
ECE 342: Electronic Circuits 
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Fall 2020 

Posted: Sep. 11 

1. Consider the circuit shown in the figure below. Assume VT=25mV, VIN=lOV, vin=O.lV.

a. Usi11g consta.nt voltage model for the diode with VDo=0.7V, compute diode current,
IDo, and its i11cremental resistance, rd·

b. Sketch increme11tal model and calctuate amplitude of the incremental output voltage,
Voutl, and incremental diode ctrrrent, id1.

c. Recompute incremental diode current, id2 , by including the second order term in the
Taylor series expansion of diode current (you may use Voutl as incremental output
voltage). Recompute new incremental output voltage, Vout2, using the newly calculated
incre1nental diode current, id2 - Calculate error voltage, Ve = Voutl - V0

ut2·

d. Repeat parts (b) and ( c) for Vin = 5V.
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2. Consider a device wl1ose I-V characteristic is shown below:
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a. Find "increme11tal resistance" of the device in all regions of operation.

b. Sketch the i11cremental model of the circuit showi1 below.
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c. Determine the region (A, B, C, or D) in whicl1 the device should be operated to
. . . 

t 1 . A 
Vout 

max1m1ze 1ncremen a gain, v = - . 
Vin

d. Compute tl1e error in incren1e11tal voltage, Vout, (i11 regions A, B and C) if the seco11d
order term is i11cluded in the Taylor series expansion. Explain your answer.
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3. Consider the circuit that t1ses a non-linear voltage controlled ct1rre11t source shown below.

-
-

+ 

Vx 

-
-

,-----_.,--oVouT + Vout

-
-

a. Draw incremental model. Note V T is a constant with units of Volts.

b. Determine i11cremental outpt1t voltage, v011,t, in terms of increme11tal input voltage, Vin,

and circt1it para1neters, GM, R1 and RL.

c. What value of R1 maximizes incremental gain, Av =

a. 
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4. Diodes ca11 be used to generate desired st1pply voltage, V DD, from a battery voltage as
shown below.

Battery Supply generator Load 
--------------, ,-------------------- ,------� , , R1
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The battery is modeled as a DC voltage source, V DC in series with a11other voltage source, 
Vnoise, that models small 11oise in the battery voltage. I1 is the current drawn by the load, 
which could be your iPad. 

a. Assu1ning nominal DC voltage of the battery, VDc = 5V, R1 = 320D, and constant
voltage moclel of the diode with VDo = 0.6V, calculate the DC supply voltage, VDD

under no load condition (i,e. 11 = 0).

b. Calculate perturbations in the supply voltage, vdd, caused by noise in the battery
voltage under no load condition.

c. Repeat parts (a) and (b) when a load is connected to tl1e st1pply, which draws a current
of I1 = 2mA.

d. Repeat parts (a) and (b) when battery discharges to Vnc = 4.5V.
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5. A non-linear device has its outpt1t current, i0 , related to its input voltage, v1, by io
where IT and VT are constant current and voltage, respectively.

a. Write the Taylor series expansion of io at an inpt1t voltage of v1 =vi + V1 .

b. Assumi11g IT =, VT = and V1 =, plot io verst1s vi.

c. Plot the error between the exact i0 and Taylor series approxin1ated i0 verst1s vi .

Solution 

a. The Taylor series expansio11 of exponential is given as

e
x 

= l + x + x2 
+ · · ·

Assuming that V1 is a constant and we write the Taylor series expansion with respect 
to vi (i.e we try to capture the cha11ge of io vs. vi arou11d a fixed V1 biasing), we have 
the following 

Note that Taylor series expansion contains an infinite number of terms. 

·-

x 10 1s 
i0 = 11e<v, + vi)N 

T with VT= 25mV, v
1 

= 1V, 11 = 1A
14---------------------------,,---------

12 
-Direct computation

-Taylor series expansion up to 3rd order
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% Error = (i0 - i0, Taylor)/i0 x 100
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