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Standard Cell Library

® Collection of low-level blocks
= Fundamental logic blocks (INV, NAND, DFF...)

= Often Provided by the foundry and IP vendors

= Standard cell library includes
m SPICE netlist (for circuit-level simulation)
= Symbols (for schematics @ Virtuoso)

= | ayout information (for APR or custom physical design)
= Physical layout (*.gds file) + abstract view (*.lef file)

= Verilog modules (for dynamic simulation)

= Timing/power information (for Synthesis or Timing/power analysis)
» |ibrary characterization (*.lib/*.db file)

® \/sit - /courses/ee6350/pdk2025/tcbn65gplus



dib and .db files

® Path: /courses/ee6350/pdk2025/tcbn65gplus/TSMCHOME/digital/Front_End/
timing_power_noise/CCS/tcbn65gplus_200a

= Depending on conditions, different files are generated
= *x |ib/*.db have same information

lib is human readable
= dbis not

ms4415@cadpc16 timing_power_noise]$ ls /courses/ee6350/pdk2025/tcbn65gplus/TSMCHOME/digital/Front_End/timing_power_noise/CCS/tcbn65gplus_200a
tcbn65gplus1tedss_ccs.db tcbn65gplusmlidildl_ccs.lib tcbn65gpluswc0d720d9_ccs.db tcbn65gpluswclod9ed72_ccs.lib
cbn6Sgplusbcod880d88_ccs.db tcbn65gplus1ted8s ccs.lib tcbn65gplusml_ccs.db tcbn65gpluswc0d720d9 _ccs.lib tcbn65gpluswcl0do0d9_ccs.db
cbn65gplusbc0ds80ds8 ccs.lib tcbn65gpluslti1d10d88 ccs.db tcbn65gplusml_ccs.lib tcbn65gpluswc0d72_ccs.db tcbn65gpluswcl10d90d9 _ccs.lib
cbn65gplusbcods81dl_ccs.db tcbn65gplus1t1d10d88 _ccs.lib  tcbn65gplustcod8eds ccs.db tcbn65gpluswcod72_ccs.lib tcbn65gpluswel_ccs.db
cbn65gplusbc0ds81dl_ccs.lib  tcbn65gplusltidiidl_ccs.db tcbn65gplustc0d8eds_ccs.lib tcbn65gpluswc0d90d72_ccs.db tcbn65gpluswel_ccs.lib
cbn65gplusbc0d88 ccs.db tcbn65gplusltidildl ccs.lib tcbn65gplustc0d81de_ccs.db tcbn65gpluswc0d90d72_ccs.lib tcbn65gpluswcz0d720d72_ccs.db
cbn65gplusbcodsg8 ccs.lib tcbn65gpluslt_ccs.db tcbn65gplustcod81de_ccs.lib tcbn65gpluswc0d90d9_ccs.db tcbn65gpluswcz0d720d72_ccs.lib
cbn65gplusbc1d10d88_ccs.db tcbn65gpluslt_ccs.lib tcbn65gplustcod8_ccs.db tcbn65gpluswc0d90d9 _ccs.lib tcbn65gpluswcz0d720d9_ccs.db
cbn65gplusbc1d10d88 ccs.lib  tcbn65gplusmledsseds8_ccs.db  tcbn65Sgplustcod8 ccs.lib tcbn65sgpluswe_ccs.db tcbn65gpluswcz0d720d9_ccs.lib
cbn65gplusbc1d11dl_ccs.db tcbn65gplusmlods8geds8 ccs.lib tcbn65Sgplustc1deeds ccs.db tcbn65sgpluswe_ccs.lib tcbn65gpluswcz0d72_ccs.db
cbn65gplusbc1d11dl_ccs.lib tcbn65gplusmlodegidl_ccs.db tcbn65gplustc1deods8_ccs.lib tcbn65gplusweclod720d72_ccs.db  tcbn65gpluswecz0d72_ccs.lib
cbn65gplusbc_ccs.db tcbn65gplusmledsgidl_ccs.lib  tcbn65gplustc1delde_ccs.db tcbn65gpluswclod720d72_ccs.lib  tcbn65gpluswcz0d90d72_ccs.db
cbn65gplusbc_ccs.lib tcbn65gplusmled8s_ccs.db tcbn65gplustc1de1de_ccs.lib tcbn65gpluswclod720d9_ccs.db tcbn65gpluswcz0d90d72_ccs.lib
cbn65gplus1t0ds8eds8 ccs.db  tcbn65gplusmlod8s ccs.lib tcbn65gplustc_ccs.db tcbn65gpluswclod720d9 _ccs.lib  tcbn65gpluswecz0d90d9 ccs.db
cbn65gplus1t0ds8ods8_ccs.lib tcbn65gplusmlid16d88_ccs.db tcbn65sgplustc_ccs.lib tcbn65gpluswclod72_ccs.db tcbn65gpluswcz0d90d9_ccs.lib
cbn65gplus1teds8idl_ccs.db tcbn65gplusml1d10d88 _ccs.lib  tcbn65gpluswc0d720d72_ccs.db  tcbn65gpluswcled72_ccs.lib tcbn65gpluswez_ccs.db
cbn65gplus1teds8idl_ccs.lib  tcbn65gplusmlidiidl_ccs.db tcbn65gpluswc0d720d72_ccs.lib  tcbn65gpluswclod90d72_ccs.db tcbn65gpluswez_ccs.lib




Logic Families

= How can we make digital circuits composed of different logic
families?

Differential Cascode
Voltage Switch (DCVS) Pass Gate Logic

-

A - L L {>°‘
] AL & Do—Fi
B 4

!

= We need to develop our own standard cells for logic synthesis
and APR



Library Development Flow
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To Start with...

= Copy files from
m /courses/ee6350/proj_2025Spring/ref/virtuoso
= You don’t have to copy all subfolders, though

= Another tutorial is on the EECS54321 website
= http://www.bioee.ee.columbia.edu/courses/cad/html



http://www.bioee.ee.columbia.edu/courses/cad/html
http://www.bioee.ee.columbia.edu/courses/cad/html

Cadence Virtuoso

= cds.lib includes the library

# libraries

dard cell library
tcbn65gplus /courses/ee6350/pdk2025/tcbn65gplus/TSMCHOME /digital /EECKEEHGIOSEtoDNESaRLNS

tpfn65gpgv2od3_200d_mt_2 91lm /courses/ee6350/pdk2025/tpfn65gpgv2o

tpbn65v_200a_cup_9M _6X1Z1U /courses/ee6350/proj_2025Spring/ref/v1

ring library
E6350_LARGE_SEALRING_2320X1110 /courses/ee6350/shared/E6350_LARGE SENERINGIZEZNING

down_counter /courses/ee6350/proj_2025Spring/ref/virtuoso/down_c -
sram_controller /courses/ee6350/proj_20255pring/ref/virtuoso/sra
sram@@ /courses/ee6350/proj_2025Spring/ref/virtuoso/sram0o
sram_wrapper /courses/ee6350/proj_2025Spring/ref/virtuoso/sram_wrEppen
dut /courses/ee6350/proj_2025Spring/ref/virtuoso/dut

test_clkgen /courses/ee6350/proj_2025Spring/ref/virtuoso/test_clk
scan_chain /courses/ee6350/proj_2025Spring/ref/virtuoso/scan_chai

top /courses/ee6350/proj_2025Spring/ref/virtuoso/top

chip /courses/ee6350/proj_2025Spring/ref/virtuoso/chip
chip_streamed_in /courses/ee6350/proj_2025Spring/ref/virtuoso/chi
chip_w_sealring_streamed_in /courses/ee6350/proj_2025Spring/ref/v
DM_chip_w_sealring /courses/ee6350/proj_2025Spring/ref/virtuoso/D
DODPO_chip_w_sealring /courses/ee6350/proj_2025Spring/ref/virtuos
chip_w_sealring_w_dummy streamed_in /courses/ee6350/proj_2025Spr1

cdsDefTechLib $CDSHOME/tools/dfII/etc/cdsDefTechL1b

basic $CDSHOME/tools/dfII/etc/cdslib/basic
analogLib $CDSHOME/tools/dfII/etc/cdslib/artist/analogLib
tsmcN6S ./tsmcN65S

= _cdsenv, .cdsinit contain the environmental setting for the virtuoso tool
= run_virtuoso.source.sh



Make a New Library

Select CIW — File — New — Library
Put your own library name

W=

X , < X Attach Library to T

Library Technology File
New Library

Name test . Compile an ASCII technology file

Directory (non-library directories) — Reference existing technology libraries

Technology Library

.o ® Attach to an existing technology library
backup

refLib — Do not need process information

Design Manager

No design manager setup found

3350/proj_20255pring/ref/virtuoso

— Compression enabled

m Cancel Defaults Apply Help

Choose ‘Attach to an existing technology library” and click ‘OK’ button
Choose ‘tsmcN65’ at ‘Attach Library to Technology Library” window

test

analoglib
basic

cdsDefTechLib

_ Apply ,_ Help
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Inverter Layout

= Please copy the 'INVDO’ cell to your

library

= Cell position:
/courses/ee6350/pdk2025/tcbn65gplus
/TSMCHOME/digital/Back_End/oa/
tcbn65gplus

= pch: 260n/60n, nch: 195n/60n
= | ayer description

Layer
OD

PO
NW

PP

CO
Mx
VX

PR
Boundary

Color
Red

Blue

Yellow
Purple

Green

White

Description

Active area (gate oxide and N+/P+
diffusion regions)

Polysilicon line
N-Well

P+ select (defines PMOS and p+
substrate contacts)

Metal contact
Metal layer (x = 1 -9)
Via(x=1-8)

Boundary for placement & route

Metall
(Blue)

oD
(Red)

PP
(Purple)

N-Well
(Yellow)

Poly
(blue)

M1 Label
(Blue)

PR Boundary
(White)

Contact




When Drawing Schematic

= When you set the power/gnd pin your schematic, you can use
(1)inout pins or (2)vdd/agnd cells in ‘analogLib’
= In case (2), the net names are ‘'vdd!’, and ‘gnd!’
= If the exclamation mark(!) is used as the part of the net name, this net
is regarded as the global net
= If you want to know about global nets in detail, please see
Virtuoso Inherited Connections_Tutorial’ in CourseWorks

12



When Drawing Layout

= If you draw the layout of the cell which is not used as a
standard cell, you don’t need to draw 'PR Boundary’ layer

" For LVS clean, you should create a label for the in/out nets
= ' gabel” and ‘Pin’ are different
= ‘Pin’s used for creating abstract view

= Recommend that pin boundary should be included in layer
drawing

13



Because We Draw the Standard Cell...

" There exists more strict rules for our layout
= Cell width/height, VDD/VSS ralil
= In addition, it is better to consider the position of other layers

= Need to draw 'PR Boundary’ layer precisely




Standard Cell Layout

= \We need to change the contact position to avoid DRC violation

= (TSMC 65nm) The contact should be located at center of
every cell unit (0.2 ym x 1.8 um)’s power rails

g STy

S
g L E T
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DRC Check

1. In the layout view, select Calibre —
anRC File Settings Configurations Help

2. When the DRC window opens up,

«|Searct

Rules File 0240408/calibre.core 28kAP.drc [/ [ 2| |

choose the right 'Rules file’ o ooy [y

Check Selection
Search

[ ] Sa m ple Iocated at Transcript Recipe [Checks selected in the rules fil I'\ \@I

/courses/ee6350/shared/calibre/DRC_20240408 Fies Layer Derivations
/calibre.core_28KAP.drc

3. Then, choose ‘Run Directory’ as Y 0 02  cbrel

(Virtuoso directory)/drc_run @ ‘Rules’  om= T e .
tab S
= If you leave it as your Virtuoso directory, the Fles Layout Format (GBS o
directory will be dirty due to DRC dump files 4 [ Do o 'av°‘j;;i§;f:|ibre.db "%“,‘&
4. At'Inputs’ — ‘Layout Path’ tab, check ... o = -
|

‘Export from layout viewer’ e | Veneme  fevat

5. Click ‘Run DRC’ button
. . The settings have been modified.
*After running whole process, we can save this T

core_drc.runset?

runset file (don't need to repeat 2-4) o
Q Save ‘ i Discard | ’ x Cancel ‘

16



LVS Check

1. In the layout view, select Calibre — nmLVS
2. When the LVS window opens up, choose the right ‘Rules file’

= Sample located at:
/courses/ee6350/shared/calibre/pdk_cisl/Ivs/calibre.lvs

3. Then, choose ‘Run Directory’ as (Virtuoso directory)/Ivs_run @ 'Rules’ tab
4. At'Inputs’ — ‘Layout Path’ tab, check ‘Export from layout viewer’
5. At'Inputs’ — ‘Source Path’ tab, check ‘Export from source viewer’
6

Click ‘Run LVS’ button
*After running whole process, we can save this runset file (don't need to repeat 2-5)

File Settings Configurati Help «|Searct \
Rul Inputs
Run [Hierarchical -
H-Cell g
St Step | Layout vs Netlist l'\
- - - - Y ERC Layout Path
File Settings Configurations Help ,\ ch \ ] -
Signatures Layout Format |GDSII [+
Run Control 4 I v| Export from layout viewer I \vE\
Inputs | i Search Layout File [INVDO.calibre.db |E\
Z_ .| Rules File D Transcript -~ N ey ‘
H-Ce"S R D' t ‘ /I IE ibrary Name es
un Directo Jlvs_run —
S . ' ry_ = Top Cell (invDo )
e Layer Derivations ! N iewlName [layout ‘
\ Run LVS | ' =
Layout Netlist |[INVDO.sp =]
\ Start RVE \
Source Path
Source Format [SPICE [+
5 | | Export from source viewer I ]
N —
SPICE File |INVDO.src.net =]
Library Name |[test2 |
[innznn (A 1 7




DRC/LVS Notes

" Please save your DRC/LVS runset files in your Virtuoso

directory (e.g. runset.block, runset.top)

= When you re-run DRC/LVS, you can select Calibre — Run
nmMDRC/LVS, and use the saved runset files

= However, if you newly open Virtuoso, you have to configure
the settings using the GUI

DRC Clean

x Calibre - RVE v2024.3_25.13 : INVDO.drc.results

File View Highlight Tools Window Setup Help

%5 o ’S{v o F3 <,3 2"> Search

LVS Clean

x Calibre - RVE v2024.3_25.13 : svdb INVDO - O

Eile View Highlight Tools Window Setup Help

o ¥ 0Ov
O & K

o B %

7Filter: Show Unresolved 7| #EINVDO, 1 Result {in 1 of 5 Checks)

B! Gg Check / Cell Results
% Check DRM.R.T |1

S -t Navigator] 0 |nfg] %

Results
) Extraction Results

& Comparison Results

ERC

7 ERC Results

£ | ERC Summary
Reports

£e| Extraction Report
£|LVS Report
Rules

# | Rules File
View

O Info

&4 Finder

> Schematics

Calibre Run Completed Successfully -- Results are Valid

& Comparison Results x ]

Source Cell Nets
INVDO 4L, 45

Instances Ports
1L, 15 4L, 45

B} Layout Cell / Type
@ INVDO %

Cell INVDO Summar y (Clean)
CELL COMPARISON RESULTS ¢ TOP LEVEL 3

###################

###################

LAYOUT CELL NAME:

SOURCE CELL NAME:

=~ 18
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Standard Cell Design Rule

= All cells have the same height
= Horizontal VDD/VSS rails’ height should be the same as well

" The cell width must be a multiple of the grid spacing

® Filler cells should be included in your standard cell library
= They provide continuity for your VDD/VSS rails, as well as for N-Well

Placing and Routing

INV LATCH VD D

111111111

Filler

B

Cell
height

Filler 1 4x l

| (v TR L R

N
' 4

Grid
spacing 50



Abstract Generator

= Abstracts are simpler representations of the standard cells

= Abstracts include information that is pertinent to the place-
and-route-tools only

= i.e., metal and via layers

= After creating abstract view, the *.lef file should be produced
for the following steps

= The output *.lef file contains the physical description of cells
(dimension, location of pins and metals)

= Tt can be fed into Automatic Place and Route (APR) such as Cadence
Innovus

= Before creating abstract views @ Layout window, select
Edit — Advanced — Move origin, and change the origin as the
bottom-left corner of the OUTLINE

21



How to Create Abstract Views

@ Virtuoso

1. At layout window, select Tools —
Create Pins From Labels

= If you already created the pin while
drawing layout, skip step 1)

= Create pins only from ‘Metal label’
layers / ignore other layers
2. Set pins’ I/O type (Select the pin
and press 'Q’)
3. Select CIW — Tools — Abstract
Generator

4. Change the settings as below
= Library: Your library
= Cell: Your cell
= View: layout
= Design Type: Core

5. Click ‘Load Options’ button
6. Click ‘Generate Abstract’ button

4/4 Cell(s) selected.

# Create Pins From Labels X
Creation Options
Objects Within: & Cellview _ Selected Instances

Object Type: « Label « TextDisplay & Both

Objects: & Al « Selected

__ Attach Label To Pin

Define With: & lLayer « Text
Objects Layer Pin Layer Width Length Ignore
‘ —-Ml b1} I M1 tabel ' 0.16 0.16 =
@&  cncel  Defau Apply
" Abstract Generator = O X
File Tools cadence

Design Information

Library eecs6321_spring2020 '

Filter Cells  Filte

Cell(s)

View layout

Design Type Core n
Top Metal
Options File |- E

i Load Options |

Generate Abstract Close Help

Z 22



How to Export LEF File

1. Select CIW — File — Export — LEF

2. Change the settings as below
= | EF File Name: Up to you

= Better to make a sub-directory (e.qg.,
abstract_run) and save *.lef files in this
directory

= Library Name: Your library

= Qutput Cell: Your cell (You can select multiple
cells)

= Qutput View: abstract
3. Check ‘No Technology’
4, Click 'OK’ button

= With our ‘abstract.options’ setting,
layer OUTLINE defines the cell area

= When you do the assignment, please
select multiple output cells and
generate one .lef file including the
information of all cells

LEF File Name /virtuoso/abstract_run/INVDO. lef
Library Name test n

8 cells o celllist File
Output Cell(s) INVDO

Output View(s)
Log File Name

LEF Version 57 n No Technology

Output 'foundry_innovus’ Group Constraint as LEF LAYER LEFS8 Properties  _

Generate Cell List File By Cells in Design

— Use Template File & Use GUI Fields

Save Template File Name Save

m _ Cancel | Defaults | Apply , Help

23



Generated LEF File

= MACRO includes cell descriptions, cell dimensions, layout of pins and
blockages

= When you draw 'PR boundry’ layer properly, you can achieve the
correct ORIGIN and SIZE information

= If needed, you can always make some edits on the file

WERSION 5.7 ; PIN VDD

BUSBITCHARS "[]" ; 5225%\522 INGUL:

DIVIDERCHAR "/" ; SHAPE ABUTMENT ;
PORT

LAYER M1 ;
MACRO INVDO RECT © 1.635 0.6 1.965 ;
" - RECT 0.085 1.2 0.195 1.965 ;

ORIGIN 0 O ; =5
FOREIGN INVDO 0 0 ; PIN 2N _
SIZE 0.6 BY 1.8 ; T

PORT
LAYER M1 ;
RECT 0.295 1.25 0.55 1.36 ;

RECT 0.44 0.44 0.55 1.36 ;

PIN VSS 0 A
DIRECTION INOUT ; Pin info. o RECT 0.295 0.44 0.55 0.55 ;

USE GROUND ; 5?3%“
SHAPE ABUTMENT ; DIRECTION INPUT ;
PORT USE SIGNAL ;
LAYER M1 ; POLAVER ML ;
RECT © i(}, 165 0.6 0.165 ; RECT 0.24 ©.705 0.35 1.095 ;
RECT 0.085 -0.165 0.195 0.595 ; END

END INVDO

eno Lerary . NO OBS Iayers

24



How to Create Abstract Views - Alternative

@ Abstract Gen
1. Type command S$abstract at the terminal

2. Select File — Library — Open, and choose your library
3. Choose cells, select Cells — Move, and move then to ‘Core’

File Bins Cells FIO\EXtraCt

Help ‘

0| = >| aff=aljia

Bin 1 Cell Layout | Logical

10
Corner
Block
Ignare

o o oo

Interpreter: < Tcl @ Skill
Log

Pins Extract

|Command History

Abstract

INFO {ABS-10501): Library test Loading 1 cells

INFO (ABS-11000): Cell INVDO: The abstract view has been created outside Abstract.
INFO (ABS-10502): Library test Loaded 1 cells

INFO (ABS-10507): Library test opened

EES TS SS TS ESL LTSS LTSS EES LSS EET TS LSS LSS LSS EEL SIS ES LSS LSS LS T EESTEES LSS LSS ST ESTEST S S S

INFO (ABS-19046): Abstract Generator no longer uses the '.abstract.options' file in the selected design library as th
e default options file, The new default file location is <current working directoru>/.abstract/<library name>/,abstra
ct.options,

FRERRRRRRRR OO RO R RO R R R RO R R R RO R R RO R R KRR R KRR KRR R kK

INFO (ABS-19047): Abstract Generator no longer uses the ',abstract.status' file present in the selected lib/cell dire
ctory . The new default file location for each cell is <current working directory>/.abstract/<library name>/cellStatu
s/ abstract ,status,<cellNamne>,

{ABS-20061): Abstract Generator will ignore the value of the 'ReadOnlyTechnology' option and will not save
the nger—purpose pairs in the technology file, Support for the 'ReadOnlyTechnology' option will be removed in a futu
re release,

X

|abstract>



How to Create Abstract Views - Alternative

4. Click ‘Pins’ button, and change the settings at ‘Map’ tab

5. At'Boundary’ tab, put 'OUTLINE’ in ‘Using geometry on layers

6. Click ‘Run’ button

‘ -
Step
4 Pins

Bin

4 Core

Map Text Boundary Blocks

Map text labels to pins:
(M1 ML) (M2 M2) (M3 M3)

Power pin names {regular expressions):
“(W(ODCCY) | (vidd]ec))) (1)73$

Ground pin names {regular expressions):

“((YSS|GND) | (vss|gnd)) (1)73

Clock pin names (regular expressions):

Analog pin names (regular expressions):

Output pin names (regular expressions):

!

Exclude existing terminals (regular expressions):

Exclude existing pins on layer:

Specify the top metal layer for cover blockage:

4

Run Cancel Help

# Running step Pins for the selected cell(s)

Step Map | Text | Boundary | Blocks

P
il Create boundary:

Using geometry on layers:
OUTLINE

[~ Adjust Boundary By
Left:
Right:
Top:
Bottom:

Fix Boundary To

Left:
Right:
Top:
Bottom:
["Bin
4 Core

as needed

Run

Cancel

Help
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How to Create Abstract Views - Alternative

/. Click ‘Extract’ button, and ‘Run’ button again in the new window
8. Click ‘Abstract’ button, and you can use either '‘Detailed’ or ‘Cover’ option

at 'Blockage’ tab
= Detailed: Abstract knows about each metal paths in a block so they detour them in detail

= Cover: Metal paths detour entire block

9. C(lick 'Run’ button

1 Running step Extra: cell(s) - X ¥ Running step Abstract for the selected cell(s) - X
Step Signal ‘ Power ‘ Antenna | General [~Step Adjust | Blockage | Density | Fracture | Site | Overla] p
& HiS i Extract signal nets v Layer Assignment for Blockages
N (S Layer Assignment for Signal Extraction Nt .
4 Abstract Layer Geometry Specification Blockage Pin Cutout |Max Spac
Layer Geometry Specificaon ~~ |Connectivit y |Create Pins A1 M1 Detailed
o FT - |Strong - Me - |Cover
o v v [Strong M3 Detaile
o ve vz Strong = e @ ek
VL VL Strong " - MG MG
A FY - |Strong - J Ly Ly
Q va - |Strong L] 7 1 |MQ MQ
ddddddd M, Detailed
eeeeeeee

Maximum depth:

| Always
4 Core




How to Create Abstract Views - Alternative

= Abstract view only includes the metal information

§ Lib: eecs6321_spring2020 [Free: 351.19G Y

L4
File Edit View DesignManager Help cadence
— Show Categories — Show Files
Library Cell View

M- M- M-
g eecs6321_spring2020 v B inv v | s
Us 8ths O [ view | rodc] Size
analoglLib abstract 21k
basic abstract.ext 27k
cdsDefTechLib abg[ractrgjn &
cmrf8sf layout 25k
eecs6321_spring2020 schematic 31k
esd8rf
ibm13rfipvt
rfiLib
sample
sbalib
Messages
Log file is "/courses/ee6321/share/6321-spring2020/virtuoso_ta/libManager.log". —

11l
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To Start with...

= Copy files from
m /courses/ee6350/proj_2025Spring/ref/siliconsmart/example

30



Synopsys SiliconSmart (SIS)

® Synopsys SiliconSmart (SIS) is a characterization and
modeling engine

" The tool characterizes the timing, power, noise, and other
critical characteristics of logic/sequential gates

® Given a netlist for a cell, SIS runs the simulations and
generates the library file (.lib) for the cell

" The generated library can be used in Synthesis, PrimeTime,
and compatible tools

31



Library Timing Model

® Concurrent Current Source (CCS)

= Maintains accuracy by capturing the full output waveforms under
varying slew and load conditions

= Uses a current source for driver modeling
= Consists of current samples as a function of time
= More accurate, but larger

= Effective Current Source Model (ECSM)

= Consists of voltage samples as a function of time
= More efficient but less accurate / We will use this model

= Non-Linear Delay Model (NLDM)

= Uses a voltage source for driver modeling
= [t is simpler than the other two models
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Important files

= run.tcl
= Includes general setting and commands for SIS characterization flow
= Defines list of cells to characterize

= configure.tcl
= Sets the operating condition: VDD, VSS, temperature, process
= Defines parameters: Input slew, loading capacitance ...

" netlists/

= You need to put your netlist file (.sp) and instance file (.inst) here to be

characterized

" |c.command
= A script running Library Compiler to generate a .db file from the .lib file

" You can find some sample .tcl files at ‘/tools/synopsys/silicon-
smart/P-2019.06/etc/examples/’

® SjliconSmart command: $siliconsmart run.tcl
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How to Generate .sp File

® First method

= You can copy ‘(Cellname).src.net’ file from your ‘lvs_run’ directory and
rename it to ‘(Cellname).sp’

= | recommend to use *.src.net file instead of *.sp file in ‘lvs_run’
directory
= Second method
1. At cell’s schematic window, select Launch — ADE L

2. At ADE window, select Setup — Simulator, and change Simulator as
*hspiceD’

3. Select Simulation — Netlist — Create

4. You can find ‘netlist file in ~/simulation/(Cellname)/hspiceD/schemetic
/netlist directory

5. Make this netlist as subckt, and rename it

= At this PDK, the transistor instance name should be started
with "X’ (Consider this when drawing the schematic in

Virtuoso) 2



4 set char_dir 1ibml3 cmrf8sf ecsm_tt 25 1p0 . . .

5 create §{char_dir} bl Characterization directory
7

8 exec cp configure.tcl ${char_dir}/config/configure.tcl

9 set_log_file s{char_dir}/sis.log

10 set_location ${char_dir}

11

g set netlist_dir s${char_dir}/netlists/ < —————— PUt your 'Sp flle In the netIISt dlreCtory’

14 set cells Ganv} also put .inst file if needed

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

= If you want to recharacterize the library in different conditions
or add more cells at the library, please use the red box part
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41
42
43
a4
45
46
Ly
48
49

foreach ¢ scells {
exec cp netlists/s{c}.sp [get_location]/netlists/
exec cp netlists/s{c}.inst [get_location]/control/

50 }

51
52
53
54

82

2) Configure (based on configure.tcl)

configure -fast -timing -ecsm -power

3) Characterize

characterize scells

4) Model

1) In this case, because there is
no reference library, we need to
define our cell functionality

inv.inst

1 Bet netlist file ../netlists/inv.sp
2 add _pin 1in default -input

3 add_pin out default -output

4 add_function out !in

If you want to know how to define
the cell functionality, please see
‘SiliconSmart_User_Guide’

Define the prefix of library name
and output file name

model -skeleton -lib_name 1bml3 _cmrf8sf_ecsm -timing -ecsm -power -si -output 1bml3 _cmrf8sf_ecsm scells

log_info "IAMDONE




configure.tcl

Define the operation condition
create operating condition tt 25 _1po /

add_opc_supplies tt_25 1p0 vdd 1.¢
add_opc_grounds tt 25 1pO vss 0O
set_opc_temperature tt_25 1p@ 25 TEChnOIOgy mOdel
set_opc_process tt_25 1p0 [Subst {
{ .11b courses share/IBM_PDK/cmrf8sf/relDM/HSPI 5
{ .1inc courses /ee6321/share/IBM PDK/cmrf8sf/relDM/HSPI
]

time_res_high le-13
time _res_low le-12

Set the time resolution and slew
Gating Joad & rate range based on your FO4 delay

smallest_load le-15
largest_load 200e-15
autorange_load off

smallest_slew le-11
largest_slew 200e-11
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configure.tcl

= When SiliconSmart generates the .lib file, it sweeps various
parameters (e.g. slew rate, output capacitance...)

= \We should determine the reasonable range based on basic
HSPICE simulation

set smallest_slew 0.49e-11 set default_load ©

set largest _slew 490e-11 set smallest_load 1e-15
set largest_load 200e-15
set autorange_load off
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Library Compiler

= After executing SiliconSmart, all the detailed model, result,

reports are generated in the results directory (char_dir in
run.tcl)

= Any naming is allowed, but recommend to use your technology, PVT
setting and library timing model (e.g. ibm13_cmrf8sf_ecsm_tt_25_1p0)

Library Generator generates the .db file from .lib file
= _db file is used for synthesis

Command: Slc shell —xg mode —f lc.command | tee lc.log
lc.command

2 read lib ./lib/ecsm _tt 25 1p6.lib
3 write_lib ecsm_tt 25 1p0 -format db -output ./lib/ecsm_tt_25 1p6.db

4 -
5 exat

= At this lab session, you have to use this script after copying the
generated *.lib file in ./lib directory

Please see run.sh or Makefile
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Timing Library Information (.lib)
__ Library name
e Leakage power info.
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= Power pin info.
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166

167 irec : 1nput ;

168 river orm_rise : “driver_waveform_default_rise” ; W .
169 driver eform fall : "driver waveform_default_fall" ;: I t f t
nput specifications
171
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