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Answers of Question @ €20 points}
a) [5 points CLO: al, a3, b3] The average threshold of dark-adapted vision is 4.00 x 101! W/m?2 at a central
wavelength of 500 nm. If light with this intensity and wavelength enters the eye and the pupil is open to its
maximum diameter of 8.50 mm, how many photons per second enter the eye?

The energy of a single 500-nm photon is:

he (6626x10™ J-s)(3.00%10° m/s)
E =hf="—-= -
v p) 500x10° m

=3.98x10™ ]

The energy entering the eye each second
E = PAt = JAAt

= (4.00x10™" W /mz)[%(SBO x 107 m)’ ](1.00 s)

=227%x107" ]
The number of photons required to yield this energy is
-15
n=too2ZXI0 ] _[571,10° photons

= 19
E, 3.98x107" J/photon

b) [5 points CLO: al, a3, b3] A 650-keV gamma ray Compton-scatters from an electron. Find the energy of the
photon scattered at 110°, the kinetic energy of the scattered electron, and the recoil angle of the electron.

A'=A+4, (l—cosﬁ):h—;‘+/’l¢ (1—cos@);

1240 eV -
P eV-nm

T 650x10° eV
P he 1240 eV-nm

A 5.17x10” nm

+(2.43x10” nm)(1—cos110')=5.17 pm

=2.40x10%°eV =240keV

By conservation of energy we find: K, = F—E = 650keV —240keV =410keV
. h h
Conservation of p_ : p,cosg+ FCOS 0= N ;

h h
cosgp=———cosb. 1
P, cos¢ PRT (D

. . h .
Conservation of p,: p,sing —% sin@=0;

p,sing= %sin g 2)
Dividing equation (2) by equation (1), tan¢ = —"——

$=17.1

c) [5 points CLO: al, a3] Derive an expression for the quantized energy levels of the hydrogen atom.

The electric potential energy of the system is given by:

U =k, B ke

ror
where ke is the Coulomb constant and the negative sign arises from the charge —e on the electron. Therefore, the

total energy of the atom, which consists of the electron’s kinetic energy and the system’s potential energy, is
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9
.2
E=K+U=3mv’> -k -

&

The electron is modeled as a particle in uniform circular motion, so the electric force ke e?/r? exerted on the
electron must equal the product of its mass and its centripetal acceleration (ac = v?/r):

2 2
ke*  mu

r - r
k e
v =—
m,r
The kinetic energy of the electron is

1 9 k,e*

K=smuyv* =
2r

Substituting this value of K into the equation of energy E gives the following expression for the total energy of
the atom:
k&
E=—
2r
Because the total energy is negative, which indicates a bound electron—proton system, energy in the amount of ke e?/2r
must be added to the atom to remove the electron and make the total energy of the system zero.

To obtain an expression for r, the radius of the allowed orbits, solving the equation of the angular momentum for v and
equating it to the one obtained from the centripetal force yields:
n*h? ke?

m2r®  mr

n*h?

m,k,e

v? =

7, = n=123,...

2

The orbit with the smallest radius, called the Bohr radius a, , corresponds to n = 1 and has the value
2

fi
ay = = 0.052 9 nm

m k e*

e e

Substituting this equation into that of the radius gives a general expression for the radius of any orbit in the hydrogen
atom:

r, = n%ay = n%(0.0529nm) n=1,2,3,...

The quantization of orbit radii leads to energy quantization. Substituting r, = n%a, into the equation of energy gives

E,= k'eg(i) =123
n 200 nz n—1,4,9...

Inserting numerical values into this expression, we find that
13.606 eV
E.=———— n=123,...
n

d) [5 points CLO: al, a3] Apply Schrédinger equation and boundary conditions to find s figure is a graphicat
the energy levels and wave functions for an electron in one-dimensional potential representation showing the
box potential energy of the

’ particle-box system. The blue
A ) . . ) i . areas are classically forbidden.
As an application of the Schrddinger equation, a simple system of a particle trapped in a one- /

dimensional box is considered with infinitely hard walls that the particle cannot penetrate.

)

The potential, called an infinite square well, is shown in Figure 1.12 and is given by v
0 X<0,x>L
U(x)=
0 O<x<L

Infinite square-well potential, the potential is U = o
everywhere except the region 0 <x < L, where U = 0.
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Solving the Schrédinger equation in the region of zero potential

d>y _ _2mE

dx* #?
It can be easily found that the general solution for this equation is

v= Ky

Y(x) = Asin kx + B cos kx

Because the walls are impenetrable, there is zero probability of finding the particle outside the box, so the wave function
w(x) must be zero for x < 0 and x > L. To be a mathematically well-behaved function, y (x) must be continuous in space.
There must be no discontinuous jumps in the value of the wave function at any point. Therefore, if  is zero outside the
walls, it must also be zero at the walls; that is, (0) =0 and w (L) =0.

Only those wave functions that satisfy these boundary conditions are allowed.
So, applying the first boundary condition y (0) = 0:
P(0) = Asin0+ Bcos0=0+B=0
, which means that B = 0. Therefore, our solution reduces to
Y(x) = Asin kx
The second boundary condition, y (L) = 0, when applied to the reduced solution gives
Y(L) = AsinkL =0

The boundary condition is satisfied if kL is an integral multiple of =, that is, if KL = nz, where n is an integer.

V 2mE
kL=2TL= nir

Each value of the integer n corresponds to a quantized energy that we call E,. Solving for the allowed energies E; gives

2
E,,=( h )n* n=1,23,...

8mlI?

The lowest allowed energy corresponds to the ground state, which is the lowest energy state for any system. For the
particle in a box, the ground state corresponds to n = 1, for which E; = h?/8mL2 Because E, = n’E;, the excited states
corresponding ton = 2, 3, 4. . . have energies given by 4E;, 9E;, 16E4, . . .. (Fig. 1.13)

Substituting the values of k in the wave function, the allowed wave functions yx(x) are given by

Yn(x) = Asin (%)

Using the normalization property
oo
| wizas =1
— 0o
and Substituting the wave function yields (only integration from 0 to L is considered)

.L )
A2J sin?(m) dx = 1
" L

This is a straightforward integral which gives A? (L/2) = 1 and A=./2/L . The normalized wave function becomes
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U.(x) = \/%sin(?) (n=1,2,3,...)

A f Energy 4
2
dls \_//\ w’sl
25 K
2
o o 16 E,
9E
2 1
¥y wlll 4 E,
E,
0 L 0 L
Position

Answers of Question @ €20 points}

a) [7 points CLO: al, a3, b3] An electron has a kinetic energy of 12.0 eV. The electron is incident upon a
rectangular barrier of height 20.0 eV and width 1.00 nm. If the electron absorbed all the energy of a

photon of green light (with wavelength 546 nm) at the instant it reached the barrier, by what factor would
the electron’s probability of tunneling through the barrier increase?

The original tunneling probability is T = ¢, where

Ce- J2m(U -E)

h

291110 kg)(20.0-12.0)(1.60x 10™ J)
- 6.626x 107 J.s/21

=1.448 1x10" m™
The photon energy is hf = h_c = M =2.27 eV, to make the
A 546 nm

electron’s new kinetic energy 12.0 + 2.27 = 14.27 eV and its decay
coefficient inside the barrier

h
J2(9.11x 107 kg)(20.0-14.27)(1.60x10™ J)
B 6.626x10™ J-s/21
=1.2255x10" m™

Now the factor of increase in transmission probability is

p2CL

o-2CL

= pRLle-C) _ Cz[lmm* m)(0.223x10° m) =45 _[850

b) [6 points CLO: al, a3] (i) Write out the electronic configuration of the ground state for molybdenum (Z = 42).

(ii) Write out the values for the possible set of quantum numbers n, ¢, m¢, and ms for the electrons in
molybdenum.

(i)  1s? 2s? 2p® 3s? 3p°® 3d™0 4s? 4p® 4d° 5st or 1s? 252 2p® 3s? 3p® 4s? 30 4p® 5st 4d°

(i)
Molybdenum
n 1 2 3
4 0] O 1 0 1 2
m|(O0|O0|-1]0 |+ 0 |-1]0 |+1|-2]|-1] 0 |+1]|+2
L I I X A I O O O A I %
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Molybdenum

n 4

4 0 1 2 3

5
0
m|O|-1]0|+1|2|-1|0|+1|+2|-3| 2 |-1]0|+1|+2| +3 | O
ms | 10| 10| 10| 1L AR 1

c) [7 points CLO: al, a3, b3] A crystal is composed of two elements, A and B. The basic crystal structure is body
centered cubic with element A at each of the corners and element B in the center of the cube. The effective
radius of element A is ra = 1.035 A. Assume that the elements are hard spheres with the surface of each A-
type atom in contact with the surface of its nearest A-type neighbor. Calculate (i) the maximum radius of
the B-type element that will fit into this structure, (ii) the lattice constant, and (iii) the volume density
(#/cm3) of both the A-type atoms and the B-type atoms.

(a) 2(r, )v/3=2(1.035) +2r,
2(1.035)~/3 =2(1.035) + 2r,

r, =0.7576 A

(b) a=2(1.035)=2.07A
(c) A-atoms: # of atoms = Sx% =1
_ 1
Density — (2 07x10-8 )3

=1.13x10% ¢m 2
B-atoms: # of atoms =1

1

Density = 3
(2.07x10°)
-3
=1.13x10% cm
Answers of Question @ €26 pointsy
1. [2 points] At zero absolute temperature, the conduction band of a conductor ..........
(a) is completely empty (b) is completely filled (c) is partially filled
(d) is of lower energy than the valence band (e) none of the above choices

Justification: At OK for semiconductors and insulators, CB is completely empty but for conductors it is
partially filled. CB cannot be completely filled in any case.
2. [2 points] At room temperature, the holes in the valence band of an intrinsic semiconductor .........
(a) are zero (b) are equal to the electrons in the conduction band
(c) do not contribute to current (d) are less than electrons in the conduction band
(e) none of the above choices
Justification: The carrier concentrations are zero at OK not at room temperature and they contribute to
current because the valence band is not completely filled.

3. [2 points] At absolute temperature T, the effective density of valence band states is proportional to
@ T (b) T2 () T3 (d) 12/3 (e) none of the above choices
an;,kr)3/ 2
h2

Justification: N, = 2 (

4. [2 points] The Fermi level of a p-type material ...................
(a) increases with temperature (b) is constant with acceptor doping concentration
(c) is constant with temperature (d) increases with acceptor doping concentration
(e) none of the above choices
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Justification: For p-type material, p >> n, and the Fermi level is near to the bottom of the gap, and
increasing temperature will increase n relative to p and lead to make Er near the middle of the gap.

5. [2 points] Consider a heavily doped p-type silicon sample at equilibrium which has electron and hole concentrations
n and p, respectively. If it is heated from T = 200 to 250K, .............
(a) n and p will increase with the same ratio  (b) both n and p will decrease
(c) n will increase but p will decrease (d) both n and p will be nearly the same
(e) n will decrease but p will increase  (f) none of the above choices
Justification: T = 200 represents the extrinsic region. For p-type material, p >> n, p is nearly constant
in the extrinsic region while n increases with temperature.

6. [2 points] Consider an n-type semiconductor sample at equilibrium. If the donor doping is increased in this
sample, .......coeeenenns
(a) both mobility and conductivity will increase
(b) mobility will increase but conductivity will decrease
(c) both mobility and conductivity will decrease
(d) mobility will decrease but conductivity will increase
(e) mobility will decrease but conductivity will be the same
Justification: With increasing doping mobility decreases and the electron concentration will increase.
Since ¢ = qnu,, so conductivity will increase.
7. [2 points] If the concentration of electrons increases in the positive x direction, electron diffusion flux will

be i
(a) in the positive x direction (b) in the negative x direction
(c) zero (d) in the positive y direction (d) in the negative y direction

Justification: The flux is from the region of higher concentration to that of lower concentration

8. [2 points] A current passing in the positive x-direction normal to a differential volume element of a
semiconductor at steady state. If the generation and recombination rates of electrons are 2x101° cm-3s-1
and 7x101% cm3s-1, respectively, the gradient of electron current density is ........

(@) S A/cms3 (b) -5 A/cm3 (c) zero (d)-8 A/cm?3 (e) 8 A/cm3

ification: " = + 191 4 ¢ _
Justification: Pl +q > T G—R

At steady state, Z—Z =0, G- R=-5x10!9 cm=3s! 2> %‘ =+5x10 (1.6 x 10719) = 8 4/cm?

9. [2 points] For a pn-junction at equilibrium, the electric potential is ............ the depletion layer.
(a) maximum at the n-edge of (b) constant within (c) zero within
(d) minimum at the n-edge of (e) increasing linearly within
Justification:

Since electrons diffuse from the n-side to the p-side, positive ions are formed at the n-side and the
potential is higher at this side.

10. [2 points] For a pn-junction at equilibrium, the built-in potential is inversely proportional to ...
(a) donor doping density (b) temperature (c) bandgap energy
(d) acceptor doping density (e) none of the above choices

Justification: V, =V, |nm increasing temperature increases n; and so V4 decreases
| 2

11. [2 points] The reverse saturation current of a pn-junction is directly proportional to ......

(a) doping densities (b) bandgap energy of the junction material
(c) the length of the neutral regions (d) minority carrier lifetimes
(e) temperature of the junction (f) none of the above choices
Justification:
| :qA %_’_% :qA &n_'z+&n_'2
S
L, L, L,Ng L, Na

increasing temperature increases n; and so L increases

12. [2 points] Plotting the diode current versus diode voltage of an ideal silicon diode on a semi-log scale (log
y versus x) in the voltage range 0.8 — 2 Vresults in ..........c.........
(a) an exponential decay curve (b) an exponential rise curve
(c) a straight line of positive slope (d) a straight line of negative slope
(e) a horizontal straight line
Justification:

ID = S<eVD/VT —1)z | S(eVD/VT )

Inl, =In+V N,
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13. [2 points] The dynamic resistance of an ideal silicon diode which is reverse biased at a voltage of 10 V is
..................... (reverse saturation current is 25.5 nA).
(@) nearly 1 MQ (b) greater than 100 GR2 (c) nearly 1000 MQ
(d) smaller than 10 Q (e) nearly 1 pQ

dl 1 dv Vv
Justification: —2- = —| S(eVDNT )-) r,b=—=2= vT m >100 GQ
v, V. diy 1,(e"")
Answers of Question @ €14 points}
With regard to the energy band diagram of a silicon sample that is shown beside, &g Electron
answer the following quest?ons given that L =1 um: ' . Eold Ee
1. [2 points CLO: al, a3] Specify all the values of x for which the sample is of p-type. ~< £
Answer: no where as Er is always > E; : Temm oo ~—

2. [2 points CLO: al, a3] Specify the point at which the electric potential is maximum. NE
Answer: potential is maximum when Ec is minimum (x = L) \——\E

3. [2 points CLO: al, a3, b3] Find the hole concentration at x =0.
Answer: p=n=n = 1x1010 cm=3.

4. [2 points CLO: al, a3, b3] Find the electron concentration at x =L/2.
Answer: n = ni exp(Es - Es)/kT = 1x1010 exp ((1.12/4)/0.0258) =

5. [2 points CLO: al, a3, b3] Find the electric field at x = L/8.
1dEc 1 EG

Answer: E = T = —(—)/(L/4) =FEg/L=1.12/1=1.12 V/pm
6. [2 points CLO: al, a3, b3] Flnd the kinetic energy of the electron shown in the diagram.
Answer: K.E. =0
7.[1 point CLO: al, a3, b3] Find the direction of the hole drift current at x =7L/8.
Answer: The drift current is in the same direction of the electric field which is negative x
direction
8. [1 point CLO: al, a3, b3] Find the magnitude of the electron diffusion current density at x = L/2.
Answer: All currents are zero at x = L/2 since no electric field and no change in carrier

concentrations
Question ® €10 points}

A silicon pn-junction of doping densites 5x1017 cm=3 and 2x10'¢ cm=3 at the p-side and n-side, respectivly.
The junction is forward-biased by applying 0.5 V on its terminals. The minority carrier lifetime of electrons
and holes are 2x10-% and 1x10-8 s, respectively.

(i) [2 points CLO: a1, a3, b3] Find the built in voltage at equilibrium.

17 16
Nalp _ 0,0258In (M) = 0.8334V

? (1x1010)2
(ii) [2 points CLO: al, a3, b3] Find the equilibrium carrier concentrations on both sides of the junction.
Answer: pp, = 5x1017 cm=3 |, npo = 2x1016 cm—3
= (1x1019)2/5x1017 =200 cm™3 ,
= (1x1019)2/2x1016 = 5000 cm™3
(iif) [2 points CLO: a1, a3, b3] Find the electron concentration in the p-side at a distance 8.25 pum from the edge
of the depletion layer.
Answer: Dn = un V1 = (1500)(0.0258) = 38.77 cm?/s. L,, = \/D,7,, = /(38.77)(2 x 10-%) = 8.8 um

xX+xp v xX+xp
Any(x) = Anp(—xp)e Ln =y, (eVT — 1>e Ln

Answer: V,; = Vpln—=

05 8.25
An, (x) = 200 (eO 0258 — l)e 88 = 1.3 x 10%cm™3

Ny = Nyo + Any = 200 + 1.3 X 101 ~ 1.3 x 101 cm ™3

(iv) [2 points CLO: al, a3, b3] Find the electron current density in the p-side at a distance 8.25 pum from the edge
of the depletion layer.

Answer:
dn qD n - "“‘P
Jn(6) = qDp— = = — == €W )
1.6 X 10719)(38.7)(200 8.25
Jo(x) = ( 58 x)io 2 X )( 58 1) 88 =9 x 107*4/cm?

(V) [2 points CLO: al, a3, b3] If the junction is illuminated uniformly by light resulting in a uniform generation
rate of 5x10!9 cm-3s-1, what will be the electron concentration in the p-side at a distance 8.25 pm
from the edge of the depletion layer?

Answer: The light causes at steady state an excess electron concentration 4n,(light) = Gz,
n, =13 x 10" +5x 109(2 x 1078) = 11.3 x 10'* ¢m™3

&nd of the exam Examiners: Prof Tarek M. Abdolkader, Dr Ibrahim Maged Best wistes
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Answer all questions:

Question @ €20 points}

a) [5 points CLO: al, a3, b3] The average threshold of dark-adapted vision is 4.00 x 10711 W/m? at a central
wavelength of 500 nm. If light with this intensity and wavelength enters the eye and the pupil is open
to its maximum diameter of 8.50 mm, how many photons per second enter the eye?

b) [5 points CLO: al, a3, b3] A 650-keV gamma ray Compton-scatters from an electron. Find the energy of
the photon scattered at 110°, the kinetic energy of the scattered electron, and the recoil angle of the
electron.

c) [5 points CLO: al, a3] Derive an expression for the quantized energy levels of the hydrogen atom.

d) [5 points CLO: al, a3] Apply Schrodinger equation and boundary conditions to find the energy levels and
wave functions for an electron in one-dimensional potential box.

Question @ €20 points}

a) [7 points CLO: al, a3, b3] An electron has a kinetic energy of 12.0 eV. The electron is incident upon a
rectangular barrier of height 20.0 eV and width 1.00 nm. If the electron absorbed all the energy of a
photon of green light (with wavelength 546 nm) at the instant it reached the barrier, by what factor
would the electron’s probability of tunneling through the barrier increase?

b) [6 points CLO: al, a3] (i) Write out the electronic configuration of the ground state for molybdenum (Z =
42). (ii) Write out the values for the possible set of quantum numbers n, ¢, m,, and ms for the
electrons in molybdenum.

c) [7 points CLO: al, a3, b3] A crystal is composed of two elements, A and B. The basic crystal structure is
body centered cubic with element A at each of the corners and element B in the center of the cube.
The effective radius of element A is ra = 1.035 A. Assume that the elements are hard spheres with the
surface of each A-type atom in contact with the surface of its nearest A-type neighbor. Calculate (i)
the maximum radius of the B-type element that will fit into this structure, (ii) the lattice constant,
and (iii) the volume density (#/cm3) of both the A-type atoms and the B-type atoms.

Question ® {26 pointsy

Choose the correct answer justifing your choice (answers without justification are ignored):
1. [2 points CLO: al, a3] At zero absolute temperature, the conduction band of a conductor ..........

(a) is completely empty (b) is completely filled (c) is partially filled
(d) is of lower energy than the valence band (e) none of the above choices
2.[2 points CLO: al, a3] At room temperature, the holes in the valence band of an intrinsic
semiconductor....
(a) are zero (b) are equal to the electrons in the conduction band
(c) do not contribute to current (d) are less than electrons in the conduction band

(e) none of the above choices
3.[2 points CLO: al, a3] At absolute temperature T, the effective density of valence band states is
proportional to .......

@ T (b) T2 (c) I3 (d) 12/3 (e) none of the above choices

4. [2 points CLO: al, a3] The Fermi level of a p-type material ...................
(a) increases with temperature (b) is constant with acceptor doping concentration
(c) is constant with temperature (d) increases with acceptor doping concentration

(e) none of the above choices
5. [2 points CLO: al, a3, b3] Consider a heavily doped p-type silicon sample at equilibrium which has
electron and hole concentrations n and p, respectively. If it is heated from T = 200 to 250 K, ..........

(a) n and p will increase with the same ratio (b) both n and p will decrease
(c) n will increase but p will decrease (d) both n and p will be nearly the same
(e) n will decrease but p will increase (f) none of the above choices

Continue with the remaining questions at the back

Modern Physics (B1133) Page 1/2 Final Exam — January 2022



6. [2 points CLO: al, a3] Consider an n-type semiconductor sample at equilibrium. If the donor doping is
increased in this sample, ...
(a) both mobility and conductivity will increase
(b) mobility will increase but conductivity will decrease
(c) both mobility and conductivity will decrease
(d) mobility will decrease but conductivity will increase
(e) mobility will decrease but conductivity will be the same

7.[2 points CLO: al, a3] If the concentration of electrons increases in the positive x direction, electron
diffusion flux will be.............
(a) in the positive x direction (b) in the negative x direction
(c) zero (d) in the positive y direction (e) in the negative y direction

8. [2 points CLO: al, a3, b3] A current passing in the positive x-direction normal to a differential volume
element of a semiconductor at steady state. If the generation and recombination rates of electrons
are 2x1019 cm=3s! and 7x101% cm-3s-1, respectively, the gradient of electron current density is.........

(@) 5 A/cms3 (b) -5 A/cm3 (c) zero (d) -8 A/cms3 (e) 8 A/cm3
9. [2 points CLO: al, a3] For a pn-junction at equilibrium, the electric potential is ........ the depletion layer.
(a) maximum at the n-edge of (b) constant within (c) zero within
(d) minimum at the n-edge of (e) increasing linearly within
10. [2 points CLO: al, a3] For a pn-junction at equilibrium, the built-in potential is inversely proportional to
(a) donor doping density (b) temperature (c) bandgap energy
(d) acceptor doping density (e) none of the above choices
11. [2 points CLO: al, a3] The reverse saturation current of a pn-junction is directly proportional to ...
(a) doping densities (b) bandgap energy of the junction material
(c) the length of the neutral regions (d) minority carrier lifetimes
(e) temperature of the junction (f) none of the above choices

12. [2 points CLO: al, a3, b3] Plotting the diode current versus diode voltage of an ideal silicon diode on a
semi-log scale (log y versus x) in the voltage range 0.8 —2 V results in .....................
(a) an exponential decay curve (b) an exponential rise curve
(c) a straight line of positive slope (d) a straight line of negative slope
(e) a horizontal straight line
13. [2 points CLO: al, a3, b3] The dynamic resistance of an ideal silicon diode which is reverse biased at a

voltage of 10 Vis ...ccoevveninnnnen. (reverse saturation current is 25.5 nA).
(a) nearly 1 MQ (b) greater than 100 GQ (c) nearly 1000 MQ
(d) smaller than 10 Q (e) nearly 1 pQ
Question ) €14 points}
With regard to the energy band diagram of a silicon sample that is shown &g Electron
beside, answer the following questions given that L = 1 um: A E;
1. [2 points CLO: al, a3] Specify all the values of x for which the sample is of p- ~— Er
type : \"'s :
2. [2 points CLO: al, a3] Specify the point at which the electric potential is N ﬁE
maximum. ; ' E

3. [2 points CLO: al, a3, b3] Find the hole concentration at x =0.

4. [2 points CLO: al, a3, b3] Find the electron concentration at x =L/2. ;
5. [2 points CLO: al, a3, b3] Find the electric field at x = L/8. 0 s L2 3a L
6. [2 points CLO: al, a3, b3] Find the kinetic energy of the electron shown in the diagram.

7. [1 point CLO: al, a3, b3] Find the direction of the hole drift current at x =7L/8.

8. [1 point CLO: al, a3, b3] Find the magnitude of the electron diffusion current density at x = L/2.

Question ® €10 points}
A silicon pn-junction of doping densites 5x1017 cm=3 and 2x1016 cm=3 at the p-side and n-side,
respectivly. The junction is forward-biased by applying 0.5 V on its terminal. The minority carrier
lifetime of electrons and holes are 2x10-8 and 1x10-8 s, respectively.
(i) [2 points CLO: al, a3, b3] Find the built in voltage at equilibrium.
(ii) [2 points CLO: al, a3, b3] Find the equilibrium carrier concentrations on both sides of the junction.
(iii) [2 points CLO: al, a3, b3] Find the electron concentration in the p-side at a distance 8.25 pm from the
edge of the deplpetion layer.
(iv) [2 points CLO: al, a3, b3] Find the electron current density in the p-side at a distance 8.25 pm from
the edge of the depletion layer.
(v) [2 points CLO: al, a3, b3] If the junction is illuminated uniformly by light resulting in a uniform
generation rate of 5x10!9 cm-3s-!, what will be the electron concentration in the p-side at a
distance 8.25 pm from the edge of the depletion layer?
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