ECE2100
Exam 1

Thisis aclosed book, and notes exam. Y ou may have one page of
notes(front and back), pencil(s), pen(s), eraser(s) and a calculator.
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Problem 1 — (43 points)

Both amplifiers have the following characteristics:
Avo=40 R=2kW Ro=4kW Clipping levels: L==12V

(unl oaded)
@ 4% 100W

(a) Redraw this 2 stage amplifier using the amplifier model. Make sure to label Vi,
V>, V3, and V. on the schematic. (15 points)



1. (cont.)

(b) Find A,=_L . Expressyour answer asaratio(V/V) and in dB. [Round the answer to
S

awhole number] (10 points)

(c) Fortheinput Vsas shown, sketch (make the peaks exact and estimate between the
peaks) the output at V| on the graph below. (8 points)
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(d) Evaluate the overall current gain. ( "o ) [round to the nearest whole number and
express as A/A]. (10 points) i



Problem 2 — (20 points)
Sketch the straight- line approximation of the Bode (both magnitude & phase) plot for:
(make sure to label al your y values)

(s+ 100)(s+ 1K)
H9= (s+ 10)-(s+ 10K)
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Problem 3 — (37 poaints)
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(8 Assume all operational amplifiers are ideal
V1=10mVpp, V2=20mVpp, V3=50mV pp

) What is the voltage value at Vo1 (express as Vpp)? (10 points)

(i)  What isthe voltage value at Vo (express as Vpp)? (10 points)
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(b) All operational amplifiers are NOT ideal and have the following characteristics:

Input offset voltage: Vios=2.0mV
Input offset current: los=100nA
Input bias current: liz=500nA
Input resistance: R=2MW
Output resistance: R,=75W
Open-loop gain: A01=100dB
Unity- gain bandwidth: fr=4MHz
Output swing limits: =*12v
Slew rate: SR=2V/ns

) Explain the purpose of the R; resistor? (5 points)

(i)  When V1=V,=V3=0 calculate the voltage that will be observed at V1. (12
points) {Hint: therearetwo effects}



Problem 1 — (25 points)

Assume both diodes are identical and ideal. Verify that your assumption for the diode
operation(i.e. on or off) are correct. +12V
a) 9points— The current I

I
b) 9 points— The current I, l § 1k

I
C) 7 points— The voltage Vo —2» Vo

D2

+2V <> 2k

I, < 1k
GRD

D1

Gl
a



Problem 2 — (25 points)
Referring to the pn junction diode, determine the following: (5 points each)
1) For p-type material:

a) Themaority carrier(holes or electrons) is

b) Asthe temperature DECREASES, what happens to the number of MAJORITY

carriers in this p-type material?

2) For p-type material:

a) The minority carrier is

b) Asthe temperature DECREASES, what happens to the number of MINORITY

carriers in this p-type material ?

3) Asthe temperature INCREASES, what happens to the number of unbound holesin

the ntype material?

4) Asthe temperature INCREASES, what happens to the reverse saturation current 1s?

5) Explain how the diffusion current, Ip, is created.



Problem 3 — (10 points) lf
a) Use the constant voltage drop diode model with Vpo=0.7 §2k
i) 2.5 points— Solve the circuit for |
i) 2.5 points— Solve the circuit for Vo | Yo
D1
b) Use the piecewise linear diode model with Vpp=0.7 and rp=20W | ¥
iil) 2.5 points— Solve the circuit for |
iv) 2.5 points— Solve the circuit for Vo ¥ b2
-15V




Problem 4 — (15 points)

ANN——

1k —+ Io
Vs Vout Szl

Given Vs=15 + 3sin(wt) V

Assume Vp=0.7V, n=2, and Vr=25mV
Assume identical diodes
Use the constant voltage drop method when appropriate

3 points — Determine the DC component of the diode current, Ip.
3 points - Determine the DC component at the output, V.

3 points — Determine the AC component of the diode current, ig.
3 points - Determine the AC component at the output, V.

3 points— What is the total output for Vourt.
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Problem 1 — (30 points)
Assume all diodes are identical and have Vpo=0.7V. Use the constant voltage drop method. Verify that

your assumption for the diode operation(i.e. on or off) are correct. Find the following making sure you find
the correct operation of the diodes. AN
DC = 10V ]

1k =
| 1l

a) State your assumptions (diode is on/off):

\/ D1
b) The current I
Vo
¢) Thecurrent I, DC =5V e
[ I3 1m
d) Thecurrent I3 ZT D2 1k l

€e) The voltage Vo

f) Your verification:



i
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|1l
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I3 im
\ D2 1k l

.




Problem 2 — (25 points)

a) Sketch the Bode (both magnitude & phase) plot for: {Iabel your axis and show all your work}
(100)(s +100)(s +10)

H(s)= (s?fs+10,000)

b) What is the estimated magnitude value at w=1 rad/sec:

¢) For the magnitude plot, what is the slope of the line going through w=1 rad/sec:

d) What is the estimated phase value at w =1 rad/sec:

€) For the phase plot, what is the slope of the line to the left of w =1 rad/sec:

f) For the phase plot, what is the slope of the line to the right of w =1 rad/sec:

g Ligt the three frequencies other than O where the bode plots will have a change in lope (or value):



(100)(s +100)(s +10)
H(s)= (s*)s+10,000)
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Problem 3 — (25 points)
20k
- AN
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AN AN -
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AN AAN—T + Vo
8k
AN
20k
2k
AN -
"‘l: Vol
-~ Al -
Vi@ +

(&) For the circuit above, assume al operational amplifiers are ideal
Input V1 Input V2
AN ‘\ NIA \
olooa / \ 0.06 / \
0.004 / \ / \ 0.04 / \ / \
vkl \ / \ ol \ | \
(R EAER R TR
-0.002 \ / -0.0
-0.004 \ -0.04 \
-0.006 / \ -0.06 / \
-0.008 \ / \ / -0.08 \ / \ /
N\ / \

-0.01 -0.1!
0 002 004 006 008 0.1 012 014 016 018 02 0 0.02 004 006 008 01 012 014 016 018 0.2

() What is the voltage value at V1 (express as Vpp)?

(i)  What is the voltage value at Vo (express as Vpp)?



Electrical Characteristics (note 3

LM107/LM207

LM307

Parameter Conditions Unitz
Min Typ Max Min Typ Max
Input Offset Voltage Ta = 25°C, Rg = S50kit 0.7 20 20 75 Y
Input Offsat Current Ty = 25°C 1.5 10 3.0 50 nh
Input Bias Current Ty = 25°C 75 70 250 nf
Input Resistance Ta = 25°C 1.5 4.0 05 20 ML
Supply Current Ta = 25°C
Vg = +20V 1.8 3.0 e
Vg = +£15V 1.8 30 e
Large Signal Voltage Ty = 25°C Vg = 15V .
Gain Vout = £10V, R = 2k = il 5 il Vimy

(b) Assume al operational amplifiers are ideal EXCEPT amplifier A1 which is LM307. Use the attached

datasheet to determine the following:
() Assume that you have no Slew Rate distortionon your output signal. Neglecting the input

bias current, calculate the voltage that will be the maximum value observed at Vo (NOT Vo1)

when V1=V, =0V at room temperature.

(i) Explain in detail, by giving exact values and drawing any schematics, the technique used to
reduce the input bias current for amp Al.




Problem 4 — (20 points)

Given Assume Vpo=0.6V, n=1, and V1=25mV

+10V+sin(60t)

Assume identical diodes 75k
Use the constant voltage drop method when appropriate

Determine the DC component of the diode current through D1, Ip.

Determine the DC component at the output, Vo.

Determine the AC component of the diode current through D3, ig.
Determine the AC component at the output, Vo.

What is the total output for V.

200

D3

-10V



ECE 2100 Midterm #1

Name

Scores:

Prob 1 of apossible 30pts
Prob 2 of apossible 25pts
Prob 3 of apossible 25pts
Prob 4 of apossible 20pts

Total of apossible 100 pts




