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UNIT-1 

 INTRODUCTION TO VLSI AND MOS TRANSISTOR 

Scope of Syllabus: 

1.1-Historical Perspective-Intrtoduction 

1.2-Clasification of Cmos Digital Circuit Types 

1.3-Intrduction To Mos Transister 

1.4-Structure And Operation of N-Channel Enhancement Type Mosfet And C-Mos 

1.5-Mosfet V-I Charecteristics 

1.6-Working Of Mos Capacitance 

1.7-Modelling Of Mos Transistor Including Basic Concept Of,Level-2 Model And Level-3 

Model 

1.8 –Flow Circuit Design Procedure 

1.9-Vlsi Design Flow And Y-Chart  

1.10-Design Hierarchy-Structural 

1.11-Vlsi Design Stylis-Fpga, Gate Array Design, Standard Cell Based, Full Custom 

1.1-HISTORICAL PERSPECTIVE-INTRTODUCTION 

INTRTODUCTION 
➢ The electronics industry has achieved a phenomenal growth over the last two decades, mainly due to the 

rapid advances in integration technologies, large-scale systems design - in short, due to the advent of 

VLSI 

➢ The number of applications of integrated circuits in high-performance computing, telecommunications, 

and consumer electronics has been rising steadily, and at a very fast pace.  

ERA     DATE   COMPLEXITY 

Single transistor   1959   less than 1 

Unit logic (one gate)   1960   1 

Multi-function    1962   2 - 4 

Complex function   1964   5 - 20 

Large Scale Integration  1972   200 - 2000  (LSI) 

Very Large Scale Integration 1978   2000 - 20000 (VLSI) 

Ultra Large Scale Integration 1989   20000 - ? (ULSI) 
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1.2-CLASIFICATION OF CMOS DIGITAL CIRCUIT TYPES 

➢ Based in the fundamental operating principle the circuit are classified into two main categories. 

➢ That is  

 (i)Static Circuit 

           (ii)Dynamic Circuit 

➢ Static circuit are further divided into sub-categories such as  

           (i)Classical gate logic circuit 

           (ii)Cascade voltage switch logic (cvsl) Circuit 

➢ The dynamic circuits are divided into sub categories such as— 

           i) Domino logic circuit 

           ii)NORA logic circuit 

           iii) True single phase lock (TSPC) circuit 
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1.3-INTRDUCTION TO MOS TRANSISTER 

➢ MOS transistor is a three terminal device. 

➢ MOS Transistor is a voltage control device, 

➢ One of the most important characteristics of the MOS transistor is its high input impedance.MOSFET is 

further classified into two types 

      I-Depletion type MOSFET (D-MOSFET) 

     Ii-Enhancement MOSFET (E-MOSFET) 

➢ MOS transistor is more tempreture stable than BJT. 

➢ The MOSFET transistor has become one of the most important devices used in the design and 

construction of integrated circuit for digital computer 

Classical 

CMOS 

Transmission 

gate CMOS 

CVSL 

Circuit 
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➢ In general, the MOSFET is a four-terminal device with a Drain (D), Source (S), gate (G) and a Body 

(B) / Substrate terminals 

➢ The body terminal will always be connected to the source terminal hence, the MOSFET will operate as a 

three-terminal device. 

 

 

BASIC OPERATION OF MOSFET 

➢ Image shows the typical internal structure of the MOSFET. 

 

 
 

➢ The structure,  see that the gate terminal is fixed on the thin metal layer which is insulated by a layer 

of Silicon Dioxide (SiO2) from the semiconductor, and  two N-type semiconductors fixed in the channel 

region where the drain and source terminals are placed.  

➢ The channel between the drain and source of the MOSFET is an N-type, opposite to this, the 

substrate is implemented as P-type. 

➢ If the gate terminal of the MOSFET isn’t biased, it will stay in the non-conductive state, hence the 

MOSFET is mostly used in designing switches and logic gates. 

 

 

 

 



6 | P a g e  
 

WORKING PRINCIPLE OF MOSFET 

 
➢ The MOSFET controls the voltage and current flow between the source and drain 

➢ The working of the MOSFET depends on the MOS capacitor, which is the semiconductor surface 

below the oxide layers between the source and drain terminal. 

➢ It can be inverted from p-type to n-type, simply by applying positive or negative gate voltage 

respectively. The below image shows the block diagram of the MOSFET. 

 

 
 

 

 

➢ When a drain-source voltage (VDS) is connected between the drain and source, a positive voltage is 

applied to the Drain, and the negative voltage is applied to the Source.  

➢ The PN junction at the drain is reverse biased and the PN junction at the Source is forward biased. 

At this stage, there will not be any current flow between the drain and the source. 

➢ If we apply a positive voltage (VGG) to the gate terminal, due to electrostatic attraction the minority 

charge carriers (electrons) in the P substrate will start to accumulate on the gate contact which forms a 

conductive bridge between the two n+ regions.  

➢ The number of free electrons accumulated at the gate contact depends on the strength of positive voltage 

applied.  

➢ The higher the applied voltage greater the width of the n-channel formed due to electron accumulation, 

this eventually increases the conductivity and the drain current (ID) will start to flow between the 

Source and Drain. 

➢ When there is no voltage applied to the gate terminal, there will not be any current flow apart from a 

small amount of current due to minority charge carriers. The minimum voltage at which the MOSFET 

starts conducting is called the threshold voltage. 
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1.4-STRUCTURE AND OPERATION OF n-CHANNEL ENHANCEMENT 

TYPE MOSFET AND C-MOS 
 

N-CHANNEL MOSFET- 
➢ The MOSFET formed in which the conduction is due to the channel of majority charge carriers 

called electrons.  

➢ When this MOSFET is activated as ON this condition results in the maximum amount of the current 

flow through the device. This type of MOSFET is defined as N-channel MOSFET. 

➢ These n-channel MOSFETs are further classified as- 

I) N-Channel with Enhancement MOSFET II) N-Channel with Depletion MOSFET 

 

 

N-CHANNEL WITH ENHANCEMENT MOSFER- 

OPERATION 

➢ In n-channel MOSFET’s the body that is formed due to the p-substrate material that is technically 

referred to as the substrate. 

➢ The n-type material is required for the formation of the terminals called source and the drain.  

➢ Here the p substrate impurities are doped with light concentration whereas n-type is doped heavily. 

 
 

➢ The device body that is formed due to p-type and the terminal source are connected to a common 

ground.  
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➢ A positive polarity of the voltage is applied to the terminal gate. Because of this positivism, it 

corresponds to an effect of the capacitor.  

➢ Hence in the p substrate, the minority carriers that are free electrons get attracted and move towards 

the terminal gate 

➢ Due to this a layer that is because of uncovered ions is formed bellow the layer of dielectric where 

the combinations of the holes with electrons occur.  

➢ As the positive voltage applied gradually increases and crosses the minimum threshold the electrons 

which are minority carriers would be able to overcome the recombination with the holes and they form 

the channel between the two p type materials. 

➢ Further application of the positive voltage value at the drain leads to the flow of current through the 

transistor.  

➢ The concentrations of the electrons are dependent on the potential applied. These concentrations of 

the electrons are responsible for the formation of the channel and the application of the voltage at gate 

enhances the flow of the current.  

➢ Hence it is termed as N- channel MOSFET of enhancement type. 

1.5-MOSFET V-I CHARECTERISTICS 

V-I Characteristics of n-channel Enhancement MOSFET 
➢ VI characteristics of the enhancement-mode MOSFET are drawn between the drain current (ID) 

and the drain-source voltage (VDS).  

➢ The VI characteristics are partitioned into three different regions, namely ohmic, saturation, and cut-

off regions.  

➢ The cutoff region is the region where the MOSFET will be in the OFF state where the applied bias 

voltage is zero.  

➢ When the bias voltage is applied, the MOSFET slowly moves towards conduction mode, and the 

slow increase in conductivity takes place in the ohmic region. 

➢ Finally, the saturation region is where the positive voltage is applied constantly and the MOSFET 

will be staying in the conduction state. 

 

 

 

V-I CHARECTERISTICS MOSFET 
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  CMOS (COMPLEMENTARY METAL OXIDE SEMICONDUCTOR 

➢ CMOS or Complementary Metal Oxide Semiconductor is a combination 

of NMOS and PMOS transistors that operates under the applied electrical field.  

➢ The structure of CMOS was initially developed for high density and low power logic gates. 

➢ The NMOS and PMOS are the types of Metal Oxide Semiconductor Field Effect Transistors 

(MOSFET).  

➢ The CMOS transistors are used in various applications, such as amplifiers, switching circuits, logic 

circuits, Integrated circuit chips, microprocessors, etc. 

➢ The importance of CMOS in semiconductor technology is its low power dissipation and low 

operating currents. 

NMOS 
 

The symbol of the NMOS transistor is shown below 

 

 

➢ The n-channel MOSFET is called NMOS. It has a substrate of p-type, which consists of majority 

carriers holes. 

➢ The n-channel consists of majority carriers electrons.  

➢ The flow of electrons is fast as compared to holes. 

➢ Hence, NMOS transistors are more rapid than PMOS transistors. 

 

PMOS 
 

The symbol of the PMOS transistor is shown below 
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➢ The p-channel MOSFET is called PMOS. It has a substrate of n-type, which consists of majority 

carriers electrons.  

➢ When a negative voltage is applied to the gate end of the PMOS, it repels the electrons. The 

attraction of holes results in the formation of the channel called the p-channel. 

➢ The channel is formed between the source and drain. 

Connection setup of CMOS 
➢ It comprises the NMOS transistor that has N++ regions at the source and drain terminal and p-type 

substrate. 

➢ Similarly, the PMOS transistor has two P++ regions and an n-type substrate. 

The symbol of CMOS is shown below                                  

 
 

➢ Here, G, S, and D specifies the Gate, Source, and Drain terminal of the NMOS and PMOS. 

WORKING OF CMOS 
➢ The structure as shown consists of the NMOS transistor inverted on the top of the PMOS transistor. 

➢ The substrate is of the P-type, and three N++ regions. The two N++ regions are small and the third 

N++ region is large.  

➢ The two smaller regions are a part of the NMOS transistor, while the third N++ region is a part of 

the PMOS transistor.  

➢ The two P++ regions are diffused into the larger N++ region to form the PMOS transistor.  

➢ The top surface is protected and covered using the Silicon dioxide layer (SiO2) with aluminium’s 

metallization. 

➢ The practical construction of CMOS 
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➢ CMOS has the least amount of power dissipation in the switching applications.  

➢ It is because when one transistor is OFF, the other becomes ON. For example, if PMOS is ON, the 

NMOS transistor will be OFF. 

➢ The value of VDD voltage is generally selected between 5V and 15V. 

(A)  In the above diagram A is the input voltage that is fed to the NMOS and PMOS transistors. When 

the input voltage (A) = 0V, the PMOS conducts, and NMOS will remain in the OFF. 

           (B)Similarly, when the input voltage A = 1, A' will be 0. In such a state, the PMOS will be OFF, and 

NMOS will conduct. 

1.6-WORKING OF MOS CAPACITANCE 

   Basic of MOSFET capacitance 

➢ Speed of Integrated circuit is limited by capacitances 

➢ Its value can be calculated by three-dimensional overview of MOSFET 

➢ Here knew that Cox= €ox/tox 

➢ Where €ox =permittivity of di-electric material 

• tox=Thickness of Dielectric Materials 

 

➢ This Cox is the capacitance per unit area 

➢ When calculate the actual value of capacitance then along with cox we need to multiply the      

crossectional area that is width x length 

➢ So c=cox l w 

 

 

 

 

         The MOS structure is mostly consisted of three things: 

➢ The doped silicon as the substrate 

➢ Oxide Layer 

➢ Insulator material: Silicon dioxide 

 

 

 
➢ The metal plate and semiconductor substrate will act as two parallel plates of this capacitor and 

oxide layer is act as an insulator. 

➢ The working of mos capacitor is same as parallel plate capacitor. If a voltage source is connected 

across a capacitor where the +Ve (positive terminal) is connected to the positive terminal of a 

capacitor and negative terminal is connected to –Ve (negative terminal) of the capacitor. Then, 

the energy which is stored in the capacitor is directly proportional to the applied voltage. 

https://en.wikipedia.org/wiki/MOSFET
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CAPACITANCE CUTOFF REGION LINEAR REGION SATURATION 

REGION 

CGB COX W L 0 0 

CGC 0 COX W L 2/3 COX W L 

CGS 0 COX W L/2 2/3 COX W L 

CGD 0 2/3 COX W L 0 

 

 

The above 4 capacitance are always depends on Biasing Voltage. 

MOSFET CAPACITANCE MODEL 
 

 

1.7-MODELLING OF MOS TRANSISTOR INCLUDING BASIC CONCEPT 

OF,LEVEL-2 MODEL AND LEVEL-3 MODEL 

DEFINITION OF MOS MODEL 
➢ Modeling the MOS device consists in writing a set of equation that link voltage and current, in 

order to simulate the behaviour of a complete circuit. 

➢ MOS device is to evaluate the current IDS which flows between the drain and the source, 

depending on the supply voltages VD, Vg, Vs and Vb 

➢ A models made of- 

➢ Some equation describing IDS (VDS) and IDS (V 

➢ The most popular circuit simulator is SPICE. It was developed two decades ago at the University 

of California, Berkeley. 

➢ It has been the basic tool for integrated circuit designer. 

BASIC DRAIN CURRENT MODEL ARE- 
1) Level 1- Shichman-Hodges(VT,KP,PHI,Gama,lamda and NSUB 

2) Level 2-Geometry based analytical model 

3) Level 3-Semi-empirical short channel model 
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4) Level 4-BSIM model. Based on automatically generated parameter. 

LAVEL 1 MODEL 

DIFFERENT PARAMETER ARE IN LEVEL 1 

➢ NMOS/PMOS- MOSFET type.  

➢ VTO- Threshold voltage (V)  

➢ KP- Trans conductance parameter (A/V2) 

➢ GAMMA- Bulk threshold parameter (V1/2) 

➢ PHI- Surface potential (V)  

➢ LAMBDA- Channel length modulation parameter (V-1) 

➢ RD- Drain resistance (Ω) 

 

Out of all these parameter present in Level 1 model of MOSFET the basic SPICE parameter for model 1 

are listed below 

 

SPICE parameter unit Value in 

0.8 µm 

technology 

Value in 

0.25 µm 

technology 

description 

VTO V 0.8 0.5 Threshold voltage 

KP A/V2 500 250 Trans conductance 

W µm 1.6 0.5 Channel Width 

L µm 0.7 0.25 Channel Length 

GAMMA V1/2 0.4 0.4 Threshold dependency with VSUB 

PHI V 0.7 0.7 Surface potential 

 

 

 

 

LEVEL 1 (Schichman-Hodges Model) 

➢ The model is applicable to devices with gate length greater than 10𝜇𝑚. 

➢ This model is a first order approximation of practical output of long channel MOS device 
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2 

➢ This model takes into consideration channel length modulation by using a parameter L and body bias 

effect is taken care by the transconductance. 

Channel Width and Length 

 

Threshold Voltage 

 

LEVEL 2 (Grove-Frohman Model) 

➢ LEVEL 2 is an advanced version of LEVEL 1 and implements Meyer’s model. LEVEL 1 doesn’t 

account for the short channel effects and is based on the assumption that threshold voltage is constant 

and varies only with the substrate voltage. 

➢ This simplified semi-empirical model gives a detailed description of the mobility degradation by the 

vertical field, the threshold region and the depletion region. It is used for very long- channel devices 

with gate length of approximately 10𝜇𝑚. (1) 

MODEL EQUATIONS: 

Drain current, Ids Equations: 
➢ Drain current for LEVEL 2 models is lower than that of LEVEL 1 models and is given by: 

Cutoff Region (𝑉g𝑠  ≤ 𝑉𝑡!) 

Ids=0. 

➢ On Region (𝑉g𝑠  > 𝑉𝑡!) 

𝐼𝑑𝑠 = 𝛽. 𝑉g𝑠 − 𝑉𝑏i − 
𝑦.𝑉𝑑𝑠

 

 

LEVEL 3 (Empirical Model) 

➢ LEVEL 3 is developed to overcome the observed shortcomings of Level 2. It is more efficient 

mathematically and more accurate as compared to LEVEL 2.  

➢ LEVEL 3 model is an improvement over LEVEL 2 model with simple equations and many empirical 

constants.  
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2 

➢ As the name suggests this model is derived from empirical relations between practical data obtained 

from experiments and the theoretical models already existent. 

➢ Drain-induced barrier lowering (DIBL) and mobility degradation by the lateral field like physical 

effects are also included. These models are applicable to long-channel devices with gate length of 

approximately 2 𝜇𝑚. 

MODEL EQUATIONS: 

(a.) Drain current, Ids Equations: 

Drain current equations for LEVEL 3 are given by: 

Cutoff Region (Vgs 

<Vth) Ids = 0 

On Region (Vgs >Vth) 

 

𝐼𝑑𝑠  = 𝛽.   𝑉g𝑠 − 𝑉𝑡! − 1!ƒ𝑏 . 𝑉𝑑𝑠   . 𝑉𝑑𝑠 
 

1.8 –FLOW CIRCUIT DESIGN PROCEDURE 

VLSI Design Flow Step 1: Logic Synthesis 

➢ RTL conversion into netlist 

➢ Design partitioning into physical blocks 

➢ Timing margin and timing constrains 

➢ RTL and gate level netlist verification 

➢ Static timing analysis 

VLSI Design Flow Step 2: Floorplanning 

➢ Hierarchical VLSI blocks placement 

➢ Power and clock planning 

VLSI Design Flow Step 3: Synthesis 

➢ Timing constrains and optimization 

➢ Static timing analysis 

➢ Update placement 

➢ Update power and clock planning 

VLSI Design Flow Step 4: Block Level Layout 

➢ Complete placement and routing of blocks 

VLSI Design Flow Step 5: VLSI Level Layout 

➢ VLSI integration of all blocks 

➢ Place and route 
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➢ GDSII creation 
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1.9-VLSI DESIGN FLOW AND y-CHART  
 

 
 

 

➢ The VLSI design cycle starts with a formal specification of a VLSI chip, follows a series of steps, and 

eventually produces a packaged chip.  

➢ A typical design cycle may be represented by the flow chart shown.  
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1-System Specification:  

➢ The first step of any design process is to lay down the specifications of the system. 

➢ System specification is a high level representation of the system.  

➢ The factors to be considered in this process include: performance, functionality, and physical 

dimensions (size of the die (chip). 

   2. Architectural Design:  

➢ The basic architecture of the system is designed in this step. 

➢ This includes, such decisions as RISC (Reduced Instruction Set Computer) versus CISC (Complex 

Instruction Set Computer), number of ALUs, Floating Point units, number and structure of pipelines, 

and size of caches among other 

3-Behavioral or Functional Design:  

 

➢ In this step, main functional units of the system are identified. This also identifies the interconnect 

requirements between the units. The area, power, and other parameters of each unit are estimated.  

4. Logic Design: 

➢ In this step the control flow, word widths, register allocation, arithmetic operations, and logic operations 

of the design that represent the functional design are derived and tested. 

➢ This description is called Register Transfer Level (RTL) description. RTL is expressed in a Hardware 

Description Language (HDL), such as VHDL or Verilog.  

➢ This description can be used in simulation and verification. This description consists of Boolean 

expressions and timing information.  

➢ The Boolean expressions are minimized to achieve the smallest logic design which conforms to the 

functional design.  

5 Circuit Design:  

➢ The purpose of circuit design is to develop a circuit representation based on the logic design. 

➢ The Boolean expressions are converted into a circuit representation by taking into consideration the 

speed and power requirements of the original design. 

➢ Circuit Simulation is used to verify the correctness and timing of each component. 

6. Physical Design: 

➢ In this step the circuit representation is converted into a geometric representation.  This geometric 

representation of a circuit is called a layout.  

➢ Layout is created by converting each logic component (cells, macros, gates, transistors) into a geometric 

representation (specific shapes in multiple layers), which perform the intended logic function of the 

corresponding component.  

➢ Connections between different components are also expressed as geometric patterns typically lines in 

multiple layers.  
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7. Fabrication:  

➢ After layout and verification, the design is ready for fabrication. Since layout data is typically sent to 

fabrication on a tape, the event of release of data is called Tape Out. 

➢ Layout data is converted (or fractured) into photo-lithographic masks, one for each layer.  

➢ The fabrication process consists of several steps involving deposition, and diffusion of various materials. 

8. Packaging, Testing and Debugging: 

➢ Finally, the wafer is fabricated and diced into individual chips in a fabrication facility.  

➢ Each Chips used in Printed Circuit Boards (PCBs) are packaged in Dual In-line Package (DIP), Pin Grid 

Array (PGA), Ball Grid Array (BGA), and Quad Flat Package (QFP). 

➢ Chips used in Multi-Chip Modules (MCM) are not packaged, since MCMs use bare or naked chips. 

Y Chart 

➢ The  Y-chart is a model, which captures the considerations in designing semiconductor devices. 

➢ The three domains of the Y-chart are on radial axes. Ie  

1-Behavioural Domain 

2-Structural Domain 

3-Physical Domain 

➢ Each of the domains can be divided into levels of abstraction, using concentric rings. 

➢ At the top level (outer ring), consider the architecture of the chip;  

➢ At the lower levels (inner rings), successively refine the design into detailed implementation. 

➢ Creating a structural description from a behavioural one is achieved through the processes of high-level 

synthesis or logical synthesis. 

➢ Creating a physical description from a structural one is achieved through layout synthesis. 

 

 

 

 

 

1.10-Design Hierarchy-Structural 
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➢ The design hierarchy involves the principle of "Divide and Conquer." It is nothing but dividing the task 

into smaller tasks until it reaches to its simplest level.  

➢ This process is most suitable because the last evolution of design has become so simple that its 

manufacturing becomes easier. 

➢ It can design the given task into the design flow process's domain (Behavioral, Structural, and 

Geometrical). 

➢ To understand this, take an example of designing a 16-bit adder, as shown in the below. 

 

 

 

➢ Here, the whole chip of 16 bit adder is divided into four modules of 4-bit adders. 

➢ Further, dividing the 4-bit adder into 1-bit adder or half adder. 

➢ 1 bit addition is the simplest designing process and its internal circuit is also easy to fabricate on the 

chip. 

➢ Now, connecting all the last four adders, can design a 4-bit adder and moving on,  can design a 16-bit 

adder. 
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1.11-VLSI DESIGN STYLIS-FPGA, GATE ARRAY DESIGN, STANDARD 

CELL BASED, FULL CUSTOM 
 

FPGA 
➢ The full form of FPGA is “Field Programmable Gate Array”. 

➢ It contains ten thousand to more than a million logic gates with programmable interconnection. 

➢ Programmable interconnections are available for users or designers to perform given functions easily. 

➢ There are I/O blocks, which are designed and numbered according to function.  

➢ For each module of logic level composition, there are CLB’s (Configurable Logic Blocks). 

➢ CLB performs the logic operation given to the module.  

➢ The inter connection between CLB and I/O blocks are made with the help of horizontal routing 

channels, vertical routing channels and PSM (Programmable Multiplexers). 

 

 

Advantages 

➢ It requires very small time; starting from design process to functional chip. 

➢ No physical manufacturing steps are involved in it. 

➢ The only disadvantage is, it is costly than other styles. 

Gate Array Design (GA) 

➢ The gate array (GA) ranks second after the FPGA, in terms of fast prototyping capability.  

 

➢ While user programming is important to the design implementation of the FPGA chip, metal mask 

design and processing is used for GA.  

 

 

➢ Gate array implementation requires a two-step manufacturing process. 

 

➢ The first phase results in an array of uncommitted transistors on each GA chip.  

 

 

➢ These uncommitted chips can be stored for later customization, which is completed by defining the 

metal interconnects between the transistors of the array.  

 

➢ The patterning of metallic interconnects is done at the end of the chip fabrication process, so that the 

turn-around time can still be short, a few days to a few weeks. 
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➢ Typical gate array platforms use dedicated areas called channels, for inter-cell routing between rows or 

columns of MOS transistors. 

➢  They simplify the inter connections. Interconnection patterns that perform basic logic gates are stored in 

a library, which can then be used to customize rows of uncommitted transistors according to the netlist 

 

Standard Cell Based Design 

➢ A standard cell-based design requires development of a full custom mask set. 

➢  The standard cell is also known as the polycell. In this approach, all of the commonly used logic cells 

are developed, characterized and stored in a standard cell library. 

➢ A library may contain a few hundred cells including inverters, NAND gates, NOR gates, complex AOI, 

OAI gates, D-latches and Flip-flops. 

➢  Each gate type can be implemented in several versions to provide adequate driving capability for 

different fan-outs. 

➢ The inverter gate can have standard size, double size, and quadruple size so that the chip designer can 

select the proper size to obtain high circuit speed and layout density. 

➢ Each cell is characterized according to several different characterization categories, such as, 

 

1) Delay time versus load capacitance 

2) Circuit simulation model 

3) Timing simulation model 

4) Fault simulation model 

5) Cell data for place-and-route 

6) Mask data 
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Full Custom Design 

➢ In a full-custom design, the entire mask design is made new, without the use of any library.  

➢ The development cost of this design style is rising. Thus, the concept of design reuse is becoming 

famous to reduce design cycle time and development cost. 

➢ The hardest full custom design can be the design of a memory cell, be it static or dynamic.  

➢ For logic chip design, a good negotiation can be obtained using a combination of different design styles 

on the same chip, i.e. standard cells, data-path cells, and programmable logic arrays (PLAs). 
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POSSIBLE SHORT TYPE QUESTION WITH ANSWER: 

1-What Are 4 Generation Of Integration Circuit ? 

ANS- 

➢ SSI (Small scale integration) 

➢ MSI (Medium scale integration) 

➢ LSI (Large scale integration) 

➢ VLSI (Very large scale integration 

2-What is Enhancement Mode Mosfet ? 

➢ The Enhancement mode MOSFET is commonly used type of transistor.  

➢ This type of MOSFET is equivalent to normally-open switch because it does not 

conduct when the gate voltage is zero.  

➢ If this bias voltage increases to more positive then channel width and drain current 

through the channel increases. 

3-What are the different operating region for an Mos transistor ? 

In MOS transistor there are three region 

➢ Cutoff region. 

➢ Linear region 

➢ Saturation region 

4-Define threshold voltage in cmos ? 

➢ The threshold voltage, commonly abbreviated as Vth, of a MOS is the minimum gate-to-

source voltage VGS (th) that is needed to create a conducting path between the source 

and drain terminals.  

➢ It is an important scaling factor to maintain power efficiency. 

 

4-Define mos capacitace ? 

➢ The acronym MOS stands for Metal oxide semiconductor. 

➢  An MOS capacitor is made of a semiconductor body or substrate, an insulator and a 

metal electrode called a gate.  It is defined as the voltage at which there is no charge on 

the capacitor plates and hence there is no static electric field across the oxide. 

5-Define y-chart. 
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➢ The Gajaski-Kuhn chart (or Y diagram) describes the different perspectives in the 

digital hardware design. 

➢  It shows the different stages of development of VLSI integrated circuit. According to 

this model, the development of digital hardware is perceived within three domains and 

five hierarchy levels. 

6-What ig fpga ? 

➢ Field Programmable Gate Arrays (FPGAs) are semiconductor devices that are based 

around a matrix of configurable logic blocks (CLBs) connected via programmable 

interconnects. 

➢  FPGAs can be reprogrammed to desired application or functionality requirements after 

manufacturing. 

 

 

 

POSSIBLE LONG TYPE QUESTION: 

1. Explain the operation of n-mos enhancement transistor. 

2. Draw and explain v-i charecteristics of enhancement mosfet, 

3. Explain the working princeple of mos capacitance. 

4. Draw the y-chart model in vlsi design. 

5. Explain vlsi design stylis fpga. 

6. Define scaling. Exlain each type if scaling in detail. [W-20] 

7. What is FPGA? Explain in detail with proper diagram. [W- 20] 

8. Explain briefly about different design technology in embedded system. [W-20] 

9. Describe VLSI Design Methodology, Design Flow & Y- Chart. [W-20] 

                                                           ……….xxxxx………
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UNIT-2 

FABRICATION OF MOSFET 

LEARNING OBJECTIVES: 

2.1-Simplified Process Sequence For Fabrication 

2.2- Basic Steps In Fabriction Processes Flow 

2.3-Fabrication Process Of Nmos Transistor 

2.4- Cmos N-Well Fabrication Process Flow. 

2.5-Mos Fabrication Process By N-Well On P-Substrate 

2.6-Cmos Fabrication Process By P-Well On N-Substrate 

2.7-Layoutdesign Rules 

2.8-Stick Diagram Of Cmos Inverter 

2.1-Simplified Process Sequence For Fabrication 

Sequence for Fabrication 

CMOS fabrication can be accomplished using either of the three technologies: 

• N-well/P-well technologies 

• Twin well technology 

• Silicon On Insulator (SOI) 

Simplified Process Sequence For Fabrication Of CMOS ICs 
 



 

➢ The integrated circuit may be viewed as a set of patterned layers of doped 

silicon,polysilicon, metal and insulating silicon dioxide, 

➢ A layer is patterned before the next layer of material is applied on the chip. A process, 

called lithography, is used to transfer a pattern to a layer. 

➢  This must be repeated for every layer, using a different mask. 

2.2- BASIC STEPS IN FABRICTION PROCESSES FLOW 

Basic steps- 

➢ A complex VLSI circuit is defined by 6 to 12 separate layer patterns. 

➢ Each layer pattern is defined by a mask. 

➢ The complete fabrication process is a repetition of the basic three steps. 

➢ Create- 

• This steps creates materials on or in the surface of the silicon wafer 

using a variety of methods. 

• Deposition and thermal growth are used to create materials on the 

wafer, while ion implantation and diffusion are used to create material 

in the wafer. 



➢  Define- 

• This process of transferring a pattern from a mask onto a wafer is 

called photolithography. 

                3. Etch- 

• Wafer are immersed in acid or some other strong chemical agent to 

etch away either the exposed or the unexposed part of the 

pattern,depending on whether positive or negative photoresist has been 

used. 

• The photoresist is then removed to complete the pattern transfer 

process. 

• This three step process is repeated for all the masks. 

• The number of masks and detail of each step depends on the 

manufacturer as well as the technology used. 

  

                                      Silicon wafer 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                      8 to 10 iterations 

                     Fig.show Basic steps in MOS fabrication process. 

2.3-Fabrication process of nMOS Transistor 

Fabrication process of nMOS Transistor 

Step1: 

➢ Processing is passed on single crystal Si of high purity on which necessary P impurities 

is initiated as the crystal is developed. 

➢ The diameter of such wafers are about 75-150 mm and 0.4 mm thick and they are doped 

with say boron to impurity absorption of 10 to power 15/cm3 to 10 to the power 16 

/cm3. 

Material formation by deposition, 

diffusion or implantation 

Pattern definition by                     

photolithography 

Etching 



 

Step2: 

➢ A SiO2 (silicon dioxide) layer normally 1 micrometre broad is grown all above the 

exterior of the wafer to guard the surface 

➢ Offers a generally protecting substrate on to which extra layers may be deposited and 

decorative. 

 

Step 3: 

➢ The exterior (surface) is now enclosed with the photo oppose which is deposit onto the 

wafer and spun to an even distribution of the necessary thickness. 

➢  

➢  

Step-4 

➢ The photoresist coating is then uncovered to ultraviolet (UV) light through masking 

which describes those areas into which transmission is to take place as one 

with transistor channels. 

➢  Suppose, for example, that those areas uncovered to UV radiations are polymerized, 

but that the areas necessary for diffusion are protected by the cover and remain 

unchanged. 

 

Step-5 

https://www.watelectronics.com/basics-of-transistor-working-and-its-types/


➢ These regions are consequently readily fixed away together with the original silicon-

di-oxide so that the surface of the wafer is uncovered in the window defined by the 

mask. 

 

Step 6: 

➢ A thin layer of SiO2 (0.1 micro m typical) is grown over the chip surface after removing 

the remains of photoresist.  

➢ Further, a gate structure is created by depositing polysilicon on the top of it. 

➢ Factors like precise control of thickness, impurity concentration, and resistivity are 

necessary for the fabrication of fine pattern devices. 

 

Step 7: 

➢ The photoresist coating and masking allows the polysilicon to be patterned. 

➢  After this, the thin oxide is removed to expose the areas.  

➢ These areas are defused with n-type impurities by heating the wafer to a high 

temperature and passing the gas of desired n-type impurities to form the source and the 

drain. 



 

Step 8: 

➢ Again a thick oxide of SiO2 is grown over and then masked with photoresist. Now it is 

etched to expose selected areas of the polysilicon gate, drain and the source where 

connections are to be made. 

 

Step 9: 

➢ Now the whole chip has the deposits of the metal (aluminum) over its surface, typically 

to a thickness of 1micro m. 

➢ This metal layer is masked and then etched to form the required interconnection pattern 

 

 



2.4- CMOS n-Well fabrication process flow. 

CMOS Process 

• CMOS Technology depends on using both n-type and p-type device on the same chip. 

• The two main Technology are— 

o P-well The substrate is n-type.The n-channel device is built into a p-type well 

within the parent n-type substrate.The p-channel device is built directly on the 

substrate. 

o N-well The substrate is p-type.The n-channel device is built directly on the 

substrate,while the p-channel device is built into n-type well within the parent 

p-type substrate. 

o Twin tub: Where both p-well and n-well are created containing n-MOSFET and 

p-MOSFET respectively. 

CMOS Fabrication Process flow 

➢ The first process step is the formation of p-tub and n-tub or twin tub or twin 

well in silicon substrate. 

➢ The isolation process is the formation of field oxide to separate of each 

MOSFET active area in the same tub 

➢ After that impurity is doped into the channel region to adjust the threshold 

voltage for each type of FET. 

➢ Gate insulator layer usually silicon di-oxide is grown by thermal oxidation 

because the interstate density between SiO2 and silicon substrate is small. 

➢ Polysilicon is deposited as gate electrode material and gate electrode is 

patterned by reactive ion etching (RIE). 

➢ In this process step, gate electrode act as a self-aligned mask to cover channel 

layer. 

➢ Finally the metallization process is carried out to form inter connect layer. 

Substrate 

Tub formation 

Isolation 

Channel doping 

Gate oxidation 

Gate electrode formation 

Source/drain formation 

Metallization 

 



2.5-MOS fabrication process by n-well on p-substrate 

CMOS Fabrication Steps 

The CMOS fabrication process flow is conducted using seventeen basic fabrication steps while 

manufactured using N- well/P-well technology. 

Making of CMOS using N well 

Step 1: 

➢ First we choose a substrate as a base for fabrication. For N- well, a P-type silicon 

substrate is selected. 

 
Step 2 : 

Oxidation: 

➢ The selective diffusion of n-type impurities is accomplished using SiO2 as a barrier 

which protects portions of the wafer against contamination of the substrate. 

➢ SiO2 is laid out by oxidation process done exposing the substrate to high-quality oxygen 

and hydrogen in an oxidation chamber at approximately 10000c 

 
Step 3 : 

Growing of Photoresist:  

➢ At this stage to permit the selective etching, the SiO2 layer is subjected to the 

photolithography process. In this process, the wafer is coated with a uniform film of a 

photosensitive emulsion. 

   
Step 4  



Masking:  

➢ This step is the continuation of the photolithography process.  

➢ In this step, a desired pattern of openness is made using a stencil. 

➢ This stencil is used as a mask over the photoresist.  

➢ The substrate is now exposed to UV rays the photoresist present under the exposed 

regions of mask gets polymerized. 

 
Step 5 

 Removal of Unexposed Photoresist: 

➢ The mask is removed and the unexposed region of photoresist is dissolved by 

developing wafer using a chemical such as Trichloroethylene. 

 
Step 6 

 Etching 

➢ The wafer is immersed in an etching solution of hydrofluoric acid, which removes the 

oxide from the areas through which dopants are to be diffused. 

 

 



Step 7 – 

 Removal of Whole Photoresist Layer: 

➢ During the etching process, those portions of SiO2 which are protected by the 

photoresist layer are not affected. 

➢ The photoresist mask is now stripped off with a chemical solvent. 

 

Step 8  

 Formation of N-well:  

➢ The n-type impurities are diffused into the p-type substrate through the exposed 

region thus forming an N- well. 

 

Step 9 –  

Removal of SiO2: 

➢ The layer of SiO2 is now removed by using hydrofluoric acid. 

 
 



Step 10 – 

 Deposition of Polysilicon:  

➢ The misalignment of the gate of a CMOS transistor would lead to the unwanted 

capacitance which could harm circuit. So to prevent this “Self-aligned gate process” is 

preferred where gate regions are formed before the formation of source and drain using 

ion implantation. 

 
Step 10 –  

Deposition of Polysilicon: 

➢ The misalignment of the gate of a CMOS transistor would lead to the unwanted 

capacitance which could harm circuit.  

➢ So to prevent this “Self-aligned gate process” is preferred where gate regions are 

formed before the formation of source and drain using ion implantation. 

 
Step 11  

Formation of Gate Region: 

➢ Except the two regions required for formation of the gate for NMOS and PMOS 

transistors the remaining portion of Polysilicon is stripped off. 

 
 

Step 12 – 



 Oxidation Process:  

➢ An oxidation layer is deposited over the wafer which acts as a shield for 

further diffusion and metallization processes. 

 
  

Step 13 – 

 Masking and Diffusion: 

➢ For making regions for diffusion of n-type impurities using masking process small gaps 

are made. 

 

Step 14 –  

Removal of Oxide: 

➢ The oxide layer is stripped off. 

 

 

 



Step 15 – 

 P-type Diffusion: 

➢ Similar to the n-type diffusion for forming the terminals of PMOS p-type diffusion are 

carried out. 

P-Type Diffusion 

Step 16 –  

Laying of Thick Field oxide:  

➢ Before forming the metal terminals a thick field oxide is laid out to form a protective 

layer for the regions of the wafer where no terminals are required. 

 
Step 17 – 

 Metallization:  

➢ This step is used for the formation of metal terminals which can provide 

interconnections. Aluminum is spread on the whole wafer. 

 

 



 

2.6-CMOS fabrication process by p-well on n-substrate 

P-well Process on n-substrate 
➢ The fabrication steps of p well process are same as that of an n-well process except that 

instead of n-well a p-well is implanted. 

➢ The process steps involved in p-well process are shown in Figure below. The process 

starts with the n type substrate. 

Step 1:  

A thin layer of SiO2 is deposited which will serve as the pad oxide. 

Step 2:  

➢ A thicker sacrificial silicon nitride layer is deposited by chemical vapour deposition 

(CVD). 

Step 3:  

➢ A plasma etching process is used to create trenches used for insulating the devices. 

Step 4:  

➢ The trenches are filled with SiO2 which is called as the field oxide. 

Step 5: 

➢ To provide flat surface chemical mechanical planarization is performed and also 

sacrificial nitride and pad oxide is removed. 

Step 6: 

➢ The p-well mask is used to expose only the p-well areas, after this implant and annealing 

sequence is applied to adjust the well doping. This is followed by a second implant step 

to adjust the threshold voltage of the NMOS transistor. 

Step 7: 

➢ Implant step is performed to adjust the threshold voltage of PMOS transistor. 

Step 8: 

A thin layer of gate oxide and polysilicon is chemically deposited and patterned with the help 

of polysilicon mask. 

 

 



Step 9:  

➢ Ion implantation to dope the source and drain regions of the PMOS (p+) and NMOS 

(n+) transistors, this will also form n + polysilicon gate and p+ polysilicon gate for 

NMOS and PMOS transistors respectively. Hence this process is called as self-aligned 

process. 

Step 10: 

➢ Then the oxide and nitride spacers are formed by chemical vapour deposition. 

Step 11:  

➢ In this step contact or via holes are etched, metal is deposited and patterned. After the 

deposition of last metal layer final passivation or over glass is deposited for protection. 

 

 

 

 



 

2.7-Layoutdesign rules. 

Layout Design Rules: 

➢ The layout design rules provide a set of guidelines for constructing the various masks 

needed in the fabrication of integrated circuits.  

➢ Design rules are consisting of the minimum width and minimum spacing requirements 

between objects on the different layers. 

➢ The most important parameter used in design rules is the minimum line width. This 

parameter indicates the mask dimensions of the semiconductor material layers.  

➢ Layout design rules are used to translate a circuit concept into an actual geometry in 

silicon.. 

➢ Minimum line width (MLW) is the minimum MASK dimension that can be safely 

transferred to the semiconductor material. 

➢ In rules are defined as a function of single parameter called ''. 

➢ For an IC process '' is set to a value and the design dimensions are converted in the 

form of numbers.  

➢ Typically a minimum line width of a process is set to 2 e.g. for a 0.25 m process 



technology '' equals 0.125 m. 

Layered Representation of Layout - 

The CMOS design layouts are based on following components-  

(1)Substrates or Wells- 

➢ These wells are p type for NMOS devices and n type for PMOS devices. 

(2) Diffusion regions – 

➢ At these regions the transistors are formed and also called as active layer. These are 

defined by n+ for NMOS and p+ for PMOS transistors. 

(3) Polysilicon layers-  

➢ These are used to form the gate electrodes of the transistors. 

(4) Metal interconnects layers-  

➢ These are used to form the power supply and ground rails as well as input and output 

rails. 

(5) Contact and via layers- 

➢ These are used to form the inter layer connections. 

 

 

2.8-Stick Diagram of CMOS inverter   

Stick Diagram 

➢ Stick diagrams are a means of capturing topography and layer information using 

simple diagrams.. 

➢ A stick diagram is a kind of diagram which is used to plan the layout of a transistor 

cell. The stick diagrams uses "sticks" or lines to represent the devices and conductors. 

Stick Diagram of CMOS Inverter 

➢ In order to draw the layout of this circuit it is necessary to define the direction and 

metallization of the power supply, ground, input and output.  

The rules for drawing stick diagrams are- 

➢ The input and output are accessible from the top or bottom of the cell and will be in 

Metal 2 running vertically. 

➢ To draw the stick diagrams the conventions are used. 



➢  These conventions are: For Metal-1 use thick solid line, for Metal-2 use thin solid line, 

for poly use thick dashed line, for active ( n+ or p+ ) use thin dashed line, for contact 

use "X" and for via use "O". 

 

 

 

 

POSSIBLE SHORT TYPE QUESTION WITH ANSWER 

1-Give the basic process for IC fabrication. 

➢ Silicon wafer Preparation 

➢ Epitaxial Growth 

➢ Oxidation 

➢ Photolithography 

➢ Diffusion 

➢ Ion Implantation  

➢ Isolation technique 

➢ Metallization 



2-Give the different types of CMOS process. 

➢  p-well process 

➢  n-well process 

➢  Silicon-On-Insulator Process 

➢ Twin- tub Process 

3-What are the steps involved in twin-tub process? 

➢  Tub Formation 

➢ Thin-oxide Construction 

➢ Source & Drain Implantation 

➢  Contact cut definition 

➢ Metallization. 

4-What are the differ ent MOS layers?  

➢ n-diffusion 

➢ p-diffusion 

➢ Polysilicon 

➢ Metal 

5-What is Stick Diagram? 

➢ Stick diagrams are a means of capturing topography and layer 

information using simple diagrams. 

➢ A stick diagram is a kind of diagram which is used to plan the layout of a 

transistor cell. The stick diagrams uses "sticks" or lines to represent the 

devices and conductors. 

6-What are the uses of Stick diagram?  

➢ It can be drawn much easier and faster than a complex layout. 

➢  These are especially important tools for layout built from large cells. 

7-Give the various col or coding used in stick diagram. 

➢  Green – n-diffusion 

➢ Red- polysilicon 

➢ Blue –metal 

➢   Yellow- implant 

➢  Black-contact areas. 



8-Define Threshold voltage in CMOS? 

➢ The Threshold voltage, V for a MOS transistor can be defined as the 

voltage applied between the gate and the source of the MOS transistor 

below which the drain to source current, IDS effectively drops to zero. 

POSSIBLE LONG TYPE QUESTION 

1-State and Explain Fabrication process of nMOS transistor. 

2-Explain the flow of CMOS n-well fabrication. 

3-Explaion the fabrication process by n-well on p-substrate. 

4-Explain the fabrication process by p-well on n-substrate. 

5-Draw and explain Stick Diagram CMOS inverter. 

 

                                      ------------    xxxxxxxx   ---------- 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 



Chapter-03 

MOS Inverter 

Scope of Syllabus 

3.1-Basic nMOS inverters 

3.2-Working of Resistive-load inverter. 

3.3-Inverter with n-type MOSFET Load-Enhancement load, Depletion n-MOS 

inverter. 

3.4-CMOS inverter-circuit operation and characteristics and interconnect 

effects: Delay time definition. 

3.5-CMOS inverter design with delay constraints-Two sample mask lay out for 

p-type substrate. 

3.1-Basic of nMOS Inverters 

Principle of Operation 

✓ The logic symbol and truth table of ideal inverter is shown in given figure . 
✓ Here A is the input and B is the inverted output represented by their node voltages. 

Using positive logic. 

✓ The Boolean value of logic 1 is represented by Vdd and logic 0 is represented by 0. 

Vth is the inverter threshold voltage, which is Vdd /2, where Vdd is the output voltage. 

✓ The output is switched from 0 to vdd when input is less than Vth. So, for 

0<Vin<Vth output is equal to logic 0 input and Vth<Vin< vdd is equal to logic 1 input for 

inverter. 

 

✓ The characteristics shown in the figure are ideal. The generalized circuit structure of 

an nMOS inverter is shown in the figure. 



 

✓ From the given figure, we can see that the input voltage of inverter is equal to the gate 

to source voltage of nMOS transistor and output voltage of inverter is equal to drain 

to source voltage of nMOS transistor. 

✓  The source to substrate voltage of nMOS is also called driver for transistor which is 

grounded; so VSS = 0. The output node is connected with a lumped capacitance. 

3.2-Working of Resistive-load Inverter. 

Resistive Load Inverter 

✓ The basic structure of a resistive load inverter is shown in the figure given below.  

✓ Here, enhancement type nMOS acts as the driver transistor. The load consists of a 

simple linear resistor RL. The power supply of the circuit is VDD and the drain current 

ID is equal to the load current IR. 

 



Circuit Operation- 

✓ When the input of the driver transistor is less than threshold voltage VTH (Vin < VTH), 

driver transistor is in the cut – off region and does not conduct any current.  

✓ So the voltage drop across the load resistor is ZERO and output voltage is equal to the 

VDD.  

✓ when the input voltage increases, driver transistor will start conducting the non-zero 

current and nMOS goes in saturation region. 

✓ Further Increasing the input voltage, driver transistor will enter into the linear region 

and output of the driver transistor decreases.  
✓ Below figure indicates the operating mode of driver transistor and voltage points. 

 

3.3-Inverter with n-Type MOSFET Load-Enhancement Load, 

Depletion n-MOS inverter. 

Inverter with N type MOSFET Load 

✓ The main advantage of using MOSFET as load device is that the silicon area occupied 

by the transistor is smaller than the area occupied by the resistive load. 

✓  Here, MOSFET is active load and inverter with active load gives a better 

performance than the inverter with resistive load. 

Enhancement Load NMOS 

✓ Two inverters with enhancement-type load device are shown in the figure.  

✓ Load transistor can be operated either, in saturation region or in linear region, 

depending on the bias voltage applied to its gate terminal.  

✓ The saturated enhancement load inverter is shown in the fig. (a). It requires a single 

voltage supply and simple fabrication process and so VOH is limited to the VDD − VT. 



 

✓ The linear enhancement load inverter is shown in the fig. (b). It always operates in 

linear region; so VOH level is equal to VDD. 

✓ Linear load inverter has higher noise margin compared to the saturated enhancement 

inverter. 

✓ The disadvantage of linear enhancement inverter is, it requires two separate power 

supply and both the circuits suffer from high power dissipation. Therefore, 

enhancement inverters are not used in any large-scale digital applications. 

Depletion Load NMOS 

 

 



✓ The enhancement load inverter can be overcome by using depletion load inverter. 

✓ Compared to enhancement load inverter, depletion load inverter requires few more 

fabrication steps for channel implant to adjust the threshold voltage of load. 

✓ The advantages of the depletion load inverter are - better noise margin, single power 

supply and smaller overall layout area. 

✓ The voltage transfer characteristics of the depletion load inverter is shown in the figure 

given below . 

 

3.4-CMOS Inverter-circuit operation and characteristics sand 

interconnection effect: Delay time definitions 

CMOS Inverter –  

Circuit, Operation. 

✓ The CMOS inverter circuit is shown in the figure. Here, nMOS and pMOS transistors 

work as driver transistors; when one transistor is ON, other is OFF. 

 



✓ This configuration is called complementary MOS (CMOS).  

✓ The input is connected to the gate terminal of both the transistors such that both can be 

driven directly with input voltages.  

✓ Substrate of the nMOS is connected to the ground and substrate of the pMOS is 

connected to the power supply, VDD. 

✓ When the input of nMOS is smaller than the threshold voltage (Vin < VTO,n), the nMOS 

is cut – off and pMOS is in linear region. So, the drain current of both the transistors is 

zero. 

✓ When the input voltage is greater than the VDD + VTO,p, the pMOS transistor is in the 

cut-off region and the nMOS is in the linear region, so the drain current of both the 

transistors is zero. 
✓ For different value of input voltages, the operating regions are listed below for both 

transistors. 

Region Vin Vout nMOS pMOS 

A < VTO, n VOH Cut – off Linear 

B VIL High ≈ VOH Saturation Linear 

C Vth Vth Saturation Saturation 

D VIH Low ≈ VOL Linear Saturation 

E > (VDD + VTO, p) VOL Linear Cut – off 

 Voltage transfer characteristic of CMOS inverter with different operating regions is as shown below. 

 



Defining “Delay” in a circuit 

✓ Every circuit has some parasitic capacitance. These capacitance results in delaying the 

voltage change in the circuit 
✓  So the speed of operation depending on how fast we can charge or discharge these 

capacitors. 

Propagation delay 

 

When CMOS inverter output is connected to some next stage circuits. To test the speed 

performance of our circuit, we apply a step voltage at the input, as shown in figure.  

we have represented the capacitance offered by the next stage by a load capacitance . 

 

 

 

 

https://i1.wp.com/technobyte.org/wp-content/uploads/2020/04/LOAD.png?ssl=1


✓ In the plot of output voltage in above figure, there are two time intervals marked 

by  and .  

✓ Here, the “p” in the subscript stands for propagation delay.  

✓ The “hl” stands for high-to-low, and “lh” stands for low-to-high. The inverters in the 

circuit are operating between two voltages.  

✓ The output high voltage is given by , and the output low voltage is given by . 

 

The propagation delay for high to low is given by and is defined as the time required for 

the output to fall from to .  

Similarly, the propagation delay for low to high is given by and is defined as the time 

required for the output to rise from to . 

  

So the propagation delay is then defined as the average of and : 

 

 

3.5-CMOS Inverter design with delay constraint-two sample mask lay 

out for p-type substrate 
CMOS Layout for p-type substrate. 

✓ The design rules are in terms of saleable lambda-rules.  

✓ Note that while the concept of saleable design rules is very convenient for defining a 

technology-independent mask layout and for memorizing the basic constraints. 

✓  most of the rules do not scale linearly, especially for sub-micron technologies.  

 

 

 

 

 

 

 

 

 

 

 



 
 

  

 



 

 

 

 



Short Question and Answer 

 

 

 

 

 

 

 

 

 



CHAPTER-04 

Static Combinational, Sequential, Dynamic logic circuits & 

Memories 

Scope of Syllabus 

4.1-Define static Combinational circuit, working of Static CMOS logic circuits (Two 

input NAND gate). 

4.2-CMOS logic circuit (NAND2 gate) 

4.3-CMOS Transmission gates (Pass gate) 

4.4-Complex Logic circuits 

4.5-Basics classification of logic circuits based on their temporal behaviour. 

4.6-SR Flip latch circuit 

4.7-Clocked SR latch only. 

4.8-CMOS D latch. 

4.9-Basic principles of Dynamic pass Transistor circuit. 

4.10-Dynamic RAM, SRAM. 

4.11-Flash Memory. 

 

4.1-Define static Combinational circuit, working of Static CMOS logic 

circuits (Two input AND gate). 

Static Combinational circuit: 

✓ Combinational logic circuits or gates, which perform Boolean operations on multiple input 

variables and determine the outputs as Boolean functions of the inputs, are the basic 

building blocks of all digital systems    

Block Diagram of Combinational Circuit: 

                                                                



Working of Static CMOS logic circuits (Two input NAND gate): 

✓ The circuit diagram of the two input CMOS NAND gate is given in the figure below. 

 

✓ The principle of operation of the circuit is exact dual of the CMOS two input NOR 

operation.  

✓ The n – net consisting of two series connected nMOS transistor creates a conducting path 

between the output node and the ground. 

✓  If both input voltages are logic high. Both of the parallelly connected pMOS transistor in p-

net will be off. 

✓ For all other input combination, either one or both of the pMOS transistor will be turn ON, 

while p – net is cut off, thus, creating a current path between the output node and the power 

supply voltage. 

✓ The features of this layout are as follows – 

1-Single polysilicon lines for inputs run vertically across both N and P active regions. 

2-Single active shapes are used for building both nMOS devices and both pMOS devices. 

3-Power bussing is running horizontal across top and bottom of layout. 

4-Output wires run horizontal for easy connection to neighbouring circuit. 

4.2-CMOS logic circuit (NAND2 gate) 

2-Input NAND Gate 

TRUTH TABLE 

 

http://www.vlsifacts.com/wp-content/uploads/2015/08/NAND-TT.png


 

✓ The above drawn circuit is a 2-input CMOS NAND gate. Now let’s understand how this 

circuit will behave like a NAND gate.  

✓ The circuit output should follow the same pattern as in the truth table for different input 

combinations. 

Case-1 : VA – Low & VB – Low 

✓ As VA and VB both are low, both the pMOS will be ON and both the nMOS will be OFF. 

✓  So the output Vout will get two paths through two ON pMOS to get connected with Vdd. 

✓  The output will be charged to the Vdd level.  

✓ The output line will not get any path to the GND as both the nMOS are off. 

✓  So, there is no path through which the output line can discharge. The output line will 

maintain the voltage level at Vdd; so, High. 

 Case-2 : VA – Low & VB – High 

✓ VA – Low: pMOS1 – ON; nMOS1 – OFF 

✓ VB – High: pMOS2 – OFF; nMOS2 – ON 

✓ pMOS1 and pMOS2 are in parallel. Though pMOS2 is OFF, still the output line will get a 

path through pMOS1 to get connected with Vdd. 

✓  nMOS1 and nMOS2 are in series. As nMOS1 is OFF, so Vout will not be able to find a path 

to GND to get discharged.  

✓ This in turn results the Vout to be maintained at the level of Vdd; so, High. 

Case-3 : VA – High & VB – Low 

✓ VA – High: pMOS1 – OFF; nMOS1 – ON 
✓ VB – Low: pMOS2 – ON; nMOS2 – OFF 

✓ pMOS1 and pMOS2 are in parallel. Though pMOS2 is OFF, still the output line will get a 

path through pMOS1 to get connected with Vdd. 

✓  nMOS1 and nMOS2 are in series. As nMOS1 is OFF, so Vout will not be able to find a path 

to GND to get discharged.  

✓ This in turn results the Vout to be maintained at the level of Vdd; so, High. 

Case-4 : VA – High & VB – High 

✓ VA – High: pMOS1 – OFF; nMOS1 – ON 

✓ VB – High: pMOS2 – OFF; nMOS2 – ON 



✓ In this case, both the pMOS are OFF. So, Vout will not find any path to get connected with 

Vdd.  

✓ As both the nMOS are ON, the series connected nMOS will create a path from Vout to GND. 

Since, the path to ground is established, Vout will be discharged; so, Low. 

✓ In all the 4 cases we have observed that Vout is following the exact pattern as in the truth 

table for the corresponding input combination. 

4.3-CMOS Transmission gates (Pass gate) 

Transmission-Gate | Pass-Transistor-Logic 

✓ The transmission gate logic is used to solve the voltage drop problem of the pass transistor 

logic.  

✓ This technique uses the complementary properties of NMOS and PMOS transistors. i.e., 

NMOS devices passes a strong '0' but a weak '1' while PMOS transistors pass a strong '1' but 

a weak '0'. 

✓  The transmission gate combines the best of the two devices by placing an NMOS transistor 

in parallel with a PMOS transistor as shown in Figure below.  

✓ The control signals to the transmission gate C and ––C are complementary to each other. 

✓ The transmission gate is mainly a bi-directional switch enabled by the gate signal 'C'.  

✓ When C = 1 both MOSFETs are ON and the signal pass through the gate i.e. A = B if C = 1. 

Whereas C = 0 makes the MOSFETs cut off creating an open circuit between nodes A and 

B. 

 

Basic Structure: 

✓ The basic structure of transmission gate is shown in Figure below which consists of NMOS 

and PMOS transistors. Here, VG is applied to NMOS, and (VDD- VG) applied to the 

PMOS.  

✓ The transmission gate work voltage-controlled switch. When VG is high, NMOS and PMOS 

are conducting hence switch is closed. Therefore, conduction path between left and right 

sides exists. 



✓ When VG is low, then the MOSFETs are in cut-off and switch is open. Therefore, there is 

no direct relationship between VA and VB. 

✓ Figure below shows the symbol of transmission gate controlled by switching signals X and 

X* that are applied to the gates of NMOS and PMOS 

respectively.  

4.4-Complex Logic circuits 

NMOS Depletion Load Complex Logic Gate 

✓ The basic circuit structures and design principles developed for NOR and NAND can be 

extended to complex logic gates. 

✓  The ability to realize complex logic functions, using a small number of transistors is one of 

the most attractive features of nMOS and CMOS logic circuits. 

✓  Consider the following Boolean function as an example. 

                                       Z=P(S+T)+QR 

✓ In this figure, the left nMOS driver branch of three driver transistors is used to perform the 

logic function P (S + T), while the right-hand side branch performs the function QR. 

✓  By connecting the two branches in parallel, and by placing the load transistor between the 

output node and the supply voltage VDD, we obtain the given complex function. Each input 

variable is assigned to only one driver. 

 

✓ Inspection of the circuit topology gives simple design principles of the pull-down network − 

✓ OR operations are performed by parallel-connected drivers. 

✓ AND operations are performed by series-connected drivers. 

✓ Inversion is provided by the nature of MOS circuit operation. 



Implement half adder circuit using static CMOS. 

There are two inputs and two outputs in a Half Adder. Inputs are named as A and B, and the outputs 

are named as Sum (S) and Carry (C). 

 

 

                       

 



4.5-Basics classification of logic circuits based on their temporal 

behaviour. 

Logic Circuits 

✓ Logic circuits use two different values of a physical quantity, usually voltage, to represent 

the Boolean values true (or 1) and false (or 0). 

✓  Logic circuits can have inputs and they have one or more outputs that are, at least partially, 

dependent on their inputs. 

✓ In terms of their behavior,there are two basic types of logic circuitry: 

1- Combinational circuitry. 

2-  State circuitry or Sequential Circuit  

Combinational circuitry. 

✓ Combinational circuitry behaves like a simple function. The output of combinational 

circuitry depends only on the current values of its input. 

✓ The output of combinational circuitry depends only on the current values of its input.  

✓ The outputs of gates in combinational circuitry is never fed back directly to earlier inputs. 

✓ Basic logic gates can be combined to form a variety of higher-level units: 

             1-Multiplexers 

             2-Demultiplexers 

             3-Adder 

             4-Encoder and De-coder 

             5-Comparator 

State circuitry or Sequential circuit. 

✓ State circuitry or Sequential circuit behaves, the output of state circuitry does not depend on 

its inputs — it also depends on the past history of its inputs.  

✓ In other words, State circuitry or Sequential circuit has memory. 

✓ The basic element of state circuitry is a flip-flop.  

✓ A flip-flop stores one bit of data.  

✓ Multiple flip-flops can be combined to form a multi-bit state element called a register. 

✓ Multiple registers can be combined into a register bank. 

4.6-SR Flip latch circuit 

SR Latch based on NAND Gate 

 



✓ The small circles at the S and R input terminals represents that the circuit responds to active 

low input signals. 

✓  The truth table of NAND based SR latch is given in table 

S R Q Q′ 
 

0 0 NC NC No change. Latch remained in present state. 

1 0 1 0 Latch SET. 

0 1 0 1 Latch RESET. 

1 1 0 0 Invalid condition. 

✓ If S goes to 0 (while R = 1), Q goes HIGH, pulling Q’ LOW and the latch enters Set state. 

     i.e.-S=0 and R=1 then Q=1(SET) 

✓ If S goes to 1 (while R = 0), Q goes LOW, pulling Q’ HIGH and the latch enters Reset state. 

     i.e.-S=1 and R=0 then Q=0(RESET). 

✓ If S goes to 1 (while R = 1), Q goes HIGH, pulling Q’ HIGH and the latch enters Reset 

state. 

     i.e.-S=1 and R=1 then Q=1, Q’=1(INVALID). 

✓ If S = R = 0 then output is not allowed, as it would result in an indeterminate state. 

✓  CMOS SR Latch based on NAND Gate is shown in figure. 

 

✓ The operation is similar to that of CMOS NAND SR latch.  

✓ The CMOS circuit implementation has low static power dissipation and high noise margin. 

 

 

 



4.7-Clocked SR latch only. 

Clocked SR Latch 

✓ The figure shows a NOR-based SR latch with a clock added.  

✓ The latch is responsive to inputs S and R only when CLK is high. 

 

✓ When CLK is low, the latch retains its current state.  

✓ Observe that Q changes state −When S goes high during positive CLK. 

 

✓ When CLK is low, two series terminals in N tree N are open and two parallel transistors in 

tree P are ON, thus retaining state in the memory cell. 

✓ When clock is high, the circuit becomes simply a NOR based CMOS latch which will 

respond to input S and R. 

4.8-CMOS D latch. 

CMOS D Latch Implementation 

 



 

✓ The D latch is normally, implemented with transmission gate (TG) switches as shown in the 

figure.  

✓ The input TG is activated with CLK while the latch feedback loop TG is activated with 

CLK. 

✓  Input D is accepted when CLK is high.  

✓ When CLK goes low, the input is open circuited and the latch is set with the prior data D. 

4.9-Basic principles of Dynamic pass Transistor circuit. 

Pass Transistor Logic : 

✓ The Pass transistor logic is required to reduce the transistors for implementing logic by 

using the primary inputs to drive gate terminals, source and drain terminals. In 

complementary CMOS logic primary inputs are allowed to drive only gate terminals. 

✓ Figure below shows implementation of AND function using only NMOS pass transistors. 

✓  In this gate if the B input is high the left NMOS is turned ON and copies the input A to the 

output F. 

✓  When B is low the right NMOS pass transistor is turned ON and passes a '0' to the output F. 

This satisfies the truth table of AND gate reproduced in Table below for verification. 

 

 

 

 



'OR' gate using pass transistor logic 

✓ The truth table of 'OR' gate is as shown in Table below. Figure below shows the 

implementation of OR function using NMOS transistors only. 

✓  In this gate if the B input is high the right NMOS is turned ON and copies logic 1 to F and 

this operation does not affected by 'A' input.  

✓ When B is low the left NMOS is turned ON the logic of 'A' is copied to the output F. 

 

XOR' gate using pass transistor logic. 

✓ The truth table of 'XOR' gate is as shown in Table below. 

✓  Figure below shows the implementation of 'XOR' function using pass transistors. 

✓  In this gate if the B input is low then left NMOS transistor is ON and the logic value of A is 

copied to the output F.  

✓ When B input is high right NMOS transistor is ON and the inverted logic value of A is 

copied to the output F, which satisfies the truth table of the XOR gate

 

 



XNOR-gate-using-pass-transistor-logic 

✓ The truth table of 'XNOR' gate is as shown in Table below. 

✓  In this gate if the B input is low then right NMOS transistor is ON and the inverted logic 

value of A is copied to the output F. 

✓  When B input is high left NMOS transistor is ON and the logic value of A is copied to the 

output F, which satisfies the truth table of the XNOR gate. 

 

4.10-Dynamic RAM, SRAM 

Basic operation of DRAM 

✓ DRAM memory technology has MOS technology at the heart of the design, fabrication and 

operation. 

✓ The basic dynamic RAM or DRAM memory cell uses a capacitor to store each bit of data 

and a transfer device - a MOSFET - that acts as a switch. 

✓ The level of charge on the memory cell capacitor determines whether that particular bit is a 

logical "1" or "0". 

✓ The presence of charge in the capacitor indicates a logic "1" and the absence of charge 

indicates a logical "0". 

✓ It is very simple and as a result it can be packed on a silicon chip and this makes it very 

cheap.                               



✓ Two lines are connected to each dynamic RAM cell - the Word Line (W/L) and the Bit Line 

(B/L) connect as shown so that the required cell within a matrix can have data read or 

written to it. 

✓ There are two ways in which the bit lines can be organised: 

Folded Bit Lines:   It is possible to consider a pair of adjacent bit lines as a single bit line folded in 

half with the connection on the fold broken and connected to a shared sense amplifier. This format 

provides additional noise immunity, but at the expense of being less compact. 

Open Bit Lines:   In this configuration the sense lines are placed between two sub-arrays, thereby 

connecting each sense amplifier to one bit line in each array. This offers a more compact solution 

than the folded bit lines, but at the expense of noise immunity. 

One transistor DRAM Cell 

✓ The circuit diagram of the one-transistor (1-T) DRAM cell consisting of one explicit storage 

capacitor and one access transistor. 

✓  Here, C1 represents the storage capacitor which typically has a value of 30 to 100 pF. 

Similar to the 3-T DRAM cell, binary data are stored as the presence or absence of charge in 

the storage capacitor. 

✓  Capacitor C2 represents the much larger parasitic column capacitance associated with the 

word line. 

✓  Charge sharing between this large capacitance and the very small storage capacitance plays 

a very important role in the operation of the -T DRAM cell. 

✓ The "data write" operation on the 1-T cell is quite straightforward. 

✓  For the write "1" operation, the bit line (D) is raised to logic " 1 " by the write circuitry, 

while the selected word line is pulled high by the row address decoder. 

✓ The read operation starts with recharging the column capacitance C2. Then, 'the word line is 

pulled high in order to activate the access transistor M1. 

✓  Charge sharing between C1 and C2 occurs and, depending on the amount of stored charge 

on C1 the column voltage either increases or decreases slightly. 

 

 



SRAM Basics 

✓ The memory circuit is said to be static if the stored data can be retained indefinitely, as long 

as the power supply is on, without any need for periodic refresh operation.  

✓ The data storage cell, i.e., the one-bit memory cell in the static RAM arrays, invariably 

consists of a simple latch circuit with two stable operating points. 

✓  Depending on the preserved state of the two inverter latch circuit, the data being held in the 

memory cell will be interpreted either as logic '0' or as logic '1'. 

 

 

 SRAM Cell 

 

CMOS SRAM Cell 
✓ A low power SRAM cell may be designed by using cross-coupled CMOS inverters. 

✓  The most important advantage of this circuit topology is that the static power dissipation is 

very small; it is limited by small leakage current.  

✓ Other advantages of this design are high noise immunity due to larger noise margins, and 

the ability to operate at lower power supply voltage.  

✓ The major disadvantage of this topology is larger cell size. 

✓ The memory cell consists of simple CMOS inverters connected back to back, and two 

access transistor. 

 

 



CMOS SRAM Cell Design 

✓ To determine W/L ratios of the transistors, a number of design criteria must be taken into 

consideration.  

✓ The two basic requirements, which dictate W/L ratios, are that the data read operation 

should not destroy the stored information in the cell.  

✓ The cell  should allow stored information modification during write operation. 

 

                                       CMOS SRAM cell with precharge transistors 

✓ When none of the word lines is selected, the pass transistors M3 and M4 are turned off and 

the data is retained in all memory cells.  

✓ The column capacitances are charged by the pull-up transistors P1 and P2. The voltages 

across the column capacitors reach VDD - VT. 

4.11-Flash Memory. 

Flash memory 

✓ Flash memory storage is a form of non-volatile memory that was born out of a combination 

of the traditional EPROM and E2PROM.  

✓ In this device, the information is stored as an array of floating gate transistors called cells. 

✓ Each of these cells can store only one bit of information at a time.  

✓ The design of each memory cell is somewhat similar to that of a MOSFET. The only 

difference is that this cell has two gates. 

✓  The gate on top is called the control gate [CG], and the bottom one is called the floating 

gate [FG].  

✓ FG may be made of conductive materials like poly silicon or can also be non-conductive. 

✓ These two gates are separated from each other by a thin oxide layer.  

 

                           



                        

 

Flash memory operation 

✓ The FG can come in contact with the word line only through CG.  

✓ When that particular link is closed, the cell will have a value ‘1’. In order to change the 

value to ‘0’, a process called tunnelling has to be done. 

✓  This charge cancels the electric field from CG, and thus causes to modify the threshold 

voltage [V] of the cell. 

✓ During the read process, a voltage that is below V is applied to CG.  

✓ This V depends whether the channel should be conducting or insulating, which is in turn 

controlled by the FG charge.  

✓ This causes the channel to know the current flow and hence the binary code is formed.  

Advantages of Flash Memory 

✓ Easy and fast transfer of data is possible 

✓ The device is completely electronic rather than mechanical. So there are no moving parts in 

the device. 

✓ This device is erased as well as re-programmed in large blocks. 

✓ As the device is extremely compact and packaged, it is completely water proof, pressure 

proof, and also has a high degree of durability. 

✓ There are flash memories with a memory capacity of almost 16GB available. 

Applications of Flash Memory 

✓ Flash memory is the most widely used device in the field of home video game consoles. It 

has clearly replaced EEPROM chips and SRAM’s for saving data in video games. 

✓ Flash memory is also used in personal digital assistants (PDA’s), digicams, mobile phones, 

laptops and so on. 

Short Question with Answer: 

1-Define static combinational circuit. 

✓ Combinational logic circuits or gates, which perform Boolean operations on multiple input 

variables and determine the outputs as Boolean functions of the inputs, are the basic 

building blocks of all digital systems. 

2-Define Transmission gate. 

✓ A transmission gate, or analog switch, is defined as an electronic element that will 

selectively block or pass a signal level from the input to the output. This solid-state switch is 

comprised of a pMOS transistor and nMOS transistor. 



3-Define classification of logic circuit 

✓ Logic circuits use two different values of a physical quantity, usually voltage, to represent 

the Boolean values true (or 1) and false (or 0). 

✓  Logic circuits can have inputs and they have one or more outputs that are, at least partially, 

dependent on their inputs. 

✓ In terms of their behaviour, there are two basic types of logic circuitry: 

                         1-Combinational circuitry. 

                         2- State circuitry or Sequential Circuit  

4-Fefine SRAM. 

✓ Static random-access memory (static RAM or SRAM) is a type of random-access memory 

(RAM) that uses latching circuitry (flip-flop) to store each bit. SRAM is volatile memory; 

data is lost when power is removed. 

5-What is Flash memory. 

✓ Flash memory is an electronic non-volatile computer memory storage medium that can be 

electrically erased and reprogrammed. The two main types of flash memory, NOR flash and 

NAND flash, are named for the NOR and NAND logic gates.  

Long Question- 

1-What is Pass Transistor logic ? Explain.2020(W) 

2-Design a NAND Gate using MOS and explain its operation. 2020(W) 

3-Explain SR Flip-flop using MOS logic circuit,2020(W) 

4-Explain operation of 2-input NOR Gate using MOS logic circuit.2019(W) 

65-Explain CMOS SR latch circuit based on 2-input NOR gate. 2019(W) 

 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Integrated_circuit
https://en.wikipedia.org/wiki/Non-volatile_memory
https://en.wikipedia.org/wiki/Computer_memory
https://en.wikipedia.org/wiki/Storage_medium
https://en.wikipedia.org/wiki/NOR_gate
https://en.wikipedia.org/wiki/NAND_gate
https://en.wikipedia.org/wiki/Logic_gate


CHAPTER-5 

SYSTEM DESIGN METHOD AND SYNTHESIS 

Scope of syllabus: - 

5.1-Design language (SPL&HDL) & HDL & EDA tools & VHDL and packages Xilinx. 

5.2-Design strategies & concept of FPGA with standard cell-based design 

5.3-VHDL for design synthesis using CPLD or FPGA. 

5.4-Raspberri pi – Basic idea. 

5.1-Design language (SPL&HDL) & HDL & EDA tools & VHDL and packages 

Xilinx 

Design language (SPL & HDL) 

✓ Design language provide the means by which to describe the operation of both software programs 

and hardware programs. 

✓ All the programs are usually test based and stored file within the computer. 

✓ Design languages are classified into two types- 

                    1-Software programming languages (SPL) 

                    2-Hardware description languages (HDL) 

 

                              

Software programming languages (SPL) 

✓ Software programming languages (SPLs) allow software designer to create executable software 

applications that will operate on a suitable processor, 
✓ The processor will be one of three types: microprocessor (MP), microcontroller (MC), or digital 

signal processor (DSP). 



✓ As a software application to run on a work station or PCs, there are number of software 

programming languages and supporting development environment to aid the designer. 

✓ As embedded software to run on a processor within on embedded system. 

Example of Embedded system include control, automotive and aerospace application. 

Hardware description language (HDL) 

✓ Hardware description language (HDL) design is based on the creation and use of textural based 

description of a digital logic circuit. 

✓ There are two IEEE standards for HDL which is commonly used in industry. 

✓ The HDL design entry method using text-based description of circuits is now the most preferred 

choice of designer. 

✓ EDA tools provide HDL design supported with simulation as with circuit schematic design entry. 

Electronic design Automation (EDA) tools 

✓ Electronic Design Automation is primarily a software business. 

✓ Very sophisticated and complex software programs function primarily in one of three ways to assist 

with the design and manufacture of chips. 

✓ Simulation tools take a description of a proposed circuit and predict its behaviour before is it 

implemented. 

✓ Design tools take a description of a proposed circuit function and assemble the collection of circuit 

elements that implement that function. 
✓  This is both a logical process and a physical process (create the interconnected geometric shapes that 

will implement the circuit during manufacturing). 
✓  These tools are delivered as a combination of fully automated and interactively guided capabilities. 
✓ Verification tools examine either the logical or physical representation of the chip to determine if the 

resultant design is connected correctly and will deliver the required performance. 

Packages Xilinx 

✓ Electronic packages are interconnect able housings for semiconductor devices. 

✓ The major functions of the electronic packages are to provide electrical interconnections between the 

IC and the board and to efficiently remove heat generated by the device.  

✓ Feature sizes are constantly shrinking, resulting in increased number of transistors being packed into 

the device. 

✓ To meet these demands, electronic packages must be flexible to address high pin counts, reduced 

pitch and form factor requirements. At the same time. 

Package Sample 

✓ Xilinx offers two types of non-product-specific package samples that can help develop custom 
processes and perform board-level tests. These samples can be ordered with ordering codes as 
detailed below. 

✓ Mechanical Samples XCMECH-XXXXX (where XXXXX is the package code of interest) 

✓ This part type is used for mechanical evaluations, process setup, etc. Most packages are based on the 
JEDEC outline, and these parts are at times referred to as "dummy" parts since mechanical samples do 
not contain a die. 

✓ Example: 

✓ To order a FG676 package as a mechanical sample (without the die), the part number would be 
XCMECH-FG676. 

 

 



5.2-Design strategies & concept of FPGA with standard cell-based design 

Concept of FPGA with standard cell 

✓ Programmable logic has progressed from being used as glue logic to today’s FPGAs, where complete 

system designs can be implemented on a single device. 

✓ The number of gates and features has increased dramatically to compete with capabilities that have 

traditionally only been offered through ASIC illustrates the evolution of FPGA applications that have 

led to higher density devices. 

✓ All of these elements have allowed FPGAs to play a central role in digital systems implementations. 

With the availability of multimillion-gate FPGA architectures, and support for various third-party 

EDA tools. 

                          

 

Design synthesis 

✓ Design synthesis uses instructions from a schematic entry tool or HDL language and produces a 

gate-level representation or netlist. Synthesis tools generate a bit stream of code for uploading into 

the FPGA. 

✓ Boolean algebra is used to formulate FPGA logic and circuit design. Synthesis tools interpret this 

logic into the look-up tables, flip flops, RAM blocks, and other elements that make up the FPGA. An 

FPGA synthesis tool serves a similar purpose to a software complier. 

 

 

 



5.3-VHDL for design synthesis using CPLD or FPGA 

Block Diagram of Processing of FPGA /CPLD Designs 

                          

✓ A typical FPGA /CPLD design contains resource files (source files, SDF files, macro files, etc.) 

created at different stages of the design process. To clarify the design contents, consider dividing the 

resource files into groups stored in separate folders in the Design Browser. An exemplary grouping 

can be as follows: 

✓ Folder Functional groups files created at the initial stage of the design process. It includes source 

files intended for synthesis and test benches. 

✓ Folder Timing groups files obtained from the Place and Route tools. They are used for timing 

simulation and usually comprise: 

✓ Structural VHDL files modelling the physical netlist. 

✓ SDF files containing timing data used to annotate timing models. 

✓ Folder Simulate groups macro files (macro files contain batches of Active-VHDL commands) 

launching functional and timing simulations. 

✓ Folder Implement groups macro files used to launch synthesis and place-and-route programs (see 

section Synthesis). 

✓ The Design Browser allows you to create any number of folders with any names. The name of a 

folder does not imply its destination. 

 



5.4-Raspberri pi – Basic idea. 

Diagram of Raspberry pi. 

                   

 

✓ Raspberry Pi is the name of a series of single-board computers made by the Raspberry Pi 

Foundation, a UK charity that aims to educate people in computing and create easier access to 

computing education. 

✓ The Raspberry Pi launched in 2012, and there have been several iterations and variations released 

since then. The original Pi had a single-core 700MHz CPU and just 256MB RAM, and the latest 

model has a quad-core CPU clocking in at over 1.5GHz, and 4GB RAM.  

✓ The price point for Raspberry Pi has always been under $100 (usually around $35 USD), most 

notably the Pi Zero, which costs just $5. 

✓ All over the world, people use the Raspberry Pi to learn programming skills, build hardware projects, 

do home automation, implement Kubernetes clusters and Edge computing, and even use them in 

industrial applications. 

✓ There are different versions of raspberry pi available as listed below: 

                                  Raspberry Pi 1 Model A 

                                  Raspberry Pi 1 Model A+ 

                                  Raspberry Pi 1 Model B 

                                  Raspberry Pi 1 Model B+ 

                                  Raspberry Pi 2 Model B 

                                  Raspberry Pi 3 Model B 

                                  Raspberry Pi Zero 

https://www.raspberrypi.org/about/
https://www.raspberrypi.org/about/
https://opensource.com/article/20/6/kubernetes-raspberry-pi
https://enterprisersproject.com/article/2019/7/edge-computing-explained-plain-english


 

Out of the above versions of Raspberry Pi, more prominently use Raspberry Pi and their features are as 

follows: 

Features 
Raspberry Pi Model 

B+ 

Raspberry Pi 2 

Model B 

Raspberry Pi 3 

Model B 
Raspberry Pi zero 

SoC BCM2835 BCM2836 BCM2837 BCM2835 

CPU ARM11 Quad Cortex A7 Quad Cortex A53 ARM11 

Operating Freq. 700 MHz 900 MHz 1.2 GHz 1 GHz 

RAM 512 MB SDRAM 1 GB SDRAM 1 GB SDRAM 512 MB SDRAM 

GPU 
250 MHz Video core 

IV 

250MHz Video 

core IV 

400 MHz Video 

core IV 

250MHz Video 

core IV 

Storage micro-SD Micro-SD micro-SD micro-SD 

Ethernet Yes Yes Yes No 

Wireless WIFI and Bluetooth No No No 

  

Short Question with Answer 

1-Define SPL and HDL.  (W-2018) 

Ans: 

Software programming languages (SPL) 

✓ Software programming languages (SPLs) allow software designer to create executable 

software applications that will operate on a suitable processor, 

✓ The processor will be one of three types: microprocessor (MP), microcontroller (MC), 

or digital signal processor (DSP). 

Hardware description language (HDL) 

✓ Hardware description language (HDL) design is based on the creation and use of 

textural based description of a digital logic circuit. 

✓ There are two IEEE standards for HDL which is commonly used in industry. 

 

2-What is Electronics Design Automation (EDA) tools. 

Ans : 

✓ Electronic Design Automation is primarily a software business. 

✓ Very sophisticated and complex software programs function primarily in one of three 

ways to assist with the design and manufacture of chips. 

✓ Simulation tools take a description of a proposed circuit and predict its behaviour 

before is it implemented. 



 

3- Write Concept of FPGA with standard cell. 

Ans: 

✓ Programmable logic has progressed from being used as glue logic to today’s FPGAs, 

where complete system designs can be implemented on a single device. 

✓ The number of gates and features has increased dramatically to compete with 

capabilities that have traditionally only been offered through ASIC illustrates the 

evolution of FPGA applications that have led to higher density devices. 

Long Question 

1- Draw and explain Block Diagram of Processing of FPGA /CPLD Designs. 

2-Write the detail basic idea of Raspberry Pi. (W-2018) 



CHAPTERE-06 

Introduction to Embedded System 

Scope of syllabus: 

6.1-Embedded Systems Overview, list of embedded systems, characteristics, example –A Digital Camera. 

6.2- Embedded system Technologies-Technology-Definition-Technology for Embedded systems-processor 

Technology-IC Technology 

6.3-Design Technology-Processor Technology, General purpose processor-Software, Basic Architecture 

of single purpose processors-Hardware. 

6.4-Application-Specific processor, Microcontroller, Digital signal processors (DSP). 

6.5-IC Technology-Full custom / VLSI, Semi-custom ASCII (Gate Array & Standard Cell), PLD 

(Programmable logic device) 

6.6-Basic idea of Arduino micro controller. 

6.1-Embedded Systems Overview, list of embedded systems, characteristics, 

example –A Digital Camera. 

System 

✓ A system is an arrangement in which all its unit assemble work together according to a set of rules.  

✓ It can also be defined as a way of working, organizing or doing one or many tasks according to a 

fixed plan. For example, a watch is a time displaying system.  

Embedded System 

✓ As its name suggests, Embedded means something that is attached to another thing.  

✓ An embedded system can be thought of as a computer hardware system having software embedded 

in it.  

✓ An embedded system can be an independent system or it can be a part of a large system.  

✓ An embedded system is a microcontroller or microprocessor based system which is designed to 

perform a specific task. For example, a fire alarm is an embedded system; it will sense only smoke. 

✓ An embedded system has three components − 

                1-It has hardware. 

                2-It has application software. 

                3-It has Real Time Operating system (RTOS) that supervises the application software .RTOS          

defines the way the system works. It sets the rules during the execution of application program. A small 

scale embedded system may not have RTOS. 

✓ So we can define an embedded system as a Microcontroller based, software driven, and reliable, real-

time control system. 

Characteristics of an Embedded System 

Single-functioned –  

✓ An embedded system usually performs a specialized operation and does the same repeatedly.  

✓ For example: A pager always functions as a pager. 



Tightly constrained –  

✓ All computing systems have constraints on design metrics, but those on an embedded system can be 

especially tight.  

✓ Design metrics is a measure of an implementation's features such as its cost, size, power, and 

performance.  

✓ It must be of a size to fit on a single chip, must perform fast enough to process data in real time and 

consume minimum power to extend battery life. 

Reactive and Real time –  

✓ Many embedded systems must continually react to changes in the system's environment and must 

compute certain results in real time without any delay.  

✓ Consider an example of a car cruise controller; it continually monitors and reacts to speed and brake 

sensors. 

Microprocessors based – 

✓ It must be microprocessor or microcontroller based. 

Memory –  

✓ It must have a memory, as its software usually embeds in ROM. It does not need any secondary 

memories in the computer. 

Connected – 

✓ It must have connected peripherals to connect input and output devices. 

Hardware – Software systems: 

Software is used for more features and flexibility. Hardware is used for performance and security. 

 

 

 



 

Advantages 

✓ Easily Customizable 

✓ Low power consumption 

✓ Low cost 

✓ Enhanced performance 

Disadvantages 

✓ High development effort 

✓ Larger time to market 

✓ Basic Structure of an Embedded System 

 

 

 Basic structure or architecture of an embedded system: 

 

 

Sensor –  

✓ It measures the physical quantity and converts it to an electrical signal which can be read by an 

observer or by any electronic instrument like an A2D converter. A sensor stores the measured 

quantity to the memory. 

A-D Converter – 

✓ An analog-to-digital converter converts the analog signal sent by the sensor into a digital signal. 

Processor & ASICs –  

✓ Processors process the data to measure the output and store it to the memory. 

D-A Converter – 

✓ A digital-to-analog converter converts the digital data fed by the processor to analog data 

Actuator –  

✓ An actuator compares the output given by the D-A Converter to the actual (expected) output stored 

in it and stores the approved output. 

 



 

Types of Embedded System: 

✓ Three types of Embedded Systems are: 

                        1-Small Scale 

                        2-Medium Scale 

                        3-Sophisticated 

 

Small Scale Embedded Systems: 

✓ This embedded system can be designed with a single 8 or 16-bit microcontroller. 

✓  It can be operated with the help of a battery. For developing small scale embedded system, an editor, 

assembler, (IDE), and cross assembler are the most necessary. 

Medium Scale Embedded Systems: 

✓ These types of embedded systems are designed using 16 or 32-bit microcontrollers.  

✓ These systems offer both hardware and software complexities. C, C++, Java, and source code 

engineering tool, etc. are used to develop this kind of embedded system. 

Sophisticated Embedded Systems 

✓ This type of embedded systems have lots of hardware and software complexities. 

✓  You may require IPS, ASIPS, PLAs, configuration processor, or scalable processors.  

✓ For the development of this system, need hardware and software co-design & components which 

needs to combine in the final system. 

Digital Camera: 

✓ A digital camera is a hardware device that captures photographs and stores the images as data on 

a memory card.  

✓ Instead of recording the images on film, they are recorded digitally. 

✓  Once a picture has been taken, it can be downloaded to a computer system, manipulated with 

a graphics program, and printed.  

✓ Digital cameras record colour images as intensities of red, green, and blue. 

✓  These are stored as variable charges on a CCD or CMOS image sensor chip.  

✓ These charges are then converted to digital and then stored in flash memory chips on a memory card 

such as an SD card. 

https://www.webopedia.com/definitions/hardware/
https://www.webopedia.com/definitions/memory-card/
https://www.webopedia.com/definitions/digital/
https://www.webopedia.com/definitions/download/
https://www.webopedia.com/definitions/system/
https://www.webopedia.com/definitions/graphics/
https://www.webopedia.com/definitions/program/
https://www.webopedia.com/definitions/ccd/
https://www.webopedia.com/definitions/cmos/
https://www.webopedia.com/definitions/sd-card/


6.2- Embedded system Technologies-Technology-Definition-Technology for 

Embedded systems-processor Technology-IC Technology. 

Embedded System 

✓ Embedded System is the combination of both hardware and software that is used to perform a 

specific task. 

✓  It is defined as a way of working, organizing and performing tasks according to the set of rules. The 

main characteristics of an embedded system are speed, power, size, accuracy, reliability, and 

adaptability. 

✓  When this system performs the operations at high speed, then it is used for real-time applications.   

Latest Technology in Embedded System: 

✓ The latest technology in Embedded System and Applications such as 

                            1- Artificial Intelligence 

                            2- Augmented Reality and Virtual Reality 

                            3- Deep Learning 

                           4- Embedded security 

                            5- Cloud Connectivity 

Artificial Intelligence 

✓ Artificial Intelligence creates intelligent in machines and it is a branch of computer science. 

✓  Recent days it is an essential part of the technology Industry. 

✓  AI can be defined as the enabling of a machine to perform the logical analysis, obtain knowledge 

and adapt to an environment that varies.  

✓ This technology is already being used in many applications such as self-driving cars, personal voice 

assistant and super smart computing intensive. 

✓ Artificial Intelligence is building intelligent systems with decision-making abilities.  

✓ However, AI requires the use of hardware components to build truly intelligent machines. 

Virtual Reality and Augmented Reality 

✓ Virtual Reality technology in an embedded system that allows the user to interact with an 

environment that exists in a computer.  

✓ Virtual reality is a way to generate realistic images, sound, and other sensations.  

✓ VR with higher resolution will challenge available display and processor technology. On the other 

hand, augmented reality is the latest innovations in the electronics industry. These both technologies 

will become a big part of our world. 

Deep Learning 

✓ It represents a rich and yet unexplored embedded systems market that has a range of applications 

from image processing to audio analysis.  

✓ Even though, the developers are mainly focused on cloud connectivity and security. It is emerging as 

the latest trend in an embedded system. 

Embedded Security 

✓ With the rise of the Internet of Things, the focus of developers and manufacturers is on security.  

https://embeddedschool.in/inspire-your-creative-spirit-with-the-internet-of-things/


✓ The advanced technologies for embedded security will emerge as crucial generators for identifying 

devices in an IoT network, and as microcontroller security solutions that isolate security operations 

from normal operations. 

Cloud Connectivity 

✓ Getting embedded systems connected to the internet and cloud can take weeks and months in the 

traditional development cycle.  

✓ Consequently, cloud connectivity technology is an important future market for embedded systems. 

✓ These technologies are designed to simplify the process of connecting embedded systems with 

cloud-based services by reducing the underlying hardware complexities. 

Processor Technology 

✓ Processor is the heart of an embedded system.  

✓ It is the basic unit that takes inputs and produces an output after processing the data.  

✓ For an embedded system designer, it is necessary to have the knowledge of both microprocessors and 

microcontrollers. 

Processors in a System 

✓ A processor has two essential units − 

                   1-Program Flow Control Unit (CU) 

                   2-Execution Unit (EU) 

✓ The CU includes a fetch unit for fetching instructions from the memory.  

✓ The EU has circuits that implement the instructions pertaining to data transfer operation and data 

conversion from one form to another. 

✓ The EU includes the Arithmetic and Logical Unit (ALU) and also the circuits that execute 

instructions for a program control task such as interrupt, or jump to another set of instructions. 

✓ A processor runs the cycles of fetch and executes the instructions in the same sequence as they are 

fetched from memory. 

Types of Processors 

Processors can be of the following categories − 

                 General Purpose Processor (GPP) 

                  Microprocessor 

                  Microcontroller 

                  Embedded Processor 

                  Digital Signal Processor 

                  Media Processor 

                 Application Specific System Processor (ASSP) 

                 Application Specific Instruction Processors (ASIPs) 

Microprocessor 

✓ A microprocessor is a single VLSI chip having a CPU.  

✓ In addition, it may also have other units such as floating-point processing arithmetic unit, and 

pipelining units that help in faster processing of instructions. 



✓ Earlier generation microprocessors’ fetch-and-execute cycle was guided by a clock frequency of 

order of ~1 MHz 

✓  Processors now operate at a clock frequency of 2GHz 

 

Microcontroller 

✓ A microcontroller is a single-chip VLSI unit (also called microcomputer) which, although having 

limited computational capabilities, possesses enhanced input/output capability and a number of on-

chip functional units. 

CPU RAM ROM 

I/O Port Timer Serial COM Port 

✓ Microcontrollers are particularly used in embedded systems for real-time control applications with 

on-chip program memory and devices. 

IC Technology 

✓ There are different generations of integrated circuits, classified based on the number of 

transistors used on integrated circuit chips. 

✓  They are: small scale integration (SSI), integrated circuits containing a few numbers of tens of 

transistors.  

✓ 1960s witnessed medium scale integration (MSI), integrated circuit chips containing hundreds of 

transistors.  

✓ In 1970s there was large scale integration (LSI), wherein tens of thousands of transistors are 

integrated on each chip.  

✓ In 1980s there was very large scale integration (VLSI), wherein hundreds of thousands of transistors 

are integrated on each chip.  

✓ Furthermore, ultra large scale integration (ULSI), integrated more than one million transistors per 

chip.  

 

https://www.elprocus.com/
https://www.elprocus.com/


✓ There are different types of integrated circuits such as ADC, DAC, amplifiers, power management 

ICs, clock and timer ICs, and interface ICs that are used for various embedded systems applications. 

6.3-Design Technology-Processor Technology, General purpose processor-

Software, Basic Architecture of single purpose processors-Hardware. 

Single Purpose Processor (SPP) 
✓ A single purpose processor is a digital; circuit designed to execute exactly one program.  

✓ An embedded system designer may obtain several benefits by choosing to use a custom single 

purpose processor to implement a computation task. 
✓ A basic processor consists of a controller and a data path. 

             The data path stores and manipulates a system’s data.                    

             The data path contains registers units, functional units and connection like wires and multiplexers. 

✓ It monitors external control inputs as well as data path control outputs, known as status signals, 

coming from functional units, and it sets external control outputs as well. 

✓ The digital systems design techniques such as combinational and sequential logic design including 

those of synchronous and asynchronous design can be applied to build a CONTROLLER and a 

DATA PATH. 

 

1.) Performance may be faster, due to fewer clock cycles resulting from a customized data path and due to 

shorter clock cycles resulting from the simpler controller logic. 

2.) Size may be smaller due to simplest data path and no program memory. 

3.) Power consumption may be less due to more efficient computation. 

6.4-Application-Specific processor, Microcontroller, Digital signal processors 

(DSP). 

Application Specific Instruction set Processor (ASIP’S) 

✓ The inflexibility of single purpose processor can make them prohibited for certain applications.  

✓ A solution is to use an instruction set processor that is specific to that application or application 

domain. 

https://www.elprocus.com/different-types-of-integrated-circuits/


✓  An ASIP’s is a programmable processor optimized for a particular class of applications having 

common characteristics such as embedded control, digital signal processing or telecommunications.  
✓ Microcontrollers and Digital Signal Processor are two well known types of ASIP’s that have been 

used for several decades. 

Microcontrollers: 

✓ A microcontroller is a microprocessor that has been optimized for embedded control application. 

Such applications typically monitor and set numerous single bit control signals but do not perform 

large amount of data computations.  

✓ Thus, microcontroller tends to have smaller data paths that excel at bit level operations and at 

reading and writing external bits. 

✓ Furthermore, they tend to incorporate more on the microprocessor chip several peripheral 

components common in control applications, like serial communication peripherals, timers, and 

counters pulse width modulators and analog to digital converters (Intel 80512, Motorola68HC811). 

Digital Signal Processors (DSP): 

✓ A DSP is a microprocessor designed to perform common operations on digital signals, which are the 

digital encodings of analog signals like video and audio. 

✓  These operations carry out common signal processing tasks like signal filtering, transformation or a 

combination. Such operations are usually math intensive, including operations like multiply and add 

or shift and add.  

✓ To support such operations, a DSP may have special purpose data path components such as a 

multiply accumulate unit, which can perform a computation like. 

6.5-IC Technology-Full custom / VLSI, Semi-custom ASCII (Gate Array & Standard Cell), 

PLD (Programmable logic device) 

Full-Custom ICs 

✓ Design a chip from scratch. Engineers design some or all of the logic cells, circuits, and the chip 

layout specifically for a full-custom IC. 

✓  Custom mask layers are created in order to fabricate a full-custom IC. 

✓  Advantages: complete flexibility, high degree of optimization in performance and area. 

Disadvantages: large amount of design effort, expens 

Standard-Cell-Based ICs  

✓ Use predesigned, pretested and recharacterized logic cells from standard-cell library as building 

blocks.  

✓ The chip layout (defining the location of the building blocks and wiring between them) is 

customized.  

✓ As in full-custom design, all mask layers need to be customized to fabricate a new chip. 

✓  Advantages: save design time and money, reduce risk compared to full-custom design. 

Disadvantages: still incurs high non-recurring-engineering (NRE) cost and long manufacture D D D 

A A A A B B B B B C 

Gate Array 

✓ Parts of the chip are pre-fabricated, and other parts are custom fabricated for a particular customer’s 

circuit.  

✓ Identical base cells are pre-fabricated in the form of a 2-D array on a gate-array (this partially 

finished chip is called gate-array template).  



✓ The wires between the transistors inside the cells and between the cells are custom fabricated for 

each customer.  

✓ Custom masks are made for the wiring only.  

✓ Advantages: cost saving (fabrication cost of a large number of identical template wafers is 

amortized over different customers), shorter manufacture lead time 

✓  Disadvantages: performance not as good as full-custom or standard-cell-based ICs 

✓ Channelled Gate Array vs. Channel less Gate Array (Sea-of-gates Array). –  

✓ In channelled gate arrays, empty spaces are set aside between the base cells to accommodate the 

wires that will be added later to connect the cells. 

✓ In sea-of-gates arrays, there are no predefined areas set aside for routing between the cells, and the 

interconnection wires are fabricated on top of the cells. 

Programmable Logic Devices (PLDs)  

✓ A PLD is a general-purpose chip for implementing logic circuitry. 

✓  Transistors and wires are already prefabricated on a PLD.  

✓ Logic cells and interconnect can be programmed by end-user to implement specific circuitry.  

✓ No need to create custom masks for each customer. Advantages: low non-recurring-engineering cost 

(ideal for low-volume production), fast turnaround time. 

✓  Disadvantages: lower performance and larger chip size.  

✓ Depending on capacity, complexity and architecture, may be further classified as (1) Simple PLDs 

(SPLDs), (2) Complex PLDs (CPLDs), and (3) Field-Programmable Gate Arrays 

 Programmable Read Only Memory 

✓ Programmable read only memory is a memory chip, on which data can be written only once.  

✓ Once a data is written onto a PROM, it remains there forever.  

✓ Therefore, it is also called as a one-time programmable memory. Memory chip is delivered blank 

and the programmer transfers the data on to it. 

 
✓ The above figure shows the block diagram of a PROM. It consists of a fixed AND gate 

array followed by a Programmable OR gate array.  

✓ AND gate array is used as the address decoder which selects the corresponding address location 

based on the input address provided to it. 

✓  Data is stored in the OR gate array. It contains programmable fuses, which can be burned off 

depending on the data values that are to be stored. 

 

https://www.mepits.com/tutorial/137/Memory/Memory


✓ A and B are the address inputs and Y is the data output. AND arrays are fixed to select each row 

(address location) for corresponding inputs. 

✓  data in each memory location is determined by the fuses in the OR array.  

✓ If the fuse is not burned off, charge send through the row is received at the output, indicating a logic 

one and when the fuse is burned off, the signal cannot reach the data output and is detected as logic 

zero.  

✓ Thus, in PROM binary data is stored using fuses.  

6.6-Basic idea of Arduino micro controller. 

Defining Arduino 

✓ An Arduino is actually a microcontroller-based kit which can be either used directly by purchasing 

from the vendor or can be made at home using the components, owing to its open-source hardware 

feature.  

✓ It is basically used in communications and in controlling or operating many devices.  

✓ It was founded by Massimo Banzi and David Cuartielles in 2005. 

Arduino Architecture: 

✓ Arduino’s processor basically uses the Harvard architecture where the program code and program 

data have separate memory.  

✓ It consists of two memories- Program memory and the data memory.  

✓ The code is stored in the flash program memory, whereas the data is stored in the data memory. 

✓  The Atmega328 has 32 KB of flash memory for storing code (of which 0.5 KB is used for the 

bootloader), 2 KB of SRAM and 1 KB of EEPROM and operates with a clock speed of 16MHz. 

 

 Steps to program an Arduino 

✓ Programs written in Arduino are known as sketches. A basic sketch consists of 3 parts 

                         1. Declaration of Variables 

                         2. Initialization: It is written in the setup () function. 

                         3. Control code: It is written in the loop () function. 

 



✓ The sketch is saved with. ino extension. Any operations like verifying, opening a sketch, saving a 

sketch can be done using the buttons on the toolbar or using the tool menu. 

✓ The sketch should be stored in the sketchbook directory. 

✓ Chose the proper board from the tool’s menu and the serial port numbers. 

✓ Click on the upload button or chose upload from the tool’s menu. Thus, the code is uploaded by the 

bootloader onto the microcontroller. 

 Basic Adruino functions are: 

✓ digital Read(pin): Reads the digital value at the given pin. 

✓ Digital Write (pin, value): Writes the digital value to the given pin. 

✓ Pin Mode (pin, mode): Sets the pin to input or output mode. 

✓ Analog Read(pin): Reads and returns the value. 

✓ Analog Write (pin, value): Writes the value to that pin. 

✓ serial. begin (baud rate): Sets the beginning of serial communication by setting the bit rate. 

 

Short Questions with Answers: 

(1) Define Embedded System. (s-19) 

Ans- 

✓ An embedded system is a microprocessor-based computer hardware system with 

software that is designed to perform a dedicated function, either as an independent 

system or as a part of a large system. 

✓  At the core is an integrated circuit designed to carry out computation for real-time 

operations. 

(2) What are the different Embedded Technology Associated with Embedded system. 

(s-12) 

Ans- The latest technology in Embedded System and Applications such as 

                            1- Artificial Intelligence 

                            2- Augmented Reality and Virtual Reality 

                            3- Deep Learning 

                           4- Embedded security 

                            5- Cloud Connectivity 

(3)What is full custom ?(s-19) 

Ans- Full-custom design is a methodology for designing integrated circuits by specifying the 

layout of each individual transistor and the interconnections. 

 

(4) Write down the applications of embedded system ? 

Ans - Applications of Embedded Systems: 

• Motor and cruise control system. 

• Body or Engine safety. 



• Entertainment and multimedia in car. 

• E-Com and Mobile access. 

• Robotics in assembly line. 

• Wireless communication. 

• Mobile computing and networking. 

(5) Write any two characteristics of Embedded System ?(s-17) 

 Ans- Two characteristics of Embedded Systems are, 

• Single Functioned 

• Tightly Constrained 

Long Questions 

 

1. Describe the characteristics of embedded system. (s-12,14) 

2. Describe briefly IC Technology associated with Embedded system. (s-12,13) 

3. Explain briefly the GPP software. (s-13) 

4. Explain briefly the technologies of Embedded system. (s-14) 

5. Explain the SPP and applications of Specific processor. (s-15) 
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