
 



 
 
 
 
 
 
 
 
 
 
 



1 a. 

 
 

 
1 
b.  

 A transmission gate consists of an nMOS and a pMOS transistor connected in parallel. It is 
controlled by: 
. Control signal (C) applied to nMOS. 
. Complementary control signal (C) applied to pMOS. 

 
Advantages of Transmission Gates 
. Overcomes the limitaƟons of individual nMOS and pMOS switches. 
. Provides low resistance for both ‘0’ and ‘1’ signals. 
. Used in mulƟplexers, flip-flops, and pass-transistor logic circuits. 



 
1 c. 

 
 i) 𝑌 = (𝐴. 𝐵) + 𝐶(𝐷. 𝐸)തതതതതതതതതതതതതതതതതതതതത 

 
ii) 𝑌 = 𝐴.ഥ 𝐵 + 𝐴. 𝐵ത  

 

 



2 a. 

 
 Flip-Flop Using a MulƟplexer and Inverters 

 A simple flip-flop can be designed using a 2-input mulƟplexer and two inverters, as shown in 
figure below. 

 
Flip - flop 

 

 
SchemaƟc representaƟon of CMOS flip-flop 

This circuit operates based on a load signal (LD) to control data storage. 
Write Mode (LD = 1) 

 When the load signal is high (LD = 1): 
-The output Q is directly set to the input D. 
-This allows new data to be stored in the flip-flop. 
-This operaƟon is illustrated in figure below. 

 
Hold Mode (LD = 0) 
. When the load signal is low (LD = 0): 
– The mulƟplexer switches to a feedback loop, connecƟng the output back to itself through 
the inverters. 
– This feedback maintains the stored value, effecƟvely holding the previous state of Q, 
while the input D is ignored. 
. This operaƟon is illustrated in figure below. 

 
. This simple circuit demonstrates how memory elements can be built using fundamental CMOS 
components. 
. Flip-flops like this serve as the foundaƟon for registers, latches, and memory units in 
digital systems. 



2 
b. 

 
 Behavioral representaƟon 

 A behavioral representaƟon defines how a system or circuit responds to a given set of 
inputs. 

 This representaƟon focuses on the funcƟonality of a system rather than its implementaƟon 
details, making it independent of the underlying technology.  

Behavioral SpecificaƟon at the Logic Level 
 At the logic level, the behavior of a digital circuit can be described using Boolean funcƟons. 
 For example, the behavior of a logic gate can be expressed as: F = ((A + B + C) ・ D) 

 
Structural representaƟon 
. A structural specificaƟon defines how components are interconnected to perform a funcƟon 
or achieve a specific behavior. 
. Unlike behavioral descripƟons, which focus on logical operaƟons, structural descripƟons specify the 
physical arrangement of circuit elements. 
. One example of a structural descripƟon language is MODEL, developed by Laƫce Logic Ltd. This 
language provides a formal way to define circuit components and their interconnecƟons. Structural 
RepresentaƟon in MODEL 
. In MODEL, circuit elements such as transistors are explicitly defined along with their connecƟons. 
. Example 1: Inverter DescripƟon in MODEL  
Part inv (in) -> out 
Nfet out in vss 
Pfet out in vdd 
End 

 The first line defines a part named inv with input in and output out. 
 The Nfet transistor has its drain = out, gate = in, and source = vss. 
 The Pfet transistor has its drain = out, gate = in, and source = vdd. 

 
Physical representaƟon 
. The physical specificaƟon for a circuit is used to define how a parƟcular part must be 
constructed to yield a specific structure and, consequently, a defined behavior. 
. In an Integrated Circuit (IC) process, the lowest level of physical specificaƟon is the 
photo-mask informaƟon, which is crucial for the various processing steps during 
fabricaƟon. 
. At this stage, we focus on a simplified model for the physical nature of a CMOS circuit. 
Transistor Physical RepresentaƟon 
. A typical physical representaƟon for a transistor involves two rectangles, represenƟng the 
lithography required for the transistor’s fabricaƟon. 
. These rectangles have precise dimensions defined by the design rules, which are based on the 
specific process being used. 
. These rules oŌen change for different processes, and the corresponding dimensions may not 
change linearly. 
. Rather than focusing on these complex rules, we use a single symbol to represent a transistor 
in a non-metric format, maintaining the essenƟal physical nature of the transistor. 
n-Transistor representaƟon 
. The physical symbol for an n-transistor is shown in figure below. 
. In n-transistor, two process levels are overlaid: one for the gate connecƟon and another for the 
source and drain. 
. These symbols are placed on a grid where: 



– The center grid point is for the gate. 
– The grid point to the right (or above) is the drain. 
– The grid point to the leŌ (or below) is the source. 
. These grid points can be visualized as part of a schemaƟc layout. 

 
 

2 c. 
 

 Physical Symbolic Layout for an Inverter 
. A symbolic layout for an inverter can be constructed using the transistor symbols. 
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5 a.  
 Wafer Processing 

  

 

 
 
 
 
 



SelecƟve Diffusion 
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b.  

 

 



 

 
 
 
 
 
 
 
 
 
 
 
 



5 c. 
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7 a. 
 

 StaƟc CMOS logic offers simplicity, low staƟc power consumpƟon, and high noise immunity, but is 
slower and uses more transistors. Dynamic CMOS logic, while requiring precharging and clock 
synchronizaƟon, provides higher speed, lower dynamic power consumpƟon, smaller transistor 
count, and reduced area, but suffers from increased suscepƟbility to noise and charge 
leakage. Dynamic logic is oŌen necessary for very high-frequency designs, while staƟc logic is 
preferred for applicaƟons where power efficiency and reliability are paramount. 

 
7 
b.  
 

 



 
 

7 c. 
 

 4-input CVSL XOR gate 

 
 

 

 



8 a. 
 

 

 
S-select line Outputs 
0 A 
1 B 
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10 
b.  
 A "self-test" is a broad concept of a device tesƟng itself, while a Built-In Self-Test (BIST) is a specific 

engineering methodology where a device's hardware and soŌware are intenƟonally designed to 
perform tests internally, reducing reliance on external test equipment and significantly improving 
fault coverage for complex integrated circuits (ICs). BIST is a design-for-test (DFT) technique that 
embeds a test paƩern generator and response analyzer within the chip to detect internal failures, 
making it cost-effecƟve for complex designs and enhancing system reliability. 
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