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Course objectives

COB 1: To enable the students learn various fabrication steps of IC and MOS, Bi CMOS processes

COB 2: To enable the students learn basic electrical properties of MOS Transistors in analysis of circuits.
COB 3: To make the students to study MOS technology-specific stick and layout rules

COB 4: To make students to familiar with different architectural issues of Subsystem design process
COB 5: To enable the students to highlight the architecture design issues in the context of IC design

Course outcomes

At the end of the Course, Student will be able to:

CO 1. Outline the fundamental concepts related to MOS and Bi-CMOS Circuits fabrication.
CO 2: Describe the electrical properties of MOS circuits.

CO 3: Make use of design rules for stick and layout diagrams.

CO 4: Construct alternative forms of loads towards effective performance by subsystems.
CO 5: Interpret FPGA and ASIC design approaches for semi custom design.
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Prerequisites

Knowledge On
| STLD/DLD ﬁ

Knowledge on

VLSI Design

Circuit design concepts
Stick diagram

| Di n/DSD |

Layout Design
DRC,LVS,PEX

GDSII generation
\ 4
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Design flow Summary: Aditya Engineering College (A)

Problem statement

Relation between 1/O s /

Minimum no. of literal

Only NAND/NOR

No. of transistors ?
CR,t,Tr, Tf, & Pd

DRC,LVS & PEX

¢

Info on MASK layers

masks
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« Introduction to IC technology,
 MOS and related VLSI Technology
« MOS Types and symbols

* Modes of MOSFET:

1 Enhancement mode of NMOS Good to go with
 Depletion mode of nMOS TB 1 for essential
« |C Production process, I7ije. Al

o Reference book 3
« |C Fabrication process: is more potential

d NMQOS, PMOS and CMOS.
* BI-CMOS Technology
« Comparison bet’'n CMOS and Bipolar Technologies
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Basic Electrical Properties of Circuits: eering College ()

+ 1ds versus Vds Relationships

* Aspects of MOS transistor: Vt, Gm, Gd, Figure of Merit,

* Transistor switches,

* Pass Transistor concept ,

 NMOS Inverter, alternative forms of pull ups

* Pull-up to Pull-down Ratio for NMOS Inverter driven by another NMOS inverter,

* Pull-up to Pull-down Ratio for NMOS Inverter driven by another NMOS inverter
through one or more Pass Transistors.

The CMOS Inverter :

Bi-CMOS Inverter Itis enough to go
] ! with

MQOS transistor circuit model, Text Book 1.

Latch-up in CMOS circuits and

* BI-CMOS Latch-up Susceptibility
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MOS Circuit Design Processes College ()

MOQOS Layers,
Realization of gates using NMQOS, PMOS and CMOS technologle

: . ood to go with
Stick Diagrams, TB 1 for essential info. and

Design Rules Reference book 3
’ _ is more potential

O 2um Double Metal, Double Poly, CMOS/Bi CMOS rul€
4 1.2umDouble Metal, Double Poly CMOS rules,

Layout Design: It i
O Layout Diagrams of CMOS inverter, recommended
O Layout Diagrams of NAND gates, to go with

Website
MOSIS.com

O Layout Diagrams of NOR gates,
General observations on design rules,
Symbolic Diagrams-Translation to Mask Form
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Basic Circuit Concepts & Scaling of MOS CIrCuits . ssnee corece

Sheet Resistance,
Sheet Resistance concept applied to MQOS transistors and Inverters,
Area Capacitance of Layers, Standard unit of capacitance,

The Delay Unit
Inverter Delays,
Propagation Delays, It is enough to go
Wiring Capacitances, S
Fan-in and fan-out characteristics,
Choice of layers,

Text Book 1.

Scaling models,
Scaling factors for device parameters,
Limits due to sub threshold currents,

Current density limits on logic levels and supply voltage due
to noise.

VLSI Design Unit | P. Bujjibabu, Associate Professor, ECE 8



Subsystem Design

Architectural issues,

Switch logic, Gate logic,
Examples of structured design,
Clocked sequential circuits
System considerations,

Aditya Engineering College (A)

General considerations of subsystem design processes,

An illustration of design processes

P. Bujjibabu, Associate Professor, ECE



IC Design & FPGA Design Process Aditya Engineering College (A)
— / + PLAs, PLDs, FPGA, ASIC,
« Selection of an Appropriate Method

* VLSI design flow (conventional & low power)

Web

o _ IS & good
* VLSI Design issues and design trends, reference at this
« Mixed Signal design flow point
« ASIC design flow

FPGA design flow

Basic FPGA architecture,

FPGA configuration, configuration modes,
FPGA designs process

FPGA families.
» Xilinx Vertex FPGA.

FPGA Design Example
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N diff

Gives information on
Modeling parameters of
MOSFET
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Gives information on

Scaling models

& concepts in Subsystem
design

UNIT-V
VLSI Design Issues
FPGA Design
K VLSI Design by \
Sung-Mo Kang
Kamran Eshraghian
KVK Prasad
< ASIC by Sebastian Smith 4

5/15/2023

Aditya Engineering College (A)
UNIT-IV

Scaling of MOS Circuits
Subsystem Design

by
Pucknell and
Sholeh Eshraghian,
Sung-Mo Kang

Gives information on VLSI
trends

Different design &
Implementation flows

Contact
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http://rti.etf.bg.ac.rs/rti/ri5rvl/tutorial/TUTORIAL/HTML/HOMEPG.HTM
http://rti.etf.bg.ac.rs/rti/ri5rvl/tutorial/TUTORIAL/HTML/HOMEPG.HTM
http://rti.etf.bg.ac.rs/rti/ri5rvl/tutorial/TUTORIAL/HTML/HOMEPG.HTM
https://www.tutorialspoint.com/vlsi_design/vlsi_design_useful_resources.htm
https://www.southampton.ac.uk/~bim/notes/cad/
http://www.uta.edu/ronc/4345sp02/lectures/
http://www.ece.utep.edu/courses/web5392/Lab_7.html
http://www.ece.utep.edu/courses/web5392/Notes.html
http://www.ittc.ku.edu/~jstiles/312/handouts/
https://www.mepits.com/tutorial/384/vlsi/steps-for-ic-manufacturing

EE5S392 Lab 7

The main objective of this lab is to familiarize students with Domino logic.
Assignment

Design two 4 input OR gates: one in domino logic and one in standard CMOS. Balance the total
transistor widths to be 100u +/- 5u. Use a S0fF capacitor as load.

Determine and measure the worst case delay for both gates. If any student is 10% faster than the
rest of the class for the worst case delay, they will receive 1 point of extra credit in the class.

What to turn-in:

A pdf file with 1) your name, 2) course number and semester, title “lab 77, 3) answers to gquestions
posed below.

Include schematic and waveforms Tfor each of the simulations as described above.

Email single file to ee5369@ece utep.edu. Penalty for multiple files.

Questions:

http://www.ece.utep.edu/courses/web5392/Notes.html
1.) Which gate was faster and why?

2.3 Which one consumes more power and why?

http://www.ece.utep.edu/courses/web5392/Lab_7. htmI
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INTRODU
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INTRO OLOGY
Electron
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VLS| adv
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D The First Integrated Circuits v

Jack Kilby

{OR, ORLO|
—— e e :

e L .| .
B2 et S

Bipolar logic-1960’s
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* First Patents: -1935

* Variable Capacitor Proposed: -1959

* Silicon MOS: -1960

* Clean PMOS, NMOS: Late 1960s, big growth!
e (CCDs: 1970s, Bell Labs

* Switch to CMOS: -1980s
* An MOS (metal- Oxide- Silicon)structure is created by

superimposing several layers of

- conducting (metal)
- insulating (oxide)
- tr’r forming material (semi-conductor)

* These structures are created by series of chemical processing
steps involving.,
¢ Oxidation of silicon
¢ Diffusion of impurities

**Deposition and etching of metal on silicon
5/15/2023 VLSI Design Unit | P. Bujjibabu, Associate Professor, ECE 22
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Metal Oxide-Semiconductor Field Effect Transistor(MOSFET)
— Which will be the type that we will study in this course.

Metal-Semiconductor Field Effect Transistor-mMESFET
Junction Field Effect Transistor-JFET

High Electron Mobility Transistor or Modulation Doped Field Effect Transistor-HEMT or
MODFET

Fast Reverse/Fast Recovery Epitaxial Diode-FREDFET
DNA Field Effect Transistor-The conduction path is through a strand of DNA

pMOS

cMOS

23
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Depletion
mode nMOS mode pMOS
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Stick rules for the schematics
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MOS diagrams

o L
N+ N+

* nMOS enhancement mode

Vgs > Vth
p-,N-
spurce gate drain lightly doped
IEEEEEEEN Vds> (Vgs-Vth)
Py Nttty iy S, e

lﬂ[V/II/A 7 lds> 0

p,N
moderately

doped

P+,n+
heavily
dopde
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MOS regions Of Operation Aditya Engineering College (A)

« Cut-OffRegion
Cut-off region is a region in which the MOSFET will be OFF as there will be no current
flow through it. In this region, MOSFET behaves like an open switch and is thus used when
they are required to function as electronic switches.

« Ohmic or Linear Region
Ohmic or linear region is a region where in the current IDS increases with an increase Iin
the value of VDS. When MOSFETSs are made to operate in this region, they can be used as
amplifiers.
 Saturation Region
In saturation region, the MOSFETSs have their IDS constant inspite of an increase in VDS and
occurs once VDS exceeds the value of pinch-off voltage VP. Under this condition, the device
will act like a closed switch through which a saturated value of IDS flows. As a result, this
operating region is chosen whenever MOSFETSs are required to perform switching
operations.

P. Bujjibabu, Associate Protessor, ECE


https://www.electrical4u.com/voltage-or-electric-potential-difference/

Aditya Engineering College (A)

MOS diagra
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polysilicon

N substrate
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N Mask Layout and Stick Diagram for a CMQO Sy ereincerine colieee ()
Inverter

Metald Port
Metal2 Port
Metal1 Port
Polysilicon Port

L B 4

Metal3
etal2
Ietal
Polysilicon
M Diffusion
P Diffusion

[ ]
® Contact
_ [] Tap
[ ] Combined contact
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Detalled Mask Views

2 Six masks
- n-well
- Polysilicon
- n+ diffusion
- p+ diffusion
- Contact
- Metal
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Top View - 5 -

g g g % JF JF b

3D View

Side View
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* An MOS (metal- Oxide- Silicon)structure is created by
O superimposing several layers of

- conducting (metal)
- insulating (oxide)
- tr'r forming material (semi-conductor)

* These structures are created by series of chemical processing
steps involving.,
+*Oxidation of silicon
++Diffusion of impurities

S Nannzition and etechine of retal on 2ilicon
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NnMOS fab

* Processing is carried on a thin wafer cut from a single crystal of
silicon(75~150 mm dia & .4 mm thick)

e p-impurities are doped into wafer cut to get a p-substrate(doping
concentration 10el5 ~ 10e16)
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* Thick Sio2 is layered over surface of the p-substrate

is layered over the Sio2 to even
distribution of thickness

5/15/2023 VLSI Design Unit | P. Bujjibabu, Associate Professor, ECE 38
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* Then the structure is exposed to UV rays through a
mask

il

Target

Area exposed to UV rays is hardened & removed and
remaining area is unaffected

5/15/2023 VLSI Design Unit | P. Bujjibabu, Associate Professor, ECE 39
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* Thick Oxide and photo resist are etched away to get
window in oxide

* A thin layer of SiO2(0.1 um) layer is grown over all
again and then Polysilicon is deposited over thin oxide
to form gate structure

5/15/2023 VLSI Design Unit | P. Bujjibabu, Associate Professor, ECE 40
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* N type impurities doped after several steps like
oxidation, masking ,etching...

Diffusion is achieved by heating the substrate to a high
temperature and injecting gas form of n-type
impurities(phosphorus)
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Aditya Engineering College (A)

* Thick oxide is grown all over the surface and again
masked with a photo resist etched to expose selected
areas of the poly-silicon gate, drain and the source for
connections

VLSI Design Unit | P. Bujjibabu, Associate Professor, ECE 42
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* The whole chip is then has metal deposited over its
surface to a thickness of 1 um for contacts
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Final nMOS

This layer is then masked and etched to form the required MOS as

shown bellow
G

P substrate

5/15/2023 44
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oMOS fabrication steps

* For pMOS., simply replace the P-substrate with N-substrate, N+
diffusion with P+ diffusion in nMOS steps

* To form the depletion mode devices, it is only necessary to introduce
a masked ion implantation step between 5 and 6 and in practice with
some more additional steps

5/15/2023 VLSI Design Unit | P. Bujjibabu, Associate Professor, ECE 45
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oMOS device

v'Few more same diagrams skipped here

m G polysilicon

1/

D

N substrate
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CMOS fabrication steps

* CMOS ., there are four approaches
e P-well
*N-well
“*Twin —tub process
+*»*Silicon on insulation ---thuuuchh!
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Cont.,

e Although cMOS is the dominant technology, most of

the design processes in nMOS because.,
\/

**For nMOQOS design methodology and
design rules are easy to learn and simple
‘0

«* Provides excellent background for other
technologies

s*Allows a relatively easy transition to
cMOS
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Final CMOS

° Vout ‘ Vdd
- m
VSS VOUt Vdd
5/15/2023 VLSI Design Unit | P. Bujjibabu, Associate Professor, ECE 49
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* Here ., masking, patterning and the diffusion— process
is similar to nMOS fabrication important mask
definitions are presented here:

* Mask 1: areas for deep p-well diffusions to
take place

5/15/2023 VLSI Design Unit | P. Bujjibabu, Associate Professor, ECE 50
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* Mask2: defines the thinox regions where thick oxide is
removed and thin oxide is grown to accommodate p-,
n- transistors and diffusion wires to take place

5/15/2023 VLSI Design Unit | P. Bujjibabu, Associate Professor, ECE 51
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* Mask 3 :used to pattern the poly silicon layer which is
deposited after the thin oxide

L]
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* Mask 4: A p+ mask is now used to define all areas
where p-diffusion is to take place

= =

* Mask 5: performed with —ve form of P+ mask ,defines
those areas where n-diffusion is to take place
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* Mask 6: used to define the contact cuts
* Mask 7: the metal layer pattern is defined by this mask

* Mask 8: an overall passivation (over glass) layer is needed to define the
openings for access to bonding pads

* Note: these are all main steps and is need with many more intermediate
steps to get final MOS as shown
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* Final cmos in p-well approach:

Vin

V
vdd Vout >
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Final cmos in
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Twin-tub process
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Epitaxial Layer:
High purity silicon grown
with accurately determined

58
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Bi-CMOS Fabrication Process R -crinc Coliege (4)
Evolution of BI-CMOS from CMOQOS

Bi-CMOS technologies have tend to evolve from CMOS
processes In order to obtain the highest CMOS performance

possible.

The bipolar processing steps have been added to the core CMOS
flow to realize the desired device characteristics.

\Vdd Vdd

I upl
i .

.
P. Bujjiba bthqssocm:!;]Professor, ECE

V/ss
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« A known deficiency of MOS technology is its limited load driving capabilities (due to
limited current sourcing and sinking abilities of pMOS and nMOS transistors.

« Bipolar transistors have
= higher gain
» Detter noise characteristics
» petter high frequency characteristics

« BICMOS gates can be an efficient way of speeding up VLSI circuits
* See table for comparison between CMOS and BICMOS
« CMOS fabrication process can be extended for BICMOS
« Example Applications
= CMOS - Logic

= BICMOS - 1/0 and driver circuits
= ECL - critical high speed parts of the system

P. Bujjibabu, Associate Professor, ECE



[ Power d|SS|pat|On Aditya Engineering College (A)

* Noise margin
- Packing density Advantages of CMOS

* The ability to integrate large over Bipolar
complex functions with high yields

e Switching speed
e Currents drive per unit area

Advantages of Bipolar
over CMOS

* High noise performance
* Analog capability
* |Input/output speed

P. Bujjibabu, Associate Professor, ECE
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Advantages of BICMOS Technology

* Improved speed over CMQOS

* Lower power dissipation than Bipolar
* Flexible input/outputs

* High performance analog

e Latch up immunity

5/15/2023 VLSI Design Unit | P. Bujjibabu, Associate Professor, ECE 62
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DUNed n* subcolecior (IBCCD) p* connecton 10 base

Nete: For clarity, the layers have not Been drawn iransparent but BCCO unchew b the snitihim aiea
and the p * base underiies all within s boundarny.

Figure “4  Arrangement of BICMOS npn transistor (Orbit 2 um CMOS)
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