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CAPITOLUL 3 

 
 

Circuite  logice elementare 
 

 
 Circuitele logice elementare pot fi realizate fie cu componente discrete, fie în 
WHKQRORJLH�LQWHJUDW � 
 
 
 3.1. Circuite logice elementare cu componente discrete 
 
 ÌQ� IXQF LH�GH� WLSXO�GH�FRPSRQHQWH�GLVFUHWH�FDUH� LQWU � vQ� VWUXFWXUD�FLUFXLWXOXL�
respectiv, distingem circuite logice elementare cu componente discrete pasive, 
respectiv active. 
 
 
 3.1.1. Circuite logice elementare cu componente pasive 

 

 $FHVW� WLS� GH� FLUFXLWH� ORJLFH� XWLOL]HD] � QXPDL� FRPSRQHQWH� SDVLYH�� DGLF �
FRPSRQHQWH�GH�FLUFXLW�FDUH�QX�SRVHG �FDSDFLWDWHD�GH�D�DPSOLILFD�VHPQDOXO�DSOLFDW�OD�
LQWUDUH�� 'LQWUH� DFHVWHD�� FRPSRQHQWHOH� GH� FLUFXLW� FHOH� PDL� XWLOL]DWH� VXQW� GLRGHOH� úL�
UH]LVWHQ HOH� 
 
 
 ���������&LUFXLWXO�ORJLF�ù,��$1'��SDVLY 

 

 &LUFXLWXO�ORJLF�ù,��$1'��SDVLY�DUH�VFKHPD�GLQ�ILJXUD�����úL�WDEHOXO�GH�DGHY U�
– tab. 3.1. 

              7DE�������7DEHOXO�GH�DGHY U�DO� 
      �������������������IXQF LHL�ù,��$1'� 
 

x2 x1 y 
0 0 0 
0 1 0 
1 0 0 
1 1 1 

 
��)LJ�������&LUFXLWXO�ORJLF�ù,��$1'��SDVLY� 
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 )XQF LRQDUH� PrH]HQW P� R� GHVFULHUH� VLPSOLILFDW � D� IXQF LRQ ULL� FLUFXLWXOXL��
considerând diodele D1�úL�'2 – ideale. 
 $VWIHO��SHQWUX�FRPELQD LD�ORJLF �GH�LQWUDUH�[2x1=00 (prima linie a tabelului de 
DGHY U���9I1=VI2 �9�úL��SUDFWLF��FDWR]LL�FHORU�GRX �GLRGH�VXQW�FD� úL� OHJD L� OD�PDV ��
DúD�FXP�DP�vQFHUFDW�V �DU W P�vQ�VFKHPD�HFKLYDOHQW �GLQ�ILJ������D� 
 &HOH� GRX � GLRGH� VXQW� GLUHFW� SRODUL]DWH� úL� FRQGXF� SH� WUDVHXO� �(�� 5�� '1//D2, 
PDV ��OD�ERUQHOH�ORU�UHJ VLQGX-se tensiunea de prag a unei diode ideale, deci V0=0. 
5H]XOW �\ ��ORJLF� 
 

 
 
 
 
 
 
 
 
 
 
 
   a) x2x1=00;              b) x2x1=01 (10);             c) x2x1=11. 

 
)LJ�������([SOLFDWLY �SHQWUX�vQ HOHJHUHD�IXQF LRQ ULL�FLUFXLWXOXL�ORJLF�ù,��$1'��SDVLY 

 
 3HQWUX� FRPELQD LD� GH� LQWUDUH� [2x1 ��� �D� GRXD� OLQLH� D� WDEHOXOXL� GH� DGHY U���
VI2=0, VI1=+E, deci catodul diodei D2�U PkQH�FRQHFWDW�OD�PDV ��LDU�FHO�DO�GLRGHL�'1 
VH�FRQHFWHD] �OD��(��ILJ������E��'LRGD�'2�FRQGXFH�FD�úL�vQ�FD]XO�SUHFHGHQW��vQ�WLPS�FH�
D1�� DYkQG� FDWRGXO� FRQHFWDW� OD� SRWHQ LDOXO� FHO�PDL� SR]LWLY� DO� VFKHPHL�� HVWH� EORFDW ��
Evident, V0 ��úL�\ ��ORJLF� 
 Pentru x2x1 ���HVWH�YDODELO �WRW�VFKHPD�HFKLYDOHQW �GLQ�ILJ������E�vQ�FDUH�UROXO�
diodelor D1�úL�'2�VH�LQYHUVHD] ��5H]XOWDWXO�HVWH�\ ��ORJLF� 
 ÌQ� VIkUúLW�� SHQWUX� [2x1=11, vom avea: VI1=VI2 �(�� úL� DPEHOH� GLRGH� YRU� IL�
conectate cu catoziL�OD��(��ILJ������F��GHFL�YRU�IL�EORFDWH��3RWHQ LDOXO��(�VH�WUDQVIHU �
OD� LHúLUH�SULQ� UH]LVWHQ D�5��GHFL�90 �(�úL� \ �� ORJLF��6H� FRQILUP �DILUPD LD� LQL LDO �
FRQIRUP�F UHLD�WDE�����HVWH�WDEHOXO�GH�DGHY U�DO�IXQF LHL�ù,��$1'�� 
 
 
 3.1.1.2. Circuitul logic SAU (OR) pasiv 

 

 &LUFXLWXO�ORJLF�6$8��25��SDVLY�DUH�VFKHPD�GLQ�ILJ������úL�WDEHOXO�GH�DGHY U�– 
tab. 3.2.  
 )XQF LRQDUH��3HQWUX�FRPELQD LD� ORJLF �GH� LQWUDUH�[2x1=00, deci VI1=VI2=0V, 
DQR]LL�FHORU�GRX �GLRGH�VXQW�SUDFWLF�FRQHFWD L� OD�SRWHQ LDOXO�PDVHL��DúD�FXP�UH]XOW �
GLQ�VFKHPD�HFKLYDOHQW �GLQ�ILJ������D��ÌQWUXFkW�QX�H[LVW �QLFL�R�GLIHUHQ �GH�SRWHQ LDO�
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vQ� VFKHP �� SULQ� UH]LVWHQ D� 5� QX� FLUFXO � FXUHQW� úL�� SULQ� XUPDUH�� 90=0V, deci y=0 
logic. 

    ����������7DE�������7DEHOXO�GH�DGHY U�DO� 
                        func LHL�6$8��25� 

 
x2 x1 y 
0 0 0 
0 1 1 
1 0 1 
1 1 1 

 
       Fig. 3.3. Circuitul logic SAU (OR) pasiv 
 
  
 
 
 
 
 
 
 
 
             a) x2x1=00;    b) x2x1=01 (10);            c) x2x1=11 
 

Fig. 3.4. ([SOLFDWLY �SHQWUX�vQ HOHJHUHD�IXQF LRQ ULL�FLUFXLWXOXL�ORJLF�6AU (OR) pasiv 
 

 Pentru x2x1=01, deci VI2 �9�úL�9I1=+E, dioda D2�U PkQH�FRQHFWDW �FX�DQRGXO�
OD� PDV �� vQ� WLPS� FH� '1� VH� FRQHFWHD] � FX� DQRGXO� OD� �(�� ILJ�� ���� E�� 'LRGD� '1 va 
conduce pe traseul: +E, D1��5��PDV �úL�ILLQG�LGHDO ��SH�HD�QX�³FDGH´�QLPLF��ÌQWUHDJD�
F GHUH� GH� WHQVLXQH� VH� UHJ VHúWH� OD� ERUQHOH� UH]LVWHQ HL� 5�� EORFkQG� GLRGD� '2� úL�
JHQHUkQG�OD�LHúLUHD�VFKHPHL�WHQVLXQHD�90=+E, deci y=1 logic. 
 &RPELQD LD� GH� LQWUDUH� [2x1 ��� SURGXFH� R� VLWXD LH� VLPLODU � FHOHL� DQWHULRDUH��
ILJ������E��SR]L LD�GLRGHORU�LQYHUVkQGX-se��5H]XOW �\ ��ORJLF� 
 Pentru x2x1=11, vom avea VI1=VI2 �(� úL� DPEHOH� GLRGH� YRU� IL� FRQHFWDWH� FX�
DQR]LL� OD� �(�� ILJ�� ���� F�� GHFL� YRU� FRQGXFH� úL� YRU� WUDQVIHUD� SRWHQ LDOXO� �(� OD� LHúLUH��
5H]XOW �90 �(�úL�\ ��ORJLF�� 
 S-D�YHULILFDW�DVWIHO� IDSWXO�F � WDE������HVWH� WDEHOXO�GH�DGHY U�DO� IXQF LHL�6$8�
(OR). 

 
 

 3.1.2. Circuite logice elementare cu componente active 
 

 $FHVW�WLS�GH�FLUFXLWH�ORJLFH�FRQ LQ�úL�HOHPHQWH�DFWLYH�GH�FLUFXLW��WUDQ]LVWRDUH��
FDUH��GXS �FXP�VH�úWLH��VXQW�FDSDELOH�V �DPSOLILFH�XQ�VHPQDO� 
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 3.1.2.1. Circuitul logic NU (NOT) 
 

 &LUFXLWXO�ORJLF�18��127��DUH�VFKHPD�GLQ�ILJ������úL�WDEHOXO�GH�DGHY U�– tab. 
3.3. 
 
                   7DE�������7DEHOXO�GH�DGHY U�DO 
       �������IXQF LHL�18��127� 

 
x y 
0 1 
1 0 

 
 
 

         Fig. 3.5. Circuitul logic NU (NOT) 
 
 )XQF LRQDUH: Când x=0, VI �9�úL�ERUQD�GH�LQWUDUH�D�FLUFXLWXOXL�HVWH�FRQHFWDW �
OD�PDV ��ILJ������D� 
 
 
 
 
 
 
 
 
 
 
       a) x=0      b) x=1 
 

Fig. 3.6. ([SOLFDWLY �SHQWUX�vQ HOHJHUHD�IXQF LRQ ULL�FLUFXLWXOXL�ORJLF�18��127� 
 
 %D]D� WUDQ]LVWRUXOXL� HVWH� FRQHFWDW � OD� PDV � SULQWU-R� UH]LVWHQ � HFKLYDOHQW �
RB=RB1//RB2, deci VBE ��úL�WUDQ]LVWRUXO�7�HVWH�EORFDW��3RWHQ LDOXO��9CC�VH�WUDQVIHU �
OD�LHúLUH�SULQ�5c�úL�90=+VCC, deci y=1 logic. 
 Pentru x=1, VI=+VCC�úL�QH�DIO P�vQ�VLWXD LD�VFKHPHL�HFKLYDOHQWH�GLQ�ILJ������
b. Divizorul RB1, RB2 este astfel dimensionat încât VBE����9��GHFL�WUDQ]LVWRUXO�7�HVWH�
VDWXUDW�úL�9CE=V0§���9��5H]XOW �\ ��ORJLF� 
 
 
 ���������&LUFXLWXO�ORJLF�ù,-NU (NAND) 
 

 &LUFXLWXO� ORJLF� ù,-18� �1$1'�� SUH]LQW � VFKHPD� GLQ� ILJ�� ����� RE LQXW � SULQ�
conectarea în casFDG �D�XQXL�FLUFXLW�ù,��$1'��SDVLY�úL�D�XQXL�FLUFXLW�18��127��� 
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 7DEHOXO� GH� DGHY U�� WDE�� ����� VH� RE LQH� GLQ� WDE�� ����� DO� IXQF LHL� ù,� �$1'���
PRGLILFDW�vQ�VHQVXO�QHJ ULL�YDORULORU�ORJLFH�GLQ�FRORDQD�IXQF LHL� 
 
 
               ���7DE�������7DEHOXO�GH�DGHY U�al                            
       ��������IXQF LHL�ù,-NU (NAND) 
 

x2 x1 y 
0 0 1 
0 1 1 
1 0 1 
1 1 0 

 
���������������)LJ�������&LUFXLWXO�ORJLF�ù,-NU (NAND)  
 
 
 3.1.2.3. Circuitul logic SAU-NU (NOR) 
 

 Circuitul logic SAU-18��125���ILJ�������VH�RE LQH�SULQ�FRQHFWDUHD�vQ�FDVFDG �
a circuitului SAU (OR) din fig. 3.3 cu circuitul NU (NOT) din fig. 3.5.  
 
       ���7DE�������7DEHOXO�GH�DGHY U�DO��������������������������� 

      �������IXQF LHL��6$8-NU (NOR) 
 

x2 x1 y 
0 0 1 
0 1 0 
1 0 0 
1 1 0 

 
 

 Fig. 3.8. Circuitul logic SAU-NU (NOR) 
 

 7DEHOXO�GH�DGHY U�����VH�RE LQH�GLQ�WDE������SULQ�QHJDUHD�YDORULORU�ORJLFH�GLQ�
FRORDQD�IXQF LHL�GH�LHúLUH�\� 
 
 
 3.2. Circuite logice elementare integrate  
 
 ÌQ�SUH]HQW��FLUFXLWHOH� ORJLFH�VH�UHDOL]HD] �DSURDSH�vQ�H[FOXVLYLWDWH�VXE�IRUP �
GH� FLUFXLWH� LQWHJUDWH�� 'XS � WHKQRORJLD� XWLOL]DW �� FLUFXLWHOH� ORJLFH� LQWHJUDWH� VH� SRW�
FODVLILFD�vQ�FLUFXLWH�UHDOL]DWH�vQ�WHKQRORJLH�ELSRODU ��UHVSHFWLY�XQLSRODU ��026�� 
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 �������&LUFXLWH�ORJLFH�LQWHJUDWH�UHDOL]DWH�vQ�WHKQRORJLH�ELSRODU � 
 

 CircXLWHOH� ORJLFH� LQWHJUDWH� UHDOL]DWH� vQ� WHKQRORJLH� ELSRODU � DX� FXQRVFXW� vQ�
GHFXUVXO�WLPSXOXL�PDL�PXOWH�WLSXUL�GH�VWUXFWXUL�GH�ED] �FXP�DU�IL��57/��'7/��77/��
HTTL, etc. 
 
 
 3.2.1.1. Circuite logice RTL 
 

 Circuitele logice RTL (Rezistor-Tranzistor-Logic) prezint �VWUXFWXUD�GH�ED] �
GLQ�ILJ������úL�WDEHOXO�GH�DGHY U�– tab. 3.6. 
 )XQF LRQDUH: Pentru x3=x2=x1=0 logic, VI1=VI2=VI3 �9� úL� UH]LVWHQ HOH� 5B1, 
RB2, RB3�� GLQ� ED]HOH� FHORU� �� WUDQ]LVWRDUH� YRU� IL� FRQHFWDWH� OD� PDV �� ÌQ� FRQVHFLQ ��
tensiunile VBEi, cu i=1, 2, 3, vRU�IL�]HUR�úL�FHOH���WUDQ]LVWRDUH�YRU�IL�EORFDWH��GHFL�,C1= 
IC2= IC3=0. Prin RC nu va circula nici un curent, deci pe RC nu vom înregistra nici o 
F GHUH�GH�WHQVLXQH� 
 Întrucât V0=VCC-RCÂ ,Ci��UH]XOW �90=+VCC, deci y=1 logic. 
  

 
                   Tab. 3.6��7DEHOXO�GH�DGHY U�DO� 

      ���������������IXQF LHL�6$8-NU (NOR) 
 

x3 x2 x1 y 
0 0 0 1 
0 0 1 0 
0 1 0 0 
0 1 1 0 
1 0 0 0 
1 0 1 0 
1 1 0 0 
1 1 1 0 

 
   
         Fig. 3.9. Circuitul logic SAU-NU (NOR) RTL 
 
 Este suficient ca un singur tranzistor din celH�WUHL�V �ILH�VDWXUDW��[i=1, pentru 
orice i) pentru ca V0=VCEi§���9�� GHFL� \ �� ORJLF�� $FHHDúL� VLWXD LH� VH� UHSHW � úL� vQ�
FD]XO� vQ� FDUH� GRX � VDX� FKLDU� WRDWH� FHOH� �� WUDQ]LVWRDUH� SULPHVF� �� ORJLF� OD� LQWUDUH��
$QDOL]kQG�WDEHOXO������REVHUY P�F �IXQF LD�ORJLF �vQGHSOLQLW �GH�FLUFXLWXO�GLQ�ILJ������
este SAU-NU (NOR). 
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 3.2.1.2. Circuite logice DTL 
 

 &LUFXLWHOH� ORJLFH� '7/� �'LRG -Tranzistor-/RJLF�� SUH]LQW � VWUXFWXUD� GH� ED] �
GLQ�ILJ�������úL�WDEHOXO�GH�DGHY U�– tab. 3.7. 

 
                     Tab. 3.7. Tabelul de adHY U�DO� 

�����IXQF LHL�ù,-NU (NAND) 
 

x2 x1 y 
0 0 1 
0 1 1 
1 0 1 
1 1 0 

 
 

 
 )LJ��������&LUFXLWXO�ORJLF�ù,-NU (NAND) DTL 
 
 6FKHPD�GLQ�ILJ�������SURYLQH�GLQ�FHD�GLQ�ILJ�������vQ�FDUH�UH]LVWHQ D�5B1 a fost 
vQORFXLW �FX�GLRGHOH�'3�úL�'4, având rolul de a asigura o deplasare cu 2·0,7V=1,4V a 
QLYHOXOXL�ORJLF�VXSHULRU�DO�LQWU ULL�SRU LL��QLYHO�FDUH�GHWHUPLQ �WUHFHUHD�WUDQ]LVWRUXOXL�
7�GLQ�VWDUHD�GH�EORFDUH�vQ�FHD�GH�VDWXUD LH��ÌQ�UHVW��IXQF LRQDUHD�HVWH�LGHQWLF �FX�FHD�D�
FLUFXLWXOXL�ù,-NU (NAND) descris în § 3.1.2.2. 
 
 
 3.2.1.3. Familia TTL standard 
 

 )DPLOLD�77/�VWDQGDUG�HVWH�XQD�GLQWUH�FHOH�PDL�U VSkQGLWH�FDWHJRULL�GH�FLUFXLWH�
ORJLFH�LQWHJUDWH�SH�VFDU �PLF �úL�PHGLH� 
 5HSUH]HQWDQWXO� GH� ED] � DO� DFHVWHL� IDPLOLL�� FX� DMXWRUXO� F UXLD� SRW� IL� JHQHUDWH�
WRDWH�IXQF LLOH�ORJLFH��HVWH�SRDUWD�ù,-NU (NAND). 
 
 3.2.1.3.1. Poarta NAND - TTL  
 Poarta NAND –�77/�SUH]LQW �VFKHPD�GLQ�ILJ�������D��VLPEROXO�ORJLF�GLQ�ILJ��
�����E�úL�WDEHOXO�GH�DGHY U�- tab. 3.8. 
 Diodele D1� úL� '2� SURWHMHD] � WUDQ]LVWRUXO� PXOWLHPLWHU� 71 împotriva 
eventualHORU� WHQVLXQL� QHJDWLYH� FH� SRW� DS UHD� SH� LQWU UL� vQ� WLPSXO� UHJLPXULORU�
tranzitorii. ÌQ�UHJLP�VWD LRQDU�HOH�QX�DX�QLFL�XQ�IHO�GH�LPSRUWDQ ��PRWLY�SHQWUX�FDUH�
vor fi ignorate în continuare.  
  Tranzistorul multiemiter T1� DVLJXU � FXUHQWXO� GH� ED] � QHFHVDU�
tranzistorului defazor T2�FDUH�FRPDQG �HWDMXO�ILQDO�GH�WLS�totem pole (în contratimp) 
realizat cu tranzistoarele T3�úL�74. $FHVW�WLS�GH�HWDM�ILQDO�SHUPLWH�RE LQHUHD�XQRU�WLPSL�
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GH� SURSDJDUH� UHGXúL�� R� FUHúWHUH� D� LPXQLW LL� OD� SHUWXUED LL� D� SRU LL� úL� R� VF GHUH� D�
UH]LVWHQ HL�GH�LHúLUH�D�DFHVWHLD����Ω�vQ�VWDUH��/��úL���Ω în stare "H"). 
 
           
 
 
 
 
 
      
           

      
         
 
              b) simbol 

 
 
 
 
       
                D��VFKHP  
 

Fig. 3.11.  Poarta NAND - TTL 
 
 

7DE��������7DEHOXO�GH�DGHY U�DO�IXQF iei NAND 
 

x2 x1 y 
0 0 1 
0 1 1 
1 0 1 
1 1 0 

 
 )XQF LRQDUH� ÌQORFXLQG� MRQF LXQLOH� WUDQ]LVWRUXOXL� PXOWLHPLWHU� 71 cu diode, 
VFKHPD�GLQ�ILJ�������D�VH�WUDQVIRUP �GH�PDQLHUD�GLQ�ILJ������� 
 6H� REVHUY � XúRU� F � FLUFXLWXO� GLQ� ILJ�� ����� HVWH� IRUPDW� GLQWU-XQ� ù,-pasiv 
(realizat de diodele DBE11, DBE12�úL�UH]LVWHQ D�51), urmat de un inversor (realizat cu 
tranzistoarele T2, T3�úL�74). 
 Într-DGHY U�� H[FHSWkQG� 'BC1 care are rol de deplasare de nivel (v. familia 
'7/�� úL� UHDPLQWLQG� IDSWXO� F � VHPQDOXO� GLQ� FROHFWRUXO� XQXL� WUDQ]LVWRU� HYROXHD] � vQ�
DQWLID] �ID �GH�FHO�GLQ�ED] �úL�HPLWHU��REVHUY P�F �R�FUHúWHUH�D�QLYHOXOXL�VHPQDOXOXL�
din B2� YD� DQWUHQD� R� VF GHUH� D� QLYHOXOXL� vQ� %4� úL� - implicit - în y, simultan cu o 
FUHúWHUH� D� QLYHOXOXL� vQ� %3� úL� R� VF GHUH� D� DFHVWXLD� vQ� \�� &RQFOX]LRQkQG�� FUHúWHUHD�
nivelului în B2� FRQGXFH� OD� R� VF GHUH� -� SH� GRX � F L� - a nivelului în y, inversarea 
VHPQDOXOXL�ILLQG�HYLGHQW �  
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R1 
4K 

R3 
1,6K 

B 
A 

R2 
1K 

R4 
130 

T1 
T2 

T4 

T3 

D 
y 

+Vcc (5V) 

B3 

B4 
B2 

V0 D2 D1 

B1 

VIA=VI 

x1 

x2 



Capitolul 3 

 

 

42 

 
 
 
 
 
 
 
 
 
 
 
 
 
       

 
 
 

Fig. 3.12.  2�VFKHP �PDL�LQWXLWLY �D�SRU LL�1$1'�- TTL 
 
 )XQF LD�ù,-NU (NAND) a circuituOXL�ILLQG�GHPRQVWUDW ��WDEHOXO�GH�DGHY U�����
este verificat. 
  
 3.2.1.3.2. Inversorul TTL 
 ÌQ� FHOH� FH� XUPHD] �� QH� SURSXQHP� WUDQVIRUPDUHD� FLUFXLWXOXL� 1$1'� vQWU-un 
inversor (prin conectarea la +VCC� D� ERUQHL� GH� LQWUDUH� %�� ILJ�� ������ úL� H[SOLFDUHD�
IXQF LRQ ULL inversorului în paralel cu ridicarea caracteristicii de transfer a acestuia, 
fig. 3.13. 
 6W ULOH� WUDQ]LVWRDUHORU� vQ� ILHFDUH� GLQ� ]RQHOH� ���� ���� ����� ILJ�� ������ OH� YRP�
centraliza în tabelul 3.9. 
 )XQF LRQDUH��ÌQ�H[SOLFDUHD�IXQF LRQ ULL�VFKHPHL��GLQ�PRWLYH�Ge simplificare a 
H[SXQHULL��YRP�OXD�vQ�FRQVLGHUD LH�XUP WRDUHOH�YDORUL� 
 VBE ON = 0,6V - pentru un tranzistor în RAN; 
 VBEsat  = 0,7V -�SHQWUX�XQ�WUDQ]LVWRU�vQ�VDWXUD LH� 
 VCEsat  = 0,1V -�SHQWUX�XQ�WUDQ]LVWRU�vQ�VDWXUD LH� 
 VD      = 0,7V -�SHQWUX�R�GLRG �vQ�FRQGXF LH� 
 ([SOLFDUHD� IXQF LRQ ULL� LQYHUVRUXOXL� QHFHVLW � OXDUHD� vQ� FRQVLGHUD LH� D�
XUP WRDUHORU�]RQH� 
 Zona (1):  0 ≤ VI < 0,5.                   (3.1) 
 DBE11� HVWH� SRODUL]DW � GLUHFW� SULQ� 51� GH� F WUH� GLIHUHQ D� GH� SRWHQ LDO� 9CC-VI. 
Întrucât DBE11 conduce��SRWHQ LDOXO�SXQFWXOXL�%1 va fi: 
  VB1 = VI + VBE11sat = VI + 0,7.                (3.2) 
 LQkQG�VHDPD�GH�UHOD LLOH�����úL������RE LQHP� 
 0,7 ≤ VB1 < 1,2                          (3.3) 
úL�vQWUXFkW 
 VB1 = VBC1 + VBE2 + R2IE2,                  (3.4) 
putem scULH�F � 
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 0,7 ≤ VBC1 + VBE2 + R2IE2 < 1,2.                 (3.5) 
 
 
 
 
 
 
 
 
 
 
    

 
 
 
 

Fig. 3.13.  Caracteristica de transfer a inversorului TTL 
 
 

7DE��������&HQWUDOL]DWRU�DO�VW ULORU�WUDQ]LVWRDUHORU�vQ�WLPSXO�FRPXWD LHL 
 

 Zona \ Trz. T1 T2 T3 T4 

(1) RAN BL. BL. RAN  
(2) SAT. RAN BL. RAN 
(3) SAT. RAN RAN RAN 
(4) RAI SAT. SAT. BL. 

 
  
 5H]XOW �F �MRQF LXQLOH�%&1�úL�%(2�VXQW�LQVXILFLHQW�SRODUL]DWH�úL�WUDQ]LVWRUXO�72 
este blocat. Prin urmare R2IE2 ��� LDU� MRQF LXQLOH�%&1� úL�%(2 vor fi supuse, fiecare, 
câte unei� GLIHUHQ H� GH� SRWHQ LDO� ����� ≤ VBC1 = VBE2 < 0,6, deci vor fi blocate. 
Tranzistorul T1�VH�YD�DIOD�vQ�VLWXD LD�SUH]HQWDW �vQ�ILJ������ 
 
 
      
  
 
 

 
)LJ���������([SOLFDWLY �SHQWUX�VWDUHD�WUDQ]LVWRUXOXL�71 

 
úL�DQXPH� 
 VCE1 = VBE11 - VBC1,                    (3.6) 
deci: 
 0,1 < VCE1 ≤ 0,35,                   (3.7) 
úL T1�VH�DIO �vQ�5$1��IRDUWH�DSURDSH�GH�VDWXUD LH. 

(1) (2) (3) (4) 

D (1,6;0,1) 

V0[V] 

3 

2 

1 

0,5 1,1 1,7 
VI[V] 

A B (0,5;3,6) 

C (1,1;2,7) 

4 

5 

0 

0,1 

0,35 ≤ VBC1 < 0,6 VBE11 = 0,7 

VCE1  

T1  
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 Tranzistorul T2 este blocat deoarece VBE2 < 0,6V. 
 Tranzistorul T3 este blocat deoarece VBE3 = R2IE2 = 0. 
 Tensiunea V0

(1)� SRDWH� IL� HYDOXDW � GLQ� ILJ� ������ RE LQXW � GLQ� ILJ� ����� SULQ�
eliminarea tranzistoarelor T1��QHLQWHUHVDQW��úL�72, T3 (blocate). 
 Putem scrie: 
 V0

(1) = VCC - R3IB4 - VBE4 - VD.                 (3.8) 
 Neglijând termenul R3IB4 (IB4 ≈�����RE LQHP� 
 V0

(1) §�9CC -  VBE4 - VD = 5 - 0,7 - 0,7 = 3,6V.               (3.9) 
 3HQWUX�D�VWDELOL�VWDUHD�vQ�FDUH�VH�DIO �74��DPLQWLP�F �9BE4 ���9��GHFL�H[LVW � 
 
 
 
 
 
 
 
 
 
 
 
     

 
 
 

)LJ���������([SOLFDWLY �SHQWUX�]RQD���� 
 

SUHPLVH�GH�VDWXUD LH��'LQ�.�,,�VFULV�SH�RFKLXO�GH�FLUFXLW�FDUH�FRQ LQH�MRQF LXQHD�%&4, 
RE LQHP�� 
 R3IB4+VBC4-R4Ic4=0                   (3.10) 
 

úL� LQkQG�VHDPD�F �53IB4§��úL�,c4§,0��FXUHQWXO�GH�VDUFLQ ���SXWHP�VFULH� 
 

 VBC4§54I0.                    (3.11) 
 &kQG�SRDUWD� HVWH� vQ� JRO�� GHFL� I U � VDUFLQ � FXSODW � OD� LHúLUH�� ,0=0, VBC4 �� úL�
tranzistorul T4��DYkQG�MRQF LXQHD�%(�GHVFKLV �úL�MRQF LXQHD�%&�EORFDW ��VH�YD�DIOD�vQ�
RAN. 
 &KLDU� úL� DWXQFL� FkQG� SRDUWD� HVWH� vQ� VDUFLQ �� FXUHQWXO� GH� LHúLUH� ,0 nu poate 
GHS úL� YDORDUHD� ,0max ���� P$� LPSXV � GH� FRQVLGHUHQWH� OHJDWH� GH� FRQVHUYDUHD�
nivelului logic de la� LHúLUHD� SRU LL� �Y�� �� ������������ FHHDFH� FRQGXFH� OD� XQ�
VBC4=R4Â,0max= 130Â���§����9��LQVXILFLHQW�SHQWUX�D�GHVFKLGH�MRQF LXQHD�%&4. 
 5H]XOW �F �74�VH�DIO �QHFRQGL LRQDW�vQ�5$1��IDSW�SH�FDUH-O�FRQVHPQ P�vQ�WDE��
3.9. 
 Zona (2):  
 0,5 ≤ VI < 1,1.                                            (3.12) 
 'LQ�UHOD LD�����RE LQHP� 
 1,2 ≤ VB1 < 1,8.                                            (3.13) 

V0
(1) 

R3 
1,6K 

R4 
130 

+Vcc 
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VBE4 
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 3RWHQ LDOXO� SXQFWXOXL�%1� HVWH� VXILFLHQW� SHQWUX� D� GHVFKLGH� MRQF LXQLOH�%&1� úL�
BE2��GDU�LQVXILFLHQW�SHQWUX�D�GHVFKLGH�úL�MRQF iunea BE3��5H]XOW �F �T3 este blocat în 
continuare. 
 T1�DUH�DPEHOH�MRQF LXQL�GLUHFW�SRODUL]DWH��GHFL�HVWH�VDWXUDW. 
 T2�DUH�MRQF LXQHD�%(2�GLUHFW�úL�VXILFLHQW�SRODUL]DW � 
 VB2 = VB1 - VBC1 = VB1 - 0,6,                                          (3.14) 
úL�� LQkQG�VHDPD�GH�UHOD LLOH�����úL�������SXWHP�GHGXFH� 
 VB2 = VI + 0,7 - 0,6 = VI + 0,1,                                          (3.15) 
deci : 
 0,6 ≤ VB2 < 1,2.                              (3.16) 
 Eliminând din schema din fig. 3.12 tranzistoarele T1 (neintereVDQW�� úL� 73 
�EORFDW���RE LQHP�VFKHPD�GLQ�ILJXUD������FX�DMXWRUXO�F UHLD�vO�SXWHP�FDOFXOD�SH�90

(2): 
 V0

(2) = VCC - R3IC2 - VBE4 - VD.                (3.17) 
 IC2 ≈ αN2IE2 = αN2(VB2 - VBE2)/R2.                (3.18) 
 V0

(2) = VCC - αN2(VB2-VBE2)R3/R2 - VBE4 - VD.              (3.19) 
VDX��GDWRULW �UHOD LHL������ 
 V0

(2) = VCC - αN2(VI + 0,1 - VBE2)R3/R2 - VBE4 - VD.             (3.20) 
 
     
 
 
 
 
 
 
 
 
 
 

 
 
 

)LJ���������([SOLFDWLY �SHQWUX�]RQD���� 
 

 $O� GRLOHD� WHUPHQ� GLQ� PHPEUXO� GUHSW� DO� UHOD LHL� ����� UHSUH]LQW � F GHUea de 
WHQVLXQH�SH�UH]LVWHQ D�53: 
 VR3 = αN2(VI + 0,1 - VBE2)R3/R2.                (3.21) 
 Starea tranzistorului T2�GHSLQGH�GH�GLIHUHQ D�GH�SRWHQ LDO� 
 VBC2 = VB2 - VB4 = VB2 - (VCC - VR3),                            (3.22) 
D�F UHL�YDORDUH�PD[LP �VH�GHWHUPLQ �DVWIHO� 
 VBC2max = VB2max - (VCC - VR3max) = 1,2 - (5-1) < 0.              (3.23) 
 În calculul lui VR3max, rel 3.21, am considerat αN2 ≈ 1, VI� ����9�úL�9BE2 = 
0,6V. 
 5H]XOW �F �T2�VH�DIO �vQ�5$1. 
 Procedând similar pentru T4��RE LQHP� 
 VBC4 = VB4 - VC4 = VCC - VR3 – (VCC-VR4)=VR4-VR3=R4I0-VR3,  (3.24) 

VD IE2 
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unde I0�HVWH�FXUHQWXO�GH�VDUFLQ � 
 &RPSDUkQG� UHOD LLOH������úL�������REVHUY P�F �9BC4 pentru zona 2 este mai 
mic decât VBC4 pentru zona 1, deci cu atât mai mult T4 se va afla în RAN. 
 &DOFXO P�90 cu rel. 3.20 la limita din stânga a intervalului (2), v. fig. 3.13, 
când VI = 0,5V, VBE2 = 0,6V, VBE4 = VD� ����9��úL�RE LQHP� 
 V0

(2B) = 5 - αN2(0,5 + 0,1 - 0,6)R3/R2 - 0,7 - 0,7 = 3,6V,           (3.25) 
FHHDFH�FRQILUP �UH]XOWDWXO�RE LQXW�DQWHULRU��UHOD LD������ 
 PHQWUX� OLPLWD� GLQ� GUHDSWD� D� LQWHUYDOXOXL� ����� vQ� UHOD LD� ����� VH� vQORFXLHVF�
valorile: VI = 1,1V, VBE2 = 0,6V, VBE4 = 0,6V, rezultând: 
 V0

(2C) = 5 - 1,6(1,1 + 0,1 - 0,6) - 0,6 - 0,7 = 2,7V.               (3.26) 
 $úD�FXP�VH�REVHUY �GH�IDSW�úL�GLQ�UHOD LD�������vQWUH�SXQFWHOH�%�úL�&�GLQ�]RQD�
�����FDUDFWHULVWLFD�GH�WUDQVIHU�HVWH�OLQLDU �úL�DUH�SDQWD� 
 m2 = - αN2 R3/R2.                   (3.27) 
 Zona (3):  
 1,1 ≤ VI < 1,1 + Vε,                   (3.28) 
unde Vε�HVWH�R�WHQVLXQH�LQILQLW�PLF ��5H]XOW � 
 1,8 ≤ VB1 < 1,8 + Vε.                     (3.29) 
 Imediat ce VI� GHS úHúWH� ���9�� 9B2� GHS úHúWH� ���9� �Y�� UHO�� ������� úL� � VH�
GHVFKLGH�MRQF LXQHD�%(3 a tranzistorului T3. Astfel, în paralel cu R2�DSDUH�UH]LVWHQ D�
de intrare a lui T3��UHOD LD������GHYHQLQG� 

 ( ) D4BE2BEI
3inT2

3
2NCC

)3(
0 VVV1,0V

R||R

R
VV −−−+α−= .  (3.30) 

 Panta caracteristicii de transfer în zona (3) este: 
 m3 = - αN2 R3/(R2| | RinT3),                  (3.31) 
úL� LQkQG�VHDPD�GH�IDSWXO�F �5inT3 ≈ 1KΩ, 
 m3 ≈ 2m2.                    (3.32) 
 Întrucât V0�QX�SRDWH�V �VFDG �VXE�YDORDUHD�9CE3sat = 0,1V, se poate calcula din 
UHOD LD������YDORDUHD�OXL�9I pentru care V0 = VBE3sat��5H]XOW �9I

(3D) = 1,6V. 
 6W ULOH�WUDQ]LVWRDUHORU�OD�vQFHSXWXO�LQWHUYDOXOXL������GHFL�SHQWUX�����≤ VI < 1,1 
+ Vε, sunt: T1�� FD� úL� vQ�]RQD�SUHFHGHQW �� VDWXUDW, iar T2� úL�73 avkQG� MRQF LXQLOH�%(�
vQVHULDWH� úL� VXSXVH� XQHL� GLIHUHQ H� GH� SRWHQ LDO� 9B2 ≈ 1,2 + Vε, sunt suficient 
SRODUL]DWH�SHQWUX�D�FRQGXFH��GDU�vQF �LQVXILFLHQW�SRODUL]DWH�SHQWUX�D�VH�VDWXUD� 
 5H]XOW �F �T2�úL�73�VH�DIO �vQ�5$1. 
 În ceeace-O� SULYHúWH� SH� 74, acesta are MRQF LXQHD� %(� GLUHFW� úL� VXILFLHQW�
SRODUL]DW �� SRWHQ LDOXO� FROHFWRUXOXL� 9C4 ≈� �9� �PLQLPXP� ���9� vQ� VDUFLQ ��� LDU�
SRWHQ LDOXO�ED]HL��9B4 ≈��9��5H]XOW �F �MRQF LXQHD�%&�D�WUDQ]LVWRUXOXL�74 este invers 
SRODUL]DW �úL�T4�OXFUHD] �vQ�5$1. 
 Zona (4):  
 Luând pentru VI� R� YDORDUH� FDUH� V � VH� DIOH� FX� FHUWLWXGLQH� vQ� ]RQD� ����� VSUH�
exemplu VI� !� ���9�� FRQVWDW P� F � vQWUXFkW� 9B1� QX� SRDWH� GHS úL� YDORDUHD�
FRUHVSXQ] WRDUH�VDWXUD LHL�FHORU���MRQF LXQL�%&1, BE2, BE3, 
 VB1max = 3 x 0,7V = 2,1V,                   (3.33) 
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MRQF LXQHD�BE11 a tranzistorului T1�YD�IL�LQYHUV�SRODUL]DW �vQ�WLPS�FH�MRQF LXQHD�%&1 
YD�IL�GLUHFW�úL�VXILFLHQW�SRODUL]DW ��T1 va lucra, prin urmare, în RAI��UHJLXQHD�DFWLY �
LQYHUV �� 
 T2�úL�73 sunt saturate deoarece VBE2 = VBE3 = 0,7V. 
 Starea lui T4�VH�HYDOXHD] �DVtfel: 
 VB3 = 0,7V;                    (3.34) 
 VB4 = VB3 + VCE2sat = 0,7 + 0,1 = 0,8V;                            (3.35) 
 V0 = VCE3sat ≈ 0,1V;                     (3.36) 
 VB4 - V0 = 0,8 - 0,1 = 0,7V.                 (3.37) 
 'LIHUHQ D�GH�SRWHQ LDO�9B4 - V0 sH�DSOLF �MRQF LXQLL�%(�D�WUDQ]LVWRUXOXL�74�úL�
GLRGHL� '�� ILLQG� LQVXILFLHQW � SHQWUX� D� OH� GHVFKLGH�� 5H]XOW � F � T4 este blocat. Se 
REVHUY �F �UROXO�GLRGHL�'�HVWH�WRFPDL�DFHOD�GH�D�DVLJXUD�EORFDUHD�OXL�74�FkQG�LHúLUHD�
SRU LL�VH�DIO �vQ���ORJLF� 
 
 3.2.1.3.3. Poarta NOR – TTL 
 6FKHPD�SRU LL�125�-77/��ILJ��������VH�RE LQH�GLQ�FHD�D�LQYHUVRUXOXL�77/�SULQ�
dublarea etajului de intrare realizat cu ajutorul tranzistorului 1T  cu un etaj similar 

realizat cu ’
1T �úL�FRPSOHWDUHD�HWDMXlui defazor cu tranzistorul ’

2T , conectat în paralel  

SH�FLUFXLWXO�GH�LHúLUH��FROHFWRU�– emiter) al lui 2T .       

 
 
 
 
 
 
 
 
 
 
 
 
 

 
)LJ��������6FKHPD�SRU LL�125�– TTL 

 
 )XQF LRQDUH�� &D� úL� vQ� FD]XO� SRU LORU� ORJLFH� WUDWDWH� PDL� VXV�� YHULILF P�
IXQF LRQDUHD�SRU LL�125�–�77/�FX�DMXWRUXO�WDEHOXOXL�GH�DGHY U������ 
 Astfel, pentru x1=x2=0 logic, deci VIA=VIB= 0V, în bazele tranzistoarelor 1T  

úL� ’
1T �QX�YRP�DYHD�PDL�PXOW�GH����9��Y��IXQF LRnarea inversorului TTL) ceeace va 

LPSOLFD� LPSRVLELOLWDWHD�GHVFKLGHULL�FHORU�GRX � WULSOHWH�GH� MRQF LXQL��%&1, BE2, BE3, 

+Vcc 

R1 R2 R1
’ R4 

4K 1,6K 4K 130Ω 

T1 T1
’ T2 T2
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T4
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V0 VIA VIB R2
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respectiv BC1
’, BE2

’, BE3��F WUH�PDV ��ÌQ�FRQFOX]LH�� 2T , ’
2T �úL� 3T  vor fi blocate, deci 

V0�YD�IL�GDW�GH�UHOD LD������LDU�\ ��ORJLF�� 
 

7DE���������7DEHOXO�GH�DGHY U�DO�IXQF LHL�125 
 

x2 x1 y 
0 0 1 
0 1 0 
1 0 0 
1 1 0 

 

 'DF �6$8�[1, SAU x2, SAU ambele sunt 1 logic, tranzistoarele 1T �úL� ’
1T  se 

vor afla în RAI (v. zona 4 - tab. 3.9) iar 2T , ’
2T � úL� 3T  se vor satura. Ca urmare 

V0§�9�úL�\ ��ORJLF� 
 7DEHOXO�GH�DGHY U�DO�SRU LL�125�–TTL, tab. 3.10, a fost integral verificat. 
 
 3.2.1.3.4. Caracteristicile  statice ale familiei TTL standard 
 Caracteristica de transfer 
 &DUDFWHULVWLFD�GH�WUDQVIHU�UHSUH]LQW �GHSHQGHQ D�90 = f(VI��úL�DUH�DVSHFWXO�GHMD�
prezentat în fig.3.13, § 3.2.1.3.2. 
 Caracteristica de intrare 
 3UH]HQW P�vQ�ILJ�������GHSHQGHQ D�,I = f(VI). 
  
 
 
 
 
 
 
 
 
 
 

 
 

)LJ���������&DUDFWHULVWLFD�GH�LQWUDUH�D�SRU LL�77/�VWDQGDUG 
 

 &RQYHQ LRQDO�� FXUHQWXO� FDUH� LQWU � vQ� SRDUW � HVWH� FRQVLGHUDW� SR]LWLY�� LDU�
curentul care iese - negativ. 
 6HQVXO�FXUHQWXOXL�GH�LQWUDUH��vQ�IXQF LH�GH�YDORDUHD�D�OXi VI, poate fi observat  
în fig. 3.19. 
 3HQWUX�GHWHUPLQDUHD� FXUHQWXOXL�GH� LQWUDUH� FRUHVSXQ] WRU� VW ULL� ORJLFH� ����� VH�
FRQHFWHD] � VXFFHVLY� FkWH� XQD� GLQ� LQWU ULOH� SRU LL� OD� 9IL=V0Lmax=0,4V, fig. 3.19 a, 
FHOHODOWH�LQWU UL�ILLQG�OHJDWH�OD�����ORJLF� 

1 

2 

II[mA] 

1 2 3 
VI[V] 

N (VIH=2,4V; IIH≤40µA) 

M (VIL=0,4V;  |IIL|d1,6mA) 
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 a) cu intrarea în starea "0" logic      b) cu intrarea în starea "1" logic 

 
)LJ���������([SOLFDWLY �OD�FDUDFWHULVWLFD�GH�LQWUDUH�D�SRU LL�77/�VWDQGDUG 

 
 6FULLQG�.,,�SH�FLUFXLWXO�PDUFDW�vQ�ILJ�������D��RE LQHP� 

 mA1
R

VVV
I

1

IL1BECC
IL ≈−−=− ,                       (3.38) 

YDORDUH�PDL�PLF �GHFkW�,ILmax ����P$��VWDELOLW �SULQ�IRDLD�GH�FDWDORJ� 
 &XUHQWXO� GH� LQWUDUH� FRUHVSXQ] WRU� VW ULL� ORJLFH� ���� VH� GHWHUPLQ � FRQHFWkQG�
LQWUDUHD�WHVWDW �OD�9IH=VOHmin ���9��ILJ�������E�úL�DUH�YDORDUHD�,IH≤IIHmax �� $� 
 

 2EVHUYD LL:                                                                                                                          
 1. Valorile negative ale lui VI sunt limitate la (0,7 ÷���9�GH�F WUH�GLRGHOH�'1, D2 
(v. fig. 3.11). 'HS úLUHD� - în regim static - a valorii maxime admise de  catalog     
(-1,8V) poate conduce la distrugerea acestor diode; 
 2. Pentru VI� !��9� � DSDUH� � ULVFXO� � GLVWUXJHULL� � MRQF LXQLL� �%(� � D� � tranzistorului 
PXOWLHPLWHU��SULQ��GHS úLUHD��SUDJXOXL��GH���SRODUL]DUH��LQYHUV ��GH������9���PDL��Dles  
vQ�FD]XO�vQ��FDUH��XQD��GLQ��LQWU UL�HVWH�FRQHFWDW �OD�����ORJLF��� 
 3HQWUX� �HYLWDUHD� �XQHL� �DVWIHO� �GH�VLWXD LL��FRQHFWDUHD� �XQHL� � � LQWU UL� � OD��9CC se 
IDFH�SULQ�LQWHUPHGLXO�XQHL�UH]LVWHQ H�PDL�PDUL�GH��.Ω. 

 
 &DUDFWHULVWLFLOH�GH�LHúLUH 
 În fig. 3.20 HVWH�SUH]HQWDW�FLUFXLWXO�úL�FDUDFWHULVWLFD�GH�LHúLUH�SHQWUX�R�SRDUW �D�
F UHL� LHúLUH� VH� DIO � vQ� VWDUHD� ���� ORJLF�� LDU� vQ� ILJ�� �����–� SHQWUX�R�SRDUW � FX� LHúLUHD�
DIODW �vQ�VWDUHD�����ORJLF� 
 $VWIHO��FDUDFWHULVWLFD�GH�LHúLUH�ULGLFDW �SHQWUX�R�SRDUW �D�F UHL�LHúLUH�VH�DIO �vQ�
VWDUHD� ���� ORJLF�� ILJ�� ����� E�� HYLGHQ LD] � – printre altele –� FDSDFLWDWHD� SRU LL� GH� D�
IXUQL]D�R�WHQVLXQH�GH�LHúLUH�90L≤V0Lmax ���9�OD�XQ�FXUHQW�GH�VDUFLQ �,0Lmax=16 mA, 
FRUHVSXQ] WRU�XQHL�VDUFLQL�GH����SRU L�77/�VWDQGDUG� 
 ÌQ�DFHODúL�WLPS��FDUDFWHULVWLFD�GH�LHúLUH�ULGLFDW �SHQWUX�R�SRDUW �D�F UHL�LHúLUH�
VH�DIO �vQ�VWDUHD�����ORJLF��ILJ�������E��LOXVWUHD] �IDSWXO�F �WHQVLXQHD�GH�LHúLUH�WUHEXLH�
V � UHVSHFWH� UHOD LD� 90H� V0Hmin ���9�� ILJ�� ����� D�� vQ� FRQGL LLOH� XQHL� VDUFLQL� 5L 

-IIL 
T4 

R4 R1 

T3 
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+Vcc 
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VIL=V0Lmax=0,4V 
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R4 R1 
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echivalente cu 10 pRU L� 77/� VWDQGDUG�� FRUHVSXQ] WRDUH� XQXL� FXUHQW� GH� LHúLUH���������������
–I0Hmax ��Â�� $ ���� $�� 
 
 
 
 
 
 
 
           
 
 

 
 
 
 
 
 
  a) circuitul           b) caracteristica propriu-]LV  

 
)LJ���������&DUDFWHULVWLFD�GH�LHúLUH�D�SRU LL�77/�VWDQGDUG�FX�LHúLUHD�vQ���� logic 

 
 
 
 

    
 
 
 
 
 
 
 
 
 
 
 
 
                 a) circuitul      b) caracteristica propriu-]LV  
 

)LJ���������&DUDFWHULVWLFD�GH�LHúLUH�D�SRU LL�77/�VWDQGDUG�FX�LHúLUHD�vQ�����ORJLF 
 
 Curentul de scurtcircuit I0S��FDOFXODELO�SH�ILJ�������D��FX�UHOD LD� 

 30mA
130

0,70,15

R

VVV
I

4

DCE4satCC
0S ≅−−=

−−
= ,    (3.39)   

YD�WUHEXL�V �VH�vQFDGUH]H�vQ�SODMD�����«�����P$�SHQWUX�VHULD�FRPHUFLDO ��UHVSHFWLY�
����«�����P$�SHQWUX�VHULD�PLOLWDU � 

IOL[mA] 
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 3.2.1.3.5. Parametrii familiei TTL standard 
 3UH]HQW P�vQ�FRQWLQXDUH�SULQFLSDOLL�SDUDPHWUL�DL�SRU LL�77L standard. 
 Nivelurile logice�� UHSUH]LQW � YDORUL� OLPLW � JDUDQWDWH� GH� FDWDORJ� SHQWUX�
WHQVLXQLOH� GH� LHúLUH� úL� GH� LQWUDUH� DOH� XQHL� SRU L� 77/� VWDQGDUG�� YDORUL� FH� FRUHVSXQG�
FHORU�GRX �VW UL�ORJLFH�SRVLELOH��/��³�´�ORJLF��úL�+��³�´�ORJLF�� 
 Astfel, reprezentând în partea din stânga a axei tensiunilor, fig. 3.22, 
QLYHOXULOH�ORJLFH�OLPLW �DOH�WHQVLXQLL�GH�LHúLUH��90�D�SRU LL�31�FDUH�FRPDQG �SRDUWD�32, 
iar în partea din dreapta –�QLYHOXULOH�ORJLFH�OLPLW �DOH�WHQVLXQLL�GH�LQWUDUH�9I�D�SRU LL�
comandate P2, distingem XUP WRULL�SDUDPHWUL�� 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
)LJ���������1LYHOXULOH�ORJLFH�DOH�SRU LL�77/�VWDQGDUG 

 
 * V0Lmax��WHQVLXQHD�PD[LP �GH�LHúLUH�vQ�VWDUH�³MRV´�D�SRU LL�31�FDUH�FRPDQG �
poarta P2; 
 * V0Hmin�� WHQVLXQHD�PLQLP �GH�LHúLUH�vQ�VWDUH�³VXV´�D�SRU LL�31 care coPDQG �
poarta P2; 
 * VILmax��WHQVLXQHD�PD[LP �GH�LQWUDUH�vQ�VWDUH�³MRV´�D�SRU LL�FRPDQGDWH�32; 
 * VIHmin��WHQVLXQHD�PLQLP �GH�LQWUDUH�vQ�VWDUH�³VXV´�D�SRU LL�FRPDQGDWH�32. 
 $VWIHO��WHQVLXQHD�GH�LHúLUH�D�SRU LL�31��FDUH�FRPDQG ��SRDWH�IL�FHO�PXOW�90Lmax 
= 0,�9�SHQWUX�����ORJLF�úL�FHO�SX LQ�90Hmin = 2,4V pentru "1" logic. 
 Poarta P2� �FRPDQGDW ��� UHFXQRDúWH� GUHSW� ���� ORJLF� RULFH� WHQVLXQH� GH� LQWUDUH�
VLWXDW �VXE�9ILmax� ����9�úL�GUHSW�����ORJLF��RULFH�WHQVLXQH�GH�LQWUDUH�FDUH�GHS úHúWH�
VIHmin = 2V. 
 Marginea de zgomot���ILJ��������DVLJXU �FRPSDWLELOLWDWHD�GLQWUH�R�SRDUW �FDUH�
FRPDQG ��31��úL�XQD�FRPDQGDW ��32��vQ�VHQVXO�F �SRDUWD�31�FDUH�FRPDQG ��IXUQL]HD] �
OD�LHúLUH�R�WHQVLXQH�FDUH�HVWH�UHFXQRVFXW �FX�R�DQXPLW �³PDUM ´��QXPLW �margine de 
zgomot��GH�F WUH�SRDUWD�FRPDQGDW �32.  
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 6H� GHILQHVF� GRX �PDUJLQL� GH� ]JRPRW��0H� SHQWUX� VWDUHD� ³VXV´� úL�0L pentru 
starea “jos”. 
 ÌQ� FD]XO�SRU LL�77/� VWDQGDUG�� DúD� FXP� UH]XOW � úL� GLQ� ILJ�� ������marginile de 
zgomot sunt : MH = ML= 0,4V. 
 Marginea de zgomot medie sau imunitatea la zgomot� VH� GHILQHúWH� vQ� UHJLP�
GLQDPLF� úL� UHSUH]LQW �SURSULHWDWHD�SRU LL� GH� D� QX� U VSXQGH� OD� LPSXOVXUL� SDUD]LWH�GH�
vQDOW �IUHFYHQ � 
 $VWIHO�� DSDUL LD� OD� LQWUDUHD� SRU LL� D� XQXL� LPSXOV� SDUD]LW� GH� GXUDW � PDL� PLF �
GHFkW�YLWH]D�GH� U VSXQV�D�DFHVWHLD�YD� WUHFH�QHREVHUYDW � vQWUXFkW� LPSXOVXO� YD� vQFHWD�
vQDLQWH�FD�HIHFWXO�V X�DVXSUD�LHúLULL�SRU LL�V �VH�IL�SURGXV� 
 Fan-out-ul sau FDSDFLWDWHD�PD[LP �GH�vQF UFDUH�D�SRU LL�VDX��vQF ��evantaiul 
GH� LHúLUH�� UHSUH]LQW � QXP UXO� PD[LP� GH� SRU L� 77/� VWDQGDUG� FDUH� VH� SRW� FXSOD� OD�
LHúLUHD�XQHL�SRU L�GH�DFHODúL�WLS� 
 1XP UXO�1�GH�“sarcini standard´�VH�GHWHUPLQ �I FkQG�UDSRUWXO�GLQWUH�FXUHQWXO�
PD[LP�GLVSRQLELO� OD� LHúLUHD�XQHL�SRU L�77/�VWDQGDUG�úL�FXUHQWXO�PD[LP�DEVRUELW�GH�
LQWUDUHD�DOWHL�DVHPHQHD�SRU L��FXSODW �OD�LHúLUHD�FHOHL�GLQWkL� 
 6H�GHILQHVF�GRX �IDQ-out-uri: 
 - fan-out-XO�vQ�VWDUH�³MRV´��Y��ILJ�������D��GDW�GH�UHOD LD� 

 
ILmax

0Lmax
L I

I
N = ,        (3.40) 

în care I0Lmax=IC3sat.max ���P$�HVWH�LPSXV�SULQ�vQV úL�FRQVWUXF LD�WUDQ]LVWRUXOXL�73, iar 
IILmax ������P$�UHSUH]LQW �YDORDUHD�PD[LP �D�OXL�,IL��FDOFXODW�FX�UHOD LD����� ; 
 - fan-out-ul în stare “sus”, v. fig. 3.19 b, având expresia: 

 
IHmax

0Hmax
H I

I
N = ,         (3.41) 

în care I0Hmax ���P$� UHSUH]LQW � YDORDUHD� PD[LP � D� FXUHQWXOXL� SH� FDUH-l poate 
furniza tranzistorul T4 în ceOH�PDL�GHIDYRUDELOH�FRQGL LL��I U �DOWHUDUHD�QLYHOXOXL�ORJLF�
GH� LHúLUH�� LDU� ,IHmax �� $� HVWH� YDORDUHD�PD[LP � D� FXUHQWXOXL� FDUH� FLUFXO � SULQ� 71, 
aflat în RAI.  
 (IHFWXkQG� FDOFXOHOH�� RE LQHP� 1L ��� úL� 1H=20, fan-out-XO� JOREDO� DO� SRU LL�
calculându-VH�FX�UHOD La : 
 { } 10N,NminN HL == .       (3.42) 

 Timpul de întârziere la propagare (Propagation Delay Time) – tpd��UHSUH]LQW �
vQWkU]LHUHD�FX�FDUH�VH�SURSDJ �LQIRUPD LD�ORJLF �SULQ�SRDUW �úL�SRDWH�IL�GHWHUPLQDW�FX�
ajutorul montajului experimental din fig. 3.23. (VWH� YRUED� GHVSUH� R� SRDUW � 77/�
VWDQGDUG�XWLOL]DW �FD�LQYHUVRU��DYkQG�FRQHFWDW�OD�LQWUDUH�XQ�JHQHUDWRU�GH�LPSXOVXUL�YG 
úL�GHELWkQG�VHPQDO�SH����SRU L�GH�DFHODúL�WLS�FX�HD� 
 Caracteristicile generatorului de impulsuri, observabile în parte pe diagramele 
din fig. 3.24, sunt : 
 -�LPSHGDQ D�GH�LHúLUH�D�JHQHUDWRUXOXL : ZG ��  ; 
 -�DPSOLWXGLQHD�PD[LP �D�LPSXOVXULORU : VG=3,5V ; 

-�IUHFYHQ D�LPSXOVXULORU����0+]� 
- durata frontului anterior al impulsului: tr=10ns; 
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- durata frontului posterior al impulsului: tf=5ns; 
-�GXUDWD�LPSXOVXOXL��P VXUDW �OD�QLYHOXO�GH����9��Ww=500ns. 

 
 
 
 
 
 
 
 
 
 
 

Fig. 3.23.  Montaj experimental pentru determinarea tpd 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
      

 
 
 

)LJ���������([SOLFDWLY �SHQWUX�WLPSLL�GH�vQWkU]LHUH�OD�SURSDJDUH� 
D��IRUPD�GH�XQG �D�WHQVLXQLL�GH�LQtrare; 
E��IRUPD�GH�XQG �D�WHQVLXQLL��GH��LHúLUH� 

 
5 VSXQVXO� SRU LL� 77/� VWDQGDUG� OD� LPSXOVXUL� GH� WLSXO� FHOXL� SUH]HQWDW� vQ� ILJ��

����� D�� HVWH� GDW� vQ� ILJ�� ����� E�� GLQ� FDUH� SRW� IL� REVHUYD L� WLPSLL� GH� vQWkU]LHUH� OD�
SURSDJDUHD�SULQ�SRDUW � vQ� FD]XO� XQRU� � WUDQ]L LL “sus-jos”, tpdHL, respectiv “jos-sus”, 
tpdLH�� 7LPSXO� GH� vQWkU]LHUH� OD� SURSDJDUH� JOREDO� DO� SRU LL� HVWH� PHGLD� DULWPHWLF � D�
WLPSLORU�DPLQWL L�PDL�VXV��DGLF � 
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+Vcc 
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t 

3,5 
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10ns
2

128

2

tt
t

pdLHpdHL
pd =+=

+
= .      (3.43)  

$WUDJHP� DWHQ LD� DVXSUD� IDSWXOXL� F � XQ� URO� LPSRUWDQW� vQ� GHWHUPLnarea 
regimurilor tranzitorii îl are capacitatea CL§��S)��IRUPDW �GLQ�FDSDFLWDWHD�GH�LHúLUH�D�
SRU LL� WHVWDWH�� FDSDFLWDWHD� GH� LQWUDUH� JOREDO � D� FHORU� ��� SRU L� 77/� VWDQGDUG� FDUH�
IRUPHD] �VDUFLQD��OD�FDUH�VH�PDL�DGDXJ �úL�FDSDFLWDWHD�VRQGHORU�GH�P VXU � 

PuterHD�PHGLH�FRQVXPDW �GH�SRDUW �- Pd 
3HQWUX�FLUFXLWHOH�LQWHJUDWH�GLQ�VHULD�&'%��;;��FRQVXPXO�GH�SXWHUH�GLIHU �vQ�

IXQF LH� GH� QXP UXO� GH� SRU L� SH� FDUH-O� FRQ LQ�� 3XWHUHD� PHGLH� DEVRUELW � GH� SRDUW �
U PkQH�vQV �DFHHDúL� 

Astfel, luând ca exemplu de calcul circuitul integrat CDB 400, fig. 3.25, 
DYkQG� vQ� FRPSRQHQ � �� SRU L�77/�GH� WLS�1$1'�FX� FkWH� �� LQWU UL�� FLUFXLW� DO� F UXL�
consum de curent din sursa de alimentare în stare “jos”, respectiv “sus”, este: 
ICCL=12mA, respectiv ICCH=4mA, putem determina curentul mediu absorELW�GH�F WUH�
circuitul integrat din sursa de alimentare: 

8mA
2

412

2

II
I CCHCCL
CCmed =+=

+
=  .    (3.44) 

 
 
 
 
 
 
 
 
 
  

 
 

Fig. 3.25. Circuitul integrat CDB 400 
 

3XWHUHD�PHGLH�GLVLSDW �SH�vQWUHJXO�FLUFXLW�LQWHJUDW�YD�IL� 
PdCI=ICCmed·VCC=8·5=40mW,      (3.45) 

deci puterea PHGLH�GLVLSDW �SH�QXPDL�XQD�GLQ�FHOH���SRU L�DOH�DFHVWXLD�YD�IL� 
P ������� � � =10mW.        (3.46) 
Factorul de calitate – Q� UHSUH]LQW � SURGXVXO� GLQWUH� WLPSXO� GH� vQWkU]LHUH� OD�

SURSDJDUH�úL�SXWHUHD�PHGLH�FRQVXPDW �GH�SRDUW � 
Q=tpd·Pd          (3.47) 

úL�FRQVWLWXLe un factor de merit pentru o familie de circuite digitale. 
Compromisul realizat între tpd�úL�3d�GLIHUHQ LD] �vQWUH�HOH�VXEIDPLOLLOH�GHULYDWH�

dintr-R�IDPLOLH�VWDQGDUG��3HQWUX�D�DYHD�XQ�UHSHU�vQ�DFHVW�VHQV��PHQ LRQ P�IDSWXO�F �
familia TTL standard pe care am studiat-R�SkQ � vQ� SUH]HQW� DUH� XQ� Wpd de 10ns, un 
FRQVXP�PHGLX�GH���P:��XQ� IDFWRU�GH�FDOLWDWH�4 ���S-�úL�R� IUHFYHQ �PD[LP �GH�
lucru fmax.=35MHz.  

+Vcc 

       

       

GND 
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���������6XEIDPLOLD�77/�UDSLG ��+77/� 

 

2E LQHUHD� XQHL� YLWH]H� GH� OXFUX� VSRULWH� SHQWUX� VXEIDPLOLD� 77/� UDSLG � în 
FRPSDUD LH�FX�IDPLOLD�77/�VWDQGDUG�VH�SRDWH�IDFH�DWkW�SULQ�FUHúWHUHD�SXWHULL�GLVLSDWH�
SH�SRDUW � FkW� úL� SULQ� DGRSWDUHD�XQRU�PRGLILF UL� VWUXFWXUDOH� DOH�SRU LL�77/� VWDQGDUG�
din fig. 3.11. 

5H]XOW �FLUFXLWXO�GLQ�ILJ��������vQ�FDUH�REVHUY P�PLFúRUDUHD�YDORULOor ohmice 
DOH�WXWXURU�UH]LVWHQ HORU�GLQ�FLUFXLW�OD�DSUR[LPDWLY�MXP WDWH��vQORFXLUHD�WUDQ]LVWRUXOXL�
T4� úL� D� GLRGHL� '� GLQ� HWDMXO� ILQDO� DO� SRU LL� 77/� VWDQGDUG� FX� XQ� PRQWDM� WUDQ]LVWRU�
compus (Darlington) format din T6, T7, R7�úL�vQORFXLUHD�UH]LVWHQ HL�52 cu o UH]LVWHQ �
QHOLQLDU �IRUPDW �GLQ�JUXSXO�55, R6, T5. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.26. Poarta NAND - HTTL 
 
�����������&UHúWHUHD�YLWH]HL�GH�OXFUX�SULQ�FUHúWHUHD�SXWHULL�GLVLSDWH�SH�SRDUW  

DUH�OD�ED] �UHOD LD������úL�REVHUYD LD�FRQIRUP�F UHLD�PLFúRUDUHD�YDORULORU ohmice ale 
WXWXURU�UH]LVWHQ HORU�GLQ�FLUFXLW�YD�DYHD�FD�HIHFW�FUHúWHUHD�3d��VF GHUHD�Wpd�úL��LPSOLFLW��
FUHúWHUHD�YLWH]HL�GH�OXFUX�D�SRU LL� 

 
�����������&UHúWHUHD�YLWH]HL�GH�OXFUX�SULQ�LQWURGXFHUHD�PRQWDMXOXL�'DUOLQJWRQ 
0RQWDMXO� 'DUOLQJWRQ� FRQVHUY � FDOLW ile circuitului pe care-O� vQORFXLHúWH� GLQ�

VFKHPD� SRU LL� 77/� VWDQGDUG�� DGDXJkQG� vQ� SOXV� DOWH� QRL� vQVXúLUL� FDUH� FRQGXF� OD�
FUHúWHUHD�YLWH]HL�GH�OXFUX�D�SRU LL�+77/�GLQ�FDUH�IDFH�SDUWH� 

a) Montajul Darlington preia rolul diodei D de blocare a tranzistorului din 
EUD XO�VXSHULRU�DO�HWDMXOXL�ILQDO��77), atunci când T3 este saturat. 

Într-DGHY U�� DWXQFL� FkQG� 73 este saturat, V0=VCE3sat§���9�� GHFL� SRWHQ LDOXO�
ERUQHL�GH�LHúLUH�D�FLUFXLWXOXL�HVWH�GH����9�ID �GH�PDV ��ÌQ�DFHODúL�WLPS��9BE3sat=0,7V, 
GHFL�SRWHQ LDOXO�OXL B3�ID �GH�PDV �HVWH����9��7UDQ]LVWRUXO�72�ILLQG�úL�HO�VDWXUDW��Y��
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]RQD� �� D� FDUDFWHULVWLFLL� GH� WUDQVIHU� GLQ� ILJ�� ����� úL� WDE�� ������ 9CE2sat§���9�� GHFL�
SRWHQ LDOXO�SXQFWXOXL�%4 va fi: 

VB4=VCE2sat+VB3=0,1+0,7=0,8V.      (3.48) 
&HOH� GRX � MRQF LXQL�� %(6� úL� %(7�� YRU� IL� VXSXVH�� SULQ� XUPDUH�� GLIHUHQ HL� GH�

SRWHQ LDO� 
VB4-V0=0,8-0,1=0,7V,       (3.49) 

LQVXILFLHQW �SHQWUX�D�OH�GHVFKLGH��GHFL�76�úL�77 vor fi blocate. 
5ROXO�GLRGHL�'�GLQ�VFKHPD�SRU LL�77/�VWDQGDUG�D�IRVW�SUHOXDW�GH�F WUH�XQD�GLQ�

MRQF LXQLOH�ED] -emiter ale lui T6 sau T7, astfel încât tranzistorul T7 va fi blocat ferm 
atunci când T3 va fi saturat. 

E��0RQWDMXO�'DUOLQJWRQ�RIHU �R�UH]LVWHQ �GH�LHúLUH�PXOW�PDL�PLF �GHFkW�FHD�

UHDOL]DW �GH�F WUH�WUDQ]LVWRUXO�74�GLQ�VFKHPD�SRU LL�77/�VWDQGDUG��FRQWULEXLQG�DVWIel 
OD�RE LQHUHD�XQRU�WLPSL�GH�FRPXWD LH�PDL�PLFL��GHFL�D�XQRU�YLWH]H�GH�OXFUX�PDL�PDUL� 
 
 
 
 
 
 
 
 
 
 
D��&D]XO�SRU LL�77/�VWDQGDUG��I U �'DUOLQJWRQ� ��������E��&D]XO�SRU LL�+77/��FX�'DUOLQJWRQ� 
 

Fig. 3.27. Efectul introducerii montajului Darlington asupra re]LVWHQ HL�GH�LHúLUH 
 

&RQVLGHUkQG� VFKHPD� VLPSOLILFDW �GLQ� ILJ�� ����� D�� vQ� FDUH� WUDQ]LVWRUXO�74 din 
FLUFXLWXO�GH�LHúLUH�DO�SRU LL�77/�VWDQGDUG�GHELWHD] �SH�R�VDUFLQ �FXSODW �vQ�HPLWHU�FDUH�
vQORFXLHúWH�WUDQ]LVWRUXO�73��UH]LVWHQ D�GH�LHúLUH�50 a montajului se FDOFXOHD] �DVWIHO� 
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3URFHGkQG� VLPLODU� FX�PRQWDMXO�'DUOLQJWRQ� FDUH� vQORFXLHúWH� JUXSXO� 74��'�� úL�
HOLPLQkQG�UH]LVWHQ D�57�SHQWUX�VLPSOLILFDUHD�FDOFXOHORU��RE LQHP� 
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1)1)((

R

1)1)((

I

V

N7N6

in

N7N6

I

I

++
=

++
= .    (3.51) 

 
&RPSDUkQG� UHOD LLOH� ����� úL� ������ FRQVWDW P� F � UH]LVWHQ D� GH� LHúLUH� vQ� FD]XO�

SRU LL�+77/�HVWH�GH� 1N + �RUL�PDL�PLF �GHFkW�vQ�FD]XO�SRU LL�77/�VWDQGDUG� 

1

R
R

N

0
0D +

= .         (3.52) 

LQkQG� VHDPD�GH� IDSWXO� F � UH]LVWHQ HOH� GH� LHúLUH� DOH� XQHL� SRU L� vQ� FHOH� GRX �
VW UL� ORJLFH�SRVLELOH�� vPSUHXQ �FX� FDSDFLW LOH�SDUD]LWH� LQHUHQWH� FDUH� DSDU� OD� LHúLUHD�
FLUFXLWXOXL� ORJLF�� GHWHUPLQ � FRQVWDQWHOH� GH� WLPS� DOH� UHJLPXOXL� GH� FRPXWD LH� úL�� vQ�
final, timpii GH�FRPXWD LH��UH]XOW �F �LQWURGXFHUHD�PRQWDMXOXL�'DUOLQJWRQ�YD�DVLJXUD�R�
YLWH] � GH� OXFUX� PXOW� PDL� PDUH� D� SRU LL� +77/� FRPSDUDWLY� FX� FHD� D� SRU LL� 77/�
standard. 

F�� 0RQWDMXO� 'DUOLQJWRQ� vPSLHGLF � VDturarea tranzistorului T7, eliminând 
DVWIHO� WLPSXO� GH� VWRFDUH� DIHUHQW� DFHVWXLD� úL� P ULQG� VXSOLPHQWDU� YLWH]D� GH� OXFUX� D�

SRU LL�+77/�� 
3ULQ� vQV úL� FRQVWUXF LD� PRQWDMXOXL� 'DUOLQJWRQ�� ILJ�� ������ FLUFXLWXO� FROHFWRU-

emiter al tranzistorului T6 este conectat în pDUDOHO� FX� MRQF LXQHD� FROHFWRU-ED] � D�
tranzistorului T7� úL�� LQGLIHUHQW� GH� VWDUHD� WUDQ]LVWRUXOXL� 76, curentul din circuitul de 
LHúLUH�DO�DFHVWXLD�YD�FLUFXOD�SH�WUDVHXO�54, colector T6, emiter T6, R7��PDV ��DVLJXUkQG�
o tensiune VCE6� FX���SH� FROHFWRU� úL�– pe ePLWHU�� GHFL�SRODUL]kQG� LQYHUV� MRQF LXQHD�
ED] -colector a tranzistorului T7��$FHVWD�QX�VH�YD�PDL�SXWHD�VDWXUD�QLFLRGDW �� ILLQG�
DVWIHO�HOLPLQDW�WLPSXO�GH�VWRFDUH�úL�FUHVFkQG�LPSOLFLW�YLWH]D�GH�OXFUX�D�SRU LL�+77/� 

 
�����������&UHúWHUHD�YLWH]HL�GH�OXFUX�SULQ�LQWURGXFHUHD�UH]LVWHQ HL�QHOLQLDUH 
&UHúWHUHD� YLWH]HL� GH� OXFUX� SULQ� FUHúWHUHD� SXWHULL� GLVLSDWH� SH� SRDUW � DU� IL�

LPSOLFDW�� RULFXP�� PLFúRUDUHD� YDORULL� RKPLFH� D� UH]LVWHQ HL� 52 de la 1K�� vQ� FD]XO�
SRU LL�77/�VWDQGDUG��OD�FFD�������vQ�FD]XO�SRU LL�+77/��ÌQ�GRULQ D�GH�D�RE LQH�YLWH]H�
GH�FRPXWD LH�úL�PDL�PDUL��UH]LVWHQ D�52=600��D�IRVW�vQORFXLW �OD�SRDUWD�+77/�FX�R�
UH]LVWHQ �QHOLQLDU �IRUPDW �GLQ�JUXSXO�55, R6, T5. 

Reprezentând grafic în planul (IE5, VBE3��HYROX LLOH�OXL�52=600��úL�5nelin., fig. 
������GLDJUDPHOH�D�úL�E��vQFHUF P�V �XUP ULP�vQ�ILJ�������PRGXO�vQ�FDUH�VH�PRGLILF �
FDUDFWHULVWLFD� GH� WUDQVIHU� D� SRU LL� 77/� VWDQGDUG� GDWRULW � LQWURGXFHULL� UH]LVWHQ HL�
neliniare. 

Astfel, în zona (1) a caracteristicii de transfer din fig. 3.29, 
0V�9I<0,5V,         (3.53) 

deci 0,7V�9B1<1,2V,        (3.54) 
úL�QLFLXQD�GLQWUH�WULSOHWHOH�GH�MRQF LXQL�%&1, BE2, BE3 –�QX�YD�IL�GHVFKLV � 

Tranzistoarele T2, T3�úL�75 vor fi blocate, IE5 ��úL�5nelin. �� 
În zona (2) a caracteristicii de transfer, 
0,5V�9I<1,1V,        (3.55) 

deci    1,2V�9B1<1,8V,        (3.56) 
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úL� GLQ� QRX� FHOH� GRX � WULSOHWH� GH� MRQF LXQL� YRU� IL� EORFDWH�� ILHF UHLD� GLQWUH� HOH�
revenindu-L� PDL� SX LQ� GH� ���9�� 7UDQ]LVWRDUHOH� 72, T3, T5 vor fi blocate, iar 
FDUDFWHULVWLFD�GH�WUDQVIHU�D�SRU LL�+77/��GLDJUDPD�E��ILJ�������]RQD������YD�U PkQH�OD�

DFHODúL�QLYHO�FX�]RQD������DGLF � 3,6VV(2)
0 = . 

 
 
 
 
 
 
 
 
 
 
 
������������)LJ��������(YROX LLOH�OXL�52�úL�5nelin.           Fig. 3.29. Caracteristica de transfer 
       în planul caracteristicilor curent-tensiune       a) poarta TTL standard; b) poarta HTTL 
 

În zona (3), 
1,1�9I<1,1+V ,        (3.57) 
1,8�9B1<1,8+V ,        (3.58) 

úL� FHOH� GRX � WULSOHWH� GH� MRQF LXQL� VH� YRU� GHVFKLGH�� (YLGHQW�� MRQF LXQHD� %(3 se va 
GHVFKLGH�vQDLQWHD�MRQF LXQLL�%(5�GHRDUHFH�DFHDVWD�GLQ�XUP �HVWH�vQVHULDW �vQ�plus cu 
UH]LVWHQ D� 55. Prin urmare, IB3� YD� FUHúWH� PDL� UHSHGH� GHFkW� ,E5�� ILLQG� DVWIHO� IRU DW �
LQWUDUHD�PDL� UDSLG � vQ� FRQGXF LH� D� OXL� 73� FDUH� DUH� FD� HIHFW� HYROX LD� GHVFHQGHQW � D�
FDUDFWHULVWLFLL�GH�WUDQVIHU�D�SRU LL�+77/�GLQ�ILJ�������E��]RQD����� 

Pentru VBE3>0,8V, Rnelin. scade sub 600��� ILJ�� ������ GDWRULW � FUHúWHULL�
accentuate a lui IE5. 

Întrucât 
IE5+IB3§FRQVW���        (3.59) 

IB3�YD�VF GHD��HYLWkQGX-VH�DVWIHO�LQWUDUHD�vQ�VDWXUD LH�SURIXQG �D�OXL�73�úL�FUHkQGX-se 
premizele unei  PDL�UDSLGH�LHúLUL�GLQ�VDWXUD ie a acestuia, deci a unui timp de stocare 
mai redus. 

7UDQ]L LD�PXOW�PDL� UDSLG � D�SRU LL�+77/�GLQ� VWDUH� ³VXV´� vQ� VWDUH� ³MRV´�� ILJ��
������ FDUDFWHULVWLFD� E�� LOXVWUHD] � FXP� QX� VH� SRDWH� PDL� ELQH� FUHúWHUHD� YLWH]HL� GH�
FRPXWD LH�D�DFHVWHLD�vQ�FRPSDUD LH�FX�SRDUWD TTL standard. 

8Q� DOW� HIHFW� EHQHILF� DO� LQWURGXFHULL� UH]LVWHQ HL� QHOLQLDUH� vQ� VFKHPD� SRU LL�
+77/�vO�FRQVWLWXLH�LQVHQVLELOL]DUHD�SXQFWXOXL�VWDWLF�GH�IXQF LRQDUH�DO�OXL�73 în raport 
FX�YDULD LLOH�GH�WHPSHUDWXU � 

Într-DGHY U��FUHúWHUHD� WHPSHUDWXULL�7� LPSOLF �FUHúWHUHD�FXUHQ LORU�GH�FROHFWRU�
ai tranzistoarelor T3�úL�75 conform schemei sinoptice din fig. 3.30. 

&UHúWHUHD�OXL�,C5�LPSOLF �FUHúWHUHD�OXL�,E5�úL��GDWRULW �UHOD LHL�������VH�UHDOL]HD] �
VF GHUHD�OXL�,B3, deci în final - a lui IC3.  

0,8 

(b) 

R2=600Ω 

(a) 

IE5 [mA] 

2 

1 

0,4 0,6 
VBE3 [V] 

E5

BE3
nelin I

V
R =  

1,7 0,5 1,1 2,4 

(a)     (b) 

(1) (2) (3) (4) 

A B 

C 

D 
1 

2 

3 

4 

V0[V] 

VI[V] 
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7HQGLQ D�GH�FUHúWHUH�D� lui IC3�D�IRVW�FRPSHQVDW �� LDU�LQVHQVLELOL]DUHD�S�V�I��DO�
lui T3�vQ�UDSRUW�FX�YDULD LLOH�GH�WHPSHUDWXU �D�IRVW�GHPRQVWUDW � 

 
  IC3  
T3 � !�� 

          IC5  !,E5  !,B3  !,C3  
 

)LJ�������6FKHP �VLQRSWLF �GHPRQVWUDWLY �SHQWUX�LQVHQVLELOL]DUHD�S�V�I��DO�OXL�73 

 
&D� XUPDUH� D� WXWXURU� PRGLILF ULORU� PHQ LRQDWH�� VXEIDPLOLD� 77/� UDSLG � YD�

SUH]HQWD�XUP WRULL�SDUDPHWUL��Wpd=6ns, Pd ��P:��4 ���S-�úL�Imax=50MHz. 
 
 
3.2.1.5. Subfamilia TTL-Schottky  
 

6XEIDPLOLD�77/�6FKRWWN\�SUH]LQW �R�VFKHP �LGHQWLF �FX�FHD�D�SRU LL�+77/��
cX�GHRVHELUHD�F �WRDWH�WUDQ]LVWRDUHOH��FX�H[FHS LD�OXL�77) sunt tranzistoare Schottky, 
ILJ��������D�F URU�SUH]HQ �DVLJXU �YLWH]H�VXSHULRDUH�GH�FRPXWD LH�GDWRULW �HOLPLQ ULL�
timpilor de stocare.(v. § 2.2). 

Înlocuirea tranzistorului T7 cu un tranzistor SchotWN\�QX�D�PDL�IRVW�QHFHVDU �
vQWUXFkW� PRQWDMXO� 'DUOLQJWRQ� GLQ� FDUH� IDFH� SDUWH� vPSLHGLF � LQWUDUHD� DFHVWXLD� vQ�
VDWXUD LH��Y��������������F�� 

0RGLILF ULOH� PHQ LRQDWH� PDL� VXV� DX� FRQGXV� OD� RE LQHUHD� XUP WRULORU�
parametri: tpd=3ns, Pd ��P:��4 ��S-�úL�fmax=120MHz.    
 
 

3.2.1.6. Circuite logice cu colectorul în gol  
  

3RVLELOLWDWHD� FRQHFW ULL� vQ� SDUDOHO� D� LHúLULORU� D� GRX � VDX�PDL�PXOWRU� FLUFXLWH�
ORJLFH�vQ�VFRSXO�GH�D�FRQVWUXL�IXQF LL�ORJLFH�FDEODWH�VDX�GH�D�LQWHUPHGLD�FXSODUHD�OD�
DFHHDúL�PDJLVWUDO �GH�GDWH�D�PDL�PXOWRU�VXEEORFXUL�ORJLFH��UHSUH]LQW �R�FDOLWDWH�FDUH-i 
OLSVHúWH�IDPLOLHL�77/�VWDQGDUG� 

3HQWUX�H[HPSOLILFDUH��YRP�FRQVLGHUD�R�SDUWH�GLQ� VFKHPD�EORF�VLPSOLILFDW �D�
unui sistem numeric modern, fig. 3.30, în care cele n subblocuri logice SL1, …, SLn,  
 
 
 
 
 
 
 
 
 
 

FLJ�������6FKHPD�ORJLF �VLPSOLILFDW �D�XQHL�S U L�GLQWU-un sistem numeric modern 

 
 
 

UNITATE 
&(175$/  

SLn SL1 

0DJLVWUDO �'DWH 

0DJLVWUDO �$GUHVH 
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având câte 8·m� LHúLUL� ILHFDUH�� VXQW� FXSODWH� vQ� SDUDOHO� SH� DFHHDúL�PDJLVWUDO � GH� GDWH�
IRUPDW � GLQ�8·m linii pe care se transmit m� RFWH L� GH� LQIRUPD LH�� FX� REVHUYD LD� F �
injectarHD� vQ�PDJLVWUDOD�GH�GDWH� D� LQIRUPD LLORU�GH� OD� LHúLUHD�RULF UXLD�GLQWUH� FHOH�n 
VXEEORFXUL� ORJLFH� DUH� ORF� QXPDL� vQ� PRPHQWXO� DSDUL LHL� vQ� PDJLVWUDOD� GH� DGUHVH� D�
FRPELQD LHL�ORJLFH�VSHFLILFH�VXEEORFXOXL�UHVSHFWLY�� 

Prin urmare, la fiecare dintre cele 8·m linii ale magistralei de date, vor fi 
FXSODWH�vQ�SDUDOHO�LHúLULOH�D�FkWH�n circuite logice elementare, câte unul pentru fiecare 
subbloc logic. 

$FHVWH�FLUFXLWH�QX�SRW�IL�SRU L�77/�VWDQGDUG�vQWUXFkW��DúD�FXP�UH]XOW �GLQ�ILJ��
������FXSODUHD�vQ�SDUDOHO�D�LHúLULORU�D�GRX ��VDX�PDL�PXOWRU��DVWIHO�GH�SRU L��vQ�FD]XO�vQ� 
 
 
 
 
 
 
 
 
 
 
 
 

)LJ��������([SOLFDWLY �SHQWUX�FXSODUHD�vQ�SDUDOHO�D�LHúLULORU�D�GRX �SRU L�77/�VWDQGDUG 
 
FDUH� YDORULOH� ORJLFH� DOH� LHúLULORU� DFHVWRUD� QX� FRLQFLG�� DU� FRQGXFH� OD� DSDUL LD� XQXL�
curent: 

 32mA
130

0,10,70,15

R

VVVV
I

4

CE3satD’satCE4’CC
max ≅−−−=−−−= ,  (3.60) 

cu mult peste valorile IC3max=16mA sau IC4’max=0,8 mA, la care sunt garantate 
QLYHOXULOH�ORJLFH�GH�LHúLUH� 

Prin urmare, apare un consum exagerat de curent din sursa de alimentare, 
conjugat cu riscul distrugerii lui T4’ sau T3�úL�FX�FHUWLWXGLQHD�F �SRWHQ LDOHOH�LHúLULORU�
LQWHUFRQHFWDWH� VH� YRU� DOWHUD�� QHPDLSXWkQG� IL� QLFL� ���9�� FRUHVSXQ] WRU� VW ULL� ³MRV´� D�
SRU LL�3��QLFL����9�FDUH�DU�IL�FRUHVSXQV�VW ULL�³VXV´�D�SRU LL�3¶��Y��ILJ��������� 

5H]ROYDUHD�SUREOHPHL�FXSO ULL�vQ�SDUDOHO�D�LHúLULORU�PDL�PXOWRU�SRU L�ORJLFH�V-a 
UHDOL]DW� SULQ� VLPSOLILFDUHD� VFKHPHL� SRU LL� 77/� VWDQGDUG� GH� PDQLHUD� GLQ� ILJ�� ������
RE LQkQGX-VH�DVWIHO�SRDUWD�ORJLF �FX�FROHFWRUXO�vQ�JRO� 

&RPSDUkQG� ILJXULOH� ����� úL� ������ FRQVWDW P� F � VFKHPD� SRU LL� ORJLFH� FX�
colectorul în�JRO�D�IRVW�RE LQXW �GLQ�FHD�D�SRU LL�77/�VWDQGDUG�SULQ�VXSULPDUHD�OXL�54, 
T4� úL� '� úL� LQWURGXFHUHD� UH]LVWHQ HL� H[WHULRDUH� 5ext�� FRPXQ � LHúLULORU� SRU LORU� FX�
colectorul în gol interconectate. 

3HQWUX� R� PDL� EXQ � vQ HOHJHUH� D� IXQF LRQ ULL� XQXL� DVWIHO� GH� FLUFXLt, vom 
FRQVLGHUD� GRX � SRU L� LQYHUVRDUH� FX� FROHFWRUXO� vQ� JRO�� 3� úL� 3¶�� ILJ�� ������ FX� LHúLULOH�
FRQHFWDWH� vQ� SDUDOHO� úL� YRP� XUP UL� IXQF LRQDUHD� DFHVWXL� DQVDPEOX� FX� DMXWRUXO�

T4 

T3 

T4
’ 

T3
’ 

D D’ 

R4 R4
’ 

130Ω 130Ω 

(Bl.) 

(Bl.) (Sat.) 

(Sat.) 

+VCC 

(P) (P’) 

Imax 
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WDEHOXOXL� FHQWUDOL]DWRU� ������ XWLOL]kQG� FXQRúWLQ HOH� vQVXúLWH� OD� VWXGLXO� LQYHUVRUXOXL�
TTL, § 3.2.1.3.2.  
 
 
 
 
 
 
 
 
 
 
 
 

)LJ��������3RDUWD�ù,-NU (NAND) cu colectorul în gol 
 

 
 
 
 
 
 
 
         
        
 
 
 

)LJ��������([SOLFDWLY �SHQWUX�FXSODUHD�SH�R�VDUFLQ �FRPXQ � 
D�GRX �SRU L�ORJLFH�FX�FROHFWRUXO�vQ�JRO 

 
7DE��������$MXW WRU�SHQWUX�vQ HOHJHUHD�UHDOL] ULL�IXQF LHL�ù,-cablat 

 

6W ULOH�WUDQ]LVWRDUHORU x2 x1 

T3’ T3 

y 

0 0 Bl. Bl. 1 
0 1 Bl. Sat. 0 
1 0 Sat. Bl. 0 
1 1 Sat. Sat. 0 

 
Astfel, pentru x1=x2=0, corespund tensiunile de intrare VI1=VI2=0V, iar 

SRWHQ LDOHOH�SXQFWHORU�%1�úL�%1’ vor fi 0,7V, insuficiente pentru a deschide tripletele 
GH� MRQF LXQL��%&1, BE2, BE3, respectiv BC1’, BE2’, BE3¶� úL� WUDQ]LVWRDUHOH�73� úL�73’ 

+Vcc 

Rext R1 R3 

T1 

T2 
T3 

R2 

Rext R1 R3 

T1 
T2 

T3 

R2 

+Vcc 

R1’ R3’ 

T1’ 
T2’ 

T3’ 

R2’ 

(P) (P’) 

x1 x2 y 

VI1 VI2 V0 

B1 B1’ 
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YRU� IL� EORFDWH�� 3RWHQ LDOXO� �9CC� VH� YD� WUDQVIHUD� OD� LHúLUH� SULQ� UH]LVWHQ D� 5ext, deci 
V0=+VCC�úL�\ ��ORJLF�� 

Pentru x1 �� úL� [2=0, vom avea VI1=+VCC� úL�9I2 �9�� DVWIHO� vQFkW� MRQF LXQHD�
BE a tranzistorului T1�YD�IL�EORFDW ��LDU�vQ�%1�YRP�DYHD��Â��� ���9��GHFL�MRQF LXQLOH�
BC1, BE2� úL� %(3� YRU� IL� GHVFKLVH� úL� 73 va fi saturat. Întrucât x2 �� FD� úL� vQ� FD]XO�
anterior, T3¶� YD� U PkQH� vQ� FRQWLQXDUH� EORFDW�� 7HQVLXQHD� GH� LHúLUH� YD� IL�
V0=VCE3sat§���9��GHFL�\ ��ORJLF� 

([WUDSROkQG� DFHVWH� UH]XOWDWH� úL� LQkQG� VHDPD� GH� VLPHWULD� VFKHPHL�� RE LQHP�
pentru fiecare xi ���FX�L �����VDWXUD LD�WUDQ]LVWRUXOXL�ILQDO�FRUHVSXQ] WRU��73 sau T3’), 
deci y=0 logic. 

Ultima� FRORDQ � D� WDEHOXOXL� ����� LQGLF � XQ� FRPSRUWDPHQW� GH� WLS� 6$8-NU 
�125��DO�FLUFXLWXOXL�GLQ�ILJ��������DGLF � 

21 xxy += .          (3.61) 

Aplicând De Morgan�UHOD LHL�������RE LQHP� 

21 xxy ⋅= ,         (3.62) 
UHOD LH�FDUH�QH�SHUPLWH�R�UHGHVHQDUH�VLPEROLF �D�FLUFXLWXOXL�GLQ�ILJ�������GH�PDQLHUD�
GLQ�ILJ��������vQ�FDUH�HVWH�SXV �vQ�HYLGHQ �IXQF LD�ù,-cablat�UHDOL]DW �SULQ�FXSODUHD�vQ�
SDUDOHO�SH�DFHHDúL�VDUFLQ �D�GRX �LQYHUVRDUH�FX�FROHFWRUXO�vQ�JRO� 

Calculul lui Rext se poate face cu ajutRUXO�UHOD LHL� 

∑
−

=
I

VV
R 0CC

ext ,        (3.63) 

DGDSWDW �SHQWUX�FHOH�GRX �VW UL�ORJLFH�SRVLELOH�DOH�LHúLULL�FLUFXLWXOXL� 
 

 
 
 
 
 
 
 
 
 
 
 

)LJ��������)XQF LD�ù,-cablat 
 

Astfel, pentru starea “sus”, V0Hmin ���9�úL�QH�DIO P�vQ�VLWXD LD�SUH]HQWDW �vQ�
fig. 3.���vQ�FDUH�0�SRU L�ORJLFH�FX�FROHFWRUXO�vQ�JRO�DX�LHúLULOH�FXSODWH�vQ�SDUDOHO�SH�
UH]LVWHQ D�5ext�úL�GHELWHD] �SH�R�VDUFLQ �IRUPDW �GLQ�1�SRU L�ORJLFH�VLPLODUH�� 

Deducem: 

IHmax0Hmax

0HminCC
ext.max INIM

VV
R

⋅+⋅
−

=  .      (3.64) 

x1 21 xxy ⋅=  

+VCC 

Rext 

x2 

1x  

2x  
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Pentru starea “jos”, V0Lmax ���9�úL�YDORDUHD�PLQLP �D� OXL�5ext� VH�GHWHUPLQ �
GLQ�ILJ�������vQ�FDUH�VH�SXQH�FRQGL LD�FD�YDORDUHD�OXL�90Lmax�V �VH�PHQ LQ �DWXQFL�FkQG�
prin Rext� FLUFXO � FXUHQWXO� PD[LP� DEVRUELW� GH� LHúLUHD� XQHL� VLQJXUH� SRU L� ORJLFH� FX�
colectorul în gol: 

ILmax0Lmax

0LmaxCC
ext.min INI

VV
R

⋅−
−= .      (3.65) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

)LJ��������([SOLFDWLY �SHQWUX�FDOFXOXO�OXL�5ext.max 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

)LJ��������([SOLFDWLY �SHQWUX�FDOFXOXO�OXL�5ext.min 

 
În final, alegem pentru Rext�R�YDORDUH�VWDQGDUGL]DW �FXSULQV � vQWUH�FHOH�GRX �

YDORUL�GHWHUPLQDWH�FX�UHOD LLOH������úL��.65: 
{ }ext.maxext.minext R,RR ∈ .       (3.66) 














M

 

N
















 

I0Hmax 

IIHmax=40µA 

IIHmax=40µA 

IIHmax=40µA 
V0Hmin=2,4V 

+VCC 

250µA 

I0Hmax 

250µA 

I0Hmax 

250µA 

Rext max 

T31 

T32 

T3M 

T11 

T12 

T1N 

N
















 

I0Lmax 

IILmax=1,6mA 

IILmax=1,6mA 

IILmax=1,6mA V0Lmax=0,4V 

 +VCC 

16 mA 

Rext min 

T3 

T11 

T12 

T1N 



Capitolul 3 

 

 

64 

ÌQ� ILJ�� ����� SUH]HQW P� R� DSOLFD LH� FDUH� LOXVWUHD] � PRGXO� vQ� FDUH� VH� SRDWH�
UHDOL]D�FXSODUHD�vQ�SDUDOHO�SH�R�PDJLVWUDO �GH�GDWH�D�SRU LORU�ORJLFH�FX�FROHFWRU�vQ�JRO��
SULQ�LQWHUPHGLXO�IXQF LHL�ù,-cablat. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

)LJ��������,OXVWUDWLY �SHQWUX�FXSODUHD�SH�R�PDJLVWUDO �GH�GDWH 
D�GRX �SRU L�ORJLFH�FX�FROHFWRUXO�vQ�JRO 

 
Intrarea CS (Chip Select = selectare a chip-XOXL��FRPDQG �vQ�FRQWUDWLPS�FHOH�

GRX �SRU L�1$1'��DVWIHO� vQFkW�SHQWUX�&6 ��YRU�DYHD�DFFHV� vQ�PDJLVWUDO �datele ce 
SURYLQ�GH�OD�LHúLUHD�SRU LL�QU�����LDU�SHQWUX�&6 ��–�GDWHOH�FH�SURYLQ�GH�OD�LHúLUHD�SRU LL�
nr. 2. 

)XQF LD�GH�LHúLUH�D�FLUFXLWXOXL�YD�IL� 
         1211 xx ⋅ , pentru CS=1; 

=⋅⋅⋅⋅⋅= CSxxCSxxy 22211211       (3.67) 

         2221 xx ⋅ , pentru CS=0.  

 
 
���������&LUFXLWH�ORJLFH�FX���VW UL 
 

6XEIDPLOLD�76/��7KUHH�6WDWH�/RJLF� � ORJLFD�FX���VW UL��SHUPLWH�FXSODUHD� vQ�
SDUDOHO� D� LHúLULORU� PDL� PXOWRU� SRU L� ORJLFH� I U � GH]DYDQWDMHOH� SH� FDUH� OH� LPSOLF �
XWLOL]DUHD�UH]LVWHQ HL�H[WHUQH��5ext,� vQ�FD]XO�SRU LORU�ORJLFH�FX�FROHFWRUXO�vQ�JRO��(VWH�
vorba despre eliminarea disconfortului pe care-O�SUHVXSXQH�FDOFXOXO�DFHVWHL�UH]LVWHQ H�
úL� DVLJXUDUHD� XQXL� ORF� SHQWUX� HD� SH� FDEODMXO� LPSULPDW�� GH� vPEXQ W LUHD� ILDELOLW LL�
JOREDOH� D� FLUFXLWXOXL� SULQ� VF GHUHD� QXP UXOXL� GH� FRPSRQHQWH� SH� SODF �� FX� HIHFWH�
DVXSUD�SUH XOXL�GH�FRVW��HWF�� 

6XEIDPLOLD� 76/� RIHU � LPSHGDQ H� GH� LHúLUH� PLFL� vQ� VW ULOH� ���� úL� ���� ORJLF�
�DFHOHDúL� FD� OD� SRDUWD� 77/� VWDQGDUG��� LDU� vQ� FHD� GH� D� WUHLD� VWDUH�� VWDUHD� GH� vQDOW �
LPSHGDQ � �+=��� SUH]LQW � R� LPSHGDQ � GH� LHúLUH� GH� YDORDUH� DWkW� GH� ULGLFDW � vQFkW�
SUDFWLF�QX��vQFDUF ��VXSOLPHQWDU�FLUFXLWHOH�FX�FDUH�HVWH�FXSODW � 

1 

2 

+VCC 

Rext 

x11 
x12 

CS 

CS 

x21 
x22 

_ y  
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6FKHPD�XQHL�SRU L�1$1'-76/�VH�RE LQH�GLQ�FHD�D�SRU LL�77/�VWDQGDUG��SULQ�
LQWURGXFHUHD�XQXL�LQYHUVRU��,��úL�D�XQHL�GLRGH��'2), aúD�FXP�HVWH�LOXVWUDW�vQ�ILJ�������� 

ÌQ� ILJ�� ����� HVWH� SUH]HQWDW� VLPEROXO� SRU LL� 1$1'-TSL, iar în tab. 3.12 – 
IXQF LRQDUHD�DFHVWHLD� 

$VWIHO�� GDF � LQWUDUHD� GH� DXWRUL]DUH� )ENABLE( E � HVWH� DFWLYDW � � 0E = ), la 
LHúLUHD� LQYHUVRUXOXL I vom avea "1" logic ceeace face inoperant cel de-al treilea 
emiter al lui T1, conectat în acest caz la +VCC��úL�EORFKHD] �GLRGD�'2�DO�F UHL�FDWRG�
HVWH�úL�HO�FRQHFWDW�vQ�FD]XO�GH�ID �OD��9CC��6FKHPD�GLQ�ILJ�������YD�IXQF LRQD�FD�XQ�
NAND-TTL standard, fapt ilustrat în primele 4 linii ale tab. 3.12.  

ÌQ� FRQGL LLOH� vQ� FDUH� 1E = �� OD� LHúLUHD� LQYHUVRUXOXL� ,� YRP� DYHD� ���� ORJLF�
�PD[LPXP� ���9��� IDSW� FDUH� LPSOLF � EORFDUHD� OXL� 73� �Y�� IXQF LRQDUHD� LQYHUVRUXOXL�
TTL, § 3.2.1.3.2). În plus, dioda D2 vD�FRQGXFH��SH�HD�YRU�F GHD����9��LDU�vQ�ED]D�OXL�
T4�YRP�DYHD�PD[LPXP�������� ���9��LQVXILFLHQW�SHQWUX�D�GHVFKLGH�MRQF LXQHD�ED] -
emiter a tranzistorului T4� úL� GLRGD� '1. Tranzistoarele T3� úL� 74 se vor bloca, prin 
XUPDUH��VLPXOWDQ��LDU�LHúLUHD�\�YD�IL�SUDFWLF�L]RODW �ID �GH�FHOH�GRX �ERUQH�DOH�VXUVHL�
GH� DOLPHQWDUH�� RIHULQG� FLUFXLWHORU� FX� FDUH� HVWH� LQWHUFRQHFWDW � R� vQDOW � LPSHGDQ �
(HZ).        
 
 
 
 
 
 
 
       
 
           
                

���)LJ���������6LPEROXO�SRU LL�76/ 
 
  
 )LJ���������6FKHPD�SRU LL�1$1'�- TSL 
 
 

7DE���������7DEHOXO�GH�IXQF LRQDUH�DO�SRU LL�76/ 
 

E  x2 x1 y 

0 0 0 1 
0 0 1 1 
0 1 0 1 
0 1 1 0 
1 x x HZ 

 

E  

x1 

x2 
y 

E  

+Vcc 

R1 R3 R4 

T1 

T2 

T4 

D2 D1 

y 

T3 

R2 

 x1 
 x2 

I 
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&XSODUHD� SH� R�PDJLVWUDO � GH�GDWH� D� LHúLULORU� D� GRX � SRU L�76/� VH� UHDOL]HD] �
VLPSOX�� ILJ�� ������ XQLFD� FRQGL LH� FDUH� VH� LPSXQH� ILLQG� DXWRUL]DUHD� QHVLPXOWDQ � D�
SRU LORU�UHVSHFWLYH� 
 
 
 
 
 
 
 
 
 
 
    
 
 

)LJ��������&XSODUHD�LHúLULORU�D�GRX �SRU L�76/��OD�R�PDJLVWUDO �GH�GDWH 
 
Adoptând un sistem de autorizare de tipul celui  prezentat în fig. 3.38, cu 

21 EEE == ,         

RE LQHP� 
( ) ( )E xxE xxy 22211211 ⋅⋅+⋅⋅= ,      (3.68) 

deci:   







⋅
⋅=

1.=Epentru  , xx

0;=Epentru  , xx
y

2221

1211                   (3.69) 

'LQ� ILJ�� ����� úL� UHOD LD� ����� VH� UHPDUF � UHDOL]DUHD� IXQF LHL�SAU-cablat prin 
FRQHFWDUHD� vQ� SDUDOHO� SH� PDJLVWUDOD� GH� GDWH� D� LHúLULORU� SRU LORU� 76/� UHVSHFWLYH� úL�
DXWRUL]DUHD�QHVLPXOWDQ �D�IXQF LRQ ULL�DFHVWRUD� 

Valorile parametrilor circuitelor logice TSL sunt: tpd=3ns, Pd=22mW, 
4 ��S-�úL�Imax=70MHz. 

 
 
���������)DPLOLD�ORJLF �(&/� 

 

)DPLOLD� ORJLF � (&/� �(PLWWHU� &RXSOHG� /RJLF�  � ORJLF � FXSODW � vQ� HPLWHU��
utilizHD] �WUDQ]LVWRDUH�QHVDWXUDWH�úL�UHDOL]HD] ��GLQ�DFHVW�PRWLY��YLWH]H�GH�OXFUX�IRDUWH�
mari. 

6H�úWLH�GHMD�F �R�FUHúWHUH�D�YLWH]HL�GH�OXFUX��PLFúRUDUHD�WLPSLORU�GH�SURSDJDUH��
VH�SRDWH�UHDOL]D�DWkW�SULQ�FUHúWHUHD�SXWHULL�GLVLSDWH�SH�SRDUW ��Y��SDUDPHWULL�SRU LL TTL 
VWDQGDUG�� �� ����������� FkW� úL� SULQ� HYLWDUHD� VDWXUD LHL� GLVSR]LWLYXOXL� HOHFWURQLF� DFWLY�
XWLOL]DW��Y��UHJLPXO�GH�FRPXWD LH�DO�WUDQ]LVWRUXOXL�ELSRODU��������� 

2� VROX LH� HILFLHQW � GH� D� REOLJD� WUDQ]LVWRUXO� FD� vQ� WLPSXO� UHJLPXOXL� GH�
FRPXWD LH�V �U PkQ �vQ�5$1��V �QX�LQWUH�vQ�VDWXUD LH���FRQVW �vQ�DSOLFDUHD�XQHL�UHDF LL�
negative printr-R�UH]LVWHQ �FH�VH�PRQWHD] �vQ�HPLWHU��ILJ������� 

Exxy 12111 ⋅⋅=  

Exxy 22212 ⋅⋅=  

21 yyy +=  

x11 

x12 

x21 

x22 

E1E =

EE2 =  

E  
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6FULLQG�.LUFKKRII�,,�SH�RFKLXO�GH�LQWUDUH�DO�FLUFXLWXOXL�GLQ�ILJ��������RE LQHP� 
VBE§9I-REIC,         (3.70) 

UHOD LH�GLQ�FDUH�VH�REVHUY �FX�XúXULQ �F �RULFH�FUHúWHUH�D�OXL�9I conduce într-R�SULP �
ID] � OD� R� FUHúWHUH� D� OXL� 9BE� úL� LPSOLFLW� D� OXL� ,B (v. caracteristicile de intrare ale 
WUDQ]LVWRUXOXL�� ILJ�� ����� úL� ,C (IC§ NIB��� GHFL� vQ� ILQDO� OD� FUHúWHUHD� LPSRUWDQ HL�
termenului REIC, XUPDW �GH�VF GHUHD�OXL�9BE.  

 
 
 
 
 
 
 
 
 
 
 

 
)LJ��������0RQWDM�DVLPHWULF�FX�UHDF LH�QHJDWLY  

 
)XQF LRQDUHD�UHDF LHL�QHJDWLYH��DO�F UHL�PHFDQLVP�O-am descris mai sus pentru 

FD]XO� XQHL� VFKHPH� DVLPHWULFH�� SUHVXSXQH�� SULQ� XUPDUH�� GH]DYDQWDMXO� XWLOL] ULL� XQRU�
variD LL� PDUL� DOH� WHQVLXQLL� GH� LQWUDUH�9I� SHQWUX� D� SURGXFH�PLFL� YDULD LL� DOH� OXL� 9BE 
�]HFLPL�VDX�FKLDU�VXWLPL�GH�YROW��FDSDELOH�V �DVLJXUH�FRPXWDUHD�WUDQ]LVWRUXOXL�� 

Acest dezavantaj poate fi eliminat prin utilizarea unei scheme simetrice, 
GLIHUHQ LDOH��GH�WLSul celei prezentate în fig. 3.40. 
 

 
 
 
 
 
 
 
 
 
 
 

)LJ��������0RQWDM�VLPHWULF��GLIHUHQ LDO��FX�UHDF LH�QHJDWLY  
 
3H� FLUFXLWHOH� GH� LQWUDUH� DOH� FHORU� GRX � WUDQ]LVWRDUH�� 71� úL� 72, putem scrie 

UHOD LLOH� 
VBE1=VI-RE(IE1+IE2),        (3.71)  
VBE2=VR-RE(IE1+IE2),       (3.72) 

+VCC 

 RE 

RC 

VBE 

VI 
V0 

VR 

+VCC 

RC RC 

V01 V02 

VBE1 VBE2 VI 

RE 

T1 T2 

IE1 
IE2 

IC1 IC2 
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în care VR�HVWH�R�WHQVLXQH�GH�UHIHULQ ��LDU�SH�FLUFXLWHOH�GH�LHúLUH�YRP�DYHD� 
V01=VCC-RCIC1,        (3.73) 
V02=VCC-RCIC2.        (3.74) 
ÌQFHUF P�V �H[SOLF P�IXQF LRQDUHD�FLUFXLWXOXL�GLIHUHQ LDO�GLQ�ILJ�������SHQWUX�

trei cazuri distincte: VI=VR, VI<VR, VI>VR��SH�FDUH�OH�SUH]HQW P�FHQWUDOL]DW�vQ�WDE��
3.13. 
 
7DE��������&HQWUDOL]DWRU�SHQWUX�H[SOLFDUHD�IXQF LRQ ULL�PRQWDMXOXL�GLIHUHQ LDO�GLQ�ILJ������ 

 
Cazul 1 Cazul 2 Cazul 3 2EVHUYD LL 
VI=VR VI<VR VI>VR  

   5HO�������úL����� 
VBE1=VBE2 VBE1<VBE2 VBE1>VBE2  

   Fig. 2.3 
IB1=IB2 IB1<IB2 IB1>IB2  

   IC§ NIB 
IC1=IC2 IC1<IC2 IC1>IC2  

   5HO�������úL����� 
V01=V02 V01>V02 V01<V02  

   /RJLF �SR]LWLY  
 1      0 0     1  

 
Spre exemplu, în cazul 1, pentru VI=VR��REVHUY P�GLQ�UHOD LLOH������úL������F �

VBE1=VBE2�úL�FRQIRUP�FDUDFWHULVWLFLORU�GH�LQWUDUH�GLQ�ILJ������PHQ LRQDWH�vQ�FRORDQD�
GH�³REVHUYD LL´�D�WDE���������,B1=IB2��FX�LPSOLFD LLOH�,C1=IC2 (IC§ NIB��úL�901=V02 (v. 
UHOD LLOH������úL������� 

5H]XOW �F ��SHQWUX�R�WHQVLXQH�GH�LQWUDUH�HJDO �FX�FHD�GH�UHIHULQ ��WHQVLXQLOH�GH�
LHúLUH�YRU�IL�HJDOH��LDU�FXUHQ LL�SULQ�FHOH�GRX �EUD H�DOH�GLIHUHQ LDOXOXL�YRU�IL�HJDOL� 

6LPLODU� VH� GHPRQVWUHD] �� SH� ED]D� DFHORUDúL� UHOD LL� VDX� ILJXUL� PHQ LRQDWH� vQ�
FRORDQD� D� SDWUD� D� WDE�� ������ F � SHQWUX� 9I<VR� VH� RE LQH� 901>V02, respectiv pentru 
VI>VR�VH�RE LQH�901<V02. 

ÌQWUHJXO� PHFDQLVP� DO� IXQF LRQ ULL� PRQWDMXOXL� GLIHUHQ LDO� FRQVW � GH� IDSW� vQ�
FRPXWDUHD� XQXL� FXUHQW� FRQVWDQW�� GH� OD� XQ� WUDQ]LVWRU� OD� DOWXO�� vQVR LW � GH� YDULD LD�
FRUHVSXQ] WRDUH�D�OXL�901�úL�902. 

Aplicând principiul logicLL�SR]LWLYH��YRP�VSXQH�F �vQ�FD]XO�901>V02, lui V01 îi 
corespunde 1 logic iar lui V02 – 0 logic, iar în cazul V01<V02, lui V01 îi corespunde 0 
logic iar lui V02 – 1 logic. 

3RUQLQG� GH� OD� LGHHD� XWLOL] ULL� PRQWDMXOXL� GLIHUHQ LDO�� H[SXV � PDL� VXV�� V-a 
realizat SRDUWD�IXQGDPHQWDO �D�IDPLOLHL�(&/�SUH]HQWDW �vQ�ILJ������� 

Ea se compune dintr-XQ�PRQWDM�GLIHUHQ LDO�UHDOL]DW�FX�WUDQ]LVWRDUHOH�71i, (i=1, 
������úL�72��úL�UHSHWRDUHOH�SH�HPLWHU�73�úL�74�FX�URO�GH�DGDSWDUH�GH�LPSHGDQ � 

ÌQWUHDJD�VFKHP �HVWH�DOLPHQWDW �FX�–VEE� OD�EDUD�GH�MRV�úL�³PDVD´�OD�EDUD�GH�
VXV�� RE LQkQGX-VH� DVWIHO� R� DWHQXDUH� D� ]JRPRWXOXL� GH� ����� RUL� PDL� EXQ � ID � GH�
DOLPHQWDUHD� FODVLF � úL� R� SURWHF LH� LQWULQVHF � OD� VFXUWFLUFXLW� SH� LHúLUH�� ÌQWU-DGHY U��
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FRQHFWkQG�OD�PDV �RULFDUH�GLQWUH�FHOH�GRX �ERUQH�GH�LHúLUH��QX�IDFHP�DOWFHYD�GHFkW�V �
VFXUWFLUFXLW P� XQXO� GLQWUH� WUDQ]LVWRDUHOH� 73 sau T4, protejându-l astfel împotriva 
distrugerii. 
 

 
 
 
 
 
 
 
 
 
 
 

 
)LJ��������3RDUWD�IXQGDPHQWDO �D�IDPLOLHL�(&/ 

 
 

7DE��������7DEHOXO�GH�DGHY U�DO�IXQF LHL�ORJLFH�SAU / SAU - ECL 
 

x3 x2 x1 y  y 

0 0 0 1 0 
0 0 1 0 1 
0 1 0 0 1 
0 1 1 0 1 
1 0 0 0 1 
1 0 1 0 1 
1 1 0 0 1 
1 1 1 0 1 

 
)XQF LRQDUHD�VFKHPHL�HVWH�VLPSO � 
Pentru x1=x2=x3=0, VIi<VR�úL�QH�DIO P�vQ�FD]XO����WDE��������GHFL�901>V02�úL�

1=y , y=0 logic. 
(VWH�VXILFLHQW�FD�QXPDL�XQD�GLQWUH�LQWU ULOH�[i�V �ILH���ORJLF��9Ii>VR) pentru ca 

WUDQ]LVWRUXO�FRUHVSXQ] WRU�V �VH�GHVFKLG �PDL�PXOW�GHFkW�FHOHODOWH�GRX �úL�V �FRERDUH�

în acest mod nivelul lui V01. Ca urmare, 0y = �úL�\ �� 

7DEHOXO� GH� DGHY U� ����� RE LQXW�� HVWH� DO� IXQF LLORU� SAU úL� 6$8�� IXQF LL�
UHSURGXVH�OD�LHúLUHD�FLUFXLWXOXL��GXS �FHOH�GRX �UHSHWRDUH� 

7HQVLXQHD� GH� UHIHULQ � 9R=-�����9� VH� RE LQH� FX� DMXWRUXO� VFKHPHL� GLQ� ILJ��
�����úL�VH�FDOFXOHD] �FX�DMXWRUXO�XUP WRDUHORU�UHOD LL� 

VR=VEE-VR3;         (3.75) 

-VEE 

(-5,2V) 

RE 

1,18K 

VI1 VI2 VI3 (-1,175V) 

RC1 RC2 

290Ω 300Ω 

V01 

V02 

T3 

T4 

RE3 RE4 
1,5K 1,5K 

SAU 

x1 x2 x3 
T11 T12 T13 T2 VR 

SAU  

SAU  
SAU 

y  y 
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VR3=VB-VBE5;        (3.76) 

( ) DDEE
21

2
B 2V2VV

RR

R
V +−⋅

+
=       (3.77) 

5H]XOW � 

( ) BE5DDEE
21

2
EER V2V2VV

RR

R
VV +−−⋅

+
−= ,    (3.78) 

GLQ�FDUH��FX�vQORFXLULOH�FDUH�VH�LPSXQ��VH�RE LQH�9R=-1,175V. 
 
 
 
 
 
 
 
 
 
 
 
 
 

FiJ��������6XUVD�GH�WHQVLXQH�GH�UHIHULQ  
 

6LPEROXO�SRU LL�6$8��� SAU  – ECL este prezentat în fig. 3.43, iar nivelurile 
logice – în fig. 3.44. 

 
 
 
 
 
 
 
 
 

 
      Fig. 3.43. Simbolul 
������������SRU LL�(&/ 

Fig. 3.44. Nivelurile logice  
        ale familiei ECL 

 
([LVWHQ D�UHSHWRDUHORU�SH�LHúLULOH�SRU LL�SUH]LQW �DYDQWDMXO�XQRU�LPSHGDQ H�GH�

LHúLUH�PLFL��FDUH�FRQGXF�OD�FRQVWDQWH�GH�WLPS�PLFL�vQ�WLPSXO�UHJLPXOXL�GH�FRPXWD LH��
GHFL� OD� YLWH]H�PDUL� GH� OXFUX�� ÌQ� SOXV�� GLIHUHQ HOH�PLFL� GH� WHQVLXQH� GLQtre nivelurile 

-VEE   (-5,2V) 

VB R3 

2K 

VR 

VR3 

VEE 

T5 

VBE5 

R1 
300Ω 
B 

2VD 

R2 
2,36K 

x1 
321 xxxy ++=  

321 xxxy ++=  
x2 
x3 

VIH= -1,1V 

VIL= -1,25V 

V0H= -0,76V 

V0L= -1,58V 

MH= 0,34V 

ML=-0,33V 

“1” 

“0” 

-V 
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³MRV´�úL�³VXV´��GHWHUPLQ �WLPSL�PLFL�GH�vQF UFDUH�–�GHVF UFDUH�D�FDSDFLW LL�SDUD]LWH�
LQHUHQWH��GHFL�WLPSL�GH�FRPXWD LH�PLFL� 

Valorile parametrilor familiei ECL sunt: tpd<1ns, Pd ��P:�� 4 ��� úL�
fmax=1000MHz. 

 
 
3.2.1.9. Circuite logice I2L  

 

Familia de circuite logice I2/� �,QWHJUDWHG� ,QMHFWLRQ�/RJLF� � ORJLFD� LQWHJUDW �
GH� LQMHF LH�� SHUPLWH� R� GHQVLWDWH� PDUH� GH� FRPSRQHQWH� SH� XQLWDWHD� GH� VXSUDID �� XQ�
FRQVXP�GH�SXWHUH�H[WUHP�GH�UHGXV�úL�XúRU�UHJODELO�� WLPSL�GH�vQWkU]LHUH�OD�SURSDJDUH�
PLFL�úL��vQ�FRQVHFLQ ��XQ�IDFWRU�GH�FDOLWDWH�IRDUWH�UHGXV� 

&RPSRQHQWD�GH�ED] � D� IDPLOLHL� ,2/�HVWH� LQYHUVRUXO�� SUH]HQWDW� vQ� ILJ�� ����� úL�
format dintr-un tranzistor T2 de tip npn� úL� R� VXUV � GH� FXUHQW� FRQVWDQW� UHDOL]DW � FX�

tranzistorul ’
2T  de tip pnp.  

Valoarea curentului I0�HVWH�GDW �GH�UHOD LD� 

ct
R

VV
I

ext

EB2’
0 =−=

+
,        (3.79) 

úL�SRDWH�IL�XúRU�DMXVWDW �GLQ�H[WHULRU�vQWU-R�JDP �GH���GHFDGH��vQ�IXQF LH�GH�DSOLFD LH��
SULQ�VLPSOD�PRGLILFDUH�D�UH]LVWHQ HL�5ext, cu efectele cunoscute asupra puterii disipate 
Pd, timpului de întârziere la propagare tpd� úL�� LPSOLFLW�� DVXSUD� YLWH]HL� GH� OXFUX� D�
circuitului.  

,Q�ILJ�������DP�SUH]HQWDW�UHJLPXO�GH�FRPXWD LH�DO�LQYHUVRUXOXL�,2L, iar în fig. 
3.47 –�DFHODúL�LQYHUVRU�LQWHUFRQHFWDW�FX�FLUFXLWH�VLPLODUH� 

 
 
 
 
 
 
 
 
 
 

 
 

  Fig. 3.45. Inversorul I2L  ������)LJ���������&RPXWD LD�LQYHUVRUXOXL�,2L 
 

'LQ�ILJ�������VH�SRDWH�REVHUYD�XúRU�F �WHQVLXQLOH�GH�LQWUDUH��9IA��úL�GH�LHúLUH�
(V0) ale inversorului pot lua valori cuprinse în intervalul 0 … 0,7V, limitate superior 
de VBE2sat=0,7V, respectiv de VBE3sat=0,7V. 

)XQF LRQDUHD� LQYHUVRUXOXL� ,2/� HVWH� VLPSO � úL� VH� ED]HD] � SH� FRPXWDUHD�
curentului I0�ILH�F WUH�FROHFWRUXO�WUDQ]LVWRUXOXL�71��ILH�F WUH�ED]D�WUDQ]LVWRUXOXL�72, fig. 
������vQ�IXQF LH�GH�YDORDUHD�WHQVLXQLL�GH�LQWUDUH�9IA aplicate. 
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Fig. 3.47. Conectarea inversorului I2/�vQWUH�GRX �FLUFXLWH�VLPLODUH 
 
$VWIHO��vQ�IXQF LRQDUHD�LQYHUVRUXOXL�,2/�GLVWLQJHP�GRX �FD]XUL�� 
1. VIA=0 (intervalul 0 … t1, fig. 3.46), caz în care VBE2 ��úL�WUDQ]LVWRUXO�72 va 

fi blocat, iar curentul I0 se va închide prin tranzistorul T1�OD�PDV ��ILJ������� 
2. VIA ���9��]RQD�GH�GXS �PRPHQWXO�W2, fig. 3.46), caz în care VBE2 ���9�úL�

tranzistorul T2 va fi saturat, iar curentul I0�VH�YD�vQFKLGH�SULQ�MRQF LXQHD�%(2�OD�PDV � 
Capacitatea circuitelor I2L de a� SHUPLWH� UHDOL]DUHD� IXQF LHL� ù,-cablat prin 

VLPSOD� LQWHUFRQHFWDUH� D� GRX � LHúLUL�� HVWH� H[SORDWDW � vQ� FRQVWUXLUHD� XQRU� VWUXFWXUL�
complexe de tipul celei prezentate în fig. 3.48 în care tranzistoarele T21, T22� úL�723 
sunt multicolector. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. ������2�VWUXFWXU �FRPSOH[ �,2L 

 
Simpla conectare a câte unui colector al tranzistorului T21 cu unul al lui T22, 

FRQGXFH�OD�UHDOL]DUHD�IXQF LHL�ù,-cablat între 1x �úL� 2x  ( 2121 xxxx +=⋅ ), iar trecerea 

acesteL�IXQF LL�SULQ�LQYHUVRUXO�723��SHUPLWH�RE LQHUHD�IXQF LHL�6$8��[1+x2. 
ÌQ�ILJ�������DP�SUH]HQWDW�UHDOL]DUHD�WHKQRORJLF �D�XQXL�LQYHUVRU�GH�WLSXO�FHOXL�

din fig. 3.45, dar într-R�FRQILJXUD LH�FX���FROHFWRUL� 
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Iext 
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6H� REVHUY � XWLOL]DUHD� WUDQ]LVWRDUHORU� FD� XQLFH� HOHPente componente ale 
FLUFXLWXOXL��SUHFXP�úL� IDSWXO�F �vQWUH�GLYHUVHOH�]RQH�DOH�FLUFXLWXOXL�QX�VXQW�QHFHVDUH�
difuzii pentru izolarea componentelor.  

5H]XOW � SRVLELOLWDWHD� UHDOL] ULL� XQRU� GHQVLW L� IRDUWH� PDUL� GH� HOHPHQWH� vQ�
cadrul structurii integrate (peste�����SRU L���PP2���FRPSDUDELO �VDX�VXSHULRDU �FHOHL�
specifice familiei MOS. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

)LJ���������5HDOL]DUHD�WHKQRORJLF �D�XQXL�LQYHUVRU�,2L cu 3 colectori 
 

ÌQ�SOXV��SXWHP�QRWD�vQF �R�VHULH�GH�DYDQWDMH�GHRVHELWH�RIHULWH�GH�IDPLOLD�,2L: 
- puterea consXPDW �IRDUWH�PLF ��3d ����P:��FRPSDUDELO �FX�FHD�D�IDPLOLHL�

&026�� vPSUHXQ �FX�YDORULOH�PLFL�DOH�H[FXUVLHL�QLYHOHORU� ORJLFH��VXE���P9�SHQWUX�
³�´�úL�����«����9�SHQWUX�³�´�ORJLF��úL�FDSDFLW LOH�UHGXVH�DOH�MRQF LXQLORU��GDWRUDWH�
dimensiunilor reduse), conduc la un tpd�GH�FFD����QV�úL�XQ�H[FHOHQW�IDFWRU�GH�FDOLWDWH��
Q<1pJ;  

-� WHQVLXQHD�GH�DOLPHQWDUH�UHGXV ��SkQ �OD����9���IDFH�FD�FLUFXLWXO�V �SRDW �IL�
DOLPHQWDW�OD�R�VLPSO �SLO �VWDQGDUG� 

-�SURLHFWDUH�VLPSO ��QHH[LVWkQG�SUDFWLF�HWDSH�LQWHUPHGLDUH�vQWUH�VFKHPD�ORJLF �
úL�WRSRORJLD�FLUFXLWXOXL�HOHFWULF� 

-�SRW�IL�FRPELQDWH�FX�FHOHODOWH�IDPLOLL�ELSRODUH��77/��(&/��XWLOL]kQG�LQWHUIH H�
specifice. 

 
 
�������&LUFXLWH�ORJLFH�LQWHJUDWH�UHDOL]DWH�vQ�WHKQRORJLH�XQLSRODU  
 

Circuitele logice integrate realizate în tehnologie uniSRODU � XWLOL]HD] � ILH�
exclusiv tranzistoare MOS cu canal de tip p (familia PMOS), fie numai tranzistoare 
MOS cu canal de tip n (familia NMOS), fie tranzistoare MOS complementare, unele 
cu canal de tip p, altele – de tip n (familia Complementary MOS = CMOS). 

&LUFXLWHOH�GH�WLS�3026�DX�SURFHVXO�GH�IDEULFD LH�FHO�PDL�VLPSOX��GDU�R�YLWH] �
GH�FRPXWD LH�PDL�PLF �GDWRULW �PRELOLW LL�PDL�PLFL�D�SXUW WRULORU�GH�VDUFLQ �XWLOL]D L�
(golurile). 

B’ ( 

���
	
                

E’ C’ % C1 C2 C3 

p p n n n 

n - 

n + 
T2 T2
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&LUFXLWHOH� GH� WLS� 1026� DX� XQ� SURFHV� GH� IDEULFD LH� PDL� FRPSOLFDW�� GDU� R�
vitez �GH�FRPXWD LH�PDL�PDUH�GDWRULW �PRELOLW LL�PDL�PDUL�D�HOHFWURQLORU� 

&LUFXLWHOH�GH�WLS�&026�SUH]LQW �R�YLWH] �GH�FRPXWD LH�PHGLH��GDU�XQ�FRQVXP�
GH�HQHUJLH�PXOW�PDL�UHGXV��FRQFHQWUDW�vQ�LQWHUYDOHOH�GH�WUDQ]L LH�GLQWU-R�VWDUH�ORJLF �
în alta. 

6FKHPHOH� SRU LORU� ORJLFH� DOH� FLUFXLWHORU� 3026� úL� 1026� VXQW� LGHQWLFH��
VLQJXUHOH� GLIHUHQ H� FRQVWkQG� vQ� VLPEROXULOH� WUDQ]LVWRDUHORU� úL� VHPQXO� WHQVLXQLL� GH�
alimentare (+VDD pentru NMOS-XUL�úL�–VDD pentru PMOS-uri). 

,DW �GH�FH��vQ�FHOH�FH�XUPHD] �QX�YRP�VWXGLD�GHFkW�XQXO�GLQ�FHOH�GRX �WLSXUL�
GH�FLUFXLWH�úL�DQXPH�FLUFXLWHOH�1026��DOHVH�SHQWUX�DYDQWDMXO�GLGDFWLF�DO�RSHU ULL�FX�
tensiuni pozitive în toate schemele. 

Tensiunea de alimentare +VDD poate lua valori cuprinse între 5 … 15V, în 
FD]XO� XWLOL] ULL� YDORULL� GH� ��9� H[LVWkQG� R� FRPSDWLELOLWDWH� GHSOLQ � vQWUH� QLYHOXULOH�
ORJLFH�DOH�IDPLOLHL�1026�úL�FHOH�DOH�IDPLOLHL�77/� 

&LUFXLWHOH� ORJLFH� 1026� �FD� úL� FHOH� 3026�� GH� DOWIHO�� VH� FRQVWUXLHVF� vQ�
varianta VWDWLF �� FD]� vQ� FDUH� IXQF LRQDUHD�QX� HVWH� FRQGL LRQDW �GH�XQ� WDFW� H[WHUQ�� úL�
GLQDPLF ,� FD]� vQ� FDUH� WUDQVIHUXO� LQIRUPD LHL� ORJLFH� SULQ� FLUFXLW� DUH� ORF� QXPDL� vQ�
PRPHQWXO�DSDUL LHL�XQXL�WDFW�H[WHUQ� 

 
 
���������)DPLOLD�ORJLF �1026�VWDWLF  
 

În cadrul acestei familii, vom studia inversorul, NAND-XO�úL�125-ul NMOS 
statice. 

 
3.2.2.1.1. Inversorul NMOS static 
,QYHUVRUXO�1026�VWDWLF�SUH]LQW �VFKHPD�GLQ�ILJ�������D�úL�HVWH�IRUPDW�GLQWU-

un TECMOS driver� �GH�FRPDQG ��7D cu canal indus de tip n� úL�XQ� WUDQ]LVWRU� load 
�VDUFLQ ��7L�FX�FDQDO�LQL LDO�GH�WLS�n. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.50. Inversorul NMOS static: 
D��VFKHP ��E��FDUDFWHULVWLFD�GH�WUDQVIHU�D�OXL�7D; c) caracteristica de transfer a lui TL 

(c) 

LTLD GI ≈

ct.V
LDS =  

LGSV  
L0TG

LPV  

(b) 

DTDD GI ≈  

 
ct.V

DDS =

DGSV  

DPV  

    Cp ≅5pF 
DGSI VV =

 

TD 

TL 

+VDD 

+ 
- 
 

LGSV  

LDSV

DDS0 VV =  

(a) 
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'XS �FXP�VH�SRDWH�XúRU�REVHUYD�GLQ�FDUDFWHULVWLFLOH�GH�WUDQVIHU�DOH�FHORU�GRX �
WUDQ]LVWRDUH�� ILJ�� ����� E� úL� F�� DOHJHUHD� XQXL� WUDQ]LVWRU� GULYHU� 7D cu canal indus 
preziQW � DYDQWDMXO� XQHL� EORF UL� IDFLOH� D� DFHVWXLD� SULQ� VLPSOD� DQXODUH� D� WHQVLXQLL�

DGSV ��LDU�XWLOL]DUHD�XQXL�WUDQ]LVWRU�VDUFLQ �7L FX�FDQDO�LQL LDO�SHUPLWH�RE LQHUHD�XQHL�

UH]LVWHQ H�DFWLYH 
0

0
TL

TL G

1
R =  în cazul în care 0V

LGS = .  

Prin UH]LVWHQ �DFWLY �vQ HOHJHP�R�UH]LVWHQ �VLPXODW �FX�DMXWRUXO�XQXL�GLVSR]LWLY�
HOHFWURQLF�DFWLY�� vQ�FD]XO�GH� ID � -� UH]LVWHQ D�FDUH�DSDUH� vQWUH�GUHQD�úL� VXUVD�XQXL�
tranzistor de tip NMOS la aplicarea unei anumite difeUHQ H� GH� SRWHQ LDO� JULO -
VXUV � 

 
ÌQ�ILJ�������HVWH�SUH]HQWDW �R�VFKHP �D�LQYHUVRUXOXL�1026�VWDWLF�GHVHQDW �FX�

VLPEROXUL� VLPSOLILFDWH�� 6LQJXUXO� HOHPHQW� GLQ� VFKHP � FDUH� WU GHD] � DSDUWHQHQ D�
acesteia la familia NMOS este semnul + al tensiunii de alimentare (+VDD), în timp 
FH� GLIHUHQ D� GLQWUH� 7D� úL� 7L � vQ� FHHDFH� SULYHúWH� WLSXO� indus sau LQL LDO al canalului 
U PkQH� SUDFWLF� QHLOXVWUDW � SULQ� VLPEROXULOH� DGRSWDWH�� GDU� QX� PDL� SX LQ� LPSRUWDQW �
SHQWUX�vQ HOHJHUHD�IXQF LRQ ULL�VFKHPHL� 

 
 
 
 
 
 
 
 

 
 
 
 
 
Fig. 3.51. Schema inversorului NMOS static  ����)LJ��������5HJLPXO�GH�FRPXWD LH�DO� 
�������GHVHQDW �FX�VLPEROXUL�VLPSOLILFDWH              inversorului NMOS static  

 
)XQF LRQDUH: În intervalul (0 ÷ t1), fig. 3.52, 0VV

DGSI == � úL� GLQ�

caracteristica de transfer GLQ� ILJ�������E�REVHUY P�F � 0I
DD = , deci tranzistorul TD 

este blocat. Ca urmare, 0VVV
LL DSGS == � úL� GLQ� FDUDFWHULVWLFD� GH� WUDQVIHU� GLQ� ILJ��

�����F��UH]XOW �F �7L��MRDF �UROXO�XQHL�UH]LVWHQ H�DFWLYH�GH�YDORDUH�
L0

L0
T

T G

1
R =  prin 

FDUH� SRWHQ LDOXO� �9DD� VH� WUDQVIHU � OD� LHúLUH�� 5H]XOW � 90=+VDD� úL� FDSDFLWDWHD� &ech 
(care include capacitatea Cp���Y��UHOD LD��������������VH�vQFDUF �OD�YDORDUHD��9DD. 

În momentul t1, fig. 3.52 a, tensiunea de intrare 
DGSI VV = înregistreD] � XQ�

salt pozitiv de la 0 la +VDD��GHS úLQG�EUXVF�QLYHOXO�WHQVLXQLL�GH�SUDJ�
DPV , fig. 3.50 
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b. Ca urmare 
DDI FUHúWH�SXWHUQLF�úL�SXQFWXO�GH�IXQF LRQDUH�DO�WUDQ]LVWRUXOXL�7D�LQWU �

vQ�UHJLXQHD�RKPLF ��&DSDFLWDWHD�&ech sH�GHVFDUF �SH�UH]LVWHQ D�GUHQ -VXUV �D�OXL�7D, 

DTR , cu constanta de timp: 

echT1 CR
D

⋅= ,        (3.80) 

astfel încât, într-un interval de timp: 

echTcd CR2,3t
D

⋅⋅= ,          (3.81) 

WHQVLXQHD�GH�LHúLUH�GHYLQH� 0VV
DDS0 == , fig. 3.52 b. 

3H�vQWUHDJD�GXUDW �D�SDOLHUXOXL��W1÷t2) al lui VI, fig. 3.52 b, V0�U PkQH��9� 
În momentul t2, fig. 3.52, are loc saltul negativ al tensiunii de intrare 

DGSI VV = de la +VDD� OD� ��� XUPDW� GH� DQXODUHD� FXUHQWXOXL� GH� GUHQ �
DDI (v. 

FDUDFWHULVWLFD�GH� WUDQVIHU�GLQ� ILJ�� �����E�� úL� EORFDUHD� WUDQ]LVWRUXOXL�7D��6LWXD LD�GLQ�
intervalul (0 ÷ t1�� VH� UHSHW � úL� FDSDFLWDWHD� &ech (care include capacitatea Cp) se 
vQFDUF �FX�FRQVWDQWD�GH�WLPS�� 

echT2 CR
L0

⋅=         (3.82) 

SkQ �OD�YDORDUHD��9DD, într-un interval de timp: 

echTci CR2,3t
L0

⋅⋅= .        (3.83) 

Deoarece canalul lui TD� HVWH�� SULQ� FRQVWUXF LH�� PXOW� PDL� JURV� úL� PDL� VFXUW�
decât al lui TL��SHQWUX�DFHHDúL�WHQVLXQH�JULO -VXUV ��

LD GSGS VV = , vom avea: 

LD TT RR << ,         (3.84) 

GH�XQGH�UH]XOW � 
tcd<<tci.         (3.85)  
&DUDFWHULVWLFD�GH� WUDQVIHU�D� LQYHUVRUXOXL�1026�VWDWLF�HVWH�SUH]HQWDW � vQ� ILJ��

�����úL�LOXVWUHD] �DQWDJRQLVPXO�GLQWUH�90�úL�9I: când VI=0, V0=+VDD�úL�LQYHUV� 
 
 
 
 
 
 
 
 

Fig. 3.53. Caracteristica de transfer a inversorului NMOS static 
 

'HúL�WUDQ]LVWRUXO�026�FX�FDQDO�n�FRPXW �UDSLG��DSUR[LPDWLY��QV���YLWH]D�GH�
FRPXWD LH�VFDGH�FX�FFD����RUGLQH�GH�P ULPH�GLQ�FDX]D�FDSDFLW LL�&ech. 

 
3.2.2.1.2. NAND-ul NMOS static  
NAND-ul NMOS sWDWLF�SUH]LQW �VFKHPD�GLQ�ILJ��������VLPEROXO�GLQ�ILJ�������

úL�WDEHOXO�GH�DGHY U�– tab. 3.15. 
)XQF LRQDUH�� 6LQJXUD� VLWXD LH� vQ� FDUH� SRWHQ LDOXO�PDVHL� VH� SRDWH� WUDQVIHUD� OD�

LHúLUH�� GHWHUPLQkQG� R� YDORDUH� ORJLF � \ ��� HVWH� DFHHD� vQ� FDUH� WRDWH� WUDQ]LVWRDUHOH�

V0 

VI 
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driver TDi, cu i=1, 2, 3, conduc, deci când VIi=+VDD sau, echivalent, x1=x2=x3=1 
ORJLF��Y��WDE���������ÌQ�UHVW��FHO�SX LQ�XQXO�GLQ�WUDQ]LVWRDUHOH�7Di�ILLQG�EORFDW��FHO�SX LQ�
XQD� GLQ� LQWU ULOH� [i� HVWH� ]HUR� ORJLF��� OHJ WXUD� GLQWUH� LHúLUHD� FLUFXLWXOXL� úL�PDV � Hste 
vQWUHUXSW � úL� OD� LHúLUH� VH� WUDQVIHU �SRWHQ LDOXO��9DD� SULQ� UH]LVWHQ D� DFWLY �SH� FDUH�R�
constituie TL, determinând y=1 logic. 

 
7DE��������7DEHOXO�GH�DGHY U�DO�IXQF LHL� 

ù,-NU (NAND) 
 

x3 x2 x1 y 
0 0 0 1 
0 0 1 1 
0 1 0 1 
0 1 1 1 
1 0 0 1 
1 0 1 1 
1 1 0 1 
1 1 1 0 

 
 
 
 
 
����������)LJ��������3RDUWD�1$1'�1026�VWDWLF  ����������)LJ��������6LPEROXO�SRU LL�1$1' 
 
 

3.2.2.1.3. NOR-ul NMOS static 
NOR-XO�1026�VWDWLF�SUH]LQW �VFKHPD�GLQ�ILJ��������VLPEROXO�GLQ�ILJ�������úL�

WDEHOXO�GH�DGHY U�– tab. 3.16. 
Tab. 3.1���7DEHOXO�GH�DGHY U�DO�IXQF LHL�

SAU-NU (NOR) 
 

x3 x2 x1 y 
0 0 0 1 
0 0 1 0 
0 1 0 0 
0 1 1 0 
1 0 0 0 
1 0 1 0 
1 1 0 0 
1 1 1 0 

 
 
 
 
    
����������)LJ��������3RDUWD�125�1026�VWDWLF  �������������)LJ��������6LPEROXO�SRU LL�125 

x3     

VI2 

V0 

+VDD 

321 xxxy ⋅⋅=  

x1     

VI1 

VI3 

x2 

TD1 

TD2 

TD3 

TL 

x2   x3  
V0 

+VDD 

x1     

VI2 VI1 VI3 

321 xxxy ++=  

TD1 TD2 TD3 

TL 
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)XQF LRQDUH��6LQJXUD�VLWXD LH�vQ�FDUH�SRWHQ LDOXO�PDVHL�QX�VH�SRDWH�WUDQVIHUD�OD�
LHúLUH�HVWH�DFHHD�vQ�FDUH�WRDWH�WUDQ]LVWRDUHOH�7Di sunt blocate, deci atunci când VIi=0 
sau, echivalent, x1=x2=x3 �� ORJLF� �Y�� WDE�� ������� (YLGHQW�� SRWHQ LDOXO� �9DD se va 
WUDQVIHUD� OD� LHúLUH�SULQ� UH]LVWHQ D� DFWLY �SH� FDUH�R� FRQVWLWXLH�7L, deci y=1 logic. În 
UHVW�� FHO� SX LQ� XQXO� GLQ� WUDQ]LVWRDUHOH� 7Di� YD� FRQGXFH� �FHO� SX LQ� XQD� GLQ� LQWU ULOH�
VIi=+VDD sau, echivalent, un xi ��ORJLF�úL�SRWHQ LDOXO�PDVHL�VH�YD�WUDQVIHUD�OD�LHúLUH�
determinând y=0 logic. 

RecunoDúWHP�vQ�WDE�������WDEHOXO�GH�DGHY U�DO�IXQF LHL�6$8-NU (NOR). 
 
 

3.2.2.2. Poarta de transfer NMOS 
 

&RQVLGHU P� VFKHPD� GLQ� ILJ�� ����� vQ� FDUH� HVWH� LQFOXV � SRDUWD� GH� WUDQVIHU�
1026�IRUPDW �GLQ� WUDQ]LVWRUXO�7P��FX�URO�GH� vQWUHUXS WRU�FRPDQGDW�GH� WDFWXO� �� úL�
caSDFLWDWHD�SDUD]LW �&p. 
 
 
 
 
 
 
 
 

)LJ��������3RDUWD�GH�WUDQVIHU�1026��LQFOXV �vQWU-un circuit mai complex 
 

$úD�FXP�UH]XOW �úL�GLQ�ILJ��������FkQG�  ���LQWHUYDOHOH� 1), TP�HVWH�EORFDW�úL�
OHJ WXUD� GLQWUH� SXQFWHOH� $� úL� %� DOH� FLUFXLWXOXL� HVWH� vQWUHUXSW �� &DSDFLWDtea Cp 
PHPRUHD] �YDORDUHD�9B=VA�GLQ�XOWLPXO�PRPHQW�DO�FRQGXF LHL�OXL�7P, fig. 3.59 c, în 
timp ce VA�HYROXHD] �vQ�FRQWLQXDUH�FRQIRUP�GLDJUDPHL�GLQ�ILJ�������E� 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
)LJ��������([SOLFDWLY �SHQWUX�vQ HOHJHUHD�IXQF LRQ ULL�SRU LL�GH�WUDQVIHU�1026 

 

+VDD 

RD1 RD2 

T1 T2 
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ÌQ�PRPHQWXO� WUDQ]L LHL�GH�OD���OD���ORJLF�D�LPSXOVXOXL�GH�WDFW� �� WUDQ]LVWRUXO�
TP�vQFHSH�V �FRQGXF ��UHVWDELOLQGX-se brusc egalitatea VB=VA��GXS �FDUH��SH�vQWUHDJD�
GXUDW �D�LQWHUYDOXOXL� 2, VB�XUP UHúWH�ILGHO�HYROX LLOH�OXL�9A, fig. 3.59 c. 

Deosebit de impRUWDQW � HVWH�PHQ LQHUHD� YDORULL� WHQVLXQLL�PHPRUDWH� GH� F WUH�
capacitatea Cp pe parcursul întregului interval de blocare a tranzistorului TP�� LQkQG�
VHDPD� GH� IDSWXO� F � YDORDUHD� FDSDFLW LL� SDUD]LWH�&p� HVWH� GH� Fk LYD� S)�� LDU� YDORDUHD�
UH]LVWHQ HL�GH� LQWUDUH�D� tranzistorului T2 este de 1012÷1018 �� UH]XOW �R�FRQVWDQW �GH�
WLPS� úL� XQ� WLPS�GH�GHVF UFDUH� D� FDSDFLW LL�&p� FDUH� LPSXQH�R� DVWIHO� GH� IUHFYHQ �D�
LPSXOVXULORU� GH� WDFW� � încât capacitatea Cp� V -úL� PHQ LQ � QHDOWHUDW � WHQVLXQHD� OD�
ERUQH�SH�vQWUHDJD�GXUDW �D�LQWHUYDOXOXL� 1. 

 
 
���������)DPLOLD�ORJLF �1026�GLQDPLF  

 

)DPLOLD�ORJLF �1026�GLQDPLF �HVWH�JHQHUDW �SULQWU-R�FRPELQD LH�D�SRU LL�GH�
WUDQVIHU�1026�FX� IDPLOLD�1026�VWDWLF ��FX�REVHUYD LD�F � WUDQ]LVWRUXO�7L va fi de 
DFHDVW �GDW �FX�FDQDO�LQGXV��ILLQG�FRPDQGDW�GH�DFHODúL�LPSXOV�GH�WDFW� �FD�úL�7P.  

Ca urmare, consumul de energie din sursa de alimentare va fi limitat numai la 
LQWHUYDOHOH� 2� DOH� LPSXOVXOXL� GH� WDFW� �� VLQJXUHOH� în care TL� FRQGXFH� úL� FRQVWLWXLH�
DVWIHO�R�UH]LVWHQ �GH�VDUFLQ �DFWLY �SHQWUX�WUDQ]LVWRUXl driver TD.  

 
3.2.2.3.1. Inversorul NMOS dinamic 
,QYHUVRUXO� 1026� GLQDPLF� SUH]LQW � VFKHPD� GLQ� ILJ�� ����� úL� VH� UHSUH]LQW �

simbolic ca în fig. 3.61. 
)XQF LRQDUH��3HQWUX�[ ��ORJLF�úL�  ���WUDQ]LVWRUXO�7D este practic nepolarizat 

vQ�FLUFXLWXO�GH�LHúLUH�vQWUXFkt TL��FD�úL�7P��HVWH�EORFDW��3HQWUX�  ���WUDQ]LVWRDUHOH�7P 
úL�7L�YRU�FRQGXFH��FLUFXLWXO�GH�GUHQ �DO�WUDQ]LVWRUXOXL�7D�VH�YD�vQFKLGH�SULQ�UH]LVWHQ D�
DFWLY � RIHULW � GH� 7L� úL�� vQWUXFkW� [ �� �9I=+VDD), TD� YD� FRQGXFH� úL� YD� SHUPLWH�
WUDQVIHUXO� SRWHQ LDOXOXL�PDVHL� prin TP�� OD� LHúLUH�� &DSDFLWDWHD�&p� VH� YD� GHVF UFD� SH�

DTR úL�90=0V, deci y=0. 

 
 
 
 
 
 
 
 
Fig. 3.60. Inversorul NMOS dinamic   Fig. 3.61. Simbolizarea inversorului NMOS dinamic 
 

Pentru x=0 logic, deci VI=0V, tranzistorul TD� VH� YD� EORFD� úL�� GDF �  ���
SRWHQ LDOXO��9DD� VH�YD� WUDQVIHUD� OD� LHúLUH�SULQ�7L� úL�7P�� vQF UFkQG�FDSDFLWDWHD�&p� úL�
JHQHUkQG�OD�LHúLUH�\ ��ORJLF� 

 

xy =  
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ÌQWUXFkW�R�PRGLILFDUH�D�YDORULL�ORJLFH�D�LQWU ULL�FLUFXLWXOXL�vQ�LQWHUYDOXO�GH�WLPS�

1, în care  ���IDFH�FD�VWDUHD�LHúLULL�V �Qu mai respecte expresia xy = (deoarece TL 
úL�7P�VXQW�EORFDWH�úL�OHJ WXUD�LQWUDUH-LHúLUH�HVWH�vQWUHUXSW ���³FLWLUHD´�LQIRUPD LHL�GH�OD�
LHúLUHD�SRU LL�WUHEXLH�V �DLE �ORF�QXPDL�vQ�LQWHUYDOHOH� 2, în care  ���� 

 
3.2.2.3.2. NAND-ul NMOS dinamic 
NAND-XO� 1026� GLQDPLF� SUH]LQW � VFKHPD� GLQ� ILJ�� ����� úL� VH� UHSUH]LQW �

simbolic ca în fig. 3.63. 
 
 
 
 
 
 
 
 
 
 
 

       Fig. 3.63. Simbolizarea NAND-ului 
          Fig. 3.62. NAND-ul NMOS dinamic         NMOS dinamic 
 
)XQF LRQDUHD�VD�UHVSHFW �WDEHOXO�������Gar numai în intervalele de timp în care  �� 
 

3.2.2.3.3. NOR-ul NMOS dinamic 
NOR-XO�1026�GLQDPLF�SUH]LQW �VFKHPD�GLQ�ILJ�������úL�VH�VLPEROL]HD] �GH�

maniera din fig. 3.65. 
 
 
 
 
 
 
 
 
             Fig. 3.65. Simbolizarea NOR-ului 

      Fig. 3.64. NOR-ul NMOS dinamic           NMOS dinamic 
 
&LUFXLWXO�IXQF LRQHD] �FRQIRUP�WDEHOXOXL�������GDU�QXPDL�SHQWUX�  �� 
 
 
 
 
 

+VDD 
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���������)DPLOLD�ORJLF �&026 
 

2�IDPLOLH�ORJLF �LGHDO ��DU�WUHEXL�V �SUH]LQWH�XQ�FRQVXP�]HUR�vQ�UHJLP�VWDWLF��
un tpd=0, fronturi controlabile la trecerea dintr-R� VWDUH� ORJLF � vQ� DOWD�� LPXQLWDWH� OD�
]JRPRW�GH�����GLQ�GLIHUHQ D�FRUHVSXQ] WRDUH�QLYHOXULORU�ORJLFH��HWF� 

)DPLOLD� ORJLF � &026� VH� DSURSLH� FHO� PDL� PXOW� GH� R� IDPLOLH� LGHDO �� SULQ�
H[FHOHQWHOH�YDORUL�DOH�SDUDPHWULORU�V L� 

-�SXWHUH�GLVLSDW �IRDUWH�PLF �vQ�UHJLP�VWDWLF��3ds ��Q:��GLQ�FDX]D�FXUHQ LORU�
UH]LGXDOL�� úL� FHYD� PDL� PDUH� vQ� UHJLP� GLQDPLF� �3dd ��P:�� OD� R� IUHFYHQ � GH�
FRPXWD LH�GH��0+]�úL�R�FDSDFLWDWH�SDUD]LW �&p=50pF); 

- timpul de întârziere la propagare mic (tpd ��·��QV�� úL� GHSHQGHQW� GH�
valoarea WHQVLXQLL�GH�DOLPHQWDUH�úL�VDUFLQ �� 

-� R�PDUJLQH� GH� ]JRPRW� GH� F�D�� UHSUH]HQWkQG� ����GLQ� GLIHUHQ D� GH� WHQVLXQH�
FRUHVSXQ] WRDUH�QLYHOXULORU�ORJLFH�� 

-�R�PDUJLQH�GH�]JRPRW�GH�F�F��GH��9�SHQWUX�RULFH�YDORDUH�DGPLV �D�WHQVLXQLL�
de alimentare VDD, pentru orice tHPSHUDWXU � úL� SHQWUX� RULFH� FRPELQD LH� ORJLF �
DSOLFDW �OD�LQWUDUH� 

&D� úL� vQ� FD]XO� FHORUODOWH� IDPLOLL� GH� FLUFXLWH� ORJLFH� VWXGLDWH� SkQ � vQ� SUH]HQW��
FUHúWHUHD�SXWHULL�GLVLSDWH�3d��vQ�FD]XO�GH�ID ��SULQ�FUHúWHUHD�WHQVLXQLL�GH�DOLPHQWDUH��
FRQGXFH�OD�R�VF GHUH�D tpd�úL��LPSOLFLW��OD�R�FUHúWHUH�D�YLWH]HL�GH�OXFUX�D�FLUFXLWXOXL� 

 
3.2.2.4.1. Inversorul CMOS 
,QYHUVRUXO� &026� HVWH� SUH]HQWDW� vQ� ILJ�� ����� úL� VH� FRPSXQH� GLQ� GRX �

tranzistoare MOS complementare, unul cu canal indus de tip n, Tn��úL�DOWXO�FX�FDQDO�
indus de tip p, Tp.  

 
 
 
 
 
 
 
 
 
 

Fig. 3.66. Inversorul CMOS 
 

Pe ochiurile de circuit de la intrarea schemei din fig. 3.66, putem scrie 
XUP WRDUHOH�UHOD LL� 

VGSn=VI,         (3.86) 
VGSp=VI-VDD,         (3.87) 

FDUH�QH�YRU�SHUPLWH�R�PDL�XúRDU �vQ HOHJHUH�D�IXQF LRQ ULL�inversorului. 
ÌQ� ILJ�� ����� D�� DP� VXSUDSXV� FHOH� GRX � FDUDFWHULVWLFL� GH� WUDQVIHU� DOH�

tranzistoarelor Tn�úL�7p��S VWUkQG��VXE�JUDILF��VHPLD[HOH�LQL LDOH�9GSn� úL�9GSp, iar în 

Tp 

Tn 

+VDD 

VGSp 

VI= VGSn 
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ILJ�������E��DP�SUH]HQWDW�FDUDFWHULVWLFD�GH�WUDQVIHU�D�LQYHUVRUXOXL�&026��GHGXV �GLQ�
ILJ�������D�úL�FRQVLGHUD LLOH�FDUH�XUPHD] � 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

)LJ��������([SOLFDWLY �SHQWUX�IXQF LRQDUHD�LQYHUVRUXOXL�&026� 
D��FDUDFWHULVWLFLOH�GH�WUDQVIHU�DOH�FHORU�GRX �WUDQ]LVWRDUH� 

b) caracteristica de transfer a inversorului CMOS. 
 

6W ULOH�FHORU�GRX  tranzistoare, corelate cu zonele I, II, …, V, fig. 3.67, sunt 
prezentate în tab. 3.17. 

 
7DE��������&HQWUDOL]DWRU�DO�VW ULORU�WUDQ]LVWRDUHORU�vQ�WLPSXO�FRPXWD LHL 

 

Trz.\ Zona I II III IV V 
Tn R. blocare R. sat. ID R. sat. ID 5��OLQLDU  5��OLQLDU  
Tp R. lLQLDU  5��OLQLDU  R. sat. ID R. sat. ID R. blocare 

  
)XQF LRQDUH�� ([SOLFDUHD� IXQF LRQ ULL� LQYHUVRUXOXL� &026� SRDWH� IL� PDL� XúRU�

vQ HOHDV �HYDOXkQG�YDORULOH�UH]LVWHQ HORU�DFWLYH�5Tn�úL�5Tp�FH�DSDU�vQWUH�GUHQD�úL�VXUVD�
FHORU�GRX �WUDQ]LVWRDUH�FRPSOHPHQWDUH��vn fiecare dintre zonele I, II, …, V.  

Tensiunea de alimentare +VDD�VH�YD�GLYL]D�SH�UH]LVWHQ HOH�DFWLYH�5Tn�úL�5Tp, 
Y��ILJ��������WHQVLXQHD�GH�LHúLUH�SXWkQG�IL�FDOFXODW �FX�H[SUHVLD� 

Tn

Tp

DD
DD

TpTn

Tn
0

R

R
1

V
V

RR

R
V

+
=⋅

+
= .       (3.88) 

3UHVXSXQkQG��SHQWUX�vQFHSXW��F �QH�DIO P�vQ�]RQD��,��D�FDUDFWHULVWLFLORU�GLQ�ILJ��������
FX� [ �� úL� 9I=VGSn=0<VPn�� REVHUY P� F � ,Dn=0, fig. 3.67 a, deci Tn� HVWH� EORFDW� úL�
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∞→TnR �� ÌQ� DFHODúL� WLPS�� GLQ� UHOD LD� ����� UH]XOW � F � 9GSp=-VDD, deci IDp are 

YDORDUHD�PD[LP �úL�WUDQ]LVWRUXl Tp�VH�DIO �vQ�UHJLXQHD�RKPLF ��OLQLDU ���Y��ILJ��������
FRQGXFkQG�SXWHUQLF�úL�FRQVWLWXLQG�R�UH]LVWHQ �DFWLY �5Tp�GH�YDORDUH�UHGXV �� 

Considerând ∞→TnR �vQ�UHOD LD�������VH�RE LQH�90=+VDD, deci putem spune 

F � SRWHQ LDOXO� �9DD� VH� WUDQVIHU � OD� LHúLUH� SULQ� UH]LVWHQ D� DFWLY �5Tp, generând y=1 
logic. 
 
 

 
 
 
 
 
 

 
 

)LJ��������([SOLFDWLY �SHQWUX�FDOFXOXO�OXL�90 
 

Similar, în zona V vom avea VI=VGSn=+VDD, fig. 3.67 a, Tn se deschide 
SXWHUQLF� �UHJLXQHD� OLQLDU ��FRQVWLWXLQG�R� UH]LVWHQ �DFWLY �5Tn de vaORDUH� UHGXV �� vQ�
WLPS� FH�� DúD� FXP� UH]XOW � GLQ� UHOD LD� ������ 9GSp � �9� úL� 7p este blocat, oferind o 
UH]LVWHQ �DFWLY � ∞→TpR ��'LQ�UHOD LD������UH]XOW �90 �9��GHFL�SRWHQ LDOXO�PDVHL�VH�

WUDQVIHU �OD�LHúLUH�SULQ�7n�úL�\ ��ORJLF� 
)XQF LD�GH�LQYHUVRU�D�FLUFXLWXOXL�D�IRVW�GHPRQVWUDW ��FDUDFWHULVWLFD�GH�WUDQVIHU�

GLQ�ILJ�������E�D�IRVW�SDU LDO�FRQVWUXLW ��LDU�WDE�������–�SDU LDO�FRPSOHWDW� 
ÌQ� ]RQHOH� ,,�� ,,,� úL� ,9�� ILJ�� ����� E�� DUH� ORF� WUDQ]L LD� GLQWUH� FHOH� GRX � VW UL�

logice, astfel:  
- în zona II, fig. 3.67 a, IDn� vQFHSH� V � FUHDVF �� SXQFWXO� GH� IXQF LRQDUH� DO�

tranzistorului Tn�LQWUkQG�vQ�UHJLXQHD�GH�VDWXUD LH�D�FXUHQWXOXL�GH�GUHQ ��vQ�WLPS�FH�7p 
OXFUHD] �vQF �vQ�UHJLXQHD�OLQLDU ��'HRDUHFH�7n conduce mai slab decât Tp, RTn>RTp, 

deci 1
R

R

Tn

Tp < � úL� GLQ� UHOD LD� ����� UH]XOW �
2

V
V DD

0 > , fapt ilustrat în fig. 3.67 b. 

&XUHQWXO�DEVRUELW�GLQ�VXUVD�GH�DOLPHQWDUH�HVWH�SUDFWLF�GHWHUPLQDW�GH�UH]LVWHQ D�WRWDO �
RTn+RTp�úL�HYROX LD�VD�SRDWH�IL�XUP ULW ��OD�R�VFDU �PXOW�P ULW ��vQ�ILJ�������D� 

-� vQ� ]RQD� ,,,�� DPEHOH� WUDQ]LVWRDUH� VH� DIO � vQ� UHJLXQHD� OLQLDU �� GHWHUPLQkQG�R�
UH]LVWHQ � WRWDO � 5Tn+RTp� PDL� PLF � GHFkW� vQ� ]RQD� ,,� úL� JHQHUkQG� DVWIHO� XQ� YkUI� DO�
FXUHQWXOXL�DEVRUELW�GLQ�VXUVD�GH�DOLPHQWDUH��ILJ�������D��OD�MXP WDWHD�DFHVWHL�]RQH��7n 

úL�7p coQGXF�vQ�HJDO �P VXU ��5Tn=RTp�úL�GLQ�UHOD LD������UH]XOW
2

V
V DD

0 = ; 

-�vQ�]RQD�,9�VLWXD LD�VH�SUH]LQW �VLPHWULF�ID �GH�]RQD�,,��UROXO�WUDQ]LVWRDUHORU�
Tn�úL�7p inversându-se; Tn�LQWU �vQ�UHJLXQHD�OLQLDU ��vQ�WLPS�FH�7p�U PkQH�vQ�UHJLXQHD�

+VDD 

RTn 

RTp 

V0 
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de saWXUD LH�D�FXUHQWXOXL�GH�GUHQ �,Dp, dar la valori mai mici ale acestuia. Vom avea 

RTn<RTp, deci 1
R

R

Tn

Tp > �úL�GLQ�UHOD LD������UH]XOW
2

V
V DD

0 < . 

 
'LQ�GLDJUDPHOH�GLQ�ILJ��������REVHUY P�FX�XúXULQ �IDSWXO�F ��vQ�UHJLP�VWDWLF����

sau 1 logic), consumul de energie din sursa de alimentare este practic nul (zonele I 
úL� 9��� vQ� WLPS� FH� OD� WUHFHUHD� GLQWU-R� VWDUH� ORJLF � vQ� DOWD�� FRQVXPXO� FUHúWH��
înregistrând un maxim la mijlocul zonei III.  

 
În fig. 3.69 am prezentat nivelurile logice ale familiei CMOS. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.69. Nivelurile logice ale familiei CMOS 
 
3.2.2.4.2. NAND-ul CMOS 
NAND-XO� &026� SUH]LQW � VFKHPD� GLQ� ILJ�� ����� úL� HVWH� IRUPDW� GLQ� GRX �

SHUHFKL�GH�WUDQ]LVWRDUH�FRPSOHPHQWDUH��GRX �FX�FDQDO�LQGXV�GH�WLS�n�úL�GRX �FX�FDQDO�
indus de tip p��3HQWUX�D�S VWUD�DFXUDWH HD�úL�VLPHWULD�VFKHPHL��QX�DX�PDL�IRVW�GHVHQDWH�
OHJ WXULOH�GLQWUH�SHUHFKLOH�GH�ERUQH�GH�LQWUDUH�[1, respectiv x2. 

)XQF LRQDUH�� �&kQG�FHO�SX LQ�XQD�GLQWUH� LQWU ULOH�FLUFXLWXOXL�HVWH��� ORJLF��FHO�
SX LQ� XQD� GLQWUH� WHQVLXQile de intrare VIi� HVWH� �9� úL� FHO� SX LQ� XQXO� GLQWUH�
tranzistoarele Tn1�úL�7n2�YD�IL�EORFDW��ÌQ�DFHODúL�WLPS��vQ�FRQIRUPLWDWH�FX�UHOD LD�������
FHO�SX LQ�XQXO�GLQWUH�WUDQ]LVWRDUHOH�7p1�úL�7p2 va conduce (VGSp=-VDD��úL�SRWHQ LDOXO�
+VDD�VH�YD�WUDQVIHUD�OD�LHúLre, rezultând V0=+VDD�úL�\ ��ORJLF��Y��SULPHOH���OLQLL�DOH�
tabelului 3.18). 

Când x1=x2=1 logic, VI1=VI2=+VDD�úL�DPEHOH�WUDQ]LVWRDUH�7n1�úL�7n2 conduc. 
5HOD LD� ����� LPSOLF � 9GSp �9� úL� WUDQ]LVWRDUHOH� 7p1� úL� 7p2 vor fi ambele blocate. 
3RWHQ LDOXO�PDVHL� VH� WUDQVIHU � OD� LHúLUH�SULQ�7n1� úL�7n2, deci V0 �9�úL�\ ��ORJLF��Y��
tab. 3.18). 
 

VIH= 3,5V 

VIL= 1,5V 

V0H= 4,99V 

V0L= 0,01V 

MH 

ML 

V 

V0 VI 

5 

„0” 

„1” 

1 2 



Circuite logice elementare 

 

 

85 

 
 
 
                7DE��������7DEHOXO�GH�DGHY U 
     ������������DO�IXQF LHL�1$1'�FX���LQWU UL 

 
x2 x1 y 
0 0 1 
0 1 1 
1 0 1 
1 1 0 

 
 
 
 

                     Fig. 3.70. NAND-ul CMOS 
 
)XQF LRQDUHD�FD�1$1'�D�FLUFXLWXOXL�D�IRVW�GHPRQVWUDW � 
 
3.2.2.4.3. NOR-ul CMOS 
NOR-XO�&026�SUH]LQW �VFKHPD�GLQ�ILJ�������úL�WDEHOXO�GH�DGHY U�– tab. 3.19. 
)XQF LRQDUH: Pentru x1=x2=0 logic, VI1=VI2=VGSn1=VGSn2 �9�úL�WUDQ]LVWRDUHOH�

Tn1�úL�7n2 vor fi blocDWH��&RQIRUP�UHOD LHL�������9GSp1=VGSp2=-VDD, iar tranzistoarele 
Tp1� úL�7p2�YRU�FRQGXFH�� WUDQVIHUkQG�SRWHQ LDOXO��9DD� OD� LHúLUH��6H�RE LQH�90=+VDD, 
deci y=1 logic. 
 

 
                 7DE��������7DEHOXO�GH�DGHY U 
     ���������������DO�IXQF LHL�125�FX���LQWU UL 

 
x2 x1 y 
0 0 1 
0 1 0 
1 0 0 
1 1 0 

 
 
 
 

                     Fig. 3.71. NOR-ul CMOS 
 

(VWH�VXILFLHQW�FD�XQD�GLQWUH�LQWU UL��VDX�DPEHOH��V �ILH���ORJLF��SHQWUX�FD�XQXO�
dintre tranzistoarele Tn1� úL� 7n2�� VDX� DPEHOH�� V � FRQGXF �� UHVSHFWLY� XQXO� GLQWUH�
tranzistoarele Tp1�úL�7p2��VDX�DPEHOH��V �ILH�EORFDWH��3RWHQ LDOXO�PDVHL�VH�YD�WUDQVIHUD�

+VDD 
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OD� LHúLUH�SULQ�7n1� úL�7n2, sau ambele, astfel încât V0 �9�úL�\ ��ORJLF��Y��XOWLPHOH���
linii ale tab. 3.19). 

)XQF LRQDUHD�FD�125�D�FLUFXLWXOXL�GLQ�ILJ�������D�IRVW�GHPRQVWUDW � 
 
3.2.2.4.4. Poarta de transfer CMOS 
3RDUWD�GH� WUDQVIHU�&026�� ILJ��������FRQ LQH�R�SHUHFKH�GH� WUDQ]LVWRDUH�026�

complementare cu canal indus, conectate în paralel. 
 
 
 
 
 
 
 
 
 

 
Fig. 3.72. Poarta de transfer CMOS 

 
3RWHQ LDOHOH�JULOHORU�FHORU�GRX �WUDQ]LVtoare sunt întotdeauna complementare, 

IDYRUL]kQG� FRQGXF LD�� UHVSHFWLY� EORFDUHD� VLPXOWDQ � D� WUDQ]LVWRDUHORU� úL�� LPSOLFLW�� D�
SRU LL� 

Astfel, pentru VA=VDD� úL� SSA
VV = , tranzistoarele Tn� úL� 7p conduc (v. 

caracteristicile de transfer din fig. 3.���D��GHFL�SRDUWD�GH�WUDQVIHU�HVWH�GHVFKLV � 
Pentru VA=VSS�úL� DDA

VV = , tranzistoarele Tn�úL�7p vor fi blocate, iar poarta 

GH�WUDQVIHU�&026�VH�YD�EORFD�úL�HD� 
În cazul în care VDD ���9�úL�9SS=-10V, poarta de transfer poate “comuta” 

semnale aQDORJLFH�D�F URU�HYROX LH�VH�vQFDGUHD] �vQ�SODMD����9� 
'DF �SRDUWD�GH�WUDQVIHU�HVWH�DOLPHQWDW �FX�WHQVLXQLOH�9DD ���9�úL�9SS=0V, 

VHPQDOHOH�FDUH�SRW�IL�³FRPXWDWH´�YRU�WUHEXL�V �ILH�SR]LWLYH�úL�V �VH�vQFDGUH]H�vQ�SODMD�
0÷20V. 

LQkQG� VHDPD� GH� VWUXFWXULOH� IL]LFH� DOH� FHORU� GRX � WUDQ]LVWRDUH� XWLOL]DWH�� ILJ��
������REVHUY P�F �SRODUL] ULOH�VXEVWUDWXULORU�GH�ED] �IDYRUL]HD] �IRUPDUHD�FDQDOXOXL� 
 

 
 
 
 

   (a)   (b) 
 

 
 
 

)LJ��������6WUXFWXULOH�IL]LFH�DOH�WUDQ]LVWRDUHORU�SRU LL�GH�WUDQVIHU�&026 

VDD 
TP 

Gn(A) 

Tn 
VSS 

V0 
VI 

Gp( A ) 

Sn     

n  -----------   n 

“p” 

SBn 

(VSS) 

Gn     Dn     
Sp 

p  +++++++  p 

“n” 

SBp 

(VDD) 

Gp Dp 
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de tip indus. Spre exemplu, o tensiune VSS��� DSOLFDW � VXEVWUDWXOXL� GH� ED] �6%n al 
tranzistorului Tn�� ILJ�������D�� LPSOLF � UHVSLQJHUHD�HOHFWURQLORU�GLQ�]RQD� LQIHULRDU �D�
VXEVWUDWXOXL�F WUH�UHJLXQHD�FDQDOXOXL�YLUWXDO��IDYRUL]kQG�LQGXFHUHD�DFHVWXLD� 

6H� SRDWH� REVHUYD� FX� XúXULQ � IDSWXO� F �� vQ� DEVHQ D� RELúQXLWHL� FRQHFW UL� D�
VXEVWUDWXULORU� GH� ED] � 6%n� úL� 6%p la sursele Sn, respectiv Sp�� DOH� FHORU� GRX �
WUDQ]LVWRDUH��VWUXFWXULOH� IL]LFH�GLQ�ILJ�������GHYLQ�VLPHWULFH��VXUVD�úL�GUHQD�GHYHQLQG�
interschimbabile ca rol. 

6LPEROXO�SRU LL�GH�WUDQVIHr CMOS este prezentat în fig. 3.74. 
 
 
 
 
 
 
 

)LJ��������6LPEROXO�SRU LL�GH�WUDQVIHU�&026 
 

)XQF LRQDUH��3UHVXSXQkQG�R�DOLPHQWDUH�VLPHWULF ��9DD=VSS��úL�R�WHQVLXQH�GH�
intrare: 

-VSS<VI<+VDD,        (3.89) 
GLVWLQJHP�XUP WRDUHOH�GRX �FD]XUL� 

Cazul 1: Grilele cHORU�GRX �WUDQ]LVWRDUH�FDUH�IRUPHD] �SRDUWD�GH�WUDQVIHU��DX�
XUP WRDUHOH�SRWHQ LDOH� 

VGn=VA  = VDD>0,        (3.90) 
VGp= A

V =-VSS<0.        (3.91) 

7HQVLXQLOH�JULO -VXUV �DOH�FHORU�GRX �WUDQ]LVWRDUH�VH�FDOFXOHD] �FX�UHOD LLOH� 
VGSn=VGn-VSn=VDD-VI=VDD-(-VSS÷VDD)=(VDD+VSS) ÷0,  (3.92) 
VGSp=VGp-VSp=-VSS-VI=-VSS-(-VSS÷VDD)=0÷-(VSS+VDD).  (3.93) 
ÌQ�ILJ�������D��DP�vQFHUFDW�R�LOXVWUDUH�D�HYROX LLORU�SRWHQ LDOHORU�9I, VGn, VGp, 

VGSn� úL� 9GSp�� UHOD LLOH� ����� ·� ������ LDU� vQ� ILJ�� ����� E� DP� SUH]HQWDW�� vQ� VWULFW �
FRUHVSRQGHQ �FX� ILJ�������D��FDUDFWHULVWLFLOH�GH� WUDQVIHU�DOH�FHORU�GRX � WUDQ]LVWRDUH�
care compun poarta.  

2EVHUY P� F � WUDQ]LVWRUXO� 7n conduce în intervalul (-VSS÷VPn), iar Tp – în 
intervalul (-VPp÷VDD��� FHHDFH� LQGLF � IDSWXO� F � poarta de transfHU� HVWH� GHVFKLV � úL�
SUH]LQW �R�UH]LVWHQ �5ON=f(VI���D�F UHL�HYROX LH�HVWH�LOXVWUDW �vQ�ILJ�������E� 

Cazul 2��3RWHQ LDOHOH�DSOLFDWH�SH�JULOHOH�FHORU�GRX �WUDQ]LVWRDUH�VXQW� 
VGn=VA  = -VSS<0,        (3.94) 
VGp= A

V = VDD>0,        (3.95) 

iDU�WHQVLXQLOH�JULO -VXUV �DOH�FHORU�GRX �WUDQ]LVWRDUH�VH�FDOFXOHD] �DVWIHO� 
VGSn=VGn-VSn=-VSS-VI=-VSS-(-VSS÷VDD)=0÷-(VSS+VDD),  (3.96) 
VGSp=VGp-VSp=VDD-VI=VDD-(-VSS÷VDD)=(VDD+VSS) ÷0.  (3.97) 
&HOH� GRX � WUDQ]LVWRDUH� VXQW� HYLGHQW� EORFDWH�� Y�� ILJ�� ������ GHFL� poarta de 

WUDQVIHU�HVWH�úL�HD�EORFDW . 

VI V0 

A 

A

Intr. ,Hú� 
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)LJ��������([SOLFDWLY �SHQWUX�HYROX LD�SRWHQ LDOHORU�SRU LL�GH�WUDQVIHU�&026 
 

6W ULOH�FHORU�GRX �WUDQ]LVWRDUH�FDUH�FRPSXQ�SRDUWD�GH�WUDQVIHU�VXQW�SUH]HQWDWH�
centralizat în tab. 3.20. 

 
7DE��������&HQWUDOL]DWRU�DO�VW ULORU�WUDQ]LVWRDUHORU�FH�FRPSXQ�SRDUWD�GH�WUDQVIHU�&026 

 

Trz.\VI -VSS -VPp 0 VPn VDD 

Tn Conduce Blocat 
Tp Blocat Conduce 

 
ÌQ�ILJ�������HVWH�SUH]HQWDW �R�YDULDQW �SUDFWLF �GH�FRPDQG �D�SRU LL�GH�WUDQVIHU�

&026�� GHVHQDW � GHWDOLDW� �D�� úL� VLPEROLF� �E��� 6H� UHPDUF � RE LQHUHD� GLQWU-R� VLQJXU �
WHQVLXQH� GH� FRPDQG �� FX� DMXWRUXO� XQXL� LQYHUVRU�� D� FHORU� GRX � VHPQDOH�
complementare de pRODUL]DUH�D�JULOHORU�FHORU�GRX �WUDQ]LVWRDUH� 

VI 

+VD

-VDD 

-VPP 

+VPn 

0 t 

VGSp=VGp-VI 

VGSn=VGn-VI VGn=VA=+VDD 

VGp=V A = -VSS 

VI 
0 

ID~GD 

VD

GON 

R0N 
[Ω] 

2000Ω 

1000Ω 

0Ω 
+VPn -VPp 

VPn VDD+VS

VGSn 

-VPp -(VDD+VSS) 

VGSp 

-VSS 

0 

0 
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(VWH� YRUED� GHVSUH� XQ� FLUFXLW� LQYHUVRU� FX� �� VW UL�� RE LQXW� GLQWU-un inversor 
&026�úL�R�SRDUW �GH�WUDQVIHU� 

 
 
 
 
 
 
 
 
 
 
 

    (a)               (b) 
 

)LJ��������&RPDQGD�SRU LL�GH�WUDQVIHU�&026�� 
a) VFKHPD�GHWDOLDW ��E��6FKHPD�VLPEROLF  

 
ÌQ�ILJ�������HVWH�SUH]HQWDW �R�DSOLFD LH�LQWHUHVDQW �D�SRU LL�GH�WUDQVIHU��ED]DW �

SH�SURSULHWDWHD�DFHVWHLD�GH�D�RIHUL�R�LPSHGDQ �vQDOW �OD�LHúLUH�vQ�VWDUHD�GH�EORFDUH� 
 

 

 
 
 
 
 
 
 
 

)LJ��������,QYHUVRU�FX���VW UL�UHDOL]DW�vQ�WHKQLF �&026 
 

)XQF LRQDUH�� 3HQWUX� &( �� �&(�  � &KLS� (QDEOH�  � DXWRUL]DUH� IXQF LRQDUH�

³FKLS´���SRDUWD�HVWH�GHVFKLV �úL� LQIRUPD LD� ’
0V �GH�OD�LHúLUHD� LQYHUVRUXOXL�&026�DUH�

DFFHV�OD�LHúLUHD�90�D�SRU LL�GH�WUDQVIHU�� 
Pentru CE=0, poartD�GH� WUDQVIHU� HVWH�EORFDW � úL� FLUFXLWXO� SUH]LQW �R� VWDUH�GH�

vQDOW �LPSHGDQ ��+=��OD�LHúLUH�� 
 

+VDD 

VI V0 

V 	 
��� ���  

V0 

V 	 
��� ���  

VI 

+VDD 

V0
’ 

CE 

VI V0 

(-VSS) 


