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1. Compare Bipolar technology with CMOS technology and also explain the n-Well BiCMOS 
fabrication indicating the additional  steps required to fabricate bipolar devices. [10] CO1 L1 

2. Explain the fabrication process of nMOS enhancement mode transistor with neat diagrams. [10] CO1 L2 
3. Draw the Stick Diagram for the following using nMOS and CMOS Logic: 

a) ݕ = A +  B +  Cതതതതതതതതതതതതതതത, b) 2 input NAND Gate [10] CO2 L1 
4 Realize the boolean expression ݕ = ܽ(ܾ + ܿ݀)തതതതതതതതതതതതത using nMOS and CMOS technology. Also 

draw the stick and layout diagram of the same in nMOS technology. [10] CO2 L3 
5. What are λ-based design rules? List and explain the λ-based design rules for wires and 

transistors.  [10] CO2 L1 
6. Derive the expression to calculate total delay of cascaded inverters while driving the large 

capacitive load. [10] CO2 L2 
7. Obtain the scaling factors for the following parameters 

i) Maximum operating frequency, ii) Channel resistance, iii) Gate capacitance per unit area, 
iv) Switching energy, v) Gate area [10] CO2 L2 
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8. Calculate the area capacitance of the following structure in terms of standard unit of 

capacitance (□Cg) for 5 μm process 
Given: Relative capacitance of  Metal1 to substrate: 0.075; Polysilicon to substrate: 0.1; 
Gate to channel capacitance: 1 [10] CO1 L3 

 



1 Compare Bipolar technology with CMOS technology and also explain the n-Well BiCMOS 
fabrication indicating the additional  steps required to fabricate bipolar devices. 
Following table comparison between CMOS and BICMOS technology: 

 
4 Marks 

Following diagrams shows the top view and cross sectional view of Bipolar transistor 

 
 



 
The npn transistor is formed in an n-well and the additional p+ base region is located in the well to form the p-base 
region of the transistor. The second additional layer-the buried n+ subcollector (BCCD) is added to reduce the n-
well (collector) resistance and thus improve the quality of the bipolar transistor. 

2 Marks 
 
The following table lists the additional masks needed to fabricate bipolar devices along with masks 
required to fabricate CMOS circuit. 

 
 

4 Marks 
 
 
 
 
 
 
 



2 Explain the fabrication process of nMOS enhancement mode transistor with neat diagrams. 
The fabrication process of nMOS enhancement mode transistor is as follows: 
 

 
 
Processing is carried out on a thin wafer cut from a single crystal of silicon of high purity into which 
the required p-impurities are introduced as the crystal is grown. Such wafers are typically 75-150mm 
in diameter, 0.4mm thick, doped with boron (concentrations of 1015 to 1016 / cm3 ) and  resistivity 25 
Ω-cm to 2 Ω-cm  
 

 
A layer of silicon dioxide (Si02), typically 1 µm thick, is grown all over the surface of the wafer to 
protect the surface, act as a barrier to dopants during processing, and provide a generally insulating 
substrate on to which other layers may be deposited and patterned. 
 

 
The surface is now covered with a photoresist which is deposited onto the wafer and spun to achieve 
an even distribution of the required thickness. 
 



 
The photoresist layer is then exposed to ultraviolet light through a mask which defines those regions 
into which diffusion is to take place together with transistor channels.  

 
These areas are subsequently readily etched away together with the underlying silicon dioxide so that 
the wafer surface is exposed in the window defined by the mask. 
 

 
The remaining photoresist is removed and a thin layer of Si02 (0.1 jlm typical) is grown over the 
entire chip surface and then polysilicon is deposited on top of this to form the gate structure. Further 
photoresist coating and masking allows the polysilicon to be patterned.

 
Then the thin oxide is removed to expose areas into which n-type impurities are to be diffused to 
form the source and drain as shown. 



 
Diffusion is achieved by heating the wafer to a high temperature and passing a gas containing the 
desired n-type impurity (phosphorus) over the surface as indicated in the figure shown above. 

 
 
Thick oxide (Si02) is grown over all again and is then masked with photoresist and etched to expose 
selected areas of the polysilicon gate and the drain and source areas where connections are to be 
made. 

 
 
The whole chip then has metal (aluminum) deposited over its surface to a thickness typically of 1µm. 
This metal layer is then masked and etched to form the required interconnection pattern.  
 
 

6 Marks(Diagrams) + 4 Marks(Explaination) 
 
 
 
 
 
 



 
3 Draw the Stick Diagram for the following using nMOS and CMOS Logic: 

a) ݕ = A +  B +  Cതതതതതതതതതതതതതതത, b) 2 input NAND Gate 
 
a) ݕ = A +  B +  Cതതതതതതതതതതതതതതത 

 
2 marks 
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b) 2 input NAND Gate 

 
 2 Marks 
 

 
 3 Marks 
  

 
 
 
 
 
 
 



 
 
4 

 
Realize the boolean expression ݕ = ܽ(ܾ + ܿ݀)തതതതതതതതതതതതത using nMOS and CMOS technology. Also draw the 
stick and layout diagram of the same in nMOS technology. 
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5 What are λ-based design rules? List and explain the λ-based design rules for wires and transistors. 
 The design rules are based on a single parameter λ which leads to a simple set of rules for the 

designer, and wide acceptance of the rules by a large cross-section of the fabrication houses and 
silicon brokers, and allows for scaling of the designs to a limited extent. Design rules and layout 
methodology based on the concept of A provide a process and feature size-independent way of 
setting out mask dimensions to scale. 
 
Design rules for wires 

 
1. Minimum width of n-type or p-type diffusion wire is 2λ. 
2. Minimum separation between two n-type or p-type diffusion wires is 3λ. 

 
 
 

 
3. Minimum width of polysilicon wires is 3λ. 
4. Minimum separation between any type of diffusion and polysilicon wires is is 3λ. 

 
 
 

 
5. Minimum separation between two polysilicon wires is 3λ. 

 



 
6. Minimum width of Metal 1 Layer should be 3λ. 
7. Minimum separation between two Metal 1 wires is is 3λ. 

 

 
8. Minimum width of Metal 2 Layer should be 4λ. 
9. Minimum separation between two Metal 2 wires is 4λ. 

 
5 Marks 

 
 
 
 

 



Design rules for Transistor 
 

 
1. Minimum size of transistor (nMOS and pMOS) is 2λ x 2λ (Since minimum width of 

polysilicon and any type of diffusion is 2λ ). 
2. Implant layer of size 6λ x 6λ should be used for depletion mode devices around the 

polysilicon and diffustion crossover. 
 

 
3. Minimum Separation from contact cut to transistor is 2λ. 
4. Minimum Separation from implant to another transistor is 2λ. 
5. Implant for an nMOS depletion mode transistor to extend 2λ minimum beyond channel in all 

directions 
 



 
6. Minimum extension of polisilicon beyond diffusion is 2λ. 
7. Minimum extension of diffusion beyond polysilicon or channel is 2λ. 

5 Marks 
 



6. Derive the expression to calculate total delay of cascaded inverters while driving the large   
capacitive load.                                                                                                                              [10] 

 

 

 



 

7. Obtain the scaling factors for the following parameters 
i) Maximum operating frequency, ii) Channel resistance, iii) Gate capacitance per unit area,  
iv) Switching energy, v) Gate area                                                                                                     [10] 
 

i)  
 

 

 



ii)  

 

iii) 

 

iv) 

 

v) 



8. Calculate the area capacitance of the following structure in terms of standard unit of capacitance 

(□Cg) for 5 μm process 

Given: Relative capacitance of Metal1 to substrate: 0.075; Polysilicon to substrate: 0.1; Gate to 
channel capacitance: 1                                                                                                                         [10] 

 



 


