. The ?rst 
end of the sWitch 815 is coupled to the second end of the 
capacitor device 811, and the second end of the sWitch 815 
is coupled to the ?rst end of the capacitor device 821. The 
phase signal P2 controls the sWitch 815 to be on during the 
second period, and to be off during the ?rst period. The ?rst 
input end of the operational ampli?er OP is coupled to the 
?rst end of the capacitor device 821, and the output end of 
the operational ampli?er OP is coupled to the second end of 
the capacitor device 821. 

[0051] It is assumed that the ?rst capacitors Cla, Clb and 
the control sWitches controlled by the signal Sla and Slb 
respectively form the capacitor device 811 of the integration 
unit 800, and the second capacitors C2,, C2b and the control 
sWitches controlled by the signal 82a and 82b respectively 
form the capacitor device 821 of the integration. By means 
of the various control signals Sla, 81b, 82a and S2b for 
controlling the control sWitches, there Would be at most 9 
capacitance coe?icients, i.e. 9 capacitance ratios, in the 
integration unit 800. The 9 capacitance coef?cients are 
[Cm/Ch], [CIb/CZaL [(C1a+C1b)/C2a]$ [CIa/CZbL [Clio/C215]: 
[(CIa'l'CIbyCZbL [cia/(cza'l'czbns [C1b/(C2a'l'C2bn and 
[(Cla+C1b)/(C2a+C2b)]. It can be seen here that the capacitor 
devices 811 and 821 can be formed by any integer number 
of capacitors to obtain the various required capacitance 
coef?cients (capacitance ratios). 

[0052] In summary, the present invention integrates tWo, 
ADC and DAC, that do not operate simultaneously, into a 
single circuit, Wherein a control signal decides Whether an 
analog-to-digital mode or a digital-to-analog mode is 
selected. By sharing the operational ampli?ers and other 
components in the SCA, the chip area and the cost are 
signi?cantly reduced. In addition, by means of a plurality of 
capacitors With various capacitance in the integration unit, 
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the various capacitance coe?icients required for sWitching 
the analog-to-digital mode or the digital-to-analog mode are 
obtained. 

[0053] It Will be apparent to those skilled in the art that 
various modi?cations and variations can be made to the 
structure of the present invention Without departing from the 
scope or spirit of the invention. In vieW of the foregoing, it 
is intended that the speci?cation and examples to be con 
sidered as exemplary only, With a true scope and spirit of the 
invention being indicated by the folloWing claims and their 
equivalents. 

1. A signal converting apparatus (SCA), for sWitching the 
operation mode thereof into an analog-to-digital mode or a 
digital-to-analog mode by a control signal, Wherein the SCA 
converts an analog signal at an analog input end thereof and 
outputs the converted digital signal at a digital output end 
thereof in the analog-to-digital mode, and the SCA converts 
a digital signal at a digital input end thereof and outputs the 
converted analog signal at an analog output end thereof in 
the digital-to-analog mode; the SCA comprising: 

a feedback unit, for outputting at least one feedback signal 
according to the digital signal output from the digital 
output end; 

a ?rst sampling unit, coupled to the analog input end, the 
digital input end and the feedback unit, in the analog 
to-digital mode, for sampling the analog signal at the 
analog input end into a sampling signal during a ?rst 
period and outputting a differential signal according to 
the sampling signal and the corresponding feedback 
signal output from the feedback unit during a second 
period, and in the digital-to-analog mode, for sampling 
the digital signal at the digital input end into a sampling 
signal during the ?rst period and outputting a differen 
tial signal according to the sampling signal and an 
integration result from one of the integrators disposed 
betWeen the ?rst sampling unit and the analog output 
end during the second period; 

a ?rst integrator, electrically coupled to the ?rst sampling 
unit and the analog output end, for integrating the 
differential signal; and 

a quantiZer, electrically coupled to the ?rst integrator and 
the digital output end, for quantiZing the input signal of 
the quantiZer and providing a digital signal output at the 
digital output end. 

2. The signal converting apparatus as recited in claim 1, 
Wherein the ?rst sampling unit comprises: 

a ?rst capacitor; 

a ?rst sWitch set, coupled to the analog input end and the 
?rst capacitor, in the analog-to-digital mode, for con 
necting the analog input to the ?rst end of the ?rst 
capacitor during the ?rst period and disconnecting it 
during the second period, and in the digital-to-analog 
mode, for connecting an integration result from one of 
the integrators disposed betWeen the ?rst sampling unit 
and the analog output end to the ?rst end of the ?rst 
capacitor during the second period and disconnecting it 
during the ?rst period; 

a second sWitch set, coupled to the digital input end and 
the ?rst capacitor, in the analog-to-digital mode, for 
charging the ?rst capacitor according to the corre 
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sponding feedback signal output from the feedback unit 
during the second period and disconnecting it during 
the ?rst period, and in the digital-to-analog mode, for 
charging the ?rst capacitor according to the digital 
signal at the digital input end during the ?rst period and 
disconnecting it during the second period; 

a ?rst sWitch, coupled betWeen the second end of the ?rst 
capacitor and a ?rst reference voltage, for connecting 
the ?rst reference voltage to the second end of the ?rst 
capacitor during the ?rst period and disconnecting it 
during the second period; and 

a second sWitch, coupled betWeen the second end of the 
?rst capacitor and the ?rst integrator, for connecting the 
second end of the ?rst capacitor to the fast integrator 
during the second period and disconnecting it during 
the ?rst period. 

3. The signal converting apparatus as recited in claim 2, 
Wherein the ?rst sWitch set comprises: 

a third sWitch, Wherein the ?rst end thereof is coupled to 
the analog input end, for connecting the ?rst end and 
second end thereof in the analog-to-digital mode, and 
disconnecting the ?rst end and second end thereof in 
the digital-to-analog mode; 

a fourth sWitch, Wherein the ?rst end thereof is coupled to 
the second end of the third sWitch and the second end 
thereof is coupled to the output end at one of the 
integrators disposed between the ?rst sampling unit and 
the analog output end, for connecting the ?rst end and 
second end thereof in the digital-to-analog mode and 
disconnecting the ?rst end and second end thereof in 
the analog-to-digital mode; and 

a ?fth sWitch, Wherein the ?rst end thereof is coupled to 
the second end of the third sWitch and the second end 
thereof is coupled to the ?rst end of the ?rst capacitor, 
in the analog-to-digital mode, for connecting the ?rst 
end and second end thereof during the ?rst period, and 
disconnecting the ?rst end and second end thereof 
during the second period, and in the digital-to-analog 
mode, connecting the ?rst end and second end thereof 
during the second period and disconnecting the ?rst end 
and second end thereof during the ?rst period. 

4. The signal converting apparatus as recited in claim 2, 
Wherein the second sWitch set comprises: 

a sixth sWitch, Wherein the ?rst end thereof is coupled to 
a second reference voltage and the second end thereof 
is coupled to the ?rst end of the ?rst capacitor, for 
determining a connection status of the sixth sWitch 
according to a corresponding feedback signal output 
from the feedback unit in the analog-to-digital mode, 
and determining a connection status of the sixth sWitch 
according to the digital signal at the digital input end in 
the digital-to-analog mode. 
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ampli?er and the second end thereof is coupled to the 
output end of the ?rst operational ampli?er, and the 
capacitance thereof is determined by the control signal. 

6. The signal converting apparatus as recited in claim 1, 
further comprising: 

at least an integration unit, coupled in series betWeen the 
?rst integrator and the quantiZer and coupled in series 
betWeen the ?rst integrator and the analog output end, 
Wherein the integration unit comprises: 

a second sampling unit, in the analog-to-digital mode, for 
sampling the input signal of the integration unit and 
outputting a second differential signal according to the 
sampling result and the corresponding feedback signal 
output from the feedback unit, and in the digital-to 
analog mode, for sampling the input signal of the 
integration unit and outputting the second differential 
signal according to the sampling result and the inte 
gration result from one of the integrators disposed 
betWeen the integration unit and the analog output end; 
and 

a second integrator, electrically coupled to the second 
sampling unit and the analog output end for integrating 
the second differential signal. 

7. The signal converting apparatus as recited in claim 6, 
Wherein the second sampling unit comprises: 

a second capacitor; 

a fourth sWitch set, coupled to the second capacitor, in the 
analog-to-digital mode, for charging the second capaci 
tor according to the corresponding feedback signal 
output from the feedback unit and disconnecting it in 
the digital-to-analog mode; 

a seventh sWitch, coupled betWeen the input end of the 
integration unit and the ?rst end of the second capaci 
tor; 

an eighth sWitch, Wherein the ?rst end thereof is coupled 
to the ?rst end of the second capacitor and the second 
end thereof is coupled to the output end at one of the 
integrators disposed betWeen the integration unit and 
the analog output end, for determining a connection 
status of the eighth sWitch according to a corresponding 
timing in the digital-to-analog mode and disconnecting 
the eighth sWitch in the analog-to-digital mode; 

a ninth sWitch, coupled betWeen the second end of the 
second capacitor and the ?rst reference voltage, for 
determining a connection status of the ninth sWitch 
according to a corresponding timing; and 

a tenth sWitch, coupled betWeen the second end of the 
second capacitor and the second integrator, for deter 
mining a connection status of the tenth sWitch accord 
ing to a corresponding timing. 

8. The signal converting apparatus as recited in claim 7, 
5. The signal converting apparatus as recited in claim 1, wherein the fourth Switch Set Comprises? 

Wherem the ?rst Integrator Comprises: an eleventh sWitch, Wherein the ?rst end thereof is 
coupled to a second reference voltage and the second 
end thereof is coupled to the ?rst end of the second 
capacitor, for determining a connection status of the 
eleventh sWitch according to a corresponding feedback 
signal output from the feedback unit in the analog-to 
digital mode, and disconnecting the eleventh sWitch in 
the digital-to-analog mode. 

a ?rst operational ampli?er, Wherein the ?rst input end 
thereof is coupled to the ?rst sampling unit and the 
second input end thereof is coupled to a third reference 
voltage; and 

a ?rst capacitor device, Wherein the ?rst end thereof is 
coupled to the ?rst input end of the ?rst operational 



US 2006/0261993 A1 Nov. 23, 2006 
8 

9. The signal converting apparatus as recited in claim 6, 10. The signal converting apparatus as recited in claim 1, 
Wherein the second integrator comprises: further comprising: 

a second operational ampli?er, Wherein the ?rst input end a third sampling unit, electrically coupled betWeen the 
thereof is coupled to the tenth sWitch and the second ?rst integrator and the quantiZer; and 

Input end thereof 15 Coupled to a thud reference Volp a third integrator, electrically coupled betWeen the third 
age; and . . . . 

sampling unit and the quantizer for outputting an 
a second capacitor device, Wherein the ?rst end thereof is integration result to the quantiZer according to the 

coupled to the ?rst input end of the second operational sampling result of the third sampling unit. 
ampli?er and the second end thereof is coupled to the 11-13. (canceled) 
output end of the second operational ampli?er, and the 
capacitance thereof is determined by the control signal. * * * * * 


