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Exam 3 Preparation

• Chapters 6, 7, 9, and 14

• Exam 3 from Fall 2015-17

• Exams 3, 4, and review session from 
Spring 2015

• Quizzes 8-10 from Spring 2015

• HW 5-7 from this semester

Bermel ECE 305 S183/20/2018 2



Exam 3 Preparation

• Ideal & non-ideal diodes

• Small-signal (AC) model

• Metal-semiconductor contacts & 
diodes
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NP junction electrostatics
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ideal diode equation summary
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Non-ideal diodes

1. Diffusion limited

2. Ambipolar transport

3. High injection

4. R-G in depletion

5. Breakdown

6. Trap-assisted R-G

7. Esaki Tunneling
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Ideal & Non-ideal diodes

ID = I0 eqVA /nkBT -1( ) ID = I0 eq V-IDRS( )/nkBT -1( )

1)  FB:  recombination in quasi-neutral regions give n = 1 
current (diffusion current).

2) FB:  recombination in SCR gives n = 2 current

3) RB:  constant when dominated by diffusion current

4) RB:  increases as W for generation in SCR:

5) RB:  avalanche or Zener tunneling:
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solar cells: generation and current

minority carriers collected by junction

Fn
FP

qVA

IL < 0

hf > EG
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Every time a minority electron is generated & collected by 
the PN junction, one electron flows in external current.
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IV characteristics of solar cells and photodetectors

PD = ITOTVD < 0

VD
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AC response 
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small signal model

VDC

u t( )

R1

ID + i t( ) VA +ua

1) Compute the DC bias current
2) Replace the diode with the s.s. a.c. model and do the

a.c. analysis.
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small signal model (NP diode)
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Metal-semiconductor Diode

M N

Symbols

DN

Metal Wire

N
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MS contacts & diodes

semiconductor
device

V

I
rectifying

V

I

ohmic

Schottky diode is a majority carrier 
device.

J = J0 eqVA /kBT -1( )

J0 = A*T 2e-FBN kBT

Ohmic contact acts like a 
series resistor

• much higher saturation 
current densities than PN

• no diffusion capacitance
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MS ohmic contacts: band diagram
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Goal:  make the resistance as 
low as possible.
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alternative way to make an ohmic contact
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Dope the semiconductor very heavily to promote 
quantum mechanical tunneling.
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MS diodes vs. PN junctions
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MS diodes are majority carrier devices
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MS diodes vs. PN junctions

NP junctions are minority carrier devices

Fn

q Vbi -VA( )

Fp
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MS rectifying diodes: band diagram
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J VA = 0( ) = J0
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J = JS®M - JM®S
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IV characteristics of a Schottky diode

VA

I nA( )J = J0 eqVA /kBT -1( )

J0 = A*T 2e-FBN kBT

How does an MS diode compare to an NP junction?
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IV characteristics

VA

J = J0 eqVA /kBT -1( )

I mA( )

0.6 V0.3V

SiMS

J0 = A*T 2e-FBN kBT

J0 MS( ) >> J0 NP( )

Strongly controlled by SB height.
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example:  MS junction

n-Si

x

WP0

ND = 10
17 cm-3

ID = I0 eqVA /kBT -1( )

I0 = 0.2 ´10
-3 A

J0 = A*T 2e-FBP kBT

mn
* m0 = 1.18

FBN » 0.65 eV

3/20/2018
Bermel ECE 305 S18 22



small signal model (MS diode)

u t( )

R1

i t( )

Gd

CJ VA( ) =
KSe0A

W VA( )

CJ

Gd =
dID

dVD

No diffusion 
capacitance!
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summary

1) PN diodes can be described with a combination of ideal diode law 
and non-idealities like breakdown, generation/recombination, high 
injection, series resistance

2) Solar cells are a practical application of PN diodes, whose efficiency 
can be predicted by a combination of photocurrent + diode current

3) AC response can be predicted with small-signal approximation, in 
which diode has conductance, junction, and diffusion capacitance

4) Metal-semiconductor junctions can be Ohmic contacts (resistors) 
or Schottky diodes

5) A Schottky diode is a metal-semiconductor majority carrier device, 
like a one-sided pn junction

6) M-S diodes typically have much higher saturation current, no 
diffusion capacitance, and act fast
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exam 3 fall 2015

1 (8 points). Which of the following is the Schottky barrier height?

a. The difference between the conduction band at the MS 
junction of an n-type semiconductor and the Fermi level in the 
metal

b. The difference between the valence band at the MS junction of 
an n-type semiconductor and the Fermi level in the metal

c. The difference between the conduction band at the MS 
junction of a p-type semiconductor and the Fermi level in the 
metal

d. The difference between the valence band at the MS junction of 
an p-type semiconductor and the Fermi level in the metal

e. a and d
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exam 3 fall 2015

2 (8 points). The depletion and potential drop in the metal side of 
the Schottky diode is?

a. Very small, negligible

b. Small, but not negligible

c. Large

d. Must know doping of metal

e. Under steady-state conditions
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exam 3 fall 2015

3 (8 points). In the following diagram, what non-ideality accounts for 
the current roll-over at large forward biases (� > 0.7	V)?

a. Recombination in the space-charge region

b. Avalanche diode

c. Quantum-mechanical tunneling 

d. Recombination in the quasi-neutral region

e. Series resistance

3/20/2018 Bermel ECE 305 S18 27



exam 3 fall 2015

4 (8 points). For a metal-semiconductor diode, which of the 
following is true?

a. The saturation current density is much larger than a PN 
junction with the same bandgap semiconductor

b. The n=2 current is absent

c. The diode turn-on voltage is reduced compared to a PN 
junction made from the same semiconductor

d. All of the above

e. None of the above
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exam 3 fall 2015

5 (8 points). Which is true of the junction capacitance in both PN 
and MS diodes?

a. It is proportional to 1/ ��� ��

b. It is proportional to ��� ��

c. It is proportional to 1/ ��� ��
d. It is proportional to ��� ��
e. It is proportional to exp ���/��
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exam 3 fall 2015

Part III (Free Response, 30 points)

Assume that we have a solar cell with dark current per 
unit area �� = 2 nA/cm2, short circuit current per unit 
area ��� = 30 mA/cm2, and ideality factor � = 2. 

a. Calculate the open-circuit voltage and fill factor of 

this cell.    Hint: use FF =
������ �����.��

�����
, where ��� =

����/���� is the reduced open-circuit voltage.
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exam 3 fall 2015

b. Draw the current-voltage relation for this cell, for 
voltages between 0 and 1 V. Label the x- and y-
intercepts.
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exam 3 fall 2015

c. Assuming that the cell is illuminated by the AM1.5 
solar spectrum (��� = 100 mW/cm2), calculate the 
maximum power conversion efficiency.
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exam 3 review problem
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exam 3 review problem
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exam 3 review problem
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exam 3 review problem
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exam 3 review problem
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exam 3 review problem
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exam 3 review problem
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exam 3 review problem
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exam 3 review problem
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