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(57) ABSTRACT 

Test program development for a semiconductor test system, 
such as automated test equipment (ATE), using object 
oriented constructs is described. The invention provides a 
method for describing test system resources, test system 
con?guration, module con?guration, test sequence, test 
plan, test condition, test pattern, and timing information in 
general-purpose object-oriented constructs, e.g., C++ 
objects and classes. In particular, the modularity of program 
development is suitable for developing test programs for an 
open architecture semiconductor test system. 
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METHOD AND STRUCTURE TO DEVELOPA 
TEST PROGRAM FOR SEMICONDUCTOR 

INTEGRATED CIRCUITS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of application 
No. 60/447,839, “Method and Structure to Develop a Test 
Program for Semiconductor Integrated Circuits,” ?led Feb. 
14, 2003; application No. 60/449,622, “Method and Appa 
ratus for Testing Integrated Circuits,” ?led Feb. 24, 2003; 
US. application Ser. No. 10/404,002, “Test emulator, test 
module emulator, and record medium storing programs 
therein,” ?led Mar. 31, 2003; and US. application Ser. No. 
10/403,817, “Test Apparatus and Test Method,” ?led Mar. 
31, 2003, all of Which are incorporated herein in their 
entirety by reference. This application also incorporates by 
reference in its entirety US. application no. 
“Method and Apparatus for Testing Integrated Circuits,’ 
?led concurrently hereWith, Which claims the bene?t of 
application No. 60/449,622, “Method and Apparatus for 
Testing Integrated Circuits,” ?led Feb. 24, 2003. 

a 

a 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of Invention 

[0003] The present invention relates to the testing of 
integrated circuits (ICs), and more particularly to developing 
a test program for automated semiconductor test equipment 

[0004] 2. Description of Related Art 

[0005] Today tester manufacturers use their oWn propri 
etary languages to develop test programs for semiconductor 
test systems (testers). For eXample, machines produced by 
Advantest Corporation utiliZe the Test Description Lan 
guage (TDL), and Credence Systems offers its oWn Wave 
form Generation Language (WGL). To overcome this degree 
of specialiZation, IC and tester manufacturers tried to ?nd a 
common ground by developing IEEE standard 1450, the 
Standard Test Interface Language (STIL). STIL, hoWever, is 
a highly specialiZed language for de?ning pins, test com 
mands, timing, etc. Moreover, a test engineer running STIL 
nevertheless still needs to translate STIL into the proprietary 
manufacturer-speci?c language required by the tester. Thus 
STIL merely serves as an intermediate language that is 
nonetheless highly specialiZed and not generally knoWn to 
programmers. 

[0006] Hence, it is desirable to develop a method through 
Which test program can be Written in a general purpose 
language. Moreover, this method should alloW for easy 
development of test programs for an open architecture test 
system. 

SUMMARY OF THE INVENTION 

[0007] This application describes test program develop 
ment using object-oriented constructs, e.g., C++ objects and 
classes. In particular, this method is suitable for developing 
test programs for an open architecture tester, such as that 
described in US. application Ser. Nos. 60/449,622, 10/404, 
002 and 10/403,817, assigned to the assignee of the present 
invention. 
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[0008] An embodiment of the present invention provides 
a method for developing a test program by describing test 
system resources, test system con?guration, module con 
?guration, test sequence, test plan, test condition, test pattern 
and timing information in general-purpose object-oriented, 
e.g., C/C++, constructs to test a device under test, e.g., an IC, 
on a semiconductor test system, such as automated test 

equipment (ATE). The ?les containing these descriptions are 
stored in memory, i.e., a computer-readable medium, acces 
sible to the test system or related equipment that uses the 
?les. 

[0009] Describing test system resources may comprise 
specifying a resource type, Where the resource type is 
associated With at least one test module for applying a test 
to the IC, specifying a parameter type associated With the 
resource type, and specifying a parameter of the parameter 
type. 

[0010] Describing test system con?guration may comprise 
specifying a site controller for controlling at least one test 
module, Where each test module applies a test to the IC, and 
specifying an input port of a module connection enabler. The 
test system couples the site controller to the module con 
nection enabler at the speci?ed input port, and the module 
connection enabler couples the site controller to a test 
module. The module connection enabler may be imple 
mented as a sWitch matriX. 

[0011] Describing module con?guration may comprise 
specifying a module identi?er for specifying a module type, 
specifying executable code for controlling a test module of 
the module type speci?ed by the module identifer, and 
specifying a resource type associated With the test module. 
The executable code may take the form of a dynamic link 
library. 

[0012] Describing module con?guration may further 
involve the user specifying a slot identi?er for specifying an 
output port of the module connection enabler, Where the test 
system couples the test module to the module connection 
enabler at the output port, and the module connection 
enabler couples the test module to a corresponding site 
controller. The user may also specify a vendor identi?er for 
identifying the provider of the test module, and an identi?er 
of the maXimum number of resource units available in 
connection With the resource type. The resource type may 
be, for eXample, digital tester pins and the resource units 
tester channels. Alternatively, the tester channel resource 
units may also correspond to resource types such as, for 
eXample, analog tester pins, RF tester pins, poWer supply 
pins, digitiZer pins, and arbitrary Waveform generation pins. 
An indicator relating to Which resource units are disabled 
may also be provided. The resource units indicated as 
disabled may represent defective resource units of the test 
module. 

[0013] Describing test conditions may comprise specify 
ing at least one test condition group, specifying a speci? 
cation set including at least one variable; and specifying a 
selector for selecting an eXpression to be bound to a variable. 
Association of the test condition group With a selector for the 
speci?cation set de?nes a test condition. 

[0014] Describing a test sequence may comprise specify 
ing the order (or ?oW) in Which various tests can be applied. 
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[0015] Describing test patterns may comprise specifying 
the test patterns, associated voltage and current levels, 
transitions in signal values, corresponding rise and fall times 
and associated timing. 

[0016] An embodiment of the present invention also 
includes the use of preheader ?les. A preheader ?le is 
compiled to create a header ?le for a class associated With 
a test entity. The preheader includes a parameter block for 
specifying parameters for setting at least one attribute of the 
test entity, and a template block for specifying source code 
that is inserted by a compiler into the header ?le for the test 
entity class. The header ?le may be a C++ header ?le. The 
test entity may be a test and the test entity class may be a test 
class, for eXample. The parameters may relate to pattern lists 
and test conditions, for example. 

[0017] Apattern compiler of an embodiment of the inven 
tion includes at least one module-speci?c pattern compiler, 
and an object ?le manager for directing each module 
speci?c compiler to compile both a corresponding module 
speci?c section of a pattern source ?le and a common 
section of the pattern source ?le. The common section 
includes information accessible to all of the module-speci?c 
compilers. An output of the compiler includes at least one 
module-speci?c pattern data section. Module-speci?c pat 
tern loaders load into corresponding test modules module 
speci?c pattern data from corresponding module-speci?c 
pattern data sections for execution. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 illustrates a conventional tester architec 
ture. 

[0019] FIG. 2 illustrates a tester architecture according to 
an embodiment of the present invention. 

[0020] FIG. 3 illustrates a tester softWare architecture 
according to an embodiment of the present invention. 

[0021] FIG. 4 illustrates a test program compiler accord 
ing to an embodiment of the present invention. 

[0022] FIG. 5 illustrates hoW different test instances may 
be derived from a single test class according to an embodi 
ment of the present invention. 

[0023] FIG. 6 illustrates a pattern compiler according to 
an embodiment of the present invention. 

[0024] FIG. 7 illustrates a ordered pattern tree eXample 
according to an embodiment of the present invention. 

[0025] FIG. 8 illustrates another ordered pattern tree 
eXample according to an embodiment of the present inven 
tion. 

[0026] FIG. 9 illustrates the relationships among ?les that 
are required by a test program according to an embodiment 
of the present invention. 

[0027] FIG. 10 illustrates Waveform generation according 
to an embodiment of the present invention. 

[0028] FIG. 11 illustrates a mapping used for timing 
according to an embodiment of the present invention. 

[0029] FIG. 12 illustrates another mapping used for tim 
ing according to an embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0030] The present invention is generally described in 
terms of the Open architecture test system as disclosed in 
US. application Ser. Nos. 60/449,622, 10/404,002 and 
10/403,817 by the same assignee. Those skilled in the art 
Will recogniZe, hoWever, that embodiments of the test pro 
gram development system and method of the present inven 
tion are applicable not only to an open tester architecture, 
but also to ?Xed tester architectures, as Well. 

[0031] A description of the open architecture test system 
may be found in US. application no. , “Method and 
Apparatus for Testing Integrated Circuits,” ?led concur 
rently hereWith, Which claims the bene?t of US. application 
No. 60/449,622 by the same assignee. 

[0032] FIG. 1 illustrates a generaliZed architecture of a 
conventional tester shoWing hoW a signal is generated and 
applied to a device-under-test (DUT). Each DUT input pin 
is connected to a driver 2 that applies test data, While each 
DUT output pin is connected to a comparator 4. In most 
cases, tri-state driver-comparators are used so that each 
tester pin (channel) can act either as an input pin or as an 
output pin. The tester pins dedicated to a single DUT 
collectively form a test site that Works With an associated 
timing generator 6, Waveform generator 8, pattern memory 
10, timing data memory 12, Waveform memory data 14, and 
block 16 that de?ne the data rate. 

[0033] FIG. 2 illustrates a system architecture 100 accord 
ing to an embodiment of the present invention. A system 
controller (SysC) 102 is coupled to multiple site controllers 
(SiteCs) 104. The system controller may also be coupled to 
a netWork to access ?les. Through a module connection 
enabler 106, each site controller is coupled to control one or 
more test modules 108 located at a test site 110. The module 
connection enabler 106 alloWs recon?guration of connected 
hardWare modules 108 and also serves as a bus for data 

transfer (for loading pattern data, gathering response data, 
providing control, etc.). Possible hardWare implementations 
include dedicated connections, sWitch connections, bus con 
nections, ring connections, and star connections. The mod 
ule connection enabler 106 may be implemented by a sWitch 
matriX, for eXample. Each test site 110 is associated With a 
DUT 112, Which is connected to the modules of the corre 
sponding site through a loadboard 114. In one embodiment, 
a single site controller may be connected to multiple DUT 
sites. 

[0034] The system controller 102 serves as the overall 
system manager. It coordinates the site controller activities, 
manages system-level parallel test strategies, and addition 
ally provides for handler/probe controls as Well as system 
level data-logging and error handling support. Depending on 
the operational setting, the system controller 102 can be 
deployed on a CPU that is separate from the operation of site 
controllers 104. Alternatively a common CPU may be 
shared by the system controller 102 and the site controllers 
104. Similarly, each site controller 104 can be deployed on 
its oWn dedicated CPU (central processing unit), or as a 
separate process or thread Within the same CPU. 

[0035] The system architecture can be conceptually envi 
sioned as the distributed system shoWn in FIG. 2 With the 
understanding that the individual system components could 
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also be regarded as logical components of an integrated, 
monolithic system, and not necessarily as physical compo 
nents of a distributed system. 

[0036] FIG. 3 illustrates a softWare architecture 200 
according to an embodiment of the present invention. The 
softWare architecture 200 represents a distributed operating 
system, having elements for the system controller 220, at 
least one site controller 240, and at least one module 260 in 
correspondence to related hardWare system elements 102, 
104, 108. In addition to the module 260, the architecture 200 
includes a corresponding element for module emulation 280 
in softWare. 

[0037] As an exemplary choice, the development environ 
ment for this platform can be based on Microsoft WindoWs. 
The use of this architecture has side bene?ts in program and 
support portability (e.g., a ?eld service engineer could 
connect a laptop Which runs the tester operating system to 
perform advanced diagnostics). HoWever, for large com 
pute-intensive operations (such as test pattern compiles), the 
relevant softWare can be made as an independent entity 
capable of running independently to alloW job scheduling 
across distributed platforms. Related softWare tools for 
batch jobs are thus capable of running on multiple platform 
types. 

[0038] As an exemplary choice, ANSI/ISO standard C++ 
can be taken as the native language for the softWare. Of 
course, there are a multitude of options available (to provide 
a layer over the nominal C++ interfaces) that alloWs a third 
party to integrate into the system With an alternative lan 
guage of its oWn choice. 

[0039] FIG. 3 illustrates a shading of elements according 
to their organiZation by nominal source (or collective devel 
opment as a sub-system) including the tester operating 
system, user components 292 (e.g., supplied by a user for 
test purposes), system components 294 (e.g., supplied as 
softWare infrastructure for basic connectivity and commu 
nication), module development components 296 (e.g., sup 
plied by a module developer), and external components 298 
(e.g., supplied by external sources other than module devel 
opers). 
[0040] From the perspective of source-based organiZation, 
the tester operating system (TOS) interface 290 include: 
System Controller to Site Controller interfaces 222, frame 
Work classes 224, Site Controller to Module interfaces 245, 
frameWork classes 246, predetermined module-level inter 
faces, backplane communications library 249, chassis slot IF 
(Interface) 262, loadboard hardWare IF 264, backplane 
simulation IF 283, loadboard simulation IF 285, DUT simu 
lation IF 287, Verilog PLI (programming language interface) 
288 for DUT’s Verilog model and C/C++ language support 
289 for DUT’s C/C++ model. 

[0041] User components 292 include: a user test plan 242, 
user test classes 243, hardWare loadboard 265, and DUT 
266, a DUT Verilog model 293 and a DUT C/C++ model 
291. 

[0042] System components 294 include: system tools 226, 
communications library 230, test classes 244, a backplane 
driver 250, HW backplane 261, simulation frameWork 281, 
backplane emulation 282, and loadboard simulation 286. 

[0043] Module-development components 296 include: 
module commands implementation 248, module hardWare 
263, and module emulation 284. 
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[0044] External components 298 include external tools 
225. 

[0045] The system controller 220 includes interfaces 222 
to site controller, frameWork classes 224, system tools 226, 
external tools 225, and a communications library 230. The 
System Controller softWare is the primary point of interac 
tion for the user. It provides the gateWay to the Site Con 
trollers of the invention, and synchroniZation of the Site 
Controllers in a multi-site/DUT environment as described in 
US. application No. 60/449,622 by the same assignee. User 
applications and tools, graphical user interface (GUI)-based 
or otherWise, run on the System Controller. The System 
Controller also may act as the repository for all Test Plan 
related information, including Test Plans, test patterns and 
test parameter ?les. The memory storing these ?les may be 
local to the system controller or offline, e. g., connected to the 
system controller through a netWork. A test parameter ?le 
contains parameteriZation data for a Test class in the object 
oriented environment of an embodiment of the invention. 

[0046] Third party developers can provide tools in addi 
tion to (or as replacements for) the standard system tools 
226. The standard interfaces 222 on the System Controller 
220 include interfaces that the tools use to access the tester 
and test objects. The Tools (applications) 225, 226 alloW 
interactive and batch control of the test and tester objects. 
The tools include applications for providing automation 
capabilities (through, for example, the use of SECS/TSEM, 
etc.) 
[0047] The Communications library 230 residing on the 
system controller 220 provides the mechanism to commu 
nicate With the Site Controllers 240 in a manner that is 
transparent to user applications and test programs. 

[0048] The Interfaces 222 resident in memory associated 
With the System Controller 220 provide open interfaces to 
the frameWork objects that execute on the System Control 
ler. Included are interfaces alloWing the Site Controller 
based module softWare to access and retrieve pattern data. 
Also included are interfaces that applications and tools use 
to access the tester and test objects, as Well as scripting 
interfaces, Which provide the ability to access and manipu 
late the tester and test components through a scripting 
engine. This alloWs a common mechanism for interactive, 
batch and remote applications to perform their functions. 

[0049] The FrameWork Classes 224 associated With the 
System Controller 220 provide a mechanism to interact With 
these above-mentioned objects, providing a reference imple 
mentation of a standard interface. For example, the site 
controller 240 of the invention provides a functional test 
object. The system controller frameWork classes may pro 
vide a corresponding functional test proxy as a remote 
system controller-based surrogate of the functional test 
object. The standard functional test interface is thus made 
available to the tools on the system controller 220. The 
frameWork classes effectively provide an operating system 
associated With the host system controller. They also con 
stitute the softWare elements that provide the gateWay to the 
Site Controllers, and provide synchroniZation of the Site 
Controllers in a multi-site/DUT environment. This layer thus 
provides an object model in an embodiment of the invention 
that is suitable for manipulating and accessing Site Control 
lers Without needing to deal directly With the Communica 
tions layer. 
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[0050] The site controller 240 hosts a user test plan 242, 
user test classes 243, standard test classes 244, standard 
interfaces 245, site controller framework classes 246, mod 
ule high level command interfaces (i.e., predetermined mod 
ule-level interfaces 247, module commands implementation 
248, backplane communications library 249, and a back 
plane driver 250. Preferably most of the testing functionality 
is handled by the site controllers 104/240, thus alloWing 
independent operation of the test sites 110. 

[0051] ATest Plan 242 is Written by the user. The plan may 
be Written directly in a standard computer language employ 
ing object-oriented constructs, such as C++, or described in 
a higher level test programming language to produce C++ 
code, Which can then be compiled into the executable test 
program. For test program development, one embodiment of 
the invention employs assignee’s inventive Test Program 
Language (TPL) compiler. Referring to FIG. 4, the test 
program compiler 400 acts in part as a code generator 
including a translator section 402 to translate a test program 
developer’s source ?les 404 describing tests and associated 
parameters into object-oriented constructs, such as C++ 
code. A compiler section 406, in turn, compiles and links the 
code into executables, e.g., DLLs, to create the test program 
that may be executed by the tester system. Although the 
application of the TPL code generator/translator to test 
systems is novel, please note that code generators are knoWn 
in the art. Also, the compiler section may be a standard C++ 
compiler knoWn in the art. 

[0052] The test plan creates test objects by using the 
Framework Classes 246 and/or standard or user supplied 
Test Classes 244 associated With the site controllers, con 
?gures the hardWare using the Standard Interfaces 245, and 
de?nes the test plan ?oW. It also provides any additional 
logic required during execution of the test plan. The test plan 
supports some basic services and provides an interface to the 
services of underlying objects, such as debug services (e.g., 
break-pointing), and access to underlying frameWork and 
standard classes. 

[0053] The source code input to the test program compiler 
400 includes a Test Plan description ?le that speci?es the 
objects used in a test plan and their relationships to one 
another. This ?le is translated to C++ code that is executed 
on the Site Controller in the form of an implementation of 
a standard interface, Which may be denoted ITestPlan. This 
code is packaged into a WindoWs dynamic link library 
(DLL), Which may be loaded onto the Site Controller. The 
Test Program DLL is generated to have standard knoWn 
entry points that the Site Controller softWare can use to 
generate and return the TestPlan object it contains. The Site 
Controller softWare loads the Test Program DLL into its 
process space and uses one of the entry points to create an 
instance of the Test Plan object. Once the Test Plan object 
has been created, the Site Controller softWare can then 
execute the test plan. 

[0054] The FrameWork classes 246 associated With the site 
controllers are a set of classes and methods that implement 
common test-related operations. The site controller-level 
frameWork includes, for example, classes for poWer supply 
and pin electronics sequencing, setting level and timing 
conditions, obtaining measurements, and controlling test 
?oW. The frameWork also provides methods for runtime 
services and debugging. The frameWork objects may Work 
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through implementing the standard interfaces. For example, 
the implementation of the TesterPin frameWork class is 
standardiZed to implement a general tester pin interface that 
test classes may use to interact With hardWare module pins. 

[0055] Certain frameWork objects may be implemented to 
Work With the help of the module-level interfaces 247 to 
communicate With the modules. The site controller frame 
Work classes effectively act as a local operating system 
supporting each site controller. 

[0056] In general more than ninety percent of the program 
code is data for the device test, and the remaining ten percent 
of the code realiZes the test methodology. The device test 
data is DUT-dependent (e.g., poWer supply conditions, sig 
nal voltage conditions, timing conditions, etc.). The test 
code consists of methods to load the speci?ed device con 
ditions on to ATE hardWare, and also those needed to realiZe 
user-speci?ed objectives (such as datalogging). The frame 
Work of an embodiment of the invention provide a hard 
Ware-independent test and tester object model that alloWs 
the user to perform the task of DUT test programming. 

[0057] To increase the reusability of test code, such code 
may be made independent of any device-speci?c data (e.g., 
pin name, stimulus data, etc.), or device-test-speci?c data 
(e.g., conditions for DC units, measurement pins, number of 
target pins, name of pattern ?le, addresses of pattern pro 
grams). If code for a test is compiled With data of these 
types, the reusability of the test code Would decrease. 
Therefore, according to an embodiment of the invention, any 
device-speci?c data or device-test-speci?c data may be 
made available to the test code externally, as inputs during 
code execution time. 

[0058] In an embodiment of the invention, a Test Class, 
Which is an implementation of a standard test interface, 
denoted here as ITest, realiZes the separation of test data and 
code (and hence, the reusability of code) for a particular type 
of test. Such a test class may be regarded as a “template” for 
separate instances of itself, Which differ from each other 
only on the basis of device-speci?c and/or device-test 
speci?c data. Test classes are speci?ed in the test plan ?le. 
Each Test class typically implements a speci?c type of 
device test or setup for device test. For example, an embodi 
ment of the invention may provide a speci?c implementation 
of the ITest interface, for example, FunctionalTest, as the 
base class for all functional tests for DUTs. It provides the 
basic functionality of setting test conditions, executing pat 
terns, and determining the status of the test based on the 
presence of failed strobes. Other types of implementations 
may include AC and DC test classes, denoted here as 
ACPararnetricTests and DCParametricTests. 

[0059] All test types may provide default implementations 
of some virtual methods (e.g., init( ), preExec( ), and 
postexec( These methods become the test engineer’s 
entry points for overriding default behavior and setting any 
test-speci?c parameters. HoWever, custom test classes can 
also be used in test plans. 

[0060] Test classes alloW the user to con?gure class 
behavior by providing parameters that are used to specify 
the options for a particular instance of that test. For example, 
a Functional Test may take parameters PList and TestCon 
ditionS, to specify the Pattern List to execute, and the Level 
and Timing conditions for the test, respectively. Specifying 
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different values for these parameters (through the use of 
different “Test” blocks in a test plan description ?le) alloWs 
the user to create different instances of a Functional Test. 
FIG. 5 illustrates hoW different test instances may be 
derived from a single test class. These classes may be 
programmed directly in object-oriented constructs, such as 
C++ code, or designed to alloW a test program compiler to 
take the description of the tests and their parameters from a 
test plan ?le and generate corresponding C++ code, Which 
can be compiled and linked to generate the test program. A 
Template Library may be employed as the general-purpose 
library of generic algorithms and data structures. This library 
may be visible to a user of the tester, so that the user may, 
for example, modify the implementation of a test class to 
create a user-de?ned test class. 

[0061] As to user-developed test classes, an embodiment 
of the system supports integration of such test classes into 
the framework in that all test classes derive from a single test 
interface, e.g., ITest, so that the frameWork can manipulate 
them in the same Way as the standard set of system test 
classes. Users are free to incorporate additional functionality 
into their test classes, With the understanding that they have 
to use custom code in their test programs to take advantage 
of these additional facilities. 

[0062] Each test site 110 is dedicated to testing one or 
more DUTs 106, and functions through a con?gurable 
collection of test modules 112. Each test module 112 is an 
entity that performs a particular test task. For example, a test 
module 112 could be a DUT poWer supply, a pin card, an 
analog card, etc. This modular approach provides a high 
degree of ?exibility and con?gurability. 

[0063] The Module Commands Implementation classes 
248 may be provided by module hardWare vendors, and 
implement either the module-level interfaces for hardWare 
modules, or provide module-speci?c implementations of 
standard interfaces, depending on the commands implemen 
tation method chosen by a vendor. The external interfaces of 
these classes are de?ned by pre-determined module level 
interface requirements, and backplane communications 
library requirements. This layer also provides for extension 
of the standard set of test commands, alloWing the addition 
of methods (functions) and data elements. 

[0064] The Backplane Communications Library 249 pro 
vides the interface for standard communications across the 
backplane, thereby providing the functions necessary to 
communicate With the modules connected to the test site. 
This alloWs vendor-speci?c module softWare to use a Back 
plane Driver 250 to communicate With the corresponding 
hardWare modules. The backplane communications protocol 
may use a packet based format. 

[0065] Tester Pin objects represent physical tester chan 
nels and derive from a tester pin interface, denoted here as 
ITesterPin. The softWare development kit (SDK) of an 
embodiment of the invention provides a default implemen 
tation of ITesterPin, Which may be called TesterPin, Which 
is implemented in terms of a predetermined module-level 
interface, IChannel. Vendors are free to make use of Tester 
Pin if they can implement their module’s functionality in 
terms of IChannel; otherWise, they must provide an imple 
mentation of ITesterPin to Work With their module. 

[0066] The standard module interface, denoted here as 
IModule, provided by the tester system of the invention 
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generically represents a vendor’s hardWare module. Vendor 
supplied module-speci?c softWare for the system may be 
provided in the form of executables such as dynamic link 
libraries (DLLs). SoftWare for each module-type from a 
vendor may be encapsulated in a single DLL. Each such 
softWare module is responsible for providing vendor-spe 
ci?c implementations for the module interface commands, 
Which comprise the API for module softWare development. 

[0067] There are tWo aspects of the module interface 
commands: ?rst, they serve as the interface for users to 
communicate (indirectly) With a particular hardWare module 
in the system, and second, they provide the interfaces that 
third-party developers can take advantage of to integrate 
their oWn modules into the site controller level frameWork. 
Thus, the module interface commands provided by the 
frameWork are divided into tWo types: 

[0068] The ?rst, and most obvious, are those “commands” 
exposed to the user through the frameWork interfaces. Thus, 
a tester pin interface (ITesterPin) provides methods to get 
and set level and timing values, While a poWer supply 
interface (IPoWerSupply) provides methods for poWering up 
and poWering doWn, for example. 

[0069] In addition, the frameWork provides the special 
category of the predetermined module-level interfaces, 
Which can be used to communicate With the modules. These 
are the interfaces used by frameWork classes (i.e., “standard” 
implementations of frameWork interfaces) to communicate 
With vendor modules. 

[0070] HoWever, the use of the second aspect, the module 
level interfaces, is optional. The advantage of doing so is 
that vendors may then take advantage of the implementa 
tions of classes such as ITesterPin and IPoWerSupply, etc. 
While focusing on the content of speci?c messages sent to 
their hardWare by implementing the module-level interfaces. 
If these interfaces are inappropriate to the vendor, hoWever, 
they may choose to provide their custom implementations of 
the frameWork interfaces (e.g., vendor implementations of 
ITesterPin, IPoWerSupply, etc.). These Would then provide 
the custom functionality that is appropriate for their hard 
Ware. 

[0071] With this open architecture as background, the test 
program development system of the present invention is 
further described as folloWs. Section AbeloW describes rules 
to describe the test environment in Which test program Will 
be used; section B describes the method and rules for test 
program development; section C speci?es the method and 
rules to develop a test plan and hoW to de?ne the main 
structure of the test program; section D describes hoW to run 
a test program on an open architecture test system; section 
E describes a method and rules for test patterns; section F 
describes rules to describe the timing of the test patterns; and 
section G describes rules for the overall tester operation. 

[0072] A. Components 

[0073] The test environment comprises a set of ?les that 
specify the necessary conditions for bringing up the tester, 
and for preparing it to run a set of tests. The test environment 
preferably includes ?les for: 

[0074] 1. Tester Resource de?nition: for the speci? 
cation of the types of tester resources—and sup 
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ported parameters for such resources—that are avail 
able in the open architecture test system. 

[0075] 2. Tester con?guration: for the speci?cation of 
Site Controllers, sites and corresponding mappings. 

[0076] 3. Module con?guration: for speci?cation of 
the hardware module in each site 

[0077] 4. Pin descriptions: for naming of DUT pins, 
such as signal pins, power supplies, and to describe 
pin groups, 

[0078] 5. Socket: for the speci?cation of DUT pin 
to-tester pin assignments 

[0079] 6. Pin options: for the speci?cation of special 
options, or modes, for pins. 

[0080] 7. Pattern lists: for the speci?cation of test 
patterns and their sequence. 

[0081] 8. Patterns: for the speci?cation of test vec 
tors. 

[0082] Of the above, items 1-3 are created by ICF (instal 
lation and con?guration ?les) with information from a CMD 
(con?guration management database), and made available at 
a well-known location, while items 4-8 are user-speci?ed. 
This section provides descriptions for the items 1-6 above; 
items 7-8 are described in more detail in section E. Speci?c 
methods and rules are preferably used to develop each of 
these components; these methods and rules will be described 
in this section with examples. 

[0083] A1. The Resource De?nition 

[0084] Each hardware module provides one or more types 
of hardware resources (resources for short) for use by the 
test system. The tester Resource De?nition is preferably 
used to declare a set of resource names for the available 
resource types, and a set of parameter names and types 
associated with each particular resource type. For instance, 
the resource name dpin is used to refer to digital tester pins. 
These resources have parameters such as VIL (for the input 
low voltage), VIH (for the input high voltage), VOL (for the 
output low voltage), VOH (for the output high voltage), etc. 
A resource de?nition ?le will have the extension “.rsc”. 
Shown below is an eXample resource de?nition, containing 
some tester resources: 

# 
# File Resourcesrsc 
# 
Version 0.1.2; 
ResourceDefs 

{ 
# digital pins 
dpin 
{ 

# Low and High voltages for input pins 
Voltage VIL, VIH; 
# Low and High voltages for output pins 
Voltage VOL, VOH; 

} 
# power supplies 
dps 
{ 

# 
# PREiWAIT speci?es the time to wait after voltage 
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reached its ?nal value to start pattern 
generation. The actual time that the system 
will wait is a small system speci?ed range: 
PREfWAIT-delta <= actual <= PREiWAIT+delta 

PREiWAITiMIN is a minimum amount to wait after voltage 
reached its ?nal value to start pattern generation. 
It is a system speci?ed range: 
PREiWAITiMIN <= actual <= 

PREiWAITiMIN+delta 

# POSTiWAIT speci?es the time to wait after pattern 
generation ends to shut down the power. The actual 
time that the system will wait is a small system 
de?ned range: 
POSTfWAIT-delta <= actual <= POSTiWAIT+delta 

##ititititititit 
POSTiWAITiMIN speci?es the time to wait after pattern 

generation ends to shut down the power. The actual 
time that the system will wait is a small system 
de?ned range: 
POSTiWAITiMIN <= actual <= 

POSTiWAITiMIN+delta 

Time PREiWAIT; 
Time PREiWAITiMIN; 
Time POSTiWAH‘; 
Time POSTiWAH‘iMIN; 
# The voltage. 
Voltage VCC; 

##itititititititit 
[0085] Note that the type of a resource parameter (such as 
Voltage or Time) is preferably a standard engineering unit. 
Vendors supplying special purpose resources that prefer the 
speci?cation of different parameters should provide their 
own resource de?nition ?les. 

[0086] Structure for the Resource De?nition 

[0087] Given below is a structure for the resource de?ni 
tion ?le in accordance with a preferred embodiment of the 
present invention: 

resource-?le: 
version-info resource-defs 

version-info: 
Version version-identifer ; 

resource-defs: 
ResourceDefs { resource-def-list } 

resource-def-list: 
resource-def 
resource-def-list resource-def 

resource-def: 
resource-name { resource-params-decl-list } 

resource-params-decl—list: 
resource-params-decl 
resource-params-decl-list resource-params-decl 

resource-params-decl: 
elementary-type-name resource-param-name-list ; 

resource-param-name-list: 
resource-param-name 
resource-param-name-list , resource-param-name 

[0088] Unde?ned non-terminals above are speci?ed 
below: 

[0089] 1. version-identi?er: A sequence of one or 
more characters from the set [0-9a-ZA-Z.]. It repre 
sents a version number. 
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[0090] 2. resource-name: Asequence of one or more 

characters from the set [a-ZA-Zi0-9], not starting 
With a digit. It represents the name of a resource, 
such as dpin or dps. 

[0091] 3. elementary-type-name: A sequence of one 
or more characters from the set [a-ZA-Zi0-9], not 
starting With a digit. It represents the name of an 
elementary type, such as Voltage (cf.). 

[0092] 4. resource-param-name: Asequence of one or 
more characters from the set [a-ZA-Zi0-9], not 
starting With a digit. It represents the name of a 
resource parameter, such as VIL. 

[0093] A2. Tester Con?guration 

[0094] The The Tester Con?guration is a set of rules that 
is preferably used to list the Site Controllers in a particular 
system con?guration, and the connection of the Site Con 
trollers to the SWitch Matrix input ports. In the architecture 
of an embodiment of the invention, a single Site Controller 
can be connected to a single sWitch matrix input port. Thus, 
in this context, the sWitch matrix connections serve as 
implicit identi?ers for the Site Controllers in the system 
(other con?gurations are possible). The folloWing is an 
example of a typical tester con?guration: 

# 
# Tester Con?guration, Sys.cfg 
# 
Version 1.2.5; 
SysCon?g 

# 
# The ?rst ?eld is the hostname of the Site Controller machine; 
# it can be speci?ed as either a dotted-decimal IP address or a 

# domain-quali?ed hostname. 
# 
# The second ?eld is the switch matrix input port number, Which 
# implicitly serves as the identi?er for the Site Controller 
# connected to it. 
# 
Zeus.olympus.deities.org 2; 
127.0.0.2 4; 
127.0.0.0 1; # SITEC-l 
127.0.0.3 3; 

} 

[0095] The system con?guration for a particular test-?oor 
system is part of the system pro?le, and is made available as 
the system con?guration ?le Sys.cfg. Note that in one 
embodiment the Site Controller connected to port 1 
(“127.00.0” in the above example) may enjoy special status, 
in Which it alone con?gures the SWitch Matrix. This “spe 
cial” Site Controller Will be referred to as SITEC-1. Also 
note that the site controller address in this example is an IP 
address because the site controllers may be connected to the 
system controller by an internal netWork. Conversely, the 
system controller may be connected to an external netWork 
to access ?les, such as pattern data. 

[0096] Structure for the Tester Con?guration 

[0097] Given beloW is a structure for the system con?gu 
ration ?le in accordance With an embodiment of the present 
invention: 
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system-con?g-?le: 
version-info system-con?g 

version-info: 
Version version-identifer ; 

system-con?g: 
SysCon?g { site-controller-connection-list } 

site-controller-connection-list: 
site-controHer-connection 
site-controller-connection-list site-controHer-connection 

site-controller-connection: 
site-controller-hostname input-port ; 

site-controller-hostname: 
ip-address 
domain-quali?ed-hostname 

ip-address: 
octet . octet . octet . octet 

domain-quali?ed-hostname: 
name 

domain-quali?ed-hostname . name 

[0098] Unde?ned non-terminals above are speci?ed 
beloW: 

[0099] 1. version-identi?er: A sequence of one or 
more characters from the set [0-9a-ZA-Z.]. It repre 
sents a version number. 

[0100] 2. octet: A nonnegative integer from 0 to 255 
(in decimal notation). 

[0101] 3. name: Asequence of one or more characters 
from the set [a-ZA-Zi0-9], not starting With a digit. 
It represents a name segment in a domain-quali?ed 
hostname. 

[0102] 4. input-port: A nonnegative integer, in deci 
mal notation. 

[0103] A3. The Module Con?guration 

[0104] The Module Con?guration alloWs the speci?cation 
of the physical con?guration of the tester, e.g., the physical 
location and type of each module in a SYSTEM chassis. 
This is necessitated by the dynamic nature of the tester bus 
con?guration, Which alloWs a mapping of the tester bus 
address to the physical slot location. This information alloWs 
a hardWare discovery process that occurs at system boot-up 
time to validate the SYSTEM con?guration. Each output 
port of the SWitch Matrix de?nes a physical slot, Which is 
preferably occupied by a single hardWare module. ShoWn 
beloW is an example of a module con?guration speci?ed in 
the ?le Modules.cfg in accordance With an embodiment of 
the invention: 

# Module Con?guration File, Modules.cfg 
# 
Version 0.0.1; 
ModuleCon?g 

# 
# A con?guration de?nition Which provides information about 
# the module type that is attached to slots 1-12 and 32-48. 
# Note that a module might provide more than 
# a single type of resource. 

Slot 1—12, 32-48 # Switch matrix output ports 
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# which use the con?guration 
# de?ned below. 

{ 
VendorID 1; # de?ned vendor code. 
ModuleID 1; # Vendor-de?ned id code. 
ModuleDriver mod1.dll; # Module software. 
# 
# Resource named dpin speci?es channels 
# for digital data. The name dpin is not 
# a keyword. It is simply the name of a hardware 
# resource, and is obtained from the resource 

Resource dpin 

MaXAvailable32; # Resource units 1 .. 32. 

} 
Resource analog 
{ 

MaXAvailable16; # Resource units 1 .. 16. 
Disabled 1-8; # Disabled resources 1 .. 8. 

# So, enabled ones are 9 .. 16. 

} 

# A con?guration de?nition which provides information about 
# the module type that is attached to slots 16-30, 50, and 61-64. 
# 
Slot 16-30, 50, 61-64 

units . 

Resource dpin 

MaXAvailable32; # MaX available resource 

Disabled 3, 30—32;# Disabled resources. 

ModuleDriver “module two.dll”; 
VendorID 2; 
ModuleID 2; 

# A con?guration de?nition, which provides information about 
# the module type that is attached to slots 65-66. 
# 
Slot 65-66 

ModuleID 4; # DPS module with 8 
supplies. 

ModuleDriver mod4.dll; 
VendorID 1; 
# 
# Resource type dps specifying resource units for a 
# Device Power Supply 
# 
Resource dps 

MaXAvailable4; 
Disabled 1; 

} 
} 

[0105] As mentioned earlier, in one embodiment a 
slot refers to connector through which a hardware 
module can be connected, such as an output port of 
the switch matrix. Each con?guration de?nition pro 
vides information about the module that may be 
attached to one or more slots. The VendorID speci 
?ed in a con?guration de?nition is a unique ID 
associated with a vendor. The ModuleID refers to a 
type of module provided by this vendor. There may 
be several instances of the same ModuleID in a tester 
con?guration. The ModuleDriver refers to a vendor 
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supplied DLL to service the module. Finally, the 
Resource refers to the units serviced by this module, 
and provides a name for the resource type; the 
resource name is obtained from the resource de?ni 
tion ?le. 

[0106] The above example describes three con?guration 
blocks in a module con?guration ?le. In one implementa 
tion, the ?rst con?guration block, slots 1-12 and 32-48 are 
serviced by a module produced by vendor 1. This vendor 
provides the module, the identi?er “1” to refer to this 
module type, and the module driver library to control the 
module. This module can provide two types of resource 
units, one designated by the resource name “dpin”, with 
preferably a total number of 32 resource units (i.e., “chan 
nels”), all of which are available, and the other designated by 
the resource name “analog”, with a total number of 16 
resource units, of which only 9 through 16 are available. The 
second and third con?guration blocks are speci?ed in a 
manner similar to the ?rst con?guration. 

[0107] Note that the provision for allowing channels to be 
denoted as “disabled” is to allow for the identi?cation of 
defective resource units on modules that are still functional 
otherwise. Note also that a con?guration block may have 
one or more slot identi?ers. When a block has more than a 

single slot identi?er, then the identi?ed slots are said to be 
cloned. 

[0108] The module con?guration ?le, Modules.cfg, is 
created as part of the system pro?le by the ICM (installation 
con?guration management system) (with test-?oor-speci?c 
information provided by the user), and made available at a 
well-known location. The ICM is a utility that can be local 
to the test system, e.g., on the system controller, or reside 
elsewhere on the network to which the system controller is 
connected. The ICM manages the CMD (con?guration man 
agement database), and typically updated on hardware 
changes to the system con?guration. ICM allows the user to 
con?gure the system, e.g., site controllers and modules. The 
CMD is a database that stores the con?gurations. For actual 
tester con?guration/operation ICM generates the con?gura 
tion ?les, e.g., module con?guration, and other ?les, and 
copies them and associated ?les, such as particular module 
DLLs, onto the tester. 

[0109] Structure for Module Con?guration 

[0110] Below is the module con?guration structure in 
accordance with the preferred embodiment: 

?le-contents: 
version-info module-con?g-def 

version-info: 
Version version-identi?er ; 

module-con?g-def: 
ModuleCon?g { slot-entry-list } 

slot-entry-list: 
slot-entry 
slot-entry-list slot-entry 

slot-entry: 
Slot positive-integer-list { slot-info } 

slot-info: 
required-con?g-list 

required-con?g-list: 
required-con?g 
required-con?g-list required-con?g 
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-continued -continued 

required-con?g: A2; 
VendorID id-code ; A3; 
ModuleID id-code ; A4; 
ModuleDriver ?le-name ; # This syntax expands to the names “ABUS[1]” and 
Resource resource-name { max-spec disabled-specuP‘ } “ABUS[2]” 

max-spec: ABUS[1:2]; 
MaxAvailable positive-integer ; A5; 

disabled-spec: BBUS[1:8]; 
Disabled positive-integer-list ; DIR; 

positive-integer-list: CLK; 
positive-integer-list-entry Group Grp1 
positive-integer-list, positive-integer-list-entry 

positive-integer-list-entry: 
positive-integer 
positive-integer-number-range 

positive-integer-number-range: 
positive-integer — pos-integer 

[0111] Unde?ned non-terminals above are described 
below: 

[0112] 1. version-identi?er: A sequence of one or 
more characters from the set [0-9a-ZA-Z.], where the 
?rst character must be from the set [0-9]. 

[0113] 2. positive-integer: Asequence of one or more 
characters from the set [0-9], not starting with a 0. 

[0114] 3. id-code: A sequence of one or more char 
acters from the set [a-ZA-Zi0-9]. 

[0115] 4. resource-name: A sequence of one or more 
characters from the set [a-ZA-Zi0-9], where the ?rst 
character must be from the set [a-ZA-Z]. 

[0116] Comments are supported; comments start with the 
‘#’ character, and extend to the end of the line. 

[0117] A4. Pin Descriptions 

[0118] The DUT pin descriptions are described using a Pin 
Descriptions ?le. The user makes available a description of 
the DUT pins in a pin description ?le, which has the 
extension pin. This plain text ?le contains, at least the 
following: a listing of the DUT pin names; and initial 
de?nitions of named pin groups, which make use of the 
de?ned DUT pin names (“initial” since they can be subse 
quently modi?ed or added to, etc., programmatically). 

[0119] The separation of this data speci?cation from the 
Test Plan description allows general reuse of the DUT pin 
de?nitions, and allows the pattern compiler to derive pin 
names (required for resolving references to pin names used 
in vector speci?cations) from the pin description ?le, with 
out having the process tied to a speci?c Test Plan. 

[0120] Shown below is an example pin description ?le: 

# 
# Pin description ?le, myDUT.pin. 
# 
# Note that this implicitly imports the resource 
# con?guration ?le,Resources.rsc. 
# 
Version 1.1.3a; 
PinDescription 
{ 

Resource dpin 
{ 

A0; 
A1; 

DIR, CLK, A0, A1, A2, A3, A4, BBUS[1:4] 

Group Grp2 

A5, 

# The following line will expand to 
#“DIR, A1, A2, A4, A5, BBUS[Z] ”: 
# 
Grp1 - CLK - A0 - A3 - BBUS[l] - BBUS[3:4] + A5, 

BBUS[5z8] 
} 

} 
Resource dps 

vcc1; 
vcc2; 
vcc3; 
Group PSG 
{ 

vcc1, vcc2 
} 

} 
} 

[0121] resource type blocks, to allow the compiler to 
correlate pin and pin group de?nitions with the allowable 
parameter settings for Levels, etc. 

[0122] The following points about pin descriptions should 
be noted: 

[0123] 1. Pin groups and pins share the same 
namespace and have global (i.e., Test Plan) scope. 
One of the consequences of the global scoping of 
these names is that pins and pin groups cannot use 
duplicated names, even when declared in different 
resource blocks. 

[0124] 2. At least one Resource de?nition is required 
in the pin description ?le. 

[0125] 3. At least one pin name should be de?ned in 
each resource. 

[0126] 4. Pin and group names are required to be 
unique within resource boundaries. 

[0127] 5. The same pin or group name can be de?ned 
for two or more resources. However, duplicates 
within the same resource are ignored. 

[0128] 6. All pin names and group names that appear 
in a group de?nition should have been already 
de?ned within that resource. 

[0129] 7. Group de?nitions, if given, should have at 
least one pin name or group name (i.e., a group 
de?nition cannot be empty). 

[0130] 8. A pin group de?nition can include a refer 
ence to a previously-de?ned pin group. 
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[0131] 9. A pin group de?nition can include set 
operations such as addition and subtraction of pre 
viously de?ned pins and/or pin groups. 

[0132] Structure for the Pin Descriptions 

[0133] Given below is the structure for the pin descrip 
tions in accordance with the preferred embodiment of the 
present invention: 

pin-description-?le: 
version-info pin-description 

version-info: 
Version version-identifer ; 

pin-description: 
PinDescription { resource-pins-def-list } 

resource-pins-def-list: 
resource-pins-def 
resource-pins-def-list resource-pins-def 

resource-pins-def: 
Resource resource-name { pin-or-pin-group-def-list } 

pin-or-pin-group-def-list: 
pin-or-pin-group-def 
pin-or-pin-group-def-list pin-or-pin-group-def 

pindef-or-pin-groupdef: 
pin-def ; 
pin-group-def 

pin-def: 
pin-name 
pin-name [ index : index ] 

pin-group-def: 
Group pin-group-name { pin-group-def-item-list } 

pin-group-def-item-list: 
pin-def 
pin-group-def-item-list, pin-def 

[0134] Unde?ned non-terminals above are speci?ed 
below: 

[0135] 1. version-identi?er: A sequence of one or 
more characters from the set [0-9a-ZA-Z.]. It repre 
sents a version number. 
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[0136] 2. resource-name: Asequence of one or more 

characters from the set [a-ZA-Zi0-9] not starting 
with a digit. It represents the name of a resource, 
such as dpin or dps. 

[0137] 3. pin-name: A sequence of one or more 
characters from the set [a-ZA-Zi0-9] not starting 
with a digit. It represents the name of a pin A0. 

[0138] 4. pin-group-name: Asequence of one or more 
characters from the set [a-ZA-Zi0-9] not starting 
with a digit. It represents the name of a pin group 
ABUS. 

[0139] 5. index: A nonnegative integer. It represents 
the lower bound or an upper bound on a group of 

related pins. 

[0140] A5. The Socket 

[0141] The Socket speci?es the mapping between DUT 
pin names and physical tester pin (channel) assignments (the 
physical tester channel numbers are de?ned in the module 

con?guration ?le). Note that different Sockets can be used to 
support different DUT packages and different load board 
con?gurations, etc. For a multi-DUT system, the Socket 

de?nitions for DUT/channel assignments can support “clon 

ing” of a basic Socket to multiple sites. However, different 
Sockets (i.e., different physical mappings for the same 
logical pins) should respect site module partitions. Thus, in 
addition to providing DUT pin to tester channel assign 
ments, the socket also effectively de?nes the site partition 
ing. A Socket ?le could thus contain de?nitions for several 
individual site sockets. Shown below is a sample socket ?le 
de?ning three DUT sites: 

Version 1.1.3 
SocketDef 

DUTType Pentium3 
{ 

PinDescription dutP3.pin; # The pin description ?le for 
Pentium3 

DUT 2 # Uses the full-speci?cation syntax 

SiteController 1; # Switch Matrix input port 
Resource dpin 

# The CLK pin is assigned to resource dpin, 
# slot 2, resource unit (channel) 13. 

CLK 2.13; 

# The DIR pin is assigned to resource dpin, 
# slot 5, resource unit 15. 
DIR 5.15; 

# The following statement will be expanded to 
# BBUS[7] 5.4 
# BBUS[6] 5.5 
# BBUS[5] 5.6 

# So for example, the pin sequence BBUS[7], 




















































































































