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Abstract: VLSI chips have been tested using various automatic test equipment (ATE). Although each 

ATE has a similar structure, the language for ATE is proprietary and it is not easy to convert a test 
program for use among different ATE vendors. To address this difficulty we propose a tester structure 
expression language, a tester language with a novel format. The developed language is called the 
general tester language (GTL). Developing an interpreter for each tester, the GTL program can be 
directly applied to the ATE without conversion. It is also possible to select a cost-effective ATE from 
the test program, because the program expresses the required ATE resources, such as pin counts, 
measurement accuracy, and memory capacity. We describe the prototype environment for the GTL and 
the tester selection tool. The software size of the prototype is approximately 27,800 steps and 15 man-
months were required. Using the tester selection tool, the number of man-hours required in order to 
select an ATE could be reduced to 1/10. A GTL program was successfully executed on actual ATE. 
 

Keywords: VLST test, VLSI tester, ATE, tester language, GTL, Tester selection tool 

 

 

1. Introduction 
 
VLSI chips have been tested by general-purpose automatic 

test equipment (ATE), which interprets a test program in 

the main memory and controls test resources such as 

AD/DA converters and power supplies. Although each tester 

has a similar structure, test languages differ from vendor to 

vendor. In other words, there is no inter-compatibility 

among ATE software. This is one reason why the test cost 

of VLSI chips has not decreased, while the cost-performance 

of ATE has improved. Since the test cost is viewed as a 

problem for a large-scale SoC (system on a chip) [1], it is 

important to improve the tester language. 

The architecture of VLSI testers has evolved as the 

device under test (DUT) has evolved. During the 1970’s, 

ATE was based on the shared-resource architecture, where 

tester resources are used by multiple pins in the time 

division method [2,3]. The per-pin tester was then 

developed, where full tester resources are assigned to each 

pin [4]. Recently, the test-processor-per-pin tester and the 

time driven tester have been developed [5]. Testers that 

focus on design for testability (DFT) have also been 

introduced to the market [6,7]. A board-mounted tester for 

a dedicated chip was also developed [8]. 

The software of the tester is important in testing VLSI 

chips. As tester architecture progresses, the languages used 

to describe test programs have evolved in the same manner 

as programming languages, as shown in Figure 1. The 

assembly language was used on testers in the 1970's [9]. 

Then, in the 1980’s, FORTRAN-like [10] and BASIC-like 

languages were developed and have become widely used. 

A PASCAL-based language was also developed, but the 

language has not yet been used. A C-like language was 

developed in the 1990's, and a GUI-based language has 

recently been made available. 
 

 
Fig. 1. Evolution of tester language: Assembler-like 

language to GUI-based language. 
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To develop a test program, an engineer must be familiar 

with not only the test language, but also the ATE structure, 

ATE operations, and the DUT test structure. Therefore, 

debugging a test program requires an actual ATE 

environment, resulting in a costly design process. To 

alleviate this problem, a software tool called a virtual tester 

is also introduced [11]. The virtual tester simulates a VLSI 

tester and can be used to verify and debug software on the 

tester. 

There have been efforts to standardize the test 

description language, such as the standard test interface 

language (STIL) [12]. The STIL satisfies the requirement 

for the common format of test patterns, and thus has 

become widely applied. However, further efforts at 

standardization are required in order to describe the tester 

program, because the STIL does not necessary take the 

tester architectures into account, making it difficult to set 

the parameters to the test resources. In addition, many 

testers have yet to support STIL as a native language. STIL 

must be converted to the original language of the tester 

before test application, reducing the productivity and 

portability of the program. 

VLSI developers, including fabless companies, must 

develop a test program for each device and piece of ATE 

used. The debugging process begins directly after the first-

silicon. As described above, developing/debugging the test 

program requires significant manpower. This is one 

disadvantage to shorten the time-to-market (TTM) and 

time-to-volume (TTV). In other words, prompt test 

program development leads to shorter VLSI debugging 

processes and feedback to yield improvement.    

In order to overcome these difficulties, a new tester 

language must be developed. In the present paper, we 

propose a tester structure expression language, namely, the 

general tester language (GTL). The GTL is an attempt to 

improve the readability and portability of the tester 

software. In addition, by developing the interpreter of the 

proposed language for each target tester, the tester can 

execute the tester program without conversion. Based on 

the proposed language, we have developed the prototype 

tool for programming and selection of an applicable tester. 

The developed GTL program was successfully interpreted 

on an actual ATE, and the test program was executed on 

actual VLSI testers. 

The remainder of the present paper is organized as 

follows. In Section 2, we report the typical tester structure 

and typical test program statements, indicating the 

difficulties in the conventional environment. In Section 3, 

we present the concept and an example of the proposed 

tester language, GTL. Section 4 shows the architecture of 

the prototype tool developed under the proposed language, 

including experimental results. A GTL program executed 

on actual VLSI testers is reported in Section 5. Section 6 

summarizes the present paper. 

 

 

2. Tester Structure and Tester Language 

 

2.1 Tester Structure 
 

Figure 2 shows the logical architecture of the general-

purpose tester. The test program is stored in the main 

memory. The central processing unit (CPU) executes the 

test program by interpreting the test program and 

controlling the measurement instruments, which are 

referred to as tester resources. Thus, general-purpose 

testers can be regarded as a control system with many 

tester resources and can be logically expressed as a bus-

based architecture.  

 

 
Fig. 2. Logical structure of typical automatic test equipment 

(ATE). 

 
A tester has many tester resources, as described in the 

following: 

 

(1)  Pattern Generator (PG) 

This unit stores the logic value of the test vectors and 

generates the test pattern. 

(2)  Timing Generator (TG) 

This unit generates the timing for the test vector input to 

the DUT. It also generates comparison timing for the test 

responses output from the DUT. The unit is indispensable 

for AC measurements of the device. 

(3)  programmable Device Power Supply (DPS) 

This unit supplies the voltage to the DUT. 

(4)  DC measurement (DC) 

This unit measures the DC characteristics of the DUT. 
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(5)  Pin Electronics (P/E)  

This unit consists of drivers, which input signals to the 

DUT, and comparators, which compare the output from the 

DUT. Pin electronics are designed to work correctly for 

wires having lengths of up to 1 meter. For most ATE, the 

impedance of P/E is 50 ohms. 
 

Each tester resource has its own resource address. When 

the CPU in the ATE sets a parameter for a tester resource, it 

specifies the memory address assigned to the register for 

the parameters and sets the data on the Data Bus. 

As an example of tester resources, Figure 3 shows the 

DPS circuit consisting of the following: Digital to Analog 

Converter (DAC), voltage Range selector (RNG), 

operational Amplifier (AMP), current measurement unit 

and range selector (A), and upper and lower clamp circuits. 

For many ATE components, the DAC has 12-bit resolution 

and generates voltages ranging between +2.048 V and -

2.047 V. The range of the RNG circuit is selected to be 0.8 

V, 8 V, and 80 V. The AMP supplies the current to the DUT 

by observing the sense line (S) and controlling the force 

line (F). The current measurement range can be selected 

from among 800 nA, 8 µA, 80 µA, 800 µA, 8 mA, 80 mA, 

and 800 mA. These values are set to the designated register 

in the DPS via the Data Bus. 

 

2.2 Survey of Tester Languages 
 

The first author of this manuscript was a member of 

Working Group WG2 (Test Engineering) of the 

Semiconductor Technology Roadmap of Japan (STRJ) and 

initiated a survey on the tester languages [13,14]. The WG2 

requested the cooperation of Japanese tester vendors, and 

focused on five testers: Testers 1 and 2 were manufactured 

by A Corp., Testers 3 and 4 were manufactured by B Corp., 

and Tester 5 was manufactured by C Corp. 

The sizes of the tester programs were evaluated for the 

five testers mentioned above. The target device was a 

standard edge-trigger flip-flop, 74HC74. A test program 

was designed for each tester, and the testers were compared 

in terms of the number of code lines, as shown in Table I. 

The types of language and the number of program lines are 

as follows: Tester 1 (FORTLAN-like) = approximately 400 

lines, Tester 2 (C-like) = approximately 760 lines, Tester 3 

(BASIC-like) = approximately 200 lines, Tester 4 (C-like) 

= 360 lines, and Tester 5 (C-like) = 240 lines. Since Tester 

3 adopts a BASIC-like language, this tester had the 

smallest number of lines. In the following subsection, the 

description of the DPS for the circuit will be shown. 

 

Table 1. Tester program sizes for edge-trigger flip-flop 

74HC74 for five types of ATE. 

ATE 

maker 
A Corp. B Corp. C Corp.

tester Tester 1 Tester 2 Tester 3 Tester 4 Tester 5

language
FORTRAN-

like 
C-like 

BASIC-

like 
C-like C-like

number of 

program 

lines 

400 760 200 360 240

 

Here, we discuss in detail the differenced and 

similarities among the tester languages. In each program, 

for the DPS, we set the input voltage as 0 V, the voltage 

range as 8 V, the measurement current range as 0.8 A, and 

the clamps as ±400 mA. The tester programs are listed 

below according to the year that each tester was developed. 

First a part of the program for Tester 1 (FORTRAN-like) is 

presented, followed by a part of the program for Tester 3 

(BASIC-like) and Tester 2 (C-like). Due to space 

limitations, the programs for Testers 4 and 5 are presented 

in Appendix A. As a result of the limitation of the 

parameter range, accurate setting with our requirement was 

 
Fig. 3. Structure of the programmable device power supply (DPS). 
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impossible for Testers 4 and 5. 

 

(Tester 1) 

VS1 = 0.000 V, R8V, M(0.8 A), 400MA, -400MA 

This tester was developed in 1980 and is now widely 

used. A FORTRAN-like language is used. The term VS1 

indicates the name of the resource. According to the 

parameters on the right-hand side, the electrical 

characteristics for the resource are determined. The applied 

voltage is set to be 0.000 V, the voltage range is set to be 

8.0 V by R8V. The current range is set to be 0.8 A by M(0.8 

A), and the upper/lower clamp current is set to be 400 m/-

400 mA. The order of the parameters is fixed, and capital 

characters must be used. 

 

(Tester 3) 

DEFINE section: VCC = BS1(4R,4C) 

DATA section: VCC = 0.0 V 

Tester 3 became commercially available in 1990 and is 

also widely used at present. It uses a BASIC-like language. 

The DEFINE division describes the resources used, while 

the DATA division describes the parameters to be set for 

the resource. The voltage supply is represented by VCC, 

and BS1 is the designation of the voltage source. Parameter 

4R indicates that the voltage range is 2.0 V, and 4C means 

that the current measurement range is 200 mA. These 

expressions are taken from the description for the early 

Fairchild testers. The expression VCC = 0.0 V indicates 

that the voltage applied to BS1 is 0.0 V. The values in the 

DATA division are transferred to the ATE memory by a 

direct memory access (DMA) mechanism. 

 

(Tester 2) 

DPSVSIM  dpsvsim; 

dpsvsim.pin(VS1);   

dpsvsim.SRng(R8V); 

dpsvsim.SVal(0V); 

dpsvsim.MRng(M800MA); 

dpsvsim.CPVal(400mA); 

dpsvsim.CMVal(-400mA); 

dpsvsim.Load(); 

 

Tester 2 was developed in 1999 and uses a C-like 

language. The order of the parameter setting can be 

changed. The first and second lines define the voltage 

source, designated VS1. The third line, SRng(R8V), 

indicates that the voltage range is 8.0 V. The fourth line, 

Sval(0V), indicates that the applied voltage is 0.0 V. The 

fifth line, MRng(M800MA), indicates that the current 

measurement range is 800 mA. The sixth and seventh lines 

are used to set the clamp current to 400/-400 mA, 

respectively. The final line sends the parameters to the ATE 

resource registers via the Data Bus. 

 

2.3 Description of the Test Data 
 

In this subsection, we examine the test data format. For 

all testers, the logical states of test patterns were identical: 

0 for input low, 1 for input high, L for output low, H for 

output high, and X for the ‘don’t care’ value. The following 

is an example of the test pattern for Tester 1: 

 

LPAT PFCT2 

CHANNEL 1-8,10-13 

CFPF NOP/T1     !1000XX1000XX 

 NOP/T2     !0001LH0001LH 

             : 

STPS       /T11        !1001XX1001XX 

END 

 

The first line indicates that what follows is a test pattern 

designated PFCT2. The second line specifies the pin 

number for the test. The test pattern is described between 

CFPF and STPS statements. ‘END’ indicates the end of the 

description. 

 

2.4 Program/Data conversion 
 

For a larger VLSI, such as a SoC, a test program 

becomes larger and more complicated due to increasing 

pin-counts and larger integration. The test program is used 

not only by the test engineer but also by the process line 

managers, operators, and defect analysis engineers. 

Therefore, it is advisable to design test programs that are 

more structured and readable. As shown in the previous 

subsections, the commercially available tester language 

lacks readability and portability. 

It is quite difficult to convert a test program to/from a 

test program for a different ATE vendor. This is because the 

user must be familiar with the details of both ATE 

components, which often have different ranges. Figure 4 

shows a possible method by which a test program is 

converted to a test program on a different ATE. First, a test 

program is developed on a specific VLSI tester according 

to the constraints of the ATE (Fig. 4(a)) and is then 

converted to the other (Fig. 4(b)) [15]. The drawback of 

this technique is as follows. The number of combinations 

increases rapidly as the number of ATE components 

increases. To ease this difficulty, a database-based 

conversion technique has been developed, where the 

resources for each tester is stored in a database, such as an 

EXCEL file, as shown in Fig. 4(c). 

From the above experiments, the following insights were 

obtained: 
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Fig. 4. Test program conversion methods: (a) Independent 

development, (b) One-to-one conversion, and (c) 

Database-based conversion. 

 

(1) For some languages, engineers must know the order 

of parameter settings as well as the parameter itself, 

resulting in difficult program development and conversion. 

(2) C-like languages tend to become longer because of 

individual parameter settings. 

(3) Some languages supply multi-parameter statements, 

which can reduce the number of code lines, but the format 

is vendor-dependent. 

(4) The test pattern format is approximately the same 

for each tester. This indicates that the pattern can be 

converted much easier than a tester program. 

 

 

3. Tester Structure Expression Language 

 

To alleviate the difficulties described in the previous 

section, we propose a novel language for VLSI testers, 

namely, the general tester language (GTL). The features of 

the GTL are as follows: 

(1) The GTL adopts a C-like format. The parameters of 

tester resources are set based on the arguments of 

functions that are defined according to the logical 

structure of the testers. 

(2) Test patterns are described in the conventional 

manner, that is, in the 0, 1, H, L, X format. 

(3) The GTL is easy to develop and understand for not 

only test engineers, but also process line managers, 

operators, and defect analysis engineers. 

 

As described in a previous section, ATE has similar 

resources and features, even if the vendors are different. It 

is possible to describe a VLSI tester using software, i.e., a 

set of functions. Figure 5 shows an example of this concept. 

 

As examples, the functions for the PG, DPS, Pin, and DC 

are defined below: 

 

(PG) 

  PATTER Pattern name 

  CHANNEL(Pin) 

  NOP(Timing set number, Pattern Description) 

     … 

  STPS(Timing set number, Pattern Description) 

  END 

  

(DPS) 

VS(Unit number, Voltage, Voltage Range, 

Measurement Current Range, Upper Current Clamp, 

Lower Current Clamp) 

  

(Pin) 

  Pin(Pin number, input Hi level, input Low level, 

Terminal Voltage, Wave Mode, CLK number, 

Driver/Comparator/IO, Output Hi level, Output Low 

level, Strobe) 

                                                         

 
Fig. 5. Tester resources and their description by functions. 
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(DC) 

VSIM(Unit number, Voltage, Voltage Range, 

Measurement Current Range, Upper Current Range, 

Lower Current Range)  

 

For example, consider the function for the DPS. The 

term VS, which stands for voltage source, is the 

designation of the function. The parameters are described 

as arguments of the function. The function VS() has the 

following six arguments: unit number, voltage applied, 

voltage range, measurement current range, and upper/lower 

clamp current. These arguments sufficiently cover the 

parameters necessary to set the five testers mentioned 

earlier. A typical expression for this resource is as follows: 
 
  VS(1, 0 V, 800ma, 400ma, -400ma) 
 
If engineers are not concerned with or do not wish to 

specify some of the parameters, the following expression is 

also acceptable: 
 
  VS(1, 1V, , , , ) 
 
All of the resources used to describe ATE are surveyed 

with the cooperation of the WG2 in STRJ. The results, 

including the device power supply, DC descriptions, 

voltage sequences, measurement conditions, and test 

pattern description, are shown in Table 2. For additional 

details, please refer to [13]. 

 

Using the functions listed in Table II, each test program 

on each ATE can be described by a set of statements. The 

logical structure of the program can be shown as a tree 

structure, as shown in Figure 6. The proposed language 

represents the structure of the testers. That is, each function 

represents one tester resource. In other words, each 

function corresponds to a resource address on the tester bus 

shown in Figure 1. The order of parameters is based on 

their sub-addresses. 
 

 
Fig. 6. Test program structure for the general tester language 

(GTL). 

Table 2. Function for the general tester language (GTL). 

Device Power Supply
VS（Unit number,Voltage,Voltage Range,Measurement Current Range,

                                        Upper Current Clamp ,Lower Current Clamp )

ＤＣ　Test：Voltage Source Current measure
VSIM( Voltage,Voltage Range,Measurement Current Range,

Upper Current Clamp ,Lower Current Clamp )

ＤＣ　Test ： Current Source Voltage measure
ISVM( Current,Current Range, Voltage Measurement Range,

                                           Upper Voltage Clamp ,Lower Voltage Clamp )

Pin description
Pin(pin number,Input Hi level,Input Low level,Termination Voltage,Wave Mode,

Clock,Driver/Comparator/IO, Output Hi level,Output Low level,Strobe )
Voltage sequence TIME(Sequence number,Wait Time,Unit name)

SRON

SROF

Test number TEST(Test number)

Measurement Command MEAS(Measurement name)

REG(Unit name,Register name,Data)

SEND(unit name,data)

Tester Wait time WAIT(Time)

Description Test program Start MAIN(program name ) {

Test program finish }

Test Stop STOP

Brunch Command if(ARG1(5)<>0)

Loop Control Command for ( I=0; I<10; I++ )

Limit Description LIMIT(Measurement Unit,Upper Limit,Lower Limit)

Pin List PINLIST(Pin List name,Pin number)

Test Rate RATE(Rate time)

Timing Description CLK(Clock number,ACLOK Value,BCLK Value,CCLKValue ）

STRB(Strobe number,Strobe value)

Pattern Description PＡTTER(Pattern name)

CHANNEL(Pin description)

NOP(Timing set number,Pattern description)

               ∫

STPS (Timing set number,Pattern description)

Pattern description end END

C Language Function Definition Description

Tester Structure Expression Language
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Fig. 7. Program conversion from the GTL program. 

 

By implementing an interpreter of the GTL functions for 

the native tester language, test execution can be performed 

without converting the proprietary test program. If the 

native language of the tester is C-like, it can be 

implemented simply by the definition of the GTL functions. 

Even if the native language is not C-like, function calls can 

be implemented by multi-parameter macros, which are 

supported by many current testers. 

The proposed language has no constraints on the range 

of each parameter, so that the proposed language is easily 

convertible to various testers. It is also possible not to set 

some of the parameters. The ranges of the parameters that 

are dependent on each tester can be checked by tools such 

as the tester navigator mentioned in the following section. 

 

4. Application of the GTL to the Test Solution 

Environment 

 

4.1 Prototype Structure 
 

We developed a prototype tester selection and 

programming environment with the tester structure 

expression language, GTL. The prototype tool provides an 

environment consisting of the following components, as 

shown in Figure 8: 

(1) Interactive editor 

(2) Tester resource evaluator 

(3) Tester inquiry 

(4) Tester navigator 

(5) Test pattern converter (third-party product) 

(6) Virtual tester (third-party product) 

(7) Test specification sheet 

 

The user can use the tool via a Web-based interface 

during program development. The pattern converter and 

the virtual tester are developed by third vendors. Each 

component will be described in the following. 

 

4.2 Software Components 
 

(1) Interactive editor 

The interactive editor is a screen editor specialized to 

efficiently input a GTL program. When the name of a 

function is input, the interactive editor displays a list of the 

parameters required for the function, prompting the 

parameters to be input one by one. Thus, the user can 

develop tester programs even if without exact knowledge 

 
Fig. 8. Prototype environment for the test program development using the GTL. 
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of the format of the program, such as the order of the 

parameter setting and the meanings of the parameters. 

For example, when a user inputs “VS”, the interactive 

editor recognizes the name of function, displays the names 

(meanings) of the six parameters, and prompts the first 

parameter of the unit number to be input. 

The user might not always want to set all of the 

parameters, due to a lack of knowledge of the parameter or 

a desire to save time. The interactive editor knows whether 

each parameter is requisite, and the input of non-requisite 

parameters can be skipped by inputting a blank (by 

pressing the space bar). In the example of the VS, only the 

first and second parameters are necessary, and the 

remainder of the parameters can be omitted. 

 

(2) Tester resource evaluator 

This component extracts the resources required for a 

GTL program. For example, the following parameters can 

be derived: number of power supply pins, their voltage 

range, and number of test-dedicated pins. The extracted 

data are compared with the specifications of the possible 

ATE. 

 

(3) Tester inquiry 

This module is used to show a list of ATE candidates 

according to the data extracted from the GTL program. For 

some candidates, items that do not meet the requirements 

are displayed. In other words, the tester inquiry can 

indicate not only the applicable testers, but also 

inapplicable testers with the resources conflicting with 

requirements. In addition, the cost of each tester, which is 

derived from predefined depreciation and administration 

costs, can be calculated. 

 

(4) Tester navigator 

When an inadequate tester is chosen on the tester inquiry, 

the exact location of the conflicting resources in the GTL 

test program is revealed. Users can correct the program on 

the interactive editor, and repeat inquiry. As a result, the 

range of applicable testers is widened. If the requirements 

can be relaxed, that is, if the program can be modified, you 

will be able to get new candidates. Repeatedly modifying 

the program allows the most cost-effective ATE to be 

chosen. 

 

(5) Pattern converter 

This module converts the test pattern format produced 

by a logic simulator to value change data (VCD), wave 

generation language (WGL), or STIL format. 

 

(6) Virtual tester 

This software precisely simulates the target VLSI tester [11]. 

(7) Test specification sheet 

A test program can be generated from a specification 

sheet and so can be used by engineers in fabless companies, 

who are not familiar with VLSI testers. 

 

4.3 Development Scale 
 

We developed a prototype of the proposed system by 

Visual C++. Table 3 summarizes the scale of development. 

The interactive editor was described in 3,700 steps by C++, 

which is equivalent to 3,700 lines of C++ source code. This 

took four man-months. Similarly, the tester resource 

evaluator, tester inquiry, and tester navigator are described 

in 3,200 steps (two man-months), 2,600 steps (one man-

month), and 13,800 steps (five man-months), respectively. 

We also developed a test specification sheet by Excel VBA. 

The development of the test specification sheet required 

4,500 steps (three man-months). In total, the development 

of the prototype required 27,800 steps and 15 man-months. 

 

Table 3. Number of man-months and number of lines 

needed to implement the GTL development 

environment. 

Software Tool 
Man-

months 
Scale (k 
steps) 

Interactive 
editor 

Visual C++ 4 3.7 

Tester resource 
evaluator 

Visual C++ 2 3.2 

Tester inquiry Visual C++ 1 2.6 

Tester navigator Visual C++ 5 13.8 

Test 
specification sheet

EXCEL, 
VBA 

3 4.5 

Total - 15 27.8 

 

Using the tester selection tool, the man-hours required to 

select a suitable ATE can be reduced. For a typical SoC, 

approximately five engineers gather and discuss the details 

of the following requirements: pin-count, clock frequency, 

number of clock phases, power supplies, input/output level, 

and number of function patterns. By reviewing the ATE 

manuals, the engineers confirm and reconfirm that the 

selected ATE meets all requirements. This required two 

weeks, or approximately twenty hours, in other words 100 

man-hours. 

Contrary to this conventional method, if the proposed 

tester selection tool is available for the engineers, it is not 

necessary to reconfirm the requirements because the tool 

shows the candidate VLSI testers based on the GTL. It is 

estimated that approximately two hours are required for 

one meeting, in other words 10 man-hours. Therefore, the 

number of man-hours required for selecting a tester can be 

reduced to 10%. 
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5. Tester Applicability Evaluation 

 

We evaluated the prototype using real testers. As a DUT, 

a simple 8-bit adder was implemented on an FPGA chip. 

The target testers were T6575 and T3324 by Advantest. 

The test program was to perform, for example, open/short, 

input-leakage, power consumption, output voltage, and 

functional tests. The test program was described by 440 

lines by the GTL. Appendix B shows the test program and 

applied test pattern. 

 

Table 4. Execution time for the GTL and an ATE language. 

 

 

 Figure 9 shows the environment and a shmoo plot with 

T6575. Since the tester and DUT were connected using an 

inexpensive cable due to a very limited test budget, some 

noises appeared because of the unmatched impedance. 

We compared the test time of the GTL program with that 

of the program written in the original language of the 

testers. Table IV shows the results of the test time with 

T6575+GTL, T3324+GTL, and T3324+MOST, where 

MOST is the tester language that is proprietary to 

Advantest Corp. Twenty-three test items are compared in 

the table. Generally speaking, in comparison to the test 

program written in the original language of the testers, 

MOST, the execution time with the GTL is approximately 

the same as that of MOST. One drawback of the GTL is the 

longer compilation time due to the use of a higher-level 

language. As a trade-off, the GTL improves readability and 

portability. 

 

 

6. Conclusions 

 

In the present paper, we proposed a tester structure 

expression language called the general tester language 

(GTL), to improve the readability and portability of tester 

programs based on the observation that tester languages are 

incompatible with each other, while the structure of VLSI 

testers is approximately the same. The tester resources are 

implemented as a set of functions written in the C++ 

language. We also developed a prototype of the test 

solution environment based on the proposed language. Its 

program size is approximately 27,800 steps and 15 man-

months were required. The number of man-hours for the 

tester selection process could be reduced by 1/10 for 

typical SoCs. Experimental results show the test time for a 

program written by GTL is approximately the same as that 

written by the proprietary language. In the future, we 

intend to construct a test service that is available via the 

Internet. 

 
Fig. 9. Evaluation setup and results obtained using the T6575 (Advantest). 
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Appendix A 

(Tester 4) 

uvi(VCC) {v = @vcc; vi = vfim; i = 3 mA; vrng = r8V; 

irng = r3mA; alarm = off; }\ 

This ATE was developed in 1998 and has a C-like 

language. The name of the tester resource is denoted by 

VCC, and values in {} are parameters for the resource. The 

first term, v = @vcc, is the applied voltage. The second 

term, vi = vfim, means that the voltage is applied and the 

current is measured. The third term, i = 3 mA, is the clamp 

current to protect the circuit. The forth term, vrng = 8 V, 

denotes the voltage range. The fifth term, irng = r3 mA, is 

the current range. The last term, alarm = off, prevents the 

alarm signal from occurring, even if the current overflows 

the clamp value. 

 

(Tester 5) 

set vs1 v = 0.000v, vr = 10v, cur = 400ma, ir = 800ma; 

This tester was developed in 2000 and has a C-like 

language. The resource is designated as vs1. The following 

are the parameters of the resource. The first term, v = 

0.000v, is the applied voltage. The second term, vr = 10v, is 

the voltage range. The third term, cur = 400ma, is the 

clamp current. The last term, ir = 800ma, is the current 

measurement range. 

 

Appendix B: Example of a GTL test program 

 

(a) Test program for 8-bit adder (extract) 
//_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/ 

//_/_/_/_/_/          MAIN PROGRAM        _/_/_/_/_/_/_/ 

//_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/ 

MAIN(8bit_adder)   

 

//_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/ 

//_/_/          UNIT        /_/_/ 

//_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/ 

TIME(1,3mS,"VS"); 

TIME(2,6mS,"ALL"); 

 

//_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/ 

//_/_/     Contact Test     /_/_/ 

//_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/ 

TEST(100); 

VS(1,0V,8V,2A,1A,-1A); 

ISVM(-100uA,800uA,8V,3V,-3V); 

LIMIT("DC",100mV,-1.5V); 

SRON(); 

MEAS("DC",ALLPIN); 

SROFF(); 

 

//_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/ 

//_/_/         RATE         /_/_/ 

//_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/ 

RATE(1,50nS*5); 
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//_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/ 

//_/_/         PINS         /_/_/ 

//_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/ 

PIN(ADD_A,"IN" ,"NRZ1", 1, 0nS, 0nS, 0nS, 0nS, "DRENRZ", 0nS, 0nS, 5V, 0V, 0V, 0V     0nS, 0nS); 

PIN(ADD_B,"IN" ,"NRZ1", 1, 0nS, 0nS, 0nS, 0nS, "DRENRZ", 0nS, 0nS, 5V, 0V, 0V, 0V,    0nS, 0nS); 

PIN(OUT_Y,"OUT","NON",  1, 0nS, 0nS, 0nS, 0nS, "DRENRZ", 0nS, 0nS, 0V, 0V, 3V, 1V, 47nS*5, 0nS); 

PIN(CARY, "OUT","NON",  1, 0nS, 0nS, 0nS, 0nS, "DRENRZ", 0nS, 0nS, 0V, 0V, 3V, 1V, 47nS*5, 0nS); 

 

//_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/ 

//_/_/    Function Test     /_/_/ 

//_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/ 

TEST(1000); 

SRON(); 

MEAS("FT","pt8bti.lpa"); 

MEAS("FT","pt8bta.lpa"); 

MEAS("FT","pt8btall.lpa"); 

SROFF(); 

 

//_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/ 

//_/_/         FINISH       /_/_/ 

//_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/ 

STOP(); 

ENDMAIN() 

// program end 

 

 

 (b) Test pattern (extract) 

LPAT PT8BTA 

RDX 10 

CHANNEL   26, 8-1,      16-9,     24-17,   25 

CFPF 

LOC 0 

;          C  AAAAAAAA  BBBBBBBB  YYYYYYYY  C        

;          L  76543210  76543210  76543210  A    

;          K                                R        

;                                           Y       

; 

NOP /T1 !  1  00000000  00000000  XXXXXXXX  X ;STEP0  INIT      

NOP /T1 !  1  00000000  00000000  LLLLLLLL  L ;STEP1  0+0=0     

NOP /T1 !  1  00000000  00000001  LLLLLLLH  L ;STEP2  0+1=1    

NOP /T1 !  1  01111110  01111110  HHHHHHLL  L ;STEP3  126+126=252   

NOP /T1 !  1  01111111  01111111  HHHHHHHL  L ;STEP4  127+127=254   

NOP /T1 !  1  10000000  10000000  LLLLLLLL  H ;STEP5  128+128=256 (0)   

NOP /T1 !  1  10000001  10000001  LLLLLLHL  H ;STEP6  129+129=258 (2) 

NOP /T1 !  1  11111110  11111110  HHHHHHLL  H ;STEP7  254+254=508 (252)  

NOP /T1 !  1  11111111  11111111  HHHHHHHL  H ;STEP8  255+255=510 (254)  

NOP /T1 !  1  00000000  00000000  XXXXXXXX  X ;STEP9  INIT 

 

STPS 

END 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /!BM-dolhdip1
    /!BM-gaulr
    /!BM-joyakr
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AharoniBold
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /Albertus-ExtraBold
    /Albertus-Medium
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Algerian
    /AmericanGaramondBT-Roman
    /AmiR-HM
    /ArborWin
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /Astro2KT
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /AvQest
    /BaskOldFace
    /Batang
    /BatangChe
    /BatangOldHangulJamo
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BemboStd
    /BemboStd-Bold
    /BemboStd-BoldItalic
    /BemboStd-ExtraBold
    /BemboStd-ExtraBoldItalic
    /BemboStd-Italic
    /BemboStd-Semibold
    /BemboStd-SemiboldItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BlackChancery
    /BM-dolchulip1
    /BM-gaulr
    /BM-joyakr
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /Brush445BT-Regular
    /BrushScript
    /BrushScriptBT-Regular
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Condensed-Bold
    /Clarendon-Light
    /CliperSKana
    /Cmsy10
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolekana
    /CooperBlack
    /CooperBlack-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /CordiaNew
    /CordiaNew-Bold
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /Crayon
    /CurlzMT
    /DanzinRegular
    /DFKMincho-Bd-WIN-KSC-H
    /Dinbla
    /Dinbol
    /DinerRegular
    /DingDongBold
    /Dinlig
    /Dinmed
    /Dinreg
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldExtendedTwo
    /Eurostile-ExtendedTwo
    /ExpoL-HM
    /ExpoM-HM
    /FelixTitlingMT
    /FencesPlain
    /Flora-Bold
    /Flora-BoldEx
    /Flora-BoldHo
    /Flora-BoldWd
    /Floralies
    /Flora-Normal
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FZSY--SURROGATE-0
    /Gaeul
    /GaramB-HM
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /GaramondNo4CyrTCY-Medi
    /GauFontShirousagi
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GothicL-HM
    /GothicRoundB-HM
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /Goudy-ExtraBold
    /Goudy-Italic
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GraphicSansR-HM
    /GTB
    /GTM
    /Gulim
    /GulimChe
    /GulimOldHangulJamo
    /Gungsuh
    /GungsuhChe
    /H2bulL
    /H2gprM
    /H2gsrB
    /H2gtrB
    /H2gtrE
    /H2gtrM
    /H2hdrM
    /H2hsrM
    /H2mjmM
    /H2mjrB
    /H2mjrE
    /H2mjsM
    /H2mjuM
    /H2mkpB
    /H2mkrB
    /H2pirL
    /H2porL
    /H2porM
    /H2sa1B
    /H2sa1M
    /H2sa2L
    /H2snrB
    /H2ta1L
    /H2ta2M
    /H2wulE
    /H2wulL
    /H2yerM
    /H2ysrM
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HeadG
    /HeadlineR-HM
    /HeadlineSansR-HM
    /HeadR
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HGMinchoB
    /HGPMinchoB
    /HGSMinchoB
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HMKBP
    /HMKBS
    /HoeflerText-Black
    /HoeflerText-BlackItalic
    /HoeflerText-Italic
    /HoeflerText-Ornaments
    /HoeflerText-Regular
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYBuDle-Medium
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYGoThic-Light
    /HYgprM
    /HYGraPhic-Bold
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HYHeadLine-Bold
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYKHeadLine-Bold
    /HYKHeadLine-Medium
    /HYLongSamul-Bold
    /HYLongSamul-Medium
    /HYmjrE
    /HYMokPan-Bold
    /HYmprL
    /HYMyeongJo-Light
    /HYMyeongJo-Medium
    /HYMyeongJo-Ultra
    /HYnamB
    /HYnamL
    /HYnamM
    /HYPMokPan-Bold
    /HYPMokPan-Light
    /HYPop-Medium
    /HYporM
    /HYPost-Bold
    /HYRGoThic-Bold
    /HYRGoThic-Medium
    /HYsanB
    /HYShortSamul-Light
    /HYSinGraPhic-Medium
    /HYSinMyeongJo-Bold
    /HYsnrL
    /HYsupB
    /HYsupM
    /HYSymbolD
    /HYSymbolE
    /HYSymbolF
    /HYSymbolG
    /HYSymbolH
    /HYTaJa-Bold
    /HYTaJaFull-Bold
    /HYTaJaFull-Light
    /HYTaJa-Medium
    /HYtbrB
    /HYwulB
    /HYwulM
    /HYYeasoL-Bold
    /HYYeatGul-Bold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /JasmineUPC
    /JasmineUPC-Bold
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /KirillicaWincyr
    /KristenITC-Regular
    /KunstlerScript
    /KyunKo
    /KyunMyung
    /Latha
    /LatinWide
    /LCDReg
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /Love
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /MagicR-HM
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Marigold
    /MaturaMTScriptCapitals
    /MDAlong
    /MDArt
    /MDEasop
    /Mdesb
    /MDGaesung
    /MDSol
    /Mfoxb
    /Mfoxl
    /Mfoxm
    /MicrosoftSansSerif
    /MingLiU
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /MJB
    /MJL
    /MJM
    /MMchonL
    /MMchonM
    /Modern-Regular
    /MoeumTR-HM
    /Monaco
    /MonaLisa-Recut
    /MonotypeCorsiva
    /MonotypeSorts
    /Mpaperb
    /Mpaperl
    /Mpaperm
    /Msam10
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Symbol
    /Munhem
    /MVBoli
    /MyungjoL-HM
    /MyungjoXB-HM
    /NamuB-HM
    /NamuR-HM
    /Narkisim
    /Nekoyanagi
    /NemoB
    /NemoL
    /NemoM
    /NemoXB
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewGulim
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /OCRAExtended
    /OCRB10PitchBT-Regular
    /OldEnglishTextMT
    /Onyx
    /OriginalGaramondBT-Roman
    /Oxford
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /PyunjiR-HM
    /QDotum
    /QGulim
    /QGungsuh
    /Raavi
    /RageItalic
    /Ravie
    /Retort
    /RetortOutline
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /SaenaegiR-HM
    /SaenaegiXB-HM
    /SAKURAhira
    /San02B
    /San02L
    /San02M
    /San60B
    /San60L
    /San60M
    /San60R
    /San60SB
    /SanBiB
    /SanBiL
    /SanBiM
    /SanBoB
    /SanBoL
    /SanBoM
    /SanBsB
    /SanBsL
    /SanBsU
    /SanCrB
    /SanCrK
    /SanCrL
    /SandArB
    /SandArL
    /SandArM
    /SandArXB
    /SandAtM
    /SandAtXB
    /SandJg
    /SandKg
    /SandKm
    /SandMtB
    /SandMtL
    /SandMtM
    /SandSaB
    /SandSaL
    /SandSaM
    /SandSm
    /SandTg
    /SandTm
    /SanHgB
    /SanHgL
    /SanHgM
    /SanIgM
    /SanKbB
    /SanKbL
    /SanKbM
    /SanKsB
    /SanKsL
    /SanKsM
    /SanMogfilB
    /SanMogfilL
    /SanMogfilM
    /SanMrB
    /SanMrJ
    /SanMrM
    /SanPkB
    /SanPkL
    /SanPkM
    /SanPuB
    /SanPuW
    /SanSrB
    /SanSrL
    /SanSrM
    /SanSwB
    /SanSwL
    /SanSwM
    /ScriptMTBold
    /SegoeMediaCenter-Regular
    /SegoeMediaCenter-Semibold
    /SeUtum
    /SFgoJ1-KSCpc-EUC-H
    /SFgoT-KSCpc-EUC-H
    /SgreekMedium
    /Shadow9
    /SHeadG
    /SHeadR
    /ShowcardGothic-Reg
    /Shruti
    /Shusha
    /Shusha02
    /Shusha05
    /SILDoulosIPA
    /SILDoulosIPA93Bold
    /SILDoulosIPA93BoldItalic
    /SILDoulosIPA93Italic
    /SILDoulosIPA93Regular
    /SILManuscriptIPA
    /SILManuscriptIPA93Bold
    /SILManuscriptIPA93BoldItalic
    /SILManuscriptIPA93Italic
    /SILManuscriptIPA93Regular
    /SILSophiaIPA
    /SILSophiaIPA93Bold
    /SILSophiaIPA93BoldItalic
    /SILSophiaIPA93Italic
    /SILSophiaIPA93Regular
    /SimHei
    /SimSun
    /SinGraphic
    /SinMun
    /SnapITC-Regular
    /SohaR-HM
    /Sol
    /SPgoJ1-KSCpc-EUC-H
    /SPgoJ-KSCpc-EUC-H
    /SPgoJS-KSCpc-EUC-H
    /SPgoSE-KSCpc-EUC-H
    /SPgoT-KSCpc-EUC-H
    /SPmu-KSCpc-EUC-H
    /SPmuS1-KSCpc-EUC-H
    /SPmuS-KSCpc-EUC-H
    /SPmuT-KSCpc-EUC-H
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /Stencil
    /Sylfaen
    /Symbol
    /SymbolMT
    /TaeKo
    /TaeM
    /TaeUtum
    /Taffy
    /Tahoma
    /Tahoma-Bold
    /TahomaSmallCap-Bold
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldTh
    /TimesIPAnew
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Tiplo
    /ToodamB
    /ToodamL
    /ToodamM
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TSTNamr
    /TSTPenC
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypewriteB
    /TypewriteL
    /TypewriteM
    /Univers
    /Univers-BlackExt
    /Univers-Black-Normal
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-Condensed-Bold
    /Univers-Condensed-BoldItalic
    /Univers-CondensedBoldOblique
    /UniversCondensedLight
    /Univers-Condensed-Medium
    /Univers-Condensed-MediumItalic
    /UniversCondensedOblique
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-Light
    /Univers-Light-Italic
    /Univers-Light-Light
    /Univers-Light-LightTh
    /Univers-Light-Normal
    /Univers-LightOblique
    /Univers-Medium
    /Univers-MediumItalic
    /Univers-Oblique
    /Uri
    /Utum
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WoorinR-HM
    /WP-CyrillicA
    /WP-GreekCentury
    /WP-MultinationalARoman
    /YDIBirdB
    /YDIBirdL
    /YDIBirdM
    /YDIBlueB
    /YDIBlueEB
    /YDIBlueL
    /YDIBlueM
    /YDIChungM
    /YDICMjoL
    /YDICMjoM
    /YDICstreB
    /YDICstreL
    /YDICstreM
    /YDICstreUL
    /YDIFadeB
    /YDIFadeL
    /YDIFadeM
    /YDIGasiIIB
    /YDIGasiIIL
    /YDIGasiIIM
    /YDIGirlB
    /YDIGirlL
    /YDIGirlM
    /YDIGukB
    /YDIGukL
    /YDIGukM
    /YDIHSalM
    /YDIHsangIIB
    /YDIHsangIIL
    /YDIHsangIIM
    /YDIMokB
    /YDIMokL
    /YDIPinoB
    /YDIPinoL
    /YDIPinoM
    /YDIPu
    /YDISmileB
    /YDISmileL
    /YDISmileM
    /YDISprIIB
    /YDISprIIL
    /YDISprIIM
    /YDISumB
    /YDISumL
    /YDISumM
    /YDIWebBatan
    /YDIWebDotum
    /YDIWriSin
    /YDIYGO310
    /YDIYGO330
    /YDIYGO340
    /YDIYGO350
    /YDIYGO360
    /YDIYMjO220
    /YDIYMjO230
    /YDIYMjO310
    /YDIYMjO330
    /YDIYMjO340
    /YDIYMjO350
    /YDIYMjO360
    /YDIYSin
    /YetR-HM
    /YjBACDOOBold
    /YJBELLAMedium
    /YJBLOCKMedium
    /YJBONMOKGAKMedium
    /YjBUTGOTLight
    /YjCHMSOOTBold
    /YjDOOLGIMedium
    /YjDWMMOOGJOMedium
    /YjGABIBold
    /YjGOTGAEMedium
    /YjINITIALPOSITIVEMedium
    /YJINJANGMedium
    /YjMAEHWASemiBold
    /YjNANCHOMedium
    /YjSHANALLMedium
    /YjSOSELSemiBold
    /YjTEUNTEUNBold
    /YjWADAGMedium
    /YonseiB
    /YonseiL
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


