Capitolul 6
Amplificatoare operationale.

Structuri interne



6.1. Introducere




6.1. Introducere

Un AO prezinta:
- intrare diferentiala si iesire simpla

- capacitatea de a rejecta semnalele parazite



6.1. Introducere

AQ ideal

* impedanta de intrare infinita

* impedanta de 1esire nula

 amplificare in tensiune infinita

* banda de frecventa infinita (raspuns instantaneu) — slew rate infinit
e tensiune de iesire nula pentru tensiune de intrare nula

e diferenta de potential nula intre cele doua intrari

e curenti nuli de intrare

AQ real:

e impedanta de intrare foarte mare
* impedanta de iesire mica
e amplificare in tensiune foarte mare



6.2. Structuri interne de amplificatoare operationale




Amplificatoare operationale in tehnologie bipolara



6.2.1. Amplificator operational cu 2 etaje de amplificare
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6.2.2. Amplificator operational cu 3 etaje de amplificare
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Regim static

Vec =Rylea =Ves _, 4
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Regim dinamic (analiza de mod diferential)

Semicircuitul de mod diferential (etajul I)

R/ 3 Addl=_gm1(R1//r7[3//r01)

Semicircuitul de mod diferential (etajul al I1-lea)

R3 _ 1
vo Aga 11 =~8m3(R3 //"03)5

Vi Q3

Etajul al IIl1-lea
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Regim dinamic (analiza de mod comun)

Semicircuitul de mod comun (etajul I)

A - B(R; // Ry>)
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rz1+(B+1)2Rp;
Riy=ry3+(B+1)2R4
R
Rop ="05[1+ ARir j
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6.2.3. Amplificator operational cu 4 etaje de amplificare
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Regim static

2Vee —VBE
Icpo= R, =Ici3=Iciy=Icis=1Ici6 =Ico=Ics=1c7 =1
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Amplificarea primului etaj
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Amplificarea etajului al II-lea

Agatr = 8m3 o 11104 11157)

Amplificarea etajului al II1-lea

I'o16
tri0 + (B+1R;

2g Agarr =—8m7 ro7 o161/ BRy)
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Amplificarea etajului al I'V-lea




Rezistenta de intrare de mod diferential
R;; =21y
Domeniul maxim al tensiunii de intrare de mod comun
min

Vic' =—Vec +VBe1 Y VeE18sat
max
Vic" =Vee —Rilci —VeEisat Y VBEI
Excursia maxima a tensiunii de iesire
max ° .
Vo™ =min(Vee = /Veg 16sat - Vee10s Ic16BR1)

min
Vo =-VYecc+Vcee7sar +!VBEIL!



Amplificatoare operationale clasice in tehnologie CMOS



6.2.4. Amplificator operational cu un etaj de amplificare
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vo =(ips—ips)Ro =8gm1(v2—-v1)Ro

Ro =r1456 / 1gs5 =Tgs5/ 2
1

VYo = ng(VZ _VI)RO = EgmlrdSS(VZ — VI)

1

1 | K
a=—-8mi"ds5 ) E

2



6.2.5. Amplificator operational cu 2 etaje de amplificare (1)
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Regim static

Rlp+Vgss =Vpp | RK .
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Ips=Ips=Ip;=Ipg=1I¢p

Ipy=Ip,=Ip3=Ipy=1Ip;/12=19/2
Regim dinamic
Amplificarea circuitului
a= gml(rdSZ // rds4)gm5 (rds5 // rds6)

Domeniul maxim al tensiunii de intrare de mod comun

max 210

Vic” =Vop —Vses —Vps2sat +Ves2 =Vop —Vses +Vr =Vpp — Ve
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6.2.6. Amplificator operational cu 2 etaje de amplificare (2)
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Regim dinamic

Amplificarea circuitului

1
a=gmi(rasa 1/ 1is8)8m10ras10 // 1a59) = 4 Em1&m10Tds4Tds10

Domeniul maxim al tensiunii de intrare de mod comun
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Vic

Vic" =Ves2 +Vpsidsar = (\5 + l)w/? +Vr



6.2.7. Amplificator operational cu 3 etaje de amplificare

Regim static
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Regim dinamic

Ada1 = 8m2ras3 // ras5)

Add2 =—8m7 (rds6 / rds7)

Aga3 =—8m8ras10 // rasi1)



Amplificatoare operationale cascod in tehnologie CMOS



6.2.8. Amplificator operational cascod cu un etaj de amplificare (1)
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6.2.9. Amplificator operational cascod cu un etaj de amplificare (2)
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Amplificatoare operationale cascoda intoarsa (folded cascod)
in tehnologie CMOS



6.2.10. Amplificator operational cascoda intoarsa (1)
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6.2.11. Amplificator operational cascoda intoarsa (2)
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6.2.12. Amplificator operational cascoda intoarsa (3)
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6.2.12. Amplificator operational cascoda intoarsa (3)
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6.2.12. Amplificator operational cascoda intoarsa (3)

Analiza functionarii sursei de curent pentru tensiuni reduse

vV 1 Tranzistoare identice
02
loi T loi L M4 Ves3a =Vesaa =
not
veadl | vl maa =Ves3=Vgs4 = Vgs =
21
= VT + I?l
M3 | [} M4 27
_ _ 02
V=Vgsia=Vr+

v % \Vg K
Vps3=Vps4=V -Ves >Ves —Vr =V >2Ves - V7

Vpssa =Vgs —(V=Vgg)=2Vgs =V > Vs —Vy =V <Vgg +Vy
Se obtine:

21p; 219, |21p;
Deci: Z(VT K > ) Vp <Vr +\/ o \/ 0L, 2vy
41g;<Ig, si 1/2102 1/2101 <V - conditii de proiectare

Avantaj: V... =Ves (fata de oglinda clasica cascod avand Vy,,i, = 2Vgs)




6.2.12. Amplificator operational cascoda intoarsa (3)

Efectul capacitorului C de compensare Miller

C
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Amplificatoare operationale transconductanta

(operational transconductance amplifiers — OTA)
in tehnologie CMOS



Diferente fata de amplificatorul operational clasic:

- iesire in curent

- este utilizat in mod uzual in bucla deschisa, fara reactie negativa; amplitudinea
tensiunii de iesire este controlata prin intermediul rezistentei de iesire

iour =Gm(vi—v,)
vour =iourRo =GnRo(v;—v,)

\ 4
a= —OUT = GmRO
V=V

Dezavantaje:
- neliniaritatea amplificatorului transconductanta
- dependenta de temperatura a transconductantei echivalente



6.2.13. Amplificator operational transconductanta (1)
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6.2.13. Amplificator operational transconductanta (1) - aplicatie AQ
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6.2.14. Amplificator operational transconductanta (2)

Circuit de extragere a radacinii patrate (I)
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6.2.14. Amplificator operational transconductanta (2)
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6.2.15. Amplificator operational transconductanta (3)
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6.2.16. Amplificator operational transconductanta (4)
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