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Chapter 1 Introduction

The major purpose of this document is to introduce the basic usage of a TSMC’s PDK for
those users who are completely new to TSMC PDK or never use TSMC’s PDKs before as a
reference. To ease the overall introduction, we use a simple design as an example to go
through the whole design flow: starting from the schematic capture and ending at the
physical verification and post-layout simulation. Moreover, we divide the whole flow into
several phases to match general logic or Mix-signal design flows and they are “Schematic
capture”, “Pre-layout simulation”, “Layout creation”, “Physical verification” and “Post-

layout simulation”.

® Schematic capture
< Environment setup
< Creating a library
< Creating a design
< Creating a symbol
< Creating a test fixture

® Pre-layout simulation
< Using spectre for simulation
< Using hspice for simulation

® [ ayout creation
< Schematic-driven-layout
<> Components placement
< Auto-route and manual route

® Physical verification
< Physical verification using Assura
A. Assura DFII flow
B. Assura CDL flow

® Post-layout simulation
< Smulating with the extracted netlist
<- Smulating with the extracted view
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Each phase may contain various kinds of flows corresponding to different tools. Users can
choose those flows according to their needs. For example, in the pre-layout simulation phase,
two kinds of simulators can be chose to carry out the simulation. You only need to choose

one simulator for your simulation.

+ This document doesn'’t focus on the tool usage. For the detail usage of the related tools,
please contact the tool vendors.
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Chapter 2 Schematic capture

After you have finished the installation of a TSMC’s PDK, we will start to create a new
design based on the installed PDK.

Environment setup
Before we start to create a new design, some environment setups should be done. First, we
have to set the environment variable of “CDS_Netlisting_Mode” to “Analog”. This can be
archived by the following UNIX command:
setenv CDS_Netlisting_Mode “Analog”
Then, try to find a directory to create your project by:
%mkdir ~/my_project
%cd ~/my_project
All the further designs created by users should be performed in this directory.
The next steps are to copy some necessary files from the PDK installed directory to your

project directory. These include copying the ‘display’ file and linking the ‘models’ and
‘stream’ directories and others to your project directory.

%cp <pdk_install_direcotry>/display.drf .
%In —s <pdk_install_directory>/models .
%In —s <pdk_install_directory>/stream .

%cp -f  <pdk_install_directory>/assura_tech.lib . (For Assura tool)
%cp -rf  <pdk_install_directory>/Assura . (For Assura tool)
%cp -rf  <pdk_install_directory>/Calibre . (For Calibre tool)

The last step for environment setup is to create a “cds.lib” and “lib.defs” files in your project
directory. Users can use a text editor to add the following line into the “cds.lib” file located
in you project directory:

INCLUDE <pdk_install_directory>/cds.lib
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And use a text editor to add the following line into the “lib.defs ” file located in you project
directory:

INCLUDE <pdk_install_directory>/lib.defs

Note:

1.The installation procedures of a TSMC’s PDK can be found in the document of
“TSMC PDK reference manual released along with the corresponding PDK.

2.The <pdk_install_directory> is referred to the path where the TSMC’s PDK was
installed.

Creating a Library

After completing the environment setup, we can start to create a new liliigrgan be

achieved by using the command “File->New->Library” from either the CIW (Command
Interpreter Window) or the Library Manager and select the “Attach to an existing techfile” option.
When the Library Manager asked for the name of the “Attach to Technology Library”, please
select the name of PDK library that you installed for this design. Here we have an example for
tsmc CRN65LP PDK (figl~2).
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Directary (non-library directaries) .« Reference existing technology libraries
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FIG. 1
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Creating a Design

When the library creation is completed, we can now start to create our design circuit under
Cadence Composer environment. The basic steps to capture a new schematic including: open a
new schematic design, select and place components, edit component properties, wire
components...and so on.

From now on, we will use a two-stage invert (a buffer) as an example, which was designed based
on tsmc CRNG65LP PDK, to continue the following introductions in this document.

Launch File Edit Miew Create Check Opfions Migrate Window Help cadence

I e ]l % @ &2 K | & & | 5 [

Il mouse L: schaingleSelactPi) ks schHikousePoplpl R: schHiDescendReady)

TEE Crnet: sm:ﬂ

FIG. 3 schematic-capture of a buffer
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Creating a symbol

After completing the creation of schematic-capture, we have to create its
corresponding symbol for the subsequence simulation steps. On schematic view,
execute Create —> Cellviw —> From Cellview to open the form then click OK to

generate the corresponding symbol view.

w | Cellview From Cellview ®
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Browse

Cell Mame bhuffercs
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Dizplay Cellvisgw e
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@I cancel Defaults _aépply o Help

FIG. 4
%  Symbol Generation Options ®
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my_ design bufferl symbol
Fin Specifications Attributes
Left Pins In List
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| LoadfSave Edit Attributes Edit Labels Edit Properties .
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FIG. 5
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v | Virtuoso® Symbol Editor L Editing: iny_design buffer2 symbol
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FIG. 6 symbol for the buffer
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Creating a test fixture

The final step before we start the simulation is to create a test fixture for our design. The creation
of test fixture is similar to the creation of a design. Furthermore, you also have to prepare the
voltage source and determine the output loading. Generally, a test fixture will consist of the
following components:

a design (the buffer in our case), DC voltage source, ground, vdd, voltage source (vdc/vpluse,
period is 20ns here), and output loading.

The test fixture that we used for our design is named ‘TB_buffer2’ and shown below.

Launch File Edit Miew Create Check Options Migrate Window Help cidence
lk@ $ 0 @ X @ 2 ¢ |Q Q & B M 1 1o mE

L umouge Lo sch3ingleselectPt] k: schHitousePoplp R: hiZoamin(
iE(4)| Cpen | Crmd: Sel: 0 Status: Ready | T=£7 | Simulator: spectre | State: p14-statel i]

FIG. 7 text fixture schematic for the buffer
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Chapter 3 Pre-layout simulation

After the creation of our design is completed, we have to verify the electrical
performance and the functionality of our design using a simulation tool. In this
chapter, we will have introductions on two simulators: Spectre and Hspice.

Using Spectre for simulation

In this section, we will start to simulate our design with spectre simulator in ADE-L
(Analog Design Environment L) . The simulation steps for spectre is as follows:

1. Open Schematics L of testbench TB_buffer2 and launch ADE-L

This can be achieved by “Launch -> ADE L” in the menu banner of schematic
view (FIG8).

Eile Edit View Creste Check Opfions Migrate Window Help cidence
ADE L - -
ADE %L (g 3¢ O [ria] 3 Q ¥ :B »
ADE GHL - = .

Layout XL
Layout GXL
Schematics L
Schematics #L

Mixed Signal Options » [
Djwa
Hierarchy Editor
FParasitics
Simulation » EEEE
WP

mmouse L schiingleselectPt]) h: schHiMousePoplpd R: hiZoaming
dIE | Cro: Sel: 0 Status: Ready | T=27  C| Simulator: spectre | State: p14-state1h

FIG. 8 Open ADE_L (Analog Design Environment L)

TSMC PDK — March, 2008

10



| % | Virtuoso® Analog Design Environment (1) - my_design TB_buffer2 schematic = 5 %
| Session Setup Analyses Variables  Quiputs

Simulation Results Tools Help cadence

Ciesign “ariahles

Analyses

6

|

Crgtputs

FIG. 9 ADE_L ( Analog Design Environment L form)
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2. Select analysis type and fill in parameters for simulation

In ADE-L (Analog Design Environment L) form, there are several analysis options to
be chosen. Since we want to analysis the delay information (performance) of our
design, we choose the transient analysis for our design. Some designers may want
to see the OP point and they can also include the DC op point analysis.

b

analysis & tran . dc 4 Aac s Noise
s ot s sens . domatch o sth
i pE i sp — envip " pss
s pac . pstb L pnoise s et
s PSP s PSS o fpac s gpnoise

o gqpeT oo gpsp

Transient snalysis

Stop Time 100n]

asccuracy Defaults (errpresetf)

__ conservative __ moderate libheral

— Transient Moise

Enabled . Cptions..
- —
I Cancel J(Defaults)[ Spply Help_J]|

FIG. 10 choosing analysis type and filling in parameters

In addition to choosing the analysis type, we also need to select the nodes that we
want to observe as simulation results from the schematic view. In our test fixture,
we choose the “IN” and “OUT” nodes of our buffer circuit for the result browsing

% Setting Outputs - Virtuoso® Analog Design Environment (1) x
Selected Output Table Of Outputs
Mame/Signal/Expr  [¥alue |Plot | Save Optian
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m Cancel || Apply Help

FIG. 11 select nodes
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To set up the DC power supply to 2.5v, click on Variables - Copy From Cellview
and then fill in 2.5 in the Value field.
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FIG. 12 selects browsing nodes and specifies supply voltage
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3. Run simulation and observe the simulation results

To start the simulation, you can click “simulation->netlist and run” from ADE-L
(Analog Design Environment L) toolbar or simply click the green (Netlist and Run)
button. After the simulation is completed, the wave form window pops up
automatically which presents all the simulation expression and measures defined in
Outputs pane. In this case, the waveform of nodes “IN” and “OUT” of our design
circuit block (buffer2) are shown below. (FIG13)
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FIG. 13 simulation waveform

According to the waveform in Fig 13, we found that the functionality of this buffer is
correct and the performance of this buffer is as below (with 100fF load):

Delay time: Td (rise) = 0.89 ns; Td (fall) = 0.55 ns

Rising/Falling time: Tr=0.9ns; Tf=0.43ns
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4. Annotating simulation results back to schematic

Sometime, you may want to see more detail simulation results such as operating
points, DC voltages, and model parameters on the schematic of your design. You
can back annotate the simulation data to the schematic by choose “Results->
Annotate->...” from the menu banner of Artist simulation window. The available
choices of annotated data are “DC node voltages”, “DC operating points”, “Transient
node voltages”, "Transient operating points”, “Model parameters”, “Component
parameters”...and so on. Here we select to back annotate the “model parameters”
inside our buffer circuit.

} bd Q%b bd q b3 :F‘}L b3

| mmouse L schiingleSelectPt) b: schHitdousePopUpd R: hiZoomabsoluteScale(getCu
]E B)| =| Cre: Sel: 0 Status: Ready | T=27  C | Simulatar: spectre | State: p13—Spectre—.ﬂ«DE—Sﬂ

FIG. 14 back annotate model parameter data
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5. Running corner analysis to cover the process variation

In addition to cover the typical case, we may sometime want to simulate our design
to cover the process variations in different corners. This can let us know whether the
circuit performance specifications will still meet even when the process variation shift
to different corner. Furthermore, this can also improve the product yield of our
design. In our case, we simulate our design in three different corners: the typical
case, the fast_best case (all devices in FF) and slow_worst (all devices in SS) case.

In the “ Library manager” , open TB_buffer2 schematic view. After schematic view is opened , “
Launch -> ADE-XL (Analog Design Environment XL) “, The ADE_XL (Analog Design
Environment XL) GUI will appear like below.
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Mode: [Single Run, Sweeps and n A viglations... (B <0Y 58 ) Al tPlot mode; Replace n ield Wiew |

1 Test - Test Output Plot |Save Walue Spec Weight Pags/Fail
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FIG. 15 Corner Analyses workspace
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In the left panel “Tests and Analyses”, double click: my_design:TB_buffer2:1” and select
Analyses -> ChooseWe will choose “dc” and “tran” analyses.
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o PSP A gpss W gpac w fphoise

o Opsf s gpsp

DC Analysis
Save DC Operating Point ~

Sweep Yariable

— Temperature
— Design Yariahle
_ Component Parameter

— Model Parameter

Enabled w | Optiohs....
Nyt J

m\Cancel-Defaults- Apply . Help I
e

bd Choosing Analyses — Virtuoso® Analog Design Environme

Ane*vsis & fran o do s ac e noise
o U osens s dcmatch o sth
W PZ s SR o envilp W PSS
o pac o psth o pnoise o pAf
o PSP L Opss o gpac o gpnoise

o qpAf o gpsp

Transient fnalysis
Stop Time 1005

accuracy Defaults (errpreset)

_ conservative _ moderate _ liberal
_ Transient Moise
Enahled Options...
- —

I— @I (cancel)(Detaults)(_Apply HeIpJ

FIG. 16 Setting Analysis

17

TSMC PDK — March, 2008



In the right panel, “Parameters, Sweeps, and Corners Setup”, assign 2.5 to variable “vdd” by

selecting Variables > Edit.
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FIG. 17 setting variable for corner analysis
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Then click “Corners” at the right panel. And “Corners Setup” form shows like below.
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B = Load; Save) \Import PCRMICE

FIG. 18 Loading PCF file
Click “Import PCF/DCF” button , the file browser will pop up and please decent into

directory <PDK_installDir>/models/spectre to open the sample PCF file
tsmcN65.pcf then the Corner setup form will be defined accordingly.
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FIG. 19 Choosing PCF file

The final “Corners Setup” form looks like below after we import “tsmcN9Orf.pcf”
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FIG. 20 Loading PCF file for corner analysis

In the bottom panel, “Outputs”, double click my_design:TB_buffer2:1 and set up
which outputs we want to be saved and plotted.
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FIG. 21 setting output for corner analysis
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In Run Mode pane, select Single Run, Sweeps and Corners, it shows 3 corners plus
the nominal corner are checked to be available for simulation. Click the green button

to start the corner simulation.

While the corner simulation was finished, the below output corner plot pops up and
presents the data variation between different corners.
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FIG. 22 Corner analysis setup form
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FIG. 23 simulation waveform for corner analysis
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Using hspice for simulation

If you are not comfortable in using spectre for simulation, you can also choose other
simulators (such as Hspice, UltraSim, or Ads ... and so on) for simulation. In this
section, we will introduce the simulation steps to use Hspice as the simulator.

The simulation steps for Hspice are as follows:

1. Write out the hspice netlist from ADE L (Analog Design Environment L)

The first step to run the Hspice simulation is to obtain a hspice netlist. This can be
achieved by “setup->Simulator/Directory/Host...” and set the simulator to “hsipceD”
(Fig 24).

(v Choosing Simulator/Directory/Host — Vittuoso® Analog Design; Environn !1

Simulatar (hspiceD n

Project Eirectnry #fzimalation
Host Mode & local o remote o distributed
Hiost

Remote Directory
L m [Lancel )| Defaults)| Apply )| Helpd

FIG. 24 Choose “hspiceD” as a simulator

In addition to choose “hspiceD” as simulator, we also need to fill in some necessary
parameters for simulation such as choosing analysis type and deciding simulation
periods (same as the steps for Spectre simulation).

After the previous works are all done, we can start to write out the hspice simulation
netlist from ADE L by click “Simulation->Netlist->Create " in ADE L ( Analog Design
Environment L) window (Fig 25). The final simulation netlist window appeared after
the netlist transfer procedure completed. You can save the simulation netlist from
the simulation netlist window by click “File->Save As”. In our case, we save the
Hspice simulation netlist as “test_buffer.sp”.
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FIG. 25 Write out hspice simulation netlist
2. Add model include section and other control statements
After obtained the Hspice simulation netlist, we still need to add the information that
is needed for later simulation into the netlist. The extra lines that we added into our
netlist includes model include section, and output control section (fig 26).
3. Run Hspice simulation and check the simulation results

We can start to run the Hspice simulation under UNIX command prompt with the
netlist that we obtained from step 2.

%hspice test_buffer.sp

And the simulation result can be obtained (fig 27) after the simulation completed.
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Chapter 4 Layout creation

After completed the pre-layout simulation and make sure the functionality and the circuit
performance are all correct and in the design specifications, we can now start to create the
corresponding layout for our design. There are many ways to create the layout including the
tradition manual way and other automatic ways. Generally, the tradition layout creation
method is to draw the layer geometries based on schematic manually, which is usually
laboured and time-consuming. To take the advantage of using a PDK, we use another more
efficient way to create the layout for our design. The layout creation procedures for our
automatic way are partitioned into three parts: “Schematic-Driven-Layout”, “Components
Placement” and “Auto route and Manual route”.

Schematic- Driven- Layout

Steps for Schematic-Driven-Layout method:
1.0Open the schematic view of our design
2.From the schematic menu select “Launch -> Layout XL”

After selecting this option, a small dialog box will first open to let users select the cell
name and view name for the layout. Upon finished the selection of the cell name and view
name, a Virtuoso XL layout window popup for layout generation.

Virtuown® Sehematic Baitor L Editing my-design Burfe) 2 schematic
eate Check Opfions Migrale Window Help cidence I

@ m g .
ADE XL b x Q Q Qa B |7 1 1.~ » B
ADE GHL

Layout GHL

Schematics L

ixed Signal Options

rarchy Egitor

o
O
Hiel
Fa

a
rasitics

mause L. schiingleSelectF1) M schHitdouseFoplp() F: ddshewsClose()
13)| Layout XL | Crnit: Sel u\

FIG. 28 invoke Virtuoso XL for schematic-driven-layout
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3. From the Virtuoso XL layout menu select “Connectivity -> Generate -> All From Source

A layout generation options window appeared and then users can set pin layers, pin width,
pin height, boundary layer ...and so on for layout generation. Click on “Apply” after
specifying the I/O pin layers to M1/pin, then click “OK”.

bd Generate Layout x

Generate

¥ /0 Pins ¥ Instances ¥ PR Boundary

_ Transistor Chaining _ Transistor Folding  _ Snap Boundary
__ Preserve Mappings  Extract Connectivity

170 Fins

( mapply Layer Width  Height Mum Create

Defaults: po0g 008 1w

Select: Mumber Selected: 0 | _AddaPin
Term Mame  Met Mame Layer Width Height Mum Create
"IN "IN CMLY Mpant oo g1 2
"ouT” "OuT” ("M1" "pint) oo o0 1 =
“gnd ! “gnd ! ("M1" "pin") oo o009 1 =
"dd ! "dd ! ("M1" "pin") oo o0.09 1 t

Update | Layer Width  Height MNum Create
IN IN < pn 0os oos | 1w
Pin Lahel Shape: ® Lahel o Text Display o Mone Pin Lahel Options... |
PR Boundary
Left 0
Shape: Rectangle n
Bottom 0

Boundary Area Estimation

Utilization (%) B 25 Aspect Ratio (WeH) n 1

Area Calculation Method: & Internal o User Defined

Area Calculation: |PREOUNdary Based n | Change Parameters

Preserve Floorplanning Objects

Preserve; _ Rows _ Blockages _ Area Boundary all

_ Cluster Boundary _ Clusters  _ Track Pattern
Maone

L Cancel Defaults HeIpJ

FIG. 29 layout generation options window
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After finished the selection of above information, some rectangles that represent the
transistors and I/O pins will show up in the bottom of the layout window.

_ Ni=ES

Launch File Edit Wiew Create Verfy Copnectivity Options Tools window Assuc jdences

= | ST |¢%}:> I ::"5 » || &4 s [[workspace: |Classic n’

mouse L: mouseSingleSelectPtd I: lxHiRelnitDesignd R: _IKHiMousePopUpO_
5 B A o B P e
bt - & @ & B = & EL 2= Th i *
]3(5)|> | ¥:-34 w72 (F)Select 0 DRD: OFF CAE: OFF di: d¥: Dist Cmd:h

FIG. 30 I/O pins and devices generated in layout window

Components placement

The next step is to do the device placement. The only one thing that you need to do is to
place all the components and I/O pins in the layout window into the design area (cell
boundary). By selecting devices/IO pins and dragging them to proper locations inside the
design area, we can complete the component placement. During the device movement and
placement, the lines represent the connections of select object to other objects will show up.
This can help you to decide where to properly locate the selected object (Fig 31).
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Launch File Edit ¥iew Create Verify Connectivity Options Tools Window  Assura Help cadence

| ¢ |¢%}=> M % @ ofH|© P :“5 » | [|waorkspace: | Classic n”

mouse L: mouseSingleSelectPt) Id: hiZooming R: _l=HitousePopUpi)
]1(3)| Undo | H:-26 %91 (F)Select 0 DRD: OFF CAE: OFF dX:-14 dY: 6.0 Dist B16 Cmd:h
== =

FIG. 31 Place all devices into design area in layout window

Auto-route and manual route

When the component placement is completed, the next step is to perform the device routing.
Since TSMC'’s PDK also support the ICC rules for Virtuoso Chip Assembly Router (VCAR),
we will use the VCAR to take full advantage of automated routing capability. After that, if

we don't feel comfortable with the routing results, we can perform some manual routes to fix
the routing results.

The steps for auto route are as follows:
1. To invoke the router,
(a) Select Launch — Layout GXL.
(b) From the toolbar, select Window — Assistants and turn on Task Assistant.
The Task Assistant appears on the right side of the design window.
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(c) Turn on Chip Assembly Router.
(d) From the toolbar, select Routing — Start Router. As Fig32 shows.

2. Specify the routing view name in the popup window to initiate the VCAR (Fig 33).
3. Click “Autoroute->Detail route->Detail router” to complete the auto routing (Fig 34).

Launch File Edit Wiew Create Yerify Connectivity Options Tools Window Assura Placcdences

== e | O M X @ «| @ | W«

[ Task Assistant_ 218X

_ Floorplanning
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mouse L: mouseSingleSelectPt) M: leHIEdiItDisplay Options) R: _IxHiMousePopUpg
=] Py e [=l. % -

1158 & @& e B oZEoE o 5’3__ _

E3)|> | %:-0.3 ¥:95 (F)Select 0 DRD! AE: OFF  d¥: d¥: Dist Cmﬂ

FIG. 32 Enable VCAR and Start router
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FIG. 34 Perform automatic routing
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If you don’t feel comfortable with the results from VCAR, you can manually fix the routing
results in the layout window. For our design, the final layout after manually fixed is shown in

Fig 35.

Launch FEile Edit Miew Create ‘erify Connectivity Sptions Tools Window  Assura Place Help cadence
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FIG. 35 Final layout
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Chapter 5 Physical verification

After the layout creation is completed, we have to start the physical verification to make sure
this layout is DRC free and each device in the layout is completely match to its
corresponding component in original schematic. After that, the parasitic extraction is also
need to be performed for post-layout simulation to make sure our design still work well after
taking the parasitic R & C effects into account. Generally, the physical verification
procedures can be divided into three parts: the design rule check (DRC), layout V.S.
schematic check (LVS) and parasitic extraction (RCX). Furthermore, based on the
differences on running methods and supported tools, they can be classified into different
flows. In order to satisfy most of users, TSMC’s PDK supports varied kinds of decks to be
used for different kinds of flows. Currently, the supported tools are Assura and Calibre, and
the supported flows are “Assura DFII flow”, “Assura CDL flow”, “Calibre CDL flow” and
“Calibre interactive flow”. In real design, users only need to choose one of these physical
verification flows and have no need to go through all the flows.

Physical verification using Assura

In this section, we will introduce the “Assura DFII flow” and “Assura CDL flow” for Assura
users.

Assura DFII flow

When choosing Assura as the physical verification tools, most of people will go through their
physical verification with DFII flow because of its conveniency and user friendly. The
physical verification procedures for Assura DFII flow are as follows:

Assura DFIl DRC

1. Click “Assura->Run DRC...” in layout window to invoke Assura DRC graphic user
interface.

2. Fill in the “Assura run directory” and select the “Technology” field to “assura_tech” (Fig.
36) in Assura DRC window. You can also set the Assura DRC switches and other
parameters if needed.

3. Click “OK” to run the Assura DRC and see the result. If the layout isn't DRC free, you
have to manually re-edit the layout and re-run the DRC check to make it DRC free.
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FIG. 36 Assura DRC setup window

Assura DFI1 LVS

After the layout has no DRC violations (DRC free), the next step is to run the LVS check to

make sure the layout is totally match to the schematic.

1.

Click “Assura->Run LVS...” in layout window to invoke Assura LVS graphic user
interface.

Fill in the “Assura run directory” and select the “Technology” field to “assura_tech”

(Fig. 37) in Assura LVS window. You can also set the Assura LVS switches and other

parameters if needed.

Click “OK” to run the Assura LVS and see the result. If the layout isn’t matched to

schematic, you have to manually re-edit the layout and re-run the LVS check to make the

LVS result matched.
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FIG. 37 Assura LVS setup window

Assura DFI1 RCX

When the layout is DRC free and LVS clean, the next step is to perform the RC extraction.
This step is to prepare the layout extracted netlist for post-layout simulation.
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1. Click “Assura->Run RCX...” in layout window to invoke Assura RCX graphic user
interface.

2. Select “Output” to “Extracted View” in “setup” folder of Assura RCX window to output
extract result to “av_extracted” view (Fig 38).
3. In the “Extraction” folder of Assura RCX window, select the “extraction mode” to “C

only” (if you want to extract only C), set the “Name space” to “Schematic Names” and
fill in the “Ref Node”(here we use “gnd!”)(Fig 39).

4. Click “OK” to start the Assura RC extraction. After the RC extraction is completed, a
new view (“av_extracted” view, Fig 40) which contains not only the original components

but also the parasitic devices will be generated and then can be used for post-layout
simulation.
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FIG. 38 Setup folder of Assura RCX window
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FIG. 39 Extraction folder of Assura RCX window
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FIG. 40 Assura av_extracted view
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Assura GDS/CDL flow

In addition to the DFII flow, some users may use Assura CDL flow for their physical
verification. Currently, TSMC’s PDK only supports the Assura CDL flow in DRC and LVS
verification.

Prepare Data

Before starting the Assura CDL verification flow, users have to prepare the CDL netlist and
the GDS file.

Export CDL netlist:
1. Select “File->Export->CDL...” from the CIW window to export the schematic netlist

2. Select the top cell name to your design, make sure the netlist mode is “Analog”, and fill
in the output file name of the netlist (Fig 41).

3. Ifthe “source_added” file (empty sub-circuit file) is provided along with the LVS
deck, you also have to attach this file to the output netlist file (obtained from step
#2).

Export GDSfile: (add Pin text before stream out)
1. Select “File->Export->Stream...” from the CIW window to export the GDS file.

2. Select the top cell name to your design, fill in the “layer map table” and the output file
name of the GDS file (Fig 42).
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Global Power Signals

Global Ground Signals

Renetlist

Frint Inherited Connectiong

& value o area o petimeter o both o none

o AreR o perimeter @ hoth o topology o none

& meter  micron . nong

=
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mL'CanceI"JLﬂ Defaults JL Apply"‘j _Help ",||
==

FIG. 41 Export CDL netlist
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FIG. 42 Export GDS layoul
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Assura GDS DRC

After the GDS file is exported, you have to edit the Assura ASCII run specific file (RSF) to
specify the input data, output data and types of checks to be run in Assura DRC check.

1.

2.

3.

Edit Assura DRC RSF file to specify the necessary information (Fig 43).

Ctrl-K H for help

= 22 C= 2 dre.rsf -
; ASSURA DRC RUN-SPECIFIC FILE (KSF)

avParameters( !
TinputLayout ( "gds2" "buffer2.gds” )

7celName "buffer?”

TrunName "buffer2"”

rulesFile "dre.rul”
‘tworkingDirectory "./run_drc”

Tavrpt t
Toverwrite t
' lagNond5 t
userlnits "micron”
resolution 0.001

;  7joinPins t

7set "GridCheck” ; turn on to check offgrid

FIG. 43 Edit Assura DRC RSF file

Run Assura DRC checking in UNIX command prompt and check the results.
%asssura drc.rsf

If the GDS isn’'t DRC free, you have to go back to fix you layout and re-stream out the
GDS for DRC check again.

Assura GDS/CDL LVS

When the GDS file is DRC free, you can continue to run the Assura CDL LVS.

1.
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Edit Assura LVS RSF file to specify the necessary information (Fig 44).
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R R R R R R R R R S S S S S _ _ _§_»_»®>§=>S=S=S=\sS=S==S,..
— crxwvt o [

k= 38 C= 1 lvs.rsf Ctrl-K H for help

avParameters (

; GDSZ2 only - use the next line for (GDSZ2 input
?inputLayout ( "GDSZ2" "bufferZ.eds” )

; Top cell name
7cel lName  "buffer?"”

TrulesFile "./extract.rul”
TrunName  "buffer?” ;PRINTFILE
TworkingDirectory "./run_lvs"
Tavrpt t irun avrpt at end of Jjob
TtextPrilnly t ; TEXT-PRI-ONLY YES )
7joinPins top snilitopialllevels :virtual connection is on @
Mlaglondh ¢
;35 Point to the Assura RCX technology directory
i Ttechnology "assura_tech”
;  TtechlLib "../assura_tech.1ib"

— EXTRACT RULE SWITCHES
i Tset ("DNY_DIODE™) ;i switch to enable the extraction of PW DNV an

) send of avParameters

; To load ASSURA LVS COMPARE FILE
load( "./compare.rul™ )

schematic( _
netlist( edl "bufferZ.cdl” )

FIG. 44 Edit Assura LVS RSF file

2. Run Assura LVS checking in UNIX command prompt and check the results.
%asssura Ivs.rsf

3. Ifthe GDS isn’'t LVS clean, you have to go back to fix you layout and re-stream out the
GDS for LVS check again.

Assura CDL RCX

Currently, TSMC’s PDK doesn’t support the Assura RC extraction with CDL flow.

42
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Chapter 6 Post-layout simulation

When accomplished the physical verification, the last step to tape-out is to perform the post-
layout simulation on the extracted netlist/view. During the post-layout simulation, not only
the original components but also the parasitic R & C (depends on what you have extracted in
RCX stage) of the interconnections are taking into consideration. Therefore, we can say that
the post-layout simulation result is more approach to the real silicon comparing with the
original pre-layout simulation result. Furthermore, base on the difference of RC extraction
flows you chose you would run your post-layout simulation in different ways.

Simulating with the extracted netlist

If you choose to output an ASCII extracted netlist during the RC extraction phase (such as go
through “Calibre CDL RCX” flow or select to export hspice/spectre netlist in “Calibre GUI
RCX"/"Assura DFII RCX” flows), you may plan to run the post-layout simulation with batch
mode in UNIX command prompt. Here, we use the extracted netlist, which is obtained from
“Calibre CDL RCX” as an example, and run the post-layout simulation with Hspice

simulator in UNIX command prompt.

1. Edit ASCII extracted netlist file to add model include section and other statements

Before starting the post-layout simulation, we have to add some information that is need for
later simulation into the netlist. The extra lines that we added into the extracted netlist
includes “model include section”, and “output control section” (the same as what we done in
“Using Hspice for pre-layout simulation”).

2.Run Hspice simulation and check the simulation results as below.
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Simulating with the extracted view

If you choose to output an extracted view during the RC extraction phase (such as go through
“Calibre GUI RCX” flow or “Assura DFII RCX” flow), you may plan to run the post-layout
simulation with GUI mode in Cadence Analog Artist environment. Here, we use the
“av_extracted” view, which is obtained from “Assura DFIl RCX” as an example, and run the
post-layout simulation with Spectre simulator in Cadence analog Artist environment.

1. Create aonfig view for the test fixture schematic (the ‘TB_buffer2’ in this example)
and switch on thav_extracted (or calibre) view for the cellViewbuffer2 on the
Hierarchy Editor .

~  Cadence® Hierarchy Editor; (my_design TB_buffer2 config) (Save Needed) - %
1 |
Eile Edit Miew Pluging Help cadence |
| 1]
[ .
o B2 h s s BB
| Top cen 7 8x| | Global Bindings 78
Libirary: (y_dasign = Library List: myLik
Cell  (TB_huffer? Bl Wiew List 5_sch cmos.sch schematic veriloga ahdl
View:  (schemafic L= Stop List: spectra
Opan Congtraint List:
| Tahle View || Tree View |
Cell Bindings
Librany, | el Lo WiewFound | YiewTolse | Inhierited Wiew List |
analoglib Ypulse spectre spectre cmos_sch cmos...

my_design TB_bufferz schematic spectre cmos_sch cmos...

Top cell name set to 'TE_bufferz'.
Bound cell (my_design bufferZ) to views 'av_estracted".

tsmcMa0rf nch_33 spectre spectre cmos_sch cmos... lL_J
tamcHNa0ng pch_33 spectre spectre cmos_sch cmos... —
Messages ; 78 x|
BT My _Uesigi . |
|
|

Top cell name set to 'bufferz’. =

|. Il Mamespace: COBA  Filters: OFF  Update: Meeded
[ 1(2)| av_extracted

FIG. 45 switch design view to ‘av_extracted’ view

Note: The detail of creatinganfig view in Cadence Virtuoso environment please refer to
Cadence Analog Design Environment manual.

2. Openthe ADE L (Analog Artist environment L) and use the config view of the test fixture
for simulation (fig 46). You can also output the simulation netlist to make sure the
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‘av_extracted’ view of our design in the configuration file is used for simulation rather then
the ‘schematic’ view.

==
E| Load State .

Session Sefup  Analyses Yariables Owutputs  Simulation Besults Tools Help cadence
I Status: Ready  T=27 C  Simulator: spectre State: statas .
Design ¥ariakles Snalyses E

Blame | YWalie l Type=|Enable | Birguents | i r
. B | ; &l
| wdd 2. de W 1 o
fran ~ 0 50n B
bt
i i B o
_  Outputs r_[':_.
HamessignaliEspr o Malue |Plob [Save. | Save Optians |
o DUt o allw
L ¥ allw
LTA. _:‘_ II1F _.-:_
=2 i - Plofing mode:  Replace n

FIG. 46 Open ADE L (Analog Design Environment L) and use config view for post-sim

3. Run the post-layout simulation and check the simulation result shown as below.

@ @ E S

Transient Eesponse

R e T —

B /ouT

200 0.0
time {ns)

40

(4] SO0

sphil tracel: JOUT :ﬂ

FIG. 47 Post-layout simulation result for extracted netlist
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