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 Circuite logice CMOS  (Complementary MOS)

Circuitele logice cu tranzistoare MOS complementare, în prezent, sunt cele mai fabricate circuite
LQWHJUDWH�ORJLFH�RFXSkQG�FFD������GLQ�SLD D�DFHVWRUD��(OH�SUH]LQW �R�VHULH�GH�SDUWLFXODULW L�FDUH
FRQIHU �R�SHUVRQDOLWDWH�DSDUWH�vQWUHJLL�IDPLOLL��DVLJXUkQG�FRQWLQXD�GH]YROWDUH�D�DFHVWRU�FLUFXLWH�

• *DP �PDUH�SHQWUX�WHQVLXQLOH�GH�DOLPHQWDUH��R�VLQJXU �VXUV ���������÷ 15V;
• ,PXQLWDWH�OD�]JRPRWH�H[FHOHQW �����
• 3XWHUHD� FRQVXPDW � vQ� UHJLP� VWDWLF� HVWH� LQILP �� ÌQ� UHJLP� GLQDPLF� vQV � SXWHUHD

FRQVXPDW �FUHúWH�DMXQJkQG�V �ILH�FRPSDUDELO �FX�D�FLUFXLWHORU�ELSRODUH�
• 9LWH] �GH�OXFUX�GHVWXO�GH�EXQ ��WRWXúL��PDL�PLF �GHFkW�FLUFXLWHOH�ELSRODUH��
• Densitate de integrare mare.

&LUFXLWHOH�ORJLFH�&026�VXQW�IDEULFDWH�vQ�PDL�PXOWH�VHULL�GXS �FXP�XUPHD] �
• FLUFXLWH� LQWHJUDWH�SH�VFDU �PLF �úL�PHGLH� IDEULFDWH�DWkW� vQ� � VHULD������ � �VSHFLILF

&026���FkW�úL�vQ���VHULD���&���&��FX�YDULDQWHOH�vPEXQ W LWH���+&���+&� �+� 
KLJK� �YLWH] ��úL���$+&���$+&� �$� �DGYDQFHG�����FDUH�FRQ LQH�FLUFXLWH�SLQ�FX
SLQ�úL�IXQF LH�FX�IXQF LH�HFKLYDOHQW �FX�VHULD�������77/�

• Circuite VLSI .

1.  Inversorul CMOS

1.1. 6FKHPD�HOHFWULF �úL�IXQF LRQDUHD�LQYHUVRUXOXL�&026

ÌQ�WHKQRORJLH�&026��SRDUWD� IXQGDPHQWDO �HVWH�SRDUWD�18�D�F UHL�VFKHP �HOHFWULF �úL� VWUXFWXU
HVWH�SUH]HQWDW �vQ�ILJXUD���

Fig. 1. Inversor  CMOS

&RQVWUXF LH
&LUFXLWXO�HVWH� IRUPDW�GLQ�GRX �WUDQ]LVWRDUH�026�� OHJDWH� vQ� VHULH�� XQXO� FX� FDQDO� LQGXV� Q� �71�� úL
FHO ODOW� FX� FDQDO� LQGXV� WLS� S� �72��� vQVHULDWH��&HOH� GRX � JULOH� VXQW� OHJDWH� vPSUHXQ � úL� FRQVWLWXLH
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LQWUDUHD�FLUFXLWXOXL��&HOH�GRX �GUHQH�OHJDWH�vPSUHXQ �FRQVWLWXLH�LHúLUHD�SRU LL��6XEVWUDWXO�GH�WLS�S
HVWH�OHJDW�OD�FHO�PDL�QHJDWLY�SRWHQ LDO�� LDU�FHO�GH�WLS�Q�OD�FHO�PDL�SR]LWLY�SRWHQ LDO��ÌQ�DFHVW�IHO�VH
UHDOL]HD] � EORFDUHD� MRQF LXQLL� S� ±� Q�� VXEVWUDW�VXEVWUDW�� ,GHQWLILFkQG� WHQVLXQLOH� GH� HOHFWURG� DOH
WUDQ]LVWRDUHORU�FX�WHQVLXQLOH�VSHFLILFH�LQYHUVRUXOXL�VH�REVHUY �F �

INGS UU
1

=  , DDIN2GS VUU −= ,  INGS UU
1

= �úL� DDODS VUU
2

−=

&LUFXLWXO�VH�DOLPHQWHD] �OD�WHQVLXQH�SR]LWLY �QRWDW ��9DD (valori de 3,5÷��9���%RUQD�GH�PDV �HVWH
QRWDW �9SS��&HOH�GRX �WUDQ]LVWRDUH�ILLQG�vQVHULDWH�VXQW�SDUFXUVH�GH�DFHODúL�FXUHQW�,D1 = ID2 = IDD.
&HOH�GRX �WUDQ]LVWRDUH�DX�R�FRQVWUXF LH�VLPHWULF ��XUP ULQGX�VH�V �DLE �WHQVLXQLOH�GH�SUDJ�HJDOH
vQ�YDORDUH�DEVROXW ���HYLGHQW�8P1�!���úL�8P2����� � ��úL�GH�DVHPHQHD�V �DLE �DFHODúL�FRHILFLHQW� �
(JDOLWDWHD� FRHILFLHQ LORU� 1� � 2� �� DYkQG� vQ�YHGHUH�GLIHUHQ D�GLQWUH�PRELOLWDWHD� HOHFWURQLORU� úL� D
JROXULORU��GH���������RUL�PDL�PLF �GHFkW�FHD�D�HOHFWURQLORU���VH�UHDOL]HD] �GLQ�GLPHQVLRQDUHD�FHORU
GRX �WUDQ]LVWRDUH�
Pentru circuitele din seria 4000 tranzistoarele au o tensiune de prag de cca. 1,5–2V.
Tranzistoarele din seriile  VLSI au tensiuni de prag ceva mai mici ( 0,5 V – 1 V ).

)XQF LRQDUH
'DF �VH�DSOLF �8IN = VDD, atunci tranzistorul T1 are pINGS UUU

1
>= �úL�HVWH�GHVFKLV�� LDU�72 are

p2GS UV0U
2

<= �úL�HVWH�EORFDW��/D�LHúLUH�VH�RE LQH�VHPQDO���ORJLF��ILJ������

'DF �8IN = 0V = VSS , atunci tranzistorul T1 are p1INGS U0UU
1

<== �úL�HVWH�EORFDW�� LDU�72 are

DDGS VU
2

−= �úL�HVWH�GHVFKLV� ( )p2GS UU
2

> ��/D�LHúLUH�VH�RE LQH���ORJLF�

&LUFXLWXO� UHDOL]HD] � IXQF LD� ORJLF � 18� DYkQG� R� IXQF LRQDUH� FDUH� VH� SRDWH� VLPXOD� FX� GRX
FRPXWDWRDUH�IXQF LRQkQG�vQ�FRQWUDWLPS�

)LJ����)XQF LRQDUHD�LQYHUVRUXOXL�&026

�����&DUDFWHULVWLFLOH�úL�SDUDPHWULL�SRU LL�&026�IXQGDPHQWDOH

1.2.1.Caracteristica de transfer UO = f(UIN��úL�FDUDFWHULVWLFD�GH�FXUHQW�,DD =f(UIN)

6 �SUHVXSXQHP�F �DPEHOH�WUDQ]LVWRDUH�DX�FDUDFWHULVWLFL�LGHQWLFH��GDU�GH�VHPQH�GLIHULWH��úL�DFHHDúL
tensiune de prag Up��GH�DSUR[LPDWLY��9��'H�DVHPHQHD��V �FRQVLGHU P�F � OD� LQWUDUH� VH� DSOLF �R
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tensiune UIN�FDUH��YDULD] �vQ�LQWHUYDOXO���≤ UIN ≤ UDD��6H�YD�FRQVLGHUD�F �WHQVLXQHD�GH�DOLPHQWDUH
este mai mare de 4 V.
3HQWUX�GHGXFHUHD�FDUDFWHULVWLFLL�GH�WUDQVIHU�IRORVLP�FRPSXQHUHD�JUDILF �SURLHFWkQG�SH�SODQXO�GH
DEVFLV �8O�úL�RUGRQDW �,DD�FDUDFWHULVWLFLOH�FHORU�GRX �WUDQ]LVWRDUH��ILJ����

)LJ�����&RPSXQHUHD�JUDILF �SHQWUX�FDUDFWHULVWLFLOH�GH�FXUHQW�DOH�WUDQ]LVWRDUHORU�71�úL�72

�6H�REVHUY �F �SHQWUX�71 caracteristicile coincid cu caracteristicile ID = f(DS) � ILJXUDW�FX� OLQLH
FRQWLQX �� vQ�WLPS�FH�SHQWUX�72 caracteristicile ID = f(UDS) sunt translate cu VDD� úL�GH�VHQV�RSXV
ID �DO�DEVFLVHL��72 este cu canal p) �ILJXUDWH�FX�OLQLH�vQWUHUXSW �
&DUDFWHULVWLFLOH�DX�IRVW�UHSUH]HQWDWH�SHQWUX�GLYHUVH�YDORUL�DOH�DFHOXLDúL�SDUDPHWUX�8IN��6H�REVHUY
F � SHQWUX� DFHODúL�8IN 1 caracteristica pentru T1 � HVWH� FHD�PDL� DSURSLDW � VGH� DEVFLV � vQ� WLPS� FH
pentru T2 �FRUHVSXQGH�OD�FDUDFWHULVWLFD�FHD�PDL�GHS UWDW �GH�DEVFLV ��YH]L� OHJ WXUD�GLQWUH�8IN �úL
UGS�SHQWUX�FHOH�GRX �WUDQ]LVWRDUH���3XQFWHOH�GH� IXQF LRQDUH�QRWDWH�$��%��&��'��(�úL�)�VH�DIO � OD
LQWHUVHF LD�FDUDFWHULVWLFLORU�FH�FRUHVSXQG�OD�8IN  GH�DFHODúL�LQGLFH .

)LJ�����&DUDFWHULVWLFD�GH�WUDQVIHU�úL�GH�FXUHQW�SHQWUX�LQYHUVRUXO�&026

9RP�GHRVHEL�XUP WRDUHOH�SXQFWH�GH�IXQF LRQDUH�
• Punctul A corespunde la tensiunea de intrare UIN 1�  � ��� 5H]XOW � 0U

1GS = úL� DDGS VU
2

−= .

Caracteristica pentru T1� VH� FRQIXQG � SUDFWLF� FX� DEVFLVD� úL�� vQ� FRQVHFLQ �� SXQFWXO� $� VH
FDUDFWHUL]HD] �SULQ�WHQVLXQHD�GH�LHúLUH�8OH = UDD�úL�FXUHQWXO�DEVRUELW�GH�OD�VXUV ��,DDH = 0. În fig.4
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punctul A coincide practic cu întregul palier caracterizat de intervalul  UIN < UP1 pentru ambele
grafice.
ÌQ� FRQFOX]LH�� GLQ� SXQFWXO� GH� IXQF LRQDUH� $� VH� GHWHUPLQ � XUP WRULL� SDUDPHWULL� DL� LQYHUVRUXOXL
CMOS:

- UOH = UDD

- IDDH  = 0
- UIL = 0 … UP

• Punctul B� VH� FDUDFWHUL]HD] � SULQ� 8IN 2 > Up1 . Tranzistorul T1� VH� GHVFKLGH� úL� OXFUHD] � vQ
UHJLXQHD�VDWXUDW ��SRU LXQHD�RUL]RQWDO �D�FDUDFWHULVWLFLL� VDOH�GH�FXUHQW��LDU�72� OXFUHD] � vQ� UHJLXQHD
OLQLDU ���SRU LXQHD�URWXQMLW �D�FDUDFWHULVWLFLL�VDOH���&XUHQ LL�SULQ�FHOH�GRX �WUDQ]LVWRDUH�VXQW�FDOFXOD L
FX�UHOD LLOH�VSHFLILFH�FHORU�GRX �UHJLXQL��
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Egalând  ID1 = ID2�VH�GHWHUPLQ �8O =f (UIN����6H�RE LQH�R�HFXD LH�GH�RUGLQ���DWkW�vQ�8O�FkW�úL�vQ�8IN

FDUDFWHULVWLFD�GH� WUDQVIHU�DYkQG� �DOXUD�GH�SDUDERO �FX�YkUIXO� vQ�VXV� �� ILJ������SRU LXQHD�$�%�&��6H
REVHUY �F � vQ�DFHDVW � UHJLXQH�FXUHQWXO� DEVRUELW� GH� OD� VXUV � FUHúWH�SH�P VXU � FH�QH�GHSODV P�GLQ
punctul A spre punctul C. Punctul C este punctul terminal al acestei regiuni, în care T2 trece din
UHJLXQHD�OLQLDU �vQ�FHD�GH�VDWXUD LH�
• Punctele  de la C la D:  Crescând în continuare UIN���SXQFWXO�GH�IXQF LRQDUH�VH�GHSODVHD] �GLQ
C spre D în care  ambele tranzistoare, T1� úL� 72� �� VXQW� vQ� UHJLXQHD� VDWXUDW �� 3UDFWLF� vQ� DFHDVW
SRU LXQH� FHOH�GRX �FDUDFWHULVWLFL� VH� VXSUDSXQ� �DPEHOH� VXQW�RUL]RQWDOH� �� úL� SXQFWXO� GH� IXQF LRQDUH
PLJUHD] �GLQ�&�vQ�'�I U �D�PRGLILFD�WHQVLXQHD�GH�LQWUDUH��'DF �FHOH�GRX �WUDQ]LVWRDUH�VXQW�SHUIHFW
VLPHWULF� �DFHODúL� 8P� úL� DFHODúL� �� DFHDVW � VLWXD LH� VH� vQWkPSO � SHQWUX� 8IN 3 = VDD���� ÌQ� DFHDVW
UHJLXQH� VH� FDOFXOHD] � FXUHQWXO�PD[LP�DEVRUELW� GH� OD� VXUV � LQkQG�FRQW� F �72 este în regiunea de
VDWXUD LH��
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• Punctul E : Crescând UIN peste valoarea VDD /2  tranzistorul T1�WUHFH�vQ�UHJLXQHD�OLQLDU ��LDU�72

vQ� UHJLXQHD�GH�VDWXUD LH��&XUHQ LL�SULQ� FHOH�GRX �WUDQ]LVWRDUH�SRW� IL� FDOFXOD L� FX� UHOD LLOH� VSHFLILFH
FHORU�GRX �UHJLXQL�úL�GLQ�HJDOLWDWHD�,D1 = ID2 se poate determina determina UO =f (UIN����6H�RE LQH�R
HFXD LH�GH�RUGLQ���DWkW�vQ�8O�FkW�úL� vQ�8IN� ��FDUDFWHULVWLFD�GH�WUDQVIHU�DYkQG��DOXUD�GH�SDUDERO �FX
YkUIXO� vQ� MRV� �� ILJ�� ���� SRU LXQHD�'�(�)��6H�REVHUY � F � vQ� DFHDVW � UHJLXQH� FXUHQWXO� DEVRUELW� GH� OD
VXUV �VFDGH�SH�P VXU �FH�QH�GHSODV P�GLQ�SXQFWXO�'�VSUH�SXQFWXO�)�
Punctul F corespunde la tensiunea de intrare UIN 5 = VDD�� 5H]XOW � DDGS VU

1
= úL� 0U

2GS = .

Caracteristica pentru T2�VH�FRQIXQG �SUDFWLF�FX�DEVFLVD�úL��vQ�FRQVHFLQ ��SXQFWXO�)�GH�LQWHUVHF LH�VH
DIO �SH�DEVFLV ��VH�FRQIXQG �FX�RULJLQHD�vQ�ILJ�����úL�VH�FDUDFWHUL]HD] �SULQ�WHQVLXQHD�GH�LHúLUH�8OL

= 0 = VSS�úL�FXUHQWXO�DEVRUELW�GH�OD�VXUV �GH�YDORDUH��,DDL� ����ÌQ�ILJ���úL�ILJ���SXQFWXO�)�FRLQFLGH
de fapt cu întregul palier caracterizat de intervalul  VDD - UP < UIN < VDD � SHQWUX� F � vQ� vQWUHJ
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acest interval T2�HVWH�EORFDW�úL�FDUDFWHULVWLFD�VD�VH�FRQIXQG �FX�DEVFLVD���VH�REVHUY �F �9DD – UP

este de fapt egal cu VDD + UP2 deoarece T2 fiind cu canl tip p are UP2�����úL�V�D�IRORVLW�QRWD LD�8P =
UP1 = |UP2| ).
ÌQ� FRQFOX]LH�� DQDOL]kQG� SXQFWXO� GH� IXQF LRQDUH� )� VH� GHWHUPLQ � XUP WRULL� SDUDPHWULL� DL
inversorului CMOS:

- UOL = VSS =0
- IDDL = 0
- UIH  = VDD – UP  .......VDD

ÌQ�FRQFOX]LH�LQYHUVRUXO�&026�SUH]LQW �XUP WRDUHOH�avantaje�FRPSDUDWLY�FX�RULFDUH�DOW �IDPLOLH�GH
circuite logice:

- &DUDFWHULVWLF �GH�WUDQVIHU�DSURDSH�LGHDO �FDUDFWHUL]DW �GH��
1. SRU LXQHD�&�±�'�YHUWLFDO �VLWXDW �OD�8IN = VDD/2;
2. QLYHOH�ORJLFH�OD�LHúLUH�LGHDOH�8OH = UDD �úL�8OL = 0;
3. SRU LXQLOH�$�úL�)�GH�SH�FDUDFWHULVWLFD�GH�WUDQVIHU�VXQW�RUL]RQWDOH�

- Consum nul�GH�OD�VXUV �SHQWUX�VLWXD LLOH�8OH��úL�8OL ;

  2EVHUYD LH�

'DF �WHQVLXQHD�GH�DOLPHQWDUH�HVWH�H[DFW�9DD = 2 UP���DWXQFL�UHJLXQLOH�$�%�&��úL�UHVSHFWLY�'�(�)
GH� FRQGXF LH� VLPXOWDQ � SHQWUX� FHOH� GRX � WUDQ]LVWRDUH� GLVSDU�� &DUDFWHULVWLFD� GH� WUDQVIHU� GHYLQH
SHUIHFW� GUHSWXQJKLXODU � úL� SUDFWLF� FRQVXPXO� GH� OD� VXUV � HVWH� QXO� SHQWUX� vQWUHJ� LQWHUYDOXO
tensiunilor de intrare  0< UIN <VDD.

�������3XWHUHD�FRQVXPDW
Deosebim :

- SXWHUH�FRQVXPDW �vQ�UHJLP�VWDWLF�
- SXWHUH�FRQVXPDW �vQ�UHJLP�GLQDPLF�

3XWHUHD�FRQVXPDW � vQ�UHJLP�VWDWLF�GH�SRDUWD�&026�HVWH�SUDFWLF�QXO �GHRDUHFH�DWkW�SHQWUX�QLYHO
UOH� OD� LHúLUH� FkW� úL� SHQWUX�QLYHO�8OL� FXUHQWXO� DEVRUELW� GH� OD� VXUV �� ILJ���� �� HVWH� H[WUHP� GH�PLF
DYkQG�R�YDORDUH�WLSLF �GH�,DD≅0,01µA.

3XWHUHD�FRQVXPDW �GLQDPLF�DUH�vQ�YHGHUH�GRX �FRPSRQHQWH��

1. �3XWHUH�FRQVXPDW �GDWRULW �VDUFLQLL�FDSDFLWLYH�
/D�EDVFXODUHD�LHúLULL�GLQ�8OL în UOH�VDUFLQD�FDSDFLWLY �&�VH�vQFDUF �úL�DFXPXOHD] �FDQWLWDWHD�GH

energie 
2

CV 2
DD ���SUHVXSXQkQG�F �vQ�XQLWDWHD�GH�WLPS�DX�ORF�I��I� �IUHFYHQ D���FRPXW UL� vQVHDPQD

F �SXWHUHD�GLVLSDW �SH�DFHDVW �FDOH�HVWH�
2

CV
fP

2
DD

1din = .

2. �3XWHUH�FRQVXPDW �GDWRULW �FRQGXF LHL�VLPXOWDQH�D�FHORU�GRX �WUDQ]LVWRDUH�
Atât timp cât tensiunea de intrare UIN�HVWH�FXSULQV �vQ�LQWHUYDOXO�8p   ≤ UIN ≤ UDD-Up�FHOH�GRX
WUDQ]LVWRDUH� FRQGXF� VLPXOWDQ� úL� SHQWUX� GHWHUPLQDUHD� DFHVWHL� FRPSRQHQWH� D� SXWHULL� GLQDPLFH
GLVLSDWH�VH�IRORVHúWH�GLDJUDPD�GLQ�ILJ����
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(QHUJLD�FRQVXPDW �vQWU�R�SHULRDG �HVWH�
E=UDD⋅IDD med⋅τ  unde  s-a notat

IDD med = IDDmax/2 iar IDDmax� HVWH� GDW� GH� ����� úL

( )fr
DD

pDD
tt

V

UV
+⋅

−
=

2
τ � HVWH� WLPSXO� GH� FRQGXF LH

VLPXOWDQ �DO�FHORU�GRX �WUDQ]LVWRDUH�
&RQVLGHUkQG� I� SHULRDGH� GH� FRPXWDUH� � vQWU�R� VHFXQG �
SXWHUHD�FRQVXPDW �YD�IL

( ) ( ) ftt

U
V

UVP fr

p
DD

pDDdin ⋅+⋅
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



 −
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2
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2 β Fig.

���,QWHUYDOXO�GH�FRQGXF LH�VLPXOWDQ

6H�GHWHUPLQ �GHFL

( ) ( ) fttUVP frpDDdin ⋅+⋅−= 3
2 2
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β

unde tr� úL� Wf� VXQW� GXUDWHOH� IURQWXULOH� GH� FUHúWHUH� úL� UHVSHFWLY� GHVFUHúWHUH� � DOH� LPSXOVXULORU� GH� OD
intrare.

2EVHUYD LH��&HD�GH�D�GRXD�FRPSRQHQW �D�SXWHULL�GLVLSDWH�GLQDPLF�QX�GHSLQGH�GH�FDSDFLWDWHD�&
FDUH� vQFDUF � FLUFXLWXO�� ÌQ� UHDOLWDWH�� DFHDVWD� FDSDFLWDWH� SDUD]LW � P UHúWH� GXUDWD� IURQWXULORU� GH� OD
LHúLUHD�FLUFXLWXOXL��FHHD�FH�GXFH� OD�FUHúWHUHD�SXWHULL�GLVLSDWH� OD�FLUFXLWHOH�FDUH�XUPHD] �GXS
circuitul luat în calcul de noi.

3HQWUX� IUHFYHQ H�PDL�PDUL�GH���0+]��SXWHUHD�GLQDPLF � FRQVXPDW �GH�R�SRDUW �&026� �SHQWUX
UDD=��9��DMXQJH�V �GHS úHDVF ���P:�ILLQG�FRPSDUDELO �FX�R�SRDUW �77/�VWDQGDUG��

1.2.3. Nivele logice, imunitate de zgomot, margine de zgomot

1LYHOHOH�ORJLFH�OD�LHúLUHD�SRU LL�&026�DX�IRVW�GHILQLWH�OD�WUDVDUHD�FDUDFWHULVWLFLL�GH�WUDQVIHU�úL�VXQW
VOL=0 V (indiferent de alimentarea VDD) iar  VOH=VDD.

'DF � OD� LQWUDUH�VH�DSOLF �8IN=0 sau UIN=UDD� DWXQFL� QLYHOHOH� ORJLFH�GH� OD� LHúLUH� VXQW� VLJXU� FHOH
DPLQWLWH�DQWHULRU��ÌQ�SOXV�ID �GH�DFHVWH�FRQVLGHUD LL�VWULFW�SXQFWXDOH��SHQWUX�QLYHOHOH�DFFHSWDWH�OD
LQWUDUH�VH�UHFRPDQG �XUP WRDUHOH�LQWHUYDOH��
 -VIL �±�7HQVLXQHD�OD�LQWUDUH�JDUDQWDW �SHQWUX�QLYHO�/��FDUH�QX�GXFH�OD�PRGLILFDUHD��QLYHOXOXL�GH��OD
LHúLUH��6H�JDUDQWHD] �YDORDUHD�PD[LP �D�QLYHOXOXL�/�OD�LQWUDUH�FD�ILLQG��9IL max=0,3·VDD;
-VIH �±�7HQVLXQHD� OD� LQWUDUH��JDUDQWDW �SHQWUX�QLYHO�+��FDUH�QX�GXFH� OD�PRGLILFDUHD�QLYHOXOXL�GH
LHúLHUH��6H�JDUDQWHD] �YDORDUHD�PLQLP �SHQWUX�QLYHOXO�+�OD�LQWUDUH�FD�ILLQG�9IH min=0,7·VDD

6H�JDUDQWHD] �vQ�DFHVW�IHO�o margine de zgomot de:

DDILOLNIL VVVV ⋅≅−= 3,0max  (NIL-noise immunity low level)
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DDIHOHNIH VVVV ⋅≅−= 3,0min (NIH – noise immunity high level)

Exemplu numeric :

Pentru VDD� ���9�VH�RE LQH��9NIL=1,5V=VNIH

Pentru VDD� ����9�VH�RE LQH�9NIL=3V=VNIH

Pentru VDD� ����9��VH�RE LQH��9NIL=4,5V=VNIH

*UDILF��PDUJLQHD�GH�]JRPRW�JDUDQWDW �DUDW �FD�vQ�ILJ����

Fig. 6. Marginea de zgomot CMOS

8QHOH�ILUPH��1DWLRQDO�6HPLFRQGXFWRU��JDUDQWHD] �R�PDUJLQH�GH�]JRPRW�GH��9�vQ�VHQVXO�XUP WRU�
SHQWUX�FD� LHúLUHD�V � ILH� vQ� OLPLWHOH�D����Â9DDID �GH�QLYHOHOH�9OL� úL�9OH definite, se permite ca
LQWUDUHD�V �ILH�vQ�OLPLWHOH�D�����Â9DD���9�ID �GH��9�VDX��9D.

Imunitatea la zgomot� D� FLUFXLWHORU� ORJLFH�&026� HVWH� IRDUWH� EXQ �� GH� FFD� ����Â9DD. Aceasta
vQVHDPQ �F �VHPQDOHOH�SDUD]LWH�FDUH�GLIHU �FX�SkQ �OD�����Â9DD�ID �GH�QLYHOHOH�9OL sau VOH, nu
VH�YRU�SURSDJD�SULQ�VLVWHP�FD�XQ�QLYHO� ORJLF�HURQDW��%LQHvQ HOHV�F �GXS �SULPD�SRDUW �SULQ�FDUH
WUHFH��VHPQDOXO�SDUD]LW�YD�DS UHD��GDU�FX�R�DPSOLWXGLQH�PDL�PLF ��3H�P VXU �FH�VH�SURSDJ �SULQ
VLVWHP��VHPQDOXO�YD�IL�DWHQXDW�GH�ILHFDUH�FLUFXLW�SULQ�FDUH�WUHFH��SkQ �FH� vQ� ILQDO�YD�GLVS UHD��'H
exemplu, pentru un circuit basculant bistabil tipic, un semnal de zgomot de maxim 0,45·VDD pe
linia de tact nu va cauza bascularea circuitului.

,HúLUL�EXIHUDWH
ÌQ� YHGHUHD� vPEXQ W LULL� FDUDFWHULVWLFLL� GH� WUDQVIHU�� R� VHULH� GH� FLUFXLWH
UHDOL]DWH�vQ�WHKQLF �&026�±�ELVWDELOH��PRQRVWDELOH��UHJLVWUH��QXP U WRDUH�±
SUH]LQW � OD� LHúLUH�GRX �FLUFXLWH�18� vQVHULDWH�� ILJ�� ���$VWIHO� GH� LHúLUL� SRDUW
QXPHOH�GH�LHúLUL�EXIHUDWH��EXIIHUHG�RXWSXWV���'LQ�SXQFW�GH�YHGHUH�ORJLF�FHOH
GRX � LQYHUVRDUH� UHSUH]LQW � R� LGHQWLWDWH�� $FHDVW � VROX LH� UHDOL]HD]
vPEXQ W LUHD� FDUDFWHULVWLFLL� GH� WUDQVIHU�� FUHúWHUHD� LPXQLW LL� OD� ]JRPRW� úL
VF GHUHD� LPSHGDQ HL� GH� LHúLUH� D� FLUFXLWXOXL� �al doilea inversor are
JHRPHWULH� P ULW � FHHD� FH� DVLJXU � XQ� FRHILFLHQW� � P ULW� úL� LPSOLFLW� R
UH]LVWHQ �GH�LHúLUH�)LJ���� ,HúLUL�EXIHUDWH PDL�PLF ��

�������&XUHQW�GH�LQWUDUH�úL�LHúLUH�SHQWUX�LQYHUVRUXO�&026

6FKHPD�HFKLYDOHQW �D�XQXL�FLUFXLW�GH�LQWUDUH�DO�XQHL�SRU L�&026�HVWH�FRQVWLWXLW �GLQWU�R�UH]LVWHQ
foarte mare 1012Ω��vQ�SDUDOHO�FX�R�FDSDFLWDWH�GH��S)��3UDFWLF�LPSHGDQ D�GH�LQWUDUH�VH�FRQVLGHU �D
fi SXU�FDSDFLWLY ��ÌQ�FRQVHFLQ ��FXUHQWXO�VWDWLF�GH�LQWUDUH�vQ�SRDUW �HVWH�IRDUWH�PLF�

IIH=-10-5µA
IIL=+10-5µA



8

�FRQYHQ LD�GH�VHPQH�HVWH�″+″�FXUHQWXO�FDUH�LQWU �úL�″-″�FXUHQWXO�FDUH�LHVH�GLQ�SRDUW �

ÌQ� FHHD� FH� SULYHúWH� FDUDFWHULVWLFLOH� GH� LHúLUH�� DFHVWHD� FRLQFLG� FX� FDUDFWHULVWLFLOH� ,D=f(UDS) ale
tranzistorului care este deschis T1 sau T2�� LQkQG�FRQW�GH�OHJ WXUD�vQWUH�80, VDS, ID�úL�,0.

)LJ�����&XUHQW�GH�LHúLUH�SHQWUX�QLYHO�/�OD�LHúLUH�úL�SHQWUX�QLYHO�+

�$VWIHO�SHQWUX�QLYHO�/� OD� LHúLUH�HVWH�GHVFKLV�WUDQ]LVWRUXO�71���ÌQ�DFHVW�FD]�VH�GHWHUPLQ �80=UDS1;
UGS1=UIN�úL�,0=ID.
&RQVLGHUkQG� SRDUWD� FRPDQGDW � GH� R� DOWD� VLPLODU �� UH]XOW � F � 8IN=UDD (T1 deschis) deci
FDUDFWHULVWLFLOH�GLIHU �vQ�IXQF LH�GH�WHQVLXQLOH�GH�DOLPHQWDUH�9DD.

9DORULOH�JDUDQWDWH�SHQWUX�DFHDVW �VLWXD LH��SHQWUX�FLUFXLWH�GLQ�VHULD�������VXQW�
I0L = 1mA  pentru VDD=�9�úL80=0,4V
I0L = 2,6mA  pentru VDD=��9�úL80=0,5V
I0L = 6,8mA   pentru VDD=��9�úL80=1,5V

3HQWUX� QLYHO� +� OD� LHúLUH�� 72� HVWH� GHVFKLV�� úL� FDUDFWHULVWLFLOH� DUDW � FD� vQ� ILJ�� ��E�� LDU� YDORULOH
JDUDQWDWH��VHULD�������DOH�FXUHQ LORU�VXQW�
I0H = -1mA   pentru VDD=�9�úL80=4,6V
I0H = -2,6mA pentru VDD=��9�úL80=9,5V
I0H = -6,8mA pentru VDD=��9�úL80=13,5V

2EVHUYD LH�� 6�DX� LQGLFDW� YDORULOH� WLSLFH� DOH� FXUHQ LORU� SHQWUX� FLUFXLWHOH� SURGXVH� OD
0LFURHOHFWURQLFD�� &LUFXLWHOH� SURGXVH� GH� DOWH� ILUPH� DX� LQGLFDWH� DOWH� YDORUL� SHQWUX� FXUHQ L� �vQ

general mai mici).

1.2.5. Caracteristici dinamice

Pentru un inversor se definesc fig 9.
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-tpLH�±�WLPS�GH�SURSDJDUH�OD�YDULD LD�LHúLULL�GLQ�/�vQ�+�
-tpHL�±�WLPS�GH�SURSDJDUH�OD�YDULD LD�LHúLULL�GLQ�+�vQ�/�
-tTLH�±�WLPSXO�GH�WUDQ]L LH�GLQ�/�vQ�+��6H�P VRDU �vQWUH�YDORULOH�GH�����úL������GLQ�9DD;
-tTHL��WLPSXO�GH�WUDQ]L LH�GLQ�+�vQ�/�

Fig. 9. Parametrii dinamici ai unui inversor

9DORULOH� WLSLFH� SHQWUX� DFHúWL� WLPSL�pentru un circuit din seria 4000� � vQ� FRQGL LLOH� vQ� FDUH� OD
LQWUDUH�VH�DSOLF �XQ�VHPQDO�8IN cu trise=tfall=��QV�úL�VDUFLQD�HVWH�&L=50pF, RL=200KΩ, sunt:
tpLH=tpHL= 125ns pentru VDD= 5V;

 60ns pentru VDD=10V;
 45ns pentru VDD=15V;

tTLH=tTHL= 100ns pentru VDD= 5V;
 50ns pentru VDD=10V;
 40ns pentru VDD=15V.

6H�IDFH�REVHUYD LD�F �vQ�FD]XO�XQHL�VDUFLQL�FDSDFLWLYH�FDUH�vQFDUF �XQ�FLUFXLW�&026��LPHGLDW�GXS
FRPXWDUH�WHQVLXQHD�GH� LHúLUH�YDULD] � vQ�UDPS ��OLQLDU��GDWRULW �FRPSRUW ULL� WUDQ]LVWRUXOXL�026
ca o VXUV �GH�FXUHQW�FRQVWDQW��$ELD�FkQG�WHQVLXQHD�GH�LHúLUH�VH�DSURSLH�GH�YDORDUHD�ILQDO ��9DD

VDX� PDV �� FXUED� WHQVLXQLL� GH� LHúLUH� VH� URWXQMHúWH� GHRDUHFH� WUDQ]LVWRUXO� 026� LQWU � vQ� UHJLXQHD
OLQLDU ��FXUHQWXO�V X�GH�GUHQ �VF ]kQG�
'DWRULW � DFHVWHL� FRPSRUW UL� D� WUDQ]LVWRUXOXL� 026� FD� R� VXUV � GH� FXUHQW�� FLUFXLWHOH� &026� VXQW
IRDUWH� VHQVLELOH� OD� FUHúWHUHD� VDUFLQLL� FDSDFLWLYH� ±� vQ� VHQVXO� F � DFHVWD� GHWHUPLQ � FUHúWHUHD
DFFHQWXDW ��SURSRU LRQDO�FX�&L��D�WLPSLORU�GH�WUDQ]L LH�úL�GHFL�VF GHUHD�YLWH]HL��'LQ�DFHDVW �FDX]
fan-out-ul circuitelor CMOS aparent infinit (curent de intrare nul) este drastic limitat (cca 25)
GDWRULW � FDSDFLW LORU� GH� LQWUDUH� FDUH� LQWHUYLQ� vQ� SDUDOHO� úL� GHWHUPLQ � WLPSL� GH� WUDQ]L LH
inacceptabili de mari.

3H�GH�DOW �SDUWH��RGDW �FX�FUHúWHUHD�WHQVLXQLL�GH�DOLPHQWDUH�9DD��FUHúWH�úL�WHQVLXQHD�GH�LQWUDUH�8IN

FHHD� FH� GXFH� OD� FUHúWHUHD� ( )DDGSIN VUU == � FXUHQWXOXL� GH� GUHQ � DO� WUDQ]LVWRDUHORU� 026

�YDULD] � SURSRU LRQDO� FX� 2
DDV �� úL� GHFL� OD� VF GHUHD� WLPSLORU� GH� SURSDJDUH� úL� WUDQ]L LH� SULQ

vQF UFDUHD�PDL�UDSLG �D�FDSDFLW LORU�GH�VDUFLQ �
ÌQ�FRQFOX]LH��SHQWUX�XQ�PRQWDM�GDW��DYkQG�FDSDFLW LOH�GH�VDUFLQ �IL[DWH��SULQ�FUHúWHUHD�WHQVLXQLL
de alimentare va FUHúWH�YLWH]D�VLVWHPXOXL�GDU�úL�SXWHUHD�GLVLSDW �

����,QWHUID DUHD�FLUFXLWHORU�&026�FX�DOWH�FLUFXLWH�ORJLFH
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$WXQFL�FkQG�VH�IDFH�LQWHUID DUHD�vQWUH�GLIHULWH�WLSXUL�GH�FLUFXLWH�ORJLFH��SUREOHPD�FDUH�VH�SXQH�HVWH
de a asigura compatibilitatea tensiunilor� úL�FRPSDWLELOLWDWHD� FXUHQ LORU� DVLJXUD L� OD� LHúLUH�GH
SRDUWD�FDUH�FRPDQG �FX�FHL�FHUX L�OD�LQWUDUH�GH�SRDUWD�FRPDQGDW �
ÌQ�FHOH�FH�XUPHD] �YRP�DQDOL]D�LQWHUID DUHD�GLQWUH�FLUFXLWHOH��&026�úL�FHOH�77/�

D��&LUFXLW�77/�FRPDQG �XQ�FLUFXLW�&026
ÌQ� SULPXO� UkQG� VH� FRQVLGHU �� HYLGHQW�� FLUFXLWXO� &026� DOLPHQWDW� OD� WHQVLXQH� GH� �9DD=5V de
DFHHDúL�YDORDUH�FX�DOLPHQWDUHD�9CC a circuitelor TTL..
&XUHQ LL�GH�LQWUDUH�OD�FLUFXLWXO��&026�ILLQG�IRDUWH�PLFL��QX�H[LVW �SUREOHPH�vQ�DFHVW�VHQV�

)LJ������,QWHUID D�77/�±�&026

ÌQ�FHHD� FH� SULYHúWH� QLYHOHOH� GH� WHQVLXQH�� ILJ�� ����� VH�REVHUY � F � vQ� FD]XO� QLYHOXOXL� /� QX� H[LVW
SUREOHPH��ÌQ�VFKLPE��vQ�FD]XO�QLYHOXOXL�+��GDF �VH�LD�YDORDUHD�DVLJXUDW �GH�FDWDORJ�SHQWUX�LHúLUHD
TTL de VOH≥2,4V, aceasta nu satisface intrarea unui circuit CMOS alimentat la 5 V.
ÌQ� UHDOLWDWH�� vQV �� DYkQG� vQ� YHGHUH� FXUHQWXO� IRDUWH� PLF� GHELWDW� GH� LHúLUHD� 77/� F WUH� LQWUDUHD
CMOS, nivelul VOH�YD�IL�GH�����±����9��LHúLUH�77/�vQ�JRO���VXILFLHQW�SHQWUX�FRPDQGD�OD�OLPLW
SHQWUX�R�LQWUDUH�&026��3HQWUX�RULFH�HYHQWXDOLWDWH�VH�UHFRPDQG �XWLOL]DUHD�XQ�UH]LVWRU�5��″pull-
up-rezistor″��F WUH�VXUVD�9DD.
ÌQ�GLPHQVLRQDUHD�DFHVWXLD�VH�DUH�vQ�YHGHUH�F �DWXQFL�FkQG�FLUFXLWXO�77/�HVWH�FX���ORJLF�OD�LHúLUH�V

QX� VH�GHS úHDVF � FXUHQWXO� GH� ��P$�� Ω≅
−

≥ K
I

VV
R

TTL

OLDD 3,0
01

�� 6H� UHFRPDQG � FD� FLUFXLWXO� 77/

XWLOL]DW�SHQWUX�R�DVWIHO�GH� OHJ WXU �V �ILH�XWLOL]DW�numai�SHQWUX�FRPDQGD�SRU LORU�&026�±�QX�úL
alte tipuri (fie ele TTL).

În cazul circuitelor CMOS alimentate la tensiun mai mare (de exemplu VDD� ����9���VROX LD�GH
LQWHUID DUH�SURSXQH�XWLOL]DUHD�XQXL�FLUFWXLW�77/�ÄRSHQ�FROOHFWRU´���ILJ�����

E�&LUFXLW�&026�FRPDQG �LQWUDUH77/
3HQWUX� VLWXD LD� vQ� FDUH� LHúLUHD� FLUFXLWXOXL� &026� HVWH� �� ORJLF� DWkW� QLYHOXO� GH� WHQVLXQH� FkW� úL
YDORDUHD�úL�VHQVXO�FXUHQWXOXL�FRUHVSXQG�FX�FHOH�QHFHVDUH�OD�LQWUDUHD�77/��úL�DQXPH��
,HúLUH�&026 : 1mA pentru VOH≥4,6V
Intrare TTL : 40µ$�úL�9IH≥2V
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3HQWUX� VLWXD LD��� ORJLF� vQV � VH� FRQVWDW � F �R� LHúLUH�&026� ���P$�SHQWUX�9OL≤0,4V ) nu poate
FRQGXFH�GHFkW�GRX �LQWU UL�77/�GH� MRDV �SXWHUH�VDX�R� LQWUDUH�77/�6FKRWWN\�GH� MRDV �SXWHUH��2
SRDUW �&026�QX�SRDWH�FRQGXFH�R�LQWUDUH�77/�VWDQGDUG�FDUH�QHFHVLW �,IL=1,6mA.
ÌQ�OHJ WXU �FX�DFHDVW �GLQ�XUP �REVHUYD LH�VH�IDF�XQHOH�SUHFL] UL�

�LHúLUHD�&026� DVLJXU � �P$�SHQWUX�9OL=���9� DFROR� XQGH� WUDQ]LVWRUXO�026� OXFUHD] � vQ
UHJLXQHD� OLQLDU ��ÌQ�UHJLXQHD�GH�VDWXUD LH� WUDQ]LVWRUXO�SRDWH�DVLJXUD�FFD����÷1,3mA, deci în nici
un caz 1,6mA;

-valoarea IIL=���P$� SHQWUX� LQWUDUHD� 77/� HVWH� FHD� DVLJXUDW � GH� FDWDORJ� �� vQ� UHDOLWDWHD
SUDFWLF ���OD�LQWUDUHD�77/�HVWH�QHFHVDU�XQ�FXUHQW��PDL�PLF�GH��FFD��P$�
5H]XOW �GHFL�F �SRDUWD�&026�DU�IL�H[DFW�OD�OLPLWD�GH�D�FRPDQGD�R�LQWUDUH�77/�VWDQGDUG�
6ROX LLOH�FDUH�VH�UHFRPDQG �VXQW�

- IRORVLUHD�XQHL�SRU L�&026�VSHFLDO �±�EXIIHU�±�GLQ�VHULD�������ILH�vQ�YDULDQWD�LQYHUWRDUH
±������±��ILH�QHLQYHUWRDUH�±��������$FHVWHD�SRW�FRPDQGD�GRX �LQWU UL�77/��VWDQGDUG��ÌQ
plus, pot admite tensiuni de intrare mai mare de +VDD, putând face trecere de la circuite
CMOS alimentate la o tensiune mai mare la circuite TTL alimentate la 5V.

- IRORVLUHD�D�GRX �SRU L�OHJDWH�vQ�SDUDOHO��úL�LQWUDUH�úL�LHúLUH��
- OHJDUHD�vQ�SDUDOHO�D�LQWU ULORU�XQHL�SRU L�6$8�18�&026�
ÌQ�DPEHOH�FD]XUL�VH�DVLJXU �SXQHUHD�vQ�SDUDOHO�D�GRX �WUDQ]LVWRDUH�026�FDUH�vPSUHXQ �SRW

comanda o intrare TTL.

1.4. �&LUFXLWH�SHQWUX�SURWHMDUHD�LQWU ULORU

$úD�FXP�V�D�PDL�DPLQWLW�� LPSHGDQ D�GH� LQWUDUH�D�XQXL�FLUFXLW�&026�VH�SUH]LQW �FD�R�UH]LVWHQ
extrem de mare 1012Ω�vQ�SDUDOHO�FX�R�FDSDFLWDWH�PLF �GH��S)���3UDFWLF�VH�FRQVLGHU �F �LPSHGDQ D
GH�LQWUDUH�&026�HVWH�SXU�FDSDFLWLY ��
$FHDVW �FDSDFLWDWH� ILLQG� IRDUWH�PLF ��HVWH�VXILFLHQW �R�VDUFLQ � HOHFWULF �PLF �SHQWUX� D� VH�RE LQH
WHQVLXQL�HOHFWULFH�PDUL���4� �&Â8���OD�ERUQHOH�FDSDFLW LL��2�DVWIHO�GH�FDQWLWDWH�GH�VDUFLQ �HOHFWULF
SRDWH�IL�IXUQL]DW �GH�R�VXUV �GH�HQHUJLH�HVWUHP�GH�VODE �FXP�DU�IL��GH�H[HPSOX��VLPSOD�IUHFDUH�FX
DHUXO�� 7HQVLXQHD� PDUH� OD� FDUH� VH� vQFDUF � DFHDVW � FDSDFLWDWH� � SRDWH� VWU SXQJH� VWUDWXO� GH� R[LG
determinând distrugerea circuitului. Se face obseUYD LD�F �VWUDWXO�GH�R[LG�UH]LVW �OD�R�WHQVLXQH�GH
������9� úL� � R� VLQJXU � VWU SXQJHUH� D� VWUDWXOXL� L]RODWRU� HVWH� VXILFLHQW � SHQWUX� GLVWUXJHUHD� VD�� ÌQ
DFHVWH�FRQGL LL�VH�FRQVWDW �F �S VWUDUHD��PDQLSXODUHD�úL�XWLOL]DUHD�FLUFXLWHORU�&026�DU�IL�H[WUHP
GH�GHOLFDW �SXWkQG�GXFH�IRDUWH�XúRU�OD�GLVWUXJHUHD�ORU�

ÌQ� VFRSXO� SURWHM ULL� FLUFXLWHORU� &026�� WRDWH� LQWU ULOH� DFHVWRU� FLUFXLWH� FDUH� VXQW� VFRDVH� YOD� XQ
SLFLRU� DO� LQWHJUDWXOXL� VXQW� SURWHMDWH� �SHQWUX� SRU LOH� LQWHUQH� DOH� FLUFXLWXOXL� VH� LDX� P VXUL� GH
SUHFDX LH�VSHFLDOH�vQ�WLPSXO�IDEULF ULL�DFHVWRUD�úL�DSRL��RGDW �FH�LQWU ULOH�DX�IRVW�FRQHFWDWH�OD�LHúLUL
FRQIRUP�VFKHPHL�ORJLFH��SHULFROXO�GLVWUXJHULL�SULQ�VWU SXQJHUH�GLVSDUH��

ÌQ�ILJ�������HVWH�SUH]HQWDW�FLUFXLWXO�GH�SURWHF LH�VSHFLILF�XQHL�LQWU UL�&026�
ÌQ�OHJ WXU �FX�DFHDVW �VFKHP �VH�IDF�XUP WRDUHOH�REVHUYD LL�

- grila lui T1 DFRSHU �VXUVD� OXL�71, substratul  p-  úL� SDU LDO� GUHQD� OXL�71� �� DSDU� FDSDFLW L
SDUD]LWH� vQWUH� JULO � úL� ILHFDUH� GLQ� DFHVWH� UHJLXQL�� 6LPLODU� JULOD� OXL� 72� DFRSHU � VXUVD� OXL� 72,
substratul n-� úL� GUHQD� OXL� 72�� ÌQ� FRQVHFLQ � FDSDFLWDWHD� GH� LQWUDUH� DSDUH� FD� ILLQG� GLVWULEXLW � VXE
IRUPD�FDSDFLW LORU�&1 , C2�úL�&3�ILJXUDWH�SXQFWDW�vQ� ILJ������6WU SXQJHUHD�RULF UHLD�GLQWUH�DFHVWH
FDSDFLW L�HVWH�GLVWUXFWLY ��
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)LJ������&LUFXLW�GH�SURWHF LH�SHQWUX�LQWU UL�&026

&LUFXLWXO�GH�SURWHF LH�SURSULX�]LV�FRQVW �vQ�GLRGHOH�'1, D2, D3�úL�UH]LVWHQ D�5��vQ�YDORDUH�GH�����
���� ���'LRGHOH�GLQ�FLUFXLWXO�GH�SURWHF LH�DX�WHQVLXQHD�GH�GHVFKLGHUH�GLUHFW �GH�FFD����9��LDU�� OD
SRODUL]DUH�LQYHUV ���WHQVLXQHD�vQ�]RQD�=HQQHU�GH�FFD���9�
5H]LVWHQ D� 5� DF LRQHD] � FD� � R� UH]LVWHQ � GH� OLPLWDUH� D� FXUHQ LORU� SULQ� GLRGHOH� GH� LQWUDUH
protejându-le pe acestea.

Diodele D4, D5��úL�'6��VXQW�LQWULQVHFL��FLUFXLWXOXL�&026��úL�DQXPH�
D4�HVWH�MRQF LXQHD�S�Q�GLQWUH�VXEVWUDWXO�GH�WLS�S�úL�GUHQD�OXL�71 care este de tip semiconductor n;
D5�HVWH��MRQF LXQHD�S�Q�GLQWUH�GUHQD�OXL�72�FDUH�HVWH�VLOLFLX�GH�WLS�S�úL�VXEVWUDWXO��Q-;
D6�HVWH��MRQF LXQHD�S�Q�GLQWUH�VXEVWUDWXO�WLS�S-�úL�VXEVWUDWXO�GH�WLS�Q-.
Tensiunea Zenner pe diodele intriseci  este : pentru D4�úL��'5 ���9�LDU��SHQWUX�'6 �����9�

&LUFXLWXO� GH�SURWHF LH� DVLJXU �SURWHMDUHD� FRQWUD� vQF UF ULL� OD� WHQVLXQL�SHULFXORDVH�SHQWUX�RULFDUH
GLQWUH�FDSDFLW LOH�&1, C2 sau C3�ILJXUDWH��LQGLIHUHQW�GH�SRODULWDWHD�FX�FDUH�DU�WLQGH�V �VH�vQFDUFH�

Astfel C1 este în paralel cu dioda D2�úL�QX�VH�SRDWH�vQF UFD�GHFkW�OD�PD[LP����9��FX�R�SRODULWDWH�
VDX���9�FX�FHDODOW �SRODULWDWH��/D�WHQVLXQL�PDL�PDUL�VH�GHVFKLGH�GLRGD��$FHVWH�WHQVLXQL�QX�SURGXF
distrugerea circuitului.

Similar, C3 fiind în paralel cu D3���QX�VH�vQFDUF �QLFL�HO�OD�WHQVLXQL�SHULFXORDVH�
'DF � OX P� vQ� FRQVLGHUDUH� &2�� REVHUY P� F � DFHDVWD� HVWH� vQ� SDUDOHO� FX� '5� �SRODUL]DW � GLUHFW�
vQVHULDW � FX� '2 � �SRODUL]DW � LQYHUV�� VDX� FX� '4� �SRODUL]DW � GLUHFW�� � vQVHULDW � FX� '3� �SRODUL]DW
LQYHUV���ÌQ�FRQVHFLQ �&2�VH�SRDWH�vQF UFD�OD�PD[LP�8Z������9�DGLF �OD�PD[LP�����9��LQGLIHUHQW
GH�SRODULWDWH���WHQVLXQH�FDUH�HVWH��QHGLVWUXFWLY �

2EVHUYD LH��� LQkQG�FRQW�GH�PRGXO�GH�UHDOL]DUH�D�UH]LVWHQ HL�GH�LQWUDUH�5�VH�REVHUY �F �FHOH�GRX
diode D1�úL�'2�VXQW�GH�IDSW�MRQF LXQHD�S�Q�GLQWUH�FRUSXO�UH]LVWHQ HL��úL�VXEVWUDWXO�Q��YH]L�ILJ������
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Fig. 12. Realizarea diodelor D1�úL�'2�SUHFXP�úL�D�UH]LVWHQ HL�5

&KLDU�GDF �LQWU ULOH�FLUFXLWXOXL�&026�VXQW�SURWHMDWH�OD�XWLOL]DUHD�DFHVWRUD�VH�YRU�DYHD�vQ�YHGHUH�R
VHULH�GH�SUHFDX LL�

a).TensLXQHD�GH�LQWUDUH�V �YDULH]H�vQ�GRPHQLXO���≤ UIN ≤ VDD (evident când sursa de semnal
HVWH�DOW�FLUFXLW�GHFkW�R�SRDUW �&026���vQ�FD]�FRQWUDU��SRW�IL�GLVWUXVH�FKLDU�GLRGHOH�GH�OD�LQWUDUH�

b). Sursa de alimentare VDD�QX�WUHEXLH�RSULW �vQ�WLPS�FH�VH�DSOLF �VHPQDO�GH�OD�XQ�JHQHUDWRU
extern�FX� LPSHGDQ �GH� LHúLUH�PLF ��OD� LQWUDUHD�FLUFXLWXOXL�&026��'DF �9DD HVWH�RSULW ��DWXQFL
semnalul de la generator poate distruge diodele de la intrare.

F��� ÌQ�PDQLSXODUH�� FLUFXLWHOH�&026� WUHEXLH� V � ILH� DPEDODWH� vQ� VXSRU L� PHWDOici, eventual
reglete speciale ″Antistat″.

G���6FXOHOH�PHWDOLFH�FX�FDUH�VH� OXFUHD] ��DSDUDWHOH�HOHFWULFH��FLRFDQHOH�GH� OLSLW�HWF���WUHEXLH
V �ILH�OHJDWH�OD�S PkQW�

e). ,QWU ULOH� QHXWLOL]DWH� QX� VH� YRU� O VD� vQ� DHU�� DWkW�GDWRULW � VHPQDOHORU� SDUD]LWH�� ILH� HOH
FKLDU�GH�HQHUJLH�PLF ��FkW�úL�GDWRULW �SRVLELOLW LL�GLVWUXJHULL��$FHVWHD�YRU�IL�OHJDWH�ILH�OD�PDV ��ILH
la +VDD,� GXS � FXP� SHUPLWH� IXQF LD� ORJLF �� 1X� VH� UHFRPDQG � OHJDUHD� � LQWU ULORU� QHXWLOL]DWH
vPSUHXQ � FX� DOWH� LQWU UL� �FKLDU� GDF � IXQF LD� ORJLF � DU� SHUPLWH�� GHRDUHFH� DFHDVWD� DU� GXFH� OD
FUHúWHUHD�FDSDFLW LL�GH�LQWUDUH�

���3RU L�&026

2.1. Poarta de transmisie CMOS

3RDUWD�GH�WUDQVPLVLH�UHDOL]DW �vQ�WHKQRORJLH�&026�HVWH�SUH]HQWDW �vQ�ILJ�����

&RQVWUXF LH
&HOH�GRX �WUDQ]LVWRDUH�026��SXVH�vQ�SDUDOHO��VXQW�71 cu canal indus de tip n iar T2  cu canal indus
tip p. Fiecare tranzistor are FRQVWUXF LH� VLPHWULF �� SXWkQG conduce în ambele sensuri. Cele
GRX �WUDQ]LVWRDUH�VXQW�FRPDQGDWH�vQ�JULO �GH�VHPQDOH�FRPSOHPHQWDUH�QRWDWH�&/�UHVSHFWLY��CL

Tranzistorul T1,�FX�FDQDO�Q��DUH�DFHODúL� VXEVWUDW�GH�WLS�S�FX�UHVWXO�SRU LORU� ORJLFH�FX�FDUH�HVWH�SH
FKLS��6XEVWUDWXO�S�HVWH�OHJDW�OD�FHO�PDL�QHJDWLY�SRWHQ LDO� �vQ�ILJXU �HVWH�PDVD��7UDQ]LVWRUXO�HVWH
FRPDQGDW�GH�VHPQDOXO�&/�úL��SRDWH�IL�GHVFKLV�GDF �SH�JULOD�VD�VH�DSOLF �SRWHQ LDO�SR]LWLY��DGLF
pentru semnal CL=1.
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Tranzistorul T2,�FX�FDQDO�S��DUH�DFHODúL�VXEVWUDW�GH�WLS�Q�FX�UHVWXO�SRU LORU�ORJLFH��6XEVWUDWXO�Q�HVWH
OHJDW�OD�FHO�PDL�SR]LWLY�SRWHQ LDO� �vQ�ILJXU �HVWH��9DD . Tranzistorul este comandat de semnalul

CL �úL��SRDWH�IL�GHVFKLV�GDF �SH�JULOD�VD�VH�DSOLF �SRWHQ LDO�VF ]XW��DGLF �SHQWUX�VHPQDO� 0CL = .

Fig. 13. Poarta de transmisie CMOS

)XQF LRQDUH

'DF �VH�DSOLF �VHPQDO�&/=0 ( implicit 1CL = ���DPEHOH�WUDQ]LVWRDUH��úL�71�úL�72��VXQW�EORFDWH�úL
vQWUH� LQWUDUH� úL� LHúLUH� VH� UHDOL]HD] � R� UH]LVWHQ � IRDUWH� PDUH� GH� RUGLQXO� ��9 Ω�� VLWXD LH� FDUH� VH
QRWHD] �FX�5OFF.
'DF � OD� LQWUDUHD�GH�FRPDQG �VH�VHPQDO�DSOLF �&/=���DPEHOH� WUDQ]LVWRDUH�VXQW�GHVFKLVH�úL� vQWUH
LQWUDUH�úL�LHúLUH�VH�UHDOL]HD] �R�UH]LVWHQ �PLF �QRWDW �5ON��9DORDUHD�DFHVWHL�UH]LVWHQ H�GHSLQGH�GH
dimensiunea tranzistoarelor, de tensiunea de alimentare VDD�úL�GH�YDORDUHD�WHQVLXQLL�DSOLFDWH�SH
LQWUDUH��8]XDO��SHQWUX�SRU LOH�GH�WUDQVPLVLH�GLQ�VHULD�������UH]LVWHQ D��5ON are valori de 50-150 Ω.

2�DQDOL] �DWHQW �D�FRQGXF LHL� vQ�IXQF LH�GH�YDORDUHD�WHQVLXQLL�DSOLFDWH�OD�LQWUDUH�SXQH�vQ�HYLGHQ
IDSWXO�F �SHQWUX�WHQVLXQHD�GH�LQWUDUH�DYkQG�YDORUL�GH�PLMORF�8P < UIN < VDD - UP conduc ambele
tranzistoare în timp ce pentru 0 < UIN < UP  conduce numai T2 (tranzistorul cu canal p), iar pentru
VDD - UP < UIN  < VDD conduce numai T1����YH]L�GLIHUHQ D�ID �GH�SRDUWD�GH�WUDQVPLVLH�026��

)RORVLQG�GRX �WUDQ]LVWRDUH�FRPSOHPHQWDUH��ILHFDUH�FX�FRQVWUXF LH�VLPHWULF ��SRDUWD�GH�WUDQVPLVLH
CMOS este ELGLUHF LRQDO �� SXWkQG� FRQGXFH� FXUHQW� vQ� DPEHOH� VHQVXUL�� vQ� DFHVW� IHO� LQWUDUHD� úL
LHúLUHD�ILLQG�LQWHUVFKLPEDELOH�
ÌQ�IDSW�SRDUWD�GH�WUDQVPLVLH�&026�DUH�IXQF LRQDUHD�XQXL�FRPXWDWRU�.�SXWkQG�UHDOL]D�XQ�H[FHOHQW
raport ROFF/RON GH� RUGLQXO� GH� P ULPH� ��7 (printre cele mai performante comutatoare
electronice).

3RDUWD�GH�WUDQVPLVLH�&026�SRDWH�WUDQVPLWH�DWkW�VHPQDOH� ORJLFH�FkW�úL�analogice FX�FRQGL LD�FD
DFHVWHD�V �VH� vQFDGUH]H� vQ� LQWHUYDOXO���±�9DD�� ÌQ�FD]XO�XWLOL] ULL�GUHSW� FRPXWDWRU� vQ� OHJ WXU � FX
semnale analogice bipolare�� H[LVW � SRU L� GH� WUDQVPLVLH� VSHFLDOH� FDUH� DX� OHJDW� VXEVWUDWXO� S� OD
SRWHQ LDO� QHJDWLY� �PDL� QHJDWLY� GHFkW� DOWHUQDQ D� QHJDWLY � D� VHPQDOXOXL� ELSRODU��� (YLGHQW�� úL� OD
DFHVWHD���FRPDQGD�SRU LL�VH�G �FX�VHPQDOXO�ORJLF�&/�úL�CL  de nivele CMOS.
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2.2. 3RU L�&026

3RUQLQGX�VH�GH�OD�SRDUWD�IXQGDPHQWDO �&026�VH�SRDWH�JHQHUD�FX�XúXULQ �R�vQWUHDJ �IDPLOLH�GH
FLUFXLWH�ORJLFH��ÌQ�FHOH�FH�XUPHD] �VH�YRU�SUH]HQWD�SULQFLSDOHOH�WLSXUL�GH�SRU L�

2.2.1. Poarta SAU-NU
6FKHPD� HOHFWULF � SHQWUX� SRDUWD� 125� FX� GRX � LQWU UL� UHDOL]DW � vQ� WHKQRORJLH� &026� HVWH
SUH]HQWDW �vQ�ILJ����

&RQVWUXFWLY�� VH� UHPDUF � SODVDUHD� vQ� SDUDOHO� D� FHORU� GRX � WUDQ]LVWRDUH
nMOS notate T1A� úL71B, în timp ce tranzistoarele pMOS T2A� úL� 72B

sunt înseriate.
)XQF LRQDUHD�SRU LL�HVWH�XUP WRDUHD�
'DF � $=B=��� DPEHOH� WUDQ]LVWRDUH� Q026� VXQW� EORFDWH� úL� DPEHOH
WUDQ]LVWRDUH�S026�VXQW�GHVFKLVH��/D�LHúLUH�VH�RE LQH���ORJLF��'DF �FHO
SX LQ�XQD� GLQ� LQWU UL� DUH� �� ORJLF� �GH� H[HPSOX��$��� DWXQFL� WUDQ]LVWRUXO
Q026� FRUHVSXQ] WRU� HVWH� GHVFKLV� �71A în exemplul considerat), iar
tranzistorul pMOS respectiv este blocat (T2A��� /D� LHúLUH� VH� RE LQH� �
logic.
)XQF LRQDUHD�GHVFULV �FRUHVSXQGH�IXQF LHL�6$8�18�

Fig. 14. Circuit SAU-NU

&LUFXLWXO�SRDWH�IL� LPHGLDW�H[WLQV�DG XJkQG�SHQWUX�ILHFDUH�QRX � LQWUDUH�D�SRU LL�FkWH�R�SHUHFKH�GH
WUDQ]LVWRDUH�026��XQXO�Q026�vQ�SDUDOHO�FX�FHOHODOWH�úL�XQXO�S026�vQVHULDW��

2.2.2. 3RDUWD�ù,�18

ÌQ�ILJXUD����HVWH�SUH]HQWDW �VFKHPD�SRU LL�ù,�18�

6H� UHPDUF � FRQVWUXF LD�GXDO � ID � GH� SRDUWD� 6$8�18�±
SODVDUHD� vQ� SDUDOHO� D� WUDQ]LVWRDUHORU� S026� úL� vQ� VHULH� D
tranzistoarelornMOS.
)XQF LRQDUHD�HVWH�vQ�FRQVHFLQ �
'DF �FHO�SX LQ�XQD�GLQ�LQWU UL�HVWH�SH���ORJLF��WUDQ]LVWRUXO
Q026� FRUHVSXQ] WRU� HVWH� EORFDW� vQ� VFKLPE� WUDQ]LVWRUXO
S026�UHVSHFWLY�HVWH�GHVFKLV�úL�OD�LHúLUH�VH�RE LQH���ORJLF�
'DF � DPEHOH� LQWU UL� VXQW� vQ� �� ORJLF�� DWXQFL� DPEHOH
WUDQ]LVWRDUH�Q026�VXQW�GHVFKLVH� úL� FHOH�S026�EORFDWH�
/D�LHúLUH�VH�RE LQH���ORJLF�
ùL�vQ�DFHVW�FD]�H[WLQGHUHD�IXQF LHL�VH�IDFH�SULQ�DG XJDUHD
unei perechi de tranzistoare complementare.

2EVHUYD LH�� &LUFXLWHOH� ù,�18� úL� 6$8�18� UHDOL]DWH� vQ� VHULD� ����� SRW� DYHD� DWkW� LQWU ULOH� FkW� úL
LHúLULOH�EXIHUDWH��

Fig.15. Circuit SI-NU
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Fig. 16 . Circuite SAU-NU , SI-NU buferate

2.2.3. Poarta SAU-EXCLUSIV

Fig. 17. Poarta SAU-EXCLUSIV

,PSHPHQWDUHD�GLQ�ILJ������XUP UHúWH�vQGHDSURDSH�H[SUHVLD�ORJLF ��)XQF LRQDUHD�SRDWH�IL�XUP ULW
SH�DFHDVW �FDOH�GHVWXO�GH�XúRU�

ÌQ� ILJ������V�DX�SUH]HQWDW�DOWH�YDULDQWH�GH� LPSOHPHQWDUH�D�SRU LL�;25� vQ� FDUH� VH� IDFH� DSHO� úL� OD
XWLOL]DUHD�SRU LL�GH�WUDQVPLVLH��ùL�IXQF LRQDUHD�DFHVWRUD�SRDWH�IL�XUP ULW �I U �SUREOHPH��$VWIHO��vQ
FD]XO� SULPXOXL� FLUFXLW�� VH� REVHUY � F � YDULDELOD� $� FRPDQG � vQ� RSR]L LH� FHOH� GRX � SRU L� GH
WUDQVPLVLH��/D� LQWUDUHD� DFHVWRUD� VH� DSOLF � YDULDELOD�%� úL� UHVSHFWLY� QHJDWD� DFHVWHLD��'DF �$� � �
DWXQFL� HVWH� YDOLGDW � SULPD� SRDUW � GH� WUDQVPLVLH� SULQ� FDUH� OD� LHúLUH� DMXQJH� %�� 'DF � $�  � �� HVWH
YDOLGDW �FHDODW �SRDUW �GH�WUDQVPLVLH�úL�OD�LHúLUH�DMXQJH�B .

3HQWUX�FHD�GH�D�GRXD�YDULDQW �VH�REVHUY �F �YDULDELOD�%�SXU�úL�VLPSOX�DF LRQHD] �FD�ÄDOLPHQWDUH´
SHQWUX� LQYHUVRUXO� IRUPDW� FX� FHOH� GRX � WUDQ]LVWRDUH� FRPSOHPHQWDUH�� $VWIHO�� GDF � %�  � �� DWXQFL
LQYHUVRUXO� HVWH� DOLPHQWDW� úL� WRW� %�  � �� EORFKHD] � SRDUWD� GH� WUDQVPLVLH�� 9DULDELOD� $� DSOLFDW � OD
LQYHUVRU� HVWH� QHJDW � úL� OD� LHúLUH� DMXQJH� A � �� 'DF � %�  � ��� DWXQFL� DPEHOH� WUDQ]LVWRDUH� DOH
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LQYHUVRUXOXL� VXQW� EORFDW� �ÄQX� VXQW� DOLPHQWDWH´�� vQ� VFKLPE� SRDUWD� GH� WUDQVPLVLH� HVWH� GHVFKLV �
9DULDELOD�$�SULQ�SRDUWD�GH�WUDQVPLVLH�DMXQJH�OD�LHúLUH�

Fig. 18. Variante de realizare pentru SAU-EXCLUSIV

2.2.4. &LUFXLW�FX�WUHL�VW UL
ÌQ�FD]XO�FLUFXLWHORU� ORJLFH�DYkQG�HWDMH�GH� LHúLUH� vQ� FRQWUDWLPS� �FLUFXLWH�77/� úL�&026��QX�HVWH
SHUPLV � OHJDUHD� vPSUHXQ �D� LHúLULORU��ÌQ�VFKLPE�� IRDUWH�XúRU�SRDWH� IL� UHDOL]DW�XQ�FLUFXLW� ORJLF�FX
WUHL�VW UL��ILJ�����

)LJ������'RX �YDULDQWH�GH�FLUFXLW�QHLQYHVRU�FX�WUHL�VW UL

ÌQ�ILJ������VXQW�SUH]HQWDWHGRX �YDULDQWH�GH�SRU L
QHLQYHUVRDUH�FX�WUHL�VW UL��
9DULDQWD� D�� HVWH� FLUFXLWXO� ����� úL� IXQF LRQHD]
astfel:
��GDF � VH� DSOLF ��� ORJLF� OD� LQWUDUHD� GH� YDOLGDUH

�',6� �GLVDEOH���DGLF �',6�= 0, atunci poarta P1

DUH�OD�LHúLUH�VLPEROXO���FDUH�HVWH�HOHPHQW�QHXWUX
OD� LQWUDUHD�SRU LL�6,�18�� LDU�SRDUWD�32�DSOLF ���
care este tot element neutru, pentru poarta
6$8�18��3H�FHDODOW �LQWUDUH�D�SRU LORU�33��úL�34

)LJ�����3RDUWD�FX�WUHL�VW UL��VLPEROL]DUH�úL
WDEHO�GH�DGHY U
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VH� DSOLF � YDULDELOD� $� � OD� DPEHOH� SRU L� OD� LHúLUH� YD� UH]XOWD� A � �� &HORU� GRX � WUDQ]LVWRDUH
complementare T1�úL�72�OL�VH�DSOLF �vQ�JULO �DFHODúL�VLPERO�A �FD�úL�FXP�DU�IL�OHJDWH�vPSUHXQ �úL�DU
FRQVWLWXL�XQ�LQYHUVRU��$FHVWHD�YRU�DF LRQD�vQ�FRQVHFLQ ��úL�OD�LHúLUH�UH]XOW �$�
'DF �',6=���DWXQFL� LHúLUHD�SRU LL�ù,�18�HVWH���úL�GHFL� WUDQ]LVWRUXO�72 va fi blocat indiferent de
YDULDELOD�$��OD�LHúLUHD�SRU LL�6$8�18�YD�IL����úL�GHFL�úL�71�VH�EORFKHD] �LQGLIHUHQW�GH�YDULDELOD�$��
%ORFDUHD�FHORU�GRX �WUDQ]LVWRDUH�� GXFH� OD�RE LQHUHD�XQHL� LPSHGDQ H�GH� LHúLUH� IRDUWH�PDUH�� VWDUH
QXPLW �Ä+LJK�=´�VDX�VWDUH�GH�LPSHGDQ �PDUH�
ÌQ�YDULDQWD�E��VH�REVHUY �F �',6� ���GHVFKLGH�WUDQ]LVWRDUHOH�72�úL�73�FHHD�FH�GXFH�OD�R�IXQF LRQDUH
QRUPDO � D� FLUFXLWXOXL� vQ� WLPS� FH�',6� � �� EORFKHD] � FHOH� GRX � WUDQ]LVWRDUH�72� úL� 73 ducând la
VWDUHD�GH�LPSHGDQ �PDUH�LQGLIHUHQW�GH�UHVWXO�FLUFXLWXOXL�
ÌQ�VHULD�&026������VXQW�UHDOL]DWH�úL�DOWH�FLUFXLWH�FX�WUHL�VW UL��LQYHUVRDUH��ELVWDELOH�HWF����

2EVHUYD LH : în cazul circuitelor CMOS starea de
PDUH� LPSHGDQ � OD� LHúLUH� SRDWH� IL� E LQXW � úL� FX
DMXWRUXO� XQHL� SRU L� GH� WUDQVPLVLH� FRQHFWDW � vQWUH
LHúLUHD� � XQXL� FLUFXLW� ORJLF� SURSULX�]LV� úL� LHúLUHD
DQVDPEOXOXL��%ORFkQG�DFHDVW �SRDUW �GH�WUDQVPLVLH
VH�SRDWH�UHDOL]D�FRQGL LD�GH�LPSHGDQ �PDUH�

2.3. Circuite BiCMOS

3HUIRUPDQ HOH�FLUFXLWHORU�LQWHJUDWH�GLJLWDOH�&026�VXQW�OLPLWDWH�vQ�VSHFLDO�GDWRULW �vQWkU]LHULORU�vQ
SURSDJDUHD�VHPQDOXOXL�SURYRFDW �GH�FDSDFLW LOH�SDUD]LWH�VSHFLILFH�EXV�XULORU�GH�GDWH�� ÌQ�XOWLP
LQVWDQ ��YLWH]D�HVWH� OLPLWDW �GH�VODED�FDSDELOLWDWH�D�SRU LORU�&026�GH�D�DVLJXUD�FXUHQ L�PDUL� � �
KLJK� FXUUHQW�GULYLQJ� FDSDELOLW\�� QHFHVDUL� SHQWUX� UDSLGD� vQF UFDUH�GHVF UFDUH� D� VDUFLQLOR
FDSDFLWLYH��2�VROX LH�SHQWUX�UH]ROYDUHD�DFHVWHL�SUREOHPH�R�RIHU �FLUFXLWHOH�%L&026�

'HQXPLUHD� SURYLQH� GH� OD� IDSWXO� F � FLUFXLWHOH� FRQ LQ� DWkW� WUDQ]LVWRDUH� ELSRODUH� �%-7� ±� ELSRODU
MXQFWLRQ� WUDQVLVWRU�� FkW� úL� WUDQ]LVWRDUH� 026� FRPSOHPHQWDUH�� 7UDQ]LVWRUXO� ELSRODU�� IRORVLW� OD
LHúLUHD�DFHVWRU�FLUFXLWH��DVLJXU �R�PDUH�FDSDELOLWDWH�GH�D�FRQGXFH�FXUHQ L� vQ�WLPS�FH�GLVSR]LWLYXO
&026� DVLJXU � XQ� FRQVXP� UHGXV�� GHQVLWDWH� PDUH� GH� LQWHJUDUH� úL� R� WHKQRORJLH� PDL� VLPSO �� 6H
SRDWH�VSXQH�F �R�FRQILJXUD LH�%L&026�UHXQHúWH�SH�DFHODúL�FKLS�ÄFH�HVWH�PDL�EXQ�vQ�GRX �OXPL´�

8Q� GH]DYDQWDM� PDMRU� DO� WHKQRORJLHL� %L&PRV� HVWH� GDWRUDW� FUHúWHULL� FRPSOH[LW LL� SURFHVXOXL� GH
IDEULFD LH��ILJ������5HDOL]DUHD�XQXL�WUDQ]LVWRU�ELSRODU�QHFHVLW �PDL�PXOWH�HWDSH�GHFkW�SDúLL�XWLOL]D L
într-un proces CMOS. Evident, o serie de etape sunt realizate simultan astfel încât, în final,
SURFHVXO�GH�IDEULFD LH�%L&026�QHFHVLW �QXPDL�����HWDSH�VXSOLPHQWDUH�ID �GH�XQ�SURFHV�&026
standard.

)LJ������9DULDQW �GH�SRDUW �FX�WUHL�VW UL
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)LJ������7UDQ]LVWRU�ELSRODU�úL�026

2�VFKHP �WLSLF �GH�LQYHUVRU�%L&026��HVWH�SUH]HQWDW �vQ�ILJ�����

Fig. 22. Inversor BiCMOS

&RQVWUXF LH
&LUFXLWXO� FRQ LQH� WUHL� WUDQ]LVWRDUH� Q026�71, T2� úL� 73 , un tranzistor pMOS, T2� �� úL� FHOH� GRX
tranzistoare bipolare Q1, Q2�GH�OD�LHúLUH��7UDQ]LVWRDUHOH�Q026�73�úL�74�MRDF �UROXO�XQRU�UH]LVWHQ H
GLQ�YDULDQWD�GH�SULQFLSLX��DVLJXU QG�R�FDOH�GH�FXUHQW�GH�UH]LVWHQ �PLF �SHQWUX�HOLPLQDUHD�VDUFLQLL
VWRFDWH�vQ�ED]D�WUDQ]LVWRUXOXL�ELSRODU�úL�FRQWULEXLQG�vQ�DFHVW�IHO�OD�FUHúWHUHD�YLWH]HL�GH�FRPXWD LH�D
circuitului (de fapt T3�úL�74�DF LRQHD] �FD�UH]LVWHQ H�GLQDPLFH��� UH]LVWHQ �GH�YDORDUH�PDUH�FkQG
WUDQ]LVWRUXO� ELSRODU� FRUHVSXQ] WRU� HVWH� GHVFKLV� úL� UHVSHFWLY� UH]LVWHQ � PLF � DWXQFL� FkQG� WUHEXLH
blocat tranzistorul bipolar).
'H�DVHPHQHD�VH�REVHUY �FHOH�GRX �WUDQ]LVWRDUH�026�FRPSOHPHQWDUH��QRWDWH��71�úL�72, comandate
GH�VHPQDOXO�GH�LQWUDUH�úL�FDUH�OD�U QGXO�ORU�FRPDQG �FHOH�GRX �WUDQ]LVWRDUH�ELSRODUH�41�úL�42.
)XQF LRQDUH
Pentru UIN = 0 tranzistorul nMOS T1 este blocat iar tranzistorul pMOS T2 este deschis.
Deschiderea lui T2� DVLJXU � FXUHQW� vQ� ED]D� OXL� 41� DVLJXUkQG� GHVFKLGHUHD� DFHVWXLD� úL�� vQ� SOXV�
GHVFKLGHUHD�úL�SHQWUX�WUDQ]LVWRUXO� Q026�73 ceea ce duce la blocare lui Q2��/D� LHúLUH� VH�RE LQH
nivel H având tensiunea UOH = VCC – 0,7V��GLIHUHQ D�VH�GDWRUHD] �WHQVLXQLL�9BE a tranzistorului
Q1 conductor).
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Crescând UIN , VLWXD LD�VH�PHQ LQH�SkQ �FkQG�8IN atinge valoarea UP1 + VBE, moment în care se
deschide atât T1�FkW�úL�42��8UPHD] �R�UHJLXQH�vQ�FDUH�FRQGXF�DWkW�41�FkW�úL�42� vQ�UHJLXQHD�DFWLY

GLUHFW � Când UIN�FUHúWH�SHVWH�YDORDUHD�9CC + UP2 ( T2 este tranzistor
FX�FDQDO�LQGXV�WLS�S�úL�DUH�WHQVLXQHD�GH�SUDJ�QHJDWLY ��WUDQ]LVWRUXO�72 se
EORFKHD] �FHHD�FH�GXFH�úL�OD�EORFDUHD�OXL�41��/D�LHúLUH�42�FRQWLQX �D�IL
GHVFKLV�DWkW�WLPS�FkW�PDL�GHVFDUF � VDUFLQD� FDSDFLWLY � �� FkW�PDL� H[LVW
FLUFXOD LH�GH�FXUHQW���7HQVLXQHD�GH� OD� LHúLUH�HVWH�UOL = 0,7V (egal cu
VBE�GHRDUHFH�ED]D�úL�FROHFWRUXO�OXL�42 sunt practic scurtcircuitate prin
T1).
$VSHFWXO� FDUDFWHULVWLFLL� GH� WUDQVIHU� SUHFXP� úL� WHQVLXQHD� GH� SUDJ� D
LQYHUVRUXOXL�VH�PRGHOHD] �GLQ�GLPHQVLRQDUHD�WUDQ]LVWRDUHORU�71�úL�72.
6H�VXEOLQLD] �YDORDUHD�FHORU�GRX �QLYHOH�ORJLFH�8OH�úL�8OL�GLIHULWH�ID
GH�LGHDO�FHHD�FH�PLFúRUHD] �LPXQLWDWHD�OD�]JRPRW�D�FLUFXLWXOXL�

ÌQ� ILJ�� ���� VXQW� SUH]HQWDWH� úL� DOWH� FLUFXLWH� %L&026�
VSHFLILF� ILLQG�DFHHDúL�VWUXFWXU �LQWHUQ �&026�úL�HWDMXO
GH�LHúLUH�ELSRODU�

Fig. 24. Circuite BiCMOS

7UDQIRUPDUHD�LQYHUVRUXOXL�vQ�FLUFXLW�6$8�18�úL�UHVSHFWLY�6,�18�VH�IDFH�GXS �DFHOHDúL�UHJXOL�FD
la circuitele CMOS standard.
Pentru circuitul SAU-NU, tranzistoarele T1, T2�úL�73�GH�OD�LQYHUVRU�VH�WUDQVIRUP �vQ�FkWH�GRX
GRX �WUDQ]LVWRDUH�GH�DFHODúL�WLS�FRPDQGDWH�GH�FHOH�GRX �LQWU UL�GXS �UHJXOD�VSHFLILF �FLUFXLWXOXL
SAU-NU : tranzistoarele pMOS sunt înseriate ( vezi T3 , T4 provenite din T2 de la inversor ) iar
tranzistoarele nMOS sunt puse în paralel ( T3�GH�OD�LQYHUVRU�VH�WUDQVIRUP �vQ�71 úL�72 respectiv T1
de la inversor în T5�úL�76). Tranzistorul T7 din baza lui Q2�U PkQH�QHPRGLILFDW�úL�FX�DFHODúL�URO
�EORFKHD] �SH�42�vQ�VLWXD LD�QLYHO�+�OD�LHúLUH��
Pentru circuitul SI-NU, tranzistoarele T1, T2� úL�73�GH� OD� LQYHUVRU�VH� WUDQVIRUP �GH� DVHPHQHD� vQ
FkWH�GRX �GRX �WUDQ]LVWRDUH�GH�DFHODúL�WLS�UHVSHFWkQG�GH�GDWD�DFHDVWD�UHJXOD�VSHFLILF �FLUFXLWXOXL
SAU-NU : tranzistoarele pMOS sunt puse în paralel  (  T3 , T4 provenite din T2 de la inversor )
iar tranzistoarele nMOS sunt înseriate ( T3�GH�OD�LQYHUVRU�VH�WUDQVIRUP �vQ�71 úL�72 respectiv T1 de

Fig. 23. Caracteristica de tranfer
pentru un circuit BiCMOS



21

la inversor în T5�úL�76���ùL�GH�GDWD�DFHDVWD�WUDQ]LVWRUXO�77 din baza lui Q2�U PkQH�QHPRGLILFDW�úL
DVLJXU �EORFDUHD�DFHVWXLD�vQ�VLWXD LD�QLYHO�+�OD�LHúLUH�

ÌQ� vQFKHLHUHD� DFHVWXL� FDSLWRO� SUH]HQW P� GRX � JUDILFH� FDUH� LOXVWUHD] � FRPSDUDWLY� XQHOH
SHUIRUPDQ H�DOH�FLUFXLWHORU�%L&026�

)LJ��������D��vQWkU]LHUHD�VSHFLILF �XQRU�FLUFXLWH�ORJLFH����E��SURGXVXO�SXWHUHÂvQWkU]LHUH�SHQWUX�XQHOH
familii de circuite logice utilizând tehnologia de 2 P


