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Synthesis
and
Place and Route
Process

O Synthesis (Cadence RTL Compile):

— Convert Behavioral Verilog to Structural Verilog
U Place and Route (Cadence SOC Encounter)

— Import the design and design files

— Floorplan

— Add Power Rings

— Place Cells

— First Timing Optimization

— Add Clock Tree

— Second Timing Optimization

— Final Routing
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Getting Started

O Start Xterm (not PuTTY) on UNIX/Linux system.
— Do not start the Cadence environment — you will not need it.
O Copy the example files to your working directory _ Note space and period
. : i.e. copy to current directory
— Change to your working directory
- cp -r /opt/und/cadence/ncsu-cdk-1.5.1/1ib/Lab04_Example
— The directory Lab04_Example should be copied to your directory.
— cd to the Lab04_Example directory
O The directory has the following files (among others):
— counter.v — a verilog description of a counter.
— counter_RTL.tck — a tcl script for the Cadence RTL Compiler.
— UofU_Digital_v1_2.lib — cell library (timing, power, functionality) file
— UofU_Digital_v1_2.lef- cell abstract file (cell layout)
— syn-rtl - command file for RTL Compiler
— syn-rtlg — command file for RTL Compiler starting GUI
— cad-soc — command file for Encounter
— counter.io - list of pins in counter.v and desired location in layout
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Structural Logic Synthesis
Using the Cadence Encounter RTL
Compiler
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Encounter RTL Compiler Synthesis

4 Inputs
— Behavioral Verilog
— Control Script (tcl)
O Outputs
— Structural Verilog
— List of cells
— Power Estimate
— Timing Estimate
— SDC Timing File
— RC Log File
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8 bit Counter

module counter (clk, clr, load, in, count);
parameter width=8;

input clk, clr, load;

input [width-1 : 0] in;

output [width-1 : 0] count;

reg [width-1 : 0] tmp;

always @ (posedge clk or negedge clr)

begin
if ('clr)
tmp = 0;
else if (load)
tmp = in;
else
tmp = tmp + 1;
end
assign count = tmp;
endmodule
Syn and Place & Route CMOS VLSI Design #6

syn-rtig
This is the top-level run script

#!/bin/tcsh

$HH#HHH S S R R R R R S R R R R
# Startup script for Cadence RTL Compiler

# Erik Brunvand, University of Utah

# Modified by J. Nahas, University of Notre Dame

HHHHHHHHHHHH B R AR R RS S HHH B BB

source /opt/und/cadence/.cadencerc

# remind the user where they are...
echo "Working directory is" $PWD

# Start icfb (pass args through if there are any)
rc -gui $argv

argv will be tcl script on next page
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counter_RTL.tcl (1/2)

This is the tcl script run by the top level script.
You will need to modify this part of the script for your project.

HHHH
# Script for Cadence RTL Compiler synthesis

# Erik Brunvand, 2008

# Modified by J. Nahas, UND, 2009

# Use with syn-rtl -f <rtl-script>

# Set the search paths to the libraries and the HDL files
# Remember that "." means your current directory

# Attributes and Parameters are set:

set_attribute hdl_search_path {./} :;# Search path for Verilog files

set_attribute lib_search path {/afs/nd.edu/i386_linux24/opt/und/cadence/ncsu-cdk-1.5.1/1ib/
UofU_Digital_vl_2} ;# Search path for library files

set_attribute library [list UofU_Digital_vl_2.1ib] ;# Target Library in working directory
set_attribute information_level 6 ;# See a lot of warnings.

set myFiles [list counter.v] ;# All your HDL files

set basename counter ;# name of top level module

set myClk clk ;# clock name

set myPeriod ps 10000 ;# Clock period in ps

set myInDelay ps 250 ;# delay from clock to inputs valid
set myOutDelay ps 250 ;# delay from clock to output valid

set runname RTL ;# name appended to output files

#*********************************************************
#* below here shouldn't need to be changed... *
#
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counter_RTL.tcl (2/2)

This is the working part of the script which should not need to be modified.

# Analyze and Elaborate the HDL files
read hdl ${myFiles} # Read the files in the file list (counter.v)
elaborate ${basename} # start at module counter

# Apply Constraints and generate clocks

set clock [define_clock -period ${myPeriod_ps} -name ${myClk} [clock ports]] f#define clock
external_delay -input $myInDelay ps -clock ${myClk} [find / -port ports_in/*] # set delays
external delay -output $myOutDelay ps -clock ${myClk} [find / -port ports_out/*]

# Sets transition to default values for Synopsys SDC format,
# fall/rise 400ps
dc::set_clock_transition .4 $myClk

# check that the design is OK so far
check_design -unresolved
report timing -lint

# Synthesize the design to the target library
synthesize -to_mapped

# Write out the reports

report timing > ${basename}_${runname}_timing.rep
report gates > ${basename}_${runname}_cell.rep
report power > ${basename )_$ {runname}_power.rep

# Write out the structural Verilog and sdc files for use by Place and Route tool
write_hdl -mapped > ${ba }_${x }.v # structural file: counter RTL.v
write_sdc > ${basename}_${runname}.sdc # clock information file
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Running RTL Compiler

U To make sure that you have the required Cadence environment, run
the Cadence environment script:
- source /opt/und/cadence/.cadencerc

O start the RTL Compiler GUI with the counter_RTL.tcl script:

- syn-rtlg -f counter RTL.tcl

— The RTL Compiler will generate a number of files and open its GUI:
« counter_RTL_cell.rep
« counter_RTL_power.rep
« counter_RTL_timing.rep
« counter_RTL.sdc
« counter_RTL.v
* rc.cmd
* rc.log
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Encounter RTL Window opens

X| Cadence Encounter(R) RTL Compiler v09.10-5242_1 - /afs/nd.edu/user2/jnahas/cadence/VLSI10/Lab04_ExampleC

File Report Tools Preferences Window Help cadence

[ Hierarchy | HDL Y Schematic

omter aaq@an|ae

K. ]

B auo update: 2000

Design is mapped 4

File->Update GUl  to see synthesized logic
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RTL Compiler GUI

X| Cadence Encounter(R) RTL Compiler v09.10-5242_1 - /afs/nd.edu/user2 jnahas/cadence/VLSI10/Lab04_ExampleC

File Report Tools Preferences Window Help cadence

Hierarchy | HDL ¥ Schematic

counter aQQ@anas 7 7

Synthesized
™ Logic

&l =
counter 1 auto update: 2000

Design is mapped P
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Save a Postscript of the Schematic

X| Cadence Encounter(R) RTL Compiler v09.10-5242_1 - /afs/nd.edu/user2 jnahas/cadence/VLSI10/Lab04_ExampleC

File Report Tools Preferences Window Help cadence

Hierarchy | HDL ¥ Schematic

counter

QAQAQE 4% dS T T

™~ Clickon
Save Icon
3 =
counter 1 auto update: 2000
Design is mapped 4
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Save File Dialog

X! Save File

Directory: |/afs/nd.edu/user2/jnahas/cadence/VLSI10/LabC &

File Type ¢ —— Select PostScript

4 PostScript

Filter: |*.ps GIF
ts
Click icon to go up directory level
Double click directory
File: to go down level
0K Cancel
4
000 X Save File
Directory: |fafsind.edwuser2/jnahas/cadence/VLSI10/Labl # File Type-—
4 PostScript
Filter: |*.ps GIF
| Counter.ps

Insert File Name in path
e.g. Schematic.ps

File: |has/cadence/VLS110/Lab04_ExampleC/plots/Schematic.ps Click OK
o m/

4
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Schematic
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Generated Files
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Cells used in Structural Verilog

Gate Instances

sequential
inverter
logic 2

total 3

Syn and Place & Route

Cell Report

Area Library

8.000 UofU Digital vl_2
144.000 UofU Digital vl_2
18.000 UofU Digital vl_2
7.000 UofU Digital vl_2
63.000 UofU_Digital vl_2
9.000 UofU Digital vl 2
7.000 UofU _Digital vl_2
8.000 UofU Digital vl_2
9.000 UofU Digital vl_2
24.000 UofU Digital vl _2
32.000 UofU Digital vl 2

8 144.000 43.8
6 18.000 5.5
3 167.000 50.8

7 329.000 100.0
CMOS VLSI Design
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Timing Report

Pin Type Fanout Load Slew Delay Arrival
(£F) (ps) (ps) (ps)

(clock clk) launch 0 R
tmp_reg[1]/CLK 400 0 R
tmp_reg[1]/QB DCBX1 2 88.6 496 +938 938 R
g96/Aa +2 940
g96/Y NOR2X1 3 119.5 484 +835 1776 F
g91/B +1 1777
go91/Y NAND2X1 3 147.7 472 +783 2560 R
g8s/c +2 2561
g88/Y NOR3X1 1 61.7 494 +624 3185 F
g8l/A +3 3188
g8l/Y XOR2X1 1 46.4 220 +594 3783 F
g73/A +2 3785
g73/Y MUX2X2 1 45.6 135 +464 4249 F
tmp_reg[7]1/D DCBX1 +2 4252
tmp_reg[7]/CLK setup 400 +202 4453 R
(clock clk) capture 10000 R
Timing slack : 5547ps

Start-point : tmp_reg[1]/CLK

End-point : tmp_reg[7]/D
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counter RTL.v

Generated Structural Verilog for use in Place and Route

(1/4)

// Generated by Cadence Encounter(r) RTL Compiler v06.10-s032_1

module counter (clk,

clr, load, in, count);

input clk, clr, load;

input [7:0] in;

output [7:0] count;
wire clk, clr, load;

wire [7:0] in;
wire [7:0] count;

wire n 0, n 12, n 13, n_14, n 15, n_ 16, n_18, n_19;

wire n_20, n 21, n_22, n_23, n 24, n_25, n_26, n_27;
wire n 28, n 29, n_30, n_31, n 32, n_34, n_35, n_36;
» \tmp[1] , \tmp[2] , \tmp[6]

wire n_37, \tmp[0]

Syn and Place & Route
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#19

counter_RTL.v (2/4)

DCBX1 \tmp_reg[6] (.CLR (clr), .CLK (clk), .D (n_37), .Q (), .QB (\tmp[6] ));
DCBX1 \tmp_reg[7] (.CLR (clr), .CLK (clk), .D (n_36), .Q (count[7]), .QB ());
MUX2X2 g72(.A (n_34), .B (in[6]), .S (load), .Y (n_37));

DCBX1 \tmp_reg[5] (.CLR (clr), .CLK (clk), .D (n_35), .Q (count[5]), .QB ());
MUX2X2 g73(.A (n_31), .B (in[7]), .S (load), .Y (n_36))

DCBX1 \tmp_reg[4] (.CLR (clr), .CLK (clk), .D (n_32), .Q (count[4]), .QB ());
DCBX1 \tmp_reg[3] (.CLR (clr), .CLK (clk), .D (n_30), .Q (count[3]), .QB ());
MUX2X2 g74(.A (n_29), .B (in[5]), .S (load), .Y (n_35));

XNOR2X1 g80(.A (count[6]), .B (n_25), .Y (n_34));

MUX2X2 g77(.A (n_27), .B (in[4]), .S (load), .Y (n_32));

DCBX1 \tmp_reg[2] (.CLR (clr), .CLK (clk), .D (n_28), .Q (), .OB (\tmp[2] ));
DCBX1 \tmp_reg[1l] (.CLR (clr), .CLK (clk), .D (n_26), .Q (), .9B (\tmp[l] ));

Syn and Place & Route CMOS VLSI Design #20




counter_RTL.v (3/4)

XOR2X1 g81(.A (n_22), .B (count[7]), .Y (n_31));

MUX2X2 g76(.A (n_23), .B (in[3]), .S (load), .Y (n_30));
XOR2X1 g82(.A (n_20), .B (count[5]), .Y (n_29));

MUX2X2 g79(.A (n_18), .B (in[2]), .S (load), .Y (n_28));
XOR2X1 g85(.A (n_24), .B (count[4]), .Y (n_27));

MUX2X2 g83(.A (n_15), .B (in[1]), .S (load), .Y (n_26));
DCBX1 \tmp_reg[O] (.CLR (clr), .CLK (clk), .D (n_16), .Q (), .OB(\tmp [0] ));
NAND3X1 g89(.A (count[4]), .B (count[5]), .C (n_24),(n_25));
XNOR2X1 g84 (.A (count[3]), .B (n_21), .Y (n_23));

NOR3X1 g88(.A (n_12), .B (n_19), .C (n_21), .Y (n_22));
NOR2X1 g87(.A (n_19), .B (n_21), .Y (n_20));

XNOR2X1 g90(.A (n_13), .B (count[2]), .Y (n_18));

MUX2NX1 g93(.A (count[0]), .B (n_0), .S (load), .Y (n_16));
AND3X1 g92(.A (count[3]), .B (count[2]), .C (n_14), .(n_24));
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counter_RTL.v (4/4)

XOR2X1 g94 (.A (count[0]), .B (count[l]), .Y (n_15));
NAND2X1 g91(.A (count[2]), .B (n_14), .Y (n_21));
INVX2 g95(.A (n_14), .Y (n_13));

NAND2X1 g97(.A (count[6]), .B (count[5]), .Y (n_12));
INVX2 gl11(.A (\tmp[1l] ), .Y (count[1])):;

NAND2X1 g98(.A (count[3]), .B (count[4]), .Y (n_19));

INVX2 g102(.
NOR2X1 g96 (.

(\tmp[0] ), .Y (count[0]));
(\tmp[1] ), .B (\tmp[O0] ), .Y (n_14));

A
A
INVX2 gl07(.A (in[0]), .Y (n_0));
A
A

INVX2 gl09(. (\tmp[6] ), .Y (count[6]));
INVX2 gl06(. (\tmp[2] ), .Y (count[2]));
endmodule

Syn and Place & Route CMOS VLSI Design #22

SDC Timing File
counter RTL.sdc

set sdc_version 1.5

# Set the current design
current design counter

create clock -name "clk" -add -period 10.0 -waveform {0.0 5.0} [get_ ports clk]
set_clock_transition 0.4 [get clocks clk]
set_input_delay -clock [get_clocks clk] -add_delay
set_input_delay -clock [get_clocks clk] -add_delay
set_input_delay -clock [get_clocks clk] -add_delay
set_input delay -clock [get clocks clk] -add_delay
set_input_delay -clock [get_clocks clk] -add_delay
set_input delay -clock [get clocks clk] -add_delay
set_input _delay -clock [get_clocks clk] -add_delay
set_input_delay -clock [get_clocks clk] -add_delay
set_input _delay -clock [get clocks clk] -add_delay
set_input_delay -clock [get_clocks clk] -add_delay 0.25 [get_ ports clr]
set_input_delay -clock [get clocks clk] -add delay 0.25 [get_ports clk]
set_output delay -clock [get clocks clk] -add_delay 0.25 [get_ports {count[0]}]
set_output_delay -clock [get_clocks clk] -add delay 0.25 [get_ports {count[1]}]

.25 [get ports {in[0]}]
.25 [get_ports {in[1]}]
.25 [get_ports {in[2]}]
.25 [get ports {in[3]}]
.25 [get_ports {in[4]}]
[get_ports {in[5]}]
.25 [get_ports {in[6]}]
.25 [get_ports {in[7]}]
.25 [get ports load]

OOOOOOOOOOO
N
v

This file is used in the Place and Route
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Q

Close

Worst Timing Path

In the RTL Compiler GUI, select Report->Timing->Worst Path

| Detailed Timing Report

| Endpointimp_reg[6/D

I I ]
mﬁ_ 4000 118 138

2
] ] ] ] T JA]

(clock clk)

launch 00

tmp_reg1/CLK 4000 00

tmp_regl1/Q

g3BA

g383/A

DCBXI
1 1432.1
NANDZXT 3838 7167, 22088
18] 22106
4086 1514 3038 25204
2.1 25225
1050 3893 4458 23683
18] 2370.1 v}

INVXZ

R

R

102.7 5088 14309 14309 F
2

R

5

R

NAND2XT

Click on
Save Icon

Syn and Place & Route
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Save PostScrip Window

Make sure that you check

Xl Save Fle your save location.
Directory: |/afsind.edwuser2/jnahas/cadence/VLSI10/Labl # File Type—
4 PostScript
Filter: |*.ps ~ Gl
[] Counter.ps
[] Schematic.ps

Save Postscript of

/ WorstCasePath
File: jasfcadence/VLS110/Lab04_ExampleC/plotsiWorstCase.ps
OK Cancel
A 4
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Worst Case Path
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Exit the RTL Synthesizer

O File->Exit Tool
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Place and Route
Using the Cadence Encounter
RTL to GDSII System
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Place and Route

Place and Route is the process of:

— Selecting and placing standard logic cells in a layout based
on a structural HDL (VHDL or Verilog) logic description.

— Interconnecting the cells into a circuit with metal
interconnect.
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Encounter Place and Route
Process

U Open the Encounter Gui
— cad-soc
* This is a command script

* This must be in an xTerm window since X-Windows will be
generated.

U Steps in Encounter
— Import the design and design files
— Floorplan
— Power Planning - Add Power Rings
— Place Cells
— First Timing Optimization
— Add Clock Tree
— Second Timing Optimization
— Final Routing
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cad-soc script

#!/bin/tcsh

R R
# Start the SOC Encounter place and route tool

# Erik Brunvand, University of Utah

FHEH R
source /opt/und/cadence/.cadencerc

# remind the user where they are...
echo "Working directory is" $PWD

# Start encounter (pass args through)
encounter $argv

Note: typing encounter would do the same thing!
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Encounter GUI

cadence

Physical View
(cells and wires)

Amoeba View

Floorplan View
(blocks)
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Importing the Design

U The Design Import window sets up the Place and Route
U The following files are imported:
— From Synthesis:
+ counter_RTL.v
» counter_RTL.sdc
— Input/Output Location file:
* counter.io
— Library Files:
+ UofU_Digital_v1_2.lef
— Library physical information
« UofU_Digital_v1_2.lib
— Library timing information
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counter.io File

# Pin assignments for counter example
Pin: clk E
Pin: clr E E = east or right side

Pin: load E

Pin: in[7] S

Pin: in[6] S

Pin: in[5] S

PJ.'n: :!'n[” S S = south or bottom
Pin: in[3] S

Pin: in[2] S

Pin: in[1] S

Pin: in[0] S

Pin: count[7] N

Pin: count[6] N

Pin: count[5] N

Pin: count[4] N N = north or top
Pin: count[3] N

Pin: count[2] N

Pin: count[l] N

Pin: count[0] N
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UofU_Digital_v1_2.lib

Over 8000 lines of code

/* This is the beginning of the library
delay model : typ

check model : typ

power model : typ

capacitance model : typ

other model : typ

*/

library (UofU_Digital vl 2)

delay model : table_ lookup;
in place swap mode : match_footprint;

/* unit attributes */

time_unit : "lns
voltage unit : "1V";

current_unit : "ImA";
pulling_resistance_unit : "lkohm";
leakage power_unit : "InW'";

capacitive_load unit (1,pf);

slew_upper_threshold pct_rise : 80;
slew_lower_threshold pct_rise : 20;
slew_upper_threshold pct_fall : 80;
slew_lower_threshold pct fall : 20;
input_threshold pct rise : 30;
input_threshold pct_fall : 70;
output_threshold pct_rise : 70;
output_threshold pct_fall : 30;
nom_process : 1;
nom_voltage : 5;
nom_temperature : 25;
operating_conditions ( typical ) {

process : 1;

voltage : 5;

temperature : 25;
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Start of NAND2X1 in
UofU_Digital_v1_2.lib

*

L ——

* Design : NAND2X1 *

*

—
cell (NAND2X1) {
cell_footprint : nand2;
area: 3;
cell_leakage_power : 0.0567011;
pin(A) {
direction : input;
capacitance : 0.0201485;
rise_capacitance : 0.0201485;
fall_capacitance : 0.019937;
rise_capacitance_range ( 0.0190239, 0.0212732) ;
fall_capacitance_range ( 0.0186932, 0.0211807) ;
internal_power() {
rise_power(passive_energy_template_5x1) {
index_1 ("0.06, 0.18, 0.42, 0.6, 1.2");
values ("0.23538, 0.234957, 0.234854, 0.234994, 0.235103");
}
fall_power(passive_energy_template_5x1) {
index_1 ("0.06, 0.18, 0.42, 0.6, 1.2");
values ("0.242091, 0.236781, 0.235478, 0.235391, 0.235861");
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UofU_Digital_v1_2.lef

5700 lines of code
Ladaadadadagdadadididdsiiss
#
# This is the TechHeader.lef file that contains the
# technology information for the AMI C5N 0.5 micron
# CMOS technology (SCN3M_SUBM when using MOSIS)
#

# Erik Brunvand

VERSION 5.5 ;
NAMESCASESENSITIVE ON ;
BUSBITCHARS "[]" ;
DIVIDERCHAR "/" ;
UNITS

DATABASE MICRONS 100 ;
END UNITS

MANUFACTURINGGRID 0.15 ;

Start of NAND2X2 in
UofU_Digital_v1_2.lef

MACRO NAND2X2

CLASS CORE ;

FOREIGN NAND2X2 0 0 ;

ORIGIN 0.00 0.00 ;

SIZE 12.00 BY 27.00 ;

SYMMETRY X Y ;

SITE core ;

PIN A
DIRECTION INPUT ;
PORT
LAYER via ;
RECT 0.90 10.20 1.50 10.80 ;
LAYER metal2 ;
RECT 0.60 9.90 1.80 14.10 ;

LAYER poly LAYER metall ;
TYPE  MASTERSLICE ; RECT 0.60 9.90 1.80 11.10 ;
END poly
END
LAYER cc END A
TYPE cur ;
SPACING 0.9 ;
END cc
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Importing the Design Adding Structural Verilog File
4 File->Import Design... U Selecting Files
000 X| Design Import 000 X Netlist Files
soic) Select Structural Verilog File Netlist Fle .
Netiist: on next 2 slides Netlist Files: \

® Verilog
Files K

Top Cell: U Auto Assign @ By User:
w OA

Technology/Physical Libraries:
LEF Files:
O# Reference Libraries:

0# Abstract View Names,

O# Layout View Names.

Timing Libraries:
Max Timing Libraries
Min Timing Libraries:

Common Timing Libraries: g "

Browser Button
Click to select file
(see next 4 slides)

Tving Consrain il Browser Button

10 Assignment File [ ‘ c"ck to select flle

-« save Loa cancel _telp |

4

Syn and Place & Route CMOS VLSI Design

(In later slide)

#39

Click to Expand selection box

Close,
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Adding Structural Verilog File

9 Selecting Files Select counter_RTL.v

The Structural Verilog File

8.00 I\ Netlist Files
Netist Fite: Lv | ()€ mmmmmtiatlist Slection: ___ Click Add
HEtBURIeS: 9 /afsind adufuserzunahas/WLsnu/LabuA,Example |~ IE
2

Counter_RTLY [& piots .
counter.y i/ Click Close
B counter_RTL..

Do not select
counter.v the behavioral file

Filters: |Netlist Files (*.v*

Close
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Finished Basic Design Import Window

X/ Design Import
Basic || Advanced

Netlist:

® Verilog

& = Structural Verilog File

Files: counter_RTLY <G

Top Cell: & Auto Assign @ By User: counter N I
— Fill in top cell name

v 0A
: =
N\
Technology/Physical Libraries: \ |__Select abstract file (xx.lef)
LEF Files: UofU_DigitaNy1_2.lef 4G _]
OA Reference Libraries: \ Leave Max and Min blank

OA Abstract View Names:

|_~Select library file (xx.lib)

OA Layout View Names:
Timing Libraries:
Max Timing Libraries Timing Constraint File (xx.sdc)
Min Timing Libraries
Common Timing Libraries: UofU_Digital_v1_2.lib

1/0 File (xx.io)
see next page

Timing Constraint File: counter_RTL.sdc

10 Assignment File: counter.io

We will use the
@ e e e\ s . UofU_Digital_v1_2
When done, Click Advanced Tab Jlib and .lef files
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I/O File Addition Window

X! 10 Assignment File

Look in: 9 /afs/nd.edususer2ijnahas...nce/YLSI10/Lah04_Example ' Q © E]

E Compu... | plots [@ encounterlog2
= jnahas [0 cad-soc [ encounterlog3d
[§ counter.conficl [@ encounter.logd

B counterio lan tcl
[ countery [ placetcl

[ counter_Enc_toptcl [ pplantel Select .io file for I/O

[ counter_RTL.sdc [ rc.omd
[ counter_RTL.tcl [ rclog
[ counter_RTL.v [ routetcl

[ counter_RTL_cellrep [ syn-ril

[0 counter_RTL_powerrep [ syn-rilg

[§ counter_RTL_timing.rep [§ UofU_Digital_v1_2.lef

[ ctstcl [ Uofu_Digital_v1_2.lib

[ encounter.cmd2 [ verify.tcl Click Open
[ encounter.cmd3

[ encounter.cmdd

[ encounterlog

[@ encounterlogl

File name: counter.io Open

Files of type: All Files (%) n Cancel
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Design Import Advanced Tab

o000

X| Design Import

Basic = Advanced

Delay Calcuration Delay Calculation Defaults
M Exclude Net File §
poreTs Default Delay Pin Limit 1000
wer
RC Extraction Default Net Delay: 1000.0ps
sI Analysis Default Net Load: 0.5p
ming Input Transition/Slew 0.0ps
MMMC
Save.. Load... Cancel Help ‘
_Save. o Load. _Cancel y
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Design Import Advanced Power page

00 X! Design Import
Basic | Advanced

y Calculation Power Nets: vdd!

Ground Nets: gnel

Toggle Rate Scale Factor.

RC Extraction
RTL

SI Analysis
Timing
Yield
MMMC

———Select Power

3

Fill in Power and Ground Nets
vdd! and gnd!

fou can now click OK

<D m -

Encounter window with floorplan

X! Encounter(R)

Elle Edit

RTL-to-GDSII System 9.13 - /afs/nd.edu/user2/jnahas/cadence/VLSI10/Lab04_Example - counter

jew Parltion Floorplan Power Place Optimize Clock Route Timing Verfy Options Tools Flows Help a

dence

=] Q
A EE X

s & B & EF [ ® & lossanisinwenay

Layer Control___8.X|

Floorplan View B

all Colors
Foorpian view

Opstuct
region

area Density
instance

sta. cell
Cover ceil

et
[Special Net
[Terminal
Fule:

frext

Fel. FPian
leld Cel
ap

World View

o] senums [ Geos, 1

v
v
v
v

Kk kR R R R KR KKK o

TRKK K KRR K KKK
K

&

&

nwm

4
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U Design->Save Design ... U Floorplan —> Specify Floorplan ...
U Do this after each step!!!!
000 X Specify Floorplan
O00 X! Save Design Basic || Advanced
Design Dimensions
Data Type: & Encounter o O& - o
Specify By: @ Size U Die/lO/Core Coordinates
File Name: counter.enc b I & Core Size by: ® Aspect Ratio Ratio (H/W) 0.360854092527
& Core Utilization:  0.693881
« Cell Utilization:
« Dimension;
o Die Size by
[ oK ] Apply Cancel Help
- 4 Core Margins by: @ Core to 10 Boundary
 Core to Die Boundary
Core to Left 0.0 Core to Top 00
Core to Right: 0.0 Core to Bottom: 0.0
Die Size Calculation Use:  Max 10 Height @ Min 10 Height
Floorplan Origin at: ® Lower Left Carner _ Center
Unit: Micron
o« Apply Cancel Help .
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Floorplan Advanced Tab with

Floorplan with margins added spacing added

X!/ Specify Floorplan

Basic || Advanced
Design Dimensions 000 X! Specify Floorplan

Specify By: @ Size _ Die/lO/Core Coordinates Basic = Advanced
& Core Size by: @ Aspect Ratio Ratio (H/W). 6 \ A Rati Standard Cell Rows
® Core Utiization: 0633851 \ spect Ratio Double-hack Rows: (_[E]» ) Bottom Row Orient. (_EI»
O Cell Utization Can be adjusted P (O = e T [
O Dimension if desired Site: (_core » ) Row Height: 27.0 18 micron spacing added

_ Allow Overlapping Same Site Rows
o Die Size by 10 Specifications
. Bottom 10 Pad Orientation:|__[] RO»
Core Margins by: @ Core to 10 Boundary 30 micron __ Use IfO Rows for /O Placement
 Core to Die Boundary margins added
Core to Left 30 Coreto Top: 300 e/
Left

Core to Right: 30.0 Core to Bottom 30.0

© Max IO Height ® Min IO Height R|ght
Floorplan Origin at: © Lower Left Comer _ Center
Unit: Micron Top

Bottom
«» W\ Cancel = 4 ~___—+— Click OK when done

«» M elp )
y

Die Size Calculation Use

Click Apply to see how floorplan changes affect layout on main screen
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Encounter after floorplanning Save plot of Floorplan

X| Encounter(R) RTL-to-GDSI System 9.13 - /afs/nd.edu/user2/jnahas/cadence/VLSI10/Lab04_Example - counter

Elo Edi View Pamion Floomian Powsr Place Opimize Cock Rote Tming Verty Opions Tools Flows Help eadence
-~ |0 ERIR Q& 8 R 03D I 00515 [ 6 G owsmwnmoy U Tools->Screen Capture->Write to GIF File...
Gl B BOBBB 1AL =% )i
000 X Save GIF File
SN —
e Laok in 5 e/t eauruserzinanas..nce/ VLI 0 3b04._Excimple Bo > 8]
& Compu... [ appOption.dat
= jnahas E clack_report
counter.enc.dat
E nanoroute_tmp_23wlub ull-down to go up
. 9 plots
Note Margin & tining

[special Net
frerminal
et

Navigate to directory
Click on directories in window to go down

K

e erien
Vield cell
viemsp B

[

lzp

T RKKK KR

Note space
between pairs of rows

File name m
Reminder Files of type: G Files (*.gif" ) . Cancel

Save the design 7
File Name
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Save plot of Floorplan

Look in: [ /afs/nd.edu/userz/jnahas/.. L 5110/Lab04_Example/plots n Q = 0

X Save GIF File

& Compu.. [0 PreClockTree.gif
= jnahas

File name floorplan.gif

Files of type: GIF #les (*.gif* )

File Name

Syn and Place & Route

Cancel
n 4

CMOS VLSI Design

Slide 53

Power Planning

U Power->Power Planning->Add Rings...

Syn and Place & Route

X! Add Rings

Basic | Advanced | Via Generation

Net(s): gnal vad!
Ring Type
& Core ring(s) contouring
© Around core boundary
__ Exclude selected objects
< Block ring(s) around

o Along VO boundary

o User defined coordinates
Ring Configuration

Top Bottom: Lett Right
Layer. _metall H » ) _metall H » ) metai2 v » ) metalz V »

width: 15 5 15 15
Spacing: 0.3 08 09 03 Update
Offset:  Center in channel @ Specify

5 5 5 15
Option Set.

L Use option set

@ ey ey (Lo r Holp

CMOS VLSI Design
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Add Power Rings

X Add Rings

Basic| | Advanced | Via Generation

&
Nets): gnal vid S

Ring Type
@ Core ring(s) contouring
© Around core houndary
_ Exclude selected objects
C Block ring(s) around

< Along 110 boundary

o User defined coordinates:

Ring Configuration

Bottom:

Top Len gt
Layer:  metal FLb ) etall H»)_mstai2 v » ) metaiz ¥ » Il
w93 39 59 59 <

gnd! vdd!

Spacing: 18 18 18 18 <G
Offset: _ Center in channel @ Specify

15 15 15 5
Option Set

__ Use option set:

Click OK

[ ok TS apply Defaults Cencel

|
top )

Syn and Place & Route

CMOS VLSI Design

|__—— Ring widths to 9.9
Ring spacing to 1.8
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Floorplan with Power rings

X] Encounter(R) RTL-10-GDSII System 9.13 - fafs/nd.edu/user2 jnahas/cadence/VLS110/Labod_Examle - counter

cadence

Cich o solect single object St

Qeame

o
Soecal et
fremival
et

Save a plot called PowerRings.gif
Tools->Screen Capture->Write to GIF File...

Syn and Place & Route

CMOS VLSI Design
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Place Standard Cells

O Place->Place Standard Cells...

X\ Place

& Run Full Placement _ Run Incremental Placement _ Run Placement In Floorplan Mode

Optimization Options
# Include Pre-Place Optimization
— Include In-Place Optimization

Number of Local CPU{s): 1 _Set Multiple CPU...
Apply Mode Defaults Cancel Help
Leave Defaults — just click OK
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Encounter with Cells

| Encounter(R) RTL-to-GDSI System 9.13 - /afs/nd.edu/user2/jnahascadence/VLSI10/Lab04_Example - counter

Ele Edit View Pafion Floorplan Power Place Opimize Clock Eoute Timing Verfy Opians Tools Flows Help cadence

QLA QROIEF Ié o E&IE [ @ G lossion s riaces
Ll %= i

Al Colors

[Floorplan View

Click Physical View
to see cells

B

KEKKRK K
KKk KRKKKkK K

]
KKKKRERK
K

I Save the Design!

i
oensty van [

Save a plot called Cells.g’if

Tools->Screen Capture->Write to GIF File...
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Cick o slct g clect Stk o Gefslctmul ot [a]sehr

First Timing Optimization
U Optimize->Optimize Design....

~ o

X/ Optimization
Design Stage

& Pre-CTS g o Post-CTS — Post-Route
-

Pre-CTS — Before Clock Tree Synthesis

Optimization Type

~ Setup

~ Incremental

& Design Rules Violations

~ Max Cap
~ Max Tran
— Max Fanout
Click OK
&« oy Mode Default Close Help ‘

Note: You might get an error message
Ignore for now.
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Clock Tree Synthesis

U Clock->Synthesize...

X| Synthesize Clock Tree
Basic Advanced

— I n
Clock Specification Files . Gen Speg. ) €= to open Ge?‘ee;ctte(éiocipse:ec window

Results Directory: clock_report

———— ; N . = |
— / ‘
R Select BUF and INV cells
pecify Bufferfinverter ;
Cells List Selected Cells Click ADD

Click OK

Cells are added to Selected Cells List
Clock.ctstch file created

Output Specification File: Clock.ctstch B
[ ok ] Apply. Clear Spec Close Help ‘
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Synthesize Clock Tree

000 X Synthesize Clock Tree
Basic | Advanced
Clock Specification Files: Clock.ctstch ... \_Gen Spec...

Results Directory: clock_report

See the Clock Tree

U Clock->Display->Display Clock Tree
Q Turn off with
— Clock->Display->Clear Clock Tree Display

Save a plot called ClockTree.gif
Tools->Screen Capture->Write to GIF File...

m Apply Mode Load Spec | | Clear Spec Cancel Help
4
Click OK
You might get diamonds across your layout!!
Ignore for now.
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U Optimize->Optimize Design... U Route->NanoRoute->Route
— Select Post CTS routg e —
H ¥ Global Route
- CIICk OK ¢ Detail Route  Start Iteration 0 End Iteration default
Post Route Optimization _| Optimize Via _ Optimize Wire
Concurrent Routing Features
000 X| Optimization ® Fix Artenna U insertDiodes _ Diode Cell Name
Design Stage Ol Tining Driven gon s e T G aRT
« Pre-CTS & Post-CTS « Post-Route L Sl Driven
PP te 51 1 Victim File =l
Optimization Type ——
~ Setup _ Hold _ Post Route Litho Repair
o Incremental Routing Control
_ Selected Nets Only  Bottom Layer default Top Layer default
& Design Rules Violations _ ECO Route
¥ Max Cap __ Area Route Area Bl Seleotfreaand Route
Job Control
~ Max Tran ¥ Auto Stop -
__ Max Fanout Click OK Number of Local CPU(s): 1
A © ol Artinme Number of CUP(s) per Remote Machine: 1
Include 51 (&l.Options Number of Remote Machine(s): 0
Set Multiple CPU.
[ ok NN Mode Default Close Help @I oy i) Mode ) (_Save ) (_Load ) (_Cancel ) (_ kelp
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cadence

=] QbR Q
o L=y

Save your Design
Syn and Place & Route

? [ @ & loesionis Rouea

(2]

TREKRKRRK KKK KRR KKKk
KRRk KKK Rk

[m]

[

[z =i

Save plot of layout
U4 Tools->Screen Capture->Write to GIF File...

X Save GIF File

Look in: [ /afs/nd.edususerz/inahas...nce/VLSI1 0/Lab04_Example n Q = 0 8]
A

& Compu... [ appOption.dat
= jnahas 9 clock_report

[ counter.enc.dat -

8 nanoroute_tmp_23wlub u" down to go up

9 plots

=] lmug\

Navigate to directory
Click on directories in window to go down
File name @
Files of type: G Files (*.gif* ) B cancel
4

File Name
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Save plot of layout Documentation
000 X| Save GIF File U Create a folder in the drop box named Lab04
Look in 55 /afs/nd.edufuser2/jnahass...LSI10/Lah04_Example/plots n Q = | B d In the folder place the foIIowing:
CompL [ PreClockTree.gif
B Conpu..” [ PreclockTieeof ~ counter.v
— counter_RTL.v
— Schematic.ps
— WorstCasePath.ps
— floorplan.gif
— PowerRings.gif
— Cells.gif
— ClockTree.gif
— CompletedLayout.gif
File name:  CompletedLayout gif
Files of type: Gl iles (*.gif* ) B cancel
4
File Name
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