
Midterm this WeekMidterm this Week

Midterm in lab.

Duration: 1 hour (2-3pm).

Material on midterm: - Everything from first 4 weeks of class.

- Thévenin’s Theorem & Source Impedance.

- Impedance of resistors, capacitors, and 
inductors.

- Filters (RC,RL,RLC,low-pass,high-pass, 
bandpass, notch, Chebyshev, Butterworth, 
etc …).

- Basic oscilloscope use, resistor code, etc...

Midterm will cover design exercises and lab exercises.

The purpose of the midterm is to consolidate passive analog linear 
circuitry before we move onto non-linear devices.



Diodes
a non-linear circuit element

2-terminal quantumquantum device

A diode only conducts in one direction !!!A diode only conducts in one direction !!!
Non-linear Ohm’s Law doesn’t apply !

There is no simple Zdiode formula !

Thevenin’s theorem doesn’t apply !

Calculus: you can linearize a function/system in the vicinity of some 
V0 or I0.

Ohm’s law, Zdiode, and Thevenin’s theorem can only be used 
locally around some value of V0 and I0.

i.e. you can still write down a differential equation for your 
circuit (i.e. Kirchhoff’s loop and junction laws are still valid).



Semiconductors have a modest 
resistivity:

Normally we think of electrons 
moving in a circuit

In a semiconductor things are a little 
different

We think of either holes or electrons.
Holes (+ charge)
Electrons (- charge)

Intro to Semiconductors
Material Resistivity

Copper 1.70x10-8 Ω.m

Silicon 6400 Ω.m

Rubber ~1013 Ω.m



Made from differently doped silicon
N region has more electrons
P region had more holes

At the PN junction the holes & electrons 
recombine to form a small insulating depletion 
region.

The PN junction

P-silicon N-silicon

small electric field 
ΔEnergy ~ 0.6 V
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Diode: I-V characteristic curve I

Vd ~ 0.6 V
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Simple modelSimple model
Current can only flow in one direction.
A 0.6V “diode drop” when conducting.
IR=VIN – 0.6 V
Useful for designing circuits.

More complete model: Ebers-Moll 
equation.

Not so useful for designing circuits.

A little negative is OK
A lot is “bad” smoke!!!!

Current only flows in
the direction of the 

arrow.

R
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Diode: I-V characteristic curve II

~ 0.6 V
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Applications

Circuit Protection

Rectification
half wave rectifier
full wave rectifier
Power Supplies

Frequency manipulation
Frequency multiplier
Mixers 



FF
T 

am
pl

itu
de

120 Hz

240 Hz
360 Hz 480 Hz

Fourier space representation of rectified output

Fourier Transform (FFT)

of Full Wave Rectifier


