ECE 342: Electronic Circuits Fall 2020
Problem Set #2 Solutions Posted: Sep. 11

1. Consider the circuit shown in the figure below. Assume V1r=25mV, V=10V, v,,=0.1V.

a. Using constant voltage model for the diode with Vpy=0.7V, compute diode current,
Ipo, and its incremental resistance, 4.

b. Sketch incremental model and calculate amplitude of the incremental output voltage,
Vout1, and incremental diode current, 24 .

c. Recompute incremental diode current, 40, by including the second order term in the
Taylor series expansion of diode current (you may use v,y as incremental output
voltage). Recompute new incremental output voltage, vou2, using the newly calculated
incremental diode current, ¢49. Calculate error voltage, v. = vout1 — Vout2-

d. Repeat parts (b) and (c) for v;, = 5V.
Vin 10kﬂ
Vout+Vout
Vin ¥ 1kQ

ECE 342: Electronic Circuits 1 Fall 2020



ECE 342: Electronic Circuits  Problem Set #2 Solutions Fall 2020

() Second term n the Toyler serier is equal I 3

, 2 2. Vo %
Alds = .21-. é-__:_t_’!__!_, C\ng-i-AUd—Vno) - -i--.\?_i_..up (_V-:-'- . DYy
AVp k

1
> Al ¥ L %1?- AV
T

i
| - ' = 0:23mA  (g70uv) - o WA

Lag = ldi + Oldy P id, = 9-093 uA
Assuminj
Youky = Lo ¥ G 3 Sra i crtent
o+ o 1 9

- hanged
@) Since Vi & aPe.m"r'\r_wg point) did net changt , fg remaina U cand

ECE 342: Electronic Circuits 2 Fall 2020



ECE 342: Electronic Circuits  Problem Set #2 Solutions Fall 2020

2. Consider a device whose I-V characteristic is shown below:

+
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a. Find “incremental resistance” of the device in all regions of operation.

b. Sketch the incremental mocdel of the circuit shown below.

Rs

O VouTt+Vout

Vin

c. Determine the region (A, B, C, or D) in which the device should be operated to
Vout

maximize incremental gain, A, =

Vin

d. Compute the error in incremental voltage, v,,;, (in regions A, B and C) if the second
order term is included in the Taylm series expanslon Explaln your answer.
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3. Consider the circuit that uses a non-linear voltage controlled current source shown below.
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a. Draw incremental model. Note VT is a constant with units of Volts.

b. Determine incremental output voltage, v, in terms of incremental input voltage, v;n,
and circuit parameters, Gy, R and Ry.

Uout
Uin

c. What value of R; maximizes incremental gain, A, =
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4. Diodes can be used to generate desired supply voltage, Vpp, from a battery voltage as
shown below.

Supply generator Load
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The battery is modeled as a DC voltage source, Vpc in series with another voltage source,
Unoise, that models small noise in the battery voltage. Ij, is the current drawn by the load,
which could be your iPad.

a. Assuming nominal DC voltage of the battery, Vpc = 5V, R; = 320€2, and constant
voltage model of the diode with Vpg = 0.6V, calculate the DC supply voltage, Vpp
under no load condition (i,e. Iy, = 0).

b. Calculate perturbations in the supply voltage, v44, caused by noise in the battery
voltage under no load condition.

c. Repeat parts (a) and (b) when a load is connected to the supply, which draws a current
of I}, = 2mA.

d. Repeat parts (a) and (b) when battery discharges to Vpc = 4.5V.
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5. A non-linear device has its output current, ig, related to its input voltage, vi, by ig = Ipe(®/V1),
where It and Vr are constant current and voltage, respectively.

a. Write the Taylor series expansion of 7o at an input voltage of v; = v; + V.
b. Assuming It =, Vr = and V| =, plot 1o versus v;.

c. Plot the error between the exact 1o and Taylor series approximated 2o versus v;.

Solution

a. The Taylor series expansion of exponential is given as
e® =il fm+xf 4

Assuming that V; is a constant and we write the Taylor series expansion with respect
to v; (i.e we try to capture the change of ip vs. v; around a fixed V; biasing), we have
the following

A PRI W A
G Ve | 2\ Vi

Note that Taylor series expansion contains an infinite number of terms.
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g X 1078 IO ITe it 1 with VT 25mV, VI 1V, IT 1A
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% Error = (io - io, Taylor)lio x 100
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