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A TIME-BASED CAPACITANCE TO DIGITAL CONVERTER 

WITH FAST DATA ACQUISITIONS AND HIGH RESOLUTION  
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Introduction 
W48&3#8&6;$ #+$ 2(X(2#3#?&$ 6&+64)$ (XX"#2(3#4+6;$ 3A&$ :(+'D#'3A$ 4=$ 3A&$ XA*6#2("$ 6#B+("6$ #6$ "4D$ &+47BA$ 34$
#8X)4?&$3A&$)&64"73#4+$:*$(XX"*#+B$(?&)(B#+B$4=$3A&$473X73$6#B+(".$5+$3A(3$2(6&;$($?&)*$A#BA$)&64"73#4+$2(+$
:&$(2A#&?&'.$%4D&?&);$ #+$43A&)$2(6&6;$672A$(6$'#6X"(2&8&+3$8&(67)&8&+3$ #+$($2"46&'U"44X$6*63&8;$ #+$
(''#3#4+$ 34$ ($ A#BA$ )&64"73#4+$ ($ A#BA$8&(67)&8&+3$ 6X&&'$ #6$ ("64$ +&&'&'.$ $ @A#6$ 2(+$ :&$ (2A#&?&'$:*$ (Y$
'&2)&(6#+B$ 3A&$ 3A&)8("$ +4#6&$ :*$ #+2)&(6#+B$ 3A&$ X4D&)$ 24+678X3#4+;$ :Y$ (XX"*#+B$ "4DU+4#6&$ 2#)27#3$
3&2A+#Z7&6$(+'$4X3#8#[#+B$3A&$+4#6&$:&A(?#4)$4=$3A&$2#)27#3;$2Y$#+2)&(6#+B$3A&$"&?&"$4=$3A&$')#?&$6#B+(".$
5+$($A#BA$)&64"73#4+$'#6X"(2&8&+3$8&(67)&8&+3;$:&2(76&$4=$X466#:"&$3A&)8("$&SX(+6#4+;$?&)*$"#33"&$X4D&)$
24+678X3#4+$#6$(""4D&'$(3$ 3A&$X46#3#4+$4=$ 3A&$6&+64)$A&('.$@A&)&=4)&;$D&$6A47"'$&#3A&)$C&&X$3A&$X4D&)$
24+678X3#4+$:&"4D$($2&)3(#+$"#8#3;$4)$24++&23$3A&$6&+64)$D#3A$($"4+B$2(:"&$34$3A&$#+3&)=(2&.$5+$3A&$6&24+'$
(XX)4(2A$D&$ A(?&$ 34$ '&("$D#3A$ ($ "()B&$ X()(6#3#2$ 2(X(2#3(+2&$ 4=$ 3A&$ 24++&23#4+$ 2(:"&.$ 5+$ 3A#6$D4)C$D&$
=4276$4+$)&'72#+B$3A&$X4D&).$
$5+$&()"#&)$X(X&)6$ #3$A(6$:&&+$6A4D+;$ 3A(3$ 3A&$ #+3&)=(2&$2#)27#36$2(+$:&$'&6#B+&'$:(6&'$4+$3A&$76&$4=$($
2(X(2#3(+2&U34U?4"3(B&$ 24+?&)3&)$ (+'$ ($ )&"(S(3#4+$ 462#""(34);$ DA#2A$ 4==&)$ 3A&$ (33)(23#?&$ =&(37)&6$ 4=$
6#8X"#2#3*$ (+'$ "4DUX4D&)$ 24+678X3#4+$ \M].$ 5+$ 3A#6$ X(X&);$ D&$ 6A4D$ A4D$ 3A&$ +4#6&$ X&)=4)8(+2&$ 4=$ 3A#6$
#+3&)=(2&$2#)27#3$2(+$:&$#8X)4?&'$:*$76#+B$4X3#8#[&'$"4DU+4#6&$2#)27#3$3&2A+#Z7&.$$$
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The interface 
R#B7)&$M$6A4D6$3A&$:"42C$'#(B)(8$4=$3A&$#+3&)=(2&.$!6$#3$2(+$:&$6&&+;$:&6#'&$3A&$7+C+4D+$2(X(2#34)$9S;$
3D4$)&=&)&+2&$2(X(2#34)6$9)&=M$(+'$9)&=F$()&$("64$8&(67)&'$34$X&)=4)8$3A)&&U6#B+("$(734U2("#:)(3#4+$\M;$F].$$
1(2A$4=$ 3A&6&$ 3A)&&$2(X(2#34)6$ #6$6&"&23&'$:*$ 3A&$87"3#X"&S&).$I&S3;$ #+$ 3A&$ =)4+3U&+'$2#)27#3;$ #36$?("7&$ #6$
24+?&)3&'$ 34$ 3A&$ ?4"3(B&$ :*$ ($ -(X(2#3(+2&U34U^4"3(B&$ -4+?&)3&)$ _-^-Y.$ !6$ ($ +&S3$ 63&X;$ 3A&$ 84'#=#&)$
24+?&)36$3A&$?4"3(B&$34$($X&)#4'$3#8&.$$
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R#B7)&$F_(Y$6A4D6$3A&$-^-$=4)$($="4(3#+B$2(X(2#34)$\M;$F];$DA#"&$=#B7)&$F_:Y$6A4D6$648&$#8X4)3(+3$6#B+("6.$
5+$4)'&)$+43$ 34$ "466$(+*$2A()B&;$:&=4)&$ 3)(+6#3#4+$ #+$')#?&$?4"3(B&;$K')#?&;$WM$ #6$4X&+&'.$ 5+$ 3A#6$-^-$ 3A&$
')#?&$?4"3(B&$A(6$3D4$"&?&"6$4=$P$^$(+'$K''.$`A&+$WM$#6$2"46&';$XA(6&$M;$3A&$')#?&$?4"3(B&$#6$6(8X"&'$4+$
9S;$(+'$ #+$XA(6&$F$ 3A&$2A()B&$4=$9SK''$ #6$X78X&'$ #+$9=$DA#2A$ )&67"36$($ 078X$4=$KS$a$9SK''$ b$9=$ (3$ 3A&$
473X73.$$
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R#B7)&$LT$_(Y$@A&$?4"3(B&$34$X&)#4'$24+?&)3&)$(+'$_:Y$648&$#8X4)3(+3$6#B+("6.$
$
@A&$?4"3(B&6$K4M$(+'$K4F$()&$:"42CU6A(X&'$D#3A$3A&$"&?&"6$4=$P$(+'$K''.$5+$XA(6&$M$_JAMY;$3A&$2A()B&$LM$a$
K''94M$4=$94M$#6$X78X&'$#+34$3A&$#+3&B)(34)$2(X(2#34).$I&S3;$3A#6$2A()B&$#6$)&84?&'$:*$#+3&B)(3#4+$4=$@#+3.$5+$
XA(6&$ F;$ 3A&$ 2A()B&$LF$ a$K''94FKK4U2?29W$ #6$ X78X&'$ #+34$ 3A&$ #+3&B)(34)$ 2(X(2#34).$ @A#6$ 2A()B&$ #6$ ("64$
)&84?&'$:*$#+3&B)(3#4+$4=$@#+3.$@A&)&=4)&$4+&$248X"&3&$8&(67)&8&+3$2*2"&;$!868;$(847+36$34T$
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Measurement speed 
W#+2&$D&$D(+3$ 34$A(?&$($ =(63$8&(67)&8&+3;$ 3A&$ #+3&)=(2&$6A47"'$ )7+$(3$($A#BA$ =)&Z7&+2*.$ 5+$6D#32A&'U
2(X(2#34)$2#)27#3;$3A&$8(S#878$=)&Z7&+2*$D#""$:&$"#8#3&'$:*$3A&$)&Z7#)&'$(227)(2*$\L].$5=$3A&$6*63&8$6A47"'$
A(?&$(+$MU:#3$X&)=4)8(+2&;$3A&$6&33"#+B$&))4)$(3$3A&$473X73$8763$:&$"&66$3A(+$A("=$(+$9Wc.$@A#6$)&Z7#)&6;$
3A&$24+'#3#4+$
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34$:&$6(3#6=#&';$DA&)&$%-@$#6$3A&$2A()B&U3)(+6=&)$3#8&$24+63(+3.$W#+2&$!F$'&X&+'6$4+$#+X73$2(X(2#3(+2&%9S;$
&Z7(3#4+$L$6A47"'$:&$?("#'$=4)$3A&$8#+#878$?("7&$4=$!F;$DA#2A$#6$&Z7("$34$!M.$@A&)&=4)&;$#3$6A47"'$A4"'$3A(3$
$

F G3 .J3 0/T N HJ ( 4 ! ! ! ! ! ! HFI!

$
<7&$34$6&+64)$(+'b4)$2(:"&$X()(6#3#2$2(X(2#3(+2&6;$3A&$-^-$D#""$"#8#3$3A&$7XX&)U"#8#3$4=$3A&$=)&Z7&+2*.$d7)$
(+("*6#6$6A4D6;$3A(3$76#+B$dX(8X$#+$3A&$-^-$#6$('?(+3(B&476$(6$248X()&'$34$(+$d@!.$/4)&4?&)$#3$2(+$
:&$X)4?&+;$3A(3$3A&$2A()B&U3)(+6=&)$3#8&$24+63(+3$#6$X)4X4)3#4+("$34$9Xb9S;8(S.$W#+2&$3A#6$)(3#4$#6$'#==&)&+3$#+$
'#==&)&+3$(XX"#2(3#4+;$#+$3A#6$'&6#B+$3A&$=)&Z7&+2*$2(+$:&$6&3$:*$3A&$76&)$#+$E$'#==&)&+3$?("7&6.$
$$
Noise optimization 
c*$ #+2)&(6#+B$3A&$8&(67)&8&+3$6X&&';$ #=$D&$'4$+43$ #+2)&(6&$3A&$+4#6&$X&)=4)8(+2&;$ 3A&$)&64"73#4+$D#""$
'&2)&(6&.$@4$ #+2)&(6&$ 3A&$ )&64"73#4+;$D&$'#'$($+4#6&$(+("*6#6$4=$ 3A&$ #+3&)=(2&;$DA#2A$6A4D6$ 3A(3$ #+$47)$
#+3&)=(2&$ 3A&$ 248X()(34)$ (+'$ #+3&B)(34)$ 27))&+3$ 647)2&$ ()&$ 3A&$ 3D4$8(04)$ 647)2&6$ 4=$ +4#6&;$ (6$D#""$ :&$
'#62766&'$+4D.$$
$

H5% N$#*,%'%?'*-17#<#+(-%/3<&')'+3)%#*$+('-%3.%'%$+'*-')-%/3<&')'+3)%
%

!$63(+'()'$3A)&6A4"'U'&3&23#+B$248X()(34)$#6$767(""*$'&6#B+&'$(6$($D#'&U:(+'D#'3A$A#BA$B(#+$(8X"#=#&);$
X466#:"*$ #8X"&8&+3&'$ D#3A$ ($ 2(62('&$ 4=$ "4DUB(#+$ (8X"#=#&)6.$ >67(""*;$ 3A&$ =#)63$ 63(B&$ 4=$ 3A&$ 2(62('&'$
(8X"#=#&)6$'48#+(3&6$3A&$#+X73U)&=&))&'$+4#6&$(+'$6&36$3A&$248X()(34)$+4#6&$:(+'D#'3A.$@4$8(S#8#[&$3A&$
6X&&'$(3$($B#?&+$X4D&)$24+678X3#4+;$3A&$2(X(2#3(+2&$(3$3A&$473X73$4=$3A&$=#)63$63(B&$#6$C&X3$(6$68(""$(6$
X466#:"&;$64$3A(3$3A&$#+X73U)&=&))&'$+4#6&$4=$672A$(+$(8X"#=#&)$2(+$:&$)(3A&)$"()B&$\E].$53$2(+$:&$64$"()B&;$
3A(3$3A&$+4#6&$X&)=4)8(+2&$4=$3A&$#+3&)=(2&$#6$'48#+(3&'$:*$3A(3$4=$3A&$248X()(34)$\N].$
%4D&?&);$#+$47)$#+3&)=(2&$(+*$'&"(*U)&"(3&'$&))4)$2(76&'$:*$248X()(34)$2(+$:&$)&84?&'$D#3A$3A&$(XX"#&'$
(734U2("#:)(3#4+.$@A&)&=4)&;$3A&)&$#6$+4$+&&'$=4)$($=(63$248X()(34).$@A&)&=4)&;$#+63&('$4=$76#+B$($63(+'()'$
3A)&6A4"'$248X()(34);$($X)&(8X"#=#&)$D#3A$"#8#3&'$(+'$24+3)4""(:"&$:(+'D#'3A$=4""4D&'$:*$($W2A8#33$3)#BB&)$
#6$76&'$_R#B.$EY.$@A&$X)&(8X"#=#&)$A(6$&+47BA$B(#+;$64$3A(3$3A&$+4#6&$4=$3A&$W2A8#33$3)#BB&)$2(+$:&$#B+4)&'.$
>6#+B$672A$($:(+'U"#8#3&'$248X()(34)$D#""$+43$4+"*$'&2)&(6&$#36$4D+$+4#6&$24+3)#:73#4+;$:73$D#""$("64$=#"3&)$
648&$X()3$4=$3A&$+4#6&$4=$3A&$X)&?#476$63(B&6.$$
$
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d7)$(+("*6#6$6A4D6$3A(3$76#+B$($248X()(34)$D#3A$"#8#3&'$:(+'D#'3A$A(6$4+"*$"#33"&$&==&23$4+$3A&$Mb.$+4#6&$
24+3)#:73#4+$4=$3A&$#+3&B)(34)$27))&+3$647)2&$R#B.$L_(Y.$@A&)&=4)&;$#+$3A&$+&D$'&6#B+;$3A&$+4#6&$4=$#+3&B)(34)$
27))&+3$ 647)2&$ 2(+$ &(6#"*$ '48#+(3&$ #+$ 3A&$ 343("$ +4#6&$ 4=$ 3A&$ #+3&)=(2&.$ @A&)&=4)&$ 3A&$ #+3&B)(34)$ 27))&+3$
647)2&$#6$'&6#B+&'$34$A(?&$($="#2C&)U+4#6&U24)+&)$=)&Z7&+2*$4=$(:473$MP$%[.$@A&$)&8(#+#+B$="#2C&)$+4#6&$
2(+$:&$)&84?&'$:*$(734U2("#:)(3#4+.$$
$
Simulation results 
@A&$ #+3&)=(2&$ A(6$ :&&+$ '&6#B+&'$ =4)$ #8X"&8&+3(3#4+$ #+$ P.O&8$ 63(+'()'$ -/dW$ 3&2A+4"4B*.$ @A&$
6#87"(3#4+$)&67"36$6A4D$3A(3$D#3A$($X4D&)$24+678X3#4+$4=$"&66$3A(+$N$8`$_M8!$(3$N^Y$=4)$($N$XR$6&+64)$
2(X(2#34)$D#3A$X()(6#3#2$2(X(2#3(+2&$4=$NP$XR;$($)&64"73#4+$4=$ME$:#3$D#""$:&$(2A#&?&'$D#3A#+$($8&(67)&8&+3$
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3#8&$4=$MPP$&6$_#+2"7'#+B$(734U2("#:)(3#4+Y.$@A#6$=#B7)&$4=$8&)#3$#6$(:473$3D4$:#3$:&33&)$3A(+$3A(3$4=$X)&?#476$
?&)6#4+6$4=$3A&$6(8&$#+3&)=(2&.$$
$
Conclusion 
@A&$+4#6&$X&)=4)8(+2&$4=$(+$ #+3&B)(3&'$ #+3&)=(2&$ =4)$ 2(X(2#3#?&$6&+64)$A(6$:&&+$4X3#8#[&'.$@A&$+4#6&$
)&'723#4+$A(6$:&&+$(2A#&?&'$D#3A$3D4$8(04)$2A(+B&6$#+$3A&$4)#B#+("$#+3&)=(2&$#+2"7'#+BT$(Y$"#8#3(3#4+$4=$3A&$
248X()(34)$ :(+'D#'3A$ (+'$ :Y$ '&2)&(6#+B$ 3A&$ ="#2C&)U+4#6&U24)+&)$ =)&Z7&+2*$ 4=$ 3A&$ #+3&B)(34)$ 27))&+3$
647)2&.$ @A&$ "#8#3(3#4+$ 4=$ 3A&$8&(67)&8&+3$ 6X&&'$ #6$ (+("*[&'$ (+'$ :(6&'$ 4+$ 3A(3$ (+$ 4X3#8("$ 462#""(34)$
=)&Z7&+2*$ A(6$ :&&+$ =47+'.$ `#3A$ (""$ 3A&6&$ 2A(+B&6$ ($ )&64"73#4+$ 4=$ ME$ :#3$ #6$ (2A#&?&'$ D#3A#+$ ($
8&(67)&8&+3$3#8&$4=$MPP$&6$D#3A$($X4D&)$24+678X3#4+$4=$"&66$3A(+$N$8`.$$
$
$
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