ELG4135: DGD on Op Amp Circuit
Q1 (10.22): Fourth Edition

Consider the 741 input stage as modeled in Fig. 10.6, with two additional npn diode-
connected transistors, Qi, and Q,,, connected between the present npn and pnp
devices, one per side. Convince yourself that the additional devices will each be
biased at the same current as Q; to Qs—that is, 9.5 pA. What does Rijq become? What
does Gy,1 become? What is the value of Ros now? What is the output resistance of the
first stage, R,;? What is the new open-circuit voltage gain, Gy, Ro1? Compare these
values to the original ones.

Solution:

Series connection of devices assures the same bias currents
R, =(B+1)(6r,)
r, = Vr =2.63KQ

9.5uA

R, =3.17MQ

i, =i =2,
6r,
G, =t o2 o gy
v, 6r, 3r

Ro4 zro(1+gnz(RE rx))

&= )

R, =2r, =526KQ

r,=(B,+1r, =134KQ
Thus R, =15.4MQ

R ¢ =18.2MQ (from text)
R, =R, ,|R,s=8.34MQ
G, R, =127x8.34=1059V/V

See gain decreases due to negative feedback.



Q2 (D10.23)

What relatively simple change can be made to the mirror load of stage 1 to increase
its output resistance, say by a factor of two?

Solution:

Ro = r06(1+ gmé(RZ rxé))
-need to double the second factor
Sincer  >> R,

R06 = rg(,(1+gm6R2)

ThuS 1+ g,,,6R2 '= 2(1 + gm6R2)

-1 r-ix
2.63KQ

= R,'=4.63KQ

gm6

Q3 (10.26)

Through a processing imperfection, the B of Q4 in Fig. 10.1 is reduced to 25, while
the B of Q; remains at its regular value of 50. Find the input offset voltage that this
mismatch introduces. (Hint: Follow the general procedure outlined in Example 10.1.)

Solution:

Current in the collector of ¢3; remains unchanged at 9.5uA
Thus/,, =1,, = 2—39.5;&4 =9.69u4

25
ley =515y =9317p

= Al =9.5-9317=0.183u4

VzM

= = 2T = 2(2.63KQ)(0.1834) = 0.96mV
ml



Q4 (10.31)

Consider a variation on the design of the 741 second stage in which Rg = 50 Q. What
Riz and G, correspond?

Solution:

R, =(f+ 1)[7"316 + Rn7||R9]

roe =1.54KQ

r; =45.50

R,; =201(45.5+50) =19.2KQ

= R,, =201(1.54+19.2[50)KQ = 3.1MQ

R. IR
Vpi7 = ¢VIZ =0.9v,
Tae + Ri17||R9
a
i, =—0.9v,
17 4R, i
=0 g gy
45.5+50
Q5 (10.32)

In the analysis of the 741 second stage, note that R,; is affected most strongly by the
low value of R,;35. Consider the effect of placing appropriate resistors in the emitters
of Q12, Qi3a, and Qi3 on this value. What resistor in the emitter of Q35 would be
required to make R, 35 equal to Ro;17 and thus Ry, half as great? What resistors in each
of the other emitters would be required?

Solution:

R,;; =787TKQ

Icy3p = 55004

Csp = 22mA/ V315 = (B+1)/g, =2.32KQ
50

r, =——— =90.9KQ)
5504

R013B = ro (1 + gm (RE
= R,[2.32) =0.348

r)) =90.9[1+ 22(R, [2.32)] = 787

and L =244 orR,=0.410KQ =410

E

Current R _ 55044 = R,, =309Q
R,  730ud

R
et = % = Ry, =1.25KQ
E



