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62'"./*%"*%98$." i feAZeAaeÀ e(' "*%1"e"1$9'$$E",-$".$/2%1"1$.!9%"(.$."*8.2"

%!%$"*''*5")2'&.A"4(&"2%85".$<$%"4$*+")2'&."0!&-"*"+*G!+*8"./*%"*%98$"26"Ze"

1$9'$$.E":2'"&-$"&-!'1"1$.!9%A"&-$"%(+4$'"26"*''*5")2'&."!."'$1(/$1"&2".$<$%A"

&-$" +*G!+*8" ./*%" *%98$" !." Ze" 1$9'$$.E" ,-$" '$.(8&." !%" &$'+." 26" #37 "$% *'$"

.-20%"!%":!9('$"aP`dE",-$"'$.(8&."62'"8$%.$."*//2'1!%9"&2"?*%.$%"*'$")82&&$1"

0!&-"1*.-$1"8!%$.A"0-!8$"&-$"'$.(8&."62'"&-$"8$%.$."2%"&02"1!66$'$%&".(4.&'*&$."

*'$")82&&$1"0!&-".28!1"8!%$.E"

"



"

"

"fh"

"

!"#$%&'5)(R';&.*'PXN "$% F'B/-,,&A'-I&%'3-+./'/&*#,1'

"

>%":!9('$"aP`d"2%$"/*%".$$"&-*&"!&"!.")2..!48$"&2"'$1(/$"&-$"62/*8"8$%9&-"26"&-$"

8$%."62'"*"9!<$%"+$*%"#37 "$% "45"!%&'21(/!%9"*"%2%P(%!62'+".(4.&'*&$A"$<$%"

&-2(9-" *42(&" -*86" 26" &-$" 8$%." !." 2%" *" .(4.&'*&$" 0!&-" *" .+*88$'" 1!$8$/&'!/"

/2%.&*%&E"Q!&-"*".$/2%1".(4.&'*&$A"!&"!.")2..!48$"&2"1$.!9%".+*88$'"8$%.$."&-*%"

2%"*".!%98$".(4.&'*&$"0!&-"&-$".*+$"%(+4$'"26")2'&."*%1"!1$%&!/*8"./*%"*%98$.E"

,-$".$/2%1".(4.&'*&$"+*F$."!&")2..!48$"&2"1$.!9%"*"8$%."0!&-".+*88$'"#37 "$% "

62'"*"9!<$%"62/*8"8$%9&-E"

"

M+)8!&(1$" $''2'."2%" &-$" *%&$%%*" $8$+$%&." /*%%2&"4$"W(*%&!6!$1" *%*85&!/*885"

*%1"'$.(8&"6'2+"+(8&!P)*&-")'2)*9*&!2%"1($"&2"'$68$/&!2%."!%.!1$"&-$"8$%.E":(88P

0*<$" .!+(8*&!2%" .-20$1" &-*&" &-$" '$68$/&!2%." *&" &-$" 42(%1*'5" 4$&0$$%" &-$"

1!66$'$%&" .(4.&'*&$." !%/'$*.$"0!&-" &-$"*%98$" 26" !%/!1$%/$" 2'" &-$" '*&!2" 26" &-$"

'$8*&!<$" 1!$8$/&'!/" /2%.&*%&." 26" &-$" &02" *1Y*/$%&" +$1!*E" M" '$1(/&!2%" 26" &-$"

'$68$/&!2%."/*%"4$"*/-!$<$1"45"!%/'$*.!%9"&-$"%(+4$'"26"1!$8$/&'!/."(.$1E",-$"

%$G&".$/&!2%"4'!$685"!%&'21(/$."&-$"*%*85&!/*8"1$'!<*&!2%"62'"*"&-'$$"1!$8$/&'!/"

I2&+*%"8$%."

"



C<7J645!Z!3$%."0!&-"%2%P(%!62'+".(4.&'*&$.!!!!!

"
"

" fg

N[M[P'''(=BL?9':H'<=9B';LAI'AID=='BGCBADEA='
B=?@=9AB'
"

M%"*11!&!2%*8" '$9!2%"0!&-"*" &-!'1"1!$8$/&'!/"/2%.&*%&" 'Z& " !."*//2(%&$1"62'" !%"

&-$"*%*85&!/*8"1$'!<*&!2%E",-$"9$2+$&'5"26".(/-"*" 8$%."-*<!%9" &02".(4.&'*&$"

!%&$'6*/$."*&" `i .) # "*%1" ai .) # "!.".-20%"!%":!9('$"aP`c"

"

"

!"#$%&'5)(S'X&*0'B.%.2&,&%0'3-%',1&'4-,2.*'/&*0'=",1',1%&&'A"33&%&*,'

0$<0,%.,&0'

"

:2'" I2&+*%" 8$%.$." 0!&-" &-'$$" 1!66$'$%&" .(4.&'*&$.A" &-$" )*&-P8$%9&-" $W(*8!&5"

$W(*&!2%."4$/2+$."

"

` ` '` ` a 'a a 'Z 'Z

` ` '` ` a 'a a 'Z e 'a

i- - -

- - -

""""# """"# """#

""""# """"# """"#

+: :: : , -

+ # # # # ( -

& & & &

& & & &
" " =aEfc@"

""

a ` '` ` a 'a a 'Z 'Z

a ` '` ` a 'a a 'Z e 'Z

.!% i- - - -

- - -

""""# """"# """"#

"""""# """""# """"#

+ & & & & , - '

+; ; ; ; ( -

& & & & ,

& & & &
"" =aEfh@"

"



"

"

"be"

Z ` '` ` a 'a a 'Z 'Z

a ` '` ` a 'a a 'Z e 'Z

.!% i- - - .

- - -

""""# """"# """#

"""""# """""# """"#

+< << < , - '

+; ; ; ; ( -

& & & & ,

& & & &
" " =aEfg@"

"

M9*!%A" &-$" .5++$&'5" 26" &-$" 62/*8" )2!%&." a+ " *%1" Z+ " 0*." (.$1" !%" $W(*&!2%"

=aEfg@E"

"

D%%.G)B-%,'+-*,-$%'+./+$/.,"-*'
"

C!+!8*'85" &2" &-$" )'$<!2(." .$/&!2%A" " " !." *1*)&$1A" /2%.!1$'!%9" &-$" 1!66$'$%&"
)'2)*9*&!2%" <$82/!&!$." !%" &-$" &-'$$" '$9!2%." 26" &-$" %2%P(%!62'+" .(4.&'*&$E"

,-(.A" " "4$/2+$."
"

a ` '` ` a 'a a 'Z

` ` '` ` a 'a a 'Z

i
- -

- -

"""""# """""# """"#

""""# """"# """"#
+; ; ; ; (

+ # # # # (

& & &
"

& & &
" " " =aEbe@"

"

O.!%9"C%$88r."8*0"*%1"&-$"628820!%9"'$8*&!2%."

"

'Za

a a a
a

'a

` a 'a

` a ` `
` a

a '`

i i .!% i .!%
/2.

i i .!% i .!%
/2.

.

""""#

"""""#

=;

=; =;

=;

#
; ( ? ?

# #
; ; ? ?

&
@ !

! &

&
@ @

@ &

"

""

A B A B` ` '` ` a 'a a 'Z ` a 'a a 'Z

a `

'`

i
- - . -

""""# """"# """"# """""# """"#

"""""# + # # # # ( ; ; ; (
+;

" & & & & &

&
"

&-$")2.!&!2%"26"&-$"266P*G!."62/*8")2!%&" a+ "/*%"4$"0'!&&$%"*."

a ` a `
`

a a ` a a `
a `

i /2.

i &*% = @ &*% .!%

-

- . -

"""""#

"""""#
) =;

3 =; =;

+ # +;

+ # # # +;

@

! @ @
" " =aEb`@" "

,-$")2.!&!2%"26"&-$"62/*8")2!%&" Z+ "!."1$'!<$1"&-'2(9-".5++$&'5E"M&"&-!.")2!%&"

&-$"*''*5")2'&")2.!&!2%." i = A @., . / "*%1"&-$"/2''$.)2%1!%9"$8$/&'!/*8"8$%9&-"



C<7J645!Z!3$%."0!&-"%2%P(%!62'+".(4.&'*&$.!!!!!

"
"

" b`

- "&2"/2%%$/&"&-$"*''*5")2'&."0!&-"&-$"*%&$%%*"$8$+$%&."/*%"4$"/*8/(8*&$1"45"

.28<!%9"=aEfc@P=aEfg@E"

7&.2)B-%,'+-*,-$%'+./+$/.,"-*'
"

C!+!8*'85A"&2"&-$"8$%."2%"&02"1!66$'$%&".(4.&'*&$.A"&-$"4$*+")2'&")2.!&!2%."62'"

*"8$%."2%"&-'$$"1!66$'$%&".(4.&'*&$."*'$"/*8/(8*&$1"45"+!%!+!D!%9"&-$".(+"2<$'"

&-$"W(*1'*&!/")*&-P8$%9&-"$''2'"&2"*88"*''*5")2'&.E",-$")*&-P8$%9&-"$''2'"/*%"4$"

0'!&&$%"*.""

$
` '` ` a 'a a 'Z

` '` ` a 'a a 'a

i = @ .!%< - - - - .

. .

""""# """"# """"#

"""""# """""# """"#

8 + & & & & , - '

+; ; ; ; (

'

'

& & & '

& & &
" =aEba@"

"

"

!"#$%&'5)(:'X&*0'B.%.2&,&%0'3-%',1&'<&.2'B-%,'+./+$/.,"-*'3-%',1&'A&0"#*'

=",1',1%&&'0$<0,%.,&'0&#2&*,0''

"

:!%*885A"&-$"4$*+")2'&")2.!&!2%" +' "/2''$.)2%1!%9"&2"*"./*%"*%98$"' "!."9!<$%"

45"=aEbZ@E"

"

%
` '` ` a 'a a 'Z

i`

a

` '` ` a 'a a 'Z

i = @

.!%

C - - - -D

E- . . . F

G
""""# """"# """"#

"""""# """""# """"#

'C

+ BB BB
B

B

+ *"D$=@ + & & & & , -

' +; ; ; ; (

' ''

'

& & &

' & & &

=aEbZ@"



"

"

"ba"

"

"

!"#$%&'5)(U'W-%2./"J&A'.%%.G'3.+,-%'3-%'.*'.*,&**.'.%%.G'"*+/$A"*#',1&'

B1.0&'&%%-%'+./+$/.,&A'3%-2'.'/&*0'A&0"#*'=",1',1%&&'0$<0,%.,&0H''

"

,-$" 4$*+")2'&" /('<$" !." 62(%1" 45" .28<!%9" &-!." $W(*&!2%" 62'" *88" 1$.!'$1" ./*%"

*%98$.E",-!."/2+)8$&$." &-$"1$.!9%")'2/$1('$"62'" &-$"I2&+*%"8$%."0!&-" &-'$$"

1!66$'$%&".(4.&'*&$.E""

:'2+"&-$")*&-P8$%9&-A"$''2'"9!<$%"!%"$W(*&!2%"=aEba@A"&-$")-*.$"$''2'."62'"$*/-"

4$*+")2'&" &2"*88" *''*5")2'&." /*%"4$"/*8/(8*&$1E",-$"*''*5" 6*/&2'" 62'" *" 8!%$*'"

*%&$%%*"*''*5"!%/8(1!%9"&-$"/*8/(8*&$1")-*.$"$''2'." !."/*8/(8*&$1"*%1")82&&$1"

!%":!9('$"aP`gE"

"

"



"

[-!

-IEJA=D'M' '

2=BG<AB':H'9:9OG9LH:D@'>L=<=7ADL7'<=9B=B'

'

D<0,%.+,')'@1&',1&-%G'-3'*-*)$*"3-%2'A"&/&+,%"+'/&*0&0'"*,%-A$+&A'"*'Y1.B,&%5'"0'

$0&A',-'A&0"#*'/&*0&0'-3'A"33&%&*,'0"J&0'-*'0B/",)A"&/&+,%"+'0$<0,%.,&H'!-+$0"*#'.*A'

%&3/&+,"-*0'A$&',-',1&'*-*)$*"3-%2'0$<0,%.,&'="//'<&'"*I&0,"#.,&A'-*'.'/&*0'=",1'.'

/.%#&'3-+./'/&*#,1H'X.%#&%'/&*0&0'.//-='<&,,&%'I"0$./"J.,"-*'-3',1&'0B&+"3"+'&33&+,0H'

6$<0&T$&*,/G' .' 02.//&%' /&*0' "0' %&./"J&A' .*A' 2&.0$%&A' ,-' B%-I&' ,1.,' ,1&' 0"J&'

%&A$+,"-*'"0'B-00"</&'=",1',1&'*&='0B/",)A"&/&+,%"+'.BB%-.+1H'

'

'

M[K'''&9AD:>G7AL:9'
'

,-$"62/(.!%9"$66$/&"26"&-$"%$0"I2&+*%"8$%."!."&-$"+2.&"!+)2'&*%&"6$*&('$"26"

&-$"%$0" 8$%." &5)$"*%1"0!88"4$" !%<$.&!9*&$1" 6!'.&E",-!." !."12%$"45"/2+)*'!%9"

&02".!+!8*'"8$%.$.A"2%$"'$*8!D$1"2%"*".!%98$"*%1"&-$"2&-$'"2%"*".)8!&".(4.&'*&$E"

,-$" *%*85.!." .-20." &-$" &'*%.+!&&$1" )20$'" &2" &-$" 1!66$'$%&" )2'&.A" *%1"

W(*8!&*&!<$"4*.$1"2%" &-$"/(''$%&"1!.&'!4(&!2%."*82%9" &-$" &02" 8$%.$.E",-$" &02"

8$%.$."*'$"/-2.$%"&2"-*<$"$W(*8"62/*8"8$%9&-."*%1"$W(*8"%(+4$'."26")2'&.E">%"

&-$".$/2%1")*'&"26" &-!."/-*)&$'A" &-$".(4.&'*&$".)8!&&!%9" !." &*F$%"*".&$)"6('&-$'"

45" '$)8*/!%9" &-$" &02" D2%$" 1!$8$/&'!/" 8$%." 45" *" &'!)8$" D2%$" 1!$8$/&'!/" 8$%.E"

>+)'2<$1" 62/(.!%9" *%1" '$1(/$1" '$68$/&!2%." *&" &-$" 1!$8$/&'!/" 42(%1*'!$." *'$"

1$+2%.&'*&$1E",-$"8*.&")*'&"26"&-$"/-*)&$'"$G$+)8!6!$."&-$"+!%!*&('!D*&!2%"26"

&-$" I2&+*%" 8$%." 0!&-" *" 1(*8" 1!$8$/&'!/" 8$%.E" O.!%9" *" /2%<$%&!2%*8" .!%98$"

1!$8$/&'!/".(4.&'*&$".(/-"+!%!*&('!D*&!2%"02(81"%2&"4$")2..!48$E""

"

"



"

"

"bf"

M[N'''(=BL?9'E9>'D=E<LYEAL:9':H'E'>GE<'>L=<=7ADL7'
<=9B'
"

Q!&-!%"&-$"/2%.&'*!%&."26"*<*!8*485A"&02".(4.&'*&$."0!&-"1!$8$/&'!/"/2%.&*%&."26"

Z" *%1" d" *'$" /-2.$%" 62'" &-$" .)8!&P1!$8$/&'!/" 8$%.E" :2'" &-$" (%!62'+" 8$%.A" &-$"

-!9-$'" 1!$8$/&'!/*8" /2%.&*%&" !." (.$1E" R2&-" .(4.&'*&$." -*<$" *" &-!/F%$.." 26"

`e+!8E",-$"1$.!9%"6'$W($%/5"!.".$&"&2"`e]?DE":2'"*"4$&&$'"24.$'<*&!2%"26"&-$"

'$6'*/&!2%A" 42&-" 8$%.$." *'$" '$8*&!<$85" 8*'9$" 0!&-" *" 62/*8" 8$%9&-" ` ei ZEb! % E"
7*/-" 8$%." -*." %!%$" 4$*+" )2'&.A" /2''$.)2%1!%9" &2" &-$" ./*%" *%98$."
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Projekte am Institut für Feldtheorie und Höchstfrequenztechnik (ETH Zürich)  

 

• Realisierung eines rauscharmen Radiometer-Front-Ends bei 35GHz im Auftrag von ArmaSuisse 

unter Anwendung der LTCC Technologie - Teamarbeit über eine Zeitspanne von 3 Jahren  

! Verteilnetzwerke für phasengesteuerte Antennen - Butler Matrix (5GHz) realisiert auf LTCC mit  

Micro Systems Engineering GmbH (MSE) - Deutschland  

! Weitere Projekte in LTCC (Butler Matrizen und Rotman Linsen) realisiert mit der  
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! Entwurf und Realisierung von rauscharmen Antennenarrays (35GHz)  
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