
�$50#&3� ���
� �&8-&55<�"$,"3%� �063/"-� � � � � � � �

�� �������� ���� ���!����� ������
������������� �"����� ���� ����
��� �������

Because turbine test setups can have up to 1000 test points, special
demands are placed on a data acquisition system that must fit a large
number of measurement channels into a C-size VXIbus module.

�"� ����� 	�� ��� � ���

�)&� ��� �0%&-� ��	���� %"5"� "$26*4*5*0/� 4:45&.� *4� 5"3(&5&%

'03� $6450.&34� */� 5)&� 563#*/&� 5&45� ."3,&5�� �)*4� ."3,&5� 3&<

26*3&4� "� 7"3*&5:� 0'� 4*(/"-� $0/%*5*0/*/(� $"1"#*-*5*&4� 50� .",&

"$$63"5&� .&"463&.&/54� %63*/(� 563#*/&� 5&454�� �1&$*"-� /&&%4

*/$-6%&� -08� $045� 1&3� .&"463&.&/5� 10*/5�� )*()� %&/4*5:�� '-&9*<

#*-*5:�� "/%� )*()� 1&3'03."/$&�� �0� 5",&� "%7"/5"(&� 0'� 5)&� ��

��	���� 4:45&.�4� )*()� $0..0/<.0%&� 3&+&$5*0/� "/"-0(<50<

%*(*5"-� $0/7&35&3� ������� "/"-0(� 4*(/"-� $0/%*5*0/*/(� )"4� 50� #&

'6--:� %*''&3&/5*"-�� �)&� 7"3*&5:� 0'� '6/$5*0/4� /&&%&%� "/%� $0/<

453"*/54� 0/� $045�� %&/4*5:�� "/%� 5)&� /&&%� '03� )*()� 1&3'03."/$&

13&4&/5&%� 26*5&� "� %&4*(/� $)"--&/(&�

� ������� 
����� ��� 
 ������ 
���

�63#*/&� 5&45� $6450.&34� 64&� %"5"� "$26*4*5*0/� 4:45&.4� 50� $)"3<

"$5&3*;&�� 3&'*/&�� "/%� 7&3*':� %&4*(/4� 0'� /&8� +&5� &/(*/&4� "/%� 50

&/463&� 5)"5� &/(*/&4� "3&� 1&3'03.*/(� 50� 41&$*'*$"5*0/� "'5&3

07&3)"6-� 03� 3&1"*3�� �� 5:1*$"-� 563#*/&� 5&45� 4:45&.� $0/4*454� 0'

'30.� ���� 50� ����� .&"463&.&/5� 10*/54� 5",*/(� %"5"� "#065� &/<

(*/&� 5&.1&3"563&4�� '6&-� $0/46.15*0/�� 5)3645�� 13&4463&4�� "/%

05)&3� *5&.4�� �"5"� ("5)&3&%� *4� %*41-":&%� 0/� $0/530-� $0/40-&4

8)&3&� 5&$)/*$*"/4� 36//*/(� 5)&� 5&454� $"/� .0/*503� 5)&� 130(3&44

0'� 5)&� 5&45�� �"5"� *4� "-40� 4&/5� 50� %*4,� '03� 4503"(&� "/%� -"5&3

"/"-:4*4�� �&$"64&� 5)&3&� "3&� 40� ."/:� 10*/54� */� "� 5:1*$"-� 5&45

4:45&.�� 5)&� $045� 0'� */45"--*/(� "/%� ."*/5"*/*/(� &"$)� 10*/5� *4

)*()�� �)64�� -08� $045� 1&3� 10*/5� *4� 7&3:� %&4*3"#-&�

�&$"64&� 0'� 5)&� )*()� .&"463&.&/5� 10*/5� $06/5�� $6450.&34

%&4*3&� 5)"5� "4� ."/:� $)"//&-4� "4� 1044*#-&� #&� 165� */� "� 4*/(-&

�<4*;&� �!�#64� .0%6-&�� �)&3&'03&�� 8&� )"%� 50� $3&"5&� "� %&4*(/

5)"5� '*54� �
� $)"//&-4� 0'� 4*(/"-� $0/%*5*0/*/(� */50� "� 4*/(-&� �<4*;&

.0%6-&� "-0/(� 8*5)� 5)&� ���� "/%� 5)&� �!�#64� #"$,1-"/&� */5&3<

'"$&�� �)&� ��� ��	����4� ���� "-40� )"4� '6--� %*''&3&/5*"-� */1654

8*5)� (3&"5&3� 5)"/� ���<%�� $0..0/<.0%&� 3&+&$5*0/�� �)&� %&/<

4*5:�� $045�� "/%� '6--� %*''&3&/5*"-� */1654� 3&26*3&� 5)"5� 4*(/"-

$0/%*5*0/*/(� $*3$6*54� #&� 4."--�� */&91&/4*7&�� "/%� )"7&� 7&3:

)*()� $0..0/<.0%&� 3&+&$5*0/�

�)&� '03.� '"$503� $)04&/� '03� 5)&4&� 4*(/"-� $0/%*5*0/*/(� $*3$6*54

64&4� "� 1-6(<0/� .0%6-&� '03� &"$)� (3061� 0'� &*()5� $)"//&-4�

�*/$&� 5)&� ��� ��	���� )"4� �
� $)"//&-4� 505"-�� 5)*4� .&"/4� 5)"5

&"$)� 4*/(-&<8*%5)� �<4*;&� .0%6-&� $0/5"*/4� 61� 50� &*()5� 1-6(<0/

4*(/"-� $0/%*5*0/*/(� $*3$6*54� 8*5)� &*()5� $)"//&-4� &"$)� �4&&

�*(�� ���� �)&4&� #0"3%4� "3&� $"--&%� 4*(/"-� $0/%*5*0/*/(� 1-6(<0/4�

03� ���4�� �*55*/(� &*()5� ���4� */50� "� 4*/(-&� �<4*;&� 4-05� .&"/5

5)"5� 8&� )"%� 50� $3&"5&� "� %&4*(/� */� 8)*$)� &"$)� ���� $06-%� 0/-:

#&� 	���� */� #:� 
��
�� */� 8*5)� ���� 426"3&� */$)&4� 0'� 64"#-&� $*3$6*5

"3&"� '03� &"$)� $)"//&-�� �7&/� 64*/(� 463'"$&� .06/5� 5&$)/0-0(:�

5)&4&� $0/453"*/54� 1307&%� 7&3:� $)"--&/(*/(� '03� 5)&� )*()&3<

'6/$5*0/"-*5:� ���4�

��� ����� � �������

�)&� &44&/5*"-� 4*(/"-� $0/%*5*0/*/(� '6/$5*0/4� 3&26*3&%� #:� 563#*/&

5&45� $6450.&34� */$-6%&� 5)&� "#*-*5:� 50�

• �"44� "� 4*(/"-� 453"*()5� 50� 5)&� "/"-0(<50<%*(*5"-� $0/7&35&3
• �307*%&� -08<'3&26&/$:�� -08<1"44� '*-5&3*/(
• �307*%&� 130(3".."#-&� ("*/� "/%� '*-5&3*/(� '03� -08&3</0*4&
.&"463&.&/54� 0/� 5)&3.0$061-&4

• �307*%&� 5&.1&3"563&� .&"463&.&/54� 8*5)� 5)&3.*45034� "/%
3&4*45*7&� 5&.1&3"563&� %&7*$&4

• �&"463&� 453"*/� ("6(&4�

�)&� 4*(/"-� $0/%*5*0/*/(� 1-6(<0/4� ����4�� */� 5)&� ��� �0%&-

��	���� 1307*%&� 5)&4&� #"4*$� '6/$5*0/4�

Straight-Through SCP.� �)&� 4*.1-&45� '6/$5*0/� 3&26*3&%� 0'� "/
���� *4� 50� 1"44� 5)&� */165� %*3&$5-:� 5)306()� 50� 5)&� .6-5*1-&9&3

"/%� "/"-0(<50<%*(*5"-� $0/7&35&3��  &� $"--� 5)*4� 5)&� 453"*()5<

5)306()� ����� �)&� 453"*()5<5)306()� ���� )"4� "%%*5*0/"-� '6/$<

5*0/"-*5:�� �6450.&34� 8"/5� "� 8":� 50� %&5&$5� "/� 01&/� 53"/4<

%6$&3� $0//&$5*0/� "4� 8&--� "4� "/� 07&370-5"(&� $0/%*5*0/�� �)&4&

'6/$5*0/4� "3&� 1307*%&%� 8*5)� 4*.1-&� :&5� &''&$5*7&� $*3$6*54� 5)"5

:*&-%� 7&3:� (00%� 07&3"--� 3&46-54�

�1&/� 53"/4%6$&3� %&5&$5*0/� *4� 1307*%&%� #:� "� 7&3:� -"3(&<7"-6&

3&4*4503� ����� ���� 8)*$)� $"/� #&� 48*5$)&%� 50� 5)&� 104*5*7&� "/%

/&("5*7&� 4611-*&4� �4&&� �*(�� 	��� �)&� 3&4*4503� 1307*%&4� "� 7&3:

4."--� $633&/5� 5)"5� $)"3(&4� 5)&� */165� $"1"$*5"/$&� 50� 5)&� 10*/5

8)&3&� "/� 07&370-5"(&� &3303� 03� /0/4&/4*$"-� 3&"%*/(� 8*--� 0$$63�

5)&3&#:� /05*':*/(� 5)&� 01&3"503� 5)"5� 5)&3&� *4� 40.&5)*/(� ".*44

8*5)� 5)&� 53"/4%6$&3�� �03."--:�� 01&/� 53"/4%6$&3� %&5&$5*0/� *4

0/-:� 48*5$)&%� 0/� %63*/(� $"-*#3"5*0/� 03� 4:45&.� 7&3*'*$"5*0/�

�)&� 4."--� ".06/5� 0'� $633&/5� 8*--� $"64&� "� 4-*()5� %&(3"%"5*0/

0'� .&"463&.&/5� "$$63"$:� *'� 64&%� %63*/(� "� %"5"� ("5)&3*/(

36/��  )*-&� *5� $"/� #&� 563/&%� 0/� %63*/(� "� %"5"� 36/� 8*5)� /0

05)&3� *--� &''&$54�� 46$)� "� 13"$5*$&� *4� /05� 3&$0..&/%&%�



��� � � � � � � ��,(��*� �

	� ��/%�,,2���$�*�� �(-*'�%

����� ��� �'� ��� ��	��� &(�-%�� /#,"

,"�� �(.�*� (  � +"(/#'!� ,"�� �#!",

�,/(� �*�� *�&(.���� +#!'�%� �('�#2

,#('#'!� )%-!2('+�� ���"� )%-!2('

"�+� �#!",� �"�''�%+�

����� ��� �)�'� ,*�'+�-��*� ��,��,�� ����� �'�� (.�*.(%,�!�� )*(,��,#('

�#*�-#,�

Input
High

1 �F
+

ESD
Ground

Input
Low

150�� 1W

150�� 1W

100 M�

1 �F
+

ESD (Chassis)
Ground

5 k�

100 M�

5 k�

Analog
Ground

To
MUX
and
ADC

Switch
Control

–19V
300�

16
V

16
V

+19V
300�

To
DSP

Interrupt

100�
(Fuse Resistor)

6.8�

Digital
Ground

6.8�

ESD Circuit

�.�*.(%,�!�� )*(,��,#('� �'�� ���� ��%��,*(+,�,#�� �#+�"�*!��

)*(,��,#('� �*�� �(&�#'��� #',(� ,"�� +�&�� �#*�-#,�  (*� *��-���

�(�*�� +)���� �'�� +#&)%�*� �#*�-#,*1�� �-�#�#(-+� )�*,+� )%���&�',

"�%)��� ,"��  -'�,#('�%#,1� ( � ,"�� �#*�-#,+� �� !*��,� ���%�� �"�� ���

�#*�-#,� �('+#+,+� ( � �� ��'�*� �#�+� �#(��� /#,"� #,+� �#�+� *�+#+,(*

�'�� �� %�*!�� ,�',�%-&� �%��,*(%1,#�� ��)��#,(*� )%����� '��*� ,"�

���� !*(-'�� ('� ,"�� #')-,� �(''��,(*�� �"#+� )*(.#��+� �#�+�  (*

,"�� �#(��+� ,"�,� �-&)� +,�,#�� ���� �-**�',� #',(� ,"�� ��)��#,(*+

/"�'� ,"�� #')-,� .(%,�!�� �0����+� ±����� .(%,+�� ���� �-**�',� #+

%#&#,��� ,(� �� &�'�!���%�� .�%-�� �1� ,"�� )"1+#��%%1� %�*!��� �2/�,,�

�
�2("&� *�+#+,(*+� #'� +�*#�+� /#,"� ,"�� �#(��+�� �.�*.(%,�!�

)*(,��,#('� #+� )*(.#���� �1� &('#,(*#'!� ,"�� �-**�',� ,"*(-!"� ,"�

��'�*� �#(��� /#,"� �� ,*�'+#+,(*�� � � +-  #�#�',� �-**�',� #+� �-&)��

,"*(-!"� ,"�� ��'�*� �#(���� ,"�� ,*�'+#+,(*� ,-*'+� ('�� +�'�#'!� �'

#',�**-),� ,(� ,"�� �#!#,�%� +#!'�%� )*(��++(*� ������� �"�� ���� /#%%

,"�'� ()�'� )*(,��,#('� *�%�1+� )*(.#���� ('� ,"�� &�#'� �(�*�� ,(

)*(,��,� ,"�� ����� ,"�� &-%,#)%�0�*�� �'�� ,"�� ����� �"�� (.�*.(%2

,�!�� )*(,��,#('�  ��,-*�� ��'� �%+(� ��� (.�**#���'�� �-+,(&�*+

(.�**#��� ,"�� )*(,��,#('� /"�'� ,"�� �(+,� ( � +,())#'!� ,"�� ,�+,� #+

&(*�� �0)�'+#.�� ,"�'� ,"�� &��+-*�&�',� +1+,�&�� ��  -+�� *�+#+2

,(*� #+� )*(.#���� ,(� )*(,��,� ,"�� ����  *(&� )*(�%�&+� ��-+��� �1

.�*1� "#!"� (.�*.(%,�!�+� /"�'� ,"�� )*(,��,#('�  ��,-*�� #+� (.�*2

*#���'�� �"�� ���� #')-,� #+� )*(,��,��� �1� �� )�#*� ( � ��"(,,$1

�#(��+� ,"�,� �%�&)� ,"�� #')-,�� �"��  -+�� *�+#+,(*� /#%%� ()�'� # 

��&�!�� (��-*+� ,(� ,"�� #')-,� �#*�-#,+� ,"�,� �(-%�� )-,� �0��++#.�

.(%,�!�� ('� ,"�� ���� #')-,�

���"� ���� %(($+� %#$�� �� &�&(*1� ���*�++� +�!&�',� ,(� ,"�� ����

�"#+� &�&(*1� ���*�++� +�!&�',� #+� ��%%��� ,"�� �#!#,�%� #',�* ���

���*�++� +)���� �+��� �#!�� ���� �"#+� ���*�++� +)���� #+� �#.#���� #',(

,/(� )�*,+� ('� ���"� ����� �'�� )�*,�� ��%%��� ,"�� &(�-%�� +)����

�('+#+,+� ( � �	� *�!#+,�*+� )�*� ���� ,"�,� �*�� ���#��,��� ,(� ��2

�*�++#'!�  -'�,#('+� �(&&('� ,(� �'� �',#*�� ���� +-�"� �+� ,"�

)%-!2('� #��',# #�*� �'�� +��%�� *�!#+,�*+�� �"�� (,"�*� )�*,� ( � ,"�

���*�++� +)����� /"#�"� #+� ��%%��� ,"�� �"�''�%� +)����� �('+#+,+� ( 

�	� *�!#+,�*+� �(' #!-*��� �+� �#!",� *�!#+,�*+� )�*� ���� �"�''�%�



�#4/"%2� ����� �%7,%44;�!#+!2$� �/52.!,� � � � � � � ��

�	��� ��� �)')4!,� ).4%2&!#%� !$$2%33� 30!#%�

HP E1413 Module

SCP0
Channels 0-7

SCP1
Channels 8-15

SCP7
Channels 56-64

Signal Conditioning
Plug-Ons (SCPs)

SCP0
(64 Registers)

SCP1
(64 Registers)

SCP7
(64 Registers)

Channel 0
(Eight Registers)

Channel 8
(Eight Registers)

Channel 7
(Eight Registers)

Channel 15
(Eight Registers)

Channel 56
(Eight Registers)

Channel 64
(Eight Registers)

Module Space Contains
Plug-On Identifier and

Scale Register

Channel Space
Contains the Channel

Gain Register

Digital Interface Address Space

�()3� !$$2%33� 30!#%� )3� 53%$� 4/� !$$2%33� &5.#4)/.3� 5.)15%� 4/

%!#(� /&� 4(%� %)'(4� ���� #(!..%,3� 35#(� !3� #(!..%,� '!).� !.$

&),4%2� 3%44).'�

Fixed Filter SCP.� �� 3%#/.$� &5.#4)/.� 2%15)2%$� &/2� 452").%� 4%34� )3
,/7;&2%15%.#9�� ,/7;0!33� &),4%2).'�� �!.9� /&� 4(%� 3)'.!,3� &2/-

4(%� %.').%� 5.$%2� 4%34� 2%02%3%.4� 4%-0%2!452%3� -%!352%$� 7)4(

4(%2-/#/50,%3�� �)'.!,� 6/,4!'%3� !2%� ).� 4(%� -),,)6/,4� 2!.'%� !.$

35"*%#4� 4/� ()'(;&2%15%.#9� ./)3%�� �/7;0!33� &),4%23� 7)4(� #54/&&

&2%15%.#)%3� /&� ��� �:� /2� "%,/7� !2%� 2%15)2%$�

�(%� ��� ����
� (!3� /.,9� /.%� ����� �(53�� -!.9� ���� #(!..%,3

!2%� 3#!..%$� !.$� -5,4)0,%8%$� 4/� 4(%� ���� �3%%� �)'�� 	� /.� 0!'%

����  )4(� 4()3� 3%450� #(!..%,;4/;#(!..%,� #(!2'%� ).*%#4)/.� 4(2/5'(

4(%� -5,4)0,%8%2� #!53%3� %22/23� $52).'� &!34� 3#!..).'� 7)4(� 0!3;

3)6%� ,/7;0!33� &),4%23� "%#!53%� 4(%� ,/7;0!33� #!0!#)4/23� (/,$

4(%� #(!2'%� !.$� #!../4� $)33)0!4%� 4(%� %22/2� #(!2'%� %8#%04

4(2/5'(� 4(%� 3/52#%� !.$� ,/7;0!33� 2%3)34/23�� �/2� %8!-0,%�� )&

#(!..%,� ��� /.� 3/-%� ���� )3� (/,$).'� 
� 6/,43� !.$� #(!..%,� ��

/.� 4(%� 3!-%� ���� (!3� ���� 6/,43�� 4(%2%� )3� !� 	�;6/,4� 37).'

7(%.� 3#!..).'� &2/-� #(!..%,� ��� 4/� #(!..%,� ���� 7()#(� #/5,$

#!53%� !.� %22/2� $52).'� !� &!34� 3#!.�� �(%3%� %22/23� -!+%� )4� .%#;

%33!29� 4/� 2%$5#%� 4(%� 3#!..).'� 30%%$� 4/� !#()%6%� 4(%� 2%15)2%$

!##52!#9�� �(%� 3/,54)/.� )3� 4/� "5&&%2� 4(%� ,/7;0!33� &),4%2� #/-0/;

.%.43� 7)4(� !.� !-0,)&)%2� 4/� !"3/2"� 4(%� #(!2'%� ).*%#4)/.� �3%%

�)'�� ���

�3� 02%6)/53,9� 34!4%$�� 6%29� ()'(� #/--/.;-/$%� 2%*%#4)/.

-534� !,3/� "%� 02%3%26%$� ).� 4(%� $)&&%2%.4)!,� 3)'.!,� 0!4(��  (),%

)4� )3� 6%29� $%3)2!",%� 4/� (!6%� !� 3(!20� #54/&&� &/2� 4(%� &),4%2�� 4(%2%

!2%� ./� 02!#4)#!,� #)2#5)43� 4(!4� #!.� 02/6)$%� !� 3(!20� #54/&&� 7)4(

!.� ��� 490%� /&� &),4%2� !.$� 34),,� 02/$5#%� ���� $�� /&� #/--/.;

-/$%� 2%*%#4)/.�� �(%� #/-02/-)3%� 3/,54)/.� )3� 4/� 53%� !� 47/;0/,%

�	��� ��� �)8%$� &),4%2� ����

High
150� 16 k� 68 k�

+
–

High

ESD and
Open

Transducer
Circuitry

Low
150� 16 k� 68 k�

+
–

Low

0.1 �F0.33 �FInput Output

Low-Pass Filter

0!33)6%� ��� &),4%2� ).� &2/.4� /&� !� 5.)49;'!).� "5&&%2�� �!2%� -534� "%

4!+%.� ).� #(//3).'� 0/,%� 0/3)4)/.3� 4/� 02/6)$%� ,/7� %./5'(

2%3)34!.#%3� 3/� !3� ./4� 4/� ).42/$5#%� &524(%2� %22/23� #!53%$� "9

")!3� #522%.4� /&&3%43� ).� 4(%� "5&&%2� !-0,)&)%23�� �6%26/,4!'%� 02/;

4%#4)/.� !.$� /0%.� 42!.3$5#%2� $%4%#4)/.� -534� !,3/� "%� 02/;

6)$%$�� �(%� 4/4!,� 3/,54)/.� )3� !� 3)-0,%�� "54� &5.#4)/.!,� #)2#5)4

4(!4� )3� 6%29� %!3),9� #(!.'%$� &/2� $)&&%2%.4� #54/&&� &2%15%.#)%3�

 %� %.#/5.4%2%$� !.� ).4%2%34).'� 0(%./-%./.� 7(),%� $%6%,/0;

).'� &),4%2� #)2#5)43� &/2� 4(%� &)8%$� &),4%2� ����� �� 2%!3/.!",%� !0;

02/!#(� 4/� $%3)'.).'� !� $)&&%2%.4)!,� &),4%2� )3� 4/� "%').� 7)4(� !

3).',%;%.$%$� &),4%2� �/.%� 7)4(� 4(%� #/--/.� ./$%� !4� '2/5.$�

!.$� 4(%.� 42!.3&/2-� )4� ).4/� !� $)&&%2%.4)!,� &),4%2�� �()3� 7!3� 4(%

!002/!#(� /2)').!,,9� 53%$� 4/� $%3)'.� 4(%� &)8%$� &),4%2�� �(%� /2)');

.!,� &),4%2� 4/0/,/'9� #(/3%.� 7!3� !� 42!$)4)/.!,� �!,,%.� !.$� �%9

3425#452%�� �3%%� �)'�� ���� �()3� &),4%2� 4/0/,/'9� 7!3� #(/3%.� "%;

#!53%� /&� )43� ,/7� 0!243� #/5.4� !.$� ,/7� 3%.3)4)6)4)%3� 4/� &).)4%

/0%2!4)/.!,� !-0,)&)%2� '!).;"!.$7)$4(� !.$� 0!243� 6!2)!4)/.3�

�(%� 42!.3&/2-!4)/.� 4/� !� $)&&%2%.4)!,� &),4%2� 7!3� 342!)'(4&/27!2$

!.$� 9)%,$%$� 4(%� #)2#5)4� 3(/7.� ).� �)'�� 
!�� �()3� #)2#5)4� 0%2;

&/2-%$� !3� $%3)'.%$� &/2� $)&&%2%.4)!,� 3)'.!,3� "54� 3(/7%$

!./-!,)%3� 7(%.� 4%34%$� &/2� #/--/.;-/$%� 2%*%#4)/.�

�� 30%#425-� !.!,9:%2� 0,!#%$� "%47%%.� %)4(%2� /54054� !.$

'2/5.$� 3(/7%$� !� 2%3/.!.#%� !.$� 3%6%2%� 0%!+).'�� �()3� !./-;

!,9� 7!3� /2)').!,,9� "%,)%6%$� 4/� "%� 4(%� 2%35,4� /&� ./.)$%!,� "%(!6;

)/2� ).� 4(%� #)2#5)4� #/-0/.%.43�� �524(%2� ).6%34)'!4)/.� 3(/7%$

4(!4� 4()3� 7!3� ./4� 4(%� #!3%�� �(%2%� !2%� ).42).3)#� 02/",%-3� 7)4(

#/--/.;-/$%� 2%*%#4)/.� 7(%.� 53).'� !� 3)-0,%� 3).',%;%.$%$;

4/;$)&&%2%.4)!,� 42!.3&/2-!4)/.�� �(%� %15)6!,%.4� #)2#5)4� /&� 4(%

�	��� ��� �!,,%.� !.$� �%9� &),4%2� 4/0/,/'9�
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n
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n � 1
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1
Q
�
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�
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&),4%2�

High
R1

+
–

High

Output

R2

C1

C2

Low
R1

+
–

Low

R2

C1

Input

Common
Mode

Source

(a)

Input
R1

+
–

Output

R2

C1

Common
Mode

Source

1
Q
�

R2C2
R1C1
� R1C2

R2C1
� ; for C2 � 0, 1

Q
� 0� Q��, yields peaking

(b)

and resonance.

$)&&%2%.4)!,� &),4%2� 7)4(� !� #/--/.;-/$%� 3)'.!,� 3(/73� 4(%

02/",%-� �3%%� �)'�� �"��� �(%� "%(!6)/2� /&� 4(%� #)2#5)4� )3� 35#(

4(!4� 4(%� 6/,4!'%� $2/0� !#2/33� ��� )3� %33%.4)!,,9� :%2/� -!+).'� )4

!00%!2� 4(!4� ��� $/%3� ./4� %8)34�� �.� 4(%� 42!.3&%2� &5.#4)/.� ��
3(/73� 50� ).� 4(%� $!-0).'� &!#4/2� /&� 4(%� #/-0,%8� 0/,%3� ).� 4(%

(!,&;#)2#5)4�� �3� ��� '/%3� 4/� :%2/�� 4(%� $!-0).'� /&� 4(%� 0/,%3

'/%3� 4/� :%2/� #!53).'� !� 2%3/.!.#%� !.$� 4(%� 0%!+).'� /"3%26%$�

�/� 02!#4)#!,� !,4%2.!4)6%� 3425#452%� 7!3� &/5.$� 4(!4� $)$� ./4

(!6%� !� 3)-),!2� $)&&)#5,49� ).� 4(%� 42!.3&%2� &5.#4)/.� &/2� #/--/.;

-/$%� 3)'.!,3�� �3� !� 2%35,4� /&� 4()3� &).$).'�� 4(%� #)2#5)4� ).� �)'�� 
�

7()#(� (!3� 4(%� 3)-0,%2� 0!33)6%� &),4%2� 7)4(� "5&&%2� 4/0/,/'9�

7!3� #(/3%.�

Programmable Gain and Filter SCP.� �52").%� 4%34� #534/-%23� !,3/
7!.4� 3)'.!,� #/.$)4)/.).'� 4(!4� ).#,5$%3� '!).� !3� 7%,,� !3� &),4%2).'

4/� -!+%� ,/7%2;./)3%� -%!352%-%.43� /.� 4(%2-/#/50,%3�� �(%9

7!.4� 4(%� &,%8)"),)49� 4/� #(//3%� $)&&%2%.4� '!).3� !.$� &),4%2� #54/&&

&2%15%.#)%3� 02/'2!--!4)#!,,9�� �(%9� 7!.4� 4()3� &5.#4)/.!,)49� ).

4(%� 3!-%� 3):%� !.$� #(!..%,� #/5.43� !3� 4(%� 342!)'(4;4(2/5'(� !.$

&)8%$� &),4%2� 3)'.!,� #/.$)4)/.).'� 0,5';/.3�� �.#,5$).'� 4()3� !$$);

4)/.!,� &5.#4)/.!,)49� !.$� !,,� 4(%� /4(%2� &%!452%3� -%.4)/.%$

!"/6%� ).� 4(%� 3!-%� 30!#%� 2%02%3%.4%$� 15)4%� !� #(!,,%.'%�

�(%� ���� 35"3934%-� ).� 4(%� ��� ��
�	� 2%15)2%3� '!).� ).� 0/7%23

/&� 47/� &/2� 02/0%2� &5.#4)/.).'� /&� 4(%� %.').%%2).'� 5.)4� !,'/;

2)4(-�� 7()#(� #/.6%243� -%!352%$� 6/,4!'%� $!4!� 4/� 5.)43� 35#(

!3� /(-3� /2� $%'2%%3� �3%%� !24)#,%� /.� 0!'%� ����� �)'.!,� '!).3� /&

�� !.$� �
� 7%2%� #(/3%.� &/2� 4(%� !-0,)&)#!4)/.� &!#4/23�� �!).3� /&

0/7%23� /&� 47/� !,,/7� 4(%� %.').%%2).'� 5.)4� !,'/2)4(-� 4/� !$*534

4(%� ���� 2%!$).'� 4/� 4(%� !#45!,� 3934%-� '!).� "9� 3)-0,9� 3()&4).'

")43� 50� /2� $/7.�� �).#%� !� 3()&4� /0%2!4)/.� )3� &!34%2� 4/� %8%#54%

4(!.� !� -5,4)0,9�� 4(%� %.').%%2).'� 5.)4� !,'/2)4(-� #!.� 7/2+� !4

4(%� &5,,� 30%%$� /&� 4(%� ����� �!).3� /&� �� !.$� �
� !,3/� 02/6)$%

35&&)#)%.4� '!).� 4/� !#()%6%� 3)'.)&)#!.4� ./)3%� 2%$5#4)/.3�

7)4(/54� /6%2,9� #/-0,%8� #)2#5)429�

�).#%� 02/'2!--!"),)49� )3� !� 2%15)2%-%.4�� '!).� !.$� &2%15%.#)%3

!2%� 37)4#(%$� "9� !.!,/'� ��� 37)4#(%3�� �(%� #)2#5)4� 4/0/,/'9

4!+%3� !$6!.4!'%� /&� 4(%� 37)4#(� $%.3)49� !.$� #/.&)'52!4)/.

�$5!,� 
��� -5,4)0,%8%2��� �/2� 4(%� ,/7%34;./)3%� 0%2&/2-!.#%� !.$

-/34� #/-0!#4� $%3)'.�� !,,� 4(%� !-0,)&)#!4)/.� )3� $/.%� ).� 4(%� &)234

34!'%� /&� 4(%� ���� �3%%� �)'�� 
��� �()3� !,,/73� 4(%� 53%� /&� !� 3).',%

!.!,/'� 37)4#(� 0!#+!'%� 4/� #/.42/,� 4(%� #(!..%,� '!).�� �.� !$$);

4)/.!,� "%.%&)4� )3� 4(!4� 4(%� &/,,/7).'� ,/7;0!33� &),4%2� 3%#4)/.

2%$5#%3� 4(%� ./)3%� "!.$7)$4(� /&� 4(%� 3934%-� !&4%2� 4(%� '!).

34!'%�� 4(%2%"9� 2%$5#).'� 4(%� 3934%-� ./)3%�� �()3� 4/0/,/'9� )3

!,3/� 53%$� ).� /4(%2� ./.02/'2!--!",%� '!).� !.$� &),4%2� ���3�

�(%� &),4%2� #)2#5)4� )3� 4(%� 3!-%� #)2#5)4� 53%$� ).� 4(%� &)8%$� &),4%2

����� %8#%04� 4(!4� )4� )3� 02/'2!--!",%�� �)&&%2%.4� 2%3)34/23� !2%

37)4#(%$� ).4/� 4(%� #)2#5)4� 4/� #(!.'%� #54/&&� &2%15%.#)%3�� �(%

2%3)34/23� &/2� 4(%� 02/'2!--!",%� '!).� !.$� &),4%2� #)2#5)43� !2%

"5),4� ).4/� #534/-� 4().;&),-� 2%3)34/2� 0!#+3� 4/� #/.3%26%� 30!#%

!.$� )-02/6%� 4(%2-!,� 42!#+).'� 0%2&/2-!.#%�� �544).'� !,,� 4()3

#)2#5)429� ).4/� /.,9� ���� 315!2%� ).#(%3� /&� 02).4%$� #)2#5)4� "/!2$

30!#%� 2%15)2%$� #!2%&5,� ,!9/54� !.$� &2%15%.4� #/.35,4!4)/.� 7)4(

4(%� 02/$5#4)/.� %.').%%2� !33)'.%$� 4/� 4(%� 02/*%#4�� �(%� 2%35,4).'

���� 342%4#(%3� 4(%� ,)-)43� /&� #522%.4� 352&!#%� -/5.4� 4%#(./,/'9

9%4� 34),,� 2%4!).3� !� '//$� -%!352%� /&� 02/$5#)"),)49�

Current Source SCP.� �52").%� 4%34� #534/-%23� .%%$� 4/� -%!352%
4%-0%2!452%3� 7)4(� 4(%2-)34/23� !.$� 2%3)34)6%� 4%-0%2!452%� $%;

6)#%3�� !.$� 2%3)34!.#%3� /&� #%24!).� 490%3� /&� 3%.3/23�� �/� -!+%

4(%3%� 2%3)34!.#%� -%!352%-%.43�� !� 02%#)3)/.� #522%.4� 3/52#%

7)4(� ()'(� #/-0,)!.#%� )3� 2%15)2%$�� �(%� $%3)'.� '/!,3� &/2� 4(%

#522%.4� 3/52#%� ���� 7%2%� 4(!4� 4(%� #522%.4� 3/52#%� 7/5,$� ./4

,)-)4� 4(%� ).054� 6/,4!'%� 2!.'%� ).� !� &/52;7)2%� /(-3� -%!352%;

-%.4�� !.$� 4(!4� )4� 7/5,$� 02/6)$%� ��;")4� 2%3/,54)/.� !.$� 4(%

!"),)49� 4/� -%!352%� ���;/(-� 2%3)34)6%� 4%-0%2!452%� $%6)#%3� !.$

��;+/(-� 4(%2-)34/23�� �()3� 2%15)2%$� 4(%� #522%.4� 3/52#%� 4/

(!6%� ±�� � #/-0,)!.#%�� "%44%2� 4(!.� ��;00-� 2%3/,54)/.�� !.$
'2%!4%2� 4(!.� �;')'/(-� /54054� )-0%$!.#%�� �/2� 4(%� %.').%%2).'

5.)4� !,'/2)4(-� 4/� 7/2+� !4� &5,,� 30%%$�� 4(%� #522%.4� 3/52#%� (!3

4/� "%� #!,)"2!4%$� !.$� 34!",%� $52).'� 4(%� -%!352%-%.4� #9#,%�

�/� !)$� ).� #/.6%23)/.� /&� 4(%� 6/,4!'%� -%!352%-%.4� ).4/� 2%3)3;

4!.#%�� #522%.4� 3/52#%� 6!,5%3� /&� 
���	� ��� !.$� 	����� ��� !2%

53%$�� �(%3%� 3/52#%3� !2%� 02/'2!--!",%� 4/� "%� !",%� 4/� #(!.'%

2!.'%3� !.$� 452.� /&&� 4(%� 3/52#%�� �/4(� #522%.4� 3/52#%3� %8()")4

,/7� #522%.4� ./)3%� 4/� 02/6)$%� 4(%� .%#%33!29� ��;")4� 2%3/,54)/.�

�/� 054� !,,� 4()3� #!0!"),)49� ).� !� #)2#5)4� 4(!4� /##50)%3� /.,9� ���

315!2%� ).#(%3�� 7%� (!$� 4/� $%3)'.� !� #)2#5)4� 4(!4� 53%$� &%7� 0!243�

�%6%2!,� #)2#5)4� 4/0/,/')%3� 7%2%� 42)%$� !.$� $)3#!2$%$� &/2� 6!2);

/53� 2%!3/.3� "%&/2%� 4(%� &).!,� #)2#5)4� 7!3� $%3)'.%$�� �(%� &).!,

#)2#5)4� 3!4)3&)%3� !,,� 4(%� $%3)'.� '/!,3� 7)4(� !� -).)-5-� /&� 0!243

!.$� !� 3)-0,%� $%3)'.� �3%%� �)'�� ���� �4� #/.3)343� /&� !� 02%#)3)/.

02/'2!--!",%� #522%.4� 3/52#%� $2)6).'� !� ()'(;#/-0,)!.#%
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Input

150�
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–
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+
–
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Analog Switch

+
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Input

Analog Switch

+
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Switch
Control 30 k�

2 k�

1 k�

Reference
Voltage

–19V

+
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–
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