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Introduction

This document details the typical steps of a top-down digital VHDL/Verilog design flow with
the help of one simple design example.
The following tools are considered in this document:

e Modelsim v6.5e or higher, from Mentor Graphics.
e Design Compiler and Design Vision D-2010.03 or higher from Synopsys.
e Encounter 8.1 or higher from Cadence Design Systems.

The design kit used is from Faraday. The process is the 90 nm 9-metal CMOS called
L90_SP. Each of the next chapters in this document is addressing a specific set of tasks.
Chapter 2 is about VHDL and Verilog simulation, chapter 3 is about logic synthesis and
chapter 4 is about place and route. Steps in these chapters are not necessarily to be done in
the given sequence. Go to “1.7 Design flow steps” to get a typical sequence of steps supporting
a top-down approach.

1.1 Top-down design flow

VHDL Editing
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Figure 1.1: Top-down design flow



Figure 1.1 illustrates the top-down flow that includes the following steps:

VHDL RTL model creation

The goal here is to develop synthesizable VHDL models at the RTL level (RTL means
Register-Transfer Level). Such models usually define a clear separation between control
parts (e.g. finite state machines-FSM) and operative parts (e.g. arithmetic and logic
units). Registers are used to store small size data between clock cycles. RAM/ROM
memories are used to store large amounts of data or program code. Blocks such as
FSMs, ALUs, registers are usually described as behavioral models that do not imply any
particular gate-level implementation. Tools used at this step can range from simple text
editors to dedicated graphical environments that generate VHDL code automatically.

RTL simulation
The VHDL RTL models are validated through simulation by means of a number of
testbenches also written in VHDL.

RTL synthesis

The synthesis process infers a possible gate-level realization of the input RTL descrip-
tion that meets user-defined constraints such as area, timings or power consumption.
The design constraints are defined outside the VHDL models by means of tool-specific
commands. The targeted logic gates belong to a library that is provided by a foundry or
an IP company as part of a so-called design kit. Typical gate libraries include a few hun-
dreds of combinational and sequential logic gates. Each logic function is implemented in
several gates to accommodate several fan-out capabilities or drive strengths. The gate
library is described in a tool-specific format that defines, for each gate, its function, its
area, its timing and power characteristics and its environmental constraints.

The synthesis step generates several outputs: a gate-level VHDL netlist, a Verilog gate-
level netlist, and a SDF description. The first netlist is typically used for post-synthesis
simulation, while the second netlist is better suited as input to the place&route step.
The SDF description includes delay information for simulation. Note that considered
delays are at this step correct for the gates but only estimated for the interconnections.

Post-synthesis gate-level simulation
The testbenches used for RTL model validation can be reused (with possibly some
modifications to use the VHL gate-level netlists). The gate-level simulation makes use
of VHDL models for the logic gates that are provided in the design kit. These VHDL
models follow the VITAL modeling standard to ensure proper back-annotation of delays
through the SDF files generated by the synthesis or the place&route step.

Standard cell place and route
The place&route (P&R) step infers a geometric realization of the gate-level netlist so-
called a layout. The standard cell design style puts logic cells in rows of equal heights.
As a consequence, all logic gates in the library have the same height, but may have
different widths. Each cell has a power rail at its top and a ground rail at its bottom.

The interconnections between gates are today usually done over the cells since current
processes allow several metal layers (i.e. 9 metal layers for the Faraday L90_SP process).
As a consequence, the rows may be abutted and flipped so power and ground rails are
shared between successive rows.



The P&R step generates several outputs: a geometric description (layout) in GDS2
format, a SDF description and a Verilog gate-level netlist. The SDF description now
includes interconnect delay. The Verilog netlist may be different from the one read as
input as the P&R step may make further timing optimizations during placement, clock
tree generation and routing (e.g. buffer insertion).

Post-layout gate-level simulation

The Verilog gate-level netlist can be simulated by using the existing VHDL testbenches
and the more accurate SDF data extracted from the layout.

System-level integration
The layout description is then integrated as a block in the designed system. This step
is not covered in this document.

1.2 Design project organisation

First we have to setup a proper work environment. The toolscripts need the CSH shell as
command shell while the standard shell after login is the Bash shell. So first we take care
that the CSH shell is our default command shell by:

cp /opt/eds/Designlab/bin/dot.bashrc ~/.bashrc

Now close the current terminal window and start a new terminal. Then add the DesignLab
script directory to our PATH by:

source /opt/eds/Designlab/bin/dlab.csh

Given the number of EDA tools and files used in the flow, it is strongly recommended to
organize the working environment in a proper way. To that end, the create_eda_project script
can be used to create a directory structure in which design files will be stored.

The use of the script is as follows:

create_eda_project <project-name>

where jproject-name, is the name of the top-level directory that will host all design files
for the projects.

For example, to create the project directory called ADDSUB that will be used to do the
tasks presented in the rest of this document, execute the following command:

student@tango> create_eda_project ADDSUB
student@tango> cd ADDSUB

The ADDSUB top-level directory hosts the configuration files for logic simulation (Mod-
elsim), logic synthesis (Synopsys DC) and standard cell place and route (Cadence SoC En-
counter). As a consequence, it is required that the tools are always started from that point.
One exception is full-custom layout tools (Cadence IC) that must be started from the subdi-
rectory LAY, which hosts different configuration files.

Figure 1.2 gives the proposed directory structure and the role of each subdirectory. The
actual use of the subdirectories and files will be explained while going throughout the tutorial
in this document.



<project-name> # project directory home
|-- .synopsys_dc.setup # setup file for Synopsys tools
|-- modelsim.ini # setup file for Modelsim tool
|-- DOC # documentation (pdf, text, etc.)
|-- HDL # VHDL/Verilog source files
| |-— GATE # gate-level netlists
| |-- RTL # RTL descriptions
| ¢-- TBENCH # testbenches
|-- IP # external blocks (e.g., memories)
|-- LAY # full-custom layout files
|-- LIB # design libraries
| | -— MSIM # Modelsim library (VHDL, Verilog)
| ‘-- SNPS # Synopsys library (VHDL, Verilog)
|-- PAR # place & route files
| | -- BIN # commands, scripts
| |-- CONF # configuration files
| |-- CTS # clock tree synthesis files
| |-- DB # database files
| | -— DEX # design exchange files
| |-- LOG # log files
| |-- RPT # report files
| |-- SDC # system design constraint files
| |-- TEC # technology files
| ‘-- TIM # timing files
|-- SIM # simulation files
| |-- BIN # commands, scripts
| ‘-- QOUT # output files (e.g., waveforms)
‘-- SYN # synthesis files
|-- BIN # commands, scripts
|-- DB # database files
|-- LOG # log files
|-- RPT # report files
|-- SDC # system design constraint files
‘-- TIM # timing files

Figure 1.2: Design project structure.

1.3 EDA tools and design kit configuration

In order to use the EDA tools and the design kit, a file called edadk.conf must exist in the
directory from which the tools are launched (the top-level project directory.

The edadk.conf file must include the following lines (order is not important):

mgc msim 6.5e
snps syn D-2010.03
cds soce 8.1



dk Faraday L90_SP

1.4 Installation of the FARADAY design kit

To install the files required by the FARADAY design kit, execute the tech_setup script in the
top-level project directory as follows:

tech_setup -t <toolset>

where: -t select toolset
Running the command without arguments displays a short help.
To install the 90 nm CMOS called L90_SP for logic simulation and synthesis, use:

student@tango -ADDSUB> tech_setup -t synopsys_dc

The command produces the following output:

IMPORTANT NOTICE

A1l FARADAY documentation and design files made available with this
command
4 are subject to non—disclosure agreements between Europractice, FARADAY
and TU Delft, and hence must be considered as strictly confidential.
For more information:
Alexander de Graaf, EEMCS—ME—CAS, a.c.degraaf@tudelft.nl.

9 — Configuration parameters:
FARADAY Design Kit
Process: L90_SP

Tool: synopsys_dc
— Configuration log:

14 File ”./.synopsys_dc.setup” created
File ”./modelsim.ini” created

Directory ”./LIB/SNPS” created

Synopsys library link ”./LIB/SNPS/techmap” created

Synopsys library link ”./LIB/SNPS/alib—52” created
19 Directory ”./LIB/MSIM” created

Modelsim library LIB/MSIM/work created

Modifying modelsim.ini

Modelsim library WORK mapped to ./LIB/MSIM/work

The command creates configuration files for Modelsim and Synopsys as well as the required

design libraries for hosting compiled VHDL /Verilog models and for simulation.
To install the same design kit for standard cell place and route, use:

student@tango -ADDSUB> tech_setup -t cadence_soce

The command produces the following output:

IMPORTANT NOTICE

A1l FARADAY documentation and design files made available with this
command
4 are subject to non—disclosure agreements between Europractice, FARADAY
and TU Delft, and hence must be considered as strictly confidential.
For more information:
Alexander de Graaf, EEMCS—ME—-CAS, a.c.degraaf@tudelft.nl.
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— Configuration parameters:
FARADAY Design Kit
Process: L90_SP

Tool:

cadence_soce

— Configuration log:

File
File
File
File
File

"PAR/BIN/fillcore.tcl” created
"PAR/BIN/fillperi.tcl” created
”PAR/CONF/L90_SP_std.conf” created
”PAR/CONF /pads.io” created
"PAR/DEX/gds2.map” created

The command creates files in specific locations in the PAR (place and route) subdirectory.

The tech_setup command also creates a script file with the necessary PATHs to the tools.
Add these PATHSs by executing:

student@tango -ADDSUB> source edadk.csh

For information on the FARADAY design kits, find the FARADAY documentation in
/opt/eds/DesignLab/tech/Faraday/L90_SP /docs.



1.5 VHDL example: Adder-subtractor

The adder-subtractor example will be used as the reference design throughout the topdown
flow. Listing 1.1 gives the VHDL model of a generic N bit adder-subtractor. The model is
deliberately quite abstract to show how the synthesiser will be able to infer different adder ar-
chitectures ripple carry or carry look-ahead architectures) depending on the given constraints.
We will call this model the Core.

Listing 1.1: RTL synthesisable model of a N bit adder-subtractor.

library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;
4
entity addsub is
generic (NBITS: natural := 4);
port (
clk, rst, add: in std_logic;
9 a, b: in unsigned(NBITS—1 downto 0);
z: out unsigned(NBITS—1 downto 0));
end entity addsub;
architecture dfl of addsub is
signal a_reg, b_reg, z_reg: unsigned(NBITS—1 downto 0);
14 begin
process (rst, clk)
begin
if rst = ’1’ then
a_reg <= (others => ’07);
19 b_reg <= (others => '0’);
z <= (others => '0’);
elsif clk’event and clk = ’1’ then
a_reg <= a;
b_reg <= b;
24 z <= z_reg;
end if;
end process;

z_reg <= a_reg + b_reg when add = ’l1’ else
29 a_reg — b_reg;
end dfl;
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However, to design a real chip we have to add 10 and PAD cells around the Core to
create a Die design. For this purpose we will make use of technology independent generic
components for IO and Memory cells defined in the library techmap.

Listing 1.2 gives the code for the toplevel cell addsub_top.

Listing 1.2: RTL top model of a N bit adder-subtractor.

library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

library techmap;
use techmap.gencomp.all;

use techmap.fodO0a_b25_t25_generic_io_dummy_pkg.all;

entity addsub_top is

generic (NBITS: natural := §;
padtech : integer := faraday );
port (

clk, rst, add: in std_logic;

a, b: in std_logic_vector (NBITS—1 downto 0);

z: out std_logic_vector (NBITS—1 downto 0));
end entity addsub_top;

architecture farl90_sp of addsub_top is

component addsub is
generic (NBITS: natural := 4);
port (
clk, rst, add: in std_logic;
a, b: in unsigned(NBITS—1 downto 0);
z: out unsigned(NBITS—1 downto 0));
end component addsub;

signal clk_s, rst_s, add_s: std_logic;
signal a_s, b_s: std_logic_vector (NBITS—1 downto 0);
signal z_s: unsigned(NBITS—1 downto 0);

io_clk : inpad generic map (tech => padtech, limit => core_limited)
port map (clk, clk_s);

io_rst : inpad generic map (tech => padtech, limit => core_limited)
port map (rst, rst_s);

io_add : inpad generic map (tech => padtech, limit => core_limited)
port map (add, add_s);



io_a : inpadv generic map (width => NBITS, tech => padtech, limit =>
core_limited)
port map (a, a_s);
io_b : inpadv generic map (width => NBITS, tech => padtech, limit =>
core_limited)
port map (b, b_s);
io_z : outpadv generic map (width => NBITS, tech => padtech, limit =>
core_limited)
port map (z, std_logic_vector(z_s));

addsub_1: entity work.addsub(dfl)
generic map (
NBITS => NBITS
)
port map (
clk => clk_s,
rst => rst_s,
add => add_s,
a => unsigned(a_s),
b => unsigned(b_s),
z => z_s8
) ;

end farl90_sp;

To install the VHDL model and its associated testbenches in the project directory, enter
the following command in the top-level project directory ADDSUB:

student@tango -ADDSUB> install_design addsub

The following files are copied:

HDL/RTL/addsub—dfl.vhd created
HDL/RTL/addsub_top_pg.vhd created

HDL /RTL/addsub_top.vhd created

HDL /TBENCH/tb_addsub_top_mapped.vhd created
HDL /TBENCH/tb_addsub_top_par.vhd created
HDL /TBENCH/tb_addsub_top_rtl.vhd created
SYN/BIN/addsub_syn.tcl created
PAR/BIN/addsub_par.tcl created

PAR/CONF /addsub_nbits8.conf created
PAR/CONF/addsub_nbits8.io created
PAR/CONF /addsub_nbits8.fp created
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Listing 1.3 gives the testbench for the RTL model with N=8 (file tb_addsub_top_rtl.vhd).
It is by far not complete as it only checks one addition and one subtraction. The testbenches
for the mapped design (file tb_addsub_top_mapped.vhd) and for the simulation of the placed
and routed Verilog netlist (file th_addsub_top_par.vhd) only differs by the instantiation of the
component under test. The addsub_nbits8.io file defines the positions of the IO pins for place
and route.

Listing 1.3: VHDL testbench for the RTL model with N=8.

library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

entity tb_addsub_top_rtl is end;

architecture bench of tb_addsub_top_rtl is

constant CLK_PER: time := 20 ns;
constant NBITS : natural := 8§;
signal clk : std_logic := ’'0’;

signal rst, add: std_logic;
signal a, b, z : std_logic_vector (NBITS—1 downto 0);
begin
UUT: entity work.addsub_top(farl90_sp)
generic map (NBITS=>NBITS)
port map (clk, rst, add, a, b, z);

3

clk <= not clk after CLK_PER/2;
rst <= ’0’, ’l’ after CLK_PER/4, ’'0’ after 3x*CLK_PER/4;
add <= '1’, ’0’ after 11xCLK_PER/4;

stimulus: process

begin
wait for 3xCLK_PER/4;
a <= std_logic_vector(to_unsigned (31, a’length));
b <= std_logic_vector(to_unsigned (12, b’length));
wait;

end process stimulus;

end architecture bench;

The file addsub_syn.tcl in directory SYN/BIN is a Tecl script that performs synthesis of
the VHDL model in batch mode. The file addsub_par.tcl in directory PAR/BIN is a Tecl script
that performs the placement and routing of the synthesized Verilog netlist in batch mode.

1.6 Text editing

The edt alias calls the nedit text editor which provides syntax highlighting. It is also possible
to use any other convenient editor such as vi, vim, emacs, xemacs, etc. The Modelsim
graphical environment has its own text editor with syntax highlighting.

10



1.7 Design flow steps

Here are the main steps of the top-down design flow with references to the sections in the
document that give more details.

Step 1) Pre-synthesis VHDL simulation (tool: Modelsim)

2.1 Compilation of the RTL VHDL model and related testbench [2.2]
2.2 Simulation of the RTL VHDL model

Step 2) Logic synthesis (tool: Synopsys Design Compiler)

3.1 RTL VHDL model analysis [3.2]

3.2 Design elaboration (generic synthesis) [3.3]

3.3 Design environment definition (operating conditions, wire load model) [3.4]
3.4 Design constraint definitions (area, clock, timings) [3.5]

3.5 Design mapping and optimization (mapping to gates) [3.6]

3.6 Report generation [3.7]

3.7 VHDL gate-level netlist generation [3.8]

3.8 Post-synthesis timing data (SDF) generation for the VHDL netlist [3.8]
3.9 Verilog gate-level netlist generation [3.8]

3.10 Design constraints generation for placement and routing [3.9]
Step 3) Post-synthesis VHDL simulation (tool: Modelsim) [2.3]

4.1 Compilation of the VHDL /Verilog netlist and related testbench

4.2 Simulation of the post-synthesis gate-level netlist with timing data
Step 4) Placement and routing (tool: Cadence Encounter)

5.1 Design import (technological data + Verilog netlist) [4.2]
5.2 Floorplan specification [4.3]
5.3 Power ring/stripe creation and routing [4.4]
5.4 Global net connections definition [4.5]
5.5 Operating conditions definition [4.6]
5.6 Core cell placement [4.7]
5.7 Post-placement timing analysis [4.8]
5.8 Clock tree synthesis (optional) [4.9]
5.9 Design routing [4.10]
5.10 Post-route timing optimization and analysis [4.11]
5.11 Filler cell placement [4.12]
5.12 Design checks [4.13]
5.13 Report generation [4.14]

11



5.14 Post-route timing data extraction [4.15]
5.15 Post-route netlist generation [4.16]
5.16 GDS2 file generation [4.17]

Step 5) Post-layout VHDL/Verilog simulation (tool: Modelsim) [2.4]

6.1 Compilation of the Verilog netlist and related testbench

6.2 Simulation of the post-synthesis or post-PaR gate-level netlist with PaR timing
data

12



VHDL and Verilog simulation

This chapter presents the main steps to perform the logic simulation of VHDL and Verilog
models with the Modelsim tool.

2.1 Starting the Modelsim graphical environment

To start the Modelsim environment, enter in the vsim command in the Unix shell:

student@tango -ADDSUB> vsim &

|x]ModelSim SE PLUS 6.1b [ [=1 E3
Eile  Edit Wiew Format Complle Simulate Add  Tools  Window Help
‘ = . 53'5:, H & @ P || Contains 2| en

| Workspace + & %
¥|Hame |Type |Path [
12+l work Library  JLIBMSIM
i'_"jm C35_CORELIB Library SAME_SITEAL
i}m C35_|OLIBYE_4M Library FAME_SITEAE
=/l cas_ioLiE_am Library — $AMS_SITE/ik
=/l vitaizooo Lifrary  $MODEL_TEC
=] ieee Lifatary $MODEL_TEC
_1}}]1 modelsim_lib Library $MODEL_TEC
i st Lirary  $MODEL_TEC
-1})]1 std_developerskit Library $MODEL_TEC
.ym sYnopsys Library $MODEL_TEC
=/l veriog Lilrary $MODEL_TEC
] P
Ji Lm'ragy-l ey

# /¢ ModelSim SE 6.1b Sep 8 2008 5un0s 5.8
# 1
# A Copyright Mentor Graphics Corporation 2005
# &l Rights Reserved.
# 0
# /¢ THIS WORK COMTAIMS TRADE SECRET AMND
# /¢ PROPRIETARY INFORMATION WHICH IS THE PROPERTY
# /¢ OF MENTOR GRAPHICS CORPORATION OR TS LICENSORES
# /0 AND IS SUBJECT TO LICEMSE TERMS
# 0

hodelSims |

<o Design Loadeds |

Figure 2.1: Modelsim console window

The modelsim.ini file actually defines the mapping between logical design libraries and
their physical locations. Note that the Help menu on the top right allows one to access the
complete documentation of the tool.
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2.2 Simulation of (pre-synthesis) RTL VHDL models

The task here is to validate the functionality of the VHDL model that will be synthesized.
The first step is to compile the VHDL model and its associated testbench. There are two
ways to compile VHDL models. One way is to execute the vcom command from the command
line of the Modelsim window:

ModelSim> vcom HDL/RTL/addsub_dfl.vhd
ModelSim> vcom HDL/RTL/addsub_top.vhd
ModelSim> vcom HDL/TBENCH/tb_addsub_top_rtl.vhd

The other way is to left-click on the Com- EE

Drmciory: | dhorus e gk B G SLALH DLFTL El
pile icon & , to select the files to compile in Loy i b
the [E——
HDL/RTL and HDL/TBENCH directories,
click on Compile and finally close the window
(click Done). T e
The compiled modules are stored in the 108~ 1 iwe - i v i s o -veaisom s il —;;'."T
ical library WORK which is mapped to the st | iR

physical location LIB/MSIM. Once VHDL (or — —
Verilog) models have been successfully compiled in the design library, it is possible to create
a make file that can be used to recompile only the required files. The vmake command can
only be run from a Unix shell and creates the make file:

student@tango -ADDSUB> vmake > Makefile

The created file Makefile now defines the design unit dependencies and the compilation
commands to recompile only those source files that have been modified or that depend on
modified files. To rebuild the library, run the make command in the Unix shell

14



To simulate the RTL model, select the

main menu item Besign | VHDL | Verlog | Librarles | SOF | Others | il
. . . W T Path )
Simulate = Start simulation... e LT
wark Libtary  /LIB/MSIM
to get the simulation dialog window. Se- astdsub Entity /home/edatp0iestADDSUB/HDLATL
. 3ﬂ th_addsub_mapped  Entity fhomesedatpliest' A DOSUBHDL/TEE
lect the architecture of the testbench and a 1 E] ta_addsub_par Enity fhome/edatp0testrADDS LE/HDL/TER
. . <1 E] th_addsub_tt Entity /home/edaty IAestADDSUB/HOLTEN
resolution of ns. Then click OK. "T?@ i s
=l C35_CORELIE Library  $AMS_SITE/linvhdimodelsim/$hsih
sl cI5IOLBYS_AM  Library  $AMS_SITEAIbhdimadelsim/ghsin
w35 I01IR 4n lintans  SAMS SITEAibshdlimadelsim/msi | 72
=] ] -
——Design Unit{s) —— Resolution———+
|work th_addsub_rtifbench) ‘ |ns j‘
Optimization
’7\_ Enahble: optimization Oiplimization Sptions..
ok | cancel |

The main window now changes a bit to show the simulation hierarchy, the list of signals
in the testbench and the simulation console (with now the VSIM number; prompt).

Left clicking twice on an instance in the simulation hierarchy pane displays the corre-
sponding VHDL source in the right pane.

[ziModelSim SE FLUS 6.1b HEEEE |
Eile Edit ¥iew Format Compile Simulate Add Toaols  Window Help
[O=d B i =allcsqm 4 3 unidER B A
‘ Containg: |
H 2 XI| | s ADDSUB/HDLTBENCHAG_addsLh_ i vhdl +| @ x|
¥|Instance | Design unit | Design unit type | Kind 1n # | =
;\F th_addsub il th_addsub_r.. Architecture clk 0 h: 1 Library leee; ]
o oun addsub(d)  Architecture | z nem teeesstd. logie Lied -l
use ieee mmeric_std. all;
& line_23 th_addsub_r.. Process 4 -
L line_24 th_addsub_r.. Process g ensltY th_addsub_rtl is
- line__25 th_addsub_r... Frocess 3 D WULULUU 7 CEL
- line_28 th_addsub_r.. Process g architecture bench of th addsub rtl
a
] numerlc._sm numerlc._sm Package i constant CLE PER: tine s
@ std logic 1164 std_logic ... Package 11 canstant NBEITS : natural := 8
M standard standard Package 1z
13 signal clk ¢ std logico:= <07
14 signal rst, add: std logic:
15 signal a, b, z : unsigned{NBITS-1
16
17 hegin
18
19 UUT: entity work. addsub (df1}) =
20 generic map (NEITS)
21 pock map (clk, rst, add,
22
23 clk <- not clk after CLE_PER/Z,
24 st ¢= '0°, "1’ after CLE PER/4,
25 add <= *1’, *0° after 11*CLK_PER,
| 26
[ ] P i 2

| 2
I ] Library ‘ sif 5 | I th_addsub_tivhd [TH] addsub_di.vhd 2]

Transcript Y + &
# vsim -t ns workth_addsub_rl{bench)

# Loading fnetlsmsunt/espot/softs/mentor/modelsimfv B 10/ sunos5s st standard

# Loading metlsnsuntiexportisofts/mentor/modelsim/v 6. 1h/sunosSd feeestd_logic_1164(hady)
# Loading /netlsrsuntfexpoitisofs/mentar/modelsim/vE 1h/sunossd Sieee numeric_std{hody)

# Loading ALIBAYSIMth_addsub_rlibench)

# Loading /LIB/ SIM addsubid)

Files | B Memoties ‘ 42|

WSl B
MWow: 0neg Delta: 0 Isrm!;tb_addsub_nl - Limited Visibility Region

SlE=
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The next step is to select the signals to display in
simulation. Right click in the Objects (top center) pane,
then select Add to Wave = Signal in Region.

Note that the appropriate hierarchy level is selected in the
simulation hierarchy window. Selecting another level, e.g.
uut, will display all the signals visible in this scope. You
may want to add selected signals from inner levels (local
signals).

The selected signals are displayed in a new window called

Cljact Declaraden
Croale Wavn

Gogk
Eirea
Irizerd Sreatpaind

AUl L YN
A o L et

b aetetied Sigrialy
Signaly in.Bogen, -

=d " 5kgnals in Desizn
Toezene Covaraza

Esended Taggle Coverane o«

wave. The wave pane is by default located on the top
right (as a new tab on the source windows). You can click Farce.

I E HoF e
on the Undock icon I =_ to make the wave pane separate. cpei

To start the simulation, it is either possible to enter run
commands in the simulation console such as:

VSIM 7> run 100 ns

100 ns 4] ;—'I%_I

or to click on the Run icon - in the main window or in the wave window.

The signal waveforms are then visible in the wave window. To change the radix of the

displayed signals, select the signals (press shift left-click for multiple selection), then select
the wave menu item Format = Radix = Unsigned.

wave - default

Eile Edit Miew Insert Format Tools Window

= E&8 i
[N BT Q@B &

0 nsto 102 ns [ Mow: 100 ns Defta: 1

Note that the command run -all runs the simulation until there is no more pending event
in the simulation queue. This could lead to never ending simulation when the model, like the
testbench loaded here, has a continuously switching signal such as the clock signal clk. It is

however possible to stop the current simulation by clocking the Break icon in the main

window or in the wave window.

If you make any modification to the VHDL source, you need to recompile the sources
(manually or using the vmake command described earlier in this section), and then restart
the simulation in the same environment (e.g., the same displayed waveforms or the same
simulation breakpoints) with the restart -f command.
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2.3 Simulation of the post-synthesis VHDL model with timing
data

This step occurs after the RTL model has been synthesized into a gate-level netlist. The
timing information about the design is stored in a SDF file. See -3.8 VHDL /Verilog gate-level
netlist generation and post-synthesis timing data (SDF) extraction.

Compile the VHDL gate-level netlist generated by the logic synthesis and its testbench:

ModelSim> vcom HDL/GATE/addsub_top_nbits8_mapped.vhdl

ModelSim> vcom HDL/TBENCH/tb_addsub_top_mapped.vhd

To simulate the RTL model, select the main menu item Simulate = Start simula-
tion... to get the simulation dialog window. Select the architecture of the testbench and a
resolution of 100ps. Click the Libraries tab to add the gate libraries fsdOa_a_generic_core
and fodOa_b25_t25_generic_io, then click the SDF tab.

In the SDF dialog window, add the file SYN/TIM/addsub_top_nbits8 mapped.sdf and
specify the region UUT, which is the label of the instance in the testbench that will be
annotated with timing data.

Note that the Reduce SDF errors to warnings box must be checked. This is required
to avoid the simulation to stop prematurely due to errors such as Failed to find port “a(7)
These are not really errors here as they are related to interconnect delay data in the SDF file
that are not used in the simulation (they are actually all set to zero).

Start Sinulation
Design I VHDL 'l Vetilog ] Librarles I SDF{O‘]ngrg I Design ] YHDOL ] Yerilag } Likraries SDF'] Others ] 3
¥ Name | Type |Path
::m Wtk Library SLIBMSIM —SOF File

+|E] addsub Enfity fhome/edatpl/test/ADDSUBML — -

+[E] addsub_nbitsd Entity fhomesedatpiitestyaDDSUBMHLD :'ffﬂl___ReG‘U” S uut

4lE] addsub_nbitsB_cwi_ad... Entity fhome/edatp0/testADDSUBME “1] fome/edatpliesiia... Add. J
+|E] addsub_nbits5_cwil_su_. Entity /home/edatp0est/ ADDSUBMC ~
=[E] th_addsub_mapped Entity home/edatpi/test/a DDSUB/MHE gty J
i A] bench Architecture IR J
+E] th_addsub_par Entity fhome/edatp0test ADDSUBML =

w1 th addsub Enfity Shinmedpdatotest/ADNSHRME

- - =
— Design Unit{s) Resolution— — S0F Options—————————————— Multi- Source defiay
-!work.lbfadusublma,upedwench) ’|TUDFS | [~ Disable SDF warnings

Iv Reduce SDF errors towarnings =
Optimization " :
[~ Enahle optimization optimization Cption *
0K Cancel
0K Cancel \l |
I

Add SDF Entiy |

— SDF File T
iNmMfaddsub_dﬂ_nbitsﬁ_mapped.sdf Browse... ‘
[ Apply to Region ‘ Delay- T

vl

oK \l Cancel ‘

juut

Then click OK in the remaining Start Simulation dialog box to load the mapped netlist.
Clock to output delays of the order of 500ps to 1ns should be visible in the wave window.
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‘th_addsub_mapped.clk
©  itb_addsub_mapped:st
Ab_addsub_mapped:add
Ab_addsub_mapped:a

Ab_addsub_mapped:b
Ab_addsub_mapped:z

50000 s

Cursor2 | 50500 ps

tb_addsub_mapped:clk
tb_addsub_mapped:rst
‘th_addsub_mapped:add
tb_addsub_mapped.a
tb_addsub_mapped:b
th_addsub_mapped:2

T T
— Curori || 7omops |

Cursorz | 70600 ps |

2.4 Simulation of the post-route Verilog model with timing
data

This step occurs after the design has been placed and routed. See "4.15 Post-route timing
data extraction” and "4.16 Post-route netlist generation”. This steps involves the simulation
of a Verilog gate-level netlist with a VHDL testbench.

Before compiling the Verilog netlist and the associated VHDL testbench, it is necessary
to prepare the design library. The vdir -r command gives the content of the design library:

student@tango -ADDSUB> vdir -r

Library Vendor : Model Technology
Maximum Unnamed Designs : 3
OPTIMIZED DESIGN _opt
OPTIMIZED DESIGN _optl
OPTIMIZED DESIGN _opt2
ENTITY addsub
ARCH dfl
ENTITY addsub_nbits8
ARCH syn_dfl
ENTITY addsub_top
ARCH farl90_sp
ENTITY addsub_top_nbits8
ARCH syn_farl90_sp
ENTITY addsub_top_pg
ARCH farl90_sp
PACKAGE conv_pack_addsub_top_nbits8

ENTITY tb_addsub_top_mapped
ARCH bench

ENTITY tb_addsub_top_rtl
ARCH bench

The ENTITY and ARCHITECTURE keywords denote VHDL design units. The problem
is that the modules in the Verilog netlist have the same names as in the VHDL post-synthesis
models (actually they only differ in the case of some name parts). To allow the VHDL
testbench HDL/tb_addsub_par.vhd to instantiate a Verilog model, the direct instantiation
statement cannot include the architecture name. Therefore, a default mapping is considered
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and the design library must only contain the required compiled units. As a consequence, some
existing units must be deleted from the library with the vdel command:

student@tango -ADDSUB> vdel addsub_nbits8_dw0O1l_addsub_0

student@tango -ADDSUB> vdel addsub_top_nbits8

Note that this could also be done from within the Modelsim GUI.
Now you can compile the Verilog netlist and the VHDL testbench:

student@tango -ADDSUB> vlog HDL/GATE/addsub_top_nbits8-routed.v
student@tango -ADDSUB> vcom HDL/TBENCH/tb_addsub_top_par.vhd

To simulate the placed and routed netlist with timing data, select the item Simulate
= Start simulation... in the main menu to get the simulation dialog window. Select the
architecture of the testbench and a resolution of 100ps. Then click the Libraries tab to add
the gate libraries fsd0a_a_generic_core and fodOa_b25_t25_generic_io, and load the SDF timing
file PAR/TIM/addsub_nbits8-routed.sdf.

Note that the Reduce SDF errors to warnings box must be checked. This is required
to avoid the simulation to stop prematurely due to errors such as “Failed to find matching
specify timing constraint”. These are not really errors here as they are related to removal
(asynchronous) timing constraints generated by Encounter that are not supported in the
Verilog models of the gates.
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Start Simulation

Dasign] VHDL | Verilag | Libraries | SOF | Otners |

 Optimization

[ Enable optimization

Start Simulation

Design | VHDL | Veriog | Libraries  SDF | Otners |

lal

Design | VHDL | verilog Lihrarles] SOF | Others |

]|

e
e

(5]

| Name |Type |Path
wiork Library SLIB/MSIM
+ ] addsub Enfy  /homefedatpOrtesyall [ cearch Librares (L)
1] addsub_NBITSS Module  /homefedatpDitest/al home/edatpOrtest/ADDSUB/LIB/C3IS_CORELIB_VLOG Add..
] addsub_NBITS8_DWO01_adds... Module fhome/edatpOstestial
+E] th_addsub_mapped Entity fhomeledatpDiestsl Matify..
= E] th_addsub_par Entity fhomefadatpDitest/al
! A bench Architecture Delets
i+ E] th_addsub_ril Entity fhome/edatpDitest/al
+W cas CorFIIR | ihrary SAMS STRAbvhdL  —— Search Libraries First ( -Lf)
]
— Design Unil(s) Resoll Add...
|work tb_addsub_par(bench) ‘ mum T

elete

i

SDF Entry
T — SOF File
=/R] Reglon - uut
= Fr UB/P AR/ TIM/addsub_nbitsf-routed.sdf  Browse I
* ] /home/edatpDiest/s i =
Mod Apply to Region —Delay—
pal | juuf Iiyp vf
= 5 OK | Cancel I
—SDF Option —Multi- Source
I Disable SDF wamings i—
i ¢ hd
v Reduce SDF errors to warnings —[
OK | Cancel ]
[¥|ModelSim SE PLUS 6.1b H=E
File Edit Wiew Format Compile Simulate  Add Tools  Window Help
|iewe iwensin: s 2288 ¢+ 5 BT e || Convane | 2|
Workspace ————— + o %/ | Objects ‘
¥|Instance |Design unit | Deslgn uhit
=/l to_andsub_par tb_addsub.. Architecture| 1 library ieee;
Pl SO, Yl 5 bonlu s ey
@ line_ 22 th_addsub.. Process 4 -
@ line_ 23 th_addsub.. Process || ([ SR |1 HIHINIRI g E“;-itY th_addsub_par is
@ line_ 24 th_addsub.. Process (AR [AIETRIAIE} H Bndy
@ line_ 27 th_addsub.. Process HHHFIKKK Signal 8  architecture hench of th_addsub_par is
g
B vl ypes vlpge | heCrage 10 constant OLE _PER: tine := 20 ns;
@ numeric_std numeric_std  Package 11 constant NEITS natural = 8
M std_logic_1164 std_logic_.. Package i% ;g i
@ standard standard Package 14 :ig:l ;st‘., -~ z:.dflggig,._
15 signal &, b, = : unsIgned(NBITS-1 downto 0);
16
17 begin
18
11 UUT: entity work. addsub_NBITS®
20 port map (clk, rst, add, a, b, z);
21
22 clk <= not clk after CLE_PER/Z;
23 rst ¢= ‘0’; '1* after CLE PER/, ‘0’ after 3*CLK PER/4;:
24 add <= *1', "0’ after 11*CLK_PER/4;
25 =
26 process
27 hegin
28 wait for J*0LE_PER/;
20 = <= to_unsigned(S, a‘length);

5 - a0 b <= to_unsigned(3, b’lsngth); 4
[ -T- N} ]
[m Library 1@ sim 1 Files l 22 Memor£12 5 | ‘[\}_i'[tb_audsub_par.vhd l‘l.] addsub_nbitsB_cts-routed.v | <3

=
Transcript ﬂ_ﬂ

© Warning
“Warhing
“ Warning:
© Waming:
* Warning
“Warhing
* Warning:
© Waming: (vsim-80F-32R2
Warhing
“ Warning:
© Waming:
* Warning
“Warhing
* Warning:
© Waming:

(wsim-S0F-3262) shome/edatp0iesiyaDODSUBPAR/TINM/addsub_nbitsB_cls-routed sdff238) Failed to find matching specify timing constraint
(wsim-80F-3262) shome/edatp0iestaDOSUBPAR/TIMYaddsub_nbits8_cls-routed sdff319); Failed to find matching specify timing constraint,
(wsim-50F-3262) shomededatpOiestaDOSUB/PAR/TIM/addsub_nhitsB_cts-routed.sdff 340y Failed to find matching specify timing constraint
(wsim-80F-3262) thome/edatp0iestaDDESUBPAR/TIM addsub_nhits8_cts-routed sdf{381): Failed to'find matching specify timing constraint
(wsim-S0F-3262) shomededatp0iestyaDOSUB/PAR/TINM/addsub_nbitsB_cle-routed sdff382) Failed to find matching specify timing constraint
(wsim=80F-3262] shome/edatp0iestaDOSUBPAR/TIMYaddsub_nbits8_cls-routed sdff403); Failed to find matching specify timing constraint,
(wsim-50F-3262) shomededatp0iestyADOSUB/P AR/TIM addsub_nhitsB_cts- routed.sdff424): Failed to find matching specify timing constraint
{ 1 fhomededatpliestyaDDEUB/FARTIM addsub_nhits8_cts-routed sdif445): Failed to find matching specify timing constraint
* Warhing (wsim-50F-3267] shomededatp0iestyaDDSUB/PAR/TIM/ addsub_nhitsB_cls-routed sdff486) Failed to find matching specify timing constraint
(wsim-80F-3262) shome/edatp0iestaDOSUBPAR/TIMYaddsub_nbits8_cls-routed sdff487); Failed to find matching specify timing constraint,
(wsim-50F-3262) shomeledatpOidest/aDOSUB/PAR/TIM /addsub_nhitsB_cts- routed sdff508): Failed to find matching specify timing constraint
(wsim-80F-3262) thome/edatp0iestaDDSUB/PAR/TIM addsub_nhits8_cts-routed sdff529): Failed to'find matching specify timing constraint
(wsim-S0F-3262) shomededatp0iesiyaDOSUB/PAR/TINM/addsub_nbitsB_cle-routed sdff550) Failed to find matching specify timing constraint
(wsim=80F-3262) shome/edatp0iestaDOSUBPAR/TIMYaddsub_nhitsB_cls-routed sdffG71); Failed to find matching specify timing constraint,
(wsim-50F-3262) shomededatp0iest/ADOSUB/PAR/TIM addsub_nhitsB_cts- routed.sdf{592): Failed to find matching specify timing constraint
(wsim-80F-3262) thome/edatp0diestaDDESUBP AR/TIM addsub_nhits8_cls-routed sdf{f13): Failed to find matching specify timing constraint

* Warhing

oy -
Ly
s
Ly
o
Ly
s
Ly
o
=
s
Ly
o
Ly
s
Ly
o
=

* Mote: (vsim-3587) S0F Backannotalion Successfully Completed

(wsim-50F-3267] shome/edatp0iestyaDODSUB/PARTIM/ addsub_nbitsB_cle-routed sdiffi34) Fa\&dou find matching specify timing constraint

Time: 0 ps Iteration: 0 Region: th_addsub_par File: HOL/TEENCH/_addsub_par.vhd
add wave sim/th_addsub_par*

WEIM G

‘Now. Ops Defta: 0 simfth_addsub_par - Limited Wisibility Region

I [Ln: & ol 0 [READ
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Then click OK in the remaining Start Simulation dialog box to load the mapped netlist.
Clock to output delays of the order of 800ps to 1000ps should be visible in the wave window.

50000 ps

Cursor 3 | 71000 ps

More accurate values for the delays can be obtained using a smaller time unit in simulation
(e.g., 10ps or less).
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Logic synthesis

This chapter presents the main steps to perform the logic synthesis of the VHDL RTL model
with the Synopsys Design Vision and Design Compiler tools. The sold alias displays the
complete Synopsys documentation set. Manual pages are available by executing the command
“snps man command” (e.g., snps man design_vision).

3.1 Starting the Design Vision graphical environment

To start the Synopsys Design Vision environment, enter the design_vision command in a new
shell:

student@tango -ADDSUB> design_vision

| £] Desian Vision - TopLevel 1 - [Hier.1]

T Eile Edit View Select List Hierarchy Design Schematic Afiribites Tiriing Test wincow He\ljg

[l = [ 2] Hindgeall-=s 8 =andoos |l |
-

Logical Hieratchy Cells (Hierarchical)

CellName | Refbame [2all Pain [ Dont Touch

@' 3=

Initializing gui preferences from file /hone/vachoux/. synopsys_dv_prefs. tel |
design_vision-xg-ty gui_start

) <]
Log [History |Errorsiwamings
| design_ision-sg-t= |
Ready

‘Selectedz \ Er

Z

The command line is also echoed in the terminal shell from which the tool has been
started, so it is possible to enter DC commands from there as well
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(the shell has the design_vision; prompt). It is still possible to execute some Unix com-
mands from here.
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3.2 RTL VHDL model analysis

The analysis phase compiles the VHDL Byt
model and checks that the VHDL code is syn- |Fie names in analysis order:

thesizable. Select File = Analyze... in the |f5/appsus/HDLRTL/2ddsub-dflvhd Add
malin menu. np/ADDSUB/HDL/RTL/addsub_top_pg.wvhd

Use the Add... button to add all the VHDL |p/ADDSUB/HDL/RTL/addsub_topvhd | DEIEE |
sources you need to analyze. -+ |
In the case you have more than one VHDL file

to analyze, be careful to list the files in the cor- Kl a > |
rect analysis order. Format:  [Auto []

Click OK. Work library: |WORK =]

[~ Create new library if it does not exist

0K | Cancell

3.3 Design elaboration

The elaboration phase performs a
generic pre-synthesis of the analyzed
model. It essentially identifies the
registers that will be inferred. Design:  |ADDSUB_TOP(FARL90_SP) =
Select File = Elaborate... in the Jparameters: [jyame alia
main menu. =)
The DEFAULT library is identical to
the WORK library. Specify the value
for the NBITS generic parameter to
8. " Reanalyze out-of-date libraries
Click OK.
The console now displays the inferred o I sancel |
registers and the kind of reset (here
asynchronous reset - AR: Y).

Elaborate Designs

Librany: [woRrk =]

|

design_wision-t>» elaborate addsub -architecture dfl -libracy WORK -parameters "NBITS = 8

Inferred memory dewvices in process
in routine addsub WEITSS line 17 in file
* fhone fedatpl ftest /ADDSUE/HOL /RTL faddsub_dfl. whd”.

| Reqister Name | Type | Width | Bus | MB | &R | &5 | SR | 35 | 5T |
| a_req reg | Flip-flop | a | ¥ |N | ¥ |H |N | N | H |
| b_reg req | Flip-flop | a | ¥ |N | ¥ |H |N | N | H |
| = reg | Flip-flop | & | Y |N |Y¥ |N |N |N | N |

Current design is now ‘addsubh WBITSS!

Log [History | Errarswarnings |

Note the name addsub_top_NBITSS8 given to the elaborated entity.
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It is possible to display the elaborated schematic by selecting the entity addsub_NBITSS8

in the hierarchy window and then clicking the Create Design Schematic icon X Note
that the symbols merely indicate generic components that do not yet represent any real logic
gate.

EETE e §;~|U — [ o 2 [0 8 iFare g‘;‘;!iﬂ addsub_NBTSE x|
| =

[ cens gaim ~] [l
Cell Name [Ref Nams [ceipatn =]
it TrUsS “GEN"3 uss
- Dra_teg_reg[7] *SEQGEN™ a_teg_reg7]

{ora_reg_reg[] **SEQGEN™ a_req_reg[h]
Tra_reg_reg[s] “*SEQGEN™ a_reg_reg[d]

Tra_reg_regl] ““SEQGEN™ a_reg_req4]
fra_reg_reg[3] ““SEQGEN™ a_reg_req[3]
1Dra_reg_reg[z] “*SEQGEN™ a_reqg_req[?]

ra_teg_reg[l] *SEQGEN®™ a_teg_reg(1]
ra_reg_reg[l] **SEQGEN™ a_reg_reg[0]
rb_reg_reg[7] “*SEQGEMN™ h_teg_reg[7]

T+h_reg_reg[d] “*SEQGEN™ h_reg_req[&]
Trh_reg_reg[s] “*SEQGEN™ h_reg_reg[a —
Trb_reg_reg[d] ““SEQGEN™ b_reg_regf]

oh_teg_reg[d] **SEQGEN™ h_teg_regl3]
orb_reg_reg[z] **SEQGEN™ h_reqg_reg(?]
Trb_reg_reg[l] “*SEQGEN® h_reg_reg[1]
Trh_reg_reg[l] ““SEQGEN™ h_reg_req[0]

rz_reg(7] “*SEQGEN™ z_reg(7]
Trz_reg[s] "SEQGEN™ z_reg[8]
10 2_reg(3] TTEEQGENT 2_req[d]
Trz_regi] TSEQGENT z_reg[d] -
4l | _>FJ ]
B [Geeion viston-t> slaborats addeub —architecturs dfl -library WORK —parameters -NEITS = & =]

Inferred memory dewices in process
in routine addsub NBITSE line 17 in file
* /hone fedatpl/test ANDSUB /HOL /RTL /addsuh_df1l vhd’

| Register Name | Type | width | Bus | MB | AR | &5 | SK | 55 | ST |

| a_reg_reg | Flip-flop | 8 ¥ |N | ¥ |N |N |N |N

| b_reg_reg | Flip~flop | 8 | ¥ | N | ¥ | ¥ | N | N |¥ |

| z_req | Flip-flep | 8 | ¥ | N | ¥ | N | N | N | W |

Current design is now °addsub_NBITSS” :J

Log Istmry ErrnrstarmngsI

design_vision-t= |

Ready | Design: addsub_NEITSE = .

3.4 Design environment definition

Before a design can be optimized, you must define the environment in which the design is
expected to operate. You define the environment by specifying operating conditions, wire
load models, and system interface characteristics. Operating conditions include temperature,
voltage, and process variations. Wire load models estimate the effect of wire length on design
performance. System interface characteristics include input drives, input and output loads,
and fanout loads. The environment model directly affects design synthesis results. Here we
will only deal with operating conditions and wire load models.
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To : Dperating Conditions

define the Current design; [addsub_top NBITSS
operating —Analysis condition
condi- = Single ¢ Min/max case
tions,

—Maximum operating condition Minimum operating condition
select
the main Library: |fsd0a7a7genenc7core7wc j Librany |fstafafgencrlcicoreiwc J
menu Condition: [WCCOM =] || condition: [WweEom El
item At- |1 Cancel | Apply |
tributes A

= Operating Environment = Operating Conditions...

Select the WCCOM condition, which defines a temperature of 85°C, a voltage of 1V
(the L90_SP process is a 1V process), and a slow process. Each cell library defines its own
set of operating conditions and may use different names for each set.

Click OK.

Wire load models allow the tool to estimate the effect of wire length and fanout on the
resistance, capacitance, and area of nets. The FARADAY design kit defines a number of wire
load models. It also defines an automatic selection of the wire load model to use according
to the design area, which is actually considered here.

To get the definitions of the available operating conditions (and on the cell library), execute
the report_lib command in the tool command line:

report_lib fsdOa_a_generic_core_wc

The report_design command summarizes the definitions of the design environment.

3.5 Design constraint definitions

Many kinds of constraints may be defined on the design. Here only constraints on the area
and the clock will be defined. To define the clock attributes, i.e. its period and duty cycle,
select the entity addsub_NBITSS8 in the hierarchy window and then click the Create Symbol
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View icon.
In the symbol view, select the clk pin and then select the
main menu item Attributes = Specify Clock.... Define f'”m’"a: :E“‘
. . . .. Portname:  [oIF
a clock period of 10 ns with 50% duty cycle. Time unit is not | - g coee
specified here. It is defined in the cell library and is usually | ek ereation
ns Periog: 10
Click OK. The console now includes the command line I:ﬁ; ioe nI R;:;iﬁ;:ﬂ;;rl
equivalent of the clock definition: - =
create_clock -name "clk" -period 10
-waveform { 0 5 } { clk }
27
0.00 500 10
I~ Don'tfouch network ™ Fix hold
oK o Cancel Apply
i




[Z] Design Yision - TopLevel.1 - [Symbol.2 addsub_MBIT58] -- addsub_NBITS8
File Edfit Wiew Select List Hierarchy Design Schematic | attributes Timing Test Window Help
lzde &)™ af Ll & & acify Clo _
‘f - Qperaﬁng Envwironment  » =
@ Logical Hisrarchy Cells [All) Optimization Constraints » Bl
a = Ep===addeub_NBITSG | JiCeli Nama Ref Hame Optimization Directives  »
oo SGENT] T Oog ]
;@, Tra_reg_reg[7] “SEQGEN™ a_req_req[7]
[Tra_reg_regld] ““SEQGEN™ a_teq_req[6]
Tra_reg_reg[a] “SEQGEN™ a_req_req[s]
[Tra_teg_regld] ““SEQGEN™ a_teg_reqd]
Tra_reg_reg[d] “SEQGEN™ a_req_req[d]
(e reg_reglz] ““SEQGEN™ a_teq_req[2]
Tra_reg_reg[l] “SEQGEN™ a_reg_reg[1]
Tra_reg_reg[0] *SEQGEN™ a_req_req[0]
Trh_reg_reg[7] “"SEQGEN™  h_reg_regl7]
THb_reg_reg[s] *“SEQGEN™ h_reg_req[8]
THo_reg_reg[s] “"SEQGEN™  h_reg_regls] —
Trb_reg_regld] “SEQGEN™ h_reg_reqg[d]
Trb_reg_reqld] “SEQGEM™ b reg_regld]
[THh_reg_reg[z] *“EEQGEN™ h_reg_reg[Z]
Drb_reg_regll] *"SEQGEM™  h_reg_reg[l]
Trb_reg_regll] *"SEWGEN™  b_req_reg|U]
Tz reg(7] “SEQGEMN™ z_req[7]
T z_reg(s] “SEQGEN™  z_reg[f]
Trz_reg(s] TEEQGEM™ z_req[d]
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Deaign Conalusints

To define an area constraint, select in the main menu
the item
Attributes = Optimization Constraints = Design
Constraints....
A max area constraint set to zero
but it will force the synthesizer to target a minimum

Cumaid design: |

Opimicahon consiraies
Cansbradm sahe: Unk
1 . . .
T arga 1] is not realistic
M dyranic poker |

-
T
|

tAx [ekage poves | area.
s gl presr. | Click OK. The console now includes the com-
- mand line equivalent of the constraint defini-
Diasinn audel ton:
Mo fonoin | on:

set_max_area 0

Fa jraecinn |
It

1S a now goodl
idda @to savesl |theﬁp|1h eléib- T [T e e P e e I I e
orated design so 1 3
will be possible to
run several optimiza-
tion steps from that
point. e e
Select the entity addsub_top NBITS m:': :_m_:__-l_r“'“_ o — [ ;,""j!
in the hierarchy window and then 4 [ooc e .
the main menu item File = Save = & fws stieign in i

As....

Save the elaborated design under

directory.

the name addsub_top_nbits8_elab.ddc in the SYN/DB

The selection of the option Save all design in hierarchy is relevant for hierarchical designs.
The console includes the equivalent command line:

write -hierarchy -format ddc -output .../ADDSUB/SYN /DB /addsub_top_nbits8_elab.ddc

To read back an elaborated design, select the main menu item File = Read... and then

select the file to read.
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3.6 Design mapping and optimization

The optimization phase, also called =
here compilation phase, is technology -
dependent. It performs the assignment
of logic gates from the standard cell li-
brary to the elaborated design in such
a way the defined constraints are met.
Select the main menu item
Design = Compile Ultra....

For a first run there is no need to change
the default settings.

Click OK. The console and the Unix
shell now include the progress of the
work.
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The equivalent command line is: compile_ultra -map_effort medium -area_effort
medium

"g![hngl Vision - Toplevel 1 - [Schemalic.1 addsub_NBITS8] — addsub_NBITS8
T File Edit Wiew Select List Hierarchy Design Schematic Aftdbutes Timing Test Window Help =& xi
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| 1 | Logical Hierarchy | B i C
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& Drreag Tra_reg_reg[7] DFC3 a_reg_reg[7]  undefined
am ra_req_reglf] DFC3 a_req_req[g] undefined
- Tra_req_reg[s] DFC3 a_req_reg[d] undefined
Tra_req_reg[d] DFC3 a_req_regp] undefined
Tra_req_reg[d] DFC3 a_req_reg[d] undefined
ra_req_reg[z] DFC3 a_reg_reg[z] undefined
ra_rey reyl] DFC3 a_rey_rey[l] uridefined
Tra_req_reg[d] DFC3 a_req_reg[0] undefined
rh_req_reg[7] DFC3 b_req_reg[?] undefined
rh_req_reglf] DFC3 b_req_reg[g] undefined
rh_req_regS] DFC3 b_req_reg[s] undefined
Trh_ren_regld] DFC3 b_req_regp] undefined
rh_req_reg[d] DFC3 b_req_reg[3] undefined
b _reg_reg[2] DFC3 b_req_reg[2] undefined
rh_req_reg[l] DFC3 b_req_reg[l] undefined
Trh_ren_reg[d] DFC3 b_req_reg[0] undefined
Dro_reglo] DFC3 z_reg[o] undefined
Dz req[l] DFC3 z reg[l] undefined
D 2_reql?] DFC3 z_ren[?] undefined
rz_reql3] DFC3 z_req[d] undefined
rz_regi] DFC3 z_req4] undefined
1rz_req[s] DFC3 z_req[s] undefined
1rz_req[f] DFC3 z_reqd] undefined
rz_req[7] DFC3 z_req[?] undefined
{rreds addsub_MBITS.. rZ4d undefined
U6 INVE i undefined
U7 TIED u7 undefined
U8 INVE ua undefined
L El
= 0:00:05 117358 0.00 0.0 (i) |
0:00:05  11735.8 0.o0 oo 0.0
0:00:05  11735.8 0.o0 oo 0.0
0:00:05  11735.8 0.o0 0o 0.o
Optimization Complete
Information: Generating schematic for design: addsub NEITSS
design_wision-xg-t> gui_zoom -windcw [gui_get_current window -wiew] -full :vj
Log [Histary | Errors/Warnings
design_vision-xg-t= l |
Ready | Design, addsub_MBITSE  Eh Y

The mapped design schematic is now hierarchical as it includes one instance of a 8 bit
adder and one instance of a 8 bit subtractor. Also, the cells are now real gates from the cell
library.

The inferred 8 bit adder has a ripple-carry architecture and uses the available FA1X
standard cell that implements a 1 bit full adder.

The inferred 8 bit subtractor also uses a riple-carry architecture.
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Note that the default resource allocation and implementation for operative parts is based
on timing constraints.

This means that resource sharing is used so that timing constraints are met or not wors-
ened. In our case, a single adder has been inferred for both adder and subtractor operations.

The mapped design can now be saved. Select the entity addsub_top NBITSS in the hier-
archy window and then the main menu item File = Save As.... Save the mapped design
under the name addsub_top_nbits8_mapped.ddc in the directory SYN/DB.

3.7 Report generation

It is possible to get many reports on various synthesis results. Here only reports on the area
used, critical path timing and the resources used will be generated.

To get a report of the area used by the mapped design, select the main menu item Design
., Report Area....

Save the report in the file

SYN/RPT /addsub_top_nbits8 mapped_area.rpt as well as in the report viewer. Click OK.
A new window and the console now display the report:
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Report : area
Design : addsub_top_NBITSS8
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Version: B—2008.09—-SP1-1
Date : Tue Apr 28 08:57:15 2009

o o kK ok ok o KK KoK R R R K Kok Sk R R K KR R R S K K KK R R R K
Library(s) Used:

fsdOa_a_generic_core_wc (File: /opt/eds/DesignKits/Faraday/L90_SP/Core/
fsdOa_a/2007Q1v1.7/GENERIC_CORE_1DOV /FrontEnd/synopsys/
fsta_a_generic_core_wc.db)

fodOa_b25_t25_generic_io_ssOp9v125c (File: /opt/eds/DesignKits/Faraday/
L90_SP/I0/fod0a_b25/2007Q3v1.3/T25_GENERIC_IO/FrontEnd/synopsys/
fodOa_b25_t25_generic_io_ssOp9v125c.db)

Number of ports: 27

Number of nets: 54

Number of cells: 7

Number of references: 7

Combinational area: 209763.000000

Noncombinational area: 88560.000000

Net Interconnect area: undefined (Wire load has zero net area)
Total cell area: 298323.000000

Total area: undefined

The area unit depends on the standard cell library. Here all area figures are in square
microns. The net interconnect area is estimated with the use of a wire load model that has
been automatically selected from the design area.

To get a report on the most critical timing path in the mapped design, select the main
menu item Timing = Report Timing Path

Save the report in the file

SYN/RPT /addsub_top_nbits8_mapped_timing.rpt as well as in the report viewer.

Click OK. A new window and the console now display the report:

sk sk sk ok sk sk sk ok sk sk ok sk sk sk ok sk ok sk sk sk ok sk sk sk sk sk ok skok ok sk ok sk ok skok ok
Report : timing
—path full
—delay max
—max_paths 1
—sort_by group
Design : addsub_top_NBITSS8
Version: B—2008.09—-SP1-1
Date : Tue Apr 28 09:07:40 2009

>k 3k 3k sk sk >k 3k Sk sk sk sk >k 3k 3k sk skosk 3k 3k 3k sk sk ok 3k 3k sk sk sk >k 3k skosk sk sk ok 3k skook ok ok

Operating Conditions: WCCOM Library: fsdOa_a_generic_core_wc
Wire Load Model Mode: enclosed

Startpoint: add (input port)
Endpoint: addsub_1/z_reg|[7]
(rising edge—triggered flip—flop clocked by clk)
Path Group: clk
Path Type: max

Des/Clust/Port Wire Load Model Library
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51

addsub_top_NBITS8 enG100K

fsdO0a_a_generic_core_wc

addsub_NBITSS8 enG5K fsdO0a_a_generic_core_wc

Point Incr Path
clock (input port clock) (rise edge) 0.00 0.00
input external delay 0.00 0.00 r
add (in) 0.00 0.00 r
io_add/pad (inpad_25_0_3_0_8_1_17) 0.00 0.00 r
io_add/x0/ip/0 (UYNGB) 0.64 0.64 r
io_add/o (inpad_25_0_3_0_8_1_17) 0.00 0.64 r
addsub_1/add (addsub_NBITS8) 0.00 0.64 r
addsub_1/U35/0 (INVX1) 0.12 0.76 f
addsub_1/U33/0 (MUX2X1) 0.18 0.93 f
addsub_1/U26/0 (MA0222X1) 0.16 1.09 £
addsub_1/U19/0 (MA0222X1) 0.16 1.26 £
addsub_1,/U12/0 (MA0D222X1) 0.16 1.42 f
addsub_1/U5/0 (MAD222X1) 0.15 1.57 £
addsub_1/DP_0P_11_296_6182/U4/C0 (FA1X1) 0.14 1.70 £
addsub_1/DP_0P_11_296_6182/U3/C0 (FA1X1) 0.12 1.82 f
addsub_1/DP_0P_11_296_6182/U1/0 (XOR2X1) 0.10 1.92 £
addsub_1/z_reg|[7]/D (QDFFRBX1) 0.00 1.92 £
data arrival time 1.92
clock clk (rise edge) 10.00 10.00
clock network delay (ideal) 0.00 10.00
addsub_1/z_reg|[7]/CK (QDFFRBX1) 0.00 10.00 r
library setup time —-0.14 9.86
data required time 9.86
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56

data required time
data arrival time

9.86
—1.92

slack (MET)
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All times are expressed in ns (the time unit is defined in the cell library). The slack defines
the time margin from the clock period. A positive slack means that the latest arriving signal
in the path still arrives before the end of the clock period. A negative slack means that the
timing constraint imposed by the clock is violated.

The timing delays that are accounted for are the internal gate delays (from the cell library)
and the estimated interconnect delays (from the cell library and the wire load model in use).

To highlight the critical path on the schematic, select the addsub_top_NBITSS entity in the
hierarchy window and then the Select menu item Paths From/Through/To... . You can
see that the path goes through the addsub_1 component so you can also select the component
and do the same to visualize the critical path inside the component.
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Another useful report is the list of resources used. A resource is an arithmetic or compar-
ison operator read in as part of an HDL design. Resources can be shared during execution of
the compile command.

To get a report on the resources used, select the main menu item Design = Report
Design Resources....

Save the report in the file

SYN/RPT /addsub_top_nbits8_mapped _resources.rpt as well as in the report viewer.

Click OK.
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A new window and the console now dis- Napmt Decign Mesmncae

play the report: e 3
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LArTEr inSEan o |

— Pepai oplaons
ok R R R ok R R ok R R kR R kR Kk ko Rkl BB SRl [~ Show meourcns for subdesgns
Report : resources
Design : addsub_top_NBITSS8 i bl
Version: B—2008.09—-SP1-1 F# T oo warksts
Date : Tue Apr 28 09:40:06 2009 F Tafie |I:I:un_cﬂ_.'ﬂlsﬂ_nappb:l_rrsnu":rs mpl Enreee I
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Design : addsub_NBITSS8
st 3 sk ok sk ok s ok ok kot ook ok kg ok ok sk ok sk ok K sk ok kot Kok ok sk ok ok ok ok R ok

Resource Report for this hierarchy in file
/mnt /tango/md2/users/sander/tmp/ADDSUB/HDL/RTL/addsub—dfl.vhd

| Cell | Module | Parameters | Contained Operatioms |

| DP_OP_11_296_6182 | | |
| | DP_OP_11_296_6182 | | |

Datapath Report for DP_0OP_11_296_6182

| Cell | Contained Operations |
| DP_OP_11_296_6182 | add_29 sub_29 |
| | | pata | | |
| Var | Type | Class | Width | Expression |
| I1 | PI | Signed | 8 | |
| I2 | PI | Signed | 8 | |
| 13 | PI | Unsigned | 1 | |
| 01 | PO | Signed | 8 | addsub(I1,I2,I3) |

No implementations to report

No multiplexors to report

You can see that the inferred arithmetic component is implemented as a ripple-carry (rpl)
architecture. The tool uses the so-called DesignWare library which contains a number of
predefined HDL models of blocks (arithmetic, etc.) with several possible architectures for
each block. The best architecture is selected to meet the design constraints.
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3.8 VHDL/Verilog gate-level netlist generation and post-
synthesis timing data (SDF) extraction

This step generates a VHDL model of the mapped design for simulation and a Verilog model
of the same design to be used as input to the placement and routing tool. It also generates
a SDF (Standard Delay Format) file that includes the gate delays. Care should be taken to
use the right naming scheme when generating the SDF file, otherwise the back-annotation of
the delays onto the VHDL or Verilog netlists for simulation will fail. Here we only consider
the back-annotation of VHDL netlists.

Before generating the VHDL netlist, it is required to apply some VHDL naming rules to
the design. This is done by entering the following command in the console (be sure that the
entity addsub_top_NBITSS is selected in the hierarchy window):

change_names -hierarchy -rules vhdl -verbose

Lagk - | g ol e R COGULE B GRS e [1z m
{74

Fip s, :i-:lﬁl'lll.l:l_l'l'l_l'lrl"\-!_l'i:lu-:; | RRND &i
Fl'hpn | Dradaboye Fllse [ “fb " dhpr ® goby "oxh ™ pdb " el = pgn " i 'n:J Carcal |
Eomal [WHEL ivhedy = s
F Bave il ca g i hidichy

Save the mapped design in the file

addsub_top_nbits8_mapped.vhdl in the directory HDL/GATE.

Note: the dialog window creates HDL files with the .vhdl extension rather than .vhd as
used so far.
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Click Save. The console now echoes the equivalent command line:
write -hierarchy -format vhdl -output .../ADDSUB/HDL/-
GATE/addsub_top_nbits8_mapped.vhdl

S Disegi | imsing
SOF yarsien 2.1 =
Insmange: I ,ﬂ

Fig niamp "N."TIM-'-':-.1.15uI:_¢I'I_||I.I|IsE_rrar.-|'.A.‘~:I $|J1 Hrivia.. |

T = -

To generate the SDF file, enter the following command in the console

write_sdf -version 3 SYN/TIM /addsub_top_nbits8_mapped.sdf

Information: Annotated ’cell” delays are assumed to include load delay.

The informational message says that the estimated interconnect delays are actually in-
cluded in the SDF file as part of the cell delays. The generated SDF file actually includes a
list of interconnect delays of zero values.

Before generating the Verilog netlist, it is better to reload the database and apply
specific Verilog naming rules to the design. This is done by selecting File = Re-
move All Designs from the main menu, then reading the database file ./SYN/D-
B/addsub_top_nbits8_mapped.ddc, and entering the following command in the console (be
sure that the entity addsub_top NBITSS is selected in the hierarchy window):
change_names -hierarchy -rules verilog -verbose

LABEN | = oo vl Ll 6 0 B IS HO A A TES A R 3 e ilii m

-]
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Save the mapped design in the file addsub_top_nbits8 mapped.v in the directory HDL/-
GATE.
Click Save. The console now echoes the equivalent command line:

write -hierarchy -format verilog
-output .../ADDSUB/HDL/GATE/addsub_dfl_nbits§_mapped.v

3.9 Design constraints generation for placement and routing

Both design environment and design constraint definitions may be stored in a format that
can be read by other Synopsys tools such as PrimeTime or other EDA tool such as Cadence
Soc Encounter.
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The following command creates a new file that includes the design constraints that have
been defined for synthesis in Tcl format:

write_sdc -nosplit SYN/SDC/addsub_top_nbits8_mapped.sdc

It is important to do that step after the Verilog naming rules have been applied to the
mapped design (see 3.8), otherwise there could be discrepencies on port/signal names between
the netlist and the constraint file.
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3.10 Design optimization with tighter constraints

It is possible to let the synthesizer infer another faster adder architecture, e.g., a carry look-
ahead architecture, by shortening the clock period. The goal here is to redo some steps in
this chapter and to compare the results with the ones obtained with the initially Slowclock.

1. Read the elaborated design. It is not necessary to re-analyze the VHDL sources.

2. Specifiy the clock with a 5 ns period.

3. Save the new elaborated entity in the file SYN/DB/addsub_top_nbits8_5ns_elab.db.
4. Map and optimize the design.

5. Save the mapped design in the file SYN/DB/addsub_top_nbits8_5ns_ mapped.db.

6. Get the new area, timing and resources reports. Compare with the reports you got for the
10 ns clock period.

7. Generate the VHDL gate-level netlist in
HDL/GATE/addsub_top_nbits8_5ns_mapped.vhdl

and the associated SDF timing data file in
SYN/TIM/addsub_top_nbits8_5ns_mapped.sdf.

8. Do a post-synthesis simulation.
9. Generate the Verilog gate-level netlist in HDL/GATE /addsub_top_nbits8_5ns_mapped.v.

10. Save the design constraints for placement and routing in the file

SYN/SDC/addsub_top_nbits8_5ns_mapped.sdc

3.11 Using scripts

It is much more convenient to use scripts and to run the synthesis tool in batch mode when
the design complexity increases. Scripts also conveniently capture the synthesis flow and
make it reusable. Synopsys Design Compiler supports the Tcl language for building scripts.

An example of such a script for the synthesis of the adder-subtrator design has been
installed in the SYN/BIN directory (see “1.5 VHDL example: Adder-subtractor”). The
script must be run from the project top directory and it assumed a directory organization as
described in “1.2 Design project organisation”. To run the Tcl script, execute the following
command in a Unix shell:

student@tango -ADDSUB> dc_shell -f SYN/BIN/addsub_syn.tcl
When the script finishes executing, the dc_shell environment is still active so you can enter
other dc_shell commands. Enter quit or exit to return to the Unix shell.

The script is given below. It may be modified to define design information and constraints
and to control the flow to some extent.
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Synopsys DC shell script for adder-subtractor.

Process: Faraday 90 nm CMOS (L90_SP)

H OH H H H H

It is assumed that a project directory structure has already been
created using ’create_project’ and that this synthesis script is
executed from the project root directory $PROJECT_DIR

H O B H

set VHDL_ENTITY addsub_top
set VHDL_ARCH farl90_sp

set NBITS 8

set CLK_NAME clk

# all time values are in ns
set CLK_PERIOD 10;

set INPUT_DELAY 2;

set OUTPUT_DELAY 2;

set OPERATING_COND WCCOM

Flags that drive the script behavior (can be changed)

DB_FORMAT (db | ddc)

if db, use the old DB format to store design information

if ddc, use the new XG format to store design information (recommended)
SHARE_RESOURCES (0 | 1)

if 1, force the tool to share resources as much as possible
if 0, no resource sharing

COMPILE_SIMPLE (0 | 1)

if 1, only do a single compile with default arguments

if 0, do a two-step compilation with ungrouping in between
OPT (string)

can be used to have different mapped file names

HOoH OH H HHHHHFHHEH R

set DB_MODE ddc
set SHARE_RESOURCES 1
set COMPILE_SIMPLE 1
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set OPT "" ;# to denote the 10ns clock period case

# File names

set SOURCE_FILE_NAME ${VHDL_ENTITY}

set ROOT_FILE_NAME ${VHDL_ENTITY} nbits${NBITS}

set VHDL_SOURCE_FILE_NAME ${SOURCE_FILE_NAME}.vhd

set ELAB_FILE_NAME ${ROOT_FILE_NAME}_elab

set MAPPED_FILE_NAME ${ROOT_FILE_NAME}${0PT}_mapped

set DB_ELAB_FILE_NAME ${ELAB_FILE_NAME}.$DB_MODE

set DB_MAPPED_FILE_NAME ${MAPPED_FILE_NAME}.$DB_MODE

set VHDL_NETLIST_FILE_NAME ${MAPPED_FILE_NAME}.vhd

set VLOG_NETLIST_FILE_NAME ${MAPPED_FILE_NAME}.v

set SDF_FILE_NAME ${MAPPED_FILE_NAME}.sdf

set SDC_FILE_NAME ${MAPPED_FILE_NAME}.sdc

set RPT_AREA_FILE_NAME ${MAPPED_FILE_NAME} _area.rpt

set RPT_TIMING_FILE_NAME ${MAPPED_FILE_NAME}_ timing.rpt

set RPT_RESOURCES_FILE_NAME ${MAPPED_FILE_NAME} _resources.rpt
set RPT_REFERENCES_FILE_NAME ${MAPPED_FILE_NAME}_references.rpt
set RPT_CELLS_FILE_NAME ${MAPPED_FILE_NAME}_cells.rpt

set RPT_POWER_FILE_NAME ${MAPPED_FILE_NAME}_power.rpt

# Absolute paths

set VHDL_SOURCE_DIR ${PROJECT_DIR}/HDL/RTL

set VHDL_SOURCE_FILE ${VHDL_SOURCE_DIR}/${VHDL_SOURCE_FILE_NAME}

set VHDL_NETLIST_FILE ${PROJECT_DIR}/HDL/GATE/${VHDL_NETLIST_FILE_NAME}

set VLOG_NETLIST_FILE ${PROJECT_DIR}/HDL/GATE/${VLOG_NETLIST_FILE_NAME}

set DB_ELAB_FILE ${PROJECT_DIR}/SYN/DB/${DB_ELAB_FILE_NAME}

set DB_MAPPED_FILE ${PROJECT_DIR}/SYN/DB/${DB_MAPPED_FILE_NAME}

set SDF_FILE ${PROJECT_DIR}/SYN/TIM/${SDF_FILE_NAME}

set SDC_FILE ${PROJECT_DIR}/SYN/SDC/${SDC_FILE_NAME}

set RPT_AREA_FILE ${PROJECT_DIR}/SYN/RPT/${RPT_AREA_FILE_NAME}

set RPT_TIMING_FILE ${PROJECT_DIR}/SYN/RPT/${RPT_TIMING_FILE_NAME}

set RPT_RESOURCES_FILE ${PROJECT_DIR}/SYN/RPT/${RPT_RESOURCES_FILE_NAME}

set RPT_REFERENCES_FILE ${PROJECT_DIR}/SYN/RPT/${RPT_REFERENCES_FILE_NAME
}

set RPT_CELLS_FILE ${PROJECT_DIR}/SYN/RPT/${RPT_CELLS_FILE_NAME}

set RPT_POWER_FILE ${PROJECT_DIR}/SYN/RPT/${RPT_POWER_FILE_NAME}



analyze -format vhdl -1ib WORK ${VHDL_SOURCE_DIR}/addsub-dfl.vhd

84 analyze -format vhdl -1ib WORK ${VHDL_SOURCE_DIR}/addsub_top-pg.vhd
analyze -format vhdl -1ib WORK $VHDL_SOURCE_FILE
current_design ${VHDL_ENTITY}

89 #

elaborate $VHDL_ENTITY \
-arch $VHDL_ARCH \

-1lib DEFAULT -update \
-param [set NBITS $NBITS]

set_dont_touch [list addsub_far_pads addsub_far_pg]
#set_dont_touch [list VCCKGB GNDKGB VCC2I0GB GND2I0GB CORNERGB PAD9M126G]
99 #set_operating_conditions -library fsdOa_a_generic_core_wc
$OPERATING_COND

create_clock -name $CLK_NAME -period $CLK_PERIOD [get_ports $CLK_NAME]
104 set_input_delay $INPUT_DELAY -clock $CLK_NAME [list [all_inputs]]

set_output_delay $0UTPUT_DELAY -clock $CLK_NAME [list [all_outputs]]

set_max_area 0

set_fix_multiple_port_nets -all

109 # Set resource allocation and implementation

set_resource_implementation use_fastest
if { $SHARE_RESOURCES } {
set_resource_allocation area_only

114} else {
set_resource_allocation none

}

#
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119 #

124 if { $COMPILE_SIMPLE } {
compile_ultra
} else {
compile_ultra -map_effort medium -area_effort medium
ungroup -all -flatten
129 compile_ultra -incremental -map_effort high

134 write -hierarchy -format $DB_MODE -output $DB_MAPPED_FILE

report_area -nosplit -hierarchy > $RPT_AREA_FILE
139 report_power -nosplit -hier -hier_level 2 > $RPT_POWER_FILE
report_timing -path full \
-delay max \
-nworst 1 \
-max_paths 1 \
144 -significant_digits 2 \
-nosplit \
-sort_by group \
> $RPT_TIMING_FILE
report_resources -nosplit -hierarchy > $RPT_RESOURCES_FILE
149 report_reference -nosplit > $RPT_REFERENCES_FILE
report_cell -nosplit > $RPT_CELLS_FILE

# Generate VHDL netlist
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154 change_names -rule vhdl -hierarchy -verbose
write -format vhdl -hierarchy -output $VHDL_NETLIST_FILE

159 write_sdf -version 3 $SDF_FILE

#

# Generate Verilog netlist

#

# The design is reloaded from scratch to avoid potential naming problems
164 # when using the netlist for placement and routing

#

remove_design -all
read_file -format $DB_MODE $DB_MAPPED_FILE
change_names -rule verilog -hierarchy -verbose
169 write -format verilog -hierarchy -output $VLOG_NETLIST_FILE

write_sdc -nosplit $SDC_FILE
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Standard cell placement and
routing

This chapter presents the main steps to perform the placement and the routing of the syn-
thesized gate-level netlist using standard cells from the FARADAY design kit. The tool
used here is Cadence Encounter. The cdsdoc on-line command gives access to the Cadence
documentation. The tool also has a Help menu.

4.1 Starting the Encounter graphical environment
To start the Encounter environment, enter the encounter command in a new Unix shell:
student@tango -ADDSUB> encounter -log PAR/LOG/encounter -overwrite

Encounter - fhomefedatp0/test/ADDSUB =

Main menu —= = . .
—’- Design Edit Flip Chip Partition Hoomplan Place Cock Route Timing s1 Power Verify Tools Help ]

[6]vachow®@immsunsrvl-ADDSUB_0B> encounter -log PAR/LOG/encour|
This version requires license uging cdslnd daemon, e
Checking out Encounter license ...

Designis_Notin Memory |

SO0C_Encounter license checkout succeeded. iglictlos
INFO; Enable Encounter GPS,
Starting console server on port immsunsryl,epfl,ch:8889 .. | s o
sourcing /softs/cadence/soce/d,1_linux/tools/fe/ete/rdallSl, tcl vodule I T
*  Copuright (c) Cadence Design Sustems, Inc. 1395 - 2008, Black Sox W™ T
> All rights reserved, P Fence FEI=
v s ! Too! widgets : A8
H Guide I E)
w Obstruct I I
* This program contains confidential and trade secret informat | = T f Fegioh |||
* of Cadence Design Systems, Inc, Any reproduction, use, SEIZCfabf/ffy |Screen —
* distribution or disclosure of this program. or any attempt t 2] foggfesf 1 i = i
* pbtain a human-readable version of this program, without the 1 Instance I |
* express, prior written consent of Cadence Design Suystems, Ir | = | et -
* iz strictly prohibited. i ) Shlet rr
i Cadence Design Systemz, Inc, De&'fgﬂ dfs'p/ay area V,r_s';b,r/ffy IPin B
" 2655 Seely Avenus 4] IRuler -
- San Jose, CA 95134, USA - foggles dade=F
* Debussy rblave is provided under licenze from NOVAS Softuare HCongest 1l
* pllave - A Universal Waveform Analysis Tool r
* Copyright (C) 1996 - 2002 by MNovas Software, Inc,
* nlviewer is provided under license from Concept Engineering 2 2
* Design views

o o o s s st oo bt kol bR bk kol ok ko C‘o/of‘
B(#)CDS: First Encounter v04,10-5415_1 (Gdbit) 07/24/2005 19:f % % -
B{#)CDS: NanoRoute nancroute Version v0d.10-s314 NROGOT1E-162F _ Sateliite window options
B:23:37, conpiled using tools-4,1 on 07/24/2005 19:10:01] = 7
R{#)CD5+ CeltIC BID_CELTIC_Y04_40_5077_1 Oct 29 2004 02403200
-— Starting "First Encounter v04,10-s415_1" on Tue Nov 28 18;
-— Running on immsunsrvl (x86_64 w/'linux 2,6,9-42,0,2 Elsmp) 3
This version was compiled on Sun Jul 24 13:54:08 PIT 2005, —— — / - d d b |
Set DBUPerIGU to 1000, AJ 2y f Q 0107, —0,064)|
Set Default Mode Capacitance Scale Factor to 1,00 Name of.s'e ecread or SUELERE JEC?" )‘
Set Detail Mode Capacitance Scale Factor to 1,00
Set Coupling Capacitance Scale Factor to 1,00
Set Resistance Scale Factor to 1.00 Auto query of Number
Set net toggle Scale Factor to 1,00 i
Set Shrink Factor to 1,00 Encounter console . of selected objects
encounter 1> 11 objects when enabled
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that includes all commands entered in the session. If the -overwrite switch is not used,
both log and command files are incremented at each new session. The Unix shell from
which the tool is started is called the Encounter console. The console displays the encounter;,
prompt. This is where you can enter all Encounter text commands and where the tool displays
messages. If you use the console for other actions, e.g., Unix commands, the Encounter session
suspends until you finish the action.

The main window includes three different design views that you can toggle —“igus
during a session: the Floorplan view, the Amoeba view, and the Physical view.
The Floorplan view displays the hierarchical module and block guides, connec-
tion flight lines, and floorplan objects, including block placement, and power/-
ground nets. The Amoeba view displays the outline of the modules and sub-
modules after placement, showing physical locality of the module. The Physical
view displays the detailed placements of the module’s blocks, standard cells,
nets, and interconnects.

The main window includes a satellite window, which identifies the location of the current
view in the design display area, relative to the entire design. The chip area is identified by a
yellow box, the satellite view is identified by the pink crossbox. When you display an entire
chip in the design display area, the satellite crossbox encompasses the chip area yellow box.

When you zoom and pan through the chip in the design display area, the satellite crossbox
identifies where you are relative to the entire chip.

i

e To move to an area in the design display area, click and drag on the satellite crossbox.
e To select a new area in the design display area, click and drag on the satellite crossbox.

e To resize an area in the satellite window, click with the Shift key and drag a corner of
the crossbox.

e To define a chip area in the satellite window, right-click and drag on an area.
There are a number of binding keys available (hit the key when the Encounter GUT is active):
b display the list of binding keys
d (de)select or delete objects
f zoom the display to fit the core area
k create a ruler
K remove last ruler displayed

q display the object attribute editor form for the selected object; click the left-button mouse
to select an object, Shift-click to select or deselect an object

u undo last command
U redo last command
Z zoom-in 2x

Z zoom-out 2x

Arrows pan the display.
Hit CTRL-R to refresh the display.
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4.2 Design import

Importing the design into Encounter involves specifying the following setup information:

Design libraries and files. This |X Designimport [==] x.
includes information on the technolog- | e |[AdEned|
ical process and the cell library in the ——
— Verilog Netlist:
LEF (Layout EXChange Format) for- Files: |HDL/GATE/addsub_tap_nbits5_mapped.y J
mat LEF files provides information Top Cell: # Auto Assign -~ By User [addsub_top_NBITSE
such as metal and via layers and via - Timing Librattos:
. . . Max Timing Libraries |fupUEdstes\gnKnsfFaradaytLEILSP.v‘CDreffsd[laﬁafzﬂﬂfmv1 _I
genera‘te rUIeS Wthh 15 used for rout’lng Min Timing Libraries |fuptf'eds/Des\gnKilsfFaradayﬂLQDist‘Cure;’fsdDaﬁafZUUTmv1. _I
tasks. They also provide the minimum G Tinieg Ueses | -
information on cell layouts fOI‘ place— LEF Files |fumfedstes\gnKnsfFarauaeraDfstureﬁsdua,a/zuwm\»1.7/6;l
ment and routing Timing Constraint File: |SVNfSDC/addsub_tup_nbilsB_mapped sdc _I
Gate-1 1 tl " Thi lat ¢ 10 Assignment File: [PAR/CONF/addsub_nhitsd.lo =l
ate-level 1netliist. 1S relates tO
the (Verilog) netlist to be placed and
routed.
Timing libraries. This includes in-
. . . QK | Save.. | Load... | Cancel Help |
formation on the cell timings (delays,

setup/hold times, etc.).
To start the design import, select Design = Design Import... in the main menu. Then,
click on the Load... button and load the file PAR/CONF /L.90_SP _std.conf
This file defines a basic import configuration.

There is a number of additions and changes to bring to the initial configuration. The new
configuration will then be saved for future uses.

The first information to add is the netlist. Click on the ... button on the right of the
Verilog Files field. You get a new dialog window with only one pane. Click on the top-right
icon to get the full window. Remove the VERILOG /none line in the left pane.

NetlistFi\e:!HDLIGATEfaddsub_dﬂ_n Add |j — Metlist Selection
 Metlist Files Filter:

HOL/GATE faddsub_dfl_nbits8_mapped.v Ehornea’edatpD.fteSUADDSUBIHDLIGATEF*‘U* ﬂ

Directories; [J Files:
laddsub_dil_nhits3_mapped.v
addsub_dfl_nhits5_mapped.vhd

[ )

Delete |

Close 3

Select the Verilog netlist file HDL/GATE/addsub_top_nbits8 mapped.v (or the Verilog
netlist you want to place and route), add it to the left pane and close the window. It is
assumed here that the imported netlist is the one generated for the 10 ns clock period.

In the Design Import window, select the Auto Assign box to let the tool extract the top
cell name from the file. If the Verilog file includes more than one design (more than one top
module name), you need to give the name of the top module to use explicitly.

In the Timing Constraint File Field:
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Select the file that has been generated during logic synthesis (3.6 Design mapping and
optimization): SYN/SDC/addsub_top_nbits8 mapped.sdc Only timing information in
the constraint file is actually used by Encounter.

In the IO Assignment File Field:

Select the PAR/CONF /addsub_nbits8.io file

r)( Design Import E]@ E]
- Advanced |

Delay Calculation Power Mets: |VCC

Gintg Ground Nets: |GRND

ILK _

IPO/CTS Toggle Rate Scale Factar: I 1.0
OpenAccess

RiC Extraction
RTL

31 Analysis
Timing

Yield

FAMMC

|-

Ok Save.. Load... Cancel Help

In the Advanced tab select in the left pane the Power tag, you can keep only the VCC
and GND power nets. The names of power and ground nets must be the same as the ones
used in the LEF file that describes the standard cells.

I — (11
‘icore Spec D | Teeg | Poser || b
| Dy Cabzibasan ity - |
Exthide Sut Fim d
Detet Delay PR Lier] 1000 i
leluct it D] Ina00Gn
Demmhetiesd! 00 053l
Fized Tramibon Delag: ﬁlﬁu
R Exvasben |
Ciyie biron Tk Fie s s (s B T B, el EF A1 [T ﬂl
Chrif g Soale Eocr i.0 i
Do Cpn SedleFass] 0 LD
CoptrgCop SeaeFacen) 0 D
P Srale . LD
Sheink Facn o
Pl © TRshadd [p-nz)]  om
| TEalD Thipaspe (FAD-201 B0 |
Tordg st |fasrtiers |
Thatrg Commirmiet Flee | S0TAS 0 st o ridted mappasd scks i
Copechws Loed Uraeey 1
|| Ter ks Mo ey b e e T e T

You can now save the updated configuration in the file
PAR/CONF /addsub_nbits8.conf by clicking on the Save... button.
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Finally, click on OK. The configuration is then read in.
To reload a configuration, select Design = Design Import... in the main menu. Then,
click on the Load... button and load the configuration file from the PAR/CONF directory.

4.3 Floorplan Specification

The floorplan defines the actual form, or aspect ratio, the layout will take, the global and
detailed routing grids, the rows to host the core cells and the I/O pad cells (if required), and
the location of the corner cells (if required).

X Specify Floorplan E]@ E]
Basic |-

~ Design Dimensions

specify By: 4 Size -+, DieAO/Core Coordinates

# Core Size by: 4 Aspect Ratio: Ratio (HW): 1.0
# Core Utilization: | 0.002909
~ Cell Utilization: | 0.002309

+ Ditension:

+- Die Size by:

FEEREER

Core Margins by: 4 Core to |0 Boundary
~ Core to Die Boundary

Core to Left | 20 Coreto Top:l 210
Core to Right: I a0 Core to Bottom: 210

Die Size Calculation Use: v Max |0 Height 4 Min 0 Height

Floorplan Origin at # LowerLeft Comer ., Center
Unit: Micran

:

0K Apnly Cancel Help

Select Floorplan = Specify Floorplan... in the main menu.
In order to be able to add PAD cells and 10 cells we need to specify exact locations for
Die/10/Core so click this button and fill in the following coordinates:
Die LL: 0.0 0.0 UR: 1133.72 1133.72
IO LL: 219.8 219.8 UR: 913.92 913.92
Core LL: 303.8 303.8 UR: 829.92 829.92
Click OK.
If you want to change the coordinates you wil need the metrics of the core , IO and pad
cells. These metrics are described in Appendix A.
Now the gaps between the 10 cells must be filled with IO-filler cells.
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Execute the fillperi.tcl script by the following command on the command line:

encounter; source PAR/BIN /fillperi.tcl

The display design area pane now shows the defined floorplan with the required number
of rows.

It is a good idea to save the design at that stage to allow restarting here quickly without
needing to redo all the previous steps.

Select Design = Save Design... in the main menu and save the current state in the file

PAR/DB/addsub_top_nbits8-fplan.enc.

The data are actually saved in the directory PAR/DB/addsub_top_nbits8-fplan.enc.dat.

To restore design data, select Design = Restore Design... in the main menu and select
the .enc file to read in the PAR/DB directory.

4.4 Power ring/stripe creation and routing

This step generates the VCC and ground power rings around the core and optionally adds a
number of vertical and/or horizontal power stripes across the core. Stripes ensure a proper
power distribution in large cores. They are not strictly required here as the design is small.

Select Floorplan = Power Planning = Add Rings... in the main menu.

The Net(s) field defines the number and the kinds of rings from the core. In our case,
there will be first a ground ring around the core and a VCC ring around the ground ring.
The net names should be consistent with the power net names in the cell LEF file.

The ring configuration should define ring widths of 2.8 micron spaced by 1.12 micron.

The rings will be placed in the center of the channel between the core and the chip
boundary (or the IO pads, if any). Check the Center in channel box in the Ring Configuration
part.

It is possible to extend the ring segments to reach the core boundary.

Click on the Advanced tab and click on the segments you’d like to extend.

Other power and ground side trunks can be defined by selecting only horizontal or vertical
segments.

Click OK to generate the rings.
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Add Rings =

’7 Met(sy |GND WCC

— Ring Type
# Caore ring(s) contouring
4 Around core boundary s Along 110 boundary
_I Exclude selected objects

-~ Block ring(s) around

.y

A

~

A

~

a1
- User defined coordinates: |
* A
— Ring C ation
Top: BEottom: Left: Right:

Layer: metats H — | metasH | metas v — | metany —|
Witlth: |28 |28 |28 |e8

Spacing: |11z |11z 112 iz Update |

Offset: & Center in channel - Specify
|0.28 |0.28 |0.za |o.zs

— Option Set

_I Use option set I—J W| 4|

oK Variables Apply | Defaults | Cancel | Help

X Add Rings (=g

Fi

o wuaos | sy | g | _gome on

To add power stripes, select Floorplan = Power Planning = Add Stripes... in the
main menu.

The Net(s) field defines the pattern. Here a single pattern will be generated (select Number
of sets and insert 1). Each stripe will be 2.8 micron wide and the space between them will be
1.12 micron.

Check Relative from core or selected area and enter the value 260 (micron) in the X from
left field. The two stripes will be vertically placed near the center of the core.
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X Add Stripes =la) (=
ot | Asvncs | viacoaren |

— Set Configuration
Metis): |GrD vee

Layer metaldi  — |

Direction: 4 Verical ~ Horizontal

Width 2.8

Spacing: 112 Update |

— Set Patterm

~ oet-to-set distance: |1DD
# MNumber of sets: IW

~s Bumps +* p
~r Ower /G ping Top pin layer — | | 1]
* li ~ ~

— Siripe Boundary

# Core ring

~ Pad ring ~ +

~ Design boundary o

~ Each selected blockidomainfence

. Al domains

~ Specify rectangular area

~ Specify rectilinear area

— RArstfLast Stripe

Start from # let - right
# Relative from core or selected area
® from left:  |260 ¥ fram right: ID

~ Ahsolute locations

— Option Set

_| Use option set: I J wat

_Upiatogee |

QK | gariablesl Apply | Diefaults | Cancel | Help

It is possible to measure sizes by using the ruler

o1

Lisake

(or hit the k binding key). Hit K to remove the last ruler or press ESC to remove all
rulers.

Click OK to generate the stripes. It is possible to remove the stripes by selecting them
and hitting the Delete key.

Additionally, the command Floorplan = Clear Floorplan... allows you to delete all
or parts of the floorplan objects.

Now, it is possible to route the power grid. Select Route = SRoute... in the main
menu. All default values are fine. Click OK to do the routing. The design now looks like
below:

It is recommended to save the new stage of the design. Select Design = Save Design...
in the main menu and save the current state in the file PAR /DB /addsub_top_nbits8-pring.enc.
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4.5 Global net connections

This step assigns pins or nets to global power and ground nets. The imported Verilog netlist
does not mention any power and ground connections. However, the cells that will be placed do
have power/ground pins that will need to be routed to the global power/ground nets defined

for the block.
Select Floorplan = Connect Global Nets... in the main menu.

X Global Net Connections E]@ E]
— Connection List ——M—— — Powrer Ground Connection
WCCIPIMG WS ik Ul
cdulsi — Connect
# Pin

o Tie High
s Tie Low

Instance Basename: |"
Pin Mamers): |GHND
-~ MetBasename: |

— Scope
~- Single Instance: |

4 Under Module: |

-~ Under Power Domain: |

- Under Region: [0 [0 [oo [oo =
 apply Al

[P

To Global Met: |GMND
_1 Override prior connection

1 “Yerbose Output

Add to List | Update | Delete |
Apply | | Eeset | Close | Help |

ul

The left pane (Connection List) is initially empty. For each VCC and ground net:
Check the Pins field and enter the pin name (VCC or GND).

Fill the To Global Net field with either VCC or GND.

Click on Add to List. The left pane now includes the related global net connection.
Click on Apply and then on Close.



4.6 Operating conditions definition

The operating conditions define the temperature, process and voltage conditions for the de-
sign. They impact the timing calculations and optimizations.

Select the Timing = Analysis Condition = Specify Operating Condition/PVT...
in the main menu.

X Specify Operating Condition

ve | I

(=) (=)

|7 Operating Condition Temp Proc

Timing Library: fodla_bZ5_t25_generic_io_ssOp9vi1Z5c

fodla_bz5_tZ25_generic_io_ss0p2 125.0 1.0 0.9
LWCCOM 125.0 1.0 0.9
Timing Library: fsdla_a_generic_core_wc
fsdO0a_a_generic_core_wc/sHOM_F 125.0 i,

LICCOM
Timing Library:
fodOa_bz5_tZ5_generic_io_ffipl
BCCOM
Timing Library:

FDdOa,bZS,tZE,gener‘ic,io{‘{‘:Lplvm40v:
o]

1.0 il
E19

-40.0
fsdla_a_generic_core_bc

Feset |

Cancel |

In the max tab, select the WCCOM operating condition.
BCCOM operating condition.

Click OK.

The max operating conditions will be used to meet setup timing constraints, while the
min operating conditions will be used to meet hold timing constraints.

The Encounter console summarizes the settings:

In the min tab, select the

Set Min operating condition for timing library group ’min’ to ’BCCOM’
defined in Timing Library ’fsdOa_a_generic_core_bc’
Process: 1.00 Temperature: -40.000 Voltage: 1.100

Set Max operating condition to
fsdO0a_a_generic_core_wc’

Process:

**x% Calculating scaling factor

condition:

Name: BCCOM Process: 1

*x* Calculating scaling factor

condition:

Name :

WCCOM Process: 1

1.00 Temperature:

>WCCOM’ defined in Timing Library °’

0.900
operating

125.000 Voltage:
for min libraries using

.00 Temperature: -40.000 Voltage: 1.100
for max libraries using operating
.00 Temperature: 125.000 Voltage: 0.900

Running the following command in the Encounter console gives the active operating con-

ditions:

encounter 1> getOpCond -v
min: BCCOM proc: 1.0000 volt:

max: WCCOM proc: 1.0000 volt:

4.7 Core cell placement

-40.0000
125.0000

1.1000 temp:
0.9000 temp:

This step places the cells of the imported Verilog netlist in the rows.
Select Place = Standard Cells... in the main menu.
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X Place E]@ E]

[0 Run Full Placement -~ Run Incremental Placement - Run Placement In Floorplan Mode

0 Options
W Include Pre-Place Optimization
I Include In-Place Optimization

Mumber of Threadis): |1 Set Multiple CPU |

Ok | Apply | Muode | Qeraultsl Cancel Help

By clicking the Mode button one can specify placement options. By default it will run
in Timing Driven Placement Mode. Stick to the default options and click OK.

X Mode Setup (=lal (=
— List of Modes — —FI 1 Mode
ClockMesh
Filler # Congestion Effort
ManoRoute . .
Low 4 Medium High
Optimization ~ Vv e
[PleemeG ~ Run Placement In FloorPlan Mode
ScanReorder
StreamOut ® Run Timing Driven Placement
VeI W Enable Module Plan
TrialRoute
_| Post Place Congestion Optimization
_| Enable Clock Gating Awareness
_| Enable Power Driven
W Ignore Scan Connections
| Rearder Scan Connection
W Ignore Spare Cell Cannections
| Flace IO Pins
_| Hierarchy aware Spare Cell Placement
_| Specify Maximum Density |
Layers Checked For Pin Access 1 Select |
Specity Maximum Routing Layer | E

Set Defaults |
oK | Apply | Cancel Help

EL

The Timing Driven Placement Mode option will optimize the placement of the cells
that are on the critical path. Some cell instances may be replaced with cells having lower
driving capabilities (downsizing) or stronger driving capabilities (upsizing). Buffers may be
also added or deleted. The Encounter console notifies such changes.

Click OK to do the placement. It may take some time to complete, especially when the
placement is timing driven and a high effort level is used .

The placement should then look like below:

It is recommended to save the new stage of the design. Select Design = Save De-
sign... in the main menu and save the current state in the file PAR/DB/addsub_top_nbits8-
placed.enc.
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4.8 Post-placement timing analysis

X Timing Analysis g@ @
o | ]

_| Use Existing Extraction and Timing Data

Design Stage
’7\, Pre-Place & Pre-CTS -, PostCTS . PostRoute - Sign-Off

— Analysis Type
& Setup ~r Hold
A

— Reporting Options
Mumber of Paths: |50

Report files) Prefix: |addsub_t0p_NElITSB_pr9I
Qutput Directory: |PP.H£RF'T

QK | Apply | Qancell Help |

The timing analysis engine in Encounter can now be run to get a relatively good idea of
the timing performances of the design. It actually performs a trial routing and a parasitic
extraction based on the current cell placement.

Select Timing = Analyze Timing... in the main menu. Define the path for the slack

report file. Click OK.
In the Encounter console window you get a summary of the timing analysis:
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# generated on Thu May 7 11:21:43
# Top Cell: addsub_top_NBITSS8

timeDesign Summary
it +mm- - o +-m- - Fommm -
| Setup mode | all | reg2reg | in2reg | reg2out | in2o0ut | clkgate
it Fmmm - - o +-mm- - i
| WNS (ns):| 4.978 | 8.455 | 5.906 | 4.978 | N/A | N/A
| TNS (ms):| 0.000 | 0.000 | 0.000 | 0.000 | N/A | N/A
| Violating Paths: | 0 | 0 | 0 | 0 | N/A | N/A
| All Paths: | 56 | 8 | 47 | 8 \ N/A | N/A
o - o - +-- - Fommm -
i e +-—-- +
| | Real |  Total |
| DRVs - Fommmm e -
| | Nr | Worst Vio | Nr \
e - o - +
| max_cap | 0 \ 0.000 | 0 \



| max_tran | 0 | 0.000 | 0 |
| max_fanout | 0 | 0 | 0 \

Density: 0.254%
Routing Overflow: 0.00% H and 0.00% V

The design is not critical as the slack is positive (4.978 ns).

To get more details on the critical path, select

Timing = Debug Timing... in the main menu.

Another way to do a timing analysis is to execute the following commands in the Encounter
console:

encounter 16 reportTA

The following report is then displayed in the console:

Path 1: MET Late External Delay Assertion

Endpoint: z[7] (") checked with 1leading edge of ’clk’

Beginpoint: addsub_1/z_reg_7_/Q (") triggered by 1leading edge of ’clk’

Other End Arrival Time 0.000

- Extermnal Delay 2.000

+ Phase Shift 10.000

= Required Time 8.000

- Arrival Time 3.914

= Slack Time 4.086
Clock Rise Edge 0.000
= Beginpoint Arrival Time 0.000
o +
| Instance | Arc | Cell | Delay | Arrival | Required |
| | | \ | Time | Time |
| -===mmmmm oo Fmmmmmmm - Fommmmm - o Fmmmmmm - Fommmmm -
| | clk ° | \ |  0.000 | 4.086 |
| io_clk/x0_ip | 1° >0 | UYNGB | 0.696 | 0.696 | 4.782 |
| addsub_1/z_reg_7_ | CK ~ ->Q " | QDFFRBX1 | 0.635 |  1.331 | 5.417 |
| i0.z/x0_7/x0_op | I °~ ->0 ° | VYA4GSGB | 2.583 | 3.914 | 8.000 |
| | z[7] ° | | 0.000 | 3.914 | $.000 |
oo T +

4.9 Clock tree synthesis (optional)

As the paths that will propagate the clock signal in the design are not necessarily balanced,
some registers may receive the active clock edge later than others (clock skew) and may
therefore violate the assumed synchronous design operation. For example, the original clock
tree we can get from the previously placed design is shown below.

Leeabe Lhock 1eip Spoc

- Dreate Clock Tres Speciication - —
Hufer Footpent [BLEZ |
inwerter Faotpent | |
Sifer List: | i

A Ipnare Dont Lisa |

Save Spec To: /CTS/adesub_nhiss- spl:-:.t.'.:[ﬂ|

o v ey | ouedl | _tew |
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To create a balanced clock tree, you have first to create a clock tree specification file.
Encounter can create a first draft version of the file you can then edit to include design
specific data.

Select Clock = Design Clock... in the main menu. In the Synthesize Clock Tree
popup menu change the Results Directory to PAR/CTS and click on the Gen Spec... button
to get the Genererate Clock Spec menu. Select the BUFCKX* and INVCK* cells for
footprints and save the specification in the file PAR/CTS/addsub_top_nbits8-spec.cts.

Snthegize Dock Tres

“Gleck Tres Synthesis -
M- 5et Added Clock Bulers a5 Fhoed
| Hardle Clock Sressover and Reconvergence

Ciack Tree Resuts
| I Save Netlst

[ I Save Placsment
™ “Sowe Clook Treo Symthesls Bepart
I~ Save Clock Tres Routing Gulde
0 Save Clock Tree MagrobModel
I Save Clock Meis
Fesult Direclory,  |PARKCTS |
Hase Fieflarme  |eddaus abiss cts

0K o ety | Gweet | pew |

=1

Click OK to generate the specification file. You can then edit the file to change timing
values such as the maximum allowed clock skew (300ps by default).

The next step is to load the clock tree specification file.

Select Clock = Specify Clock Tree ... in the main menu and select the file PAR/CT-
S/addsub_nbits8-spec.cts that has been previously created (and possibly edited).

To create the clock tree, select

Clock = Synthesize Clock Tree ... in the main menu.

Define the result directory as PAR/CTS and the base file name as addsub_nbits8_cts.
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Click OK to create the clock tree.
To display the generated clock tree, select
Clock = Display = Display Clock Tree ... in the main menu.

% Display Clock Tree (O] x]
— Clock Selection

“~ All Clock(s)
~ Selected Cock
I

— Route Selection
“* Pre-Route
+~ Cock Route Only
~~ Posi-Route

— Display Selection
“~ Display Clock Tree

< All Level
.~ Bottom Level {hon-gated clock tree only)
« Selected Level (non-gated clock tree only)
[ —
~~ Display Clock Phase Delay
. Display MinfMax Paths

T
|
|
|
1
|
|
|
|
|
|
|
|
|
|
|
|
i
A -

oK kl Apply | Cancel | Help |

The clock paths have been balanced according to the clock tree specifications.

M Report Clook: Tree: Syrthess

| - Gl Selantion
il Gock[s)
o Selacksd Oock

| Pare S ladbide

e Hooule
ek Foube Onlby
- PostRoutn

I Clock Trew Sucthesds Meports Lfmn_rn:-.utc.-:tuml.-]ﬁ!-

| o Gt Hiord Mol 1 | R TEE, o bamll @

e

ok | ey | cancal | Hw|

To get a report on the clock tree synthesis, enter the following command at the encounter
prompt.

encounter 1> reportClockTree -report PAR/RPT/addsub_top_nbits8.ctsrpt

The following report is also displayed in the Encounter console:

Redoing specifyClockTree -clkfile PAR/CTS/addsub_nbits8-spec.cts

reportClockTree Option
*x*% Look For Reconvergent Clock Component **x*
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The clock tree clk has no reconvergent cell.

#

# Mode : Setup

# Library Name : fodOa_b25_t25_generic_io_ssO0p9v125c
# Operating Condition : fodOa_b25_t25_generic_io_ssOp9v125c/%NOM_PVT
# Process 1

# Voltage : 0.9

# Temperature : 125

#

*kxxx*x*x*k*x*x Clock clk Pre-Route Timing Analysis ¥kkkkxkkkk
Nr. of Subtrees : 2

Nr. of Sinks : 24

Nr. of Buffer : 0

Nr. of Level (including gates) : 1

Root Rise Imput Tran : 0.1(ps)

Root Fall Imput Tran : 0.1(ps)

Max trig. edge delay at sink(R): addsub_1/z_reg_O_/CK 770.4(ps)
Min trig. edge delay at sink(R): addsub_1/a_reg_reg_2_/CK 768(ps)

(Actual) (Required)
Rise Phase Delay : 7687770.4(ps) 0710000(ps)
Fall Phase Delay : 564.47566.8(ps) 0710000(ps)
Trig. Edge Skew : 2.4(ps) 300(ps)
Rise Skew : 2.4(ps)
Fall Skew : 2.4(ps)
Max. Rise Buffer Tran. : 31(ps) 400(ps)
Max. Fall Buffer Tran. : 31(ps) 400(ps)
Max. Rise Sink Tran. : 101.1(ps) 400(ps)
Max. Fall Sink Tran. : 85.6(ps) 400(ps)
Min. Rise Buffer Tran. : 31(ps) 0(ps)
Min. Fall Buffer Tran. : 31(ps) 0(ps)
Min. Rise Sink Tran. : 101 (ps) 0(ps)
Min. Fall Sink Tran. : 85.6(ps) 0(ps)

Generating Clock Analysis Report addsub_top_NBITS8.ctsrpt
Clock Analysis (CPU Time 0:00:00.0)

*** End reportClockTree (cpu=0:00:00.0, real=0:00:00.0, mem=347.5M) **x*

Several clock report files are also available in the PAR/CTS directory.
It is recommended to save the new stage of the design. Select Design = Save Design...
in the main menu and save the current state in the file PAR/DB/addsub_top_nbits8-cts.enc.

4.10 Design routing

This steps generates all the wires required to connect the cells according to the imported
gate-level netlist.
To route the design, select
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X NanoRoute -] [x
Routing Phase
W Glohal Route
W Detail Route Start leration 0 End Iteration default
Fost Route Optimization Optitize Via Optimize Wire
Concurrent Routing Features
W Fix antenna Insert Diodes
Caongestion Tirming
W Timing Driven Effort 2 SMART
51 Driven
Post Route 51
Litho Diriven
Routing Control
Selected Mets Only Bottom Layer 1 Top Layer El
ECO Route
#rea Route
Job Control
W Auto Stop Batch
Mumber of Threadis) For Multiple Threaded: |1
Mumber of Thread{s) For Superthreaded: |1
Mumber of Host(s) For Superthreaded: |1
Set Multiple CPU...
oK Apply Attribute MMode Save Load Cancel Help
Route = Nanoroute... in the main menu, check the Timing
Driven box and a maximum effort.
Click OK to do the routing.
You now get the routed design:
% SoC Encounter(TM) RTL-to-GDSII System 7.1 - /mnt/[...]ddsub_top_NBITS8.fplan.enc.dat - addsub_top_NBITS8 _Ja] [x
Design Edit Synthesis Partion Flooplan Power Place Clock Route Timing S Verify Tools Help cadence

All Calors

I‘Kﬂ\'@\@_l%ﬁﬁvl\}fl 5 & |@5?;|;\ U‘Efﬁ& mﬁ‘Des\gnls. Routed
ook W& R =4 Basx

Instance Pin - []
Cell Layout [
Standard Row [_]
Metal Fill Ow
Violation -
Net Ow
Special Net "
Implant 0
Implant 1
Inplant 2
Iriplant 3
Inplant 4
Implant 5
Bus Guide

Layers "
Metal 0 "
Wia 01
Metal 1
vialz
Metal 2
Wia 23
Metal &
Via 34
Metal 4
Via 45
Metal §
Via 58
Wetal &
Via 67
Metal 7
Wia 78
Metal &
via 89
Metal 9

AESERR

E

7] %)

7]}

J e (1194434, 19819 )

=

|00
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It is recommended to save the new stage of the design. Select Design = Save Design...
in the main menu and save the current state in the file
PAR/DB/addsub_top_nbits8-routed.enc.

4.11 Post-routing timing optimization and analysis

* Optimization 2

Design Stage
’VV Fre-CTS ~r POstCTS 4 Post-Route

— Optimization Type
W Setup 1 Hold
~ Incremental

4% Design Rules Violations
W hax Cap
W Max Tran
| Max Fanout

I Include 31 |

OK | Apply | Mode | Default | Close | Help |

A final timing optimization may be done on the routed design. Select

Timing = Optimize... in the main menu. Select the postRoute box.
Click OK.
The results of the optimization is displayed in the Encounter console:

2 Initial Summary
GRS TR SRR Hmmmm oo +
| Setup mode | all |
[ +=——- +
| WNS (ns):| 4.086 |
| TNS (ns):| 0.000 |
| Violating Paths: | 0 |
| A1l Paths: | 56 |
12 4= +== +
TR e mmmmm oo Hmmmmm oo +
| | Real | Total |
| DRUs R fmmmmmmmmm e R |
17 | | Nr | Worst Vio | Nr
oo mmm oo e et e +
| max_cap | 0 \ 0.000 | 0
| max_tran | 0 \ 0.000 | 0
| max_fanout | 0 \ 0 | 0
22 4------mmmmmm--o - +-———- +==mm- +

Density: 0.254%
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42

52

o7

**koptDesign ... cpu = 0:00:00, real = 0:00:00, mem = 349.6M x*x
*x%x Timing Is met

*** Check timing (0:00:00.0)

*** Setup timing is met (target slack 0.0Ons)

Reported timing to dir ./timingReports

**koptDesign ... cpu = 0:00:00, real = 0:00:00, mem = 349.6M x*x
optDesign Final Summary
R eeEE LR S Hommmmme- Hommmmme- e et Hommmmme- +
————————— +
| Setup mode | all | reg2reg | in2reg | reg2out | in2out |
clkgate |
mmm oo e e Hmmmmmm - Hmmm oo Hmmm oo +
————————— +
| WNS (ns):| 4.086 | 8.426 | 6.669 | 4.086 | N/A |
N/A |
| TNS (ns):| 0.000 | 0.000 | 0.000 | 0.000 | N/A |
N/A |
| Violating Paths: | 0 | 0 | 0 | 0 | N/A
N/A |
| A1l Paths:| 56 | 8 | 47 | 8 | N/A
N/A |
mmm oo Hmmmm - Hmmm oo Hmmmmmm - Hmmmmm - Hmmm oo +
--------- +
G EE LR o mm o m o m et +
| | Real | Total |
| DRVs +------ +--—mm - H--mm—-- |
| | Nr | Worst Vio | Nr |
R GRaCEEEEEEEEE e Hmmmmmmmmome e +
| max_cap | 0 | 0.000 | 0
| max_tran | 0 | 0.000 | 0 |
| max_fanout | 0 \ 0 | 0
Hmmmm oo Hmmm oo Hmmmmmmmmooo- Hmmmmm - +
Density: 0.254%
**xoptDesign ... cpu = 0:00:01, real = 0:00:00, mem = 349.6M x*x
-core {} # string, default=""

*x% Finished optDesign *x*x*

4.12 Filler cell placement

Filler cells will fill remaining holes in the rows and ensure the continuity of power/ground
rails and N+/P+ wells in the rows. To fill the holes with filler cells, select Place = Filler
= Add Filler... in the main menu.

Select the cells FILLER64E, FILLER32E, FILLERI16E, FILLERSE, FILLERA4E,
FILLERS3, FILLER2 and FILLER1 and click OK to place the filler cells.
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X Add Filler (o (=]

Cell Mame(s) |FILLER8E FILLERE4E FILLER4E FILLERIZE F Select |

Prefi< |FILLER

Power Damain | Select
_| Mo DRC

W Mark Fixed

1 Fill Area

—_

ok | Apply | Mode | Qan:ell Help

4.13 Design checks

The Verify menu has a number of items to check that the design has been properly placed

and routed.
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Select Verify = Verify Connectivity... in the main menu.
PAR/RPT/addsub_top_nbits8-conn.rpt.

Click OK.

The console displays the results:

*kxxxkkk Start: VERIFY CONNECTIVITY skckskxkxkkkk

Start Time: Thu Dec 1 18:52:00 2005

Design Name: addsub{\_}NBITSS8

Database Units: 1000

Design Boundary: (0.0000, 0.0000) (153.0500, 136.9000)
Error Limit = 1000; Warning Limit = 50

Check all nets

Begin Summary

Found no problems or warnings.

End Summary

End Time: Thu Dec 1 18:52:00 2005

*kxxkkkk End: VERIFY CONNECTIVITY kkokskakskkok
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Verification Complete : 0 Viols. 0 Wrngs.

I~ bl Wity ™ brinim Sqiesing
[ it Aren [ S Net Spesing
I Ehan - Geirefy Arranng
[~ Caf Owarlap oL O Rresineg Grid
™ rsarSs it ieal Chodtiagd 17 O W eslaeduring S
ATy
I Pninifociage
I -Seme C=0-yiakston
o D Call Vidhadbrs
- Dweciag of Pac Piler ety

o DEre of Fosfing Biokeges And Fins
4 Dvich of b Bcctage Aed AT Bthiot

m e | o | we ||

Select Verify = Verify Geometry... in the main menu. In the Advanced tab, define
the report file as

PAR/RPT /addsub_nbits8-geom.rpt.
Click OK.
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The console displays the results:

*** Starting Verify Geometry (MEM: 222.2)

VERIFY GEOMETRY ...... Starting Verification

VERIFY GEOMETRY ...... Initializing

VERIFY GEOMETRY ...... Deleting Existing Violations
VERIFY GEOMETRY ...... Creating Sub-Areas

VERIFY GEOMETRY ...... SubArea : 1 of 1

VERIFY GEOMETRY ...... Cells : 0 Viols.

VERIFY GEOMETRY ...... SameNet : 0 Viols.

VERIFY GEOMETRY ...... Wiring : 0 Viols.

VERIFY GEOMETRY ...... Antenna : 0 Viols.

VERIFY GEOMETRY ...... Sub-Area: 1

complete 0 Viols. 0O Wrngs.
Begin Summary

Cells : O
SameNet
Wiring
Antenna
Short : 0
Overlap

0

0

0

End Summary

Verification Complete : 0 Viols. 0 Wrngs.

4.14 Report generation

A number of reports have been already generated in the previous steps. They should be
located in the PAR/RPT directory. The Tools menu includes some additional reports:
Design = Report= Netlist Statistics gives the following output in the console:

encounter
Number of
Number of
Number of
Number of
Number of
Number of

Number of
Number of
Number of
Number of

2> x%x Statistics for net list addsub_top_NBITS8 *xx
cells = 338

nets = 166

tri-nets = 8

degen nets = 0

pins = 466

i/os = 27

nets with 2 terms = 114 (68.7%)
nets with 3 terms = 21 (12.7%)
nets with 4 terms = 28 (16.9%)
nets with >=10 terms = 3 (1.8%)

**xx 2] Primitives used:

Primitive
Primitive
Primitive
Primitive
Primitive
Primitive
Primitive

VCCKGB (1 insts)

GNDKGB (1 insts)
VCC2I0GB (5 insts)
GND2I0OGB (6 insts)
EMPTY1GB (44 insts)
CORNERGB (4 insts)
EMPTY16GB (44 insts)
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28

33

Primitive
Primitive
Primitive
Primitive
Primitive
Primitive
Primitive
Primitive
Primitive
Primitive
Primitive
Primitive
Primitive
Primitive

EMPTYS8GB (44 insts)
EMPTY4GB (44 insts)
VYA4GSGB (8 insts)
UYNGB (19 insts)
QDFFRBX1 (24 insts)
XOR2X1 (5 insts)
TIE1X1 (27 insts)
TIEOX1 (27 insts)
MXL2XLP (13 insts)
MUX2X1 (1 insts)
MAO222X1 (4 insts)
INVX1 (2 insts)
INVCKX1 (13 insts)
FA1X1 (2 insts)

%k %k %k %k %k k Xk % Xk X Xk X
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r}( Gate Count Report E]@ E]“

# StdCells and Blocks

~ atdCellsOnly
To File |PAR/RFT/addsub_top_MEITSE. il
# Design

~ Instance

0K Cancel Help

Design = Report = Gate Count... gives the following output in the console:

Gate area 2.3520 um 2
[0] addsub_top_NBITS8 Gates=297 Cells=118 Area=698.5 um 2

X Summary Report E]@ E]

— Report Format
e TExt Only |summaryF~!epnrt.rpt o |
~ HTML Only

# HTML and Text

Output Directaory: |rﬂmpfADDSUBfPARfHF'T = |
_I Display HTRL

DK | apply | Cancel | Help |

Finally, Design = Report = Summary... displays the following window:

summaryReport -outdir summaryReport
Creating directory summaryReport.
3 Start to collect the design information.
Build netlist information for Cell addsub_top_NBITSS8.
Finish to collect the design information.
Generating standard cells used in the design report.
Generating IO cells used in the design report.
8 Analyze library
Analyze netlist
Analyze timing
Analyze floorplan/placement
Analysis Routing
13 Report saved in file summaryReport/addsub_top_NBITS8.main.htm.ascii.
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4.15 Post-route timing data extraction

This step generates the post-route SDF file that includes both the actual interconnect and

cell timing delays.

* Extract RC

(=fe) [x]

— 3ave RC

W Save Capto |addsub_t0p_NElITSEi.c:ap

B

_| Save Setload to |addsub_tnp_NElITSEi.setIDad

=

_| Save et Resistance to |addsub_tnp_NBITSEi.setrE QI

_| Save SPF to |addsub_tup_NEllT58.spf

=

_| Save SPEF to |addsub_tnp_NBITSB.spef

B

Cancel |

ok | appy |

Help |

The parasitics must be first extracted.

Select Timing = Extract RC... in the main menu.

The generated Cap file includes the wired capacitance, pin capacitance, total capacitance,
net length, wire cap per unit length and the fanout of each net in the design. The generated
SPEF (Standard Parasitics Exchange Format) file includes RC values in a SPICE-like format.

S ENE

X Calculate Delay

’— Delay Calculation Option

W ldeal Clock
SDF Output File: |addsub_tnp_NElITSEi.sdf EIJ
jal4 | Apply | Cancel | Help |

The SDF file may be then generated by selecting
Timing = Calculate Delay... in the main menu. The checked Ideal Clock switch
means that flip-flops are considered as having Ops rising and falling transition times.
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4.16 Post-route netlist generation

This steps generates a Verilog netlist of the routed design. The netlist may be different from
the imported netlist as cells may have been added or replaced during clock tree synthesis and
timing-driven optimizations.

X Save Netlist (=) [x)

W Include Intermediate Cell Definition
W Include Leaf Cell Definition
MHetlist File: |addsub_tup_NEllTSE.v E?J

[o]:4 | Qancell Help |

Select Design = Save =- Netlist... in the main menu. Do not select Include Leaf Cell
Definition as they are provided in a separate library.

The generated file should go into the HDL/GATE directory.

4.17 GDS2 file generation

X GDS Export

Output Stream File |P.t\RfDEXfaddsub_tup_nbitsB.gds

tap File |PP.R£DE><IgdsZ.map

Library Name |ADDSUB

W GDS Structure Mame

| Attach Instance Mame

| Attach Met Name

| Merge Stream Files

_| Stripes

_| ‘Write Die Area as Boundary

| 'Write ahstract information for LEF Macros

Units 1000 _.|

Mode  ALL _.|

[a1.8 | Bpply | gancell Help |

The placed and routed design can be exported in different formats for further processing
outside the Encounter tool. The GDS2 binary format is a standard format for integrating
the block in the top-level layout, doing DRC/LVS checkings, or delivering the layout to the
foundry. To export the design in the GDS2 format, select Design = Save = GDS... in the
main menu. The GDS map file has been copied by the tech_setup script in the PAR/DEX
directory. The generated GDS2 file is written in the same directory.
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4.18 Using scripts
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As for the synthesis step, it is much more convenient to capture the placement and routing
flow in a script. Cadence Encounter also support sthe Tcl language for building scripts.
An example of such a script for placement and routing of the adder-subtractor design has

been installed in the PAR/BIN directory (see “1.5 VHDL example: Adder-subtractor”). The
script must be run from the project top directory and it assumes a directory organization as
described in “1.2 Design project organisation”. To run the Tcl script, execute the following
command in a Unix shell:

encounter -log PAR/L0OG/encounter -overwrite -init PAR/BIN/addsub_par.
tcl -win
The script is given below. It may be modified to define design information and to control
the flow to some extent. Note that a configuration file must exist before running the script.
The configuration file name is in the PAR/CONF directory and its name is defined in the
script.

The script does a bit more than the steps described earlier. For example, it uses an 1/0O
pin placement definition as provided by a PAR/CONF /*.io file.
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#

# Cadence Encounter Tcl script for adder-subtractor.

#

# Process: AMS 0.35u CMOS (C35), Hit-Kit 3.70

#

#

# It is assumed that a project directory structure has already been
# created using ’create_project’ and that this synthesis script is
# executed from the project root directory $PROJECT_DIR

#

# Design related information (can be changed)
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14

19

24

29

34

39

44

49

54

59

set DESIGN addsub_nbits8

set TIM_LIBRARY fsdOa_a_generic_core

set TIM_OC_MAX WCCOM ;# TYPICAL | WORST | WORST-IND
set TIM_OC_MIN BCCOM ;# TYPICAL | BEST | BEST-IND
# Floorplan settings

#

set FP_ASPECT_RATIO 1

set FP_ROW_DENSITY 0.85 ;# percent

set FP_CORE2I0 21 ;# micron

# Power ring and settings

#

set PR_WIDTH 2.8 ;# micron

set PR_SPACING 1.68 ;# micron

set PR_LAYER_TB METAL9 ;# top and bottom layer
set PR_LAYER_LR METAL8 ;# left and right layer
# Power stripe settings

#

set ST_NUM_SETS 1 ;# number of sets

set ST_SPACING 1 ;# micron

set ST_LAYER_V $PR_LAYER_LR

set ST_WIDTH 1.4 ;# micron

set ST_XOFS_R 12 ;# micron

set ST_XOFS_L O ;# micron

# Placement settings

#

set PL_EFFORT -highEffort ;# -low | -medium | -high
# Clock tree synthesis settings

#

set CTS_BUFFER BUFCKX1 BUFCKX2 BUFCKX1P BUFCKX12 BUFCKX16 BUFCKX20
set CTS_INV INVCKX1 INVCKX2 INVCKX1P INVCKX12 INVCKX16 INVCKX20 INVCKX3

INVCKX4 INVCKX6 INVCKXS8

ADD_STRIPES (0 | 1)

if 1, add stripes

PLACE_TIMING (0 | 1)

if 1, do a timing driven placement
CLOCK_TREE (0 | 1)

if 1, create a clock tree
CTS_CREATE_SPEC (0 | 1)

ROUTE_TIMING (0 | 1)

if 1, do a timing driven routing

OPT (string)

can be used to have different generated file names

HOH OH H H H HHHEHHEHHEH K

Flags that drive the script behavior (can be changed)

if 1, create a clock tree specification file with default values



set ADD_STRIPES 1
set PLACE_TIMING 1
set CLOCK_TREE 1

64 set CTS_CREATE_SPEC 0
set ROUTE_TIMING 1
set OPT "_cts"

69 #

set CONF_FILE_NAME ${DESIGN}.conf
set IO_FILE_NAME ${DESIGN}.io
set DESIGN_NAME ${DESIGN}${OPT}
set SAVE_DESIGN_FP_NAME ${DESIGN_NAME}-fplan.enc
74 set SAVE_DESIGN_PR_NAME ${DESIGN_NAME}-pring.enc
set SAVE_DESIGN_PL_NAME ${DESIGN_NAME}-placed.enc
set SAVE_DESIGN_PF_NAME ${DESIGN_NAME}-placed_filled.enc
set SAVE_DESIGN_CT_NAME ${DESIGN_NAME}-cts.enc
set SAVE_DESIGN_RO_NAME ${DESIGN_NAME}-routed.enc
79 set TIM_RCDB_NAME ${DESIGN_NAME}.rcdb
set SDF_FILE_NAME ${DESIGN_NAME}-routed.sdf
set SPEF_FILE_NAME ${DESIGN_NAME}-routed.spef
set RPT_CHECK_TA_NAME ${DESIGN_NAME}-checkta.rpt
set RPT_REPORT_TA_NAME ${DESIGN_NAME}-ta.rpt
84 set RPT_SLACK_NAME ${DESIGN_NAME}-slack.rpt
set RPT_GATE_COUNT_NAME ${DESIGN_NAME}-gate_count.rpt
set RPT_NOTCH_NAME ${DESIGN_NAME}-notch.rpt
set RPT_CONN_NAME ${DESIGN_NAME}-conn.rpt
set RPT_GEOM_NAME ${DESIGN_NAME}-geom.rpt
89 set RPT_DENSITY_NAME ${DESIGN_NAME}-density.rpt
set VLOG_NETLIST_SIM_NAME ${DESIGN_NAME}-routed.v
set VLOG_NETLIST_LVS_NAME ${DESIGN_NAME}-routed_lvs.v
set CTS_SPEC_NAME ${DESIGN_NAME}-spec.cts
set CTS_RGUIDE_NAME ${DESIGN_NAME}-guide.cts
94 set CTS_RPT_NAME ${DESIGN_NAME}-cts.rpt
set GDS_FILE_NAME ${DESIGN_NAME}.gds

99 set CONF_FILE ${PROJECT_DIR}/PAR/CONF/${CONF_FILE_NAME}
set IO_FILE ${PROJECT_DIR}/PAR/CONF/${I0O_FILE_NAME}
set SAVE_DESIGN_FP_FILE ${PROJECT_DIR}/PAR/DB/${SAVE_DESIGN_FP_NAME}
set SAVE_DESIGN_PR_FILE ${PROJECT_DIR}/PAR/DB/${SAVE_DESIGN_PR_NAME}
set SAVE_DESIGN_PL_FILE ${PROJECT_DIR}/PAR/DB/${SAVE_DESIGN_PL_NAME}
104 set SAVE_DESIGN_PF_FILE ${PROJECT_DIR}/PAR/DB/${SAVE_DESIGN_PF_NAME}

7



set SAVE_DESIGN_CT_FILE ${PROJECT_DIR}/PAR/DB/${SAVE_DESIGN_CT_NAME}
set SAVE_DESIGN_RO_FILE ${PROJECT_DIR}/PAR/DB/${SAVE_DESIGN_RO_NAME}
set SDF_FILE ${PROJECT_DIR}/PAR/TIM/${SDF_FILE_NAME}
set SPEF_FILE ${PROJECT_DIR}/PAR/TIM/${SPEF_FILE_NAME}
109 set TIM_RCDB_FILE ${PROJECT_DIR}/PAR/TIM/${TIM_RCDB_NAME}
set RPT_CHECK_TA_FILE ${PROJECT_DIR}/PAR/RPT/${RPT_CHECK_TA_NAME}
set RPT_REPORT_TA_FILE ${PROJECT_DIR}/PAR/RPT/${RPT_REPORT_TA_NAME}
set RPT_SLACK_FILE ${PROJECT_DIR}/PAR/RPT/${RPT_SLACK_NAME}
set RPT_GATE_COUNT_FILE ${PROJECT_DIR}/PAR/RPT/${RPT_GATE_COUNT_NAME}
114 set RPT_NOTCH_FILE ${PROJECT_DIR}/PAR/RPT/${RPT_NOTCH_NAME}
set RPT_CONN_FILE ${PROJECT_DIR}/PAR/RPT/${RPT_CONN_NAME}
set RPT_GEOM_FILE ${PROJECT_DIR}/PAR/RPT/${RPT_GEOM_NAME}
set RPT_DENSITY_FILE ${PROJECT_DIR}/PAR/RPT/${RPT_DENSITY_NAME}
set VLOG_NETLIST_SIM_FILE ${PROJECT_DIR}/HDL/GATE/${VLOG_NETLIST_SIM_NAME

}

119 set VLOG_NETLIST_LVS_FILE ${PROJECT_DIR}/HDL/GATE/${VLOG_NETLIST_LVS_NAME
}
set CTS_SPEC_FILE ${PROJECT_DIR}/PAR/CTS/${CTS_SPEC_NAME}
set CTS_RGUIDE_FILE ${PROJECT_DIR}/PAR/CTS/${CTS_RGUIDE_NAME}
set CTS_RPT_FILE ${PROJECT_DIR}/PAR/RPT/${CTS_RPT_NAME}
set GDS_FILE ${PROJECT_DIR}/PAR/DEX/${GDS_FILE_NAME}
124 set GDS_MAP_FILE ${PROJECT_DIR}/PAR/DEX/gds2.map

# make_clock_tree
129 #
proc make_clock_tree create_spec {
global CTS_BUFFER CTS_INV CTS_SPEC_FILE CTS_RGUIDE_FILE CTS_RPT_FILE
if { $create_spec || ![file exists $CTS_SPEC_FILE] } {
createClockTreeSpec \
134 -bufFootprint $CTS_BUFFER \
-invFootprint $CTS_INV \
-output $CTS_SPEC_FILE
}
specifyClockTree -clkfile $CTS_SPEC_FILE
139 ckSynthesis \
-rguide $CTS_RGUIDE_FILE \
-report $CTS_RPT_FILE
optDesign -postCTS -setup -drv -outDir PAR/RPT
} ;# make_clock_tree
144 #

loadConfig $CONF_FILE 0
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commitConfig
149 #

154 # Set operating conditions

set0OpCond \

-maxLibrary $TIM_LIBRARY -max $TIM_OC_MAX \

-minLibrary $TIM_LIBRARY -min $TIM_OC_MIN
159 #

setPreference ConstraintUserXGrid 0.1
setPreference ConstraintUserX0ffset 0.1
164 setPreference ConstraintUserYGrid 0.1
setPreference ConstraintUserYOffset 0.1
setPreference SnapAllCorners 1
setPreference BlockSnapRule 2

169 # Define global Power nets - make global connections

clearGlobalNets

globalNetConnect VCC -type pgpin -pin VCC -inst * -module {} -verbose

globalNetConnect GND -type pgpin -pin GND -inst * -module {} -verbose
174 #

floorPlan -r $FP_ASPECT_RATIO \
$FP_ROW_DENSITY \

179 $FP_CORE2I0 $FP_CORE2I0 $FP_CORE2I0 $FP_CORE2IO
fit
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saveDesign $SAVE_DESIGN_FP_FILE

184 #

189 addRing \
-around core \
-nets { GND VCC } \
-width_bottom $PR_WIDTH -width_top $PR_WIDTH \
-width_left $PR_WIDTH -width_right $PR_WIDTH \

194 -spacing_bottom $PR_SPACING -spacing_top $PR_SPACING \
-spacing_left $PR_SPACING -spacing_right $PR_SPACING \
-layer_bottom $PR_LAYER_TB -layer_top $PR_LAYER_TB \
-layer_left $PR_LAYER_LR -layer_right $PR_LAYER_LR \
-center 1 \

199 -t1 1 -tr 1 -p1 1 -br 1 -1t 1 -1b 1 -rt 1 -rb 1 \
-stacked_via_bottom_layer MET1 -stacked_via_top_layer MET9 \
-threshold 0.7
if { $ADD_STRIPES } {
addStripe \

204 -nets { GND VCC } \

-number_of_sets $ST_NUM_SETS \
-spacing $ST_SPACING \

-layer $ST_LAYER_V \

-width $ST_WIDTH \

209 -xleft_offset $ST_XOFS_L
}
sroute \

-jogControl { preferWithChanges differentLayer } \
-nets { GND VCC }
214 saveDesign $SAVE_DESIGN_PR_FILE

if { $PLACE_TIMING } {

219 setPlaceMode $PL_EFFORT -timingdriven -doCongOpt -ignoreScan -ignoreSpare
placeDesign
} else {
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setPlaceMode $PL_EFFORT -doCongOpt -ignoreScan -ignoreSpare
placeDesign
224}
setDrawMode place
saveDesign $SAVE_DESIGN_PL_FILE

229 #

if { $CLOCK_TREE } {
make_clock_tree $CTS_CREATE_SPEC
saveDesign $SAVE_DESIGN_CT_FILE

234 #

addFiller -cell FILL25 FILL10 FILL5 FILL2 FILL1 -prefix FILLER
saveDesign $SAVE_DESIGN_PF_FILE
239 #

if { $ROUTE_TIMING } {

setNanoRouteMode -quiet -timingEngine CTE
244 setNanoRouteMode -quiet -routeWithTimingDriven true

setNanoRouteMode -quiet -routeTdrEffort 0

¥

globalDetailRoute

optDesign -postRoute -setup -drv -outDir PAR/RPT
249 saveDesign $SAVE_DESIGN_RO_FILE

setDrawMode place

254 £illNotch -report $RPT_NOTCH_FILE
verifyConnectivity \
-type all \
-error 1000 \
-warning 50 \

81



259 -report $RPT_CONN_FILE
verifyGeometry \
-allowSameCellViols \
-allowRoutingBlkgPinOverlap \
-allowRoutingCellBlkgOverlap \

264 -report $RPT_GEOM_FILE
verifyMetalDensity \

-detailed \
-report $RPT_DENSITY_FILE

269 # Extract parasitics

setExtractRCMode \

-detail \

-rcdb $TIM_RCDB_FILE \
274 -relative_c_t 0.01 \

-total_c_t 5.0 \

-reduce 5

extractRC

279 # Generate RC and timing files

rcOut -spef $SPEF_FILE
delayCal -sdf $SDF_FILE

284 # Generate reports

reportGateCount -outfile $RPT_GATE_COUNT_FILE
# Timings
#
289 setCteReport
setAnalysisMode -setup -async -skew -noClockTree -sequentialConstProp
reportAnalysisMode
buildTimingGraph
checkTA -verbose > $RPT_CHECK_TA_FILE
294 reportTA \
-format { hpin arc cell delay arrival required slew fanout load } \
-late \
-max_points 10 \
-net \
299 > $RPT_REPORT_TA_FILE
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saveNetlist -excludelLeafCell $VLOG_NETLIST_SIM_FILE
304 saveNetlist -physical $VLOG_NETLIST_LVS_FILE

streamOut $GDS_FILE \

309 -mapFile $GDS_MAP_FILE \
-libName ADDSUB \
-structureName $DESIGN_NAME \
-stripes $ST_NUM_SETS \
-units 1000 \

314 -mode ALL
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Appendix A: Design Metrics

A design begins with the planning of the die. The mini@sic program from EuroPractice
is a multiproject wafer where a minimum area of 1875 x 1875 um2 is required. This area
constraint is the startpoint for planning the whole chip. Another important issue is the cell
library metrics. The metrics of Faraday L90O_SP library are:

Description Width Height
Grid 0.28 um | 0.28 um
Core Cell x * 0.28 um 2.8 um
10 Cell 60.48 um | 142.8 um
Corner Cell 142.8 um | 142.8 um
Pad Cell 64 um 77 um
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