
US 20100231429A1 

(12) Patent Application Publication (10) Pub. No.: US 2010/0231429 A1 
(19) United States 

Lu (43) Pub. Date: Sep. 16, 2010 

(54) DIRECT CAPACITANCE-TO-DIGITAL 
CONVERTER 

(76) Inventor: Chih-Shiun Lu, Hsinchu (TW) 

Correspondence Address: 
LIN & ASSOCIATES INTELLECTUAL PROP 
ERTY, INC. 
P.O. BOX 2339 
SARATOGA, CA 95070-0339 (US) 

(21) App1.No.: 12/401,621 

(22) Filed: Mar. 11, 2009 

10 

Publication Classi?cation 

(51) Int. Cl. 
H03M 1/12 (2006.01) 
H03M 1/66 (2006.01) 

(52) U.S. Cl. ....................................... .. 341/150; 341/172 

(57) ABSTRACT 

A direct capacitance-to-digital converter is provided, includ 
ing a plurality of switches, an ADC, a reference voltage 
circuit and a trigger unit. By using trigger unit to control a 
plurality of switches, and combining the reference voltages 
outputted by the reference voltage circuit, the converter can 
directly sense the external to-be-measured capacitor and 
related stray capacitor, and directly convert the capacitance of 
the to-be-measured capacitor into accurate digital signal. The 
present invention can be integrated With other sensors into a 
single chip to form an integrated direct capacitance-to-digital 
converter. 

30 1 

bias 
circuit 



Patent Application Publication Sep. 16, 2010 Sheet 1 0f 12 US 2010/0231429 A1 

30 /1 
bias 

circuit 

“K 
sensor 

FIG. 1 



Patent Application Publication Sep. 16, 2010 Sheet 2 0f 12 US 2010/0231429 A1 

A2 A3 A4 Vout 

Z_1 |> -~ 

DA£< 
L+6 ‘L1 

A0 

Vbias 

FIG. 2 



Patent Application Publication Sep. 16, 2010 Sheet 3 0f 12 US 2010/0231429 A1 

2 

\\ 51 53 55 
/ / / 

_ / / / 
f1rst—stage sec0nd—stage 

= . = . = comparator = 

integrator integrator 

P2 _ \ 
l 50 

C2 C1 trigger 
.— unit 

P1 \ 
60 

FIG. 3 



Patent Application Publication Sep. 16, 2010 Sheet 4 0f 12 US 2010/0231429 A1 

5,1 

{miimiémiiiiiiiél"iiié?bias j 
g i’ ‘T’ ‘FT ‘FT . 
iqM/M <62 SW8 SW9 i 
i ¢3/¢5 CT 5 
E /SW ®3A>93B?bb $3M“ H i 
5SW1 __ C471 SW7 | | i 

i / / £1? 5 sws ' 1* 
----------------------- ‘1: V i 

P2 P1; i 
. . ¢1/¢5/ SW33V1 i 

Cl ; m/m/ swa V3 = 

:cz L _______ _f’i?__f__—<>i‘iila ____ 1' 
V 

$1 
trigger 

[H1111 —I,_ (DA 

\ 
60 

FIG. 4 



Patent Application Publication Sep. 16, 2010 Sheet 5 0f 12 US 2010/0231429 A1 

V1 V3 VR—VR+ VR+ Vbias 

1 
1 t 

T W w 

c: -v www V 3A5 Wm WWW 
AW 3 

CW ab/w, / 
TWA; 
4 123 @BC ¢¢¢ 

w 

8 

O __ w _ Tswana “1H. ................ i 2 C/6 “D10 @ W m 1 TTSm HHC TWB1 MP. __ 
w m 

S _ 

FIG. 5 



Patent Application Publication Sep. 16, 2010 Sheet 6 0f 12 US 2010/0231429 A1 

iResetichargei integral 

@3 - ®3B_ i ------------------ 
------- -- v3 

W1 5 i _______ __ V2 

\—: . ---------- --------------------- ------- " V1 

FIG. 6 



Patent Application Publication Sep. 16, 2010 Sheet 7 0f 12 US 2010/0231429 A1 

51 

; v1 VR—VR+ VR+ Vbias g; TT TT ®\5__¢L* ? Q?k H i 

i C3—— C471 5W7 IIOPI i 

/ > i $5 Voutli 
----------------------- ‘1: V I 

P2 P15 I 
_ H _ @5/ SW3 W i 

C1 $4 / SW4 V2 “(:2 L _______________________________________ _J 

V 

FIG. 7 



Patent Application Publication Sep. 16, 2010 Sheet 8 0f 12 US 2010/0231429 A1 

2 1 .V V _ _ 

1 m 

a n 

T. _ 2 0o _ / 

w n m 

n m 
u 1 n 

e 

g 2 f / a 2 
h _| 

C 

|||| I _ I_ I _IIIIIIIIII II 
l._. 5 1 

D1 

.@ .@ V 

FIG. 8 



Patent Application Publication Sep. 16, 2010 Sheet 9 0f 12 US 2010/0231429 A1 

51 

v1 VR—VR+ VR+ Vbias ;; TT TT 
sws W9 i 

i / QQBBQB $35 5 
03:: || i 

I swe I 1* 
I $3 $3 Voutli 
----------------------- ‘1: V i 

P2 P1! g 
' H ' i ‘M /%ov1 i 

C1 @2 / swa V2 “c2 _______________________________________ V 

FIG. 9 



Patent Application Publication Sep. 16, 2010 Sheet 10 0f 12 US 2010/0231429 A1 

I integral Charge 

FIG. 10 





Patent Application Publication Sep. 16, 2010 Sheet 12 0f 12 US 2010/0231429 A1 

VR+ Vbias 

T T 

C721 
l | 

FY2> 
+4] 

C621 
/ / 

CTb C6b 

ll 
VR+Vbias 

FIG. 12 



US 2010/0231429 A1 

DIRECT CAPACITANCE-TO-DIGITAL 
CONVERTER 

FIELD OF THE INVENTION 

[0001] The present invention generally relates to a direct 
capacitance-to-digital converter, and more speci?cally to a 
converter able to directly sensing the capacitance and con 
ver‘ting to precise digital signal Without external ampli?er. 

BACKGROUND OF THE INVENTION 

[0002] With the rapidprogress of digital technology and the 
development of semiconductor manufacturing process, the 
electronic industry has developed highly integrated and poW 
erful processor or graphic chips. HoWever, these powerful 
digital chips can only operate With the digital input signal, 
While most of the electrical signals are analog. Therefore, 
many analog-to-digital converters (ADC) have been devel 
oped to meet different demands, such as, high speed or high 
resolution ADC. The analog electrical signal is usually gen 
erated by sensors, such as, voltage sensor, luminance sensor, 
temperature sensor, ultrasonic sensor, speed sensor or humid 
ity sensor. In particular, the rapid development of sensors 
applied to Microelectro-mechanical System (MEMS) in 
recent years has gained popularity in many consumer elec 
tronic products. For example, Wii from Nintendo uses a 
MEMS-based three-axial acceleration sensor to Work With 
Wireless controller to achieve the highly creative entertain 
ment. In addition, touch panel is another popular application. 
[0003] These applications use sensors and ampli?er to con 
nect to ADC. Among them, Z-A (sigma-delta) ADC is a 
common choice of ADC. 

[0004] FIG. 1 shoWs a schematic vieW of a functional dia 
gram of the conventional apparatus for converting inductive 
capacitance. As shoWn in FIG. 1, an apparatus 1 for convert 
ing inductive capacitance includes a sensor 10, a sensor 
ampli?er 20, a bias circuit 30 and ADC 40, Where sensor 
ampli?er 20 ampli?es the output signal from sensor 10, and 
ADC 40 converts into digital signals. Bias circuitry 30 pro 
vides suitable bias voltage for sensor ampli?er 20 and ADC 
40. 

[0005] FIG. 2 shoWs a detailed vieW ofFIG. 1.As shoWn in 
FIG. 2, the electric model of sensor 10 shoWs a capacitor CS 
and equivalent input impedance R. Capacitor CS has a capaci 
tance change ACS caused by the external environmental 
change. Under the condition of bias voltage Vbias, capacitor 
CS voltage change is AVCS, Which is ampli?ed by sensor 
ampli?er 20 and input to ADC 40. Take a one-stage Z-A ADC 
as an example. ADC 40 includes a ?rst-stage converter circuit 
41 and a comparator 45, Where ?rst-stage converter circuit 41 
further includes a subtracter 42, an adder 43, a delay relay 44 
and a digital-to-analog converter (DAC) 46. DAC 46 converts 
the digital output signal Vout from comparator 45 into analog 
signal. Subtracter 42 ?nds the difference betWeen the output 
signal of sensor ampli?er 20 and the output signal of DAC 46. 
Adder 43 adds the output signal of delay relay 44 to the 
difference, and outputs to delay relay 44 so as to complete the 
entire ADC operation. As Z-A ADC is a commonly knoWn 
technique, the above description is only to highlight the key 
points. 
[0006] In FIG. 2, stray capacitor C2 is connected to capaci 
tor CS and ground. Stray capacitor is an additional equivalent 
capacitor generated by errors in manufacturing process or 
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circuit layout, and the capacitance of capacitor C2 Will vary 
With different manufacturing process and circuit. 
[0007] In addition, in a conventional Z-A ADC structure, to 
improve the resolution of ADC, a structure With a plurality of 
serial stages is usually used. That is, the output signal of 
?rst-stage converter circuit 41 can be passed to the next stage 
converter circuit, and the last stage converter circuit is con 
nected to the comparator. 
[0008] HoWever, the conventional technique has the draW 
back of requiring a bias circuit able to generate a bias voltage 
and a ?rst-stage ampli?er so as to increase the sensing sensi 
tivity. HoWever, it is a dif?cult challenge for the general IC 
fabrication process to overcome the noise in the bias circuit, 
and also dif?cult to integrate into the other existing function 
blocks operating at loW voltage. 
[0009] Another draWback of the conventional technique is 
requiring a high quality ampli?er to amplify the loW inductive 
voltage to the voltage range processable by ADC. As the 
ampli?er requires a large siZe chip area, the chip cost 
increases and the offset, gain and noise of the ampli?er Will 
also increase the signal error. 
[001 0] Yet another drawback of the convention technique is 
the accuracy of the overall ADC by the stray capacitor due to 
manufacturing errors or circuit layout, Which also varies With 
the manufacturing process and circuit, leading to the unstable 
ADC. 
[0011] Hence, it is imperative to devise an apparatus able to 
directly convert the capacitance to digital signal, by using 
ADC to directly convert the loW level output signal to digital 
signal to save the sensor ampli?er and the bias circuit to 
facilitate a smaller-siZe chip area, as Well as eliminating the 
unstable problem of ADC caused by stray capacitor and 
increasing the ADC accuracy. 

SUMMARY OF THE INVENTION 

[0012] The primary object of the present invention is to 
provide a direct capacitance-to-digital converter, by using a 
trigger unit to control a plurality of sWitches, combining With 
reference voltage outputted by reference voltage circuit to 
directly measure the to-be-measured capacitance change and 
directly convert into digital signal so as to improve the accu 
racy of the digital signal, as Well as integrating plural 
sWitches, converter, reference voltage circuit, and controller 
into a single chip to form an integrated single-chip Without the 
extra external high voltage bias circuit and high quality sensor 
ampli?er. 
[0013] Another object of the present invention is to provide 
a direct capacitance-to-digital converter, by using a differen 
tial ADC having a differential integrator to convert the induc 
tive capacitance of the to-be-measured element into digital 
signal in a differential manner so as to improve the anti 
interference of noise. 
[0014] Hence, the direct capacitance-to-digital convert of 
the present invention can solve the draWbacks caused by the 
stray capacitance of the to-be-measured element. 
[0015] The foregoing and other objects, features, aspects 
and advantages of the present invention Will become better 
understood from a careful reading of a detailed description 
provided herein beloW With appropriate reference to the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The present invention can be understood in more 
detail by reading the subsequent detailed description in con 
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junction with the examples and references made to the 
accompanying drawings, wherein: 
[0017] FIG. 1 shows a functional block diagram of a con 
ventional apparatus for converting the inductive capacitance 
to voltage; 
[0018] FIG. 2 shows a detailed schematic view of FIG. 1; 
[0019] FIG. 3 shows a functional block diagram of anADC 
converter according to the present invention; 
[0020] FIG. 4 shows a detailed schematic view of FIG. 3; 
[0021] FIG. 5 shows a schematic view of the ?rst operation 
of the ?rst embodiment of the present invention; 
[0022] FIG. 6 shows the waveform of FIG. 5; 
[0023] FIG. 7 shows a schematic view of the second opera 
tion of the ?rst embodiment of the present invention; 
[0024] FIG. 8 shows the waveform of FIG. 7; 
[0025] FIG. 9 shows a schematic view of the second 
embodiment of the ?rst operation of the embodiment; 
[0026] FIG. 10 shows the waveform of FIG. 9; 
[0027] FIG. 11 shows a schematic view of the second 
embodiment of the present invention; and 
[0028] FIG. 12 shows a schematic view of the second-stage 
integrator and the comparator of the second embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0029] FIG. 3 shows a schematic view of the functional 
block diagram of the direct capacitance-to-digital converter 
of the present invention. As shown in FIG. 3, a direct capaci 
tance-to-digital converter 2 of the present invention includes 
an ADC 50 and a trigger unit 60, for sensing the capacitance 
of to-be-measured capacitor C1, and stray capacitor C2 being 
the stray capacitance generated by the manufacturing process 
and being related to capacitor C1, where ADC 50 includes a 
a ?rst-stage integrator 51, a second-stage integrator 53 and a 
comparator 55. Trigger unit 60 controls a ?rst end P1 and a 
second end P2 of to capacitor C1, where stray capacitor C2 is 
connected to second end P2 of to-be-measured capacitor C1, 
and trigger unit 60 controls ?rst-stage integrator 51 of ADC 
50. Second-stage integrator 53 and comparator 55 can be 
implemented with general integrator and comparator. It is 
worth noting that second-stage integrator 53 can be plural 
serially-connected integrators to improve the resolution. 
[0030] FIG. 4 shows a detailed schematic view of FIG. 3. 
FIG. 4 shows the circuit of ?rst-stage integrator 51. First 
stage integrator 51 includes a DAC capacitor C3, an external 
compensation capacitor C4, an ampli?er OP1, an integral 
capacitor CT, a ?rst switch SW1, a second switch SW2, a 
third switch SW3, a fourth switch SW4, a ?fth switch SW5, a 
sixth switch SW6, a seventh switch SW7, an eighth SW8 and 
a ninth switch SW9, where all the switches SW1-SW9 are 
controlled by a ?rst switch signal (1)1, a second switch signal 
(1)2, a third switch signal (1)3, a third inverted switch signal 
(1)3B, a fourth switch signal (1)4 and a ?fth switch signal (1)5 
generated by trigger unit 60, for performing charging and 
discharging on capacitor C1, stray capacitor C2, DAC capaci 
tor C3 and external compensation capacitor C4, while using 
the integrator formed by ampli?er OP1 and integral capacitor 
CT to perform integration to generate a ?rst-stage integrator 
output voltage Vout1. 
[0031] Bias voltage Vbias of FIG. 4 is generated by a bias 
circuit (not shown), and ?rst reference voltage V1, second 
reference voltage V2, third reference voltage V3, high level 
reference voltage VR+ and low level reference voltage VR 
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are generated by reference circuit (not shown), where third 
reference voltage V3 is higher than second reference voltage 
V2, second reference voltage V2 is higher than ?rst reference 
voltage V1, and high level reference voltage VR+ is higher 
than low level reference voltage VR—. 

[0032] Bias circuit and reference circuit can be imple 
mented with general technology, such as Wilson current mir 
ror or Widlar current source as the bias circuit, and breakdown 

diode with temperature compensation circuit or bandgap ref 
erence circuit as the reference circuit. It is worth noting that 
the present invention is not limited to any speci?c implemen 
tation of the bias circuit or the reference circuit. Any imple 
mentation able to provide required bias voltage and reference 
voltage is within the scope of the present invention. In addi 
tion, trigger unit 60 is for generating the switch signals. 
Therefore, trigger unit 60 implemented by, such as, micro 
processor with ?rmware or logic circuit, is also within the 
scope of the present invention. 
[0033] DAC capacitor C3 uses high level reference voltage 
VR+ and low level reference voltage VR- to realiZe the DAC 
function. That is, when comparator 55 outputs a bit “1”, third 
switch signal (1)3 or ?fth switch signal (1)5 generated by trigger 
unit 60 uses high level reference voltage VR+ to charge DAC 
capacitor C3. When comparator 55 outputs a bit “0”, third 
inverted switch signal (1)3B or fourth switch signal (1)5 gener 
ated by trigger unit 60 uses low level reference voltage VR 
to charge DAC capacitor C3. That is, the digital bit “1” is 
converted into analog high level reference voltage VR+ and 
digital bit “0” is converted into analog low level reference 
voltage VR—. 
[0034] External compensation capacitor C4 is to compen 
sate the parasitic capacitance, and can be implemented by 
using capacitor array and the internal circuit performing self 
recti?cation of a plurality of bits, or using laser trimming or 
current trimming to perform the ?ne-tuning of a plurality of 
bits. 

[0035] The operation of direct capacitance-to-digital con 
verter 2 of the present invention includes a ?rst operation and 
a second operation, where the ?rst operation is for sensing the 
stray capacitance C2 and the second operation is to combine 
with the result of the ?rst operation to perform conversion of 
the to-be-measured capacitor C1 so as to generate accurate 
digital signal. The following describes the ?rst and the second 
operations. 
[0036] FIG. 5 shows a schematic view of the ?rst operation 
of the ?rst embodiment of the present invention. As shown in 
FIG. 5, ?rst switch signal (1)1, second switch signal (1)2, third 
switch signal (1)3 and third inverted switch signal (1)3B gener 
ated by trigger unit 60 are used to control switches SW1 
SW9. The following description also refers to the waveform 
of FIG. 6. In FIG. 6, the operation waveforms of ?rst switch 
signal (1)1, second switch signal (1)2, third switch signal (1)3 and 
third inverted switch signal (1)3B are divided into three steps, 
including reset operation, charge operation and integral 
operation for setting ?rst end voltage VP1 of ?rst end P1 to 
?rst reference voltage V1, third reference voltage V3 or sec 
ond reference voltage V2. 
[0037] In the reset operation, ?rst switch signal (1)1 is at high 
level, second switch signal (1)2 and third switch signal (1)3 are 
at low level, and third inverted switch signal (1)3B is at high 
level. Therefore, ?rst end P1 and second end P2 are connected 
to ?rst reference voltage V1 to discharge capacitor C1 and the 
cross-over voltage is 0V, while stray capacitor C2 is also 
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dicharged to 0V if select right voltage V1 (note, the symbol 
“ground” in the schematic is a reference ground, it can be any 
voltage). 
[0038] In the charge operation, second sWitch signal (1)2 is at 
high level, ?rst sWitch signal (1)1 and third sWitch signal (1)3 are 
at loW level, and third inverted sWitch signal (1)3B is at high 
level. Therefore, ?rst end P1 and second end P2 are connected 
to third reference voltage V3 so that the cross-over voltage of 
capacitor C1 remains 0V, While stray capacitor C2 is charged 
from ?rst reference voltage V1 to third reference voltage V3. 
[0039] In the integral operation, third sWitch signal (1)3 is at 
high level, ?rst sWitch signal (1)1, second sWitch signal (1)2 and 
third inverted sWitch signal (1)3B are at loW level. Therefore, 
?rst end P1 is connected to second reference voltage V2, and 
second end P2 is connected to inverted input end of ampli?er 
OP1. The charge transfer to OP1 is C2*(V2—V3). In the mean 
time, DAC capacitor C3 is sWitched from high level reference 
voltage VR+ to loW level reference voltage VR—. External 
compensation capacitor C4 is sWitched from bias voltage 
Vbias to high level reference voltage VR+ and the voltage 
difference is added to the inverted input end of ampli?er OP1. 
Ampli?er OP1 and integral capacitor CT perform integral 
operation on the signal at the inverted input end and generates 
a ?rst integrator output voltage Vout1 related to stray capaci 
tor C2 at the output end of ampli?er OP1. 
[0040] The total time for the reset operation and the charge 
operation is T1/2, and the time for integral operation is T1/2, 
Where T1 is the ?rst operation period. 
[0041] FIG. 7 shoWs a schematic vieW of the second opera 
tion of the ?rst embodiment of the present invention. As 
shoWn in FIG. 7, fourth sWitch signal (1)4 and ?fth sWitch 
signal (1)5 generated by trigger unit 60 are used to control 
sWitches SW1-SW9. The folloWing description also refers to 
the Waveform of FIG. 8. In FIG. 8, the operation Waveforms 
of fourth sWitch signal (1)4 and ?fth sWitch signal (1)5 are 
divided into tWo steps, including charge operation and inte 
gral operation. 
[0042] In the charge operation, fourth sWitch signal (1)4 is at 
high level, and ?fth sWitch signal (1)5 is at loW level. Therefore, 
?rst end P1 of capacitor C1 is connected to second reference 
voltage V2, and second end P2 is connected to ?rst reference 
voltage V1 so that the cross-over voltage of capacitor C1 is 
V1 -V2. Stray capacitor C2 is charged to ?rst reference volt 
age V1. (note, the ground symbol in the schematic is stand for 
reference ground level, it could be any voltage). First end of 
DAC capacitor C3 and ?rst end of external compensation 
capacitor C4 are connected to second end P2 of capacitor C1. 
Second end of DAC capacitor C3 is connected to high level 
reference voltage VR+, and second end of external compen 
sation capacitor C4 is connected to bias voltage Vbias. The 
time for charge operation is T2/2, Where T2 is the second 
operation period. 
[0043] In the integral operation, ?fth sWitch signal (1)5 is at 
high level, and fourth sWitch signal (1)4 is at loW level. There 
fore, ?rst end P1 of capacitor C1 is connected to ?rst reference 
voltage V1, and second end P2 is connected to inverted input 
end of ampli?er OP1. In the mean time, DAC capacitor C3 is 
sWitched from high level reference voltage VR+ to loW level 
reference voltage VR—. External compensation capacitor C4 
is sWitched from bias voltage Vbias to high level reference 
voltage VR+ and the voltage difference is added to the 
inverted input end of ampli?er OP1. Ampli?er OP1 and inte 
gral capacitor CT perform integral operation on the signal at 
the inverted input end and generates a ?rst integrator output 
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voltage Vout1 related to capacitor C1 at the output end of 
ampli?er OP1. The time for integral operation is T2/2, and 
therefore the time for charge operation is the same as the time 
for integral operation. 
[0044] The accurate digital signals can be obtained through 
?rst integrator output voltage Vout1 generated by the afore 
mentioned ?rst and the second operations. 
[0045] Refer to FIG. 9. The ?rst operation of the present 
invention can also have different order and voltage to achieve 
the identical result. 
[0046] As shoWn in FIG. 9, ?rst sWitch signal (1)1, second 
sWitch signal (1)2, third sWitch signal (1)3 and third inverted 
sWitch signal (1)3B generated by trigger unit 60 are used to 
control sWitches SW1-SW9. The folloWing description also 
refers to the Waveform of FIG. 10. In FIG. 10, the operation 
Waveforms of ?rst sWitch signal (1)1, second sWitch signal (1)2, 
third sWitch signal (1)3 and third inverted sWitch signal (1)3B are 
divided into tWo steps, including charge operation and inte 
gral operation. 
[0047] In the charge operation, ?rst sWitch signal (1)1 is at 
high level, second sWitch signal (1)2 and third sWitch signal (1)3 
are at loW level, and third inverted sWitch signal (1)3B is at high 
level. Therefore, ?rst end P1 and second end P2 are connected 
to ?rst reference voltage V1 to discharge capacitor C1 and the 
cross-over voltage is 0V, While stray capacitor C2 is charged 
to ?rst reference voltage V1. 
[0048] In the integral operation, second sWitch signal (1)2 
and third sWitch signal (1)3 are at high level, While ?rst sWitch 
signal (1)1 and third inverted sWitch signal (1)3B are at loW level. 
Therefore, ?rst end P1 is connected to second reference volt 
age V2, and second end P2 is connected to inverted input end 
of ampli?er OP1. In the mean time, DAC capacitor C3 is 
sWitched from high level reference voltage VR+ to loW level 
reference voltage VR—. External compensation capacitor C4 
is sWitched from bias voltage Vbias to high level reference 
voltage VR+ and the voltage difference is added to the 
inverted input end of ampli?er OP1. Ampli?er OP1 and inte 
gral capacitor CT perform integral operation on the signal at 
the inverted input end and generates a ?rst integrator output 
voltageVout1 related to stray capacitor C2 at the output end of 
ampli?er OP1. Again, the “ground reference” symbol can be 
any voltage. 
[0049] The time for the charge operation is T1/2, and the 
time for integral operation is T1/2, Where T1 is the ?rst 
operation period. 
[0050] FIG. 11 shoWs a schematic vieW of a second 
embodiment of the present invention. Compared to the ?rst 
embodiment in FIG. 4, the second embodiment of the present 
invention uses differential ampli?er to replace the single 
ended ampli?er of the ?rst embodiment. That is, a differential 
ampli?er OP1D is used to replace ampli?er OP1 of FIG. 4. In 
the mean time, inverted integration capacitor CT1 and non 
inverted integration capacitor CT2 are used to replace inte 
gration capacitor CT of FIG. 4. In addition, the differential 
to-be-measure capacitor formed by inverted to-be-measured 
capacitor C111 and non-inverted to-be-measured capacitor 
C1!) replaces to-be-measured capacitor C1, Where the volt 
ages at the tWo ends of inverted to-be-measured capacitor C111 
and non-inverted to-be-measured capacitor C1!) are con 
trolled by trigger unit 60. A differential stray capacitor 
formed by inverted stray capacitor C211 and non-inverted 
stray capacitor C2!) replaces stray capacitor C2, a differential 
DAC capacitor formed by inverted DAC capacitor C311 and 
non-inverted DAC capacitor C3!) replaces DAC capacitor C3, 
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and a differential external compensation capacitor formed by 
inverted external compensation capacitor C411 and non-in 
verted external compensation capacitor C4!) replaces external 
compensation capacitor C4. As the sWitch signals are the 
same as in the ?rst embodiment and the overall operation of 
the circuit is identical, the description is omitted here. 
[0051] FIG. 12 shoWs a schematic vieW of the second-stage 
integrator and the comparator of the second embodiment of 
the present invention. As shoWn in FIG. 10, the second-stage 
integrator of the second embodiment includes a differential 
ampli?er OP2D, an inverted integration capacitor C711, and 
non-inverted integration capacitor C7b. Comparator Comp is 
a differential comparator. Inverted DAC capacitor C611 and 
non-inverted DAC capacitor C6!) are to realiZe the function of 
DAC, as DAC capacitor C3 of the ?rst embodiment. Hence, 
combining the ?rst-stage integrator of FIG. 9 and the second 
stage integrator and comparator of FIG. 10, the formed dif 
ferential ADC has a better anti-noise capability and is appli 
cable to the electrical environment di?icult to rid of noise. 
[0052] Although the present invention has been described 
With reference to the preferred embodiments, it Will be under 
stood that the invention is not limited to the details described 
thereof. Various substitutions and modi?cations have been 
suggested in the foregoing description, and others Will occur 
to those of ordinary skill in the art. Therefore, all such sub 
stitutions and modi?cations are intended to be embraced 
Within the scope of the invention as de?ned in the appended 
claims. 

What is claimed is: 
1. A direct capacitance-to-digital converter, for sensing a 

stray capacitor related to a to-be-measured capacitor, and 
directly converting an inductive capacitance of said to-be 
measured capacitor into a digital signal, a ?rst end of said 
stray capacitor being connected to a ?rst end of said to-be 
measured capacitor, a second end of said stray capacitorbeing 
grounded, said direct capacitance-to-digital converter com 
prising: 

a ?rst integrator, for receiving an input signal at second end 
of said to-be-measured capacitor, after integration, gen 
erating a ?rst-stage integrator output signal; 

a second-stage integrator, for receiving said ?rst-stage inte 
grator output signal, after integration, generating a sec 
ond-stage integrator output signal, said second-stage 
integrator further comprising an integral capacitor and 
an integral ampli?er, one end of said integral capacitor 
and an inverted input end of said integral ampli?er being 
connected to input signal of said second-stage integra 
tor, a non-inverted input end of said integral ampli?er 
being grounded, the other end of said integral capacitor 
and an output end of said integral ampli?er being con 
nected to said second-stage integrator output signal; 

a comparator, for receiving said second-stage integrator 
output signal, after comparing With a standard voltage, 
generating said digital signal; and 

a trigger unit, for generating a plurality of control signals to 
control ?rst end and second end of said to-be-measured 
capacitor and said ?rst-stage integrator, said control sig 
nals comprising a ?rst sWitch signal, a second sWitch 
signal, a third sWitch signal, a third inverted sWitch sig 
nal, a fourth sWitch signal and a ?fth sWitch, said third 
inverted sWitch signal being the inverted phase of said 
third sWitch signal, high level of said ?rst sWitch signal 
not overlapping high level of said ?fth sWitch signal; 
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Where said trigger unit sequentially generating high level 
of said ?rst sWitch signal, said second sWitch signal and 
said third sWitch signal for sensing voltage of said stray 
capacitor, and said trigger unit sequentially generating 
high level of said fourth sWitch signal and said ?fth 
sWitch signal for sensing voltage of said to-be-measured 
capacitor. 

2. The converter as claimed in claim 1, Wherein said ?rst 
stage integrator further comprises: 

a plurality of sWitches, controlled by said control signals of 
said trigger unit, said sWitches comprising a ?rst sWitch, 
a second sWitch, a third sWitch, a fourth sWitch, a ?fth 
sWitch, a sixth sWitch, a seventh sWitch, an eighth sWitch 
and a ninth sWitch, said ?rst end of said to-be-measured 
capacitor being connected to said third sWitch, said 
fourth sWitch and said ?fth sWitch, said second end of 
to-be-measured capacitor being connected to said ?rst 
sWitch, said second sWitch and said sixth sWitch; 

a DAC capacitor, having a ?rst end and a second end; 
an external compensation capacitor, having a ?rst end con 

nected to said ninth sWitch and a second end connected 
to said sixth sWitch, said seventh sWitch and said second 
end of said DAC capacitor; 

an integral ampli?er, having an inverted input end, a non 
inverted input end and an output end, said non-inverted 
input end being grounded, said output end having said 
?rst-stage integrator output signal; 

an integral capacitor, having a ?rst end connected to said 
inverted input end of said integral ampli?er and a second 
end connected to said output end of said integral ampli 
?er; 

a bias circuit, for generating a bias voltage; and 
a reference voltage circuit, for generating a ?rst reference 

voltage, a second reference voltage, a third reference 
voltage, a high level reference voltage and a loW level 
reference voltage, said third reference voltage being 
higher than said second reference voltage, said second 
reference voltage being higher than said ?rst reference 
voltage, and said high level reference voltage being 
higher than said loW level reference voltage; 

Where said ?rst sWitch being controlled by said ?rst sWitch 
signal and said fourth sWitch signal to determine 
Whether to connect said second end of said to-be-mea 
sured capacitor and said ?rst reference voltage, said 
second sWitch being controlled by said second sWitch 
signal to determine Whether to connect said second end 
of said to-be-measured capacitor and said second refer 
ence voltage, said third sWitch being controlled by said 
?rst sWitch signal and said ?fth sWitch signal to deter 
mine Whether to connect said ?rst end of said to-be 
measured capacitor and said ?rst reference voltage, said 
fourth sWitch being controlled by said second sWitch 
signal and said fourth sWitch signal to determine 
Whether to connect said ?rst end of said to-be-measured 
capacitor and said second reference voltage, said ?fth 
sWitch being controlled by said third sWitch signal to 
determine Whether to connect said ?rst end of said to -be 
measured capacitor and said third reference voltage, said 
sixth sWitch being controlled by said third sWitch signal 
to determine Whether to connect said second end of said 
to-be-measured capacitor and said second end of said 
DAC capacitor, said seventh sWitch being controlled by 
said third sWitch signal and said ?fth sWitch signal to 
determine Whether to connect said second end of said 
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DAC capacitor and said inverted input end of said inte 
gral ampli?er, said eighth switch being controlled by 
said third switch signal and said ?fth switch signal to 
determine whether to connect said second end of said 
DAC capacitor to said low level reference voltage and 
being controlled by said third inverted switch signal and 
said fourth switch signal to determine whether to con 
nect said second end of said DAC capacitor to said high 
level reference voltage, and said ninth switch being con 
trolled by said third switch signal and said ?fth switch 
signal to determine whether to connect said ?rst end of 
said external compensation capacitor to said high level 
reference voltage and being controlled by said third 
inverted switch signal and said fourth switch signal to 
determine whether to connect said ?rst end of said exter 
nal compensation capacitor to said bias voltage. 

3. A direct capacitance-to-digital converter, for sensing an 
inverted stray capacitor and a non-inverted stray capacitor 
related to an inverted to-be-measured capacitor and a non 
inverted to-be-measured capacitor, and directly converting an 
inductive capacitance of said to-be-measured capacitor into a 
digital signal, a ?rst end of said inverted stray capacitor and a 
?rst end of said non-inverted stray capacitor being grounded, 
a second end of said inverted stray capacitor being connected 
to a second end of said inverted to-be-measured capacitor, a 
second end of said non-inverted stray capacitor being con 
nected to a second end of said non-inverted to-be-measured 
capacitor, said direct capacitance-to-digital converter com 
prising: 

a ?rst integrator, for receiving an inverted input signal of 
said inverted to-be-measured capacitor and a non-in 
verted input signal of said non-inverted to-be-measured 
capacitor, after integration, generating an inverted ?rst 
stage integrator output signal and a non-inverted ?rst 
stage integrator output signal; 

a second-stage integrator, for receiving said inverted ?rst 
stage integrator output signal and saidnon-inverted ?rst 
stage integrator output signal, after integration, generat 
ing an inverted second-stage integrator output signal and 
a non-inverted second-stage integrator output signal, 
said second-stage integrator further comprising an 
inverted integral capacitor, a non-inverted integral 
capacitor and an integral ampli?er, one end of said 
inverted integral capacitor and an inverted input end of 
said integral ampli?er being connected to inverted ?rst 
stage integrator output signal of said second-stage inte 
grator, the other end of said inverted integral capacitor 
and an inverted output end of said integral ampli?er 
being connected to said inverted second-stage integrator 
output signal, one end of said non-inverted integral 
capacitor and a non-inverted input end of said integral 
ampli?er being connected to said inverted ?rst-stage 
integrator output signal of said second-stage integrator, 
the other end of said non-inverted integral capacitor and 
a non-inverted output end of said integral ampli?er 
being connected to said second-stage integrator output 
signal; 

a comparator, for receiving said inverted second-stage inte 
grator output signal and said non-inverted second-stage 
integral output signal, after comparing with a standard 
voltage, generating said digital signal; and 

a trigger unit, for generating a plurality of control signals to 
control ?rst end and second end of said inverted to-be 
measured capacitor, ?rst end and second end of said 

Sep. 16,2010 

non-inverted to-be-measured capacitor and said ?rst 
stage integrator, said control signals comprising a ?rst 
switch signal, a second switch signal, a third switch 
signal, a third inverted switch signal, a fourth switch 
signal and a ?fth switch, saidthird inverted switch signal 
being the inverted phase of said third switch signal, high 
level of said ?rst switch signal not overlapping high level 
of said ?fth switch signal; 

where said trigger unit sequentially generating high level 
of said ?rst switch signal, said second switch signal and 
said third switch signal for sensing voltages of said 
inverted stray capacitor and said non-inverted stray 
capacitor, and said trigger unit sequentially generating 
high level of said fourth switch signal and said ?fth 
switch signal for sensing voltages of said inverted to-be 
measured capacitor and said non-inverted to-be-mea 
sured capacitor. 

4. The converter as claimed in claim 3, wherein said ?rst 
stage integrator further comprises: 

a plurality of switches, controlled by said control signals of 
said trigger unit, said switches comprising an inverted 
?rst switch, an inverted second switch, an inverted third 
switch, an inverted fourth switch, an inverted ?fth 
switch, an inverted sixth switch, an inverted seventh 
switch, an inverted eighth switch, an inverted ninth 
switch, a non-inverted ?rst switch, a non-inverted sec 
ond switch, a non-inverted third switch, a non-inverted 
fourth switch, a non-inverted ?fth switch, a non-inverted 
sixth switch, a non-inverted seventh switch, a non-in 
verted eighth switch and a non-inverted ninth switch, 
said ?rst end of said inverted to-be-measured capacitor 
being connected to said inverted third switch, said 
inverted fourth switch and said inverted ?fth switch, said 
second end of said inverted to-be-measured capacitor 
being connected to said inverted ?rst switch, said 
inverted second switch and said inverted sixth switch, 
said ?rst end of said non-inverted to-be-measured 
capacitor being connected to said non-inverted third 
switch, said non-inverted fourth switch and said non 
inverted ?fth switch, said second end of said non-in 
verted to -be-measured capacitor being connected to said 
non-inverted ?rst switch, said non-inverted second 
switch and said non-inverted sixth switch; 

an inverted DAC capacitor, having a ?rst end and a second 
end; 

a non-inverted DAC capacitor, having a ?rst end and a 
second end; 

an inverted external compensation capacitor, having a ?rst 
end connected to said inverted ninth switch and a second 
end connected to said inverted sixth switch, said inverted 
seventh switch and said second end of said inverted DAC 
capacitor; 

a non-inverted external compensation capacitor, having a 
?rst end connected to said non-inverted ninth switch and 
a second end connected to said non-inverted sixth 
switch, said non-inverted seventh switch and said sec 
ond end of said non-inverted DAC capacitor; 

an integral ampli?er, having an inverted input end, a non 
inverted input end, an inverted output end and a non 
inverted output end, said inverted output end having said 
inverted ?rst-stage integrator output signal and said non 
inverted output end having said non-inverted ?rst-stage 
integrator output signal; 
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an inverted integral capacitor, having a ?rst end connected 
to said inverted input end of said integral ampli?er and a 
second end connected to said inverted output end of said 
integral ampli?er; 

a non-inverted integral capacitor, having a ?rst end con 
nected to said non-inverted input end of said integral 
ampli?er and a second end connected to said non-in 
verted output end of said integral ampli?er; 

a bias circuit, for generating a bias voltage; and 
a reference voltage circuit, for generating a ?rst reference 

voltage, a second reference voltage, a third reference 
voltage, a high level reference voltage and a loW level 
reference voltage, said third reference voltage being 
higher than said second reference voltage, said second 
reference voltage being higher than said ?rst reference 
voltage, and said high level reference voltage being 
higher than said loW level reference voltage; 

Where said inverted ?rst sWitch being controlled by said 
?rst sWitch signal and said fourth sWitch signal to deter 
mine Whether to connect said second end of said inverted 
to-be-measured capacitor and said ?rst reference volt 
age, said inverted second sWitch being controlled by said 
second sWitch signal to determine Whether to connect 
said second end of said inverted to-be-measured capaci 
tor and said second reference voltage, said inverted third 
sWitch being controlled by said ?rst sWitch signal and 
said ?fth sWitch signal to determine Whether to connect 
said ?rst end of said inverted to-be-measured capacitor 
and said ?rst reference voltage, said inverted fourth 
sWitch being controlled by said second sWitch signal and 
said fourth sWitch signal to determine Whether to con 
nect said ?rst end of said inverted to-be-measured 
capacitor and said second reference voltage, said 
inverted ?fth sWitch being controlled by said third 
sWitch signal to determine Whether to connect said ?rst 
end of said inverted to-be-measured capacitor and said 
third reference voltage, said inverted sixth sWitch being 
controlled by said third sWitch signal to determine 
Whether to connect said second end of said inverted 
to-be-measured capacitor and said second end of said 
inverted DAC capacitor, said inverted seventh sWitch 
being controlled by said third sWitch signal and said ?fth 
sWitch signal to determine Whether to connect said sec 
ond end of said inverted DAC capacitor and said inverted 
input end of said integral ampli?er, said inverted eighth 
sWitch being controlled by said third sWitch signal and 
said ?fth sWitch signal to determine Whether to connect 
said second end of said inverted DAC capacitor to said 
loW level reference voltage and being controlled by said 
third inverted sWitch signal and said fourth sWitch signal 
to determine Whether to connect said second end of said 
inverted DAC capacitor to said high level reference volt 
age, and said inverted ninth sWitch being controlled by 
said third sWitch signal and said ?fth sWitch signal to 
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determine Whether to connect said ?rst end of said 
inverted external compensation capacitor to said high 
level reference voltage and being controlled by said third 
inverted sWitch signal and said fourth sWitch signal to 
determine Whether to connect said ?rst end of said 
inverted external compensation capacitor to said bias 
voltage, and 

said non-inverted ?rst sWitch being controlled by said ?rst 
sWitch signal and said fourth sWitch signal to determine 
Whether to connect said second end of said non-inverted 
to-be-measured capacitor and said ?rst reference volt 
age, said non-inverted second sWitch being controlled 
by said second sWitch signal to determine Whether to 
connect said second end of said non-inverted to-be-mea 
sured capacitor and said second reference voltage, said 
non-inverted third sWitch being controlled by said ?rst 
sWitch signal and said ?fth sWitch signal to determine 
Whether to connect said ?rst end of said non-inverted 
to-be-measured capacitor and said ?rst reference volt 
age, said non-inverted fourth sWitch being controlled by 
said second sWitch signal and said fourth sWitch signal 
to determine Whether to connect said ?rst end of said 
non-inverted to-be-measured capacitor and said second 
reference voltage, said non-inverted ?fth sWitch being 
controlled by said third sWitch signal to determine 
Whether to connect said ?rst end of said non-inverted 
to-be-measured capacitor and said third reference volt 
age, said non-inverted sixth sWitch being controlled by 
said third sWitch signal to determine Whether to connect 
said second end of said non-inverted to-be-measured 
capacitor and said second end of said non-inverted DAC 
capacitor, said non-inverted seventh sWitch being con 
trolled by said third sWitch signal and said ?fth sWitch 
signal to determine Whether to connect said second end 
of said non-inverted DAC capacitor and said non-in 
verted input end of said integral ampli?er, said non 
inverted eighth sWitch being controlled by said third 
sWitch signal and said ?fth sWitch signal to determine 
Whether to connect said second end of said non-inverted 
DAC capacitor to said loW level reference voltage and 
being controlled by said third inverted sWitch signal and 
said fourth sWitch signal to determine Whether to con 
nect said second end of said non-inverted DAC capacitor 
to said high level reference voltage, and said non-in 
verted ninth sWitch being controlled by said third sWitch 
signal and said ?fth sWitch signal to determine Whether 
to connect said ?rst end of said non-inverted external 
compensation capacitor to said high level reference volt 
age and being controlled by said third inverted sWitch 
signal and said fourth sWitch signal to determine 
Whether to connect said ?rst end of said non-inverted 
external compensation capacitor to said bias voltage. 

* * * * * 


