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Vg for P-channel

Vth

 t delay

��T,HA4#/87��W!���5,T,K!T,U�0�G8T,U#HpG8�#7B�N�#FA/8GpIJT,/81$4#T,GpIJ4#/8/87$UNG

T,6�0 7 G8T,K!7	e#7$5`0 � �?1��#T,LS�b�#T,1��YT,6�0 � 5,7BG8F]e#7$5`0 � 0!68T,HAU�0�5�0�G�T,G#� 6	T,U#L#4#Gp��FA/�0!68L�7$1$T f�7$e'0�K!FA4#UNGpF��bG8T,K!7 � 7���FA/87�T,G
/87�0�1��#7$6�G8�#7�FA4#G8L#4#G�*��p687$e]T,U]1$FAU���4#U#1$G8T,FAU]�bT,G8�S0�3�Q	RYG8�#7BU#7$1$7$686�0�/ � K!FNe#T f�1�0�G8T,FAU#6b68�#FA4#5,edU#FAG � 7Be#T �!1$4#5,GbG8F
T,K!L#5,7$K!7$UNG�0�U#edG8�#7	5,FAHAT,1pT,6b687$5 ��7$�NT,e#7$UNG�*
QpU#FAG8�#7$/B1$FAK!L�FAU#7$UNGpG8��0�G�e#7$687$/8�A7$6B1$FAK!K!7$UNGpT,6	G8�#7��$7$U#7$/Be#T,FNe#7A*�Q�+���E��$7$U#7$/B�b0�6	e#7$68T,/87$e � 4#G�G8�#7�FAU#5 �

0��A0�T,5`0 � 5,7b1$FAK!L�FAU#7$UNG86b�J7$/87�0���E�0�U#e]0d+�)�Eq�$7$U#7$/�*p-b�#7$687��J7$/87BL#4#GbT,Ud687$/8T,7$6p��FA/p0�Ud7�6?7$1$G8T,�A7d+���Eq�$7$U#7$/�*p-b�#7
�b0��A7���FA/8K!6 � 7���FA/87B0�U#e]0���G87$/bG8�#7	�$7$U#7$/	�J7$/87�0�e#e#7$e]1�0�U � 7	687$7$U]T,U!f�HA4#/87�M#*

17v 17v 17v

DrainVoltage(E)
without zener

Drain Voltag(E)
with zener

17V

22V
200 ns

��T,HA4#/87�MW!�E�FA5,G�0�HA7	�NL#T,2A7

-b�#7$/87��b0�6�68FAK!7��JFA/8/ � G8��0�G	G8�#7�1$T,/81$4#T,G��bT,G8�SG8�#7��AFA5,G�0�HA7�68L#T,2A7BK!T,HA�NGbe�0�Kd0�HA7�G8�#7 �N(?h�_�� rde#7$1$FNe#7$/86BFAUSG8�#7
G8/�0�T,U#6#	�68FSG8�#7!�$7$U#7$/86��J7$/87]0�e#e#7$eS��FA/BL#/8FAG87$1$G8T,FAU�*����pG8�#7!684#L#L#5 � �AFA5,G�0�HA7BT,6�7$�A7$/�K!FNe#T f�7$eST,G�T,6�T,K!L�FA/8G�0�UNG	G8F
1���0�U#HA7BG8�#7��$7$U#7$/Be#T,FNe#7�0�5,68F�* � G	68�#FA4#5,e � 7�/�0�G87$eY0�G�W#* )��AFA5,G86	�#T,HA�#7$/	G8��0�USG8�#7BL�F��J7$/�684#L#L#5 � �AFA5,G�0�HA7�	?0�U#eSF��
1$FA4#/8687�U#FAGp0�U � 5,7$686�*

�



� ��� ����� ��z�� �p�!z�� �q�������1�J��z$���

Qp6	K!7$UNG8T,FAU#7$e]T,U]G8�#7BT,UNG8/8FNe#4#1$G8T,FAU]G8�#7B68�#FA/8G�1$T,/81$4#T,G	L#/8FAG87$1$G8T,FAUS�bT,5,5 � 7�0�4#G8FAKd0�G8T,1�0�U#e]U#FAG	/87$5 � FAUY0�U � 1���0�/Y�
0�1$G87$/8T,68G8T,1$6	F��JG8�#7�T,U#L#4#GpL#4#5,687�G8��0�Gp68�#FA4#5,e]U#FAG � 7BL#/87$684#K!7$e�*b�	0��NT,U#H!0BL#/8FAHA/�0�K!Kd0 � 5,7b6�0�K!L#5,7	/�0�G87B0�U#e 7 � 0�5,687
68�#FA/8G#��G8FA5,7$/�0�U#1$7!0�K!FA4#UNGb0�5,5,F��b6bG8�#7B1$T,/81$4#T,G	G8F � 7BK!FNe#T f�7$ed��FA/	0��A0�/8T,7$G � F���1$FAU#e#T,G8T,FAU#6�*��#FA/p7$�#0�K!L#5,7�	#�A0�/8T,FA4#6
UN4#K � 7$/86pF���G8/�0�T,U#6#	�FA/pe#T 6?7$/87$UNGpG8/�0�1�2]1$FAUNf�HA4#/�0�G8T,FAU#6p7$G81A*p-b�#7�5,FAHAT,1�0�5?FAL�7$/�0�G8T,FAU]F���G8�#7B6 � 68G87$K�1�0�U � 7�687$7$UST,U
f�HA4#/87�P#*

Train Bus Clock
100kHz
Simulated using
a 555

PAL
clock divider
produces sample

PAL
Short circuit
counter

Track pulser
input

rate

Voltage Comparitors

Track

CTH (Close To High Logic Signal)

CTL
(Close To Low Signal)

drain of FETsPFETout

NFETout

��T,HA4#/87�PW!��N�#FA/8GpIJT,/81$4#T,Gp3�/8FAG87$1$G8T,FAUS�p�A7$/8�NT,7$�

-b�#7B68�#FA/8G�1$T,/81$4#T,G	1$FA4#UNG87$/	68T,K!L#5 � 5,FNFA2N6	0�G	G8�#7Be#/�0�T,U]�AFA5,G�0�HA7B0�6	/87$L�FA/8G87$e ��� G8�#7B�AFA5,G�0�HA7�1$FAK!L�0�/�0�G8FA/86�*1���
G8�#T,6b�AFA5,G�0�HA7pT,6bU#FAGp0�Gb�b��0�GbT,Gb68�#FA4#5,e � 7	HAT,�A7$UdG8�#7�1$4#/8/87$UNGpT,U#L#4#GbT,GbT,U#1$/87$K!7$UNG86p0B1$FA4#UNG87$/�*��v�#7$UdG8�#T,6b1$FA4#UNG87$/
/87�0�1��#7$6�0!1$7$/8G�0�T,USG8�#/87$68�#FA5,eYT,G	687$G86�G8�#7 7 K!FNe#7��#G8FdF/6�*�-b�#7�T,U#L#4#G	68T,HAU�0�5�T,6�0�5,�b0 � 6 7 0�U#e#7$e
�?�bT,G8�]G8�#7�K!FNe#7�G8F
e#7$G87$/8K!T,U#7bG8�#7b�A0�5,4#7$6�F��?G8�#7 �	����-�FA4#GJ0�U#e�3�����-�FA4#G�FA4#G8L#4#G86�*R���?G8�#7$/87pT,6J0�UBT,U#1$FAU#68T,68G87$UNG�68G�0�G87b��FA/�5,FAU#H	7$U#FA4#HA�
0�U#eYG8�#7!K!FNe#7BT,6�F/6vG8�#7!1$FA4#UNG87$/B1$FAUNG8T,UN4#7$6B1$FA4#UNG8T,U#H]G8FS0�UY4#L#L�7$/ � FA4#U#e %`G8�#7!1$FNFA5 � F/6'G8T,K!7#'$*��v�#7$U G8�#T,6�T,6
/87�0�1��#7$e'G8�#7dK!FNe#7�HA7$G86B687$G�G8F 7 FAU
��0�HN0�T,UYG8FS687$7dT �pG8�#7!68�#FA/8G�T,6B68G8T,5,5JL#/87$687$UNG�*Y�p7$/87dT,6�0]e#7$681$/8T,L#G8T,FAU F��p7�0�1��
1$FAK!L�FAU#7$UNGJF���G8�#7B��
AIvL#/8FAG87$1$G8T,FAUd1$T,/81$4#T,G8/ � *

� ��� ��� %	����
�(
�������&��������� ��'
��T,HA4#/87�+�W�68�#F��b6pG8�#7	G �JFB1$FAK!L�0�/�0�G8FA/86�*
-b�#7 � 0�/87]68G�0�U#e�0�/8ev5,F��g�AFA5,G�0�HA7!1$FAK!L�0�/�0�G8FA/86�4#68T,U#H R�c]DAPAWAWY0�K!L#5,T f�7$/86�0�6!e#7$681$/8T � 7$e�T,U � �	3���PAD#�8*�-b�#7

/87���7$/87$U#1$7 �AFA5,G�0�HA7$6d0�/87S1$FAU#U#7$1$G87$e�G8F'G8�#7SU#FAU � T,UN�A7$/8G8T,U#H T,U#L#4#G86dF��BQB+S0�U#e�Q	)#*�-b�#7S1��#FAT,1$7$6d��FA/dapPW	pa�+�WW	
0�U#e a�+A+Be#7$G87$/8K!T,U#7B�b��0�G�G8�#7$687d/87���7$/87$U#1$7d�AFA5,G�0�HA7$6�0�/87A*d-b�#7�1��#FA687$U /87���7$/87$U#1$7d�AFA5,G�0�HA7$6�0�/87S+$9�- M ) 0�U#e )W- ) )
/87$68L�7$1$G8T,�A7$5 � ��FA/�QB+p0�U#e�Q	)#*��NT,U#1$7pG8�#7$687	�A0�5,4#7$6J0�/87p7�0�68T,5 � 0�U#e!0�1$1$4#/�0�G87$5 � e#7$G87$/8K!T,U�0 � 5,7bG8�#7p1$T,/81$4#T,G8/ � �JFA4#5,e � 7
7�0�68T,5 � K!FNe#T f?0 � 5,7pG8F!��0�U#e#5,7B68T,G84�0�G8T,FAU#6pT,Ud�b�#T,1��SG8�#7Be#/�0�T,U]�AFA5,G�0�HA7	e#T,e]U#FAGp68�bT,U#Hd0�5,5�G8�#7B�b0 � ��/8FAK�W�G8FS+���EB*
3�7$/8��0�L#6B0B��4#G84#/87BT,K!L#/8F��A7$K!7$UNGJG8F!G8�#7BG8/�0�T,U#6	�JFA4#5,eS0�5,5,F���G8�#7$K�G8F!e#7$G87$1$GB0�K�4#1��]K!T,5,e#7$/b�AFA5,G�0�HA7	e#/8FAL�*�-b�#7

M



+17V
+17V

+17V

+5V

+5V

+17V
+17V

R9

R10

R11

R12

R13

R14 R15 R17

R18

R20

R22

R19

R21 R24

R25B2

B1
+

-

+

-

A1

A2

I3

I4

Input from

Voltage

Pulse Modulator

R9 = R11 = 1K Ohms

R12 = R13 = 100K Ohms
R14 = R15 = 1M Ohms
R16 = R23 = 2.2K Ohms

R18 = R25 = 2.2K Ohms
R17 = R24 = 560 Ohms

R19 = R20 = 100K Ohms
R21 = R22 = 1M Ohms

R10 = 5.6K Ohms

R16

R23

Comparator Convertor
Voltage

CTH to PAL

CTL to PAL

��T,HA4#/87�+�WW!�E�FA5,G�0�HA7	cd7�0�684#/87$K!7$UNG86	0�GbG8�#7��p/�0�T,U

FA4#G8L#4#GJF���G8�#7	0�K!L#5,T f�7$/86�T,6b0�HN0�T,U�0�K!L#5,T f�7$e ��� �	+	0�U#e!�b)#*�-b�#7�0�K!L#5,T f�7$/86�1$FA4#5,e���0��A7pe#/8T,�A7$U!G8�#7pFAL#G8FAT,68FA5`0�G8FA/86
e#T,/87$1$G85 �1� 4#G 7 F��A7$/Be#/8T,�NT,U#H���G8�#7dT,UN�A7$/8G8T,U#HST,U#L#4#GB�JFA4#5,e � 7dU#7$1$7$686�0�/ � G8FY0�1��#T,7$�A7!G8�#7d/87�+N4#T,/87$ev1$4#/8/87$UNG�T,U G8�#7
FAL#G8FAT,68FA5`0�G8FA/86�%`687$7(� �	3���PAD#��'$*d-b�#T,6 7 F��A7$/�e#/8T,�NT,U#H��?�JFA4#5,eSK!7�0�USG8��0�GBG8�#7!�AFA5,G�0�HA7B68�bT,U#H]F��pG8�#7!FA4#G8L#4#GB�JFA4#5,e
FN1$1$4#/pF��A7$/b0�687$�A7$/�0�5��AFA5,GJe#T 6?7$/87$U#1$7 � 7$G �J7$7$U]G8�#7�0�K!L#5,T f�7$/�T,U#L#4#G86��N*�-b�#7 � T,L�FA5`0�/86b0�5,5,F��v0B)AW�K!Qve#T,FNe#7p1$4#/8/87$UNG
0�U#eY0B��4#5,5��AFA5,G�0�HA7	68�bT,U#HdF��A7$/�0!W#*,+$E�e#T 6?7$/87$U#1$7!T,U]G8�#7BT,U#L#4#G86�*
�pFAG87BG8��0�G	G8�#7!IJ-b��0�U#eYIJ-pR %`1$5,FA687BG8Fd�#T,HA�
0�U#ed1$5,FA687	G8F�5,F��1'J0�/87	U#7$HN0�G8T,�A7	5,FAHAT,1A*

� �2� � % � �� 
�NT,U#1$7	G8�#7�U#7$��G8/�0�T,U � 4#6bT,6bU#FAG � 4#T,5,G � 7$GbG8�#7!+�WAW��	�#�p1$5,FN1�2!/�0�G87��b0�6bHA7$U#7$/�0�G87$e]4#68T,U#H�0��A�A�B0�6bT,U!f�HA4#/87�+A+A*

+5V

+5V

1

2

3

4

555
7

6

5

8

R2

R1

C1 C2 C3

R3
Output 
to PAL

R1 = 680 Ohms
R2 = 2.2K Ohms
C1 = C2 = 10nF
C3 = 1nF

��T,HA4#/87�+A+�!b+�WAW��	�#��IJ5,FN1�2

�	)B�b0�6J1��#FA687$U]5`0�/8HA7	68F�G8��0�Gb68FAK!7$G8�#T,U#H�1$5,FA687�G8F�0��AW���e#4#G � 1 � 1$5,7	1$FA4#5,e � 7�0�1��#T,7$�A7$e�*��	DB0�5,5,F��b6b0�U!7$�#0�1$G
��/87�+N4#7$U#1 � 0�e���4#68G8K!7$UNG�*�Qp6	0�/87$K!T,U#e#7$/bG8�#7	G8T,K!7p68L�7$UNGp5,F���0�U#e!�#T,HA�]0�/87	HAT,�A7$U ��� G8�#7p��FA5,5,F��bT,U#H�*

� � B�<,=1>���X , J/D B#J/;
N�L/<�<�;�H#G�G�:/;
J/D � ;�<�;�H/N�;,E�;�G�K�;�;�H1G�:/;
=�XIA1D H/A/L/G�C�K�=�C
L/AIG�B��#O 	�! O

P
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-b�JFdIb��)A)�EB+�W���3�Q	R?6	0�/87B4#687$eY0�5,G8�#FA4#HA�dG8�#7���4#U#1$G8T,FAU�0�5,T,G � T,6pU#FAGpe#T,�NT,e#7$eS0�6	T,U!f�HA4#/87�
�P#*pQ � 5,FN1�2de#T`0�HA/�0�K
F���G8�#7	��4#U#1$G8T,FAU�0�5,T,G � F���7�0�1��S3�Q	R]1�0�U � 7	687$7$U]T,U!f�HA4#/87$6�+�)�0�U#eY+�D#*

Clock
Divider

ShortCTL

CTH

Input

mode NFETOUT

PFETOUT

OK

Sample Rate100 KHz

14

15

16

231

2

3

4

5 to HEXFET

Signal

Circuit ?

��T,HA4#/87�+�)W!�3�Q	RSQ

mode
Sample Rate

OK

Determine
Operation

Counter

a 9-bits

1

2
22

Mode using

��T,HA4#/87�+�DW!�3�Q	R]�

-b�#7!�N-�1$FNe#7B��FA/	G8�#7�1$5,FN1�2Se#T,�NT,e#7$/�0�U#eSG8�#7�K!FNe#7�e#7$G87$/8K!T,U�0�G8T,FAUS3�Q	R 1�0�U � 7�687$7$UYT,USQpL#L�7$U#e#T,�SQB*?-b�#7
FAL�7$/�0�G8T,FAUS��0�6 � 7$7$USe#7$681$/8T � 7$e T,U]7$U#FA4#HA�Se#7$G�0�T,5�G8��0�G	G8�#7�1$FNe#7B68�#FA4#5,e � 7�� 0�T,/85 � 687$5 �J7$�NL#5`0�U�0�G8FA/ � *	-b�#7BQp�b��R
1$FNe#7!4#687$e G8FSL#/8FAHA/�0�K�G8�#7d3�Q	R?6BT,6�HAT,�A7$UYT,UYQpL#L�7$U#e#T,�Y�	*�-b�#7!68�#FA/8G�1$T,/81$4#T,GBe#7$G87$/8K!T,U�0�G8T,FAUY0�U#e G8�#7 7 68T,HAU�0�5
G8FS�	���	����- � � F��'0�/87 � FAG8� 1$FAK � T,U�0�G8T,FAU�0�5�1$T,/81$4#T,G86�*'-b�#7dL#/87$�NT,FA4#685 � 684#HAHA7$68G87$evK!FNe#T f�1�0�G8T,FAUYG8FS/87$e#4#1$7]G8�#7
� /8T,7��J68�#FA/8Gp1$T,/81$4#T,Gp1$4#/8/87$UNG	�JFA4#5,ed/87�+N4#T,/87B0BK!FNe#T f�1�0�G8T,FAU!G8F�G8�#7 7 68T,HAU�0�5?G8F��	���	����- � � F��?*JQp6 � FAG8�S3�Q	R?6	0�/87
1$4#/8/87$UNG85 � ��4#5,5�0	G8�#T,/8e!�JFA4#5,eB��0��A7bG8F � 7pT,UNG8/8FNe#4#1$7$ed0�6J�J7$5,5�0�6JG8�#7pG8T,K!7Je#7$5`0 � 1��#T,L�*R� G�68�#FA4#5,e � 7pU#FAG87$e!G8��0�G�G8�#7
7 �N�#FA/8G�IJT,/81$4#T,G#��e#7$G87$1$G8T,FAU � F��]T,6p685,T,HA�NG85 � K!T,68U�0�K!7$e!68T,U#1$7�T,GpFA4#G8L#4#G86	�b�#7$G8�#7$/�G8�#7�6 � 68G87$K�T,6	T,US0�U u�� 68G�0�G87A*
�pG8�#7$/JL#/8F � 5,7$K!6��bT,G8��G8�#7b1$T,/81$4#T,G��JFA4#5,eB1�0�4#687 u�� G8F � 7J� 0�5,687�	A684#1��!0�6J0b� 0�T,5,4#/87JF���0�U � F��?G8�#7J��FA4#/�FAL#G8FAT,68FA5`0�G8FA/86
FA/B0�K!L#5,T f�7$/86�*!-b�#T,6BT,6�685,T,HA�NG85 � K!FA/87BHA7$U#7$/�0�5bG8��0�U ��4#68GB1��#7$1�2NT,U#HST �bG8�#7!1$FAU#e#T,G8T,FAU#6�U#7$1$7$686�0�/ � ��FA/B0d68�#FA/8G�0�/87
L#/87$687$UNG�*b��T,U�0�5,5 � G8�#7	1$FAK!L#5,7$G87	6 � 68G87$Kg1�0�U � 7�1$FAU#68G8/84#1$G87$e�*

� ��� � ���������$�b��� ��� 
������

3�4#G8G8T,U#H!0�5,5�F���G8�#7	L�0�/8G86pG8FAHA7$G8�#7$/ � T,7$5,e#6bG8�#7�681��#7$Kd0�G8T,1pT,U!f�HA4#/87�+$9�*
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