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ÝÒÀÏ ¹1





Èñõîäíûå äàííûå äëÿ ðàñ÷åòà .





Åï=10 Â; Rè=150 Îì; Rê=470 Îì; Rí=510; Ñí=15 ïÔ ;Tìèí=-30ãðàä; Òmax=50ãðàä;


Òðåáóåìàÿ íèæíÿÿ ÷àñòîòà : Fí=50 êÃö.


Èñïîëüçóåìûé òèï òðàíçèñòîðà:  ÊÒ325Â (Si ;  N-P-N ; ÎÝ)


Íåñòàáèëüíîñòü êîëëåêòîðíîãî òîêà  -  � EMBED Equation.2  ���


Ïàðàìåòðû òðàíçèñòîðà:





Ãðàíè÷íàÿ ÷àñòîòà - Fãð =  800Ìãö.


Uêáî(ïðîá)=15Â.


Uýáî(ïðîá)=4Â.


Iê(ìàõ)=60ìÀ.


Îáðàòíûé òîê êîëëåêòîðà ïðè Uêá=15Â : Iêáî<0.5ìêÀ  (ïðè Ò=298Ê).


Ñòàòè÷åñêèé êîýôôèöèåíò óñèëåíèÿ òîêà áàçû â ñõåìå ñ ÎÝ: h21=70…210.


Åìêîñòü êîëëåêòîðíîãî ïåðåõîäà: Ñê<2.5ïÔ.(ïðè Uêá=5Â)


rêý(íàñ.)=40 Îì.


Ïîñòîÿííàÿ âðåìåíè öåïè îáðàòíîé ñâÿçè: (ê<125 íñ.


Äëÿ ïëàíàðíîãî òðàíçèñòîðà - òåõíîëîãè÷åñêèé ïàðàìåòð � EMBED Equation.2  ��� = 6.3





Ïðåäâàðèòåëüíûé ðàñ÷åò.





Èñõîäÿ èç çíà÷åíèé Åï è Rê , îðèåíòèðîâà÷íî âûáåðåì ðàáî÷óþ òî÷êó ñ ïàðàìåòðàìè Uêý=4Â è Iêý=1ìÀ.


Òèïè÷íîå çíà÷åíèå , äëÿ êðåìíèåâûõ òðàíçèñòîðîâ: Uáý=0.65Â.


Uêá=Uêý-Uáý = 3.35Â


� EMBED Equation.2  ���=2.857 ïÔ.


� EMBED Equation.2  ���=275Îì - Îáúåìíîå ñîïðîòèâëåíèå áàçû.


Iá = Iêý/h21 = 8.264e-6 - òîê áàçû.     Iý = Iêý - Iá = 9.9e-4 -  òîê ýìèòòåðà.


rý = 26å-3/Iý = 26.217 - äèôôåðåíöèàëüíîå ñîïðîòèâëåíèå ýìèòòåðíîãî ïåðåõîäà.


Ïàðàìåòð  ( = rý/rá  +   1/h21 = 0.103  (Íîðìèðîâàííîå îòíîñèòåëüíî Fãð çíà÷åíèå ãðàíè÷íîé ÷àñòîòû)





Äëÿ äàëüíåéøèõ ðàñ÷åòîâ  ïî çàäàííûì èñêàæåíèÿì  â îáëàñòè íèæíèõ ÷àñòîò  çàäàäèìñÿ     êîýôôèöèýíòàìè  ÷àñòîòíûõ èñêàæåíèé .


Ïóñêàé äîëÿ ÷àñòîòíûõ èñêàæåíèé , âíîñèìûõ íà íèæíåé  ÷àñòîòå ðàçäåëèòåëüíûì êîíäåíñàòîðîì Ñð , îêàæåòüñÿ  â ê=100  ðàç ìåíüøå  ÷åì êîíäåíñàòîðîì  Ñý , òîãäà êîýôôèöèåíòû ÷àñòîòíûõ èñêàæåíèé 


ðàâíû: Ìíð = 0.99 , à  Ìíý = 0.71( Îïðåäåëÿþòñÿ  ïî ãðàôèêó)





� EMBED Equation.2  ��� = 2.281å-8  Ô;- åìêîñòü ðàçäåëèòåëüíîãî êîíäåíñàòîðà.


Îïòèìàëüíîå íàïðÿæåíèå íà ýìèòòåðå  âûáèðàåòñÿ èç óñëîâèÿ :Uý = Åï/3, ýòî ïîçâîëÿåò îïðåäåëèòü âåëè÷èíó Rý.


Rý = � EMBED Equation.2  ��� =3.361å3 Îì;


� EMBED Equation.2  ���=3.361Â - Íàïðÿæåíèå  íà  ýìèòòåðå.


Rô=(Åï - Uêý)/Iêý - Rê - Rý = 2.169å3  Îì;- ñîïðîòèâëåíèå RC - ôèëüòðà â êîëëåêòîðíîé öåïè.





Ïðèìåíåíèå Í.×. - êîððåêöèè ïîçâîëÿåò èñïîëüçîâàòü ðàçäåëèòåëüíûé êîíäåíñàòîð ìåíüøåé åìêîñòè.


� EMBED Equation.2  ���= 4.062å-9 Ô;- ñêîððåêòèðîâàííîå çíà÷åíèå ðàçäåëèòåëüíîãî êîíäåíñàòîðà.


� EMBED Equation.2  ���= 9.551å-10  Ô; -  åìêîñòü ôèëüòðà â öåïè êîëëåêòîðà.


� EMBED Equation.2  ��� = 7.889å-8 Ô;- Åìêîñòü ýìèòòåðà.


Ðàñ÷åò öåïè äåëèòåëÿ , îáåñïå÷èâàþùåé çàäàííóþ òåìïåðàòóðíóþ  íåñòàáèëüíîñòü êîëëåêòîðíîãî òîêà.





 � EMBED Equation.2  ���


� EMBED Equation.2  ���= 1.487å-6 À; - íåóïðàâëÿåìûé òîê ïåðåõîäà êîëëåêòîð-áàçà.


� EMBED Equation.2  ���=0.2 Â; -ñäâèã âõîäíûõ õàðàêòåðèñòèê .


� EMBED Equation.2  ��� =3.813å-5 À. -òîê äåëèòåëÿ.


� EMBED Equation.2  ��� = 1.052e5 Îì


� EMBED Equation.2  ���=1.291e5Îì





 Íîìèíàëû ýëåìåíòîâ, ïðèâåäåííûå ê  ñòàíäàðòíîìó ðÿäó.


Rô=2.2å3 Îì;  Rý=3.3å3Îì; Rá1=1å5Îì ; Rá2=1.3å5 Îì; Cð= 4å-9 Ô; Cô= 1å-9 Ô; Cý=7å-8Ô;





Îöåíêà ðåçóëüòàòîâ â ïðîãðàììå  «MICROCAB»


1. Îöåíêà ïî   ïîñòîÿííîìó òîêó.





� EMBED PBrush  ���





2.1À.×.Õ. -  êàñêàäà.





� EMBED PBrush  ���





À.×.Õ. - ïî óðîâíþ 07.





� EMBED PBrush  ���








 Ðåàëèçóåìûå ñõåìîé  - âåðõíÿÿ ÷àñòîòà - Fâ = 2.3Ìãö   è êîýôôèöèåíò óñèëåíèÿ  Ê = 22Äá = 12.6








ÝÒÀÏ ¹2





Çàäàíèå: Îáåñïå÷èòü çà ñ÷åò âûáîðà ýëåìåíòîâ ëèáî ìîäåðíèçàöèè ñõåìû


 óâåëè÷åíèå Ê â äâà ðàçà(ïðè ýòîì Fâ - íå äîëæíî óìåíüøàòüñÿ) è ïðîâåðèòü ïðàâèëüíîñòü ðàñ÷åòîâ íà Ý.Â.Ì.





ÐÀÑ×ÅÒ.





Òðåáîâàíèÿ ê ïîëîñå ÷àñòîò è êîýôôèöèåíòó óñèëåíèÿ:


 Ê = 44Äá = 158  Fí =50 Êãö  Fâ =2.3Ìãö





Uêá=Uêý-Uáý = 4.35Â


� EMBED Equation.2  ���=2.619 ïÔ.


� EMBED Equation.2  ���=300Îì - Îáúåìíîå ñîïðîòèâëåíèå áàçû.





Îöåíêà ïëîùàäè óñèëåíèÿ è êîëè÷åñòâà  êàñêàäîâ


â óñèëèòåëå.


� EMBED Equation.2  ���=8.954 å7 Ãö - Ìàêñèìàëüíàÿ ïëîùàäü óñèëåíèÿ äèôôåðåíöèàëüíîãî êàñêàäà.


Îðèåíòèðîâà÷íîå êîëè÷åñòâî êàñêàäîâ îïðåäåëèì ïî íîìîãðàììàì , 


òàê êàê  � EMBED Equation.2  ���=39  , òî óñèëèòåëü ìîæíî ïîñòðîèòü íà äâóõ íåêîððåêòèðîâàííûõ êàñêàäàõ.


Òðåáóåìàÿ âåðõíÿÿ ãðàíè÷íàÿ ÷àñòîòà äëÿ ñëó÷àÿ , êîãäà N = 2 ( ñ ó÷åòîì , ÷òî ôn = � EMBED Equation.2  ��� =0.64)


Fâ(òðåá)=Fâ/ôn = 3.574å6 Ãö


Òðåáóåìûé êîýôôèöèåíò óñèëåíèÿ îäíîãî êàñêàäà Ê(òðåá)=� EMBED Equation.2  ���= 12.57


Òðåáóåìàÿ íèæíÿÿ ãðàíè÷íàÿ ÷àñòîòà Fí(òðåá)=FíÕôn =3.218e4


Ðåàëèçóåìàÿ â ýòîì ñëó÷àå  ïëîùàäü óñèëåíèÿ � EMBED Equation.2  ���=4.5å7 Ãö























Ðàñ÷åò ïåðâîãî (îêîíå÷íîãî) êàñêàäà.





Îïðåäåëèì ïàðàìåòð  � EMBED Equation.2  ���= 1.989


Îïòèìàëüíîå çíà÷åíèå ïàðàìåòðà � EMBED Equation.2  ���=0.055


Ýòîìó çíà÷åíèþ ïàðàìåòðà � EMBED Equation.2  ��� ñîîòâåòñòâóåò òîê ýìèòòåðà ðàâíûé:


Iý =� EMBED Equation.2  ��� =2ìÀ


Ñîîòâåòñòâåííî  Iêý = � EMBED Equation.2  ��� = 2ìÀ                        è                     Iá =� EMBED Equation.2  ��� = 1.5å-5 À .


rý = � EMBED Equation.2  ��� = 14.341 Îì  - äèôôåðåíöèàëüíîå ñîïðîòèâëåíèå ýìèòòåðíîãî ïåðåõîäà.


� EMBED Equation.2  ���  = 1.388å-11Ô; - åìêîñòü ýìèòòåðíîãî ïåðåõîäà.


� EMBED Equation.2  ��� = 1.75å3 Îì


� EMBED Equation.2  ���= 3.562å-9 ñåê  -  ïîñòîÿííàÿ âðåìåíè òðàíçèñòîðà.


� EMBED Equation.2  ��� = 0.008 - îòíîñèòåëüíàÿ ÷àñòîòà.





Âûñîêî÷àñòîòíûå Y- ïàðàìåòðû  îêîíå÷íîãî êàñêàäà.





� EMBED Equation.2  ��� = 0.061 Ñì- Ïðîâîäèìîñòü ïðÿìîé ïåðåäà÷è ( êðóòèçíà òðàíçèñòîðà).


� EMBED Equation.2  ��� = 3å-14 Ô- Âõîäíàÿ åìêîñòü òðàíçèñòîðà .


� EMBED Equation.2  ��� = 5.02 å-11 Ô -Âûõîäíàÿ åìêîñòü òðàíçèñòîðà.


� EMBED Equation.2  ��� =  5.456 å-6 Ñì  -  Ïðîâîäèìîñòü îáðàòíîé ïåðåäà÷è.


� EMBED Equation.2  ��� = 5.027 å-4 Ñì - Âõîäíàÿ ïðîâîäèìîñòü òðàíçèñòîðà.


� EMBED Equation.2  ��� = 4.5å-11 Ô - Âõîäíàÿ åìêîñòü òðàíçèñòîðà.


Ðåàëèçóåìàÿ  â ýòîì ñëó÷àå ïëîùàäü óñèëåíèÿ :


� EMBED Equation.2  ��� = 1.165å8 Ãö  


Çàäàííûé êîýôôèöèåíò óñèëåíèÿ îáåñïå÷èâàåòñÿ ïðè ñîïðîòèâëåíèè êîëëåêòîðà:





� EMBED Equation.2  ���= 347.43 Îì























Ðàñ÷åò ýëåìåíòîâ ïî çàäàííûì èñêàæåíèÿì â îáëàñòè íèæíèõ ÷àñòîò.





� EMBED Equation.2  ��� = 3.294å-8 Ô;- åìêîñòü ðàçäåëèòåëüíîãî êîíäåíñàòîðà.





Rý = � EMBED Equation.2  ��� =1.68å3 Îì;


� EMBED Equation.2  ���=3.077Â - Íàïðÿæåíèå íà ýìèòòåðå.


Rô=(Åï - Uêý)/Iêý - Rê - Rý = 704.5  Îì;- ñîïðîòèâëåíèå RC - ôèëüòðà â êîëëåêòîðíîé öåïè.





Ïðèìåíåíèå Í.×. - êîððåêöèè ïîçâîëÿåò èñïîëüçîâàòü ðàçäåëèòåëüíûé êîíäåíñàòîð ìåíüøåé åìêîñòè.


� EMBED Equation.2  ���= 1.088å-8 Ô;- ñêîððåêòèðîâàííîå çíà÷åíèå ðàçäåëèòåëüíîãî êîíäåíñàòîðà.


� EMBED Equation.2  ���= 7.87å--9 Ô; -  åìêîñòü ôèëüòðà â öåïè êîëëåêòîðà.


� EMBED Equation.2  ��� = 2.181å-7 Ô;- Åìêîñòü ýìèòòåðà.


Ðàñ÷åò öåïè äåëèòåëÿ , îáåñïå÷èâàþùåé çàäàííóþ òåìïåðàòóðíóþ  íåñòàáèëüíîñòü êîëëåêòîðíîãî òîêà.





 � EMBED Equation.2  ���� EMBED Equation.2  ��� =4.351å-5 À. -òîê äåëèòåëÿ.


� EMBED Equation.2  ��� = 8.566å4 Îì


� EMBED Equation.2  ���=1.07å5 Îì








Ðàñ÷åò âòîðîãî (ïðåäîêîíå÷íîãî) êàñêàäà.





Ðåàëèçóåìàÿ ïëîùàäü óñèëåíèÿ è ïàðàìåòð � EMBED Equation.2  ��� äëÿ  ïðåäîêîíå÷íîãî  êàñêàäà.


� EMBED Equation.2  ���=9å7 Ãö                                    � EMBED Equation.2  ��� =0.04








Ýòîìó çíà÷åíèþ ïàðàìåòðà � EMBED Equation.2  ��� ñîîòâåòñòâóåò òîê ýìèòòåðà ðàâíûé:


Iý =� EMBED Equation.2  ��� =3ìÀ


Ñîîòâåòñòâåííî  Iêý = � EMBED Equation.2  ��� = 3ìÀ     è    Iá =� EMBED Equation.2  ��� = 2.2å-5 À .


rý = � EMBED Equation.2  ��� = 9.8 Îì  - äèôôåðåíöèàëüíîå ñîïðîòèâëåíèå ýìèòòåðíîãî ïåðåõîäà.


� EMBED Equation.2  ���  = 2.03å-11Ô; - åìêîñòü ýìèòòåðíîãî ïåðåõîäà.


� EMBED Equation.2  ��� = 1.196å3 Îì


� EMBED Equation.2  ���= 4.878å-9 ñåê  -  ïîñòîÿííàÿ âðåìåíè òðàíçèñòîðà.





Âûñîêî÷àñòîòíûå Y- ïàðàìåòðû  ïðåäîêîíå÷íîãî êàñêàäà.





� EMBED Equation.2  ��� = 0.083 Ñì- Ïðîâîäèìîñòü ïðÿìîé ïåðåäà÷è ( êðóòèçíà òðàíçèñòîðà).


� EMBED Equation.2  ��� = 2.1å-14 Ô- Âõîäíàÿ åìêîñòü òðàíçèñòîðà .


� EMBED Equation.2  ��� = 6.8 å-11 Ô -Âûõîäíàÿ åìêîñòü òðàíçèñòîðà.


� EMBED Equation.2  ��� =  5.466 å-6 Ñì  -  Ïðîâîäèìîñòü îáðàòíîé ïåðåäà÷è.





� EMBED Equation.2  ��� = 1.909å3 Ñì- Âõîäíàÿ ïðîâîäèìîñòü ïåðâîãî êàñêàäà.











Çàäàííûé êîýôôèöèåíò óñèëåíèÿ îáåñïå÷èâàåòñÿ ïðè ñîïðîòèâëåíèè êîëëåêòîðà:





� EMBED Equation.2  ���= 164.191 Îì





Ðàñ÷åò ýëåìåíòîâ ïî çàäàííûì èñêàæåíèÿì â îáëàñòè íèæíèõ ÷àñòîò.





� EMBED Equation.2  ��� = 1.362å-8å-8 Ô;- åìêîñòü ðàçäåëèòåëüíîãî êîíäåíñàòîðà.


Rý = � EMBED Equation.2  ��� =1.247å3 Îì;


� EMBED Equation.2  ���=3.33Â - Íàïðÿæåíèå íà ýìèòòåðå.


Rô=(Åï - Uêý)/Iêý - Rê - Rý = 459.2  Îì;- ñîïðîòèâëåíèå RC - ôèëüòðà â êîëëåêòîðíîé öåïè.





Ïðèìåíåíèå Í.×. - êîððåêöèè ïîçâîëÿåò èñïîëüçîâàòü ðàçäåëèòåëüíûé êîíäåíñàòîð ìåíüøåé åìêîñòè.


� EMBED Equation.2  ���= 3.58å-8 Ô;- ñêîððåêòèðîâàííîå çíà÷åíèå ðàçäåëèòåëüíîãî êîíäåíñàòîðà.


� EMBED Equation.2  ���= 1.5å-8 Ô; -  åìêîñòü ôèëüòðà â öåïè êîëëåêòîðà.


� EMBED Equation.2  ��� = 2.98å-7 Ô;- Åìêîñòü ýìèòòåðà.


Ðàñ÷åò öåïè äåëèòåëÿ , îáåñïå÷èâàþùåé çàäàííóþ òåìïåðàòóðíóþ  íåñòàáèëüíîñòü êîëëåêòîðíîãî òîêà.


� EMBED Equation.2  ��� =3.771å-5 À. -òîê äåëèòåëÿ.


� EMBED Equation.2  ��� = 1å5 Îì


� EMBED Equation.2  ���=1.06å5 Îì


Íîìèíàëû ýëåìåíòîâ, ïðèâåäåííûå ê  ñòàíäàðòíîìó ðÿäó.


Íîìèíàëû ýëåìåíòîâ ïåðâîãî êàñêàäà.


Rô=700 Îì;  Rý=1.6å3Îì; Rá1=8.5å4Îì ; Rá2=1å5 Îì; Cð= 1å-8 Ô; Cô= 8å-9Ô; Cý=2å-7Ô; Rê=350 ;


Íîìèíàëû ýëåìåíòîâ âòîðîãî êàñêàäà.


Rô=450 Îì;  Rý=1.3å3Îì; Rá1=1å5Îì ; Rá2=1å5 Îì; Cð= 2.6å-9Ô; Cô= 1.5å-8 Ô; Cý=3å-7Ô; Rê=160 ;





Îöåíêà âõîäíîé öåïè .


Îïðåäåëèì êîýôôèöèåíò ïåðåäà÷è âõîäíîé öåïè â îáëàñòè ñðåäíèõ ÷àñòîò


 è åå âåðõíþþ ãðàíè÷íóþ ÷àñòîòó.


Çàäàäèìñÿ    ( = 0.2 


� EMBED Equation.2  ���=  1.124  -  Êîýôôèöèåíò ïåðåäà÷è âõîäíîé öåïè .


� EMBED Equation.2  ���  = 1.1å7 Ãö





Âåðõíÿÿ ãðàíè÷íàÿ ÷àñòîòà âõîäíîé öåïè çíà÷èòåëüíî áîëüøå


 âåðõíåé òðåáóåìîé ÷àñòîòû   êàæäîãî èç êàñêàäîâ.





Ïðè ìîäåëèðîâàíèè íà ÝÂÌ ó÷èòûâàëîñü âëèÿíèå âõîäíîé öåïè.





Îöåíêà ðåçóëüòàòîâ â ïðîãðàììå  «MICROCAB»


Îöåíêà ïî   ïîñòîÿííîìó òîêó.





� EMBED PBrush  ���








À.×.Õ. óñèëèòåëÿ.





� EMBED PBrush  ���








À.×.Õ. - ïî óðîâíþ -07.





� EMBED PBrush  ���


Ðåàëèçóåìûå ñõåìîé  - âåðõíÿÿ ÷àñòîòà Fâ = 2.3Ìãö , íèæíÿÿ ÷àñòîòà Fí = 50êÃö 


 è êîýôôèöèåíò óñèëåíèÿ  Ê = 44Äá = 158 - ïîëíîñòüþ ñîîòâåòñòâóþò  çàäàííûì 


òðåáîâàíèÿì ïî ïîëîñå  è óñèëåíèþ.
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