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NEED ANALYSIS
To respond to the needs of the industry for training new skills of the engineers and
technicians in the multidisciplinary information and communication systems (ICS), the
RIPLECS project was designed. The project is aimed at definition and development of a
telematics based European infrastructure and organisation for ICS curriculum providing a
range of co-authoring, co-learning, simulation- and laboratory practice-based learning
facilities.
The preliminary need analysis showed that the experimental work is a vital component
of science and engineering teaching at all levels. That is why the curriculum developed in
IPLECS for a common ICS MSc degree is to be upgraded with new courses and with remote
laboratory practice in this project.
In the MSc degree programme developed within IPLECS project the tasks in the
Microelectronics course should be performed in MicroWind, educational software for
integrated circuits design. Through interviews with the students and teachers, with the
managers of SMEs in the sector we identified the following needs:
- practical education is needed mostly in electronic circuits design not in technology;
- the world EDA standard is CADENCE. So, the best experience of the students will
be to work with this professional software and not with the educational MicroWind;
- CADENCE licences even for universities are very expensive;
- so, a remote access to the workstations at the Technical university of Sofia is needed
with new practical laboratory practice designed.
In the MSc curriculum on ICS the Technical University of Sofia delivered two
courses, ‘Advanced electronics for ICS’ and ‘Microelectronics’.
In the Table below we defined the knowledge, skills and competences in terms of
learning outcomes [1] for the tasks with remote laboratory access.
Task

Knowledge

Skills

Competences

‘learning outcomes’
means statements of
what a learner knows,
understands and is able
to do on completion of
a learning process,
which are defined in
terms of knowledge,
skills and competence;

‘knowledge’ means the
outcome of the
assimilation of
information through
learning. Knowledge is
the body of facts,
principles, theories and
practices that is related
to a field of work or
study.

‘skills’ means the
ability to apply
knowledge and use
know-how to complete
tasks and solve
problems.

‘competence’ means the proven
ability to use knowledge, skills
and personal, social and/or
methodological abilities, in work
or study situations and in
professional and personal
development

Design of CMOS ICs

Specialised
knowledge on
CMOS integrated
circuit layout, basic
technology, IC
design and
modelling.

Ability to design
CMOS ICs using
CADENCE and
solving problems
with modelling of
submicron devices
behaviour.

Demonstrate innovation,
autonomy, scholarly and
professional integrity and
sustained commitment to the
development of new
modelling and design rules at
the forefront of work or study
contexts
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SPECIFICATION OF CADENCE REMOTE LABS ACCESS –
DESIGN CONSIDERATIONS, ARCHITECTURE, SOFTWARE AND
HARDWARE SOLUTIONS
To keep pace with market demand for more performance and functionality in today’s
mobile phones, digital cameras, computers, automotive systems and other electronics
products, manufacturers pack billions of transistors onto a single chip. This massive
integration parallels the shift to ever-smaller process geometries, where the chip’s transistors
and other physical features can be smaller than the wavelength of light used to print them.
Designing and manufacturing semiconductor devices with such phenomenal scale,
complexity and technological challenges would not be possible without electronic design
automation (EDA). It is essential for everything from verifying that the myriad transistors do
what the designer intended to dealing with physical effects on electrons travelling miles of
wires with widths sometimes measuring less than 100 nanometres.
Cadence the industry standard EDA tool and we will implement remote access to the
workstations at TU-Sofia for the purposes of RIPLECS project and the tasks in the ICS
curriculum. Below is the short description of the system.

1. CADENCE Design Flow
Circuit design
Selectively automating non-critical aspects of custom IC design allows engineers to
focus on precision-crafting their designs. Cadence circuit design solutions enable fast and
accurate entry of design concepts, which includes managing design intent in a way that flows
naturally in the schematic. Using this advanced, parasitic-aware environment, you can
abstract and visualize the many interdependencies of an analog, RF, or mixed-signal design to
understand and determine their effects on circuit performance.
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Figure 1 - CADENCE Design Flow

2. Netlist

Figure 2 - Netlist
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ENCOUNTER CONFORMAL ECO DESIGNER
Encounter Conformal ECO Designer combines automatic ECO analysis, ECO logic
optimization, and design netlist modification with the industry’s most trusted equivalence
checking solution.
Engineering change orders (ECOs) are a time of high stress, long work hours, and
uncertainty. Even if the logic change is implemented in the netlist, there might not be enough
spare gates on the mask to implement the change. Encounter® Conformal® ECO Designer is
a unique technology that combines logic equivalence checking (for the most complex SoC
and datapath-intensive designs) with functional ECO analysis, ECO logic optimization, and
design netlist modification. With such a complete and automated ECO solution that covers the
entire RTL-to-GDSII flow, design teams benefit from the highest quality ECOs and more
predictably achieve design convergence.

3. Schematic
Cadence® Virtuoso® Schematic Editor provides numerous capabilities to facilitate
fast and easy design entry, including design assistants that speed common tasks by as much as
5x. Well-defined component libraries allow faster design at both the gate and transistor levels.
Sophisticated wire routing capabilities further assist in connecting devices. For larger and
more complex designs, Virtuoso Schematic Editor not only supports multi-sheet designs but
also provides the ability to design hierarchically, with no limit on the number of levels used.
The Hierarchy Editor makes hierarchical designs easy to traverse, and automatically ensures
all connections are maintained accurately throughout the design.
3.1.

Schematics

Figure 3 - Schematics
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The Cadence® Virtuoso® Schematic Editor family of products comprises the design
and constraint composition environment that establishes the design intent of the industrystandard Virtuoso custom design platform, the complete solution for front-to-back customanalog, digital, RF, and mixed-signal designs.
Family overview
The Virtuoso Schematic Editor product family provides the most comprehensive and
flexible array of design and constraint composition capabilities that speed design and
constraint entry and establish the design intent for the rest of the design and implementation
tools. From abstracted architectural definitions, using industry-standard hardware description
languages such as Verilog® and VHDL, to final structural schematic implementations at the
transistor level, the Virtuoso Schematic Editor family helps designers implement each stage in
their designs, while capturing and ensuring consistency of design intent with constraints.
The Virtuoso Schematic Editor product family is integrated with the Virtuoso Analog
Design Environment, Virtuoso multi-mode Simulation, and Virtuoso Layout Suite to facilitate
design convergence of front-to-back custom-analog, digital, RF, and mixed-signal design
flows.
The Virtuoso Schematic Editor product family provides a flexible set of product
performance levels, Virtuoso Schematic Editor L and Virtuoso Schematic Editor XL, to best
suit your design flow needs. Virtuoso Schematic Editor L provides all the capabilities
necessary to speed design entry on even the largest and most complex custom designs.
Virtuoso Schematic Editor XL builds upon the L level, adding the first front-to-back unified
common constraint environment as well as advanced features to facilitate design team
collaboration.
3.2.

Cell Views

Figure 4 - Schematics
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Figure 5 – Layout
VIRTUOSO SCHEMATIC EDITOR L
Product overview
Virtuoso Schematic Editor L is the design intent environment of the industry-standard
Virtuoso custom design platform, the complete solution for front-to-back custom-analog,
digital, RF, and mixed-signal design.
Virtuoso Schematic Editor L, which is built upon the new unified Virtuoso custom
design platform, utilizes the latest advances in user interfaces and design tool integration to
bring unprecedented levels of productivity and integration to design creation. The new unified
Virtuoso custom design platform includes new capabilities and design flow enhancements
such as modern, familiar, and user-customizable toolbars, icons, pull-down menus, a multitab, multi-view design canvas, workspaces, bookmarks, history, and more (see Figure 1).
Virtuoso Schematic Editor L provides the most comprehensive and flexible array of
design composition capabilities that can speed design entry on even the largest and most
complex custom designs. From architectural definition, using industry-standard hardware
description languages such as Verilog and VHDL, to final structural schematic
implementations at the transistor level, Virtuoso Schematic Editor L helps designers
implement each stage in their designs.
For larger and more complex block- and chip-level designs, Virtuoso Schematic Editor
L not only supports multi-sheet designs but also provides the ability to design hierarchically
with no limit on the number of levels used. The integrated Hierarchy Editor makes
hierarchical designs easy to traverse, and automatically ensures that all connections are
maintained accurately throughout the design.
Well-defined component libraries from the industry’s broadest selection of PDKs,
originated by the world’s leading foundries, enable faster schematic design at both the gate
and transistor levels for process nodes from 0.35um to 28nm and everything in between.
Advanced wire routing capabilities further assist in connecting devices.
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4. Simulation
Block-level simulation
Cadence custom simulation technology delivers all the tools required for designing
and verifying your analog/ mixed-signal blocks. Cadence offers multi-core, distributed SPICE
simulation for realizing your design intent; higher capacity and performance with FastSPICE
simulation using the same infrastructure and use model; and a mixed-signal simulation
solution that leverages logic verification methodologies to improve your overall verification
methodology. Cadence also delivers capabilities to abstract your design for architectural
exploration and top-down verification methodology support.
Chip-level simulation
Leveraging custom design abstraction capabilities, Cadence chip-level simulation
looks at all the blocks abstracted into a variety of languages combined with transistor-level
blocks that converge on a whole design understanding. Cadence chip-level simulation
solutions provide the large capacity and high performance required to ensure that a full chip is
working as intended, regardless of how the blocks perform in aggregate.
Mixed-signal simulation
Today’s system-on-chip designs integrate complex analog and digital blocks, requiring
thorough testing and analysis of how analog and digital circuits interact and the influence they
have on each other. Cadence mixed-signal simulation solutions blend output results from
industry-leading block-level and full-chip analog simulators with output from advanced
digital analysis technologies. This superior approach to analysis also includes an extensive
multi-language capability to support design abstraction and the ability to add in RF
information.

Figure 6 - Available simulation
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5. Layout
VIRTUOSO LAYOUT SUITE FAMILY
The Cadence® Virtuoso® Layout Suite family of products delivers a complete
solution for front-to-back custom analog, digital, RF, and mixed-signal design. it preserves
design intent throughout the entire physical implementation process while managing multiple
levels of design abstractions at device, cell, block, and chip levels. Part of the industrystandard Virtuoso custom design platform, Virtuoso Layout Suite optimizes and accelerates
layout implementation, and it provides the fastest path to convergence on design goals for
realizing mature and advanced node silicon.

Figure 7 - Placing Instances

Figure 8 - Drawing Paths
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Figure 9 - IC Craftsman – automated routing
5.1.

DRC

Figure 10 - DRC
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5.2.

Parametric Extracted

5.3.

LVS

Figure 11 - Parametric Extracted

Figure 12 - LVS
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5.4.
Parasitic resimulation
After routing, designers must go back into the design to find the parasitics, and then
perform another round of simulation to analyze where parasitic effects will conflict with the
original design intent. Cadence solutions for parasitic extraction and analysis offer a holistic
view of all the parasitic effects in a design, and then correct them as soon as possible by
flagging violations of design rules in real time.

Figure 13 - Parasitic resimulation
5.5.

GDS II

Figure 14 - GDS II
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VIRTUOSO LAYOUT SUITE FAMILY
The Virtuoso Layout Suite family of products comprises the layout environment of the
industry-standard Virtuoso custom design platform, a complete solution for front-to-back
custom analog, digital, RF, and mixed-signal design. The Virtuoso Layout Suite preserves
design intent throughout the entire physical implementation process, while managing multiple
levels of design abstractions from device, cell, and block levels through to the full-chip level.
it provides the fastest path to design convergence for mature and advanced node silicon
realization.
The Virtuoso Layout Suite includes three tiers of increasing layout automation and
designer productivity. By selectively automating aspects of custom-analog design and
providing advanced technologies integrated on a common database, engineers can focus on
precision-crafting their designs without sacrificing creativity to repetitive manual tasks. The
suite consists of:
 Virtuoso Layout Suite L, a basic design-creation and implementation environment
focused on layout productivity
 Virtuoso Layout Suite XL, an extension to the L tier, is built upon common design
intent—the connectivity- and constraint-driven environment at the core of the
Virtuoso platform
 Virtuoso Layout Suite GXL, an extension to the XL tier, adds a robust set of advanced
automated finishing tools to satisfy demanding physical design tasks such as
floorplanning, placement, routing, and optimization; these technologies are the
fundamental building blocks to rapidly realizing first-time successful silicon

Figure 15 - The industry-standard Virtuoso Layout Suite user interface
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6. Cadence Physical Verification System
Proven on many successful production tape outs in nanometer process technologies,
Cadence® Physical Verification System is the premier Cadence signoff solution enabling indesign and back-end physical verification, constraint validation, and reliability checking. It
offers competitive distributed processing performance for advanced nodes, and its file
compatibility and ease-of-use make it a drop-in replacement for existing physical verification
technologies. Designed to preserve design intent, ensure design convergence, and deliver a
predictable debug cycle, Cadence Physical Verification System provides a faster path to final
signoff.
Cadence Physical Verification System (PVS) integrates with industry-standard
Cadence Virtuoso® custom/mixed-signal and Cadence Encounter® digital design flows. This
provides designers with an end-to-end design and signoff solution from a single vendor.

Figure 16 – Virtuoso DRC technology

REMOTE LAB ACCESS TO CADENCE
In the ECAD laboratory at TUS four years ago the remote access to the professional
microelectronics software (very expensive and running only on workstations) was
implemented and is being used by the students from the MSc degree for working on their
projects. In RIPLECS we will provide remote access to CADENCE for the laboratory practice
of the MSc students in ICS.
The technique is the following. Under Windows OS the remote access to CADENCE
is implemented using two application programs - Secure SHell (SSH) and Xming. The first
one provides a secure connection to the server where CADENCE is installed and will be
running. The second one is a X Window emulator (X Window Server for Microsoft
XP/2008/Windows7), which gets the graphical information from the server and displays it on
user's computer screen.
For security reasons a tunnelling of the display can be provided by SSH over the port,
which SSH uses.
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