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Problem 1: The nonlinear resistor inside the three-terminal device shown below is char-
acterized by the equations:

vB = riA iB ≥
r

RB

iA Region I

iB =
vB

RB

vB ≤ riA Region II

These equations trace the following curves in the vB-iB plane for iA1 > iA2 > 0:



The three-terminal resistor is placed inside the circuit shown below:

(A) Find an algebraic equation for the vB-iB constraint imposed by the external circuit and
graph this load line in the vB-iB plane. Mark the points corresponding to solutions of
the circuit.

vB + ROUT iB = VSS
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(B) Find an algebraic expression for the vIN -vOUT relation in each region. Find the small-
signal gain vout

vin
for each region using these expressions assuming all the necessary large-

signal values.

Region I:

vOUT = VSS −
r

RA

vIN

Small-signal gain vout

vin
:

− r

RA

Region II:

vOUT =
ROUT

ROUT + RB

VSS

Small-signal gain vout

vin
:

0

(C) Find the range of vIN for which the circuit is operating in each region independently
and verify that the regions complement each other.

Region I:

vIN ≤
RA

r

RB

ROUT + RB

VSS

Region II:

vIN ≥
RA

r

RB

ROUT + RB

VSS

(D) Find the value of vOUT at each transition between regions of operation independently
and verify that the values of vOUT are the same.

vOUT =
ROUT

ROUT + RB

VSS
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(E) Plot the vIN -vOUT relation showing clearly all transition values, any intercepts and/or
any asymptotes.

(F) Draw the small-signal circuit diagram for each region and find the small-signal gain.
Verify that each gain is the same as the one found before. Remember that all elements
in the small-signal circuit must be linear.

Region I:

vout = − r

RA

vin

4



Region II:

vout = 0
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Problem 2: The nonlinear resistor inside the circuit shown below is characterized by the
equations:

iQ = α(vQ − V1)
2 + I1 vQ ≥ V1 Region I

iQ = I1 sin
(π

2

vQ

V1

)
−V1 ≤vQ ≤ V1 Region II

iQ = −I1 vQ ≤ −V1 Region III

These equations trace the following curve in the vQ-iQ plane:
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(A) Find an algebraic equation for the vQ-iQ constraint imposed by the external circuit and
graph these load lines in the vQ-iQ plane for vIN > 0 and vIN < 0. Mark the points
corresponding to solutions of the circuit.

vIN = RIN iQ + vOUT

(B) Find an algebraic expression for the vIN -vOUT relation in each region. Do not solve the
equations for vOUT (for some regions, you can’t!). Find the small-signal gain vout

vin
for each

region using these expressions assuming all the necessary large-signal values. Remember

that vout

vin
=

[
vin

vout

]−1

, but dvOUT

dvIN
6=

[
dvIN

dvOUT

]−1

!

Region I:

vIN = RINα(vOUT − V1)
2 + RINI1 + vOUT

Small-signal gain vout

vin
:

1

1 + 2RINα(VOUT − V1)
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Region II:

vIN = RINI1 sin
(π

2

vOUT

V1

)
+ vOUT

Small-signal gain vout

vin
:

1

1 + π
2
RIN

I1
V1

cos
(

π
2

vOUT

V1

)
Region I:

vIN = −RINI1 + vOUT

Small-signal gain vout

vin
:

1

(C) Draw the small-signal circuit diagram for each region and find the small-signal gain.
Verify that each gain is the same as the one found before. Remember that all elements
in the small-signal circuit must be linear.

Region I:

rQ =
1

2α(VOUT − V1)

vout =
1

1 + 2RINα(VOUT − V1)
vin
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Region II:

rQ =
1

π
2

I1
V1

cos
(

π
2

vOUT

V1

)
vout =

1

1 + π
2
RIN

I1
V1

cos
(

π
2

vOUT

V1

)vin

Region III:

vout = vin
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