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Feynman’s Famous Lecture 



- First Intel computer chip : Intel 
4004

- Consists of 2,300 transistors

- Current Zen 
microarchitecture : 

         32 core AMD Epyc  

- Consists of 
19,200,000,000 transistors 
(Nineteen billion)



Small Scale Integration ( SSI)

Medium Scale Integration ( MSI)

Large Scale Integration (LSI)

Very large Scale Integration (VLSI)

Ultra Large Scale Integration (ULSI)

No. of TransistorsTechnology

Upto 100

 100 to 1000

1000 to 20K

 20K to 10,00,000

10,00,000 to 1,00,00,000



….First commercial device 
to use the transistor.

Sonotone 
1010

      



Physical & chemical 
Research development

Apparatus or device 
research & development

Circuit research and 
development

Systems research and 
development

Current Knowledge

New concepts theories and materials

New active & passive apparatus

New system components circuits

New system design for production

Requests for specific new 
materials & improved concepts

Requests for specific new 
apparatus

Requests for specific new system 
components



Successive Ordinal Stages : -

1. Zero-Order approximation is the first attempt at a solution to achieve 
the overall goal.

-  Zero order system stage
-  Zero order circuit stage
-  Zero order device stage
-  Zero order chemical physical stage

2.     First-Order solution
-  New refinements & even new circuits may be indicated.Alternative 

circuits for a given function may be considered
- Meeting first order requirements with reasonable goals.



Des , Fab ti  & Tes
                      

Phase I : Formulation of the requirements of the 
characteristics of Transistor

● Essential for a device engineer effect a compromise between 
what is optimally desired by the circuit engineer and what is 
achievable with good reproducibility, reliability and reasonable 
yields.



Des , Fab ti  & Tes
                      

Phase II: Analysis of Transistor Structures

● By structure, I mean variables which can be nominally under the control of design & 
production engineers. 

● Examples of structures : junction spacing. Resistivity,geometry and minority-carrier 
lifetime of a semiconductor



Z = Z( S1, S2, S3……..Sn, b1, b2, b3……… bn )

Z represent open circuit impedance of transistor
Variables S i  represent all the structures
Variables b i  represent d-c biasing currents & voltages 
at which the device may be operated.



Outline 

• npn Bipolar Junction Technology 

• Modifications to the standard npn BJT technology 



Major Processing Steps for a Junction Isolated BJT Technology

Start with a p substrate.

1. Implantation of the buried n+ layer

2. Growth of the epitaxial layer (MBE/MOCVD)

3. p+ isolation diffusion

4. Base p-type diffusion

5. Emitter n+ diffusion

6. p+ ohmic contact

7. Contact etching

8. Metal deposition and etching

9. Passivation and bond pad opening



Implantation of the Buried Layer (Mask Step 1 )
Objective: the buried layer is to reduce the collector resistance.



Epitaxial Layer (No Mask Required)
Objective: To provide the proper n-type doping in which to build the npn BJT



p+ isolation diffusion (Mask Step 2)
Objective: of this step is to surround (isolate) the npn BJT by a p+ diffusion. These 

regions also permit contact to the substrate from the surface



Base p-type diffusion (Mask Step 3)
The step provides the p-type base for the npn BJT



Emitter n+ diffusion (Mask Step 4)
This step implements the n+ emitter of the npn BJT and the ohmic contact to the 

collector



p+ ohmic contact (Mask Step 5)
This step permits ohmic contact to the base region if it is not doped sufficiently high



Contact etching (Mask Step 6)
This step opens up the areas in the dielectric area which metal will contact



Metal deposition and etching (Mask Step 7)
In this step, the metal is deposited over the entire wafer and removed where it is not 

wanted.



Passivation (Mask Step 8)
Covering the entire wafer with glass and opening the area over bond pads (which 

requires another mask)



Stochastic Processes 
Advances by

Prof. Udayan Ganguly, EE dept, IITB: Strategic Semiconductors

Prof. Punit Parmananda, Physics dept, IITB : regular patterns by pitting corrosion 



Fabrication Animation

http://www.youtube.com/watch?v=H97W_pVN83Y


Indian Transistor market



Current and Past Trends

The overall market size for transistors in India is estimated at USD 83 million for the 

FY 2009- 10 with imports accounting for 80 % of the total market. The transistors 

are largely imported from China & Taiwan. In addition, a considerable proportion of 

transistors used in automotive and power electronics are imported from Europe 

owing to its high quality



Major electronic hubs in India



Growth of Indian Electronics components market



Global Analysis

● India's electronics market is one of the largest in the world in terms of 

consumption, is predicted to grow to approximately US$400 billion by 2020 from 

$69.6 billion in 2012

● Report of the NITI Aayog, electronics industry's contribution to GDP is only 1.7% 

in India, compared to 15.5% in Taiwan, 15.1% in South Korea and 12.7% in China.



Salient Aspects of Indian Transistor Industry
● Continental Devices India Limited and Bharat Electronics limited are the two 

leading manufacturers of transistors in India

● The Indian transistor market is estimated to grow at a CAGR of 11% for the next 3 

years and the market size in FY2011-12 is expected to reach USD 104 Million

● Growing demand in the automotive and consumer durable market are the two 

key factors that is expected to drive the transistor industry, thus positively 

affecting its growth rate.

● Non Availability of raw materials like molding compound, silicone wafer, lead 

frames etc., high import duties on raw material and competitive component 

pricing from players in China are cited as the key restraints for the transistor 

manufacturing industry in India



Developments and Improvements
Single transistor 7 nm scale devices were first produced by researchers in the early 2000s.

In 2002, IBM produced a 6 nm transistor.

In 2003, NEC produced a 5 nm transistor.

In 2015, IMEC and Cadence had fabricated 5 nm test chips. The fabricated test chips are not fully functional 

devices but rather are to evaluate patterning of interconnect layers.

In 2015, Intel described a lateral nanowire (or gate-all-around) FET concept for the 5-nm node.

In 2017, IBM revealed that they had created 5 nm silicon chips, using silicon nanosheets in a gate-all-around 

configuration (GAAFET), a break from the usual FinFET design.



Research Improvements
In 2016, researchers at Berkeley Lab created a transistor with a working 1-nanometer 

gate. The field-effect transistor utilized MoS

2

 as the channel material, while a carbon 

nanotube was used to invert the channel. The effective channel length is approximately 

1 nm. However, the drain to source pitch was much bigger, with micrometre size.
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