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In the CAD Book

¢ Chapter 8 on Cell Characterization
= Section 8.1 describes .lib format
= Section 8.2 describes ELC — that tool is gone...
e Instead we’ll use Cadence Liberate
= Section 8.3 describes characterization by hand
with Spectre (don’t do it!)
= Section 8.4 describes converting from .lib to .db
format (used by Synopsys Design Compiler)
e Use syn-lc instead of syn-dc...
o (.1ib is used also by other tools...)

Start with Cells

X/ Library Manager: WorkArea: /home/elb/VLSI/cadence-f13

File Edit View Design Manager Help cadence
_ Show Categories __ Show Files

Library Cell View

Lib6710_00 NANDZX1

CAD1 INVX1 View ~ | Lock | Size

cabz analog_extracted 31k
CAD3 NORZX1 behavioral 248
Lih6710_00 TIEHI cmos_sch 31k
Lih6710_00_CADB TIELO extracted 30K
NCSU_Analog_Parts ss-test layout 30k
NCSU_Digital_Parts

UofU_analog_Parts symbol 23k
UofU_Digital_v1_2

Messages

TITECK g BTTame TTERy TUT dULE TUCRS.

Renaming library "Lib6710_00_CADS" to "Lib6710_00"

Batching session updates...

Batching session updates... =

[Lib: Lib6710_00 [Free: 4.83T
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Layout View

Layout L Editing: Lib6710_00 NAND2X1 layout

Launch File Edit View Create Verify Connectivity Options Tools Window Assura Opimize NCSU Help cadence
i ¢ ld 0 @R EQ[R|(B»>|Q] M »|cassic BE G

Uy <3 3 * S G4 4x 0 » || (F)Select0 Sel(N:0 Sely0 Sel(O)0 | X:18.0000 ¥:21.9000 dX: d¥: Dist Cmd
Palette 7.8

« Valid _ Used _ Routing
Q B-
[l active boundary -]

AV NV AS NS

Name [ Vis| Sel|

T PoVIS] .
[W[ecive  bou v v
O Dol & |

[ o= bou v v
W relect  boui v v
Ol pin ¥ w
W rselect  net v v
Wpseiect  bow v v
W rseiect  pin v v
W rseiect  net v v
Wl bouv v
@ovel  bouy v

[Wavel  bou v vl

Objects & x|
(RART}

v v

C]
v ¥
v v

Grigs = I Ly
mouse L: showClickinfoQ) _leiLMBPress() M: hiRepeat) i 2ibouseRoniing,

1@) | -

| Cmet

Schematic View

| Schematic L Editing: Lib6710_00 NAND2X1 cmos_sch

Launch FEile Edit View Create Check Opfions Migrate Window NCSU Help cadence
uE @ d 0@ X Q T ¢ -7 T IR QAR B L L eE
= " ;

O~ Basic [ - 1= S I N I =N Y B-
Navigator
Default
Q
Name
= NAND2X1
2) MO (nmos)
QD M1 {(nmos;
A2 (p

O M3 (prmos)
A

]

L gna!
1. netiz
. veld!
LY

m A
@ B2
s ]

mouse L: showClickinfoQ) M: schHiMousePopUpQ R: schHiMausePapUp()
pa) | -> | Cmd: Sel: 0

Use

cmos_sch

as the view
type for your
cell schematics

This is to
differentiate
them from
schematics that
use the cells.
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Symbol View

X| Symbol L Editing: Lib6710_00 NAND2X1 symbol

Launch File Edit View Create Check Options Window Help cadence
. & 0 ~ § s v 1Q Q @ m
[ =™ { d 0 @R QO o RKR-e¢ T 17 KRV QA K
Mo Basic REQ IR s@Hh @/ 8
Navigator 78x
Default
Q 8-
Narme Sl
I NANDZX1
1A
LB
Ly
-» AIN1
- BINZ
-® v:0UT
Property Editor 28 X
. I || I -
mouse L: mouseSingleSelectPt) M: schHiMousePoplp( R: schHiMousePoplp()
a@\ > | Cmd: Sel:0 7

Behavioral View

X| emacs@lab2-12.eng.utah.edu

File Edit Options Buffers Tools Statements Verilog Help

E E’ % ‘f ao E:J m = L[

/ Verilog HDL for "UofU_Digital_v1l_2", "NAND2X1" "behavioral"

module NAND2X1 (Y, A, B);
output Y;
input A;
input B;

nand _i0(Y, A, B);

(A =>Y) = (1.0, 1.0);
(B =>Y) = (1.0, 1.0);
endspecify

endmodule

--:--- verilog.v ALl L1 (Verilog)---------ccmmmim e a s
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Start with six views of each cell

layout - make sure to use the template!
cmos_sch — use this view type for a schematic
symbol — Make them look nice

L=

behavioral — Having this view makes simulation go
much faster (if you use it)

extracted — generated from the extract processes

S

. analog extracted — after LVS

Characterize the cells

+ Run a set of analog (Spectre) simulations that
builds a table of delay values
= Input drive vs. output load
= For all outputs
» Plus rise and fall times

= And some power information

¢ Cadence Liberate
= cad-lib from the bin directory

= But, don’t call it directly... use additional scripts...

»5



Single Schematic with All Cells

X/ Library Manager: WorkArea: /home/elb/VLSI/cadence-f13

Help cadence
__ Show Categories __ Show Files
Library Cell View
Lib6710_00 schematic

Lib6710_00

Uofl_Pads

Messages

ILibB710_00

NCSU_Digital
Uof_Analog,
_Digit

Uofu_Sheets

Al [ Size |

View Lock
% scheniatic|elb@lahz-12 eng utanedu | 25k|

Batching se

Checking rename |i
Renaming library *

ibB7
sion updates
ion updates

o "Lih6710_00"

Mlan

Lib: Lib6710_00 |Free: 4.84T

Single Schematic with All Cells

\| Schematic L Editing: Lib6710_00 ss-test schematic

Launch File Edit View Create Check Opfions Migrate Window NCSU Help cadence
i & o o o N

[N § 0 WX QT ¢ R-T 7 1R QAH T L 1L »E
M Basic - N e N S 8-

Navigator 2.8 X

” Default

(8,8, 8 8 6. 6 8 & & se

Property Editor 3

mouse L: showClickinfo() M: schHiMousePopLp() R: schHiMousePopUpQ)
4(7)\ > | Cmet: Sel: 0
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Create Netlist of that ss-test Cell

X/ ADE L (1) - Lib6710_00 ss-test schematic

Launch Session Setup Analyses Variables Outputs mam Results Tools Help cadence

= MNetlist and Run
Il 7 et ds O ‘
Analyses N 78 X
Design Variables X © stop A
Name Value | Type | Ena) Device Checking ..
MDL Contral ...
Reliahility 4
Options 4
Output Log Qeate
Linter Log ... Display ..
Outputs Convergence Aids » | Decreate 78X
Name/SignaVExpr [ Value | FIol] Save|  Save Opfions
- Plat after simulation: Auto n Plotting mode: \Beplace B J
[ n : |
5(8) | Create | Status: ..successful. | T=27 C | Simulator: spectre =

Call it foo.scs (for example)

X! /home/elb/VLSI/cadence-f13/simulation/ss-test/spectre/schematic/netlist/input.... —

File Edit Help cadence

/7 Generated for: spectre

// Generated on: Oct 10 13:35:45 2013

/7 Design library name: Lib6710_00

/7 Design cell name: ss-test

// Design view name: schematic

simulator lang=spectre

global 0 vdd!

include " /wusoc/facility/cad_common/local/class/6710/F13/cadence/Spectre/T89Y.scs"

/7 Library name: Lib6710_00
/7 Cell name: INVXL
// View name: cmos_sch
subckt INVX1 A Y inh_inh bn _net0
ML (Y A vdd! _net0) amiO6P w=3u 1=600n as=4.5e-12 ad=4.5e-12 ps=Su \
pd=%u n=1 region=sat
MO (Y A 0 inh_inh_bn) amiO6N w=1.5u 1=600n as=2.25e-12 ad=2.25e-12 \
ps=6u pd=6bu m=1 region=sat
ends INVXL
// End of subcircuit definition.

/7 Library name: Lib6710_00
/7 Cell name: NANDZIL
// View name: cmos_sch
subckt NANDZ2Y1 A B Y inh_inh _bn _net0
M2 (Y B vdd! netl]) amil6P w=3u 1=600n as=4.5e-12 ad=4.5e-12 ps=%u \
pd=%u n=1 region=sat
M3 (Y A vdd! netD) anil6P w=3u 1=600n as=4.5e-12 ad=4.5e-12 ps=9u \
pd=%u n=1 region=sat
MO (Y A netl2 inh_inh_bn) amiO6N w=3u 1=600n as=4.5e-12 ad=4.5e-12 \ v
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scs2liberate foo.scs libcells.scs

Convert to Liberate format

simulator lang=spectre
global vss vdd

subckt INVK1 A Y
Ml (Y A vdd vdd) amiB6P w=6u |=688n as=9e-12 ad=9e-12 ps=15.8u Y
pd=15.8u m=1 region=sat c
Mg (Y A vss vss) amiB6N w=3u |=688n as=4.5e-12 ad=4%.5e-12 ps=9u %
pd=9u m=1 region=sat
ends |NVK1
subckt NAND2K1 A B Y
M2 (Y A vdd vdd) amiB6P w=6u |=688n as=9e-12 ad=9e-12 ps=15.8u Y

pd=15.8u m=1 region=sat (
M3 (Y B vdd vdd) amiB6P w=6u |=688n as=9e-12 ad=%9e-12 ps=15.8u Y
pd=15.8u m=1 region=sat “

M8 (Y B netl2 vss) amiB6N w=6u |=688n as=9e-12 ad=%9-12 %
ps=15.08u pd=15.8u m=1 region=sat
Ml (netl2 A vss vss) amiB6N w=6u |=6B8n as=9e-12 ad=9e-12 %
ps=15.08u pd=15.8u m=1 region=sat
ends NAND2K1

Run Liberate

¢ Liberate Library Characterizer
= Figures out what each cell is (logic)
= Generates test inputs for Spectre

= Runs Spectre

Checks output and extracts timings
Formats the output in .lib format

+ [ like to make a new VLSI/Liberate directory

from which to run this tool...
= cp 1 /uusoc/facility/cad common/local/class/6710/F17/cadence/Liberate .
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Liberate setup...

+ A lib directory

= where the generated <library>.lib file will be
generated.

¢ A netlist directory
= put your libeells.scs file in this directory.

,[elb@lab2-20 Liberatel$ 1s
‘models/  README  tcl/ templates/ userdata/
netlist/ run.sh* TechHeader.lef UoflU_Cells.tcl

{[elb@lab2-20 Liberatel$ []

Liberate setup

* A templates directory

» edit the UofU_Cell Defs.tcl file in this directory
to include cell descriptions for each of the cells
you want to characterize. The
UofU_Templates.tcl file has definitions for the
timing and power templates that will be used for
characterization. Y ou probably don’t need to
modify these unless you are using a different
technology than ON Semi C5N.

,[elb@lab2-20 Liberatel$ 1s

‘models/  README  tcl/ templates/ userdata/
netlist/ run.sh* TechHeader.lef UofU_Cells.tcl
1[elb@lab2-28 Liberatel$ [|
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Liberate setup

¢ A UofU_Cells.tcl file

» edit this file to make a list of the cells that you

want to characterize in this run. This could be a
list of every cell described in templates/
UofU_Cell_Defs.tcl, or it could be a subset if
you just want to try a few.

* A userdata directory

» edit the userdata.lib file to reflect the areas and

footprints of each of the cells in your library.

,[elb@lab2-20 Liberatel§ 1s

‘models/

README tcl/ templates/ userdata/

netlist/ run.sh* TechHeader.lef UofU_Cells.tcl
1[elb@lab2-20 Liberatel$ []

Liberate setup

* A tcl directory

= Edit the UofU_Char.tcl file in this directory to

change the name of the library that the tool
generates. If you don’t modify this, the tool will
generate a file named Lib6710_ XX.lib by
default. The settings.tcl file in this directory has
configuration commands for the Spectre
simulator. You won’t need to modify this file at
all.

,[elb@lab2-20 Liberatel$ 1s

‘models/

README tcl/ templates/ userdata/

netlist/ run.sh* TechHeader.lef UofU_Cells.tcl
1[elb@lab2-28 Liberatel$ [|
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Liberate setup

* A models directory

= Has the Spectre model files for the amiO6N and
amiQ6P transistors used by in your netlist.

¢ A run.sh shell script

» This calls the cad-lib Liberate script with the
appropriate input files, and makes a copy of the
log information in a Liberate.log file.

,[elb@lab2-20 Liberatel} 1s

‘models/  README  tcl/ templates/ userdata/
netlist/ run.sh* TechHeader.lef UoflU_Cells.tcl
{[elb@lab2-20 Liberatel} []

¢ Liberate tutorial on Canvas...

Sep 26 16:36:12 Thread 9: Cell=NAND2X1 (100%) Pin= Related= combinational leakage_power
Sep 26 16:36:12 Thread ©: Cell=NAND2X1 (100%) Pin= Related= combinational leakage_power
Performance statistics for NAND2X1: Spectre cpu time = 1.2 seconds, total cpu time = 1.3 seconds, wall clock time = 9.0 seconds.|

-

Characterizing NOR2X1 (2)

Sep 26 16:36:12 Thread ©: Cell=NOR2X1 (20%) Pin=Y Related=A combinational rise_transition
Sep 26 16:36:12 Thread @: Cell=NOR2X1 (41%) Pin=Y Related=B combinational rise_transition
Sep 26 16:36:12 Thread ©: Cell=NOR2X1 (62%) Pin=Y Related=A combinational fall_transition
Sep 26 16:36:12 Thread ©: Cell=NOR2X1 (83%) Pin=Y Related=B combinational fall_transition
Sep 26 16:36:13 Thread ©: Cell=NOR2X1 (87%) Pin=A Related= rising_edge rise_power

Sep 26 16:36:13 Thread ©: Cell=NOR2X1 (91%) Pin=A Related= falling_edge  fall_power

Sep 26 16:36:13 Thread ©: Cell=NOR2X1 (95%) Pin=B Related= rising_edge rise_power

Sep 26 16:36:13 Thread @: Cell=NOR2X1 (100%) Pin=B Related= falling_edge fall_power

Sep 26 16:36:13 Thread 8: Cell=NOR2X1 (100%) Pin= Related= combinational 1leakage_power

Sep 26 16:36:13 Thread 9: Cell=NOR2X1 (100%) Pin= Related= combinational leakage_power

Sep 26 16:36:13 Thread @: Cell=NOR2X1 (100%) Pin= Related= combinational leakage_power

Sep 26 16:36:13 Thread 8: Cell=NOR2X1 (100%) Pin= Related= combinational leakage_power
Performance statistics for NOR2X1: Spectre cpu time = 0.8 seconds, total cpu time = 0.9 seconds, wall clock time = 1.0 seconds.

Characterizing INVX1 (3)

Sep 26 16:36:13 Thread ©: Cell=INVX1 (50%) Pin=Y Related=A combinational rise_transition
Sep 26 16:36:13 Thread ©: Cell=INVX1 (100%) Pin=Y Related=A combinational fall_transition
Sep 26 16:36:13 Thread ©: Cell=INVX1 (100%) Pin= Related= combinational leakage_power
Sep 26 16:36:13 Thread 9: Cell=INVX1 (100%) Pin= Related= combinational leakage_power

Performance statistics for INVX1: Spectre cpu time = 0.3 seconds, total cpu time = 0.3 seconds, wall clock time = 0.0 seconds.

> 11



INFO: Write Liberty

LIBERATE parameter mx_format_expand_buses® set to '0°

LIBERATE parameter "ecsm_multi_stage_cap_mode® set to "9"

LIBERATE parameter "ccsp_mode® set to 0"

LIBERATE parameter "enable_command_history" set to "0°

WARNING (LIB-5015): (write_library): The existing library file '/home/elb/VLSI/Liberate-test/libtest/1ib/Lib6710_XX.1ib' was renamed to '/home/elb/VLSI/Libe
rate-test/libtest/1ib/Lib6710_XX.11b.5".

Writing library to /home/elb/VLSI/Liberate-test/libtest/1ib/Lib6710_XX.1ib, started at Tue Sep 26 16:36:14 MDT 2017

Writing .1ib for cell INVXL

LIBERATE parameter "sdf_cond_warning" set to "9"

Writing .1ib for cell NAND2XL

Writing .1ib for cell NOR2XL

Writing .1ib for cell TIEHI

Writing .lib for cell TIELO

LIBERATE parameter "ccsp_table_reduction® set to *1°

Number of passing cells =

Number of failing cells =
List of failing cells {}
Finished writing 5 cells to library /home/elb/VLSI/Liberate-test/libtest/1ib/Lib6710_XX.lib at Tue Sep 26 16:36:15 MDT 2017
LIBERATE parameter ‘write_sens_nochange® set to '1*

Peak memory usage: 413 B

Peak virtual memory usage: 360 MB

Peak physical memory usage: 54 HB

Wall time .00 hours (17.00 seconds)

LIBERATE exited on 1ab2-20.eng.utah.edu at Tue Sep 26 16:36:15 2617

5
2

[elb@lab2-20 libtest]$ [

Changing library name in .lib

N\ emacs-25.2@lab2-20.eng.utah.edu
File Edit Options Buffers Tools Help

(Y & B X &

[ibrary (Lib6710_XX)
/* Models wrltten by Llberate 16.1.3.111 from Cadence Design Systems, Inc. on Sun Sep 24 18:57:32 MDT 2017 */
comment : ""
date : " Date Sun Sep 24 18:56:55 2017 $";

revision : "1.0";
delay_model : table_lookup;
capacitive_load_unit (1,pf);
current_unit : "1mA
leakage_power_unit
pulling_resistance_unit
time_unit : "1lns";
voltage_unit : "1V";
voltage_map (vdd, S);
voltage_map (vss, 0);
default_cell_leakage_power : 0;
default_fanout_load : 1;
default_max_transition : 1.2;
default_output_pin_cap : 0O;
in_place_swap_mode : match_footprint;
input_threshold_pct_fall : ;
input_threshold_pct_rise : 30;
nom_process : 1;
nom_temperature :
nom_voltage : 5;
output_threshold_pct_fall : 30;
output_threshold_pct_rise : 70;
slew_derate_from library : 1;
slew_lower_threshold_pct_fall : 20;
slew_lower_threshold_pct_rise : 20;
slew_upper_threshold_pct_fall : 80;
slew_upper_threshold_pct_rise : 80;
operating_conditions (PVT_SV_: 25C) {

process : 1;

temperature 1 25;

voltage :

-- L1b6710 xx Ub  Top L1 (Fundamental)

"lkohm";

25;
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File

™ = B X L%i«, e | $3Undo 3‘

N\ emacs-25.2@lab2-20.eng.utah.edu
Edit Options Buffers Tools Help

4

o
fo

Fell (Invx1) {

area : 129.6;
cell_footprint : "INV";
cell_leakage_power : 0.0500074;
pg_pin (vdd) {
pg_type : primary_power;
voltage_name : "vdd";

}

pg_pin (vss) {
pg_type : primary_ground;
voltage_name : "vss";

Tleakage_power () {
value : 0.0500012;
when : "(A * 1Y)";
related_pg_pin : vdd;

leakage_power () {
value : 0.0500137;
when : "(!A *Y)";
related_pg_pin : vdd;

leakage_power () {
value : 0.0500074;
related_pg_pin : vdd;
}

pin (Y) {
direction : output;
function : "!A";

min_capacitance : 0.01;
power_down_function : "(!vdd) + (vss)";
related_ground_pin : vss;

-:--- CAD6.lib 52% L5242 (Fundamental)

N\ emacs-25.2@lab2-20.eng.utah.edu

File Edit Options Buffers Tools Help

pin (Y) {
direction : output;
function : "!A";

min_capacitance : 0.01;
power_down_function : "(!vdd) + (vss)";
related_ground_pin : vss;
related_power_pin : vdd;
max_capacitance : 0.6;
timing () {
related_pin : "A";
timing_sense : negative_unate;
timing_type : combinational;
cell_rise (delay_template_5x5_X1) {
index_1 ("0.06, 0.18, 0.42, 0.6, 1.2");
index_2 ("0.01, 0.05, 0.1, 0.3, 0.6");
values ( \
"0.112696, 0.224034, 0.362374, 0.914454, 1.74143", \
"0.184577, 0.301391, 0.43794, 0.98744, 1.81386", \
"0.304229, 0.450398, 0.59735, 1.14043, 1.96319", \
"0.385552, 0.549684, 0.710877, 1.25817, 2.0774", \
"0.634888, 0.847663, 1.04606, 1.65921, 2.46975" \
);

}
rise_transition (delay_template_5x5_X1) {
index_1 ("0.06, 0.18, 0.42, 0.6, 1.2");
index_2 ("0.01, 0.05, 0.1, 0.3, 0.6");
values ( \
"0.0657055, 0.169969, 0.304816, 0.844863, 1.65462", \
"0.0971017, 0.186204, 0.309307, 0.844673, 1.65416", \
"0.148417, 0.248856, 0.35929, 0.850247, 1.65428", \
"0.182127, 0.291049, 0.408904, 0.872642, 1.65491", \
"0.277852, 0.421202, 0.552645, 1.00554, 1.71487" \
- CAD6.lib 525 L5284 (Fundamental)
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syn-lc

Converting .lib to .db

[elb@lab2-20 1lib]$ syn-lc

Using setup-synopsys from S17

Assuming your OS is amdé64

You are now set up to run the synopsys tools.

Working directory is /home/elb/VLSI/Liberate/lib

Library Compiler (TM)
DesignWare (R)
Version M-2016.12-SP3 for linux64 - Apr 13, 2017
Copyright (c) 1988 - 2017 Synopsys, Inc.
This software and the associated documentation are proprietary to Synopsys, Inc.
This software may only be used in accordance with the terms and conditions
of a written license agreement with Synopsys, Inc. All other use, reproduction,
or distribution of this software is strictly prohibited.

Initializing...
lc_shell> read lib Lib6710_XX.lib
Reading '/home/elb/VLSI/Liberate/lib/Lib6710_XX.lib' ...
Warning: Line 1, The 'default inout pin cap' attribute is not specified. Using 1.00. (LBDB-172)
Warning: Line 1, The 'default input pin _cap' attribute is not specified. Using 1.00. (LBDB-172)
Warning: Line 1, The 'default leakage power density' attribute is not specified. Using 0.00. (LBDB-172)
Warning: Line 105, Cell 'INVX1l', The cell leakage power attribute of the 'INVX1l' cell is redundant
and not used in the leakage power modeling. (LBDB-644)
Warning: Line 215, Cell 'INVX1l', pin 'A', The pin 'A' does not have a internal power group. (LBDB-607)
Warning: Line 229, Cell 'NAND2X1', The cell leakage power attribute of the 'NAND2X1l' cell is redundant
and not used in the leakage power modeling. (LBDB-644) Technology library
'Lib6710_XX' read successfully
1

syn-lc

Converting .1ib to .db

lc_shell> write 1ib Lib6710_XX -o Lib6710_XX.db Wrote the

'Lib6710_XX' library to '/home/elb/VLSI/Liberate/lib/Lib6710_XX.db' successfully
1

lc_shell> exit Memory usage for this session 19 Mbytes.

CPU usage for this session 0 seconds ( 0.00 hours ).

Thank you...
[elb@lab2-20 1ib]$
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CS/ECE 6710 Tool Suite

Synopsys
Design Compiler

S

Structural
Verilog

Behavioral
Verilog
Cadence
Innovus
Circuit
Layout
CCAR ngence
Virtuoso
AutoRouter
Layout

-

Layout-XL

Cadence
Composer
Schematic

In the CAD Book

¢ Chapter 10 — Abstract Generation

= Abstract views are used by place and route

= Eventually they are captured in a .lef file that

describes the place and route geometry
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Generating Abstract Views

N Abstract - [no current library]
File Bins Cells Flow

Help
0] 8| | 8| =B ¥
Bin | cells | cell | Layout | Logical | Pins | Extract | Abstract | Verify |
Core )
10 i}
Corner 0 X Open Library
Biock 0 [ Select Library
Ignore 0
Library |Path 2%
cAD1 71 AD3/zipeng 13/CAD1
CAD2Z 71 in/CAD3/zipeng f13/CAD2
CAD3 71 in/CAD: f13/CAD3
Interpreter: < Tcl 4 | = -
Log Lib6710_00_CADE  ‘homefelb/VLSI/cadence-3/Lih6710_00_CADE J
NCSU_Analog_Parts fuusoc/facility/cad_common/NCSU/CDK1.6beta.utah.2011/1ib/NCSU_Analog_Parts T
NCSU_Digital_Parts  /uusoc/facility/cad_common/NCSU/CDK1.6beta.utah.2011/1ib/NCSU_Digital_Parts
UofU_Analog_Parts ility/cad_ ib/0A/UofU_aAnalog_Parts
UofU_Digital_v1_2 fuusoc/facility/cad_common/local/Cadence/lib/OA/Uofl_Digital_v1_2 £
& 15
OK Cancel Help
i i
abstract>
. .
Imported librat y 11 cad-abstract
N\ Abstract - Lib6710_00
File Bins Cells Flow Help

0B >| 3= E| v
Bin Cells | Cell | Layout | Logical | Pins | Extract | Abstract | Verify |
d INVX1

v
10 0 NANDZX1 v
Comer o NOR2ZX1 v
Block 0 TIEHI v
Ignore 1 TIELO v

Interpreter: - Tcl @ Skill

Log

INFO (ABS-10500): Library Lib6710_00 Opening /home/elb/VLSI/cadence-f13/Lib6710_00

INFO (ABS-10011): Verifying Technology Data ...

INFO (ABS-10012): Layer summary: 3 metal layer(s), 3 via layer(s), 5 poly layer(s), and 3 diff layer(s) found
INFO (ABS-20023): Via summary: 4 valid via(s) found

INFO (ABS-10504): Library Lik6710_00 no options loaded

INFO (ABS-10503): Library Lib6710_00 Loading options from /hone/elb/YLSI/cadence-f13/Lib6710_00/,abstract.option

|Command History

s

INFO (ABS-10505): Library Lib6710_00 loading messages from /home/elb/VLSI/cadence-f13/Lib6710_00/ .abstract.nessa
zes

INFO (ABS-10501): Library Lib6710_00 Loading 6 cells

INFO (ABS-10502): Library Lib6710_00 Loaded 6 cells

INFO (ABS-10507): Library Lib6710_00 opened

=
=

abstract>
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Green checks are good!

X\ Abstract - Lib6710_00
File Bins Cells Flow

Help

0|28 >| a| =g 7|

10
Comer
Block
Ignore

—ooo

Interpreter: - Tcl & Skill
Log Command History

Cell Layout | Logical Pins Extract | Abstract | Verify

INFO (ABS-15058): Number of pins checked = 50

INFO (ABS-15058): Number of pins off grid = 14

INFO (ABS-15058): Number of pins off grid in % = 2

INFO (ABS-15058): Number of pins off grid iny = 12

INFO (ABS-15058): Nunmber of blockages checked = 52

INFO (ABS-15058): Number of blockages off grid = 14

INFO (ABS-15058): Number of hlockages off grid in x = 2

INFO (ABS-15058): Number of blockages off grid iny = 12

INFO (ABS-14028): Cell INVX1: predefined site core will be used
INFO (ABS-14028): Cell NAND2X1: predefined site core will be used
INFO (ABS-14028): Cell NORZX1: predefined site core will be used
INFO (ABS-14028): Cell TIEHI: predefined site core will be used
INFO (ABS-14028): Cell TIELO: predefined site core will be used

o
£ £
abstract>
step for the cell(s) ®
rstep || Adjust | Blockage ] Density | Fracture | Site | Overlap | Grids |
& HiB [ Layer Assignment for Blockages
~ Extract
& Abstract |Layer |Geometry Specification |Blockage  |Pin Cutout |Max Spad[

o |metall metall |Detailed -
o [metalz  metal2 [petailed
o [metalZ  metald [petailed
d [via  ia [petailed
|
o
=]

via2 viaz Detailed
cc cc Detailed

o EE NN
ojo|ojoo|o

#
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Export Lib6710 00.lef file

Export LEF
LEF Filename:

CADG., lef]

W Export Geometry LEF Data
1 Export Tech LEF Data
Cell List Filename:

LEF Version:
Export LEF for Bin:
Bus characters:

Divider character:

OK | Cancel | Help

“geometry lef”

X| emacs@lab2-12.eng.utah.edu
File Edit Options Buffers Tools Help
LeEax B XZpfAag@=E
VERSION 5.6 ;

BUSBITCHARS “[1* ;
DIVIDERCHAR "/* ;

PROPERTYDEFINITIONS
MACRO icVersionStamp STRING ;
MACRO drcSignature INTEGER ;
END PROPERTYDEFINITIONS

MACRO INVX1
CLASS CORE ;
ORIGIN 0 0 ;
FOREIGN INVX1 0 © ;
SIZE 4.8 BY 27 ;
SYMMETRY X Y ;
SITE core ;
PIN gnd!
DIRECTION INOUT ;
USE GROUND ;
SHAPE ABUTMENT ;
PORT
LAYER metall ;
RECT 0.6 -1.2 1.8 3.15 ;
RECT -1.2 -1.2 6 1.2 ;
END
END gnd!
PIN vdd!
DIRECTION INOUT ;
[ USE POWER ;

--i--- Lib6718_66.lef Top L9 {Fundamental)--------------------

Replace highlighted
text with
TechHeader.lef
from Liberate
directory
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“technology lef”

X\ emacs-25.2@lab2-20.eng.utah.edu

File Edit Options Buffers Tools Help

(S E X B Guo | ¥ 8B Q

[ttt
#

# This is the TechHeader.lef file that contains the
# technology information for the ON Semi CSN 0.5 micron

# CMOS technology (SCN3M_SUBM when using MOSIS)
#

# Erik Brunvand
FHHHHHHHHRRRRRRHRRRRS

VERSION 5.7 ;

BUSBITCHARS "[]1" ;
DIVIDERCHAR "/" ;

PROPERTYDEFINITIONS
MACRO icVersionStamp STRING ;
MACRO drcSignature INTEGER ;
MACRO viewNameList STRING ;
LIBRARY minwidth REAL 1.5 ;
LIBRARY PadType STRING "Perimeter" ;
LIBRARY technology STRING "UofU_AMI_CSN" ;
LIBRARY model STRING "ami06" ;
LIBRARY gridResolution REAL 0.15 ;
LIBRARY minLength REAL 0.6 ;
LAYER sheetResistance INTEGER ;

END PROPERTYDEFINITIONS

UNITS

DATABASE MICRONS 1000 ;
END UNITS
MANUFACTURINGGRID 0.15 ;

- TechHeader.lef Top L1 (Fundamental)

Replace highlighted
text with
TechHeader.lef
from class

directory

Final CADS Files...

¢ Nine views of every cell

= abstract, abstract.ext, abstract.pin,
analog extracted, behavioral, cmos_sch,

extracted, layout, symbol

» DRC and LVS-checked, and simulated

¢ Three versions of the library description

= Lib6710_00.lib
= Lib6710_00.db
= Lib6710_00.lef

// timing information
// design compiler target lib
// place and route info
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All Nine Views...

X/ Library Manager: WorkArea: /home/elb/VLSI/cadence-f13

File Edit ¥iew Design Manager Help cadence
__ Show Categories __ Show Files
Library Cell View
Lih6710_00 NANDZX1
CAD1 INVX1 Wiew ~Lock | Size |
CaDz abstract 24k
CAD3 NORZX1 abstractext 33k
Lih6710_00 TIEHI abstractpin 31k
Lib6710_00_CADE TIELO analog_extracted 31k
Eggﬂ'gna:ﬂgﬁpim ss-test behavioral 248

_Digital_Parts h 31k
UofU_Analog_Parts £mos_sc

extracted 30k

UofU_Digital_v1_2 layout 30k
UofU_Digital_v2 A 1 23k
Uofl_Example symho
UofU_Pads
UoflU_Sheets (]
Messages

Log file is "/home/elb/VLSl/cadence-f13/libManager.log”
Loading NCSU Library Manager customizations...done.

i

@

Lib: Lib6710_00 |Free: 4.83T

Test with beh2str

> beh2str addsub.v addsub _dc.v Lib6710_00.db

¢ Results in addsub_dc.v and addsub_dc.v.rep

* NOTE! Your 5-cell library has no DFF, so you

can’t synthesize any sequential circuits!

» Combinational circuits only at this point...

»20



addsub dc.v

module addsub ( a, b, addnsub, result );

input [7:0] a;

input [7:0] b;

output [8:0] result;

input addnsub;

wire n26, n27, n28, n29, n30, n31, n32, n33, n34, n35, n36, n37, n38, n39,
nd40, n4l, n42, n43, nd44, nd45, nd6, nd47, n48, n49, n50, n51, n52, n53,
n54, n55, n56, n57, n58, n59, n60, n6l, n62, n63, n64, n65, n66, n67,

NAND2X1 U33 ( .A(n26), .B(n27), .Y(result[8]) );
NAND2X1 U34 ( .A(b[7]), .B(n28), .Y (n27) );
NAND2X1 U35 ( .A(n29), .B(n30), .Y(n28) );
NOR2X1 U36 ( .A(n31), .B(n32), .Y(n29) );

NOR2X1 U216 ( .A(nl88), .B(a[0]), .Y(nl75) );
NAND2X1 U217 ( .A(a[0]), .B(nl88), .Y(n202) );
INVX1 U218 ( .A(b[0]), .Y(nl188) );

endmodule

addsub_dc.v.rep

Operating Conditions: typical Library: Lib6710_00
Wire Load Model Mode: top

Startpoint: b[1l] (input port)

Endpoint: result[8] (output port)

Path Group: (none)

Path Type: max

Point Incr Path

input external delay 0.00 0.00 r
b[1l] (in) 0.00 0.00 r
Ul98/Y (NOR2X1) 0.50 0.50 £
Ul94/Y (NOR2X1) 0.36 0.86 r
U34/Y (NAND2X1) 0.25 10.16 £
U33/Y (NAND2X1) 0.24 10.40 r
result[8] (out) 0.00 10.40 r
data arrival time 10.40

(Path is unconstrained)
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addsub_dc.v.rep

Library(s) Used:

Lib6710_00 (File: /home/elb/VLSI/cadence-£f13/syn-£f13/CAD5test/
Lib6710_00.db)

Number of ports: 26
Number of nets: 203
Number of cells: 186
Number of combinational cells: 186
Number of sequential cells: 0
Number of macros: 0
Number of buf/inv: 37
Number of references: 3
Summary

¢ You now have a library that is fully functional

= BUT — only on combinational circuits
= No DFF yet!

* Every step of the way requires extreme care to
get things exactly right
= No trick to finding the right answer

= The point is to practice working with the
data & tools
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Look ahead to Innovus

[elb@lab2-12 addsubl$ Ll -t
total 132

ru-p--t 1 elb cs-rsrch 1522 Oct 18 26813 addsub.globals
1 elb cs-rsrch 3814 Oct 18 2613 top.tcl
1 elb cs-rsrch 2618 Oct 18 2813 mmmc.tcl
1 elb cs-rsrch 288 Oct 18 16:39 Lib6710_66.v
1 elb cs-rsrch 22736 Oct 18 16:39 Lib67160_88.lib
1 elb es-rsrch 31744 Oct 18 16:39 Lib6716_88.db
1 elb cs-rsrch 11919 Oct 18 16:39 Lib6710_88. lef
ruw-r--r 1 elb cs-rsrch 3413 Oct 18 16:39 addsub_struct.sdc
-rw-r--r-- 1 elb cs-rsrch 11742 Oct 18 16:39 addsub_struct.v
1
1
1
1
1
1
2

“Pru-p--p--

ru=t ¥

“Pru-p--p--

ru=t ¥

elb cs-rsrch 2816 Oct 18 16:37 verify.tcl
elb cs-rsrch 3885 Oct 18 16:37 route.tcl
elb cs-rsrch 2394 Oct 18 16:37 pplan.tcl
elb cs-rsrch 1948 Oct 18 16:37 place.tcl
elb cs-rsrch 971 Oct 18 16:37 fplan.tcl
elb cs-rsrch 1641 Oct 18 16:37 cts.tcl
addsubl$ []

ru=t ¥

“Pru-p--p--

ru=t ¥

ru-r-=-r
“Pru-p--p--

[elb@lab2-1

X| emacs@lab2-12.eng.utah.edu
File Edit Options Buffers Tools Tcl Help
L8@EX 1 x2EBHAas®E

# configuration file should be named <BASENAME=>.globals
set BASENAME “addsub”

D]

# The following variables are used in fplan.tcl...

#

# These set the percent utilization target (how dense should
# the cells be placed), and the gap for routing between rows.
# These are good starting values for small macros. Larger or
# more complex macros will likely need a lowered usepct or

# Note that rowgap and coregap should be divisible by the basic
# grid unit of 0.3 that our AMIC5N/F process uses

el

et rowgap 15 ;# gap (microns) between pairs of std cell rows
set coregap 30.0 ;# gap (microns) between the core and the power rails
set aspect 0.60 ;# aspect ratio of overall cell (1 is square,

# <1 is landscape, =1 is portrait

# The following variables are used in pplan.tcl...

#

# These numbers control the power and ground grid

# Note that all these numbers should be divisible by 0.3 so
# that they fit on the lambda grid

set pwidth 9.9 ;# power rail width

s pspace 1.8 ;# power rail space

swidth 4.8 ;# power stripe width

sspace 123 ;# power stripe spacing

soffset 120 ;# power stripe offset to first stripe

+ oot

el

powernet vdd! the name of the power net
groundnet gnd! the name of the ground net

25% L39 G

# larger rowgap or both. .

: Modify the
. .

i f-,— usepct 0.70 ;# percent utilization in placing cells Scrlpt Flles
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X| emacs@lab2-12.eng.utah.edu

File Edit Options Buffers Tools Help

o B BEHAS M E

# #

# Encounter Input configuration file #

# University of Utah - 6710 #

# #

# Use this file to describe the input files for #

# placement and routing. #

# #

# This file is a ".globals" file for EDI 11 #

# and above. #

# # .

# Look for terms surrounded by !!...!! # Modlf the
# These are the things you will need to change # y
#

. .
# Set the name of your structural Verlog file Scrlpt I 1les

# This comes from Synopsys synthesis
set init_verilog {addsub_struct.v}
# Set the name of your top module
set init_design {addsub}

# Set the name of your .lef file

# This comes from ELC

set init_lef_file {Lib6710_00.1lef}

# below here you probably don't have to change anything

# Set the name of your "muli-mode-multi-corner data file

# You don't need to change this unless you're using a

# different mmmc.tcl file.

Eet init_mmmc_file {mmmc.tcl}

# Some helpful input mode settings

set init_import_mode {-treatUndefinedCellAsBbox © -keepEmptyModule 1 }
# Set the names of your gnd and power nets

set init_gnd_net {gnd!'}

set init_pwr_net {vdd!'}

--:--- addsub.globals Top L31 (Fundamental)------------cooooaoon
[ Beginning of buffer

X/ emacs@lab2-12.eng.utah.edu

File Edit Options Buffers Tools Tcl Help

LeEx F XxeE#Aac®E

Er
#

# Encounter Multi-Mode Multi-Corner input file
# University of Utah - 6710

This defines the timing libraries and RC
extraction data to use. In EDI 11 and above
all runs are specifed as mmmc, even if you're
only using one mode and one corner...

set the name of your .lib file MOdify the

#
# You can create multiple library sets if you have multiple libraries . .
# such as fast, slow, and typ
# If you have multiple .lib files put them in a [list libl 1lib2] structure Scrl t Flles
create_library_set -name typical_lib
-timing {Lib6710_00.lib}
# Specify the .sdc timing constraint file to use
create_constraint_mode -name typical_constraint
-sdc_files {addsub_struct.sdc}

R
RIE R

#

# Below here you shouldn't have to change, unless you're doing

# something different than the basic EDI run...

#

# Create an RC_corner that has specific capacatance info. If you have a

# "capTable,” you can set it here (we don't have one yet for C5N) using:

# -cap_table capTable

# If you do have a capTable, you can do better optimization, including

# signal integrity optimization. These res and cap values are just defaults.
# They don't correspond to any particular process. You would have to do some
# digging to find more exact values for your process...

create_rc_corner -name typical_rc

-preRoute_res {1.0}
---  mmmc.tcl Top L1 [ -
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Eile Edit View Pariion Floorplan Power Place Optimize Cloc

X| Encounter(R) RTL-to-GDSII System 13.13 - /home/elb/VLSI/cadence-f13/EDI/addsub - addsub

Boute Timing Verify Options Tools Flows Help cadence

d g & B 38 §

[Click to select single object. Shift+Click to de/select multiple objects

T @

online help B

Layer Control

All Colors
Binstance
instance
Block

Std. Cell
(Cover Cell
Physical Cell
0 Cell

4rea 10 Cell
Black Box
Black Blob

BModule
HNet
Heell

HRow

HFloorp
BPartiti
HBump
BPower
BGrid

HTrack
HConge
HMultip
HMisce
Bwirea
poly(M0)
ce(vo1)
metal1 (v
via(v12)
metal2 (i
viaz(ve:
metal3(l

& X

KK KKKKKEKKIKIK
KKK KKEKKIKEKKIKIK

[
[

Placed and

Routed
Result

Q [[seiNumo [495.328, 449.609) [Timing Analyzec |
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