Op Amps, Prof. Mack Grady, Baylor University, Nov. 6, 2013

Op Amps TLE2072 AND TLE2072A
D, JG, OR P PACKAGE
I (TOP VIEW)
Vo —>|_
10UT [] 1 Yo lVee+
Vout

Ly 1IN-[] 2 7[] 20uUT
Vi /g 1IN+ ] 3 s 2IN-
Vee- [l 4 5[] 2IN+

Assumptions for ideal op amp

* Vout=K(Vy—V_), K large (hundreds of thousands, or one million).
o I_|_ =]_=0.

e Voltages are with respect to power supply ground.
e Output current is not limited.
Buffer Amplifier (converts high impedance signal to low impedance signal)

Vour = K(Vm - Vout) ,80 Vour + KVoyy = KV, 80

K . .
Vout Vout A+ K) =KV, , 50 Viyur =Vin ‘K Since K is

large, then |V, =V |

Inverting Amplifier (used for proportional control signal)

R¢ %
— Vot =KO—=V_)=-KV_,s0 V_ =—--2%L
Rip K
Vi — AN -V _
n Y KCL at the — node is V- =Vin + V- =Vou =0.
out R;, Rf
Eliminating V_ yields
_ Vout _ _ Vout _ .
n ou
= K + =0, s0
R;, Ry
, — : R
—Vout 1 + : + 1 = Vin . For large K, then M:V’—",so Vout =—V,-n—f.
KR, KR; Ry i Ry in Rip
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Inverting Difference (used for error signal)

R R %
Va —A\M Vout =K(V+—V_)=K(7b—V_j SO
B Vo Vour
Vour V==
+
R _ _
v KCL at the — node is V-V + V- =Vour =0, so
b R R
g V,+V
R VoV, +V_ =V, =0, yielding V_ :“Tom,

= Eliminating V_ yields

Vy V,+V, V v, =V, K Vv, —V.
Vout :K(T_GTOWJ’ SO Vout +KOTWZK(TGJ, or Vout(l"'?j:K(—z a]'

For large K, then |V,,; = —(Va - Vb).

Inverting Sum (used to sum proportional and integral control signals)
R

R W V Vour =KO0—=V_)==KV_,s0 V_ =
Va —A\N _

B Vout .
K

R Vout KCL at the — node is
Vp —+
Ve Vo=V Ve Vo =0, s0
R R R
1 V_ =V, +Vy+Vu-

o : -V -
Substituting for V_ yields 3(70’”} =V, +Vy+Vou»50 Vour (?3 - lj =V, +V.

Thus, for large K, [V, = —(Va + Vb)
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Inverting Integrator (used for integral control signal)

C Vour =KV, =V_)=K(0-V_),so
Rj —| |—
. V
Vin —\— V_ =-—-% KCL at the — node is
vou‘[ K
V_ -V, d
—=+C—\V_-V =0.
Ri dt( Out)
= _Vout_V'
Eliminating V_ yields K—m+C 4 ﬁ—lf =0. For large K
- R; dat\ K out ' ’
d V. d -V -1
-c—v,, =" o —V,  =—" SolV,, =——|V,,dt.
dt out Ri dt out RiC out RiCJ. in

Lower R; or C to increase integrator response.

Inverting Differentiator

v
R Vour =KV, =V_)=K(0-V_), so V_:—"?’”.
¢ KCL at th dei
at the — node is
Vin —| }—~
Vout
V-"Vou , ci(V_ ~V;,)=0. Eliminating V_
Rf dt
- yields
—Vout
—Vour V
= -V,
K—+Ci(—0m—lfmj=0. For large K, we have —0”’+Ci(—Vl-n):0, SO
Rf dt K Rf dt

dv;

n

dt

Vour =—RC Raise Ry or C to increase differentiator response.
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Bandpass Filter

Ct

[ |

N .

Rf H(w)=-RsC; — /2

m 1+ joR,C)(1+ joR Cyr)

Ri G
Vin AN % % -
~ Vout
_l’_
Butterworth Low-Pass
Ci
| 1
! H(w) = RiRy GGy
p s% +2as + a)o2
R +R 2 1
L SR vl K v weres
Vin —W-——\W\\— 2R Ry Cy 1R GGy
2
= 2 (R Re)y’Cy
4R R,Cy
C
Place the demonimator’s breakpoint at g . Let|R; = Ry |, which leads to |¢ = Fz . Itis clear
1

that underdamped response requires Cy < Cj. Substituting R; = R, into the equation for o

yields |[R] = Ry =

1

a)01/C1C2 .

If we want f, =10kHz, then w, =27 ¢10kHz . Selecting C; =0.01 pF and Cp = 0.001 pF,
then R| = Ry should be approximately 5 kQ (use parallel 10 kQ resistors). The corresponding

¢

2 =0.316|
\ G
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