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(57) ABSTRACT 

A substrate device is designed by identifying one or more 
criteria for handling of a transient electrical event on the 
substrate device. The one or more criteria may be based at 
least in part on an input provided from a designer. From the 
one or more criteria, one or more characteristics may be 

determined for integrating VSD material as a layer Within or 
on at least a portion of the substrate device. The layer of VSD 
material may be positioned to protect one or more compo 
nents of the substrate from the transient electrical condition. 
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SYSTEM AND METHOD FOR INCLUDING 
PROTECTIVE VOLTAGE SWITCHABLE 
DIELECTRIC MATERIAL IN THE DESIGN 
OR SIMULATION OF SUBSTRATE DEVICES 

RELATED APPLICATIONS 

[0001] This application is a Continuation of US. patent 
application Ser. No. 11/860,530 entitled SYSTEM AND 
METHOD FOR INCLUDING PROTECTIVE VOLTAGE 
SWITCHABLE DIELECTRIC MATERIAL IN THE 
DESIGN OR SIMULATION OF SUBSTRATE DEVICES, 
?led Sep. 24, 2007, Which claims bene?t of priority to Pro 
visional US. Patent Application No. 60/943,556, entitled 
SYSTEM AND METHOD FOR PROGRAMMATICALLY 
DESIGNING ELECTRONIC DEVICES USING VOLTAGE 
SWITCHABLE DIELECTRIC MATERIAL, ?led Jun. 13, 
2007; the aforementioned priority applications being hereby 
incorporated by reference in its entirety. 

TECHNICAL FIELD 

[0002] Embodiments described herein pertain to design or 
simulation of electrical devices. In particular, embodiments 
described herein pertain to a system and method for including 
protective voltage sWitchable dielectric material in the design 
or simulation of substrates and other electrical devices. 

BACKGROUND 

[0003] Electronic Design Automation software and similar 
programmatic tools enable the design and/or simulation of 
components on electronic devices. Examples of such devices 
include printed circuit boards (PCBs) and integrated circuit or 
semiconductor packages. Typical functionality provided With 
such tools include schematic entry, behavioral modeling, cir 
cuit simulation, full custom layout, physical veri?cation, 
extraction and back-annotation. Used mainly for analog, 
mixed-signal, radio-frequency communication components 
(“RF”), and standard-cell or memory designs. EDA softWare 
may also be used for functions such as (i) create integrated 
circuit devices, including testing and placing and routing of 
such devices; (ii) simulate function veri?cation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] Embodiments described herein may be referenced 
to any one or more of the folloWing ?gures. 
[0005] FIG. 1 is a simpli?ed diagram of a system for 
designing integrated circuit devices using voltage sWitchable 
dielectric material (VSD material), according to an embodi 
ment of the invention. 
[0006] FIG. 2A and FIG. 2B each illustrate a method for 
designing or simulating the application of VSD material onto 
the subject device, according to an embodiment of the inven 
tion. 
[0007] FIG. 3A is a simpli?ed block diagram illustrating 
the manner in Which VSD material may be incorporated into 
a substrate, according to one or more embodiments of the 
invention. 
[0008] FIG. 3B illustrates a data structure that may be 
maintained by the VSD material library, under an embodi 
ment of the invention. 
[0009] FIG. 4 is a method illustrating hoW a layout forVSD 
material implementation may be determined, under an 
embodiment of the invention. 
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[0010] FIG. 5A is an illustrative side-cross sectional vieW 
representing a deposit of VSD material at a given point on a 
substrate 500 during a design or simulation phase, according 
to an embodiment of the invention. 
[0011] FIG. 5B illustrates a variation in Which a protective 
electrical path includes an antipad, under an embodiment of 
the invention. 
[0012] FIG. 6A and FIG. 6B are top vieWs of a substrate 
illustrating the implementation of area considerations for 
VSD material, according to an embodiment of the invention. 
[0013] FIG. 7 illustrates the use of shape as another spatial 
implementation detail for the integration of VSD material on 
a substrate or other device during a design or simulation 
phase, under an embodiment of the invention. 
[0014] FIG. 8 illustrates an embodiment in Which the 
implementation details include the determination of some or 
all of the locations Where VSD formations are to provide 
transient connections to a protective electrical path, under an 
embodiment of the invention. 
[0015] FIG. 9 illustrates the design or simulation for imple 
menting VSD material into a multilayered device, under one 
or more embodiments of the invention. 
[0016] FIG. 10 illustrates a design or a simulation of a 
backplane of a display device, under an embodiment of the 
invention. 
[0017] FIG. 11 illustrates use of an optimization module 
1100 in connection With a system such as shoWn and 
described With an embodiment of FIG. 3A, under an embodi 
ment of the invention. 
[0018] FIG. 12 illustrates a system for use With one or more 
embodiments. 
[0019] FIG. 13 is a graph representation of a relationship 
betWeen the threshold voltage level (Y-axis) and the gap value 
Qi-axis), under an embodiment of the invention. 
[0020] FIG. 14 is a graph illustrating the off-state resistance 
of VSD material of the ?rst type, as Would be determined 
experimentally across a gap separation of increasing siZe, 
under an embodiment of the invention. 
[0021] FIG. 15 is a graph of an embodiment illustrating the 
off-state resistance of VSD material of the ?rst type, for 
different gap siZes, With effects resulting from operational 
voltages that range in siZe. 

DETAILED DESCRIPTION 

[0022] Embodiments described herein provide for pro 
grammatic design or simulation of substrates carrying elec 
trical elements to integrate voltage sWitchable dielectric 
(“VSD”) material as a protective feature. In particular, VSD 
material may be incorporated into the design of a substrate 
device for purpose of providing protection against transient 
electrical conditions, such as electrostatic discharge (ESD). 
In this respect, embodiments described herein may be used as 
part of a computer system or programmatic process for 
designing and/or simulating substrate devices. As an 
example, one or more embodiments may be implemented as 
part of an Electronic Design Automation (EDA) program, 
Which are normally used to design and produce electronic 
devices and systems, including printed circuit board (PCBs), 
display devices and backplanes, integrated circuit devices, 
semiconductor components and devices. 
[0023] Generally, VSD material refers to material that 
exhibits the property of (i) acting as a dielectric in the absence 
of some threshold voltage or energy that is signi?cant in the 
context or environment Where the VSD material is provided, 
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(ii) becomes conductive When applied a voltage that is in 
excess of a threshold voltage level. The threshold voltage 
level may vary for different kinds of VSD materials, but it 
generally exceeds the operational voltage of the surrounding 
environment of theVSD material.As a result of this switching 
property, VSD material can be positioned to form transient 
electrical connections that can protect against transient elec 
trical events, most notably electrostatic discharge (ESD). 
[0024] Embodiments described herein recogniZe that an 
ESD event typically ranges from a feW hundred volts to tens 
of thousands of volts, With peak amperages of a feW amps to 
tens of amps. ESD events are both high Wattage (product of 
volts and current) and loW energy events (as energy is a 
product of volts current and duration), since an ESD event 
only lasts from picoseconds to a feW nanoseconds. When a 
VSD material is triggered to the “on” state With a high voltage 
pulse, current begins to How through the thickness of the 
material. 
[0025] Some devices or structures are capable of handling 
ESD events by including a layer of VSD material Within or on 
a thickness of the device. Conventional approaches provide 
for depositing VSD material to occupy a layer Within a thick 
ness of a printed circuit board. Such a layer may be tied to 
various electrical leads or current carrying elements through 
vias as conductive elements. US. Pat. No. 6,797,145 (hereby 
incorporated by reference in its entirety) describes a tech 
nique for implementing VSD material Within a current carry 
ing structure in a manner that enables the VSD material to be 
used to plate the conductive element. Such plating techniques 
may also enable the device to have some capabilities for 
handling ESD events. 
[0026] Numerous examples of VSD material exist, includ 
ing those described in US. patent application Ser. No. 
11/881,896 and US. patent application Ser. No. 11/829,951, 
both of Which are incorporated by reference in their respec 
tive entirety. VSD material may also include commercially 
available products sold under the name “SURGX”, manufac 
tured by the SURGX CORPORATION (Which is oWned by 
LITTLEFUSE INC.). VSD material can further be character 
iZed as a material having non-linear resistance. 

[0027] Moreover, according to one or more embodiments, 
the VSD material has a characteristic of being uniform in its 
composition, While exhibiting electrical characteristics as 
stated. In such an embodiment, the VSD material is com 
prised of a matrix or binder that contains conductive and/or 
semi-conductive material that is substantially uniformly dis 
tributed. 
[0028] As used here, “design phase” or “simulation phase” 
of a substrate or other device refers to data representations of 
such substrates and devices. 
[0029] In the description and examples provide, the char 
acteristic voltage level and the threshold values are assumed 
values, determined from experimental conditions that can be 
affected by numerous variables. As such, the values described 
in this application should not be considered physical certain 
ties, like Would be the case for the property of density. 
[0030] Embodiments described herein provide for a system 
or method for design or simulation of a substrate device. 
Speci?cally, numerous embodiments described herein exist, 
or are otherWise implemented, in the context of a design or 
simulation phase of a substrate device. In a design or simu 
lation phase, no actual substrate device is necessary for prac 
ticing one or more embodiments described herein. Rather, 
embodiments that are described herein in the context of a 
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design or simulation phase may use data representations of 
substrate devices, VSD material, components and elements of 
the substrate device, and the behavior of the components/ 
elements/V SD material under various conditions. 
[0031] In one embodiment, a substrate device is designed 
by identifying one or more criteria for the handling of a 
transient electrical event on the substrate device. The one or 
more criteria may be based at least in part on an input pro 
vided from a designer. From the one or more criteria, one or 
more characteristics may be determined for integrating VSD 
material as a layer Within or on at least a portion of the 
substrate device. The layer of VSD material may be posi 
tioned to protect one or more components of the substrate 
from the transient electrical condition. 
[0032] In another embodiment, a system is provided for 
manufacturing a substrate device (rather than a system for 
design or simulation apart from manufacture). The system 
may include an interface, a memory resource and a process 
ing resource. The interface receives one or more criteria from 
a designer. The memory resource stores information about the 
substrate and/or various types of VSD material. The process 
ing resource may be con?gured to use the input and the 
information stored in the memory to: (i) identify one or more 
criteria for handling of a transient electrical event on the 
substrate device; and (ii) determine, from the one or more 
criteria, one or more characteristics for integrating VSD 
material as a layer Within or on at least a portion of the 
substrate device. The layer of VSD material is positioned to 
protect one or more components of the substrate from the 
transient electrical condition. 
[0033] Still further, an embodiment provides for designing 
a substrate device during a design or simulation phase. 
Responsive to an interaction With a designer, a plurality of 
locations are selected on a substrate device that are to provide 
a protective electrical path When the transient electrical event 
occurs. At each of the plurality of locations, a dimension of a 
layer of aVSD material is determined at the selected location. 
The dimension of the layer of VSD material is selected based 
at least in part on a threshold measure of energy that is 
required to cause the layer of VSD material to sWitch from a 
dielectric state into a conductive state. When the VSD mate 
rial is in the conductive state, the VSD material interconnects 
one or more components to the protective electrical path. 

[0034] Another embodiment provides for determining a 
spacing of one or more electrical components that are to be 
connectable on a substrate device. In an embodiment, one or 
more electrical tolerances are identi?ed for an electrical com 

ponent that is to be protected against transient electrical 
events by a protective electrical path. A layer of VSD material 
may be identi?ed that is to provide a gap separation betWeen 
the electrical component and the protective electrical path. 
The VSD material is capable of sWitching from a dielectric 
state into a conductive state With application of a measure of 
energy that exceeds a threshold level, and the threshold level 
may be dependent at least in part on a dimension of the VSD 
material. In an embodiment, the gap separation is siZed or 
dimensioned so that the threshold level for the measure of 
energy that causes the VSD material to sWitch is less than the 
one or more tolerances of the electrical component. 

[0035] According to another embodiment, a system is pro 
vide for enabling design or simulation of at least a portion of 
a substrate device. The system includes a data store and a 
con?guration module. The data store maintains data that ref 
erences a ?rst entry representing a ?rst type of VSD material 
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With one or more properties of the ?rstVSD material. The one 
or more properties of the ?rst VSD material may include a 
value representing a characteristic voltage per designated 
length. The characteristic voltage per designated length may 
correspond to a knoWn or designated voltage level value that, 
When applied across a designated length of the ?rst VSD 
material, causes the ?rst VSD material to sWitch from a 
dielectric state into a conductive state. The con?guration 
module determines, from one or more interactions With a 
designer of the system, (i) one or more dimensional param 
eters that are based on spatial constraints of the portion or of 
the substrate, and (ii) a voltage level that is tolerable by one or 
more electrical components that are to be protected in the 
portion of the substrate device. The con?guration module 
may be con?gured to determine a gap separation that (i) is to 
be provided by a layer of the ?rst VSD material on at least the 
portion of the substrate, and (ii) is to separate at least one 
electrical component from a protective electrical path on the 
substrate for transient events. Additionally, the con?guration 
module determines the gap separation based at least in part on 
determining (i) a threshold voltage level that Will likely cause 
the ?rst VSD material to sWitch into the conductive state (ii) 
based on the characteristic voltage per designated length and 
a siZe of the gap separation. The con?guration module may 
further ensure that the threshold voltage level is less than the 
tolerable voltage level of the one or more electrical compo 
nents. 

[0036] An embodiment further includes an optimiZation 
system for enabling design or simulation of at least a portion 
of a substrate device. The system includes a data store, a 
con?guration module, and an optimiZation component. The 
data store maintains information about a plurality of types of 
VSD materials. The information may include a characteristic 
voltage per designated length for each of one or more types of 
VSD materials. The characteristic voltage per designated 
length may correspond to a voltage level applied across a 
designated length of a particular type of VSD material that is 
likely to trigger the VSD material of the type to sWitch from 
being in a dielectric state to being in a conductive state. The 
con?guration module may be con?gured to determine, from 
one or more interactions With a designer of the system, (i) one 
or more dimensional parameters that are based on spatial 
constraints of the portion or of the substrate, and (ii) a voltage 
level that is tolerable by one or more electrical elements that 
are to be protected in the portion of the substrate device. The 
con?guration module is con?gured to determine, for any of 
the plurality of types of VSD materials, a gap separation that 
(i) is to be occupied by that type of VSD material on at least 
the portion of the substrate, and (ii) is to separate at least one 
electrical element from a protective electrical path for tran 
sient events. The con?guration module is further con?gured 
to determine, for any one of the plurality of types of VSD 
material, the gap separation needed for using a layer of that 
VSD material to separate the at least one electrical element 
from the protective electrical path. The optimiZation compo 
nent is con?gured to make a selection of at least one of (i) a 
selected type of VSD material from the plurality of types of 
VSD material, or (ii) a siZe of the gap separation for the 
selected type of VSD material. The optimiZation component 
may also be con?gured to make the selection based on one or 
more optimiZation criteria. 

[0037] Still further, one or more embodiments include a 
system for optimiZing application of VSD material on a sub 
strate device. The system includes an interface, a memory 
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resource, and a processing resource. The interface may be 
con?gured to receive one or more criteria from a designer of 
the substrate device. The memory resource stores information 
about at least one of the substrate or of various types of VSD 
material. The processing resource is coupled to the interface 
and to the memory resource, and is con?gured to use the input 
and the information stored in the memory to (i) identify one or 
more criteria for handling of a transient electrical event on the 
substrate device; and (ii) determine, from the one or more 
criteria, one or more characteristics for integrating VSD 
material as a layer Within or on at least a portion of the 
substrate device. The layer of VSD material may be posi 
tioned to protect one or more components of the substrate 
from the transient electrical condition. One or more optimi 
Zation criteria are identi?ed for integrating VSD material onto 
some or all of the substrate. 

[0038] Additionally, an embodiment includes a data sys 
tem. The data system may be used for applications that 
include enabling design or simulation of a substrate device. 
The data system includes a data store that is accessible to a 
con?guration module for integrating VSD material into a 
substrate device. The data store maintains a plurality of 
entries, and each entry (i) identi?es a type of VSD material, 
and (ii) includes data that identi?es one or more electrical 
characteristics of the type of VSD material that are pertinent 
to integration of that type of VSD material into the substrate 
device. The one or more electrical characteristics of the type 
of VSD material may include any one or more of: (i) a char 
acteristic measurement of energy that, When applied to a 
designated measurement of the type ofV SD material, is likely 
to cause the VSD material of the type to sWitch from a dielec 
tric state to being in a conductive state, (ii) a leakage current 
associated With the type of VSD material; or (iii) an off-state 
resistance associated With the type of VSD material. 
[0039] As provided beloW, numerous other embodiments 
are described. Additional embodiments may also combine 
features of multiple different embodiments even though such 
combinations are not expressly stated in this application. 
[0040] Embodiments described herein provide that meth 
ods, techniques and actions performed by a computing device 
are performed programmatically, or as a computer-imple 
mented method. Pro grammatically means through the use of 
code, or computer-executable instructions. A programmati 
cally performed step may or may not be automatic. 
[0041] One or more embodiments described herein may be 
implemented through the use of modules or components. A 
module or component may include a program, a subroutine, a 
portion of a program, or a softWare component or a hardWare 
component capable of performing one or more stated tasks or 
functions. As used herein, a module or component can exist 
on a hardWare component independently of other modules/ 
components, or a module or component can be a shared 
element or process of other modules, programs or machines. 

[0042] Furthermore, one or more embodiments described 
herein may be implemented through the use of instructions 
that are executable by one or more processors. These instruc 
tions may be carried on a computer-readable medium. 
Machines shoWn in ?gures beloW provide examples of pro 
cessing resources and computer-readable mediums on Which 
instructions for implementing embodiments of the invention 
can be carried and/or executed. In particular, the numerous 
machines shoWn With embodiments of the invention include 
processor(s) and various forms of memory for holding data 
and instructions. Examples of computer-readable mediums 
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include permanent memory storage devices, such as hard 
drives on personal computers or servers. Other examples of 
computer storage mediums include portable storage devices, 
such as CD or DVD devices, ?ash memory (such as carried on 
many cell phones and personal digital assistants (PDAs)), and 
magnetic memory. Computers, terminals, netWork enabled 
devices (eg mobile devices such as cell phones) are all 
examples of machines and devices that utiliZe processors, 
memory, and instructions stored on computer-readable medi 
ums. 

[0043] Application ofVSD Material on Substrate Device 
[0044] FIG. 1 is a simpli?ed diagram of a system for 
designing integrated circuit devices using voltage sWitchable 
dielectric material (VSD material), according to an embodi 
ment of the invention. A system 100 for designing electronic 
devices may be implemented in the context of creating a neW 
electronic device (such as an integrated circuit device or 
printed circuit board) in combination With a manufacturing or 
production process, and/or simulating or testing operations of 
a layout or construct of the device. Examples of devices that 
may be produced and/or simulated With embodiments 
described herein include printed circuit boards, Wafers and 
chips, semiconductor packaging substrate, display devices 
and backplanes, and other circuit devices or hardWare (col 
lectively “subject device”). In addition to substrate-class of 
internal devices, embodiments may also be used to design 
various electrical and protective features on more integrated 
or completed devices, such as electronic handheld devices 
(such as cell phones or electronic paper). For example, one or 
more embodiments enable the design of a housing of a cell 
phone or device carrying trace elements and/or integrated 
logic. Thus, the term “device” is intended to include substrate 
devices, including internal components that carry or provide 
hardWare and logic, as Well as completed or partially formed 
devices that may include designed electrical elements While 
being in a stage of being functional or near functional. For 
example, the term device may include products that may 
integrate electrical elements and/or logic in a ?nished hous 
ing or structure. 

[0045] With reference to an embodiment of FIG. 1, system 
100 may include a design module 110 for creating a design 
layout for the subject device 122. A designer 102 may inter 
face and operate the design module 110 to specify or con?g 
ure layout and/or design information of the subject device 
122. In one implementation, design module 110 corresponds 
to softWare design application that can be operated by a 
designer through use of a computer terminal. For example, 
the softWare design application may correspond to an elec 
tronic design automation (EDA) package, such as manufac 
tured by Cadence System designs, Inc. or Mentor Graphics. 
[0046] The designer 102 may implement various kinds of 
information in the design module 110, including circuit lay 
out, components, design parameters, and/ or performance cri 
teria. These speci?cations enable the subject device 122 to be 
designed, simulated and optionally produced in a design 
medium 120. As such, the design medium 120 may be virtual 
or simulated, or alternatively actual or real. The simulated or 
virtual design medium may correspond to a computer-imple 
mented environment that enables, for example, simulation or 
testing of a subject device 122. As embodiments such as 
described pertain to design or simulation, device 122 may 
include data representations of actual physical devices. A real 
design medium may include the use of manufacturing, pro 
duction and/or other implementation equipment and pro 
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cesses for implementing designs generated from module 110 
onto the subject device 122 production. 
[0047] In one embodiment, design module 110 includes 
logic 114 for determining and automating application ofV SD 
material onto the subject device 122. Logic 114 may be 
responsive to design and/ or performance parameters 104 
speci?ed by the designer 102 and/ or obtained from other 
sources. The application of VSD material may include an 
initial determination as to Whether VSD material is to be used. 
In one embodiment, an initial determination is made as to 
Whether a board or base element of the subject device 122 is 
to include VSD material. For example, the user may simply 
select a substrate for the design that has embedded Within it a 
layer of VSD material. If VSD material is to be included, VSD 
material application logic 114 may use various prompts and/ 
or design (“VSD material con?gurations 116”) speci?cations 
to determine hoW VSD material is to be applied on the subject 
device 122. 

[0048] In an embodiment, the design module 110 may pro 
vide an initial prompt 111 or interface to enable the designer 
102 to elect (explicitly or implicitly) to have the VSD material 
included in the subject device 122. The module 110 may also 
provide one or more subsequent prompts 111 or interfaces to 
determine speci?cs about the device under design, including 
tolerance levels of individual elements on the substrate, spa 
tial constraints, and device type. In one embodiment, all of the 
information used in determining a con?guration for the VSD 
material is inferred. For example, user input pertaining to 
voltage tolerances of individual components or elements of a 
device under design may be used to programmatically deter 
mine at least some of the VSD con?guration information, 
such as, for example, the type of VSD material used and one 
or more spatial characteristics of the VSD material (e. g. gap 
separation or shape, as described beloW). In another embodi 
ment, some of VSD con?gurations may be determined from 
user-input that directly pertains to the VSD material. The 
responses to the prompts 111 may be provided by inputs 113 
of the designer 102. The additional VSD material con?gura 
tions 116 may, for example, specify location of the VSD 
material, and material composition of the VSD material or 
other factors that may affect the performance of the VSD 
material in the presence of an ESD event. Under one embodi 
ment, the presence and speci?cation of the VSD material may 
be tied to the ESD characteristics desired from the subject 
device 122. 

[0049] FIG. 2A and FIG. 2B each illustrate a method for 
designing or simulating the application of VSD material onto 
the subject device, according to an embodiment of the inven 
tion. In describing the different methodologies, reference is 
made to elements of FIG. 1 for purpose of describing ele 
ments that may be suitable for performing a step or sub-step. 
A method or methods such as described may be performed 
programmatically, such as through an EDA application 
installed and made operation on a terminal. 

[0050] In step 210, the design module 110 prompts the user 
for information that is directly or indirectly related to the 
application of VSD material on the subject device 122. In one 
embodiment, the prompts include an initial prompt as to 
Whether the designer Wishes to include VSD material and/or 
its protective functionality on the substrate. As an alternative 
or variation, the designer may also be prompted for one or 
more of the folloWing: (i) for desired ESD characteristics or 
types of electrical events that are to be protected, (ii) optimi 
Zation parameters, such as cost or priority in spatial con 
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straints, (iii) regional input affecting location Where VSD 
material is to be provided. The prompts listed are not intended 
to be exhaustive, but numerous other prompts may also be 
included. In one implementation, the prompts may be in the 
form of questions that direct the user to enter the desired 
characteristics. As another implementation, the prompts may 
be provided in the form of presentation of graphical menus or 
other graphical features or options that enable the user to 
specify design choices (such as relating to ESD handling 
capabilities). 
[0051] Based on information provided by the user, a deter 
mination is made in step 215 as to Whether VSD material is to 
be present on the subject device 122. In one implementation, 
the determination is as simple as the user electing to have 
VSD material and/ or material protection against ESD and/or 
other transient events. In another implementation, the deter 
mination may be programmatically inferred from, for 
example, input from the designer specifying desired charac 
teristics of the subject device 122 and hoW the subject device 
122 is to handle ESD (e.g. tolerance voltage levels). 
[0052] If the VSD material is not necessary, step 220 pro 
vides that the design of the subject device 122 is carried 
forWard Without use of VSD material. If the VSD material is 
deemed necessary, step 230 provides that the design of the 
subject device 122 is carried forWard With VSD material 
integrated in the construct or thickness of the device. In one 
embodiment, for example, the application or program per 
forming the method selects a substrate that has VSD material 
integrated as an internal or surface layer Within the substrate. 

[0053] FIG. 2B illustrates additional steps that may be 
optionally performed as part of or subsequent to step 230, in 
Which a determination has been made to include VSD mate 
rial in the design or simulation of a substrate. In a step 235, 
some or all of the layout or routing of current-carrying ele 
ments or devices is determined and/or implemented auto 
matically. Step 235 may include automatically performing 
one or more of the folloWing, based on the determination that 
VSD material is to be present on the device 122: (i) routing the 
board of current carrying traces, elements and devices, (ii) 
determining desired impedance and/or capacitance values of 
select elements on the subject device 122 in routing the ele 
ments, (iii) preserving signal integrity and characteristics in 
performing the routing. 
[0054] As an addition or alternative to routing the board, 
components of the subject device 122 may be selected. In one 
embodiment, step 235 may thus provide full or partial auto 
mation of routing or otherWise implementing a design of the 
subject device 122, based on the determination that the device 
is to inherently include a layer of VSD material, such as in the 
form of a layer of VSD material in a thickness of a substrate 
of the subject device 122. 
[0055] Still further, as another alternative or addition to step 
235, step 240 may enable the designer 102 to enter informa 
tion regarding desired performance parameters, material 
strength and/ or components that are to be used on the subject 
device. Based on such information, step 240 con?gures or 
constructs VSD material elements Within the subject device 
122. In one implementation, the material composition of the 
VSD material may be set by the material properties of the 
subject device 122. For example, the pliability or strength of 
the board or its components may determine the composition, 
thickness and location of the VSD material. LikeWise, perfor 
mance parameters such as sWitching voltage (as provided by 
characteristic voltage per designated length) may affect the 
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type and/or thickness of VSD material used, or the manner in 
Which VSD material is used to plate vias or other conductive 
areas of the subject device 122. In this Way, the application of 
VSD material is based on information provided by the user 
relating to desired characteristics of (i) the subject device 122 
and/or (ii) hoW the subject device handles the ESD events. 
[0056] VSD Material Con?guration During Design Phase 
[0057] As an addition or alternative to embodiments such 
as described above, one or more embodiments described 
herein provide for the design or simulation of a substrate to 
incorporate programmatic selection or design of speci?c 
characteristics (under design or simulation) of the VSD mate 
rial, including both localiZed and substrate-level characteris 
tics. FIG. 3A is a simpli?ed block diagram illustrating the 
manner in Which VSD material may be incorporated or inte 
grated into a substrate device, according to one or more 
embodiments of the invention. In an embodiment, a con?gu 
ration component for implementing VSD material during 
design or simulation of a substrate is provided as VSD con 
?guration module 310. The VSD con?guration module 310 
may form, for example, a program or a portion thereof. Alter 
natively, the VSD con?guration module 310 may provided by 
multiple programs or program portions, Whether independent 
or integrated With one another. More speci?cally, VSD con 
?guration module 310 may correspond or include the logic 
114 of the design module described With one or more embodi 
ments of FIG. 1. As Will be described, the VSD con?guration 
module 310 may be used in connection With a design library 
350 and/ or VSD material library 360. In one implementation, 
each library may be provided in the form of a data store, 
retaining data and information that corresponds to a set of 
instructions or data, distributed in multiple sources or main 
tained in one location (eg such as in one ?le). 

[0058] In general, embodiments described herein recog 
niZe that VSD material may be of various types in that numer 
ous compositions of the material are possible. The composi 
tion of the VSD material affects electrical and physical 
properties of the VSD material. Some of the pertinent elec 
trical properties of the VSD material include the characteris 
tic voltage or energy levels by Which a speci?c type or com 
position of VSD material sWitches on (ie sWitch from being 
dielectric to being conductive). 
[0059] The characteristic energy level indicates a measure 
of energy needed in order to sWitch-on a given amount of 
VSD material of a particular type. As the ability for VSD 
material to sWitch on generally lasts a short time period, the 
amount of energy required to sWitch VSD material into the 
conductive state may be represented by the characteristic 
energy level. The characteristic energy level for a given type 
of VSD material generally corresponds to some form of 
energy (such as voltage) that can be applied to a designated 
measurement of VSD material in order to sWitch the VSD 
material into the conductive state. The designated measure 
ment of VSD material may correspond to a linear dimension 
of VSD, corresponding to a gap or separation distance 
betWeen tWo conductive elements that are to be connected 
When the VSD material sWitches on. While the form of energy 
may be expressed as current, poWer or electric ?eld, embodi 
ments described herein primarily refer to the characteristic 
energy level has being in the form of an applied voltage. It 
should be apparent, hoWever, that use of applied voltage may 
readily be substituted for other forms of energy, such as 
current or poWer. The use of applied voltage as the form of 
energy that de?nes the characteristic energy level and the 
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behavior of the VSD material under transient and operating 
conditions is a matter of choice, as simple relationships can 
substitute voltage for other forms of energy. For example, the 
application of Ohms laW (Which may be strictly applied only 
at a limited range of voltage values, given non-linear resistive 
nature of VSD material) may enable identi?cation of a char 
acteristic current from the characteristic voltage. 

[0060] In the description provided herein, the “characteris 
tic energy level” is represented through voltage (i.e. the “char 
acteristic voltage level”). The “characteristic voltage level” is 
(i) speci?c to a particular type of VSD material, and (ii) is 
knoWn With some degree of certainty to cause a designated 
measurement of the particular type of VSD material to sWitch 
from being dielectric to being conductive. Unless stated oth 
erWise, the characteristic voltage level is a voltage that is 
applied over a designated length of VSD material and is 
knoWn to cause the amount of VSD material occupying that 
length to sWitch into a conductive state. As stated previously, 
the use of voltage as the form of energy may be substituted for 
other forms of energy, such as current, poWer, or electric ?eld. 

[0061] A “threshold energy level” represents an amount of 
applied energy for sWitching the VSD material into an on 
state. When the applied energy is expressed as voltage, a 
“threshold voltage level” or “on-voltage” refers to the voltage 
level that is needed to sWitch a particular quantity of VSD 
material into a conductive state. In many cases, the threshold 
voltage level can be assumed to be a product value of the 
characteristic voltage level per designated length multiplied 
by the length of VSD material that is present. 
[0062] More speci?cally, the characteristic energy level 
includes elements of a trigger and a clamp. A trigger energy 
level is an initial energy level that initiates the material to 
sWitch from being dielectric to being conductive. The clamp 
energy level is the energy level that needs to be maintained in 
order to maintain the VSD material in an “on-state”. When 
expressed as voltage, both the trigger voltage and clamp 
voltage provide a measure of energy that can be applied in a 
given duration to effect the sWitch in the electrical character 
istics of the material. Even though the length of time that the 
VSD material can remain on is brief, in some cases, the 
application of energy as measured from the trigger voltage 
may be compensated for by time. In at least some scenarios, 
the trigger voltage may be reduced or compensated for With a 
lesser voltage that exceeds the clamp voltage and lasts a 
suf?cient duration. In most cases, the occurrence of a voltage 
exceeding the clamp voltage is a requirement for sWitching 
the VSD material on. HoWever, the trigger voltage does not 
alWays have to be matched in order to sWitch the VSD mate 
rial on. As such, unless stated otherwise, embodiments 
described herein Which reference a characteristic voltage 
level (per designated length) of VSD material should be 
assumed to reference the clamp voltage. 
[0063] Another electrical characteristic of VSD material 
for consideration is a measurement of leakage current, or 
alternatively, off-state resistivity. In general, leakage current 
is undesirable, but can be tolerated. Different types of VSD 
material have varying leakage current rates. Moreover, leak 
age current characteristics of VSD material (or alternatively 
the off-state resistance) may ?uctuate With other factors, 
including operational voltage. Thus, the environment for use 
of the VSD material, and more speci?cally, the operational 
voltage, may also be a consideration When VSD material is 
analyZed or otherWise considered for design. 
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[0064] For any given type of VSD material, both the thresh 
old voltage (needed to sWitch the material “on”) and the 
leakage current are or affected by the effective amount of 
material present at a relevant location (i.e. betWeen tWo con 
ductive paths). The effective amount of material may be mea 
sured linearly, by area or by volume. In general, the greater a 
linear length of VSD material in use (alternatively termed the 
gap separation or gap value), (i) the greater the threshold 
voltage level needed to sWitch the material on, and (ii) the 
lesser the amount of leakage current present (or conversely 
the higher the off-state resistance). As a matter of reference, 
the characteristic voltage level and leakage current values for 
VSD material may be speci?ed by a designated length. 
[0065] The amount of area or volume of VSD material at a 
relevant location betWeen tWo conductive points may also be 
pertinent to electrical properties that are to be present 
betWeen the tWo conductive points. For example, in come 
cases, the volume occupied by VSD material in providing the 
transient connection may increase leakage current. 
[0066] Embodiments described herein recogniZe that dur 
ing design or simulation of a substrate device or other elec 
trical component, the VSD material may be selectively posi 
tioned to form a transient connection betWeen a conductive 
path and a protective electrical path (e. g. such as a ground). A 
designer of the substrate or electrical device may specify 
design criteria for the transient connection, that explicitly or 
implicitly results in a determination of one or more of the 
folloWing: (i) at What voltage level should the connection be 
sWitched on (i.e. the threshold voltage level); (ii) hoW much 
leakage current is acceptable at the connection, considering 
tolerance levels of surrounding components; (iii) hoW much 
space is available for the transient connection. 
[0067] In the application of VSD material to accommodate 
a given design criteria, the folloWing determinations may then 
be made: (i) the type of VSD material that is to be used, as the 
type affects desired electrical characteristics; and/or (ii) the 
gap separation distance that the VSD material is to occupy in 
forming the transient connection. One or more embodiments 
may also consider the area and volume (i.e. thickness and 
area) that the VSD material is to occupy in providing the 
separation and transient connection betWeen tWo conductive 
elements. 

[0068] Under an embodiment, VSD con?guration module 
310 implements the various considerations and principles 
described for integrating VSD material onto a substrate as 
part of a transient protective connection. As described, the 
considerations and principles for implementing VSD mate 
rial may require determination of parameters relating to spa 
tial restraints of the device or area Where VSD material to be 
present, tolerance levels of components and elements that 
surround or may use the VSD material, and transient level 
requirements (eg desired level of ESD protection) of the 
device or elements that are to be protected. With reference to 
an embodiment of FIG. 3A, the parameters are collectively 
referred to as design parameters 312. VSD con?guration 
module 310 uses design parameters 312 to determine specif 
ics about hoW the VSD material is to be integrated or included 
on the device of the design. These determinations may corre 
spond to, for example, (i) the gap or separation formed by the 
VSD material betWeen an element that is to be protected and 
a protective electrical path; and (ii) the type of VSD material 
that is to be used. Under one embodiment, additional deter 
minations may include (iii) an area that the VSD material is to 
occupy When separating the element that is to be protected 
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from the protective electrical path, and (iv) shape consider 
ations Which may affect the area. Still further, other determi 
nations that may be made include those of the volume that is 
to be occupied by the VSD material in providing the separa 
tion. With reference to FIG. 3A, these determinations may 
collectively be referenced as the VSD implementation deter 
minations 332. As described beloW, the VSD implementation 
determination 332 may be based on user-input or design rules 
of the particular substrate device application. 
[0069] In an embodiment of FIG. 3A, VSD con?guration 
module 310 incorporates information, data, and/or rules or 
conditions relating to the incorporation of VSD material 
through use of one or more libraries. In an embodiment of 
FIG. 3A, the VSD con?guration module 310 has access and 
use of the design library 350, including design rules and 
information that may or may not be pertinent to the manner in 
Which VSD material is implemented on the device. The rules 
and information may include, for example, information for 
determining the various design parameters 312 from limited 
user-input. For example, design library 350 may carry infor 
mation identifying tolerance levels for leakage current and 
breakdown voltage for different components that may be 
selected for a particular device. As another example, design 
library 350 may carry information that identi?es spatial con 
straints, determining hoW much space may be provided on a 
device for a particular connection of VSD material deposi 
tion. Under one embodiment, some substrates may carry pre 
manufactured layers of VSD material having a particular type 
of con?guration. In addition to other kinds of information, the 
design library 350 may carry information as to the location, 
type and electrical characteristics of such VSD material. 

[0070] In addition to the design library 350, the VSD con 
?guration module 310 may have access to the VSD material 
library 360. The VSD material library 360 may be incorpo 
rated or integrated With, for example, the design library 360. 
The VSD material library 360 may carry data about the per 
tinent characteristics, including the electrical characteristics, 
of various types of VSD material. For example, the VSD 
material library 360 may carry information that references a 
type of VSD material to a characteristic voltage level, refer 
ence measurement of leakage current (or off-state resistance), 
and required gap distances to that result in a given threshold 
voltage for sWitching the material on. The threshold voltage 
may be used in identifying the level of ESD protection that 
can be provided by the particular type of VSD material 
applied across the stated gap distance. 

[0071] With use of design library 350 or VSD material 
library 360, the designparameters 312 may be identi?ed from 
explicit designer input (i.e. explicitly), or inferred or deter 
mined programmatically from other input. According to an 
embodiment, the design parameters 312 may include spatial 
constraint parameters 322, Which includes data that may infer 
or identify preferred dimensions of interconnectivity or spac 
ing amongst elements. As an addition or alternative, the spa 
tial constraint parameter 322 may expressly de?ne the spac 
ing of VSD material and/or the availability of protective 
grounding elements and/or other features. As mentioned, the 
spatial constraint parameters 322 may be based on spatial 
information that is explicitly provided the designer, or 
inferred from other information, including the use of the 
design library 350. For example, the designer may specify a 
type of circuit board, and the spatial constraint parameters 
may be identi?ed by cross-referencing the type or circuit 
board With the design library 350. Thus, for example, a circuit 
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board for a particular kind of application may be associated 
With a default siZe range, such as by a value (eg “small”). 
[0072] Another one of the design parameters 312 may cor 
respond to tolerance parameters 324. The tolerance param 
eters 324 may include voltage and/ or current values that 
de?ne, amongst other limits, one or more of the folloWing: (i) 
operational voltage ranges of some or all of the devices, (ii) 
break-doWn voltages for such devices, and/or (iii) tolerable 
leakage currents. In one embodiment, the VSD con?guration 
module 310 uses the design library 350 to access information 
that cross-references speci?c components that are included 
on a board or device With their respective tolerance param 
eters 324. In this Way, the tolerance parameters for a device 
under design or simulation may be determined through input 
provided by the user, including input corresponding to com 
ponent selection. The components for use on the device may 
be also be determined by default or association With other 
components or input from the user. For example, the designer 
(or the design library 350) may include information in the 
form of government regulations or industry standards that 
require tolerance values that exceed those of the speci?c 
devices. LikeWise, the designer (or design library 350) may 
incorporate information relating to factors of safety, or 
include other conditions from Which one or more tolerance 
levels may be inferred. The tolerance parameters 324 may 
also be analyZed or subjected to various determinations. For 
example, tolerances 324 may be regionaliZed on the substrate 
device (e. g. voltage tolerance in one region of a substrate may 
differ from tolerance in another region), or processed to deter 
mine loWest or critical values (eg the voltage value at Which 
one component Will breakdoWn). 
[0073] Numerous other design rules or implementation 
characteristics may be accounted for by the VSD con?gura 
tion module 310 in its determination of the implementation 
details for VSD material. For example, design rules, regula 
tions or other factors may set ESD parameters, Which may 
limit the tolerance to voltages that the device as a Whole may 
experience, or alternatively, a speci?c component or region of 
the device may experience. 
[0074] The VSD con?guration module 310 uses the various 
design parameters 312, in connection With VSD material 
library 360 (and design library 350), to determine implemen 
tation details 332 that include one or more of the folloWing: (i) 
gap value 342, (ii) area determination 344, (iii) shape deter 
mination 346, and/or (iv) type determination 348. Other 
determinations may also be determined, such as volume 
determination, location determination, or co st range or limits. 
According to one or more embodiments, each of these deter 
minations may be made based on any one or more of the 
design parameters 312. For example, the spatial parameter 
312 may set constraints on the gap value 342. 

[0075] HoWever, calculations may be required to ensure the 
gap value 342 does not result in the threshold voltage level for 
sWitching the VSD material on to be too high. The calculation 
may be determined by identifying the characteristic voltage 
level of the particular VSD material identi?ed by the type 
determination 348, and then determining a product value of 
the characteristic voltage level (per designated length) and the 
gap value (in terms of the designated length). The determined 
threshold voltage for the deposit of VSD material (as identi 
?ed by the type determination 348) across the gap identi?ed 
by the gap value must also result in a threshold voltage level 
that is less than the breakdoWn voltage of components that are 
to be protected. A factor of safety may also be applied to the 


















