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What is STELLAR?

= 3D Capacitance extractor on large chips
= High accuracy
= Efficient 3D field solver (Fictitious Domains Method)

= |ntuitive and user-friendly graphical interface
= Direct SPICE netlist extraction

" |ntegrated scripting language
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STELLAR Inputs and Outputs
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Specific Simulation Capabilities: Domain Decomposition

= Allow the simulation domain to be cut in pieces automatically or
user defined in order to reduce simulation time and memory
without loosing accuracy thanks to a specific algorithm. Each
pieces are simulated separately and then taking into account for
final spice netlist extraction
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Specific Simulation Capabilities

= Allow simulation with floating
conductors:

= Many technologies are using dummy
metal (for CMP application) and these
dummies increase the overall
capacitances. STELLAR can take them
into account

= Halo selection:

= Automatically or user defined, a halo is
used during STELLAR simulation. This
avoids the calculation of capacitances
between conductors when these
conductors are far from each other

= Allow Stop/Restart simulation
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Specific Simulation Capabilities: Merge of Vias

= Sometimes it is interesting to automatically merge some vias to
decrease the simulation time without loosing accuracy

EEEaas T e ] TonyPlot3D 3.0.19.R |- ]
I File View Tools Properties Help | File View Tools Properties Help
= ol s 7| 28| | & =5 o # &
Data from merge_no.str Data from merge_yes.str

Materials:
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Materials:
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Specific Simulation Capabilities: Hidden Layers

= This feature is used to take into account capacitances that are
already present in the spice model and thus not to calculate them
twice

= This is the case for example for the gate oxide capacitance
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STELLAR Graphical User Interface

= Same GUI as QUEST and EXACT

:‘

El le View Hel
Technology Process Layout Field Solver | | Output
Technology @ | Technology Files Interface Interface || Interface Interface Interface
The first step is to create the technology files
@ Process ® They define the rmappings between GDSII number
and layer names, as well as all the connections DOE
é Layout ® |between layers, and the devices inforrmation lnteiface
g Field Solver | ®
_— GDS II Process
E] Output ® 7 oxide
18 TEOS
] DOE ® s [P e
) Run (]
Q. Analysis ® STELLAR
Database
IV Exit
Stellar 1.7.1.A
- |
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Technology Step: Derived Layer Definition

Techno (/net/.../tutorial /tutorial .techno) —I Derived Layer Definition _I
General | Layer Setup ‘Connection Setup | Device Setup | _?pera"on e E
@ AND Layer 1: NACT £
~Mappings - OR Layer 2: POLY £
GDSII Number ]GDSII Datatype lLayer Name ]Text lDerived Layer rJ ) XOR
1 8 0 CONT No No o DF rOutput Layer(s)
2 12 0/CONT_BULK No  No o e Layer R: NGATE
3 23 0/CONT_WELL No  |No . Select
4 2] 0 ME1 No  No I_
5 11 0 ME2 No No - Intersedt
6 21 0 NACT No No - Substrate
7 1 0 NWELL No  No
8 22 0PACT No No | Hep | OK | Cancel y
9 5 0 POLY No No -
10 10 0WVIAT No  No
11 ] 1 MET_TXT Yes No POLY
12 11 1 ME2_TXT Yes No B
13 5 1POLY_TXT |Yes No
14 -1 -1 NGATE No Yes
15 -1 -1INSD No |Yes 4
NACT NGATE
Add Layer | Delete Layer Import GDS Data
Edit Derivation
Load Save As. . | OK | Cancel
Z
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Technology Step: Device Setup

" DeVice eXtraCtion BASED on the Techno (/net/.../tutorial /tutorial .techno)
powe rfUI H I PEX fU” Ch|p extractor General | Layer Setup | Connection Setup | Device Setup |
- . . . ~Defined Devices —Selected Device Attributes—— - Available Layers
Extraction of all active and passive ODP Deviceype ot i
devices (MOS, BIP,Diodes, R, C...) w NMOS Zffj coNT_BULK
. . SPICE name of device: ;CE;TT_WELL
= Extraction of custom devices MODN o
Device recognition layer: NACT
NGATE 1 NWELL
~Pin Layers ggf\T(
BULK NSD A v
POLY A e
POLY NSD /| ME2_TXT
- POLY_TXT
BULK 41 NGaTE B
NSD
Add Pin ‘ Remove Pin ’ PGATE .
NSD NSD
Add Device|  Modify Device| Delete Device‘
Edit Device Specifications ‘
Load ‘ §aveAs.‘.‘ 0K | Cancel ’
4
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Architecture Of Output Data Storage

SPICE
netlist
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Layout of a Chain of 34 Inverters

Example
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Example: 3D Interconnect Structure
(dielectric layers hidden)

TonyPlot3D 3.0.14.R
File View Tools Properties Help
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Example: Full Spice Netlist

— netlist.spice (/fmnt/fannys/stel...sts/tutorial/db/session_1) — GVIM |- ]

File Edit Tools Syntax Buffers Window Help |
7 a PE 1 BRRED SSA T2aO 7R

SPICE netlist for MUX1 =

.global GND INO OUT SEL IN1 VDD
.HODEL MODN NMOS
.MODEL MODP PMOS

KA R A AR A AR AR A AR A AR A A A A R A A R A A R A A A A R A A R A A A A R A A R A AR A AR AR A AR A AR AR A AR A AR A AR AR KRR KRR AR
*

* Sub-Circuit Netlist Of : MUH1

*

.
DeV|ce KRAARAAA KA A RAAAAA AR RAAAAA AR RAAAAA AR RAARAA AR AAARAA AR RAAAAA LA RAARA LA A KA

Extraction

B SmartSpice
Simulation

//’— C0 SEL substrate
Cl VDD substrate
C2 GND substrate
C3 3 substrate 1.
cd4 4 substrate 1.
cs 2
c6 4
c? oz
c8 4
c9 3 .0
= c1l0 9.

Ca acrtance Cl1 = GND 5.01441
Cl2 INl1 substrate -15
C13 VDD OUT 7.694

INO substrate

Extraction

(_ 2a I : 5 . .
Spice Netlist File
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Example: SmartSpice Simulation

* Ring Oscillator simulation with and without parasitics

Parasitic{ffects

On P 1n 2n
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Example: Simulation Results

= Machine: Linux 64-bit, 2 Go RAM, cpu 2.4Ghz

= 34 inverters simulated at the physical level (field solver)
* Memory used : 666 MB for 34 inverters
= Simulation time : 730 seconds
= Computed delay (in-out): 6.95 ns
= Measured delay (in-out): 6.84 ns
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TonyPlot3D: 3D Visualization Tool

Materials:
aluminum4
Polysilicon
copper2
Copper
aluminum3
aluminum2
Aluminum
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TonyPlot3D: 3D Visualization Tool

= Different views with or without meshing
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Key Capabilities for Stellar Parasitic Capacitance

Extraction Tool

= Accurate, 100% Physics Based Capacitance Extraction Tool for larger
cells

= Ease of use

= For users who require highly accurate extraction for larger cells but who
are not concerned about process related corner rounding effects

= Creates parasitic capacitance SPICE netlist.

= GDSII layout and technology driven structure generation.

= Use of variables allows creation of process design of experiments (DOE)
" Intuitive interactive GUI interface

" Includes 3D viewing tool for structure analysis and verification

" Includes Mask Viewer/Editor for GDSII layout formats

= Dual meshing algorithm allows efficient high speed numerics
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Key Cbilities for Stellar Parasitic Capacitance
Extraction Tool

" Runs on Linux and Unix platforms (32 and 64-bit)

" Includes Worksheet and Optimizer tools for data analysis and plotting
= |Includes scripting language for results analysis

= Automatic or user defined Domain decomposition

= Automatic or user defined halo selection

= Hidden layer capabilities

= Allow merge of vias

= Multi-via pad connectors correctly simulated

= Take into account floating conductors

= Allow to stop and restart the simulation
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Conclusion

* STELLAR is a high accuracy memory efficient 3D field solver for
calculating interconnect parasitic capacitance on medium sized
cells
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