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236*) +36 8-.7 &2&0=7.7�

�0&77.( (.6(9.8 &2&0=7.7 979&00= &7791*7 &2 .)*&0

7396(* ��� � �� � 
��  �2 6*&0?;360) ).,.8&0 (.6(9.87�

8-* 7396(* 398498 .14*)&2(* .7 238 320= 232?>*63�

'98 &073 :&6.*7 )*4*2).2, 9432 ;-*8-*6 8-* 398498

.7 (-&2,.2, +631 ��# 83 ���� 36 :.(* :*67&�

�36 �=46*77 ��7� �

� � �� � �
� &2) �
� � ��

� �
�� )*4*2).2, 9432 74**) &2) 398498 (966*28?

7.2/.2, 6*59.6*1*287�


��� �"� � �� 	!�� ��� ��������

!-* .2.8.&0 :308&,* 32 8-* (&4&(.836 .7 >*63�  �8 8 �


� 8-* 7;.8(- .7 13:*) +631 437.8.32 � 83 437.8.32 ��

�8 8 � 
�� 8-* (&4&(.836 &44*&67 &7 & 7-368 (.6(9.8�

&2) 8-* :308&,* " .7 &440.*) 8-639,- �� 83 (-&6,*

8-* 03&) ��
���  !-* :308&,* &(6377 8-* (&4&(.836

"��8�� .7

VC(t) � V�1 � e
� �t

(R1� R3)C
��

�5� ��

�2 8-*36=� 8-* :308&,* &(6377 8-* (&4&(.836 6*&(-*7

" ;-*2 8 *59&07 .2+.2.8=�  �2 46&(8.(*� 8-* :308&,*

6*&(-*7 �� 4*6(*28 3+ " &+8*6 
�� �� 8.1* (3278&287�

%39 (&2 :*6.+= 8-.7 '= 7*88.2, "��8�	" � 
��� .2

���
�
�� �� &2) 730:.2, +36 8�

���� �"� � �� 	!�� ��� ��������

!-* (&4&(.836 .7 (-&6,*) 83 &4463<.1&8*0= "�  �8 8 �


� 8-* 7;.8(- .7 13:*) +631 437.8.32 � 83 437.8.32 ��

&2) 8-* (&4&(.836 .7 ).7(-&6,*)�  !-* :308&,* &(6377

8-* (&4&(.836� "��8� .7

VC(t) � Ve
� �t

(R2� R3)C
�

�5� �


!-* :308&,* )*(&=7 83 � 4*6(*28 3+ .87 36.,.2&0 :&09*

.2 
�� �� 8.1* (3278&287�  %39 (&2 :*6.+= 8-.7 '= 7*8?

8.2, "��8�	" �
�
� .2 ���
�
�� �� &2) 730:.2, +36 8�

��� 
���� ����

�327.)*6 8-* .)*&0 (&7* ;-*6* �� � �� � 
�  �*8 �


� � .2 ���
�
��� �� &2) ���  �+ & 437.8.:* 4907* 3+

;.)8- ! .7 &440.*) 83 8-* 13).+.*) (.6(9.8 3+

	
�������� 8-* 4907* ).7&44*&67 .+ ��� � !�

�*(&97* 8-* ).7(-&6,.2, 8.1* (3278&28 .7 8-* 7&1* &7

8-* (-&6,.2, 8.1* (3278&28 +36 8-* .)*&0 (&7*� & 2*,&?

8.:*?,3.2, 4907* 3+ ;.)8- ! &073 ).7&44*&67 .+ ��� �

!�  !-&8 .7� .+ 8-* &440.*) 7.,2&0 .7 2361&00= ����

&2) ,3*7 ��#� &7 )3*7 8-* ;6.8* 7863'* 32 &2

 ���� 8-* 8*61.2&8.32 +.08*67 398 &00 2*,&8.:*

,0.8(-*7 0*77 8-&2 � �� 8.1* (3278&287 .2 ;.)8-�

!-* 1&<.191 +6*59*2(= 8-&8 8-* (.6(9.8 4&77*7 .7

F(max.) � 1
2T �5� ��

!-.7 .7 869* '*(&97* 8-* (-&6,.2, &2) ).7(-&6,.2,

8.1* (3278&287 &6* *59&0 +36 8-* .)*&0 (&7*�

������ ���� ���  �� 
���� ����

!-* :&09* 3+ 8-* (&4&(.836� �� 1978 '* (-37*2 83 7&8?

.7+= 8;3 (32+0.(8.2, 6*59.6*1*287�  �.678� 8-* (&4&(.?

836 7-390) '* 0&6,* *239,- 83 *.8-*6 &'736' 36 794?

40= 8-* *2*6,= (328&.2*) 36 6*13:*) ;-*2

437.8.:*?,3.2, 36 2*,&8.:*?,3.2, ,0.8(-*7 3((96�   *?

(32)� 8-* (&4&(.836 7-390) '* 71&00 *239,- 83 &:3.)

*.8-*6 )*0&=.2, 8-* 7.,2&0 '*=32) 731* )*7.,2 0.1.8

36 703;.2, 8-* 7.,2&0 6.7* &2) +&00 8.1*7 83 136* 8-&2

� 27�

� 8-.6) (327.)*6&8.32 .7 8-* .14*)&2(* (&97*) '=

8-* (&4&(.836�7 (&4&(.8.:* 6*&(8&2(*� $��  !-* ).,.8&0

;&:*+3617 &440.*) 83 8-* �� 8*61.2&8.32 (&2 '* *<?




"���� ������ ��������������


���

46*77*) &7 & �396.*6  *6.*7 73 8-&8 8-*= (&2 '* 1&?

2.490&8*) 1&8-*1&8.(&00=�  �3;*:*6� '*(&97* 8-*7*

7.,2&07 &6* 238 4*6.3).( .2 8-* (0&77.(&0 1*&2.2, 3+

8-* ;36)� .8 .7 238 (0*&6 8-&8 8-* �� 78*&)=?78&8*

&2&0=7.7 13)*0 3+ $� &440.*7 -*6*�

�2 1378 &440.(&8.327� 8-* )*,6&)&8.32 3+ 8-* 7.,2&0�7

6.7* &2) +&00 8.1*7 '*=32) � 27 )*8*61.2*7 8-* 1&<.?

191 :&09* 3+ 8-* (&4&(.836�  !-* 463(*)96* .7 83 (&0?

(90&8* 8-* 6.7* 8.1* '*8;**2 8-* 
	? &2) �	?4*6(*28

&140.89)* 0*:*07� *59&8* 8-.7 6.7* 8.1* 83 � 27� &2)

730:* +36 � .2 8*617 3+ ��

V(t) � V( 1 � e�
�t
RC
� ) �5� ��

+36 8 =.*0)7

t � RC ln� 1
1 �

V(t)
V

�
�5� ��

�36  

V(t)
V

� 0.1, t � 0.10 RC.

�36  

V(t)
V

� 0.9, t � 2.3 RC.

!-* 8.1* +36 8-* 7.,2&0 83 86&27.8.32 +631 
	 83 �	

4*6(*28 3+ .87 +.2&0 :&09* .7 8-*2 ! � ��� ���   30:.2,

+36 � =.*0)7

C �
T

2.2R �5� �


�36 ! � � 27� 	
����� (&2 '* (327869(8*)�  !-.7 8&'0*

.2).(&8*7 8-&8 �	� 86&271.77.32 0.2*7 32 ���7 8-&8

&6* 8*61.2&8*) ;.8- �� 2*8;36/7 7-390) 97* & 
��

6*7.7836 &2) & (&4&(.836 3+ 
� 4� 1&<� 
� 4� .7 & 78&2?

)&6) :&09*�  !-.7 2*8;36/ *0.1.2&8*7 ,0.8(-*7 3+ � 27

36 0*77�  !-* 8&'0*�7 7*(32) (30912 &440.*7 83 ;.6*?

;6&44.2, (327869(8.32� ;-.(- .7 238 6*(311*2)*)

+36 7=78*17 34*6&8.2, &8 +6*59*2(.*7 3:*6 
	 ��>�

�2 *<(*48.32 .7 .+ 8-* 7=78*1 (327.787 3+ 0*77 8-&2 7.<

� � 36   � ��7�

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

��� 
���!������

%� ��� �	 
�	

� ��� 
� 

	

� �1&<�� 4�� 
� �	

�� �27� ���� ���


�� �27� � ���

��� 	��� 
����

!3 ,3 +631 8-* .)*&0 83 8-* 6*&0 ;360)� (&0(90&8* 8-*

:&09*7 3+ �
 &2) �� +631 8-* (96:*7 32 8-* )&8&7-**8

3+ 8-* )*:.(* )6.:.2, 8-* 0.2*�  �
 .7 8-* 7034* 3+ 8-*

398498 7396(* (966*28 :7�  398498 :308&,* '*8;**2 �

&2) 
"�  �� .7 8-* 7034* 3+ 8-* 398498 7.2/ (966*28 :7

398498 :308&,* '*8;**2 	 &2) 	��"�

�)) 8-* :&09* 3+ �
 83 
�� &2) (&0(90&8* �� 97.2,

���
���� ���  !-*2 (-*(/ 83 7** 8-&8 8-* �� (-&6,.2,

8.1* (3278&28 )3*7 238 :.30&8* 731* 1.2.191 437.?

8.:* 4907*?;.)8- 74*(.+.(&8.32 +36 8-* 0.2*�  �+ 73� 6*?

)9(* ��

�)) 8-* :&09* 3+ �� 83 
�� &2) (&0(90&8* ��  !-*2

(-*(/ 83 7** .+ 8-* ).7(-&6,.2, �� 8.1* (3278&28 :.3?

0&8*7 731* 1.2.191 4907*?;.)8- 74*(.+.(&8.32 +36

8-* 0.2*�  �+ 73� 6*)9(* ��

�+ 8-* 0.2* .7 -*&:.0= 03&)*)� ���
���� �� 1978 '*

97*) 83 (&0(90&8* 8-* 03&)*) (-&6&(8*6.78.( .14*)?

&2(*� ;-.(- )*8*61.2*7 8-* 1&<.191 :&09* 3+ ��

!-* �&<.191 :&09* 3+ � .7 8-*2 (&0(90&8*) 97.2,

���
���� ���


������" ����� �����������

�2 731* (&7*7 .8 (&2 '* *<4*).*28 83 97*  (-388/=

).3)*7 36 +&78?7;.8(-.2, 7.0.(32 ).3)*7 83 8*61.2&8*

0.2*7�  !-* ).3)* 7;.8(-.2, 8.1* 1978 '* &8 0*&78 +396

8.1*7 &7 +&78 &7 8-* 7.,2&0 6.7* 8.1*�  #-*6* 0.2* .1?

4*)&2(*7 &6* 238 ;*00 )*+.2*)� &7 .2 '6*&)'3&6)7

&2) '&(/40&2*7� 8-* 97* 3+ ).3)* 8*61.2&8.327 .7

(32:*2.*28 &2) (&2 7&:* 8.1*�

� 8=4.(&0 ).3)* 8*61.2&8.32 &44*&67 .2 ��
�������

!-*  (-388/= ).3)*�7 03; +36;&6) :308&,*� "+ �8=4.?

(&00= 	�� 83 	�
�"�� (0&147 8-* .2498 7.,2&0 83 & "+ '*?

03; ,6392) �03;*6 ).3)*� &2) "�� � "+ �944*6

).3)*��  !-.7 7.,2.+.(&280= 6*)9(*7 7.,2&0 92)*67-338
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$0' 18(45+116�  !1/( $22.,&$6,105 /$; 016 4(37,4(

%16+ ',1'(5�

"+( $'8$06$*(5 1) ',1'( 6(4/,0$6,105 $4(�

� �/2('$0&( /$6&+(' .,0(5 $4( 016 4(37,4('

� "+( ',1'(5 4(2.$&( 6(4/,0$6,0* 4(5,56145 14  �

6(4/,0$6,105

� "+( ',1'(5� &.$/2,0* $&6,10 4('7&(5 18(45+116

$0' 70'(45+116

� �.6+17*+ ',1'(5 &156 /14( 6+$0 4(5,56145� 6+( 61<

6$. &156 1) .$;176 /,*+6 %( .(55 %(&$75( $ 24(&,5(�

&10641..(' 64$05/,55,10<.,0( (08,410/(06 ,5 016

4(37,4('

� �) 4,0*,0* ,5 ',5&18(4(' 61 %( $ 241%.(/ '74,0* 5;5<

6(/ '(%7*� 6+( ',1'(5 &$0 %( ($5,.; $''('

�5 9,6+ 4(5,5614 14  � 6(4/,0$6,105� 6+( .($'5

5+17.' %( $5 5+146 $5 2155,%.( 61 $81,' 4,0*,0* '7(

61 .($' ,0'7&6$0&(�

� )(9 1) 6+( 6;2(5 1) !&+166-; ',1'(5 &1//(4&,$..;

$8$,.$%.( $4(

� �!�!����� ��(9.(6��$&-$4'�

� 
���



� ���
	
� ���
	� ��16141.$� 

� !��
!
	�	������ �"�� 5,0*.(<',1'( $44$;5� 

� !��
!
	�
��� �"�� '17%.(<',1'( $44$;5�

� &�$�� �&�� �� � 
)��"��

"+( )1..19,0* (:$/2.( ,..7564$6(5 6+( 241&('74( )14

&$.&7.$6,0* 6+( 9$8()14/5 9+(0 $ �;24(55 ��� *(0<

���'$���	�  ���!&&�* ��!�� ��$�� �&�! 

���

(4$6(5 6+( 94,6( 5641%( )14 )174 �;24(55 ����5�  "+(

��� ,5 $ ����
��� '(8,&( $0' 6+( ����5 $4(

�#��
��5�

"+( (37,8$.(06 &,4&7,6 $22($45 ,0 ���
	���� $0' 6+(

70/1',),(' '4,8,0* 9$8()14/ ,0 ���
	����� "+( 4,5(

$0' )$.. 6,/(5 $4( � 05�  "+( .(0*6+ 1) 6+( 564,2.,0(

64$&( 10 6+( ��� ,5 � ,0&+(5 $0' 6+( ,064,05,& &+$4$&<

6(4,56,& .,0( ,/2('$0&( ,5 �	��  "+( 81.6$*( 9$8(<

)14/5 $6 6+( 5174&( �21,06 �� $0' 6+( .1$' �21,06 ��

/756 %( &$.&7.$6(' $5 )70&6,105 1) 6,/(�  !64,2.,0(

&105647&6,10 ,5 75(' )14 6+,5 (:$/2.( %(&$75( ,0

/156 /1'(40 +,*+<2(4)14/$0&( ',*,6$. 5;56(/5� 6+(

���5 +$8( /7.6,2.( .$;(45�

"+( (37,8$.(06 �� &+$00(. 4(5,56$0&( 1) 6+( ���

27..<72 '(8,&(� ���� ,5 &$.&7.$6(' 75,0* 6+( 176276
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6285') '855)17 9)5686 92/7%+) +5%3,� 29)5 7,) 5)+-21

2* -17)5)67 �
 72 �#�� *520 7,) !���
� 6)5-)6 (%7%>

6,))7�  ",) )48-9%/)17 5)6-67%1') 2* 7,) 38//>(2:1

()9-')� 		�� -6 '%/'8/%7)( -1 % 6-0-/%5 0%11)5� 86-1+

7,) 287387 6-1. '855)17 9)5686 287387 92/7%+) +5%3,�

29)5 7,) 5)+-21 2* -17)5)67 ���� 72 
#�� %/62 21 7,)

(%7%6,))7�

",) )48-9%/)17 -1387 '-5'8-7 *25 7,) ���  -6 '21>

6758'7)( &< %3352;-0%7-1+ 7,) -1387 %1( 675%< '%3%'>

-7%1') :-7, % 	�>3� '%3%'-725 %1( 7,) -1387 5)6-6>

7%1') :-7, % 
>�� 5)6-6725�  ",) -1387 /)%.%+)

'855)17 *25 %// �<35)66 352(8'76 -6 63)'-*-)( %6 %

0%;-080 2* =	� ��� :,-', +8%5%17))6 % 0-1-080

2* 
�� �� %7 #-1 � 
#�  "<3-'%/ /)%.%+) '855)17 -6 	�

3��

�)'%86) 7,) !�� -6 (5-9-1+ *285 ��� 6 -1 3%5%//)/�

7,) )48-9%/)17 /803)( '%3%'-7%1') -6 � � 	� 3� �

�� 3�� %1( 7,) )48-9%/)17 /803)( 5)6-67%1') -6


���������� � 	�

 ���

",) 1);7 67)3 -6 72 '%/'8/%7) 7,) 3523%+%7-21 ()/%<

%1( 7,) /2%()( ',%5%'7)5-67-' -03)(%1') 2* 7,) /-1)�

",) 81/2%()( 3523%+%7-21 ()/%< 2* 7,) /-1) -6 '%/'8>

/%7)( 86-1+ 	������� �� :-7, % (-)/)'75-' '2167%17 2*


�

tpd � 2.27 (ns�ft) �4� 



"2 '%/'8/%7) 7,) /2%()( /-1) 3523%+%7-21 ()/%<� 7,)

-175-16-' '%3%'-7%1') 0867 *-567 &) '%/'8/%7)( 86-1+

	������� ��

tpd � ZOCO �4� 
�

:,)5) $  -6 7,) -175-16-' ',%5%'7)5-67-' -03)(%1')�

%1( �  -6 7,) -175-16-' '%3%'-7%1')�

CO �
tpd

ZO
�

2.27ns�ft
50

� 45.4pF�ft.
�4� 
�

�)'%86) 7,) /-1) -6 /2%()( :-7, �� 3�� 	������� �� -6

86)( 72 '20387) 7,) /2%()( 3523%+%7-21 ()/%< 2*

7,) /-1)�

tpdL � tpd 1 � CD�CO
�

tpdL � 2.27ns�ft 1 �
40 pF

45.4pF�ft � 8 in.
12 in.�ft

�

tpdL � 3.46ns�ft �4� 
�

�27) 7,%7 7,) '%3%'-7%1') 3)5 81-7 /)1+7, 0867 &)

08/7-3/-)( &< 7,) /-1) /)1+7, 72 %55-9) %7 %1 )48-9%>

/)17 /803)( '%3%'-7%1')�

",) -175-16-' /-1) -03)(%1') -6 5)(8')( &< 7,) 6%0)

*%'725 &< :,-', 7,) 3523%+%7-21 ()/%< -6 -1'5)%6)(

�	�

�� 6)) 	������� ����

ZO	 �
50�
1.524

� 32.8�
�4� 
�

�

�
�� ��
�
�
�
�

�7 7-0) 7 � �� 7,) '-5'8-7 6,2:1 -1 
����
��� -6 -1 %

48-)6')17 67%7)�  ",) 92/7%+) %7 32-176 � %1( � 0867

&) 7,) 6%0)�  �< -163)'7-21�

VA � VB � (VCC � Vf) � RL

RS � RL

�

� (5� 1)� 1.25 � 106

28 � 1.25 � 106
� � 4V

�4� ��

�7 7 � �� 7,) (5-9-1+ :%9)*250 ',%1+)6 *520 �# 72

%3352;-0%7)/< �# :-7, % *%// 7-0) 2* 
 16�  ",-6 -6

6,2:1 -1 
����
��� &< 7,) 6:-7', %50 029-1+ *520

326-7-21 	 72 326-7-21 
�

",) :%9) 3523%+%7)6 72 7,) /2%( %7 7,) 5%7) 2* ����

16 3)5 *227 %1( %55-9)6 7,)5)

TO � 3.46ns�ft � 8 in.
12 in.�ft

� 2.3ns
�4� �	

/%7)5� %6 -//8675%7)( -1 
����
�����

�)'%86) 7,) 5)*/)'7-21 '2)**-'-)17 %7 7,) /2%( -6 ��

� 	� %1 )%5/< )48%/ %1( 23326-7) 32/%5-7< :%9)*250

-6 3523%+%7)( &%'. 72 7,) 6285') *520 7,) /2%(�  ",)

5)*/)'7-21 %55-9)6 %7 7 �
"  � ��� 16 �
����
������

�27) 7,%7 7,) *%// 7-0) -6 35)6)59)(�

",) 5)*/)'7-21 '2)**-'-)17 %7 7,) 6285') -6

ρS �
RS� ZO	

RS� ZO	
�

11� 32.8
11� 32.8

� � 0.498
�4� �


"2 6-03/-*< 7,) '%/'8/%7-216 7,%7 *2//2:� '216-()5

���
 72 &) 7,) /2:>/)9)/ 6285') 5)*/)'7-21 '2)**->

'-)17�  ",) 0%+1-78() 2* 7,) 5)*/)'7)( 92/7%+) %7 7,)

6285') -6 7,)1

VS1 � � 4V � (� 0.5) � 2V �4� ��
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� !* .�-� ')&'���+�* �)&$ + � *&,)�� +& + � #&��

�%� �))!-�* �+ + � 
 ���  � � .�-� ���* +& + � �� *!�2

%�#�  � � )!*� +!$� !* ')�*�)-��� �%� + ,* + � +!$� )�2

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

tr �
2V � 2 ns

4V
� 1 ns

�(� 
�

� � *!�%�# �+ + � #&�� + ,* )��� �* + � 	� #�-�# �+

+!$�

t � 3TO � 1 ns � 7.9ns �(� 
�

�%� )�$�!%* �+ + �+ #�-�# ,%+!# + � %�/+ )��#��+!&% &�2

�,)* �+

t � 5TO �(� 



� � .�-� + �+ �))!-�* �+ + � #&�� �+ 
 �� )��#��+*

���" +& + � *&,)�� �%� �))!-�* �+

t � 4TO � 9.2ns �(� 
�

� � 	� #�-�# ���* +& + � ��� #�-�#� �&) � +&+�# &�

�	��  � � )!*� +!$� !* ')�*�)-��� *& + �+ + !* #�-�# !*

)��� �� �+

t � 4TO � 1 ns � 10.2ns �(� 
�

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

t � 6TO �(� 
�

� � 	� .�-� + �+ �))!-�* �+ + � *&,)�� �+ + � ��� )�2

�#��+* ���" +& + � #&�� �%� �))!-�* �+ + � ����  � �

'&)+!&% + �+ !* )��#��+�� ���" +& + � #&�� !*

VS2 � 2 � (� 0.5) � � 1V �(� ��

� !* -�#,� *,�+)��+* �)&$ + � 	� #�-�# +& �!-� 	 � �

� ���  ����,*� + � ��## +!$� !* ')�*�)-��� + � +!$�

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

tf �
1V � 2 ns

4V
� 0.5ns

�(� ��

� � �� #�-�# !* + ,* )��� �� �+ +!$�

t � 5TO � 0.5ns � 12 ns �(� �	

�+ + � 
��� + � �� .�-� �))!-�* ���" �+ + � *&,)���

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

� � )!*� +!$� !*

tr � 1 � 0.5ns�V � 0.5ns �(� �


� � *!�%�# �+ + � *&,)�� )��� �* + � ��� #�-�# �+

t � 6TO � 0.5 � 14.3ns �(� ��

� � �� .�-� + �+ �))!-�* �+ + � *&,)�� �+ + � 
�� !*

)��#��+�� ���" +& + � #&�� �%� �))!-�* �+ + � ����

� � '&)+!&% + �+ !* )��#��+�� ���" !*

VS3 � 1 � (� 0.5) � � 0.5V �(� ��

� !* -�#,� *,�+)��+* �)&$ + � �� #�-�# +& �!-� �����

� � ��## +!$� !* ��	� %*�  � � ���� #�-�# )�$�!%* ,%+!#

+ � %�/+ )��#��+!&% )��� �* + � #&�� �+

t � 9TO �(� �


�+ + � ��� + � ���� .�-� + �+ )��#��+* �)&$ + � #&��

�+ +� ��� �))!-�* ���" �+ + � *&,)��� . �)� !+ *,�2

+)��+* �)&$ + � ��� #�-�# +& �!-� ������  � � )!*�

+!$� !* ��	� %*�  � � '&)+!&% + �+ )��#��+* ���" +& + �

#&�� !*

VS4 � 0.5 � (� 0.5) � � 0.25V �(� ��

� � ���	�� *!�%�# �))!-�* �+ + � #&�� �+ + � ���� �

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

��	���

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

�%� � ����0 +& �'')&/!$�+�#0 ���

���	������
�

� � '&*!+!-� )��#��+!&% �&���!�!�%+ �+ + � #&�� �%�

+ � %���+!-� )��#��+!&% �&���!�!�%+ �+ + � *&,)�� )�2

*,#+ !% �% &*�!##�+&)0 �� �-!&) + �+ �-�%+,�##0 ����0*

+& ����'+��#� #�-�#*�  � � -&#+��� �+ '&!%+ � )��� �*

��� ��+�) 
�� ��#�0* �%� + � -&#+��� �+ '&!%+ �

)��� �* ���� ��+�) ��� ��#�0*�

� � )��#��+!&% �+ + � #&�� + �+ ��,*�* + � -&#+��� +&

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

&#� #�-�# !* ���� �&) ���2�&$'�+!�#� ��-!��* + �+ �&

%&+ �/ !�!+  0*+�)�*!*�

� � -&#+��� �+ + � #&�� ��##* �)&$ �� +& �� !% 	 %*�

���!%%!%� �+ + � ���  ����,*� �� � 	�
 %*� + � -&#+2

��� )��� �* 1�)& �+

2.3ns � 2 ns � 4.3ns �(� ��

� � ���� #�-�# &��,)* �+

4.3ns � 2 ns
4V

� 1.5V � 3.55ns
�(� ��



������ ����	
 ��
���������
�


���

#0- 91:15/ -,/- *-/15: );

t � 3TO � 6.9ns �8� �	

#0- 
��% 3-=-3 6++<9: );

6.9ns � 2 ns
4V

� 1.5 � 7.65ns
�8� �


#0- ;14- ,1..-9-5+- ����� � ���� � 
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