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EE4902 (2002
- Analog IC Design

Exam 1

This is a closed book test!

Show all your work. Partial credit may be given. If
you think you need something that you can't remember,
write down what you need and what you'd do if you

remembered it.

- Loock for the simple, straightforward way to solve

the problem for the level of accuracy required.

Don't get entangled in unnecessary algebra.

+ You may assume all op-amps to be ideal, except as
otherwise noted.

+ As in real life, some problems may give you more
information than you need. Don't assume that
all information must be used! 1It's vyour job to decide
what's relevant to the solution.

= You have until 12 noon to complete this exam. There are
four problems on a total of 13 pages.



MOSFET LARGE SIGNAL CHARACTERISTICS
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1.

For each circuit configuration, indicate
i) the operating region of the MOSFET: cutoff, triode, active
1) indicate the dopant type (n or p) in the source, body, and drain regions by writing "n"

or "p" in the box in each region on the cross-sectional view of the MOSFET

iii) sketch the distribution of mobile charge (if any) in the channel under the gate, and
indicate if the charge is holes or electrons
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b) Operating Region: @
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2. This problem involves design of a circuit both electrically (choosing the input bias voltage)
and physically (choosing the MOSFET width) to achieve a desired large signal operating
point at the output as well as a specified small signal gain. The circuit is shown in Figure 2a.

You may assume that the substrate (body) terminal is tied to the source terminal. You may
also assume channel length modulation to be negligible (A=0).

Use the following MOSFET parameters for this 2pum process:

Parameter N-channel P-channel Units
v, +1.10 ~1.20 v
Juc,, _ 5.2E-5 1.5E-5 A/v?

a)  Determine MOSFET width W and input bias voltage Vy, to achieve an output DC bias level
of Vour =+2.5V and a small signal gain magnitude Iv_ /v, I=10.
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b)  Using the axes below, sketch the total output v, when v, is a 0.1V peak sine wave. Be
sure to indicate numerical values for any interesting voltage levels (for example, approximate

maximum and minimum values of vg;).
[6]
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¢)  Using the axes below, sketch the total output v, when v,, is a 1V peak sine wave. Be sure
to indicate numerical values for any interesting voltage levels (for example, approximate
maximum and minimum values of v).
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d)  Your design from part (a) is modified by inserting resistor R in series with the source, as
shown in Figure 2b. With the same MOSFET width W, Vs 1s adjusted to a new value
Viias' S0 that the DC operating point at the output remains the same and the MOSFET is still
in the active region. Will the small-signal gain decrease, remain the same, or increase?
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3. In most of the op-amp circuits you've worked with so far, you have probably used dual
power supplies - for example, the +15V and -15V supply rails in most of the labs in EE3204
(Microelectronics II). This is convenient for processing analog signals: since ground-
referenced voltages are located midway between the clipping limits imposed by the supply
rails, the undistorted signal swing is maximized for symmetric signals such as sine waves.

The situation is less pleasant in single-supply systems such as we have been considering in
EE4902. With only a single supply equal to +5V, the clipping limits are approximately 0V
and +5V. Therefore, for maximum signal swing, it's convenient to reference signals to a
voltage at +2.5V, midway between clipping limits at the rails. This problem is concerned
with the relative merits of two circuits which can be used to develop a "half-supply" voltage
midway between the rails.

While a resistive voltage divider might seem attractive, we will see later on in-the course that
(for die area and power consumption reasons) a “MOSFET-only”” approach is better. Two
circuits you are considering are shown as options A and B in Figure 3 on the facing page.
Option A uses two N-channel devices; option B uses an N-channel and a P-channel.

You mlaj/ assume that the substrate (body) terminal is tied to the source terminal. You may
als‘_o assume channel length modulation to be negligible (A=0)

Use the following MOSFET parameters for this 2ium process AT ROOM TEMPERATURE:

Parameter N-channel P-channel Units
V., +1.10 -1.20 vV
lC,, 5.2E-5 1.5E-5 a/v?

a)  In each case, find values for the device widths to meet the following requirements: (10}

Vour=+2.5V AND I, = 100pA
Indicate your design values in the spaces provided underneath each option

b) Now, consider how each circuit behaves in the presence of variations in threshold voltage
due to variations in temperature and fabrication process. Over temperature and process
variations, it is observed that the N-channel threshold voltage V_ can vary in a range from
+0.9V to +1.3V. It is also observed that the P-channel threshold voltage V,, can vary in a
range from -1.05V to -1.35V. 1t is further observed that these variations are independent,
since the N-channel threshold voltage V, and the P-channel threshold voltage v, are
determined by separate processing steps.

In the presence of temperature and supply variations, which circuit will do a better job of
maintaining V. equal to +2.5V? Will A be better, B better, or will there be no difference?

(Circle one below)
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4.- You are attempting to design analog circuitry on a digital IC being fabricated in a CMOS
process with very short gate length (L=0.18um). The I, vs. V plot for a MOSFET in the
active region (measured using the circuit shown in Fig. 4a) is shown below. The charac-
teristic exhibits a "short-channel” effect: due to velocity saturation of carriers in the channel,
the mobility relationship does not hold and the square law equation does not apply for
predicting drain current I;. T
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b)

c)

d)

It is desired to use this MOSFET in a common-source amplifier configuration shown below,
in which the small-signal input rides on a +1.5V DC bias level.

VDD = +3.3V
Rp
IDl Vout {_ZV
|I: 10
- | I» 0.18
Vin
VBlAS +_ =
+1.5V f

Find the DC drain current I; at this operating point. Indicate the operating point on the -V
plot.

: _ 4
L= 12mA FROM GRAPH [4]
Determine the transconductance g_ at this operating point. 8]
A5 .2
_15mA/V = SLOPE RM GRAPH
En " ds 300uA
USE DEGINITON afgy OV

Determine the value of R, for an output DCbias level of +2.0V (4]

l N DROP ACROSS Rp [3V
_ 1.6 a3y - 2v) (1. ™
R,=1-0& kb (33V-2v) @%‘,"‘&QD RO T A

D
Determine the small signal gain a, = v, /v,, of the circuit with your value of R,. You may
ignore channel length modulation. (4]

a=—16Z  -gu.Rs :C,s%_AXrog (S0) = -
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