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In the op-amp shown on the following page the transistors have the following properties:

Vu=0.7V, Viy=-0.8V, 1,Coxl160pA/V?, 1,Cox=40uA/V?, [V4|=10V (both NMOS and
PMOS), Vpp=Vss=2.5V. The Current source Irgr 1s 90 uA.

The Transistor widths and lengths are as follows (all dimensions in um):

Transistor: Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8
W/L 20/0.8 20/0.8 5/0.8  40/0.8 10/0.8 10/0.8 40/0.8 40/0.8

1) Calculate the overall gain of this amplifier. (Hint: all of the transistors are operated at
the same V., which is 0.3 V. Some useful formulas for transistors are gn=2Ip/Vov and
1= Val/|lp.

2) If the op-amp is connected as a unity gain follower, what is the maximum useful range
of the input (i.e. what is the headroom?)

3) If this amplifier is Miller compensated as shown with Cc=5pF, what is the
approximate location of the dominant pole in the amplifier transfer function? Ignore any
parasitic device capacitances.

4) What is the resulting slew rate of the amplifier?

5) It is well known that amplifiers of this type are not compensated well by a simple
Miller capacitor due to the presence of a right half plane zero in the transfer function (the
“feed forward zero”). One way to correct this is to eliminate the feed forward current by
connecting the output node to Cc through a source follower (see the inset in the figure). If
this is done, and the source follower is also operated at a Vo of 0.3 Volts, what is the
resulting useful operating range of the amplifier when operated as a unity gain follower?




PhD Preliminary Written Exam Problem 4 Page2of 2
Fall 2013 Analog and Digital Electronics

+¥Vpp

QSE'L 4] O — [ 0, Fe-.w/éubk /ay/«' 74\“’ Ti I

Voo

/! |
@A, v %¢
—i["0 0 De Ce
i 4
2 CC —o0 Y, )
D, {

————». /v =

IREF ¢

"
-Vss

¢ — N A‘S.Su.wu s?Mﬂ\-c 6‘.:\1\& MOSFE7

Carrest? Souwurce

[—”\ & F‘a//aw"-ﬁ




