
�������������!

�


��������� ����#��������"� 
	#��#
	� 	����������  ���� ���
�������� � ��������� 	���������

(?� �/0'4� ��� �5.'4*+9

�����������

�4� ���� !/2/)54/>� /4:85*;)+*� :.+� !/����� 35452/:./)
9=/:).35*+� �%�� )54:8522+8� '4*� +9:'(2/9.+*� :.+� :8+4*
,58� 25=A65=+8�� ./-.A+,,/)/+4)?� *)A:5A*)� )54<+8:+89�
"./9� <+89':/2+� *+</)+� /4:+-8':+*� '� 4;3(+8� 5,� ;9+,;2
,+':;8+9�� /4)2;*/4-� '� 65=+8� ��!��"�� ./-.A<52:'-+
9:'8:� )/8);/:8?�� '4*� 25=� 65=+8� )549;36:/54�� ".+� 4+=
!/���
�� )54:8522+8� 6;9.+9� :.+� 2/3/:9� ,58
./-.A,8+7;+4)?� 65=+8� )54<+89/54� (?� ,;8:.+8� 8+*;)/4-
*+2'?� :/3+9� '4*� '**/4-� '**/:/54'2� ,+':;8+9�� �9� '� 8+9;2:�
*)A:5A*)� )54<+8:+89� )'4� (+� *+9/-4+*� ,58� ,8+7;+4)/+9� ;6
:5� ����@� =/:.� 9/362+� �%�� :56525-/+9� /49:+'*� 5,� :.+
)5362+>� 8+954'4:� 54+9�

".+� !/���
�� ;9+9� )549:'4:� ,8+7;+4)?� );88+4:� 35*+
)54:852�� �?� /4)8+'9/4-� :.+� )54<+89/54� ,8+7;+4)?�
65=+8� 9;662?� *+9/-4+89� =/22� (+� '(2+� :5�

� 8+*;)+� :.+� 9/@+� 5,� +4+8-?� 9:58'-+� )53654+4:9

� /4)8+'9+� 8+2/'(/2/:?� (?� ;9/4-� )+8'3/)� )'6')/:589

�685*;)+� '4� '22A9;8,')+A35;4:� '99+3(2?� 952;:/54

� 25=+8� 9?9:+3� )59:9

� 9/362/,?� :.+� /362+3+4:':/54� 5,� '� */9:8/(;:+*� 65=+8
'8)./:+):;8+�

��������� !/���
�� �25)1� �/'-8'3

 

�

�

�

�

�

�

�

�

�

�

�� ����

�!�

��$

 +,
�+4

 

!
�

�����$

#4*+8<52:'-+
����$

����$

!!

�8858
�362/,/+8

$��

�$��

 �!� ��!�


��� $

��� ��

�5)15;:

$ ��

�#  ��"�!��!�

�$��

� �$� 

�#"�#"

!�#"��%�

�$��

!
�

��


��� $

�!�
�;:

�4'(2+

!&��

� �

�

�




	



�


�

��

��

�

� � �	 �� � �

��� ��

!;(9:8':+

�� �




���� �����! �'



 4$',6,10$..;�� ',564,%76('� 219(4� +$5� %((0� 4(*$4'('� $5
&156.;� $0'� ,/24$&6,&$.� 61� ,/2.(/(06� '7(� 61� 6+(� +,*+
&156� 1)� .1&$.� 219(4� &108(45,10� $0'� 6+(� 2(4&(,8('
&1/2.(:,6;� 1)� 4(510$06� 219(4� 5722.,(5	� �76� 6+(5(
'(&,5,10� &4,6(4,$� $4(� 019� %(,0*� &+$0*('� %;� 6+(
$8$,.$%,.,6;� 1)� 5/$..=176.,0(� &10641.� ��5�� ��  ��
��� �� ����� 5�� &(4$/,&� &$2$&,6145�� $0'� 0(9
/$*0(6,&� &1/210(065	

�& �%�! ��� �$�#�"%�! � !�� %��� ��	���


�������� ���� �! %#!���#

 +(� �,������ &10641..(4� ,5� 5,/,.$4� ,0� &10),*74$6,10� 61
6+(� �,����	� �6� 75(5� $� 64$',6,10$.� &1056$06� )4(37(0&;
&744(06� /1'(� &10641.�� 6+(� /156� &1//10.;� 75('
$4&+,6(&674(	�  +(� '76;� &;&.(� ,5� .,/,6('� 61� .(55� 6+$0� ���
61� $81,'� 241%.(/5� 9,6+� &14(� 4(5(6	

�744(06� /1'(� &10641.� ,5� 24(5(06.;� 6+(� '(=)$&61
56$0'$4'� )14� �#�� &10641.� &,4&7,65	� �0'(('�� ,6� ,5� 6+(
10.;� &$0','$6(� 6+$6� 5+17.'� %(� &105,'(4('�� *,8(0� ,65
/$0;� $'8$06$*(5�

��;&.(� %;� &;&.(� &744(06� .,/,6� 2416(&6,10

��,/2.(� .112� &1/2(05$6,10�� (.,/,0$6,0*� ())(&6� 1)
176276� ,0'7&614

��:&(..(06� )$56� 64$05,(06� 4(52105(� '7(� 61� ,00(4
&10641.� .112

��761/$6,&� ,0276� 81.6$*(� )(('=)149$4'
&1/2(05$6,10

�� � �� (� ����� �!�%���� �#�(���&��%!#

�..� 59,6&+/1'(� 219(4� 5722.,(5� )$&(� $� 56$46=72� 241%.(/
&$75('� %;� 6+(� .$4*(� ',))(4(0&(� %(69((0� ��� %75� 81.6$*(
$0'� 6+(� "��� 219(4� 4$,.� )14� 5722.;,0*� 6+(� &10641.
&,4&7,6	�  +(� 64$',6,10$.� 6(&+0,37(� +$5� %((0� 61� -((2� 6+(
&10641.� &,4&7,6� ,0� <5.((2� /1'(��� 9+,.(� $� 5/$..� $/1706
1)� (0(4*;� ,5� 75('� 61� <612� 72�� $� .$4*(� (017*+� (.(&641.;6,&
&$2$&,614� 61� *(6� 6+(� &,4&7,6� 56$46('	� #+(0� 6+(� &,4&7,6
56$465� 12(4$6,0*�� $� 9,0',0*� 10� 6+(� 64$05)14/(4� ,5� 6+(0
75('� 61� 219(4� 6+(� &10641.� &,4&7,6	� �,5$'8$06$*(5� 9,6+
6+,5� 6;2(� 1)� &,4&7,6� ,0&.7'(� '(.$;('� 56$46=72� $0'� .$4*(
4(37,4('� &$2$&,6$0&(5� )14� *7$4$06(('� 12(4$6,10� 18(4
6+(� )7..� 81.6$*(� 4$0*(	�  +(� �,������ 18(4&1/(5� 6+(5(
241%.(/5� %;� 75,0*� .19� 219(4� &1057/26,10�
�,�
����� &,4&7,64;�� $0'� $� 70,37(� +,*+=81.6$*(
'(2.(6,10� /1'(� ����� 	� ��((� �,*74(�	�

#+(0� 219(4� ,5� ),456� $22.,('�� 6+(� '(2.(6,10� 64$05,5614� ,5
10�� $0'� &744(06� ).195� )41/� 6+(� ,0276� &$2$&,614� ���� ,061
6+(� "��� &$2$&,614� �"��� 706,.� "��� 4($&+(5� �	�"	�  +(
&108(46(4� 64$05)14/(4� 9,..� 6+(0� 5722.;� 6+(� "��

6+417*+� $� %,$5� 9,0',0*�� 9+,&+� 9,..� 4$,5(� "��� 61� $� .(8(.
+,*+(4� 6+$0� �	�"	� �'($..;� 6+,5� 9,..� %(� %(69((0� ��� $0'
��� "�� 6+75� 6740,0*� 1))� 6+(� +,*+=81.6$*(� '(2.(6,10� /1'(
����� 	�  +(� �	="� 6+4(5+1.'� +$5� $� +;56(4(5,5� 1)� ���
/"� 61� 24(8(06� 15&,..$6,105� 9+(0� 6+(� 64$05,6,10� 81.6$*(
,5� 016� &.($4.;� '(),0('� 14� 9+(0� +,*+=.,0(� 5722.;
,/2('$0&(� ,5� (0&1706(4('	

���&#���� �6$46� �,4&7,6

�

�

�

�

 4$05)14/(4� #,0',0*"��

 1� �06(40$.� �,4&7,65

�"��

�"��

�	� "

�	� "

���� /"

!"��
���

�"��



	������������

�

�46� &551.(&8.437� ;-*6*� 8-*� .3598� )(� :418&,*� .7� 348� -.,-�
&3)� 8-*� (-.5� 54;*6� (4379258.43� .7� 348� *<(*77.:*�� 8-*
+**)'&(0� ;.3).3,� (&3� '*� *1.2.3&8*)�� �3� 79(-� (&7*7�� 8-*
56*>6*,91&846� (.6(9.8� ;.11� '*-&:*� /978� 1.0*� &� 1.3*&6
6*,91&846� ;.8-� ��
>"� 498598� &3)� 	�>0�� 7*6.*7
6*7.78&3(*�� �3� 8-.7� (&7*�� 8-*� 5&6&2*8*67� 84� '*
(437.)*6*)� &6*� 8-*� )645498� :418&,*� &8� 14;*78� 1.3*
(43).8.43� &3)� 8-*� 54;*6� ).77.5&8.43� &8� -.,-*78� :418&,*�
 -*� -.,->:418&,*� )*51*8.43� 24)*� ����� � (438&.37
&3� .38*63&1� '4)=� ).4)*�� &3)� .3� 7.89&8.437� ;-*6*� 8-*� "��

.7� '*.3,� 54;*6*)� +642� &� 1&'46&846=� 79551=�� (&6*� 2978
'*� 8&0*3� 84� &:4.)� 14&).3,� 8-*� �"��� 6&.1� '*=43)� 8-*
(966*38� 6&8.3,� 4+� 8-.7� )*:.(*��  =5.(&11=�� 8-*� 6*:*67*
(-&6&(8*6.78.(7� 4+� 8-*� )*:.(*� ;.11� ,*3*6&8*� &� :418&,*� 4+
����"� 43� �.3� 	� ;.8-� 	�� 0�� 14&)� ;-*3� 54;*6.3,� "��

+642� &� 1&'� 79551=�

�3� 742*� &551.(&8.437� .8� .7� 3*(*77&6=� 84� .3-.'.8� 8-*� 78&68
4+� &� (43:*68*6� 938.1� &� -.,-� *349,-� :418&,*� .7� 56*7*38� 43
8-*� 79551=� '97��  -.7� .7� 8-*� (&7*� +46� 8-*� +4114;.3,
6*&7437�

��.6(9.86=� +*)� +642� &� -.,-� 1.3*� .25*)&3(*� 79(-� &7� &
8*1*5-43*� 1.3*� ;.11� -&:*� ).++.(918=� 78&68.3,�� 7.3(*� 8-*
(43:*68*6� ;.11� '*-&:*� 1.0*� &� 3*,&8.:*� .25*)&3(*�
�7� 8-*� ��� :418&,*� )*(6*&7*7�� 8-*� .3598� (966*38
.3(6*&7*7� '*(&97*� (4378&38� 54;*6� .7� )6&;3��  -.7
(&97*7� 7*:*6*� 47(.11&8.437�� &3)� (&3� .3� 742*
.378&3(*7� -&:*� &� )*7869(8.:*� *++*(8� 43� 8-*
(43:*68*6�� � $�%

��96.3,� 78&68>95�� 8-*� �.�		��� ;.11� '*,.3� 45*6&8.43
&7� 7443� &7� 8-*� !"��� 8-6*7-41)� .7� 6*&(-*)�� �.3(*
8-*� (43:*68*6� .7� )*7.,3*)� 84� 45*6&8*� 4:*6� &� 29(-
-.,-*6� 6&3,*?+46� *<&251*�� +642� ��� 84� �
� "?8-*3
'*8;**3� 	�� &3)� ���"� .3598� 8-*� 498598� :418&,*� ;.11
'*� 498� 4+� 6*,91&8.43� &3)� 93)*+.3*)�� �3� 742*� (&7*7�
).,.8&1� (.6(9.86=� ;.11� 348� &((*58� 8-.7� 24)*� 4+
45*6&8.43�� &3)� 7=78*2� +&9187� ;.11� '*� *3(4938*6*)
;.8-498� &� ���� � ;&8(-)4,� (.6(9.8�

 4� 4:*6(42*� 8-*7*� 564'1*27�� &� #*3*6� ).4)*� 4+� 79.8&'1*
:&19*� "#� (&3� '*� 51&(*)� .3� 7*6.*7� ;.8-� 8-*� �".3� 5.3�
56*:*38.3,� 78&68>95� 938.1� "#� �� ��
� "� .7� 6*&(-*)�

���� ��� �������

 -*� 7-98)4;3� 5.3� .7� (43+.,96*)� 84� &114;� +&78� 1&8(-*)
8*62.3&8.43� 4+� 8-*� 498598� 5917*��  -*� )*1&=� +642
7-98)4;3� 84� 498598� .7� 8=5.(&11=� ���� 37��  -.7� )*1&=� .7
7-468� *349,-� 84� &114;� 8-.7� 5.3� 84� '*� 97*)� +46
4:*6>:418&,*� &551.(&8.437� ;-*6*� +&78� 46)*61=� 7-98)4;3
.7� )*7.6&'1*�� +46� *<&251*�� ;-*3� (438641� 4+� 8-*� +**)'&(0
1445� .7� 1478�

!7.3,� &3� 4584>(4951*6� &3)� &�  ���	�� .38*6+&(*� .7� *&7=�
��**� �.,96*����� �3(*� 1&8(-*)�� 8-*� 7-98)4;3� (&3� 431=
'*� 6*7*8� +642� 8-*� !"��� (.6(9.8� '=� 6*>(=(1.3,� 8-*
54;*6�� �3� 8-*� *:*38� 4+� &3� 4:*6>:418&,*�� 8-*� 1&8(-� (&3� '*
6*7*8� '=� 242*38&6.1=� 5911.3,� 8-*� "��� 84� &� :&19*� 14;*6
8-&3� 8-*� !"��� 8-6*7-41)�


�������� �-98)4;3

!">�4;

�

�

�


�� ��

"��

�



�

�




	

��

���

���

 ���	
Si9114A

Vout



���� ��������#

�

�()3� !002/!#(� 7),,� '%.%2!,,9� "%� !##%04!",%�� 3).#%� 4(%
&%%$"!#+� 7).$).'� 7),,� ./4� "%� 3500,9).'� 0/7%2�� !.$� 4(%
/.,9� 0/7%2� -!).4!).).'� 4(%� ,!4#(� 7),,� "%� 3500,)%$� "9
4(%� $%0,%4)/.� 34!24� 42!.3)34/2�� �/4%�� (/7%6%2�� 4(!4� 4()3
!#4)/.� 7),,� 34),,� "%� 35"*%#4� 4/� 4(%� 0/7%2� $)33)0!4)/.
,)-)43� /&� 4(%� �)�		��� 0!#+!'%� !.$� 3(/5,$� )$%!,,9� "%
!00,)%$� !3� !� 3(/24� &!34� 05,3%�

���� ��� ���������

�(%� 2%&%2%.#%� 6/,4!'%� )3� !� &5,,9� "5&&%2%$� "!.$� '!0� 490%
7()#(� #!.� 3/52#%� �� -�� /6%2� 4(%� 30%#)&)%$� 6/,4!'%
4/,%2!.#%� 2!.'%�� �(%� 2%&%2%.#%� 3(/5,$� "%� 7%,,
$%;#/50,%$� 4/� 02%6%.4� ).34!"),)49� !.$� *)44%2�� �� #%2!-)#
	��� .�� /2� 3-!,,� 4!.4!,5-� )3� 2%#/--%.$%$�� $%0%.$).'
/.� 4(%� $%;#/50,).'� 02%3%.4� /.� 4(%� 3500,9� 0).3�

���"����� �0%2!4)/.!,��-0,)&)%2

�

�

���

��� 

�/&4
�4!24

	��� +�

�/-0

��� � ��� 	� �� 
�� ������ ��������

�(%� %22/2� !-0,)&)%2� #/.3)343� /&� !� ����� ).054� &/,$%$
#!3#!$%� '!).� 34!'%� &/,,/7%$� "9� !� #,!33� ��� 5.)49� '!).
!-0,)&)%2�� � �90)#!,� /0%.� ,//0� 6/,4!'%� '!).� )3� ��� $��� !.$
5.)49� '!).� "!.$7)$4(� )3� 490)#!,,9� 
��� ��:�� �(%� 3/&4
34!24� #)2#5)4� �3%%� �).��� $%3#2)04)/.�� &/2#%3� 4(%� /54054� 4/
7)4().� ����  � !"/6%� '2/5.$�� !.$� !$$)4)/.!,� #,!-0
$)/$%3� ,)-)4� 4(%� 0/3)4)6%� /54054� %8#523)/.� 4/� 7)4().

8 ��� !"/6%�  ���� �� �0%2!4)/.� !4� ()'(� &2%15%.#9
!,,/73� ()'(� #,/3%$� ,//0� "!.$7)$4(3� !.$� 0%2-)43
%8#%,,%.4� 42!.3)%.4� 2%30/.3%� 4/� "/4(� ).054� !.$� /54054
#(!.'%3�� �.$%2� ./2-!,� /0%2!4)/.�� !� 3-!,,� 	��� 0�
"90!33� #!0!#)4/2� )3� 2%#/--%.$%$� &2/-� ��� � 4/� �/-0
4/� ).#2%!3%� ()'(;&2%15%.#9� ./)3%� 2%*%#4)/.�� �()3
3(/5,$� "%� #!,#5,!4%$�� (/7%6%2�� ).� #/.*5.#4)/.� 7)4(� 4(%
,//0� $9.!-)#3�

���� ��� ���!� �!��!

�(%� 3/&4� 34!24� #)2#5)4� )3� $%3)'.%$� 4/� (%,0� $#;4/;$#
#/.6%24%23� 34!24� ).� !.� /2$%2,9� -!..%2� !.$� 2%$5#%
#/-0/.%.4� 342%33�� �(%� /54054� /&� 4(%� %22/2� !-0,)&)%2� )3
#,!-0%$� "9� !� ���� 42!.3)34/2�

�(%� %84%2.!,� #!0!#)4/2� ���� )3� 3500,)%$� "9� !� 
�;��
#522%.4� 3/52#%� !.$� 7),,� #(!2'%� ,).%!2,9� 4/� ��� �� �.� 4(%
%6%.4� /&� !.� 5.$%2;6/,4!'%� ,/#+/54� �/2� $52).'� 34!24;50��
4()3� #!0!#)4/2� )3� (%,$� ,/7�

���"���	� �/&4� �4!24

�%%$"!#+

�/-0!2!4/2

� ;,/7

 ���

���  


�� ��

���

�22/2� �-0




�������������



��������� �6'-//%725

�	

�	

"���

�


�


�


�	 �


��

�#	

�	

� 

� 

!	

� �

�

���

�$��

�2*7� 67%57� -6� %� 9)5<� -03257%17� *)%785)� %1(� ,%6� 0%1<
&)1)*-'-%/� )**)'76�� )63)'-%//<� -1� %33/-'%7-216
'211)'7-1+� 72� 7)/)'20� /-1)6� :,)5)� 6285')� -03)(%1')6
%5)� ,-+,�� �1� 68',� '%6)6�� 7,)5)� -6� %1� -1-7-%/� 67%57>83
'855)17� '%86)(� &<� 7,)� -1387� '%3%'-725�� *2//2:)(� &<� %
6)'21(%5<� 3)%.� '%86)(� &<� 7,)� '219)57)5� 5811-1+� %7
0%;-080� (87<� '<'/)� :,-/)� 75<-1+� 72� 5)%',� 5)+8/%7-21�
#,)5)� /%5+)� 287387� '%3%'-7%1')6� %1(� 3)%.� /2%(6� %5)
)1'2817)5)(�� 26'-//%7-216� 0%<� 2''85��  ,)6)� '%1� &)
35)9)17)(� :-7,� 7,)� 86)� 2*� /21+� 62*7� 67%57� 7-0)6��  ,)� 62*7
67%57� 3-1� '%1� %/62� &)� 86)(� %6� %� 121>/%7',-1+� 6,87(2:1
3-1� &<� '211)'7-1+� -7� 72� �"����  ,-6� %3352%',� %//2:6� %
6,87(2:1� :-7,� 62*7� 5)>67%57�

����� �� ���� 	� �� ���������

 ,)� 26'-//%725� '-5'8-7� 86)6� );7)51%/� 7-0-1+� '20321)176
� � %1(� � �� �1� -17)51%/� (-9-()>&<>7:2� 35)9)176� 38/6)6
:-7,� +5)%7)5� 7,%1� ��� (87<� '<'/)�� 62� 7,%7� '25)
6%785%7-21� '%1� &)� %92-()(�� #,)1� 7,)� � � 7)50-1%/� -6
'211)'7)(� 72� "���� '203%5%725� �
� (-6'211)'76� 7,)
26'-//%725� 287387� *520� 7,)� �$��� 7)50-1%/� 86-1+� �#	�
%1(� %//2:6� %1� );7)51%/� 26'-//%725� '-5'8-7� 72� 7%.)� '21752/
2*� 7,)� '855)17� 02()� '203%5%725� '-5'8-7�

 ,)� '855)17� 352+5%00)(� &<� � � ()*-1)6� 7,)� ',%5+-1+
'855)17� 2*� � � %1(� 7,)� 21� %1(� 2**� 7-0)6� :-7,� 7,)
*2//2:-1+� ()6-+1� )48%7-216�

 ��=�=
	��
= ;= � = ;= � 

�

 ���=�= = ;= �4/= ;= � 

����=�=
	



= ;=

	

� ��=�=  ����

�	�

�
�

���

:,)5)� �4/� �� 
� �

�'78%/� 9%/8)6� 7%.)1� *520� %� 352727<3)� &2%5(� ,%9)
&))1� 3/277)(� ��-+85)� ���� %1(� %5)� %� '/26)� 0%7',
�);')37� *25� ��� 3��� :,)5)� 675%<� 3%5%6-7-'6� ,%9)� 025)
6-+1-*-'%17� )**)'7��

(k
H

z)
f O

U
T

����� � �.��

1000

10

100

10
100 1000

�27)�  ,)6)� '859)6� :)5)
0)%685)(� -1� %� &2%5(� :-7,
��� 3�� 2*� );7)51%/� 3%5%6-7-'
'%3%'-7%1')�

��������� �6'-//%725��5)48)1'<��)/)'7-21

47 pF

200 pF

100 pF
150 pF



	���� ��������

�

)��

%�
��� 5

�)��
�� ��

�'

�)�"

%>

�>

%'
��� 5

&*�

&*�� �69=0/� �� �<0;?08.C� �423
&*�� #:08� �� �<0;?08.C�  9A


�������� �<0;?08.C� &341>482� (=482� %>� �?<<08>� �3,820

��

�8� .0<>,48� .4<.?7=>,8.0=�� =?.3� ,=� .?<<08>� 6474>482�� 4>
7,C� -0� /0=4<,-60� >9� .3,820� >30� 1<0;?08.C� 91� >30
.98@0<>0<� 19<� ,� :0<49/� 91� >470� >9� 9@0<.970� .?<<08>� >,46=
�=00� �42?<0� ��� 19<� 1?<>30<� 0B:6,8,>498�	� *4>3� >30
&4������� >34=� 4=� 0,=46C� /980� -C� ,//482� 9<� =?-><,.>482
=970� .?<<08>� 48>9� >30� %'� >0<748,6�

�'30� .3,<2482� .?<<08>� 48� �'� 4=� =0>� -C� ���� %'	

�'30� @96>,20� ,>� >30� %'� >0<748,6� 4=� �� )�� ,=� =?::640/� -C
,8� 48>0<8,6� 074>>0<� 19669A0<� 1<97� >30� <010<08.0	

'30� 1<0;?08.C� .,8� -0� .3,820/� 0,=46C� -C� =?::6C482
=970� 91� >30� .?<<08>� 48>9� %'� 1<97� >30� )��� <,46�� >3?=
E=>,<@482�� >30� 48>0<8,6� .?<<08>� =9?<.0�� ,8/� =69A482
>30� 1<0;?08.C� /9A8	

'30� .?<<08>� 48� %'� 4=� =0>� -C� )� �� �%� A30<0� )� �� �� )� ,8/
%� �� %'	� (=482� ,� /49/0�� ,8/� =970� >C:0� 91� =A4>.3�� >30
1<0;?08.C� .,8� -0

0,=46C� .3,820/�� A308� &*�� 4=� .69=0/�� ��� 4=� <0@0<=0
-4,=0/�� ,8/� 3,=� 89� 0110.>� 98� %'	� *308� &*�� 4=� 9:08�
.?<<08>� 169A=� >3<9?23� %�� ,8/� ��� 48>9� %'� ,8/� <079@0=
=970� 91� >30� .?<<08>� =?::640/� -C� >30� 48>0<8,6� 074>>0<
19669A0<	

���� ��� �� ��������������

'30� ����� 48:?>� ,669A=� 9:0<,>498� 1<97� ,� 7,=>0<� .69.5
,=� >30� .9880.>498� 4=� 7,/0� ,1>0<� >30� /4@4/0F-CF>A9	� �=
,� <0=?6>�� =C8.3<984D,>498� 48� -9>3� 1<0;?08.C� ,8/� :3,=0
4=� :9==4-60	� '34=� ?84;?0� 10,>?<0� 4=� 47:9<>,8>� >9� =C=>07=
/0=4280<=� A39� ?=0� 7?6>4:60� .98@0<>0<=�� A30<0� 894=0
.,?=0/� -C� ,8� ?8=C8.3<984D0/� E-0,>482�� 0110.>� 4=
:<0=08>� ,8/� .,?=0=� /4114.?6>� �!�
�!�� :<9-607=	� �1� ,8
0B>0<8,6� .69.5� 4=� ?=0/�� /?>C� .C.60=� 91� ����� ,<0� :9==4-60
/?0� >9� >30� :9=4>498� 91� >30� ����� :48� �� ,1>0<� >30
/4@4/0F-CF>A9	� *30<0� ����� .98/?.>498� 4=� ?=0/�� .9<0
<0=0>� 7?=>� -0� ,669A0/�� 48� 9</0<� >9� :<0@08>� .9<0
=,>?<,>498	� &C8.3<984D,>498� 4=� 48� 7,=>0<
=6,@0� 79/0�
A4>3� 980� /0@4.0� �>30� E7,=>0<��� =0>>482� >30� =A4>.3482
1<0;?08.C� ,8/� 9>30<=� �>30� E=6,@0=��� A4>3� /4=,-60/
9=.466,>9<=� 69.50/� >9� 4>	� �6>0<8,>4@06C�� ,66� /0@4.0=� .,8� -0
.69.50/� ?=482� ,� 7,=>0<� 9=.466,>9<	

�?<482� =6,@0� 79/0�� >30� ?8?=0/� �'� :48� =39?6/� -0
.9880.>0/� >9� 2<9?8/�� ,8/� >30� %'� >9� )��	


�������� #=.466,>9<� &C8.3<984D,>498

�)�"

&��

)%��

"�

��

�#!$

&&

)��

&08=0

#?>

�)�"

&+"�

�#&�

%#&�

�����	

��

��

�

��

��

�

�

�



�

�

�

�

�

�)�"

&��

)%��

"�

��

�#!$

&&

)��

&08=0

#?>

�)�"

&+"�

�#&�

%#&�

�����	

��

��

�

��

��

�

�

�



�

�

�

�

�

�)�"

&��

)%��

"�

��

�#!$

&&

)��

&08=0

#?>

�)�"

&+"�

�#&�

%#&�

�����	

��

��

�

��

��

�

�

�



�

�

�

�

�

%>
�>

��� �� ���



��
����������"

�

���� ��� �� ���� �	� ����� �� �

".+9+� 6/49� '8+� ;9+*� ,58� 65=+8/4-� :.+� !/������ '4*
9.5;2*� )549+7;+4:2?� (+� =+22� *+A)5;62+*�� �4� 9+2+):/4-
:.+� 8/-.:� *+A)5;62/4-�� :.+� ��!��"� -':+� *8/<+
8+7;/8+3+4:9� 9.5;2*� (+� )549/*+8+*�� '9� :.+� *+A)5;62/4-
)'6')/:58� =/22� '295� .'<+� :5� 9;662?� :.+� 8+7;/8+*� 6+'1
);88+4:�� �+4+8'22?� 96+'1/4-�� :.+� (+9:� )53(/4':/54
=5;2*� (+� '� �A� :5� ��A��� +2+):852?:/)� ,58� (;21� +4+8-?� '4*
'� ���A4�� )+8'3/)� ,58� ./-.A,8+7;+4)?� (?6'99�� ".+� $��
8'/2� 9.5;2*� (+� )'8+,;22?� 5(9+8<+*� ':� :.+� 9=/:).� 54� '4*
5,,� 5));88+4)+9� ;9/4-� ��� *+A)5;62/4-�� '4*� :.+� 6+'1
<52:'-+� 96/1+9� 9.5;2*� (+� 3+'9;8+*�� ".+9+� 9.5;2*� (+
2+99� :.'4� 	���3$�� �>)+99/<+� 45/9+� 54� :.+� $��� =/22
'66+'8� 54� 5:.+8� 6/49� '4*� 3'?� )';9+� /49:'(/2/:?� 58� 0/::+8
54� :.+� )54:852� ='<+,5839�

���� ��� #� � �� �� ��!��

".+� 5;:6;:� *8/<+8� ;9+9� )5362+3+4:'8?� �A� '4*
�A).'44+2� 5;:6;:� 9:'-+9�� =/:.� (8+'1A(+,58+A3'1+
)'6'(/2/:?�� 68+<+4:/4-� 9.55:A:.85;-.� )54*;):/54�� ".+
5;:6;:� /9� :?6/)'22?� )'6'(2+� 5,� 95;8)/4-� ���� 3�� '4*
9/41/4-� ���� 3��� %.+4� *8/</4-� 65=+8� ��!��"9�
8+3+3(+8� :.':� :.+� 8+2+<'4:� 6'8'3+:+8� ,58� 9/@/4-� :.+
*8/<+� 8+7;/8+3+4:9� /9� :.+� :5:'2� -':+� ).'8-+� ,58� :.+
'662/+*� <52:'-+�� 45:� :.+� )533542?� ;9+*� /46;:
)'6')/:'4)+�� ��!!�� %.+4� *8/</4-� '� ��!��"� /4
)53354� 95;8)+� 35*+�� :.+� �/22+8� +,,+):� =/22
9/-4/,/)'4:2?� ',,+):� :.+� *8/<+� ='<+,583� '662/+*� :5� :.+
-':+�� /4� 6'8:/);2'8�� =.+4� :.+� *8/</4-� 95;8)+� /36+*'4)+
/9� ./-.� +45;-.� ��/-;8+� ����

�9� :.+� <52:'-+� /9� '662/+*� :5� :.+� -':+�� :.+� 68+</5;92?
).'8-+*� �-*� =/22� 4++*� :5� */9).'8-+�� '4*� =/22� :.;9
56659+� :.+� '662/)':/54� 5,� '4?� <52:'-+� :5� $-9�� �'4?
*+9/-4+89� )533542?� 5<+8+9:/3':+� :.+� *8/<+
8+7;/8+3+4:9� 5,� :.+� ��!��"� '4*� )';9+� +>)+99/<+
45/9+� /4� :.+� )54<+8:+8� (?� 5<+8*8/</4-� :.+� ��!��"�� "5
68+<+4:� :./9�� *+9/-49� :?6/)'22?� 8+7;/8+� 94;((+89� 58
5:.+8� '**/:/54'2� 45/9+� '::+4;':/54� *+</)+9�� ".+
<52:'-+� :.':� =/22� (+� '662/+*� :5� :.+� *8'/4� 0;9:� 68/58� :5
*8/</4-� 5,� :.+� -':+� =/22� 4++*� :5� (+� )549/*+8+*�� �4
68'):/)+�� 359:� 3'4;,'):;8+89� '8+� ;4'(2+� :5� 6;(2/9.
:./9� *':'� ,58� '22� <52:'-+9�� 95� *+9/-4+89� 9.5;2*� ;9+� :.+
);8<+� 4+'8+9:� :5� :.+� '):;'2� <52:'-+� '662/+*�

".+� !/��	��&� ��""��� ���"� ��!��"� /9� *+9/-4+*
96+)/,/)'22?� ,58� )54<+8:+89� /4� :.+� �A� :5� 	�A%� 65=+8
8'4-+�� �:� .'9� '� 	��A$� $�!� 8':/4-� =/:.� �A�� 8�!�54��� #9/4-
:.+� �':+� ).'8-+� );8<+�� ,58� '� -':+� *8/<+� 5,� �	� $� ,853
:.+� !/������� :.+� :5:'2� -':+� ).'8-+� ,58� ���A$� $�!� =/22
(+� ��� 4��� �853� �� �� /� >� :�� /:� /9� +'9?� :5� *+*;)+� :.':� =/:.
���� 3�� -':+� *8/<+�� '� :/3+� 5,� ���49� =/22� (+
5(:'/4+*B=./).� /9� 358+� :.'4� '*+7;':+� ,58� :./9� 9/@+
��!��"�� "5� 9;662?� ����3��� :.+� -':+� *8/<+� )/8);/:
8+9/9:58� =/22� 4++*� :5� (+� �	� $����� 3�� �� 
���� � � ��/-;8+� ����

���� ��� #� � ������ �����

".+� );88+4:� 9+49+� )536'8':58� 6+8,5839� :.+� );88+4:
35*+� )54:852� ,;4):/54� (?� )536'8/4-� :.+� 5;:6;:� 5,� :.+
+8858� '362/,/+8� �$��� =/:.� :.+� );88+4:� /4� :.+� 5;:6;:
/4*;):58�� �:� /9� /368'):/)'2� :5� 3+'9;8+� :.+� 5;:6;:
/4*;):58� );88+4:�� (;:� :.+� 8/9/4-� 9256+� 5,� :.+� );88+4:� )'4
9;662?� '22� :.+� 4+)+99'8?� /4,583':/54� /,� 9'362+*� /4� :.+
��!��"� '9� '� 9)'2+*� +7;/<'2+4:�

��� ������

�8'/4

!5;8)+

�8/<+

 -':+

�-*

��!

�-9

��� ������ !/��	��&� �':+� �.'8-+

	�

� � � �	 �

�

�	

�

�

�

"5:'2� �':+� �.'8-+� ��-�

�
'
:+
A:
5
A!
5
;
8)
+
�$
5
2:
'
-
+
��
$
�

$�!� �� ���� $



	���� ��������

�


��������� �/.34!.4� �2%15%.#9� �522%.4� �/$%� �/.42/,

���

��

�

�
	

������

��

�

)�

����

)�

)��

��

��

�%24!).� 02%#!54)/.3� !2%� .%#%33!29�� (/7%6%2�� $5%� 4/
$!4!� $)34/24)/.�� ./)3%�� !.$� 4(%� 2!2)49� /&� )$%!,� /0%2!4).'
#/.$)4)/.3�

�%.3%$� #522%.4� 7!6%&/2-3� /&4%.� (!6%� ,%!$).':%$'%
30)+%3� /2� ./)3%� #!53%$� "9� 2%6%23%� 2%#/6%29� /&� 2%#4)&)%23�
%15)6!,%.4� #!0!#)4)6%� ,/!$).'� /.� 4(%� 3%#/.$!29�� !.$
).$5#4)6%� #)2#5)4� %&&%#43�� �.$5#4)6%� 3%.3%� 2%3)34/23� -534
./4� "%� 53%$�� !3� 4(%9� #!53%� ,!2'%� $!-!').'� 30)+%3� !.$
$)34/24� 4(%� 3%.3%$� 7!6%&/2-3�� �(%3%� 30)+%3� #!.
#/.&53%� 4(%� ���� #/-0!2!4/2� ).4/� "%,)%6).'� 4(!4� !.
/6%2,/!$� #/.$)4)/.� )3� 02%3%.4�� �.� !$$)4)/.�� 4(%
�)���
� 53%3� !� 3).',%� 0).� ���).�� &/2� !,,� 4(%� 2%452.
#522%.4� 2%15)2%-%.43�� ).#,5$).'� 4(%� /54054� $2)6%2�� 3
!� 2%35,4�� 4(%� #522%.4� 05,3%� &2/-� 4(%� '!4%� #(!2'%� 42!.3&%2
).4/� 4(%� ������� 7),,� !00%!2� /.� 4(%� 3%.3%� 0).� !.$� "%
&),4%2%$�/54�

�!6%&/2-� � (!3� !.� )$%!,� 4%84"//+� !00%!2!.#%�� "54� )3
).� &!#4� 2!2%,9� %.#/5.4%2%$�� �!6%&/2-3� �� !.$� �� !2%
490)#!,� 9%4� #,/3%� 4/� � 4(%� 4(2%3(/,$� ,)-)4�� !.$� � 4(53� � #/5,$
,%!$� � 4/� ).34!"),)49�� � �(%� !$$)4)/.� /&� !� 3)-0,%� ��
.%47/2+� /.� 4(%� 3%.3%$� 7!6%&/2-� 35002%33%3� 4()3
,%!$).':%$'%� 30)+%�� �(%� ,/7� 0!33� &),4%2� 3(/5,$� "%
3%,%#4%$� 3/� 4(!4� /.,9� 4(%� ,%!$).':%$'%� 30)+%� )3
35002%33%$� !.$� 4(%� /6%2!,,� 7!6%&/2-� )3� ./4� $)34/24%$�
�(%� 7!6%&/2-� -534� #/.4!).� !� #,%!.� 2)3).'� 3,/0%� &/2� 4(%
%22/2� !-0,)&)%2� 4/� ).4%23%#4�� �&� 4(%� ��� 4)-%� #/.34!.4� )3
4//� ,/.'�� 4(%.� 4(%� 7!6%&/2-� 7),,� "%� $)34/24%$� !.$� ,%!$
4/� &!,,).':%$'%� *)44%2� /.� 4(%� 452.:/&&� %$'%�

�,/0%� #/-0%.3!4)/.� #!.� !,3/� "%� 53%$� 4/� %,)-).!4%
./)3%� /2� *)44%2�� � 3!-0,%� /&� 4(%� /3#),,!4/2� 6/,4!'%� )3
350%2)-0/3%$� /.� 4(%� %22/2� !-0,)&)%2� 4/� 02/$5#%� !
#,%!.� #2/33).'� /&� 4(%� 4(2%3(/,$3� !.$� � 4/� !6/)$� !.9
(5.4).'�� � �	 


��������� �522%.4��!6%&/2-3

 � �


��������� �522%.4� �%.3%� �),4%2).'� �%47/2+



�������������"

�

�(%� �)�

��� (!3� "5),4<).� ,%!$).'<%$'%� ",!.+).'�
35002%33)/.� 4/� %,)-).!4%� 3/-%� /&� 4(%� %&&%#43� /&� 4(%3%
30)+%3�� �(%� 47/� #/-0!2!4/23� #/-0!2!4/23� 53%$� 4/
/0%2!4%� 4(%� #)2#5)4� (!6%� $)&&%2%.4� $%,!9� 4)-%3� !3
&/,,/73�

��(%� #522%.4� -/$%� #/-0!2!4/2� .%%$3� -/2%� ./)3%
)--5.)49�� !.$� 4(%2%&/2%� (!3� !� $%,)"%2!4%,9� 3,/7%2
$%,!9� 4)-%� 4/� ",/#+� /54� ./)3%� !.$� 30)+%3� 7()#(� !2%
02%3%.4� /.� 4(%� ,%!$).'� %$'%�� �90)#!,� $%,!9� 4)-%3
3(/5,$� "%� !2/5.$� 
		�.3�

��(%� 0%!+� #522%.4� ,)-)4).'� #/-0!2!4/2� (!3� 4(%
&!34%34� 2%30/.3%� 4)-%�� 3).#%� )4� )3� 53%$� /.,9� 4/� 02/4%#4
4(%� #)2#5)4� ).� 4(%� %6%.4� /&� !.� /6%2,/!$�� �(%� $%,!9
4)-%3� &/2� 4()3� #/-0!2!4/2� 3(/5,$� "%� !2/5.$� �	� .3�

����$���� ���#� 
������ ��� ��������

 (%.� $%3)'.).'� #/.6%24%23� &/2� ()'(� 37)4#().'
&2%15%.#9�� !� #%24!).� $)3#)0,).%� )3� 2%15)2%$� 4/
$%4%2-).%� 4(%� 2)'(4� #(/)#%� /&� #/-0/.%.43�� �()3
02/#%33� 3(/5,$� "%� !.� )4%2!4)6%� #(/)#%� !.$� 4(%� "/!2$
,!9/54� 3(/5,$� "%� 02/0%2,9� 0,!..%$� "%&/2%� ���� ,!9/54
)3� 5.$%24!+%.�

�#� �� 	�������������

�(%� -!).� #522%.4� ,//0� &,/73� &2/-� 4(%� ).054
#!0!#)4/2=4(2/5'(� 4(%� 42!.3&/2-%2�� �������� !.$
3%.3%� 2%3)34/2=!.$� 2%452.3� 4/� 4(%� #!0!#)4/2�� �()3
#522%.4� 7),,� (!6%� ()'(� 2!4%3� /&� #(!.'%� !.$� !33/#)!4%$

&!34� 6/,4!'%� !.$� #522%.4� %$'%3�� �4� )3� %33%.4)!,� 4/� !6/)$
4(%� ).*%#4)/.� /&� ./)3%� ).4/� 4(%� /4(%2� #)2#5)429�

�/� 02%6%.4� 4()3� 2%35,4�� !� ;&)3("/.%�� 490%� !22!.'%-%.4
)3� 2%#/--%.$%$� ��)'52%� 
��� �%3)'.%23� !2%
%.#/52!'%$� 4/� 3%0!2!4%� $)&&%2%.4� '2/5.$3� 7)4(
;)-!').!29�� $5--9� 2%3)34/23�� �(%3%� #!.� "%� 2%-/6%$
!4� !� ,!4%2� 34!'%�� �!).� #522%.4� ,//03� -534� "%� $%3)'.%$
4/� "%� !3� 3(/24� !3� 0/33)",%�� &2/-� ���� 4/� 4(%� 42!.3&/2-%2�
4(2/5'(� 4(%� ������� !.$� �%.3%� 2%3)34/2�� !.$� "!#+
).4/� ����� �4� )3� /"6)/53� 4(!4� 3)'.!,3� 37)4#().'� 	� �� /2

� �� ).� �� .3� 3(/5,$� ./4� "%� -)8%$� 7)4(� 3)'.!,3� 4(!4� !2%
#/.42/,,).'� !� #,/3%$<,//0�� ()'(<'!).� &%%$"!#+� 3934%-
7()#(� )3� #!0!",%� /&� 2%'5,!4).'� 4(%� /54054� 6/,4!'%� 4/
,%33� 4(!.� 
� -��

	�������� ���� �!�������� ���� ���#

 (%.� 3%,%#4).'� 4(%� 37)4#().'� &2%15%.#9�� )4� )3� 535!,,9
"%34� 4/� #(//3%� 4(%� ,/7%34� 0/33)",%� &2%15%.#9� 4(!4� 4(%
$%3)'.� 3/,54)/.� 7),,� !##%04�� �.� � �� #/.42/,
4/0/,/')%3�� 4(%� -!8)-5-� 37)4#().'� &2%15%.#9� 7),,� "%
342/.',9� '/6%2.%$� "9� 3(/24� #)2#5)4� "%(!6)/2��  (%.� !
3(/24� #)2#5)4� )3� !00,)%$� 4/� 4(%� /54054�� 4(%� #/.42/,� #)2#5)4
)3� 2%15)2%$� 4/� 2%$5#%� 4(%� $549� #9#,%� 4/� 4(%� 3-!,,%34
0/33)",%� 6!,5%� 4/� -!).4!).� #/.34!.4� #522%.4� /0%2!4)/.
��)'52%� 
���

�$%!,,9�� 4(%� #/.6%24%2� 3(/5,$� $%,)6%2� 
	�� /&� 4(%
/54054� #522%.4� 7)4().� 2%'5,!4)/.� !.$� ./� -/2%� 4(!.


�� 5.$%2� 3(/24� #)2#5)4�� �4� 		� +�:�� 4(%� 0%2)/$� /&
#/.6%23)/.� )3� �� �3� !.$� 4(%� -!8)-5-� /.� 4)-%� )3� 
� �3�

1

2

3

4

5

6

7

��� ������

VCC

Sense

Output

–Vin

SYNC

COSC

ROSC

+Vin

SHUTDOWN

Vref

NI

FB

COMP

SS

14

13

12

11

10

9

8

+

–

Cin Cref Css

Si9114ADY

Cfilt

Rfilt

Rsense

Q1

Tx1

��� ������

�-03

�522%.4
�!),

�/,43



	
	
�



	

�






�



����� 	��������

�


�0./� 30403;3� +;:?� 8(:059� =022� 8,9;2:� 04� *;88,4:� :(029
(4+� 8,7;08,� 8,*:0-0,8� 5<,890@04.� :5� (<50+� +,9:8;*:0<,
*;88,4:9� ;4+,8� 5<,825(+� *54+0:0549�

$/,� #0������ /(9� (� 9?4*B:5B5;:6;:� +,2(?� 5-� 2,99� :/(4
�
�49�� 95� :/,� 30403;3� +;:?� *?*2,� -58� 56,8(:054� (:
�

� 1�@� =5;2+� ),� �
� 49	�� �9� �� ���� $/09� 30403;3
9/5;2+� ),� *5490+,8,+� =/,4� :/,� 9/58:� *08*;0:� *;88,4:
09� +,:,8304,+�� �,90.4,89� 9/5;2+� 45:,� :/(:� (� 9/;4:
62(*,+� (*8599� :/,� 5;:6;:� 5-� :/,� *54<,8:,8� 09� 685)()2?
45:� (� 8,(209:0*� 25(+� 04� :/,� ,<,4:� 5-� (� -(02;8,�� (4+� :/,� 8,(2
*08*;0:� 036,+(4*,� =022� 685)()2?� ),� 9;)9:(4:0(22?� 25=,8�
�4� 9;*/� *08*;39:(4*,9�� 0:� 3(?� ),� 4,*,99(8?� :5� 9/0-:� :/,
-8,7;,4*?� 5-� :/,� *54<,8:,8� :5� (� 25=,8� <(2;,� +;804.
5<,825(+�� �8,7;,4*?� 9/0-:04.� *(4� ),� (**536209/,+� )?
(2:,804.� :/,� 9:,(+?� 9:(:,� <(2;,9� 5-� :/,� 59*022(:58
685.8(3304.� *53654,4:9� �9,,� 59*022(:58� 9,*:054�
�0.;8,� ���

	����� �������� ��������

#/58:� *08*;0:� ),/(<058� 09� +0--,8,4:� -58� )5:/� *53354
:56525.0,9�� (4+� 3;9:� ),� 6(0+� 96,*0(2� (::,4:054�

� �4� -2?)(*1� *54<,8:,89�� (22� =04+04.9� (66,(8� 04
A6(8(22,2�� =0:/� ,(*/� 5:/,8�� &/,4� 54,� =04+04.� 09
9/58:,+�� (22� 5:/,8� -2?)(*1� =04+04.9� (8,� (295� 9/58:,+
:/5;./� 0:�� �4� 3;2:062,� 5;:6;:� *54<,8:,89�� :/,8,-58,�
(4?� 904.2,� =04+04.� =0:/5;:� (� 9,6(8(:,� 9,*54+(8?
*;88,4:B2030:04.� 685:,*:054� =022� A+8(.� +5=4�� (22� :/,
5:/,8� =04+04.9�� �9� (� 8,9;2:�� 0-� (� )0(9� =04+04.� 09� ;9,+
:5� 65=,8� :/,� *54:852� *08*;0:�� 0:� =022� 9:56� +,20<,804.
65=,8�� &/,4� :/09� 5**;89�� :/,� #0������ +,62,:054
+,<0*,� =022� :;84� 54� (4+� 8,.;2(:,� :/,� 9;662?� 8(02� :5
���� %�� (9� 04� 0:9� 4583(2� 9:(8:04.� 35+,�� �4� :/09� ,<,4:�
+,90.4,89� 9/5;2+� *(2*;2(:,� :/,� =589:B*(9,� 65=,8
+09906(:054� *(;9,+� )?� :/,� <52:(.,� +856� (*8599� :/,
+,62,:054� :8(4909:58� (:� :/,� /0./,9:� (6620,+� <52:(.,
(*8599� 0:� (4+� =0:/� :/,� *;88,4:� -25=04.� :/85;./� 0:�

� �4� -58=(8+� *54<,8:,89�� :8(+0:054(22?� :/,� )0(9
=04+04.� 09� (295� :(1,4� 04� -58=(8+� *54+;*:054� 35+,�
);:� =0:/5;:� (4?� 9,80,9� 04+;*:(4*,�� �4� :/,� ,<,4:� 5-
(� 9/58:� *08*;0:�� :/,� 6;29,� =0+:/� 09� 8,+;*,+� :5
30403;3�� );:� 0:� 09� 9;--0*0,4:� :5� 9;662?� ,45;./
65=,8� :5� :/,� *54:852� *08*;0:�� $/09� 09� (4� (+<(4:(.,�
(4+� (<50+9� :/,� 685)2,39� ,4*5;4:,8,+� =0:/� -2?)(*1
*54<,8:,89�� !5=,8� 3(?� (295� ),� :(1,4� 04� -2?)(*1
35+,�� /5=,<,8�� =/,4� :/,� +;:?� *?*2,� 09� 25=�� $/,8,
=022� ),� <,8?� 20::2,� -2?)(*1� <52:(.,� 68,9,4:�� 904*,� :/,
(6620,+� <52:	30*859,*54+9� 09� 25=� (4+� :/,� *58,� 4,,+
45:�� :/,8,-58,�� -2?� )(*1� <,8?� -(8� :5� 8,9,:�

��������� ���� 
�������

$/,� */50*,� 5-� :56525.?� 09� ;9;(22?� )(9,+� 54� :/,
+,90.4,8�9� 68,<05;9� ,>6,80,4*,�� $/,� :=5� ),9:
*(4+0+(:,9� -58� :/,� #0������ (8,� :/,� -58=(8+� (4+
-2?)(*1� :?6,9�� (2:/5;./� 5:/,8� :?6,9�� 9;*/� (9� �;1�� (8,
(295� 65990)2,�

�4� .,4,8(2�� -58=(8+� *54<,8:,89� (8,� ),9:� -58
/0./,8B65=,8� (6620*(:0549�� (4+� -2?)(*1� *54<,8:,89� (8,
),9:� -58� 25=,8B65=,8� (6620*(:0549�� �5:/� :56525.0,9
/(<,� :/,08� 3,80:9�� (4+� :/,� +,90.4,8� =022� /(<,� :5� 9,2,*:
:/,� 54,� 359:� 9;0:,+� :5� /09� 58� /,8� 5=4� (6620*(:054�� #,,
(66,4+0*,9� �� (4+� �� -58� )80,-� +,9*806:0549� 5-
:56525.0,9� (4+� 3(.4,:0*� +,90.4� ,7;(:0549�

	��������� ���� 	������������

�58� 65=,8� 9=0:*/04.�� :/,� 8,*533,4+,+� +,<0*,� 09� :/,
#0���
�'�� $/,� #0���
�'� 09� (� �

B%�� �B�� � #��$
/5;9,+� 04� (4� 04+;9:8?B9:(4+(8+� # B�� 6(*1(.,�� #04*,
:/,� +0,� 09� 35;4:,+� 54� (� *566,8� /,(+,8�� *55204.� *(4� ),
(**536209/,+� ;904.� :/,� !��� (8,(� +08,*:2?� ),25=� :/,
�8(04� 6049�� $/,� *53)04,+� 6,8-583(4*,� 5-� :/,
#0���
�'�9� -,(:;8,9� 3(1,9� 0:� :/,� ),9:� 25=B685-02,
+,<0*,� (<(02()2,� 54� :/,� 3(81,:�� �:� 09� 9;0:()2,� -58
+,90.404.� 65=,8� 9;6620,9� 8(4.04.� -853� �
�:5� ���&�
 :/,8� 9;*/� 904.2,� (4+� +;(2� ��$$��� �  $� +,<0*,9� (8,
(<(02()2,� 04� )5:/� 4B� (4+� 6B*/(44,2� <,890549� =0:/
<52:(.,9� 9:(8:04.� -853� ���%�

",*:0-0*(:054� -58� 25=B<52:(.,� 5;:6;:9� ��� �� %�� 09
(**536209/,+� ;904.� #*/5::1?� +05+,9�� �4� :/09� *(9,�� :/,
8,*:0-0,8� 9,2,*:,+� ,>/0)0:,+� -58=(8+� <52:(.,� +8569� 5-

��� %� (:� �� ��� �� �B%� 5;:6;:� =022� 8,7;08,� (� 8,*:0-0,8� =0:/
(� �
B%� 8,<,89,� <52:(.,� 8(:04.�� &/,8,� 25=,8� <52:(.,9�
9;*/� (9� � %�� (8,� 8,7;08,+�� +,<0*,9� =0:/� 25=,8� 8,<,89,
)25*104.� 9/5;2+� ),� ;9,+�� 904*,� :/,9,� =022� /(<,� 25=,8
-58=(8+� <52:(.,� +8569�� �,90.4,89� 9/5;2+� (<50+� ;904.
(4� 5<,890@,+� #*/5::1?� +05+,�� 904*,� (22� 9;*/� +,<0*,9
/(<,� 6(8(90:0*� *(6(*0:(4*,9� :/(:� 4,,+� :5� ),� */(8.,+
(4+� +09*/(8.,+� :5� :/,� (6620,+� <52:(.,9�� �80<04.� (4+
*533;:(:04.� 5<,890@,� +,<0*,9� =022� 45:� 4,*,99(802?� ?0,2+
),::,8� ,--0*0,4*?�� ,96,*0(22?� (:� /0./,8� -8,7;,4*0,9�

",*:0-0*(:054� -58� <52:(.,9� ()5<,� ��� %� 09� .,4,8(22?
(**536209/,+� ;904.� -(9:� 58� ;2:8(B-(9:� 8,*:0-0,89�� �551
-58� +,<0*,9� :/(:� /(<,� 8,*5<,8?� :03,9� ),25=� �
� 49�� �4
,>*,22,4:� ,>(362,� 09� $,2,-;41,4� #,30*54+;*:589�
�'����� 8(:,+� -58� �

�%� (4+� �� �� =0:/� ��� 49� 8,*5<,8?�
(4+� �58=(8+� <52:(.,� 5-� 
��� %� -58� 
��� �� *;88,4:�� $/09
+,<0*,� 09� (<(02()2,� 04� (� � B���� 9;8-(*,B35;4:
6(*1(.,�



��������������

��

�.2-9(1-* 2-01�  0$� ,-5�  4 (* !*$� (,� ��9�� . ") &$1
5(2'� ������0+1� (1-* 2(-,� 0 2(,&�� �'$1$�  0$� !7� % 0� 2'$
*$ 12� $6.$,1(4$�  ,#� 1(+.*$12� (1-* 2$#� %$$#! ")� #$4("$1
,-5�  4 (* !*$�� �'$(0� 0$*( !(*(27�� -,"$� "-,1(#$0$#
/3$12(-, !*$�� ' 1� !$$,� &0$ 2*7� (+.0-4$#��  ,#
+ ,3% "230$01� ,-5� ' 4$� /3 *(27� # 2 � #$+-,120 2(,&
2'$(0� 13(2 !(*(27� 3,#$0� 2'$� "-00$"2� -.$0 2(,&
"-,#(2(-,1�� �� 27.(" *� #$4("$� 5-3*#� !$� 2'$� �$*$%3,)$,
�$+("-,#3"2-01�� ���������

��������� 	������� 
������

�$00(2$1� 13(2 !*$� %-0� -.$0 2(-,�  2� '(&'� %0$/3$,"($1
' 4$� 0$"$,2*7� !$$,� (,20-#3"$#� 2-� 2'$� + 0)$2�� �5-� 13"'
-%%$0(,&1�  0$� 2'$� �'(*(.1� ����  ,#� ��	�� #$1(&,$#� %-0
-.$0 2(-,� 3.� 2-� 
���)�8�  ,#� ����8� 0$1.$"2(4$*7�
� ,7� #(%%$0$,2� &$-+$20($1�  ,#� &--#� 13..-02(,&� # 2 
 0$� ,-5�  4 (* !*$�� �..0-.0( 2$� "'-("$1� %-0� *-59.0-%(*$
 ,#� 130% "$9+-3,2� " . !(*(27� (,"*3#$� #$4("$1� (,� 2'$
���� 1$0($1�� 5'("'� ' 4$� !$$,� $62$,#$#� #-5,� 2-
���++�� �2� (1� !$22$0� 2-� "'--1$� "-0$� &$-+$20($1� 5(2'
1' **-5�  ,#� 5(#$� !-!!(,1�� 1(,"$� 2'$1$� .$0+(2� &--#
"-3.*(,&� %0-+� 5(,#(,&� 2-� 5(,#(,&� 5'$,� 31(,&� '(&'
%0$/3$,"($1�

��������� ������� ��������

�(&'9%0$/3$,"7� -.$0 2(-,�  **-51� 2'$� 31$� -%� 4$07
*-594 *3$� " . "(2 ,"$1� ,-2� &$,$0 **7�  11-"( 2$#� 5(2'
15(2"'+-#$� .-5$0� 13..*7� -32.32� 12 &$1�� �1
13!12 ,2( **7� *-5$0� $,$0&7� 12-0 &$� (1� 0$/3(0$#�

+3*2(* 7$0� "$0 +("� " . "(2-01� " ,� !$� 31$#��  ,#
13..*($01� ' 4$� + #$� &--#�  #4 ,"$1� (,� /3 *(27�  ,#
+ ,3% "230(,&� 2-� 13..*7� *-59"-12�� '(&'9.$0%-0+ ,"$
#$1(&,1�� �,� 2'$� 13!9�
9���  0$ ��  � ,3+!$0� -%� &--#
#($*$"20("� #$4("$1�  0$� ,-5�  4 (* !*$�� 13"'�  1� ����
�
���  ,#� �
��

�0-+� + ,3% "230$01�� # 2 � 1'$$21�� 2'$� %-**-5(,&
-!1$04 2(-,1� 5$0$� + #$

��
�� ' 1� 2'$� *-5$12� "-12�� '(&'$12� 3,(2� " . "(27��  ,#
5-012� #7, +("� 4 0( 2(-,1

����� ' 1� 2'$� '(&'$12� "-12�� *-5$12� 3,(2� " . "(27��  ,#
!$12� #7, +("� 12 !(*(27

��
�� ' 1�  ,�  4$0 &$� -%� $ "'� -%� 2'$�  !-4$�

�'$� 0$"$,2*7� (,20-#3"$#� � 0"-,� ����� 1$0($1� 31$1� 2'$
�
�� #($*$"20("�� 5'("'� -%%$01� &--#�  **9 0-3,#
4-*3+$20("�� "-12��  ,#� '(&'9%0$/3$,"7� (+.$# ,"$
.$0%-0+ ,"$��  ,#� (1�  4 (* !*$� (,�  � 130% "$9+-3,2
. ") &$� 5(2'� 4 *3$1� 13"'�  1� ������ 2� �
� ��  ,#� ���� ��
 2� ������� �-0� (,.32�  ,#� -32.32� $,$0&7� 12-0 &$�� 25-� -%
$ "'� -%� 2'$1$� #$4("$1� 5$0$� 1$*$"2$#� 5(2'� 2'$� %-**-5(,&
"-,1(#$0 2(-,1

��$ *(12("� + 0)$2� .0("$�

��-*2 &$� 4 0( 2(-,� 5(2'�  ..*($#� #"� 4-*2 &$�  ,#
2$+.$0 230$�� �-12� "$0 +("� " . "(2-01� 13%%$0� %0-+
 � #0-.� -%� " . "(2 ,"$� 5(2'�  ..*($#� 4-*2 &$�  ,#� 5(2'
2$+.$0 230$�� �'$� #$4("$� ,$$#1� 2-� !$� 1$*$"2$#� 1-
2' 2�  2� 2'$� $620$+$1� -%� -.$0 2(-,� 2'$� +(,(+3+
$,$0&7� 12-0 &$� (1� .0$1$,2�

	��������� � 0"-,� ��� ��� �
� ��� � . "(2 ,"$� �$0131
�$+.$0 230$

10

9

8

7

25 35 45 55 65 75

11

C
ap

ac
ita

nc
e 

(
F

)
�

Temperature (�C)

	��������� � 0"-,� ��� ��� �
� ��� � . "(2 ,"$� �' ,&$
5(2'� �-*2 &$

11

10

9

8

0 1 2 3 4 5

12

6 7 8 9 10 11

Voltage (V)

C
ap

ac
ita

nc
e 

(
F

)
�



��
�� �� ��#"�+

	


��7;0<(2,4:�  ,80,9� �,909:(4*,� �� ���� � �� =022
+,:,8304,� :/,� 5;:6;:� 80662,� <52:(.,�� (4+� :/,
/,(:04.� 5-� :/,� +,<0*,�� !/09� 9/5;2+� ),� 9,2,*:,+� 54
:/,� )(909� 5-� :/,� <(2;,� 5-� 5;:6;:� */51,�� 0495-(8� (9� 0:9
+,90.4� 9,:9� :/,� 80662,� *;88,4:� 68,9,4:� 04� :/,� 5;:6;:
*(6(*0:58�

!/,� -5225=04.� +(:(� =(9� 5):(04,+� -853� *533,8*0(22?
5):(04,+� 9(362,9�

�:� ��5��� :/,� 	�A;�� +,<0*,� /(9� +8566,+� :5� ��� 5-� 0:9
45304(2� <(2;,�� $0:/� � #� (6620,+�� :/,� 9(3,� +,<0*,� /(9
8,:(04,+� 		��� 5-� 0:9� 45304(2� <(2;,�

�(8,� 9/5;2+� ),� :(1,4� 04� 9,2,*:04.� :/,9,� +,<0*,9� :5
*5490+,8� =589:� *(9,� 8,7;08,3,4:9� (4+� 30403;3�
3(>03;3� 56,8(:04.� *54+0:0549�

��&��"� �+�!$ �� �� �	-��� 	��-��,�� ��-��	-�

��-'#-��� �#")�%'�%

��&#"�"'� ��&�'� �#%*�%�� �#")�%'�%

�59:� -58=(8+� *54<,8:,89� (8,� +,90.4,+� ;904.� (� *2(36
*08*;0:�� $/02,� (:� 25=� -8,7;,4*0,9� :/09� :,*/407;,� 3(?� ),
(**,6:()2,�� (:� /0./� -8,7;,4*0,9� 0:� ),*53,9
;44,*,99(8?�� :/,� 6(8(90:0*� ,2,3,4:9� 5-� :/,� *08*;0:� =022
8,9,:� :/,� :8(49-583,8� -2;>� (;:53(:0*(22?�� 685<0+,+� (
-,=� 68,*(;:0549� (8,� :(1,4�

�:� /(9� ),,4� 9/5=4� :/(:� &	'� :/,� 8,954(4:� 8,9,:� *54*,6:� 09
+5304(:,+� )?� :/,� 6(8(90:0*� *(6(*0:(4*,� 5-� :/,
�� ��!� (4+� :/,� 3(.4,:0@04.� 04+;*:(4*,� 5-� :/,
:8(49-583,8�� %,:� :/,� *(6(*0:(4*,� 5-� :/,� 5;:6;:� +05+,
9/5;2+� (295� ),� *5490+,8,+�� !/,� *588,*:� ,7;0<(2,4:
*08*;0:� 5-� :/,� *54<,8:,8� :/,� (6685>03(:,9� :5� �0.;8,�	��

�;804.� :/,� 5--� :03,�� �
� 09� *54+;*:04.� (4+� ��	� (66,(89
*544,*:,+� (*8599� :/,� 6803(8?� 5-� :/,� :8(49-583,8�� 04
6(8(22,2� =0:/� ������ !/,� 2,(1(.,� 04+;*:(4*,� /(9� (
93(22� (4+� 0490.40-0*(4:� ,--,*:� 54� :/,� =(<,-583B(9� :/,
6803(8?� *;88,4:� /(9� *,(9,+� -25=04.B(4+� :/,� 542?
8,3(0404.� *;88,4:� 09� :/,� *;88,4:� :/(:� 09� */(8.04.� ��"!��

�4� ,--,*:�� :/,� 3(.4,:0@04.� 04+;*:(4*,� 5-� :/,
:8(49-583,8� -5839� (� 6(8(22,2� :;4,+� *08*;0:� (*8599� :/,
:8(49-583,8� (4+� 8,954(:,9� (:� (� -8,7;,4*?� +,:,8304,+
)?� :/,� 6(8(90:0*� ,2,3,4:9�� !/,� 8,9,:� 6,805+� 4,,+9� :5� ),
9/58:� ,45;./� :5� (225=� -;22� 8,9,:� 5-� :/,� *58,�� ),-58,� :/,
4,>:� 9=0:*/04.� 04:,8<(2� 5**;89�� !/09� =022� ),� .5<,84,+� )?
:/,� 9,2,*:054� 5-� :/,� �� ��!� (4+� :/,�  */5::1?� +05+,�

���(%����� �,954(4:��,9,:� �58=(8+� �54<,8:,8

Lout

Cout

Cout
Vds

Q1

�04
���

Lmag

N = 1

CD1

D1
D2

�#!$#"�"'� �� ��'�#"

���� ���������� ������������ ��� ��������� ��� ������ ��� ����

��������� ������� �������� ����������� ���� ���� ����� ���


�������� 
������� � ����� ���� ����������!� ���������� ��

�������� ������ ����������� ���� ��������� �������������

���������� ������� �������� �������������� �������!� ��

������ �������� ���� �������� ����� �������

��$���'#%� �� ��'�#"

�9� 9:(:,+� 68,<05;92?�� *,8(30*� *(6(*0:589� (8,� (� .55+
*/50*,� =/,4� 56,8(:04.� (:� /0./� -8,7;,4*?�� +;,� :5� :/,
,>:8,3,2?� 25=� � ��� (4+� /0./� 8,20()020:?�� (4+� 254.
56,8(:04.� 20-,:03,9�

�4� :/,� +,90.4� ,>(362,�� :/,� 8,7;08,+� 90@,� 5-� *(6(*0:589
=(9� +,-04,+� (9� -5225=9�

	����� ����������

�� 	A$� 5;:6;:� *54<,8:,8� =0:/� ��� ,--0*0,4*?� =022
8,7;08,� 	����� �� 	���� $� 5-� 046;:� 65=,8�� �99;304.
:/(:� 56,8(:054� (:� 45304(2� *54+0:0549� 09� ��� #�� =0:/

+;:?� *?*2,� 5-� δ������� �3,(9;8,+��� :/,� 9=0:*/04.

*;88,4:� =022� ),� .5<,84,+� )?� :/,� 90@,� 5-� :/,� 5;:6;:
04+;*:58� ��0.;8,� 
���

���(%�����

lA
lDC



�������������

�	

�'$�  4$0 &$� (,.32� "300$,2� 5(**� !$� #$2$0+(,$#� !7�

IDC �

Pin

Vin
�

17.65
48 � 0.358 A

IA �

Pin

Vin x �
�

17.65
48 x 0.376� 0.98 A

�0-+� 2'(1� $/3 2(-,� 2'$� ���� 4 *3$� " ,�  *1-� !$
" *"3* 2$#� 2-� !$�  ..0-6(+ 2$*7� ��
�� ��

�'$� � 0"-,� ��������		�� 	�	:���� ���:�#"� " . "(2-0
' 1�  ,� ���� 0 2(,&� -%� ��� +Ω�  2� ����)�8�� �'(1� 27.$� 5(**
2'$0$%-0$� #(11(. 2$� �� �� ��
��� 6� ������ ��
��� +�� #3$� 2-
2'$� 15(2"'(,&� "300$,2�� �'$� 0(..*$� .0-#3"$#�  "0-11� 2'(1
#$4("$� 5(**� !$� &-4$0,$#� !7� 2'$� #(1"' 0&(,&� "300$,2� -%
2'$� " . "(2-0� *$11� 2'$� (,.32� ��� 4-*2 &$� (,�  ""-0# ,"$
5(2'�

�Vripple�
IC x t

C where t� tsw x � and IC� IA–IDC

�Vripple�

0.612 A x 2 �s x 0.376

3.3 �F � 0.14 V

Q = i x t = C x V

�
�� +�� -%� 0(..*$� (1� .0-! !*7�  ""$.2 !*$�  1�  � %(012� 12 &$
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� ������
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�-32�

��-32

�%��-32
5'$0$��-32� ���9 69 �-32

Cout�
0.3 A

8 x 500 kHz x 50 mV� 1.5 �F

��-32 �� + 6(+3+� -32.32� 0(..*$� 4-*2 &$
% �� -.$0 2(,&� %0$/3$,"7

�'$� 0$/3(0$#� ���� %-0� -!2 (,(,&� ��� +�� -%� 0(..*$� 5-3*#
!$� #$%(,$#� !7�

ESRmax�

�Vout

�I out

ESRmax�
50 mV
0.3 A � 167 m�
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6� ���� ��	�� ++���  ,#� ' 1�  ,� ���� -%� *$11� 2' ,� ���+�
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�,0&(� 6+,5� &+1-(� /756� &$44;� 6+(� )7..� 176276� &744(06�� 6+(
/,0,/7/� 07/%(4� 1)� 67405� 4(37,4('� 10� 6+,5� &14(� ,5
*,8(0� %;�

�/,0�

�&+1-(= := ��+1-(

�/$:= := �/,0

9+(4(� �/$:� ,5� 6+(� /$:,/7/� ).7:� '(05,6;� 75('�� $0'
�/,0� ,5� 6+(� /,0,/7/� &14(� $4($�� �0� 6+,5� &$5(� �/$:� �
���� / � $0'� �/,0��� ��� //

��� �7%56,676,0*� ,0� 6+,5
(37$6,10� ;,(.'5�

�/,0�

= ��= := �= �

���= / = := ��= //�
� ���=  

�0� 6+,5� &$5(� ,6� 9$5� '(&,'('� 61� 9,0'� �� .$;(45� 1)� ��� 67405
1)� ����
�//� ,0� 10(� .$;(4� ($&+� $&4155� 6+(� %1%%,0��  +,5
$..19('� 6+(� %(56� ),..� )$&614� 1)� 6+(� %1%%,0�� /$:,/,<,0*
&122(4� $4($�

 +(� 4(57.6� ;,(.'5� $� &+1-(� +$8,0*� $� ��� 4(5,56$0&(� 1)� ��
/�� $0'� 6+(4()14(� $� ��� &122(4� .155� 1)� �� �� ������ �� �
:� ������ �� ����/#� 9,6+� �� �� ���� !5,0*� $� &14(� 5(6� 9,6+
$0� ��� 8$.7(� 1)� 	
�� $� 64$05)14/(4� 1)� � �� �� �/,0

�� :� ��� �
���� :� 	
� :� ��>�� �� ��	��� 9$5� &$.&7.$6('�� �($574('
8$.7(� 9$5� ����� ���� 5.,*+6.;� +,*+(4�� %76� $&&(26$%.(�
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�((� $22(0',:� �� )14� $� '(5,*0� 75,0*� 6+(5(� 52(&,),&$6,105�

������������ ��� ���

 +(� 59,6&+,0*� 9$8()14/5� ,0� �,*74(� ��� 5+19� 6+$6� 6+(
4(510$06� 4(5(6� ,5� .,/,6,0*� 6+(� 2($-� 81.6$*(� 61� ���� "�� 9(..
%(.19� 6+(� /$:,/7/� 4$6,0*� 1)� ���� "�� �16(� 6+(� .($',0*
('*(� 52,-(� &$75('� /$,0.;� %;� 6+(� 2($-� *$6(� &744(06�

�� ������  ,/(� �$5(� 
��� 0��',8�

➀ "��� 1)� ����� � 
�� "�',8

➁ "1.6$*(� $&4155� 5(05(� 4(5,5614� �� "�',8

➂ "1.6$*(� $&4155� *$6(� 
� "�',8

➀

➁
➂

�� ������  ,/(� �$5(� 
��� 0��',8�

➀ "��� 1)� ����� � 
�� "�',8

➁ �76276� 4,22.(� ��� /"�',8

➀

➁

�� ������  ,/(� �$5(� ���� ���',8�

➀ �76276� 64$05,(06� 4(52105(� )14� ��
� 61� �� ��

➀

�� ����	�  ,/(� �$5(� 
� ���',8�

➀ �76276� 64$05,(06� 4(52105(� )14� ��
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%1.� ���	��� 8;� =1.� �"����� @12,1� 1*?.� <2625*;
,1*;*,=.;2<=2,<�� @255� +.� ><.-� *<� =1.� ,8;.	� %1.� ,8;.
89.;*=270� /5>A� 1*<� +..7� <.5.,=.-� =8� ��� 6%� *<� *� /2;<=� 9*<<
-.<207	� %1.� 58<<� 27� "12529<� ���� 6*=.;2*5� 2<� ,*5,>5*=.-
/;86� �<8>;,.� "12529<� �86987.7=<��

Pv = 12x10–2
�ƒ1.75

�B29
�(0.95x10–4

�T2–1.1x10–2
�T + 1.15

'1.;.�

"&� �� 98@.;� 58<<� 27� '
6
�

�� �� 89.;*=270� /5>A� -.7<2=B� 27� %.<5*

ƒ� �� 89.;*=270� /;.:>.7,B� 27� �.;=C

%� �� ,8;.� =.69.;*=>;.� 27� ��

'2=1� ���� 4�C�� ��� 6%�� *7-� ������ =1.� ,8;.� 58<<� ,*7� +.
,*5,>5*=.-� *<�

Pv = 742.5 x 103 W/m3 or 0.742 W/cm3

%1.� ?85>6.� 8/� =1.� ���	�� ,8;.� 2<� <9.,2/2.-� *<� ���� 66�

8;� �	���� ,6�	

%1.;./8;.� =1.� ,8;.� 58<<� @255� +.�

"� �� �	����� �	���
"� �� �	��� '��� �
�� '

@12,1� ;.9;.<.7=<� 5.<<� =1*7� �� 8/� =1.� =8=*5� ,87?.;=.;
58<<.<	

%1.� ,87?.;=.;� =;*7</8;6.;� ,*7� +.� ,*5,>5*=.-� +B� ><270
=1.� /8558@270� *-*9=.-� ?.;<287� 8/� �*;*-*B�<� .:>*=287�

 �
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&276*A� �� 62726>6� 279>=� ?85=*0.� �&�

 � �� 7>6+.;� 8/� =>;7<� ��7=.0.;�

�6*A� �� 6*A26>6� 9.*4� /5>A� �%.<5*�

�./� �� .//.,=2?.� *;.*� 8/� ,8;.� �6
2�

�7� =1.� ,*<.� 8/� =1.� ���	��� =1.� 62726>6� 7>6+.;� 8/
=>;7<� @255� +.�
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8>=9>=� ?85=*0.�� /2;<=� -.=.;627.� =1.� 8>=9>=� ?85=*0.� ��� &�	
%1.7� -.=.;627.� *55� =1.� 8=1.;� 58<<.<� =1*=� @255� .A2<=� 27
<.;2.<� @2=1� =1.� 8>=9>=�� 27,5>-270� =1.� ,184.�
=;*7</8;6.;� -,� 58<<.<�� *7-� ;.,=2/2.;� /8;@*;-� -;89	
�<<>6270� =1.<.� *--� >9� =8� �	�� &�� @2=1� *� ->=B� ,B,5.� 8/
����� =1.� =;*7</8;6.;� @255� +.� ;.:>2;.-� =8� <>995B� *� 9.*4
?85=*0.� 8/

&<.,� �� � �&8>=�&58<<�
�6*A

&<.,� �� ��� &� �� �	�� &�
�	�� �� ��� &

%1.� =;*7</8;6.;� =>;7<� ;*=28� 2<� =1><� -.=.;627.-�� /8;
��F&� 279>=�� ��F&� 8>=9>=� 2<� ;.:>2;.-	� %1.� =>;7<� ;*=28� 2<
=1.;./8;.� %#���
��� �� �	�	

�8;� =1.� �F&� 8>=9>=�� =1.� 7>6+.;� 8/� =>;7<� ;.:>2;.-� 2<�

 $� 9
%#� �� ��	��

%1.;./8;.�� =1.� 7>6+.;� 8/� =>;7<� <.5.,=.-� 2<� ��	� %1.
$2������ @255� ;.:>2;.� *� /.@� 6252*69<� 8/� ,>;;.7=� =8
98@.;� 2=<.5/� *7-� -;2?.� =1.� 98@.;� �!$��%	� %12<� 98@.;
,*7� +.� =*4.7� /;86� *� @27-270� @12,1� 9.*4� ,1*;0.<� *
,*9*,2=8;� =1;8>01� *� -28-.� *7-� -8.<� 78=� ;.:>2;.� *7
27->,=8;	� �7� =12<� ,*<.�� ��� =>;7<� ,*7� *5<8� +.� =*4.7� �*<� =12<
@*<� ,*5,>5*=.-� =8� +.� <>//2,2.7=� /8;� ��� &�	
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�87->,=8;<� ,*;;B270� 1201F/;.:>.7,B� ��� ,>;;.7=� *;.
<>+3.,=� =8� *� D<427� .//.,=�� 27� @12,1� =1.� ,>;;.7=� 1*<� *
=.7-.7,B� =8� /58@� 9;.-8627*7=5B� 87� =1.� <>;/*,.� 8/� =1.
,87->,=8;� 27<=.*-� =1;8>01� =1.� @185.� ,;8<<� <.,=287	
%1.� ?*5>.� *=� @12,1� =1.� ,>;;.7=� /*55<� =8� �
.� ������ 2<
,*55.-� =1.� D<427� -.9=1	�� �.58@� =12<� -.9=1�� ?.;B� 52==5.
><*0.� 8/� ,899.;� 2<� 6*-.�� *7-� 6>5=295.

<=;*7-<� *;.� ;.:>2;.-� /8;� *9952,*=287<� @1.;.� 1201.;
,>;;.7=� 2<� ;.:>2;.-	� �7� <86.� 27<=*7,.<�� 2=� 6*B� +.
7.,.<<*;B� =8� ><.� 5*;0.;� @2;.� =1*7� 27-2,*=.-�� ->.� =8
6.,1*72,*5� *<<.6+5B� ,87<=;*27=<� *7-� .*<.� 8/
6*7>/*,=>;.	� %1.� <427� -.9=1� ,*7� +.� ,*5,>5*=.-� /;86�
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�	��

/�
27E 66

!9.;*=287� *=� ���� 4�C� 6.*7<� =1*=� =1.� <427� -.9=1� @255� +.
�	���� 66� �8;� *99;8A26*=.5B� �	�� 66�	� �-.*55B�� *
,87->,=8;� @2=1� *� -2*6.=.;� 3><=� 8?.;� =@2,.� =1.� <427
-.9=1� 2<� ;.,866.7-.-	� �7� =12<� ,*<.�� =1.;./8;.�� �	� 66
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9-*� <.3).3,8��

��%"�����

��

��

��

��

��

�

�

#-*� &'4;*� *6:&9.438� &3)� (&1(:1&9.438� &7*� 8:551.*)
431>� &8� &� ,:.)*� +47� 9-*� )*8.,3*7�� �3� 57&(9.(&1� 9*728
49-*7� +&(9478� <.11� 2:89� '*� (438.)*7*)�� .3(1:).3,� 9-*
+4114<.3,�

��++*(9.;*� 7*6:.7*)� ;419&,*� &)/:892*39� 7&3,*� 4+
4:95:9

��488*8� .3� 9-*� 57.2&7>� 8.)*� 4+� 9-*� (.7(:.9�� .3(1:).3,
9-*� 8*38*� 7*8.8947� &3)� 9-*� ��"��#� ;419&,*� )7458

��488*8� .3� 9-*� 8*(43)&7>� 8.)*� 4+� 9-*� (.7(:.9�
.3(1:).3,� � ��� 1488*8� .3� 9-*� 4:95:9� (-40*

��47<&7)� ;419&,*� 4+� 9-*� 7*(9.+.*7� 4;*7� 14&)� &3)
9*25*7&9:7*

� �39*7(433*(9.43� 1488*8�� .3(1:).3,� 7*249*� 8*38*
)7458

��!@.3,� ).4)*� 1488*8�� .+� :8*)� .3� 2:19.51*� (43;*79*78�
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�(%� &+8"!#*� ,!'-%3)#� #.,/.-%-3� )2� .&3%-� 1%&%11%$� 3.
!2� !� 31!-2&.1,%1�� "43� 2(.4+$� )-� &!#3� "%� 5)%6%$� !2� !-
)-$4#3.1� 6)3(� %-%1'8� 23.1!'%� #!/!")+)38�

�6.� ,.$%2� .&� ./%1!3).-� !1%� /.22)"+%�� �-� $���	����	�
�	���� !++� 3(%� %-%1'8� )2� 31!-2&%11%$� 3.� 3(%� .43/43�2��� �-
#	����	�� �	���� 2.,%� %-%1'8� 1%,!)-2� )-� 3(%
)-$4#3.1�� �)2#.-3)-4.42� ,.$%� /1.5)$%2� 3(%
!$5!-3!'%2� .&� !� 2,!++%1� )-$4#3.1� !-$� 3(%� !"2%-#%� .&
4-%7/%#3%$� .1� $)&&)#4+3� 31!-2&%1� ,.$%2� )-� 3(%� #.-31.+
,%#(!-)2,�� �2� %-%1'8� 31!-2&%1� )2� #.,/+%3%�
&413(%1,.1%�� 1%#3)&)%1� #411%-32� !+6!82� &!++� 3.� 9%1.
"%&.1%� 1%5%12%� 5.+3!'%2� !1%� !//+)%$�� �(%� 1%24+3� )2� +.6%1
1%#3)&)%1� 26)3#()-'� +.22%2�

�.1� 3(%� 2!*%� .&� 2),/+)#)38�� )3� )2� 1%#.,,%-$%$� 3(!3� .-+8
()'(+8� %7/%1)%-#%$� $%2)'-%12� 42%� #.-3)-4.42� ,.$%�
&413(%1� )-&.1,!3).-� .-� 6()#(� #!-� "%� 1%5)%6%$� )-� 2.,%
.&� 3(%� /4"+)#!3).-2� +)23%$� )-� 3(%� 1%&%1%-#%� 2%#3).-� .&
3()2� !//+)#!3).-� -.3%�� �-� 3()2� !//%-$)7�� .-+8� 3(%
$)2#.-3)-4.42� ,.$%� )2� %7/+!)-%$�

�4%� 3.� 3(%� $)2#.-3)-4.42� -!341%� .&� 3(%� %-%1'8� 31!-2&%1
,%#(!-)2,�� &+8"!#*� )-$4#3.12� !1%� 424!++8� +!1'%1� 3(!-
3(%� 31!-2&.1,%12� %-#.4-3%1%$� )-� &.16!1$� !-$� .3(%1
�4#*� 3./.+.')%2�� 6(%1%� .-+8� 5.+3!'%
31!-2&.1,!3).-;!-$� -.� %-%1'8� 23.1!'%;)2
/%1&.1,%$�

�.� $%2)'-� !� �+8"!#*� �����	
�� 3(%� &.++.6)-'
)-&.1,!3).-� ,423� "%� *-.6-�

�26 ./%1!3)-'� 26)3#()-'� &1%04%-#8� �424!++8� 	�
3.� ���� *�9�

$,!7 ,!7),4,� $438� #8#+%� �424!++8� ���� )-� �)+)#.:
-)7� /1.$4#32�

- 3!1'%3� %&&)#)%-#8� �424!++8� ����� 3.� �����

�,)- ,)-),4,� )-/43� 5.+3!'%� 42%$

�.43 3.3!+� .43/43� /.6%1

�.43 .43/43� 5.+3!'%�2�� 1%04)1%$�

�-� 3()2� #!2%�� !� $%2)'-� &.1� !� 	�:�� ��:� 3.� 
�:���� �:��� 	:�
���� �� )-$4#3.1� 6)++� "%� $%,.-231!3%$�

�(%� &)123� 23%/� )2� 3.� $%3%1,)-%� 3(%� ,)-),4,� /1),!18
)-$4#3!-#%� &1.,�

Lpmin�
(Vin min x ton max)

2
x fsw x �

2 x Pout

Lpmin�
(18 IV x 2 �S)2

x 250 kHz x 0.75

2 x 10 W

Lpmin� 12.2 �H� 12 �H

�(%� -%73� 23%/� )2� 3.� $%3%1,)-%� 3(%� /%!*� /1),!18
#411%-3�� �.1� !� ')5%-� )-$4#3.1�� 3(%� !//+)%$� 5.+3!'%� 6)++
"%�

V � L
di
dt

�%:!11!-')-'� 8)%+$2�

i pk�

Vin min x ton max

Lpmax

i pk�

18 V x 2 �S

12 �H � 3 A

�(%� ������� 5!+4%� &.1� !� 31)!-'4+!1� 6!5%&.1,� #!-� "%
42%$� 3.� #!+#4+!3%� 3(%� /.6%1� 3(!3� 6)++� "%� $)22)/!3%$� )-
3(%� �������

ims� i pk x
�max

3
�

ims� 3 A x
0.5
3� � 1.22 A� 1.2 A

�.� #!+#4+!3%� 3(%� -4,"%1� .&� 341-2� 1%04)1%$� &.1� 3(%� �:�
.43/43� 3(%� &.++.6)-'� 04.3!3).-� #!-� "%� 42%$�

NS� Np

(VO � VF)(1–Dmax)

Vinmin Dmax

)-� 3()2� #!2%�� &.1� �,!7� �� ���� !-$� ��� �� ��� �� &.1� !� �� �
.43/43�� 3(%� 2%#.-$!18� 341-2� 6)++� "%�

NS� Np

(5V � 0.6V)(1–0.5)

16 V x 0.5
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�

NP

NS
�

1
0.35� 2.86

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

�$!%�

��1 /1 �'�

�$�/1 /1 $!%

�1 �$!%�1 ��1 �,)%*�

�

��1 ��1 /1 �1 

���1 $�1 /1 ��1 $$�
� ���
	1 �,)%*�

�&)� 	� ��� + �� %,$��)� &�� +,)%*� .!##� + �%� ���

��� �'/1 ���	1�1 ��1 /1 ���	1�1 ���1 �1�1 	1 �

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


