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Grade: 
Undergraduate (PH 440)

Homework 

30%

Midterm 

35%
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35%

Graduate (PH 540)

Homework 

15%
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15%

Midterm 

35%

Final 


35%

Preliminary outline subject to change

Pages refer to Pierret or to Brennan texts

Office Hours 2-3 PM M & W and by request; questions always accepted by phone or e-mail  

If you have a disability and are in need of academic accommodations, please notify me (the instructor) immediately to arrange needed supports.
PH 540 Project

Design the following devices with an organic semiconductor such as pentacene as the active material:

Bipolar Transistor

MOSFET 

Solar Cell  

LED

Laser

Compare dimensions and other properties of these devices with Si equivalent. Briefly outline fabrication procedures for each device, and contrast with Si-based fabrication. Provide detailed discussion of the properties you used in these designs and the references you used to obtain those properties. If you need to dope part of your device, include references to where that type of doping – in that quantity – has been achieved in the relevant material. Similar support is required for your ohmic contacts, gates, dielectrics, etc. 
Your grade will depend on how well you back up your device parameters, how well you design it, and how carefully you describe issues you could not resolve.
The project is due on June 8.
Preliminary 
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Textbooks:

Pierret – Semiconductor Device Fundamentals

Brennan & Brown – Theory of Modern Electronic Semiconductor Devices

SEMICONDUCTOR FUNDAMENTALS
Day
Topics to be covered
Text Pages (Chapter/Section) 
Date

1
Band Structure, effective mass, density of states, 
23-67

2.1 – 2.6)
(4/2)

statistics 
2
Drift, mobility, resistivity
75-89
(3.1.1–3.1.4)
(4/4)


Band bending
89-93
(3.1.5) 

3
Diffusion, the Einstein relationship
94-104
(3.2) 

(4/4)


Recombination – Generation
105-120
(3.3)

4
Equations of state
120-124
(3.4.1–3.4.3)


Problem solving, diffusion lengths,
124-136
(3.4.4, 3.5.1,


quasi-Fermi levels



3.5.2) 

(4/9)

5
Overview of Fab: Fundamentals of Processing



(4)

(4/11)

DIODES
6
pn junction diode fabrication
(149-174)
(Chapter 4)

and physical properties
195-197
(5.1.1) 

(4/13)

 
Equilibrium electrostatics – basics
197-209
(5.1.2–5.1.5)


Electrostatics – quantitative
209-223
(5.2.1–5.2.4) 




I–V   characteristics;  qualitative analysis
235-246
(6.1.1, 6.1.2)


and quantitative solution strategy

7
I–V characteristics;  ideal diode equation
247-259
(6.1.3, 6.1.4)


derivation and examination of results




(4/16)

 
Ideal theory vs. experiment, junction breakdown
260-270
(6.2.1, 6.2.2)

8
R–G current, high-current phenomena
270-281
(6.2.3, 6.2.4)
(4/18)

 
Reverse-bias junction capacitance
301-313
(7.1, 7.2) 




Transient response
327-338
(8.1)


Tunnel junction, Gunn diode, Negative resistance, ...






9
Ideal MS contacts, Schottky diode electrostatics
477-487
(14.1, 14.2.1)

 
I–V characteristics
487-493
(14.2.2) 


a.c. response, practical considerations
493-501
(14.2.3–14.4)


ohmic contacts




(4/20)

10   

Heterojunctions, electrostatics, strain, band offset models 


Quantum wells, superlattices, ...
(Brennan Chapter 2)



(4/23)

11
Open – discuss homework etc




(4/25)

12
MidTerm




(4/27)

Optoelectronic Devices

13
Optical absorption, excitons, direct & indirect gaps, 




(4/30)


Franz-Keldysh, ...

14
detectors, solar cells, LEDs
347-368
(Chapter 9)
(5/2)

15

Lasers, VCSELs




(5/4)
16
Characterization of  materials and  devices 




(5/7)

Transistors

 (A)  Bipolar Junction Transistor

17
BJT fundamentals
371-385
(Chapter 10,




Brennan 4.1)

 
BJT static characteristics – ideal theory
389-407
(11.1) 

(5/9)

18
Deviations from the BJT ideal
407-460
(11.2) 

(5/11)


Heterojunction Bipolar Transistor

(Brennan 4)

(B) FIELD EFFECT DEVICES

19
General introduction
525-530
(15.1)

  
MOS fundamentals
563-571
(16.1, 16.2)


...Ideal structure definition


...Electrostatics – mostly qualitative




(5/14)

20
...Electrostatics – quantitative formulation
571-584
(16.3) 

(5/16)

 
...C–V characteristics, theory and analysis
584-591
(16.4.1)


...C–V characteristics, computations and
591-599
(16.4.2, 16.5) (5/12)

21
MOSFETs
 611-620
(17.1, 17.2.1)


...Qualitative theory of operation




(5/18)

...Preliminary quantitative considerations

 
...Quantitative ID–VD analysis
620-630
(17.2.2–17.2.4)

 
...a.c. response
630-637
(17.3) 

22
Nonideal MOS
645-658
(18.1,18.2.1,


...MS workfunction difference

    and 18.2.2)


...Oxide charges – general information


...Mobile ions

 
...Fixed charge
658-673
(18.2.3–


...Interfacial traps

18.2.6)


...Induced charges




(5/21)


...VG summary

23
...MOSFET threshold considerations
674-683
(18.3) 

(5/23)

 
Modern FET structures (select topics)
(691-710)
(Chapter 19)

24
Scaling and limits, high-K, quantum effects and limits

(Brenn 7,8.1)
(5/25)

Memorial Day Holiday 5/28/2007

25.
Heterojunctions, HEMT,pseudomorphic structures

(Brennan 3
)
(5/30)

Miscellaneous Devices

26
 
Single Electron Transistors, Coulomb Blockade,  




(6/1)



Quantum cryptography, teleportation, computation

(Brennan 8)

27

Nanotechnology, NDR
(Brennan 5)



(6/4)

28

RTDs

(Brennan 6)
(6/6)

29

OPEN (make-up, discuss homework, etc.)




(6/8)

30  
Final Exam



(Week of 6/11)
