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1 Introduction

This document provides a guide for how to complete tlegeprr part of the course VLSI Design Project
(TSEKO06) and Evaluation of an Integrated Circuit (TSEK1Ihe guide contains recommendations and
requirements that should be fulfilled in order to completeptiogect. Moreover, the guide aims to organize and
give structure to the flow of the project for the paptiting students and eases the documentation part.

1.1 Project Purpose
This course aims to give a comprehensive introduction to:

e Design and fabrication of full-custom, high-performantmy-power VLSI circuits in sub-micron
CMOS technology.

e VLSI design methodology.
e Advanced circuit techniques, chip layout and chip design.
*  Various commercial CAD tools being used in industry.

Further, the course promotes teamwork and communication skillsredgto run large and complex VLSI
projects. Therefore, we support the CDIO project and.tR& model [1] for project planning documentation.

2 Project Members

In an industrial project there are several participgbagons with different roles in the project.

The structure of the project in this course is similath® one used in chip design outside the university. We
have a customer or sponsor that orders and pays for the piidjece are project group members, including a
project leader, that are responsible for completing tbgegt: In an industrial project there are also expéds t
can be consulted regarding various issues.

2.1 Sponsor

The role of the sponsor is to order a project and proViddihancial resources to the project group. A sponsor
tells us what he/she wants. This is often a high-levedrigg®n such as: "I want an analog-to-digital converter
with the following data..." or "I would like to have a sg@eurpose microprocessor very good at doing...”

It is always up to the sponsor to determine if thegieted project or project parts are carried out accortting
the specifications. It is therefore important that spensor is kept updated about progress of the project and is
informed about possible changes in the specification.spbasor is always eager to know the time plan of the
project and wants to know of risks that may result imykeland project failure. The sponsor can be an external
customer arriving at our company knowing nothing abousMar a member of the company, usually connected
to the marketing department.

In this course the project supervisor will act as thenspr. Even though this is not always the case, in this
course the project specification will be provided by thensor.

2.2 Project Leader

The role of project leader is to plan the work and to creat®rking environment where the members of the
project work efficiently towards the same goal. The projeater is also responsible for keeping the sponsor
updated, making sure that documentations are up to date, apthrfioing and setting up meetings. Together
with the group members the project leader is responsible ofdimpletion of the project. The goal of the
project is that all members of the group should learn thefd@ design, which means that the project leader
should participate in the design work on the same tesnke rest of the group members.

2.3 Group Member

The group members can, apart from being co-responsible of tiga dexk, be appointed different roles. These
roles can for instance be: document responsible, chip atiegresponsible, tape-out responsible, presentation
responsible, and verification responsible.
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2.4 Consultant

Usually, the project group cannot be expected to know evagytielated to the project. It is quite common to
use external consultants and experts that assist thetmyopep. In this course the supervisor will apart from the
sponsor role also act as a consultant.

3 Project Phases
A large-scale VLSI design project can be divided into thiefehg steps, shown in Figure 3-1.

3.1 Step 1: Literature Search

We have to avoid spending valuable time in reinventing the vaveeland over again. If we have been running
a project earlier, very similar to the system that @ansor asks for, of course we will use our experience s$n thi
field. If we do not have this experience, we can borrowoinfother people by reading their reports (including
library search). Another opportunity is the market of “lieetiual Properties” (IP’s), where one can purchase a
well-documented and verified IP core (see http://www.desgégise.com). Such an IP core might be embedded
in our design to reduce the design cycle. However, this is cedeain this course.

Questions to answer in this stage of a project are:
¢ What has been done before?
¢ How was it done?
« Do patents control earlier inventions?

* Are there any relevant IP’s offered on the market?

3.2 Step 2: Brain-Storming and High-Level System Description

In the literature search, we will probably not find exaetlyat we want and then we have to think. The first
thing to do is to develop a high-level description of a systemch has the same behavior as the system that the
sponsor asked for [2], [3]. For this purpose, you canbedeavioral simulators where models are described in
VHDL-/AMS or Verilog-/A, which are so called hardveadescription languages. To some extent, MATLAB
with its utilities is an alternative tool. If behavioraatriptions can be made, this system should be simulated in
order to verify that it behaves as we intended when we oes@lit. When we have built and successfully
simulated the system, it is of great help to showstrstem behavior to our sponsor. We must be sure that this is
the intended behavior before we continue with the project.ig\dekel, it is impossible to guarantee e.g. timing
constraints, which therefore have to be estimated.

3.3 Step 3: Top-Down Methodology and Further Brain-Storming

The high-level description from step 2 is developed afida@ to include more details [2]. When more details
have been included, we need to simulate again and vkafythe behavior is still the same as for the model
approved by the sponsor. This is an iterative process gabng lfitock-level description via gate or macro-
model level to transistor-level implementation of thewit: Of course, intermediate levels, where some pérts o
the design are described with blocks and other parts aoeilbs with transistors, are common. The main
workload here is simulation, simulation, simulation and soim@iit development. If we discover that the circuit
does not fulfill the requirements according to the spedtifins, we need to return to a description on a higher
level, change the design at this level appropriately and degalop new low-level models. Meanwhile, we
simulate again and again to make sure that the behavior wighevel system is maintained.

Also, at this step you have to make your design test@his means that it should be possible to access sglecte
internal nodes of your IC after manufacturing. Previousrsyesome groups have detected errors during
measurement of the fabricated chips. Possible malfuncofi@chip or its low performance might be due to
unexpected fabrication defects, too large process talesawor due to careless design verification that might be
your fault. Apparently, in such a case the chip needsgndsis procedure to identify the existing failures. In a
design practice, one adds an extra circuitry to a chip tatédeikest, i.e. to provide so-called controllability and
observability to a circuit via selected nodes. Differenhiéques, such as boundary scan test, are referred to as
design-for-testability (DfT) (IEEE Std. 1194.1 for digitalda1194.4 for analog and mixed-signal ICs). For more
details you can refer to [3].
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Figure 3-1: VLSI design project flow.

3.4 Step 4: Layout

This part of the project is the reverse of step 3 and son@epeall it bottom-up design. Here we start to build
small cells with transistors, contacts, and wires assthallest building objects. When some small cells have
been built, larger cells are composed with these sub-agllsuilding blocks. This gives a hierarchical design
structure, which greatly speeds up the chip design. Onceawe built a D-flip-flop or a logical gate, we use
them in many other blocks and, hence, avoid building ngatgs with the same functionality. Of course we
cannot manage to do this without simulations. When theutagf a D-flip-flop is finished, we do a layout
extraction and run it through the simulator to verify ttinet D-flip-flop is working correctly. If not, we have t
find the error(s) and correct the layout.
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3.5 Step 5: Chip Assembly

Unfortunately, some people (students) think that the prageftished when the layout of the top cell is done.
After this step we still have 10-20 % left of our proiasthen the top-level block has been built and verified by
simulations in step 4, we need to add some circuits so libablock can communicate with the off-chip

hardware. There are a few things to consider here.

A bonding wire (electrical connection from the surroundinglaéjochas a diameter of about 25-50 um and the
accuracy when connecting the wire to the chip surface rbighP0 um. Contacts and wires used in the circuit
design have dimensions of about 1 um. Therefore, we plage (200x100 pR) pieces of metal (PADs) to
which the bonding wires are connected [2], [3].

Internal capacitive loads inside a circuit are about 16-5Qvhich often can be driven by a minimum-sized
transistor. Even though the on-resistance of a transsthi3 K2, the delay will be in the order of 1 ns. The
capacitive load when transferring a signal off-chip togherounding world is about 10-50 pF, which indicates
that we need a transistor 1000 times stronger to drivefthehip load. Therefore, output buffers are necessary
when the circuit is sending information out from the chip.

The capacitive load of an internal signal inside a cir@iiproportional to the number of transistors it is
connected to. The clock signal often has a large farandtconsequently a large capacitive load. If a large
capacitance is driven by a bonding wire, we end up with a taDitibonding wire = inductance, internal load
= capacitance) working as a low-pass filter. This low-fi#ies tends to smooth out sharp edges of the signal,
which might cause logical errors inside the circuit.rEfigre, it is necessary to restore the edges of theldigna
internal clock drivers.

Electrostatic discharge (ESD) might be very harmfuCMOS circuits since it can introduce permanent errors.
The reason for this is that the gate of a MOS transistelectrically disconnected from the source and drain by
a very thin layer of gate-oxide (5-15 nm), which haseakdown voltage of about 4-15 V. Charge stored on
fingertips can introduce voltages in the order of hundodéd®lts. To avoid oxide breakdown in chips, the input

and output pads are often provided with protection circuitry.

When all these features have been added to the circuitaveea final chip layout that should be simulated once
again to verify correct functionality.

3.6 Step 6: File Preparation

The file format we are working with when designing a chipudek information about transistors, wires, signal
names, and other textual information. The chip-manufagwompany only needs information about different
layers. Therefore, we have to convert our layout files atlayer file” in a binary format. When doing this,
some errors might be discovered and we have to corretyaurt file.

3.7 Step 7: Testing of Chips

The chip design is not finished until we have proven that tigishworking! Since it takes a few months to
manufacture the chips, we cannot include the chip testititeicourse TSEK06 VLSI Design Project. Instead,
there is a separate course TSEK11 Evaluation of an Itéelg@ircuit in the fall in which you can test the chips
designed in this course.

4 Documentation

In the course TSEKOG6 there is a requirement of thepert documents. These reports should be considered as a
status report to a sponsor with technical knowledgetfieesupervisor). The purpose of the report is to keep the
sponsor informed about the project progress, that theifgagion will be fulfilled, any risks that might
jeopardize the project and the costs of the project (ire2 §ipent). A fourth report will be required in order to
pass the follow-up course TSEK11 Evaluation of an IC.

4.1 High-Level Design Report

This is the first of three documents in the course TSERO& report should be handed in to the sponsor (i.e.
supervisor) before the first tollgate meeting (TollghteMilestone 1). The following part should be included in
the report.
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4.1.1 Time Plan

The time plan is where the group specifies how much of tlwuress that should be spent on each activity in
the project. The group should have completed a preliminarygiameon their first meeting for the main parts of
the design project. The time plan included in the high-lem@brt should be updated and include time allocation
for each part of the project. It should also be spatifvhat each group member should do and how much time
that he/she should spend on each activity. The time plarcsuo$e a dynamic document that should constantly
be updated. However, the group should strive to keep thearigne plan as much as possible.

4.1.2 Time Report

In order for the sponsor (i.e. supervisor) to keep trackeptject progress a time-report must be included in
the high-level design report. The time-report should irelladw much time each group member spent on each
task.

4.1.3 Block Level and Description

The high-level design report should include the complete blagh tescription of the project. All blocks used
must be motivated and described clearly. HDL code of dpdiiicks can be added if they add to the clarity,
but as a general rule the amount of HDL code in thisrteglmould be minimized. Instead, describe the
functionality of each block in words and/or with tables and esgions (i.e. Boolean expressions for
combinatorial gates). Each sub-block should have itesponding block specification, which will be used in
the transistor design phase.

4.1.4 Simulation Results

High-level simulations verify that the topology and stawetof the project is functional. At this stage of the
project, it is important to design and implement the-besiches and test-cases for each block in the project.
This will ease the simulation and verification work in th&er sections in the design process. Moreover, the
high-level simulations provide the means to determine blocKaat conditions.

In the report, simulation results that verify the desifedctionality should be provided. Moreover, it is
important to show simulation results that show that thekslewrk together.

4.1.5 Risks and Delays

During the process of developing the high-level descriptioth@fproject, potential problems and risks in the
project might emerge. All such risks and potential problesimould be well documented in the status report.
Changes in specifications must be approved by the spons@ufervisor) and the decision to approve or reject
an altering of the specifications is usually basedcherdbcumented risk analysis.

4.2 Transistor Design Report

This is the second document in the course TSEKO06. This reporild be handed in to the sponsor (i.e.
supervisor) before the second tollgate meeting (Twlga/ Milestone 3). The following parts should be
included in the report.

4.2.1 Time Plan

The instruction for the time plan is described in sectioril4.1

4.2.2 Time Report

The instruction for the time report is described in secti@rP4.

4.2.3 Block Level and Description

The transistor design report should include the complete éoek description of the project. All blocks used
should be motivated and described clearly. Transistoersatics of leaf-cells should be added in the report
together with a discussion of transistor sizing stratesyielschoices. However, to limit the amount of schematics
shown in the report, transistor schematics of standass$ gae. NAND, NOR, etc.) could be omitted and only
described verbally. Each sub-block should also have itsspmmeling block specification.
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4.2.4 Simulation Results

Transistor level simulations verify that the topology atrdcture of the project is functional and that thegites
works according to specification. The sub-blocks are kited using the test-benches developed in the high-
level design part. If sub-blocks need to be further dividesl test-benches should be implemented.

Simulation results that verify that the design works ediog to specification should be included in the report.
Moreover, simulation results that show that the blocks wagkther is important to show.

4.2.5 PAD Assignments / Early Test Plan

Circuit nodes that will be measured should be identifiethe@he limited amount of contacts from the chip
requires that the PAD assignment is thought through iaildét test plan that specifies external voltages and
currents, and how they behave, is also needed. Both PA§has=it and test plan need to be included in the
transistor design report.

4.2.6 Risks and Delays

All the risks that where identified during block level desigowdd be followed up. If the risks remain, they need
to be documented in the transistor-level design regonted.

4.3 Final Project Report

This is the third and final document in the course TSEK®& fleport should be handed in to the sponsor (i.e.
supervisor) before the third tollgate meeting (TollgateMilestone 6). The following parts should be included
in the report.

4.3.1 Time Report

The final time report must include a list of how much tiraefegroup member has spent on each task.

4.3.2 Project Description

Here a short description of the project should be giveh midtivation and goals. Also include the block level
descriptions from the previous reports (updated).

4.3.3 Simulation Results

The final project report should include all the essentmlkation results. For instance the result of a typicdl tes
vector being applied to the complete chip. Simulatiomltedrom the test-bench of the entire chip including
PAD-frame should be shown.

4.3.4 Evaluation Plan and PAD List

This part of the project report should include an extengiaa on how to evaluate the chip. The PAD frame
should be accompanied with a PAD-list that explains the tfpPADs used and the purpose of each pin.
Moreover, a PCB sketch that explains how each pin shouldrivected to external parts should be included.

4.3.5 Risks

Even though the chip is successfully implemented there dreisits that might lead to chip malfunction.
Potential risks should be documented.

4.3.6 Project Evaluation

The project evaluation should include a brief descriptiowtwdt the project group and its members have learned
during the project. The group should also evaluate its own,whakis, how the project group has functioned, if
the design work has been smooth, and how well the resource} lf@ave been spent. What were the good parts,
what parts did not turn out so good? What would you changmuifvould do the project again? In this section
of the report you can also include any course evaluatiomaots you have. How can we improve the course,
what was good, what parts need improvements?

TSEKO06 VLSI Design Project g L IPs
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4.4 Chip Evaluation Report (for TSEK11)

For those students that choose to attend the follow-up couedeaion of an Integrated Circuit (TSEK11) a
fourth report is required. This report should be handed imeosponsor (i.e. supervisor) before Tollgate 4 /
Milestone 8. The following parts should be included inrteort.

4.4.1 Project Description

Here a short description of the project should be givéim mbtivation and goals.

4.4.2 Measurement Setup

Show the PAD list and PAD-placement. Discuss how the P&&Boken soldered, which components have been
used, and how they have been used. A list of instruments nddeteatest setup is also required.

4.4.3 Measurement Results and Comparison
Include the important measurement results and compare toonthlated data of your circuit.

4.4.4 Evaluation

The project evaluation should include a brief descriptiowtwit the project group and its members have learned
during the evaluation course. What can be improved idélsegn?

4.5 General Tips and Recommendations for Reports

Reports are much better if they include clear and illusegpictures. Below are some tips of how you can
include schematics, simulation results, and layoutigs in your reports.

4.5.1 How to Convert Schematics from Cadence to the Report

Just making a screenshot from Cadence of the transistor-sahemibck-schematic is usually not a good way
to create nice pictures or figures. An example can beedew Figure 4-1. Here, a large schematic is taken
directly from Cadence.

~| Wirtuoso® Schematic Reading: project toplevel schematic | - |J\
Cmd: Sel: 0 16

Tools Design Window Edit Add Check Sheet Options Migrate HIT-KIT Utilities Help

mouse L: schSingleSelectPt()

Q M: schHiMousePopUp ()
= |HIT-Kit: 3.60 Tech: c35h4c3 User: visiz

R: schHiDisplayiptions ()

Figure 4-1: Example of notso good schematic figure.
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Nonetheless, a snapshot is a good tool if it is used thewmghtSmaller schematics are suitable to export to the
word processor directly from Cadence. This can be doner giiitie the snapshot function or by printing the
schematic to a PostScript file that later can be tram&fdrto any format recognized by the word processor. In

Figure 4-2 a smaller schematic in gray scale is shovighahas been exported from Cadence with snapshot
and then had its colors inverted.

CLKBAR

CLK voo ragat

4
s}
[}

LKBLE
OO
reset

I
2
cout _enable =~

g

gout = 4b Counter  enoble

5 CLKBAR
wd

Figure 4-2: A grey scale schematic taken with snapshotdm Cadence

A second approach to get good pictures is to draw the sdeeémabme drawing software. A way that works
very well together wittMS Wordis to use the draw function in Word. However, it take®e time to get used

to the tool, but the result is often good. Insert a wivaly object by clickingnsert -> Object... -> Word
Picture An example of a schematic drawn with the draw functroMBS Word is shown in Figure 4-3. The
advantage with this kind of figures is that they aredgrated in the document and any alteration can be made
instantly without making another snapshot from Cadence. Uslgggk diagrams become much clearer if they
are drawn directly in Word as a Word-draw picture.

|D Block Y Block Z

l

Block X

L]

Figure 4-3: An example of a block schematic drawn iM S Word with the draw function.

4.5.2 How to Convert a Simulation Graph from Cadence to the Report

Simulation results are a very important part of théustand project reports. It is imperative that the resuls
presented in a clear and precise way. The tool usesirfodations in this project course is Spectre, included in
Cadence. Cadence has a graphical user interface tisantgehe simulation results on the screen. There are a
number of ways that one can get the graphs from Cadengedt@ument. In Figure 4-4 two examples are
shown. Figure 4-4 shows a plot that has been printedPstScript file from Cadence and then translated to a
TIFF file and inserted in Word. In Figure 4-4b the sana phs been taken directly from Cadence by using
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shapshot. Figure 4-4a is somewhat more clear and shoutriséddered the recommended way to extract
simulation results. The snhapshot function might be a good taaedf one inverts the colors of the graphs like
described in section 4.5.1. The resulting plot will thenermrless be like Figure 4-4a.

A third way to get plots into a document is to export thie dleom Cadence to a text file. This file can then be
read into Excel or MATLAB and plotted in there instead.&Daan be exported to a text file by typing the
following command in théfb window:

ocnPrint(VT(“/clk™) ?output “./clk.txt” ?numberNot ation ‘none)

This yields a text file calledlk.txtin the Cadence startup directory, which includes the timevaltalge vectors
for the voltage signadlk. VT(“/signal”) gets the voltage transient results of the desired signal.

Another important thing to consider when including simulation tessiif they are relevant. A plot that shows a
100 MHz clock signal simulated for 2000 ns will not heipch (shown in Figure 4-5). Instead zoom in to the
interesting parts of the signal plots (shown in Figure.4-6)

4.5.3 How to Include Layouts in the Report

Including layout pictures of important blocks might bedtrative in some cases. To get good layout pictures
requires some additional work. Simply taking a snapshotaaldihg the picture to Word might give a picture
that is difficult to print. Usually the best results agached if the picture taken from the snapshot tool igtede

so that the background is white instead of black. An altedt to print the complete layout of a cell to a
PostScript file from Cadence. These Postscripts fiégsl to be extremely large because they include all
polygons in the layouts. To get a smaller file, convert & tdtmap picture file (e.g. TIFF, GIF, and JPEG) by
using for instance the program GIMP in UNIX.

An example of a layout plot generated like this is shawigure 4-7.

Transient Response

— 4G = /enable

> qg ot e o

— 4y B sclk

-1 /b

S e LA e UV

—_— 4@ B2

T J S gy BN g VNN DOUUUN,

— 4.6 at /b3

T SN Dy N o

— 4.6 =: Jcout

B I F | | |T1

—~ 4 1 freset

= 2.0 { 1 I |‘ |r ]
=~ 3.08 1@En 28@an 3E@n 42@n

time { 5 )

Figure 4-4: a) Plot printed directly from Cadence with tardcopy. b) Plot taken from Cadence with
snapshot.
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Figure 4-5: A simulation plot that is not zoomed in.
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Figure 4-6: A simulation plot that is zoomed in.
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Figure 4-7: Layout plot printed from Cadence and transfomed to TIFF.

5 Milestones and Tollgates

We have defined a few milestones in order to make thegbrojere structured, and help the sponsor to keep
track on the project progress. Along the project, thegecartain actions that have to be completed in order to
continue with the next phase. For these occasions we thligates that the project has to pass. The project
group has passed these tollgates when the sponsor has sigrewdklist for each tollgate. Completed lab-
series and passing tollgate 3 are needed in order to lpasotrse TSEK06. Passing tollgate 4 means the
student has passed the course TSEK11.

5.1 Definitions

5.1.1 Tollgates

A tollgate is formal decision point where the sponsordiecif the project should continue. A tollgate is not
passed until the sponsor sign the appropriate checklist. In trgess a tollgate, the project needs to supply
relevant information to the sponsor, e.g. a status regodescribed in section 4. The sponsor might decide that
a tollgate is passed with minor tasks incomplete. Thaesempleted tasks have to be documented and checked
at later meetings with the sponsor.

5.1.2 Milestones

A milestone represents a significant achievement in tbiegqir The ability to achieve the milestones is thesasi
for a good quality of the project. This structure givesspensor an effective way to keep track of the project
progress. What should be completed at each milestoneifededfy a checklist that should be passed before
moving on to the next milestone. The checklists are there pothelproject member to keep track on resources
used on different parts of the project. The milestoneswtlbe signed off by the sponsor.

TSEKO06 VLSI Design Project g L IPs
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5.2 Project Tollgates and Milestones
The following tollgates and milestones have been defioethé projects in this course.

5.2.1 Milestone 0, Project Structure

To complete this milestone the project group needs to unddnatiaat circuit to design and have an idea of how
to implement the design.

The following tasks have to be completed:

1.

Project specification understood:
All project members must know what requirements the fihgd should fulfill and what they mean.

Literature study:
It is very likely that the problem your chip will try to selhas been solved before, at least partly. Has
the project group studied literature to find ways to solveptbelem?

Time plan:

It is very useful to have a preliminary time plan tepécifies how much time the project members will
spend on different parts of the project. This way the projeamnbers will have a chance to notice
impossible time plans at an early stage. See sectofo6hints on how to do the time plan.

Overall design structure:

Based on the literature study and previous experienceyofect needs to come up with a structure that
has the potential to fulfill the requirement specificatibtost problems can be solved in different ways.
If you have found more than one way to solve the problem, igight go on and make a high level
structure of more than one of them. It is a good idea taissihe structure with your supervisor.

5.2.2 Tollgate 1 / Milestone 1, High-Level Design Description

To complete this milestone the project has to have a highdescription of the chip.

1. Block level description:
All blocks that are needed to make the chip function rieege implemented in a high level model
(Verilog-A or MATLAB etc).

2. Functionality verified through high-level simulations:
The high level blocks are simulated together. The simulasbosld verify that the blocks perform the
task specified in the specification.

3. Specification for each sub-block developed:
From the simulations of the high level models, you neeextract a specification for each sub block.
Try to specify as many parameters as possible, trpdoify what the interface between blocks should
look like and how they should function. With a high qualitpck specification each block can be
designed separately. The better the specification, tigehithe chance that the blocks will function
together when put together.

4. Test-bench:
It is much easier to verify simulations and your desfigrou have good test-benches. Try to make test-
benches that verify that your design works according todgsign specification.

5. Blocks assigned amongst the project members:
All project members (including the project leader) shofterahe course have had hands-on experience
of design, layout and assembly of an integrated circuit.

6. Time plan updated:
Is the time plan you have up to date? Did you use the estirtiate for the tasks you have done so far.
If not, is the time plan realistic for the things to come?

7. Status report completed:
Your sponsor needs to know that the project is on trackeMer, your supervisor also wants to know
how you plan to fulfill the specifications. This way the swjsar can give the group advice and redirect
and/or suggest alternative solutions to the problem if the graiphmsen an unrealistic solution.

TSEKO06 VLSI Design Project g L IPs
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8. Changes in specifications approved and documented:
Specifications are almost never static. If some phthe specification is very hard to fulfill, the project
group need to discuss the possibility to make changesetsgécification with the sponsor. Some
specifications might be hard to evaluate and simulate emdharefore hard to verify Changes to the
specification need to be approved by the sponsor. It is tresepthat orders the project and he needs to
know what the outcome of the project will be.

9. Risks identified and documented:
There are always issues that can jeopardize a prtjéecimportant for the sponsor to have a feeling of
how risky the project is. To point out risks with th@jpct to the sponsor can be a good way to start a
discussion about making changes in the project. Examplisksf can be a to tight time plan, lack of
resources, and that blocks might not work because of too tpegffisations etc.

5.2.3 Milestone 2, Block Design on Transistor Level

1. All blocks designed and simulated on transistor level:
Schematics for all blocks in the design have been implementednsistor level. Test-benches exist
and are functional.

2. Blocks verified according to block specifications:
All blocks have been simulated and verified. Performanocesecording to the specifications of each
block.

3. Blocks verified at all corners specified in design spdagation:
All blocks have been simulated and function according to spatidh in all transistor corners,
temperatures, and supply voltages that are specified aeign specification.

4. Blocks verified under valid interface conditions:

To form a complete chip, the sub blocks have to be connectedendéthe interfaces between blocks
are not taken into account when designing sub-blocks, ieng likely that they will not function as
planned when put together. For example, a clock buffer outilunot have the expected rise and fall
time if it has not been simulated with the correct loAdcurrent mirror output will only have the
expected output current if the correct load impedance hasusedrin the design work. The propagation
delay of a logic gate depends on the rise and fall timesahfiuts and the output rise and fall times
depend on the load. To have realistic interface condigo@sespecially important for blocks that send
high-speed signals off chip.

5. No variables used for transistors, resistors, and capaoits:

To use variables in a test-bench to sweep parametersmaka life simpler when designing. Using
variables for transistors, resistors and capacitoiscailse problems due to limitations in the design kit
we use in this course. Schematic variables will reisuimulations without correct parasitics, which
will make your simulation results inaccurate. The speaifon shall be fulfilled with no variables for
transistors, resistors and capacitors in the schem¥dciables in the Schematic will also cause
problems during LVS. You need to have schematics free frariables before you start to create
layouts of the schematic.

6. High current nodes identified and documented:
There are no checks that will find wires with too highrent densities. Too high current densities can
cause failure in functionality. Finding high current nodes amésnis something that has to be done
manually. Keep track of nodes, for instance, by addixg in the schematic specifying the maximum
current.

7. Devices sensitive to mismatch identified and documented

Some circuits (read analog circuits) need to have deviegsite electrically very similar. All transistors
of the same size have identical electrical charatitesisn the simulator but that is not the case in
fabricated chips. These differences are called mismatobreTare layout techniqgues to minimize
mismatched (matching). To use these techniques you neddntify transistors (and sometimes also
resistors and capacitors) that need matching. Examplsvices that need to be matched are the input
transistors of a differential amplifiers, current migoresistor ladders and capacitors in switched
capacitor filters.

TSEKO06 VLSI Design Project g L IPs
13



Project Guide LiTH

Time plan updated:
Is the time plan you have up to date? Did you use the estirtiate for the tasks you have done so far.
If not, is the time plan realistic for the things to come?

5.2.4 Tollgate 2 / Milestone 3, Chip Design on Transistor Level

1.

10.

11.

12.

13.

Specification verified across corners, temperature, andupply range:
The complete system should be simulated and functionrdingoto the design specification in all
specified transistor corners, temperatures, and supply veltage

Schematic possible to use for LVS check (parallel traigtors etc.):
Some features that are useful when designing on trangsedrdre not supported by the LVS tool. For
instance simulating variables, ideal components, and ttanstsipes.

Test nodes:

You can observe all currents and voltages when you are runningntiidateir. When the chip is
manufactured, you can only observe signals connected to.P&dDsneed to think of which nodes that
you want to be able to observe on the chip. Identify poteettinodes. The number of available PADs
is limited so we recommend you to choose nodes that telagamuch as possible about the circuit,
which block that cause problems etc.

Test-bench updated:

You have probably made some changes to the structure @nfhde of the chip since the high-level
design. Do you still have test-benches that verify that ylmsign works according to you design
specification?

PAD-list completed:

The number of pads available to the project is limitedoif ave a list of all the pads that you want to
use, you can check that you have enough PADs avatlabteke your design work. You should also
make sure that you have enough signals off-chip to be affiledtevhat the problem is if the chip does
not work after fabrication.

Verification plan:

With the limited number of pads available, you neethiok of how you should be able to verify that
the manufactured chip works according to the specificaionmake sure that the measurements you
want to do can be done with the equipment we have availabeilab, we need to have a rough idea
about what you want to do.

High-current nodes identified and documented:

You will have the same current issues you had in the a&phlocks when these are connected together.
Make sure you have identified high current nodes at the tab tévthe design. This is good to know
when you connect the individual blocks into a chip layout.

Mismatch sensitive devices/parts identified and documméed:
See Milestone 2, Block Design on Transistor Level point 7.

Changes in specification approved, verified, and docurméed:
See Tollgate 1/ Milestone 1, High-Level Design Descripgioimt 8.

Risks identified and documented:
See Tollgate 1/ Milestone 1, High-Level Design Descripgioimt 9.

Milestone 1-2 passed?
The checklist for milestone 3 does not include all tasksniitestone 1 and 2. We presume that all tasks
for the previous milestones are done.

Time plan updated?
See Tollgate 1 / Milestone 1, High-Level Design Descripgioimt 6.

Status report completed?
See Tollgate 1 / Milestone 1, High-Level Design Descripgioimt 7.
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5.2.5 Milestone 4, Block Design Layout

1.

10.

11.

12.

All blocks DRC clean (switches: no_coverage, no_gené¢ed_layers, and grid (min. 0.025)):

The manufacturer of the chips cannot manufacture design®®itherrors. Your layout blocks need to
be free of DRC errors. Not all DRC checks are appledda individual blocks; some are only valid for
the whole chip. You can therefore run your DRC checks e following switches and only with
these switches:ib_coverage, no_generated_layers, gr{diake sure the grid setting is 0.025!).

All blocks LVS clean?
If you do not want to spend weeks to find errors in theuat the top level you need to make sure all
sub blocks are correct.

All blocks verified according to block specification:

The best way to verify that your design works accordintpéospecification is to simulate the complete
chip with all extracted layout parasites. Usually tBisiot possible, because the computers are not fast
enough. The second best is to verify that the sub blocks aemdrding to the specification with layout
parasitics.

Blocks simulated under valid interface conditions:
You cannot trust the simulation results if you have not modéle interfaces correctly.

Wide enough wires for high current nodes:
Have the layout of nodes that are identified as high curtieésibeen made in a way that ensures that
the maximum current density for wires is not exceeded?

Careful layout of mismatch sensitive devices:
Have the layout of devices that are sensitive to migmbeen made in such a way that mismatch is
minimized?

Floor plan and routing strategies discussed and documestd:

When you have the layout of the individual blocks, you can &iahink of how to place them on the
chip. How to minimize wire lengths for high speed or démesisignals or high current wires? How to
make routing simple?

Total core area estimated (fits in assigned area?):

There is a problem if the area needed by the desigrgisrldre available area. You need to discuss area
issues with your supervisor. Is there a possibility toagets from another project or do you need to
exclude parts of your design?

PAD frame designed:
One block that will be in every project is the PA@rhe. Do not forget to make the layout of that block.

PAD frame DRC and clean:
There are usually some special tricks needed to get thefRéiz through LVS and DRC. You will
find that information in the lab manual [4].

Risks identified and documented:
See Tollgate 1 / Milestone 1, High-Level Design Descripgioimt 9.

Time plan updated:
See Tollgate 1/ Milestone 1, High-Level Design Descripgioimt 6.

5.2.6 Milestone 5, Chip Assembly

1. Chip core assembled:
Are all parts except the pad frame, and filling connetdgdther?
2. Chip core DRC clean (switches: no_coverage, no_generated_les)e
Have you run a DRC check of the finished core layout withamy with the switches'no_coverage
no_generated_layers, gridDid the core design pass the DRC run with no errors?
3. Chip core LVS clean:
Do the layout and schematic match for the core layout?
4. LVS schematic (or analog_extracted view) verified throughiunctional test:
During the layout process, it is very likely that yowdéanade some changes to the schematic. For
TSEKO06 VLSI Design Project g L IPs
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instance change the hierarchy of the schematic to matchayoet] added decoupling and dummy
structures to the schematic to get a clean LVS run. Need to verify that you have the correct
functionality after these small changes. If possible siraudetanalog_extractediiew of the core and
verify that the chip functions as expected. If this is umstea| simulate exactly the schematic that was
used for LVS.

Decoupling capacitors added (both in layout and schematic)

It is absolutely crucial to have decoupling capacitmschip. The bond-wire inductance will cause the
on-chip power supply voltage to be unstable if decoupling d@paes are not used. The high
frequency switching of logic blocks will see a high imgecde in the bond wires, which will cause a
drop in supply voltage. Hopefully your design will not occtipg entire available core area. It is highly
recommend that you fill all extra space with decoupling ciapa.

Wide enough wires for high current nodes
See Milestone 4, Block Design Layout point 5.

Chip including PAD frame, decaps., and core DRC and LV8lean:

The complete chip including PAD frame and decoupling capacstoould be DRC and LVS clean. The
DRC should be run with only thend_generated_layers8witch set. If you find DRC errors that relate
to coverage rules, you need to run fill scripts to remogselerrors. This is not required until Tollgate 3
/ Milestone 6.

Risks identified and documented:
See Tollgate 1 / Milestone 1, High-Level Design Descripgioimt 9.

Time plan updated:
See Tollgate 1 / Milestone 1, High-Level Design Descripgoimt 6.

5.2.7 Tollgate 3 / Milestone 6, Tape Out

1. Pattern fills generated and added:
The field implant layer needs to be included in the layohis T done by running a script. The field
implant layer will minimize the risk of parasitic p-MOtransistors between Poly-interconnect and the
substrate.

2. Complete chip layout DRC and LVS clean:
DRC OK without any switches and LVS OK for the total chip

3. GDS file generated:
The manufacturer needs a GDS file to make the chip. Youtoegherate this file.

4.  Specification changes approved by sponsor and documented:
See Milestone 2, Block Design on Transistor Level.

5. Test-bench updated:
See Milestone 4, Block Design Layout.

6. PAD-list completed:
See Milestone 4, Block Design Layout.

7. Verification plan:
See Milestone 4, Block Design Layout.

8. Schematic of peripheral components:
When you do your simulations you know how the chip should be ctethe&fter the summer you will
probably have forgotten some details. The final project regjmtild include a sketch of how the chip
should be connected during verification. The schematic shmddide the chip and peripheral
components needed for the evaluation. We recommend thatpitré aéso includes a list of values you
expect to measure at your PADs. This way you canpaoenthe measurements and simulations to find
discrepancies and identify malfunction.

9. Identified risks documented and discussed:
See Tollgate 2 / Milestone 3, Chip Design on TransistoelLe

TSEKO06 VLSI Design Project g L IPs
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Milestone 1-5 passed:
The checklist for milestone 6 does not include all tasksrfilestone 1 through 5. We presume that all
tasks for the previous milestones are done.

Final project report completed:
To complete the project you need to deliver both the @GRSand documentation. The final report
should give the sponsor the possibility to know what the prbgsticcomplished.

Presentation completed:
A part of the examination of the course is to present yojegrto the other attendees of the course.
This should be done as a roughly 10 minute long presentation.

Project feedback:

The supervisors and the course responsible are verystaerin your opinion about the course. How
can we improve the course, what was good, what parts need immote® Take the opportunity to
reflect on the project. What were the good parts, whas pdtnot turn out so good? What would you
change if you would do the project again?

5.2.8 Milestone 7, Measurement Plan

1.

What to measure?

You have a limited amount of time and equipment to do gbip evaluation. What do you want to
measure on your chip? Will these measurements validateydbhachip performance according to the
design specification?

How to measure?
In the simulator you can sense what ever you want. Inathgdu are more limited. How will you get
measurements values?

PCB schematic:
What should your evaluation PCB look like? Which companeitt you need? How should they be
connected together?

PCB component list:
Which components are needed for your PCB? We probably ndedytsome of them before you can
start measuring.

Necessary instruments available:
We do not have all kinds of instruments in the lake thre instruments you need for your measurements
available? Do they have the performance you need?

Lab booked for soldering:
There is only one soldering station available for the euiave you booked a time for your group?

Soldered PCB checked for shorts and opens:
Before you connect your chip to the PCB, make sure tokcheur PCB for shorts and openings. We
have had too many examples of burned chips caused by ierthesPCB.

Lab booked for measurements:
The amount of measurement equipment is limited. Have you bookesh@pment you need to
complete your evaluation?

5.2.9 Tollgate 4 / Milestone 8, Chip Evaluation

1.

Measurement results documented:
What have you measured and what were the results?

Measurements compared to simulation results:

It will give you great feedback to compare the simulatesults you had during the design of the chip
and the measured results. Are they similar? What diffesehage you found? Do you have any idea
about why you have found differences?

Evaluation presentation:
A part of the examination of the course is to present ysuiteeto the other attendees of the course. This
should be done as a roughly 10 minute long presentation.

TSEKO06 VLSI Design Project g L IPs
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4. Evaluation report:
The results from the measurements should be preserdeeport.

6 Time Plan

6.1 Activities

IN TABLE 6-1 BELOW ARE SOME OF THE ACTIVITIES THAT ARE RECOMMENDED TO HAVE
IN THE TIME PLAN FOR TOLLGATE 1-3 (TSEK06). AN EXAMP LE OF A TIME PLAN IS SHOWN
IN

Table 6-2.

TABLE 6-1: LIST OF BASIC ACTIVITIES IN THE PROJECT.

Nr Activities Description

1 Time plar Make time plan ar keep it up to da

2 Pre-study Litterateur search, find good potential implementa
structures.

3 High level modeling Create a high level model for siglethat functions according
to the specification

4 Status report for TC Write the repol

5 Transistor block desic Create schematics of all blocks and verify that they v
according to specification.

6 Chip designs on transistor level Complete schematic pfarfd chip verification

7 Status report for TG2 Write the report

8 Block layout and verification Make block layout and vethyough LVS and DRC.

9 PAD frame Layout and decide which pads to use, DRC &% L

10 Chip core layout Global place and route, DRC, LV Sffigation.

11 Generate fill and additional layers anj&tream out and run the needed scripts (see [4]).

Tape-Out

12 Verification plan Decide what should be measured and how.

13 Project report Write the report

14 Project presentation Prepare and present your resyisit course colleagues.

6.2 Time Plan Recommendations

We do not expect you to make a perfect time plan thetifingt. As the project proceeds, you will need to update
the time plan. However, a rough time plan is required abéggnning of the project to make sure that there are
resources available for all parts. The project part otthese TSEKO6 gives 7.5 credits of the total 12 credits
Based on experience from previous projects in this courseigh resource allocation can be summarized as:

« High-Level deigns and design topology 10-20%
e Transistor level design and verification 30-40%
e Layout level and chip assembly 40-60%

Do not start late. If you fail to complete a step in theigie schedule on time, catch up with the work as soon as
possible. If not, there will soon be another deadline andwibbe very late.

6.2.1 Recommended Tollgates Dates

In order for the project to flow and to increase the charicguccess, recommended dates for the different
tollgates are specified in the project specification. Teadline for tollgate 3 is set in order to give the
supervisors time to put the projects together to a@hipsend it to the chip vendor before the tape-out deadline.
The deadline for the third tollgate should therefore be considesea very hard deadline. The other tollgates
have more dynamic deadline dates. However, each grouys ieecome with a good and well motivated
explanation in order to change the tollgate dates substantial

As this course does not have any written exam, the regemtsnfior the projects are harder. Consider tollgate 3
deadline as a written exam. If you show up one day toddagewritten exam, you will fail that course.
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TABLE 6-2: TIME PLAN EXAMPLE.

Planning

Project: 32 bit High-Performance Low-Power ALU
Project group: Group 1 Date: Reviewed:

Customer: Version:

Course: TSEKO06 VLSI Design Project Author:

ACTIVITIES TIME| WHO TIME PLAN (week number

no |Description hours |Initials 3] 4] 5] 6] 7] 8] 9]10]11)12]13]14]15] 16| 17| 18] 19| 20| 21] 22| 23] 24

1]pre-study all

2|make a timeplan aa

3|high-level modeling bb,cc

4]status report for TG 1 dd

5|transistor block design aa,bb,dd

6]chip design on transistor level cc E H |E E [E |H

7|status report for TG 2 dd X 0 IX X [X |0

8|block layout and verification aa,bb,dd A L ]A A AL

9|PAD-frame cc M 1 M M [M ]I
10| chip core layout bb,cc | D |l | |l |D
11]generate fill and additional layers cc N A IN N [N |A
12|tapeout aa,bb,cc A Y |A A A Y
13|verification plan dd T S |T T [T [S
14]project report dd | | |l
15|project presentation aa,bb [0} e} 0 |0
16]milestone 0 fr N N N [N
17]milestone 1 fr

18| milestone 2 fr P P P |P
19]milestone 3 fr |E E E |E
20| milestone 4 R R_|mo| R |R
21| milestone 5 | | fr 1|l

22| milestone 6 0 [0) welO |0
23 D D D [D
24)toligate 1 all -
25]tollgate 2 all
26]tollgate 3 all H H

Sum, number of hours | ]

6.2.2 Recommended Milestone Dates

Dates for the milestones — the different steps in thel\deSign methodology — should be decided on together
with the supervisor of the respective group. Guidelinesotoesof these dates are printed in the project

specification.
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Check List for Milestone O
Project Structure and Definition

Project Group Members:

Milestone: [ ]— Passed
[ ]— Passed with incomplete tasks
[ ]- Failed
Check list
Nr | Description Completed (Y/N/Incomp.)
1 Project specification understood

2 Literature study
3 Time plan
4 Overall design structure

Notes and incomplete tasks

TSEKO6 VLSI Design Project g L IPs
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Check List for Tollgate 1 / Milestone 1
High-Level Description and Design

Tollgate: [ ]-Passed
[ ]- Passed with incomplete tasks
[ ]- Failed
Check list
Nr | Description Completed (Y/N/Incomp.)
1 Block level description

Functionality verified through high-level simulations

Specification for each sub-block developed

Test-bench

Block assigned amongst the project members

Time plan updated

Status report completed

Changes in specifications approved and documented

OO N[O| O A~fWDN

Risks identified and documented

Notes and incomplete tasks

Sponsor sighature:

TSEKO6 VLSI Design Project
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Check List for Milestone 2
Block Design on Transistor Level

Project Group Members:

Milestone: [ ]— Passed
[ ]1- Passed with incomplete tasks
[ ]— Failed
Check list
Nr | Description Completed (Y/N/Incomp.)

1 All blocks designed and simulated on transistor level

Blocks verified according to block specifications

Blocks verified at all corners specified in design specification
Blocks verified under valid interface conditions

No variables used for transistors, resistors, and capacitors
High current nodes identified and documented

Devices sensitive to mismatch identified and documented
Time plan updated

N OO B~lWDN

Notes and incomplete tasks
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Check List for Tollgate 2 / Milestone 3

Chip Design on Transistor Level

Tollgate: [ ]— Passed
[ ]— Passed with incomplete tasks
[ ]- Failed
Check list
Nr | Description Completed
(Y/N/Incomplete)
1 | Specification verified across corners, temperature, and supply range
2 | Schematic possible to use for LVS check (parallel transistors etc.)
3 | Testnodes
4 | Test-bench updated
5 | PAD-list completed
6 | Verification plan
7 | High-current nodes identified and documented
8 | Mismatch sensitive devices/parts identified and documented
9 | Changes in specification approved, verified, and documented
10 | Risks identified and documented
11 | Milestone 1-3 passed
12 | Time plan updated
13 | Status report completed

Notes and incomplete tasks

Sponsor signature:
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Project Group Members:
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Check List for Milestone 4

Block Design Layout

Milestone: [ ]— Passed
[ ]1- Passed with incomplete tasks
[ ]- Failed
Check list
Nr | Description Completed (Y/N/Incomp.)
1 All blocks DRC clean (switches: no_coverage,

no_generated_layers, and grid (min. 0.025))

All blocks LVS clean

All blocks verified according to block specification

Blocks simulated under valid interface conditions

Wide enough wires for high current nodes

Careful layout of mismatch sensitive devices

Floor plan and routing strategies discussed and documented

Total core area estimated (fits in assigned area?)

Ol N[O A~fWDN

PAD frame designed

[y
o

PAD frame DRC and LVS clean

[N
[N

Risks identified and documented

AN
N

Time plan updated

Notes and incomplete tasks

TSEKO6 VLSI Design Project
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Project Group Members:

Check List for Milestone 5
Chip Assembly

LiTH

Milestone: [ ]— Passed

[ ]1- Passed with incomplete tasks
[ ]- Failed

Check list

Nr

Description

Completed
(Y/N/Incomplete)

Chip core assembled

Chip core DRC clean (switches: no_coverage, no_generated_layers)

Chip core LVS clean

LVS schematic (or analog_extracted view) verified through functional test

Decoupling capacitors added (both in layout and schematic)

Wide enough wires for high current nodes

Chip including PAD frame, decaps., and core DRC and LVS clean

Risks identified and documented

| (NO|O|~[W|IN|F

Time plan updated

Notes and incomplete tasks

TSEKO6 VLSI Design Project
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LiTH

Check List for Tollgate 3 / Milestone 6

Tape Out
Project Group Members:
Tollgate: [ ]— Passed (on project in TSEKO01)
[ ]— Failed
Check list
Nr | Description Completed (Y/N/incomp.)
1 Pattern fills generated and added
2 Complete chip layout DRC and LVS clean
3 GDS file generated
4 Specification changes approved by sponsor and documented
5 Test-bench updated
6 PAD-list completed
7 Verification plan
8 Schematic of peripheral components
9 Identified risks documented and discussed
10 | Milestone 1-5 passed
11 | Final project report completed
12 | Presentation completed
13 | Project feedback

Notes and incomplete tasks

Sponsor signature:

TSEKO6 VLSI Design Project g L IPs
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Project Group Members:

LiTH

Check List for Milestone 7

Measurement Plan

Milestone: [ ]— Passed
[ ]1- Passed with incomplete tasks
[ ]— Failed
Check list
Nr Description Completed (Y/N/incomp.)
1 What to measure?

How to measure?

PCB schematic

PCB component list

Necessary instruments available

Lab booked for soldering

Soldered PCB checked for shorts and opens

| N O Bl WIN

Lab booked for measurements

Notes and incomplete tasks

TSEKO6 VLSI Design Project
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LiTH

Check List for Tollgate 4 / Milestone 8
Chip Evaluation

Project Group Members:

Tollgate: [ ]—Passed (on TSEK11)
[ ]— Failed
Check list
Nr | Description Completed (Y/N/incomp.)

1 Chip evaluation
Measurement results documented

Measurements compared to simulation results
Evaluation presentation
Evaluation report

gl bW N

Notes and incomplete tasks

Sponsor sighature:

TSEKO6 VLSI Design Project g L IPs
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