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ABSTRACT 
!(T&$1*+26&1%'(B&''(968C(B%1%$(,&'(;%%"(#%?%68T%#(2'*"0(&(+8BT8'*1%($*0,1V6%91H,&"#%#(1$&"'B*''*8"(6*"%(
$%'8"&18$E( =,%( T$%'%"1%#( '%"'8$( T$*"+*T6%( T$8B*'%'( 1,%( T8''*;*6*1<( 18( #%'*0"( T$%+*'%( T&$1*+26&1%( '86*#'(
B&''( 968C(B%1%$(C*1,(B8#%$&1%(+8'1'E(=,%('T&1*&6( 9*61%$*"0(?%68+*B%1$<( 92"+1*8"( *'(&TT6*%#( 18( 1,%(W7XYH
$%'8"&18$(*"(8$#%$(18(#%1%+1(1,%(?%68+*1<(*"98$B&1*8"(&"#(1,%(B&1%$*&6(#%"'*1<(9$8B(&('*"06%(B%&'2$%B%"1E(
=,%( &TT6*+&1*8"( &$%&'( 89( 1,%'%( '%"'8$'( &$%( 0&'V'86*#'.( 0&'V6*Z2*#( &"#( 6*Z2*#V'86*#'( 968C'( *"( ?&$*82'(
*"#2'1$*&6(B8"*18$*"0(&TT6*+&1*8"'E(
(
I. INTRODUCTION 
=,%( &++2$&1%( B&''( 968C( B%&'2$%B%"1( 89( T&$1*+26&1%( '86*#'( 8$( 6*Z2*#'( *"( T*T%6*"%'( 2'*"0( B*+$8C&?%(
B%1,8#'(*'(&($%+%"1(9*%6#(89($%'%&$+,([Q\E(]%'*#%'(B%+,&"*+&6H.(&+82'1*+H(&"#(%6%+1$8'1&1*+('%"'8$'.(&6'8(
B*+$8C&?%( 1%+,"*Z2%'(&$%( 2'%#( 98$( 1,*'( 9*%6#( 89( &TT6*+&1*8"( [F\H[^\E(7&#&$( '<'1%B'.(C,%$%( &( T26'%( 8$( &(
W8"1*"282'(_&?%H$&#&$('*0"&6(*'($&#*&1%#(T%$T%"#*+26&$(18(1,%(B&1%$*&6(968C(*"18(1,%(B%&'2$%B%"1('%+1*8"(
&$%(T$8B*'*"0(B*+$8C&?%( 1%+,"*Z2%'E(A$&C;&+-'(89( 1,%'%( 1%+,"*Z2%'(&$%(B8#%$&1%(#%1%+1*8"(&++2$&+<(
&"#($%6&1*?%6<(,*0,(+8'1'(89('2+,($&#&$('<'1%B'E(`1,%$(B*+$8C&?%('<'1%B'(2'%(=/H(&"#(=DH(B8#%'(*"'*#%(
1,%( B%1&66*+( T*T%6*"%( 18( #%1%+1( 1,%( #*%6%+1$*+( 68&#( C*1,*"( 1,%( 12;%( [L\H[I\E( =,%'%( 1%+,"*Z2%'( 899%$( ,*0,(
#%1%+1*8"( &++2$&+*%'( 98$( 1,%( B&1%$*&6( #%"'*1<( ;21.( 2T( 18( "8C.( "8( ?%68+*1<( *"98$B&1*8"E( =,%( 8T%$&1*"0(
9$%Z2%"+<( 89( 1,%'%( '<'1%B'( ,&'( 18( ;%( *"( 1,%( 8$#%$( 89( 1,%( T*T%6*"%'H+21899( 9$%Z2%"+<( 8$( ,*0,%$E( !( "%C(
'%"'8$( +8"+%T1.( +8"'*'1*"0( 89( W8BT8'*1%( 7*0,1VX%91HY&"#%#H=$&"'B*''*8"( X*"%( aW7XYH=Xb( $%'8"&18$(
$%#2+%'( 1,%( "%+%''&$<( 8T%$&1*"0( 9$%Z2%"+<( &"#( '%"'8$( 6%"01,E( c"( 1,*'( +8"+%T1( '%$*%'( +&T&+*18$'( &"#((
',2"1( *"#2+18$'(&$%(2'%#(C*1,('*B261&"%82'6<("%0&1*?%(T%$B%&;*6*1<(&"#(T%$B*11*?*1<( H( 1,%('8(+&66%#( 6%91H
,&"#%#(B%1&B&1%$*&6'.(1,&1(,&?%(;%%"(#%B8"'1$&1%#('2T%$*8$(T$8T%$1*%'([K\.([P\(98$('%?%$&6(&TT6*+&1*8"'E(
=,*'( T&T%$( *"?%'1*0&1%'( &"( &TT6*+&1*8"( 89( 1,*'( +8"+%T1( 98$( &( +8BT&+1(B&''( 968C( '%"'8$(C*1,( *"+$%&'%#(
'%"'*1*?*1<(+8BT&$%#( 18(&(+8"?%"1*8"&6(B*+$8C&?%(B&''( 968C('%"'8$E(!(T$8181<T%(89(&(T&$1*+26&1%(B&''(
968C('%"'8$(98$(&(T"%2B&1*+(+8"?%<*"0('<'1%B([Qd\(C&'(;2*61(2T(&"#(B%&'2$%B%"1'(C%$%(#8"%(18(T$889(
1,%(+8"+%T1E(
(
II. SENSOR OVERVIEW 
=,%('%"'8$('%12T(+8"'*'1'(89(1,%('*0"&6(#%1%+1*8"(a)&$1(!b.(1,&1(#%1%+1'(1,%(T&$1*+26&1%(968C(*"(1,%(T*T%6*"%.(
1,%(B&1%$*&6(+8"+%"1$&1*8"(#%1%+1*8"(a)&$1(]b(&"#(1,%(?%68+*1<(#%1%+1*8"(a)&$1(WbE(R*0E(Q(#*'T6&<'(1,%(;68+-(
#*&0$&B(89(1,%(+8BT6%1%('%"'8$('<'1%BE(=,%('*0"&6(#%1%+1*8"(a)&$1(!b(*'(T$%'%"1%#(*"('%+1*8"(cccE(Y%$%.(1,%(
7RH'*0"&6.( 0%"%$&1%#( ;<( 1,%( 7RHT8C%$( '82$+%( *'( 'T6*11%#( ;<( &( T8C%$( #*?*#%$( *"18( 1C8( '*0"&6'.( 8"%(
+8""%+1%#(18(1,%(W7XYH=XH$%'8"&18$(&"#(8"%(+8""%+1%#(18(&(T,&'%(',*91%$E(=,%(7RH'*0"&6(8;1&*"%#(9$8B(
1,%(W7XYH=XH$%'8"&18$( *'(+8""%+1%#( 18(8"%(T8$1(89( 1,%(T,&'%(+8BT&$&18$(&"#( 1,%(821T21(89( 1,%(T,&'%(
',*91%$(18(1,%(81,%$(8"%E(c9("8(T&$1*+26&1%('86*#'(&$%(9%#.(1,%('%12T(+&"(;%(+&6*;$&1%#(18(&(e%$8(T,&'%(',*91(

!!(;%1C%%"(;81,(+8BT&$&18$('*0"&6'E(R8$(&(T&$1*+26&1%(968C(*"(1,%(T*T%6*"%.(*1(C*66(+,&"0%(&"#(1,%(T,&'%(
+8BT&$&18$(%S,*;*1'(1,%(T,&'%(#*99%$%"+%(?%$'2'(1*B%(!(t). R8$(&(T&$1*+26&1%(968C(*"(1,%(T*T%6*"%(&("8"(e%$8(
T,&'%(',*91(8++2$'E(=,%(T,&'%(+8BT&$&18$(0*?%'(1,%(T,&'%(#*99%$%"+%(?%$'2'(1*B%(!a1bE(=,%(B%&"(?&62%(89(
!a1b( +8"1&*"'( 1,%(B&1%$*&6( +8"+%"1$&1*8"( *"98$B&1*8"E(3%+1*8"( cf(%ST6&*"'( 1,%(B&1%$*&6(#%"'*1<(%S1$&+1*8"(
&608$*1,B(a)&$1(]bE(!91%$(,*0,(T&''(9*61%$*"0(a)&$1(Wb.(!a1b(+8"1&*"'(1,%(?%68+*1<(*"98$B&1*8"(89(1,%(B&1%$*&6(
968CE(=,%(?%68+*1<(%S1$&+1*8"(&608$*1,B(*'(T$%'%"1%#(*"('%+1*8"(fE(c"(8$#%$(18(%S1$&+1(1,%(?%68+*1<(*"98$B&1*8"(
1,%('T&1*&6(9*61%$*"0(?%68+*B%1$<(B%1,8#(*'(&TT6*%#(18(1,%('1&"#*"0(C&?%'(*"(1,%(B%&'2$%B%"1('%+1*8"E(

A4.4
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Fig. 1. Block-diagram of the complete sensor setup. 

(
III. COMPOSITE RIGHT/LEFT-HANDED TRANSMISSION LINE RESONATORS 
A. CRLH-TL-SENSOR DESIGN  
!( C%66( -"8C"( C&<( 18( #%1%+1( 1,%( T%$B*11*?*1<( 89( &( '86*#(
B&1%$*&6( *'( 18( 2'%( &( $%'8"&"1( +*$+2*1( +8"'*'1*"0( 89( &(
+&T&+*18$(&"#(&"(*"#2+18$E(!(+,&"0%(*"(1,%(T%$B*11*?*1<(89(
1,%( +&T&+*18$( +&2'%'( &( +,&"0%( *"( *1'( +&T&+*1&"+%( &"#(
,%"+%( &( ',*91( 89( 1,%( +*$+2*1( $%'8"&"1( 9$%Z2%"+<E( =,%(
T$8T8'%#( B&''( 968C( '%"'8$( T$*"+*T6%( 2'%'( $%'8"&"1(
+*$+2*1'(;&'%#(8"(W7XYH1$&"'B*''*8"(6*"%'E((
!( 68''6%''(W7XYH=X(+&"(;%(#%'+$*;%#(;<( *1'(%Z2*?&6%"1(
+*$+2*1(a',8C"( *"(R*0E(FbE(X7YVXY(&"#(W7YVXY($%T$%'%"1( 1,%(
*"#2+1&"+%( &"#( +&T&+*1&"+%( 1*B%'( 2"*1( 6%"0,1( &"#( T%$(
2"*1(6%"01,(!e.($%'T%+1*?%6<E(
(
=,%(T$8T&0&1*8"(+8"'1&"1(98$(1,%(W7XYH=X(*'(0*?%"(;<(

( j Z 'Y '% & ' ( ) & .( aQb(

C,%$%(gh(&"#(ih(&$%(1,%(*BT%#&"+%(&"#(&#B*11&"+%(89(1,%(=X(&"#(1,%<(&$%(#%9*"%#(&'(

g*(

( (i*(
X*XY(+e( W*7YV+e(

( X*7YV+e( W*XY(+e(

+e(

R*0E(FE(DZ2*?&6%"1(+*$+2*1(B8#%6(98$(&"(
*"9*"*1%'*B&6(',8$1(68''6%''(W7XYH=XE(
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B. CRLH-SENSOR PROTOTYPE 
=,%( +$8''( '%+1*8"( 89( 1,%( +<6*"#$*+&6( B%&'2$%B%"1( '%12T( 89( 1,%( XWH68&#%#( W7XYH=X( a;&'%#( 8"( &( XWH
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',8C"(*"(R*0E(L&E((
=,%(B&1%$*&6( #%"'*1<(W7XYH'%"'8$( +8"'*'1'(
89(&(#*%6%+1$*+( +8"?%<*"0( 12;%(C*1,(&"( *""%$(
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Fig. 3. CRLH-sensor: Schematic cross section of a mi-
crostrip line resonator assembled around a dielectric 
conveying tube (a) and cut out of a MIM capacitor (b). 
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T6&1%'(18(1,%(0$82"#(6&<%$(&"#('1$&<(7YH*"#2+1&"+%'(&68"0(1,%(XYH+&T&+*18$(T6&1%'E(=,%(0$82"#(6&<%$( *'(
&"(821%$(+8"#2+1*"0(12;%(C*1,(&(#*&B%1%$(89(Id(BBE(
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C. MATERIAL CONCENTRATION EXTRACTION 
!(+,&"0%(*"(1,%(T%$B*11*?*1<(89(1,%(B&1%$*&6.(8$(1,%(B&1%$*&6(#%"'*1<(89(1,%(T&$1*+26&1%('86*#'(9%%#%#(1,$820,(
1,%( B%&'2$%B%"1( '%+1*8"( +&2'%'( &( +,&"0%( *"( 1,%( WXY( +&T&+*1&"+%'( &"#( ,%"+%( &( ',*91( 89( 1,%( +*$+2*1'(
$%'8"&"1( 9$%Z2%"+<E( W68'%( 18( 1,%( $%'8"&"1( 9$%Z2%"+<( 1,%( T,&'%( 0$&#*%"1( $%&+,%'( *1'( B&S*B2B( &"#(
$%B&*"'( +8"'1&"1( '8( 1,&1( 1,%( $%'8"&"+%( ',*91( *'( T$8T8$1*8"&6( 18( 1,%( '%"'8$'( T,&'%( ',*91E( =,%(B&1%$*&6(

#%"'*1<(*'(&(92"+1*8"(89(1,%(B%&"(?&62%(89(1,%(#%1%+1%#(T,&'%(',*91(!B%&'a1bE(=,%(B%&"(?&62%(+&"(%*1,%$(;%(
1&-%"(9$8B(1,%(*"1%0$&1*8"(89(!B%&'a1b(8$(9$8B(1,%(e%$8(?&62%(89(1,%(R82$*%$(=$&"'98$B(89(!meas(t). =80%1,%$(
C*1,( 1,%( 2"68&#%#( T,&'%( ',*91( !0(t) &"#( 1,%( 68&#%#( mH9&+18$( 89( 1,%( %BT1< B%&'2$%B%"1( '%+1*8".( 1,%(
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D. VELOCITY DETECTION 
/8'1(B&''(968C('%"'8$'(98$(T&$1*+26&1%('86*#'.(2'%(B%+,&"*+&6(?%68+*1<('%"'8$'.(+8$$%6&1*8"H(8$(A8TT6%$H
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"81('2*1&;6%(18(%S1$&+1(1,%(?%68+*1<(*"98$B&1*8"(T$%+*'%6<E(=8(#%1%+1(1,%(?%68+*1<(89('2+,('B&66(T&$1*+6%('*e%'.(
1,%(6&'%$(A8TT6%$(?%68+*B%1$<(B%1,8#(+&"(;%(2'%#E(=,*'(1%+,"*Z2%(,&'(&"(%S1%"'*?%('%12T(&"#("%%#'(1C8(
+8,%$%"1( 6&'%$'( 98$( ?%68+*1<(#%1%+1*8"E(=,%('T&1*&6H
9*61%$*"0( ?%68+*B%1$<( [P\( &#8T1'( 1,%( T$*"+*T6%( 89( 1,%(
6&'%$( A8TT6%$( ?%68+*B%1$<( 1%+,"*Z2%E( =,%(
B%&'2$%B%"1( '%12T( +8"'*'1'( 89( 8"%( 6*0,1( '82$+%(
&"#(&('T&1*&6(9*61%$(8"6<E((
R*0E( G&( #*'T6&<'( 1C8( %S&BT6%'( 98$( 1$&"'B*11&"+%(
92"+1*8"'( 89( *662B*"&1%#( 'T&1*&6( 9*61%$'( C*1,( 0$&1*"0(
6*"%'(98$(?%68+*1<(B%&'2$%B%"1'(*"(1,%(SH#*$%+1*8"E((
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IV. MEASUREMENT SETUP 
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V. MEASUREMENT RESULTS 
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VI. CONCLUSION & OUTLOOK 
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