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B�̂4.6./M�*O,]q[g45@B~gkMw½IM�B�,/5@c:M�>@m�N4̂4>7>@3�b49�q[*�,1g4M�c29:>@,102A:M�92*&,/g4MheG0236Mh92i�,1.10Y*43/5@36,192.  
e4./5@*4A:57*DA�5@,[9:̂�,[92i�B�9:*4b4̂4Bw,15@9:*RVß ./92̂4*4b45@*4Ah9:*4M�9:.jez92,/gv92i�,1g4M�M�EF5},/,1M�./3?9Yi�,/.102*4365738,19:.�T�ND̂D,13�,1gDM�,1.10Y*43/5@36,192.
57*O,19yB�9:*4bD̂4B�,/57*4A�E�9�bDMF369�,1gG0Y,U,1g4MuB�9:>@>7M�Bw,19:.]c:92>@,~0YA:Mub4.69:N43�V�)=,h573U9:*4>}m�q[g4M�*
ez92,/g�92ix,1gDM�57*4N4̂�,13j,/9�,1.10Y*43/5@36,192.�T]02./MP̂4*4B�92*4*4M�Bw,1M�b�9:.j0Y, Q]S�JÌ,1gG0Z,?,1g4MPeG023/M¶;
B�9:>@>7M�Bw,19:.Fb4579ab4M�e\M�B�9:E�M�3�ip9:.8q?02.6bte45{0236M�b¿02>@>79�q[57*4AÄ0nB�̂4.6./M�*s,v,/9n,1g4M&eG0236M�92i
,1.10Y*43/5@36,192.   V'W�g4Mhb4̂G02>KM�E�5@,/,/M�._57*4N4̂�,�,1./02*43/5@36,/9:.P,1gDM�./Mwip9:./MhN\M�.8ip9:./E�3�02* Î � d
ip̂4*4B�,/579:*IV

�fM�B�0Y*F*49�q$,1./02B�M?,/g4M[9:NzM�.10Y,/579:*l92iz,/g4M�92,/g4M�.�,+q�9',/.102*D3/5738,19:.63�92iz�K57A2̂4./M�T2V   V
�tg4M�*v,1./02*43/5@36,/9:.   573�B�92*4b4̂4Bw,157*DA4�4,1./02*43/5@36,/9:. Õ gG023�eG0236MUB�̂4./.6M�*O,_02*4b-N4̂4>@>73j,/g4M
9:̂D,1ND̂D,�c:9:>},~02A2M�b49�q[*�,/9Íqj02.6b43jHKJlV2�tg4M�*�,/.102*4365738,19:.   573�*D92,�B�9:*Db4̂4B�,/57*4AD�s,/g4M�.6M
573#*49keG023/M-B�̂D././M�*O,Fip9:.h,/.102*4365738,19:. Õ e4̂D,#,1g4M�./M-573#eG0236MyB�̂4./.6M�*O,�ip9:.h,1.10Y*43/5@36,192.
Ñkq[g45@B~g�ÚG9�q[3#,1g4.69:̂4A:g$,1g4MkT:VÂà�̀�ÝÆ.6M�365736,/9:.F02*4b�,1.10Y*43/5@36,192.FÑk573u���á0Y*4b¾,/g4M
9:̂D,1ND̂D,Uc29:>@,102A:M�573Ug457A:gIV�W�g4Muip̂4*4Bw,15@9:*Ä92i?b4579ab4M�ezMw,+qjM�M�*n,1./02*4365736,/9:./3 Õ 02*DbnÑ
573?,19�N4.6M�c:M�*O,_,/g4MUM�EF5},/,/M�.j,/9FB�9:>7>@M�B�,/9:.jc29:>@,102A:M]92i�,1.10Y*43/5@36,192.   ip.69:EÃ,/̂4./*45@*4A�9:*
ez92,/gl92iG,/.102*D3/5738,19:.63 Õ 0Y*4b�Ñ�3657E�̂4>},~02*DM�9:̂436>@m]0Y*4b�3/gD9:.6,/57*4A�92̂D,K,/g4MjN\9�qjM�.�3/̂4NDN4>@m2V

W�gDM',102e4>7M]e\M�>@9Íq
3/g49�q[3_,/g4M'36,~0Z,1M�3 92i�,1g4M'B�5@./B�̂D5@,�,1./02*4365736,/9:./3 92i�,1g4MU� Î � d
AO0Y,1M�B�5@./B�̂45@,'ip9:.]ip9:̂4.'Nz9:363/5@e4>7M#cY02>75@bf5@*4N4̂D,',19-,1g4M�,1./̂�,1gÄ,102e4>7MYVv)=,�3/gD9:̂4>7bÄ02>7369
ezM-*492,/M�b¾,/gG0Y,u02*$̂4*4B�92*4*4M�Bw,1M�b�57*4N4̂�,�o��UVºâPVäãå*49fB�9:*D*4M�Bw,15792*�r#bDM�i�02̂4>},13h,19Ä0
Q'S�J×5@*4N4̂D,�V�)=,'5@3'*D92,'./M�B�9:E�EFM�*4b4M�b&,1g40Y,],1g45@3'e\M�02>7>@9�qjM�b&,/9yg402N4N\M�*n0Y3U0Y*sm
4̂*4B�92*4*4M�Bw,1M�b�57*4ND̂D,�B�02*F02Bw,j0Y3�0Y*u02*O,/M�*4*G0'02*4b�EF0�m�N457B~̀�̂DNF3657A:*G0Y>73�0Y,�./02*4b49:E
ip./9:EÃ92,1g4M�.[NG02.6,/3[92i�,/g4M'B�57.6B�̂45},[02*4b-A:5}c:M'02*v57*4bDM�,1M�./E�57*G0Z,1M]02*4b-̂4*4ND./M�bD57B�,102e4>@M
9:̂D,1ND̂D, 023 0�.6M�36̂4>@,�V

Î æ T   Õ Ñ ���_W
HKJ HKJ ��� ����� ����� ��� Q'S�J
S�J HKJ ��� ����� ����� ��� Q'S�J
HKJ S�J ��� ����� ����� ��� Q'S�J
S�J S�J æ ;8â¿��92.6qj02./bve457023/M�b ��� ��� �]�K� HKJ
�UVºâPV �UVºâPV æ ;8â¿��92.6qj02./bve457023/M�b ��� ��� �]�K� HKJ
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�fM#gG0�c:M�3/M�M�*k,/gG0Y,],1gDMh57*4N4^�,�,19�,1g45@3]� Î � d AO0Y,1M#.6M�És^457.6M�3]M�5},1g4M�.]0-Q'S�J
92.P^4*4B�9:*4*4M�B�,/M�bk57*4N4^�,Pip9:._0�>79:A257B#T�57*DN4^D,�0Y*4b&0uA:.69:^4*4b4M�b�9:.PB�^4./.6M�*O,]3/5@*4`s57*4A
5@*4N4^D,lip9:.h0�>79:A257BFH�57*4N4^�,�Vf�fM�gG0�c:Mv36M�M�*�,/gG0Y,h,1gDM�9:^D,1ND^D,hip./9:Eç,1gDMv� Î � d
A:0Y,1M 573�M�5},1g4M�.j0lQ'S�J�3/5@A:*G02>�9:.�0],1.10Y*43/5@36,192.�q[g45@B~g�3/5@*4`s3�,/g4M_92^D,1N4^�,j,19UA:./92^4*4bRV
W�gDMl9:^D,/N4^D,_B�9:*�|GA:^4./0Y,15@9:*y5@3 ,/g4M�.6M�ip9:.6MlB�9:EFN40Y,15@e4>7M�q[5},1gy02*Omy9Y,1g4M�._>@9:A:57B]AO0Z,1M�3
q[gD57B~g�Eu0�mUezM[B�92*4*4M�Bw,1M�b�,/9],/g4M[9:^D,/N4^D,�3/5@*4B�M?q�M[gG0�c:M B�^4.6./M�*s,�3657*4`s57*DA�>79:A:5@B�ip9:.
e\92,/g�9:^D,/N4^D,�0Y*4b�57*DN4^D,13�VPW�g45@3P5@3 ,/g4Ml365@,1^40Y,15@9:*yq[g45@B~g�573_57>@>7^438,1.10Z,1M�b-57*��K57A2^4./M
T2VäS-q[gDM�./M�,/g4MuW�W[À¿B�5@./B�^D5@,���92i�q[gG0Y,/M�c2M�.h>792A:57B#ip^4*4Bw,15792*R�K5@3lB�92*s,10257*DM�bnq[5@,/g457*
,/g4M]9:^D,/>757*DM�ez9�èzV

TTL circuit
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Out

�K57A:̂D./MhT:VºS���é�½IM�B�,/5@c:M'B�̂D././M�*O,_3657*4̀s5@*4A#57*4N4̂�, 02*4b-9:̂D,1ND̂D,�V
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T:V@Tk�Ä92^4>7b#,+qj9U3/M�NG02.10Z,1M��_ô��t,/.102*4365738,19:.63�A:5}c:M�,1gDM_3/02EFM[ip^4*4Bw,15@9:*u0Y3�,/.102*436573<;

,19:.�T]5@*y��57A:^4.6M�T:V  :õ�ö ^438,15}i­m�m:9:^D._0Y*436q�M�.�V
T:V   Î >75@A:gO,�M�E�5@,6,157*DAnb4579ab4M�q[g45@B~g�5@>7>@^4EF5@*G0Y,/M�3#q[g4M�*¿,1g4M&B�^D././M�*O,y,/g4./9:^DA:g

,1g4M�>@M�b�573uT�H�E Î 5@3l,19&e\M�B�9:*D*4M�Bw,1M�b$,19�,1gDM�9:^D,1ND^D,#92iP0k� Î � d AO0Z,1M2VÎ .6M�3/5@36,/9:.l5@3lN4>702B�M�bn57*n36M�.657M�3Uq[5@,1gf,1g4MF>7M�bf,19�>@57E�5@,�,1gDM�B�^4.6./M�*s,l,19�,/g4M
NzM�./E�5@,6,1M�b�cY02>@^4M2V
��g49:^D>7bv,1g4MU>7M�by02*4b�./M�365738,19:. ezM'B�92*4*4M�Bw,1M�b$o�0Or?e\M�,+q�M�M�*�,/g4M�� Î � d AO0Y,/M
9:^D,/N4^D,h0Y*4bnA:.69:^4*4b���÷øo�e�r]ezMw,+qjM�M�*�,1g4Mu� Î � d AO0Y,/Mu9:^�,1N4^D,h02*4bÄ,/g4M
Q]S�J�3/^4N4ND>@m õ ��`2Mw,1B~gÄ,/g4Mh,+qj9-B�5@./B�^45@,�B�9:*D|GA2^4.10Y,/579:*D3�V ö ^438,15@i­m�m:9:^4.'02*a;
36q�M�. eOm�./MwipM�./M�*4B�M],19h,/g4MUB�57.6B�^45},�57*-�K5@A:^4./MlT:VäSaV

T:V Õ �tgG0Y,[b49aM�3�,/g4Myù/�_ú#57*¾ù/� Î � d úF0Y*4b�ù6����÷ ú#3657A:*45}i­m õ
T:VÂÑ d .10�q�^4N-,/./^D,/g-,102e4>@M�3?ip9:. Î � d �G� Î � d �\��÷
0Y*4b��P��÷�AO0Y,/M�3�V
T:VäS Ð 9�q¿qj9:^D>7b�m:9:^-B�92*4*4M�Bw,_0h,+q�9#57*4ND^D, � Î � d AO0Y,1M�369�023?,19hip9:.6EÅ0#����W

AO0Y,/M�o�02*v57*Oc2M�.6,/M�.1r õ
T:Vºà Ð 9�qtqj92^4>7b�m:92^�B�9:*4*DM�B�,[,+q�9�� Î � d AO0Y,1M�3?3/9#0Y3?,19�ip9:.6EÅ02* Î � d AO0Y,/M õ
T:Vä¹$éKèDND>{025@*�,1g4M]9:N\M�./0Y,15@9:*v92i�,/g4M'����÷�AO0Z,1M�3/gD9Íq[*y57*-�K5@A:^4./MhT2VºàDV
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