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Read-out electronics for a micromachined thermal conductivity and diffusivity 
sensor  
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1. Motivation 
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2. Sensor design and technology 
(
7$(3%"(,+::+S9$A(S"(6#9",:*(#"=9"S(3%"(3"0%$+:+A*(&88+09&3"'(S93%(3%"(8"$8+#('"=90".(,+#('"3&9:8(;:"&8"(#","#(3+(T-UC(7$(
+#'"#(3+(,&6#90&3"(&(8"$8+#(239:9?9$A(3%"(%+3(S9#"(I"3%+'.(93(98("88"$39&:(3+(;#+=9'"(&$(",,"039="("I6"''9$A(+,(3%"(%"&3"#(
9$(3%"(I&3"#9&:(3+(6"(8"$8"'(&$'(3+(&=+9'(8;2#9+28(3%"#I&:(8%2$38(&8.("CAC.(#";#"8"$3"'(6*(&(82683#&3"(0&##*9$A(3%"(
%"&3"#C(Z+#(%"&3"#8(#"&:9?"'(9$(3%9$(,9:I(3"0%$+:+A*(+$(8+I"(0&##9"#(X82683#&3"Y(93(98(3%28(="#*(9I;+#3&$3(3+(#"'20"(3%"(
&88+09&3"'(3%"#I&:(I&88"8(&$'(3%"(8;2#9+28(%"&3('9,,289+$(9$3+(3%"(82683#&3"C((L+(#"'20"(3%"8"(",,"038.(3%"(83#2032#"(
+,( 3%"( %"&3"#( &$'( 3%"( 3%"#I&:( 8"$8+#8( 0&$( 6"( #"&:9?"'( +$( 3%9$(I"I6#&$"8( +#(I90#+F6#9'A"8C( L%"( 28"'( 8"$8+#( 98(
6&8"'( +$( 3%98( 0+$0";3.( S%"#"( 3%"( "$39#"( 0%9;( ,"&32#"8( &( 89?"( +,( 4(II( \( G(IIC( 73( 0+$89838( +,( &( 3%9$( 89:90+$( $93#9'"(
I"I6#&$"(82;;+#3"'(6*(&(HCP(II(89:90+$( ,#&I"C(@(0%#+I92I(%"&3"#( X]Y( 98( :+0&3"'( 9$( 3%"(0"$3#"(+,( 3%98(I"I6#&$"(
X8""(Z9AC(-YC(!"89'"( 3%"(%"&3"#( 3%"#"(&#"( 3S+(%9A%:*( 8"$8939="(&I+#;%+28(A"#I&$92I( 3%"#I983+#8( X)L-(&$'()L4YC(
@I+#;%+28(A"#I&$92I("\%96938(%9A%(=&:2"8(+,(6+3%.(#"89839=93*(&$'(&88+09&3"'(3"I;"#&32#"(0+",,909"$3C(L%"(8;"09,90(
#"89839=93*(98(&6+23(^,I(&$'(3%"(3"I;"#&32#"(0+",,909"$3(+,(#"8983&$0"(98(&;;#+\9I&3":*(F4_O1(&3(#++I(3"I;"#&32#"C(7$(
+#'"#(3+(I"&82#"(3%"(&I69"$3(3"I;"#&32#"(3%"#"(&#"(3S+(,2#3%"#(3%"#I983+#8(XBL-(&$'(BL4Y(+$(3%"(89:90+$(,#&I"(+,(3%"(
I"I6#&$"C(L%"(I+2$39$A(+,(3%"(8"$8+#(0%9;(+$(&([W!F%+:'"#(98(8%+S$(9$(Z9AC(4C(

!

!
Fig. 1: B"$8+#('"3&9:`(L%"('&#5(&#"&(#";#"8"$38(3%"(I"I6#&$"(S93%(3%"(%"&3"#(](&$'(3%"(3"#I983+#8()L-(&$'()L4(

$"\3(3+(93C(L%"#I983+#8(BL-(&$'(BL4(&#"(:+0&3"'(+$(3%"(89:90+$(,#&I"C 

!
"!#$%&'(!)*(+',!-.!($/!/-+&!+&'!0-1+-!2$,3$,4+-$(5!6%&44(5!7-'%&+'(.+'-(!

!

SENSOR+TEST Conference 2009 - SENSOR 2009 Proceedings I 301



!

!
Fig. 2: )+2$3"'(8"$8+#`(L%"(8"$8+#(0%9;(98(A:2"'(&$'(6+$'"'(3+(&([W!F%+:'"#("$&6:9$A(I"&82#"I"$38(S93%(3%"(

9II"#8"'(0%9;C 

!
(

3. Measurement principle 
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4. Read-out electronics 
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3%"( 8*83"I( 9$( 3"#I8( +,( 8"$8939=93*( &$'( #"8+:239+$C( L%98( +,,8"3( &:8+( 0&$$+3( 6"( 89I;:*( I9$9I9?"'( 6*( 8263#&039$A( &(
0+$83&$3( =&:2".( 6"0&28"( 93( '";"$'8( +$( 3%"( &I69"$3( 3"I;"#&32#"( X&$'( 3%28( &:8+( +$( 3%"( 3"I;"#&32#"( +,( 3%"( 3"83"'(
:9Q29'Y.( S%90%( I&*( =&#*C( ( L%28.( 3%"( 82683#&3"( 3%"#I983+#( BL-.( S%90%( %&8( 3%"( 8&I"( #"8983&$0"( &$'( 3"I;"#&32#"(
0+",,909"$3(&8()L-.( 98(28"'( 3+(I9$9I9?"( 3%98(+,,8"3C([9$(BL-@(+,( 3%"(82683#&3"( 3%"#I983+#( XBL-Y( 98( 0+$$"03"'( 3+(&$(
9$="#39$A(62,,"#(&I;:9,9"#(a-(XZ9AC(PY.(S%9:"(3%"(8"0+$'(;9$(XBL-!Y(98(0+$$"03"'(3+(KR<LW(;#+=9'9$A(3%"(I"&82#"I"$3(
=+:3&A"(,+#(3%"(I"I6#&$"(3%"#I983+#()L-C(L%"(9$="#3"'(+23;23(89A$&:(+,(3%98(&I;:9,9"#(98(3%"$(&''"'(3+(3%"(89A$&:(+,(
)L-9$(3"#I8(+,(&(02##"$3(&3(3%"(:+SF9I;"'&$0"(9$;23(+,(3%"(3#&$89I;"'&$0"(&I;:9,9"#(a4C(]"$0"(3%"(+23;23(89A$&:(+,(
3%"( &I;:9,9"#( a4( 9'"&::*( 0+##"8;+$'8( 3+( 3%"( "\0"88( 3"I;"#&32#".( +$:*C( @( 0%&$A"( 9$( 3%"( &I69"$3( 3"I;"#&32#"( +#( &(
A"$"#&:( 3"I;"#&32#"('#9,3( 0&28"'(6*( 3%"( :9Q29'(%&8( 3%"( 8&I"( 9$,:2"$0"(+$(6+3%( 3%"#I983+#8()L-(&$'(BL-J( &8( 3%"*(
%&="(3%"(8&I"(3"I;"#&32#"(0+",,909"$3(3%98(0%&$A"(98(0+I;"$8&3"'C(L%"(+23;23(+,(3%"(&I;:9,9"#(a4(98(0+$$"03"'(3+(
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4.2 The microcontroller 
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3%98.(3%"(8&I;:9$A(+,(3%"(8"$8+#(+23;23(89A$&:(98(&:8+('+$"(9$(3%"(8&I"(9$3"##2;3(#+239$"C(i="#*(39I"(3%"(VO@F0+$="#3"#(
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+,(3%"(I90#+0+$3#+::"#C(L+A"3%"#(S93%(3%"(0&;32#"'(8"$8+#('&3&.(3%"(&88+09&3"'(=&:2"(+,(#","#"$0"(89$"(89A$&:(&$'(&$(
&88+09&3"'(0+89$"(89A$&:(X+63&9$"'(,#+I(&$+3%"#(83+#"'(:++52;(3&6:"Y(98(83+#"'C(i="#*(39I"(3%"(I"&82#"I"$3(0*0:"(98(
0+I;:"3"'.( 3%"(&##&*(0+$3&9$9$A( 3%"(I"&82#"I"$3('&3&( 98(0+;9"'( 3+(&$+3%"#(&##&*.(S%90%(;#+=9'"8( 3%"(I+83( #"0"$3(
=&:9'(I"&82#"I"$3( '&3&( ,+#( 3#&$8,"#( 3+( 3%"([WC( L%"(I90#+0+$3#+::"#( 98( 0+$$"03"'( 3+( 3%"([W( 6*( &(hB4P4( 3+(<B!F
W+$="#3"#C( <;+$( #"Q2"83.( 3%"( 8&I;:"'( 8"$8+#( 89A$&:( &$'( 3%"( #","#"$0"( 89A$&:( &#"( 8"$3( 6*( 3%"(hB4P4F[+#3( +,( 3%"(
I90#+0+$3#+::"#(&$'( #"0"9="'(&3(&(K9#32&:FWR)F[+#3(+$( 3%"([WC(@(>@!K7icF;#+A#&I(+$( 3%"(0+I;23"#(0+$3#+:8( 3%"(
S%+:"(I"&82#"I"$3(;#+0"'2#"(&$'(;#+0"88"8(3%"(0&;32#"'(8"$8+#('&3&(9$(+#'"#(3%"('98;:&*(3%"(3%"#I&:(0+$'2039=93*(
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4.3 The Labview program 
(
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3%"(=&:2"(+,(a 2$39:( 3%"(;%&8"(0+9$09'"8(S93%( 3%"(I"&82#"'(;%&8"C(L%"$.(5"";9$A( 3%"(8+(+63&9$"'(=&:2"( ,+#(a.( ( 3%"(

;&#&I"3"#(K (9$(3%"(,+#I2:&(98(=&#9"'(2$39:(3%"(I&A$932'"8(0+9$09'"(&8(S"::C((
L%"(#"I&9$9$A("##+#8.(S%90%(&#"(;&#3:*(0&28"'(6*( 9$&002#&09"8(+,( 3%"(&$&:*390&:(I+'":(6"9$A( 3%"( ,+2$'&39+$( ,+#( 3%"(
28"'(,+#I2:&(X^Y.(&#"(I9$9I9?"'(6*(&(0&:96#&39+$(;#+0"'2#"(S%"#"(3%"(8"$8+#(98(9II"#8"'(9$(3%#""(8&I;:"(:9Q29'8(S93%(
5$+S$( 3%"#I&:( ;#+;"#39"8C( (L%"(&$&:*390&:(I+'":( 98( 9$0+##"03( &8( 9$( 0&8"(+,(I"I6#&$"F6&8"'('"=90"8( 3%"#"(S9::( 6"(
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,+#(3%"(3%"#I&:(0+$'2039=93*(&$'('9,,289=93*(+,(3%#""(#","#"$0"(:9Q29'8(98("I;:+*"'C(Z2#3%"#(I"&82#"I"$38(X,93('&3&Y(&#"(
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5. Results 
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