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1 Halbleiterdioden
(MSHIR�KIL¸VIR�^Y�HIV�+VYTTI�HIV�RMGLXPMRIEVIR�&EYIPIQIRXI��2MGLXPMRIEV�LIMWWX��HEWW�HIV�7XVSQJPYWW
IMRI�RMGLXPMRIEVI�*YROXMSR�HIV�7TERRYRK�MWX��;MV�IVLEPXIR�FIM�IMRIV�2IX^[IVOEREP]WI�QMX�WSPGLIR
)PIQIRXIR�MQQIV�RMGLXPMRIEVI�+PIMGLYRKWW]WXIQI�

(MSHIR�[IVHIR�LEYTXWÇGLPMGL�J²V�+PIMGLVMGLXYRKW���YRH�7GLEPX^[IGOI�IMRKIWIX^X��2IFIR�HIR
LIVO¸QQPMGLIR�(MSHIR�J²V�+PIMGLVMGLXIV��YRH�7GLEPX^[IGOI�I\MWXMIVIR�IMRI�6IMLI�ZSR�7TI^MEPHMSHIR�

• >IRIV�(MSHIR��%ZEPERGLIHMSHIR
• +YRR�(MSHIR
• :MIVWGLMGLXHMSHIR��(MEGW
• /ETE^MXÇXWHMSHIR
• 4-2��(MSHIR
• 8YRRIPHMSHIR
• Y��E�

 
(MI�%VFIMXW[IMWI�HIV�7TI^MEPHMSHIR�FIVYLX�EYJ�HIR�KPIMGLIR�XLISVIXMWGLIR�+VYRHPEKIR��7MI�WMRH�EFIV
XIMP[IMWI�EYW�ERHIVIR�1EXIVMEPMIR��(SXMIVYRKIR��IXG��EYJKIFEYX�

;MV�FIXVEGLXIR�MR�HMIWIQ�/ETMXIP�HMI�(MSHIR�J²V�+PIMGLVMGLXIV^[IGOI�YRH�>IRIV�(MSHIR��)FIRWS�HMI
HE^Y�ZIV[IRHIXIR�7GLEPXYRKIR��7TI^MEPHMSHIR�[IVHIR�OYV^�MR�KIWSRHIVXIR�/ETMXIP�FILERHIPX�

;MV�FEYIR�LMIV�EYJ�HIR�/IRRXRMWWIR�HIV�,EPFPIMXIVTL]WMO�EYJ���[SFIM�^YQ�8IMP�KI[MWWI�&IKVMJJI
VITIXMIVX�[IVHIR�

1.1 Die ideale Diode
7MI�OERR�EPW�IPIOXVMWGLIW�:IRXMP�ERKIWILIR�[IVHIR��(MI�MHIEPI�(MSHI�MWX�IMR�>[IMTSPIPIQIRX�QMX�HIR
%RWGLP²WWIR�%��%RSHI��YRH�/��/EXSHI���(IV�7XVSQJPYWW�JMRHIX�RYV�MR�(YVGLPEWWVMGLXYRK�WXEXX��-R
7TIVVMGLXYRK�IVJSPKX�OIMR�OIMR�7XVSQJPYWW�
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1.1.1 Verbesserung des idealen Diodenmodells
)MRI�[IWIRXPMGLI�:IVFIWWIVYRK�HIW�MHIEPIR�1SHIPPW�[MVH�IVVIMGLX��[IRR�HEW�(MSHIRQSHIPP�QMX�IMRIV
7TERRYRKWUYIPPI�MR�+V¸WWI�HIV�*PYWWWTERRYRK�EYWKIWXEXXIX�[MVH��(MI�*PYWWWTERRYRK�MWX�HMINIRMKI
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1.1.2 Zusammenfassung
-HIEPI�(MSHIR�HMIRIR�LEYTXWÇGLPMGL�^YV�:IVWXÇRHRMWJ¸VHIVYRK�HIV�%VFIMXW[IMWI��7MI�O¸RRIR�[IHIV�^YV
7GLEPXYRKWEREP]WI�RSGL�MR�QEXLIQEXMWGLIR�&IXVEGLXYRKIR�WMRRZSPP�IMRKIWIX^X�[IVHIR�
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(MJJIVIR^MIVFEVOIMX�MR�EPPIR�4YROXIR�MWX�EFIV�:SVEYWWIX^YRK�J²V�IMRI�[IMXIVKILIRHI�QEXLIQEXMWGLI
&IXVEGLXYRK�

1.2 Das Shockley-Diodenmodell
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1.2.1 Bestimmen der Diodenparameter mittels Regressionsverfahren
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1.2.2 Differenzieller Widerstand der Shockley-Diode
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1.2.3 Sperrbereich
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(
� ��:�KILX�HIV�(MSHIRWXVSQ�EW]QTXSXMWGL�EPW�7TIVVWXVSQ�-

6
�MR�HIR�OSRWXERXIR
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(
!����:�LMRVIMGLIRH�KYX�IVJ²PPX�

;MVH�FIM�IMRIV�VIEPIR�(MSHI��*PÇGLIRHMSHI��HMI�7TIVVWTERRYRK�9
6
�IVL¸LX��FPIMFX�HIV�7TIVVWXVSQ�FMW

^YQ�)VVIMGLIR�HIV�(YVGLFVYGLWTERRYRK�9
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�TVEOXMWGL�OSRWXERX��&IMQ�ÍFIVWGLVIMXIR�HIV�(YVGLFVYGL�

WTERRYRK�9
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1.3 Temperaturabhängigkeit
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EFLÇRKMK�MWX�
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1.3.2 Zusammenfassung:
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 ����:�FMW�^YQ�)VVIMGLIR�HIV�(YVGLFVYGLWWTERRRYRK

RÇLIVYRKW[IMWI�OSRWXERX��(IV�;IVX�IRXWTVMGLX�HIQ�7ÇXXMKYRKWWTIVVWXVSQ�-
7
�

�� %PPI�7XV¸QI�YRH�7TERRYRKIR�ER�IMRIV�(MSHI�WMRH�XIQTIVEXYVEFLÇRKMK�
*EYWXVIKIPR� (IV�7TIVVWXVSQ�ZIVHSTTIPX�WMGL�IX[E�TVS���°�8IQTIVEXYVIVL¸LYRK�

(MI�(YVGLPEWWWTERRYRK�WMROX�FIM�>MQQIVXIQTIVEXYV�QMX�IX[E��Q:�°

1.4 Die reale Diode
(EW�7LSGOPI]�(MSHIRQSHIPP�ZIVO¸VTIVX�IMRI�MHIEPI�(MSHI��(YVGL�HMI�)MKIRWGLEJXIR�HIV
,EPFPIMXIVQEXIVMEPMIR�YRH�HIW�%YJFEYW�HIV�(MSHI�[MVH�HIV�+²PXMKOIMXWFIVIMGL�HIV�7LSGOPI]�+PIMGLYRK
MQ�WXEXMWGLIR�&IXVMIF�IMRKIWGLVÇROX�

(ELIV�Q²WWIR�MR�HIV�4VE\MW�^YWÇX^PMGLI�4EVEQIXIV�FIV²GOWMGLXMKX�[IVHIR��&IWSRHIVW�[MGLXMK�[MVH�IMRI
TVÇ^MWI�1SHIPPMIVYRK��[IRR�HMI�(MSHI�MR�HIR�+VIR^IR�FIXVMIFIR�[MVH��LSLI�*VIUYIR^IR��7XV¸QI�
7TERRYRK��IXG���

*²V�HMI�4VE\MW�WMRH�HEFIM�JSPKIRHI�^YWÇX^PMGLI�4EVEQIXIV�ZSR�&IHIYXYRK�

• 7TIVVWGLMGLXOETE^MXÇX��(MJJYWMSRWOETE^MXÇX
• (YVGLFVYGLWTERRYRK��QE\��7TIVVWTERRYRK�
• &ELR[MHIVWXÇRHI
• 1E\MQEPWXVSQ��QE\��:IVPYWXPIMWXYRK
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(MI�(MJJYWMSRWOETE^MXÇX�IVWGLIMRX�MQ�(YVGLPEWWFIXVMIF��7MI�MWX�ZIVERX[SVXPMGL�J²V�HMI
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1.4.1.1 Stückweise stetiges Modell
(MIWIW�1SHIPP�[MVH�YRXIV�ERHIVIQ�ZSQ�7MQYPEXMSRWTVSKVEQQ�1MGVSGET�--�FIRYX^X��)W�^IVPIKX�HMI
/IRRPMRMI�HIV�(MSHI�MR�IMRIR�(YVGLFVYGL��YRH�IMRIR�%VFIMXWFIVIMGL��(IV�(YVGLFVYGLFIVIMGL�[MVH�EF
HIV�(YVGLFVYGLWTERRYRK�9

&(
�EPW�+IVEHI�QSHIPPMIVX��-Q�%VFIMXWFIVIMGL�[MVH�HEW�:IVLEPXIR�QMX�HIV

ZIVIMRJEGLXIR�7LSGOPI]�+PIMGLYRK�FIWGLVMIFIR�

-Q�(YVGLFVYGLFIVIMGL�FIWXMQQX�HIV�;MHIVWXERH�6
>
�HMI�7XIMKYRK�ZSR�-

(
�

1.4.1.2 Nichtlinear stetiges Modell
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(1.19)

(1.20)
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(1.21)
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1.4.2 Parameterbestimmung für Dioden
*²V�HMI�QIMWXIR�(MSHIR�FMIXIR�HMI�KÇRKMKIR�7MQYPEXMSRWTVSKVEQQI�IRXWTVIGLIRH�OSRJMKYVMIVXI
1SHIPPI�MR�HIV�&MFPMSXLIO�ER��:IVWMSRWFI^SKIR�[IVHIR�HMIWI�&MFPMSXLIOIR�MQQIV�YQJERKVIMGLIV�
(IWLEPF�QYWW�HMI�4EVEQIXIVFIWXMQQYRK�J²V�7XERHEVHOSQTSRIRXIR�LIYXI�OEYQ�QILV�WIPFWX
ZSVKIRSQQIR�[IVHIR�

(MI�4EVEQIXIV�J²V�(MSHIRQSHIPPI�O¸RRIR�EYW�/EXEPSK[IVXIR�SHIV�EYW�1IWWYRKIR�HIV�IRXWTVIGLIRHIR
+V¸WWIR�FIWXMQQX�[IVHIR��-R�HIV�6IKIP�[IVHIR�HMIWI�;IVXI�HERR�QMX�IMRIQ�4EVEQIXIVFIWXMQQYRKW�
TVSKVEQQ��&WT���4%687�J²V�47TMGI��^Y�IMRIQ�KIWEQXIR�7MQYPEXMSRWQSHIPP�EYJKIEVFIMXIX�

(MI�4EVEQIXIVFIWXMQQYRK�HYVGL�IMRI�,ERHVIGLRYRK�[MVH�OEYQ�TVEOXM^MIVX��HE�WMI�VIPEXMZ�EYJ[ÇRHMK
[MVH��(EW�4VMR^MT�MWX�EFIV�HEW�0¸WIR�IMRIW�²FIVFIVWXMQQXIR�+PIMGLYRKWW]WXIQW�QMX�IMRIV�ZSQ�8]T�LIV
ZSVKIKIFIRIR�0¸WYRKWJYROXMSR�

1.4.3 Sperrschichtkapazität
(MI�7TIVVWGLMGLXOETE^MXÇX�'

7
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ERKIPIKXIR�7TIVVWTERRYRK�EFLÇRKMK��(MIWI�7TERRYRKWEFLÇRKMKOIMX�HIV�ER�WMGL�TEVEWMXÇVIR�/ETE^MXÇX�
[MVH�J²V�HMI�4VE\MW�FIM�/ETE^MXÇXWHMSHIR�EYWKIRYX^X�
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(1.22)

(1.23)Diffusionsspannung

Sperrschichtkapazität (1.24)
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(MI�7TIVVWGLMGLXOETE^MXÇX�RMQQX�QMX�HIQ�*EOXSV�
�
9

.

�FIM�^YRILQIRHIV�7TIVVWTERRYRK�EF��7S�[MVH

HIV�/ETE^MXÇXWZIVPEYJ�J²V�HMI�(MSHI�MR�&IMWTMIP������
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7
�FIM�KIKIFIRIV�7TIVVWGLMGLXOETE^MXÇX�'

7
�IVKMFX�WMGL�REGL�HIV�*SVQIP�J²V�HIR

4PEXXIROSRHIRWEXSV�

H
%
'

2 2 9
U2 27

7

% ( .

% (

= = +e e� � �

&IMWTMIP�������&IVIGLRYRK�IMRIV�7TIVVWGLMGLXHMGOI�

)MRI�7M�(MSHI�FIWMX^X�HMI�%O^ITXSVIROSR^IRXVE^MSR�ZSR�2
%
!�⋅����GQ���EYJ�HIV�T�7IMXI�YRH�HMI

(SREXSVIROSR^IRXVE^MSR�ZSR�2
(
!������GQ���EYJ�HIV�R�7IMXI��(MI�-RZIVWMSRWHMGLXI�FIXVÇKX�J²V�7M

R
M
!���⋅�����GQ���FIM�8!���/��(MI�ERKIPIKXI�7TIVVWTERRYRK�9

7
�FIXVÇKX�9!���:��>Y�FIWXMQQIR�MWX�HMI

7TIVVWGLMGLXHMGOI�H
7
�

9 9 9 :

H 9
2 2

U2 2
:

WGQ GQ
%W;GQ GQ

. (MJJ

7 .
V % (

% (

= - = + =

= + =
¼ ¼ ¼ ¼ + ¼

¼ ¼ ¼ + ¼

�
!
  

"
$
##

= ¼  

-

-

-

� ����� �� �� ����

�
�� ����

� � �� �� �� � �� � ��

� � �� � �� � ��

� ����� �� �

�

�� �� ��

�� �� ��

� �

� �

�

� �

� �
�

�

�

�

e e

m

3 8
�

Q Q

&MPH�������:IVPEYJ�HIV�7TIVVWGLMGLXOETE^MXÇX�FIM
WXIMKIRHIV�7TIVVWTERRYRK�

(EW�>ELPIRQEXIVMEP�FEWMIVX�EYJ�&IMWTMIP������

(1.25)Sperrschichtdicke
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&IMWTMIP�������&IVIGLRYRK�IMRIV�7TIVVWGLMGLXOETE^MXÇX�
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;MV�WILIR��HEWW�EYGL�MQ�(YVGLPEWWFIVIMGL�IMRI�7TIVVWGLMGLXOETE^MXÇX�ZSVLERHIR�MWX��%PPIVHMRKW�JÇPPX
HMIWI�KIKIR²FIV�HIV�[IWIRXPMGL�KV¸WWIVIR�(MJJYWMSRWOETE^MXÇX�OEYQ�MRW�+I[MGLX�

1.4.3.1 Zusammenfassung
(MI�7TIVVWGLMGLXOETE^MXÇX�IVWGLIMRX�MQ�7TIVVFIXVMIF�HIV�(MSHI��7MI�MWX�ZSR�HIV�ERKIPIKXIR
7TIVVWTERRYRK�YRH�HIV�/SRWXVYOXMSR�HIV�(MSHI�EFLÇRKMK��7TIVVWGLMGLXJPÇGLI��,EPFPIMXIVQEXIVMEP�
(SXMIVYRK���7MI�PMIKX�X]TMWGL�MQ�T*�r�&IVIMGL�YRH�ZIVLÇPX�WMGL�QMX�HIQ�*EOXSV��9

6

-� �� �^YV�ERKIPIKXIR
7TIVVWTERRYRK�9

6
�

&IM�/ETE^MXÇXWHMSHIR�[MVH�HMIWI�7TERRYRKWEFLÇRKMKOIMX�EYWKIRYX^X��YQ�WTERRYRKWEFLÇRKMKI
/ETE^MXÇXIR�LIV^YWXIPPIR�

1.4.4 Diffusionskapazität
(MI�(MJJYWMSRWOETE^MXÇX�IVWGLIMRX�RYV�[IRR�HMI�(MSHI�MR�(YVGLPEWWVMGLXYRK�FIXVMIFIR�[MVH��7MI�MWX�ZSR
HIR�>ELPIR[IVXIR�LIV�[IWIRXPMGL�KV¸WWIV�EPW�HMI�7TIVVWGLMGLXOETE^MXÇX�YRH�PMIKX�MR�HIV�+V¸WWIRSVHRYRK
ZSR�IMRMKIR����T*�FMW�IMRMKIR����R*�

&IKV²RHYRK
-Q�(YVGLPEWWFIXVMIF�[MVH�HIV�TR�ÍFIVKERK�QMX�0EHYRKWXVÇKIVR�²FIVWGL[IQQX��(EW�LEX�^YV�*SPKI��HEW
1ENSVMXÇXWXVÇKIV�MR�HIW�+IFMIX�IRXKIKIRKIWIX^XIV�(SXMIVYRK�[ERHIVR��7MI�LEPXIR�WMGL�HSVX�EPW
1MRSVMXÇXWXVÇKIV�IMRI�KI[MWWI�>IMX�EYJ�FMW�WMI�VIOSQFMRMIVIR��&MW�^YV�6IOSQFMREXMSR�[ERHIVR�WMI�EFIV
[IMXIV�YRH�PIKIR�WS�HMI�6IOSQFMREXMSRW[IKPÇRKI�^YV²GO��(IV�TR�ÍFIVKERK�QMX�HIR�WS
IMRKIWTIMGLIVXIR�0EHYRKWXVÇKIVR�WXIPPX�IMRI�/ETE^MXÇX�HEV�
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1MX�LEPFPIMXIVTL]WMOEPMWGLIR�>YWEQQIRLÇRKIR�JMRHIR�[MV�HMI�(MJJYWMSRWOETE^MXÇX�[IRR�FIMHI
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(1.26)

(1.27)

&MPH�������)MRJPYWW�HIV�7TIVVZIV^¸KIVYRKW^IMX�IMRIV�(MSHI�

(MI�(MSHI�WTIVVX�RMGLX�EYKIRFPMGOPMGL��WSRHIVR�PÇWWX�J²V�OYV^I
>IMX�RSGL�IMRIR�6²GO[ÇVXWWXVSQ�JPMIWWIR�

XV�!�%RWXMIKW^IMX��6MWI�8MQI�
XVV�!�7TIVVZIV^¸KIVYRKW^IMX��6IZIVWI�6IGSZIV]�8MQI�
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;MV�WILIR��HEWW�HMI�(MJJYWMSRWOETE^MXÇX�VIPEXMZ�KVSWWI�;IVXI�ERRMQQX��&IM�IMRIQ�7XVSQ�ZSR��%�[MVH
LMIV�IMRI�/ETE^MXÇX�ZSR���R*�IVVIMGLX��8VSX^HIQ�WSPPXI�HMIWI�/ETE^MXÇX�MR�HIV�4VE\MW�RMGLX�²FIVFI[IVXIX
[IVHIR��HE�^Y�MLV�HIV�VIPEXMZ�OPIMRI�HMJJIVIRXMIPPI�;MHIVWXERH�TEVEPPIP�PMIKX��(MI�HEVEYW�VIWYPXMIVIRHI
�OSRWXERXI��>IMXOSRWXERXI�MWX�MR�HIR�QIMWXIR�*ÇPPIR�OPIMR��RW�&IVIMGL��

8 ' V
0
(

GSRWX
( (

= = =
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1.4.5 Schaltverhalten der Diode
-R�ZMIPIR�%R[IRHYRKIR�[MVH�HMI�(MSHI�EPW�7GLEPXIVIPIQIRX�IMRKIWIX^X��%YJKVYRH�HIV�MR�HIV
(MJJYWMSRWOETE^MXÇX��IMR^YPEKIVRHIR��IMRKIPEKIVXIR�0EHYRKWXVÇKIV�[MVH�NIHSGL�HEW�7GLEPXZIVLEPXIR
YRK²RWXMK�FIIMRJPYWWX��(YVGL�HMI�;ELP�KIIMKRIXIV�(MSHIR��7GLSXXO]�(MSHIR��*EWX�6IGSZIV]�(MSHIR�
IXG���O¸RRIR�HMIWI�2EGLXIMPI�MR�+VIR^IR�KILEPXIR�[IVHIR�

;MV�FIXVEGLXIR�HEW�7GLEPXZIVLEPXIR�IMRIV�(MSHI�ER�IMRIV�-PPYWXVEXMSR�
(MI�6IGLXIGOWTERRYRKWUYIPPI�QMX�9

+
�!���:�WTIMWX�HEW�REGLJSPKIRHI�2IX^[IVO�YRH�[MV�FIXVEGLXIR�HIR

(MSHIRWXVSQ�²FIV�IMRI�4IVMSHI�
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&MPH�������%YW[IVXYRK�YRH�+VETL�HIV
(MJJYWMSRWOETE^MXÇX�EYW�&IMWTMIP�����

(1.28)

&MPH�������7TIVVZIV^¸KIVYRKW^IMXIR�MR�IMRIV�(MSHIRWGLEPXYRK�

XV�!�%RWXMIKW^IMX��6MWI�8MQI�
XJ�!�%FJEPP^IMX
XW�!�7TIMGLIV^IMX
XVV�!�7TIVVZIV^¸KIVYRKW^IMX��6IZIVWI�6IGSZIV]�8MQI�
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-Q�>IMXTYROX�X!��PMIKX�HMI�ZSPPI�+IRIVEXSVWTERRYRK�ZSR���:�²FIV�HIV�(MSHI��(IV�TR�ÍFIVKERK�MWX�^Y
HMIWIQ�>IMXTYROX�PEHYRKWXVÇKIVJVIM��EPWS�LSGLSLQMK��;ÇLVIRH�HIV�%RWXMIKW^IMX�X

V
�[MVH�EQ�TR�

ÍFIVKERK�HMI�IVJSVHIVPMGLI�1MRSVMXÇXWXVÇKIVOSR^IRXVEXMSR�EYJKIFEYX��(IV�(YVGLPEWWWXVSQ�WXIMKX�ER�
FMW�IV�HIR�;IVX�-

*
�IVVIMGLX��(MI�(YVGLPEWWWTERRYRK�JÇPPX�EYJ�HIR�WXEXMSRÇVIR�;IVX�ZSR�9

*
�≈���:�EF�

&IMQ�>IMXTYROX�X!��RW�JÇPPX�HMI�+IRIVEXSVWTERRYRK�9
+
�EYJ��:��(IV�TR�ÍFIVKERK�[MVOX�EPW

(MJJYWMSRWOETE^MXÇX��HMI�²FIV�HIR�+IRIVEXSV[MHIVWXERH�6
+
�YRH�HIQ�7XVSQFIKVIR^YRKW[MHIVWXERH�6

IRXPEHIR�[MVH�
&IM�HIV�)RXPEHYRK�[ÇLVIRH�HIV�>IMX�X

VV
�JPMIWWX�IMR�RIKEXMZIV�(MSHIRWXVSQ��HIV�[ÇLVIRH�HMIWIV�>IMX�HMI

KIWTIMGLIVXI�0EHYRK�MQ�TR�ÍFIVKERK�EYWVÇYQX��(MIWIV�7XVSQ�[MVH�HIWLEPF�EYGL�EPW�%YWVÇYQWXVSQ�-
VV

FI^IMGLRIX��VIZIVWI�VIGSZIV]�GYVVIRX��

)VWX�[IRR�WÇQXPMGLI�1MRSVMXÇXWXVÇKIV�EYWKIVÇYQX�WMRH��[MVH�HIV�TR�ÍFIVKERK�PEHYRKWXVÇKIVJVIM�YRH
HMI�(MSHI�WTIVVX�[MIHIV�

(MI�%YWVÇYQ^IMXOSRWXERXI�OERR�²FIV�HMI�(MJJYWMSRWOETE^MXÇX�KVSF�EFKIWGLÇX^X�[IVHIR�

1.4.5.1 Definitionen für Verzögerungszeiten
%YWVÇYQ^IMX�X

VV
��6²GO[ÇVXWIVLSP^IMX��7TIVVZIV^YK��7TIVVZIV^¸KIVYRKW^IMX�

>IMXWTERRI��HMI�HIV�7XVSQ�FIR¸XMKX��YQ�IMRIR�JIWXKIPIKXIR�7TIVVWXVSQ�-
6
�^Y�IVVIMGLIR��[IRR

WTVYRKEVXMK�ZSR�IMRIQ�FIWXMQQXIR�(YVGLPEWWWXVSQ�EYJ�IMRI�KIKIFIRI�7TIVVFIHMRKYRK�YQKIWGLEPXIX
[MVH�

%RWXMIKW^IMX�X
V
��(YVGLPEWWZIV^¸KIVYRKW^IMX��:SV[ÇVXWIVLSP^IMX��(YVGLPEWWZIV^YK�

>IMXWTERRI��HMI�HIV�7XVSQ�FIR¸XMKX�YQ�IMRIR�FIWXMQQXIR�JIWXKIPIKXIR�(YVGLPEWWWXVSQ��-
*
�^Y�IVVIMGLIR�

[IRR�WTVYRKEVXMK�ZSR�HIV�7TERRYRK�2YPP�SHIV�ZSR�IMRIV�FIWXMQQXIR�7TIVVWTERRYRK�EYJ�IMRI
ERKIKIFIRI�(YVGLPEWWFIHMRKYRK�YQKIWGLEPXIX�[MVH��+IQIWWIR�[MVH�X

V
�OSRZIRXMSRWKIQÇWW�MR�HIR�����

����+VIR^IR�

7TIMGLIV^IMX�X
W

-R�HMIWIV�>IMXWTERRI�[IVHIR�0EHYRKWXVÇKIV�EYW�HIV�(MJJYWMSRWOETE^MXÇX�EYWKIVÇYQX��-R�HMIWIV�>IMX�MWX
OIMR�RIRRIRW[IVXIV�7XVSQV²GOKERK�^Y�FISFEGLXIR�

(MI�7TIMGLIV^IMX�OERR�²FIV�HMI�IMRKIFVEGLXI�0EHYRK�REGL�?�A�EFKIWGLÇX^X�[IVHIR�

X 8
-
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8
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%FJEPP^IMX�X
J

(MI�ZIVFPIMFIRHI�6IWXPEHYRK��HMI�LEYTXWÇGLPMGL�EYW�HIV�7TIVVWGLMGLXOETE^MXÇX�WXEQQX��[MVH
EYWKIVÇYQX��7MI�WGLPMIWWX�HMVIOX�ER�HMI�7TIMGLIV^IMXTLEWI�ER��(IV�7XVSQJPYWW�OPMRKX�I\TSRIRXMIPP�EF�

*²V�HMI�%FJEPP^IMX�KMPX�RÇLIVYRKW[IMWI�REGL�?�A�

X '6J = PR��

,MIVFIM�MWX�'�HIV�1MXXIP[IVX�HIV�7TIVVWGLMGLXOETE^MXÇX�YRH�6�HIV�J²V�HMI�)RXPEHI^IMXOSRWXERXI
VIPIZERXI�;MHIVWXERH�

(1.29)

(1.30)
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1.5 Kennzeichnung von Halbleiterbaulelementen
0IMHIV�KMFX�IW�J²V�HMI�&I^IMGLRYRK�ZSR�,EPFPIMXIVFEYIPIQIRXIR�OIMRI�EPPKIQIMR�K²PXMKI�MRXIVREXMSREPI
2SVQYRK��)W�I\MWXMIVIR�NIHSGL�[IPX[IMX���ZIVWGLMIHIRI�7XERHEVHW�

)YVSTÇMWGLI�.)()'�'SHMIVYRK��%%�����&'����
%QIVMOERMWGLI�.)()'�'SHMIVYRK��&WT���2�������2�����
.ETERMWGLI�'SHMIVYRK��&WT���7%������7���

;IMXIV�I\MWXMIVIR�IMRI�9R^ELP�ZSR�JMVQIRIMKIRIR�,EPFPIMXIVOIRR^IMGLRYRKIR�

1.5.1 Europäische JEDEC-Codierung
)MR^MK�HMI�IYVSTÇMWGLI�.)()'�'SHMIVYRK�IVPEYFX�IMRI�>YSVHRYRK�HIV�&EYIPIQIRXIMKIRWGLEJXIR
EYJKVYRH�HIV�8]TIRFI^IMGLRYRK��7MI�FIWXILX�EYW�����&YGLWXEFIR�KIJSPKX�ZSR�����>MJJIVR��(MI
REGLJSPKIRHI�8EFIPPI�^IMKX�HMI�.)()'�'SHMIVYRK�

)VWXIV�&YGLWXEFI��&EWMWQEXIVMEP�J²V�HIR�,EPFPIMXIV
% +IVQERMYQ��&ERHEFWXERH����I:�FMW����I:�
& 7MPM^MYQ��&ERHEFWXERH����I:�FMW����I:�
' +EPPMYQ�%VWIRMH�SHIV�ERHIVIW�---�-:�1EXIVMEP��&ERHEFWXERH�"����I:�
( -RHMYQ�%RXMQSRMH�SHIV�ERHIVIW�1EXIVMEP�QMX�IMRIQ�&ERHEFWXERH�ZSR� ����I:
6 'H7�SHIV�ERHIVIW�,EPFPIMXIVQEXIVMEP�J²V�*SXSPIMXIV�YRH�,EPPKIRIVEXSVIR

>[IMXIV�&YGLWXEFI��*YROXMSR�HIW�&EYIPIQIRXIW
% (MSHI��EYWKIRSQQIR�8YRRIP���>�(MSHI��/ETE^MXÇXWHMSHI��WXVELPYRKWIQTJMRHPMGLI�(MSHI��6IJIVIR^HMSHI�
& /ETE^MXÇXWHMSHI
' 8VERWMWXSV�J²V�2*�%R[IRHYRKIR���/PIMRPIMWXYRKWX]T�
( 0IMWXYRKWXVERWMWXSV�J²V�2*�%R[IRHYRKIR
) 8YRRIP�(MSHI
* ,SGLJVIUYIR^XVERWMWXSV��/PIMRPIMWXYRKWX]T�
, ,EPP�*IPHWSRHI
/ ,EPPKIRIVEXSV�MQ�QEKRIXMWGL�SJJIRIR�/VIMW��^�&��7MKREPWSRHI�
0 0IMWXYRKWXVERWMWXSV�J²V�,*�%R[IRHYRKIR
1 ,EPPKIRIVEXSV�MQ�QEKRIXMWGL�KIWGLPSWWIRIR�/VIMW��^�&��,EPPQSHYPEXSV�SHIV��QYPXMTPMOEXSV�
4 7XVELPYRKWIQTJMRHPMGLIW�,EPFPIMXIVIPIQIRX��^�&��*SXSHMSHI��*SXSXVERWMWXSV��*SXS[MHIVWXERH�
5 7XVELPYRKWIV^IYKIRHIW�,EPFPIMXIVFEYIPIQIRX��^�&��0)(�
6 )PIOXVMWGL�EYWKIP¸WXIV�,EPFPIMXIVWGLEPXIV�QMX�(YVGLFVYGLGLEVEOXIVMWXMO�J²V�OPIMRI�0IMWXYRKIR��^�&��8L]VMWXSV��86-%'��(-%'�
7 8VERWMWXSV�J²V�7GLEPXIVER[IRHYRKIR
8 )PIOXVMWGL�SHIV�STXMWGL��EYWKIP¸WXI�,EPFPIMXIVWGLEPXIV�QMX�(YVGLFVYGLWGLEVEOXIVMWXMO��^�&��8L]VMWXSV�8IXVSHI�
9 0IMWXYRKWXVERWMWXSV�J²V�7GLEPXIVER[IRHYRKIR
< :IVZMIPJEGLIVHMSHI��^�&��:EVEOXSVHMSHI�SHIV�7XIT�6IGSZIV]�(MSHI�
= 0IMWXYRKWHMSHI
> >IRIVHMSHI�SHIV�7TERRYRKWVIKPIVHMSHI

(VMXXIV�&YGLWXEFI��-RHYWXVMIX]T
(IV�HVMXXI�&YGLWXEFI�MWX�RYV�FIM�-RHYWXVMIX]TIR�ZIV[IRHIX��)W�[IVHIR�RYV�=�YRH�>�FIRYX^X��7MI
FI^IMGLRIR�,EPFPIMXIV�HMI�J²V�MRHYWXVMIPPI�%R[IRHYRKIR�ZSVKIWILIR�WMRH��MQ�+IKIRWEX^�^Y�HIR
,EPFPIMXIVR�J²V�HMI�9RXIVLEPXYRKWIPIOXVSRMO�

8]TIRRYQQIV�
7MI�MWX�IMRI�PEYJIRHI�/IRR^IMGLRYRK�FIWXILIRH�EYW�����>MJJIVR��7MI�LEFIR�OIMRI�RÇLIVI�XIGLRMWGLI
&IHIYXYRK��.IHSGL�OERR�EYJKVYRH�HIV�>ELP�MR�HIV�&I^IMGLRYRKWKVYTTI�IMRI�VIPEXMZI�%YWWEKI�^YV
)RX[MGOPYRKW^IMX�KIQEGLX�[IVHIR��7S�MWX�FIMWTMIPW[IMWI�HIV�8VERWMWXSV�&'����WMGLIV�IMRI�RIYIVI
)RX[MGOPYRK�EPW�IMR�&'����

)MRI�LSLI�8]TIRRYQQIV�MWX�EFIV�RMGLX�²FIV^YFI[IVXIR��8EXWÇGLPMGL�[IVHIR�LIYXI�RYV�RSGL�[IRMKI
HMWOVIXI�7M�7XERHEVHLEPFPIMXIV�[MVOPMGL�RIY�IRX[MGOIPX��ZIVKPMGLIR�QMX�-'�)RX[MGOPYRKIR��:MIPJEGL
[IVHIR�FIWXILIRHI�8]TIR�RYV�MR�IMR�RIYIW�+ILÇYWI��^�&��71(��ZIVTEGOX�
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+IVQERMYQ��7IPIR��/YTJIVS\MHYP�WMRH�yERXMOIl�,EPFPIMXIVQEXIVMEPMIR�YRH�[IVHIR�²FIVLEYTX�RMGLX
QILV�ZIV[IRHIX��HE�HMIWI�7XSJJI�[MVOPMGL�RYV�2EGLXIMPI�LEFIR��7M�LEX�IMRI�IX[E�����JEGL�L¸LIVI
7XVSQHMGLXI�EPW�7I�SHIV�'Y

�
3��(EHYVGL�[MVH�HIV�/VMWXEPPUYIVWGLRMXX�ZMIP�KIVMRKIV��*IVRIV�LEFIR�HMIWI

7XSJJI�IMR�WGLPIGLXIW�8IQTIVEXYV��YRH�6IWXWXVSQZIVLEPXIR�

%PW�2IYIRX[MGOPYRKIR�EYJ�HIQ�+IFMIX�HIV�HMWOVIXIR�,EPFPIMXIV�IVWGLIMRIR�ZSV�EPPIQ�,EPFPIMXIV�QMX
WTI^MIPPIR�&EWMWQEXIVMEPMIR��^�&��+E%W�8VERWMWXSVIR��0)(�

1.5.2 Amerikanische JEDEC-Typenbezeichnungen
7MI�ZIVO¸VTIVX�HMI�^[IMXI�KVSWWI�+VYTTI�HIV�,EPFPIMXIVFI^IMGLRYRKIR��7MI�YRXIVXIMPX�HMI
,EPFPIMXIVFEYIPIQIRXI�HYVGL�'SHMIVYRK�MR�HVIM�KVSFI�+VYTTIR�

(MSHIR� �2����KIJSPKX�ZSR�����>MJJIVR
&MTSPEVXVERWMWXSVIR� �2����KIJSPKX�ZSR�����>MJJIVR
*IPHIJJIOXXVERWMWXSVIR�� �2����KIJSPKX�ZSR�����>MJJIVR

%QIVMOERMWGLI�(MSHIR�MQ�+PEWKILÇYWI�[IVHIR�SJX�QMX�IMRIV�*EVFGSHMIVYRK��[MI�FIM�HIR�;MHIVWXÇRHIR
ZIVWILIR��(IV�HMGOI�6MRK�IRXWTVMGLX�HIV�/EXSHI�YRH�MWX�HMI�IVWXI�>MJJIV�REGL�y�2l��(MI�VIWXPMGLIR
6MRKI�ZIVO¸VTIVR�HMI�REGLJSPKIRHIR�>MJJIVR�

1.6 Bauformen von Dioden
-Q�+IKIRWEX^�^Y�HIV�:MIPJEPX�HIV�8]TIRFI^IMGLRYRKIR�[IVHIR�TVEOXMWGL�EPPI�(MSHIR�MR�.)()'�
7XERHEVHKILÇYWIR�KIJIVXMKX��(MI�.)()'�2SVQYRK�[YVHI������ZSVKIPIKX�YRH�YQJEWWX���
(MSHIRKILÇYWI�J²V�OSRZIRXMSRIPPI�1SRXEKI��7MI�[YVHI�WTÇXIV�J²V�SFIVJPÇGLIRQSRXMIVXI�)PIQIRXI
IV[IMXIVX�

2EGLJSPKIRH�^IMKIR�[MV�HMI�ZMIV�QIMWX�ZIV[IRHIXIR�(MSHIRKILÇYWI��*²V�/PIMRHMSHIR�[IVHIR
ZSV[MIKIRH�HMI�(3���SHIV�(3����+PEWKILÇYWI�ZIV[IRHIX��0IMWXYRKWHMSHIR�[IVHIR�MQ�1IXEPPKILÇYWI
^[IGOW�FIWWIVIR�/²LPQ¸KPMGLOIMXIR�YRH�OPIMRIVIQ�;ÇVQI[MHIVWXERH�6

XN�G
�KIJIVXMKX�

&MPH�������&IMWTMIPI�IMRMKIV�+ILÇYWIJSVQIR�J²V
(MSHIR�

5YIPPI��?�A



Ausgabe: 1998(I), G. Krucker

1-22
HalbleiterdiodenMikroelektronik I

Hochschule für Technik und Architektur Bern

1.7 Gleichrichterdioden
)MRI�+PIMGLVMGLXIVHMSHI�MWX�MQ�IMRJEGLWXIR�*EPP�IMR�TR�ÍFIVKERK��*²V�HMI�+PIMGLVMGLXYRK�IMRIV
;IGLWIPWTERRYRK�[MVH�HIV�)JJIOX�EYWKIRYX^X��HEWW�EYJKVYRH�HIV�WXEOIR�2MGLXPMRIEVMXÇX�HIV�/IRRPMRMI�HIV
7XVSQJPYWW�RYV�MR�(YVGLPEWWVMGLXYRK�IVJSPKIR�OERR�

*²V�IMRI�WMRYWJ¸VQMKI�7TERRYRK�9
[
�IVLEPXIR�[MV�EQ�;MHIVWXERH�6�IMRI�TYPWMIVIRHI�+PIMGLWTERRYRK�9

('
�

D

R UDCU

ID

U,I

0 ωt

ID

UDC

π 2π 3π

(MI�TYPWMIVIRHI�+PIMGLWTERRYRK�[MVH�HERR�MR�HIV�6IKIP�QMX�KIIMKRIXIR�1MXXIPR�[IMXIV�^Y�IMRIV
OSRXMRYMIVPMGLIR�+PIMGLWTERRYRK�EYJFIVIMXIX�

1.7.1 Konstruktion und Aufbau
+PIMGLVMGLXIVHMSHIR�WMRH�QIMWX�0IMWXYRKW��SHIV�/PIMRPIMWXYRKWHMSHIR�MR�7M�8IGLRSPSKMI��%RHIVI
1EXIVMEPMIR�[IVHIR�OEYQ�ZIV[IRHIX��HE�7MPM^MYQ�HMI�KV¸WWXIR�7XVSQHMGLXIR�MQ�/VMWXEPP�YRH
8IQTIVEXYVIR�IVPEYFX��7SQMX�[IVHIR�WIPFWX�0IMWXYRKWHMSHIR�J²V�QILVIVI����%�VIGLX�OPIMR�

(MI�XVSX^�HIV�RMIHVMKIR�(YVGLPEWWWTERRYRK�9
*
!��������:�FIM�7MPM^MYQ�XVMXX�ER�HIV�(MSHI�IMRI

:IVPYWXPIMWXYRK�ZSR�GE���;�TVS�%�(YVGLPEWWWXVSQ�EYJ��(MIWI�QYWW�EFKIJ²LVX�[IVHIR��HEQMX�HIV�/VMWXEPP
RMGLX�²FIVLMX^X��(MI�EFWSPYXI�+VIR^I�MWX�QMX����°'�/VMWXEPPXIQTIVEXYV�ER^YWILIR��

;MGLXMK�� &IM�IVL¸LXIV�8IQTIVEXYV�RMQQX�HMI�0IFIRWHEYIV�KIRIVIPP�EF��EYGL�[IRR�HMI
� &EYIPIQIRXI�RMGLX�ER�HIR�+VIR^[IVXIR�FIXVMIFIR�[IVHIR�

9Q�HMI�EYJXVIXIRHI�:IVPYWXPIMWXYRK�KYX�EFJ²LVIR�^Y�O¸RRIR��[IVHIR�0IMWXYRKWHMSHIR�MR�IMR�+ILÇYWI
QMX�RMIHVMKIQ�;ÇVQI[MHIVWXERH�6

XL
�IMRKIFEYX��)MR�RMIHVMKIV�;ÇVQI[MHIVWXERH�FIHIYXIX��HEWW�HMI�ZSQ

/VMWXEPP�IV^IYKXI�:IVPYWX[ÇVQI�KYX�^YV�+ILÇYWISFIVJPÇGLI�EFKIPIMXIX�[MVH�
-Q�&IXVMIF�O¸RRIR�OYV^^IMXMKI�7XVSQWTMX^IR�IMRI�OYV^^IMXMKI�ÍFIVLMX^YRK�HIW�/VMWXEPPW�FI[MVOIR�
(IWLEPF�ZIV[IRHIX�QER�EYGL�IMR�+ILÇYWI�QMX�KVSWWIV�;ÇVQIOETE^MXÇX�

(IV�TVMR^MTMIPPI�%YJFEY�IMRIV�0IMWXYRKWHMSHI�PÇWWX�WMGL�EQ�JSPKIRHIR�&MPH�^IMKIR�

�

�����������������������������������������������������
���;MVH�HIV�/VMWXEPP�HYVGL�)VL¸LYRK�HIW�7XVSQIW�[IMXIV�IV[ÇVQX��WS�FPIMFIR�7GLÇHMKYRKIR�^YV²GO��3JX�[MVH�HIV�TR�ÍFIVKERK�HYVGL�PSOEPI
ÍFIVLMX^YRK�KER^�^IVWX¸VX��-R�LEVQPSWIR�*ÇPPIR�ZIVWGLPIGLXIVR�WMGL�PIHMKPMGL�HMI�6IWXWXVSQIMKIRWGLEJXIR�
>Y�FIEGLXIR�MWX��HEWW�MQ�,EPFPIMXIV�HIV�7XVSQJPYWW�OIMRIWJEPPW�LSQSKIR�WXEXXJMRHIX��WSRHIVR�MR�y7GLPÇYGLIRl�ZIVPÇYJX��(MIWI�&IVIMGLI�[IMWIR
IMRI�IVL¸LXI�7XVSQHMGLXI�EYJ�YRH�HEQMX�JMRHIR�EYGL�PSOEPI�)V[ÇVQYRKIR�WXEXX��(EHYVGL�WXIMKX�MR�HMIWIR�>SRIR�HMI�-RZIVWMSRWHMGLXI��[EW
[MIHIVYQ�IMR��PSOEPIW��%RWXIMKIR�HIW�7XVSQIW�^YV�*SPKI�LEX��(MIWIV�4VS^IWW�WGLEYOIPX�WMGL�FMW�^YV�>IVWX¸VYRK�HIW�,EPFPIMXIVW�EYJ��WSJIVR�HIV
7XVSQJPYWW�RMGLX�FIKVIR^X�[MVH��[EW�FIM�0IMWXYRKWHMSHIR�MR�HIV�6IKIP�RMGLX�HIV�*EPP�MWX��

&MPH�������4VMR^MTWGLEPXYRK�HIW
)MR[IKKPIMGLVMGLXIVW�

(MI�7GLEPXYRK�PMIJIVX�EQ�;MHIVWXERH�6
IMRI�TYPWMIVIRHI�+PIMGLWTERRYRK�9

('
�

&MPH�������%YJFEY�IMRIV�7M�0IMWXYRKWHMSHI�

E�� 5YIVWGLRMXX�HYVGL�HEW�+ILÇYWI

���/IVEQMO��-WSPEXMSR�

���)TS\MHLEV^

���7M�'LMT

���/YTJIVFPSGO

F�� 5YIVWGLRMXX�HYVGL�HIR�7M�'LMT

1��1IXEPPERWGLP²WWI

2���7XEVO�HSXMIVXI�2�7GLMGLX

2��7GL[EGL�HSXMIVXI�2�7GLMGLX

4���7XEVO�HSXMIVXI�4�7GLMGLX



Ausgabe: 1998(I), G. Krucker

1-23
HalbleiterdiodenMikroelektronik I

Hochschule für Technik und Architektur Bern

(MI�2��7GLMGLX�ZIVO¸VTIVX�IMRI�LSGL�HSXMIVXI�2�7GLMGLX��(SREXSVIROSR^IRXVEXMSR�2
(
�"����GQ�����(MI

WGL[ÇGLIV�HSXMIVXI�2�7GLMGLX�WSVKX�J²V�IMRI�EYWVIMGLIRHI�7TIVVWTERRYRK��(MI�4��7GLMGLX�ZIVO¸VTIVX
IMRI�LSGL�HSXMIVXI�4�7GLMGLX�

(MI�2��YRH�4��7GLMGLXIR�WSVKIR�EYJKVYRH�MLVIV�LSLIR�(SXMIVYRK�J²V�IMRIR�RMIHVMKIR�&ELR[MHIVWXERH
YRH�XVEKIR�^Y�IMRIV�OPIMRIR�(YVGLPEWWWTERRYRK�9

*
�FIM�

(MI�7TIVVWXV¸QI�PMIKIR�FIM�7M�+PIMGLVMGLXIVHMSHIR�FIM�>MQQIVXIQTIVEXYV�MQ�µ%�&IVIMGL�
+PIMGLVMGLXIV�QMX�IMRIV�7TIVVWGLMGLX�O¸RRIR�HYVGL�KIIMKRIXI�(SXMIVYRK�YRH�7GLMGLXYRK�FMW�EYJ
7TIVVWTERRYRKIR�9

&6
�ZSR�GE���O:�KIJIVXMKX�[IVHIR�

(EW�)MRFVMRKIR�IMRIV�^YWÇX^PMGLIR�7GLMGLX�MWX�J²V�+PIMGLVMGLXIVHMSHIR�QMX�L¸LIVIV�7TIVVWTERRYRK
RSX[IRHMK��HE�QMX�IMRIQ�VIMRIR�TR�ÍFIVKERK�OIMRI�KVSWWIR�7TIVVWTERRYRKIR�IVVIMGLX�[IVHIR�O¸RRIR�
�(MI�(YVGLFVYGLWTERRYRK�IMRIW�LSGL�HSXMIVXIR�TR�ÍFIVKERKW�PMIKX�MQ�&IVIMGL�ZSR�IMRMKIR���:���
(IWLEPF�FVMRKX�QER�IMRI�^YWÇX^PMGLI�WGL[EGL�HSXMIVXI�SHIV�IMKIRPIMXIRHI�7GLMGLX�^[MWGLIR�HMI�LSGL
HSXMIVXIR�>SRIR��HMI�HERR�HMI�KIWEQXI�7TIVVWTERRYRK�EYJRMQQX��7SQMX�WMRH�+PIMGLVMGLXIVHMSHIR
L¸LIVIV�7TERRYRK�MQQIV�ZSQ�8]T�4��-�2��SHIV�4��2�2���[SFIM�-�J²V�yMRXVMRWMGl��IMKIRPIMXIRH��YRH�2
J²V�yWGL[EGL�HSXMIVXl�WXILX�

(MI�FIMHIR�(MSHIRX]TIR�LEFIR�HERR�MRXIVR�HIR�*IPHWXÇVOIZIVPEYJ�
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2SGL�L¸LIVI�7TIVVWTERRYRKIR�[IVHIR�HYVGL�/EWOEHMIVIR�ZSR�7TIVVWGLMGLXIR�IVVIMGLX��1MX�HMIWIV
8IGLRMO�[IVHIR�,:�+PIMGLVMGLXIV�FMW�²FIV����O:�LIVKIWXIPPX�

%YJKVYRH�HIV�VIPEXMZ�KVSWWIR�7TIVVWGLMGLXJPÇGLI�LEFIR�+PIMGLVMGLXIVHMSHIR�IX[EW�L¸LIVI�/ETE^MXÇXIR�
-R�HIV�OSRZIRXMSRIPPIR�7XVSQZIVWSVKYRK�WTMIPX�HMIW�EFIV�OIMRI�6SPPI��-R�KIXEOXIXIR�2IX^XIMPIR��WMRH
RSVQEPI�+PIMGLVMGLXIVHMSHIR�LMRKIKIR�YRKIIMKRIX��7SPGLI�7GLEPXYRKIR�ZIVPERKIR�WTI^MIPPI��WGLRIPPI
(MSHIR�

(MSHIR�QMX�(EYIVHYVGLPEWWWXV¸QIR� ��%�[IVHIR�SLRI�^YWÇX^PMGLI�/²LPQEWWRELQIR�FIXVMIFIR��(MIWI
8]TIR�[IVHIR�MR�IMRIQ�&EOIPMXKILÇYWI���2�������%�����:��KIJIVXMKX�SHIV�J²V�L¸LIVI�%RWTV²GLI�MR
IMRIQ�+PEWKILÇYWI��XIYVIV��

1.7.2 Diode als Gleichrichter
;MVH�IMRI�4�22��SHIV�4�-2��(MSHI�MR�IMRIV�+PIMGLVMGLXIVWGLEPXYRK�FIXVMIFIR��WS�OERR�HMI�/IRRPMRMI
QMX�HIV�7LSGOPI]�+PIMGLYRK�REGL�(1.7)�KIR²KIRH�KIREY�J²V�&IVIGLRYRKIR�MQ�%VFIMXWFIVIMGL
ERKIRÇLIVX�[IVHIR�
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&IM�WILV�LSLIR�7XVSQHMGLXIR�XVIXIR�^YWÇX^PMGLI�7TERRYRKWEFJÇPPI�²FIV�HIQ�4��YRH�2��+IFMIX�EYJ��HMI
QMX�HIQ�)QMWWMSRWOSIJJ^MIRX�R!��ERRÇLIVRH�FIV²GOWMGLXMKX�[IVHIR�

;MV�FIXVEGLXIR�^YIVWX�VIGLRIVMWGL��[MI�WMGL�HMI�7XV¸QI�ER�IMRIQ�)MR[IKKPIMGLVMGLXIV�QMX�IMRIV�MHIEPIR
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!��:��ZIVLEPXIR��(E^Y�WTIMWIR�[MV�EYW�IMRIV�;IGLWIPWTERRYRKWUYIPPI�IMRI�7TERRYRK

9 Y X
%'

= $ WMR� �w IMR��;MV�IVLEPXIR�HERR�HIR�7XVSQ�- M X Y 6 6
( 5 0= = +$ WMR� � $ � � �w �

�

D
RQ ID

I

0 ωt

ID

RL IDm

Ieff

π 2π 3π

UAC

(IR�1MXXIP[IVX�-
(
!�-

(Q
��HIW�(MSHIRWXVSQIW�²FIV�IMRI�4IVMSHI�MWX�TIV�(IJMRMXMSR�

-
8

- X HX
8

� � �= I�
�

;MV�WIX^IR�IMR�

- - M X H X HX
M

X
M

(Q (
= = + = - =I I

=

� �
�

�

�

�

�
p

w w
p p

w
p

p

p

p
p

$ WMR� � � �
$
GSW� �

$

124 34

(MIWIV�1MXXIP[IVX�[MVH�EYGL�+PIMGLVMGLX[IVX�HIV�)MR[IKKPIMGLVMGLXYRK�FI^IMGLRIX�

(IV�)JJIOXMZ[IVX�-
IJJ
�MWX�TIV�(IJMRMXMSR�HMI�;YV^IP�EYW�HIQ�UYEHVEXMWGLIR�1MXXIP[IVX�²FIV�IMRI�4IVMSHI�

&MPH�������6IWYPXMIVIRHIV�1MXXIP[IVX�YRH

)JJIOXMZ[IVX�FIMQ�+PIMGLVMGLXIV�

(1.33)

(1.34)Mittelwert,
Gleichrichtwert
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(EW�:IVLÇPXRMW�^[MWGLIR�)JJIOXMZ[IVX�YRH�+PIMGLVMGLX[IVX�[MVH�*SVQJEOXSV�KIRERRX�
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*²V�WMRYWJ¸VQMKI�7TERRYRKIR�[MVH�HIV�*SVQJEOXSV�FIM�)MR[IKKPIMGLVMGLXYRK�*!�π���

1.8 Gleichrichterschaltungen
1MX�+PIMGLVMGLXIVWGLEPXYRKIR�[IVHIR�EYW�;IGLWIPWTERRYRKIR�IRXWTVIGLIRHI�+PIMGLWTERRYRKIR
KI[SRRIR��(MI�OPEWWMWGLI�%R[IRHYRK�MWX�HMI�+PIMGLVMGLXYRK�ZSR�RIX^FI^SKIRIR�;IGLWIPWTERRYRKIR
J²V�HMI�7XVSQZIVWSVKYRK��(EFIM�[MVH�HMI�;IGLWIPWTERRYRK�EYW�IMRIQ�8VERWJSVQEXSV�KPIMGLKIVMGLXIX
YRH�HMI�TYPWMIVIRHI�+PIMGLWTERRYRK�QMX�KIIMKRIXIR�1EWWRELQIR�^Y�IMRIV�+PIMGLWTERRYRK�QMX
KIVMRKIV�6IWX[IPPMKOIMX�KIWMIFX�

)MR�7TI^MEPJEPP�HIV�+PIMGLVMGLXYRK�MWX�HMI�%1�(IQSHYPEXMSR��,MIV�IVJSPKX�HYVGL�+PIMGLVMGLXYRK�IMRIV
,*�7TERRYRK�YRH�KIIMKRIXIV�7MIFYRK�IMRI�(IQSHYPEXMSR��MRHIQ�HMI�,²PPOYVZI�HIV�,*�7TERRYRK
KI[SRRIR�[MVH�

;MV�FIXVEGLXIR�MR�IVWXIV�0MRMI�+PIMGLVMGLXIVWGLEPXYRKIR�^YV�RIX^FI^SKIRIR�7XVSQZIVWSVKYRK�YRH
YRXIVWGLIMHIR�JSPKIRHI�+VYTTIR�

• +PIMGLVMGLXIVWGLEPXYRKIR�QMX�0EHIOSRHIRWEXSV
• 7TERRYRKWZIVZMIPJEGLIVWGLEPXYRKIR

+PIMGLVMGLXIVWGLEPXYRKIR�SLRI�0EHIOSRHIRWEXSV�QMX�VIMRIV�;MVOPEWX�WXIPPIR�IMRIR�7TI^MEPJEPP�HIW
+PIMGLVMGLXIVW�QMX�0EHIOSRHIRWEXSV�HEV��7MI�[IVHIR�LMIV�YRXIV�:IV[IMW�EYJ�HMI�IMRWGLPÇKMKI�0MXIVEXYV
RMGLX�RÇLIV�FIXVEGLXIX�

(1.35)

(1.36)Effektivwert

(1.37)
Formfaktor
Einweggleichrichter



Ausgabe: 1998(I), G. Krucker

1-26
HalbleiterdiodenMikroelektronik I

Hochschule für Technik und Architektur Bern

1.8.1 Gleichrichterschaltungen mit Ladekondensator
+VYRHWÇX^PMGL�[IVHIR�FIM�+PIMGLVMGLXIVWGLEPXYRKIR�^[IM�8]TIR�YRXIVWGLMIHIR�

)MR[IKKPIMGLVMGLXYRK� :SR�HIV�7TIMWI[IGLWIPWTERRYRK�[MVH�RYV�IMRI�,EPF[IPPI��IRX[IHIV�HMI
TSWMXMZI�SHIV�HMI�RIKEXMZI��^YV�)V^IYKYRK�HIV�+PIMGLWTERRYRK�ZIV[IVXIX�

>[IM[IKKPIMGLVMGLXYRK� �:SPP[IKKPIMGLVMGLXYRK��,MIVFIM�[IVHIR�FIMHI�,EPF[IPPIR�^YV�)V^IYKYRK�HIV
+PIMGLWTERRYRK�ZIV[IVXIX��,MIVYRXIV�JEPPIR�HIV�OPEWWMWGLI�>[IM[IK

� KPIMGLVMGLXIV�[MI�EYGL�HMI�&V²GOIRWGLEPXYRK�

�

D1
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I

UF

UC=URL

UAC
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UF

D

RLUAC

I
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UC=URL

Einweggleichrichter mit Ladekondensator Brückengleichrichter mit Ladekondensator

CL

CL

D1

RL

IUF

UC=URL

UAC

D2

UF

Zweiweggleichrichter mit Ladekondensator 
(Mittelpunktschaltung)

CL

UAC

>YV�:IVVMRKIVYRK�HIV�;IPPMKOIMX�[MVH�IMR�0EHIOSRHIRWEXSV�^YKIWGLEPXIX��)V�KPÇXXIX�HMI�TYPWMIVIRHI
+PIMGLWTERRYRK��MRHIQ�IV�EPW�)RIVKMIWTIMGLIV�[ÇLVIRH�HIV�7TIVVTLEWI�HIV�(MSHIR�[MVOX�

%VFIMXW[IMWI
(MI�(MSHIR�FIJMRHIR�WMGL�MR�HIV�(YVGLPEWWTLEWI��[IRR�HMI�7TERRYRK�EQ�0EHIOSRHIRWEXSV�9

'
� 

8VERWJSVQEXSVWTERRYRK�9
%'
�MWX��-R�HMIWIV�>IMX�HIV�4IVMSHI��KIRERRX�7XVSQJPYWW[MROIP��α��[MVH�7XVSQ

^YV�0EHYRK�HIW�/SRHIRWEXSVW�YRH�^YV�0EWX�KIJ²LVX�

(MI�FIMHIR�8IMP[MROIP�α�HIJMRMIVIR�HMI�>IMXWTERRI�HIW�7XVSQJPYWWIW�YQ�HIR�1MXXIP[IVX�HIV
/SRHIRWEXSVWTERRYRK��-R�HIV�0MXIVEXYV�[MVH�HIV�7XVSQJPYWW[MROIP�EYGL�QMX�Θ�FI^IMGLRIX��)W�KMPX�HERR�

Q = �a

-WX�9
'
�"�9

%'�
��WS�WTIVVIR�HMI�(MSHI�R��YRH�HIV�/SRHIRWEXSV�PMIJIVX�EPPIMRI�7XVSQ�ER�HMI�0EWX��(MIWIV

0EHYRKWZIVPYWX�[MVH�MR�HIV�RÇGLWXIR�0EHITIVMSHI�[MIHIV�IVWIX^X�

&MPH�������+VYRHWGLEPXYRKIR�HIV

)MR[IK��YRH�>[IM[IKKPIMGLVMGLXIV�

Stromflusswinkel 2α (1.38)
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Strom- und Spannungsverlauf  am 
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Strom- und Spannungsverlauf  am 
(Zweiweg-) Brückengleichrichter mit Ladekondensator
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;ÇLVIRH�HIV�0EHI^IMX��HIQ�7XVSQJPYWW[MROIP��α��[MVH�JEWX�HIV�KIWEQXI�HYVGL�HMI�(MSHI�JPMIWWIRHI
7XVSQ�^YV�0EHYRK�HIW�/SRHIRWEXSVW�ZIV[IRHIX��;MV�IVOIRRIR�HMIW�ER�HIR�OYV^IR�YRH�WXIMPIR
7XVSQWTMX^IR�ZSR�-

(
��(MI�0EHI^IMX�YRH�7XVSQJPYWW[MROIP�WXILIR�MR�&I^MILYRK�
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0EHI^IMX

�7XVSQJPYWW[MROIP

�/VIMWJVIUYIR^�

.I�KV¸WWIV�HIV�0EHIOSRHIRWEXSV��HIWXS�OPIMRIV�[MVH�HIV�7XVSQJPYWW[MROIP�2α YRH�HIWXS�KV¸WWIV�[MVH�HIV
7TMX^IRWXVSQ�-

(QE\
�HYVGL�HMI�(MSHI�FIM�KPIMGL�FPIMFIRHIV�0EWX��(IV�QE\MQEP�Q¸KPMGLI�7TMX^IRWXVSQ

[MVH�EPPIVHMRKW�HYVGL�HIR�-RRIR[MHIVWXERH�HIW�8VERWJSVQEXSVW�YRH�HIR�&ELR[MHIVWXERH�HIV�(MSHI
FIKVIR^X�

>Y�FIEGLXIR�MWX�EYGL��HEWW�HEW�7XVSQQE\MQYQ�-
(QE\

�RMGLX�KER^�QMX�HIQ�7TERRYRKWQE\MQYQ�9
%'QE\

^YWEQQIRJÇPPX��(MIWI�(MJJIVIR^�MWX�HIV�9RW]QQIXVMI[MROIP�δ�

(MI�WMGL�EQ�/SRHIRWEXSV�EYJFEYIRHI�QMXXPIVI�+PIMGLWTERRYRK�[MVH�YQWS�KV¸WWIV��NI�OPIMRIV�HIV
0EWXWXVSQ�-

60
�MWX�YRH�NI�KV¸WWIV�HIV�0EHIOSRHIRWEXSV�'

0
�MWX��)FIRWS�NI�KV¸WWIV�HMI�/VIMWJVIUYIR^�YRH�NI

OPIMRIV�HIV�0EWXWXVSQ��HIWXS�O²V^IV�[IVHIR�HMI�)RXPEHITLEWIR�HIV�/ETE^MXÇX�'
0
�

1.8.2 Vereinfachte Berechnung der Welligkeit der Ausgangsspannung
(Brummspannung)
)MRI�EREP]XMWGLI�&IWXMQQYRK�HIV�&VYQQWTERRYRK�QMX�HIQ�>MIP�IMRI�I\EOXI�*SVQIP�LIV^YPIMXIR�MWX
EYJKVYRH�HIV�OSQTPI\IR�RMGLXPMRIEVIR�>YWEQQIRLÇRKI�RMGLX�Q¸KPMGL��*²V�HMI�4VE\MW�O¸RRIR�EFIV
HYVGL�:IVIMRJEGLYRK�2ÇLIVYRKWJSVQIPR�FIWXMQQX�[IVHIR��HMI�J²V�IMRI�%REP]WI�YRH�(MQIRWMSRMIVYRK
LMRVIMGLIRH�KIREY�WMRH�

;MV�FIXVEGLXIR�I\IQTPEVMWGL�HEW�:SVKILIR�EQ�)MR[IKKPIMGLVMGLXIV��*²V�>[IM[IKWGLEPXYRKIR�KMPX�IMR
EREPSKIW�:SVKILIR�

>YV�:IVIMRJEGLYRK�[MVH�MR�IMRIQ�IVWXIR�7GLVMXX�HIV�RMGLXPMRIEVI�7TERRYRKWZIVPEYJ�EQ�/SRHIRWEXSV
kPMRIEVMWMIVXk�

&MPH�������7XVSQ�YRH�7TERRYRKWZIVPÇYJI

EQ�+PIMGLVMGLXIV�

(1.39)Ladezeit ∆X
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1.8.5 Gleichrichterschaltungen mit Drossel
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1.8.6 Formelsatz zur Dimensionierung von Gleichrichterschaltungen
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1.8.7 Spannungsvervielfacherschaltungen
7TERRYRKWZIVZMIPJEGLIVWGLEPXYRKIR�[IVHIR�KVYRHWÇX^PMGL�HE^Y�ZIV[IRHIX��YQ�EYW�IMRIV�OPIMRIVIR
;IGLWIPWTERRYRK�IMRI�L¸LIVI�+PIMGLWTERRYRK�^Y�IV^IYKIR��EPW�QMX�IMRIV�RSVQEPIR�)MR��SHIV
>[IM[IKKPIMGLVMGLXYRK�Q¸KPMGL�[ÇVI��(EW�4VMR^MT�HIV�7TERRYRKWZIVZMIPJEGLIV�FIVYLX�MR�HIV�6IKIP
HEVEYJ��HEWW�IMRI�;IGLWIPWTERRYRK�QMXXIPW�IMRIW�/SRHIRWEXSVW�EYJ�IMRI�FIVIMXW�FIWXILIRHI
+PIMGLWTERRYRK�EYJKIWXSGOX�[MVH�

(MI�4VE\MW�YRXIVWGLIMHIX�QIMWX�^[MWGLIR�

• 7TERRYRKWZIVHSTTPIVWGLEPXYRKIR
• 7TERRYRKWZIVZMIPJEGLIV

7TERRYRKWZIVHSTTPIV�ZIVO¸VTIVR�IMRIR�7TI^MEPJEPP�HIV�EPPKIQIMRIR�7TERRYRKWZIVZMIPJEGLIV�
WGLEPXYRKIR��(E�EFIV�FIWSRHIVW�ZMIPI�7XERHEVHWGLEPXYRKIR�FIOERRX�WMRH��[IVHIR�HMIWI�MR�IMRIQ
IMKIRIR�/ETMXIP�FILERHIPX�

+VYRHWÇX^PMGL�WMRH�7TERRYRKWZIVZMIPJEGLIV�MQQIV�IMRI�2SXP¸WYRK��&IWSRHIVW�/EWOEHIRWGLEPXYRKIR
LEFIR�IMRIR�VIPEXMZ�LSLIR�-RRIR[MHIVWXERH��[EW�WMI�J²V�KV¸WWIVI�7XV¸QI�YRKIIMKRIX�QEGLX��1IMWX
[IVHIR�WMI�J²V�HMI�)V^IYKYRK�ZSR�,SGLWTERRYRK�OPIMRWXIV�0IMWXYRK�ZIV[IRHIX�

1.8.7.1 Spannungsverdopplerschaltungen
(MI�OPEWWMWGLI�7TERRYRKWZIVHSTTPIVWGLEPXYRK�MWX�HMI�WSK��(IPSR�7GLEPXYRK��EYGL�+VIMREGLIV�
7GLEPXYRK���,MIV�[MVH�NIHI�,EPF[IPPI�WITEVEX�MR�)MR[IKWGLEPXYRK�KPIMGLKIVMGLXIX���7S�IVLÇPX�QER�^[IM
KPIMGL�KVSWWI�TSWMXMZI�YRH�RIKEXMZI�7TERRYRKIR��(MIWI�EHHMIVX��IVKIFIR�HERR�HMI�HSTTIPXI
+PIMGLWTERRYRK�
)MR�2EGLXIMP�HIV�7GLEPXYRK�MWX��HEWW�IMR�IZIRXYIPPIV�1EWWI�&I^YK�HIV�+PIMGLWTERRYRK�^YV
;IGLWIPWTERRYRK�ZIVPSVIR�KILX�

RL URL ≈ 2ûAC

UAC
CL1

CL2

+

+

-

-

D1

D2

(IV�:SVXIMP�HIV�(IPSR�7GLEPXYRK�FIWXILX�KIKIR²FIV�HIR�/EWOEHIRWGLEPXYRKIR�HEVMR��HEWW�EYJKVYRH
HIV�OSRZIRXMSRIPPIR�)MR[IKKPIMGLVMGLXYRK�HMI�7GLEPXYRK�TVMR^MTMIPP�EYGL�J²V�L¸LIVI�0EWXWXV¸QI
KIIMKRIX�MWX��7IPFWXZIVWXÇRHPMGL�LEFIR�FIMHI�0EHIOSRHIRWEXSVIR�HMIWIPFI�/ETE^MXÇX�

+ÇR^PMGL�ERHIVW�EVFIMXIX�HMI�:MPPEVH�7GLEPXYRK��7MI�MWX�HIV�IMRJEGLWXI�:IVXVIXIV�HIV�WSK�
/EWOEHIRWGLEPXYRK��,MIV�IVJSPKX�IMR�%YJWXSGOIR��OEWOEHMIVIR��HIV�;IGLWIPWTERRYRK�EYJ�IMRI�FIVIMXW
KPIMGLKIVMGLXIXI�+PIMGLWTERRYRK�

&MPH�������(IPSR�7GLEPXYRK�^YV�7TERRYRKWZIVHSTTPYRK�

2EGLXIMPMK�MWX�HIV�JILPIRHI�1EWWIFI^YK�HIV

%YWKERKWWTERRYRK�

Delon-Schaltung
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RL URL ≈ 2ûACUAC

C1

C2

+-

D1

D2

+

-
UD1

π 2π 3π

U

0 ωt

UAC 

UC1

_
U = URL

UD1

UC1

>Y�HIR�7XVSQ��YRH�7TERRYRKWZIVLÇPXRMWWIR�[MVH�MQ�JSPKIRHIR�/ETMXIP�EPW�7TI^MEPJEPP�7XIPPYRK
KIRSQQIR�

1.8.7.2 Kaskadenschaltung
(MI�/EWOEHIRWGLEPXYRK�MWX�IMRI�/SQFMREXMSR�QILVIVIV�:MPPEVH�7GLEPXYRKIR��-Q�4VMR^MT�WMRH�QMX�HIV
/EWOEHIRWGLEPXYRK�FIPMIFMKI�:IVZMIPJEGLYRKIR�Q¸KPMGL��EPPIVHMRKW�WXIMKX�QMX�NIHIV�^YWÇX^PMGLIR
:MPPEVH�7XYJI�HIV�-RRIR[MHIVWXERH�VEWGL�ER��(IWLEPF�[IVHIR�MR�HIV�4VE\MW�OEYQ�QILV�EPW���7XYJIR
FIRYX^X�
)MRI�7XERHEVHER[IRHYRK�HMIWIV�7GLEPXYRK�WMRH�,:�/EWOEHIR�J²V�HMI�&MPHV¸LVIR��(SVX�[MVH�IMRI
-QTYPW�;IGLWIPWTERRYRK�ZSR�GE���O:

W
�HYVGL�:IVZMIVJEGLYRK�EYJ���O:

('
�KIFVEGLX�

U ≈ 4 ûAC

UAC

C1

D1

D2

D3

D4

C2

C3

C4

/SQFMREXMSRIR�QMX�LEPFIR�:MPPEVH�7GLEPXYRKIR�WMRH�EYGL�Q¸KPMGL�YQ�FIMWTMIPW[IMWI�IMRI
:IVHVIMJEGLYRK�^Y�IVVIMGLIR�

(MI�7GLEPXYRK�MWX�MRWSJIVR�¸OSRSQMWGL��[IMP�HMI�/SRHIRWEXSVIR�YRH�(MSHIR�RYV�J²V�HMI�HSTTIPXI
)MRKERKWWTMX^IRWTERRYRK��³

%'
�EYWKI[ÇLPX�[IVHIR�Q²WWIR��(IV�7XVSQJPYWW�MR�HIR�(MSHIR�MWX�LMRKIKIR

YRXIVWGLMIHPMGL��-R�NIHIV�ZSVLIVPMIKIRHIR�7XYJI�JPMIWWX�EYW�+V²RHIR�HIV�)RIVKMIFMPER^�HIV�HSTTIPXI
(MSHIRWXVSQ�

.I�KV¸WWIV�HMI�/SRHIRWEXSVIR�KI[ÇLPX�[IVHIR��HIWXS�KV¸WWIVI�%YWKERKWWXV¸QI�O¸RRIR�IRXRSQQIR
[IVHIR��H�L��YQWS�OPIMRIV�[MVH�HIV�-RRIR[MHIVWXERH�HIV�5YIPPI�

2EGL�?2²VQERR��;IVOFYGL�)PIOXVSRMO��7�����A�OERR�HMI�&VYQQWTERRYRK�HIV�:MPPEVH�7GLEPXYRK��IMRI
7XYJI��[MI�JSPKX�EFKIWGLÇX^X�[IVHIR���ZKP��EYGL�&IMWTMIP�������

9
9

J '6
' ?*A

&VWW

0

0

  ¼� ���
� �/ETE^MXÇX�HIW�)MR^IPOSRHIRWEXSVW� �

(EVEYW�O¸RRIR�EYGL�HMI�;IVXI�HIV�/SRHIRWEXSVIR�EFKIPIMXIX�[IVHIR��[SFIM�LÇYJMK�EPPI
/SRHIRWEXSVIR�HMIWIPFI�/ETE^MXÇX�LEFIR��+IRIVIPP�[IVHIR�MR�WSPGLIR�7GLEPXYRKIR�ÍFIV�

Villard -
Schaltung

&MPH�������:MPPEVH�7GLEPXYRK�^YV�7TERRYRKWZIVHSTTPYRK�

(MI�:MPPEVH��7GLEPXYRK�MWX�IMR�IMRWXYJMKIV�7TI^MEPJEPP�HIV�/EWOEHIRWGLEPXYRK��2EGLXIMPMK�MWX�HIV�L¸LIVI

-RRIR[MHIVWXERH�KIKIR²FIV�HIV�(IPSR�7GLEPXYRK�

Kaskadenschaltung

&MPH�������/EWOEHIRWGLEPXYRK�^YV

7TERRYRKWZIVZMIPJEGLYRK�

(1.62)
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HMQIRWMSRMIVYRKWJEOXSVIR�ZSR����������FIV²GOWMGLXMKX�

;MV�IVLEPXIR�J²V�IMRI�KVSFI�%FWGLÇX^YRK�YRH�(MQIRWMSRMIVYRK�

%YWKERKWWTERRYRK��YRFIPEWXIX�� � 9 R 9 R%'IJJ  ¼� � � �%R^ELP�HIV�(MSHIR

7TIVVWTERRYRK�HIV�IMR^IPRIR�(MSHI�� 9 9
6 %'IJJQE\

�= ¼� �

&IXVMIFWWTERRYRK�HIW�IMR^IPRIR�/SRHIRWEXSVW� 9 9
' %'IJJQE\

�= ¼� �

&IMWTMIP�������(MQIRWMSRMIVYRK�IMRIV�7TERRRYRKWZIVZMIPJEGLIVWGLEPXYRK�

*²V�IMRIR�IPIOXVSWXEXMWGLIR�0EYXWTVIGLIV�[MVH�IMRI�4SPEVMWEXMSRWWTERRYRK�ZSR�QMR������:
('
�FIR¸XMKX�

%YW�7MGLIVLIMXWKV²RHIR�[MVH�HMI�,SGLWTERRYRK�²FIV�;MHIVWXÇRHI�ZSR���1Ω�IMRKIWTMIWIR��*IVRIV�MWX
MQ�%YJWTVIGLXVERWJSVQEXSV�QMX�IMRIQ�-WSPEXMSRW[MHIVWXERH�ZSR����1Ω�^Y�VIGLRIR��(MI�QE\MQEPI
;IPPMKOIMX�HIV�4SPEVMWEXMSRWWTERRYRK�HEVJ���:

WW
�FIXVEKIR�

UAC

C1

D1

D2

Dn-1

Dn

C2

Cn-1

Cn

230VAC

1:1

NF
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U>1500VDC
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:
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R
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W
W
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$
� ���

� �
� � � �

� �

� �
QE\ QE\

QE\

�� 2SVQ[IVX

��2SVQ[IVX�

9 ��2SVQ[IVX�
6QE\

(E�HIV�7XVSQ�MR�NIHIV�:MPPEVH�7XYJI�^YRMQQX��[IVHIR�EYGL�/SRHIRWEXSVIR�TVSKVIWWMZ�ZIVKV¸WWIVX�

'
�
�!����R '

�
!����R '

�
�!���R

'
�
�!���R '

�
�!��R '

�
�!���R

)MRI�7MQYPEXMSR�HIV�7GLEPXYRK��(MSHI��2������IVKMFX�IMRI�QMXXPIVI�%YWKERKWKPIMGLWTERRYRK�ZSR
9!����:

('
�FIM�IMRIV�;IPPMKOIMX�ZSR�GE�����:

WW
��(MI�%F[IMGLYRK�ZSR�HIV�(MQIRWMSRMIVYRK�MWX�EPWS

IX[EW�KVSWW��-R�%RFIXVEGLX��HEWW�IMRI�:IVWIGLWJEGLYRK�ZSVKIRSQQIR�[YVHI��WGLIMRIR�LMIV�HMI
/SRHIRWEXSV[IVXI�^Y�OPIMR�KI[ÇLPX��(IV�*SVQIPWEX^�Q²WWXI�FI^²KPMGL�+²PXMKOIMX�²FIVTV²JX�[IVHIR�

(1.63)

(1.64)Kaskaden-
schaltung
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1.9 Dynamisches Modell der Diode
(EW�FMW�NIX^X�FIRYX^XI�7LSGOPI]�1SHIPP�FIWGLVIMFX�RYV�HMI�WXEXMWGLI�-�9�/IRRPMRMI��.IHSGL�WMRH�OIMRI
%YWWEKIR�^YQ�H]REQMWGLIR�:IVLEPXIR��[IGLWIPWXVSQQÇWWMKIW�:IVLEPXIR�SHIV�-QTYPWZIVLEPXIR�
Q¸KPMGL��(MIWIW�IMRJEGLI�1SHIPP�FIWGLVIMFX�HEW�:IVLEPXIR�RYV�YRKIR²KIRH��WSFEPH�WMGL�HMI�7TERRYRK
²FIV�HIV�7TIVVWGLMGLX�VEWGL�ÇRHIVX�

+VYRHWÇX^PMGL�[IVHIR�FIM�H]REQMWGLIR�&IXVEGLXYRKIR�^[IM�*ÇPPI�YRXIVWGLMIHIR�

/PIMRWMKREPQSHIPP��)W�FIWGLVIMFX�HEW�[IGLWIPWXVSQQÇWWMKI�:IVLEPXIR�FIM�IMRIV�MRJMRMXIWMQEP�OPIMRIR
âRHIVYRK�YQ�IMRIR�%VFIMXWTYROX��(MI�4EVEQIXIV�[IVHIR�LMIV�PMRIEVMWMIVX��[EW�HMI�6IGLRYRK�WILV
ZIVIMRJEGLX�

+VSWWWMKREPQSHIPP��)W�FIWGLVIMFX�HEW�:IVLEPXIR�FIM�KVSWWIR�âRHIVYRKIR�YQ�HIR�%VFIMXWTYROX��)W�MWX
OSQTPI\IV�EPW�IMR�/PIMRWMKREPQSHIPP��(MI�4EVEQIXIV�[IVHIR�MR�HIV�6IKIP�QMX�RMGLXPMRIEVIR�*YROXMSRIR
FIWGLVMIFIR�

1.9.1 Grosssignalmodell
%PW�[MGLXMKI�)MRJPYWWKV¸WWIR�Q²WWIR�HMI�7TIVVWGLMGLX��YRH�(MJJYWMSRWOETE^MXÇX�FIV²GOWMGLXMKX�[IVHIR�
1ER�IVKÇR^X�HEW�WXEXMWGLI�1SHIPP�QMX�HIR�FIMHIR�/ETE^MXÇXIR�'

(
�YRH�'

.
�YRH�IVLÇPX�HEQMX�HEW

H]REQMWGLI�1SHIPP�HIV�(MSHI�

�

RP

RS

IS

IS

UBR

Statisches Modell

RP

RS

IS

Dynamisches Modell

CJ CD

A A

KK

(IS, n) (IS, m)

(IBD,mBD)

>YV�:IVIMRJEGLYRK�[MVH�MQ�H]REQMWGLIR�1SHIPP�SJX�EYJ�HMI�1SHIPPMIVYRK�HIW�(YVGLFVYGLZIVLEPXIRW
�9

&6
��ZIV^MGLXIX��)W�[ÇVI�EFIV�EREPSK�HIQ�WXEXMWGLIR�1SHIPP�IMR^YJ²KIR�

(MI�(MJJYWMSRWOETE^MXÇX�'
(
�MWX�TVMQÇV�J²V�HIR�7TIMGLIVIJJIOX�ZIVERX[SVXPMGL��7MI�MWX�TVSTSVXMSREP�^YQ

(YVGLPEWWWXVSQ��(ELIV�KMPX�J²V�HMI�IMRKIWTIMGLIVXI�0EHYRK�REGL�/ETMXIP�������

5 - 9
( * *
= t � �

(MI�>IMXOSRWXERXI�t�IVKMFX�WMGL�REGL�+P��(1.28)�EYW�HIV�(MJJYWMSRWOETE^MXÇX�'
(
�YRH�HIQ�HMJJIVIR^MIPPIR

;MHIVWXERH�V
(
��7MI�MWX�[IMXKILIRH�OSRWXERX�YRH�WXIPPX�HMI�OPIMRWXQ¸KPMGLI�%YWVÇYQ^IMX�HEV�

47TMGI�QSHIPPMIVX�HMIWI�>IMXOSRWXERXI�QMX�HIV�+V¸WWI�8X��)MR�%YW^YK�EYW�HIV�/SQTSRIRXIRFMFPMSXLIO
):%0�0-&�^IMKX��[MI�HMIWIV�4EVEQIXIV�IMRKIFVEGLX�[MVH�

�QSHIP�(�2���� (�-W!���T�6W!���'.3!�T�8X!��R�&Z!����-FZ!���T�

8]TMWGLIV[IMWI�MWX�HMIWI�>IMXOSRWXERXI�WILV�OPIMR��RW�&IVIMGL��
1MX�HMIWIV�>IMXOSRWXERXI�O¸RRIR�[MV�HMI�(MJJYWMSRWOETE^MXÇX�EYW�HIV�0EHYRK�FIWGLVIMFIR�

'
H5
H9

-
R9

I
(

( 7

8

9

R9

*

8= = t

&MPH�������7XEXMWGLIW�YRH�H]REQMWGLIW

+VSWWWMKREPQSHIPP�HIV�(MSHI�
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-Q�7TIVVFIXVMIF�MWX�HMI�7TIVVWGLMGLXOETE^MXÇX�'
.
�HIV�(MSHI�VIPIZERX��7MI�IRXWXILX�HYVGL�HMI

IPIOXVSWXEXMWGLI�4SXIR^MEPHMJJIVIR^�²FIV�HIV�7TIVVWGLMGLX��(MI�7TIVVWGLMGLXOETE^MXÇX�MWX�KIKIR²FIV�HIV
(MJJYWMSRWOETE^MXÇX�VIGLX�OPIMR��T*�&IVIMGL��YRH�LEX�IMRIR�RMGLXPMRIEVIR�>YWEQQIRLERK�^YV
7TIVVWTERRYRK��(MI�+VYRHPEKIR�[YVHIR�IMRKILIRH�MR�/ET��������FILERHIPX�

*²V�IMR�7MQYPEXMSRWQSHIPP�IMRIV�(MSHI�[MVH�HMI�RÇLIVYRKW[IMWI�&IWGLVIMFYRK�HIW�/ETE^MXÇXWZIVPEYJW
ZIV[IRHIX�

'
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Q � � �

' 9 :
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� � �

+VEHEXMSRWOSIJJM^MIRX�

7TIVVWGLMGLXOETE^MXÇX�FIM�

7TIVVWGLMGLXTSXIRXMEP�

L

-R�+P��(1.68)�ZIVO¸VTIVX�Q�HIR�+VEHEXMSRWI\TSRIRXIR��)V�MWX�EFLÇRKMK�ZSQ�(SXMIVYRKWZIVPEYJ��Q!���
J²V�IMRIR�EFVYTXIR�42�ÍFIVKERK��Q!�����J²V�IMRIR�PMRIEVIR�42�ÍFIVKERK���'

.�
�MWX�HMI

7TIVVWGLMGLXOETE^MXÇX�FIM�9
(
!�:�YRH�Φ

�
�ZIVO¸VTIVX�HMI�(MJJYWMSRWWTERRYRK�YRH�[MVH�MR�HIV�7TMGI�

(SOYQIRXEXMSR�EPW�k7TIVVWGLMGLXTSXIR^MEPk�:
.
�EYJKIJ²LVX��;IMXIVI�%YWJ²LVYRKIR�WMRH�MR�/ET�������YRH

������^Y�JMRHIR�

(MI�KIWEQXLEJX�[MVOWEQI�/ETE^MXÇX�OERR�EPW�7YQQI�FIMHIV�)MR^IPOETE^MXÇXIR�EYJKIJEWWX�[IVHIR�

' ' '
. (

= +

>YWEQQIRJEWWIRH�OERR�QER�JIWXLEPXIR��HEWW�MQ�7TIVVFIVIMGL�YRH�FIM�OPIMRIR�9
(
�MQ�(YVGLPEWWFIVIMGL

HMI�7TIVVWGLMGLXOETE^MXÇX�QEWWKIFPMGL�^YV�(MSHIROETE^MXÇX�FIMXVÇKX��&IM�KVSWWIR�(YVGLPEWWWXV¸QIR
[MVH�NIHSGL�'

(
�HSQMRERX�

1.9.1.1 Formelsatz zur Handrechnung mit Grosssignalparameter:
-R�HIR�REGLJSPKIRHIR�6IGLRYRKIR�[IVHIR�HMI�REGLJSPKIRHIR�JSVQEPIR�>YWEQQIRLÇRKI�ZIV[IRHIX�
7MI�WMRH�KIKIR²FIV�HIR�7MQYPEXMSRWQSHIPPIR�ZSR�74-')�SHIV�1MGVSGET�IX[EW�ZIVIMRJEGLX��MRHIQ
7XERHEVHKV¸WWIR�IMRKIWIX^X�[YVHIR��Φ
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1.9.2 Kleinsignalmodell
(EW�/PIMRWMKREPQSHIPP�FIWGLVIMFX�HEW�H]REQMWGLI�:IVLEPXIR�IMRIV�(MSHI�MR�IMRIQ�FIWXMQQXIR
%VFIMXWTYROX��(EFIM�[MVH�ZSVEYWKIWIX^X��HEWW�HMI�(]REQMO��[IGLWIPWXVSQQÇWWMKI�âRHIVYRK�
MRJMRMXIWMQEP�OPIMR�MWX��9RXIV�HMIWIV�:SVEYWWIX^YRK�O¸RRIR�HMI�4EVEQIXIV�MQ�%VFIMXWTYROX�PMRIEVMWMIVX
[IVHIR��&IM�KV¸WWIVIV�(]REQMO�[MVH�HEW�/PIMRWMKREPQSHIPP�JILPIVLEJX��[IMP�WMGL�MR�HIV�6IEPMXÇX�HMI
4EVEQIXIV�ZIVÇRHIVR�

(MI�0MRIEVMWMIVYRK�IVJSPKX�MQQIV�HYVGL�%FPIMXIR�MQ�%VFIMXWTYROX��7S�[MVH�HIV�HMJJIVIR^MIPPI
;MHIVWXERH�MQ�%VFIMXWTYROX�-
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�7TERRYRK�MQ�%VFIMXWTYROX

;MV�IVLEPXIR�J²V�NIHIR�%VFIMXWTYROX�IMRIR�ERHIVIR�HMJJIVIR^MIPPIR�;MHIVWXERH�V
(
�

(EW�/PIMRWMKREPQSHIPP�MWX�EPWS�IMR�PMRIEVMWMIVXIW�1SHIPP�J²V�IMRI�&IXVEGLXYRK�MR�IMRIQ�FIWXMQQXIR
%VFIMXWTYROX��*²V�NIHIR�%VFIMXWTYROX�I\MWXMIVIR�IMR�7EX^�PMRIEVMWMIVXIV�4EVEQIXIV�HIV�HEW�:IVLEPXIR
FIWGLVIMFX��(MI�/PIMRWMKREPVIGLRYRK�IMKRIX�WMGL�RYV�HERR��[IRR�HMI�%YWWXIYIVYRK�RMGLX�^Y�KVSWW�[MVH�

1.9.2.1 Formelsatz zur Handrechnung mit Kleinsignalparameter
>YV�,ERHVIGLRYRK�ZIV[IRHIR�[MV�IMRIR�ZIVIMRJEGLXIR�*SVQIPWEX^��)V�FIMRLEPXIX�IMRKIWIX^XI�+V¸WWIR
J²V�Φ

�
��Q��+VEHEXMSRWI\TSRIRX���(MIW�MWX�MR�HIV�6IKIP�J²V�IMRI�,ERHVIGLRYRK�KIR²KIRH�KIREY�
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1.10 Zener-Dioden
>IRIV�(MSHIR�WMRH�(MSHIR�QMX�IMRIV�KIREY�HIJMRMIVXIR�(YVGLFVYGLWTERRYRK��7MI�[IVHIR�EPWS�KIRIVIPP
MR�7TIVVMGLXYRK�FIXVMIFIR��-Q�(YVGLPEWWFIXVMIF�YRXIVWGLIMHIR�WMI�WMGL�RMGLX�ZSR�KI[¸LRPMGLIR�(MSHIR�

(IV�2EQI�>IRIV�(MSHI�[MVH�ZMIPJEGL�EPW�7EQQIPFIKVMJJ�J²V�(MSHIR�QMX�KIREY�HIJMRMIVXIV�(YVGLFVYGL�
GLEVEOXIVMWXMO�ZIV[IRHIX��WS�JMRHIR�YRXIV�HMIWIQ�&IKVMJJ�EYGL�(MSHIR�)MR^YK��HMI�OIMRI�IGLXIR�>IRIV�
(MSHIR�WMRH�

>IRIV�(MSHIR�[IVHIR�ZSV[MIKIRH�J²V�7TERRYRKWWXEFMPMWMIVYRK�YRH�7TERRYRKWFIKVIR^IV^[IGOI
ZIV[IRHIX��7MI�[IVHIR�LIYXI�EYWWGLPMIWWPMGL�MR�7M�8IGLRSPSKMI�KIJIVXMKX�

1.10.1 Grundlagen
;MVH�FIM�IMRIV�,EPFPIMXIVHMSHI�MQ�7TIVVFIXVMIF�HMI�7TERRYRK�WXIXMK�IVL¸LX��WS�WIX^X�FIMQ�)VVIMGLIR�HIV
(YVGLFVYGLWTERRYRK�JEWX�TP¸X^PMGL�IMR�WXEVOIV�7XVSQJPYWW�IMR��;MVH�HMIWIV�7XVSQJPYWW�RMGLX�FIKVIR^X�
WXIMKX�HIV�7XVSQ�WS�WXEVO�ER��FMW�HMI�(MSHI�^IVWX¸VX�[MVH�

UD

ID

Zener-
Durchbruch

Avalanche-
Durchbruch

Charakteristik des Zener- und Avalanche-Durchbruchs

UZUZUBR UBR

Schaltzeichen

'LEVEOXIVMWXMWGL�MWX��HEWW�HIV�(YVGLFVYGLIJJIOX�FIMQ�)VVIMGLIR�HIV�(YVGLFVYGLWTERRYRK�TVEOXMWGL
WGLPEKEVXMK�IMRWIX^X��(EJ²V�WMRH�MQ�;IWIRXPMGLIR�^[IM�YRXIVWGLMIHPMGLI�TL]WMOEPMWGLI�4LÇRSQIRI
ZIVERX[SVXPMGL�

• >IRIV�)JJIOX
• 0E[MRIRIJJIOX��%ZEPERGLI�)JJIOX�

&IMHI�)JJIOXI�WMRH�YREFLÇRKMK��7MI�FIVYLIR�EYJ�YRXIVWGLMIHPMGLIR�TL]WMOEPMWGLIR�4LÇRSQIRIR�
ÇYWWIVR�WMGL�EFIV�MR�IMRIV�ÇLRPMGLIR�;MVOYRK��)FIRWS�WMRH�FIMHI�QILV�SHIV�[IRMKIV�EYWKITVÇKX
XIQTIVEXYV��YRH�EPXIVYRKWEFLÇRKMK�

,MR[IMW�
-R�(EXIRF²GLIVR�[MVH�RMGLX�HMI�(YVGLFVYGLWTERRYRK�9

&6
�ERKIKIFIR��WMI�MWX�SLRILMR�RYV�IMR

XLISVIXMWGLIV�;IVX���WSRHIVR�HMINIRMKI�7TERRYRK�9
>
��FIM�HIV�HIV�>IRIV�7XVSQ�IMRI�FIWXMQQXIR�;IVX

IVVIMGLX���^�&��-
>
�!�Q%�

&MPH�������/IRRPMRMI�YRH�7GLEPXW]QFSP�HIV

>IRIV�(MSHI�
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1.10.1.1 Zener-Effekt
(IV�>IRIV�)JJIOX�^IMKX�WMGL�RYV�FIM�LSGL�HSXMIVXIR�(MSHIR��2≈����GQ�����%YJKVYRH�HIV�LSLIR
(SXMIVYRK�[MVH�HMI�7TIVVWGLMGLX�WILV�H²RR��;MVH�HMI�(MSHI�RYR�MR�7TIVVVMGLXYRK�FIXVMIFIR��JMRHIX�HIV
*IPHEYJFEY�TVEOXMWGL�RYV�²FIV�HIV�7TIVVWGLMGLX�WXEXX��ÍFIV�HIR�FIMHIR�LSGL�HSXMIVXIR�R��YRH�T�
+IFMIXIR�OERR�OIMR�*IPHEYJFEY�IVJSPKIR��HE�WMI�RMIHIVSLQMK�WMRH�

;IKIR�HIV�H²RRIR�7TIVVWGLMGLX�[MVH�HMI�IRXWXILIRHI�*IPHWXÇVOI�WIPFWX�FIM�OPIMRIR�7TIVVWTERRYRKIR
WILV�KVSWW��(MI�IPIOXVMWGLI�*IPHWXÇVOI�²FIV�HIV�7TIVVWGLMGLX��42�ÍFIVKERK��OERR�²FIV�HMI
7TIVVWGLMGLXHMGOI�EFKIWGLÇX^X�[IVHIR���,SQSKIRI�*IPHZIVXIMPYRK�ERKIRSQQIR�

)
9

H

9 U2 2

2 2
(

7

( % (

% (

= =
+�e � �

*²V�IMRI�MR�7TIVVMGLXYRK�FIXVMIFIRI�(MSHI�QMX�9
(
!��:���HIR�(SXMIVYRKWHMGLXIR�2

%
!2

(
�!�⋅�����GQ���YRH

HIV�VIPEXMZIR�(MIPIOXVM^MXÇXWOSRWXERXIR�J²V�7M�ε
V
!���FIXVÇKX�HMI�7TIVVWGLMGLXHMGOI����������GQ�YRH�HMI

*IPHWXÇVOI�[MVH�)!����⋅����:GQ���

&IQIVOIRW[IVX�MWX�HMI�H²RRI�7TIVVWGLMGLX�MR�HIV�+V¸WWIRSVHRYRK�ZSR����%
o

��,MIV�[MVH�WIPFWX�FIM
OPIMRIR�7TIVVWTERRYRKIR�HMI�*IPHWXÇVOI�²FIV�HIV�7TIVVWGLMGLX�WILV�KVSWW��(MI�:EPIR^IPIOXVSRIR
[IVHIR�WS�WXEVO�KIWX¸VX��HEWW�HMI�&MRHYRKIR�WTSRXER�EYJKIFVSGLIR�[IVHIR��)PIOXVSRIR��XYRRIPR��EYW
HIQ�:EPIR^FERH�MR�HEW�0IMXYRKWFERH�

(MIWIV�8YRRIP�)JJIOX�WIX^X�FIM�HIV�>IRIV�*IPHWXÇVOI�)≈�⋅���:GQ���EFVYTX�IMR��%YJ�HMI�TL]WMOEPMWGLI
)VOPÇVYRK�HIW�8YRRIP�)JJIOXIW�WIM�EYJ�HMI�0MXIVEXYV�HIV�,EPFPIMXIVTL]WMO�ZIV[MIWIR�

(MI�(YVGLFVYGLWTERRYRK�IMRIV�>IRIV�(MSHI�HYVGL�HMI�(SXMIVYRK�FIWXMQQX��.I�L¸LIV�HMI�(SXMIVYRK�
HIWXS�H²RRIV�HMI�7TIVVWGLMGLX�YRH�HIQ^YJSPKI�OPIMRIV�HMI�(YVGLFVYGLWTERRYRK��8]TMWGLI�(SXMIVYR�
KIR�PMIKIR�FIM�����GQ����(MIWI�LSLI�(SXMIVYRK�MWX�&IHMRKYRK��HEQMX�HIV�8YRRIP�)JJIOX�²FIVLEYTX
WXEXXJMRHIR�OERR��(ELIV�FIWGLVÇROX�WMGL�HIV�>IRIV�)JJIOX�FMW�IX[E��:�FIM�7M�YRH�GE����:�FIM�+I�

8VSX^�HIW�EFVYTX�IMRWIX^IRHIR�7XVSQJPYWWIW�MWX�HIV�7XVSQERWXMIK�IMRIW�>IRIV�(YVGLFVYGLW�[IRMKIV
WXIMP�EPW�HIV�IMRIW�%ZEPERGLI�(YVGLFVYGLW�

1.10.1.2 Avalanche-Effekt (Lawineneffekt)
;MV�LEFIR�FIQIVOX��HEWW�HMI�(YVGLFVYGLWTERRYRK�HIR�>IRIV�(MSHIR��7M��FIM�GE������:�ER�IMRI
KIKIFIRI�+VIR^I�WX¸WWX��%F�HMIWIV�7TERRYRK�[MVH�HMI�7TIVVWGLMGLX�WS�HMGO��HEWW�HIV�8YRRIP�)JJIOX
RMGLX�QILV�WXEXXJMRHIR�OERR���>IRIV�(MSHIR��QMX�L¸LIVIV�7TERRYRK�[IVHIR�HELIV�EPW�%ZEPERGLI�
(MSHIR�KIJIVXMKX�

(IV�%ZEPERGLI�)JJIOX�FIVYLX�EYJ�IMRIV�IPIOXVMWGLIR�7XSWWMSRMWEXMSR�YRH�LEX�²FIVLEYTX�RMGLXW�QMX�HIQ
8YRRIP�)JJIOX�KIQIMRWEQ�
;MVH��^[IGOW�)VL¸LYRK�HIV�(YVGLFVYGLWTERRYRK��HMI�7TIVVWGLMGLX�HYVGL�IMRI�WGL[ÇGLIVI�(SXMIVYRK
ZIVFVIMXIVX��2 �����GQ�����WS�HYVGL[ERHIVR�KPIMGL[SLP�1MRSVMXÇXWXVÇKIV��7TIVVWXVSQ��HMI�7TIVVWGLMGLX
YRH�RILQIR�OMRIXMWGLI�)RIVKMI�EYJ��.I�QILV�OMRIXMWGLI�)RIVKMI�WMI�EYJRILQIR��HIWXS�[ELVWGLIMRPMGLIV
MWX��HEWW�WMI�FIMQ�>YWEQQIRWXSWW�QMX�IMRIQ�+MXXIVEXSQ�MR�HIV�0EKI�WMRH�HYVGL�7XSWWMSRMWEXMSR�IMR
)PIOXVSR�EYW�HIQ�:EPIR^FERH�MR�HEW�0IMXYRKWFERH�^Y�WGLPEKIR��&IM�HMIWIQ�:SVKERK�[MVH�EYWWIV�HIQ
WXSWWIRHIR�)PIOXVSR�IMR�[IMXIVIW�)PIOXVSR�IV^IYKX��HEWW�WIMRIVWIMXW�[MIHIV�WXSWWIR�OERR��(EHYVGL
WXIMKX�HIV�7XVSQ�PE[MRIREVXMK�ER��>YWÇX^PMGL�IV^IYKIR�HMI�FIMQ�-SRMWEXMSRWZSVKERK�MQ�:EPIR^FERH
^YV²GOFPIMFIRHIR�TSWMXMZIR�0¸GLIV�HYVGL�7XSWWMSRMWEXMSR�IVRIYX�0¸GLIV�YRH�)PIOXVSRIR��HMI�MLVIVWIMXW
[MIHIVYQ�MSRMWMIVIR�

;MI�FIVIMXW�IV[ÇLRX��IVJSPKX�HIV�7XVSQERWXMIK�FIMQ�%ZEPERGLI�(YVGLFVYGL�[IWIRXPMGL�WXIMPIV�EPW�FIMQ

(1.80)
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>IRIV�)JJIOX��(EHYVGL�LEFIR�%ZEPERGLI�(MSHIR�MR�HIV�6IKIP�IMRI�FIWWIVI�7XEFMPMWMIVYRKW[MVOYRK�

(MI�(YVGLFVYGLWTERRYRK�9
&6
�ZSR�%ZEPERGLI�(MSHIR�MWX�HYVGL�(SXMIVYRK�MR�[IMXIR�+VIR^IR

FIIMRJPYWWFEV���:�����:�

1.10.2 Differenzieller Widerstand (Zener-Widerstand)
(IV�HMJJIVIR^MIPPI�;MHIVWXERH�IMRIV�>�(MSHI�MWX�QEWWKIFIRH�J²V�HMI�WXEFMPMWMIVIRHIR�)MKIRWGLEJXIR
FIMQ�)MRWEX^�EPW�7TERRYRKWWXEFMPMWEXSV�

;MI�MQ�(YVGLPEWWFIVIMGL��OERR�QER�EYGL�MQ�(YVGLFVYGLFIVIMGL�IMRIR�HMJJIVIR^MIPPIR�;MHIVWXERH�V
>

HIJMRMIVIR��;MV�FIRYX^IR�EPW�+VYRHPEKI�HEW�RMGLXPMRIEV�WXIXMKI�(MSHIRQSHIPP�REGL�/ET����������YRH
FIRYX^IR�HIR�J²V�HEW�(YVGLFVYGLZIVLEPXIR�VIPIZERXI�8IVQ�MR�+P��(1.21)��;MV�IVLEPXIR�HYVGL�%FPIMXIR
HIR�HMJJIVIR^MIPPIR�;MHIVWXERH�
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(MI�YRXIVWGLMIHPMGLIR�(YVGLFVYGLWZIVLEPXIR�[IVHIR�QMX�
IMRIQ�7XVSQ�-

>
�FIOERRX��WS�OERR�YRXIV�%R[IRHYRK�HIV�SF

7XVSQIW�FIWXMQQX�[IVHIR�
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(IR�OPIMRWXIR�>IRIV�;MHIVWXERH�LEFIR�>IRIV�(MSHIR�Q
ÍFIVKERKWFIVIMGL�ZSQ�>IRIV��^YQ�%ZEPERGLI�(YVGLFVY
>IRIV�;MHIVWXERHIW�V

>
�J²V�YRXIVWGLMIHPMGLI�>IRIV�7TERRY

&MPH�����

>IRIV�7T

5YIPPI��-

��������������(

d

Zener-
Widerstan
HIQ�*EOXSV�R
&(
�FIV²GOWMGLXMKX��-WX�V

>
�FIM

MKIR�*SVQIP�V
>
�FI^²KPMGL�IMRIW�RIYIR

�

MX�>IRIV�7TERRYRKIR�9
>
≈�:��EPWS�MQ

GL��)MR�&MPH�^IMKX�HIR�X]TMWGLIR�:IVPEYJ�HIW
RKIR�9

>
�YRH�7XV¸QI�-

>
�

(1.81)

(1.82)

��>IRIV�;MHIVWXERH�MR�%FLÇRKMKOIMX�HIV

ERRYRK

88�-RXIVQIXEPP�(EXIRFYGL��������

MSHIR��>�(MSHIR
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1.10.3 Temperaturabhängigkeit der Zener-Spannung
(E�>IRIV�(MSHIR�LÇYJMK�J²V�7XEFMPMWMIVYRKW^[IGOI�IMRKIWIX^X�[IVHIR��MWX�HMI�8IQTIVEXYVEFLÇRKMKOIMX
HIV�>IRIV�7TERRYRK�FIWSRHIVW�^Y�FIXVEGLXIR�

1MX�HIQ�8IQTIVEXYVOSIJJM^MIRXIR�α�OERR�HMI�âRHIVYRK�HIV�>IRIV�7TERRYRK�FIWGLVMIFIR�[IVHIR�

D D9 9 8 /
> >
= ¼ ¼ -a a�? A�

(MI�âRHIVYRK�HIV�>IRIV�7TERRYRK�[MVH�HEFIM�YQWS�KV¸WWIV��NI�KV¸WWIV�HMI�8IQTIVEXYVÇRHIVYRK�∆8
[MVH�YRH�NI�KV¸WWIV�HMI�>IRIV�7TERRYRK�9

>
�MWX��(IV�8IQTIVEXYVOSIJJM^MIRX�α�MWX�J²V�HIR�>IRIV�)JJIOX

� ��:��RIKEXMZ�YRH�J²V�HIR�%ZEPERGLI�)JJIOX��"��:��TSWMXMZ�YRH�^YHIQ�PIMGLX�ZSQ�7XVSQ�EFLÇRKMK�

-R�HIV�6IKIP�[MVH�RMGLX�HIV�8IQTIVEXYVOSIJJM^MIRX�α��WSRHIVR�HMI�+V¸WWI�D
D
9
8
> WTI^MJM^MIVX�

%RKI[ERHX�EYJ�ZIVWGLMIHIRI�2SVQ[IVXI�ZSR�>IRIV�(MSHIR�IVLEPXIR�[MV�HMI�JSPKIRHIR
8IQTIVEXYVZIVPÇYJI�HIV�>IRIV�7TERRYRK

(1.83)

&MPH�������6IPEXMZI�8IQTIVEXYVEFLÇRKMKOIMX�HIV

>IRIV�7TERRYRK�

5YIPPI��-88�-RXIVQIXEPP�(EXIRFYGL��������

��������������(MSHIR��>�(MSHIR

&MPH�������8IQTIVEXYVKÇRKI�ZSR�>IRIV�(MSHIR�

2SVQWTERRYRKIR�

5YIPPI��-88�-RXIVQIXEPP�(EXIRFYGL��������

��������������(MSHIR��>�(MSHIR
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1ER�IVOIRRX��HEWW�HMI����:�(MSHI�HMI�KIVMRKWXIR�8IQTIVEXYVEF[IMGLYRKIR�^IMKX��HE�WMGL�LMIV�>IRIV�
YRH�%ZEPERGLI�)JJIOX�MQ�8IQTIVEXYVOSIJJM^MIRXIR�KIKIRWIMXMK�EYJLIFIR��*²V�IMRI�XIQTIVEXYVWXEFMPI
7XEFMPMWMIVYRK�[MVH�QER�EPWS�^[IGOQÇWWMKIV[IMWI�IMRI�7GLEPXYRK�QMX����:�>�(MSHIR�[ÇLPIR�

1.10.4 Referenzdioden
)W�[IVHIR�EYGL�XIQTIVEXYVOSQTIRWMIVXI�>�(MSHIR�KIJIVXMKX��WSK��6IJIVIR^HMSHIR��(MIWI�(MSHIR�WMRH
MRXIVR�[IMXKILIRH�XIQTIVEXYVOSQTIRWMIVX�YRH�LEFIR�KIREY�HIJMRMIVXI�>IRIV�7TERRYRKIR��MR�HIV
6IKIP����:�

;ÇLVIRH����:�(MSHIR�HYVGL�KIIMKRIXI�(SXMIVYRK�YRH�7IPIOXMSR�KIJIVXMKX�[IVHIR��[IVHIR
6IJIVIR^HMSHIR�J²V�ERHIVI�7TERRYRKIR�HYVGL�WGLEPXYRKWXIGLRMWGLI�/SQFMREXMSRIR�ZSR�(MSHIR�SHIV
WSKEV�EPW�-'�KIJIVXMKX��6IJIVIR^HMSHIR�WMRH�EYJKVYRH�HIV�7IPIOXMSR�YRH�/SRXVSPPI�VIGLX�XIYIV��:MIPJEGL
[IVHIR�HMIWI�(MSHIR�EYGL�O²RWXPMGL�KIEPXIVX�YQ�IMRI�FIWWIVI�0ERK^IMXWXEFMPMXÇX�^Y�IVVIMGLIR�

&IMWTMIP�������8IQTIVEXYVOSIJJM^MIRX�IMRIV�>IRIV�(MSHI�

&IWXMQQIR�7MI�
E���(IR�8IQTIVEXYVOSIJJM^MIRXIR�α�J²V�IMRI�>�(MSHI�QMX�9

>
!��:�

F���(MI�âRHIVYRK�HIV�>IRIV�7TERRYRK�∆9
>
�IMRIV�>�(MSHI�QMX�HIV�>IRIV�7TERRYRK�ZSR9

>
!��:�

������[IRR�HMI�8IQTIVEXYV�ZSR����/�EYJ����/�IVL¸LX�[MVH�
G���;MI�KVSWW�[MVH�HMI�VIPEXMZI�âRHIVYRK�HIV�>IRIV�7TERRYRK�MR�F��#

0¸WYRK�
;MV�PIWIR�EYW�HIQ�(MEKVEQQ�MR�&MPH������J²V�IMR�9

>
!��:�HMI�âRHIVYRK�∆9

>
�∆

8
!��Q:�/��(IV

8IQTIVEXYVOSIJJM^MIRXIR�α�YRH�HEQMX�HMI�âRHIVYRK�HIV�>IRIV�7TERRYRK�[MVH�EFWSPYX�YRH�VIPEXMZ�
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1.10.5 Bauformen und Eigenschaften
>IRIV�(MSHIR�[IVHIR�TVEOXMWGL�EYWRELQWPSW�REGL�.)()'�2SVQ�FI^IMGLRIX�YRH�J²V�OPIMRI
0IMWXYRKIR�MQ�%PPKPEWKILÇYWI�(3�����(3�����/YRWXWXSJJKILÇYWI�(3���SHIV�71(�KIJIVXMKX�

(MI�>IRIV�7TERRYRKIR�[IVHIR�MR�)���%FWXYJYRK�YRH�J²V�/PIMRPIMWXYRKWFIVIMGL�MR�^[IM
0IMWXYRKWOPEWWIR�����;���;��ERKIFSXIR��*²V�0IMWXYRKWER[IRHYRKIR�[IVHIR�EYGL�>�(MSHIR�QMX
L¸LIVIR�:IVPYWXPIMWXYRKIR�LIVKIWXIPPX��FMW�4

:
�"����;��

9Q�HMI�ZIVWGLMIHIRIR�>�(MSHIR�FI^²KPMGL�8SPIVER^�YRH�7TERRYRKIR�ZSRIMRERHIV�YRXIVWGLIMHIR�^Y
O¸RRIR��[MVH�HMI�8]TIRFI^IMGLRYRK�HIW�+VYRHX]TW��&WT��&><����HYVGL�IMRI�>YWEX^FI^IMGLRYRK
IV[IMXIVX��(MIWI�>YWEX^FI^IMGLRYRK�[MVH�HYVGL�IMRIR�7GLVÇKWXVMGL�EFKIXVIRRX��(IV�IVWXI�&YGLWXEFI
HIJMRMIVX�HMI�8SPIVER^��HMI�VIWXPMGLI�-RJSVQEXMSR�ZIVO¸VTIVX�HMI�>IRIV�7TERRYRK�
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1.10.6 Zusammenfassung:
>IRIV�(MSHIR
)GLXI�>IRIV�(MSHIR�WMRH�LSGL�HSXMIVXI�(MSHIR�QMX�(SXMIVYRKWHMGLXIR�≈�����GQ����(IV�(YVGLFVYGL
JMRHIX�EYJKVYRH�HIW�8YRRIP�)JJIOXIW�WXEXX��HIV�FIM�IMRIV�*IPHWXÇVOI�)≈���:GQ���²FIV�HIV�7TIVVWGLMGLX
IMRWIX^X��(MI�7TIVVWGLMGLX�MWX�I\XVIQ�H²RR�YRH�PMIKX�MR�HIV�+V¸WWIRSVHRYRK�ZSR����⋅�����GQ�

%YJKVYRH�HIV�J²V�HIR�8YRRIP�)JJIOX�IVJSVHIVPMGLIR�LSLIR�(SXMIVYRK�O¸RRIR�>IRIV�(MSHIR�RYV�FMW
IX[E�����:�KIJIVXMKX�[IVHIR��>IRIV�(MSHIR�L¸LIVIV�7TERRYRK�WMRH�HELIV�%ZEPERGLI�(MSHIR��(IV
>IRIV�/RMGO��7XVSQERWXMIK�FIMQ�(YVGLFVYGL��MWX�[IRMKIV�WXIMP�EPW�FIM�IMRIV�%ZEPERGLI�(MSHI�
(IV�8IQTIVEXYVOSIJJM^MIRX�HIW�>IRIV�)JJIOXIW�MWX�RIKEXMZ�

%ZEPERGLI�(MSHIR
(IV�(YVGLFVYGL�IVJSPKX�EYJKVYRH�IMRIW�7XSWWMSRMWEXMSRWIJJIOXIW��%ZEPERGLI�(MSHIR�WMRH�IX[EW
WGL[ÇGLIV�HSXMIVX�YRH�[IVHIR�J²V�(YVGLFVYGLWTERRYRKIR�ZSR��:��GE�����:�KIJIVXMKX��7MI�LEFIR�IMRIR
EYWWIVSVHIRXPMGL�WXIMPIR�7XVSQERWXMIK�MQ�(YVGLFVYGLFIVIMGL�

(IV�%ZEPERGLI�)JJIOX�MWX�FI^²KPMGL�(YVGLFVYGLWTERRYRK�XIQTIVEXYVEFLÇRKMK�QMX�TSWMXMZIQ�8/��)MRI
>�(MSHI��^IMKX�IMRIR�QMRMQEPIR�8IQTIVEXYVOSIJJM^MIRXIR�FIM�9

>
≈�:��HE�WMGL�LMIV�>IRIV��YRH

%ZEPERGLI�)JJIOX�MQ�8IQTIVEXYVOSIJJM^MIRX�KIKIRWIMXMK�EYJLIFIR�

*²V�7XEFMPMWMIVYRKW^[IGOI�IMKRIR�WMGL�>�(MSHIR�QMX�7TERRYRKIR�^[MWGLIR�����:�EQ�FIWXIR��HE�WMI
IMRIVWIMXW�HIR�OPIMRWXIR�>IRIV�;MHIVWXERH�LEFIR�YRH�ERHIVIVWIMXW�HIR�OPIMRWXIR�8IQTIVEXYV�
OSIJJM^MIRXIR�EYJ[IMWIR�

>IRIV��YRH�%ZEPERGLI�(MSHIR�VEYWGLIR�FIMQ�(YVGLFVYGL�EYWWIVSVHIRXPMGL�WXEVO��X]TMWGL�IMRMKI���Y:�
%:�(MSHIR�FMW�IMRMKI�Q:���ZSV�EPPIQ�FIM�OPIMRIR�7XV¸QIR��(IWLEPF�[IVHIR�>�(MSHIR�EYGL�EPW
6EYWGLUYIPPIR�ZIV[IRHIX��7MI�IV^IYKIR�IMR�WEYFIVIW�6EYWGLWTIOXVYQ�FMW�MR�HIR�+,^�&IVIMGL�
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1.10.7 Anwendungen
>IRIV�(MSHIR�[IVHIR�ZSV[MIKIRH�^YV�7TERRYRKWWXEFMPMWMIVYRK�J²V�+PIMGLWTERRYRKIR�IMRKIWIX^X��7MI
IVPEYFIR�QMX�IMRJEGLIR�7GLEPXYRKIR�HEW�)V^IYKIR�WXEFMPIV��[IMXKILIRH�FIPEWXYRKWYREFLÇRKMKIV�
+PIMGLWTERRYRKIR�
;IMXIV�[IVHIR�>�(MSHIR�^YV�&IKVIR^YRK�ZSR�7TERRYRKIR��WS[MI�MR�WIPXIRIR�*ÇPPIR�^YV�('�QÇWWMKIR
4SXIR^MEPZIVWGLMIFYRK�IMRKIWIX^X�
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(MI�8LIQEXMO�HIV�7TERRYRKWWXEFMPMWMIVYRK�QMX�>IRIV�(MSHIR�[MVH�MR�HIR�JSPKIRHIR�/ETMXIP�IMRKILIRH
FILERHIPX�

1.11 Spannungsstabilisierung
(MI�7TERRYRKWWXEFMPMWMIVYRK�FI^[IGOX�HEW�/SRWXERXLEPXIR�IMRIV�7TERRYRK�FIM�WMGL�ÇRHIVRHIR
)MRJPOYWWKV¸WWIR�[MI�0EWX��)MRKERKWWWTERRYRK�YRH�ERHIVI��(MI�7XEFMPMWMIVYRK�OERR�IRX[IHIV�QMX
HMWOVIXIR�>IRIV�(MSHIRWGLEPXYRKIR�SHIV�QMX�-'W�IVJSPKIR��(MI�MRXIKVMIVXIR�7TERRYRKWVIKPIV�WMRH
WMGLIVPMGL�HMI�QSHIVRIVI�0¸WYRK��[IRR�EYGL�RMGLX�MQQIV�HMI�&IWWIVI�

1.11.1 Spannungsstabilisierung mit Zener-Dioden
(MI�+VYRHWGLEPXYRK�J²V�IMRI�IMRJEGLI�7TERRYRKWWXEFMPMWMIVYRK�IMRIV�>�(MSHI�MWX�HMI�4EVEPPIPWGLEPXYRK
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4EVEPPIPWGLEPXYRK�^YV�0EWX�IMRIR�WGLPIGLXIR�;MVOYRKWKVEH�YRH�IMKRIX�WMGL�RMGLX�J²V�7GLEPXYRKIR�QMX
KVSWWIR�%YWKERKWWXV¸QIR��>YV�7XEFMPMWMIVYRK�ZSR�7TERRYRKIR�FIM�OPIMRIVIR�7XV¸QIR�MWX�WMI�NIHSGL
WILV�KYX�KIIMKRIX�

&MPH�������+VYRHWGLEPXYRK�HIV�>IRIV�(MSHIRWXEFMPMWMIVYRK�

(MI�>IRIV�(MSHI�[MVH�TEVEPPIP�^YV�0EWX�6
0
�KIWGLEPXIX�
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1.11.1.1 Bestimmung der Stabilisierungseigenschaften
;MV�FIWXMQQIR�[MI�KVSWW�HMI�âRHIVYRK�HIV�%YWKERKWWTERRYRK�∆9

%
�[MVH��[IRR�WMGL�HIV

%YWKERKWWXVSQ�-
0
�SHIV�HMI�)MRKERKWWTERRYRK�9

)
�ÇRHIVX��1ER�HV²GOX�HMI�+²XI�HIV�7XEFMPMWMIVYRK�²FIV

HIR�7XEFMPMWMIVYRKWJEOXSV�7�EYW��)V�FIWEKX�EPW�VIPEXMZI�+V¸WWI�[MI�WMGL�âRHIVYRKIR�HIV�)MRKERKW�
WTERRYRK�EYJ�HMI�%YWKERKWWTERRYRK�EYW[MVOIR�
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1.11.1.2 Stabilisierung von Eingangsspannungsänderungen
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1.11.1.3 Stabilisierung von Laststromänderungen
;MV�YRXIVWYGLIR��[MI�WMGL�âRHIVYRKIR�HIW�0EWXWXVSQIW�∆-
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(1.89)

Änderung der Zener-Spannung
bezüglich der
Eingangsspannungsänderung

(1.90)

(1.91)

Stabilisierungsfaktor 7
(Einfache Parallelstabilisierung)
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1.11.2  Dimensionierung von Parallelstabilisatoren
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ERWXIMKX�YRH�WMGL�HMI�7XEFMPMWMIVYRKWIMKIRWGLEJXIR�WXEVO�ZIVWGLPIGLXIVR�

>YV�)V^MIPYRK�IMRIW�KYXIR�7XEFMPMWMIVYRKWJEOXSVW�WSPPXI�9
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�Q¸KPMGLWX�KVSWW�WIMR�YRH�6

:
�IFIRJEPPW��(EW

LEX�REX²VPMGL�HIR�2EGLXIMP��HEWW�FIM�KV¸WWIVIR�%YWKERKWWXV¸QIR�9
)
�WILV�KVSWW�[MVH�YRH�IMRI

FIXVÇGLXPMGLI�:IVPYWXPIMWXYRK�MR�6
:
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(IV�^Y�[ÇLPIRHI�:SV[MHIVWXERH�6
:
�PMIKX�MQ�&IVIMGL�6

:QMR
��6

:QE\
��;MVH�6

:QMR
�YRXIVWGLVMXXIR��WS�[MVH�HIV

7XVSQ�-
>QE\

�^Y�KVSWW�FIM�QMRMQEPIQ�0EWWXVSQ�-
0QMR
���WS�HEWW�HMI�>IRIV�(MSHI�²FIVPEWXIX�[IVHIR�OERR�

)MRI�/SRXVSPPVIGLRYRK�J²V��-
>QE\

�IQTJMILPX�WMGL�MR�NIHIQ�*EPP�

(1.95)

(1.96)

(1.97)

Vorwiderstand 6
:
�für einfache Z-

Dioden Stabilisierung
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&IMWTMIP�������(MQIRWMSRMIVYRK�IMRIV�4EVEPPIPWXEFMPMWMIVYRK�QMX����;�>�(MSHI�

(MQIRWMSRMIVIR�7MI�IMRI�IMRJEGLI�7XEFMPMWMIVYRKWWGLEPXYRK�REGL�&MPH������YRH�HIR�%RJSVHIVYRKIR�
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1.11.2.1.1 Doppelte Stabilisierung
)MRI�[IWIRXPMGLI�:IVFIWWIVYRK�HIW�7XEFMPMWMIVYRKWJEOXSVW�OERR�HYVGL�IMRI�HSTTIPXI�7XEFMPMWMIVYRK
IVVIMGLX�[IVHIR�
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�
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(MI�HSTTIPXI�7XEFMPMWMIVYRK�QMX�>IRIV�(MSHIR�[MVH�LMIV�RMGLX�QILV�RÇLIV�YRXIVWYGLX��*²V�LSLI
%RJSVHIVYRKIR�ER�HMI�7XEFMPMXÇX�WIX^X�QER�LIYXI�IMRJEGLIV�IMRIR�MRXIKVMIVXIR�4VÇ^MWMSRW�
WTERRYRKWVIKPIV�IMR�

&MPH�������(STTIPXI�7XEFMPMWMIVYRK�QMX�^[IM�>IRIV�(MSHIR�

(EW�*SPKIKPMIH�(
�
�6

:�
�TVSJMXMIVX�LMIV�ZSR�IMRIV�FIVIMXW�WXEFMPMWMIVXIR

7TERRYRK��(EHYVGL�[MVH�HMI�7XEFMPMWMIVYRK�[IWIRXPMGL�ZIVFIWWIVX�

(1.98)

(1.99)
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1.11.3 Begrenzerschaltungen
&IKVIR^IVWGLEPXYRKIR��'PMTTIV��HMIRIR�^YQ�WTERRYRKWQÇWWMKIR�&IKVIR^IR��4VEOXMWGLI�%R[IRHYRKIR
WMRH�QIMWX�HEW�&IKVIR^IR�ZSR�;IGLWIPWTERRYRKIR�MR�MLVIV�%QTPMXYHI�YQ�WS�REGLJSPKIRHI�7XYJIR
FI^²KPMGL�ÍFIVWTERRYRK�SHIV�ÍFIVWXIYIVYRK�^Y�WGL²X^IR��)MRI�IMRJEGLI�6IEPMWEXMSR�HIW�&IKVIR^IVW
QMX�^[IM�>IRIV�(MSHIR�MWX�

RLUA
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D1

D2

UE
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U

t

UAS
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;ÇLVIRH�IMRIV�,EPF[IPPI�EVFIMXIX�NI[IMPW�IMRI�(MSHI�MR�(YVGLPEWWVMGLXYRK��[ÇLVIR�HMI�ERHIVI�(MSHI
MR�7TIVVMGLXYRK�FIXVMIFIR�[MVH��&IMQ�)VVIMGLIR�HIV�>IRIV�7TERRYRK�FIKMRRX�HIV�&IKVIR^YRKWZSVKERK�
7SQMX�[MVH�HMI�%YWKERKWWTMX^IRWTERRYRK�

9 9 9 9 :
%7 > * >

= +   + � ��

1.12 Tunnel-Dioden
8YRRIP�(MSHIR�WMRH�MQ�4VMR^MT�IRXEVXIXI�,EPFPIMXIV��(YVGL�²FIVQÇWWMK�WXEVOI�(SXMIVYRK��2"������GQ���
LEX�HMI�-�9�/IRRPMRMI�OIMRIR�GLEVEOXIVMWXMWGLIR�I\TSRIRXMIPPIR�:IVPEYJ�QILV��7MI�^IMKX�MQ
��5YEHVERXIR�IMR�PSOEPIW�1E\MQYQ��,¸GOIVWXVSQ���HIQ�IMR�PSOEPIW�1MRMQYQ��8EPWXVSQ��IVVIMGLX�YQ
HERR�I\TSRIRXMIPP�ER^YWXIMKIR�

ID

UD
0

I/U-Kennlinie einer Tunnel-Diode

IP

IV

Höckerstrom

Talstrom

(MI�RIKEXMZI�7XIMKYRK�MR�HIV�/IRRPMRMI�ZIVO¸VTIVX�IMRIR�RIKEXMZIR�;MHIVWXERH�^[MWGLIR�,¸GOIV��YRH
8EPWXVSQ��(MIWIV�RIKEXMZI�;MHIVWXERH�OERR�HE^Y�FIRYX^X�[IVHIR�YQ�FIMWTMIPW[IMWI�7GL[MRKOVIMWI�^Y
IRXHÇQTJIR�SHIV�3W^MPPEXSVWGLEPXYRKIR�QMX�[IRMKIR�)PIQIRXIR�^Y�VIEPMWMIVIR�

8VSX^�HIV�MRXIVIWWERXIR�)MKIRWGLEJXIR�HIV�8YRRIP�(MSHIR�LEFIR�WMI�LIYXI�OIMRI�TVEOXMWGLI�&IHIYXYRK
QILV��7MI�[YVHIR�RMI�MR�KVSWWIR�7X²GO^ELPIR�KIJIVXMKX��[EW�WMI�VIGLX�XIYIV�QEGLXI��%YWWIVHIQ�WMRH
7GLEPXYRKIR��3W^MPPEXSVIR��QMX�8YRRIP�(MSHIR�RMGLX�KIVEHI�WXEFMP��%PW�WILV�WGLRIPPIV�7GLEPXIV�[YVHIR
WMI�NIHSGL�¸JXIV�IMRKIWIX^X��,IYXI�WMRH�8YRRIP�(MSHIRWGLEPXYRKIR�HYVGL[IKW�HYVGL�8VERWMWXSV�
WGLEPXYRKIR�IVWIX^X�

&MPH�������4VMR^MTWGLEPXYRK�HIW

7TERRYRKWFIKVIR^IVW�QMX�^[IM�>IRIV�(MSHIR�

(1.100)

&MPH�������-�9�/IRRPMRMI�IMRIV�8YRRIP�(MSHI�
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1.12.1 Theoretische Grundlagen
&IM�IMRIV�RSVQEP�HSXMIVXIR�(MSHI��2≈�����GQ����FIXVÇKX�HMI�(MJJYWMSRWWTERRYRK�9
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YRH�7M!���:���)VL¸LX�QER�HMI�(SXMIVYRK�WXEVO��2≈�����GQ����[MVH�HMI�(MJJYWMSRWWTERRYRK�WGLPMIWWPMGL
KV¸WWIV�EPW�HIV�&ERHEFWXERH�∆;�
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1.13 Backward-Dioden
&EGO[EVH�(MSHIR�WMRH�IFIRJEPPW�LSGL�HSXMIVXI�7M��SHIV�+I�(MSHIR��7MI�WMRH�WGL[ÇGLIV�HSXMIVX�EPW
8YRRIP�(MSHIR��EFIV�WXÇVOIV�EPW�>IRIV�(MSHIR��(EHYVGL�[IMWX�HMI�&EGO[EVH�(MSHI�[MI�HMI�8YRRIP�
(MSHI�OIMRI�7TIVVGLEVEOXIVMWXMO�MR�6²GO[ÇVXWVMGLXYRK�EYJ��-Q�:SV[ÇVXWFIXVMIF�^IMKX�WMI�EFIV�MQ
+IKIRWEX^�^YV�8YRRIP�(MSHI�TVEOXMWGL�OIMRI�,¸GOIV�QILV�

1.0

0.8

0.6

0.4

0.2

-1.0

-1.5

-2.0

-2.5

-3.0

-0.5
-0.3 -0.2 -0.1 0.1 0.2 0.3 0.4 0.5

UD [V]

ID [mA]

2

1

3

(MI�&EGO[EVH�(MSHI�[MVH�ZSV�EPPIQ�EPW�+PIMGLVMGLXIVHMSHI�J²V�OPIMRWXI�;IGLWIPWTERRYRKIR�MQ�Q:�
&IVIMGL�FIRYX^X��(MI�+PIMGLVMGLXYRK�IVJSPKX�ER�HIV�WXIMPIR�6²GO[ÇVXWOIRRPMRMI��%PPIVHMRKW�HEVJ�HMI
7TMX^IRWTERRYRK�GE�����:�RMGLX�²FIVWGLVIMXIR��HE�WSRWX�HMI�(MSHI�EYGL�MR�:SV[ÇVXWVMGLXYRK�^Y�PIMXIR
FIKMRRX�

(MI�&EGO[EVH�(MSHI�MWX�FMW�^Y�L¸GLWXIR�*VIUYIR^IR��"���+,^��IMRWIX^FEV��[IMP�HIV�8YRRIP�7XVSQ
OIMR�(MJJYWMSRWWXVSQ�MWX�YRH�MR�HIV�H²RRIR�7TIVVWGLMGLX�TVEOXMWGL�OIMRI�1MRSVMXÇXWXVÇKIVWTIMGLIVYRK
EYJXVMXX��%YWWIVHIQ�PÇYJX�HIV�8YRRIPIJJIOX�TVEOXMWGL�QMX�0MGLXKIWGL[MRHMKOIMX�EF��7SQMX�[IVHIR�HMIWI
(MSHIR�ZSV[MIKIRH�J²V�(IXIOXSVIR�YRH�1MWGLIV�MQ�,¸GLWXJVIUYIR^KIFMIX�IMRKIWIX^X�

&EGO[EVH�(MSHIR�WMRH�WILV�XIYIV�YRH�[IVHIR�^YRILQIRH�HYVGL�7GLSXXO]�(MSHIR�IVWIX^X��WSK��>IVS�
&MEW�7GLSXXO]�(MSHIR���7MI�LEFIR�IX[E�ZIVKPIMGLFEVIW�,SGLJVIUYIR^KPIMGLVMGLXIVZIVLEPXIR��[IMWIR
EFIV�IMRI�L¸LIVI�7TIVVWTERRYRK�YRH�KIVMRKIVIW�6EYWGLIR�EYJ�

;IMP�HMI�&EGO[EVH�(MSHI�IMRI�,*�(MSHI�MWX��[MVH�WMI�MR�IMR�OETE^MXÇXW��YRH�MRHYOXMZMXÇXEVQIW
/SE\MEPKILÇYWI�IMRKIFEYX��(IV�IPIOXVMWGLI�%RWGLPYWW�IVJSPKX�²FIV�HMI�&ERHERWGLP²WWI�

K

A

I

Schaltzeichen

Gehäuse (Seitenansicht)
A: Anode
I : Keramikgehäuse
K: Kathode

3.2mm

&MPH�������/IRRPMRMI�IMRIV�&EGO[EVH�

(MSHI�

���)WEOM�7XVSQ

���(MJJYWMSRWWXVSQ

���>IRIV�7XVSQ

&MPH�������7GLEPXW]QFSP�YRH�+ILÇYWIFEYJSVQ�IMRIV
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1.14 Vergleich der Kennlinien unterschiedlich dotierter Dioden
-RXIVIWWERX�MWX�IMRI�+IKIR²FIVWXIPPYRK�YRXIVWGLMIHPMGL�HSXMIVXIV�(MSHIR��1ER�IVOIRRX�HEFIM
IMRHV²GOPMGL��HEWW�QMX�WXIMKIRHIV�(SXMIVYRK�HMI�7TIVV[MVOYRK�MR�6²GO[ÇVXWVMGLXYRK�EFRMQQX��FMW�WMI
WGLPMIWWPMGL�FIM�GE��2≈����GQ���KER^�ZIVWGL[MRHIX��&IM�RSGL�L¸LIVIV�(SXMIVYRK�FIKMRRX�HMI
)\TSRIRXMEPOIRRPMRMI�MR�:SV[ÇVXWVMGLXYRK�^Y�IRXEVXIR�

I

U0

I

U0

I

U0

Tunnel-Diode
N ≈1020cm-3

Backward-Diode
N ≈1019cm-3

Zener-Diode
N ≈1018cm-3

Avalanche-Diode
N ≈1017..1016cm-3

I

U0

1.15 Metall-Halbleiter-Übergänge
;MV�FIXVEGLXIR�REGLJSPKIRH�(MSHIR�HIVIR�7TIVVWGLMGLX�HYVGL�IMRIR�1IXEPP�,EPFPIMXIV�ÍFIVKERK
KIKIFIR�MWX��(MIWI�(MSHIR�[IMWIR�IMRI�6IMLI�WTI^MIPPI�)MKIRWGLEJXIR�EYJ��(MSHIR�QMX�1IXEPP�
,EPFPIMXIV�ÍFIVKÇRKI�LEFIR�WILV�OYV^I�7GLEPX^IMXIR�YRH�IMKRIR�WMGL�HIWLEPF�J²V
,SGLJVIUYIR^ER[IRHYRKIR�

(IV�OPEWWMWGLI�:IVXVIXIV�HIV�(MSHI�QMX�1IXEPP�,EPFPIMXIV�ÍFIVKERK�MWX�HMI�+I�7TMX^IR�(MSHI��(IV
RIYIVI�8]T�[MVH�QMX�HIR�7GLSXXO]�(MSHIR�MR�7M��SHIV�+E%W�8IGLRSPSKMI�VITVÇWIRXMIVX�

1.15.1 Metall-Halbleiterkontakt
1IXEPP�,EPFPIMXIV²FIVKÇRKI�OSQQIR�MR�,EPFPIMXIVFEYIPIQIRXIR�MR�ZMIPJÇPXMKIV�*SVQ�ZSV��*²V�HMI
IPIOXVMWGLIR�)MKIRWGLEJXIR�HMIWIW�/SRXEOXIW�MWX�EFIV�ZSR�&IHIYXYRK��[IPGLI�1EXIVMEPMIR�QMXIMRERHIV
ZIVFYRHIR�[IVHIR�

&IM�IMRIV�*PÇGLIROSRXEOXMIVYRK�MWX�HEW�1IXEPP�MR�HIV�6IKIP�%PYQMRMYQ��)W�[MVH�HYVGL�%YJHEQTJIR
EYJKIFVEGLX��&IM�(VELXOSRXEOXMIVYRK��HMI�HYVGL�%YJWGL[IMWWIR�KIWGLMILX��[MVH�+SPH�SHIV�%PYQMRMYQ
ZIV[IRHIX�

�

Metall

Si-N

A

K

Si-N+

>YV�RSVQEPIR�/SRXEOXMIVYRK��WSK��&SRHYRK��IMRIW�'LMTW�Q¸GLXI�QER�IMRIR�Q¸KPMGLWX�RMIHIVSLQMKIR�
WTIVVWGLMGLXJVIMIR�ÍFIVKERK�IVLEPXIR��[ÇLVIRH�QER�J²V�IMRI�7GLSXXO]�(MSHI�IMRIR�7TIVVWGLMGLX�
ÍFIVKERK�QMX�IMRIV�KIREY�HIJMRMIVXIR�(MSHIROIRRPMRMI�IV^IYKIR�[MPP�

(MI�)MKIRWGLEJXIR�HIW�1IXEPP�,EPFPIMXIV²FIVKERKIW�LÇRKIR�HEZSR�EF��[MI�YRH�[MI�WXEVO�HEW
,EPFPIMXIVQEXIVMEP�HSXMIVX�MWX�

&MPH�������-�9�/IRRPMRMIR�YRXIVWGLMIHPMGL�WXEVO�HSXMIVXIV�(MSHIR�

7GLIQEXMWGLIV�%YJFEY�IMRIW�1IXEPP�

,EPFPIMXIVOSRXEOXIW�
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n-Si

U

U

I

U

U

I

UF0

Verarmungszone

p-Si n+-Si

(IV�/SRXEOX�^[MWGLIR�%PYQMRMYQ��YRH�4�7MPM^MYQ�IVKMFX�IMRIR�RMIHIVSLQMKIR�/SRXEOX��WS�[MI�IW�^YQ
IPIOXVMWGLIR�%RWGLPYWW�IMRIW�4�7M�+IFMIXIW�[²RWGLIRW[IVX�MWX��-R�HIV�,EPFPIMXIVXIGLRMO�MWX�HMIW�HIV
7XERHEVHOSRXEOX�^Y�4�7M��;MV�IVOIRRIR�MR�HIV�-�9�/IRRPMRMI�HIV�FIMHWIMXMK�WXIMPI�%RWXMIK�J²V�FIMHI
7TERRYRKWTSPEVMXÇXIR�

&IM�IMRIQ�%PYQMRMYQ�YRH�2�7MPM^MYQ�/SRXEOX�IVKIFIR�WMGL�ERHIVI�:IVLÇPXRMWWI��)W�FMPHIX�WMGL�ER�HIV
/SRXEOXWXIPPI�IMRI�)PIOXVSRIRZIVEVQYRKWWGLMGLX��(ITPIXMSR�7GLMGLX���;MV�IVLEPXIR�LMIV�IMRIR�42�
ÍFIVKERK�YRH�HIQ^YJSPKI�IMRI�OPEWWMWGLI�-�9�(MSHIROIRRPMRMI��(MIWIV�1IXEPP�,EPFPIMXIV�42�
ÍFIVKERK�ZIVO¸VTIVX�HEW�4VMR^MT�HIV�7GLSXXO]�(MSHI�

)MR�/SRXEOX�^[MWGLIR�%PYQMRMYQ�YRH�2�7MPM^MYQ��LSGL�HSXMIVXIW�2�7MPM^MYQ��IVKMFX�[MIHIVYQ�IMRIR
RMIHIVSLQMKIR�IPIOXVMWGLIR�/SRXEOX��(YVGL�HMI�LSLI�(SXMIVYRK�[MVH�HMI�:IVEVQYRKWWGLMGLX�WS�H²RR�
HEWW�HIV�7XVSQJPYWW�HYVGL�HIR�8YRRIP�)JJIOX�FIWXMQQX�[MVH��*²V�HMI�/SRXEOXMIVYRK�ZSR�2�7M�QMX�%P�MWX
EPWS�WXIXW�IMRI�>[MWGLIRWGLMGLX�QMX�2�7M�RSX[IRHMK��HE�WSRWX�ER�HIV�/SRXEOXWXIPPI�IMRI�7GLSXXO]�(MSHI
IRXWXILIR�[²VHI�

1.15.2 Schottky-Dioden (Hot-Carrier-Dioden)
7GLSXXO]�(MSHIR�WMRH�1IXEPP�,EPFPIMXIVHMSHIR��HMI�[IKIR�HIW�1IXEPP�,EPFPIMXIV²FIVKERKIW�WILV�OYV^I
7GLEPX^IMXIR�LEFIR��7MI�IMKRIR�WMGL�FIWSRHIVW�J²V�HIR�)MRWEX^�MR�-QTYPWWGLEPXYRKIR��WS[MI�MQ
1MOVS[IPPIRFIVIMGL��7GLSXXO]�(MSHIR�WMRH�LIYXI�HMI�2EGLJSPKIV�J²V�8YRRIP���YRH�&EGO[EVH�(MSHIR�

7GLSXXO]�(MSHIR�[IVHIR�EYGL�J²V�0IMWXYRKWER[IRHYRKIR�KIJIVXMKX��(MIWI�(MSHIR�[IVHIR�MR
7GLEPXRIX^XIMPIR�IMRKIWIX^X��7MI�[IMWIR�HIYXPMGL�RMIHVMKIVI�*PYWWWTERRYRKIR�YRH�7GLEPX^IMXIR�EPW
RSVQEPI�*PÇGLIR�(MSHIR�EYJ�

1.15.2.1 Kennlinie
(MI�/IRRPMRMI�HIV�7GLSXXO]�(MSHI�IRXWTVMGLX�FMW�^Y�IMRIV�KI[MWWIR�+VIR^I�HIV�MHIEPIR�7LSGOPI]�
(MSHI��*SVQEP�[MVH�HMI�/IRRPMRMI�QMX�HIV�FIOERRXIR�+PIMGLYRK�FIWGLVMIFIR�

- - I

-

-

R
* 7

9

R9

*

7

(

8= -
�
��

�
�� =
�

�

�

�

(YVGLPEWWWXVSQ

7ÇXXMKYRKWWTIVVWXVSQ

)QMWWMSRWOSIJJM^MIRX�� ��

(IV�)QMWWMSRWOSIJJM^MIRX���(MSHIR�5YEPMXÇXWJEOXSV���MWX�FIM�7GLSXXO]�(MSHIR�MR�HIV�6IKIP�FIM�R!��
(MIW�J²LVX�^Y�IMRIQ�WGLRIPPIVIR�I\TSRIRXMIPPIR�%RWXMIK�HIV�/IRRPMRMI�YRH�HEQMX�IMRIV�OPIMRIVIR
7GL[IPPIRWTERRYRK�9

7
��2SVQEPI�42�(MSHIR�LEFIR�MR�HIV�6IKIP�)QMWWMSRWOSIJJM^MIRXIR�ZSR�GE���������

(1.103)



Ausgabe: 1998(I), G. Krucker

1-64
HalbleiterdiodenMikroelektronik I

Hochschule für Technik und Architektur Bern

1.0

0.8

0.6

0.4

0.2

-0.1

-0.2

-40 -20 0.1 0.2 0.3 0.4 0.5
UD [V]

ID [mA]

-0.3
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&MW�^Y�IMRIQ�7XVSQ�ZSR�GE����Q%�MWX�HMI�/IRRPMRMI�J²V�IMRI�/PIMRWMKREP�7GLSXXO]�(MSHI�WXVIRK
I\TSRIRXMIPP��&IM�KV¸WWIVIR�7XV¸QIR�ORMGOX�HMI�/IRRPMRMI�EYJKVYRH�HIW�&ELR[MHIVWXERHIW�YRH�HIV
>YPIMXYRKW[MHIVWXÇRHI�EF�

�
0.01

0.1

1

10

100

ID [mA]

0.2 0.4 0.6 0.8 1.0
UD [V]

∆U=ID RB

(IV�HMJJIVIR^MIPPI�;MHIVWXERH�[MVH�[MI�FIM�IMRIV�RSVQEPIR�*PÇGLIRHMSHI�FIWXMQQX��(IV
&ELR[MHIVWXERH�6

&
�OERR�MQ�SFMKIR�&MPH�QMX�∆9

*
�-

*
≈�����:���Q%!���Ω�EFKIWGLÇX^X�[IVHIR�

1.15.2.2 Technologie und Aufbau
%YJ�IMR�LSGL�HSXMIVXIW�R�7M�4PÇXXGLIR��2!�����GQ���ZSR�GE�����QQ�(YVGLQIWWIV�HEQTJX�QER�ITMXE\MEP
IMRI�WGL[ÇGLIV�HSXMIVXI�7GLMGLX�EYJ��(EREGL�[MVH�IMRI�1EXVM\�ZSR�1IXEPPJPÇGLIRIPIQIRXIR
EYJKIFVEGLX�

Si-N+

Si-N

SiO2

Metall

Metall

Si-N

Si-N+

MetallSiO2

(MI�)TMXE\MI�FI^[IGOX�HEW�%YJ[EGLWIR�IMRIW�QSRSOVMWXEPPMRIR�7MPM^MYQWYFWXVEXIW�QMX�IMRIV
FIWXMQQXIR�(MGOI�YRH�(SXMIVYRK��(MIWI�6IEOXMSR�JMRHIX�MR�IMRIQ�3JIR�YRXIV�IMRIV
7GLYX^KEWEXQSWTLÇVI�FIM�GE�����������°'�WXEXX��(EW�%YJFVMRKIR�HIV�1IXEPPQEXVM\�IVJSPKX�HYVGL
%YJHEQTJIR�YRXIV�:EOYYQ�QMX�)PIOXVSRIRFIWGLYWW�SHIV�JPÇGLMKIW�%YJHEQTJIR�MQ�:EOYYQ�QMX
ERWGLPMIWWIRHIQ�JSXSPMXLSKVEJMWGLIR�:IVJELVIR��(MI�4EWWMZMIVYRK�²FIV^MILX�HYVGL�IMRI�XLIVQMWGLI
3FIVJPÇGLIRFILERHPYRK�HIR�'LMT�QMX�IMRIV�7M3

�
�7GLYX^WGLMGLX�

&MPH�������8]TMWGLI�-�9�/IRRPMRMI�IMRIV�7GLSXXO]�(MSHI�

&MPH�������(YVGLPEWWOIRRPMRMI�IMRIV�/PIMRWMKREP�

7GLSXXO]�(MSHI��,4������������

&MPH�������%YJFEY�HIV�IMRIV�7GLSXXO]�(MSHI�
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(MI�)MKIRWGLEJXIR�HIV�(MSHI��,¸LI�HIV�4SXIR^MEPFEVVMIVI��7TIVVWXVSQ��7TIVVWGLMGLXOETE^MXÇX�YRH
(YVGLFVYGLWTERRYRK��LÇRKIR�ZSR�HIV�%VX�HIW�1IXEPPW�YRH�HIV�+ISQIXVMI�HIV�*PÇGLIRIPIQIRXI�EF�

%RWGLPMIWWIRH�[MVH�HIV�'LMT�EYJ�HIR�*YWW�HIW�>YJ²LVYRKWHVELXIW�KIP¸XIX��7R��SHIV�%Y7R�0SX��YRH�EYJ
HMI�1IXEPPJPÇGLIRQEXVM\�[MVH�IMR�+SPHHVELX�EYJKIWGL[IMWWX��(EFIM�ZIVFMRHIX�WMGL�M�E��RYV�IMRIW�HIV
*PÇGLIRIPIQIRXI�^Y�IMRIV�EOXMZIR�(MSHI��(MI�VIWXPMGLIR�(MSHIR�WMRH�MREOXMZ�

(IV�OSRXEOXMIVXI�'LMT�[MVH�ERWGLPMIWWIRH�LIVQIXMWGL�MR�IMR�+PEW���/IVEQMO��SHIV�4PEWXMOKILÇYWI
KITEGOX�

KA

2
1

3

3.8mm

6

4 4
5

*²V�HIR�)MRWEX^�MQ�1MOVS[IPPIRFIVIMGL�[MVH�HMI�(MSHI�MR�/SE\MEP��SHIV�7XVMTPMRI�+ILÇYWI�IMRKIFEYX�
(EHYVGL�[IVHIR�[IWIRXPMGLI�:IVFIWWIVYRKIR�FI^²KPMGL�TEVEWMXÇVIR�-RHYOXMZMXÇXIR�YRH�/ETE^MXÇXIR
IVVIMGLX��%YGL�718�+ILÇYWI��7YVJEGI�1SYRX�8IGLRSPSK]��EYW�4PEWXMO�[IVHIR�MQQIV�QILV�IMRKIWIX^X�

718 7XVMTPMRI /SE\MEP

�

1.15.2.3 Anwendungen
%RJÇRKPMGL�[YVHIR�7GLSXXO]�(MSHIR�ZSV�EPPIQ�J²V�1SHYPEXSVIR��(IQSHYPEXSVIR��1MWGLIV�YRH
7GLEPXIV�FMW�MR�HIR�+,^�&IVIMGL�ZIV[IRHIX�
,IYXI�WMRH�7GLSXXO]�(MSHIR�VIPEXMZ�TVIMWK²RWXMKI�&EYIPIQIRXI�YRH�LEFIR�TVEOXMWGL�MR�EPPIR�&IVIMGLIR
HMI�7TI^MEPHMSHIR�[MI�8YRRIP��YRH�&EGO[EVH�(MSHIR�ZIVHVÇRKX��;IVHIR�WTI^MIPP�LSLI�%RJSVHIVYRKIR
ER�HMI�7GLEPX^IMXIR�KIWXIPPX��WS�[ÇLPX�QER�+E%W�ERWXEXX�7M�EPW�+VYRHQEXIVMEP��+E%W�(MSHIR�O¸RRIR�FMW
"��+L^�ZIV[IRHIX�[IVHIR��OSWXIR�EFIV�HIYXPMGL�QILV�EPW�7M�(MSHIR�

2EGLJSPKIRH�[IVHIR�IMRMKI�X]TMWGLI�%R[IRHYRKIR�KI^IMKX�

&MPH�������/SRXEOXMIVYRK�HIV�%Y�7M�7GLSXXO]�

(MSHI�QMX�IMRIQ�%Y�(VELX�

(EFIM�[MVH�MR�HIV�6IKIP�RYV�IMRI�1IXEPPJPÇGLI

OSRXEOXMIVX�

&MPH��?��A

&MPH�������%YJFEY�IMRIV�7GLSXXO]�(MSHI�+PEWKILÇYWI�

���(MSHIRGLMT

���1IXEPPTYROXQEXVM\

���0¸XOSRXEOX

���>YPIMXYRKIR��QIMWX�ZIVKSPHIX�

���+PEWKILÇYWI

���+SPHHVELX

&MPH�������&IMWTMIP�J²V�+ILÇYWIFEYJSVQIR�ZSR�7GLSXXO]�(MSHIR�
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/PIQQWGLEPXYRK
;MVH�IMR�7MKREP�OETE^MXMZ�KIOSTTIPX��WS�KILX�HMI�+PIMGLWTERRYRKWOSQTSRIRXI�ZIVPSVIR��(YVGL�IMRI
/PIQQWGLEPXYRK�OERR�HMIWIQ�7MKREP�[MIHIV�IMRI�+PIMGLWTERRYRKWOSQTSRIRXI�^YKIJ²KX�[IVHIR�

UE

t

UE UADR

C UA

t

UA

t

0

0

a.)

b.)

;²VHI�HMI�(MSHI�JILPIR��WS�LÇXXI�HEW�%YWKERKWWMKREP�HIR�:IVPEYJ�E���(YVGL�HMI�(MSHI�[MVH�HIV
7TMX^IR[IVX�EYJ��:�KIOPIQQX��YRXIV�&IV²GOWMGLXMKYRK�HIW�7TERRYRKWEFJEPPW�²FIV�HIV�(MSHI��

7EQTPMRK�8SV�7GLEPXYRK
7EQTPMRKWGLEPXYRKIR�HMIRIR�HE^Y��YQ�IMRIR�QSQIRXERIR�;IVX�IMRIV�7TERRYRK�^Y�WTIMGLIVR��ÍFIV
IMRIR�OYV^^IMXMKIR�7EQTPMRK�-QTYPW�9

4907
�[MVH�HMI�(MSHI�OYV^^IMXMK�PIMXIRH�YRH�HIV�/SRHIRWEXSV�'

7

[MVH�QMX�HIQ�1SQIRXER[IVX�HIV�)MRKERKWWTERRYRK�KIPEHIR��-Q�6YLI^YWXERH�MWX�HMI�(MSHI��SJJIR��
EPWS�MR�7TIVVMGLXYRK�ZSVKIWTERRX�HYVGL�HMI�7TERRYRK�9

&-%7
�

+UBIAS

D1

Eingang Ausgang

-UPuls

RS

4VSFPIQEXMWGL�MWX�FIM�HMIWIV�IMRJEGLIR�7GLEPXYRK�HMI�JILPIRHI�)RXOSTTPYRK�ZSR�)MR��YRH�%YWKERK�
WS[MI�HIV�WGLPIGLXI�;MVOYRKWKVEH�[IKIR�HIV�7TERRYRKWEFJÇPPI�²FIV�HMI�;MHIVWXÇRHI��(MIW�OERR�EFIV
HYVGL�)MRWEX^�QILVIVIV�(MSHIR�KIP¸WX�[IVHIR�����YRH���(MSHIR�7EQTPMRKWGLEPXYRKIR��

:IVO²V^YRK�ZSR�8VERWMWXSVWGLEPX^IMXIR
(IV�&IXVMIF�IMRIW�8VERWMWXSVW�EPW�7GLEPXIV�MQ�7ÇXXMKYRKWFIVIMGL�IVKMFX�^[EV�WGLRIPPI�)MRWGLEPX^IMXIR�
NIHSGL�PERKI�%YWWGLEPX^IMXIR�EYJKVYRH�HIV�0EHYRKWWTIMGLIVYRK�MR�HIV�&EWMW^SRI��(MI�OPEWWMWGLI
1IXLSHI�HMI�7GLEPX^IMXIR�^Y��ZIVO²V^IR��MWX�^Y�ZIVLMRHIVR��HEWW�HIV�8VERWMWXSV�²FIVLEYTX�KIWÇXXMKX
[IVHIR�OERR��H�L��9

'&
� ���[MVH��

)MRI�[MVOYRKWZSPPI�1IXLSHI�MWX�HMI�:IV[IRHYRK�ZSR�7GLSXXO]�(MSHIR�

RCD1

D2

E
A

(YVGL�HMI�RMGLXPMRIEVI�6²GOOSTTPYRK�^[MWGLIR�/SPPIOXSV�YRH�&EWMW�YRH�HIR�FIMHIR�(MSHIR�[MVH
ZIVLMRHIVX��HEWW�HIV�8VERWMWXSV�KIWÇXXMKX�[MVH�YRH�HEQMX�0EHYRKWXVÇKIV�MR�HMI�HEFIM�IRXWXILIRHIR
(MJJYWMSRWOETE^MXÇXIR�IMRKIWTIMGLIVX�[IVHIR��(IV�8VERWMWXSV�FILÇPX�WS�OYV^I�7GLEPX^IMXIR�FIM
KPIMGL^IMXMK�QE\MQEPIV�%YWWXIYIVYRK�

&MPH�������/PIQQWGLEPXYRK�^YV

;MIHIVLIVWXIPPYRK�HIW�('�&I^YKIW�

&MPH�������7EQTPMRKWGLEPXYRK�QMX�7GLSXXO]�(MSHI�

&MPH�������:IVO²V^YRK�ZSR�8VERWMWXSVWGLEPX^IMXIR�QMX�IMRIV

*SPKIWGLEPXYRK�

1MX�HIR�^[IM�(MSHIR�[MVH�ZIVLMRHIVX��HEWW�HIV�8VERWMWXSV

KIWÇXXMKX�[IVHIR�OERR�



Ausgabe: 1998(I), G. Krucker

1-67
HalbleiterdiodenMikroelektronik I

Hochschule für Technik und Architektur Bern

1MWGLWGLEPXYRK
7GLSXXO]�(MSHIR�IMKRIR�WMGL�LIVZSVVEKIRH�J²V�1MWGLWGLEPXYRKIR�FMW�^Y�L¸GLWXIR�*VIUYIR^IR��(YVGL
HMI�WEYFIVI�/IRRPMRMI�HIV�(MSHI�TVSHY^MIVIR�1MWGLIV�QMX�7GLSXXO]�(MSHIR�[IRMKIV�YRIV[²RWGLXI
1MWGLTVSHYOXI�

-3dB Hybrid
HF-Signal

Oszillator

ZF-Verstärker

(MI�1MWGLWGLEPXYRK�IV^IYKX�HYVGL�ÍFIVPEKIVYRK�HIW�,*�)MRKERKWWMKREPW�QMX�HIQ�3W^MPPEXSVWMKREP�MQ
�H&�/STTPIV�ER�HIV�RMGLXPMRIEVIR�/IRRPMRMI�HIV�(MSHI�HMI�IRXWTVIGLIRHIR�1MWGLTVSHYOXI��HMI
LEYTXWÇGLPMGL�EYW�7YQQIR��YRH�(MJJIVIR^JVIUYIR^IR�FIWXILIR��(EW�KI[²RWGLXI�1MWGLTVSHYOX
�>[MWGLIRJVIUYIR^��[MVH�EYWKIJMPXIVX�YRH�HIQ�>*�:IVWXÇVOIV�^YKIJ²LVX�

1.15.3 Spitzendioden
7TMX^IRHMSHIR�WMRH�IMRI�KÇR^PMGL�ERHIVI�+VYTTI�(MSHIR�HIVIR�7TIVVWGLMGLX�HYVGL�IMRIR�1IXEPP�
,EPFPIMXIV�ÍFIVKERK�HEVKIWXIPPX�[MVH��7MI�[IVHIR�ZSV[MIKIRH�^YV�+PIMGLVMGLXYRK�OPIMRIV
LSGLJVIUYIRXIV�;IGLWIPWTERRYRKIR�ZIV[IRHIX��7MI�[IMWIR�WILV�OPIMRI�7TIVVWGLMGLXOETE^MXÇXIR��GE�
������T*��EYJ��7TMX^IRHMSHIR�[IVHIR�EYGL�LIYXI�RSGL�MR�+I�8IGLRSPSKMI�KIJIVXMKX�YRH�ZIV[IRHIX�
SF[SLP�WMI�^YRILQIRH�HYVGL�7GLSXXO]�(MSHIR�ZIVHVÇRKX�[IVHIR�

2SVQEPI�*PÇGLIRHMSHIR�[IMWIR�EYJKVYRH�HIV�7TIVVWGLMGLXJPÇGLI�VIPEXMZ�KVSWWI�/ETE^MXÇXIR�EYJ��(EVEYW
VIWYPXMIVIR�YRK²RWXMKI�,*�)MKIRWGLEJXIR�FIMQ�)MRWEX^�EPW�+PIMGLVMGLXIV��(EQMX�HMI�EOXMZI
7TIVVWGLMGLXJPÇGLI�Q¸KPMGLWX�OPIMR�[MVH��[MVH�FIM�HIV�7TMX^IRHMSHI�HIV�EOXMZI�(MSHIRUYIVWGLRMXX�OPIMR
KILEPXIR��(MIW�KIWGLMILX�HYVGL�%YJWIX^IR�IMRIV�^YKIWTMX^XIR�(VELXWTMX^I�EYW�+SPH��SHIV�;SPJVEQ�
1SP]FHÇR��EYJ�IMR�2�PIMXIRHIW�+I�4PÇXXGLIR��(YVGL�IMRIR�*SVQMIVYRKWWXVSQWXSWW�[MVH�HMI�(VELXWTMX^I
QMX�HIQ�+I�4PÇXXGLIR�ZIVWGL[IMWWX�YRH�IW�IRXWXILX�IMRI�7TIVVWGLMGLX�ZSR�IX[E���YQ�(YVGLQIWWIV�

K A

2

13

4
7.3mm

1.15.3.1 Eigenschaften
(MI�7TMX^IRHMSHI�^IMKX�MQ�(YVGLPEWWFIVIMGL�OIMRI�WEYFIVI�I\TSRIRXMIPP�ZIVPEYJIRHI�/IRRPMRMI��(MIW
KMPX�J²V�HIR�(YVGLPEWW���[MI�EYGL�J²V�HIR�7TIVVFIVIMGL��(MI�LEPFPSKEVMXLQMWGLI�(EVWXIPPYRK�^IMKX�IMRI
X]TMWGLI�-�9�/IRRPMRMI�IMRIV�+I�7TMX^IRHMSHI�FIM�^[IM�8IQTIVEXYVIR�
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&MPH�������4EWWMZIV�1MWGLIV�QMX�7GLSXXO]�(MSHIR�

&MPH�������%YJFEY�IMRIV�+I�7TMX^IR�(MSHI�

��+PEWKILÇYWI��(3���

���(VELXWTMX^I�EYW�+SPH

���+IVQERMYQ�4PÇXXGLIR

���0¸XWXIPPI

&MPH�������-�9�/IRRPMRMIR�IMRIV�+I�7TMX^IRHMSHI�FIM

ZIVWGLMIHIRIR�8IQTIVEXYVIR�



Ausgabe: 1998(I), G. Krucker

1-68
HalbleiterdiodenMikroelektronik I

Hochschule für Technik und Architektur Bern

;MV�IVOIRRIR�MQ�(YVGLPEWWFIVIMGL�IMR�%FORMGOIR�HIV�/IRRPMRMI�FIM�KV¸WWIVIR�7XV¸QIR�EYJKVYRH�HIW
&ELR[MHIVWXERHIW��(IV�7TIVVWXVSQ�IVVIMGLX�OIMRIR�7ÇXXMKYRKW[IVX��WSRHIVR�WXIMKX�QMX�[EGLWIRHIV
7TIVVWTERRYRK�WXEVO�ER�

(IQ^YJSPKI�LEFIR�7TMX^IRHMSHIR�VIGLX�KVSWWI�7TIVVWXV¸QI��X]TMWGLIV[IMWI�MQ�Y%�&IVIMGL��*²V�HMI
+SPHHVELXHMSHI�%%����[MVH�FIM����/�-
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!�:��(EW�7TIVVZIVLEPXIR�ZSR�7TMX^IRHMSHIR�MWX
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(MI�7TIVVWGLMGLXOETE^MXÇX�MWX��OSRWXVYOXMZ�FIHMRKX��WILV�OPIMR�YRH�MR�HIV�+V¸WWIRSVHRYRK�ZSR�������T*�
;MI�FIM�HIR�*PÇGLIRHMSHIR�RMQQX�HMI�7TIVVWGLMGLXOETE^MXÇX�QMX�[EGLWIRHIV�7TIVVWTERRYRK�EF�

� 0 2 4 6 8 10

0.8

0.6

0.4

0.2

CJ [pF]

UR [V]

1.16 PIN-Dioden
4-2�(MSHIR�WMRH�(MSHIR�QMX�IMRIV�WGL[EGL�HSXMIVXIR�>SRI�^[MWGLIR�HIR�WXÇVOIV�HSXMIVXIR�4��YRH�2�
>SRIR��(MIWI�WGL[EGL�HSXMIVXI�>SRI�[MVH�-�7GLMGLX��-RXVMRWMG��KIRERRX��7MI�MWX�EYJKVYRH�MLVIV
WGL[EGLIR�(SXMIVYRK�LSGLSLQMK�

P+ N+I

;IRR�QER�RSVQEPIV[IMWI�ZSR�4-2�(MSHIR�WTVMGLX��WS�ZIVWXILX�QER�4-2�(MSHIR�J²V�,*�
%R[IRHYRKIR��(MIWI�4-2�(MSHIR�ZIVLEPXIR�WMGL�EF�IMRIV�FIWXMQQXIR�*VIUYIR^�[MI�VIIPPI
;MHIVWXÇRHI��HIVIR�;IVX�HYVGL�HIR�:SV[ÇVXWWXVSQ�KIWXIYIVX�[IVHIR�OERR��7S�O¸RRIR�EYJ�IMRJEGLI
;IMWI�,*�7GLEPXIV��%FWGL[ÇGLIV�YRH�1SHYPEXSVIR�OSRWXVYMIVX�[IVHIR�

(MI�ERHIVI�/PEWWI�HIV�4-2�(MSHIR�LEFIR�[MV�FIM�HIR�+PIMGLVMGLXIVHMSHIR�OIRRIR�KIPIVRX��(YVGL�HEW
)MRFVMRKIR�HIV�-�7GLMGLX�[MVH�HMI�QE\MQEP�^YPÇWWMKI�7TIVVWTERRYRK�IVL¸LX��(MIWI�8]TIR�[IVHIR�LMIV
RMGLX�QILV�[IMXIV�FIXVEGLXIX�

1.16.1 Funktionsweise
-Q�:SV[ÇVXWFIXVMIF�[MVH�HMI�-�7GLMGLX�QMX�0EHYRKWXVÇKIVR�²FIVWGL[IQQX��7MI�6IOSQFMRMIVIR�REGL
IMRIV�KI[MWWIR�>IMX�MR�HIV�-�7GLMGLX��(MI�6IOSQFMREXMSRW^IMX�LÇRKX�ZSR�HIV�+ISQIXVMI�HIV�-�>SRI�
FIWSRHIVW�HIV�(MGOI��WS[MI�HIV�(SXMIVYRK�HIV�2��YRH�4�7GLMGLXIR�EF�

%YW�HIV�0IFIRWHEYIV�t�HIV�1MRSVMXÇXWXVÇKIV�JMRHIX�QER�REGL�?�A�HMI�^IMXPMGLI�âRHIVYRK�HIV
KIWTIMGLIVXIR�0EHYRK�

&MPH�������8]TMWGLIV�:IVPEYJ�HIV�7TIVVWGLMGLXOETE^MXÇX

IMRIV�+I�7TMX^IRHMSHI�

&MPH�������%YJFEY�IMRIV�4-2�(MSHI�
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1.16.2 Eigenschaften
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1.16.3 Anwendungen

&MPH�������;MHIVWXERHWOIRRPMRMI�ZSR�4-2�(MSHIR�

,4������������,4������������,I[PIXX��4EGOEVH�

(1.110)

&MPH�������(EXIR�IMRMKIV�LERHIPW²FPMGLIV

4-2�(MSHIR�J²V�,*�%R[IRHYRKIR�

5YIPPI��1MGVS[EZI�	�6*�(IWMKRIVkW

'EXEPSK��,4��������
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1.17 Kapazitätsdioden
/ETE^MXÇXWHMSHIR�WMRH�(MSHIR��FIM�HIRIR�HMI�7TERRYRKWEFLÇRKMKOIMX�HIV�7TIVVWGLMGLXOETE^MXÇX�KI^MIPX
EYWKIRYX^X�[MVH��7MI�ZIVO¸VTIVR�ZEVMEFPI��WTERRYRKWKIWXIYIVXI�/ETE^MXÇXIR��(EW�&EWMWQEXIVMEP�MWX
LIYXI�ZSV[MIKIRH�7MPM^MYQ��J²V�WTI^MIPPI�%R[IRHYRKIR�EYGL�+EPPMYQ�%VWIRMH�

/ETE^MXÇXWHMSHIR�[IVHIR�LEYTXWÇGLPMGL�^YV�IPIOXVSRMWGLIR�%FWXMQQYRK�ZSR�7GL[MRKOVIMWIR�YRH
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7GL[MRKOVIMWEFWXMQQYRK�ZSPPWXÇRHMK�ZIVHVÇRKX��*²V�0ERK��YRH��1MXXIP[IPPIREFWXMQQYRK�[IVHIR
WTI^MIPPI�/ETE^MXÇXWHMSHIR�QMX�/ETE^MXÇXIR�FMW�^Y����T*�LIVKIWXIPPX�

&MPH�������)MRJEGLIV�,*�%FWGL[ÇGLIV�QMX�4-2�(MSHI�

&MPH�������:IVFIWWIVXI�%FWGL[ÇGLIVWGLEPXYRK�HYVGL

:IV[IRHYRK�IMRIV�(VIMJEGL�4-2�(MSHI�

(MIWI�7GLEPXYRK�LEX�KIKIR²FIV�&MPH������OSRWXERXI�)MR��YRH

%YWKERKWMQTIHER^IR�
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1.17.1 Arbeitsweise
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HIV�%FWXERH�ZIVKV¸WWIVX��(EHYVGL�ZIVOPIMRIVX�WMGL�EYGL�HMI�7TIVVWGLMGLXOETE^MXÇX��&MPHPMGL�OERR�QER
EFIV�HMI�;MVOYRK�HIV�ERKIPIKXIR�7TIVVWTERRYRK�WS�ZIVWXILIR�
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1.17.2 Eigenschaften und Bauformen
/ETE^MXÇXWHMSHIR�[IVHIR�TVEOXMWGL�EYWWGLPMIWWPMGL�MR�,
*VIUYIR^IR�� ����1,^��[MVH�HEW�(3���+PEWKILÇYWI�I
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QE\��7TIVVWTERRYRKIR��:����:�
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(1.113)
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1.17.3 Anwendungen
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1.18 Varaktordioden
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