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Óñèëåíèå ýëåêòðè÷åñêèõ ñèãíàëîâ

Êëàññè�èêàöèÿ:

• Ïîñòîÿííîãî òîêà (íàïðÿæåíèÿ).

• Ïåðåìåííîãî òîêà (íàïðÿæåíèÿ).

• Óçêîïîëîñíûå.

• Øèðîêîïîëîñíûå.

• Èìïóëüñíûå.

• Îïåðàöèîííûå.

• Ñâåðõâûñîêî÷àñòîòíûå.
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Ýòî ñîîòâåòñòâóåò ýêâèâàëåíòíûì ñõåìàì:
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Óñèëèòåëü ïåðåìåííîãî íàïðÿæåíèÿ íà ñîïðîòèâëåíèÿõ
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Ýêâèâàëåíòíàÿ ñõåìà
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Ïåðåõîäíàÿ õàðàêòåðèñòèêà óñèëèòåëÿ
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Âðåìÿ τ1 îïðåäåëÿåò áûñòðîäåéñòâèå.

Ýòî âàæíî â ðàäèîëîêàöèè (cτ1 � ýêâèâàëåíòíàÿ äëèíà), â
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Òåõíîëîãèÿ �ëýø-ïàìÿòè

Ïîëåâîé òðàíçèñòîð ñ äâóìÿ èçîëèðîâàííûìè çàòâîðàìè:

óïðàâëÿþùèì (ontrol) è ïëàâàþùèì (�oating).
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Ïîëîæèòåëüíîå ïîëå íà

óïðàâëÿþùåì çàòâîðå ñî-

çäàåò êàíàë äëÿ ýëåêòðîíîâ.

Íåêîòîðûå èç ýëåêòðîíîâ

ïîïàäàþò íà ïëàâàþùèé

çàòâîð, ãäå ìîãóò õðàíèòüñÿ

íåñêîëüêèõ ëåò.

Îïðåäåëåííûé äèàïàçîí çàðÿäà íà ïëàâàþùåì çàòâîðå åñòü �1�,

à âñå, ÷òî áîëüøå åãî, � �0�. Ïðè ÷òåíèè ðàñïîçíàþòñÿ ïî

ïîðîãîâîìó íàïðÿæåíèþ òðàíçèñòîðà. Äëÿ ñòèðàíèÿ

èí�îðìàöèè íà óïðàâëÿþùèé çàòâîð ïîäàåòñÿ âûñîêîå

îòðèöàòåëüíîå íàïðÿæåíèå, è ýëåêòðîíû ñ ïëàâàþùåãî çàòâîðà

òóííåëèðóþò íà èñòîê. ×èñëî öèêëîâ ÷òåíèÿ/çàïèñè � îò 105

äî íåñêîëüêèõ ìèëëèîíîâ. Äâà òèïà àðõèòåêòóðû NOR (BIOS,

RAM) è NAND (�ëýø-ïàìÿòü).
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Îáðàòíûå ñâÿçè â óñèëèòåëÿõ
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(à) � ïîëîæèòåëüíàÿ îáðàòíàÿ ñâÿçü,
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−1

β(Ω)
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Èñòîêîâûé (ýìèòåðíûé, êàòîäíûé) ïîâòîðèòåëü

Åùå îäèí ïðèìåð óñòðîéñòâà ñ îáðàòíîé ñâÿçüþ

PSfrag replaements

U

ã

U=

R

ã

U

âûõ

R
âõ

R

í

a

b

R

ã

≪ R

âõ

⇒ ∆Uab ≃ U
ã

, R

âõ

≫ R

í

,

∆U

ÇÈ

= ∆U

ab

− R

í

∆I

ÑÈ

= ∆Uab − R

í

S∆U

ÇÈ



Ñ. Ï. Âÿò÷àíèí, �àäèî�èçèêà. Òðàíçèñòîðû. Óñèëèòåëè. Ëåêöèÿ 5. 26

R
ã

≪ R

âõ

⇒ ∆Uab ≃ U

ã

, R

âõ

≫ R

í

,

∆U

ÇÈ

= ∆U

ab

− R

í

∆I

ÑÈ

= ∆Uab − R

í

S∆U

ÇÈ

,

∆U

ÇÈ

=
∆U

ab

1+ R
í

S
,

∆U

âûõ

= R

í

I

CÈ

= R

í

S∆U

ÇÈ

= ∆Uab
R

í

S

1+ R

í

S
≃ ∆Uab,

KU =
∆U

âûõ

∆U

âõ

≃
R

í

S

1+R
í

S
≤ 1,

KI =
∆I

âûõ

∆I

âõ

= KU

R
âõ

R

í

≫ 1

Óñòðîéñòâî äëÿ ñîãëàñîâàíèÿ ñîïðîòèâëåíèé.
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Îïåðàöèîííûé óñèëèòåëü

Ýòî ìèêðîñõåìà, ñîäåðæàùàÿ íåñêîëüêî êàñêàäîâ óñèëèòåëåé

(äåñÿòêè òðàíçèñòîðîâ):

• Çàâèñèìîñòü êîý��èöèåíòà óñèëåíèÿ îò ÷àñòîòû:

K

îó

(ω) =
K

îó

(0)

1+ iω/ω

â

=
K

îó

(0)

1+ iK

îó

(0)f/f1
, (10)

ãäå ω

â

� âåðõíÿÿ ÷àñòîòà, f1 = (ω

â

/2π)K

îó

(0) � ÷àñòîòà

�åäèíè÷íîãî óñèëåíèÿ�.

K

îó

(0) = 104 . . . 107, f1 ≃ 106 . . . 109 �ö

• Áîëüøîå âõîäíîå ñîïðîòèâëåíèå R
âõ

≃ 106 . . . 1012Îì

• Ìàëîå âûõîäíîå ñîïðîòèâëåíèå R

âûõ

≃ 1 . . . 103Îì

• Îïåðàöèîííûé óñèëèòåëü íå èñïîëüçóåòñÿ áåç öåïî÷êè

îáðàòíîé ñâÿçè.
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Èíâåðòèðóþùèé óñèëèòåëü: K < 0PSfrag replaements
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Êîý��èöèåíò óñèëåíèÿ Kβ:

Kβ =
U

âûõ
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âõ

= −
Z2

Z1 + Z2

/(

1

K
+

Z1

Z1 + Z2

)

,

Kβ ≃ −
Z2

Z1

ïðè K → ∞.

Çíàê Kβ îòðèöàòåëüíûé � èíâåðòèðóþùèé óñèëèòåëü.

Ìàíèïóëèðóÿ ÷àñòîòíûìè çàâèñèìîñòÿìè Z1(ω) è Z2(ω)

ìîæíî ïîëó÷àòü íóæíûå âåëè÷èíû êîý��èöèåíòà óñèëåíèÿ è

ðàáî÷åé ïîëîñû óñèëèòåëÿ.
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Íåèíâåðòèðóþùèé óñèëèòåëü: K > 0
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Êîý��èöèåíò óñèëåíèÿ Kβ
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, ïðè K → ∞.

Çíàê Kβ ïîëîæèòåëüíûé � íåèíâåðòèðóþùèé óñèëèòåëü.
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Ñóììàòîð
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Âçâåøåííàÿ ñóììà îò âõîäíûõ íàïðÿæåíèé.

Î÷åâèäíî îáîáùåíèå: U

âûõ

≃ −Z0

∑
n
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Âõîäíîå ñîïðîòèâëåíèå â óñèëèòåëå ñ ÎÑ
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Âûõîäíîå ñîïðîòèâëåíèå â óñèëèòåëå ñ ÎÑ
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Ïàðàìåòðè÷åñêèé óñèëèòåëü
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Îäíîêîíòóðíûé ïàðàìåòðè÷åñêèé óñèëèòåëü
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Âûðàæàåì I ÷åðåç q (13) è äè��åðåíöèðåì (13, 14):
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Íåò ìîäóëÿöèè åìêîñòè (m = 0):

2ω0U
+
0

ρ
=

ωq0

ρC
⇒ q0 = 2U+

0 C

U− = U+
0 sin(ω0t +ω0z/c).
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Àìïëèòóäà îòðàæåííîé âîëíû ìåíüøå àìïëèòóäû ïàäàþùåé.
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Àìïëèòóäà îòðàæåííîé âîëíû áîëüøå àìïëèòóäû ïàäàþùåé.
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Êâàíòîâûé îñöèëëÿòîð è ñæàòûå ñîñòîÿíèÿ

Êîãðåíòíûå ñîñòîÿíèÿ

Íàéäåì ýíåðãèþ îñíîâíîãî ñîñòîÿíèÿ êâàíòîâîãî îñöèëëÿòîðà:
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h̄ω

2
, ïðè îïòèìàëüíîì ∆x0 =

√

h̄

2mω

Ïðè äåéñòâèè êëàññè÷åñêîé ñèëû íà îñöèëëÿòîð â îñíîâíîì

ñîñòîÿíèè ñðåäíÿÿ êîîðäèíàòà äâèãàåòñÿ ïî êëàññè÷åñêîé

òðàåêòîðèè, à íåîïðåäåëåííîñòü êîîðäèíàòû îñòàåòñÿ ∆x0.
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Êîãåðåíòíûå ñîñòîÿíèÿ
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Ñæàòûé âàêóóì
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Ñæàòûå ñîñòîÿíèÿ
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Äîñòèãíóòî â îïòèêå (Kimble, Polzik):

∆x20
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≃ 3

Ñõåìà ýêñïåðèìåíòà (íåëèíåéíûé êðèñòàëë: ǫ = ǫ+ χ(2)E
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