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1. Question 1: 35points

a As you are perusing your old 2C notes you come across the op-amp RC integrator.You
wonder what would happen if you replace the resistor with a MOSFET biased in the
linear region as shown in figure 1. NOTE: Linear does not mean you can ignore the V2
dependency, please use the full linear equation for the entire problem.
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Figure 1: Circuit for Question 1

(a) (10 points) Derive an expression for the output voltage V. as a function of V,
and V,
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You notice however when Vj, is large that the circuit exhibits non-linear behavior
due to the V7, term. You share this with your ECE 137A professor who shows you
the circuit in in figure a where all the transistors are identical and biased to be
operating in the linear region and says that this should solve all your problems.
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Al transistors are identically sized and equal to W/L

Figure 2: Improved Circuit for Question 1

(b) (10 points) Derive expressions for the currents I, Iy, Is, Iy and I, is there a rela-
tionship between them?
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(c) (5 points) Qualitatively explain how circuit works and why it solves the issnes with
the V term
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(d) (10 points) Derive an expression for the output voltage V,,, as a function of V;, V,
and V,

dveut

Te =7C =%

= kn(%) (VA"VIZ)V:V‘

d\!ourf = ~—<‘; kn(%)(\/p,- V@Vl\n dt.
<

( Vout ':"f “CL kn[%) (Va ~ \/‘gBVCnA\‘Cl

Page 4 of 10



ECE 137A Midterm Exam (Continued) February 13, 2009

2. Question 2: 30points

Transistors, especially BJT’s are highly nonlinear devices. However, one can exploit this
non-linearity to design new computational circuits. One useful embodiment of this is
shown in figure 3

Figure 3: Circuit for Question 2a

(a) (15 points) What function does this circuit implement i.e. derive Loyt in terms of
I, I, and I,
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Figure 4: Circuit, for Question 2b

We now set I, = ( and connect a

as shown in figure 4 and tak
the function changes,

(b) (15 points) If diode connect transistor at the
emitter of 3,

e the output out of the collector of 3
what would thig function be?

Vit Va2 — Vg -V¢ =0

=> vV, +V, = \/3-’- \/4.,.

=> %%(%%) - %’%(Imnlawf

Ik T

Tx 17 = Iawl’a

\ Tout =mj

Page 6 of 10

February 13, 2009



ECE 137A Midterm Exam (Continued) February 13, 2009

3. Question 3: 35points

The cascode is useful technique that vou will learn later, in this problem you will learn
how to optimally bias the cascode. As supply voltages shrink every small bit counts so
we generally would like to bias our MOS devices at the edge of saturation i.e.

For an NMOS device V,, = Vas — Vin

Now Vs — V},, keeps appearing everywhere so circuit designers have developed a short-
hand for it and some call it V,;; for the effective voltage that drives the transistor. If two
transistor are place in series, as shown in figure 5, then the minimum gate voltage that
they both can posses while having them both in saturation can be derived as follows.
Both transistors carry the same current therefore they must have the same gate source
voltages the minimum Vj, for the bottom transistor is V, 7f> therefore the gate voltage
of the top device needs to offset by a Very resulting in Vi, + 2V, as shown in figure 5.
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Figure 5: Circuit for Question 3a

(a) (5 points) Design the resistor R such that you can generate this bias, you need to
only come up with an equation
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Figure 6: Circuit for Question 3b

(b) (5 points) Now consider the circuit in figure 6, this gives the same voltage generated
in part a, What region are M3 & M4 operating? why?
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(¢) (25 points) Size M3 and M4 such that the right voltage is generated.(Hint: W/L

of all transistors are related).
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