Lecture 230 — 741 Frequency Response (2/25/02) Page 230-1

LECTURE 230 - 741 FREQUENCY RESPONSE
(READING: GHLM —537-544)

Objective
The objective of this presentation is:
1.) llustrate the frequency analysis of acomplex amplifier
2.) Examine both dominant and non-dominant poles
Outline
» Analysisof the high frequency response
» -3dB frequency
o Slew rate
e Summary
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HIGH FREQUENCY RESPONSE OF THE 741 OP AMP
Simplified Schematic of the 741 Op Amp with Idealized Biasing
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AC Schematic of the High-Frequency Gain Path of the 741

L L 4 L Fig. 230-01

AC Cdculations:

=47Q
27MQ 57MQ 9 1MQ Vout
5. 4kQ 6.8MQ 147Q 83kQ

Fig. 220-08
Rpl =Ry =6.8MQ, Rg=50kQ, Rg=100Q, and sz =ro13B
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Calculation of the —3dB Frequency
Use the open-circuit time constant approach on Ce.

G[TI'JVi ROC

Fig. 230-02

Vap
Ric = roallRpallRiz:  roa = |C4 =5.26MQ, Ri2=rme* (BN +1)(Rol||Req1)= 5.72MQ
[ R = 5.26MQ[|6.8MQ||5.72MQ = 1.95MQ

Roc = ro177lIr 0138

ro17=Van/lc17 =130V/550pA =236.4kQ, ro177= ro17(1+9m17Rg) = 732.3kQ
No13B = VAp/| C13B-— 5OV/55OHA = 90.9kQ

[ Ry = 732.3kQ[|90.9kQ = 80.8KQ
Gire = 6.39MA/NV
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Calculation of the —3dB Fregquency - Continued
Using the previous results of the open-circuit time constant gives,

Reo = Ric + Roc + GmeRicRoc = [1.95+0.0808 + (6.39)(80.8)(1950)]MQ = 1.007x109Q

1
[ TR, =30pF-1.007x109Q = 0.0302seconds 1 f.agg = m =5.27Hz

An alternate approach:
Use Miller’ stheorem to reflect C to the input of the Darlington second stage.

Ceq = (1+Ayp) Cc=545Cc=164nF R gad1 = Ric = 1.95MQ

fdom = 27TR|_oad1Ceq =497 Hz

GB = A/1AVfdom = (565)(544.3)(4.97Hz) = 1.53MHz
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Nondominant Poles of the 741

Many of the nondominant poles are difficult to calculate, however the following isan
example one that isrelatively easy. Consider the pole caused by C;4 in the circuit shown.

" Fig.230-03 =— =
We will ignore the frequency of Q2 because it is npn and has a much higher fy.

From previous work we calculated that gmp = gy = 0.46mA/V. Assuming that Cje =
0.6pF and 1= = 25nsfor the lateral pnp gives,

Cos = TrQma = 25x10-9-0.46x10-3 = 10.75pF [ Qyy = Cpy + Cje = 11.35pF
The open-circuit time resistance seen from C,4 is

1 1
R4 = 20m 1087Q [ Nondominant pole = 21CaRos — 12.9MHz
T4 M1
(Computer results show a pole at —<15MHz)
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Nondominant Poles— Continued
Another pole exists at the output of the second stage.

szI Ce [ RCO_i%ROC

Fig. 230-04

We have calculated previoudy that R, = 80.8kQ.
Thevalue of Cy, is approximately, Cjcpz + Ces17 = 1pF

1
Another nondominant pole = m =1.97MHz

(Thisisthe second pole of Millers compensation)
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Slew Ratefor the 741 Op Amp
The current available to charge and discharge the compensation capacitor C;is2lcy =
19pA. Thereforethe dew rateis

2lcs  2(9.5pA)
R= C. - 30pF =0.64V/uS
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SUMMARY
» The —3dB frequency of acomplex amplifier is reasonably easy to calculate
 Calculation of higher-order polesis more difficult
» Sew ratefor the 741 op amp is dightly less than 1V/ps
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