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Chapter 1

Overview

To allow the development of ASICs by different designers at the same time, it is necessary to agree
about some conventions, which make it possible to build up a design from pieces done by different
people. This includes the aspect of design re-use, where design blocks origined from other projects
are imported. The use of appropriate conventions minimizes the effort to fit these blocks into the
own design. And a third aspect is the introduction of new designers, which can profit from the
experiences on which these conventions are based.

This document outlines the guidelines and conventions used by the ATLAS group of the Hei-
delberg ASIC-Lab. They are aimed especially at the design of the Pre-Processor Asic (PPrAsic),
which is a pure digital ASIC described with Verilog.

In addition the tools and procedures used for the PPrAsic design are described. This includes
design entry, synthesis, layout and simulation. In the following sections the PPrAsic and the design
flow used for its development are introduced.

1.1 The Pre-Processor Asic

The Pre-Processor Asic (PPrAsic) is a digital ASIC used by the ATLAS Level-1 Calorimter Trigger.
It has to prepare data received from calorimeters for subsequent application of algorithms by special
trigger processors. It also has to provide facilites for readout of this data.

The PPrAsic as part of the ATLAS Level-1 Calorimeter Pre-Processor system is described in
[10]. More details can be found in the specification [9] and the user and reference manual [1] of
the PPrAsic.

The PPrAsic processes four channels of 10 bit ADC input data. As output three 10 bit words
are provided, which are transmitted to two different trigger processors. In order to control and
readout the PPrAsic two identical serial interface exist, each operating on two pre-processing
channels. For more convenient simulation there also exists a two-channel version of the Asic, but
only the four-channel version will be manufactured in silicon.

1.2 Design flow

The PPrAsic design is done using the hardware description language (HDL) Verilog for design
entry. It is synthesized to a schematic netlist by the synthesizer from Synopsys. The resulting
netlist is imported into the CAD software from Cadence. Its place and route tool Silicon Ensemble
is used for the layout. Timing information is backannotated after synthesis and layout to the
Verilog description. The Cadence tool Pearl is used to generate the required files and to perform
static timing analysis.



The organisation of design data undelying the design flow is described in chapter 2 and the
design entry with Verilog including coding conventions is documented in chapter 3. Synthesis is
described in chapter 4, layout in chapter 5 and timing analysis in chapter 7.

On different levels of the design flow simulations with no, partial or complete timing information
are done. The results are compared and have to be assured to be correct and consistent. The
two Cadence simulators Verilog-XL and NC-Verilog are used. Chapter 6 describes the Verilog
simulation environment in detail.

To make sure that the implementation of the PPrAsic meets the specification an independent
simulation of the main processing part of the PPrAsic is used. This part, which performs the so-
called Bunch-Crossing Identification (BCID) is modelled within a Ptolemy simulation environment.
For more information see 6.7.

Other important aspects of the design flow are documentation and test. See chapters 8 and 9
for details.

And finally chapter 10 holds information about reviews which take place as an additional
measure to ensure the correctness of the way the design is done and its results.



Chapter 2

Organisation of Design Data

Most of the design data is stored in a C'VS repository. This includes the Verilog source code of the
PPrAsic, scripts used for simulation and synthesis and configuration files. Some other files like the
netlists or figures are stored in a global directory and there are also some files local to the user,
which are related to the PPrAsic design data. This section describes the organisation of this files.

2.1 CVS Repository

2.1.1 Usage

For configuration management the Concurrent versions system (CVS) is used. This system holds
the code in a central database called repository. If someone wants to edit the code he checks out a
local copy to his disk. After editing, he commits changes back to the repository. This mechanism
makes it possible for several developers to work on the same code base. CVS takes care of merging
files and resolving conflicts arising from different people editing the same piece of code. CVS also
keeps track of older versions of source files. If changes are comitted, no data are deleted. The
differences to the previous version of the file are stored. This allows to access the complete history
of the source.

To use CVS you have to set up the environment variable CVSROOT with the location of the
repository you want to use. For the PPrAsic this should be /cad11/atlas/cvs_open. If you plan
to write data back to the repository you have to be member of the UNIX group atlas. To checkout
the current version from the repository use the command cvs checkout <modulename>. For the
PPrAsic the modulename is pprasic. CVS than creates the file hierarchy in your current working
directory. To update the files in a local copy of the source tree with the current versions from the
repository use cvs update in the directory you want to update. To commit your changes back to
the repository use cvs commit. For more information look at the cvs man page (man cvs).

2.1.2 PPrAsic Module Content

The CVS module pprasic contains several directories related to the different steps of the design
flow and some files in the top directory:

e verilog: Verilog source code directory. Here the actual PPrAsic design resides.

e syno: Synthesis directory, contains all scripts required to generate a netlist from the Verilog
source code.



e netlist: This directory contains the scripts required for simulation of the synthesized netlist.
Synthesis results are written here.

e se: Silicon Ensemble files required for layout.

e stimulus: Stimulus vectors and files for simulations.

e doc: PPrAsic documentation.

e CHECKLIST: Checklist for simulations required for a complete test of the design.

e TESTSDONE: Results and log of the tests performed. Based on the list in CHECKLIST.

There exists a web interface [5], where you can view the content of the repository, compare
different versions or look at specific revisions of files.

2.2 Global Files

The directory /cadll/atlas/cad/pprasic contains certain global files, which are not managed
by CVS. This means that you have to communicate with the other developers before you edit this
files in order to avoid conflicting changes.

The following subdirectories are available:

e netlist: Netlists of the PPrAsic corresponding to certain versions of the Verilog source. The
naming scheme of the files and CVS tags used to relate the files with source code versions
are described in the file README in this directory.

e pspice: Calorimeter pulse data files generated from the PSPICE simulation of the calorime-
ter electronics.

e figures: Figures used in the LaTeX documentation (User Manual and Designguide). The
files with the suffix .fig are generated with XFig. The corresponding eps-files are used by
LaTeX.

e db: Synopsys database files corresponding to the netlists in the netlist directory. Version
numbers are the same as used for the netlists. These database files contain the schematics
of the synthesized circuit.

e simlogs: Log-Files of simulation runs. Files with a name of the form index.modulename.log
contain lists of simulations done with the module modulename as top module. The index files
contains references to detailed log files also located in this directory.

2.3 Local Files

There are some files in the home directory of the designer which contain information relevant to
the design flow.

The file . synopsys-dc.setup contains Synopsys commands, which are not specific to a certain
design. An example of this file could be:

company = "ASIC-Lab Heidelberg"
designer = "Name of Designer"

There are some environment variables, which have to be set for the design flow to work correctly.
This is done in the file .bashrc in the home directory of the designer. The following code has to
be inserted there:



source /usr/local/cad/scripts/cds4.42rc
source /usr/local/cad/scripts/synorc

export AMS_DIR=/cad/libs/ams3.12
export CDSDIR=/cad/products/cds4.42

export CVSRO0T=/cadll/atlas/cvs_open



Chapter 3

Design Entry

3.1 Coding Conventions

The data constituting the ASIC design consists of a large amount of Verilog code, including test
benches and associated modules. In addition there are some scripts for setting up and processing
the synthesis and some parameters needed for layout and the rest of the design flow. From all this
informations it has to be possible to create the final chip by using the CAD tools. All information
necessary for doing this should be stored in a systematic and consistent way.

Especially for the Verilog code there have to exist some conventions about the coding style, the
naming of modules and signals and the way to implement functionality in an actual circuit.

In this section the conventions are described which were adopted for the design of the PPrAsic.
They focus mainly on the Verilog coding which is by far the biggest contributor to the whole
design.

3.1.1 Code organisation

The Verilog code is stored in an own directory, synthesis and layout data is stored in others. The
following guidelines should be followed:

1. Each Verilog module gets its own file which should have the same name as the module plus
the suffix ”.v”. For guidelines refering to the naming of modules see section 3.2.

2. Numerial constants should be defined symbolically by a ‘define statement. This helps to
reduce redundancy. If you change one parameter of your design you should’t have to change
your code at more than one location.

3. All ‘define statements should be stored in include files. The simulator remembers defines
across modules. If the same symbol is defined with two different values, this can lead to
strange errors. The central definition in one file avoids these inconsistencies. The names of
include files should start with ”Inc”.

4. Use parameter statements for modules where you need the same module with the same logic
but only different parameters like bus widths etc. This also helps to minimize redundancy.

5. Write portable code. Encapsulate technology specific code in more general modules. Min-
imize the number of modules and the amount of code you have to change if you change
technology. Use the synthesizer to map to specific technology wherever possible.



// $Id: entry.tex,v 1.5 1999/12/08 16:20:48 huebner Exp $
//

// Example Verilog module demonstrating coding conventions

//

module MyModule (BidirectionalSignal,
AnotherOutput,OtherOutput,Output,OutputWithVeryLooooooongName,
YouKnowItItIsAnOutput,
Inputl,Input2,Input3);

inout BidirectionalSignal; // bidirectional port

output AnotherQutput,OtherOutput; // some outputs

...
input Input3; // input signal

always Q@(Inputl or Input2 or Input3)
begin
Output = Input2;
if (Inputl == 1)
Output = Input3;
end

endmodule

Figure 3.1: Example for Verilog module conforming to the coding conventions

3.1.2 Code formatting

A consistent formatting style should be used for the Verilog code. This allows other people than
the designer to understand the code without being distracted by formal differences. An example
(Figure 3.1) illustrates the following rules:

1. Each file should begin with a comment block stating the purpose of the module. The first
line of the file should include the CVS Id tag. For a new file this should be $Id$. See section
2.1.1 for more information about CVS.

2. The I/O signals contained in the module definition should be ordered in the following way:
All inout signal come first, than all output signals, than all input signals. Within each
category the signals should be ordered alphabetically. Each category gets its own line. The
categories should be aligned to the same column. If one line is not enough for all signals of
one type, then the list should be continued in the next line indented by two spaces.

3. The module definition should start at the leftmost column of the file. The body of the module
is indented by two spaces. The body of each begin, initial, always, task or function
block is indented by a further two spaces. The same is valid for the statements executed
within if, else, while, case or for constructs. They should start on a new line and be
indented by two spaces in respect to the if, ... statement.

3.1.3 Circuit concepts

Despite the formal conventions making it easier to read modules and to interface to other modules
there are conventions refering to the type of circuit that is described by the Verilog code. These






