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Solution to Homework Assignment #5 
Problem 1: pn Junction Electrostatics 
a) We have an abrupt junction with NA =1018 cm-3, ND =1017 cm-3, T = 300K. 

The p-type region is degenerately doped (NA > 9.1×1018 cm-3), with significant bandgap narrowing
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from Slide 20 of Lecture 3.  

For the p+n junction, then, the built-in potential is
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The total depletion width is 
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By using the relationship
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we can determine the widths of the depletion layers on the p side and n side:
xp=0.01 m and xn=0.1 m 

The peak electric field is E(0)=
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b) NA =1018 cm-3, ND =1017 cm-3, T = 300K, VA = -1 V. 

The built-in voltage is unchanged (0.962 V).
The total depletion width 
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=1.57×10-5cm=0.157 m

xp=0.014 m and xn=0.142 m

The peak electric field is E(0)=
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The energy-band diagrams, charge distributions, electric field distributions, and potential distributions are drawn below for VA = 0 and VA = -1V:
                     


Equilibrium (VA=0)                   Reverse biased (VA=-1V)
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Note that the depletion width on the p-side is (10×) smaller than the depletion width on the n-side, since the p-side dopant concentration is (10×) larger than the n-side dopant concentration, so that most of the voltage is dropped across the more lightly doped n-side.
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Problem 2: p-i-n Diode
a) We have a p-i-n junction with NA =1018 cm-3, ND =1017 cm-3, T = 300K. The equilibrium (VA = 0) charge density distribution, electric field distribution and potential distribution are plotted below.
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b) The built-in potential is equal to the difference in work function between the p-type side and the n-type side.  Since the dopant concentrations (and hence the work functions) are the same as in Problem 1, the built-in potential is the same: Vbi = 0.962V.
The integral of the electric field distribution is equal to the built-in potential.  If wp = width of the depletion layer on the p side, wint = width of the intrinsic layer, and wn = width of the depletion layer on the n side, then this means that


[image: image14.emf]l/.—q/VDW +q/VDWW +q/VAW =0.962

br 28 £ 7 int 25
s s s

= %(Wz +2W W+ &l/l/) =0.962
2 . n n"7in /Vg 0

Since W”'/\/D=Wp'/\/A

> o w2 vow w+ Mo Moy iy - 0.962
R N VIR VI

s D A
> Mo w21: o) 2w w)-0.962
25 /V/4 n

=>1.’IW§+2><10‘4W/7—1.2><'IO’10 =0

—2x10™ £ J(2x10)? +4x1.1x1.2x 107

” 2x1.1
_-2x10*£2.0123x10™

n 2x1.1

=>w_ =0.559x10"cm

=>w_ =0.559x10"um

And w, = &Wﬂ
A

17
—w 10 ~0.559x 102 u/m

o

=>W, = 0.559 %107 um










V

bi

=

qN

D

2

e

s

w

n

2

+

qN

D

e

s

w

n

w

int

+

qN

A

2

e

s

w

p

2

=

0.962

=>

qN

D

2

e

s

(

w

n

2

+

2

w

n

w

int

+

N

A

N

D

w

p

2)

=

0.962

Since 

w

n

×

N

D

=

w

p

×

N

A

=>

qN

D

2

e

s

(

w

n

2

+

2

w

n

w

int

+

N

A

N

D

(

N

D

N

A

)

2

w

p

2

)

=

0.962

=>

qN

D

2

e

s

(

w

n

2(1

+

N

D

N

A

)

+

2

w

n

w

int

)

=

0.962

=>

1.1

w

n

2

+

2

´

10

-

4

w

n

-

1.2

´

10

-

10

=

0

\

w

n

=

-

2

´

10

-

4

±

(2

´

10

-

4

)

2

+

4

´

1.1

´

1.2

´

10

-

10

2

´

1.1

=>

w

n

=

-

2

´

10

-

4

±

2.0123

´

10

-

4

2

´

1.1

=>

w

n

=

0.559

´

10

-

6

cm

=>

w

n

=

0.559

´

10

-

2

m

m

And

 

w

p

=

N

D

N

A

w

n

=>

w

p

=

10

17

10

18

0.559

´

10

-

2

m

m

=>

w

p

=

0.559

´

10

-

3

m

m

 

Note that the widths of the depletion layers in the doped regions are much smaller than for a pn junction (ref. Problem 1), so that most of the built-in-voltage is dropped across the intrinsic region.  As before, the depletion width on the more heavily doped p-side is smaller than the depletion width on the more lightly doped n-side. 

c) Maximum electric field in a p-i-n junction:

Emax,p-i-n 
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This is much lower than the peak electric field (>105 V/cm) in a pn junction (ref. Problem 1).  Thus, a p-i-n junction can be biased at a larger reverse bias before breakdown occurs (when the peak electric field exceeds a critical value).
d) The small-signal capacitance of the p-i-n diode is 
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Since W is much larger (by a factor of ~9) for the p-i-n diode, its small-signal capacitance will be much smaller (by a factor of ~9) than that of a pn diode.  This makes the p-i-n diode advantageous for fast switching applications.
Problem 3: Current Distributions in a pn Junction
a) Assuming low-level injection, the minority carrier concentrations at the edges of the depletion region are given by:
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b) The diffusion coefficients and minority carrier diffusion lengths are:
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Hole current in the n-type quasi-neutral region and electron current in the p-type quasi-neutral region are:
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c) In the n-type quasi-neutral region,
Jp= Jn =Jtotal/2=(0.015+0.00434)/2 = 0.00967 A/cm2
· Jp(x)= 0.015e-(x-xn)/Lp=> (x-xn)/Lp =0.439 => (x-xn)=4.17×10-4 cm = 5.17 m
The current distributions in the pn junction are shown below. Note that although the electron and hole components of current vary with position, the total current remains constant.  
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Problem 4: Comparison of Schottky Diode and pn Junction Diode I-V Characteristics
a) The reverse-bias current in a Schottky diode is given by the equation:
Is =120×(m*n/m0) ×AT2e-ΦBn/kT =120×(0.26)×(10-1)2×(300)2×1e-0.65/0.026 =1.17×10-4A.

b) The reverse-bias current in a p-n diode is given by the equation:
I0 =Aqni2(Dp/LpND)= 
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c) The I-V characteristics for the Schottky junction and the pn junction are plotted below. 
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Clearly the Schottky diode has a much smaller forward voltage because IS << I0.  (The reverse bias current in a Schottky diode is 10 orders of magnitude larger than for the pn diode.)
d) At I = 1 A:
For a Schottky diode, 1=Is eqVA/kT=>1=1.17×10-4 ×e(VA/0.026)=>VA=0.235 V
For a p-n diode, 1=Is eqVA/kT=>1=1.54×10-14 ×e(VA/0.026)=>VA=0.83 V
It takes significantly less voltage to turn on the Schottky diode compared to the pn diode.  Thus, Schottky diodes are used in low-voltage and high-current applications.
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