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

1 (8 points). An MOS capacitor can be modeled as follows: 

a. Two bias-dependent capacitors in series 

b. One constant and one bias-dependent capacitor in parallel 

c. One constant and one bias-dependent capacitor in series 

d. Two constant capacitors in series 

e. One constant and two bias-dependent capacitors in parallel 

 

2 (8 points). For a long-channel MOSFET biased above the turn-on voltage ��, how does the saturated 

drain current �� scale with the gate voltage ���? 

a. 1/	��� − ���� 

b. 
��� − �� 

c. ��� − �� 

d. 	��� − ���� 

e. 	��� − ���� 

 

3 (8 points). What is the effect of sodium ion transport into a gate oxide on a MOS capacitor? 

 a. Etch the oxide away 

 b. Shift the threshold voltage in a time-varying fashion 

 c. Convert the oxide into a good conductor  

 d. Change the semiconductor doping from p to n-type 

 e. Reduce the series resistance to zero 
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4 (8 points). Consider the current-voltage relationship depicted in the following diagram: 

 

If ��� � 4, and ��� � 12, and ��� � 6 nm, what is a reasonable estimate of � in the high-frequency 

regime for ��� ≫ ���? 

a. 1 nm 

b. 6 nm 

c. 18 nm 

d. 54 nm 

e. 288 nm 

5 (8 points). When minority carriers pile up at the oxide-Si interface of a MOS device, what is the bias 

condition? 

a. Inversion 

b. Flatband 

c. Depletion 

d. Deep depletion 

e. Accumulation 
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Part II (Free Response, 30 points) 

Consider the transfer and output characteristics observed for an InGaAs MOSFET below. Assume the 

power supply voltage VDD=1 V and Cox=200 nF/cm2. Please answer the following questions. 

 

a. What is the on current for this MOSFET? Explain how you find it. 

Ion=42 µA / µm. Read from the Id-Vd curves, Ion=Ids when Vg=Vg=Vdd=1V. 

 

b. What is the off current for this MOSFET? Explain how you find it. 

Ioff = 80 nA / µm. Read from the semilog Id-Vg curves, Ioff=Ids when Vg=0 V, Vd=Vdd=1V 

 

c. What is the average subthreshold swing at Vds=50 mV? Explain how you find it. 

About 110 mV / dec. When Ids changes by 3 orders of magnitude, Vg changes by about 

0.33V. So �� � ∆��
�	decades

�	 ��%	mV
�	dec

� 110	mV/dec 

d. What is the threshold voltage? Explain how you find it. Please note that the transfer 

characteristics are plotted on a log scale. 

The threshold voltage Vth is about 0.2V - 0.25 V.  

There are two ways to find the threshold voltage without having the linear Id-Vg curves: 

The first way is to use the semi-log Id-Vg plot. The sub-threshold current depends linearly on gate 

voltage in such a semi-log plot. The gate voltage at which the plot departs from linearity is taken 

as the threshold voltage. Usually, the Vth determined using this method is somewhat lower than 

that by the linear extrapolation method. Here, it around 0.2 V, as shown below: 
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The second way is called a transconductance derivative, which is less commonly used. The 

derivative of the transconductance with gate voltage is determined at low drain voltage and 

plotted versus gate voltage. The second derivative )��*/)��+�  will tend to infinity at Vgs=Vth, 

around 0.25 V in this case, as shown in the following figure: 

 

 

e. What is the inversion layer charge density in the on state (in nC/cm2)? 

|Q| = Cox (Vg-Vth) = 150 nC/cm2 

  

Vth 

Vth 
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Part III (Free Response, 30 points) 

1. Assume a p+ polysilicon gate with an n-type silicon substrate, with Ks=11.8 and ,� � 10-. /cm3. 

The oxide thickness can be taken as 100 nm and dielectric constant Kox=4. 

 

a. What is /0 here? 

 /0 � 
 1�2 ln 56789 : � 	
0.239	�	 (assuming > � 300 K). 

 

 

b. What is the “metal”-semiconductor workfunction difference? 

 

∆� �	12?� @		
A�/0 � 0.56	eV @ 	0.2398	eV � 0.799	eV 

 

 

c. What is �, when /� � /0? 

 

� � E2�+F�	
/+�A,� � E2 ∗ 11.8 ∗ 8.854 ∙ 10
14 ∗ 0.2391.6 ∙ 10
19 ∗ 1014 � 1.77 ∗ 10
4	cm 

 

 

d. What is the electric field in the oxide, when /� � /0? 

|J	K�| � E2A,�	
/+��+F� � 2.7 ∙ 10� Vcm � 2.7 kVcm 

|J��| � �+��� |J	K�| � 8.26 ∙ 10� Vcm � 8.26 kVcm 

 

 

e. What is the potential drop across the oxide? 

∆� � 	 ��� ∗ JMN � 100	nm ∗	O
8.26 kVcmP � 
0.0826	� 
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                      ECE 305 Exam 4 Formula Sheet (Fall 2015) 

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

Physical Constants Silicon parameters (Q � RSS K) T/2U � V � 1.055 W 10X�.	J∙s ,Z � 3.23 W 10-[	cmX� \% � 9.109 W 10X�-	kg ,� � 1.83 W 10-[	cmX� ^_ � 1.38 W 10X��	J/K a� � 1.1 W 10-%	cmX� A � 1.602 W 10X-[	C �+ � 11.8 F% � 8.854 W 10X-�	F/m ?� � 1.12	eV;			e � 4.03 eV 
 

Miller Indices: (hkl) {hkl} [hkl] <hkl>  Density of states fZ	?� � 	gh∗ �i/j
�	kXkl�mjVi   

Fermi function  n	?� � --op	qrqs�/tu  Intrinsic carrier concentration a� � 
,Z,�vXkw/�1� 

Equilibrium carrier densities: ,Z � -. 5�gh∗ 1�mVj :�/�  ,� � -. 5�gx∗ 1�mVj :�/� 

a% � ,Zv	ksXkl�/1� � a�v	ksXk9�/1�    y% � ,�v	kzXks�/1� � a�v	ksXk9�/1� 

Space charge neutrality: y 
 a @ ,�o 
 ,{X � 0  Law of Mass Action: a%y% � a�� 

Non-equilibrium carriers: a � ,Zv	0|Xkl�/1� y � ,�v	kzX0}�/1� ay � a��v	0|X0}�/1� 

Conductivity/resistivity: ~ � ~8 @ ~8 � A�a�8 @ y��� � 1/� 

Drift-diffusion current equations: �8 � aA�8J� @ A�8 *8*� � a�8 *0h*�   
�h�h � 1�2  

        �� � yA��J� 
 A�� *�*� � y�� *0x*�   
�x�x � 1�2  

Carrier conservation equations:    
�8�� � @� ∙ 5�h2 : @ �8 
 �8 

     
���� � 
� ∙ 5�x2 : @ �� 
 �� 

Poisson’s equation:    � ∙ 	FJ� � � 

SRH carrier recombination:  � � ∆a/�8 or � � ∆y/�� 

Minority carrier diffusion equation: 
�∆8�� � �8 �j∆8��j 
 ∆8�h @ ��  ��,8 � 
�8�8 

PN homojunction electrostatics:  ��� � 1�2 ln �676�89j �  
*J*� � �	������  

� � ��������92 56�o676�67 :       N8 � 5 6�6�o67:�        N� � 5 676�o67:�         J	0� � ��2��9���� 5 6�676�o67: 
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PN diode current:    ∆a	0� � 89j6� �v2��/1� 
 1� 			∆y	0� � 89j67 �v2��/1� 
 1� 

�� � ���v2��/1� 
 1�           �� � A ��h�h 89j6� @ �x�x 89j67�  (long)        �� � A ��h�x
89j6� @ �x�h

89j67�  (short) 

Non-ideal diodes: � � ���v2	��X����/1� 
 1�  ��p8 � 
A 89���� 

Photovoltaics:  ��  � 81�2 ln 5��¡�� : �¢� � ���v2��/1� 
 1� 
 �K£  

Small signal model: �* � �7o��1�/2   ¤�	��� � ����{
�j¥�¦�z�9§|�

� ¨�2����6����9     ¤� � �*�8 

 

MS diode properties: A��� � |Φª 
Φ�|      Φ_¢ � e @ ?� 
Φª Φ_6 � Φª 
 e 

�� � ���v2��/1� 
 1�  �� � ¨∗>�vX«¬/1�  ¨∗ � .m2g∗1¬j­i � 120 g∗
g� 		 Acm2∙K2 

 

MOS capacitors:        � � ������¯�26�  cm     J+ � ��26�¯����� 	 Vcm    

°_ � 
A,{�	/+� � 

2A�+F�,{/+ 		 Ccm2 

�� � �0_ @ /+ @ Δ/�� � �0_ @ /+ 
 °+	/+�¤��  

¤�� � ��F�/N�  �0_ � Φg+/A 
 °0/¤�� 

¤ � ¤��/ ²1 @ ���	¯������ ³  �� � 
°_	2/0�/¤�� @ 2/0  °8 � 
¤��	�� 
 ��� 
MOSFETs:   �� � 
�°8	´ � 0�〈¶·	´ � 0�〉 

�� � �� �8¤��	��� 
 ������   �� � �¤��¶+¹�	��� 
 ��� 
Square Law (for ��� º ��): �� � »�� �8¤��¼	��� 
 ������ 
 ���� /2½,						0 ¾ ��� ¾ ��� 
 ����� �8¤��	��� 
 ����,																																							��� º ��� 
 �� 


