ABSTRACT
Varma, Ambrish Kant. Computer - Aided Tools for Seamless High Density

Interconnects. (Under the direction of Paul D. Franzon)

This thesis presents the tool-set designed to demonstrate the possibility of using the
Cadence tools to design, verify and extract circuitry on the substrate along with the
on-chip design. This circuitry could be an inter-chip connection that connects two
different chips or an intra-chip connection where a long interconnect is taken off from
the active area of the chip to the substrate and back on to the same chip.
To be able to do this task, the work for this project is broadly classified into four
different categories. These are writing

» Thetechnology file and the display.drf file

» The Design Rule Check deck

» The Layout Verses Schematic deck

» The Extraction deck
After having completed the above-mentioned tasks, the tool-set was also tested and

implemented on a circuit.
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1 INTRODUCTION AND OVERVIEW

“Seamless High Off-Chip connectivity (SHOCC) is a combined packaging,
interconnect, and | C design philosophy and associated enabling technology that aims

to shift the device fabrication paradigm from today’s single die approach to a parallel
manufacturing scheme that utilizes yield-optimized IC elements packaged using a
high-performance interconnect elemeht]. The main idea behind the concept is that

the interconnects on the chip in a one die system are divided between on-chip and
off-chip interconnects. This eliminates the possibility of having long lossy
transmission lines on the chip. Consider that interconnects on the chip are aluminum
which has a high resistance (p = 4.5uQ-cm). Interconnects off the chip can be
fabricated using copper that has low resistance (p = 1.67uQ-cm), hence reducing the

RC losses as per the equation below).

o ;:uf
A

Also, as designers are hard pressed to reduce the size of the chip, the area of the
interconnects on the chips are bound to decrease, resulting in an increase in the
resistance of the interconnects as can be seen by the above equation. Another



improvement that can be achieved is smaller chip size as a lot of area occupying
interconnects is now brought off the chip on the substrate.

Also the number of inputs/outputs that the chip can handle can improve drastically
considering that 1/0 can be done using the solder-pads on the chip that are distributed
al over the area of the chip (in a multi-chip module) as compared to a single die
where all the inputs/outputs have to be brought out to the perimeter of the chip.

The SHOCC interconnects are modeled as lossy transmission line elements. This is
done so that the designer can obtain accurate chip-chip delay and cross-talk noise
estimates when evaluating the performance of the chip. This gains importance when
the rise time of the signals reduces as compared to the flight time of the signal through
the chip.

This project is meant to put into practice the idea of SHOCC and to test it using a
practical circuit. This thesis aims at documenting the work done in writing the
technology files that support the extension of the traditional layout methodology to
the level of SHOCC and the rules file that have to be written in order to test and
extract the design. Chapter 3 covers the technology file and the display resource file
that describes the layers physical appearance. The technology file permits
independent or co-layout of the chip, substrate and solder bumps in the Cadence

Virtuoso layout package.

Chapter 4 covers the Diva Deck — a set of rule files that allow complete design rule
check, extraction of the design and a Layout versus Schematic test that checks the
correctness of the extracted design against a schematic provided by the user. The
extraction deck permits co-extraction of the IC and the SHOCC interposer, producing
a HSPICE file in which on chip circuits are represented by transistors and parasitic
capacitance and off chip SHOCC lines are captured as U element transmission lines

Chapter 5 discusses the circuit that has been used to test the technology file and the
diva deck. It is a driver — receiver circuit with substrate interconnects. All the design



rules file have been put to test. This chapter also contains the netlist that is generated
and the result of the simulations.

Chapter 6 discusses the future work that can be added on to the current work and also

serves as a conclusion to this thesis.

The thesis is written in a manner in which a complete newcomer in this field would be
able refer to it as a guide to grasp the subject matter and, if required, add to or modify
the current work. Each section is accompanied by an extensive explanation of the
SKILL and DIV A functions that have been used as well as illustrated with examples.

A webpage has also been designed that includes user manuals, installation
instructions, and all the scripts corresponding to this project. The URL of the website
IS

http://www.ece.ncsu.edu/cadence/SHOCC_Kit/SHOCC_home.html

1.1 RESEARCH OBJECTIVESAND APPROACH

The main objective of this research is to develop a CAD tool set useful for the co-
design and analysis of chips and substrate employing the SHOCC paradigm. The
traditional chip design process involves design capture, checking the geometric
viability of the design, and extraction of the design to a form that can be understood
by a fabrication house such as MOSIS". The intention with this project was to have a
kit within the Cadence environment that could do al of the above as well as have the
capability of utilizing the substrate layers for the placement of long interconnects for
intra-chip connections as well as interconnects for inter-chip connections. The
designer can choose to only look at the IC design, I/0O pad design or substrate design
as he pleases. Also the design can be interactively modified as seen fit. As mentioned
before, a design rule checker can be invoked to check if the design is fit to be
manufactured and all rules are being obeyed. Along with the design rule checking, our
objective was also to write a Layout versus Schematic procedure so that a designer

! http://www.mosis.org/



will be able to check that the final layout is equivalent connection-wise to a supplied
schematic.

The design kit was to be developed within the Cadence IC environment to permit co-
design and analysis of SHOCC designed chips and substrates. The new technology
files and the rules files would be developed by using the SKILL programming
language within the Cadence environment, as would be the extraction process that
would permit the co-extraction of the on-chip parasitics into a high fidelity HSPICE
file.

Performance verification will be conducted by modifying the extraction routines so
that the SHOCC interconnects are extracted as transmission lines and are represented
as U models in an appropriate HSPI CE file.

A few other objectives were decided upon before the start of the project, but these
were subject to the availability of time and resources. One of them was to investigate
the possibility of having a Post Extraction Filter. This filter would allow us to extract
only a certain net or a specific area of the circuit instead of extracting the entire
circuit. Another capability that the tool-set could have was the auto-routing feature.
Currently connections on the on-chip circuit that are on the same electrical net can be
auto-routed. A similar feature can be extended to the on-chip and the off-chip
connections that are on the same electrical net.



2 BACKGROUND AND LITERATURE REVIEW

A substantial amount of research has been done in the area of off chip connectivity.
Authors have taked in detail about the advent, need, and advantages of this
technology [1], [6] and [7] and have gone as far as specifying the implementation of
the computer-aided design (CAD) tools that support the SHOCC methodology as one

of the long-term objectives of their project [6].

An interesting comparison is made between the performance of SHOCC interconnects
with that of typical on-chip interconnects [7]. Figure 1 shows the various elements of

the transmission line model of the SHOCC paradigm.

on-chip Solder bump SHOCC Solder bump on-chip

R L Roump Lbump n L/n Roump Lbump R L

A= =T A A
i C/2n
AR 1 n CT

T Com = T on T Courp -

Figure 1: The SHOCC Structure



It clearly shows the way the on-chip and the off-chip circuit elements are modeled.

The on-chip elements are represented as lumped L models whereas the off-chip circuit

for the SHOCC line is represented by subdividing the line into 16 subsections. Shown

in the figure is atmodel of one of the subsections.

The authors modeled a driver — receiver circuit using Maxwell tools and extracted R,
L and C for the SHOCC and its related structures. Simulation of the circuits was done
using Maxwell Spice and PSPICE. Using the R, L and C values, transmission line
spice model for the SHOCC structure was prepared. The authors draw several
conclusions. An interesting results is that the rise time of the output waveform for on-
chip lines is severely degraded as the line length is increased whereas for the SHOCC
line there is no degradation. Also the delay in a SHOCC line increases linearly with
length, whereas it varies exponentially for the on-chip line. A lot of mathematical
results that the authors have derived using simulations in this paper have been used in

this research work.

21 SHOCCANDMCM

MCMs can be said to be the originator of the idea of SHOCC. Authors talk about how
performance and cost advantage can be gained if a chip-set is optimally redesigned to
take advantage of the high wire density, fast interconnect details, and high pin counts
available in MCM-D / flip-chip technology [6]. However, the authors say there are
very few commercial digital system design that have migrated to this technology. The
reason is that current design methods optimize chips for single chip packaging —
hence the designers under-utilize the potential of MCM-D / flip-chip technology.

This project is a step forward in removing this drawback. We have demonstrated that
multi-chip packaging is possible with wider and better substrate interconnects that can
be made of copperp(= 1.64uQ-cm) instead of aluminum/coppgp € 4.04Q-cm).

The paper talks about partitioning a large, low-yielding chip to a set of smaller high-
yielding chips. Even though the idea of SHOCC was not developed during those days,
the authors, nevertheless, were moving in that direction.

Several advantages and other issues are discussed regarding the paradigm shift
towards ‘multilithic’ system design as opposed to a monolithic — single chip

6



packaging. Of particular interest is the reduction in delay between on-chip
interconnects and off-chip interconnects. Also, the global power and ground
distribution could be moved off—chip, thus saving valuable on chip resources and real
estate. Also, the MCM inter-chip interconnects can be built using substantially
smaller drivers than those used traditionally for inter-chip signaling.

Even though SHOCC and MCM are fundamentally similar, there are some key
differences between these two technologies [1]. The most notable difference is that
MCM can be made with traditionally designed chips whereas the SHOCC technology
can be implemented using only specifically designed chips. This is because
interconnects in SHOCC environment can connect two points on the same chip as

well as two points on two different chips using the substrate.

High performance IC with .
modest wiring Additional
(3 metal wiring layers) Functionality

g on-chip line
gff-chip/SHO

Silicon subst ;

Figure 2: A High performance SHOCC IC (reference[7])



The figure 2 above (taken from [7]) shows along on-chip line that has been shifted to
the substrate. Apart from having intra-chip connections, SHOCC also allows inter-
chip connection.

2.2 PAST WORK

A lot of work that proved to be the foundation to this project was done when
researchers at NC State University developed the NCSU Cadence Design Kit (CDK).
The Cadence Design Kit was put together to support the scalable MOSIS rule-set for
IC design within Cadence. The kit and the associated flow tool were developed while
research students worked on their research projects. The following section discusses
the CDK.

221 TheNCSU Cadence Design Kit (NCSU CDK)

The NCSU CDK is used for teaching and research purposes at NC State University
and various other universities. The Cadence Design Kit has been customized with
several technology files and a fair amount of skill® code [3]. These files contain
information useful for full-custom CMOS IC design via MOSIS. The CDK has been
used to design and fabricate working chips [4]. The kit, which can be downloaded
freely off the Internet from http://www.ece.ncsu.edu/cadence/ CDK.html, contains

» Technology files and technology libraries. These files define the masks that are
available in different processes as well as the layer available. They also define the
value of the lambda for that specific technology.

» DivaRulesfiles. These files are specifically written for verification.

» The Design Rule Check (DRC) checks the dimensions, distances and the
validity of the geometry of the structures that are built using the layout editor.

All rules from the MOSIS SCMOS User’s manual are checked. All rules are a
function of Lambda - which is different for each process. The value of lambda
for each process is stored in the file globaldata.il.

The Extraction File extracts FETs, vertical NPNs PN/NP diodes, poly-

metall/thin-ox/poly-cap capacitors and parasitic capacitors



» Layout Vs Schematic (LVS) files compares the netlist from the schematic that
a designer draws with the netlist that Analog Artist (used for circuit
simulation) generates from the layout.

» Standard Parts Libraries. The standard parts libraries contain common analog and
digital parts symbols, Verilog primitives and example sheet borders. A few more
complex but commonly used parts such as the multiplexor and the flip-flops are
also included in the standard parts libraries.

» Device Models contains the transistor model files that are obtainable from the
MOSIS website.

» Skill code. A good amount of skill code is used to interface with the Cadence
design environment. It includes custom skill code for forms, menus, CDF
(component descriptor format) callbacks and parameterized cell definitions.

A detailed description of the NCSU CDK isalso available [3] and [5].

2 Skill isalisp like language.



3 THE TECHNOLOGY FILE

The technology file is the foundation of the entire design. To run a Cadence design
session, known as design framework 1l (DF II) session, we must define technology
data in one or more technology files and display resource files. Every DF |l design
uses a technology library, and several design libraries can share the same technology
library. Cadence online help [8], under the chapter, Technology File and Display
Resource File, provides a deep insight of the technology file, what they contain and
how they can be written. The technology file defines the materials and rules we can
use in the | C fabrication process. It contains

* Layer Definitions,

» Device Definitions,

» Layer, Physical and Electric Rules and

* Rules specific to individual Cadence applications.

To permit independent or co-layout of the chip, substrate and solder bumps in the
Cadence Virtuoso layout package, a new technology file was written. This section of
the thesis discusses the structure of the technology file and a few key features, and
then goes on to describe how the technology file can be modified if a new layer needs
to be added or a feature of the present layer needs to be modified. In the last section,

10



the display resource file is discussed. The display resource file goes hand in hand with
the technology file as it defines the physical properties of the layers that are defined in
the technology file. The technology file and the display resource file together tell the
design software how to display each layer on a specific display device [8]. The
technology file and the display resource file are linked together by the display packet
name that is defined in the technology file.

3.1 FEATURES

The technology file written for the co-design and analysis of chips and substrate
employing the SHOCC paradigm has a total of five additional layers and four via
layers that serve as connection between these layers. New layers that are added to
permit co-layout of chips are:

Layer Description

mcmO Ground plane (A shape on mcmO signifies a hole on the layer)
mcml Power plane (A shape on mcmo signifies a hole on the layer)
mcm2 X Metal on the Substrate

mvmV1 Via Between mcm2 and memO

mcmV 2 Via Between mcm2 and mcml

mcm3 Y Metal on the Substrate

mcmV 3 Via Between mcm2 and mem3

mcm4 Top pad metal

mcmV4 Via Between mcm3 and mcm4

Table 1: New Layersfor SHOCC

11




Apart from defining new layers, the technology file also lays down rules for proper

layout. Classes like Layer Rules class, Physical Rules class and Electrical Rules

class define design rules and constraints.

Edit Help

metall |dg|
TESTING_SHOCC

H Inst W@ An
A HY | A5 HS3

me tall |dg IH
netal? |dg|

| metall |dg|
[ metald [dg]

cc  [dg]
Eiivia2 ldq |
| viad |dg|
[[lgless  [dg]
| e |dg|
|

| ncmd |dg|

| nemy 3 |dg|
mu:mv-’-l ||:1g |
| mcmglas |dg|
| nodrc |dg|
| nolpe |dg|
[ pad EF
| text |dg|
| res id |dg|
|- cap id |dg]

hd

Figure 3: L SW window

Figure 3 shows the Layer Select Window (LSW) and points

out the new layers that have been added to the already present
layers.

Layers mcmO and mcml are digitized hole layers — i.e. when
extracted, the drawn layers in the layout would actually
represent a hole in layers.

The display.drf (display recourse file) is also written to
represent all of the layers in the tech file. The technology file
and the display resource file together tell the design software
how to display each layer on a specific display device. The
tech file assigns a display packet, by name, to each layer. The
display resource file assigns a display packet definition, with a
display packet name, to each display device.

12



32 TOADDALAYER

In the layer definition section add the necessary layer name/names, the layer

numbers and the abbreviations

For example

; ( Layer Nane Layer# Abbrevi ation )

( ncnD 84 nmcnd ) ; mcm |l ayer (ground plane)
( ncml 85 el ) ; mcm | ayer (power plane)
( dummynecnl 94 d_nmcnl ) ; mcm | ayer

* Inthe techLayerPurposePriorities section, mention the layer and the purposes such
as drawing, label, net, pin and boundary.

* In the techDisplays section, each layer — purpose pair must be associated with a
packet that is defined in the display resource file (display.drf). Also, the layer-
purpose pair must specify the values for five properties that determine their
behavior. The properties are ‘Visible’ (sets the objects visible), ‘Selectable’ (sets
the objects selectable), ‘Changed Layer’ (enables Diva software tracks changes to
objects in incremental verification), ‘Drag’ (enables the objects to be displayed as
it moves) and ‘Valid’ (enables the layer-purpose pair to be displayed on the Layer
Select Window (LSW)).

* InthelayerRules class and the subclagsl ayers, define the layers that conduct

between two other layers.

For example
;( layerl vi aLayer | ayer 2 )
( nmcnO ncnvl ncn )
( nment ncnv2 ncn )
( ncne ncnv3 ncnB )

* In the streamLayers subclass, list the stream translation data for the layer-
purpose pairs.

* The Physical Rules Class has three subclasses, thaleredSpacingRules, the
spacingRules and themfgGridResolution. In theordereSpacingRules, the order
of layers is important. In this subclass, we specify theEnclosure rule that
gives the distance by which an object must be enclosed by another object.

MinEnclosure is demonstrated by the following piece of code:

13



( m nEncl osure "t "mcnvl” (40) )
( m nEncl osure "mcn"” "mcnval” (20) )
( m nEncl osure "dummyncm” " memv2" (20) )

[:.:.:.:.:.:.'.:.:.:.:.:. mcmZ(Xplane)

L
g
g
g
= e BT memi (power Plane)
g
g
g
g

[ e e T T T e T e e T e mcmO (ground plane)

Figure 4: The Substrate Layer Structure (cross section view)

mcmO (ground plane)

meml (power plane)

Figure5: The Substrate Layer Structure (Top view)

As shown in figures 4 and 5, the hole in mcml, which is the power plane and is
digitised hole® layer, should enclose mcmV1 by 40 microns. mem2 should enclose
mcmV1 by 20 microns. The above diagram shows the cross-section of the three

lowest SHOCC layers — the ground plane, the power plane and the X metal plane. It
also shows that if a connection needs to be made from mcm2 (X plane) to the ground
plane, there should be a hole made in mcm1 for the via to pass through.

» The spacingRules subclass specifies the minNotch (minimum distance between

the outside facing edges of a notch drawn in an object), minSpacing (distance

% Digitised hole layer indicates that a drawing on the layer would represent ahole in thefinal circuit.
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between objects drawn on the specified layer) and minWidth (minimum width of a
path on the specified layer) values for the layers. Any new layers added would
need to have these values specified. The mfGridResolution subclass specifies
multiple for grid snapping.

» The Devices class of the technology file defines the devices we would use with
Virtuoso layout. We could also create user-defined devices in the Device class.
The main subclasses that we use in this class are symContactDevice and
symPinDevice. The symContactDevice subclass of the Devices class declares
contact devices. An example of the symContactDevice device statement for the

layersin SHOCC is:

(rmen2_necnD nenVl drawi ng
ncn?  drawi ng

nmcn0 drawing (neml drawi ng  20)

20 20 (1 1 1 1 center center) 20 20 _NA)

The symPinDevice subclass of the Devices class declares pin devices.

The final technology file is attached as an appendix at the end of the thesis.

3.3 THE DISPLAY RESOURCE FILE (DISPLAY.DRF)

The display resource file, as described above, groups display data in display packets
that it assigns to display devices. A separate display.drf file was created for the
various packets associated with the SHOCC layers. We can have multiple display
resource files at various locations but each one should be named display.drf.

The following lines show the way display.drf is coded:
dr Def i nePacket (

; (D spl ayNane Packet Nane Stipple Li neStyl e Fill Qut l'i ne)
( display mcnD dot 4 solid slate slate )

( display nmcnil dot 3 solid silver silver.)
( display nmcn Cross solid br own brown )

The final display.drf is attached as an appendix to this thesis.
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4 THE DIVA DECK

This section of the thesis deals with the Interactive Verification inside Design
Automation (DIVA) rule decks. There are, primarily, three rule files that have been
created to permit designs that can be fabricated. These rules are Design Rule
Checking (DRC), Extraction rules and Layout versus Schematic (LVS) rules. Each of
the rules are discussed separately in separate subsections in this chapter.

4.1 DESIGN RULE CHECK

This rule file will permit design rule checking of the substrate and solder bumps
against a geometric set of manufacturing design rules. A designer would run the
Cadence Diva package to perform these checks. The rules that have been
implemented in this project are from MicroModule Systems MCM-D Technology Kit.
The kit is provided to support the multi-chip module (MCM) designer to accurately
develop an MCM design. The complete DRC rules list is presented in section 4.1.3 of
this chapter. The rules file that has been written will only check design rules for the
SHOCC layers and not the on chip circuit. For the on chip circuit, previously written
rules were used.

Most of the rules that have been included in the divaDRC.rul file have been specified
in the MCM Technology kit from MMS[9]. They are originaly written in
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DRACULA®. For this project, these rules were translated to DIVA. Some of the key

expressions in both the languages are discussed in the next section.

4.1.1 Key Featuresof the DRC ruleFile

Before writing a design rule check file, we need to consider the various scenarios

within the design that needs to be checked and verified. Some of them like the width

of a path or piece of metal, separation between two like metals, separation between

two different metal layers, etc., are fairly easy to understand — but some of the DRC
checks are subtle and need some understanding of how the layers are represented.
In the rest of this section, some of the DRC scenarios are presented.

41.11 Separation Between Same Metal Layer

Separation between the same layer can be checked tyctbsp command.

...................... P

Figure 6: DRC Separation (same layer)

The figure 6 above shows the basic definition of the command.
The example below demonstrates the drc sep command. L25DR2 is the output layer,

The saveDerived command displays the output.
L25DR2 = drc(ntnB sep < 19.40 )

saveDerived(L25DR2 "ntnB separation < 19.40")

4.1.1.2 Separation Between Two Different Layers

Separation between two different layers can be done in much the same way except
that this time we need to also figure out whether or not the two layers are overlapping.

- e—p

Figure 7: DRC Separation (different layers)

“ Dracula is a suite of software products used for verification of integrated circuits — similar to DIVA.
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As shown in figure 7, both possibilities must be investigated.
The next piece of code demonstrates how the separation and overlap of two metal

layers can be checked by DRC.

L22DR4A = drc(ntnV2 ncnv4 sep < 30.00 )
saveDerived(L22DR4A "ntnV2 to ncnV4 separation <30.00")
L22DR4B = geonOver | ap(ncnV2 ntnv4)

saveDerived(L22DR4B "ntnmvV2 and ntnV4 overl apping!!™)

4.1.1.3 Metal - ViaEnclosure
Vias should be completely enclosed by the layers that are been connected by the via

To check for such design errors, we find out by how much is the edge of the via layer
enclosed by the edge of the metal layer (done by the enc command). If its less than

'ﬁ<_

GeomAndNot

BOOSEEE marked laver

Figure 8: DRC Enclosure command

the specified limit, then an error is registered. We need another command to find out
if the via layer is enclosed by the metal layer on all sides. For that, the geomAndNot
command is used. It marks the area of the via layer that is not overlapped by the metal
layer.Refer figure 8.

The code to represent the above mentioned drc is as follows:

L23DR3A = drc(ntnREdge ntnV2Edge enc < 19. 4)

saveDerived(L23DR3A "ntn?2 and nctnvV2 enclosure check (nmcnV2 should be
encl osed by ncn2 by 19.4 u on each sides)")

L23DR3B = geomAndNot ( ntrmvV2 ntnR)

saveDerived(L23DR3B "ncn2 and ncnv2 enclosure check (ncnmvV2 is  not
conpl etely covered by ncnR) ")
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4.1.2 Design Rule Check — A Demonstration
s o ] Beled® D [, R 113, mesn rram ig
Tonh Gmam Wwdew Cresn [of veily Cowwcirets Opbem Smen S0 Ty

| 2 B |

K 43.5

1 RS

Figure 9: figurewith DRC error

v: 40.0 (F) Select: 0

dx: dy':

Tools Design Window Create Edit Verify Connectivity Options

il

mouse L:showGlickInfo() M: mousePopUp ()

W

Figure 10: figurewith error removed

R hiZoomibsolutes

In this section, a few
screenshots  from  Cadence
Virtuoso program show a few of
the DRC erors and the

corresponding messages
followed by another screenshot

that shows the corrected layout.

Errorsin figure 9

1) mcmV3 enclosure check
(mcmV 3 should be enclosed by
mcm3 by 19.4 u on each sides)
2) mcm2 separation < 19.40
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The entry in the log file for the DRC run for the above figures.

DRC started at Wed Dec 20 17:07:49 2000
l'i brary: TESTI NG_SHOCC

cell: DRC_TEST2

Vi ew: | ayout

Rul es come fromlibrary TESTI NG _SHOCC.
Rul es path is divaDRC. rul.

Inclusion limt is set to 1000.

Runni ng drcl ayout anal ysis

Fl at node
Ful I checki ng.
DRC started....... Wed Dec 20 17:07:49 2000
conpleted ....Wd Dec 20 17:07:55 2000
CPU TI ME = 00: 00: 00 TOTAL TIME = 00:00: 06
**xx  Summary of rule violation for cell "DRC TEST2 |ayout" *****

# errors Violated Rul es
1 ncnB and ncnV3 encl osure check (ncnV3 shoul d be encl osed by. ..
1 ncnR seperation < 19.40
2 Total errors found

The entry in the log file for the DRC run for the above figures — after the error was

removed

DRC started at Wed Dec 20 17:11: 00 2000
l'i brary: TESTI NG_SHOCC

cell: DRC_TEST2

Vi ew: | ayout

Rul es come fromlibrary TESTI NG _SHOCC.
Rul es path is divaDRC. rul.

Inclusion limt is set to 1000.

Runni ng drcl ayout anal ysis

Fl at node
Ful I checki ng.
DRC started....... Wed Dec 20 17:11:00 2000
conpleted ....Wd Dec 20 17:11: 06 2000
CPU TI ME = 00: 00: 00 TOTAL TI ME = 00: 00: 06
*okokk ok Summary of rule violation for cell "DRC TEST2 |ayout” e

Total errors found: O
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Figure 11 has the following

Banhy Duice Yrdoa Crowie Ddd Seriy Corescisdy Opsoes Powie HOSU [
[ errors
@ 1. mcm3 and mcmV3
s, enclosure check (mecmvV3

- _,-".

should be enclosed by

mcm3 by 19.4 u on each

sides)

2. mcm2 and mcmV3

enclosure check (mcmV3

should be enclosed by

mcm2 by 19.4 u on each

sides)

3. mcm2 and mcmV3

enclosure check (mcmV3

Figure 11: figurewith error should be enclosed by
mcm2 by 19.4 u on each sides)

4. mcm4 and mcmV4 enclosure check (mcmV4 should be enclosed by mcmé4 by
35.4 uon each sides).

5. mcm3 and mcmV4 enclosure check (mcmV4 should be enclosed by mcm3 by
19.4 u on each sides).

6. mcm2 sep < 40.0

= Nea WoElS ARE . LS | [ N . -Ha [ - 1] el )

Tooh Cweign ‘dmcers (rosis [l Yerdy Cewecidiy Opies Pmde 5050 i

Figure 12: figurewith error removed
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The entry in the log file for the DRC run for the above figures.

DRC started at Wed Dec 20 17:28:37 2000
l'i brary: TESTI NG_SHOCC

cell: DRC_TEST

Vi ew: | ayout

Rul es come fromlibrary TESTI NG _SHOCC.
Rul es path is divaDRC. rul.

Inclusion limt is set to 1000.

Runni ng drcl ayout anal ysis

Fl at node
Ful I checki ng.
DRC started....... Wed Dec 20 17:28:37 2000
conpleted ....Wd Dec 20 17:28:43 2000
CPU TI ME = 00: 00: 00 TOTAL TIME = 00:00: 06
*rxkkxxx  Summary of rule violation for cell "DRC TEST |ayout" *****x*
# errors Vi ol at ed Rul es

1 nmcn8 and ncniv4 encl osure check (necnv4 shoul d be encl osed by. ..

nmcn8 and nenV3 encl osure check (ncnv3 shoul d be encl osed by. ..

nmcn¥d seperation < 20.0

nmcn?2 and nenV3 encl osure check (ncnv3 shoul d be encl osed by. ..

nmcmd and nenV4 encl osure check (ncnv4 shoul d be encl osed by. ..
6 Total errors found

The entry in the log file for the DRC run for the above figures — after the error was

B R RPN

removed

DRC started at Wed Dec 20 17:32:26 2000
l'i brary: TESTI NG_SHOCC

cell: DRC_TEST

Vi ew: | ayout

Rul es come fromlibrary TESTI NG _SHOCC.
Rul es path is divaDRC. rul.

Inclusion limt is set to 1000.

Runni ng drcl ayout anal ysis

Fl at node
Ful I checki ng.
DRC started....... Wed Dec 20 17:32:26 2000
conpleted ....Wd Dec 20 17:32:32 2000
CPU TI ME = 00: 00: 00 TOTAL TIME = 00:00: 06
ol Summary of rule violation for cell "DRC_TEST |ayout” ol

Total errors found: O
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413 MCM DRCRulelist

This table is a collection of all the DRC rules that have been implemented in the

divaDRC.rul file for the SHOCC - co-layout package.

19.0 Ground Plane

mcmO

19DR1 mcnD separation < 50. 00
19DR2 menD wi dth < 25.00
19DR3A mcnVl to ntnD separation <30. 00
19DR3B mcnVl and ncnD over |l appi ng
19DR4AA mcnV2 to ntnD separation <30. 00
19DR4AB mcnV2 and ncnD over | appi ng
19DR5A mcnV3 to ntnD separation <30. 00
19DR5B nmcmv3 and ncnD over | appi ng
19DR6A mcnV4 to ntnD separation <30. 00
19DR6B nmcmv4 and ncnD over | appi ng
20.0 Vial mcmV1
20DR1 mcnVl separation < 80.00
20DR2A mcnVl to ntnV2 separati on <30.00
20DR2B mcnVl and ncmvV2 overl appi ng
20DR3 ncnvl width < 19.60
20DR4A mcnVl to nenv3 separati on <30. 00
20DR4B mcnVl and ncmvV3 overl appi ng
20DR5A mcnVl to ntnV4 separati on <30. 00
20DR5B mcnVl and ncrmv4 overl appi ng
21.0 Power plane mcm1
21DR1 nmcml separation < 50. 00
21DR2 ncnl width < 25.0
21DR3A mcnl and ntnVl encl osure check (ncnvl shoul d be encl osed
by mcnl by 30 u on each sides)
21DR3B mcnil and necnVl encl osure check (ncnVl is not conpletely
covered by ntml)
21DR4A mcnV2 to ntml separation <30. 00
21DR4B mcnV2 and ncml over |l appi ng
21DRB5A mcnV3 to ntml separation <30. 00
21DR5B mcnV3 and ncml over | appi ng
21DR6A mcnV4 to ntml separation <30. 00
21DR6B mcnV4 and ncml over | appi ng
22.0 Via2 mcmV?2
22DR1 McmVV2 separation < 80.00
22DR2A McmvV2 to nmcnV3 separation <30.00
22DR2B mcnV2 and ncmvV3 over |l appi ng
22DR3 menmv2 width < 19.6
22DR4A mcnV2 to ntnv4 separati on <30. 00
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22DR4B nmcmv2 and ncnv4 over |l appi ng
23.0 X Metal Mcm2
L23DR1 mcn separation < 40.0 and Error Flags Iength > 600.0
23DR2 nmcn? separation < 19.40
23DR3A mcn? and ntnv2 encl osure check (nmcnV2 shoul d be encl osed
by mcn2 by 19.4 u on each sides)
23DR3A mcn?2 and ncnV2 encl osure check (nmcnV2 is not conpletely
covered by ntnR)
23DR4 men2 width < 16.0
23DR5A mcn? and ntnv3 encl osure check (ncnV3 shoul d be encl osed
by mcn2 by 19.4 u on each sides)
23DR5B mcn2 and nmenvV3 encl osure check (nmcnV3 is not conpletely
covered by ntnR)
24.0Via3 mcmV 3
24DR1 McmVV3 separation < 50.00
24DR2A McmVV3 to ncnV4 separation <30.00
24DR2B nmcmv3 and ncnv4 over |l appi ng
24DR3 memv3 width < 19.6
25.0Y Metal mcm3
25DR1 mcnB sep < 40.0 and Error Flags length > 450.0
25DR2 nmcnB separation < 19. 40
25DR3A mcnB and ntnV3 encl osure check (ncnV3 shoul d be encl osed
by mcnB by 19.4 u on each sides)
25DR3B mcnB and ncnV3 encl osure check (ncnV3 is not conpletely
covered by ntnB)
25DR4 men8 width < 16.0
25DR5A mcnB and ntnv4 encl osure check (ncnVv4 shoul d be encl osed
by mcnB by 19.4 u on each sides)
25DR5B mcnB and ncnV4 encl osure check (nmcnV4 is not conpletely
covered by ntnB)
26.0Viad mcmV4
26DR1 mcnV4 separation < 50.00
26DR2 menmv4d width < 19.6
26DR3A mcn? and ntnv4 encl osure check (ncnv4 shoul d be encl osed
by mcn2 by 19.4 u on each sides)
26DR3B mcn?2 and ncnV4 encl osure check (nmcnV4 is not conpletely
covered by ntnR)
27.0 Top Pad Metal | mcm4
27DR1 nmcmd separation < 20.0
27DR2A mcnd and ntnv4 encl osure check (ncnVv4 shoul d be encl osed
by mcnmt by 35.4 u on each sides)
27DR2B mcnd and ncnV4 encl osure check (nmcnV4 is not conpletely
covered by ntmi)
27DR3 mcmd wi dth < 50.0

Table2: MCM DRC RulelList
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4.2 EXTRACTION

The process of extraction for the SHOCC layers involves understanding of how the
SHOCC layers have been modeled. As mentioned in the introduction chapter, the
SHOCC lines are modeled as transmission lines. Why we consider long off-chip
interconnects as transmission lines is discussed in the next section. Signal from the
on-chip interconnect is passed on to the substrate through a solder pad. These solder
pads are distributed uniformly throughout the chip surface (There are approximately
13 bump locationsin a 0.2 mmradius[7].) The pad layer in SHOCC is represented by
mcm4. As such, whenever metal3 and mcmd4 overlap, a solder bump is placed in the
extracted view. Once on the substrate, we have 2 metal layers to propagate the signal -
X route (mcm2) and Y route (mcm3). The two layers are modeled as U elements
(lossy transmission lines). The X and Y models are named Umodel X and UmodelY in

the extraction view.

After traversing the substrate interconnects, the signal hits another solder bump before
it jJumps back on the chip. This could be the same chip (intra-chip) or a different chip
(inter-chip for MCMs). The following figure illustrates the SHOCC structure.

ON CHIP ON CHIP

L) BUMP L)

— SHOCCX <
sHocCY I—C >J sHocCY

Figure 13: The SCHOCC Paradigm

421 Why Transmission Lines?

To obtain accurate chip to chip delays and cross-talk noise estimates, interconnects,
bonding wires and pins should be modeled as transmission lines [10]. This is because
if the interconnect are sufficiently long (its inductance becomes larger) or the circuits
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are sufficiently fast such that the rise time of the waveform is comparable to the time
of flight across the line (resulting in a larger L9/ and also more crosstalk), the
inductance of the circuit interconnects also becomes important. In these
circumstances, both the distributed inductance and capacitance must be taken into
account. It important to take the inductance into account as it is the cause of the
reverse electromotive force that limits the amount of current that can be applied to the

circuit.

4.2.2 Key Features of the Extraction File

To place the desired components such as the solder bumps and transmission lines in
the extracted view, the divaEXT.rul file was written. This file extracts the on-chip
components such as the transistors and capacitors as well as the off-chip components
like the solder bump and the U element transmission line. Here is a brief description

of how the off-chip devices are extracted.
4221 The Solder Bump.

The bump is extracted using the following code:
extract Devi ce(bunp netal 3("IN') nmcnmd("OUT") "bunp ivpcell TEST" physical)

Figure 14 Extracted BUM P Symbol

Figure 14 shows the extracted view of the BUMP. The R, L and C values for the
bump sub-circuit are given in the section 4.2.3.

The input to the bump is metal 3 and the output is mcm4. The ivpcell cell-view of
bump islooked up in the cell TEST to be placed in the extracted view.

4222 TheY modd of the U e ement

The transmission line model for the Y layer is extracted using the following code:
extract Devi ce( shoccY mcnvA("in") pBul k("refin") groundY("refout") shoccXY

26



termnal ("out") "ulwi reSY ivpcell TEST" physical)
The input of this device is mcmV4 and the output is shoccXY terminal.

& (i_rrl'r__I ”P ] . e FI'_T"T"]'{”'::] ‘._.lt”)

Figure 15 Extracted UM odel

4223 TheX modd of the U element

The transmission line model for the X layer is extracted using the following code:

Ext ract Devi ce{shoccX shoccXYterm nal ("in") pBul k("refin") groundX("refout
") shoccXYterm nal ("out") "ulwi reSX ivpcell TEST" physical)

where shoccXYterminal is a derived layer of memV 3. This layer is the input and the
output to the extracted U model. Again, the ivpcell cell-view from library TEST is
placed in the extracted view. The R, L and C values of the X and Y models are given
in the section 4.2.3.

4.2.2.4  Connecting the Pieces

Now that the bump and the transmission lines have been extracted, the only issue left
is to connect these. GeomConnect statements are used to join the extracted devices.

An example of the geomConnect statement is:

geontonnect (vi a( ncmdVi antmV4 necmd ncniv4)
vi a(shoccXYterm nal ncnB ncnva3)

)

where the vias mcm4ViamemV4 and shoccXYterminal connect the layers mecm4 and

mcmV4 and mem3 and memV 3 respectively.
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4.2.2.5 Calculate Lengths of Transmission Line

To get the corresponding resistance, capacitance and inductance of the transmission
line elements, the lengths of the elements needs to be determined. The following code
determines the length of the shoccY and saves it in shoccLengthY using the
saveParameter skill function

shocclLengt hY=measur ePar anet er ( peri meter shoccY 0. 5e-6)
savePar anet er ( shoccLengthY "I")

4.2.3 How Models Are Linked

When a SHOCC line is identified by the extractDevice command, the cell view
UlwireSX ivpcell from library TEST will be put in the extracted view. When a netlist
is desired using HSPICE simulator, Analog Environment looks for the UlwireSX
HSPICE cell view in library TEST. From there the Component Description Format
(CDF) information HSPICE is extracted where the umodel X is specified as the model
name linked to the X line. Analog Environment will look for the file umodelx.m in
the path specified while performing setup. If SpectreS were used for simulation
purposes, we would need to have the SpectreS view.

The umodelx.m file consists of:
.1i b unodel X

. MODEL unvodel X U | evel =3
+pl ev=1

+el ev=2

+r11=7. 6e2

+cr 1=150e- 12

+l 11=508e- 9

.endl unodel X
where the Level = 3 selects the lossy transmission line model. Elev = 2 selects the

pre-computed parameters that allow specification of up to five signal conductors and a
reference conductor. The conductor that we are using here are resistance of the line
per unit length (r11), capacitance of the line with reference to the reference plane per
unit length, (crl) and the self inductance of the line per unit length (I111). The values

that we are using here have been picked up from [7] where the authors had modeled
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SHOCC interconnects and used MAXWELL Quick 3-D parameter extractor to get the
R, L and C values.

Bumps are linked to the macro SUBCKT in the CDF and a circuit with the R, L and
C values as of those specified in the CDF is created in the extracted view.

The circuit looks like the figure 16 below:

Rbump I—bump
1 2

—W-——:0-e

Cbump —_

4

Figure 16 The Bump Subcir cuit

The SUBCKT in HSPICE is as follows:
.SUBCKT &1 1 2

Rounp 1 3 &2
Lbump 3 2 &3
Coump 2 0O &4

. ENDS &1
The rest of the circuit connects the sub-circuit by nodes 1 and 2. The Resistance is
placed between nodes 1 and 3, the Inductance between nodes 3 and 2 and capacitance
between nodes 0 and 2. The Rpump, Lbump @nd Cypump Values that have been used for the
bump sub-circuit are taken from [7]. These values have been extracted using
MAXWELL quick 3-D. A more descriptive explanation on how sub-circuits and
transmission line wire models are chosen is provided in the HSPICE manual. The

complete extraction rule file is attached as an appendix.
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4.3 LAYOUT VSSCHEMATIC

The Layout versus Schematic (LVS) program compares two versions of a circuit and
isolates any differences. We can use it to compare two layouts, two schematics, or a
layout and a schematic [8]. For our purpose, we use LVS to compare the extracted
version of the layout and the schematic as drawn by the designer or as provided by a

customer or athird party.

It compares the netlist from the extracted view of the layout with the netlist from the
schematic that has been drawn that represents the layout. The divaLVS rule file is
incorporated with the existing tech files and the diva deck so that simultaneous design

and verification can be performed.

In the SHOCC process, the transmission lines and the bumps are removed for the
LVS process and are replaced by shorts. This is done because the transmission lines
and the solder bumps do not have any effect on the circuit and are just conductors for
the purpose of a net-list match between schematic and layout.

4.3.1 KeyFeaturesof LVS

Some of the LV'S features that have been utilized in this project are described in this
section. More extensive explanations can be found in the Assura Diva Verification
Reference chapter of the Cadence Openbook reference [8].

4311  permuteDevice

The permuteDevice function simplifies a specific type of device depending on the
specific skill function to perform simplification — for example, combine parallel
resistance or series resistance or combine parallel FET. It can also combine MOS
multiple-transistor configurations into single gate-function devices with permutable
inputs. Below is a sample of the permuteDevice command as used in the divaLVS.rul
file.

per mut eDevi ce(paral l el "nfet" comnbi neParall el FET)
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4.3.1.2 compareDeviceProperty

The compareDeviceProperty function is used to compare properties of devices
matched in the layout and the schematic. This function calls another function that will
compare the two devices. An example of the compareDeviceProperty function as used
inthedivaLVS.rul fileis:

conpar eDevi ceProperty("res" conpareResi stor)
conpar eDevi ceProperty("nfet" conpar eFET)
conpar eDevi ceProperty("pfet" conpareFET)

where compareResistor and compareFET are two skill functions that do the

comparing.
4.3.1.3 removeDevice

This function removes the device from the circuit and replaces the device with an
open circuit or a short circuit. This function was used to remove the transmission line
and the bump devices from the extracted view and short the terminals.

The function as used in the divaLVS.rul file is as follows:

renoveDevi ce("ulwi reSX" short("in" "out"))
renoveDevi ce("bunp” short("in" "out"))

Here, ‘ulwireSX’ and ‘bump’ are removed and the terminals ‘in" and ‘out’ are
shorted. This is done because in effect, the transmission lines and the bumps make no

difference on how the circuit works.
4.3.1.4 ignoreTerminal

The ignoreTerminal command specifies which terminal types on which device types
to ignore during the comparison. This is done because sometimes all the terminals in a
device are not used in layout but are specified in the schematic, for example, the back
gate of an N channel transistor. This may or may not be connected to power or ground
in the layout but is always connected to the either of the two in schematic. As such it
IS best to ignore the back gate in the verification process as it might be erroneous to
include it. An example is presented of the ignoreTerminal command is included here.

i gnoreTerminal ( "nfet" "B" )

43.15 Seriesand Parallel Reduction

Devices that are connected in series or parallel can be combined by series or parallel
reduction. This is done to cut down the number of devices that have to be compared

with as resistors, capacitance and MOS devices can be reduced if they are connected
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in series or in parallel. A more detailed explanation of Series and Parallel reduction
can be found in the chapter on LV S in Assura Diva Reference Guide.

4316 MOSReduction
MOS reduction is also possible if the transistors are of the same type and form a

logical function [8].

4.3.2 ThekError Files

The LV'S program generates files that store the errors that the program encountered.
The error files that are created and a brief description of what errors they store are

mentioned next.

netbad.out Lists all unmatched nets
devbad.out Lists all unmatched devices
prunenet.out Lists all ignored nets
prunedev.out Lists all ignored devices
mergenet.out Lists all merged nets
termbad.out Lists all unmatched terminals
audit.out Lists al unmatched parameters

A sample output file that was created after running LV S on a design is presented next.

Li ke nmatching is enabl ed.

Net swapping is enabl ed.

Usi ng term nal nanes as correspondence points.
Net-1ist summary for

[ af s/ uni ty. ncsu. edu/ users/al/ akvar ma/ LVS/ | ayout/ netl i st

count

15 nets

4 termnals

2 bunp

10 pnos

1 ulwi reSX
ulwi reSY

10 nnos

Net-1ist summary for
[ af s/ uni ty. ncsu. edu/ user s/ al/ akvar ma/ LVS/ schemat i c/ netli st

count
17 nets
4 termnal s
2 bunp
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5 pnos
1 ulwi reSX
2 ulwi reSY
5 nnos
Term nal correspondence points
1 gnd!
2 in
3 out
4 vdd!

The net-lists match.
| ayout schematic

i nstances
un- mat ched 0 0
rewred 0 0
size errors 0 0
pruned 0 0
active 25 15
t ot al 25 15
nets

un- nat ched 0 0
mer ged 0 0
pruned 0 0
active 15 17
tot al 15 17

termnals
un- nat ched 0 0
mat ched but
different type 0 0
tot al 4 4

Probe files from/afs/unity.ncsu. edu/ users/a/ akvarnma/ LVS/ schenmati c
devbad. out :

net bad. out :

nmer genet . out :

t er nbad. out :

prunenet . out:

prunedev. out :

I /14

? Device renoved because of user’s ’'renoveDevice' request.
I /17

? Device renoved because of user’s ’'renoveDevice' request.
/w2

? Device renoved because of user’s ’'renoveDevice' request.
I /U3

? Device renoved because of user’s ’'renoveDevice' request.
/Ul

? Device renoved because of user’s ’'renoveDevice' request.
audit.out:

Probe files from/afs/unity.ncsu. edu/ users/ al akvarma/ LVS/ | ayout



devbad. out:

net bad. out :

mer genet . out :

t er nbad. out :
prunenet. out :
prunedev. out :

+4

? Device renoved because
I /+3

? Device renoved because
I /+2

? Device renoved because
I /+1

? Device renoved because
I /+0

? Device renoved because
audit.out:

of

of

of

of

of

user’s

user’s

user’s

user’s

user’s

renoveDevi ce’

renoveDevi ce’

renoveDevi ce’

renoveDevi ce’

renoveDevi ce’

request .

request .

request .

request .

request.



5 CASE STUDY - DRIVER RECEIVER CIRCUIT

To demonstrate that the designed tool-set works satisfactorily, a driver and a receiver
(which is simply an inverter) circuit were connected via off chip MCM layers. Figure

17 (modified from Afonso, et al [7]) shows the Driver — Receiver circuit and where

L ong on-chip interconnect

SHOCC interconnect that
has replaced the long on-chip
interconnect

Figure 17: Driver and Receiver circuit

the interconnect attaches the two.
Signal from the driver was brought onto the substrate. The signal was propagated

using the X and Y layers and was brought back on the chip to be connected to the
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inverter. This circuit was checked for design rule errors, extracted and then the
extracted netlist matched against the schematic netlist thus checking for any Layout
Versus Schematic errors. This chapter discusses in detail the case study of the driver

and the receiver circuit.

5.1 LAYOUT AND DRC

Layout was done by creating an instance of the driver (that was laid out previously for

another project) and an instance of an inverter. The output of the driver is connected
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Figure 18: The Driver - Inverter Layout
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to the input of the inverter via the substrate layers. Metal 3 at the output of the driver
is laid out in such a way such that it overlaps mcm4 layer (a SHOCC top pad layer).
From there, the signal is passed through to mecm3 (which is the Y Plane on the
substrate) via the contact, mcmV4. The signal is then passed on to mcm2 (which is
the X Plane on the substrate) via the contact layer mcmV 3. The signal is then brought
back to mcm3 from where it is connected to mcm4 and back to metal 3 to the input of
the inverter. The layout described above is drawn out in figure 18. The two figures
either side indicate the location of the driver and the inverter. The two figures

following the complete layout are the figures of the driver and the inverter layout.

The driver and the inverter are subjected to individual design rule checks. Once they
are connected together with the SHOCC layers, they are again tested for design rule
violation. Presented below are the results of the individual DRC runs for the driver
and the inverter and then the result of the combined DRC run.

Log file entry for DRC run for driver:

DRC started at Wed Feb 21 12:23:05 2001

l'i brary: DESchip

cell: out putdri ver2

Vi ew: | ayout

Rul es source is a sinple file.

Rul es path is /afs/eos.ncsu. edu/ di st/cad445/1ocal/techfile/divaDRC rul.
Inclusion limt is set to 1000.

Runni ng drcl ayout anal ysis

Fl at node
Ful I checki ng.
DRC started....... Wd Feb 21 12:23:05 2001
conpleted ....Wd Feb 21 12:23:12 2001
CPU TI ME = 00: 00: 00 TOTAL TI ME = 00: 00: 07
** Summary of rule violation for cell "outputdriver2 |ayout” *x

Total errors found: O

Log file entry for DRC Run for the inverter

DRC started at Wed Feb 21 12:24:46 2001

library: TEST_SHOCC 3

cell: inv_hp

Vi ew: | ayout

Rul es source is a sinple file.

Rul es path is /afs/eos.ncsu. edu/ di st/cad445/1ocal/techfile/divaDRC rul.
Inclusion limt is set to 1000.

Runni ng drcl ayout anal ysis
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Fl at node

Ful I checki ng.

DRC started....... Wed Feb 21 12:24:46 2001
conpleted ....Wed Feb 21 12:24:52 2001
CPU TI ME = 00: 00: 00 TOTAL TIME = 00:00: 06

ol Summary of rule violation for cell "inv_hp [ ayout” ol
Total errors found: O

Log file entry for DRC Run for the entire circuit

DRC started at Wed Feb 21 12:26:30 2001

library: TEST_SHOCC 3

cell: SHOCC_TEST

Vi ew: | ayout

Rul es source is a sinple file.

Rules path is ~/erl/SHOCC fi nal _code/ di vaDRC. r ul .
Inclusion limt is set to 1000.

Runni ng drcl ayout anal ysis

Fl at node
Ful I checki ng.
DRC started....... Wd Feb 21 12:26:30 2001
conpleted ....Wd Feb 21 12:26:36 2001
CPU TI ME = 00: 00: 00 TOTAL TI ME = 00: 00: 06
Fk oKk Kk Surmmary of rule violation for cell "SHOCC TEST | ayout" *ok kK

Total errors found: O

5.2 EXTRACTION

Extraction of the Driver- Inverter circuit results in the figure 19 on the next page.
Shown is the complete extracted circuit with expanded views of the bump symbol, the
UmodelX symbol and the UmodelY symbol. Also shown are the extracted circuits of
the driver and the inverter. Unlike the DRC run, where we had to run DRC for the
driver and the inverter separately, extraction of the entire circuit can be performed in

one run.
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Figure 19: The Extracted Circiut

The complete extraction and the layer definition file are attached as appendix at the
end of the report.
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53 LVS

Once we have extracted the Driver — Inverter circuit, we can obtain the HSPICE
netlist of the extracted view using Analog Circuit Design Environment and choosing
HSPICE as the simulator. Layout Versus Schematic program compares the obtained
netlist from the extracted view of the layout with the netlist from the schematic that
has been drawn that represents the layout (which can be drawn by the designer or can

be provided). The schematic is drawn using the symbols that have been created. The

schematic of the Driver — Receiver circuit is shown in figure 20 below.

Figure 20: Schematic of the Driver - Inverter circuit

An important point to note in the LVS procedure is that the transmission line models
and the solder bumps that were extracted out from the layout are removed from the
LVS procedure and the terminals are replaced with short circuit. The output file
created after running the LVS procedure is attached as an appendix.

5.4 NETLIST GENERATION

Once we have completed extraction, we need to get the netlist out for HSPICE
simulation. The netlist is obtained using Cadence Analog Environment where after
feeding the correct model paths and selecting the correct simulator (hspice), the
request to generate the complete netlist is given. The correct environment options,
such as the Vdd voltage and the input pulse, needs to be provided as well.

The final netlist that is generated appears like the one presented here:
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* # FILE NAME: /AFS/ UNI TY. NCSU. EDU USERS/ A/ AKVARMA/ CADENCE/ SI MULATI ON/
* SHOCC_TEST/ hspi ceS/ extracted/ netli st/ SHOCC TEST. C. raw

* Netlist output for hspiceS

* Cenerated on Feb 21 19: 35:05 2001

* File name: TEST_SHOCC 3_SHOCC TEST extracted. S.

* Subcircuit for cell: SHOCC TEST.

* Generated for: hspiceS

* Generated on Feb 21 19:35:05 2001.

Cl5 0 3 2.72160008051513E-15 M-1.0
Cl7 0 2 3.42629994065343E-15 M-1.0
Cl9 3 4 5.51700002414217E-15 M-1.0
C21 2 3 3.38814004758844E-15 M-1.0
C23 0 3 2.25783006013562E-15 M-1.0
C25 0 1 2.12688003703952E-15 M-1.0

C27 VvDDI' 0 164.090719094109E-15 M1.0

Me9 VDD! IN 1 VDDI  HP14TBP L=600E-9 WF3.6E-6 AD=21. 0150005036658E-12
+AS=5. 39999989168649E- 12 PD=23. 5499992413679E- 6 PS=6. 59999977870029E-6 M-1
MB1 2 1 vDD! VDD HP14TBP L=600E-9 W14.1E-6 AD=21. 1500001540132E-12
+AS=21. 0150005036658E- 12 PD=17. 0999992405996E- 6 PS=23. 5499992413679E-6 M1
MB3 VDD! 2 3 VDD HP14TBP L=600E-9 W32.1E-6 AD=93. 9150007761569E- 12
+AS=28. 8899997674674E- 12 PD=10. 1249997896957E- 6 PS=1. 7999999499807E- 6 M-1
MBS 3 2 VDD! VDDI HP14TBP L=600E-9 W-32.1E-6 AD=28.8899997674674E-12
+AS=48. 1500013471692E- 12 PD=1. 7999999499807E- 6 PS=35. 1000016962644E-6 M-1
MB7 4 3 VDD!' VDDI HP14TBP L=900E-9 W42.15E-6 AD=101. 159997045741E- 12
+AS=75. 8699977843058E- 12 PD=46. 9500009785406E- 6 PS=3. 5999998999614E- 6 M-1
MB9 VDD! 3 4 VDD HP14TBP L=900E-9 W42.15E-6 AD=75.8699977843058E- 12
+AS=75. 8699977843058E- 12 PD=3. 5999998999614E- 6 PS=3. 5999998999614E-6 M-1
M1 4 3 VDD!' VDD HP14TBP L=900E-9 W42.15E-6 AD=75.8699977843058E- 12
+AS=75. 8699977843058E- 12 PD=3. 5999998999614E- 6 PS=3. 5999998999614E-6 M-1
W3 VDD! 3 4 VDD HP14TBP L=900E-9 W42.15E-6 AD=75.8699977843058E- 12
+AS=75. 8699977843058E- 12 PD=3. 5999998999614E- 6 PS=3. 5999998999614E-6 M-1
M5 4 3 VDD!I' VDDI  HP14TBP L=900E-9 W42.15E-6 AD=75.8699977843058E- 12
+AS=93. 9150007761569E- 12 PD=3. 5999998999614E- 6 PS=10. 1249997896957E-6 M-1
M7 OUT 9 VDD!' VDDl HP14TBP L=2.25E-6 W2.55E-6 AD=11.0925001822748E- 12
+AS=11. 8575002247545E- 12 PD=11. 2500001705484E- 6 PS=11. 850000191771E-6 M1
MA9 O IN1 O HPL14TBN L=600E-9 WF1.8E-6 AD=11. 0699999514297E- 12
+AS=2.69999994584325E- 12 PD=13. 5000000227592E- 6 PS=4. 80000016978011E-6 M1
Ml 2 1 0 0 HP14TBN L=600E-9 W7.2E-6 AD=10.799999783373E-12

+AS=11. 0699999514297E- 12 PD=10. 2000003607827E-6 PS=13.5000000227592E-6 M1
M3 0 2 3 0 HP14TBN L=600E-9 W16.2E-6 AD=47.2499990522568E- 12

+AS=14. 5800004014429E- 12 PD=7.57499992687372E-6 PS=1. 7999999499807E-6 M-1
M5 3 2 0 0 HP14TBN L=600E-9 W16.2E-6 AD=14.5800004014429E- 12

+AS=24. 2999995125892E- 12 PD=1. 7999999499807E- 6 PS=19. 2000006791204E-6 M-1
M7 4 3 0 0 HP14TBN L=900E-9 Wr21.15E-6 AD=50. 7600003696318E- 12

+AS=38. 0699985425004E- 12 PD=25. 949999326258E- 6 PS=3. 5999998999614E-6 M-1
M9 0 3 4 0 HP14TBN L=900E-9 Wr21.15E-6 AD=38. 0699985425004E- 12

+AS=38. 0699985425004E- 12 PD=3. 5999998999614E- 6 PS=3. 5999998999614E-6 M-1
M6l 4 3 0 0 HP14TBN L=900E-9 Wr21.15E-6 AD=38. 0699985425004E- 12

+AS=38. 0699985425004E- 12 PD=3. 5999998999614E- 6 PS=3. 5999998999614E-6 M-1
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M63 0 3 4 0 HP14TBN L=900E-9 W-21.15E-6 AD=38.0699985425004E- 12
+AS=38. 0699985425004E- 12 PD=3. 5999998999614E- 6 PS=3.5999998999614E-6 M-1
M65 4 3 0 0O HP14TBN L=900E-9 W-21.15E-6 AD=38.0699985425004E- 12
+AS=47. 2499990522568E- 12 PD=3. 5999998999614E- 6 PS=7.57499992687372E-6 M-1
M67 QUT 9 0 O HP14TBN L=2.25E-6 W-2.4E-6 AD=11. 1600000074485E- 12
+AS=10. 799999783373E- 12 PD=11. 6999999590917E- 6 PS=11. 4000004032278E-6 M-1
U69 12 0 13 0  UMDDELX L=563.599984161556E- 6

Ul 11 0 13 0 UMDDELY L=444.050005171448E-6

Us3 10 0 12 0O UMDDELY L=482. 150004245341E-6

X75 4 10 BUMP_BSUBCKT_1

X77 9 11 BUMP_BSUBCKT_1

.1ib "/ ncsu/ cadence/ | ocal / nodel s/ hspi ce/ hpl4t b/ hsp_nom | i b" hpl4t bp

.1ib "~/ cadence/unodel Y. i unodel Y

.1ib "~/ cadence/unodel X. i unodel X

.1ib "/ ncsu/ cadence/ | ocal / nodel s/ hspi ce/ hpl4t b/ hsp_nom | i b" hpl4t bn

* Include files

VDD VDD 0 3.3

VINO O PULSE (0O 3.3 ON 0.5N 0.5N 3N 6N)

. TRAN 0. 1N 15N

. OPTI ONS LI ST NODE POST

* End of Netlist

. SUBCKT BUMP_BSUBCKT 1 1 2

RBUWP 1 3 17. 2M

LBUWP 3 2 8.94P

CBUW 2 0O 18. 4F

. ENDS BUWP_BSUBCKT_1

. TEMP 25. 0000

. END

The contents of “~/cadence/umodelY.m” and “~/cadence/umodelX.m” are described

discussed in section 4.2.3. The contents are also listed in Appendix G.
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55 SIMULATION

Once the simulation is completed using HSPICE, the output is plotted using Avant

Waves.
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Figure 21: Simulation of the Driver - Receiver Cir cuit

In figure 21, the input to the receiver is depicted in the upper of the two waveforms
whereas the lower waveform shows the output from the inverter.

A close inspection of the waveforms shows us that the circuit is indeed working, as
the output from the inverter is an inverted version of the input.

The test case was performed with the designed tool-set which was installed on the
NCSU Cadence Design Kit.
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6 CONCLUSION AND FUTURE WORK

This project accomplished its goa of demonstrating that interconnects on the
substrate can be co-designed with the rest of the chip. Before we could test our

design, there were four very distinct pieces of this project we had to work on.

We started with introducing new substrate layers in the technology file. Ground,
power, X and Y layers are added as mcm substrate layers. Apart from describing their
physical appearance, the technology file that was created also defined some physical
rules such as minimum spacing between layers, minimum width of the layers,
minimum enclosure rules (enclosure of a layer by another layer). The technology file
also defined devices such as the mcm2_meml and mecm3_mcm2 that are contact
devices that Virtuoso uses when joining two layers. Other physical properties of the
layers were defined in the display.drf file.

The next part of the project was to write the divaDRC.rul (Design Rule Check) file.
This file would check for common design errors that the designer would commit such
as the distance between two layers, whether the contact layers are properly covered by
the contacted layers, whether two contact layers are overlapping each other and so on.
The divaDRC.rul file written is to be used specifically for the substrate layers. One of



the future jobs to be done includes the integration of the on-chip and off-chip design
rule checks.

Extraction of the on-chip and off chip circuitry was a big challenge. To model the
off-chip interconnects as U element (Lossy) transmission lines and to extract the
solder bumps was our main objective. HSPICE models for the transmission lines and
the solder bump sub-circuit were written and integrated with the extraction procedure.
Past NCSU-CDK research resulted in extraction of on-chip parasitic capacitance. We
tried obtaining the parasitic resistance for the on-chip circuitry but due to time
constraints this job is added to the list of future thingsto do.

Now that we had the extracted circuit, Layout Versus Extraction netlist matching
was the next issue that was worked upon in the project. For this we needed to have a
schematic view of the circuit. This program generated the netlist from the schematic
and the extracted view and compared the two, thus finding the similarity between the

two views of the circuit.

After having completed the four crucial parts of the project, work on the last and the
most important part of testing the entire tool-set was started. We decided to test the
decks using a driver, receiver circuit. The driver circuit was a pre-designed four-stage
inverter circuit with a total of 4 inverters of different W/L ratios of the gates. The
receiver circuit was simply an inverter connected on the other end of the substrate.

An important item in the future things to do is to have the Post Extraction Filter
added to the tool-set. Often it is desirable to extract just a set of specified nets or to
conduct a timing verification run and sort the nets by criticality. It will be good to
investigate alternative means for delivering this functionality and determine a
reasonable approach to doing so.

Another feature that could be investigated is to have auto-routing capability.
Presently, Cadence allows auto-routing facility with nets that are on the same
electrical connection. The SHOCC auto-router would allow marking nets that are on

the same electrical connection not only on the substrate, but also netsthat connect on-
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chip connection with off-chip connection. This would go a long way in assisting
designers of multi-chip modules.

In the current tool-set, we have files that are not integrated with a standard library
such as tsmc03 (TSMC 0.3 um process) or hp06 (HP 0.6 um process). Another future
task would be to incorporate the tool-set with the existing tech files and the diva deck
so that simultaneous design and verification can be performed.
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Appendix A — The Technology File

; Technol ogy File NCSU TechLi b_SHOCC t snt02
; created on Aug 28 17:27:29 2000

chkkkkkkhkkhkhkkhkkhkkhkkkhkkhkkhkhhkhkkkkhkkhkkhkhhkkhkhkhkkhkk*k

; CONTROLS

chkkkkhkkkhkkhkhkkhkkhkkhkkkhkhkkhkhhkhkkkkhkkkhkhhkkhkhkhkkhkk*k

control s(

t echPar ans(

i ( paraneter

P( e

( lanbda

( technol ogy
( netal 3Available t
( netal 4Avail able t
) ;techParans
t echPer ni ssi ons(
;( class
(e

) ; techPermi ssions

) ;controls

"HP_GVOSL0QA" )

(read-only users) (read & wite users)

chkkkkhkkkhkkhkhkkhkkhkkkkhkkhkkhkkhhkhkkkkhkkkhkhkhkkhkhkkhkk*k

chkkkkhkkkhkkhkhkkhkkhkkhkkkhkhkkhkhhkhkkkkhkkkhkhkhkkhkhkhkkhkk*k

; LAYER DEFI NI TI ON
| ayer Definitions(

t echPur poses(
; ( PurposeNane

P( e
; User - Def i ned Pur poses:

Pur pose#

; Syst em Reserved Purposes:

war ni

| abel

error
annot
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi

pin
dr awi
net
cel l
al |

ANANANAN AN AN AN AN AN AN AN AN AN AN AN AN AN AN A S S

) ;techPurposes

tool 1
tool O

ng

f1ight

ate
ngl
ng2
ng3
ng4
ngs
ngo6
ng7
ng8
ng9

boundary

ng

t echLayer s(

; ( Layer Nane

b

; User - Defined Layers:

( default
( nactive

234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255

= O

Abbr evi ation )

wng
tl1
t1o
| bl
flt
err
ant
drl
dr2
dr3
dr4
dr5b
dr6
dr7
dar8
dr9
bnd
pin
drw
net
cel
al |

e e e e e e e e e e e N N e e N N S S N N N

Abbr evi ation )

def aul t )
nactive )

51



pactive
active
pwel |
vi a2
Vi a

vi a3
nwel |
gwel |
pad
poly

gl ass
nsel ect
psel ect
gsel ect
metal 1
met al 3
met al 4
met al 2
ca

cp

cc
nodr c
cap_id
res_id
nol pe
hdrc

ANANANANAN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN S S S S

( ncnd

( ncnl

( dumyncni

( ncnvl

mcn2 and ncnd)
( ncnk

( ncnv2

nmcn to nentl)
( nmcn8

( mcnmv3

mcn8 to ntnk)
( ncnmd

met al )

( ncnv4

nmcnd to nenB)
( ncngl ass

; Syst em Reserved Layers:
Unr out ed
Row
G oup
Cannot occupy
Canpl ace
har dFence
sof t Fence

y0

desi gnFl ow
stretch
edgelayer
changedLayer

ANANANAN AN AN AN AN AN AN AN AN AN AN AN AN AN AN S S S

84
85
94
86

87
88

89
90

91

92

93

200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220

pactive
active
pwel |
vi a2
via

vi a3
nwel |
gwel |
pad
pol y

gl ass
nsel ect
psel ect
gsel ect
met al 1
met al 3
nmet al 4
met al 2
ca

cp

cc
nodr c
cap_id
res_id
nol pe
hdrc

ncnd
ncil
d_ncnl
ncnmvi
ncn
ncmv/2

nmcnB
nmcmv3

ncnd
ncnv4

ncnyl ass

Unrout e
Row

G oup
Cannot o
Canpl ac
har dFen
sof t Fen

y0

desi gnF
stretch
edgelLay
changed

—

)

e e e e e e e e e e e N N e e N N e e N N S S N N N

ncm | ayer
ncm | ayer
ncm | ayer
ncm | ayer

ncm | ayer
ncm | ayer

ncm | ayer
ncm | ayer

ncm | ayer
ncm | ayer

ncm | ayer

e e e e e e e e e e N N e e N N N S S N N

(ground pl ane)

(power pl ane)
(via between

(X pl ane)
(via between

(Y pl ane)
(via between

(Top pad

(via between

52



)

t echLayer PurposePriorities(
layers are ordered fromlowest to highest priority

l
l

1

ANANANAN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN S S S

(

ANANANAN AN AN AN AN AN AN AN AN AN AN AN AN AN S S S

1

ANAN AN AN AN AN AN AN AN S S

NN AN AN

unset
unknown
spi ke

hi z

resi st
drive
supply
wre

pin

t ext

devi ce

bor der
snap

align

pr Boundary
i nst ance
annot at e
mar ker

sel ect
grid

axi s
hilite
backgr ound
; techLayers

Layer Nanme

active
nactive
pactive
nsel ect
psel ect
poly
nmetal 1
et al 2
nmetal 3
nmet al 4
cp

ca

cc

Vi a

vi a2

vi a3

gl ass

( sol derbunmp
ncnd
ncml
dunmmyncml
ncng
ncn8
ncnd
nmcnvl
ncnv2
nmcnv3
ncnv4
ncnyl ass

backgr ound
grid

grid
annot at e
annot at e

221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
251
252
253
254

Pur pose

i ng
i ng
i ng
i ng
i ng
i ng
i ng
i ng
i ng
i ng
i ng
i ng
i ng
i ng
i ng
i ng
i ng
i ng
i ng

unset
unknown
spi ke
hi z
resi st
drive
supply
Wre
pin

t ext
devi ce
bor der
snap
align
pr Bound
i nst anc
annot at
mar ker
sel ect
grid
axi s
hilite
backgro

e e e e e e e e e e e N e e N N S N N N N

N e e N e N N N N

— N

e e e e e e e e e e N N e e N e N N N N N N

53



P L e N R R N e N L L N R N N L L i T R N L L R R e N L L R L N e N N L L e T N e N L L L N T e N

annot at e
annot at e
annot at e
annot at e
annot at e
annot at e
annot at e
annot at e
defaul t

i nstance
i nst ance
pr Boundary
pr Boundary
pr Boundary
gsel ect
gwel |
align

har dFence
soft Fence
nodr c

nol pe

pad

t ext

t ext

t ext
res_id
cap_id
bor der
devi ce
devi ce
devi ce
devi ce
devi ce
wre

wre

wre

edgelayer
edgelayer
snap
stretch

hilite
sel ect
drive
hi z

dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
| abel
dr awi

ng2
ng3
ng4
ngs
ngo6
ng7
ng8
ng9
ng

ng

ng

boundary

| abel
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
| abel
dr awi
dr awi

ng
ng
ng
ng
ng
ng
ng
ng
ng
ngl
ng2
ng
ng
ng
ng

ngl
ng2

annot at e

dr awi
| abel

ng

f1ight

| abel
dr awi

ng

annot at e

dr awi
dr awi
pin

dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi

ng
ng

ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ngl
ng2
ng3
ng4
ng5
ng6
ng7
ng8
ng9
ng
ng
ng

e e e e e e e N e e e e e e e e e e e e e N e e e e e e e e e S e e e N e e e e e e e e e e e e e e e e e e N e e e e e S N N N N N



ANANANAN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN S S S S

ANAN AN AN AN AN SN S

ANANAN AN AN AN AN AN AN AN AN AN AN AN S S S

A~~~

resi st

spi ke
supply
unknown
unset

desi gnFl ow
desi gnFl ow
desi gnFl ow
desi gnFl ow
desi gnFl ow
desi gnFl ow
desi gnFl ow
desi gnFl ow
desi gnFl ow
desi gnFl ow
changedLayer
changedLayer
mar ker

mar ker

Row

Row

G oup

G oup

ca

cc

cp

metal 1
met al 2
metal 3
metal 4
poly

vi a

vi a2

vi a3

nmcnd
nmenil
nmcn
nmcnB
mcnd
nmcnvl
nmcnmv2
nmcnmv3
nmcnva

pwel |
nwel |
gwel |
active
nactive
pactive
poly
nmetal 1
nmet al 2
nmet al 3
nmet al 4
ca

cc

cp

via

vi a2

vi a3

mcnd
el
mcn
nmcnB

dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
tool O
tool 1
war ni
error
dr awi
| abel
dr awi
| abel
| abel
| abel
| abel
| abel
| abel
| abel
| abel
| abel
| abel
| abel
| abel

| abel
| abel
| abel
| abel
| abel
| abel
| abel
| abel
| abel

net
net
net
net
net
net
net
net
net
net
net
net
net
net
net
net
net

net
net
net
net

ng
ng
ng
ng
ng
ng
ngl
ng2
ng3
ng4
ng5
ngo6
ng7
ng8
ng9

ng
ng

ng

—

e e N N N N

e e e e e e e e e e e e N e e e e e e e e S e e e N N e N N N S S N

e e e e e e e N e N N N N N N N

55



ANANAN AN AN AN AN AN AN AN AN AN S S ANANASN AN AN AN AN S ANAN AN AN AN AN AN AN AN AN AN A AN AN S S S NS AN AN

ANAN AN AN AN AN SN

NN AN AN AN S

ncmd

ncnvl
ncn/2
ncnmv3
nmcnv4

active
ca

cc

cp
gwel |
metal 1
met al 2
met al 3
met al 4
nactive
nwel |
pactive
poly
pwel |
via

vi a2

vi a3

nmcnd
el
men
nmcnB
nmcnd
nmcnvl
ncnmv2
nmcnmv3
ncnv4

Cannot occupy
Cannot occupy
Canpl ace

ca

cc

cp

metal 1
et al 2
nmet al 3
nmet al 4

poly

via

vi a2

vi a3

hdrc

nmcnd
el
mcn
nmcnB
nmcnd
nmcnvl
ncnmv2
nmcnmv3
ncnv4

Unr out ed
Unr out ed
Unr out ed
Unr out ed
Unrout ed
Unr out ed
Unr out ed

net
net
net
net
net

pi
pi
pi
pi
pi
pi
pi
pi
pi
pi
pi
pi
pi
pi
pi
pi
pi

O3S O3 3 033303303033 3 335335 S

pi
pi
pi
pi
pi
pi
pi
pi
pi

5 33335333 3>

dr awi

—

N N e e N e N N

ng

boundary

dr awi

ng

boundary
boundary
boundary
boundary
boundary
boundary
boundary
boundary
boundary
boundary
boundary
boundary

boundary
boundary
boundary
boundary
boundary
boundary
boundary
boundary
boundary

dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi

ng

ngl
ng2
ng3
ng4
ngs5
ngo6

e e e e e e e e N e S N N N N N

e e e e e e N N N N N e N N

— N N e N N N

N N e N N N N N

56



( Unrouted drawi ng7 )

( Unrouted dr awi ng8 )

( Unrouted dr awi ng9 )
) ;techLayer PurposePriorities

t echDi spl ays(

; ( Layer Nane Pur pose Packet Vis Sel Con2ChgLy DrgEnbl
Valid )

(e e e e e oo )
( pwell draw ng pwel | ttttt)
( nwel | drawi ng nwel | ttttt)
( active draw ng active ttttt)
( nactive drawi ng nactive ttttt)
( pactive draw ng pactive ttttt)
( nsel ect draw ng nsel ect ttttt)
( psel ect draw ng psel ect ttttt)
( poly drawi ng poly ttttt)
( netall draw ng metal 1 ttttt)
( netal 2 draw ng met al 2 ttttt)
( netal 3 draw ng met al 3 ttttt)
( netal 4 draw ng met al 4 ttttt)
( cp draw ng cp ttttnl)
( ca draw ng ca ttttnl)
( cc draw ng cc ttttt)
(via drawi ng vi a ttttt)
( via2 drawi ng vi a2 ttttt)
( via3 drawi ng vi a3 ttttt)
( glass drawi ng gl ass ttttt)
( ntnod draw ng nmcnd ttttt)
( et drawi ng ncml ttttt)
( dummyncml draw ng d_ncnl ttttnl)
( nmcn drawi ng ncnk ttttt)
( ntnB8 draw ng ncn8 ttttt)
( et drawi ng ncnmd ttttt)
( nmcnvl drawi ng ncnvl ttttt)
( nmenv2 drawi ng ncnv2 ttttt)
( nmecnv3 drawi ng ncnv3 ttttt)
( ntnv4 draw ng ncnv4 ttttt)
( backgr ound draw ng backgr ound t nil t nil nil )
( ogrid drawi ng grid t nil t nil nil )
( ogrid drawi ngl gridl t nil t nil nil )
( annotate draw ng annot at e ttttnl)
( annotate draw ngl annot at el ttttnl)
( annotate draw ng2 annot at e2 ttttnl)
( annotate draw ng3 annot at e3 ttttnl)
( annotate draw ng4 annot at e4 ttttnl)
( annotate draw ng5 annot at e5 ttttnl)
( annotate drawi ng6 annot at e6 ttttnl)
( annotate draw ng7 annot at e7 ttttnl)
( annotate draw ng8 annot at e8 ttttnl)
( annotate draw ng9 annot at e9 nil tttnil)
( default draw ng defaul t ttttnl)
( instance draw ng i nst ance ttttnl)
( instance | abel i nst ancelLbl ttttnl)
( prBoundary draw ng pr Boundary ttttnl)
( prBoundary boundary pr Boundar yBnd ttttnl)
( prBoundary | abel pr Boundar yLbl ttttnl)
( gsel ect draw ng gsel ect ttttnl)
( gwell draw ng gwel | ttttnl)
( align draw ng al ign ttttnl)
( hardFence draw ng har dFence ttttnl)
( softFence draw ng sof t Fence ttttnl)
( nodrc drawi ng nodr ¢ ttttt)
( nol pe drawi ng nol pe ttttt)
( pad draw ng pad ttttt)



P L e N R R N e N L L N R N N L L i T R N L L R R e N L L R L N e N N L L e T N e N L L L N T e N

t ext

t ext

t ext
res_id
cap_id
bor der
devi ce
devi ce
devi ce
devi ce
devi ce
wre
wre
wre
pin

pin

pin
axi s
edgelayer
edgelayer
snap
stretch

hilite
hilite
hilite
hilite
hilite
hilite
hilite
hilite
hilite
hilite

sel ect
drive

hi z

resi st

spi ke
supply
unknown
unset

desi gnFl ow
desi gnFl ow
desi gnFl ow
desi gnFl ow
desi gnFl ow
desi gnFl ow
desi gnFl ow
desi gnFl ow
desi gnFl ow
desi gnFl ow
changedLayer
changedLayer
mar ker

mar ker

Row

Row

G oup

drawi ng
draw ngl
dr awi ng2
drawi ng
drawi ng
drawi ng
drawi ng
| abel
drawi ngl
dr awi ng2
annot at e
drawi ng
| abel
flight

| abel
drawi ng
annot at e
drawi ng
drawi ng
pin
drawi ng
drawi ng
drawi ng
drawi ng
drawi ng
drawi ng
drawi ng
drawi ng
drawi ng
drawi ng
drawi ng
drawi ng
drawi ng
drawi ngl
dr awi ng2
drawi ng3
dr awi ng4
drawi ng5
dr awi ng6
drawi ng7
drawi ng8
drawi ng9
drawi ng
drawi ng
drawi ng
drawi ng
drawi ng
drawi ng
drawi ng
drawi ng
drawi ng
drawi ngl
dr awi ng2
drawi ng3
dr awi ng4
dr awi ng5
dr awi ng6
drawi ng7
drawi ng8
drawi ng9
tool O
tool 1
war ni ng
error
drawi ng
| abel
drawi ng

text
textl
text2
res_id
cap_id
bor der
devi ce
devi celbl
devi cel
devi ce2
devi ceAnt
wWre

W relLbl
W reFlt
pi nLbl
pin

pi nAnt
axi s
edgelLayer

edgelLayerPin

shap
stretch

hilite
hilitel
hilite2
hilite3
hilite4
hiliteb
hilite6
hilite7
hilite8
hilite9

sel ect
drive

hi z

resi st

spi ke
supply
unknown
unset

desi gnFl ow
desi gnFl owl
desi gnFl ow2
desi gnFl ow3
desi gnFl ow4
desi gnFl ows
desi gnFl ow6
desi gnFl ow7
desi gnFl ow8
desi gnFl owd

changedLayer Tl O
changedLayer Tl 1

mar ker Var n
mar ker Err
Row

RowLbl

G oup

~ o~~~ + 5 5 ~ ~+ ~+ ~+ ~+ ~~+ ~~+~+~+~+~~+~~+~~+~~~~~~+~c+~c+~c+~+~+~+~~+~~+~~+~~c~+~~+~~~~~~~~~~~~

~ 5 o+ + — — e+ c+c+~++~~+~~+ 5 o~~~ ~~~~~~~+~~+~

~ — ~+ ~+ + 5 5 ~ ~+ ~+ ~+ ~+ ~~+ ~ ~+~+~+~+~~+~~+~~+~~~~~~~c+~c+~c+~+~+~~+~~+~~+~+~— ~~+~~~~~~~~~~~~

~ e+ e+ o+ o+ =+ o~ —+ —+ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~+

n
n
n
n
n
n
ni
ni
ni

— o o —+ —

IO

~— —

58



ANAN AN AN AN AN AN AN AN SN S

AN AN AN AN AN AN AN S S ANANANAN AN AN AN AN AN AN AN A AN AN S S ANAN AN AN AN AN AN S

ANANANAN AN AN AN AN AN AN AN AN S S S

G oup
ca

cc

cp
metal 1
met al 2
met al 3
met al 4
poly
via

vi a2
vi a3

nmcnd
nmenil
nmcn
nmcnB
mcnd
nmcnvl
ncnmv2
nmcnmv3
ncnv4

pwel |
nwel |
gwel |
active
nactive
pactive
poly
metal 1
met al 2
nmet al 3
et al 4
ca

cc

cp

via

vi a2

vi a3

ncnd
ncml
ncnk
ncn8
ncnmd
ncnvl
ncnv2
nmcnv3
ncnv4
nmcnyl ass

active
ca

cc

cp

gwel |
netal 1
net al 2
netal 3
net al 4
nactive
nwel |
pactive
poly
pwel |
via

| abel
| abel
| abel
| abel
| abel
| abel
| abel
| abel
| abel
| abel
| abel
| abel

| abel
| abel
| abel
| abel
| abel
| abel
| abel
| abel
| abel

net
net
net
net
net
net
net
net
net
net
net
net
net
net
net
net
net

net
net
net
net
net
net
net
net
net
net

pi
pi
pi
pi
pi
pi
pi
pi
pi
pi
pi
pi
pi
pi
pi

533 33 03533 333333333

G oupLbl
calLbl
cclLbl
cpLbl

met al 1Lbl
met al 2Lbl
met al 3Lbl
met al 4Lbl
pol yLbl
vi aLbl

vi a2Lbl
vi a3Lbl

nmcnOLbl
ncmillbl
nmcnRLbl
ncnBLbl
nmcmilLbl
nmcnmvaLbl
nmcmv2L0bl
nmcnv3Lbl
ncmvV4aLbl

pwel | Net
nwel | Net
gwel | Net
acti veNet
nact i veNet
pact i veNet
pol yNet
met al 1Net
met al 2Net
met al 3Net
met al 4Net
caNet
ccNet
cpNet

vi aNet

vi a2Net

vi a3Net

ncnONet
ncilNet
ncnNet
ncnBNet
ncmiNet
nmcnvV1Net
nmcnvV2Net

e nvV3Net
ncnvV4Net
nmcngl assNet

activePin
caPin
ccPin
cpPin

gwel I Pin
nmetal 1Pi n
nmet al 2Pi n
nmetal 3Pin
nmet al 4Pi n
nactivePin
nwel | Pi n
pactivePin
pol yPi n
pwel | Pin
vi aPin

— = o~ o~ o~ o+ o~ — —

~ o~ o~ o~ o~ ~+ ~ ~ ~ ~ ~

~ e+ o+ o+~ o+ o~ — — ~ ~ ~+ —~+ —~ ~

~ o e+ o+ o+ o~ o~ o~ —+ —+ ~ ~ o~ —~

— o o+ o~ o~ o o —

— o o~ o~ o~ o~ o~ — —

L e i

~ o e+ o+ o+ o+ o~ o~ — —+ ~ ~ —~+ —~+ —~ ~

— o+ o+ o+ o~ o~ o~ —+ —~+ ~ o~ o~ —+

— o o+ o+ o~ o o~ — —

— o o+ o~ o~ =+ o~ — —

~ o~ o~ o~ o~ ~ ~ ~ ~ ~ ~+ —

~ o+ e+ o+ o+ o+ o~ o~ — — ~ o~ —~+ —~ — —

— o+ o+ o+ o~ o~ o~ —+ —+ ~ ~ —~ —~+

tt
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |

nil
nil
nil
nil
nil
nil
ni |
nil
nil

— o o+ o~ o~ o~ o~ — —

ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |

nil
nil
nil
nil
nil
nil
nil
nil
nil
nil

— o o~ o~ o~ =+ o+ — —

ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |

ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |

nil
nil
nil
nil
nil
nil
nil
nil
nil

~ 5 5 o+~~~ ~+ 5 ~+

N e e e N e e N N N N

N N e e e N N N N N

ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |

e N e e e e N N N N N

e e e e e e N N N e N N S N N

N N e e e N N N

59



)

ANANANAN AN AN AN AN AN AN AN S S S S AN AN AN AN AN S S

e Y Y L R e e N NN

AN AN AN AN AN AN AN S S

vi a2
vi a3

nmcnd
el
nmcn
nmcnB
mcnd
nmcnvl
ncnmv2
ncnmv3
ncnv4

Cannot occupy
Cannot occupy
Canpl ace

ca

cc

cp

metal 1
et al 2
nmet al 3
et al 4

poly

via

vi a2

vi a3

hdrc

nmcnd
el
nmcn
nmcnB
nmend
nmcnvl
ncnmv2
nmcnmv3
ncnv4

Unr out ed
Unrout ed
Unrout ed
Unrout ed
Unrout ed
Unrout ed
Unrout ed
Unrout ed
Unr out ed
Unrout ed
; techD spl ays

pin
pi

>

pi
pi
pi
pi
pi
pi
pi
pi
pi

5 33333333

drawi ng

boundary
drawi ng

boundary
boundary
boundary
boundary
boundary
boundary
boundary
boundary
boundary
boundary
boundary
boundary

boundary
boundary
boundary
boundary
boundary
boundary
boundary
boundary
boundary

dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi
dr awi

ng

ngl
ng2
ng3
ng4
ngs
ngo6
ng7
ng8
ng9

t echLayer Properties(

ANANANAN AN AN AN AN AN AN AN AN AN S S

Pr opNanme

sheet Resi st ance
sheet Resi st ance

ar eaCap
ar eaCap
ar eaCap
ar eaCap
ar eaCap
peri met er Cap
peri et er Cap
peri met er Cap
peri et er Cap
ar eaCap
ar eaCap
ar eaCap

vi a2Pi n
vi a3Pi n

nmcnOPi
nmenlPi
nmcnkPi
nmcnBPi
nmemdPi n
nmcnV1Pi n
nmcnmV2Pi n
nmecnmV3Pi n
nmcnmV4Pi n

5 35 355

Cannot occ
Cannot occ
Canpl ace
caBnd
ccBnd
cpBnd
met al 1Bnd
met al 2Bnd
met al 3Bnd
et al 4Bnd
pol yBnd
vi aBnd

vi a2Bnd
vi a3Bnd
hdr cBnd

nmcn0Bnd
ncmilBnd
nmcnBnd
nmcnB8Bnd
nmcmdBnd
nmcnvlBnd
ncnv2Bnd
nmcnmv3Bnd
nmcnv4Bnd

Unr out ed

Unrout edl
Unr out ed2
Unrout ed3
Unr out ed4
Unr out ed5
Unr out ed6
Unr out ed7
Unr out ed8
Unr out ed9

Layerl [ Laye
nwel |
poly
defaul t
defaul t
defaul t
defaul t
defaul t
defaul t
defaul t
defaul t
defaul t
active
active
active

upy
upyBnd

r2 ]

pol'y

nmetal 1
nmet al 3
net al 4
et al 2
nmetal 1
nmet al 3
net al 4
nmet al 2
nmetal 1
nmet al 3
net al 4

~ o~ o~ o~ o~ ~+ ~ ~ —~

~ o o+ o+ o+ o~ o~ o~ —~ ~ —~ ~ ~ ~+ ~+

~ o o~ o~ o~ o~ o~ — —

S+ o+~ o+ o+ o+~~~ o~

— o o+ o~ o~ o~ o+ — —

— o o o+ o~ o~ — —+ —

— o o~ o~ o~ o o~ — —

nil
nil
nil
nil
nil

t

t

t

ni
ni
ni
ni
ni
ni
ni
ni
ni
ni
ni

— o o o+ o~ o~ —+ —+ —

— o o+ o~ o~ o+ o+ — —

)

)

)

)
nil )
nil )
nil )
nil )
nil )
nil )
nil )
nil )
I nil
I nil
I nil
I nil
I nil
I nil
I nil
I nil
I nil
I nil
I nil
nil ni

—— e e N N N N N

ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |

ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |

— o o o~ o~ o~ — —+ —

ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |
ni |

N N e e e N N N N N

N N e e N N N N

PropVal ue )
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active
poly
poly
poly
poly
poly
poly
poly
poly
metal 1
nmetal 1
metal 1
nmetal 1
metal 1
metal 1
met al 3
met al 3
met al 3
met al 3
et al 4
nmet al 4

mcn
nmcnB
mcm}

—
IR
— e N

met al 2
metal 1
met al 3
met al 4
met al 2
metal 1
met al 3
met al 4
met al 2
met al 3
et al 4
met al 2
met al 3
nmet al 4
met al 2
met al 2
nmet al 4
met al 2
nmet al 4
met al 2
et al 2

dat aType

( areaCap

( areaCap

( areaCap

( areaCap

( areaCap

( perineterCap

( perineterCap

( perineterCap

( perineterCap

( areaCap

( areaCap

( areaCap

( perineterCap

( perineterCap

( perineterCap

( areaCap

( areaCap

( perineterCap

( perineterCap

( areaCap

( perineterCap
)
) ;layerDefinitions
;********************************
; LAYER RULES
;********************************
| ayer Rul es(

vi aLayer s(

;( layerl vi aLayer
b e
( poly cp
( poly cc
( active ca
( active cc
( nactive ca
( nactive cc
( pactive ca
( pactive cc
( netall vi a
( netal 2 vi a2
( netal 3 vi a3
( nmcnO nmcnv1

( ncml ncnv2
( ntnR nmcnv3
( nmcn8 ncnv4
) ;vialLayers
streanlLayer s(
i ( layer st reanNunber
p(mmmms e
( gwell 53
( nwel | 42
( pwel | 41
( active 43
( nactive 43
( pactive 43
( gsel ect 54
( nsel ect 45
( psel ect 44
( poly 46
( netall 49
( ca 25
( cp 25

[cNoNoNololoNeoloNoloNeNoNe]

~ o~ o+ o+~ o~ o~ o~ ~ —~ ~ ~ —+

translate )
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cc 25
met al 2 51
Vi a 50
gl ass 52
pad 26
met al 3 62
vi a2 61
met al 4 31
vi a3 30
] 47 0 t )
nmcnvl 48
nmcml 55 0 t )

ncnv2 56 0 t )
ncnl 57 0 t )

nmcnv3 58 0 t )
ncns 59 0 t )

ncnv4 60 0 t )
ncnml 62 0 t )

) ;streamLayers

[elololoNoNoNoNoNe)
—~ ~+ o~ ~+ ~+ ~ ~+ ~ —~+
N N e N e S e

AN AN A A A AN AN A A A AN A A S
—
~

) ;layerRul es

chkkkkkkhkkhkhkkhkkhkkhkkkhkhkkhkhhkhkkkkhkkkhkhhkkhkkhkkhkk*k
l

; PHYSI CAL RULES

chkkkkkkhkkhkhkkhkkhkkhkkkhkkhkkhkkhhkhkkkkhkkkhkhhkkhkkhkkhkk*k
1

physi cal Rul es(

order edSpaci ngRul es(

;(rule | ayerl | ayer 2 val ue )

’E h{hénclosure ;;éé[éct" ---;;étive" ----- (ti&;s 0.2 2.0)
( ninénclosure "psel ect” "active" (tinmes 0.2 2.0)
( ninénclosure "nsel ect” "ca" (times 0.2 1.0)
( ningnclosure "psel ect” "ca" (times 0.2 1.0)
( ningnclosure "nsel ect" "cc" (times 0.2 1.0)
( ningnclosure "psel ect” "cc" (tinmes 0.2 1.0)
( ningnclosure "active" "ca" (times 0.2 1.0)
( ningnclosure "active" "cc" (times 0.2 1.0)
( ningnclosure "pol y" "cp" (times 0.2 1.0) )
( m nEncl osure "pol y" "cc" (times 0.2 1.0) )
( m nEncl osure "active" "via" (times 0.2 2.0)
( nin%uﬂosure "pol y" "via" (tinmes 0.2 2.0)

( m nEncl osure "metal 1" "ca" (times 0.2 1.0)

)

( m nEncl osure "metal 1" "cp" (times 0.2 1.0)

)

( m nEncl osure "metal 1" "cc" (times 0.2 1.0)

)

( m nEncl osure "nmetal 1" "via" (tinmes 0.2 1.0)

)

( m nEncl osure "nmetal 2" "via" (tinmes 0.2 1.0)

)

( m nEncl osure "nwel | " "nactive" (tinmes 0.2
3.0) )

( m nEncl osure "pwel " "pactive" (tinmes 0.2
3.0) )
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"active"

"active"

NNDNNNDNNDDNDDN
SESESESENY ISR
o
N

NNDNNNDNNNDDNDDN
W W wwwwwwww

(times
(times
(times

(times

(tinmes 0.2
(tinmes 0.2
0.2 1.0)
0.2 1.0)
0.2 1.0)

0.2 2.0)

)

)
(tinmes 0.2 6.0)

(tinmes 0.2

N e e e N N N

N e e N N N N N

( m nEncl osure "nwel | "
6.0) )
( m nEncl osure "pwel "
6.0) )
( m nEncl osure "nmetal 2" "via2"
)
( m nEncl osure "nmetal 3" "via2"
)
( m nEncl osure "nmetal 3" "via3"
)
( m nEncl osure "nmet al 4" "via3"
)
( m nEncl osure "ol "nmcmvl”
(40) ) ;new (Here we actually want a hole and ntmis a dig hole |ayer)
( m nEncl osure "mcm" "nmcmvl”
(20) ) ; new
( m nEncl osure "dunmyncm” "mocmv2"
(20) ) ;new (the dummyntml | ayer represent a solid base)
( m nEncl osure "mcm" "mcmv2"
(20) ) ; new
( m nEncl osure "mcm" "memv3”
(20) ) ; new
( m nEncl osure "mcng” "mcnv3”
(20) ) ; new
( m nEncl osure "mcnB” ncnv4"
(20) ) ; new
( m nEncl osure nmcmd” ncnv4"
(40) )
) ; orderedSpaci ngRul es
spaci ngRul es(
;(rule | ayerl | ayer2
O e L PR
( m nNot ch nwel |
)
( m nNot ch "pwel "
6. 0) )
( m nSpaci ng "active" (tinmes O.
( m nNot ch "active" (tinmes O.
( mnWdth "active" (tinmes O.
( m nSpaci ng "nsel ect” (tinmes O.
( m nSpaci ng "psel ect” (tinmes O.
( m nNot ch "nsel ect” (tinmes O.
( m nNot ch "psel ect” (times O.
( mnWdth "nsel ect” (tinmes O.
( mnWdth "psel ect” (tinmes O.
( mnWdth "pol y" (times 0.2 2.0)
( m nSpaci ng "nmetal 1" (tinmes O.
( m nNot ch "nmetal 1" (tinmes O.
( mnWdth "metal 1" (times O.
( mnWdth "met al 2" (times O.
( m nSpaci ng "via" (tinmes O.
( m nSpaci ng "nmetal 2" (tinmes O.
( m nNot ch "nmetal 2" (tinmes O.
( m nSpaci ng "ca" (tinmes O.
( m nSpaci ng "cp" (tinmes O.
( m nSpaci ng "cc" (tinmes O.
( m nSpaci ng "pol y" (tinmes 0.2 3.0)
( mnWdth "nwel | " (times 0.
( mnWdth "pwel " (times O.
( m nSpaci ng "nwel " (tinmes O.
( m nSpaci ng "pwel " (tinmes O.
( m nSpaci ng "nmet al 4" (tinmes O.
( m nNot ch "net al 4" (tinmes O.
( mnWdth "met al 4" (times O.

NNNNNNDN
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( m nSpaci ng "via3"

( m nSpaci ng "metal 3"

( m nNot ch "metal 3"

( mnWdth "nmetal 3"

( m nSpaci ng "via2"

( m nSpaci ng "nwel "

)

( m nSpaci ng "nwel "

( m nSpaci ng "pol y"

( m nSpaci ng "pol y"

( m nSpaci ng "
DRC specs)

( mnwWdth "ol

( m nSpaci ng "mcm"

( m nNot ch "ncnR”
; new

( mnWdth ncn”

( m nSpaci ng "mcnB”

( m nNot ch "mcng”
; new

( mnWdth "meng”

( m nSpaci ng "mcmd”

( m nNot ch " ncnd”
; new

( mnWdth nmcmd”

( m nSpaci ng ncnvi®
(from DRC specs)

m nWdt h ncnvi®

( m nSpaci ng "mcmv2"
(from DRC specs)

( mnWdth " ncnv2"

( m nSpaci ng "mcmv3”
(from DRC specs)

( mnWdth "nmenv3”

( m nSpaci ng " mcmv4"
(from DRC specs)

( mnWdth ncnv4"

) ; spaci ngRul es
nf gG& i dResol uti on(
( (times 0.2 0.5) )
) ; nfgGidResol ution
) ; physical Rul es

chkkkkkkhkkhkhkkhkkhkkkkhkkhkkhkkhkhkhkkkkhkkkhkkhkhkkhkkhkkhkk*k

DEVI CES

s hkkkkkkhkkhkhkkhkkhkkhkkkhkkhkkhkkhkhkhkkkkhkkkhkhkhkhkkhkkhkk*k
1

devi ces(
t cCr eat eCDSDevi ced ass()

no syEnhancenent devices
no syDepl eti on devices

1
1
1
1
1
1

symCont act Devi ce(

(tinmes 0.2 4.0) )
(tinmes 0.2 3.0)
(tinmes 0.2 3.0)
(tinmes 0.2 3.0)

(tinmes 0.2 3.0) )
"active"
"nactive"

"ca" (times 0.2

"cc" (times O

50 )
25 )
40 )
(times 0.2
16 )
40 )
(times 0.2
16 )
20 )
(times 0.2
50 )

80
19.6 )

80
19.6 )

50
19.6 )

50
19.6 )

; (name vi aLayer viaPurpose |ayerl purposel |ayer2 purpose2
;o wl (row colum xPitch yPitch xBias yBias) encByLayerl encBylLayer2

| egal Regi on)

)
)
)

(tinmes 0.2 3.0)

(tinmes 0.2 5.0)

2.0) )
2.0) )

new (from

, hew

new
3.0) )

new

new
3.0) )

new

new
3.0) )

new

) ; new
new

) ; new
new

) ; new

new
) ; new

new

(ML_P cc drawi ng pactive drawi ng (pselect drawing 0.4) netal 1 draw ng

0.4 0.4 (1111 center center) 0.2 0.2 (inside nwell

dr awi ng) )

(ML_N cc drawi ng nactive drawi ng (nselect drawing 0.4) netal 1 draw ng



0.40.4(1111center center) 0.2 0.2 (outside nwell draw ng))
(NTAP cc draw ng

nwel | draw ng (nselect draw ng -0. 2)

metal 1 drawi ng (nactive draw ng 0)

0.40.4(1111center center) 0.8 0.2 (inside nwell draw ng))
(ML_PCLY cc drawing poly drawing netal 1 drawi ng
0.4 0.4 (1111 center center) 0.2 0.2 _NA)

via drawing netal 1 drawi ng netal 2 drawi ng
.4 (1111 center center) 0.2 0.2 _NA)

OA
IS
28

B

_M3 via3 drawing netal 3 drawi ng netal 4 drawi ng
0.4 (111.21.2 center center) 0.2 0.4 _NA)

o

M2 via2 drawi ng netal 2 drawi ng netal 3 draw ng
0.4 (1111 center center) 0.2 0.2 _NA)

o~
-b%

(rmen2_ntnd nenVl drawi ng ; new
mcn2  drawi ng ; new
nmcn0 drawing (neml drawi ng  20) ; new

20 20 (1 1 1 1 center center) 20 20 _NA) ; new

(rmen2_ntrml nmenV2 drawi ng dumynenl drawi ng nen2 drawi ng ; new
20 20 (1 1 1 1 center center) 20 20 _NA) ; new

(menB8_ntn? nenv3 drawi ng ncn drawi ng nen8 drawi ng ; new
20 20 (1 1 1 1 center center) 20 20 _NA) ; new

(mermd_ntn8 ncnV4 drawi ng ncnB drawi ng ntcmd drawi ng ; new
20 20 (1 1 1 1 center center) 20 40 _NA) ;

synPi nDevi ce(

; (name maskabl e | ayer1l purposel wl |ayer2 purpose2 w2 | egal Regi on)
(nwell nil nwell drawing 0.4 _NA_ _NA _NA_ _NA)
(nactive nil nactive drawning 0.4 _NA_ _NA _NA _NA)
(pactive nil pactive drawning 0.4 _NA_ _NA _NA _NA)
(active nil active drawing 0.4 _NA_ NA _NA _NA)
(poly nil poly drawving 0.4 _NA_ _NA_ _NA__NA)
(rmetall nil netall drawing 0.6 _NA_ _NA _NA _NA)
(rmetal2 nil netal2 drawing 0.6 _NA_ _NA _NA _NA)
(rmetal 3 nil netal3 drawing 0.6 _NA_ _NA _NA _NA)
(rmetal 4 nil netald4 drawing 0.6 _NA_ _NA _NA _NA)
(rmem0 nil nmenD drawing 0.6 _NA_ _NA_ _NA_ _NA)

(el nil nmenl drawing 0.6 _NA_ _NA_ _NA_ _NA)
(rmen2 nil nmen drawing 0.6 _NA_ _NA_ _NA_ _NA)
(rmen8 nil nmenB drawing 0.6 _NA_ _NA_ _NA_ _NA)
(memd nil mendt drawing 0.6 _NA_ _NA_ _NA_ _NA)

no rul eContact devices
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;. no other devices

chkkkkhkkkhkkhkkhkkhkkhkkhkkkhkkhkhkkhhkhkkkkhkkhkhkhkkhkkhkkhkk*k

5 ; devi ces

LX RULES

chkkkkkkhkkhkhkkhkkhkkhkkkhkhkkhkkhhkhkkkkhkkkhkhhkkhkhkhkkhkk*k
l

I xRul es(

| xExt ract Layer s(
;( list of layers or layer/purpose pairs )

P )
( gwell pwel | nwel | active
pactive metal 1 met al 2 vi a
cc metal 3 nmet al 4 nmcnd
ncn ncn8 ncnm)

) ;I xExtractLayers

| xNoQOver | apLayer s(
;( forbidden overlaps in LX)

’ ( """""""""""" )

( poly active )
( poly nactive )
( poly pactive )
(via ca )
(via cp )
(via cc )

) ;1 xNoQverl apLayers

) ;1 xRul es

nactive

ca

ncml

cp
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Appendix B - display.drf file

;display.drf for the SHOCC package.
; Last updated Nov 29 by akvarma
; Last updated Dec 18 by akvarma

dr Def i nePacket (
; ( Di spl ayNane

di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay
di spl ay

P T T e e e e N R L e e N L T T T e T T T T e T e T T L T T e e v T T L e L T e e

Packet Name
nmcnD
ncnDNet
nmcnOPin
nmcnOLbl
mcn0Bnd
d_ncnl
el
ncilNet
nmcmilPin
ncmillbl
ncmilBnd
nmcn
ncn2Net
mcn2Pin
nmcnLbl
nmcn2Bnd
nmcnB
ncniBNet
nmcnBPin
nmenBLbl
nmcnB8Bnd
nmcnd
ncn¥dNet
nmcmdPi n
ncrmilLbl
nmcmdBnd
nmcnvl
nmcnmv1Net
nmcnvVlPi n
nmcnvlLlbl
nmcnvlBnd
nmcnmv2
ncnmv2Net
nmcnvV2Pi n
ncnv2L0Lbl
nmcnv2Bnd
ncnmv3
ncnmvV3Net
nmcnvV3Pi n
nmecmv3Lbl
nmcmv3Bnd
ncnv4
nmcnmv4Net
nmcnvV4Pi n
ncnv4aLbl
nmcnv4aBnd

Stipple Li neSt
dot 4 solid
bl ank solid

X solid
bl ank solid
bl ank solid
bl ank solid
dot 3 solid
bl ank solid

X solid
bl ank solid
bl ank solid
Cross solid
bl ank solid
X solid
bl ank solid
bl ank solid
hal fslash solid
bl ank solid

X solid

bl ank solid
blank solid
triangle solid
bl ank solid
X solid
blank solid
bl ank solid
i nvCross solid
bl ank solid
X solid
bl ank solid
bl ank solid
solid sol i
bl ank solid
X solid
bl ank solid
bl ank solid
solid solid
bl ank solid
X solid
bl ank solid
bl ank solid
solid solid
bl ank solid
X solid
bl ank solid
bl ank solid

Fill
slate
sl ate
sl ate
slate
slate
slate
silver
silver
silver
silver
silver
br own
br own
brown
br own
br own
yel | ow
yel | ow
yel | ow
yel | ow
yel | ow
orange
or ange
or ange
or ange
or ange
mar oon
mar oon
nar oon
nar oon
nar oon
d red
brown
br own
brown
brown
yel | ow
purpl e
purpl e
purpl e
purpl e
or ange
nar oon
nmar oon
nar oon
nar oon

yle

Qutline )
slate )
slate )
slate )

slate )
slate )
mar oon
silver
silver
silver
silver
silver
br own
br own
brown )
brown )
brown )
gold)
gold )
gold )
gold )
gold )
brown )
brown )
brown )
brown )
brown )
brown )
brown )
brown )
brown )
brown )
mar oon
mar oon
mar oon
mar oon
mar oon
mar oon
mar oon
mar oon
nmar oon
mar oon )
purple )
purple )
purple )
purple )
purple )

N N N e N N
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Appendix C - divaDRC.rul file

; divaDRC rule file for the SHOCC package
; last updated Dec 20, 2000 by akvarma

dr cExt ract Rul es(
ivif(switch("drc?") then

/***************************

khkkhkkkkhkkkhkhhkhkhkkkhkhkkhkhhkhkkkkhk**%

DERI VED LAYER DEFI NI TI ONS

khkkhkkkkhkkkhkhhkhkhkkkhkhkk khhkhkkkkhk**%

***************************/

mcnd = geonOr (" ncD")
mcnvl = geonmOr (" ncnvV1l")
mcnl = geonOr (" noml”)
mcnmv2 = geonr (" ncnmv2")
mcn2 = geonOr (" ncn")
mcnMv3 = geonr (" ncnmvV3")
mcn8 = geonOr (" ncnB")
nmcnv4 = geonmOr (" ncnmv4")
mcmd = geonOr (" ncmd”)

/* **Get edges for enclosure checks ** */

/********** '\/Etal *****************/

ncnilEdge = geonCet Edge( ntml)

ncn2Edge = geonCet Edge( ntnR)

ncnBEdge = geonCet Edge( ntnB)

nmncnmdEdge = geonCet Edge( ntmd)

/********** \/ia ******************/
ncnV1Edge = geonet Edge( ncnvl)

ncnV2Edge = geonGet Edge( ncnV2)

nmcnV3Edge = geonGet Edge( ncnV3)

ncnVAEdge = geonGet Edge( ncnv4)

/******** Q/erlap Area CheCk*******/
[*R**xx*xxx\pre derived Layers*****x*x* 99/

VIMD = geomAnd(ncmvl ntnD)
V2M) = geomAnd(ncrmv2 ntnD)
V3MD = geonmAnd( ncrmv3 ntnD)
VAMD = geomAnd(ncrmv4 ntnD)

NVIML = geomAndNot ( ntnVvl ncni)

V2ML = geomAnd(ntnV2 ncnl)
V3ML = geomAnd(ncmv3 ntml)
VAML = geomAnd(ntnVv4 ncni)
NV2M2 = geomAndNot (ncnv2 ntnR)
NV3M2 = geomAndNot (nrcnv3 ntnR)
NV3MB = geomAndNot (ncnvV3 ntnB)
NVAM2 = geomAndNot (ncnv4 ntnR)
NVAMB = geomAndNot (nrcnv4 ntnB)
NVAMA = geomAndNot (ncnv4 ntmi)
V1V2 = geomAnd(ntnvl ncnv2)
V1V3 = geomAnd(ncnVl ntnv3)
V1V4 = geomAnd(ntniVvl ncnv4)
V2V3 = geomAnd(ncnV2 ntnv3)
V2V4 = geomAnd(ntnV2 ncnv4)
V3V4 = geomAnd(ncnV3 ntnv4)
/********* kkkkhkkkkkk*k

**********mc RJI e Checks*********/

;19.0 G ound pl ane(ncnD)
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L19DR1 = drc(ntnD sep < 50.00 )

saveDeri ved(L19DR1 "ntnD separation < 50.00")
L19DR2 = drc(ncnD width < 25.00 )
saveDerived(L19DR2 "ncnD wi dth < 25.00")

L19DR3A = drc(nmcnVl ntnD sep < 30.00 )

saveDeri ved( L19DR3A "ncnvl to ncnD separation <30. 00")
L19DR3B = geon®Over | ap(nmcnvVl ntnD)

saveDeri ved(L19DR3B "ncnvl and ncnD overl apping!!™)

L19DR4A = drc(mcnV2 ntnD sep < 30.00 )

saveDeri ved( L19DR4A "nmcnv2 to necnD separation <30. 00")
L19DRAB = geonOver | ap(nmcnV2 ntnD)

saveDeri ved(L19DR4B "ncnmv2 and ntnD overl apping!!™)

L19DR5A = drc(mcnV3 ntnD sep < 30.00 )

saveDeri ved( L19DR5A "nmcnv3 to ncnD separation <30. 00")
L19DR5B = geonOver | ap(ncnV3 ntnD)

saveDeri ved(L19DR5B "ntnmV3 and ntnD overl apping!!™)

L19DR6A = drc(nmcnV4 ntnD sep < 30.00 )

saveDeri ved(L19DR6A "ntnV4 to ntnd separation <30.00")
L19DR6B = geonOver | ap(ncnv4 ntnD)

saveDeri ved(L19DR6B "ntnmv4 and ncnD overl apping!!")

:20.0 Vial (ncnvi)

L20DR1 = drc(ntnvl sep < 80.00 )
saveDeri ved(L20DR1 "ntnV1l separation < 80.00")

L20DR2A = drc(nmcnvVl ntnV2 sep < 30.00 )

saveDeri ved(L20DR2A "ntnVl to ntnV2 separati on <30.00")
L20DR2B = geonOver| ap(ncnVl ntnv2)

saveDeri ved(L20DR2B "ntnVl and ntnV2 overl apping!!")

L20DR3 = drc(ncnivl width < 19.60 )
saveDeri ved(L20DR3 "ncnVl wi dth < 19.60")

L20DR4A = drc(nmcnvVl ntnVv3 sep < 30.00 )

saveDeri ved( L20DR4A "nmcnvl to necnV3 separati on <30.00")
L20DR4B = geontver | ap(nmcnVl ncnV3)

saveDeri ved(L20DR4B "ntnvVl and ntnV3 overl apping!!")

L20DR5A = drc(nmcnVl ntnV4 sep < 30.00 )

saveDeri ved( L20DR5A "nmcnvl to ncnV4 separati on <30. 00" )
L20DR5B = geontver | ap(nmcnVl ncnv4)

saveDeri ved(L20DR5B "ntnVl and ntnV4 overl apping!!")

;21. 0 Power pl ane(ncnt)

L21DR1 = drc(ncml sep < 50.00 )

saveDeri ved(L21DR1 "ntnl separation < 50.00")
L21DR2 = drc(ncnl width < 25.0 )
saveDerived(L21DR2 "ncml width < 25.0")

L21DR3A = drc(ntnlEdge ncnivlEdge enc < 30.0 )

saveDeri ved(L21DR3A "ntnl and ntnV1l encl osure check (ntnvl shoul d be

encl osed by ncnl by 30 u on each sides)")

L21DR3B = geomAndNot (ntnivl ncni)

saveDeri ved(L21DR3B "ncml and ncnVl encl osure check (ncnVl is not conpletely
covered by ncml)")

L21DRAA = drc(mcnV2 ntml sep < 30.00 )

saveDeri ved(L21DR4A "nmcnv2 to nenl separation <30. 00")
L21DR4AB = geonOver| ap(ncnV2 ncl)

saveDeri ved(L21DR4B "ntnv2 and ntnil overl apping!!")
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L21DR5A = drc(nmcnV3 ntml sep < 30.00 )

saveDeri ved(L21DR5A "nmcnv3 to nenl separation <30. 00")
L21DR5B = geonOver | ap(nmcnV3 ntml)

saveDeri ved(L21DR5B "ncnv3 and ntnil overl apping!!™)

L21DR6A = drc(mcnmV4 ntml sep < 30.00 )

saveDeri ved(L21DR6A "ntnV4 to ntnl separation <30.00")
L21DR6B = geonOver| ap(ncnVv4 ncml)

saveDeri ved(L21DR6B "ntnv4 and ntnil overl apping!!™)

;22.0 Via2 (ntnv2)

L22DR1 = drc(ntnmv2 sep < 80.00 )

saveDeri ved(L22DRL "ntnV2 separation < 80.00")

L22DR2A = drc(nmcnV2 ntnVv3 sep < 30.00 )

saveDeri ved( L22DR2A "nmcnV2 to ncnV3 separati on <30.00")
L22DR2B = geontver | ap(nmcnV2 ncnV3)

saveDeri ved(L22DR2B "ntnvV2 and ntnV3 overl apping!!")

L22DR3 = drc(ncnV2 width < 19. 6)

saveDerived(L22DR3 "ntnv2 width < 19.6")

L22DR4A = drc(nmcnV2 nenv4 sep < 30.00 )

saveDeri ved( L22DR4A "nmcnV2 to ncnV4 separati on <30.00")
L22DR4B = geontver | ap(nmcnV2 ntnv4)

saveDeri ved(L22DR4B "ntnv2 and ntnV4 overl apping!!")

;23.0 X Metal (ncnR)

nmcn2SEP = drc(nmen sep<40. 0)
L23DR1 = geontet Lengt h(ncn2SEP | engt h > 600. 0)
saveDeri ved(L23DRL "Error Flags length > 600.0")

L23DR2 = drc(ntnR sep < 19.40 )
saveDeri ved(L23DR2 "ntnR separation < 19.40")

L23DR3A = drc(ncnREdge ncnivV2Edge enc < 19. 4)

saveDeri ved(L23DR3A "ntn2 and ntnV2 encl osure check (ncnV2 shoul d be

encl osed by ncn2 by 19.4 u on each sides)")

L23DR3B = geomAndNot ( ncrmv2 ntnR)

saveDeri ved(L23DR3B "ncn2 and ncnV2 encl osure check (ncnV2 is not conpletely
covered by ntnR)")

L23DR4 = drc(ncn2 width < 16.0)
saveDerived(L23DR4 "ncn2 width < 16.0")

L23DR5A = dr c(ncnREdge ncniV3Edge enc < 19.4 )

saveDeri ved(L23DR5A "ntn2 and ntnV3 encl osure check (ncnV3 shoul d be

encl osed by ncn2 by 19.4 u on each sides)")

L23DR5B = geomAndNot ( ncrmv3 ntnR)

saveDeri ved(L23DR5B "nmcn? and ncnV3 encl osure check (ncnV3 is not conpletely
covered by ntnR)")

;24.0 Vi a3 (ntnv3)

L24DR1 = drc(ntnv3 sep < 50.00 )
saveDeri ved(L24DR1 "ncnV3 separation < 50.00")

L24DR2A = drc(nmcnmV3 ntnVv4 sep < 30.00 )

saveDeri ved( L24DR2A "nmcnV3 to ncnV4 separati on <30.00")
L24DR2B = geontver | ap(nmcnV3 ntnv4)

saveDeri ved(L24DR2B "ntnV3 and ntnV4 overl apping!!")

L24DR3 = drc(ncnv3 width < 19.6 )
saveDeri ved(L24DR3 "nmcnV3 wi dth < 19.6")

;25.0 Y Metal (ncnB)
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nmcnBSEP = drc(ncnB sep<40. 0)
L25DR1 = geontCet Lengt h(ncnB8SEP | engt h > 450. 0)
saveDeri ved(L25DR1L "Error Flags |length > 450.0")

L25DR2 = drc(nctn8 sep < 19.40 )

saveDeri ved(L25DR2 "ntnB separation < 19.40")

L25DR3A = dr c(ncnBEdge ncn3Edge enc < 19.4 )

saveDeri ved(L25DR3A "ntnB and ntnV3 encl osure check (ncnV3 shoul d be

encl osed by ncnB by 19.4 u on each sides)")

L25DR3B = geomAndNot ( ncrmvVv3 ntnB)

saveDeri ved(L25DR3B "ntnB and ntnV3 encl osure check (ntnv3 is not conpletely
covered by ntnB8)")

L25DR4 = drc(ntnB width < 16.0 )
saveDeri ved(L25DR4 "ncnB width < 16.0")

L25DR5A = dr c(ncnBEdge ncni4Edge enc < 19.4 )

saveDeri ved(L25DR5A "ntnB and ntnV4 encl osure check (ncnv4 shoul d be

encl osed by ncnB8 by 19.4 u on each sides)")

L25DR5B = geomAndNot ( ncrmv4 ntnB)

saveDeri ved( L25DR5B "ncnB8 and ncnV4 encl osure check (ncnV4 is not conpletely
covered by ntnB)")

:26.0 Viad (ncnva)

L26DR1 = drc(ntnmv4 sep < 50.00 )
saveDeri ved(L26DR1 "ntnV4 separation < 50.00")

L26DR2 = drc(ncnv4 width < 19.6 )
saveDeri ved(L26DR2 "ncnv4 width < 19.6")

;27.0 Top Pad Metal (ncmd)

L27DR1 = drc(ntcmd sep < 20.0)
saveDeri ved(L27DR1 "ntnd separation < 20.0")

L27DR2A = dr c(ncmiEdge ncni4Edge enc < 35.0 )

saveDeri ved(L27DR2A "ncmd and ntnV4 encl osure check (ncnVv4 shoul d be

encl osed by ncnmd by 35.4 u on each sides)")

L27DR2B = geomAndNot (ntnV4 ncnd)

saveDeri ved(L27DR2B "nmcmd and ncnV4 encl osure check (ncnV4 is not conpletely
covered by ntrmd) ")

L27DR3 = drc(ncnd width < 50.0 )
saveDeri ved(L27DR3 "ncnmd width < 50.0")

; These are illegal geonetry checks.

L19A0=drc(nmcnD 0 < area < 8200. 0)
L20A0=drc(nmcnVl 0 < area < 320.0)
L20Al=drc(nmcnVl 0 < area < 320.0)
L21A0=drc(nmcnl O < area < 7250.0)
L22A0=drc(nmcnV2 0 < area < 320.0)
L22Al=drc(nmcnV2 0 < area < 320.0)
L23A0=drc(nmcn2 0 < area < 2900. 0)
L24A0=drc(nmcnV3 0 < area < 320.0)
L24Al=drc(nmcnV3 0 < area < 320.0)
L25A0=drc(nmcnB 0 < area < 2900. 0)
L26A0=drc(nmcnV4 0 < area < 320.0)
L26Al=drc(nmcnV4 0 < area < 320.0)
L27A0=drc(nmcnmt 0 < area < 10000. 0)

L19A1=drc(VIM) O < area < 99999.0)
L19A2=drc(V2M) 0 < area < 99999. 0)
L19A3=drc(V3M) 0 < area < 99999. 0)
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L19A4=drc(V4M) O < area < 99999.0)
L20A2=drc(NVIML O < area < 99999.0)
L22A1=drc(V2ML 0 < area < 99999. 0)
L24A1=drc(V3ML 0 < area < 99999. 0)
L26Al=drc(V4AML 0 < area < 99999. 0)

L22A2=dr c( Nv2MR
L24A2=dr c( NV3MR
L24A3=dr c( NV3MB
L26A2=dr c( Nv4MR
L26A3=dr c( NV4AMB
L26A4=dr c( NvaV4
L20A3=dr c(V1V2
L20A4=dr c(V1V3
L20A5=dr c(V1V4
L22A3=dr c(V2V3
L22A4=dr c(V2V4
L24A4=dr c(V3V4

)
)

[cNoNeoNoNoNe)
NNNNANNANA

[cNoNoNoNoNe)
NNNNANNA

ar ea
ar ea
ar ea
ar ea
ar ea
ar ea
area
area
area
area
area
area

NNNNNANA

<
<
<
<
<
<

99999.
99999.
99999.
99999.
99999.
99999.

99999.
99999.
99999.
99999.
99999.
99999.

0)
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Appendix D - D Extraction RuleFile

/********************************************************************
*
* Diva Extraction Rul es *
*

*****************************************************************/

let( ( lanbda gridRes techdesc wel | Type subm cronAvail abl e
cwel | Avai | abl e netal 3Avai | abl e et al 4Avai | abl e net al 5Avai | abl e
met al 6Avai | abl e net al capAvai | abl e npnAvai | abl e ccdAvail abl e
el ecAvail abl e
sbl ockAvai | abl e PadType hi ghresAvai |l abl e st ackedVi asAvail abl e
techfile
nmodel Prefix errMesg useCapl VPcel | )
;1 oad( prependNCSUCDKI nstal | Path( "techfil e/ divaTechdesc.il" ) )
t echdesc="HP_AMOS14TB"
dr cExt ract Rul es(
| oad("/ af s/ eos. ncsu. edu/ proj ect/ erl/ paul f_group/ user/akvar ma/ SHOCC/ EXT/ shocc
LayerDef.il" )

bunp geonOr ( ntnd)
extract Devi ce( bunmp netal 3("IN") ncmd(" OUT") "bunp ivpcell TEST" physical)
shoccY=geonOr ( ntnB)

shoccX=geonr ( ncn)

gr oundY=geomAndNot ( pBul k ncnB)

gr oundX=geomAndNot ( pBul k ncnR)

extractDevi ce( shoccY nmcnv4("in") pBul k("refin") groundY("refout")

shoccXYt erm nal ("out") "ulwi reSY ivpcell TEST" physical)

shoccLengt hY=neasur eParanet er ( perineter shoccY 0. 5e-6)

saveParaneter( shoccLengthY "I")

extract Devi ce( shoccX shoccXYterninal ("in") pBul k("refin")
groundX("refout") shoccXYterm nal ("out") "ulwi reSX ivpcell TEST" physical)

shoccLengt hX=neasur eParanet er ( perineter shoccX 0. 5e-6)

saveParaneter( shoccLengthX "I")

; nosf ets

extract MOS( nChannel Tran pol y("G') nDiff("S" "D') pBul k("B") "nnos4
i vpcel |
NCSU_Anal og_Parts™ "I" "w' 1.0e-6 )
saveProperty( nChannel Tran "nodel " strcat( nodel Prefix
NCSU_nodel Suf fi x["nmos"] ) )
extract MOS( pChannel Tran poly("G') pbDiff("S" "D') nBul k("B") "pnos4
i vpcel |
NCSU_Anal og_Parts™ "I" "w' 1.0e-6 )
saveProperty( pChannel Tran "nodel" strcat( nodel Prefix
NCSU_nodel Suf fi x["prmos"] ) )
if( hvAvail abl e then
extract MOS( hvnChannel Tran pol y(" G) nDi ff("S" "D') pBul k("B")
"nnmos4_hv ivpcel |l NCSU_Anal og_Parts" "I " 1.0e-6 )
saveProperty( hvnChannel Tr an rmdel strcat ( nodel Prefix
NCSU_nodel Suf fi x["nmos_hv"] ) )
extract MOS( hvpChanneI Tran poly("G') pDff("S" "D') nBul k("B")
"pnos4_hv ivpcell NCSU Anal og_Parts"™ "I" "w' 1.0e-6 )
saveProperty( hvpChannel Tran "nodel " strcat( nodel Prefix
NCSU_nodel Suf fi x["prmos_hv"] ) )

if( elecAvailable then
unl ess( menber ( techdesc list( "TSMC_CMOS035_4MP"
" TSMC_CMOS035_3M2P"
"AM _C5N'
) )
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extract MOS( nEl ecChannel Tran elec( "G' ) nbDiff( "S" "D' ) pBulk("B"
"nnos4_el ec ivpcell NCSU Anal og Parts" "I" "w' 1.0e-6
saveProperty( nEl ecChannel Tran "nodel " strcat( nodel Prefix
NCSU_nodel Suffi x["nnmos_elec"] ) )

extract MOS( pEl ecChannel Tran elec( "G ) nDiff( "S" "D'" ) nBul k("B" )
"pnos4_el ec ivpcell NCSU Anal og _Parts" "I" "w' 1.0e-6
saveProperty( pEl ecChannel Tran "nodel " strcat( nodel Prefix
NCSU_nodel Suffi x["pnos_elec"] ) )

)
)

)

nDi ff Area = measureParasitic( area (nDiff not_over nol pe) 1.0e-12 figure

)
attachParasitic( nDiff Area ("as" "S") ("ad" "D') nChannel Tran shared )
pDi ff Area = neasureParasitic( area (pDiff not_over nol pe) 1.0e-12 figure
)
attachParasitic( pDiffArea ("as" "S") ("ad" "D') pChannel Tran shared )
if( hvAvail abl e then
attachParasitic( nD ffArea ("as" "S") ("ad" "D') hvnChannel Tran shared
attachParasitic( pDiffArea ("as" "S") ("ad" "D') hvpChannel Tran shared
)

; could have problemhere if there’'s a process w both el ec and hv,
; and it allows elec transistors

if( elecAvailable & (menber( techdesc |ist( "TSMC_CMOS035_4MP"
"TSMC_CMOS035_3M2P" "AM _C5N' ) ) == nil) then
attachParasitic( nDiff Area ("as" "S") ("ad" "D') nEl ecChannel Tran shared )
attachParasitic( pDiffArea ("as" "S') ("ad" "D') pE ecChannel Tran shared )

nDi ffPerimeter = neasureParasitic( length (nD ff outside poly
outside el ec not_over nolpe) 1.0e-6 figure )
attachParasitic( nDi ffPerimeter ("ps" "S") ("pd" "D') nChannel Tran shared )
attachParasitic( nD ffPerineter ("ps" "S") ("pd" "D')
nEl ecChannel Tran shared )
pDi ffPerimeter = neasureParasitic( length (pD ff outside poly
outside el ec not_over nolpe) 1.0e-6 figure )
attachParasitic( pDi ffPerimeter ("ps" "S") ("pd" "D') pChannel Tran shared )
attachParasitic( pDi ffPerimeter ("ps" "S") ("pd" "D') pElecChannel Tran
shared )
el se
nDi ffPerimeter = neasureParasitic( length (nD ff outside poly not_over
nol pe) 1.0e-6 figure )
attachParasitic( nDiffPerineter ("ps" "S') ("pd" "D') nChannel Tran
shared )
pDi ffPerimeter = neasureParasitic( length (pD ff outside poly not_over
nol pe) 1.0e-6 figure )
attachParasitic( pDiffPerineter ("ps" "S') ("pd" "D') pChannel Tran shared
if( hvAvail abl e then
attachParasitic( nD ffPerineter ("ps" "S") ("pd" "D')
hvnChannel Tran shared )
attachParasitic( pD ffPerineter ("ps" "S") ("pd" "D')
hvpChannel Tran shared )

hardcode the NPN nodel nanme to "CGeneric_NPN', since generally
different nodels are used for different geonmetry BJTs the user
will have to edit the netlist and replace it with the correct
nmodel narme (a tip of the hat to John Galbraith at Arizona for his
; help with this issue)

i f( npnAvail abl e then

)
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extract Device( npnTran (npnCollector "C') (npnBaseTap "B")
(npnEnMitter
"E") "npn ivpcell NCSU_Anal og_Parts" )

saveProperty( npnTran "nodel " "Generi c_NPN' )

; resistors

; poly/elec
extractDevice( polyRes (poly "PLUS" "M NUS") "res ivpcell
NCSU_Anal og_Parts" )
i f( sblockAvail abl e then
extractDevi ce( pol ySRes (poly "PLUS" "M NUS') "res ivpcell
NCSU_Anal og_Parts" )
)
if( elecAvailable then
extractDevice( elecRes (elec "PLUS" "M NUS") "res ivpcell
NCSU_Anal og_Parts" )
)
i f( highresAvail abl e then
extractDevice( elecHi ghres (elec "PLUS" "M NUS") "res ivpcell
NCSU_Anal og_Parts" )
)
;onwel |
extractDevice( nwell Res (nBul k "PLUS" "M NUS") "res ivpcell
NCSU_Anal og_Parts" )
; resistor paraneter extraction
let( (sheetRes resWdth resPerimresLength res full Corners)
; for each full corner (ie, 90 degree turn), subtract 0.5 a square
; of resistance (see WRE 2nd ed, p.178)
; poly
sheet Res = techGet LayerProp( techfile list( "poly" "draw ng")
"sheet Resi st ance" )
when( sheet Res
resWdth = measureParaneter( | ength (pol yRes butting poly) 1.0e-6 )
resPerim = measureParaneter( perineter polyRes 1.0e-6 )
resLength = cal cul ateParameter( (resPerim- resWdth) / 2.0)
full Corners = neasureParanet er( bends_full polyRes )
res = cal cul at ePar anet er( sheetRes * (resLength/(resWdth/2.0) -
full Corners*0.5) )
saveParaneter( res "r" )

)
; poly + sbl ock
i f( sblockAvailabl e then
sheet Res = techGet LayerProp( techfile list( "sblock"™ "draw ng")
"sheet Resi st ance" )
when( sheet Res
resWdth = nmeasureParaneter( length (polySRes butting poly) 1.0e-6 )
resPerim = measureParaneter( perimeter polySRes 1.0e-6 )
resLength = cal cul ateParaneter( (resPerim- resWdth) / 2.0

full Corners = neasureParaneter( bends_full pol ySRes )
res = cal cul ateParaneter( sheetRes * (resLength/(resWdth/2.0)
- full Corners*0.5) )
saveParaneter( res "r" )
)

)
; elec
i f( elecAvailable then
; regul ar
sheet Res = techGet LayerProp( techfile list( "elec" "draw ng")
"sheet Resi st ance" )
when( sheet Res
resWdth = nmeasureParaneter( |length (elecRes butting elec) 1.0e-6 )
resPerim= measureParaneter( perineter elecRes 1.0e-6 )
resLength = cal cul ateParaneter( (resPerim- resWdth) / 2.0
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full Corners = neasureParaneter( bends_full elecRes )
res = cal cul ateParaneter( sheetRes * (resLength/(resWdth/2.0)
- full Corners*0.5) )
saveParaneter( res "r" )
)

; high-resistance
i f( highresAvail able then
sheet Res = techGet LayerProp( techfile list( "highres"
"draw ng") "sheetResistance" )
when( sheet Res
resWdth = nmeasureParaneter( length (el ecH ghres butting elec) 1.0e-6 )
resPeri m = measureParaneter( perimeter elecH ghres 1.0e-6 )
resLength = cal cul ateParaneter( (resPerim- resWdth) / 0

full Corners = neasureParaneter( bends_full elecH ghres )
res = cal cul at ePar anet er ( sheet Res *
(resLength/(reswWdth/2.0) - full Corners*0.5) )
saveParaneter( res "r" )
)

)

sheet Res = techCet LayerProp( techfile list( "nwell" "draw ng")
"sheet Resi st ance" )
when( sheet Res
reswWdth = nmeasureParaneter( length (nwell Res butting nBul k) 1.0e-6

resPerim= measureParaneter( perinmeter nwell Res 1.0e-6 )

resLength = cal cul ateParanmeter( (resPerim- resWdth) / 2.0 );

full Corners = neasureParaneter( bends_full nwell Res )

res = cal cul at ePar anet er( sheetRes * (resLength/(resWdth/2.0) -
full Corners*0.5) )

saveParaneter( res "r" )

first we do all the caps that use process-optional |ayers. we
al ways extract these, since we assunme they' re "intentional".
; poly - polycap capacitors
i f( polycapAvail abl e then
extractDevi ce( pol ycapCap (poly "PLUS') (polycap "M NUS"') "cap ivpcell
NCSU_Anal og_Parts")
saveRecogni tion( pol ycapCap "pol y" )
let( ( areaCap capacitance )
areaCap = techGet TwoLayerProp( techfile
list( "polycap" "draw ng")
list( "poly" "draw ng")
"areaCap" )
when( ar eaCap
capaci tance = measur ePar aneter ( area pol ycapCap 1.0e-18 * areaCap )
saveParaneter( capacitance "c" )
)

)
)
; netal - nmetal cap capacitors
i f( netal capAvail abl e then
let( ( areaCap capacitance )
cond(
( netal 6Avai l abl e
extractDevice( metal capCap (metal cap "PLUS") (metal 5
"M NUS") "cap ivpcell NCSU_Anal og_Parts")
saveRecogni tion( metal capCap "netal cap" )
areaCap = techGet TwoLayerProp( techfile
list( "metal 5" "drawi ng")
list( "metal cap” "draw ng")
"areaCap" )
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)
( netal 5Avai | abl e
extractDevice( metal capCap (netal cap "PLUS") (rmetal 4
"M NUS") "cap ivpcell NCSU Anal og_Parts")
saveRecogni ti on( mnetal capCap "netal cap” )
areaCap = techGet TwoLayerProp( techfile
list( "metal 4" "draw ng")
list( "metal cap" "draw ng")
"areaCap" )
)
)
when( areaCap
capacitance = neasureParaneter( area netal capCap 1.0e-18 * areaCap )
savePar aneter( capacitance "c" )
)

)
)
; poly - cwell thinox capacitors
i f( cwellAvail able then
extractDevice( |l cCap (poly "PLUS") (lcDff "M NUS') "cap ivpcell
NCSU_Anal og_Parts")
saveRecognition( | cCap "poly" )
let( ( areaCap capacitance )
areaCap = techGet TwoLayerProp( techfile
list( "poly" "draw ng")
list( "cwell" "drawi ng")
"areaCap" )
when( ar eaCap
capaci tance = measureParaneter( area | cCap 1.0e-18 * areaCap

saveParaneter( capacitance "c" )

)
)
; poly - elec caps
i f( elecAvailable then
extractDevice( CapacitorEl ec (elec "PLUS") (poly "M NUS"') "cap
i vpcel |
NCSU_Anal og_Parts" )
saveRecognition( CapacitorEl ec "elec" )
let( ( areaCap capacitance )
areaCap = techGet TwoLayerProp( techfile
list( "elec" "draw ng")
list( "poly" "draw ng")
"areaCap" )
when( ar eaCap
capaci tance = measureParaneter( area CapacitorEl ec 1.0e-18*areaCap )
saveParaneter( capacitance "c" )
)

)

; The rest of the capacitance extraction (including "intentional"
; plain old metal caps and parasitic caps) is performed in the file
; divaMultilLevel .il via the nultilLevel Parasitic conmand.

; The regular netal, poly, and other |ayers are nodified bel ow
; according to the Extract _parasitic_caps switch. It is these
; modified |ayers on which the nultilLevel Parasitic conmand operates.

; Make scale factor specify values in aF/um2 for areacaps and aF/ um
; for perincaps. This will make it easier to read val ues straight
; fromMOSIS paranetric reports and Magic tech files.

; See local/techfile/layerDefintions.tf for the actual value of the

; parasitic capaci tances
; nt entional" caps (i.e. metal with cap_id over it) are always extracted
i f( netal 6Avail abl e then
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metal 6_ext = geomAnd( netal 6 cap_id )

)

if( metal 5Avail abl e then

metal 5_ext = geomAnd( netal 5 cap_id )
)
if( metal 4Avail abl e then

metal 4_ext = geomAnd( netal 4 cap_id )
if( metal 3Avail abl e then

metal 3_ext = geomAnd( netal 3 cap_id )
)
if( elecAvailable then

el ec_ext = geomAnd( elec cap_id )
metal 2_ext = geomAnd( netal 2 cap_id )
metal 1_ext = geomAnd( netal 1 cap_id )
poly_ext = geomAnd( poly cap_id )
nDi ff_ext = geomAnd( nDi ff cap_id )
pDi ff_ext = geomAnd( pDiff cap_id )
nGChmi c_ext = geomAnd( nChmic cap_id )
pOhmi c_ext = geomAnd( pChmic cap_id )
nNot Chm ¢c_ext = geomAnd( nNotOhmic cap_id )
pNot Chmi c_ext = geomAnd( pNotOhmic cap_id )
nBul k_ext = geomAnd( nBulk cap_id )
pBul k_ext = geomAnd( pBulk cap_id )

useCapl VPcel | =t
| oad( prependNCSUCDKI nstal | Pat h( "techfile/divaMultilLevel.il" ) )

; for any time when Extract_parasitic_caps is selected. note that we
; don’t want to extract any "intentional" caps as parasitics

ivif( switch("Extract_parasitic_caps") then

i f( netal 6Avail abl e then

metal 6_ext = geomAndNot ( netal 6 geomOr( nol pe cap_id ) )
if( metal 5Avail abl e then

metal 5_ext = geomAndNot ( netal 5 geonOr( nol pe cap_id ) )
)
i f( netal 4Avail abl e then

metal 4_ext = geomAndNot ( netal 4 geomOr( nol pe cap_id ) )
i f( netal 3Avail abl e then

metal 3_ext = geomAndNot ( netal 3 geomOr( nol pe cap_id ) )
)
if( elecAvailable then

el ec_ext = geomAndNot ( el ec geonOr( nol pe cap_id ) )
metal 2_ext = geomAndNot ( netal 2 geomOr( nol pe cap_id ) )
metal 1_ext = geomAndNot ( netal 1 geomOr( nol pe cap_id ) )

)

poly_ext = geomAndNot ( poly geontr( nol pe cap_id )

nDi ff_ext = geomAndNot ( nDi ff geonmOr( nol pe cap_id ) )
pDi ff_ext = geomAndNot ( pDi ff geonmOr( nol pe cap_id ) )
nChmi c_ext = geomAndNot ( nChmi ¢ geonOr( nol pe cap_id ) )
pChni c_ext = geomAndNot ( pChmi ¢ geonmOr ( nol pe cap_id ) )
nNot Chm c_ext = geomAndNot ( nNot Chni ¢ geonr ( nol pe cap_id ) )
pNot Chm ¢c_ext = geomAndNot ( pNot Chni ¢ geomOr( nol pe cap_id ) )
nBul k_ext = geomAndNot ( nBul k geonOr ( nol pe cap_id ) )
pBul k_ext = geomAndNot ( pBul k geonOr ( nol pe cap_id ) )
useCapl VPcel | = ni |
| oad( prependNCSUCDKI nstal | Pat h( "techfile/divaMultilLevel.il" ) )
)
; di odes

NCSU_Anal og_Parts" )
; saveProperty( NPdi ode "nodel" strcat( nodel Prefix
NCSU_nodel Suf fi x[ " npdi ode"] ) )
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;extract Devi ce( PNdi ode (pDiff "PLUS") (nBulk "M NUS") "diode ivpcell
NCSU_Anal og_Parts" )

; saveProperty( PNdi ode "nodel " strcat( nodel Prefix
NCSU_nodel Suf fi x[ " pndi ode"] ) ) ;disable 01/25

ivif( switch("Use_ol d_noscap_extraction") then
extract Devi ce( nChannel Cap (poly "G') (nDff "S") (pBulk "B")
"nnoscap
i vpcel | NCSU_Anal og_Parts" )
let( ( capWdth capArea capLength )
capArea = neasur eParaneter ( area nChannel Cap 1.0e-12 )
capWdth = measureParaneter( | ength (nChannel Cap coi nci dent
pol y)
1.0e-6 )
capLength = cal cul ateParaneter( 2 * capArea / capWdth )
saveProperty( nChannel Cap "ni' 0.5)
saveParaneter( capWdth "w' )
saveParaneter( capLength "I" )
)
extract Devi ce( pChannel Cap (poly "G') (pDiff "S') (nBulk "B") "pnoscap
ivpcel | NCSU_Anal og_Parts" )
let( ( capWdth capArea capLength )
capArea = measureParaneter( area pChannel Cap 1.0e-12 )
capWdth = neasureParaneter( |ength (pChannel Cap coinci dent poly)
1.0e-6 )
capLength = cal cul ateParaneter( 2 * capArea / capWdth )
saveProperty( pChannel Cap "ni' 0.5)
saveParaneter( capWdth "w' )
saveParaneter( capLength "I" )

if( !'cwell Avail abl e then
saveProperty( nChannel Cap "nodel " strcat( nodel Prefix
NCSU_nodel Suf fi x["nmos"] ) )
saveProperty( pChannel Cap "nodel " strcat( nodel Prefix
NCSU_nodel Suf fi x[ " prmos"] ) )

i f( elecAvailable then
extract Devi ce( nEl ecChannel Cap (elec "G') (nDiff "S") (pBulk
"B")
"nnmoscap ivpcell NCSU Anal og_Parts" )
let( ( capWdth capLength capArea )
capArea = neasureParaneter( area nEl ecChannel Cap 1.0e-12 )
capWdth = neasureParaneter( |ength (nEl ecChannel Cap coinci dent
poly) 1.0e-6 )
capLength = cal cul ateParaneter( 2 * capArea / capWdth )
saveProperty( nEl ecChannel Cap "' 0.5)
saveParaneter( capWdth "w' )
saveParaneter( capLength "I" )
)
saveProperty( nEl ecChannel Cap "nodel " strcat ( nodel Prefix
NCSU_nodel Suffi x["nmos_el ec"] ) )

extract Devi ce( pEl ecChannel Cap (elec "G') (nDiff "S") (nBulk "B")
"pnoscap ivpcell NCSU Anal og_Parts" )
let( ( capWdth capLength capArea )
capArea = measurePar anet er ( area pEl ecChannel Cap 1.0e-12 )
capWdth = neasureParaneter( |ength (pEl ecChannel Cap coinci dent
poly) 1.0e-6 )
capLength = cal cul ateParaneter( 2 * capArea / capWdth )
saveProperty( pEl ecChannel Cap "m' 0.5 )
saveParaneter( capWdth "w' )
saveParaneter( capLength "I" )
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saveProperty( pEl ecChannel Cap "nodel " strcat( nodel Prefix
NCSU_nodel Suffi x["pnos_elec"] ) )

; saveRecognition and savel nterconnect statenents for everything
saveRecogni tion( nChannel Tran "pol y" )
saveRecogni tion( pChannel Tran "pol y" )
i f( hvAvail abl e then
saveRecogni tion( hvnChannel Tran "poly" )
saveRecogni tion( hvpChannel Tran "poly" )

i f( elecAvailable then
unl ess( menber ( techdesc list( "TSMC_CMOS035_4MP"
"TSMC_CMOS035_3M2P"
"AM _C5N'
) )
saveRecogni tion( nEl ecChannel Tran "el ec" )
saveRecogni tion( pE ecChannel Tran "el ec" )
)
savel nterconnect( (elec "elec") )
savel nterconnect ( (ce "cc") )

i f( npnAvail abl e then
savel nterconnect ( (npnCol | ectorContact "cc") )
savel nterconnect ( (npnColl ector "nwel ") )
savel nterconnect ( (npnEmtterContact "cc") )
savel nterconnect ( (npnBaseContact "cc") )
savel nterconnect ( (npnBase "pbase") )

)
case( well Type
(P
savelnterconnect ( (pBulk "pwell")) )
("E
savelnterconnect ( (nBulk "nwell"))
savelnterconnect ( (pBulk "pwell")) )
(t
savelnterconnect ( (nBulk "nwell")) )
)

savel nterconnect ( (nChmi ¢ "active") )
savel nterconnect ( (pChmc "active") )
savel nterconnect ( (nDiff "active") )
savel nterconnect ( (pDiff "active") )
savel nterconnect ( (poly "poly")
savel nterconnect( (nmetal 1l "netal 1") )
savel nterconnect ( (nChm cContact "cc") )
savel nterconnect ( (pGChm cContact "cc") )
savel nterconnect ( (nDi ffContact "cc") )
savel nterconnect ( (pDi ffContact "cc") )
savel nterconnect( (cp "cc")
savel nterconnect ( (nmetal 2 "netal 2") )
savel nterconnect( (via "via") )
if( cwellAvail able then
savel nterconnect( (lcDff "active") )
savel nterconnect ( (Il cContact "cc") )

i f( netal 3Avail abl e then
savel nterconnect( (metal 3 "netal 3") )
savelnterconnect ( (via2 "via2") )

i f( netal 4Avail abl e then
savelnterconnect( (netal 4 "netal 4") )
savel nterconnect ( (via3 "via3") )

i f( netal 5Avail abl e then
savel nterconnect( (nmetal 5 "netal 5") )
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savelnterconnect ( (via4 "via4") )

i f( netal 6Avail abl e then
savel nterconnect( (rmetal 6 "netal 6") )
savel nterconnect( (via5 "viab5") )
)
savel nterconnect ( (nwell Res "res_id") )
savel nterconnect ( (pol yRes "res_id") )
savel nterconnect ( (ncmv4 "nmenv4") )
savel nterconnect ( (nmcmd "ncnd")
savel nterconnect ( (nmcn2 "ncnR")
savel nterconnect ( (nmcnB "ncnB")
savel nterconnect ( (ntnmv3 " ntnv3'
i f( sblockAvailabl e then
savel nterconnect ( (pol ySRes "res_id") )

)
)
) ) ;; add 01 25 5 lines

if( elecAvailable then
savel nterconnect ( (el ecRes "res_id") )

)
i f( highresAvail able then
savel nterconnect ( (el ecH ghres "res_id") )

; Add some |l ayers to the "excell" view for hierarchical extraction
; This nakes it easier to connect upper level "paint" to the pins
; of a lower-level cell, since nore of the |ower-|evel cell shows
; up in the upper-level cell’s extracted cellview
saveDerived( netall ("netal 1" "net") cell_view)
saveDerived( netal 2 ("netal 2" "net") cell _view)
saveDerived( via ("via" "net") cell _view)
i f( netal 3Avail abl e then
saveDerived( netal 3 ("netal 3" "net") cell_view)
saveDerived( via2 ("via2" "net") cell_view)

i f( netal 4Avail abl e then
saveDerived( netal 4 ("netal 4" "net") cell_view)
saveDerived( via3 ("via3" "net") cell_view)

i f( netal 5Avail abl e then
saveDerived( netal5 ("netal 5" "net") cell_view)
saveDerived( viad ("via4" "net") cell_view)

i f( netal 6Avail abl e then
saveDerived( netal 6 ("netal 6" "net") cell_view)
saveDerived( viab ("viab" "net") cell_view)

; Some routines to convert back and forth between the mask | ayers
; and conveni ence layers and to create select layers fromthe
; conveni ence |ayers..
ivif( switch("Layer_create_sel ect_around_field_poly") then
let( ( fieldpoly )
fieldpoly = geonfSize( "poly" (lanbda * 1.0) raw)

saveDerived( geomAnd( nBul k geomAndNot ( fi el dpoly geonOr( "psel ect”
"nselect" ) ) ) ("pselect" "drawing") )

saveDerived( geomAnd( pBul k geomAndNot ( fiel dpoly geonOr( "psel ect”
"nselect” ) ) ) ("nselect" "drawing") )

)
ivlif( switch("Layer_convert_[np]active_to_active") then
saveDerived( geonCat ("nactive" "pactive") ("active" "drawi ng") )
geonkEr ase( "nactive" "draw ng")
geonkEr ase( "pactive" "draw ng")

ivlif( switch("Layer_create_nsel ect_around_nactive") then



let( ( nactive )
nactive = geonfSi ze( "nactive" (lanbda * 2.0) raw )
saveDeri ved( geontCat( geonCutside( nactive "pactive")
geomAndNot ( geonftraddl e( nactive "pactive")"pactive") )
("nsel ect” "drawi ng") )
)

ivif( switch("Layer_create_psel ect_around_pactive") then
let( ( pactive )
pactive = geonfsi ze( "pactive" (lanbda * 2.0) raw )
saveDeri ved( geontCat( geomCutside( pactive "nactive")
geomAndNot ( geonfBtraddl e( pactive "nactive")"nactive") )
("pselect"” "draw ng") )
)

)

ivif( switch("Layer_convert_active_to_[np]active") then
case( well Type
( "P

saveDeri ved( geontCat( geomCutside( "active" "pselect")

geomAndNot ( geontstraddl e( "active" "pselect") "pselect") )
("nactive" "draw ng") )
)

(t
saveDeri ved( geontCat( geom nside( "active" "nselect")
geomAnd( geonfttraddl e( "active" "nselect") "nselect") )
("nactive" "draw ng") )
)

case( well Type
("N
saveDerived( geontat( geomQutside( "active" "nselect")
geomAndNot ( geonfstraddl e( "active" "nselect") "nselect") )
("pactive" "draw ng") )
)

(t
saveDerived( geontCat( geom nside( "active" "pselect")
geomAnd( geonttraddl e( "active"
"pselect") "pselect") )
("pactive" "draw ng") )

have (text) labels show up in extracted view
ivif( switch("Keep_l abel s_in_extracted_view') then
copyG aphics( ("text" "drawi ng") all )
)

) ; drcExtractRul es
) ; let
;o vimts=4:col ums=132: set tw=0:
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Appendix E - Layer Definition file

/******************************************************************

Di va Derived Layer Definitions
*******************************************************************/
/*

* Note that sonme of these variables are set here and sone are set

* above. The ones bel ow are set here because any variable with the
* val ue nil becones unbound when you enter the drcExtractRul es()
* function. Some have to be set above because functions |ike
* error() can’'t be called inside drcExtractRul es(). Weird.

*/

wel | Type = substring( NCSU_ techData] techdesc ]->npsisCode 3 1)
submi cronAvai | abl e = NCSU_t echData] techdesc ]->subm cronRul es
deepAvai | abl e = NCSU_t echDat a[ t echdesc ]->deepRul es

st ackedVi asAvai |l abl e = NCSU_techData[ techdesc ]->stackedVi as

| anbda = atof ( NCSU_techData[ techdesc ]->lanbda )

gridRes = NCSU_techData] techdesc ]->gri dRes

nmodel Prefi x = NCSU_techDat a[ techdesc ]->fet Mdel Prefi x

techfile = techCet TechFile( geCGetEditCel |l View) )

cwel | Avai | abl e = techGet Layer Nun{ techfile "cwell" )
pol ycapAvail able = techGetLayerNun{ techfile "pol ycap" )
npnAvai |l abl e = techGet Layer Nun{ techfil e "pbase" )
ccdAvai | abl e = techGet Layer Nun{ techfile "ccd" )
met al 3Avai | abl e = techGet Layer Nun{ techfile "metal 3" )
met al 4Avai | abl e = techGet Layer Nun{ techfile "metal 4" )
met al 5Avai | abl e = techGet Layer Nun{ techfile "metal 5" )
met al 6Avai | abl e = techGet Layer Nun{ techfile "metal 6" )
met al capAvai | abl e = techGet Layer Nun{ techfil e "metal cap" )
hvAvai | abl e = techGet Layer Nun{ techfile "tactive" )
el ecAvai |l abl e = techGet Layer N\un{ techfile "elec" )
mensAvai | abl e = techGet Layer Nun{ techfile "pstop" )
sbl ockAvai | abl e = techGet Layer Nun({ techfile "sbl ock" )
hi ghresAvail able = techGetLayerNun{ techfile "highres" )
/***************************
DERI VED LAYER DEFI NI TI ONS
***************************/
ivif( switch("drc?") then

nodr c = geonr ( "nodrc" )
)
ivif( switch("extract?") then

nodr c = geomAndNot ( "nodrc" "nodrc" )
)
bkgnd = geonBkgnd()
gwel | = geomOr ( geomAndNot ( ( "gwell" "drawi ng" ) nodrc ) )
nwel | = geomOr ( geomAndNot ( ( "nwell" "drawi ng" ) nodrc ) )
pwel | = geomOr ( geomAndNot ( ( "pwell"™ "drawi ng" ) nodrc ) )
nactive = geontr( geomAndNot ( ( "nactive" "drawi ng" ) nodrc ) )
pactive = geontr( geomAndNot ( ( "pactive" "drawi ng" ) nodrc ) )
active = geontxr( geomAndNot ( ( "active" "drawi ng" ) nodrc ) nactive

pactive )

gsel ect = geontxr ( geomAndNot ( ( "gselect" "drawing" ) nodrc ) )
nsel ect = geontr( geomAndNot ( ( "nselect" "drawi ng" ) nodrc ) )
psel ect = geontr( geomAndNot ( ( "pselect” "drawi ng" ) nodrc ) )
poly = geonmOr ( geomAndNot ( ( "poly" "drawi ng" ) nodrc ) )
metall = geonr( geomAndNot ( ( "metal 1" "drawing" ) nodrc ) )
cc = geomOr ( geomAndNot ( ( "cc" "drawing" ) nodrc ) )
metal 2 = geontr( geomAndNot ( ( "metal 2" "drawing" ) nodrc ) )
vi a = geomOr ( geomAndNot ( ( "via" "drawi ng" ) nodrc ) )
gl ass = geomOr ( geomAndNot ( ( "glass" "drawi ng" ) nodrc ) )
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pad = geonr ( geomAndNot ( ( "pad" "drawi ng" ) nodrc ) )
nol pe = geonOr ( "nol pe" )
cap_id = geonx( "cap_id" )
res_id = geonx( "res_id" )

mcnD = geontxr (" ncnd")
mcnvl = geonOr (" ntnivl")
mcnl = geontr (" nenl”)
mcnV2 = geonOr (" ntnmv2")
mcn = geontx (" ncnk")
mcnvV3 = geonOr (" ntnv3")
mcnB = geontxr (" ncnB")
mcnv4 = geonOr (" ntnmv4")
mcnd = geontxr (" ncnd")

shocc XYt er mi nal =geon®Or ( ntnV3)
nmcndVi ancnV4=geomAnd( nrcndt ncniv4)
i f( netal 3Avail abl e then
metal 3 = geonOr( geomAndNot ( ( "metal 3" "drawing” ) nodrc ) )
vi a2 = geonOr( geomAndNot ( ( "via2" "drawi ng" ) nodrc ) )

i f( netal 4Avail abl e then
metal 4 = geonOr ( geomAndNot ( ( "metal 4" "drawing” ) nodrc ) )
vi a3 = geonOr( geomAndNot ( ( "via3" "drawi ng" ) nodrc ) )

i f( netal 5Avail abl e then
metal 5 = geonOr ( geomAndNot ( ( "metal 5" "drawing" ) nodrc ) )
vi a4 = geonOr( geomAndNot ( ( "via4" "drawi ng" ) nodrc ) )

i f( netal 6Avail abl e then
metal 6 = geonOr ( geomAndNot ( ( "metal 6" "drawing" ) nodrc ) )
vi ab geonOr ( geomAndNot ( ( "vi a5" "drawi ng" ) nodrc ) )

i f( nmetal capAvail abl e then
met al cap = geonr ( geomAndNot ( ( "netal cap” "drawing" ) nodrc ) )

i f( ccdAvail able then
ccd = geonr ( geomAndNot ( ( "ccd" "drawing" ) nodrc ) )

if( cwellAvail able then
cwell = geomOr( geomAndNot ( ( "cwell" "drawing" ) nodrc ) )

i f( polycapAvail abl e then
pol ycap = geonr( geomAndNot ( ( "pol ycap" "drawing" ) nodrc ) )
cpol ycap = geomAnd( pol ycap geontxr( cc cp ) )

i f( sblockAvail abl e then

sbl ock = geonOr( geomAndNot ( ( "sblock" "drawi ng" ) nodrc ) )
)
i

f( highresAvail able then
hi ghres = geontr( geomAndNot ( ( "highres" "drawi ng" ) nodrc ) )

if( nmensAvail abl e then
pstop = geonx ( geomAndNot ( ( "pstop” "drawi ng" ) nodrc ) )
open = geonOr ( geomAndNot ( ( "open" "drawi ng" ) nodrc ) )
)
(elec
-> poly -> active).
*/
if( elecAvailable then
el ec = geonOr( geomAndNot ( ( "elec" "drawing" ) nodrc ) )

ce = geonOr( geonOr( geomAndNot ( ( "ce" "drawi ng" ) nodrc ) )
geomAnd( cc elec ) )
cp = geonOr( geonOr( geomAndNot ( ( "cp" "drawi ng" ) nodrc ) )

geomAnd( cc geomAndNot ( poly ce ) ) )
ca = geonOr( geonOr( geomAndNot ( ( "ca" "drawi ng" ) nodrc ) )



geomAnd( cc geomAndNot ( active geonmxr( cecp ) ) ) )

el se
cp = geonOr( geonOr( geomAndNot ( ( "cp" "drawi ng" ) nodrc ) )
geomAnd( cc poly ) )
ca = geonOr( geonr( geomAndNot ( ( "ca" "drawi ng" ) nodrc ) )

geomAnd( cc geomAndNot ( active cp ) ) )
)

i f( npnAvail abl e then
pbase = geonr ( geomAndNot ( ( "pbase" "drawi ng" ) nodrc ) )
cactive = geontxr ( geomAndNot ( ( "cactive" "drawing" ) nodrc ) )
ca = geonOr( ca geomAnd( cc cactive ) )
)

nActive = geomAnd( active nsel ect )
pActive = geomAnd( active psel ect )
if( ccdAvail able then
nActive = geomAndNot ( nActive ccd )
pActive = geomAndNot ( pActive ccd )
if( cwellAvail able then
nActive geomAndNot ( nActive cwel | )
pActive = geomAndNot ( pActive cwel | )

if( hvAvail abl e then
tactive = geomOr( geomAndNot ( ( "tactive" "drawing" ) nodrc ) )

/*

* This next section basically sets how the well enclosure of

* source/drain active, substrate/well contact and capacitor

* electrode are interpreted. In a pwell process, everything that
* doesn’t have the "pwell" layer drawn on it is assuned to be

* N-type bulk. Sinilarly, in an nwell process, everything that

* doesn’t have the "nwell" layer drawn on it is assuned to be

* P-type bulk. If it’s an "either-well" process, only the areas
* with drawn "pwel " and "nwel | " are assumed to be P-type bul k or

* N-type bul k, respectively.

* Since MOSIS only has N-type processes for now, this is assunmed to
* be the default.
*/
case( wel | Type
( "P
nBul k = geonOr( geonmNot ( pwel |l ) geomAndNot ( nwel | pwell ) )
pBul k = geonOr ( pwel | )
nGhi ¢ geomAndNot ( nActive pwell )
pOhni ¢ geomAnd( pActive pwell )
nNot Chm ¢ = geomAnd( nActive pwell )
pNot Chm ¢ = geomAndNot ( pActive pwel |)

("E
nBul k = geonOr ( nwel | )
pBul k = geonOr ( pwel | )
nGhni ¢ = geonmAnd( nActive nwell )
pOhni ¢ = geonmAnd( pActive pwell )

nNot Chmi ¢ = geomAnd( nActive pwel |l )
pNot Chmi ¢ = geomAnd( pActive nwel |)

i f( npnAvail abl e then

nBul k = geonmCut si de( nwell cactive )
el se

nBul k = geonOr ( nwel | )

)

pBul k = geonOr( geomNot ( nwel |l ) geomAndNot ( pwel | nwell ) )
nGhni ¢ = geonmAnd( nActive nwell )
pOhni ¢ = geomAndNot ( pActive nwel | )



nNot Chm ¢
pNot Chmi ¢

geomAndNot ( nActive nwel |l )
geomAnd( pActive nwell)

)

if( elecAvailable then
nDi ff = geomAndNot ( nNot Chm ¢ geomOr( poly elec ) )
pDi ff = geomAndNot ( pNot Chm ¢ geomOr( poly elec ) )
nChannel = geonfut si de( geomAnd( nNotChnic poly ) elec )
pChannel = geonmfut si de( geomAnd( pNotChnic poly ) elec )
nEl ecChannel = geonfut si de( geomAnd( nNotChnic elec ) poly )
pEl ecChannel = geonfut si de( geomAnd( pNotChnic elec ) poly )

nEl ecChannel Tran = geonButting( nEl ecChannel nDiff keep == 2 )
pEl ecChannel Tran = geonButting( pE ecChannel pDiff keep == 2 )
nEl ecChannel Cap = geonButting( nEl ecChannel nDiff keep == 1)
pEl ecChannel Cap = geonButting( pE ecChannel pDiff keep == 1)
Space = geomNot ( geonOr( active poly elec ) )
el se
nDi ff = geomAndNot ( nNot Chm ¢ poly )
pDi ff = geomAndNot ( pNot Chm c poly )
nChannel = geonmAnd( nNot Chm c poly )
pChannel = geonmAnd( pNot Chm c poly )
Space = geomNot ( geonOr( active poly ) )
nChannel Tran = geonButti ng( nChannel nDiff keep == 2 )
pChannel Tran = geonButti ng( pChannel pDiff keep == 2 )
nChannel Cap = geonButting( nChannel nDiff keep == 1)
pChannel Cap = geonButting( pChannel pDiff keep == 1)
if( hvAvail abl e then
hvnChannel Tran = geomAnd( nChannel Tran tactive )
nChannel Tran = geomAndNot ( nChannel Tr an hvnChannel Tran )
hvpChannel Tran = geomAnd( pChannel Tran tactive )
pChannel Tran = geomAndNot ( pChannel Tran hvpChannel Tran )
)
nDi f f Cont act = geomAnd( ca nD ff )
pDi f f Cont act = geomAnd( ca pD ff )
nChni cCont act = geomAnd( ca nChmic )
pOhni cCont act = geomAnd( ca pChmc )
Gate = geonmAnd( geonr ( nNot Chmi c pNot Chmic) poly )
fieldPoly = geonmAvoi di ng( poly Gate )
mlpCap = geomAnd( geomAnd( poly netall ) cap_id )
nmLsCap = geomAnd( geomAndNot ( netall poly ) cap_id)
nm2niCap = geomAnd( geomAnd( netall netal2 ) cap_id)
if( metal 3Avail abl e then
n8n2Cap = geonmAnd( geonmAnd( netal 2 netal 3 ) cap_id )
if( metal 4Avail abl e then
min8Cap = geonAnd( geonmAnd( netal 3 netal4 ) cap_id )
)
if( metal 5Avail abl e then
nbrmiCap = geonmAnd( geonmAnd( netal 4 netal5 ) cap_id )
if( metal 6Avail abl e then
nménbCap = geonmAnd( geonmAnd( netal 5 netal 6 ) cap_id )
)
if( metal capAvail abl e then
/*

* metal cap is between top-layer netal and next-to-top |layer netal. for *
drc, we need the whole netal shape of the bottomplate, not just the *
met al - met al cap overl ap.

*/
cond(

( netal 6Avai |l abl e
met al capBott om = geonftraddl e( netal 5 netal cap )
met al capCap = geomAnd( netal cap nmetal 5 )
vi abnetal cap = geomAnd( vi a5 net al capBottom)
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vi a5 = geomAndNot ( vi a5 vi abnetal cap )

( metal 5Avai | abl e
met al capBott om = geonftraddl e( netal 4 netal cap )
met al capCap = geonmAnd( netal cap metal 4 )
vi adnetal cap = geomAnd( vi a4 net al capBottom)
vi a4 = geomAndNot ( vi a4 vi adnetal cap )

)
)
i f( elecAvailable then
el ecGate geomAnd( geontxr ( nNot Chm ¢ pNot Chmic) el ec )
fiel dEl ec geomAvoi di ng( elec elecGate )

Capaci torEl ec
Transi st or El ec

geonm nside( elec poly )
geonver| ap( el ec geomNot ( poly ) )

i f( polycapAvail abl e then
pol ycapCap = geomAnd( poly pol ycap )

i f( sblockAvail abl e then
sGat eW dt hCheck = geonti ze( geontSi ze( geomAnd( Gate sblock ) -2.9)

i f( npnAvail abl e then
npnCol | ect or
npnCol | ect or Cont act
npnBasel npl ant

geomAnd( nwel | geomAnd( nsel ect cactive ) )
geomAnd( ca npnCol | ector )
geomAnd( nwel | pbase )

npnEm tter geomAnd( nsel ect npnBasel npl ant )
npnBase geomAndNot ( npnBasel npl ant npnEnitter )
npnBaseTap geomAnd( npnBase psel ect )

npnBaseCont act
npnEm tt er Cont act
npnTran
npnBase npnEnitter ) )

)

if( ccdAvail able then
ccdDiff
ccdCont act

geomAnd( geonOr( cc ca ) npnBaseTap )
geomAnd( geonOr( cc ca ) npnEmitter )
geonEncl ose( nwell geonOr( npnCol | ector

geomAnd( active ccd )
geomAnd( ca ccdDiff )

if( cwellAvail able then

lcDiff = geonttraddl e( cwell active )
| cCont act = geonAnd( ca lcDiff )
| cCap = geomAnd( poly geomAnd( I cDi ff active ) )

)

i f( sblockAvailabl e then

fieldPoly = geomAndNot ( fi el dPoly geonmr( sblock res_id ) )

pol ySRes = geonButti ng( geomAnd( sblock poly ) fieldPoly keep == 2 )

pol yRes = geonButting( geomAndNot ( geomAnd( res_id poly ) polySRes )
fieldPoly keep == 2 )

poly = geonmAndNot ( poly geontr( sblock res_id ) )

el se

fieldPoly = geomAndNot ( fieldPoly res_id )

pol yRes = geonButting( geomAnd( res_id poly ) fieldPoly keep == 2 )

poly = geomAndNot ( poly res_id )

; res_id/elec
if( elecAvailable then
; currently can only do highres over elec (poly2)
i f( highresAvail abl e then
fiel dEl ec = geomAndNot ( fi el dEl ec geontxr( res_id highres ) )
el ecRes = geonButting( geomAnd( res_id elec ) fiel dEl ec keep == 2 )
el ecH ghres = geonButting( geomAnd( highres elec ) fiel dEl ec keep == 2 )
el ec = geomAndNot ( el ec geontx( res_id highres ) )
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el se

fieldElec = geomAndNot ( fiel dElec res_id )
el ecRes = geonButting( geomAnd( res_id elec ) fieldEl ec keep == 2 )
el ec = geomAndNot ( elec res_id )

; res_id/ nwell

nBul k = geomAndNot ( nBul k res_

id)

nwel | Res = geonButting( geomAnd( res_id nwell ) nBulk keep == 2 )

nwel | = geomAndNot ( nwel | res_

cond(
( netal 6Avai |l abl e

id) ; wo this, whole well is connected

i f( nmetal capAvail abl e then
geonConnect ( vi a( nChm cContact nChmic nwell nBul k netall )
via( pChnicContact pOhnmic pwell pBulk nmetall )

vi a(
vi a(
vi a(
vi a(
vi a(
vi a(
vi a(
vi a(
vi a(

nDi ff Contact nDiff nmetall )
pDi ff Contact pDiff nmetall )
cp poly netall )

via netall netal 2 )

via2 netal 2 metal 3 )

via3 netal 3 metal 4 )

viad nmetal 4 metal 5 )

viab netal 5 metal 6 )

vi abnetal cap nmetal cap netal 6 )

label ( "text" netal 6 netal cap metal5 netal 4 netal 3

metal2 metal 1 poly pDiff nDff )

el se

geonConnect ( via( nChmi cContact nChmc nwell nBulk netal 1l )
via( pChnicContact pOhnic pwell pBulk nmetall )

vi a(
vi a(
vi a(
vi a(
vi a(
vi a(
vi a(
vi a(

nDi ff Contact nDiff nmetall )
pDi ff Contact pDiff nmetall )
cp poly netall)

via netall netal 2 )

via2 netal 2 metal 3 )

via3 netal 3 metal 4 )

viad netal 4 metal 5 )

viab netal 5 metal 6 )

| abel ( "text" metal 6 metal5 nmetal 4 metal 3 netal 2

metall poly pDiff nDiff )
)
)

( netal 5Avai | abl e

i f( metal capAvail abl e then
geonmConnect ( vi a( nChm cContact nChmic nwell nBulk netall )
via( pChm cContact pChmic pwel |l pBulk metal 1)

vi a(
vi a(
vi a(
vi a(
vi a(
vi a(
vi a(
vi a(

nDi ff Contact nDiff nmetall )
pDi ff Contact pDiff nmetall )
cp poly netall)

via netall netal 2 )

via2 netal 2 metal 3 )

via3 netal 3 metal 4 )

viad netal 4 metal 5 )

vi adnetal cap nmetal cap netal 5 )

label ( "text" metal5 netal cap netal 4 nmetal 3 netal 2

metall poly pDiff nDiff )
)

el se

geonConnect ( via( nChmi cContact nChmc nwell nBulk netall )
via( pChnicContact pOhnic pwell pBulk nmetall )

vi a(
vi a(
vi a(
vi a(

nDi ff Contact nDiff nmetal 1)
pDi f f Contact pDiff nmetall )
cp poly netall)

via netall netal 2 )

88



via( via2 metal 2 metal 3 )
via( via3 nmetal 3 nmetal 4 )
via( viad nmetal 4 metal 5 )
| abel ( "text" metal5 metal4 metal 3 metal 2 netal 1
poly pbDiff nDff )
)
)

)
( netal 4Avai |l abl e
if( elecAvailable then
geonConnect ( vi a( nChm cContact nChmic nwell nBulk netall )
via( pChm cContact pChmic pwell pBulk metall )
via( nDiffContact nDiff nmetall )
via( pbDiffContact pDff nmetall )
via( cp poly nmetall)
via( ce elec nmetall )
via( via nmetall netal 2 )
via( via2 nmetal 2 nmetal 3 )
via( via3 netal 3 netal 4 )
| abel ( "text" metal 4 metal 3 netal 2 netal 1l el ec
poly pDiff nD ff )
)
el se
geonConnect ( via( nChmi cContact nChmc nwell nBulk netal 1l )
via( pChnicContact pOhnic pwell pBulk nmetall )

via( nbDiffContact nDiff netall )
via( pbDiffContact pDff netall )
via( cp poly nmetall )
via( via nmetall metal 2 )
via( via2 nmetal 2 metal 3 )
via( via3 nmetal 3 netal 4 )

vi a( mremdVi ancnivd ntnd nenv4)

vi a(shoccXYterm nal ncnB ncniv3) ; add two |ine 01/25

label ( "text" metal4 netal 3 netal 2 netal 1 poly

pDiff nDiff )
)

)
)
( netal 3Avai |l abl e & cwel | Avai | abl e
geonConnect ( via( nChmi cContact nChmc nwell nBulk netal 1l )
via( pChnicContact pOhmic pwell pBulk nmetall )
via( nbDiffContact nDiff netall )
via( pbDiffContact pDiff netall )
via( lcContact IcDff netall)
via( cp poly netall )
via( via nmetall netal 2 )
via( via2 metal 2 metal 3 )
label ( "text" metal 3 netal 2 netall poly |cDff pDff nDff )

( netal 3Avai |l abl e & el ecAvail abl e
geonConnect ( vi a( nChm cContact nChmic nwell nBulk netall )
via( pChm cContact pChnmic pwel | pBulk metal 1)
via( nbDiffContact nDiff netall )
via( pbDiffContact pDiff netall )
via( cp poly netall )
via( ce elec netall )
via( via nmetall netal 2 )
via( via2 metal 2 metal 3 )
label ( "text" metal 3 netal 2 netall elec poly pDffnDiff )

)

)
( netal 3Avai |l abl e
geonConnect ( via( nChmi cContact nChmic nwell nBulk netal 1l )
via( pChnicContact pOhmic pwell pBulk nmetall )
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via( nbDiffContact nbDiff netall )
via( pbDiffContact pbDiff netall )
via( cp poly netall )
via( via nmetall netal 2 )
via( via2 nmetal 2 metal 3 )
label ( "text" nmetal 3 netal 2 netal 1 poly pDff nDff )

)

( npnAvail abl e && ccdAvail abl e && el ecAvail abl e
geonConnect ( vi a( nChm cContact nChmic nwell nBulk netall )

vi a( pChni cContact pChmic pwel | pBulk netall )
via( nbDiffContact nDiff netall )
via( pbDiffContact pbDiff netall )
via( ccdContact ccdDiff nmetall )
via( npnEm tterContact npnEmtter nmetal 1l )
npnBaseCont act npnBaseTap npnBase netal 1 )
npnCol | ect or Cont act npnCol |l ector nmetal 1 )
via( cp poly netall )
via( ce elec netall )
via( via nmetall netal 2 )

label ( "text" metal 2 metal1l elec poly pDff nDff

ccdDi ff npnCol | ector npnEnmitter npnBase )

vi a(
vi a(

( npnAvail abl e && el ecAvail abl e
geonmConnect ( vi a( nChm cContact nChmic nwell nBul k netall )
via( pChm cContact pChmic pwel |l pBulk metall )
via( nbDiffContact nDiff netall )
via( pbDiffContact pbDiff netall )
via( npnEm tterContact npnEmtter nmetal 1l )
vi a( npnBaseCont act npnBaseTap npnBase netal 1 )
via( npnCol | ect or Cont act npnCol | ector netal 1 )
via( cp poly netall )
via( ce elec netall )
via( via nmetall netal 2 )
label ( "text" metal2 netall elec poly pDiff nDiff
npnCol | ector npnEmitter npnBase )

)

)
( pol ycapAvai l abl e
geonConnect ( via( nChm cContact nChmic
via( pChni cContact pOhmic
via( nbDiffContact nbDiff
via( pbDiffContact pDiff
via( cp poly netall )
via( cpol ycap pol ycap netal 1)
via( via nmetall netal 2 )
| abel ( "text" nmetal 2 metal 1 poly polycap pDiff nDiff )

nwel | nBulk netal 1)
pwel | pBulk nmetal 1l )
netal 1)
netal 1)

)

)
(t
geonConnect ( via( nChmi cContact nChmc nwell nBulk netall )
via( pChnicContact pOhmic pwell pBulk nmetall )
via( nbDiffContact nDiff netall )
via( pbDiffContact pbDiff netall )
via( cp poly netall )
via( via metall netal 2 )
label ( "text" netal2 netall poly pDff nDff )

)
)

ivif( switch("drc?") then

ivif( ( !'switch("hier?") || switch("currentCell?") ) then

dubi ousData( ( "gwel I" "draw ng" ) "I nproperly forned shape - gwell)
dubi ousData( ( "nwell" "draw ng" ) "I nproperly forned shape - nwell")
dubi ousData( ( "pwel " "draw ng" ) "I nproperly forned shape - pwell")

dubi ousData( ( "active" "draw ng" )

"I nproperly formed shape - active,
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nactive or pactive" )

dubi ousDat a( ( "gselect” "drawing" ) "lInproperly fornmed shape - gselect" )
dubi ousData( ( "nselect” "drawing" ) "lInproperly fornmed shape - nselect" )
dubi ousDat a( ( "psel ect” "drawing" ) "Inproperly forned shape -pselect")
dubi ousData( ( "poly" "draw ng" ) "I nmproperly formed shape - poly" )
dubi ousData( ( "netal 1" "drawing” ) "lInproperly forned shape - metal 1")
dubi ousData( ( "ca" "draw ng" ) "I nmproperly formed shape - ca" )
dubi ousData( ( "cp" "draw ng" ) "I nmproperly forned shape - cp" )
dubi ousData( ( "netal 2" "drawing”" ) "lnproperly forned shape - netal 2")
dubi ousData( ( "via" "draw ng" ) "I nproperly forned shape - via")
dubi ousDat a( ( "glass" "draw ng" ) "I nproperly forned shape - gl ass")

saveDeri ved( geontet Non45( gwell ) "Non- Manhatt an shape - gwel I " )
saveDerived( geontet Non45( nwel | ) "Non- Manhat t an shape - nwel [ " )
saveDerived( geontet Non45( pwel | ) "Non- Manhat t an shape - pwel " )
saveDerived( geonGet Non45( active ) "Non-Manhattan shape - active,
nactive or pactive" )
saveDeri ved( geontGet Non45( gselect ) "Non-Manhattan shape - gselect" )
saveDerived( geonGet Non45( nselect ) "Non-Manhattan shape - nselect" )
saveDeri ved( geontGet Non45( pselect ) "Non-Manhattan shape - pselect” )

saveDeri ved( geontet Non45( poly ) "Non- Manhat t an shape - poly" )
saveDerived( geonGet Non45( netall ) "Non-Manhattan shape - metal 1" )
saveDerived( geontet Non45( ca ) "Non- Manhattan shape - ca" )
saveDerived( geontet Non45( cp ) "Non- Manhatt an shape - cp" )
saveDerived( geonGet Non45( netal 2 ) "Non-Manhattan shape - metal 2" )
saveDeri ved( geonGet Non45( via ) "Non- Manhat t an shape - via" )

offGid( gwell gridRes "(SCMOS I nst) Edge not on grid" )
of fGid( nwell gridRes "(SCMOS Inst) Edge not on grid" )
of fGid( pwell gridRes "(SCMOS Inst) Edge not on grid" )
of fGrid( active gridRes "(SCMOS |Inst) Edge not on grid" )
of fGrid( gselect gridRes "(SCMOS Inst) Edge not on grid" )
of fGrid( nselect gridRes "(SCMOS I nst) Edge not on grid" )
of fGrid( pselect gridRes "(SCMOS Inst) Edge not on grid" )
offGrid( poly gridRes "(SCMOS Inst) Edge not on grid" )
offGrid( netall gridRes "(SCMOS |Inst) Edge not on grid" )
offGrid( ca gridRes "(SCMOXS Inst) Edge not on grid" )
offGid( cp gridRes "(SCMOXS Inst) Edge not on grid" )
offGid( nmetal 2 gridRes "(SCMOS Inst) Edge not on gri
offGrid( via gridRes "(SCMOS | nst) Edge not on grid"
i f( npnAvail abl e then
dubi ousDat a( ( "pbase" "drawi ng" ) "I nproperly forned shape -pbase" )
saveDerived( geontet Non45( pbase ) "Non- Manhat t an shape - pbase")
off&id( pbase gridRes "(SCMOXS Inst) Edge not on grid" )
dubi ousData( ( "cactive" "draw ng" ) "I nproperly formed shape -cactive" )
saveDerived( geontet Non45( cactive ) "Non- Manhatt an shape -cactive" )
off &id( cactive gridRes "(SCMOS Inst) Edge not on grid" )

d" )
)

if( ccdAvail able then

dubi ousData( ( "ccd" "draw ng" ) "I nproperly formed shape -ccd" )
saveDeri ved( geonGet Non45( ccd ) "Non- Manhat t an shape - ccd"
of fGrid( ccd gridRes "(SCMOS I nst) Edge not on grid" )

i f( netal 3Avail abl e then

dubi ousData( ( "netal 3" "drawing" ) "lnproperly fornmed shape -nmetal 3")
dubi ousData( ( "via2" "draw ng" ) "I nproperly formed shape -via2" )
saveDerived( geontetNon45( metal 3 ) "Non-Manhattan shape - netal 3")
saveDerived( geontet Non45( via2 ) "Non- Manhatt an shape - viaz2" )

of fGrid( netal 3 gridRes "(SCMOS | nst) Edge not on grid" )
of fGrid( via2 gridRes "(SCMOS Inst) Edge not on grid" )

i f( netal 4Avail abl e then

dubi ousData( ( "netal4" "drawing" ) "lInproperly forned shape -netal 4" )
dubi ousDat a( ( "via3" "draw ng" ) "I nproperly forned shape -via3" )
saveDerived( geontetNon45( metal4 ) "Non-Manhattan shape - netal 4")
saveDerived( geontet Non45( via3 ) "Non- Manhatt an shape - via3" )

of fGrid( netal 4 gridRes "(SCMOS | nst) Edge not on grid" )
of fGrid( via3 gridRes "(SCMOS Inst) Edge not on grid" )
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i f( netal 5Avail abl e then
dubi ousData( ( "netal 5" "draw ng" )
dubi ousData( ( "via4" "draw ng" )
saveDerived( geontetNon45( metal5 ) "Non-Manhattan shape - mnetal 5")
saveDerived( geontet Non45( viad ) "Non- Manhatt an shape - via4" )
offGid( netal5 gridRes "(SCMOS | nst) Edge not on grid" )
offGid( viad gridRes "(SCMOS Inst) Edge not on grid" )

"I nproperly formed shape -netal 5" )
"l nproperly formed shape -via4" )

i f( netal 6Avail abl e then
dubi ousData( ( "netal 6" "draw ng" )
dubi ousData( ( "viab" "draw ng" )
saveDerived( geontetNon45( metal 6 ) "Non-Manhattan shape - mnetal 6")
saveDerived( geontet Non45( viab ) "Non- Manhatt an shape - via5" )
offGrid( netal 6 gridRes "(SCMOS | nst) Edge not on grid" )
of fGrid( viab gridRes "(SCMOS Inst) Edge not on grid" )

"I nproperly formed shape -netal 6" )
"I nproperly formed shape -viab5" )

i f( netal capAvail abl e then
ubi ousDat a( ( "metal cap” "drawing" ) "lnproperly formed shape -nmetal cap" )
saveDerived( geontetNon45( metalcap ) "Non-Manhattan shape -netal cap” )
off &Gid( metal cap gri dRes "(SCMOS Inst) Edge not on grid" )

if( elecAvailable then
dubi ousData( ( "elec" "draw ng" )
dubi ousData( ( "ce" "draw ng" ) "I nproperly formed shape - ce")
saveDerived( geontet Non45( el ec ) "Non- Manhatt an shape - elec" )
saveDerived( geontetNon45( ce ) "Non- Manhatt an shape - ce" )
offGid( elec gridRes "(SCMOS Inst) Edge not on grid" )
offGid( ce gridRes "(SCMOS Inst) Edge not on grid" )

"I nproperly formed shape -el ec" )

if( cwellAvail able then

dubi ousData( ( "cwell"™ "draw ng" ) "I nproperly formed shape -cwel |" )
saveDerived( geontet Non45( cwell ) "Non- Manhatt an shape - cwel | ")
offGid( cwell gridRes "(SCMOS Inst) Edge not on grid" )

i f( polycapAvail abl e then
dubi ousDat a( ( "pol ycap" "draw ng" ) "I nproperly forned shape -polycap" )
saveDeri ved( geomet Non45( pol ycap ) "Non- Manhat t an shape - pol ycap" )

off &id( polycap gridRes "(SCMOS Inst) Edge not on grid" )

i f( sbl ockAvail abl e then
dubi ousData( ( "sblock" "draw ng" ) "I nproperly forned shape -sbl ock"” )
saveDerived( geontet Non45( shl ock ) "Non- Manhat t an shape -sbl ock" )
off&Gid( sblock gridRes "(SCMOS | nst) Edge not on grid" )

if( nmensAvail abl e then
dubi ousData( ( "pstop" "draw ng" ) "I nproperly formed shape -pstop" )
saveDerived( geontet Non45( pstop ) "Non- Manhatt an shape - pstop")
of fGrid( pstop gridRes "(SCMOS Inst) Edge not on grid" )
dubi ousData( ( "open" "draw ng" ) "I nproperly forned shape -open" )
saveDeri ved( geontGet Non45( open ) "Non- Manhatt an shape - open"

of fGrid( open gridRes "(SCMOS Inst) Edge not on grid" )

)
if( hvAvail abl e then
dubi ousData( ( "tactive" "draw ng" )
saveDeri ved( geontet Non45( tactive )
offGid( tactive gridRes
)

"I nproperly forned shape -tactive" )
"Non- Manhat t an shape -tactive" )
"(SCMOS Inst) Edge not on grid" )

)

gwel | Edge = geonGet Edge( gwel | )
nwel | Edge = geonGet Edge( nwel | )
pwel | Edge = geonGet Edge( pwel | )
acti veEdge = geontGet Edge( active )
gsel ect Edge = geontGet Edge( gsel ect )
nsel ect Edge = geontGet Edge( nsel ect )
psel ect Edge = geontGet Edge( psel ect )
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pol yEdge = geontet Edge( poly )
met al 1Edge = geontet Edge( netall )
ccEdge = geonGet Edge( cc )
caEdge = geontet Edge( ca )
cpEdge = geontGet Edge( cp )
met al 2Edge = geontet Edge( netal 2 )
vi aEdge = geonGet Edge( vi a )
gl assEdge = geontet Edge( gl ass )
padEdge = geontet Edge( pad )
cwel | Avai | abl e t hen
cwel | Edge = geontGet Edge( cwel | )
i f( npnAvail abl e then
pbaseEdge = geontet Edge( pbase )
cacti veEdge = geontet Edge( cactive )
if( ccdAvail able then
ccdEdge = geontet Edge( ccd )
)
i f( polycapAvail abl e then
pol ycapEdge = geontet Edge( pol ycap )
cpol ycapEdge = geontet Edge( cpol ycap )
)
i f( sblockAvail abl e then
sbl ockEdge = geontet Edge( sbl ock )
)
i f( highresAvail abl e then
hi ghr esEdge = geontGet Edge( hi ghres )
if( nmensAvail abl e then
pst opEdge = geontGet Edge( pstop )
openEdge = geontet Edge( open )
if( elecAvailable then
ceEdge = geontGet Edge( ce )
el ecEdge = geontet Edge( el ec )
)
i f( netal 3Avail abl e then
met al 3Edge = geontet Edge( netal 3 )
vi a2Edge = geontet Edge( vi a2 )
i f( netal 4Avail abl e then
met al 4Edge = geonCet Edge( netal4 )
vi a3Edge = geontet Edge( vi a3 )
i f( netal 5Avail abl e then
met al 5SEdge = geontet Edge( netal 5 )
vi adEdge = geontet Edge( vi a4 )
)
i f( netal 6Avail abl e then
met al 6Edge = geontet Edge( netal 6
vi abEdge = geontet Edge( vi ab )
i f( nmetal capAvail abl e then
met al capEdge geonCet Edge( rmetal cap )

)
i f(

met al capBot t onEdge
met al capCapEdge
cond(

( netal 6Avai l abl e

)

( netal 5Avai |l abl e

)

vi abnet al capEdge = geontet Edge( vi abnetal cap )

vi adnet al capEdge = geontet Edge( vi adnetal cap )

)

hvAvai | abl e then

geonCet Edge(
geonCet Edge(

met al capBott om)

met al capCap )
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tactiveEdge

= geontet Edge( tactive

)
nBul kEdge = geontet Edge( nBul k )

pBul kEdge = geonGet Edge( pBul k )
nGChni cEdge = geontet Edge( nOhmic )
pOhni cEdge = geontet Edge( pOhmic )
nNot Chm cEdge = geontet Edge( nNot Chmic )
pNot Chni cEdge = geontet Edge( pNot Chmic )
Gat eEdge = geontet Edge( Gate )
fi el dPol yEdge = geontGet Edge( fiel dPoly )

)

if( elecAvailable then
Capaci t or El ecEdge
Tr ansi st or El ecEdge

= geontet Edge( CapacitorElec )
= geontet Edge( Transi storEl ec )
i f( npnAvail abl e then

npnCol | ect or Edge

npnCol | ect or Cont act Edge

npnBasel npl ant Edge

geomCet Edge(
geomCet Edge(
geonmCet Edge(

npnCol | ect or
npnCol | ect or Cont act
npnBasel npl ant

npnEm tt er Edge geonet Edge( npnEnitter
npnBaseEdge geontet Edge( npnBase
npnBaseTapEdge geonet Edge( npnBaseTap

npnBaseCont act Edge
npnEni tt er Cont act Edge

geonmCet Edge(
geonmCet Edge(

npnBaseCont act
npnEmi t t er Cont act

if( ccdAvail able then
ccdDi f f Edge
ccdCont act Edge

geonCet Edge( ccdD f f )
geonCet Edge( ccdContact )

if( cwellAvail able then
| cDi ff Edge
| cCapEdge

= geonGet Edge( | cDiff )
= geontGet Edge( | cCap )
i f( polycapAvail abl e then

pol ycapCapEdge = geontGet Edge( pol ycapCap )

i f( sblockAvail abl e then
sGat eW dt hCheckEdge = geomCet Edge( sGat eW dt hCheck )

)
i f( sblockAvailabl e then
pol ySResEdge = geontet Edge( pol ySRes )

pol yResEdge = geontet Edge( pol yRes coi nci dent poly )
nwel | ResEdge = geontet Edge( nwel | Res coi ncident nwel | )
if( elecAvail abl e & highresAvail abl e then
el ecH ghresEdge = geontet Edge( el ecRes coi ncident el ec )

) ; close ivlif( switch( "?drc" ) )



Appendix F — The HSPICE Netlist

* # FILE NAME: /AFS/ UNI TY. NCSU. EDU USERS/ A/ AKVARMA/ CADENCE/ SI MULATI ON/
* SHOCC_TEST/ hspi ceS/ extracted/ netli st/ SHOCC TEST. C.r aw

* Netlist output for hspiceS

* Cenerated on Feb 21 19: 35:05 2001

* File name: TEST_SHOCC 3_SHOCC TEST extracted. S.

* Subcircuit for cell: SHOCC TEST.

* Generated for: hspiceS

* Generated on Feb 21 19:35:05 2001.

Cl5 0 3 2.72160008051513E-15 M-1.0
Cl7 0 2 3.42629994065343E-15 M-1.0
Cl9 3 4 5.51700002414217E-15 M-1.0
C21 2 3 3.38814004758844E-15 M-1.0
C23 0 3 2.25783006013562E-15 M-1.0
C25 0 1 2.12688003703952E-15 M-1.0

C27 VvDD! 0 164.090719094109E-15 M1.0

Me9 VDD! IN 1 VDDI  HP14TBP L=600E-9 WF3.6E-6 AD=21. 0150005036658E-12
+AS=5. 39999989168649E- 12 PD=23. 5499992413679E- 6 PS=6. 59999977870029E-6 M-1
MB1 2 1 vDD!' VDD HP14TBP L=600E-9 W14.1E-6 AD=21. 1500001540132E-12
+AS=21. 0150005036658E- 12 PD=17. 0999992405996E- 6 PS=23. 5499992413679E-6 M1
MB3 VDD! 2 3 VDDl HP14TBP L=600E-9 W-32.1E-6 AD=93. 9150007761569E- 12
+AS=28. 8899997674674E- 12 PD=10. 1249997896957E- 6 PS=1. 7999999499807E- 6 M-1
MB5 3 2 VDD! VDD HP14TBP L=600E-9 W-32.1E-6 AD=28.8899997674674E-12
+AS=48. 1500013471692E- 12 PD=1. 7999999499807E- 6 PS=35. 1000016962644E-6 M-1
MB7 4 3 VDD!' VDDI HP14TBP L=900E-9 W42.15E-6 AD=101. 159997045741E- 12
+AS=75. 8699977843058E- 12 PD=46. 9500009785406E- 6 PS=3. 5999998999614E- 6 M-1
MB9 VDD! 3 4 VDD HP14TBP L=900E-9 W42.15E-6 AD=75.8699977843058E- 12
+AS=75. 8699977843058E- 12 PD=3. 5999998999614E- 6 PS=3. 5999998999614E-6 M-1
M1 4 3 VvDD!' VDDI HP14TBP L=900E-9 W42.15E-6 AD=75.8699977843058E- 12
+AS=75. 8699977843058E- 12 PD=3. 5999998999614E- 6 PS=3. 5999998999614E-6 M-1
W3 VDD! 3 4 VDD HP14TBP L=900E-9 W42.15E-6 AD=75.8699977843058E- 12
+AS=75. 8699977843058E- 12 PD=3. 5999998999614E- 6 PS=3. 5999998999614E-6 M-1
M5 4 3 VDD!I' VDDI  HP14TBP L=900E-9 W42.15E-6 AD=75.8699977843058E- 12
+AS=93. 9150007761569E- 12 PD=3. 5999998999614E- 6 PS=10. 1249997896957E-6 M-1
MA7 OUT 9 VDD!' VDDI HP14TBP L=2.25E-6 We2.55E-6 AD=11.0925001822748E- 12
+AS=11. 8575002247545E- 12 PD=11. 2500001705484E- 6 PS=11. 850000191771E-6 M1
MA9 0 IN1 O HPL14TBN L=600E-9 WF1.8E-6 AD=11. 0699999514297E- 12
+AS=2.69999994584325E- 12 PD=13. 5000000227592E- 6 PS=4. 80000016978011E-6 M1
Ml 2 1 0 0 HP14TBN L=600E-9 Wr7.2E-6 AD=10.799999783373E- 12

+AS=11. 0699999514297E- 12 PD=10. 2000003607827E-6 PS=13.5000000227592E-6 M1
M3 0 2 3 0 HP14TBN L=600E-9 W16.2E-6 AD=47.2499990522568E- 12

+AS=14. 5800004014429E- 12 PD=7.57499992687372E-6 PS=1. 7999999499807E-6 M-1
M5 3 2 0 0 HP14TBN L=600E-9 W16.2E-6 AD=14.5800004014429E- 12

+AS=24. 2999995125892E- 12 PD=1. 7999999499807E- 6 PS=19. 2000006791204E-6 M-1
M7 4 3 0 0 HP14TBN L=900E-9 Wr21.15E-6 AD=50. 7600003696318E- 12

+AS=38. 0699985425004E- 12 PD=25. 949999326258E- 6 PS=3. 5999998999614E-6 M-1
M9 0 3 4 0 HP14TBN L=900E-9 Wr21.15E-6 AD=38. 0699985425004E- 12

+AS=38. 0699985425004E- 12 PD=3. 5999998999614E- 6 PS=3. 5999998999614E-6 M-1
M6l 4 3 0 0 HP14TBN L=900E-9 Wr21.15E-6 AD=38. 0699985425004E- 12
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+AS=38. 0699985425004E- 12 PD=3. 5999998999614E- 6 PS=3.5999998999614E-6 M-1
M63 0 3 4 0 HP14TBN L=900E-9 W-21.15E-6 AD=38.0699985425004E- 12
+AS=38. 0699985425004E- 12 PD=3. 5999998999614E- 6 PS=3.5999998999614E-6 M-1
M65 4 3 0 O HP14TBN L=900E-9 W-21.15E-6 AD=38. 0699985425004E- 12
+AS=47. 2499990522568E- 12 PD=3. 5999998999614E- 6 PS=7.57499992687372E-6 M-1
M67 OQUT 9 0 O HP14TBN L=2.25E-6 W-2.4E-6 AD=11. 1600000074485E- 12
+AS=10. 799999783373E- 12 PD=11. 6999999590917E- 6 PS=11. 4000004032278E-6 M=1
U69 12 0 13 0  UMDDELX L=563.599984161556E- 6

Ul 11 0 13 0 UMDDELY L=444.050005171448E-6

Us3 10 0 12 O UMDDELY L=482. 150004245341E-6

X75 4 10 BUMP_BSUBCKT_1

X77 9 11 BUMP_BSUBCKT_1

.1ib "/ ncsu/ cadence/ | ocal / nodel s/ hspi ce/ hpl4t b/ hsp_nom | i b" hpl4t bp

.1ib "~/ cadence/unodel Y. i unodel Y

.1ib "~/ cadence/unodel X. i unodel X

.1ib "/ncsu/ cadence/ | ocal / nodel s/ hspi ce/ hpl4t b/ hsp_nom | i b" hpl4t bn

* Include files

VDD VDD 0 3.3

VINO O PULSE (0O 3.3 ON 0.5N 0.5N 3N 6N)

. TRAN 0. 1N 15N

. OPTI ONS LI ST NODE POST

* End of Netlist

. SUBCKT BUMP_BSUBCKT 1 1 2

RBUWP 1 3 17. 2M

LBUWP 3 2 8.94P

CBUW 2 0 18. 4F

. ENDS BUWP_BSUBCKT_1

. TEMP 25. 0000

. END
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Appendix G — Transmission Line Models

UMODEL X

.1 b unodel X

. MCDEL unodel X U | evel =3
+pl ev=1

+el ev=2

+r11=7. 6e2

+cr 1=150e- 12

+| 11=508e- 9

. endl unodel X

UMODEL Y

.lib unodel Y

. MCDEL unodel Y U | evel =3
+pl ev=1

+el ev=2

+r11=7. 6e2

+crl1l=116e- 12

+l 11=508e- 9

.endl unodel Y

BUMP

.SUBCKT &1 1 2
Rounp 1 3 &2
Lbunp 3 2 &3
Coump 2 O &4

. ENDS &1
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Appendix H — divaLVS.rul file

/*

* LVS rules file for SHOCC package
* Last edit Feb 2 2001

*/

I vsRul es(
pr ocedur e( conbi nePar al | el FET(mL n®)
prog((m mnml mnR)
(mt =1list(nil))
if((((m->) '=nil) & ((nM2->1) !'=nil)) then
if(((m->1) = (n2->1))
return(" doNot Corbi ne")

)
(nt-> = (ni->1))
)
if(((m->m !'=nil) then

(m.m (m->m) else
(m.ni 1)

)

if(((m2->m !=nil) then
(m.ne (nm2->m) else
(m.n2 1)

)
if((((m->w) '=nil) & ((n2->wW) != nil)) then
(m->w=((mnl * (mM->w)) + (mn2 * (n2->w))))

)
return(nt)
)
)
pr ocedur e( conpar eFET(mL nR)
prog((errMsg err m
(errMsg = "")
(err =nil)
if(((m->) ==nil) then
(errMsg = strcat(errMsg "M ssing transistor length property \"I\"
(layout)\n"))
(err =1)

)
if(((nm->) ==nil) then
(errMsg = strcat(errMsg "M ssing transistor length property \"I\"
(schematic)\n"))
(err =1)

)
if(((m->w) == nil) then
(errMsg = strcat(errMsg "M ssing transistor width property \"w"
(layout)\n"))
(err =1)

)
if(((nm2->w) == nil) then
(errMsg = strcat(errMsg "M ssing transistor width property \"w"
(schematic)\n"))
(err =1)

if(err then
return(errMsg)

)
if(((abs(((m->) - (nm2->1))) * 1000000.0) > 0.01) then
(errMsg = strcat(errMg
sprintf(nil "Transistor length msmatch: |ayout % 2f um
schematic % 2f umn"
((mil->l) * 1000000. 0)
((nm2->1) * 1000000. 0)
)
))
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(err =1)

)

if(((m->m !=nil) then
(m=(n2->n)) else
(m=1)

)
if(((abs(((m->w) - ((n2->w) * n))) * 1000000.0) > 0.01) then
(errMsg = strcat (err Mg
sprintf(nil "Transistor width m smatch: |ayout % 2f um
schematic % 2f umn"
((nl->w) * 1000000. 0)
((nm2->w) * m* 1000000. 0)

)
))
(err =1)

if(err then
return(errMsg) else
return(nil)

)
)
procedur e( conbi neParal | el Res(r1 r2)
prog((rt)
(rt =1list(nil))

if((((r1->r) '=nil) && ((r2->r) !'=nil))
(rt->r = (((r1->r) * (r2->r)) / ((r1->r) + (r2->r))))

return(rt)

)
pr ocedur e( conbi neSeri esRes(r1 r2)
prog((rt)
(rt =1list(nil))

if((((r1->r) '=nil) && ((r2->r) !'=nil))
(rt->r = ((r1->r) + (r2->r)))
)

return(rt)

)

pr ocedur e( conpar eResi stor(rl r2)
prog((errMsg err)
(errMsg = "")
(err =nil)
if(((r1->r) == nil) then
(errMsg = strcat(errMsg "M ssing resistance property \"r\"
(layout)\n"))
(err =1)

)
if(((r2->r) ==nil) then
(errMsg = strcat(errMsg "M ssing resistance property \"r\"
(schematic)\n"))
(err =1)

if(err then
return(errMsg)

)
if((abs(((r1->r) - (r2->r))) > (NCSU_LVSResSl ack * (r2->r))) then
sprintf(errMsg "Resi stance nmisnmatch: |ayout %, schematic %\ n"
round((r1->r))
round((r2->r))

)
return(errMsg)

return(nil)



pr ocedur e( conbi nePar al | el Cap(cl c2)

prog((ct)
(ct =1list(nil))
if((((cl->c) '=nil) & ((c2->c) !'=nil))

(ct->c = ((cl->c) + (c2->c)))

)
return(ct)

)

pr ocedur e( conbi neSeri esCap(cl c2)

prog((ct)
(ct =1list(nil))
if((((cl->c) '=nil) & ((c2->c) !'=nil))

(ct->c = (((cl->c) * (c2->c)) / ((cl->c) + (c2->c))))
return(ct)

renoveDevi ce("ulwi reSX" short("in" "out"))
renoveDevi ce(" bunp” short("in" "out"))
renoveDevi ce(" ulwi reSY" short("in" "out"))
permut eDevi ce(parall el "nfet" conbineParal | el FET)
permut eDevi ce(paral l el "pfet" conbineParal | el FET)
permut eDevi ce(paral l el "nnos" conbi nePar al | el FET)
permut eDevi ce(paral | el "pnos" conbi nePar al | el FET)
permut eDevi ce(paral | el "nnos4" conbi neParal | el FET)
per mut eDevi ce(paral | el "pnos4" conbi neParal | el FET)
per nut eDevi ce(parall el "res"™ comnbi neParall el Res)
per nut eDevi ce(series "res" conbi neSeri esRes)
NCSU_LVSResSl ack = 0. 10

conpar eDevi ceProperty("res" conpareResi stor)

per nut eDevi ce(paral l el "cap" comnbi neParal | el Cap)
permut eDevi ce(seri es "cap" comnbi neSeri esCap)
conpar eDevi ceProperty("nfet" conpareFET)

conpar eDevi ceProperty("pfet" conpareFET)

conpar eDevi cePropert y("nmos" conpar eFET)

conpar eDevi cePropert y("pnos" conpar eFET)

conpar eDevi cePropert y("nnmos4" conpar eFET)

conpar eDevi cePropert y("pnos4" conpar eFET)

per mut eDevi ce(MOS "nfet")

per mut eDevi ce(MOS "pfet")

per mut eDevi ce( MOS "nnos")

per mut eDevi ce( MOS " pnos")

per mut eDevi ce( MOS "nnos4")

per mut eDevi ce( MOS " pnos4")

i gnoreTerminal ("nfet" "B
ignoreTernminal ("pfet" "B
i gnoreTerm nal ("nnos" "B
i gnoreTerninal ("pnos" "B
i gnoreTerm nal ("nnos4" "B" )
i gnoreTerm nal ("pnos4" "B" )

)

)
)
)
)
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