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Part I: Answer the 5 multiple choice questions below by entering them on your IDP-15 Scantron. 

1 (8 points). Which recombination mechanism in diode produces current with an ideality factor � = 2? 

a. Recombination in the quasi neutral region at forward bias 

b. Recombination in the space charge region at reverse bias 

c. Recombination in the quasi neutral region at reverse bias 

d. Recombination in the space charge region at forward bias 

e. Recombination at the surface at reverse bias 

 

2 (8 points). For a solar cell obeying superposition, why does the total current decrease with applied 

voltage? 

a. To maintain conservation of power with time 

b. Photogeneration is reduced at higher applied voltage 

c. The electric field at the junction is reduced at higher applied voltage 

d. Diffusion at the junction is increased at higher applied voltage 

e. All of the above 

3 (8 points). What dominates the current beyond the reverse bias breakdown voltage? 

 a. Series resistance 

 b. Recombination in the space-charge region 

 c. Quantum-mechanical tunneling  

 d. Carrier avalanche 

 e. Diffusion current 

4 (8 points). Which of the following statements is true? 

a. The carrier depletion on the metal side of a Schottky diode is negligible. 

b. At same forward bias, a Schottky diode has higher current than a PN junction made of same 

bandgap semiconductor 

c. Quantum mechanical tunneling can affect Schottky diode performance 

d. All of the above 

e. None of the above 

5 (8 points). Which is true of the capacitance of Schottky diodes? 

a. It is proportional to 1/���� − ��  

b. It consists of junction capacitance and diffusion capacitance 

c. It is proportional to 1/(��� − ��) 

d. It is proportional to ��� − �� 

e. It is proportional to exp(���/��) 
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Part II (Free Response, 30 points) 

Consider a crystalline silicon n-p step homojunction ideal diode at room temperature (�=300 K). The n-

type region has doping ��=1017 /cm3, width �� = 10 m, minority carrier ��=450 cm2/V∙s and minority 

carrier ��=1 s. The p-type region has doping ��=3·1018 /cm3, width �� = 15 m, minority carrier 

��=1400 cm2/V∙s, and minority carrier ��=3 s at �=300 K. Assume the dopants are fully ionized.  

a. Calculate whether the diode is long or short, and the dark current density J0 of the diode.  

Dn=1400*0.0259=36 cm^2/s; Ln=sqrt(Dn *	��)=104 m 

Dp=450*0.0259=11.655 cm^2/s; Lp=sqrt(Dp *	�p)=34 m; therefore it is short on both sides. 

Jo=q* ni^2 *[ Dn /(Wp*NA) + Dp/(Wn*ND)]    (short) 

=1.6e-19*1e20[36 cm^2/s/(1.5e-3 cm*3e18/cm^3) + 11.6 cm^2/s/(1e-3 cm*1e17/cm^3)] 

=16*[8e-15+1.16e-13]=1.984e-12 A/cm^2 

b. For crystalline silicon, the critical breakdown field is ℇ�� = 3 ∙ 10�	V/cm, and the built-in voltage is 

0.923 V. Use this to calculate the reverse breakdown voltage VBR of the diode. 

Ecr^2=2q(Vbi+Vbr)*ND/(Ks*eps0) 

Vbi+Vbr=Ecr^2*Ks*eps0/(2q*ND) 

Vbr=(3e5 V/cm)^2 * (11.8 * 8.854e-14 F/cm)/(2*1.6e-19 C*1e17 / cm^3)- 0.923 

Vbr=2.938-0.923 = 2.015 V 

 

If Ecr^2=2q(Vbi+Vbr)*NA*ND/(NA+ND)*(Ks*eps0) used, Vbr=2.11 V; 

 

c. Assuming there are no other non-idealities, sketch the current density J of the diode for the range of 

applied voltage from – (|VBR|+0.1) to |VBR|+0.1. 
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Part III (Free Response, 30 points) 

Assume that we have a solar cell with dark current per unit area �� = 0.5 nA/cm2, short circuit current 

per unit area ��� = 25 mA/cm2,  ideality factor � = 1.8, and a cross sectional area A=10-4 cm2. 

 

a. Calculate the open-circuit voltage (VOC) and fill factor of this cell.   Hint: use FF =
������(�����.��)

�����
, 

where ��� = ����/���� is the reduced open-circuit voltage. 

Voc=0.826; zoc=17.7 FF=0.791 

 

 

b. Draw the current density-voltage relation for this cell, for voltages between 0 and VOC. Label the x- 

and y-intercepts. 

 

c. Assuming that the cell is illuminated by the AM1.5 solar spectrum (��� = 100 mW/cm2), calculate 

the maximum power conversion efficiency. Also, calculate the efficiency if the doping of both sides 

of the solar cell is increased by a factor of ten, while the short circuit current remains the same, 

assuming the ideal diode dark current holds, and the mobility is unchanged. 

Eta1=Jsc*Voc*FF/Pin=16.34% 

J0_new=10*J0_old 

Eta2=Jsc*Voc’*FF’ / Pin = 25*0.934*0.808/100 =18.86% 
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                      ECE 305 Exam 3 Formula Sheet (Fall 2017) 

You may remove these pages from the exam packet, and take them with you. 

Physical Constants Silicon parameters (� = ��� K) 

ℎ/2� = ℏ = 1.055 × 10���	J∙s �� = 3.23 × 10��	cm�� 
�� = 9.109 × 10���	kg �� = 1.83 × 10��	cm�� 
�� = 1.38 × 10���	J/K �� = 1.1 × 10��	cm�� 
� = 1.602 × 10���	C �� = 11.8 

�� = 8.854 × 10���	F/m �� = 1.12	eV;			� = 4.03 eV 
 

Miller Indices: (hkl) {hkl} [hkl] <hkl>  Density of states ��(�) =
(��

∗ )�/���(����)

��ℏ�   

Fermi function  �(�) =
�

���(����)/��  Intrinsic carrier concentration �� = ���������/��� 

Equilibrium carrier densities: �� =
�

�
�

���
∗ ��

�ℏ�
�

�/�

  �� =
�

�
�

���
∗ ��

�ℏ�
�

�/�
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Space charge neutrality: � − � + ��
� − ��

� = 0  Law of Mass Action: ���� = ��
� 

Non-equilibrium carriers: � = ���(�����)/�� � = ���(�����)/�� �� = ��
��(�����)/�� 
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Carrier conservation equations:    
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Poisson’s equation:    ∇ ∙ (�ℇ) = � 

SRH carrier recombination:  � = ∆�/�� or � = ∆�/�� 
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PN diode current:    ∆�(0) =
��

�
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