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DESCRIPTION 

 

APPARATUS, METHOD, AND SYSTEM FOR TESTING IC CHIP 

 

TECHNICAL FIELD 

[0001] The present invention relates to an apparatus, a method, and a system 

for testing an integrated-circuit (IC) chip. 

 

BACKGROUND ART 

[0002] One of the most popular methods to test an integrated-circuit (IC) chip 

includes applying test data to an input of the IC chip and comparing an output of 

the IC chip with a predetermined expected value or expected result (see, for 

example, Patent Document 1).  However, in the case of an IC chip including a 

sequential logic having storage elements such as flip-flops (F/Fs), it is not easy 

to apply a desired value to a flip-flop in the IC chip or to detect the value of the 

flip-flop from the outside. 

[0003] The scan design method is one of the design-for-testability (DFT) 

methods, which is used to increase controllability and observability of a circuit in 

the IC chip.  The scan design method provides test data having small size and 

high fault coverage by using an automatic test pattern generator (ATPG) that is 

software for automatically generating a test pattern based on structural 

information of the circuit. 

[0004] In other words, the scan design enables the circuit having a sequential 

logic in the IC chip to be easily controlled and observed from the outside by taking 
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the sequential logic as a combinational logic while performing a scan test and the 

size of the test data to be minimized by using the ATPG.  The test data obtained 

via the scan design and the ATPG software include at least one scan pattern.  In 

the scan test, scan patterns can have a predetermined order. 

[0005] A typical scan test process is described below. 

[0006] Step 1: Primary input test data are applied to a primary input port of an IC 

chip. 

[0007] Step 2: A scan enable signal is applied to a scan enable port, to set the 

IC chip to a scan mode. 

[0008] Step 3: A scan pattern is shifted in via a scan input port, to load the scan 

pattern into flip-flops on a scan path.  Hereinafter, a shift-in to the scan input port 

or a shift-out from a scan output port is simply referred to as a “shift” in some 

cases.  A shift period for shifting the scan pattern is the reciprocal of a shift 

frequency of a clock applied to a clock input port.  The scan pattern loaded into 

the scan path is applied to the combinational logic.  An output result outputted 

from a primary output port in response to the scan pattern applied to the 

combinational logic is compared with an expected primary output value.  When 

a result of the comparison indicates a mismatch, the corresponding IC chip is 

determined to be faulty. 

[0009] Step 4: A scan disable signal is applied to the scan enable port, to switch 

the mode of the IC chip from the scan mode to a functional mode.  In the 

functional mode, when a clock signal is applied to the clock input port, the flip-

flop captures an output value of the combinational logic.  This operation is 

referred to as a “scan capture”, and the mode in which the scan capture is 
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performed is referred to as a “scan capture mode”. 

[0010] Step 5: A scan enable signal is applied to the scan enable port, to switch 

the mode of the IC chip from the functional mode to the scan mode. 

[0011] Step 6: The value captured in the flip-flop on the scan path is shifted-out 

and an output pattern is unloaded from the scan output port. 

[0012] Step 7: The unloaded output pattern is compared with a predetermined 

expected pattern, to determine whether or not the IC chip is normal.  The 

expected pattern is a value or an output pattern known or expected before the 

test, which is a scan pattern supposed to be outputted from the scan output port 

after applying the primary input test data and the scan pattern and performing the 

scan capture when the IC chip is normal.  When a result of the comparison at 

Step 3 indicates a match and a result of the comparison at Step 7 indicates a 

match, the test result is a “PASS”, which means that the IC chip is normal.  

Otherwise, the test result is a “FAIL”, which means that the IC chip is faulty.  The 

test PASS means that the IC is fault free, and the test FAIL means that the IC 

chip is defective. 

[0013] The type of scan test is roughly divided into a stuck-at-fault test and a 

delay-fault test.  The stuck-at-fault means a state in which a signal line on the IC 

is unintendedly fixed to a value of logical 0 or 1.  The delay fault means a state 

in which the spec of the IC chip cannot be satisfied due to a delay time when 

transferring a signal value through a signal line or a signal path on the IC chip. 

[0014] The delay-fault test includes a transition delay test and a path delay test, 

and is also referred to as an “at-speed test”.  The transition delay test is to find 

a delay time problem in the transition of the signal value from 0 to 1 or from 1 to 
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0 at a node or on a signal line on the IC chip.  The path delay test is to find a 

delay time problem in the transition of the signal value from 0 to 1 or from 1 to 0 

on a signal path on the IC chip. 

[0015] A general delay-fault test method includes a launch-on-capture method 

and a launch-on-shift method, which also includes a loading step of shifting in a 

scan pattern for the delay-fault test to a scan path and an unloading step of 

shifting out a delay-fault test result captured in a flip-flop on the scan path. 

[0016] Such a scan test necessitates as many clock pulses for the shifting 

operation as the number of flip-flops on the scan path.  This causes a 

considerable time to be taken to perform the shift-in and shift-out operations.  

However, a frequency of the clock signal for shifting the scan pattern to the scan 

path, i.e., a shift frequency, cannot be simply increased to reduce the test time. 

[0017] For example, a simple increase of the shift frequency may cause an over 

kill problem in which a normal chip is determined to be defective due to a problem 

of power consumption or critical path delay time. 

[0018] Further, as the power consumption of the IC chip is getting lowered due 

to a design for low-power consumption as well as a deep sub-micron (DSM) 

manufacturing process or a low-power manufacturing process, an influence of a 

power supply noise on the operating frequency of the IC chip has increased.  In 

particular, as the IC chip generates more switching activities in the scan mode 

than in the functional mode, an additional delay on a signal line caused by the 

power supply noise due to the switching activities may incur an over kill during a 

delay test (i.e., a delay test over kill).  Therefore, there is a technical limit in 

simply increasing the shift frequency. 



5 

 

[0019] Moreover, the signal integrity problem related to a signal crosstalk 

between signal lines on the IC chip has become more critical than ever as the 

DSM process becomes dominant.  The signal crosstalk between the signal lines 

may become severe due to the considerable switching activities in the scan mode.  

Therefore, an additional delay on the signal line caused by the signal crosstalk 

between the signal lines during the delay test may incur a delay test over kill. 

[0020] Further, when the shift frequency is searched based on the power 

consumption of the scan pattern, even if the power consumption does not exceed 

the spec of the IC chip, a scan test error may be incurred due to an IR-drop or 

ground-bounce caused by excessive circuit switching activities by the scan test 

characteristics and process variation. 

[0021] For example, when performing a delay test using a scan pattern, an IR-

drop, i.e., a voltage drop, may cause an additional delay on a specific signal line, 

which may lead to a delay test over kill.  On the contrary, even when the power 

consumption of the scan pattern exceeds the spec of the IC chip, the IR-drop or 

ground-bounce problem may not occur due to manufacturing process and design 

characteristic of the IC.  Therefore, there is a technical limit in searching the 

optimum shift frequency for the IC chip simply based on the power consumption.  

Further, when searching the maximum shift frequency only based on the power 

consumption of the scan pattern, even if the power consumption does not exceed 

the spec of the IC, an increased shift frequency may cause a critical path timing 

problem on the scan path. 

[0022] When the shift frequency is increased, there may be a case where a 

critical path timing problem occurs on the scan path but no logical problem occurs 
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due to the scan pattern.  That is, a case of a false critical path may be occurred 

in a specific scan shift cycle according to bit values on the critical path of the scan 

path. 

[0023] For example, when a shift operation is performed with a high shift 

frequency after storing two consecutive logical-0 bits in two flip-flops constituting 

a critical path on the scan path, a critical path delay time problem may occur, in 

which a signal for the logical-0 bit stored in a flip-flop located at the beginning of 

the critical path may not arrive at the next flip-flop in a normal shift time.  

However, in this case, there occurs no logical problem in the bits stored in the 

two flip-flops constituting the critical path by the shift operation, which is defined 

as the false critical path. 

[0024] In addition, in the case of a low-power IC chip employing the technique 

of multiple voltage islands or multiple voltage domains or regions, every voltage 

region has different allowable power consumptions, because a high voltage is 

supplied to a design region requiring high speed performance and a relatively 

low voltage is supplied to other design regions. 

[0025] [REFERENCES] 

[0026] Patent Document 1: Korean Patent Laid-Open Publication No. 10-2012-

0102876 

 

DESCRIPTION OF INVENTION 

PROBLEM TO BE SOLVED BY THE INVENTION 

[0027] It is an object of the present invention to provide an apparatus, a 

method, and a system for testing an IC capable of reducing test time and 
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enhancing test quality and yield by optimizing a shift frequency of test data. 

 

MEANS FOR SOLVING PROBLEM 

[0028] According to some embodiments of the present invention, an apparatus 

for performing a scan test of an integrated-circuit (IC) chip, which includes a test 

target circuit, a scan input port, and a scan output port, by inputting a scan pattern 

to a scan path via the scan input port and comparing an output value outputted 

via the scan output port with a predetermined expected value, includes a shift-

frequency searching unit configured to search a shift frequency with which a 

result of the scan test indicates a pass or a shift frequency with which the result 

of the scan test indicates a fail, by shifting, to the scan path, a target scan section 

for which a usable shift frequency is to be searched from among two or more 

scan sections included in a scan pattern set.  When searching the shift 

frequency for the target scan section, the shift-frequency searching unit is 

configured to search the shift frequency with which the result of the scan test 

indicates the pass or the shift frequency with which the result of the scan test 

indicates the fail, by scaling (increasing or decreasing) the shift frequency of the 

target scan section differently from that of at least one scan section among other 

scan sections shifted to the scan path or by setting the shift frequency of the 

target scan section differently from that of at least one scan section among the 

other scan sections shifted to the scan path. 

[0029] Further, according to some embodiments of the present invention, when 

searching the usable shift frequency for the target scan section, the shift-

frequency searching unit is configured to search a shift frequency in a frequency 
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range where the result of the scan test changes from the pass to the fail or in a 

frequency range where the result of the scan test changes from the fail to the 

pass, by scaling the shift frequency of the target scan section. 

[0030] Moreover, according to some embodiments of the present invention, 

when searching the usable shift frequency for the target scan section, the shift-

frequency searching unit is configured to determine, when both a result of a first 

scan test obtained by using a first shift frequency for the target scan section and 

a result of a second scan test obtained by using a second shift frequency 

different from the first shift frequency for a scan section shifted to the scan path 

prior to the target scan section indicate the pass, the first shift frequency as the 

usable shift frequency for the target scan section. 

[0031] Further, according to some embodiments of the present invention, the 

IC chip includes a chip on a wafer or a packaged chip. 

[0032] Moreover, according to some embodiments of the present invention, an 

apparatus for performing a scan test of an integrated-circuit (IC) chip, which 

includes a test target circuit, a scan input port, and a scan output port, by inputting 

a scan pattern to a scan path via the scan input port and comparing an output 

value outputted via the scan output port with a predetermined expected value, 

includes a shift-frequency searching unit configured to perform a first scan test 

by shifting a first scan pattern including a first scan section to the scan path and 

a second scan test by shifting a second scan pattern including a second scan 

section shifted after the first scan section to the scan path and to search a usable 

shift frequency for the second scan section.  The shift-frequency searching unit 

is configured to shift the first scan section to the scan path with a first shift 
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frequency in the first scan test and to shift the second scan section to the scan 

path with a second shift frequency different from the first shift frequency in the 

second scan test, and when searching the usable shift frequency for the second 

scan section, to determine, when both a result of the first scan test and a result 

of the second scan test indicate the pass, the second shift frequency as the 

usable shift frequency for the second scan section. 

[0033] Further, according to some embodiments of the present invention, the first 

scan section is a whole or a part of the first scan pattern, and the second scan 

section is a whole or a part of the second scan pattern. 

[0034] Moreover, according to some embodiments of the present invention, 

when searching the usable shift frequency for the second scan section, the 

shift-frequency searching unit is configured to scale (increase or decrease) the 

second shift frequency differently from that of at least one scan section among 

other scan sections shifted to the scan path or to set the second shift frequency 

differently from a shift frequency of at least one scan section among the other 

scan sections. 

[0035] Further, according to some embodiments of the present invention, the 

IC chip includes a chip on a wafer or a packaged chip. 

[0036] Moreover, according to some embodiments of the present invention, a 

method of performing a scan test of an integrated-circuit (IC) chip, which includes 

a test target circuit, a scan input port, and a scan output port, by inputting a scan 

pattern to a scan path via the scan input port and comparing an output value 

outputted via the scan output port with a predetermined expected value, includes 

searching a shift frequency with which a result of the scan test indicates a pass 
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or a shift frequency with which the result of the scan test indicates a fail, by shifting, 

to the scan path, a target scan section for which a usable shift frequency is to be 

searched from among two or more scan sections included in a scan pattern set.  

When searching the shift frequency for the target scan section, the searching 

includes searching a shift frequency with which the result of the scan test 

indicates the pass or a frequency with which the result of the scan test indicates 

the fail, by scaling the shift frequency of the target scan section differently from 

that of at least one scan section among other scan sections shifted to the scan 

path or by setting the shift frequency of the target scan section differently from 

that of at least one scan section among the other scan sections shifted to the 

scan path. 

[0037] Further, according to some embodiments of the present invention, when 

searching the usable shift frequency for the target scan section, the searching 

includes searching a shift frequency in a frequency range where the result of 

the scan test changes from the pass to the fail or in a frequency range where 

the result of the scan test changes from the fail to the pass, by scaling the shift 

frequency of the target scan section 

[0038] Moreover, according to some embodiments of the present invention, 

when searching the usable shift frequency for the target scan section, the 

searching includes determining, when both a result of a first scan test obtained 

by using a first shift frequency for the target scan section and a result of a 

second scan test obtained by using a second shift frequency different from the 

first shift frequency for a scan section shifted to the scan path prior to the target 

scan section indicate the pass, the first shift frequency as the usable shift 
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frequency for the target scan section. 

[0039] Further, according to some embodiments of the present invention, the 

IC chip includes a chip on a wafer or a packaged chip. 

[0040] Moreover, according to some embodiments of the present invention, a 

method of performing a scan test of an integrated-circuit (IC) chip, which 

includes a test target circuit, a scan input port, and a scan output port, by 

inputting a scan pattern to a scan path via the scan input port and comparing an 

output value outputted via the scan output port with a predetermined expected 

value, includes searching, performing a first scan test by shifting a first scan 

pattern including a first scan section to the scan path and a second scan test by 

shifting a second scan pattern including a second scan section shifted after the 

first scan section to the scan path, a usable shift frequency for the second scan 

section.  The searching includes shifting the first scan section to the scan path 

with a first shift frequency in the first scan test and shifting the second scan 

section to the scan path with a second shift frequency different from the first 

shift frequency in the second scan test, and when searching the usable shift 

frequency for the second scan section, determining, when both a result of the 

first scan test and a result of the second scan test indicate the pass, the second 

shift frequency as the usable shift frequency for the second scan section. 

[0041] Further, according to some embodiments of the present invention, the first 

scan section is a whole or a part of the first scan pattern, and the second scan 

section is a whole or a part of the second scan pattern. 

[0042] Moreover, according to some embodiments of the present invention, 

when searching the usable shift frequency for the second scan section, the 
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searching includes increasing or decreasing the second shift frequency 

differently from that of at least one scan section among other scan sections 

shifted to the scan path, or setting the second shift frequency differently from a 

shift frequency of at least one scan section among the other scan sections. 

[0043] Further, according to some embodiments of the present invention, the 

IC chip includes a chip on a wafer or a packaged chip. 

[0044] Moreover, according to some embodiments of the present invention, a 

system for testing an integrated-circuit (IC) chip includes a tester main unit 

configured to control a scan test of the IC chip, a host computer including a 

processor and built in the tester main unit or provided separately, a tester head 

electrically connected to the tester main unit and configured to input a test data 

signal to the IC chip, and the apparatus for performing a scan test of an IC chip 

according to at least one embodiment of the present invention. 

[0045] Further, according to some embodiments of the present invention, the 

host computer includes the apparatus. 

[0046] Moreover, according to some embodiments of the present invention, a 

computer-readable recording medium stores therein a program including 

computer-executable instructions for causing, when executed by a computer, 

the computer to execute the method of performing a scan test of an IC chip 

according to at least one embodiment of the present invention. 

[0047] Further, according to some embodiments of the present invention, a 

computer-readable recording medium stores therein information on a shift 

frequency that is determined as a usable shift frequency for each target scan 

section by executing the method of performing a scan test of an IC chip 
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according to at least one embodiment of the present invention. 

[0048] Moreover, according to some embodiments of the present invention, a 

computer-readable recording medium stores therein test data including the 

target scan section and used for searching a usable shift frequency for each 

target scan section by executing the method of performing a scan test of an IC 

chip according to at least one embodiment of the present invention. 

 

EFFECT OF THE INVENTION 

[0049] According to some embodiments of the present invention, the optimum 

shift frequency for reducing scan test time can be provided while solving the over 

kill problem in which a normal chip is determined to be defective when increasing 

the shift frequency by considering only the power consumption or the critical path 

delay time for each scan pattern, each scan section, or each scan group at the 

time of testing an IC chip. 

[0050] Further, according to some embodiments of the present invention, the 

optimum shift frequency can be provided by considering an effect of power supply 

noise or crosstalk between signal lines when testing an IC chip. 

[0051] Moreover, according to some embodiments of the present invention, the 

optimum shift frequency can be provided by considering an effect of IR-drop or 

Ground-bounce that can be caused by excessive circuit switching activities due 

to the scan test, manufacturing process variation, deep sub-micron 

manufacturing process, low-power manufacturing process, or low-power design 

when testing an IC chip. 

[0052] Further, according to some embodiments of the present invention, the 
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optimum shift frequency can be provided by considering an effect of critical path 

timing on the scan path that can be generated when increasing the shift frequency 

at the time of testing an IC chip. 

[0053] Moreover, according to some embodiments of the present invention, 

when a critical path on the scan path becomes a false critical path by the bit 

values on the scan path when testing an IC chip, the test time can be minimized 

by ignoring the critical timing constraint and increasing the scan shift frequency 

to the maximum level within a frequency range that is allowable for the IC chip to 

operate normally. 

[0054] Further, according to some embodiments of the present invention, don’t 

care bits on the scan pattern set allows a higher shift frequency to be used when 

testing an IC chip.  The don’t care bit is a bit having no effect on the scan test 

result. 

[0055] Moreover, according to some embodiments of the present invention, for 

a low-power IC chip that employs the technique of multiple  voltage islands or 

multiple voltage domains or regions, the optimum shift frequency can be provided 

reflecting power consumption allowable for each voltage island or each voltage 

domain or region. 

[0056] Further, according to some embodiments of the present invention, 

searching the optimum shift frequency for scan patterns or scan sections when 

testing an IC chip dispenses with a need for circuit design information of the IC 

chip, and hence the shift frequency for each scan pattern or each scan section 

can be provided only with a scan pattern set without the circuit design information 

of the chip. 
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[0057] Moreover, according to some embodiments of the present invention, 

searching the optimum shift frequency for scan patterns or scan sections having 

power consumption or current consumption equal to or higher than a 

predetermined level after allocating a predetermined constant shift frequency 

such as the nominal shift frequency to all scan sections when testing an IC chip 

allows the processing time to be reduced compared to a method of searching the 

optimum shift frequency for all scan patterns or each of the scan sections. 

[0058] Further, according to some embodiments of the present invention, an 

increase of the test time can be suppressed, which may happen to solve the fail 

hole problem in which an abnormal test fail occurs within a frequency range that 

is supposed to allow an IC chip test to be passed.  In addition, a decrease of the 

fault coverage of the chip or an occurrence of a field escape problem can be 

suppressed, which may happen to solve the fail hole problem. 

[0059] Moreover, according to some embodiments of the present invention, the 

test time can be reduced and the test quality can be improved in a stress or burn-

in test to accelerate aging of a chip.  In addition, the time required for the stress 

or burn-in test can be estimated precisely, and the quality of the stress or burn-in 

test can be estimated precisely. 

[0060] Further, information for improving the yield can be obtained or the yield 

can be improved through the IC chip test. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0061] Fig. 1 is a block diagram of an IC chip with the scan design method 

applied. 
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[0062] Figs. 2 and 3 are schematic diagrams of a chip test system according to 

some embodiments of the present invention. 

[0063] Fig. 4 is a schematic diagram of a scan pattern according to some 

embodiments of the present invention. 

[0064] Figs. 5 to 9 are schematic diagrams for illustrating test-data dividing 

methods according to some embodiments of the present invention. 

[0065] Fig. 10 is a graph showing a relation between the number of scan sections 

and scan test time reduction rate according to some embodiments of the present 

invention. 

[0066] Fig. 11 is a schematic diagram for illustrating allocation of a shift 

frequency for each scan section to minimize chip test time according to some 

embodiments of the present invention. 

[0067] Fig. 12 is a schematic diagram for illustrating a method of searching a 

shift frequency to minimize the chip test time according to some embodiments of 

the present invention. 

[0068] Figs. 13 to 15 are schematic diagrams of input patterns inputted to a scan 

path to determine a shift frequency according to some embodiments of the 

present invention. 

[0069] Fig. 16 is a graph showing a method of searching a usable shift frequency 

for a scan pattern according to some embodiments of the present invention. 

[0070] Fig. 17 is a graph showing a case where a test result of other scan pattern 

indicates a FAIL when scaling (increasing or decreasing) a shift frequency of a 

scan pattern for which an optimum shift frequency is to be searched according to 

some embodiments of the present invention. 
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[0071] Figs. 18 to 20 are schematic diagrams for illustrating configuration of scan 

pattern, scan section, and information on shift frequency, required to search an 

optimum shift frequency according to some embodiments of the present invention. 

[0072] Figs. 21 to 28 are schematic diagrams for illustrating various methods of 

generating search data according to some embodiments of the present invention. 

[0073] Fig. 29 is a flowchart of a process to minimize the chip test time according 

to some embodiments of the present invention. 

[0074] Fig. 30 is a flowchart of a process to determine an optimum shift 

frequency for each scan section to minimize the chip test time according to some 

embodiments of the present invention. 

[0075] Fig. 31 is a flowchart of a detailed process to minimize the chip test time 

according to some embodiments of the present invention. 

[0076] Fig. 32 is a flowchart of a detailed process to determine PASS or FAIL of 

a test in the process of minimizing the chip test time according to some 

embodiments of the present invention. 

[0077] Fig. 33 is a flowchart of another process to minimize the chip test time 

according to some embodiments of the present invention. 

[0078] Fig. 34 is a block diagram of an apparatus for minimizing chip test time 

according to some embodiments of the present invention. 

[0079] Fig. 35 is a schematic diagram for illustrating a method of searching or 

determining optimum shift frequencies for a plurality of scan sections in parallel 

according to some embodiments of the present invention. 

[0080] Fig. 36 is a schematic diagram for illustrating a reordering of scan patterns 

to minimize the chip test time according to some embodiments of the present 



18 

 

invention. 

[0081] Figs. 37 and 38 are schematic diagrams of burn-in test systems according 

to some embodiments of the present invention. 

[0082] Fig. 39 is a schematic diagram for illustrating an influence of temperature 

on an IC chip during a burn-in test using a constant shift frequency. 

[0083] Fig. 40 is a schematic diagram for illustrating an influence of temperature 

on an IC chip during a burn-in test using an optimum shift frequency for each 

scan pattern according to some embodiments of the present invention. 

[0084] Fig. 41 is a thermal image showing heat generation states of IC chips in 

a case where the shift frequency is not optimized and in a case where the shift 

frequency is optimized for each scan section. 

[0085] Fig. 42 is a graph showing a power consumption generated during a burn-

in test before the power consumption of test data is adjusted. 

[0086] Fig. 43 is a graph showing a power consumption generated during a burn-

in test after the power consumption of the test data is adjusted. 

[0087] Fig. 44 is a flowchart of a process to search an optimum shift frequency 

for each scan section to minimize the burn-in test time according to some 

embodiments of the present invention. 

[0088] Fig. 45 is a block diagram of an apparatus for minimizing burn-in test time 

according to some embodiments of the present invention. 

[0089] Fig. 46 is a table showing experimental results using a shift frequency 

determined based on a power-limit-based method and a shift frequency 

optimized by a shift frequency scaling (increasing/decreasing) method for each 

scan section. 
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[0090] Fig. 47 is a graph showing a test fail hole that can be generated during an 

IC chip test. 

[0091] Fig. 48 is a graph showing a method of solving the test fail hole problem 

according to some embodiments of the present invention. 

[0092] Fig. 49 is a flowchart of a process to solve the test fail hole problem 

according to some embodiments of the present invention. 

[0093] Fig. 50 is a graph showing another process to solve the test fail hole 

problem according to some embodiments of the present invention. 

[0094] Fig. 51 is a graph showing a method of searching a shift frequency for 

reducing test time and improving yield according to some embodiments of the 

present invention. 

 

BEST MODE(S) FOR CARRYING OUT THE INVENTION 

[0095] Exemplary embodiments of the present invention are described in detail 

below with reference to the accompanying drawings. 

[0096] Fig. 1 is a block diagram of an IC chip to which a scan design method is 

applied. 

[0097] As shown in Fig. 1, an IC chip 100 includes a combinational circuit 110 

and a sequential logic.  The sequential logic includes a plurality of flip-flops (F/Fs) 

120, 130, and 140.  Each of the flip-flops 120, 130, and 140 can be implemented 

in various schemes including a scan flip-flop of a multiplexer (MUX) type. 

[0098] The IC chip 100 includes a primary input (PI) port 150, a primary output 

(PO) port 152, a scan enable (SE) port 160, a scan input (SI) port 162, a clock 

input (CI) port 164, and a scan output (SO) port 166.  The scan enable port 160 
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and the clock input port 164 are connected to the flip-flops 120, 130, and 140.  

Each of the flip-flops 120, 130, and 140 is connected to the combinational circuit 

110, such that a value stored in each of the flip-flops is outputted to the 

combinational circuit and an output value of the combinational circuit is inputted 

to each of the flip-flops. 

[0099] The primary input port 150 and the primary output port 152 are ports for 

inputting and outputting data in a normal operation process of the IC chip. 

[0100] The scan enable port 160 is a port for inputting a scan enable signal or a 

scan disable signal.  The scan enable signal and the scan disable signal switch 

the mode of the IC chip between a normal mode (functional mode) in which the 

IC chip performs a normal operation and a scan mode for performing a test of the 

IC chip. 

[0101] The scan input port 162 is a port for inputting a scan pattern to test the IC 

chip 100.  The scan output port 166 is a port for outputting a test result obtained 

by performing a scan test using the scan pattern.  A bit pattern outputted via the 

scan output port is referred to as an “output scan pattern”, an “output pattern”, or 

a “scan test result pattern”. 

[0102] The clock input port 164 is a port for inputting a clock signal to trigger a 

shift of the scan pattern inputted via the scan input port 162 to the flip-flops 120, 

130, and 140 or a capture of an output of the combinational circuit 110 to store 

the output in the flip-flops 120, 130, and 140.  For example, the flip-flops 120, 

130, and 140 are triggered by a rising edge or a falling edge of the clock signal 

inputted via the clock input port 164. 

[0103] A path (dashed line) from the scan input port 162 to the scan output port 
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166 via the flip-flops 120, 130, and 140 is referred to as a “scan chain” or a “scan 

path”.  Although a single scan path is shown in Fig. 1, a plurality of scan paths 

can be used as appropriate. 

[0104] In the functional mode, the combinational circuit 110 performs an 

operation of receiving data via the primary input port 150 and outputting a result 

via the primary output port 152.  In addition, in the functional mode, each of the 

flip-flops 120, 130, and 140 receives an output value from the combinational 

circuit 110 according to the clock signal, which is referred to as a “scan capture 

operation” in the scan test. 

[0105] In the scan mode, bits of the scan pattern are sequentially shifted in to 

the flip-flops 120, 130, and 140 on the scan path according to the clock signal 

and sequentially shifted-out from the scan output port 166.  An operation in 

which the scan pattern is shifted in to the flip-flops 120, 130, and 140 is referred 

to as a “load”, and an operation in which values stored in the flip-flops 120, 130, 

and 140 are shifted out from the scan output port 166 is referred to as an “unload”. 

[0106] For example, when the number of flip-flops 120, 130, and 140 on the scan 

path in the IC chip is three, a length of each scan pattern is three bits, which is 

the same as the number of flip-flops on the scan path, and the three-bit scan 

pattern is sequentially shifted in to the flip-flops 120, 130, and 140 on the scan 

path according to the clock signal. 

[0107] That is, when the rising edge of the clock signal is used to store a value 

a flip-flop, the first bit of the scan pattern is stored in the first flip-flop 140 at the 

rising edge of the first clock signal, an output value of the first flip-flop 140 is 

stored in the second flip-flop 130 and the second bit of the scan pattern is stored 
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in the first flip-flop 140 at the rising edge of the second clock signal, and an output 

value of the second flip-flop 130 is stored in the third flip-flop 120, an output of 

the first flip-flop 140 is stored in the second flip-flop 130, and the third bit of the 

scan pattern is stored in the first flip-flop 140 at the rising edge of the third clock 

signal.  Therefore, one scan pattern is loaded in the flip-flops 120, 130, and 140 

on the scan path with three clock signals.  In the similar manner, values of the 

flip-flops 120, 130, and 140 on the scan path are unloaded via the scan output 

port 166 with three clock signals. 

[0108] Details of the scan test process according to some embodiments of the 

present invention are described below. 

[0109] Step 1: Primary input test data are applied to the primary input port 150 

of the IC chip 100. 

[0110] Step 2: A scan enable signal is applied to the scan enable port 160, to set 

the IC chip 100 to the scan mode. 

[0111] Step 3: A scan pattern is shifted in via the scan input port 162, to load the 

scan pattern into the flip-flops 120, 130, and 140 on the scan path.  The scan 

pattern loaded into the scan path is applied to the combinational circuit 110.  An 

output result outputted from the primary output port 152 in response to the scan 

pattern applied to the combinational circuit 110 is compared with an expected 

primary output value.  When a result of the comparison indicates a mismatch, 

the IC chip is determined to be faulty. 

[0112] Step 4: A scan disable signal is applied to the scan enable port 160, to 

switch the mode of the IC chip 100 from the scan mode to the functional mode.  

In the functional mode, when a clock signal is applied to the clock input port 164, 
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each of the flip-flops 120, 130, and 140 captures an output value of the 

combinational circuit 110.  This operation is referred to as a “scan capture”, and 

the mode in which the scan capture is performed is referred to as a “scan capture 

mode”. 

[0113] Step 5: A scan enable signal is applied to the scan enable port 160, to 

switch the mode of the IC chip 100 from the functional mode to the scan mode. 

[0114] Step 6: The value captured in each of the flip-flops 120, 130, and 140 on 

the scan path is shifted-out and accordingly an output pattern is unloaded from 

the scan output port 166. 

[0115] Step 7: The unloaded output pattern is compared with a predetermined 

expected pattern, to determine whether or not the IC chip operates in a normal 

manner.  The expected pattern is a value or an output pattern known or 

expected before the test, which is a scan pattern supposed to be outputted from 

the scan output port 166 after applying the primary input test data and the scan 

pattern and performing the scan capture when the IC chip is normal.  When a 

result of the comparison at Step 3 indicates a match and a result of the 

comparison at Step 7 indicates a match, the test result is a “PASS”, which means 

that the IC chip is normal.  Otherwise, the test result is a “FAIL”, which means 

that the IC chip is faulty.  The test PASS means that the IC is fault free, and the 

test FAIL means that the IC chip is defective. 

[0116] Figs. 2 and 3 are schematic diagrams of a chip test system, which is 

referred to as an “automatic test equipment (ATE)” according to some 

embodiments of the present invention. 

[0117] As shown in Figs. 2 and 3, the chip test system includes a host computer 
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200/300, a tester main unit 210/310, a tester head 220/320, and an interface 

board 230/330.  A device under test (DUT) 240/340 that is placed on the 

interface board 230/330 for a test is an IC on a wafer or a packaged IC.  When 

the DUT 240/340 is an IC chip on a wafer, the chip test system further includes a 

prober 350.  An IC chip, an IC chip on a wafer, and a packaged IC chip are 

collectively referred to as an “IC chip” or simply a “chip”. 

[0118] The tester main unit 210/310 performs overall control of the scan test.  

For example, the tester main unit controls overall processes of setting up for a 

DUT test, generating an electrical signal for the DUT test, and observing and 

measuring a test result signal of the DUT.  The tester main unit 210/310 can be 

implemented as a computer including a central processing unit (CPU), a memory, 

a hard disk, a user interface, and the like.  In some embodiments, the tester 

main unit 210/310 further includes a device power supply for supplying a power 

to the DUT 240/340. 

[0119] The tester main unit 210/310 controls a digital signal processor (DSP, not 

shown) for processing various digital signals and the tester head 220/320).  The 

tester main unit 210/310 includes dedicated hardware such as a controller and a 

signal generator for applying a signal to the DUT 240/340, software, firmware, 

and the like.  The tester main unit 210/310 is also referred to as a “main frame” 

or a “server”. 

[0120] The host computer 200/300 is a computer such as a personal computer, 

a workstation, or the like, which is a device that allows a user to execute a test 

program, to control a test process, and to analyze a test result.  In general, the 

host computer 200/300 includes a CPU, a storage unit such as a memory and a 
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hard disk, a user interface, and the like.  The host computer 200/300 is 

connected to the tester main unit 210/310 via a wired or wireless communication.  

The host computer 200/300 includes dedicated hardware, software, firmware, 

and the like for controlling the test.  Although the host computer and the tester 

main unit are separately shown in the drawings, the host computer 200/300 and 

the tester main unit 210/310 can be provided in an integrated manner. 

[0121] The memory of the tester main unit 210/310 or the host computer 200/300 

includes a dynamic random access memory (DRAM), a static random access 

memory (SRAM), a flash memory, or the like.  The memory stores therein 

programs and data for performing the DUT test. 

[0122] The software or the firmware of the tester main unit 210/310 or the host 

computer 200/300 includes a device driver program, an operating system (OS) 

program, and a program for performing a DUT test, for performing a scan test.  

These programs are stored in a memory in the form of instruction codes for setting 

up for the DUT test, generating a signal for the DUT test, and observing and 

measuring a test result signal of the DUT and can be executed by the CPU.  

Therefore, the scan pattern is applied to the DUT by these programs.  Further, 

reporting data and analysis data for the DUT test and the test result can be 

automatically obtained by a program.  A language used in the program includes 

C, C++, java, or the like.  The programs can be stored in a storage device such 

as a hard disk, a magnetic tape, a flash memory, or the like. 

[0123] The CPU of the tester main unit 210/310 or the host computer 200/300 is 

a processor, which executes the instruction codes of the software or the program 

stored in the memory.  For example, when a user command is inputted via a 



26 

 

user interface such as a keyboard, a mouse, or the like, the CPU analyzes the 

user command, and after performing an operation corresponding to the user 

command by executing the software or the program, provides a result of the 

operation to a user via a user interface such as a speaker, a printer, a monitor, 

or the like. 

[0124] The user interface of the tester main unit 210/310 or the host computer 

200/300 allows a user and an apparatus to transmit and receive information.  For 

example, the user interface includes an input interface unit such as a keyboard, 

a touch screen, a mouse, and the like and an output interface unit such as a 

speaker, a printer, a monitor, and the like. 

[0125] The tester head 220/320 includes a channel and the like for transmitting 

an electrical signal between the tester main unit 210/310 and the DUT 240/340.  

The interface board 230/330 is provided over the tester head 220/320.  In 

general, an interface board used to test a packaged IC chip is referred to as a 

“load board”, and an interface board used to test an IC chip on a wafer is referred 

to as a “probe card”. 

[0126] In some embodiments of the present invention, the host computer 

200/300 includes an integrated-circuit (IC) chip test apparatus (apparatus for 

minimizing scan test time) 250/360. 

[0127] The IC chip test apparatus 250/360 includes a shift-frequency searching 

unit 251/361 configured to search a shift frequency with which a result of the scan 

test indicates a pass or a shift frequency with which the result of the scan test 

indicates a fail, by shifting, to a scan path, a target scan section for which a usable 

shift frequency is to be searched from among two or more scan sections included 
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in a scan pattern set. 

[0128] When searching a shift frequency for the target scan section, the shift-

frequency searching unit 251/361 searches the shift frequency with which the 

result of the scan test indicates the pass or the shift frequency with which the 

result of the scan test indicates the fail, by scaling (increasing or decreasing) the 

shift frequency of the target scan section differently from that of at least one scan 

section among other scan sections shifted to the scan path or by setting the shift 

frequency of the target scan section differently from that of at least one scan 

section among the other scan sections shifted to the scan path. 

[0129] When searching usable shift frequency for the target scan section, the 

shift-frequency searching unit 251/361 searches a shift frequency in a frequency 

range where the result of the scan test changes from the pass to the fail or a shift 

frequency in a frequency range where the result of the scan test changes from 

the fail to the pass, by scaling the shift frequency of the target scan section. 

[0130] When searching the usable shift frequency for the target scan section, the 

shift-frequency searching unit 251/361 determines, when both a result of a first 

scan test obtained by using a first shift frequency for the target scan section and 

a result of a second scan test obtained by using a second shift frequency different 

from the first shift frequency for a scan section shifted to the scan path prior to 

the target scan section indicate the pass, the first shift frequency as the usable 

shift frequency for the target scan section. 

[0131] In some embodiments of the present invention, the shift-frequency 

searching unit 251/361 performs a first scan test by shifting a first scan pattern 

including a first scan section to the scan path and a second scan test by shifting 
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a second scan pattern including a second scan section shifted after the first scan 

section to the scan path and to search a usable shift frequency for the second 

scan section. 

[0132] The shift-frequency searching unit 251/361 shifts the first scan section 

with a first shift frequency in the first scan test and shifts the second scan 

section with a second shift frequency different from the first shift frequency to 

the scan path in the second scan test, and when searching the usable shift 

frequency for the second scan section, determines, when both a result of the 

first scan test and a result of the second scan test indicate the pass, the second 

shift frequency as the usable shift frequency for the second scan section. 

[0133] In some embodiments, the first scan section includes a whole or a part of 

the first scan pattern, and the second scan section includes a whole or a part of 

the second scan pattern. 

[0134] When searching the usable shift frequency for the second scan section, 

the shift-frequency searching unit 251/361 scales (increases or decreases) the 

second shift frequency differently from a shift frequency of at least one scan 

section among other scan sections shifted to the scan path or sets the second 

shift frequency differently from a shift frequency of at least one scan section 

among the other scan sections. 

[0135] Although the IC chip test apparatus 250/360 is included in the host 

computer 200/300 in Figs. 2 and 3, this configuration is a mere example.  The 

IC chip test apparatus 250/360 can be implemented in a separate computer 

including at least a processor and connected to the host computer 200/300 or 

the tester main unit 210/310 to perform the above-mentioned functions. 
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[0136] The test systems (apparatuses) shown in Figs. 2 and 3 are mere 

examples to enhance understanding of the present invention.  The system can 

be designed and modified in various forms by integrating the elements as 

appropriate or dividing one element into a plurality of elements depending on the 

embodiment. 

[0137] The scan pattern is a bit pattern inputted to the scan path for performing 

a scan test or a bit pattern outputted from the scan path. 

[0138] The bit length of the scan pattern is a length of a bit pattern required to 

perform a single scan test operation.  For example, the bit length of the scan 

pattern is equal to a bit length of a bit pattern shifted to the scan path until a scan 

capture operation is initiated.  For another example, the bit length of the scan 

pattern is equal to the number of storage elements such as the flip-flops on the 

scan path.  The bit length of the scan pattern is not limited to the above-

mentioned examples, but can be set in various forms depending on a scan test 

circuit. 

[0139] The embodiments of the present invention can be applied to various types 

of chips that shift in a bit pattern to a scan path and shift out an output pattern 

from the scan path, as well as the IC chip shown in Fig. 1. 

[0140] For example, the embodiments of the present invention can be applied to 

various types of chips that include a circuit for performing a shift-in operation of 

shifting in a scan pattern to a scan path, a scan capture operation, and a shift-out 

operation of shifting out a captured bit pattern from the scan path. 

[0141] Fig. 4 is a schematic diagram of a scan pattern that can be used in a chip 

test according to some embodiments of the present invention. 
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[0142] As shown in Fig. 4, the shift-in operation and the shift-out operation are 

performed simultaneously to reduce time required to respectively perform the 

shift-in and shift-out operations in the scan mode.  That is, the load operation 

and the unload operation are performed simultaneously. 

[0143] For example, when an input pattern K 430 is shifted in via the scan input 

port and loaded into the scan path, a test result for an input pattern K-1 400 is 

shifted out and unloaded via the scan output port.  The unloaded output pattern 

is then compared with an expected pattern K-1 440 for the input pattern K-1 400.  

In general, the expected pattern K-1 440 for the input pattern K-1 400 and the 

input pattern K 430 can be managed in pair in test data or in a file. 

[0144] In some embodiments of the present invention, in order to perform a scan 

test by overlapping the shift-in operation and the shift-out operation, the input 

pattern K 430 shifted in via the scan input port and the expected pattern K-1 440 

for the input pattern K-1 400 are managed in pair.  In this manner, the scan 

patterns can have a predetermined order.  In some embodiments, the scan 

patterns are reordered in various manner. 

[0145] In some embodiments of the present invention, the output pattern shifted 

out when the first scan pattern is shifted in to the scan path is a don't-care pattern 

or a scan path state value obtained by resetting the test target chip. 

[0146] As another method to minimize the scan test time, the number of total 

scan patterns for the scan test can be reduced or the scan shift speed can be 

increased. 

[0147] Increasing the scan shift speed means increasing a shift frequency for 

shifting in or shifting out a scan pattern or decreasing a period of the shift 
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frequency (i.e., a clock period).  Decreasing the scan shift speed means 

decreasing the shift frequency or increasing the period of the shift frequency.  

Further, optimizing the scan shift speed means optimizing the shift frequency or 

optimizing the period of the shift frequency. 

[0148] Increasing or decreasing the shift frequency is substantially same as 

decreasing or increasing the period of the shift frequency, and hence, hereinafter, 

the method of minimizing the scan test time is explained from the viewpoint of 

increasing or decreasing the shift frequency for the convenience of explanation.  

Therefore, without an explicit description, increasing or decreasing the shift 

frequency can be construed as decreasing or increasing the period of the shift 

frequency, and vice versa.  The period of the shift frequency can be simply 

referred to as a “period” or a “clock period” of an input clock. 

[0149] Figs. 5 to 9 are schematic diagrams for illustrating methods of dividing 

test data into one or more scan sections to minimize the chip test time according 

to some embodiments of the present invention. 

[0150] As shown in Fig. 5, the scan test time can be saved by dividing a bit 

pattern of test data 500 shifted in to a scan path for testing an IC chip into a 

plurality of scan sections 510, 512, 514, 516, and 518, searching the optimum 

shift frequency for each of the scan sections 510, 512, 514, 516, and 518, and 

applying searched optimum shift frequencies to the scan test. 

[0151] In some embodiments of the present invention, the bit pattern of the test 

data 500 is divided into a plurality of scan patterns as shown in Fig. 6. 

[0152] As shown in Fig. 6, a plurality of scan patterns can be used to test the IC 

chip.  A scan section may include one or more scan patterns or a part of a scan 
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pattern.  The scan test time can be further saved by searching the optimum shift 

frequency for each scan section and applying searched optimum shift 

frequencies to the scan test. 

[0153] In some embodiments, a scan section 600 includes a single scan pattern, 

having one-to-one correspondence with the scan pattern.  That is, the scan 

pattern is same as the scan section. 

[0154] In some embodiments, a scan section 610 includes two scan patterns. 

The number of scan patterns included in a scan section can be changed as 

appropriate. 

[0155] In some embodiments, a scan section 620 includes a part of a first scan 

pattern and a part of a second scan pattern. 

[0156] In some embodiments, a scan section 630 includes a part of a scan 

pattern. 

[0157] In some embodiments, a scan pattern is divided into two scan sections 

640 and 650.  The number of scan sections included in a scan pattern can be 

changed as appropriate. 

[0158] The test data can be divided into a plurality of scan sections by applying 

any one among the above-mentioned schemes corresponding to the scan 

sections 600, 610, 620, 630, 640, and 650 or applying any combination thereof.  

For example, the test data including N scan patterns shown in Fig. 6 can be 

divided into the first scan section 600 including a scan pattern, the second scan 

section 610 including two scan patterns, the third and fourth scan sections 640 

and 650 each including a part of a scan pattern. 

[0159] As shown in Fig. 7, a bit pattern of test data 700 can be divided into scan 
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sections 702, 704, 706, 708, and 710 based on a section in which the same bit 

value is repeated in a consecutive manner.  The shift-in of the same bit value to 

the scan path in a consecutive manner reduces switching activities of bit values 

on the scan path, reducing the power consumption accordingly, and hence a high 

shift frequency can be allocated to a scan section having continued bits of the 

same value. 

[0160] For example, the test data 700 can be divided into the scan sections 702, 

704, 706, 708, and 710 based on a boundary where the bit value changes from 

0 to 1 or from 1 to 0 in the bit pattern of the test data 700.  Further, in a section 

710 of a bit pattern in which a bit value 0 or 1 is repeated, M (M is an integer) bits 

can be grouped to divide the bit pattern into scan sections 720 and 722. 

[0161] For another example, when a length of a section in which the same bit 

value is repeated in a consecutive manner is shorter than a predetermined length, 

at least two scan sections 702 and 704 can be grouped to constitute a single scan 

section 703. 

[0162] As shown in Fig. 8, a scan section 810 can be divided into a plurality of 

sub scan sections 812 and 814.  For example, when the scan section 810 has 

a relatively low optimum shift frequency between the optimum shift frequencies 

searched for scan sections 810 and 820, the scan section 810 is divided into a 

plurality of sub scan sections 812 and 814, and the optimum shift frequency is 

searched again for each of the sub scan sections 812 and 814. 

[0163] As shown in Fig. 9, the number of scan sections to divide the test data 

can be determined by considering an estimated time for searching the optimum 

shift frequency to be applied to each scan section of test data 900 and 910.  As 
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the number of scan sections increases, the estimated time for searching the 

optimum shift frequencies for all the scan sections increases.  The estimated 

time can be calculated by a predetermined equation relating the number of scan 

sections to the estimated time. 

[0164] In the example shown in Fig. 9, when there is a time restriction that up to 

time A can be used to search the optimum shift frequency, the number of scan 

sections N is determined to divide the test data 900 such that the estimated time 

does not exceed the time A.  When there is a time restriction that up to time B 

(A>B) can be used to search the optimum shift frequency, the number of scan 

sections M (N>M) is determined to divide the test data 910 such that the 

estimated time does not exceed the time B. 

[0165] When the number of scan sections to divide the test data 900 is 

determined as N, the test data 900 is divided into N scan sections.  To this end, 

various methods can be used including a method of dividing the test data 900 

into N scan sections having the same bit length, a method of dividing the test data 

900 into scan sections based on a section in which the same bit value is repeated 

in a consecutive manner as shown in Fig. 7 until the number of sections reaches 

N, and the like. 

[0166] Following information can be used to calculate the estimated time. 

[0167] - Start frequency to search optimum shift frequency 

[0168] - End frequency to search optimum shift frequency 

[0169] - Increment or decrement of frequency to search optimum shift frequency 

[0170] - Method of scaling frequency to search optimum shift frequency (increase 

or decrease frequency in a continuous manner, in a manner based on binary 
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search, or the like) 

[0171] - Number of scan patterns included in test data (SPN) 

[0172] - Bit length of scan pattern (SBL) 

[0173] - Method or reference to divide test data into scan sections (units of 

predetermined bit length, predetermined number, boundary where bit value is 

changed, or the like) 

[0174] - Number of scan sections (SSN) 

[0175] - Performance of apparatus executing method of searching optimum shift 

frequency (e.g., performance of processor (CPU speed and the like), capacity 

and speed of memory or hard disk, or the like) 

[0176] - Time margin considering data input/output time and the like of apparatus 

executing method of searching optimum shift frequency 

[0177] In some embodiments of the present invention, when the frequency is 

gradually increased from the start frequency to the end frequency to search the 

optimum shift frequency, the estimated time can be calculated by: 

[0178] [Equation 1] 

 Estimated time (T) = SSN x SPN x SBL x SFP x FN 

[0179] In Equation 1, SSN is the number of scan sections, SPN is the number of 

scan patterns, SBL is the bit length of the scan pattern, SFP is the period of the 

shift frequency, FN is the number of times of increasing the shift frequency to 

search the optimum shift frequency for each scan section. 

[0180] When the estimated time is given, the number of scan sections can be 

determined by using Equation 1. 

[0181] Fig. 10 is a graph showing a relation between the number of scan sections 
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and scan test time reduction rate according to some embodiments of the present 

invention. 

[0182] As shown in Fig. 10, the number of scan sections of the test data can be 

determined by using information on the relation between the number of scan 

sections and the scan test time reduction rate.  As the number of scan sections 

with the shift frequency optimized increases, the scan test time reduction rate 

using the test data increases. 

[0183] In the graph shown in Fig. 10, the vertical axis represents a reduction rate 

of scan test time when using the optimum shift frequency for each scan section 

with respect to scan test time when using a constant shift frequency for the whole 

test data.  The horizontal axis represents the number of scan sections with the 

shift frequency optimized. 

[0184] As the number of scan sections to divide the test data increases, the 

average bit length of the scan sections decreases.  As the bit length of the scan 

section decreases, the optimum shift frequency increases, resulting in a further 

reduction of the scan test time. 

[0185] The methods of dividing the test data into scan sections described above 

are mere examples to enhance understating of the present invention, and hence 

the present invention is not limited to the methods shown in Figs. 5 to 10.  It is a 

matter of course that various methods to divide the test data can be applied other 

than the methods shown in Figs. 5 to 10. 

[0186] Fig. 11 is a schematic diagram for illustrating allocation of a shift 

frequency for each scan section to minimize the chip test time according to some 

embodiments of the present invention. 
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[0187] As shown in Fig. 11, each of a plurality of shift frequencies is allocated to 

each scan section.  The conventional scan test employs a constant shift 

frequency with which all scan patterns of test data can be normally shifted to a 

scan path of an IC chip, which is referred to as a “nominal shift frequency”. 

[0188] In general, the nominal shift frequency is a shift frequency used when the 

ATPG software generates a scan pattern or a shift frequency appropriately 

adjusted therefrom.  The nominal shift frequency is a constant shift frequency 

that allows all the scan patterns to test the IC chip to be normally shifted to the 

scan path of the IC chip, which is considerably low (e.g., about 5 MHz). 

[0189] Therefore, when the nominal shift frequency is used for thousands of scan 

patterns constituting test data, it takes a considerable time to perform the scan 

test, which in particular, greatly affects cost and time-to-market of the IC chip at 

the time of mass production test of the IC chip.  For example, when it takes 2 

seconds to test one IC chip, a sequential test of 10 million chips requires about 

5,556 hours, i.e., about 231 days.  Even when expensive equipment is used to 

simultaneously test a plurality of chips, a considerable test time is required.  

Typically, an IC chip test service company issues an invoice based on the number 

of test apparatuses used and the test time, and hence the chip test time may be 

a significant factor to decide the cost of the chip. 

[0190] When the nominal shift frequency is increased to save the test time, the 

power consumption generated when shifting in or out the scan pattern may 

exceed the tolerance of the power consumption of the IC chip, which disables a 

normal scan test.  Further, an over shift frequency may cause an over kill in 

which a normal chip is determined to be defective due to critical path delay time 
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problem, aggravation of power supply noise effect, aggravation of crosstalk effect 

between signal lines, and the like.  This may affect the yield and the cost of the 

IC chip in the mass production of the IC chip. 

[0191] To cope with the problems, in some embodiments of the present invention, 

the optimum shift frequency with which a scan section can be normally shifted to 

a scan path is allocated to each scan section, instead of applying a constant shift 

frequency such as the nominal shift frequency to the whole scan pattern.  The 

method of searching the optimum shift frequency for each scan section is 

explained in detail below with reference to Fig. 12 and the subsequent drawings.  

In some embodiments, the optimum shift frequency means the maximum shift 

frequency that can be used for the corresponding scan section or a shift 

frequency lower than the maximum shift frequency. 

[0192] In the example shown in Fig. 11, a scan section 1 is allocated with a shift 

frequency A, a scan section 2 is allocated with a shift frequency B.  Further, a 

scan section 3 is allocated with the shift frequency A, which is the same as that 

for the scan section 1.  In this manner, each scan section can be allocated with 

a shift frequency same as that of other scan section or a shift frequency different 

from that of the other scan section. 

[0193] For example, when a single scan pattern is divided into a plurality of scan 

sections, a plurality of shift frequencies can be allocated to the single scan pattern.  

Referring to Fig. 6, the scan sections 640 and 650 included in a single scan 

pattern are allocated with different shift frequencies from each other.  That is, 

two shift frequencies are allocated to a single scan pattern in this case. 

[0194] In some embodiments, some scan sections allocated with respective shift 
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frequencies are grouped together.  For example, the second scan section and 

the third scan sections are grouped together as one section group, and a shift 

frequency equal to or lower than either of the shift frequencies A and B which is 

lower can be allocated to the corresponding section group. 

[0195] The observation of the test result at the primary output port after applying 

the primary input test data to the primary input port and inputting the scan pattern 

to the scan path in the scan test process may or may not apply to a chip test 

process according to the following embodiments. 

[0196] Fig. 12 is a schematic diagram for illustrating a method of searching a 

shift frequency to minimize the chip test time according to some embodiments of 

the present invention. 

[0197] First, a relation among input pattern, scan section, scan pattern, and 

output pattern is explained below. 

[0198] Input patterns 1202, 1204, and 1206 are bit patterns inputted to a scan 

path 1210.  In Fig. 12, a current target scan section K to determine a shift 

frequency corresponds to the input pattern K 1204.  A bit pattern coming before 

or after the input pattern K 1204 including the scan section K for which the 

optimum shift frequency is to be searched or determined (hereinafter, “target scan 

section K”) can be referred to as an auxiliary scan section or auxiliary bit pattern 

with respect to the target scan section. 

[0199] (Input pattern when scan section and scan pattern have one-to-one 

correspondence with each other) 

[0200] When the target scan section K 1204 has one-to-one correspondence 

with a scan pattern M, the input pattern K-1 1202, the input pattern K 1204, and 
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the input pattern K+1 1206 can have one-to-one correspondence with a scan 

pattern M-1, the scan pattern M, and a scan pattern M+1, respectively. 

[0201] (Output pattern K when scan section and scan pattern have one-to-one 

correspondence with each other) 

[0202] When the target scan section K 1204 has one-to-one correspondence 

with the scan pattern M, an output pattern of the scan path 1210 for the target 

scan section K 1204 corresponds to an output pattern K 1224 of the scan path 

1210 for the scan pattern M.  The output pattern K 1224 is a scan capture result 

pattern for the target scan section K 1204 or a pattern obtained by outputting the 

scan pattern M from the scan path. 

[0203] (Output pattern K-1 when scan section and scan pattern have one-to-one 

correspondence with each other) 

[0204] When the target scan section K 1204 and the scan pattern M have one-

to-one correspondence with each other, an output pattern of the scan path for the 

input pattern K-1 1202 corresponds to an output pattern K-1 1222 of the scan 

path for the scan pattern M-1.  The output pattern K-1 1222 is a scan capture 

result pattern for the scan pattern M-1 or a pattern obtained by outputting the 

scan pattern M-1 from the scan path. 

[0205] (Output pattern K+1 when scan section and scan pattern have one-to-one 

correspondence with each other) 

[0206] When the target scan section K 1204 and the scan pattern M have one-

to-one correspondence with each other, an output pattern of the scan path for the 

input pattern K+1 1206 is an output pattern K+1 of the scan path for the scan 

pattern M+1.  The output pattern K+1 is a scan capture result pattern for the 
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scan pattern M+1 or a pattern obtained by outputting the scan pattern M+1 from 

the scan path. 

[0207] (Input patterns K-1 and K+1 when scan section is a part of scan pattern) 

[0208] For example, as shown in Fig. 14, when the target scan section K 1204 

is a part of the scan pattern M, the input pattern K-1 1202 may include the scan 

pattern M-1 and a part of the scan pattern M other than the scan section K 1204.  

Similarly, the input pattern K+1 1206 may include the scan pattern M+1 and a 

part of the scan pattern M other than the scan section K 1204. 

[0209] (Output pattern K when scan section is a part of scan pattern) 

[0210] When the target scan section K 1204 is a part of the scan pattern M as 

shown in Fig. 14, the output pattern K 1224 of the scan path for the target scan 

section K 1204 is a scan capture result pattern for the target scan section K 1204 

or a scan capture result pattern for the scan pattern M including the scan section 

K.  Alternatively, the output pattern K 1224 is a pattern obtained by outputting 

the scan section K 1204 from the scan path or a pattern obtained by outputting 

the scan pattern M including the scan section K 1204 from the scan path. 

[0211] (Output patterns K-1 and K+1 when scan section is a part of scan pattern) 

[0212] When the target scan section K 1204 is a part of the scan pattern M as 

shown in Fig. 14, the output pattern K-1 1222 of the scan path for the input pattern 

K-1 1202 is an output pattern for the scan pattern M-1 or an output pattern for the 

scan pattern M-1 and a part of the scan pattern M.  The output pattern K+1 of 

the scan path for the input pattern K+1 1206 is an output pattern for the scan 

pattern M+1 or an output pattern for the scan pattern M+1 and a part of the scan 

pattern M.  For another example, the output pattern of the scan path for the part 
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of the scan pattern M included in the input pattern K-1 1202 or the input pattern 

K+1 1206 can be reflected on the output pattern of the scan path for the scan 

pattern M including the target scan section K 1204.  For another example, the 

output pattern for the input pattern K-1 1202 or the input pattern K+1 1206 is a 

pattern obtained by outputting the input pattern K-1 1202 or the input pattern K+1 

1206 from the scan path. 

[0213] (When scan section extends across a plurality of scan patterns) 

[0214] For example, as shown in Fig. 15, the target scan section K 1204 may 

extend across a plurality of scan patterns.  In this case, the input pattern K-1 

1202 may include a part of the scan pattern M-1 other than the part of the target 

scan section K 1204, and the input pattern K+1 1206 may include a part of the 

scan pattern M+1 other than the part of the target scan section K 1204.  In this 

case, the optimum shift frequency is separately searched for each portion of the 

target scan section K 1204 that extends across the plurality of scan patterns to 

determine the optimum shift frequency that can be allocated to the target scan 

section K 1204. 

[0215] The above descriptions are mere examples to enhance understanding of 

the present invention, and hence the present invention is not limited to the above-

mentioned examples.  Further, the scan pattern can be divided into various 

types of scan sections as shown in Figs. 5 to 10, and the forms of the input pattern 

K and the input pattern K-1 coming before or the input pattern K+1 coming after 

can vary according to the forms of scan sections divided.  That is, the input 

pattern K-1 1202 or the input pattern K+1 1206 can include one or more scan 

sections. 
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[0216] Fig. 12 shows an example of the method of minimizing the scan test time 

when the shift-in operation and the shift-out operation are performed in an 

overlapped manner as shown in Fig. 4.  The example shown in Fig. 12 is to 

instantiate an example according to the present invention, and hence the present 

invention is not limited to the case where the shift-in operation and the shift-out 

operation are performed simultaneously as shown in Fig. 4. 

[0217] In the scan test of an IC chip, it is determined whether or not the test is 

normal by comparing a test result pattern 1220 for an input pattern 1200 with an 

expected pattern 1230.  That is, it is determined whether or not the test is normal 

by loading the input pattern 1200 into the scan path 1210, unloading the result 

pattern 1220 obtained by performing a capture operation or unloading the input 

pattern without the capture operation, and comparing the expected pattern 1230 

with the unloaded result pattern 1220. 

[0218] In some embodiments of the present invention, in order to optimize the 

shift frequency for a scan pattern or a scan section, it is also confirmed whether 

or not an output pattern simultaneously (or sequentially) shifted out from the scan 

path when a target scan pattern or a target scan section is shifted in to the scan 

path is normal.  For example, even when the target scan pattern or the target 

scan section is normally shifted in to the scan path with an increased shift 

frequency, the increased shift frequency may cause an error in a test result 

pattern shifted out for the previous input pattern. 

[0219] In the example shown in Fig. 12, the input pattern K-1 1202 and the input 

pattern K+1 1206 can be used to confirm whether or not the target scan section 

K 1204 is normally shifted in to the scan path with a specific shift frequency.  
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That is, before each input of the target scan section K 1204 to the scan path 1210, 

the input pattern K-1 1202 can be used, which initializes the scan path to a 

predetermined bit pattern.  Further, the input pattern K+1 1206 can be used, 

which is shifted in to the scan path with a predetermined bit pattern each time 

when the output pattern of the scan path for the Kth scan section 1204 is shifted 

out from the scan path. 

[0220] When the target scan section K 1204 has one-to-one correspondence 

with the scan pattern M, the input pattern K-1 1202 is the scan pattern M-1 used 

in the actual scan test, which comes before the target scan section K 1204, or an 

expected pattern for the result pattern obtained by performing a scan capture 

after loading the scan pattern M-1 into the scan path. 

[0221] For another example, when the target scan section K 1204 is a part of the 

scan pattern M as shown in Fig. 14, the input pattern K-1 1202 includes the scan 

pattern M-1 used in the actual scan test, which comes before the target scan 

section K 1204 or an expected pattern for the result pattern obtained by 

performing a scan capture after loading the scan pattern M-1 into the scan path.  

Further, the input pattern K-1 1202 includes a part of the scan pattern M other 

than the target scan section K 1204.  For example, the part of the scan pattern 

M other than the target scan section K is a part of a bit pattern used in the actual 

scan test. 

[0222] For another example, the input pattern K-1 1202 is a predetermined 

pattern mainly including bit “0” or “1” or a predetermined pattern mainly including 

consecutive bits of “0” or “1”, to reduce the switching activities of the scan path, 

or the like. 
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[0223] For another example, the input pattern K-1 1202 may include one or more 

scan sections as shown in Fig. 13. 

[0224] When the target scan section K 1204 has one-to-one correspondence 

with the scan pattern M, the (K+1)th input pattern 1206 is the scan pattern M+1 

used in the actual scan test, which comes after the scan section K 1204 or an 

expected pattern for the result pattern obtained by performing a scan capture 

after loading the scan pattern M+1 into the scan path. 

[0225] For another example, when the target scan section K 1204 is a part of the 

scan pattern M as shown in Fig. 14, the input pattern K+1 1206 may include the 

scan pattern M+1 used in the scan test, which comes after the target scan section 

K 1204, and the like.  Further, the input pattern K+1 1206 may include a part of 

the scan pattern M other than the target scan section K 1204.  For example, the 

part of the scan pattern M other than the target scan section K 1204 is a part of 

a bit pattern used in the actual scan test. 

[0226] For another example, the input pattern K+1 1206 is a predetermined 

pattern mainly including bit “0” or “1” or a predetermined pattern mainly including 

consecutive bits of “0” or “1”, to reduce the switching activities of the scan path, 

or the like. 

[0227] For another example, the input pattern K+1 1206 may include one or more 

scan sections as shown in Fig. 13. 

[0228] Input patterns coming before the first scan section and after the last scan 

section in the scan test may include a predetermined pattern mainly including bit 

“0” or “1” or a predetermined pattern mainly including consecutive bits of “0” or 

“1”, to reduce the switching activities of the scan path, or the like.  Further, the 
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input pattern coming before the first scan section may include a value on the scan 

path when the test target chip is in a reset state. 

[0229] In some embodiments of the present invention, the input pattern K-1 1202 

or the input pattern K+1 1206 may include one or more scan sections, and the 

shift frequencies for these sections are set not to restrict the search of the 

maximum shift frequency for the target scan section K 1204. 

[0230] For example, let us assume that the input pattern K-1 1202 can be 

normally shifted in to the scan path with a shift frequency up to 30 MHz, and the 

target scan section K 1204 can be normally shifted in to the scan path with a shift 

frequency up to 50 MHz.  When the input pattern K-1 1202 and the target scan 

section K 1204 are sequentially shifted in to the scan path with the same shift 

frequency while increasing the shift frequency, the maximum shift frequency that 

can be searched for the target scan section K 1204 is restricted to 30 MHz.  That 

is, when the shift frequency exceeds 30 MHz, the output pattern and the expected 

pattern for the input pattern K-1 1202 may not match each other.  Further, when 

the input pattern K+1 1206 can be normally shifted in to the scan path with a 

frequency up to 30 MHz, the maximum shift frequency that can be searched for 

the target scan section K 1204 is also restricted to 30 MHz. 

[0231] Therefore, in order to avoid such restriction, in some embodiments of the 

present invention, the shift frequency for the input pattern K-1 1202 or the input 

pattern K+1 1206 can be set not to exceed a predetermined shift frequency (in 

the above example, 30 MHz). 

[0232] For example, the maximum shift frequency that can be used for the target 

scan section K 1204 can be searched by increasing only the shift frequency for 
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the target scan section K 1204 while fixing the shift frequency of the input pattern 

K-1 1202 or the input pattern K+1 1206 to a predetermined shift frequency, i.e., 

30 MHz or lower in the above example). 

[0233] For another example, shift frequencies for the input pattern K-1 1202, the 

target scan section K 1204, and the input pattern K+1 1206 are increased to a 

predetermined shift frequency (in the above example, 30 MHz), and when the 

shift frequencies reaches the predetermined shift frequency, only the shift 

frequency for the target scan section K 1204 is increased while keeping the shift 

frequencies for the other input patterns. 

[0234] In other words, the shift frequency for the target scan section K 1204 and 

the shift frequencies of the other input patterns 1202 and 1206 can be controlled 

differently.  When the maximum allowable shift frequencies for the input pattern 

K-1 1202 and the input pattern K+1 1206 are higher than the maximum shift 

frequency of the target scan section K 1204, the shift frequencies of the target 

scan section K 1204 and the other scan patterns 1202 and 1206 can be increased 

in the same manner.  The predetermined shift frequency can be changed as 

appropriate, including the nominal shift frequency, a shift frequency obtained by 

adjusting the nominal shift frequency, a preset value of a test apparatus set by a 

program, a preset value set by a user, or the like, without limiting the present 

invention to the above-mentioned examples. 

[0235] In some embodiments of the present invention, when the optimum shift 

frequency is already determined for the input pattern K-1 1202 or the input pattern 

K+1 1206 by using the method according to some embodiments of the present 

invention, the input pattern K-1 1202 or the input pattern K+1 1206 can be shifted 
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in to the scan path with a shift frequency equal to or lower than the optimum shift 

frequency for the corresponding input pattern. 

[0236] For example, when the method according to some embodiments of the 

present invention is sequentially applied to a plurality of scan patterns, the 

optimum shift frequency may be determined in advance for at least one scan 

section constituting the input pattern K-1 before determining the shift frequency 

for the target scan section K 1204.  Therefore, the apparatus for minimizing scan 

test time employs the optimum shift frequency for each scan section of the input 

pattern K-1 1202 and applies the nominal shift frequency or a shift frequency 

obtained by adjusting the nominal shift frequency for the input pattern K+1 1206. 

[0237] Thereafter, while increasing the shift frequency for the target scan section 

K 1204, the apparatus sequentially inputs the input patterns 1202, 1204, and 

1206 to the scan path 1210 and determines whether the actual output pattern 

1220 matches the expected pattern 1230.  At this time, the apparatus may 

perform a scan capture operation for at least one input pattern among the input 

patterns 1202, 1204, and 1206 as appropriate. 

[0238] For example, the apparatus employs the nominal shift frequency as the 

initial shift frequency and increases the shift frequency by a predetermined 

frequency increment value set in advance.  That is, the apparatus loads the input 

pattern K-1 1202 into the scan path using a predetermined shift frequency such 

as the nominal shift frequency, and then shifts in the target scan section K 1204 

to the scan path using a sum frequency of the initial shift frequency and the 

frequency increment, shifts out a test result by the input pattern K-1 1202 (i.e., 

output pattern K-1 1222), and compares the test result with a known expected 
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pattern K-1 1232. 

[0239] At this time, the predetermined shift frequency for the at least one scan 

section included in the input pattern K-1 1202 or the input pattern K-1 1202 may 

differ from the initial shift frequency for the target scan section K 1204.  The 

apparatus shifts in the input pattern K+1 1206, shifts out a test result for the target 

scan section K 1204, and compares the output pattern K 1224 with a known 

expected pattern K 1234.  When the target scan section K 1204 is a part of the 

scan section M as shown in Fig. 14, the input pattern K-1 1202, the target scan 

section K 1204, and the input pattern K+1 1206 and output patterns therefor are 

similar to the ones described above. 

[0240] In some embodiments of the present invention, the above-mentioned 

predetermined shift frequency is set not to restrict the search of the optimum shift 

frequency for the target scan section K 1204.  In some embodiments of the 

present invention, the shift frequency for the input pattern K-1 1202 or the input 

pattern K+1 1206 is not increased with the shift frequency for the target scan 

section K 1204 or is differently set from the shift frequency for the target scan 

section K 1204, for which a shift frequency with which the input pattern K-1 1202 

or the input pattern K+1 1206 can be normally inputted to the scan path is used. 

[0241] In some embodiments of the present invention, the predetermined shift 

frequency can be changed as appropriate, including the nominal shift frequency, 

a shift frequency obtained by adjusting the nominal shift frequency, a preset value 

of a test apparatus set by a program, a preset value set by a user, or the like, 

without limiting the present invention to a specific example. 

[0242] When the output pattern K-1 1222 matches the expected pattern K-1 1232 
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and the output pattern K 1224 matches the expected pattern K 1234, the current 

shift frequency is a usable shift frequency for the target scan section K 1204.  

The apparatus increases the shift frequency for the target scan section K 1204 

again by a predetermined amount (increment), performs the steps of inputting 

input patterns to the scan path from the input pattern K-1 1202, and compares 

the output pattern 1220 with the expected pattern 1230 again. 

[0243] In this manner, the apparatus performs the above steps by increasing the 

shift frequency for the target scan section K 1204 in a repeated manner until the 

output pattern 1220 becomes different from the expected pattern 1230, and 

determines a shift frequency equal to or lower than a shift frequency before the 

output pattern 1220 and the expected pattern 1230 begin to differ from each other 

as the optimum shift frequency for the target scan section K 1204. 

[0244] Although it is explained that the shift frequency is increased to search the 

optimum shift frequency for the target scan section in the above embodiments, in 

some embodiments, the shift frequency is decreased in a repeated manner from 

a high frequency with which the output pattern 1220 and the expected pattern 

1230 of the target scan section K 1204 differ from each other until the output 

pattern 1220 becomes same as the expected pattern 1230.  A shift frequency 

equal to or lower than a shift frequency at the time when the output pattern 1220 

and the expected pattern 1230 become same as each other is then determined 

as the optimum shift frequency for the target scan section K 1204. 

[0245] As an example of a frequency range for increasing or decreasing the shift 

frequency when comparing the output pattern with the expected pattern for the 

scan section or the scan pattern while increasing or decreasing the shift 
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frequency in a repeated manner, the shift frequency can be increased or 

decreased in a range set in the apparatus or until the result of comparing the 

output pattern 1220 with the expected pattern 1230 changes from match to 

mismatch or from mismatch to match.  In this case, the time required to search 

the maximum shift frequency usable for each scan section can be saved. 

[0246] In some embodiments, the initial shift frequency for searching the 

optimum shift frequency for the target scan section K 1204 may take various 

values including the nominal shift frequency.  Further, the shift frequency can be 

decreased starting from a high frequency with which the output pattern and the 

expected pattern differ from each other down to a shift frequency with which the 

output pattern and the expected pattern become same as each other, instead of 

being increased from a low shift frequency up to a shift frequency with which the 

output pattern and the expected pattern begin to differ from each other.  In 

addition, the shift frequency for the target scan section K 1204 can be changed 

in various ways using different algorithms, instead of being increased or 

decreased in a sequential or gradual manner, to shorten the time to search the 

optimum shift frequency. 

[0247] In some embodiments of the present invention, a binary search algorithm 

is employed.  For example, when the test result is “PASS” with the shift 

frequency of 10 MHz and “FAIL” with the shift frequency of 20 MHz, the next shift 

frequency is set to 15 MHz that is a middle value between 10 MHz and 20 MHz. 

When the test result is “PASS” with the shift frequency of 15 MHz, the next shift 

frequency is set to a middle value between 15 MHz and 20 MHz, and when the 

test result is “FAIL”, the next shift frequency is set to a middle value between 10 
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MHz and 15 MHz.  The test result comes out as “PASS” when the test target 

chip is determined to be fault free, and the test result comes out as “FAIL” when 

the test target chip is determined to be faulty. 

[0248] The binary search enables the time to search a shift frequency at the 

boundary between “PASS” and “FAIL” or a usable shift frequency with which the 

test result is “PASS” to be reduced compared to the linear search.  For example, 

when the maximum shift frequency with which the test result is “PASS” is 

searched with N times of increasing or decreasing the shift frequency by using 

the linear search, the binary search allows the maximum shift frequency to be 

searched with about log2(N) times of increasing or decreasing the shift frequency.  

The binary search is more effective than the linear search as the number of total 

scan sections or the increment or decrement of the shift frequency decreases. 

[0249] In some embodiments, the optimum shift frequency or the optimum period 

can be searched by considering variation margin of a voltage supplied to the test 

target chip.  For example, the optimum shift frequency or the optimum period 

can be searched in a shorter time within a voltage range supplied to the test target 

chip by using the following steps. 

[0250] Step 1 

[0251] The apparatus for minimizing scan test time searches the maximum shift 

frequency or a range of shift frequency with which the test result is “PASS” for 

each voltage while changing the voltage supplied to the test target chip by a 

predetermined amount within a predetermined voltage range.  That is, the 

apparatus searches the maximum shift frequency or a range of shift frequency 

that can be used for the whole test data, instead of searching a shift frequency 
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for each scan section obtained by dividing the test data. 

[0252] Step 2 

[0253] The apparatus selects a specific voltage to be supplied to the test target 

chip from the result of Step 1.  The specific voltage is a voltage equal to or close 

to a voltage corresponding to the lowest maximum shift frequency among the 

maximum shift frequencies for each voltage searched at Step 1.  Alternatively, 

the specific voltage can be selected by considering test setup, manufacturing 

process, test process, or the like. 

[0254] Step 3 

[0255] The apparatus supplies the specific voltage selected at Step 2 to the test 

target chip.  The apparatus then, upon supplying the specific voltage to the test 

target chip, determines whether the test result is “PASS” or “FAIL” for each shift 

frequency for each scan section while increasing or decreasing the shift 

frequency for each scan section. 

[0256] Step 4 

[0257] The apparatus searches or determines the optimum shift frequency for 

each scan section using shift frequency information including mapping of the 

results of test “PASS” or “FAIL” for each scan section obtained at Step 3. 

[0258] Step 5 

[0259] The apparatus confirms whether the test result is “PASS” or “FAIL” using 

the optimum shift frequency for each scan section searched or determined at 

Step 4 while changing the voltage supplied to the test target chip. 

[0260] In some embodiments of the present invention, a voltage range of 

changing the voltage at Step 5 is same as that used at Step 1.  Further, the 
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voltage range used at Step 5 can be a range obtained by adjusting the voltage 

range used at Step 1 by considering test setup, manufacturing process, test 

process, or the like.  The apparatus confirms whether the scan test result is 

“PASS” or “FAIL” using the optimum shift frequency for each scan section 

searched or determined at Step 4 while changing the voltage supplied to the test 

target chip within the voltage range.  When the test result is “PASS” for all scan 

sections within the voltage range, the shift frequency is then successfully 

optimized.  Various references can be used to determine whether the shift 

frequency is normally optimized or not for each scan section, considering test 

setup, manufacturing process, test process, or the like.  For example, the test 

result “FAIL” can be allowed at a specific voltage in some cases. 

[0261] When searching the optimum shift frequency considering the variation 

margin of the voltage supplied to the test target chip, using the method including 

the above steps, instead of changing the voltage and the frequency for all scan 

sections, allows the optimum shift frequency or the optimum period to be 

searched or determined in a shorter time. 

[0262] For example, let us assume that SN (number of scan sections) = 1,000, 

VN (number of times of changing voltage) = 10, FN (number of times of changing 

shift frequency) = 10. 

[0263] Case 1 

[0264] The number of times of searching the shift frequency to determine 

whether the test result is “PASS” or “FAIL” while changing the voltage and the 

frequency for all the scan sections: SN x VN x FN = 100,000. 

[0265] Case 2 
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[0266] The number of times of searching the shift frequency to determine 

whether the test result is “PASS” or “FAIL” using Steps 1 to 5: (Step 1) VN x FN 

+ (Step 3) SN x FN + (Step 5) VN = (VN + SN) x FN + VN = 10,110. 

[0267] The number of times of searching the shift frequency in Case 2 is about 

10% of that in Case 1. 

[0268] The scan section K 1204 for which the optimum shift frequency is to be 

searched can be a part of the scan pattern M as shown in Fig. 14.  That is, the 

length of the target scan section K 1204 can be shorter than the scan path.  In 

this case, the shift frequency for the part of the scan pattern M other than the 

target scan section K 1204 is set not to restrict the search of the optimum shift 

frequency for the target scan section K 1204. 

[0269] For example, in the scan pattern M, the shift frequency for the part other 

than the target scan section K 1204 can be set not to increase or decrease with 

the shift frequency for the target scan section K 1204 or set differently from the 

shift frequency for the target scan section K 1204.  In some embodiments of the 

present invention, the shift frequency for the part of the scan pattern M other than 

the target scan section K 1204 is set to a frequency with which the part of the 

scan pattern M other than the target scan section K 1204 can be normally inputted 

to the scan path. 

[0270] In some embodiments, the shift frequency applied to the part of the scan 

pattern M other than the target scan section K 1204 is a frequency equal to or 

lower than the nominal shift frequency.  When the optimum shift frequency is 

already determined for the part of the scan pattern M other than the target scan 

section K 1204 by using the method according to some embodiments of the 
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present invention, a predetermined frequency such as a frequency equal to or 

lower than the optimum frequency can be used as the shift frequency for the part 

of the scan pattern M other than the target scan section K 1204.  For the target 

scan section K 1204, the optimum frequency is searched by scaling the shift 

frequency as described above.  The predetermined frequency is not limited to 

the above-mentioned example, but various frequencies can be used, such as a 

frequency obtained by adjusting the nominal shift frequency, a frequency set in 

the apparatus by a program, a frequency set by a user, or the like. 

[0271] Fig. 12 shows a method of searching the optimum shift frequency for the 

target scan section K 1204 by using the input pattern K-1 1202 together; however, 

the present invention is not limited to this scheme.  In some embodiments, the 

optimum shift frequency can also be searched or determined by comparing only 

the output pattern of the scan path for the target scan section K 1204 or a scan 

pattern including the target scan section K 1204 with the expected pattern. 

[0272] (Comparison of output pattern for previous input pattern with 

corresponding expected pattern) 

[0273] In some embodiments of the present invention, when searching or 

determining the optimum shift frequency for the target scan section K 1204, an 

output pattern for the input pattern K-1 1202 coming before the target scan 

section K 1204 or an output pattern of a scan pattern coming before the scan 

pattern including the target scan section K 1204 is also compared with the 

corresponding expected pattern. 

[0274] For example, when the output pattern for the target scan section K 1204 

matches the corresponding expected pattern and the output pattern for the input 
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pattern K-1 1202 matches with the corresponding expected pattern, the shift 

frequency used to shift the target scan section K 1204 to the scan path can be 

determined to be a usable shift frequency for the target scan section K 1204. 

[0275] In some embodiments, in the case where the target scan section K 1204 

is a part of a scan pattern as shown in Fig. 14, when the output pattern K 1224 of 

the scan path for the scan pattern M including the target scan section K 1204 

matches the expected pattern K 1234 and the output pattern K-1 1222 of the scan 

path for the scan pattern M-1 coming before the scan pattern M matches the 

expected pattern K-1 1232, the shift frequency used to shift the target scan 

section K 1204 to the scan path can be determined to be a usable shift frequency 

for the target scan section K 1204. 

[0276] The reason why the output pattern K-1 1222 for the input pattern K-1 1202 

coming before the target scan section K 1204 is compared with the expected 

pattern K-1 1232 as well as the comparison of the output pattern K 1224 for the 

target scan section K 1204 with the expected pattern K 1234 is because the 

output pattern of the scan path for the input pattern (or a part of the input pattern) 

coming before the target scan section K 1204 may be affected by the shift-in 

frequency for the target scan section K 1204.  The output pattern shifted out for 

the input pattern can be a pattern obtained by performing a scan capture 

operation after inputting the input pattern (or a part of the input pattern) coming 

before the target scan section K 1204 to the scan path or a pattern outputted from 

the scan path without a scan capture operation. 

[0277] Fig. 16 is a graph showing a method of searching a usable shift frequency 

for a scan pattern according to some embodiments of the present invention.  Fig. 
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17 is a graph showing a case where a test result of other scan pattern indicates 

“FAIL” when increasing or decreasing a shift frequency of a scan pattern for which 

an optimum shift frequency is to be searched according to some embodiments of 

the present invention. 

[0278] In Fig. 16, the first scan pattern, the second scan pattern, and the third 

scan pattern are sequentially inputted to the scan path, to search the optimum 

shift frequency for the second scan pattern.  In some embodiments of the 

present invention, a shift frequency with which the first scan pattern can be 

normally inputted to the scan path (e.g., 5 MHz) is used for shifting the first scan 

pattern.  In other words, a shift frequency that allows a scan test result for the 

first scan pattern to be “PASS” is used for shifting the first scan pattern. 

[0279] When the shift frequency for the second scan pattern is sequentially 

increased from 5 MHz to 25 MHz with the increment of 5 MHz, the test results for 

the first scan pattern and the second scan pattern are all “PASS”.  In this case, 

a shift frequency equal to or lower than 25 MHz is a usable shift frequency for the 

second scan pattern. 

[0280] As shown in Fig. 17, when the shift frequency for the second scan pattern 

is increased to 30 MHz, the test result for the second scan pattern is “PASS” but 

the test result for the first scan path is “FAIL”.  It is because the test result shifted 

out for the first scan pattern is affected by the shift frequency for the second scan 

pattern.  Therefore, in some embodiments of the present invention, when both 

the test result for the second scan pattern for which the optimum shift frequency 

is to be searched and the test result for the first scan pattern coming before the 

second scan pattern are “PASS”, the shift frequency is determined to be a usable 
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shift frequency for the second scan section. 

[0281] The target scan section for which the optimum shift frequency is to be 

searched can be a part of a scan pattern.  In this case, as described above, 

when both the test result for the second scan pattern including the target scan 

section and the test result for the first scan pattern are “PASS”, the shift frequency 

is determined to be a usable shift frequency for the target scan section.  For a 

bit pattern other than the target scan section, a shift frequency is used, which 

allows the bit pattern to be normally inputted to the scan path. 

[0282] For the third scan pattern, a shift frequency is used, which allows the third 

scan pattern to be normally shifted in to the scan path and the test result for the 

second scan pattern to be normally shifted out from the scan path. 

[0283] When sequentially inputting the first scan section and the second scan 

section adjacent to each other to a scan path of a chip to search the optimum 

shift frequency for the scan section or to reduce the mass production test time for 

the chip, a scan test can be performed by setting the shift frequency for the first 

scan section and the shift frequency for the second scan section differently from 

each other.  For example, the shift frequencies respectively used for the two 

scan sections can be shift frequencies respectively equal to or lower than shift 

frequencies with which the result of the scan test using the two scan sections is 

“PASS”. 

[0284] For the first scan section and the second scan section adjacent to each 

other, a scan test can be performed by setting the shift frequency for the second 

scan section higher or lower than the shift frequency for the first scan section.  

Shift frequencies respectively equal to or lower than shift frequencies for two 
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adjacent scan sections with which a test result for a fault-free chip is “PASS” are 

used to reduce the mass production test time for the chip.  That is, the influence 

of the adjacent scan sections on each other at the time of performing a scan test 

should be taken into consideration. 

[0285] For example, when the first scan section and the second scan section are 

scan patterns adjacent to each other, the effect of the shift frequency for the 

second scan section consecutively inputted should be taken into consideration 

when the scan capture result for the first scan section is shifted out.  It is 

because, for example, when the scan capture result pattern is shifted out, a bit 

value of the result pattern may be changed depending on the shift frequency. 

[0286] In some embodiments, when the first scan section and the second scan 

section adjacent to each other are included in a single scan pattern, the effect of 

the shift frequency for the second scan section consecutively inputted should be 

taken into consideration when the first scan section is shifted in.  It is because, 

for example, a bit value of the first scan section shifted on the scan path can be 

changed by the shift frequency for the second scan section. 

[0287] In some embodiments, when a scan capture result of the first scan pattern 

shifted in before the second scan pattern including the first scan section and the 

second scan section is shifted out, the effect of the first scan section and the 

second scan section included in the second scan pattern should be considered.  

Without such consideration, a scan test result for a fault-free chip may become 

“FAIL” when performing a mass production test. 

[0288] (Consideration of output result for input pattern coming before or after 

target scan section for which optimum shift frequency is to be searched) 
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[0289] When searching or determining the optimum shift frequency for the target 

scan section, not only the output pattern for the target scan section but also an 

output pattern for an input pattern coming before or after the target scan section 

or an output pattern for a scan pattern coming before or after a scan pattern 

including the target scan section is compared with the corresponding expected 

pattern to determine whether a test result for a fault-free IC chip actually turns out 

to be normal. 

[0290] In some embodiments of the present invention, the above-mentioned 

process is repeated while increasing or decreasing the shift frequency, to search 

or determine the optimum shift frequency for the target scan section.  A shift 

frequency that allows the test result to be normal is a usable shift frequency for 

the target scan section.  The output pattern of the scan path for the target scan 

section is a pattern obtained by performing a scan capture operation after loading 

the target scan section into the scan path or a pattern obtained by outputting the 

target scan section or the scan pattern including the target scan section without 

performing the scan capture operation. 

[0291] (Consideration of output pattern for input pattern inputted after target scan 

section for which the optimum shift frequency is to be searched) 

[0292] An output pattern of the scan path for an input pattern coming after the 

target scan section or a scan pattern coming after the scan pattern including the 

target scan section can be further compared with the corresponding expected 

pattern to search or determined the optimum shift frequency for the target scan 

section. 

[0293] For example, the output pattern for the target scan section shifted out 
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from the scan path to search or determine the optimum shift frequency for the 

target scan section may have an influence on a bit value of the input pattern 

shifted in following the target scan section.  For another example, the output 

pattern for the scan pattern including the target scan section shifted out from the 

scan path to search or determine the optimum shift frequency for the target scan 

section may have an influence on a bit value of the scan pattern shifted in 

following the scan pattern including the target scan section. 

[0294] (Case where following input pattern may have influence on the target scan 

section for which the optimum shift frequency is to be searched) 

[0295] When the output pattern of the scan path for the scan pattern including 

the target scan section is shifted out from the scan path, the input pattern shifted 

following the scan pattern including the target scan section may have influence 

on a bit value of the output pattern for the target scan section. 

[0296] (Consideration of shift frequency for following input pattern) 

[0297] In order to reduce or remove an influence of an input pattern (or scan 

pattern), a shift frequency that allows the input pattern (or scan pattern) shifted in 

following the target scan section to be normally shifted to the scan path can be 

used as the shift frequency for the input pattern (or scan pattern) shifted following 

the target scan section or the scan pattern including the target scan section when 

the output pattern of the scan path for the target scan section or the scan pattern 

including the target scan section is shifted out. 

[0298] (Consideration of shift frequency for input pattern coming before or after 

target scan section) 

[0299] In order to search or determine the optimum shift frequency for the target 
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scan section, a shift frequency same as the shift frequency for the target scan 

section or a shift frequency different from the shift frequency for the target scan 

section can be used as the shift frequency for the input pattern (or a part of the 

input pattern) coming before or after the target scan section.  In some 

embodiments, a shift frequency that allows the input pattern coming before or 

after the target scan section to be normally shifted to the scan path is used as the 

shift frequency for the input pattern. 

[0300] This is because, as described above, the input pattern coming before or 

after the target scan section for which the maximum usable shift frequency is to 

be searched can restrict the maximum usable shift frequency for the target scan 

section.  For example, the maximum usable shift frequency for the input pattern 

coming before or after the target scan section may be lower than the maximum 

usable shift frequency for the target scan section. 

[0301] Figs. 18 to 20 are schematic diagrams for illustrating configuration of scan 

pattern, scan section, and shift frequency information, required to search the 

optimum shift frequency according to some embodiments of the present invention. 

[0302] Fig. 18 shows a case where a scan section for which a usable shift 

frequency or the optimum shift frequency with which the chip can be tested 

normally is to be searched is a scan pattern.  A scan pattern N+1, a scan pattern 

N+2, and a scan pattern N+3 of test data 1800 are scan sections for which usable 

shift frequencies or optimum shift frequencies are to be searched, respectively.  

Fig. 18 shows configuration of scan pattern, scan section, and shift frequency 

information required to search or determine the usable shift frequency or the 

optimum shift frequency for each of the scan pattern N+1, the scan pattern N+2, 
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and the scan pattern N+3. 

[0303] In Fig. 18, T1, T2, T3, and Target_T indicate information related to scan 

shift frequency or period, which are referred to as “timing identifiers”, “timing set”, 

or “timing information” as appropriate. 

[0304] In some embodiments of the present invention, the timing information is 

information related to the shift frequency or the period, which may include or 

represent the shift frequency or the period.  The timing information can be used 

to identify or control a scan pattern or a scan section.  For example, a test 

apparatus can increase or decrease a shift frequency or a period for a scan 

pattern or a scan section identified by the timing information. 

[0305] In Fig. 18, T1 is information related to the shift frequency or the period for 

the scan pattern N, which can be referred to as “timing information of the scan 

pattern N”.  In Fig. 18, Target_T for the scan pattern N+1 indicate information 

related to the shift frequency or the period of the shift frequency for the scan 

pattern N+1 that is a scan section for which the usable shift frequency or the 

optimum shift frequency is to be searched, which can be referred to as “timing 

information of the scan pattern N+1.  That is, in Fig. 18, T1, T2, and T3 indicate 

timing information for a scan pattern coming before the scan section for which the 

optimum shift frequency is to be searched, and Target_T indicates timing 

information for the scan section for which the shift frequency is to be optimized. 

[0306] In Fig. 18, at least two of Target_T, T1, T2, and T3 can use the same shift 

frequency or period or shift frequencies different from each other. 

[0307] In Fig. 18, information on the shift frequency or the period of T1, T2, or T3 

contains a shift frequency or a period that allows a scan pattern or a scan section 
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corresponding to T1, T2, or T3 to be normally inputted to the scan path.  The 

shift frequency or the period corresponding to Target_T can be increased or 

decreased to search an optimum value.  Without being limited to the example 

shown in Fig. 18, one or more shift frequencies, periods, or pieces of timing 

information can be allocated to or used in a single scan pattern in various ways. 

[0308] In some embodiments of the present invention, search data 1810, 1820, 

and 1830 used to search the usable shift frequency or the optimum shift 

frequency for a scan section may include at least two scan patterns as shown in 

Fig. 18. 

[0309] The search data 1810 for searching the usable shift frequency or the 

optimum shift frequency for the scan pattern N+1 includes at least the scan 

pattern N+1 and a scan pattern N coming before the scan pattern N+1.  For 

example, the scan section or the scan pattern included in the search data 1810, 

1820, and 1830 can be repeatedly inputted to the scan path to search the usable 

shift frequency or the optimum shift frequency for a specific scan section. 

[0310] It is determined whether the test is “PASS” or “FAIL” for each scan pattern 

based on scan test output patterns of a chip using two or more scan patterns 

included in the search data 1810, 1820, and 1830.  For example, the output 

patterns can be compared with corresponding expected patterns, and the 

expected patterns can be managed by being included in the search data 1810, 

1820, and 1830.  In other words, the search data 1810, 1820, and 1830 may 

include expected patterns corresponding to the output patterns for the scan 

pattern including the target scan section and the scan pattern coming before the 

scan pattern including the target scan section.  The usable shift frequency or the 
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optimum shift frequency for the scan section is then searched based on the test 

result.  For example, the usable shift frequency or the optimum shift frequency 

for the scan pattern N+1 corresponding to Target_T can be searched. 

[0311] In order to search the usable shift frequency or the optimum shift 

frequency for the scan pattern N+1, a scan test is performed by using the scan 

pattern N+1 and the scan pattern N coming before the scan pattern N+1.  In this 

case, it is determined whether the test result is “PASS” or “FAIL” based on scan 

test output patterns of the chip for the two scan patterns N+1 and N.  Thereafter, 

the usable shift frequency or the optimum shift frequency can be searched for the 

scan pattern N+1.  A shift frequency that allows the scan test results for both the 

scan pattern N+1 and the scan pattern N coming before the scan pattern N+1 to 

be normal is a usable shift frequency for the scan pattern N+1. 

[0312] In Fig. 19, the scan section for which the usable shift frequency or the 

optimum shift frequency is to be searched is a scan pattern.  In order to search 

the optimum shift frequency for the scan section, at least three scan patterns are 

used including the target scan section and scan patterns coming before and after 

the target scan section. 

[0313] For example, search data 1910, 1920, and 1930 used to search the 

usable shift frequency or the optimum shift frequency for the scan section include 

at least three scan patterns as shown in Fig. 19.  The scan pattern or the scan 

section included in the search data 1910, 1920, and 1930 used to search the 

usable shift frequency or the optimum shift frequency can be repeatedly inputted 

to the scan path.  It is determined whether the test of an IC chip is “PASS” or 

“FAIL” based on a result of comparing output patterns for the scan patterns 
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included in the search data 1910, 1920, and 1930 with corresponding expected 

patterns.  The usable shift frequency can be searched for the scan section for 

which the optimum shift frequency is to be searched, based on the test result. 

[0314] In order to search the usable shift frequency or the optimum shift 

frequency for the scan pattern N+1 in the search data 1910, a scan test is 

performed by using the scan pattern N+1 and the scan pattern N coming before 

the scan pattern N+1.  A shift frequency that allows the test result to be normal 

is the usable shift frequency for the scan pattern N+1.  In this case, by using a 

shift frequency with which the scan pattern N+2 coming after the scan pattern 

N+1 can be normally shifted to the scan path for the scan pattern N+2, a chip test 

by the scan pattern N+2 can be omitted.  Alternatively, a shift frequency that is 

also determined to allow the chip test result by the scan pattern N+2 to be normal 

can be set as the usable shift frequency for the scan pattern N+2. 

[0315] In Fig. 19, at least two of timing information Target_T, T1, T2, T3, T4, T5, 

and T6 can use the same shift frequency or period or shift frequencies or periods 

different from each other.  The period of the shift frequency is a time interval of 

a shift operation in which the scan pattern is shifted with the shift frequency, which 

is the reciprocal of the shift frequency.  In some embodiments of the present 

invention, information on the shift frequency or the period of timing information 

T1, T2, T3, T4, T5, or T6 contains a shift frequency or a period that allows a scan 

pattern or a scan section corresponding to T1, T2, T3, T4, T5, or T6 to be normally 

inputted to the scan path.  The shift frequency or the period corresponding to 

Target_T can be increased or decreased to search an optimum value. 

[0316] Without being limited to the example shown in Fig. 19, one or more shift 
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frequencies, periods, or pieces of timing information can be allocated to or used 

in a single scan pattern in various ways. 

[0317] Fig. 20 shows a case where the scan section for which the usable shift 

frequency or the optimum shift frequency is to be searched is a part of a scan 

pattern.  That is, scan sections A, A+1, and A+2 included in a scan pattern N+1 

are scan sections for which respective optimum shift frequencies are to be 

searched. 

[0318] T1, T2, T3, T4, T5, T6, T7, T8, T9, and T10 are pieces of timing 

information for scan patterns or scan sections coming before or after the scan 

section for which the usable shift frequency or the optimum shift frequency is to 

be searched.  Target_T is timing information for the scan section for which the 

shift frequency is to be optimized. 

[0319] At least two of Target_T, T1, T2, T3, T4, T5, T6, T7, T8, T9, and T10 can 

use the same shift frequency or period or shift frequencies or periods different 

from each other. 

[0320] In some embodiments of the present invention, information on the shift 

frequency or the period of timing information T1, T2, T3, T4, T5, T6, T7, T8, T9, 

or T10 contains a shift frequency or a period that allows a scan pattern or a scan 

section corresponding to T1, T2, T3, T4, T5, T6, T7, T8, T9, or T10 to be normally 

inputted to the scan path.  The shift frequency or the period corresponding to 

Target_T can be increased or decreased to search a value that allows a scan test 

to be normal or an optimum value.  Without being limited to the example shown 

in Fig. 20, one or more shift frequencies, periods, or pieces of timing information 

can be allocated to or used in a single scan pattern in various ways. 
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[0321] Examples of search data 2010, 2020, and 2030 for searching the optimum 

shift frequency for a scan section that is shorter than a scan pattern or a scan 

path are shown in Fig. 20.  The scan pattern included in the search data 2010, 

2020, and 2030 may include at least two scan patterns as shown in Fig. 18 or at 

least three scan patterns as shown in Fig. 19.  When each of the search data 

2010, 2020, and 2030 includes three scan patterns, output patterns of the scan 

path for at least three scan patterns can be compared with corresponding 

expected patterns. 

[0322] As explained referring to Figs. 18 to 20, the scan section or the scan 

pattern included in the search data can be repeatedly inputted to the scan path 

to search the usable shift frequency or the optimum shift frequency for a scan 

section. 

[0323] Without being limited to the examples shown in Figs. 18 to 20, pieces of 

timing information for at least two scan patterns or scan sections included in the 

search data can be same as each other or different from each other. 

[0324] The search data used to search the optimum shift frequency for a scan 

section can include at least two scan patterns as shown in Fig. 18, 19, or 20.  In 

some embodiments of the present invention, the search data may include 

information related to the timing information shown in Fig. 18, 19, or 20.  The 

timing information can be used to control the timing for inputting the scan pattern 

or the scan section to the scan path by the test apparatus.  The timing 

corresponds to the shift frequency or the period.  For example, as shown in Figs. 

18 to 20, the search data used to search the optimum shift frequency for scan 

sections adjacent to each other may include scan patterns that are overlapped 
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with each other. 

[0325] In some embodiments of the present invention, the steps of generating 

the search data used to search the optimum shift frequency for a number of scan 

sections are performed in a batch process by using a computer program or 

software. 

[0326] For example, operations of configuring or dividing timing information or 

data related to scan patterns, scan sections, and shift frequencies used to search 

the optimum shift frequency for each scan section as shown in Figs. 18 to 20 can 

be performed in a batch process by using a computer program or software.  

Further, information including the number of scan sections for which the shift 

frequency is to be optimized, the bit length of the scan section, the position of the 

scan section, and the like can be used in the operations. 

[0327] The search data used to search the usable shift frequency or the optimum 

shift frequency for a specific scan section may further include expected patterns.  

In addition, the search data used to search the usable shift frequency or the 

optimum shift frequency for a specific scan section may further include primary 

input test data of the IC chip, which are used together when performing a scan 

test, or primary output expected data. 

[0328] Figs. 21 to 28 are schematic diagrams for illustrating various methods of 

generating the search data according to some embodiments of the present 

invention.  Figs. 21 to 23 show methods of generating the search data when a 

scan section is a scan pattern, and Figs. 24 to 26 show methods of generating 

the search data when a scan section is a part of a scan pattern. 

[0329] Fig. 21 is a schematic diagram illustrating an example of test data 
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including a plurality of scan patterns. 

[0330] As shown in Fig. 21, a single shift frequency (e.g., T1 = 50 ns (i.e., 20 

MHz)) is allocated to all scan patterns included in test data 2100.  Therefore, all 

the scan patterns are shifted in and out with respect to the scan path of the IC 

chip with the same shift frequency. 

[0331] The test data 2100 may include a plurality of sub test data each including 

an input scan pattern and an expected pattern in pair.  For example, the 51st 

input scan pattern forms a pair with an expected pattern for the 50th input scan 

pattern.  The test data can be created in a format of Standard Test Interface 

Language (STIL), Wavefrom Generation Language (WGL), or the like. 

[0332] The don’t care expected pattern for the first sub test data means that the 

output pattern shifted out from the scan path when the first input scan pattern is 

shifted in to the scan path is not compared with a specific expected pattern.  An 

output pattern shifted out from the scan path when the first input scan pattern is 

inputted to the scan path after the flip-flops are set or reset to a specific value 

may not be a don’t care expected pattern. 

[0333] Fig. 22 is a schematic diagram illustrating an example of a method of 

generating the search data for searching the optimum shift frequency for each 

scan section when a scan section is a scan pattern. 

[0334] As shown in Fig. 22, the timing information Target_T is given to a target 

scan section 2210 for which the optimum shift frequency is to be searched in the 

original test data 2100 shown in Fig. 21.  The timing information Target_T is 

used to identify the target scan section 2210 or to control the shift frequency for 

the target scan section.  For example, Target_T can be increased or decreased 
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from the initial value of 50 ns by the test apparatus. 

[0335] When the target scan section 2210 is an input scan pattern 51, search 

data 2200 provided with Target_T are repeatedly inputted to the chip to search 

the usable shift frequency or the optimum shift frequency for the input scan 

pattern 51.  The period of shift frequency for the target scan section 2210 

corresponding to Target_T is changed for every repeated input.  At this time, 

periods of shift frequency for the rest of input scan patterns except for the target 

scan section 2210 are a period that allows the corresponding scan patterns to be 

normally inputted to the scan path (e.g., T1 = 50 ns). 

[0336] For example, the search data 2200 are repeatedly inputted to the chip 

while decreasing the period corresponding to Target_T until the maximum usable 

shift frequency for the target scan section 2210 is searched.  The output pattern 

obtained by using the input scan pattern 50 is compared with the expected pattern 

for the input scan pattern 50 included in the sub test data 51.  The output pattern 

obtained by using the input scan pattern 51 is compared with the expected pattern 

for the input scan pattern 51 included in the sub test data 52.  A shift frequency 

that allows the test results for both the input scan pattern 50 and the input scan 

pattern 51 to be normal is a usable shift frequency for the target scan section 

2210. 

[0337] As the size of the search data 2200 used to search the usable shift 

frequency or the optimum shift frequency for the target scan section 2210 

decreases, the time required to search the optimum shift frequency is reduced. 

[0338] Fig. 23 is a schematic diagram for illustrating an example of a method of 

generating the search data for reducing the time required to search the optimum 
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shift frequency. 

[0339] As shown in Fig. 23, search data 2300 for searching the usable shift 

frequency or the optimum shift frequency for the input scan pattern 51 as a target 

scan section 2310 include the target scan section 2310 and input scan patterns 

50 and 52 coming before and after the target scan section 2310.  The expected 

pattern included in the sub test data 50 coming before the target scan section 

2310 is a don’t care expected pattern.  That is, an output pattern shifted out from 

the scan path when the input pattern 50 is shifted in to the scan path is not 

compared with a specific expected pattern. 

[0340] The search data 2300 are repeatedly inputted to the scan path of the chip 

while changing the period of shift frequency corresponding to Target_T until the 

maximum usable shift frequency is searched for the target scan section 2310.  

The test result obtained by using the input scan pattern 50 is compared with the 

expected pattern for the input scan pattern 50 included in the sub test data 51.  

In the same manner, the test result obtained by using the input scan pattern 51 

is compared with the expected pattern for the input scan pattern 51 included in 

the sub test data 52.  A shift frequency that allows the test results for both the 

input scan pattern 50 and the input scan pattern 51 to be normal is a usable shift 

frequency for the target scan section 2310. 

[0341] The search data 2300 are not limited to the example shown in Fig. 23, but 

can further include at least two input scan patterns coming before or after the 

target scan section. 

[0342] Fig. 24 is a schematic diagram for illustrating an example of test data 

including a plurality of scan patterns, and Figs. 25 to 28 are schematic diagrams 
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for illustrating examples of a method of generating search data for searching the 

optimum shift frequency when the target scan section is a part of a scan pattern. 

[0343] In Fig. 24, a single shift frequency (e.g., T1 = 50 ns (= 20 MHz)) is 

allocated to all scan patterns included in test data 2400.  Therefore, all the scan 

patterns are shifted in or out with respect to the scan path of the IC chip with the 

same shift frequency. 

[0344] The test data 2400 may include a plurality of sub test data each including 

an input scan pattern and an expected pattern in pair.  For example, the 51st 

input scan pattern forms a pair with the expected pattern for the 50th input scan 

pattern. 

[0345] The test data 2400 can be divided into a plurality of scan sections.  In 

the present embodiment, for convenience in explanation, a method of generating 

search data for searching the optimum shift frequency for each scan section when 

the input scan section 51 is divided into three scan sections 2410, 2420, and 2430 

is described with reference to Figs. 25 to 28. 

[0346] As shown in Fig. 25 to 27, search data 2500, 2600, and 2700 include the 

input scan pattern 51 including target scan sections 2510, 2610, and 2710, 

respectively, and input scan patterns 50 and 52 coming before and after the input 

scan pattern 51.  An expected pattern included in sub test data 50 is a don’t care 

expected pattern.  That is, an output pattern shifted out from the scan path when 

the input scan pattern 50 is shifted in to the scan path is not compared with a 

specific expected pattern.  The timing information Target_T is used to identify 

the target scan section 2510, 2610, or 2710 or to control the shift frequency for 

the target scan section.  For example, Target_T can be increased or decreased 
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from the initial value of 50 ns by the test apparatus. 

[0347] As shown in Fig. 25, the search data 2500 applies the timing information 

Target_T to the first target scan section 2510 that is a part of the input scan 

pattern 51, and maintains the timing information T1 for the rest of the input scan 

pattern 51.  The search data 2500 are repeatedly inputted to the scan path of 

the chip while changing the period of shift frequency corresponding to Target_T 

until the maximum usable shift frequency is searched for the first target scan 

section 2510.  The output pattern obtained by using the input scan pattern 50 is 

compared with the expected pattern for the input scan pattern 50 included in the 

sub test data 51.  The output pattern obtained by using the input scan pattern 

51 is compared with the expected pattern for the input scan pattern 51 included 

in the sub test data 52.  A shift frequency that allows the test results for both the 

input scan pattern 50 and the input scan pattern 51 to be normal is a usable shift 

frequency for the first target scan section 2510. 

[0348] When searching the optimum shift frequencies for the second target scan 

section 2610 and the third target scan section 2710, respective search data 2600 

and 2700 shown in Figs. 26 and 27 are repeatedly inputted to the scan path of 

the chip to perform the scan test in the same manner as that shown in Fig. 25. 

[0349] Instead of generating the search data 2500, 2600, and 2700 for each scan 

section as shown in Figs. 25 to 27, in order to search the optimum shift frequency 

for each scan section when a scan pattern is divided into a plurality of scan 

sections, a single set of search data 2800 can be generated as shown in Fig. 28. 

[0350] As shown in Fig. 28, the search data 2800 include timing information 

Target_T1, Target_T2, and Target_T3 for first to third target scan sections 2810, 
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2820, and 2830, respectively.  In other words, as many timing identifiers as the 

number of target scan sections for which usable shift frequencies or optimum shift 

frequencies are to be searched simultaneously are provided, and each of the 

timing identifiers is allocated to the corresponding target scan section 2810, 2820, 

or 2830.  For example, a shift frequency corresponding to Target_T1 is 

increased or decreased when searching the usable shift frequency or the 

optimum shift frequency for the first target scan section 2810. 

[0351] Generation of the single set of search data 2800 for a plurality of target 

scan sections shown in Fig. 28 allows storage capacity of a storage medium to 

be saved compared to the case of generating the search data for each target 

scan section.  However, there may be a restriction in the number of timing 

identifiers or the number of shift frequencies that can be used in the test 

apparatus. 

[0352] For example, when the number of usable timing identifiers is limited to 

three in the test apparatus and a scan pattern is divided into four target scan 

sections, the optimum shift frequency can be searched by generating the search 

data (such as search data 2500, 2600, and 2700) for each target scan section as 

shown in Figs. 25 to 27. 

[0353] The search data 2500, 2600, 2700, and 2800 are not limited to the 

examples shown in Figs. 25 to 28, but can further include at least two input scan 

patterns including the input scan pattern including the target scan section and an 

input scan pattern coming before or after the input scan pattern including the 

target scan section. 

[0354] In general, as the size of the search data used to search the usable shift 
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frequency or the optimum shift frequency for a scan pattern or a scan section 

decreases, the time required to search the shift frequency is reduced.  For 

example, as the number of scan patterns or scan sections decreases, the time 

required to search the usable shift frequency or the optimum shift frequency is 

reduced. 

[0355] In order to calculate the number of shift clock cycles required to search 

the optimum shift frequency for all scan patterns included in test data, parameters 

of SN, BL, and FN are defined as follows. 

[0356] SN: the number of scan patterns constituting the test data. 

[0357] BL: the length of a single scan pattern.  One shift clock cycle is used to 

shift 1 bit. 

[0358] FN: the number of times of increasing the shift frequency to search the 

optimum shift frequency per scan pattern.  The shift frequency is sequentially 

increased from a predetermined low frequency to a predetermined high 

frequency with a predetermined increment. 

[0359] In some embodiments of the present invention, it is assumed that SN = 

5,000, BL = 1,000, and FN = 20.  The number of shift clock cycles required to 

search the optimum shift frequency for all scan patterns included in test data is 

calculated as follows in methods 1 and 2. 

[0360] Method 1 

[0361] The number of total clock cycles required to search the optimum shift 

frequency for each scan pattern by using the search data including the whole 

input scan pattern as shown in Fig. 22 is: 

[0362] The number of total clock cycles = SN x SN x BL x FN = 500,000,000,000 
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[0363] Method 2 

[0364] The number of total clock cycles required to search the optimum shift 

frequency for each scan pattern by using the search data including three input 

scan pattern as shown in Fig. 23 is as follows (at this time, when searching the 

optimum shift frequency for the first scan pattern, search data including the first 

and second input scan patterns are used, and when searching the optimum shift 

frequency for the last input scan pattern, search data including the last input scan 

pattern and the input scan pattern coming before the last input scan pattern are 

used). 

[0365] The number of total clock cycles = (3 x (SN-2) x BL x FN) + (2 x 2 x BL x 

FN) = 299,960,000 

[0366] In the above equation, (3 x (SN-2) x BL x FN) is the number of total shift 

clock cycles used to search the optimum shift frequency for all the scan patterns 

except for two scan patterns (i.e., the first input scan pattern and the last input 

scan pattern) of the scan pattern set. 

[0367] In the above equation, (2 x 2 x BL x FN) is the number of total shift clock 

cycles used to search the optimum shift frequency for the first input scan pattern 

and the last input scan pattern. 

[0368] It is found that using the method 2 provides 99.94% reduction in the 

number of total shift clock cycles compared to the method 1. 

[0369] Therefore, in some embodiments, the search data used to search the 

usable shift frequency or the optimum shift frequency for the scan pattern or the 

scan section include as small number of scan patterns or scan sections as 

possible. 
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[0370] In some embodiments of the present invention, as instantiated with 

reference to Fig. 18, the search data can include at least two scan patterns 

including a scan pattern including the target scan section for which the shift 

frequency of the optimum shift frequency is to be searched and a scan pattern 

coming before or after the target scan section. 

[0371] Further, in the same manner as the examples shown in Figs. 19 to 28, the 

search data can include at least three scan patterns including a scan pattern 

including the target scan section for which the shift frequency or the optimum shift 

frequency is to be searched and scan patterns coming before and after the target 

scan section. 

[0372] In some embodiments of the present invention, the search data used to 

search the usable shift frequency or the optimum shift frequency for a scan 

section can be stored in a computer-readable recording medium in the form of 

data codes, file, or the like. 

[0373] Further, the steps of generating the search data used to search the usable 

shift frequency or the optimum shift frequency for a scan section can be executed 

in the same apparatus or in a separate apparatus according to the embodiments, 

such as in a test apparatus or in an apparatus such as a computer. 

[0374] Fig. 29 is a flowchart of a process to minimize the chip test time according 

to some embodiments of the present invention. 

[0375] As shown in Fig. 29, the apparatus for minimizing scan test time divides 

a bit pattern or at least one scan pattern into at least two scan sections (Step 

S2900).  Various methods can be used to divide the bit pattern or the scan 

pattern set of the test data into scan sections, examples of which are shown in 
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Figs. 5 to 10. 

[0376] In the step of dividing the bit pattern or the scan pattern into scan sections, 

an operation of creating search data for thousands of scan sections obtained by 

dividing scan patterns or scan groups to test an IC chip or creating a file 

containing such data can be performed in a batch process by using a computer 

program or software. 

[0377] For example, the computer program or the software divides the test data 

into scan sections or scan section groups by using information related to the 

division of scan sections, such as the number of scan sections to optimize the 

shift frequency, the bit length of each scan section, the position of each scan 

section, and the like, and creates search data for the divided scan sections or the 

scan section groups or creates a file containing the search data in a batch 

process. 

[0378] The information related to the division of scan sections can be obtained 

via a user interface device such as keyboard, mouse, voice recognizing device, 

and the like, information data codes or file containing the information, or a data 

communication network, which can be used by the computer program or the 

software. 

[0379] As an example of dividing the scan pattern, the methods shown in Figs. 

5 to 10 can be used.  The apparatus for minimizing scan test time allocates a 

shift frequency to each of the scan sections (Step S2910).  The shift frequency 

allocated to each scan section here is equal to or lower than a shift frequency 

before the output pattern of the scan path begins to differ from the expected 

pattern.  Dividing the scan pattern into scan sections (Step S2900) and 
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allocating the shift frequency to each scan section (Step S2910) can be 

performed in the same device or in different devices according to the embodiment, 

for example, in the test apparatus or a device such as a computer. 

[0380] That is, the apparatus for minimizing scan test time can search a shift 

frequency at a time right before the output pattern and the expected pattern 

become different from each other while increasing the shift frequency, as the 

maximum shift frequency that can be allocated to the corresponding scan section.  

Alternatively, the apparatus for minimizing scan test time can search a shift 

frequency at a time when the output pattern and the expected pattern, which are 

different from each other, become same as each other while decreasing the shift 

frequency, as the maximum shift frequency that can be allocated to the 

corresponding scan section.  For example, the apparatus for minimizing scan 

test time searches a shift frequency that allows the test result to be normal by 

approaching the boundary between “PASS” and “FAIL” of the scan test while 

increasing or decreasing the shift frequency of the scan section, and determine 

the shift frequency searched in this manner as the maximum shift frequency that 

can be allocated to the corresponding scan section. 

[0381] Fig. 30 is a flowchart of a process to determine an optimum shift 

frequency for each scan section to minimize the chip test time according to some 

embodiments of the present invention. 

[0382] As shown in Fig. 30, the apparatus for minimizing scan test time divides 

at least one scan pattern into at least two scan sections (Step S3000). 

[0383] The apparatus for minimizing scan test time searches a shift frequency at 

a time when the output pattern and the expected pattern, which are same as each 
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other, become different from each other or when the output pattern and the 

expected pattern, which are different from each other, become same as each 

other while increasing or decreasing the shift frequency, for shifting the scan 

section to the scan path (Step S3010).  The chip used to search the optimum 

shift frequency is a chip tested as a fault-free chip.  For example, a chip for which 

a scan test result has turned out to be normal by using a nominal shift frequency 

is used to search the optimum shift frequency according to the present 

embodiment.  The same goes for other embodiments. 

[0384] Thereafter, the apparatus for minimizing scan test time determines a shift 

frequency that allows the test result to be normal before the output pattern and 

the expected pattern begin to differ from each other, as the shift frequency for the 

corresponding scan section (Step S3020).  The shift frequency before the output 

pattern and the expected pattern begin to differ from each other includes a 

frequency lower than the shift frequency at the time when the output pattern and 

the expected pattern become different from each other. 

[0385] For example, when the output pattern and the expected pattern are same 

as each other with a first shift frequency but become different from each other 

with a second shift frequency that is obtained by increasing the first shift 

frequency by a predetermined increment, the apparatus for minimizing scan test 

time determines a shift frequency that is lower than the second shift frequency 

and that allows the test result to be normal as the shift frequency for the scan 

section or provides information on the determined shift frequency. 

[0386] The increment used to search the optimum shift frequency can be set in 

advance in the test apparatus or changed appropriately or set by a user. 
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[0387] Although the present embodiment describes a method of searching the 

optimum shift frequency for each scan section by scaling (increasing or 

decreasing) the shift frequency for shifting in a scan pattern, the shift frequency 

can also be searched by scaling a frequency for shifting out the scan pattern.  

The same goes for other embodiments. 

[0388] In some embodiments, all the steps in Fig. 30 can be performed in the 

apparatus for minimizing scan test time.  In some embodiments, at least a part 

of the steps can be performed in a separate device such as a computer. 

[0389] Fig. 31 is a flowchart of a detailed process to minimize the chip test time 

according to some embodiments of the present invention. 

[0390] As shown in Fig. 31, the apparatus for minimizing scan test time divides 

at least one scan pattern into a plurality of scan sections (Step S3100). 

[0391] The apparatus for minimizing scan test time selects a scan section for 

which the shift frequency is not yet determined by using the method according to 

the present embodiment among the scan sections (Step S3110).  For example, 

when there is a predetermined order among the scan patterns for a scan test, the 

apparatus for minimizing scan test time can select a scan section sequentially 

from the first scan section.  Alternatively, a user selects a scan section for which 

the shift frequency is to be optimized and the apparatus for minimizing scan test 

time performs optimization of the shift frequency for the selected scan section.  

In addition, various methods can be used to select a scan section for which the 

shift frequency is to be optimized. 

[0392] The apparatus for minimizing scan test time increases the shift frequency 

(Step S3120).  For example, various frequency can be used for the initial shift 
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frequency, such as the nominal shift frequency or the like. 

[0393] The apparatus for minimizing scan test time determines whether or not 

the scan section can be normally shifted to the scan path with the increased shift 

frequency starting from the initial shift frequency that allows the scan test result 

to be normal (Step S3130).  An example of determining whether or not the scan 

section selected to determine the shift frequency is normally shifted to the scan 

path is described with reference to Fig. 32. 

[0394] When the scan section can be normally shifted in (YES at Step S3140), 

the apparatus for minimizing scan test time increases the shift frequency (Step 

S3120) and repeats the step of determining whether or not the scan section can 

be normally shifted in (Step S3130). 

[0395] When the scan section cannot be normally shifted in while increasing the 

shift frequency (NO at Step S3140), the apparatus for minimizing scan test time 

determines a shift frequency equal to or lower than the maximum shift frequency 

that allows a normal shift-in as the shift frequency for the corresponding scan 

section or stores information that can be used for determining the shift frequency 

in a computer-readable recording medium (Step S3150).  The above steps are 

repeated until the shift frequency is determined for all the scan sections or 

information that can be used to determine the shift frequency for all the scan 

sections is stored in the computer-readable recording medium (Step S3160).  

An example of the information stored in the recording medium includes 

information on “PASS” or “FAIL” of the shift or the test with respect to each shift 

frequency for the test target IC chip. 

[0396] The apparatus for minimizing scan test time groups scan sections as a 



85 

 

scan section group as appropriate (Step S3170).  For example, when a test 

apparatus that performs an actual scan test has some constraints in the number 

of times of changing the shift frequency that can be supported during a scan test, 

the maximum number of shift frequencies, delay time for changing the shift 

frequency, or the like, the apparatus for minimizing scan test time can group some 

scan sections to allow the number of scan sections to satisfy the constraints, to 

minimize the total scan test time.  In this case, a shift frequency equal to or lower 

than the lowest shift frequency among the optimum shift frequencies for at least 

two scan sections included in a scan section group can be determined as the shift 

frequency for the corresponding scan section group.  The step of grouping the 

scan sections (Step S3170) can be omitted in some embodiments. 

[0397] For example, if the number of times of changing the shift frequency that 

can be supported in the test apparatus is 5, the apparatus for minimizing scan 

test time groups the scan sections into five or less scan section groups when the 

number of current scan sections exceeds 5, and determines a shift frequency 

equal to or lower than the lowest shift frequency among the optimum shift 

frequencies for sections included in each scan section group as the shift 

frequency for the corresponding scan section group.  Various methods can be 

used to group the scan sections into a scan section group so long as the scan 

test time can be minimized, such as grouping scan sections having same or 

similar optimum shift frequencies. 

[0398] The above-mentioned embodiments have described a process of 

searching the optimum shift frequency by mainly considering the increase of the 

shift frequency.  In some embodiments, the optimum shift frequency for the 
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corresponding scan section can be searched by decreasing the shift frequency. 

[0399] For example, the apparatus for minimizing scan test time can start with 

an initial shift frequency with which the test result is “FAIL”, and while decreasing 

the shift frequency, determine whether or not the scan section can be normally 

shifted to the scan path with the decreased shift frequency.  When a shift 

frequency that allows the scan section to be normally shifted to the scan path is 

searched while decreasing the shift frequency, the apparatus for minimizing scan 

test time determines a shift frequency equal to or lower than the maximum shift 

frequency that allows the scan path to be normally shifted to the scan path as the 

shift frequency for the corresponding scan section or stores information that can 

be used for determining the shift frequency in a computer-readable recording 

medium. 

[0400] In some embodiments, as the IC chip can be influenced by supply voltage, 

ambient temperature, or the like, such environmental conditions are reflected on 

searching the optimum shift frequency.  That is, the apparatus for minimizing 

scan test time can perform the process of searching the optimum shift frequency 

while changing the conditions such as supply voltage, ambient temperature, or 

the like. 

[0401] For example, the apparatus for minimizing scan test time can increase or 

decrease a voltage supplied to the chip considering the spec of the chip, quality-

related policy such as quality assurance (QA), quality control (QC), and the like 

(Step S3120).  The apparatus for minimizing scan test time then searches the 

optimum shift frequency for each scan section by using the method according to 

some embodiments of the present invention at different supply voltages.  When 
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a plurality of optimum shift frequencies is searched at different supply voltages 

for a selected scan section, the apparatus for minimizing scan test time 

determines a shift frequency equal to or lower than the lowest optimum shift 

frequency among the plurality of optimum shift frequencies, as the shift frequency 

for the corresponding scan section (Step S3150).  In addition, after repeating the 

process of searching the optimum shift frequency while increasing or decreasing 

temperature or changing other conditions, the apparatus for minimizing scan test 

time may determine a shift frequency equal to or lower than the lowest optimum 

shift frequency among a plurality of optimum shift frequencies obtained in the 

above manner, as the shift frequency for the corresponding scan section. 

[0402] It is generally referred to as “electrical testing” or “shmooing” to figure out 

characteristics of an IC chip, such as frequency range or the like, while changing 

supply voltage of the IC chip or ambient temperature.  It is referred to as “shmoo 

plotting” to make a chart of characteristic information by way of electrical testing 

or shmooing.  The chart is referred to as “shmoo plot”. 

[0403] Each of the steps shown in Fig. 31 can be performed by other device such 

as a computer, as well as the apparatus for minimizing scan test time. 

[0404] Fig. 32 is a flowchart of a detailed process to determine a normal shift-in 

in the process of minimizing the chip test time according to some embodiments 

of the present invention.  That is, Fig. 32 corresponds to Step S3130 shown in 

Fig. 31, but not limited to a specific step in Fig. 31, and can be applied to various 

embodiments including a step of determining whether or not a scan pattern or a 

scan section is normally shifted to a scan path. 

[0405] As shown in Figs. 12 and 32, the apparatus for minimizing scan test time 
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shifts the input pattern K-1 1202 coming before the target scan section K 1204 

that is currently selected to determine the shift frequency to the scan path 1210 

(Step S3200).  For example, the input pattern K-1 1202 comes before the scan 

pattern M including the target scan section K 1204, which includes following 

example of (1) or (2). 

[0406] (1) When the input pattern K-1 1202 is a scan pattern used in the actual 

scan test 

[0407] The apparatus for minimizing scan test time shifts the scan pattern M-1 

to the scan path and performs a scan capture.  This is advantageous in reflecting 

the actual scan test operation.  The scan pattern M-1 is a pattern coming before 

the scan pattern M including the target scan section K. 

[0408] (2) When the scan pattern M-1 is an output pattern expected as a scan 

test result using the scan pattern M-1 that is used in the actual scan test 

[0409] The apparatus for minimizing scan test time does not need to perform a 

scan capture after shifting the scan pattern M-1 to the scan path.  Therefore, the 

time corresponding to the clock for the scan capture can be saved, and 

accordingly the time for searching the optimum shift frequency can be reduced. 

[0410] The apparatus for minimizing scan test time performs a scan capture after 

shifting the input pattern K-1 1202 to the scan path (Step S3200).  In some 

embodiments, the apparatus for minimizing scan test time performs no scan 

capture at this step.  Thereafter, the apparatus for minimizing scan test time 

shifts the target scan section K 1204 with increased or decreased shift frequency 

(Step S3210).  When the target scan section K 1204 is a part of the scan pattern 

M as shown in Fig. 14, the scan pattern M including the target scan section K 
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1204 is shifted to the scan path. 

[0411] In this case, a bit pattern stored on the scan path while the target scan 

section K 1204 or the scan pattern M including the target scan section K 1204 is 

shifted in to the scan path is simultaneously shifted out (Step S3210).  The bit 

pattern shifted out at this step is not limited to the above-mentioned example, but 

can vary depending on the type of the scan circuit that can perform the shift-in 

and shift-out operations simultaneously with respect to the scan path. 

[0412] For example, when the target scan section K 1204 is a part of the scan 

pattern M, which is shorter than the length of the scan path, as shown in Fig. 14, 

the scan pattern M including the target scan section K 1204 is shifted to the scan 

path.  At this time, the shift frequency for the part of the scan pattern M other 

than the target scan section K 1204 is set not to restrict the search of the optimum 

shift frequency for the target scan section K 1204.  To this end, the shift 

frequency for the part of the scan pattern M other than the target scan section K 

1204 is set not to be increased or decreased with the shift frequency for the target 

scan section K 1204 or set to a shift frequency different from the shift frequency 

for the target scan section K 1204.  Alternatively, a shift frequency that allows 

the part of the scan pattern M other than the target scan section K 1204 to be 

normally inputted to the scan path can be used as the shift frequency for the part 

of the scan pattern M other than the target scan section K 1204. 

[0413] In some embodiments of the present invention, the shift frequency for the 

part of the scan pattern M other than the target scan section K 1204 is set to a 

predetermined shift frequency such as a frequency equal to or lower than the 

nominal shift frequency, or when the optimum shift frequency is already 
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determined for this part by using the method according to some embodiments of 

the present invention, a frequency equal to or lower than the optimum shift 

frequency.  The predetermined shift frequency is not limited to the above-

mentioned example, but can be various frequencies such as a frequency 

obtained by adjusting the nominal shift frequency, a frequency set in the 

apparatus by a program, a frequency set by a user, and the like depending on 

the embodiment. 

[0414] The apparatus for minimizing scan test time compares the output pattern 

K-1 for the input pattern K-1 with the expected pattern K-1 of the test target chip 

(Step S3220).  When a result of the comparison indicates that the output pattern 

K-1 does not match the expected pattern K-1 (NO at Step S3220), the apparatus 

for minimizing scan test time determines that the target scan section K 1204 

cannot be normally shifted to the scan path with the current shift frequency (Step 

S3270).  The apparatus for minimizing scan test time then stores information on 

the test FAIL in a computer-readable recording medium. 

[0415] When the result of the comparison indicates that the output pattern K-1 

and the expected pattern K-1 match each other (YES at Step S3220), the 

apparatus for minimizing scan test time performs a scan capture for the target 

scan section K 1204 (Step S3230), and then performs a shift-out operation (Step 

S3240).  In some embodiments, the shift-out operation (Step S3240) is 

performed without performing the scan capture operation (Step S3230).  A bit 

pattern shifted out at this step (Step S3240) can vary depending on the type of 

the scan circuit that can perform the shift-in and shift-out operations 

simultaneously with respect to the scan path. 
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[0416] A shift frequency that does not allow the bit pattern of the target scan 

section K 1204 shifted out to be unintendedly changed is used for the input 

pattern K+1 1206 that is shifted in at the same time when the output pattern for 

the target scan section K 1204 is shifted out.  That is, a shift frequency that 

allows the shift-out operation (Step S3240) to be normally performed is used for 

the input pattern K+1 1206.  Further, a shift frequency that allows the input 

pattern K+1 1206 to be normally shifted to the scan path is used for the input 

pattern K+1 1206 that is shifted in at the same time when the target scan section 

K 1204 is shifted out. 

[0417] The apparatus for minimizing scan test time compares the output pattern 

K for the target scan section K 1204 with the expected pattern K (Step S3250).  

When a result of the comparison indicates that the output pattern K for the target 

scan section K 1204 does not match the expected pattern K (NO at Step S3250), 

the apparatus for minimizing scan test time determines that the target scan 

section K 1204 cannot be normally shifted to the scan path with the current shift 

frequency (Step S3270).  The apparatus for minimizing scan test time then 

stores information on the test FAIL in a computer-readable recording medium. 

[0418] When the result of the comparison indicates that the output pattern K for 

the target scan section K 1204 and the expected pattern K match each other 

(YES at Step S3250), the apparatus for minimizing scan test time determines that 

the target scan section K 1204 can be normally shifted to the scan path with the 

current shift frequency (Step S3260).  The apparatus for minimizing scan test 

time then stores information on the test PASS in a computer-readable recording 

medium. 
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[0419] In some embodiments of the present invention, the usable shift frequency 

or the optimum shift frequency for the target scan section K 1204 can be searched 

by comparing the output pattern for the scan pattern coming before the scan 

pattern including the target scan section K 1204 with the corresponding expected 

pattern, as well as comparing the output pattern for the scan pattern including the 

target scan section K 1204 with the corresponding expected pattern. 

[0420] In some embodiments of the present invention, the test apparatus 

determines whether or not the test results for both the target scan section K 1204 

and the input pattern K-1 1202 coming before the target scan section K 1204 are 

normal.  When both test results are normal, the shift frequency used for the 

target scan section K 1204 is determined to be a shift frequency with which the 

target scan section K 1204 can be normally shifted to the scan path. 

[0421] Fig. 33 is a flowchart of another process to minimize the chip test time 

according to some embodiments of the present invention. 

[0422] There may be a process variation between IC chips on different wafers or 

IC chips on the same wafer depending on the type and the condition of the IC 

chip manufacturing process, which can have an influence on the operation 

frequency and the power consumption of the IC chip.  In particular, the deep 

sub-micron manufacturing process and the low-power process more influence on 

the operation frequency and the power consumption. 

[0423] As shown in Fig. 33, the apparatus for minimizing scan test time performs 

a step of determining the optimum shift frequency for a plurality of chips (Step 

S3300).  The plurality of chips may be IC chips on the same wafer or IC chips 

on different wafers, which may be chips determined to be fault free in advance. 
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[0424] The apparatus for minimizing scan test time determines a shift frequency 

equal to or lower than the lowest shift frequency among a plurality of optimum 

shift frequencies searched for a scan section for the plurality of IC chips as the 

optimum shift frequency for the corresponding scan section or stores information 

that can be used for determining the shift frequency in a computer-readable 

recording medium (Step S3310), and performs this process for each scan section.  

An example of the information stored in the recording medium includes 

information on “PASS” or “FAIL” of the shift or the test with respect to each shift 

frequency. 

[0425] For example, when the shift frequency for the target scan section K of the 

first test target chip is A and the shift frequency for the target scan section K of 

the second test target chip is B, if the shift frequency A is lower than the shift 

frequency B, the test apparatus selects a shift frequency equal to or lower than 

the shift frequency A as the shift frequency for the target scan section K or stores 

information that can be used to select the shift frequency in a computer-readable 

recording medium. 

[0426] The steps shown in Fig. 33 can be performed by various devices such as 

a computer and the like as well as the apparatus for minimizing scan test time by 

using information on the shift frequencies searched for each scan section for the 

scan pattern set and the plurality of chips. 

[0427] Fig. 34 is a block diagram of an apparatus for minimizing chip test time 

according to some embodiments of the present invention. 

[0428] The apparatus for minimizing chip test time shown in Fig. 34 can perform 

the method according to some embodiments of the present invention to optimize 
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the shift frequency for each scan section, to which whole or a part of the methods 

shown in Figs. 12 to 33 can be applied. 

[0429] As shown in Fig. 34, the apparatus for minimizing chip test time includes 

a condition setting unit 3400, a pattern dividing unit 3405, a pattern input unit 

3410, a pattern comparing unit 3420, and a frequency searching unit 3430.  The 

condition setting unit 3400 includes a frequency increase/decrease unit 3402, a 

voltage increase/decrease unit 3404, and a temperature increase/decrease unit 

3406. 

[0430] The condition setting unit 3400 sets various conditions for searching the 

optimum shift frequency for each scan section.  Specifically, the frequency 

increase/decrease unit 3402 increases or decreases the shift frequency, the 

voltage increase/decrease unit 3404 increases or decreases a voltage supplied 

to the chip, and the temperature increase/decrease unit 3406 increases or 

decreases ambient temperature in the test environment.  The condition setting 

unit 3400 can increase or decrease the shift frequency while setting the 

conditions including supply voltage, ambient temperature, and the like.  For 

example, the condition setting unit 3400 can be provided in the host computer 

200/300, the tester main unit 210/310, the tester head 220/320, or the prober 350. 

[0431] The pattern dividing unit 3405 divides at least one scan pattern into a 

plurality of scan sections.  For example, the pattern dividing unit 3405 can be 

provided in the host computer 200/300, the tester main unit 210/310, the tester 

head 220/320, or the prober 350.  The pattern dividing unit 3405 divides the test 

data into at least one scan section by using the methods shown in Figs. 5 to 10. 

[0432] The pattern input unit 3410 allows a scan section to be shifted to the scan 
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path of the test target chip under a condition set by the condition setting unit 3400.  

Specifically, the pattern input unit 3410 allows scan patterns or scan sections 

coming before and after a target scan section for which the optimum shift 

frequency is to be searched to be sequentially shifted to the scan path.  For 

example, the pattern input unit 3410 can be provided in the host computer 

200/300, the tester main unit 210/310, the tester head 220/320, or the prober 350. 

[0433] The pattern comparing unit 3420 compares the output pattern that is the 

test result by the scan section shifted in the test target chip by the pattern input 

unit 3410 with the expected pattern.  For example, the pattern comparing unit 

3420 can be provided in the host computer 200/300, the tester main unit 210/310, 

the tester head 220/320, or the prober 350.  There exists a time or a frequency 

when or with which the output pattern and the expected pattern, which are same 

as each other, become different from each other or the output pattern and the 

expected pattern, which are different from each other, become same as each 

other with increase or decrease of the shift frequency by the condition setting unit 

3400. 

[0434] The frequency searching unit 3430 stores shift frequency information for 

searching a shift frequency before the output pattern and the expected pattern 

become different from each other or a shift frequency that allows the output 

pattern and the expected pattern match each other based on a result of 

comparison or information on the result of comparison by the pattern comparing 

unit 3420 in a computer-readable recording medium.  Further, the frequency 

searching unit 3430 determines the optimum shift frequency for a scan section 

by using the above-mentioned information. 
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[0435] In some embodiments of the present invention, the frequency searching 

unit 3430 stores a shift frequency that allows at least both the output pattern of 

the target scan section and the output pattern of a scan section coming before 

the target scan section to be same as respective expected patterns, as usable 

shift frequency information for the target scan section in a computer-readable 

recording medium.  In Fig. 34, at least two units can be integrated in a single 

module or each unit can be further divided into sub units.  The frequency 

searching unit 3430 can be provided, for example, in the host computer 200/300, 

the tester main unit 210/310, the tester head 220/320, or the prober 350. 

[0436] The apparatus for minimizing scan test time described above can be 

implemented in various forms using hardware or software.  Further, whole or a 

part of the apparatus for minimizing scan test time can be embedded in the test 

system shown in Figs. 2 and 3 or can be implemented with a separate device 

such as a computer. 

[0437] Fig. 35 is a schematic diagram for illustrating a method of searching or 

determining optimum shift frequencies for a plurality of scan sections in parallel 

according to some embodiments of the present invention. 

[0438] As shown in Fig. 35, the apparatus for minimizing scan test time can 

reduce the time required to search or determine the optimum shift frequency by 

searching or determining optimum shift frequencies for different scan sections for 

a plurality of IC chips in parallel 

[0439] For example, the optimum shift frequencies can be searched or 

determined together for different scan sections for a plurality of IC chips 3510, 

3512, 3514, and 3516 positioned on a test interface board 3500 of the test system.  



97 

 

In some embodiments of the present invention, the optimum shift frequencies for 

different scan sections can be searched or determined in parallel in a plurality of 

test systems or on a plurality of test interface boards. 

[0440] When h hours is required to sequentially search or determine the optimum 

shift frequency one by one for the whole scan sections, a parallel search or 

determination of shift frequencies for n scan sections can reduce the time to about 

h/n hours.  Therefore, thousands of scan patterns to test IC chips can be divided 

into shorter scan sections to optimize the shift frequency in the same time. 

[0441] Fig. 36 is a schematic diagram for illustrating an example of reordering 

scan patterns to minimize the chip test time according to some embodiments of 

the present invention. 

[0442] As shown in Fig. 36, scan patterns on a scan pattern set for a scan test 

have a predetermined order.  However, the order of scan patterns is not fixed, 

but can be reordered to reduce the total scan test time by allocating a high shift 

frequency for each scan section.  For example, the second scan pattern and the 

third scan pattern on the original scan pattern set can be changed as shown in 

Fig. 36.  When the order of the scan patterns is changed, the order of expected 

output scan patterns is changed accordingly. 

[0443] When the scan patterns shifted to the scan path is reordered, a switched 

part of a circuit on the IC chip and the number of switching activities can be 

changed by a scan shift, and the power consumption can be changed accordingly, 

and hence the shift frequency that can be allocated to a scan pattern (or scan 

section) can be increased.  Based on this property, the total scan test time can 

be further reduced by searching or determining the optimum shift frequency for 
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each scan section by using the above-mentioned embodiments after reordering 

the scan patterns. 

[0444] An example of the method of reordering the scan patterns includes 

arbitrarily reordering at least once scan patterns on the original scan pattern set, 

determining the optimum shift frequency for the reordered scan pattern set by 

using one of the methods according to some embodiments, and determining a 

scan pattern set that provides the shortest scan test time as the order of the scan 

patterns.  Alternatively, various methods can be used to reorder the scan 

patterns, such as arranging scan patterns having the smallest difference between 

bit patterns to be adjacent to each other. 

[0445] Another example of reordering the scan patterns includes, while 

arranging scan patterns for which the order is not determined after Kth scan 

pattern (K is an integer equal to or larger than 1), determining a scan pattern that 

can have the highest shift frequency by using the method of searching the 

optimum shift frequency described above as the next pattern of the Kth scan 

pattern. 

[0446] Whole or a part of the operation of reordering the scan patterns can be 

performed by hardware such as a processor and firmware or software included 

in the test system or by a separate device such as a computer. 

[0447] Further, when a considerable time is required to find the optimum order 

of the scan patterns, the number of reordering the scan patterns or the required 

time to find the optimum order of the scan patterns can be limited. 

[0448] In some embodiments of the present invention, it is possible to reduce the 

time for a stress test or a burn-in test of an IC chip or to improve the test quality 
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by using optimum shift frequencies for at least two test data.  In some 

embodiments of the present invention, the time for the stress test or the burn-in 

test of the IC chip can be reduced or the test quality can be improved by applying 

optimum shift frequencies to at least two scan patterns or scan sections.  The 

optimum shift frequency for each of the scan patterns or scan sections can be 

searched by using the method of minimizing the scan test time according to some 

embodiments of the present invention. 

[0449] The stress test or the burn-in test is performed to test the quality of an IC 

chip or to find an IC chip having an early-life failure by operating the IC chip for 

an extended time to apply a stress to the IC chip or by applying high voltage and 

high temperature to the IC chip to accelerate.  In general, the burn-in test is 

performed for several tens of hours in high-temperature environment over 100C.  

Hereinafter, the stress test and the burn-in test are collectively referred to as 

“burn-in test”.  Further, a test system (apparatus) that can perform such a burn-

in test is referred to as “burn-in test system (apparatus)”. 

[0450] The aging of an IC chip is largely affected by the heat, and the heat is 

mainly generated by the power consumption of the IC chip. 

[0451] For example, Equation 2 shows major factors that affect the dynamic 

power dissipation of an IC chip, which indicates the power consumption of the 

chip when a circuit is active. 

[0452] [Equation 2] 

 P =   C  f  VDD
2 

[0453] : activity factor 

[0454] C: average switched capacitance (at each cycle) 
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[0455] f: circuit frequency 

[0456] VDD: supply voltage. 

[0457] In the scan mode of an IC chip, an activated circuit of the IC chip can be 

changed depending on a bit pattern of a scan pattern.  In general, switching 

activities are generated in more parts of a circuit in the scan mode than in the 

functional mode of the IC chip.  Therefore, the average switched capacitance C 

may increase in the scan mode and the power consumption P increased 

accordingly as defined by Equation 2. 

[0458] Further, as the shift frequency increases, the power consumption P 

increases in proportion to the operation frequency f of a circuit of the IC chip as 

defined by Equation 2. 

[0459] Increased switching activities of the IC chip further increases the power 

consumption of the IC chip, which also increases heat temperature of the IC chip.  

Accordingly, the aging of the IC chip can be further accelerated. 

[0460] In some embodiments of the present invention, the burn-in test apparatus 

employs the maximum shift frequency that can be allocated to each scan section 

or test data to reduce the burn-in test time by further accelerating the aging of the 

IC chip at the time of performing a burn-in test. 

[0461] For example, the burn-in test apparatus can accelerate the burn-in test by 

using scan patterns or scan sections while performing a burn-in test of an IC.  At 

this time, the scan test can be performed together. 

[0462] Further, using the nominal shift frequency when performing a scan shift 

operation may allow high stress to be applied to one part of circuit portion 

activated by the scan pattern and relatively low stress to be applied to the other 



101 

 

part of the circuit portion.  However, for example, by dividing the scan patterns 

of the test data into scan sections and using the maximum shift frequency that 

can be allocated to each of the scan sections to perform the burn-in test, it is 

possible to reduce a phenomenon in which aging of a specific portion of the circuit 

is accelerated or aging of a specific portion of the circuit is relatively slowed down. 

[0463] For example, Fig. 41 shows a difference in heat generation of the same 

IC chip between a case 4100 where the shift frequency is not optimized for scan 

patterns of test data and a case 4110 where the scan patterns are divided into 

scan sections and the shift frequency is optimized for each scan section.  The 

comparison found that the case 4110 where the scan sections for which the shift 

frequency is optimized are used exhibits more balanced and high heat generation 

than the case 4100 where the test data for which the shift frequency is not 

optimized are used. 

[0464] That is, it is possible to improve not only the speed but also the quality of 

the burn-in test by applying the stress as much as possible to different portions 

of the IC chip activated by the bit pattern of the scan pattern in a more balanced 

manner.  The time for the burn-in test can be saved or the quality of the burn-in 

test can be improved by using the maximum usable shift frequency for each scan 

section of the test data for testing the chip. 

[0465] Figs. 37 and 38 are schematic diagrams of burn-in test systems according 

to some embodiments of the present invention. 

[0466] As shown in Figs. 37 and 38, the burn-in test system includes a host 

computer 3700/3800, a tester main unit 3710/3810, a tester head 3720/3820, an 

interface board 3730/3830, a temperature control unit 3760/3870, a chamber 
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3750/3860, and a prober 3850. 

[0467] A device under test (DUT) 3740/3840 that is placed on the interface board 

3730/3830 for a test is an IC on a wafer, a packaged IC, or the like.  When the 

DUT 3740/3840 is an IC chip on a wafer, the chip test system further includes the 

prober 3850. 

[0468] The tester main unit 3710/3810 performs overall control of the scan test 

and the burn-in test.  For example, the tester main unit controls overall 

processes of setting up for a DUT test, generating an electrical signal for the DUT 

test, observing and measuring a test result signal of the DUT, and temperature 

control of the chamber using the temperature control unit.  The tester main unit 

can be implemented as a computer including a central processing unit (CPU), a 

memory, a hard disk, a user interface, and the like.  In some embodiments, the 

tester main unit further includes a device power supply for supplying a power to 

the DUT.  The tester main unit further controls a digital signal processor (DSP, 

not shown) for processing various digital signals and the tester head.  The tester 

main unit includes dedicated hardware such as a controller and a signal generator 

for applying a signal to the DUT 3740/3840, software, firmware, and the like.  

The tester main unit is also referred to as a “main frame” or a “server”. 

[0469] The host computer 3700/3800 is a computer such as a personal computer, 

a workstation, or the like, which is a device that allows a user to execute a test 

program, control a test process, and analyze a test result.  In general, the host 

computer includes a CPU, a storage unit such as a memory and a hard disk, a 

user interface, and the like.  The host computer is connected to the tester main 

unit via a wired or wireless communication.  The host computer includes 
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dedicated hardware, software, firmware, and the like for controlling the test.  

Although the host computer and the tester main unit are separately shown in the 

drawings, the host computer and the tester main unit can be provided in an 

integrated manner. 

[0470] The memory of the tester main unit or the host computer includes a DRAM, 

an SRAM, a flash memory, and the like.  The memory stores therein programs 

and data for performing the DUT test. 

[0471] The software or the firmware of the tester main unit or the host computer 

for performing the burn-in test or the scan test includes a device driver program, 

an operating system (OS) program, and a program for performing a DUT test, 

and these programs are stored in a memory in the form of instruction codes for 

setting up for the DUT test, generating a signal for the DUT test, and observing 

and measuring a result test signal of the DUT and executed by the CPU.  

Therefore, the scan pattern can be applied to the DUT by these programs.  

Further, reporting and analysis data for the DUT test and the test result can be 

automatically obtained by the programs.  Languages used in the program 

include C, C++, java, and the like.  The programs can be stored in a storage 

device such as a hard disk, a magnetic tape, a flash memory, or the like. 

[0472] The CPU of the tester main unit or the host computer is a processor, which 

executes the instruction codes of the software or the program stored in the 

memory.  For example, when a user command is inputted via a user interface 

such as a keyboard, a mouse, or the like, the CPU analyzes the user command, 

and after performing an operation corresponding to the user command by 

executing the software or the programs, provides a result of the operation to a 
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user via a user interface such as a speaker, a printer, a monitor, or the like. 

[0473] The user interface of the tester main unit or the host computer allows a 

user and an apparatus to transmit and receive information.  For example, the 

user interface includes an input interface unit such as a keyboard, a touch screen, 

a mouse, and the like and an output interface unit such as a speaker, a printer, a 

monitor, and the like. 

[0474] The tester head 3720/3820 includes a channel and the like for transmitting 

an electrical signal between the tester main unit and the DUT.  The interface 

board is provided over the tester head.  In general, an interface board used to 

test a packaged IC chip is referred to as a “load board”, and an interface board 

used to test an IC chip on a wafer is referred to as a “probe card”. 

[0475] The chamber 3750/3860 provides a space for aging the DUT.  The 

chamber controls temperature of the DUT positioned in the chamber with a 

control of the temperature control unit.  The temperature control unit can be 

included in the tester main unit or the host computer.  The tester main unit or the 

host computer can control the burn-in test time or the supplied voltage with 

respect to the DUT. 

[0476] The burn-in test systems (apparatuses) shown in Figs. 37 and 38 are 

mere examples to help understanding of the present invention.  The system can 

be designed and modified in various forms by integrating the elements as 

appropriate or dividing one element into a plurality of elements depending on the 

embodiment 

[0477] Further, the examples shown in Figs. 37 and 38 can be implemented to 

perform the burn-in test and the scan test at the same time or to perform either 
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one at one time. 

[0478] In some embodiments of the present invention, as described above, the 

burn-in test system can perform the burn-in test by using the optimum shift 

frequency for each scan section.  At the same time, the system can perform a 

test for determining whether or not the chip is normal. 

[0479] In some embodiments of the present invention, as described above, the 

burn-in test system can perform the scan test and the burn-in test together by 

using the optimum shift frequency for each scan pattern or scan section.  In 

general, an IC chip generates switching activities in more circuit portions in the 

scan mode than in the functional mode, and hence the burn-in test time can be 

saved by more accelerating the aging of the device with the scan test.  Further, 

the burn-in test using the maximum shift frequency that can be allocated to each 

divided scan section can help further reducing the burn-in test time, with 

simultaneous reduction of phenomenon of speeding up of the aging in only a 

specific portion of the circuit by a specific scan pattern.  That is, it is possible to 

improve the quality of the burn-in test by applying the stress as much as possible 

to the IC chip in a well-balanced manner.  As the length of a scan section using 

the optimized shift frequency decreases, the above-mentioned effect increases. 

[0480] The present invention is not limited to a mode of performing the burn-in 

test and the scan test at the same time.  In some embodiments, the burn-in test 

includes only the process of shifting the scan pattern without performing the scan 

test. 

[0481] Fig. 39 is a schematic diagram for illustrating an influence of temperature 

on an IC chip during a burn-in test using a constant shift frequency. 
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[0482] As shown in Fig. 39, a plurality of scan patterns is shifted to a scan path 

of an IC chip 3900 with the same scan shift frequency (e.g., 25 MHz).  Portions 

of the IC chip activated by each scan pattern can differ from each other.  For 

example, a portion 3910 of the IC chip activated by a scan pattern 1 3930 and a 

portion 3920 of the IC chip activated by a scan pattern 2 3932 can differ from 

each other. 

[0483] Further, the portions of the IC chip activated by each pattern can have 

different heats generated by the number of switching activities according to the 

scan shift frequency or the scan pattern and the like.  For example, temperature 

of the portion 3910 of the IC chip activated by the scan pattern 1 is aC, and the 

portion 3920 of the IC chip activated by the scan pattern 2 is bC. 

[0484] The shift frequency can be increased to accelerate the aging of the IC 

chip by generating more stress or heat on the IC chip.  However, too high shift 

frequency may cause an over kill in which a normal chip is determined to be 

defective.  On the other hand, too low shift frequency may not effectively 

accelerate the aging of the IC chip due to insufficient stress or heat generated in 

the IC chip. 

[0485] Fig. 40 is a schematic diagram for illustrating an influence of temperature 

on and IC chip during a burn-in test using an optimum shift frequency for each 

scan pattern according to some embodiments of the present invention.  Figs. 39 

and 40 show examples in which the same IC chip and the same scan pattern are 

employed. 

[0486] As shown in Fig. 40, the aging of the IC chip can be accelerated by shifting 

the scan pattern using the optimum shift frequency for each scan pattern. 
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[0487] In general, the burn-in test is performed for several tens of hours in high-

temperature environment over 100C, and hence the burn-in test time and the 

power dissipated in the test increases the chip cost.  That is, an IC chip test 

service company generally issues an invoice with an amount proportional to the 

test time, and hence the chip test time has large influence on the chip cost.  

Further, the high temperature over 100C in the chamber used in the burn-in test 

is generally obtained from the electricity, which requires considerable cost, and 

hence it may also have large influence on the cost of the test service company 

and the chip cost. 

[0488] Therefore, reducing the burn-in test time and the power dissipated in the 

burn-in test is significant in reduction of the test cost.  Further, the reduction of 

the burn-in test time is significant in the time-to-market of a product. 

[0489] For example, when the maximum usable scan shift frequency for the scan 

pattern 1 3930 shown in Fig. 39 is 25 MHz and the shift frequency for the scan 

pattern 2 3932 can be increased more, the aging of the IC chip can be more 

accelerated with temperature cC higher than temperature bC shown in Fig. 39 

by optimizing the shift frequency for a scan pattern 2 4032 as shown in Fig. 40. 

[0490] Although Figs. 39 and 40 describe a case where the scan pattern is 

shifted to the scan path with the shift frequency allocated to the scan pattern for 

the convenience of explanation, the scan pattern can be divided into at least two 

scan sections so that the scan sections can be shifted to the scan path with 

respective shift frequencies as shown in Figs. 5 to 10. 

[0491] A junction temperature of the test target chip needs to be maintained 

within a predetermined range in order to make the burn-in test time and the quality 
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of the burn-in test predictable.  For example, the junction temperature of the test 

target device or IC chip can be determined by Equation 3. 

[0492] [Equation 3] 

 Tj = Ta + P + ja 

[0493] In Equation 3, Tj is junction temperature of test target device or IC chip, 

Ta is ambient temperature, P is power consumption of test target device or IC 

chip, and θja is thermal resistance of test target device or IC chip. 

[0494] From Equation 3, controllability of Tj depends on controllabilities of Ta and 

P.  For example, Ta can be controlled to appropriate temperature by using a 

device such as a chamber or a thermal chuck for controlling ambient temperature 

of the test target device or IC chip.  Therefore, a way to controlling the power 

consumption P is required during the burn-in test of the chip.  For example, 

fluctuation of the power consumption during the burn-in test of the chip may have 

large influence on the junction temperature Tj of the chip, and then can affect 

badly the quality of reliability screening process of the chip. 

[0495] The time required to the burn-in test can be estimated based on a median 

value of the junction temperature Tj in Equation 3.  For example, the junction 

temperature can be determined by a value of the power consumption Pburn-in as 

shown in Fig. 42.  Pburn-in can take a median value or an average of the power 

consumption by the test data or a power consumption value expected when 

performing the good quality burn-in test according to the QA(Quality Assurance) 

or QC(Quality Control) guidelines.  

[0496] Fig. 42 is a graph showing a power consumption generated during a burn-

in test before the power consumption of test data is adjusted.  Fig. 43 is a graph 
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showing a power consumption generated during a burn-in test after the power 

consumption of the test data is adjusted. 

[0497] As shown in Fig. 42, when the power consumption is higher than Pburn-in 

or Pmargin-high on which a margin is reflected, an over burn-in state may occur, 

which can badly affect the yield of the chip. 

[0498] On the other hand, when the power consumption is lower than Pburn-in or 

Pmargin-low on which a margin is reflected, an under burn-in state may occur, which 

can cause a situation where a potentially defective chip passes the test process. 

[0499] Therefore, in order to achieve precise estimation of the burn-in test time 

and the quality of the burn-in test, the power consumption by the test data needs 

to be close to Pburn-in as shown in Fig. 43.  That is, variation of the heat generated 

in the IC chip needs to be minimized by suppressing fluctuation of the power 

consumption by the test data. 

[0500] An example of reducing the burn-in test time or having the burn-in test 

time predictable and improving the quality of the burn-in test by optimizing the 

power consumption in the burn-in test is described below. 

[0501] Step 1 

[0502] Test data are divided into at least two pieces of sub data.  For example, 

the test data can be divided into three pieces of sub data with respect to the test 

time axis as shown in Fig. 43. 

[0503] Step 2 

[0504] A shift frequency for inputting each piece of sub data to the chip is 

searched or determined, which minimizes a difference in the power consumption 

between the at least two pieces of sub data divided at Step 1.  Alternatively, a 
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shift frequency for inputting each piece of sub data to the chip is searched or 

determined, which makes the power consumption by each piece of sub data close 

to or equal to estimated power consumption (or estimated current consumption) 

for the burn-in test.  For example, it is possible to make the power consumption 

by the test data close to Pburn-in by adjusting the shift frequency for each piece of 

sub data as shown in Fig. 43. 

[0505] Step 3 

[0506] A burn-in test is performed by using the shift frequency searched or 

determined for each piece of sub data at Step 2.  For example, the burn-in test 

can be performed in a manner that the power consumption in each data section 

becomes close to Pburn-in as shown in Fig. 43. 

[0507] The pieces of sub data at Steps 1 to 3 are scan sections or functional test 

data (data used to test functions of the chip). 

[0508] Steps 1 to 3 can be performed in the same device or in different devices 

from each other according to the embodiment, for example, in the test apparatus 

or a device such as a computer. 

[0509] In some embodiments, the burn-in test time is reduced or made 

predictable and the quality of the burn-in test can be improved by optimizing the 

power consumption in the burn-in test as follows. 

[0510] Step 1 

[0511] Test data are divided into at least two pieces of sub data. 

[0512] Step 2 

[0513] The maximum shift frequency with which a result of a test of a normal chip 

is outputted as normal is searched or determined for each piece of sub data.  For 
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example, the maximum shift frequency is the optimized shift frequency for 

minimizing the test time or a shift frequency obtained by reflecting a margin on 

the optimized shift frequency. 

[0514] Step 3 

[0515] Power consumption or current consumption is measured or estimated by 

using the maximum shift frequency searched or determined for each piece of sub 

data at Step 2. 

[0516] Step 4 

[0517] A piece of sub data is searched, which may cause the power consumption 

or the current consumption measured or estimated at Step 3 to be larger than a 

reference of power consumption for the optimum burn-in test.  For example, the 

reference of power consumption for the optimum burn-in test is Pburn-in or Pmargin-

high in Fig. 42 or 43. 

[0518] Step 5 

[0519] The power consumption of the sub data is adjusted to be equal to or close 

to the power consumption or the current consumption for the optimum burn-in 

test by lowering the shift frequency for the sub data searched at Step 4.  For 

example, the reference of power consumption for the optimum burn-in test is 

Pburn-in, Pmargin-high, or Pmargin-low in Fig. 42 or 43.  On the other hand, the power 

consumption or the current consumption measured or estimated at Step 3 may 

be smaller than the reference of power consumption for the optimum burn-in test.  

In this case, however, if the shift frequency for the corresponding sub data is 

increased to make the power consumption of the sub data equal to or close to 

the power consumption or the current consumption for the optimum burn-in test, 
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a test fail may occur, which needs for attention. 

[0520] Step 6 

[0521] A burn-in test is performed by using the shift frequency for each piece of 

sub data adjusted at Step 5. 

[0522] In some embodiments of the present invention, the pieces of sub data at 

Steps 1 to 6 are scan sections or functional test data. 

[0523] Steps 1 to 6 can be performed in the same device or in different devices 

from each other according to the embodiment, for example, in the test apparatus 

or a device such as a computer. 

[0524] In some embodiments, a method of searching or determining shift 

frequency corresponding to desired power consumption is as follows.  A power 

consumption value dissipated by a piece of sub data is measured or estimated 

by using a predetermined shift frequency.  Thereafter, a value of a constant in α 

x C x Vdd
2 is calculated by using a relation between power consumption and shift 

frequency, such as Equation 2.  The values of the constant and the desired 

power consumption are substituted into Equation 2 to calculate the shift 

frequency. 

[0525] In some embodiments of the present invention, the shift frequency can be 

searched or determined by measuring or estimating the power consumption 

dissipated by the sub data while increasing or decreasing the shift frequency. 

[0526] In some embodiments of the present invention, the power consumption 

dissipated by the sub data can be measured or estimated by using a device or 

software for measuring or estimating power consumption or current consumption. 

[0527] Fig. 44 is a flowchart of a process to search an optimum shift frequency 
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for each scan section to minimize the burn-in test time according to some 

embodiments of the present invention. 

[0528] As shown in Fig. 44, an apparatus for minimizing burn-in test time divides 

at least one scan pattern into at least two scan sections (Step S4400).  The 

methods shown in Figs. 5 to 10 can be used to divide the at least one scan pattern.  

The apparatus for minimizing burn-in test time allocates a plurality of shift 

frequencies to respective scan sections (Step S4410).  The shift frequency 

allocated to each scan section is lower than a shift frequency with which an output 

pattern of a scan path becomes different from corresponding expected pattern.  

The apparatus for minimizing burn-in test time then performs a burn-in test while 

shifting each scan section with the shift frequency allocated to the corresponding 

scan section (Step S4420). 

[0529] Dividing the scan pattern into scan sections (Step S4400), allocating the 

shift frequency to each scan section (Step S4410), performing the burn-in test 

(Step S4420), and the like can be performed in the same device or in different 

devices from each other depending on the embodiment. 

[0530] The apparatus for minimizing burn-in test time searches a shift frequency 

right before the output pattern and the expected pattern become different from 

each other while increasing or decreasing the shift frequency or determines the 

searched frequency as the maximum shift frequency that can be allocated to the 

corresponding scan section.  In some embodiments, each scan section is 

allocated with a shift frequency lower than the maximum shift frequency searched 

by scaling the shift frequency. 

[0531] Various embodiments described above can be used to search the 
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optimum shift frequency for each scan section to perform a burn-in test according 

to some embodiments of the present invention.  For example, the apparatus for 

minimizing burn-in test time searches the optimum shift frequency for each scan 

section by performing at least one of the methods shown in Figs. 12 to 33.  

Further, the method of reordering the arrangement of the scan patterns shown in 

Fig. 36 can also be applied to the reduction of the burn-in test time and the 

improvement of the quality of the burn-in test. 

[0532] Fig. 45 is a block diagram of an apparatus for minimizing burn-in test time 

according to some embodiments of the present invention. 

[0533] As shown in Fig. 45, the apparatus for minimizing burn-in test time 

includes a chamber control unit 4500, a shifting unit 4510, and a shift-frequency 

searching unit 4520. 

[0534] The chamber control unit 4500 controls voltage, temperature, burn-in test 

time, and the like applied to a test target IC chip. 

[0535] The shift-frequency searching unit 4520 searches the optimum shift 

frequency for each scan section to shift scan sections to a scan path of the IC 

chip in the burn-in test.  For example, the shift-frequency searching unit 4520 

determines the optimum shift frequency for each scan section based on at least 

one method according to some embodiments of the present invention described 

above.  In some embodiments, the process of determining the optimum shift 

frequency is performed in the apparatus for minimizing burn-in test time.  In 

some embodiments, the process of determining the optimum shift frequency is 

performed in a separate device, and in this case, the determined shift frequency 

is sent to the shift-frequency searching unit 4520. 
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[0536] The shifting unit 4510 shifts scan sections to the scan path by using the 

optimum shift frequency searched by the shift-frequency searching unit 4520 

while the burn-in test is performed by the chamber control unit 4500, thus 

minimizing the burn-in test time. 

[0537] In some embodiments of the present invention, only the burn-in test is 

performed by using the optimum shift frequency for each scan section.  In some 

embodiments, a chip test for testing whether or not the chip is normal is 

performed together with the burn-in test.  The apparatus for minimizing burn-in 

test time can perform a scan test described above together with the burn-in test. 

[0538] The apparatus for minimizing burn-in test time can be implemented as a 

part of the burn-in test system shown in Figs. 37 and 38.  In some embodiments, 

only the burn-in test can be performed by using the optimum shift frequency for 

each scan section.  In some embodiments, the chip test can be performed 

together with the burn-in test.  For example, only the burn-in test can be 

performed using a scan pattern set in which the optimum shift frequency is 

allocated for each scan section or both the burn-in test and the scan test can be 

performed using the scan pattern set. 

[0539] The apparatus for minimizing burn-in test time can reorder scan patterns 

shifted to the scan path by using the method of reordering the scan patterns 

shown in Fig. 36.  In this case, a portion of the circuit where a switching activities 

occurs on the IC chip and the number of switching activities can be changed by 

a shift of the scan patterns reordered on the scan pattern set, and operation 

characteristics of the circuit, such as power consumption and the like, can be 

changed accordingly.  This may increase the shift frequency that can be 
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allocated to the scan pattern (or scan section).  Therefore, by using such 

characteristics, the overall burn-in test time can be further reduced or the quality 

of the burn-in test can be further improved by searching or determining the 

optimum shift frequency for each section by using at least one method according 

to some embodiments of the present invention after reordering the scan patterns.  

In some embodiments, reordering the scan patterns is performed in the apparatus 

for minimizing burn-in test time.  In some embodiments, reordering the scan 

patterns is performed in a separate device such as a computer, and an output 

from the separate device can be used in the apparatus for minimizing burn-in test 

time. 

[0540] Fig. 46 is a table showing experimental results using a micro control unit 

(MCU) processor IC chip and a test pattern for the IC chip, in a case where the 

scan section for which the shift frequency is to be determined has one-to-one 

correspondence with a scan pattern.  The table shows shift frequencies 

searched for each scan pattern by using the power-limit-based method of 

searching the maximum usable shift frequency within a range where the power 

consumption by the scan pattern does not exceed the tolerable power 

consumption of the IC chip and the shift-frequency-scaling-based method 

described above according to some embodiments of the present invention. 

[0541] In Fig. 46, the optimization using the shift-frequency-scaling-based 

method employed the method shown in Fig. 12.  Referring to Fig. 46, a 

difference in the maximum shift frequency between the power-limit-based method 

and the shift-frequency-scaling-based method is caused by circuit structure and 

characteristics, various physical condition and environment, and the like, which 



117 

 

can have an influence on the shift frequency, as well as the power consumption 

of the IC chip in an actual IC chip and an actual test environment for testing the 

IC chip. 

[0542] The power consumption limit shown in Fig. 46 is average power 

consumption of about 285 mW when the IC chip is operated in the functional 

mode with a frequency of 80 MHz that is a functional frequency limit of the IC 

chip. 

[0543] In general, the functional frequency limit and a frequency limit over which 

the IC chip can be damaged or a scan shift frequency limit may differ from each 

other.  For example, the frequency limit may vary because circuit operation 

characteristics, power consumption, effect of signal crosstalk, critical timing path, 

or the like may be different in the scan test mode or the functional mode.  Further, 

it can be restricted by various factors including a difference in voltage or power 

supplied to different locations on the circuit and the like. 

[0544] The first column in the table shown in Fig. 46 is scan pattern number, and 

the second column is power consumption by leakage current of the IC chip.  The 

third column is dynamic power consumption dissipated by a scan shift using the 

nominal shift frequency of 25 MHz.  The fourth column is a sum of the second 

column and the third column, which is the total power consumption for each scan 

pattern when using the nominal shift frequency of 25 MHz.  The fifth column is 

the maximum usable shift frequency for each scan pattern below the power 

consumption limit of 285 mW. 

[0545] The sixth column is a result of testing the MCU IC chip using the shift 

frequency in the fifth column for each scan pattern, indicating test PASS or FAIL. 
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[0546] The seventh column is the maximum shift frequency searched by using 

the shift-frequency-scaling-based method described above according to some 

embodiments of the present invention, all of which allowed the test to be passed. 

[0547] The eighth column is increase/decrease ratio (%) of the seventh column 

that is the result by the shift-frequency-scaling-based method with respect to the 

fifth column that is the result by the power-limit-based method with respect to the 

fifth. 

[0548] As shown in Fig. 46, except for the sixth scan pattern with which the scan 

test was failed with the power-limit-based method, the shift frequency searched 

by the shift-frequency-scaling-based method is higher by about 30% or more on 

average.  There may be various reasons for this, such as occurrence of a false 

critical path depending on a shifted bit pattern, a bit on a scan pattern 

corresponding to a don’t-care bit that has no effect on the test result, or the like. 

[0549] As is the case in the sixth scan pattern shown in Fig. 46, there may occur 

a case where the IC chip cannot be tested normally even when a shift frequency 

that allows the power consumption dissipated by the scan pattern not to exceed 

the tolerable power consumption of the IC chip is used.  This is because the shift 

frequency limit can be influenced by various factors including signal delay time of 

the critical timing path due to a circuit structure of the IC chip, signal crosstalk, 

difference in voltage or power supplied to different locations on the circuit, signal 

or power noise, chip manufacturing process variation, physical characteristics of 

the circuit, and the like, as well as the power consumption.  It can be further 

influenced by test environment and conditions such as ambient temperature of 

the test target chip, connection status of the chip and the chip test apparatus, and 
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the like. 

[0550] Even when the scan section or the scan pattern is loaded into the scan 

path with a bit value changed unintendedly while being shifted in during the 

process of searching the optimum shift frequency by scaling the shift frequency, 

a result pattern after a scan capture operation may appear as a normal bit pattern 

on the scan path depending on the circuit structure of the IC chip. 

[0551] Therefore, a more precise optimum shift frequency can be searched by 

checking whether or not the primary output result is normal (PASS) by comparing 

the output result of the primary output port of the IC chip with the expected result 

before loading the scan section into the scan path with increase or decrease of 

the shift frequency and performing the scan capture operation. 

[0552] Fig. 47 is a graph showing a test fail hole that can be incurred during an 

IC chip test. 

[0553] Testing an IC chip requires setting up the test apparatus, the test data, or 

the test program.  At this time, an abnormal test fail may occur in a normal shift 

frequency range where a normal IC chip is supposed to be determined to be fault-

free.  This abnormal test fail is referred to as a “test fail hole”, a “test frequency 

fail hole”, or a “test period fail hole”. 

[0554] Fig. 47 shows a case where an abnormal test fail 4700 occurred at 30 

MHz when testing an IC chip.  The test fail hole may cause the mass production 

test of the IC chip to be unstable and can badly affect the yield badly, and hence 

this should be removed. 

[0555] Fig. 48 is a graph showing a method of solving the test fail hole problem 

according to some embodiments of the present invention. 
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[0556] Fig. 48 shows an example of solving the test fail hole problem, which 

disables a test for specific sub data that cause the test fail hole or influence 

generation of the fail hole. 

[0557] For example, a method can be used, which does not allow test output 

data of the IC chip for sub data that caused the fail hole to be compared with the 

expected data.  This method can be referred to as “test data masking” or 

“expected result masking” of test data.  In the following embodiments, the sub 

data means scan pattern, scan section, or functional test data.  A case where 

the test data masking is applied to a scan pattern can be referred to as “scan 

pattern masking” or “expected result masking” of scan test.  For another 

example, the sub data that influence generation of the test fail hole are removed 

or unused. 

[0558] In the case shown in Fig. 48, the second sub data that caused the fail hole 

at 30 MHz can be searched, and the second sub data can be subject to the 

masking or removed.  However, masking or removing the sub data can lower 

the fault coverage of the test target IC chip.  Further, masking or removing the 

sub data may cause a faulty IC chip to be tested as fault-free.  This may 

eventually cause a field escape problem in which a faulty IC chip is released to a 

field. 

[0559] Therefore, in some embodiments, sub data that cause the fail hole or 

influence generation of the fail hole and a shift frequency corresponding to the 

fail hole are searched, and a frequency is used, which causes no fail hole at 

specific sub data that cause the fail hole or influence generation of the fail hole. 

[0560] Fig. 49 is a flowchart of a process to solve the test fail hole problem 
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according to some embodiments of the present invention. 

[0561] As shown in Fig. 49, the test apparatus selects sub data constituting the 

test data (Step S4900).  The sub data may be scan pattern or scan section.  

The test apparatus performs a test of the IC chip while increasing or decreasing 

the frequency for the sub data (Step S4910), and searches usable frequency or 

fail hole for the selected sub data based on the test result of the IC chip (Step 

S4920).  The test apparatus then tests the IC chip using a frequency that causes 

no fail hole for the selected sub data (Step S4930). 

[0562] Various methods of searching the usable shift frequency for a scan 

pattern or a scan section by scaling the shift frequency as described above can 

be used when searching the fail hole for a scan pattern or a scan section. 

[0563] Fig. 50 is a graph showing another process to solve the test fail hole 

problem according to some embodiments of the present invention. 

[0564] Referring to Fig. 50, a frequency equal to or lower than 25 MHz can be 

used for the second sub data that caused a test fail hole 5000.  The sub data 

may be scan pattern, scan section, or functional test data. 

[0565] When the first sub data, the second sub data, and the third sub data are 

the first scan pattern, the second scan pattern, and the third scan pattern, 

respectively, the first scan pattern, the second scan pattern, and the third scan 

pattern are sequentially shifted to the scan path of the test target IC chip.  

Various methods to search the usable shift frequency for the scan pattern or the 

scan section by scaling the shift frequency as described above can be used to 

search the test fail hole 5000 for the second scan pattern or a scan section 

included in the second scan pattern. 
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[0566] For example, the first scan pattern or the third scan pattern coming before 

or after the second scan pattern is shifted in using a frequency that allows the 

first scan pattern or the third scan pattern to be normally inputted to the scan 

pattern while increasing or decreasing the shift frequency for the second scan 

pattern.  The fail hole and the usable shift frequency range can be searched for 

the second scan pattern by using a scan test result.  The shift frequencies for 

the first scan pattern or the third scan pattern used when searching the fail hole 

or the usable shift frequency for the second scan pattern may be same or different 

from each other. 

[0567] In the scan test process of searching the fail hole or the usable shift 

frequency for the second scan pattern, not only the output pattern for the second 

scan pattern but also the output pattern for the first scan pattern coming before 

the second scan pattern can be compared with the corresponding expected 

pattern.  In this case, when the test results for both the first scan pattern and the 

second scan pattern are normal, the current shift frequency is determined as the 

usable shift frequency for the second scan pattern.  For another example, the 

output pattern for the third scan pattern coming after the second scan pattern can 

be compared with the corresponding expected pattern.  In this case, when the 

test results for both the second scan pattern and the third scan pattern are normal, 

the current shift frequency is determined as the usable shift frequency for the 

second scan pattern. 

[0568] In some cases, the scan pattern that causes the test fail hole or influences 

generation of the test fail hole may be the first scan pattern or the third scan 

pattern coming before or after the second scan pattern.  It is because the shift 
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frequency for the second scan pattern may influence a bit value on the scan path 

when the output pattern for the first scan pattern is shifted out.  Further, it is 

because a bit value on the scan path when the test result for the second scan 

pattern is shifted out may be influenced by the shift frequency for shifting in the 

third scan pattern to the scan path.  Therefore, when there is a test fail hole in 

the test result by a specific scan section or scan pattern, it should be checked 

whether a scan section or scan pattern coming before or after the target scan 

section or scan pattern influences generation of the fail hole. 

[0569] For example, a frequency that allows the second scan pattern to be 

normally shifted to the scan path for the second scan pattern is used, and the test 

result is checked by increasing the shift frequency for the third scan pattern.  If 

the test result for the second scan pattern is FAIL and the test result for the third 

scan pattern is PASS, a frequency that causes no test fail on the second scan 

pattern should be used as the shift frequency for the third scan pattern.  This 

can eliminate the influence of the third scan pattern on the fail hole appeared on 

the test result of the second scan pattern. 

[0570] In some embodiments of the present invention, the scan test is performed 

while increasing or decreasing the shift frequency.  When a fail hole is incurred 

at a specific shift frequency while performing the scan test, a specific scan pattern 

is searched, for which the scan test using the shift frequency corresponding to 

the fail hole turns out to be FAIL.  The chip test is then performed by using a 

shift frequency lower than the shift frequency with which the fail hole is incurred 

for the specific scan pattern and the scan pattern coming before or after the 

specific scan pattern.  That is, a shift frequency lower than the shift frequency 
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with which the fail hole is incurred can be used for the neighboring scan patterns 

that can influence generation of the fail hole. 

[0571] In some embodiments of the present invention, a scan section or scan 

pattern for which a fail hole is incurred and the corresponding shift frequency are 

searched by using the shift frequency scaling.  A shift frequency that causes no 

fail hole within a range of margin for the shift frequency considering 

manufacturing process and test process is then used for the scan section or scan 

pattern.  For example, a shift frequency that is higher than the shift frequency 

corresponding to the fail hole and causes no fail hole within the range of margin 

can be used for the scan section or scan section.  For another example, a shift 

frequency that is higher than the shift frequency corresponding to the fail hole 

and causes no fail hole within the range of margin can also be used for a scan 

section or scan pattern neighboring the scan section or scan pattern 

corresponding to the fail hole. 

[0572] As described above, using the frequency or the period that causes no fail 

hole for specific sub data in the mass production test of the chip can solve the 

problem in which the fault coverage of the chip is lowered due to the method of 

masking or removing the sub data.  Further, the field escape problem in which 

a faulty IC chip is released to the field can be eliminated.  A range of frequency 

or period that causes no fail hole can be searched and used for the chip test. 

[0573] Fig. 51 is a graph showing a method of searching a shift frequency for 

reducing the test time and improving the yield according to some embodiments 

of the present invention. 

[0574] In the example shown in Fig. 51, at least two scan sections are shifted to 
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the scan path with different shift frequencies from each other, to test a chip.  At 

this time, with reference to a specific shift frequency (e.g., nominal shift frequency) 

5100 that allows all test results for the at least two scan sections to be normal, a 

shift frequency with increased margin is used for the first scan section having a 

small test pass margin, and a shift frequency with decreased margin is used for 

the second scan pattern having a large test pass margin. 

[0575] The shift frequency margin of a scan section can be searched or 

determined by using test pass or fail information of the scan section.  For 

example, a margin can be searched or determined, which indicates an interval 

between a frequency or a period that defines the boundary between test pass 

and test fail of a scan section and the specific shift frequency 5100.  Test results 

for both the scan section using the shift frequency on which the margin is reflected 

and a scan section coming before the scan section should be normal. 

[0576] When the margin is increased for a scan section having a small shift 

frequency margin, it is less influenced by variations in chip manufacturing process, 

test environment, and the like in the chip test.  This can improve the yield of the 

chip accordingly. 

[0577] When the margin is decreased for a scan section having a large shift 

frequency or period margin, the test time can be saved. 

[0578] In this manner, improvement of the yield and reduction of the test time, 

which may be in a trade-off relation, can be achieved together by considering the 

frequency margin for each scan section. 

[0579] As shown in Fig. 51, both the first scan section and the second scan 

section exhibit the test pass at the nominal shift frequency 5100 of 20 MHz.  With 
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reference to 20 MHz, when the margin of the shift frequency for the first scan 

section is smaller than a predetermined reference margin value, the test 

apparatus increases the margin of the shift frequency for the first section to 

improve the yield of the chip in the mass production test.  That is, the shift 

frequency for the first scan section is changed to a frequency lower than 20 MHz 

to allow the shift frequency for the first scan section to meet the reference margin 

value.  On the other hand, with reference to 20 MHz, when the margin of the 

shift frequency or the period for the second scan section is larger than the 

reference margin value, the test apparatus decreases the margin of the shift 

frequency or the period for the second section to reduce the total test time in the 

mass production test.  That is, the shift frequency for the second scan section is 

changed to a frequency higher than 20 MHz to allow the shift frequency for the 

second scan section to meet the reference margin value. 

[0580] When performing a chip test by searching the optimum shift frequency for 

at least two scan sections, there may be a problem in the shift timing of a 

boundary bit between two neighboring scan sections. 

[0581] When a period between the last bit of a scan section S1 and the first bit 

of a scan section S2 sequentially shifted in to a scan path following the scan 

section S1 is CP_boundary (clock period of boundary bits), a first CP_boundary 

between the scan section S1 and the scan section S2 when the maximum 

optimum shift frequency is searched for the scan section S2 may be different from 

a second CP_boundary between the scan section S1 and the scan section S2 

when the optimum shift frequencies determined for both the scan section S1 and 

the scan section S2.  For example, when the second CP_boundary is smaller 
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than the first CP_boundary, a scan test using the scan section S1 and the scan 

section S2 may determine a fault-free chip as a faulty chip. 

[0582] In this case, following methods can be used to solve the problem of shift 

timing of the boundary bit between two neighboring scan sections. 

[0583] (1) In a case where the maximum shift frequency for the scan section S1 

is determined, the optimum shift frequency determined for the scan section S1 is 

used for the scan section S1 when searching the maximum optimum shift 

frequency for the scan section S2 that is shifted in following the scan section S1. 

[0584] (2) Set an edge of a clock for performing a shift operation of a scan bit to 

a position corresponding to a boundary of a clock definition period (CDP) or a 

position near the boundary.  The CDP is a time interval for defining a shape of 

the clock, in which the rising time or the falling time of a clock signal is defined.  

The CDP can be set in the test apparatus or the test data. 

[0585] (3) Adjust a period of shift frequency or a shift time interval between the 

last bit of the scan section S1 and the first bit of the scan section S2 sequentially 

shifted to the scan path following the scan section S1.  For example, when a 

scan test is performed using a scan pattern including the scan section S1 and the 

scan section S2, the period can be adjusted to a value that allows a fault-free 

chip to be tested as normal.  The period of shift frequency or the shift time 

interval can be defined in the test data or in the test apparatus.  For example, 

when creating new test data in which the optimum shift frequency is allocated to 

each of the scan section S1 and the scan section S2, timing information for the 

last bit of the scan section S1 and the first bit of the scan section S2 is newly 

created, to which a period that allows a fault-free chip to be tested as normal is 
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allocated.  For example, a period of the nominal shift frequency can be used for 

the timing information. 

[0586] (4) When a fault-free chip is determined to be a faulty chip due to the 

problem of shift timing of the boundary bit between two neighboring scan sections, 

the period of shift frequency for a scan section of scan pattern including the 

boundary bit is increased. 

[0587] The scan shift frequency information or the scan section information 

including the scan shift frequency information obtained by applying the present 

invention can be stored in a computer-readable recording medium as computer-

readable program codes or data.  An example of the program codes includes 

computer-executable program or software.  The program codes or data can be 

executed or used in a scan test apparatus, a burn-in test apparatus, a computer, 

and the like.  The computer-readable recording medium can be any data storage 

device that can store data which can thereafter be read by a computer system.  

Examples of the computer-readable recording medium include ROM, RAM, CD-

ROM, magnetic tape, floppy disk, and optical data storage device. 

[0588] The computer-readable recording medium may also be distributed over 

networks coupled to computer systems so that computer-readable codes can be 

stored and executed in a distributed manner.  In addition, functional programs, 

codes, and code segments for accomplishing at least one embodiment of the 

present invention can be easily construed by programmers skilled in the pertinent 

art.  In some embodiments of the present invention, the program codes or data 

can be stored in a server computer, and a client computer can be connected to 

the server computer to use or download the program codes or data.  For 
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example, the program codes can be executed in a server computer or a client 

computer. 

[0589] The present invention should not be limited to these embodiments but 

various changes and modifications can be made by one of ordinarily skill in the 

art within the subject matter, the spirit and scope of the present invention as 

hereinafter claimed.  Specific terms in the specification and drawings are used 

for illustrative purposes and not to be considered as limitations of the present 

invention.  Exemplary embodiments of the present invention have been 

described for the sake of brevity and clarity.  Accordingly, one of ordinary skill in 

the art would understand the scope of the claimed invention is not to be limited 

by the explicitly described above embodiments but by the claims and equivalents 

thereof. 
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CLAIMS 

 

1. An apparatus for performing a scan test of IC chip including a test target 

circuit by inputting a scan pattern to a scan path via a scan input port of the IC 

chip, comparing an output pattern outputted via a scan output port with a 

predetermined expected pattern, and determining whether or not the IC chip is 

defective based on a result of comparing the output pattern with the 

predetermined expected pattern, the apparatus comprising: 

 a shift-frequency searching unit configured to search a usable shift 

frequency for a target scan section from among at least one scan section each 

including a whole or a part of at least one scan pattern inputted to the scan path, 

wherein 

 when searching the usable shift frequency for the target scan section, the 

shift-frequency searching unit is configured to search a shift frequency with which 

a result of the scan test indicates a pass or a shift frequency with which the result 

of the scan test indicates a fail, by increasing or decreasing a shift frequency of 

the target scan section differently from that of at least one scan section among 

other scan sections shifted to the scan path before or after the target scan section 

or by setting the shift frequency of the target scan section differently from that of 

the at least one scan section among the other scan sections. 

 

2. The apparatus according to claim 1, wherein when searching the usable 

shift frequency for the target scan section, the shift-frequency searching unit is 

configured to search a shift frequency in a frequency range where the result of 
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the scan test changes from the pass to the fail or a shift frequency in a frequency 

range where the result of the scan test changes from the fail to the pass, by 

increasing or decreasing the shift frequency of the target scan section. 

 

3. The apparatus according to claim 1 or 2, wherein when searching the 

usable shift frequency for the target scan section, the shift-frequency searching 

unit is configured to determine, when both a result of a scan test for a scan pattern 

constituting the target scan section and a result of a scan test for a scan pattern 

inputted right before the scan pattern constituting the target scan section indicate 

the pass, the shift frequency used for the target scan section as the usable shift 

frequency for the target scan section. 

 

4. The apparatus according to any one of claims 1 to 3, wherein when 

searching the usable shift frequency for the target scan section, the shift-

frequency searching unit is configured to increase or decrease the shift frequency 

of the target scan section based on a binary search algorithm. 

 

5. An apparatus for performing a scan test of IC chip including a test target 

circuit by inputting a scan pattern to a scan path via a scan input port of the IC 

chip, comparing an output pattern outputted via a scan output port with a 

predetermined expected pattern, and determining whether or not the IC chip is 

defective based on a result of comparing the output pattern with the 

predetermined expected pattern, the apparatus comprising: 

 a shift-frequency searching unit configured to perform a first scan test by 



132 

shifting a first scan pattern of which a whole or a part constituting a first scan 

section to the scan path and a second scan test by shifting a second scan 

pattern of which a whole or a part constituting a second scan section and to 

search a usable shift frequency for the second scan section, wherein, 

 the first scan pattern is inputted to the scan path right before the second 

scan pattern, and 

 the shift-frequency searching unit is configured 

  to shift the first scan section with a first shift frequency in the first 

scan test and shift the second scan section with a second shift frequency 

different from the first shift frequency to the scan path in the second scan test, 

and 

  when searching the usable shift frequency for the second scan 

section, to determine, when both a result of the first scan test and a result of the 

second scan test indicate the pass, the second shift frequency as the usable 

shift frequency for the second scan section. 

 

6. The apparatus according to claim 5, wherein when searching the usable 

shift frequency for the second scan section, the shift-frequency searching unit is 

configured to increase or decrease the second shift frequency differently from 

that of at least one scan section among other scan sections shifted to the scan 

path before or after the second scan section or to set the second shift frequency 

differently from that of the at least one scan section among the other scan 

sections. 
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7. The apparatus according to claim 6, wherein when searching the usable 

shift frequency for the target scan section, the shift-frequency searching unit is 

configured to increase or decrease the second shift frequency based on a binary 

search algorithm. 

 

8. The apparatus according to any one of claims 1 to 7, wherein the IC chip 

includes a chip on a wafer or a packaged chip. 

 

9. The apparatus according to any one of claims 1 to 8, wherein the 

apparatus is further configured to allocate an optimum shift frequency from 

among usable shift frequencies searched by the shift-frequency searching unit 

for each of scan sections. 

 

10. A method to be used in an apparatus for performing a scan test of IC chip 

including a test target circuit by inputting a scan pattern to a scan path via a scan 

input port of the IC chip, comparing an output pattern outputted via a scan output 

port with a predetermined expected pattern, and determining whether or not the 

IC chip is defective based on a result of comparing the output pattern with the 

predetermined expected pattern, the method comprising: 

 searching a usable shift frequency for a target scan section from among 

at least one scan section each including a whole or a part of at least one scan 

pattern inputted to the scan path, wherein 

 when searching the usable shift frequency for the target scan section, the 

searching includes searching a shift frequency with which a result of the scan test 
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indicates a pass or a shift frequency with which the result of the scan test 

indicates a fail, by increasing or decreasing a shift frequency of the target scan 

section differently from that of at least one scan section among other scan 

sections shifted to the scan path before or after the target scan section or by 

setting the shift frequency of the target scan section differently from that of the at 

least one scan section among the other scan sections. 

 

11. The method according to claim 10, wherein when searching the usable 

shift frequency for the target scan section, the searching includes searching a 

shift frequency in a frequency range where the result of the scan test changes 

from the pass to the fail or a shift frequency in a frequency range where the result 

of the scan test changes from the fail to the pass, by increasing or decreasing the 

shift frequency of the target scan section. 

 

12. The method according to claim 10 or 11, when searching the usable shift 

frequency for the target scan section, the searching includes determining, when 

both a result of a scan test for a scan pattern constituting the target scan section 

and a result of a scan test for a scan pattern inputted right before the scan pattern 

constituting the target scan section indicate the pass, the shift frequency used for 

the target scan section as the usable shift frequency for the target scan section. 

 

13. The method according to any one of claims 10 to 12, wherein when 

searching the usable shift frequency for the target scan section, the searching 

includes increasing or decreasing the shift frequency of the target scan section 
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based on a binary search scheme. 

 

14. A method to be used in an apparatus for performing a scan test of IC 

chip including a test target circuit by inputting a scan pattern to a scan path via 

a scan input port of the IC chip, comparing an output pattern outputted via a 

scan output port with a predetermined expected pattern, and determining 

whether or not the IC chip is defective based on a result of comparing the 

output pattern with the predetermined expected pattern, the method comprising: 

 performing a first scan test by shifting a first scan pattern of which a 

whole or a part constituting a first scan section to the scan path and a second 

scan test by shifting a second scan pattern of which a whole or a part 

constituting a second scan section; and 

 searching a usable shift frequency for the second scan section, wherein, 

 the first scan pattern is inputted to the scan path right before the second 

scan pattern, and 

 the searching includes 

  shifting the first scan section with a first shift frequency in the first 

scan test and shifting the second scan section with a second shift frequency 

different from the first shift frequency to the scan path in the second scan test, 

and 

 when searching the usable shift frequency for the second scan section, 

the searching includes determining, when both a result of the first scan test and 

a result of the second scan test indicate the pass, the second shift frequency as 

the usable shift frequency for the second scan section. 
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15. The method according to claim 14, wherein when searching the usable 

shift frequency for the second scan section, the searching includes increasing or 

decreasing the second shift frequency differently from that of at least one scan 

section among other scan sections shifted to the scan path before or after the 

second scan section or setting the second shift frequency differently from that of 

the at least one scan section among the other scan sections. 

 

16. The method according to claim 15, wherein when searching the usable 

shift frequency for the target scan section, the searching includes increasing or 

decreasing the second shift frequency based on a binary search algorithm. 

 

17. The method according to any one of claims 10 to 16, wherein the IC chip 

includes a chip on a wafer or a packaged chip. 

 

18. The method according to any one of claims 10 to 14, further comprising 

allocating an optimum shift frequency from among usable shift frequencies 

searched at the searching to each of scan sections. 

 

19. A system for testing an IC chip, the system comprising: 

 a computer including the apparatus according to any one of claims 1 to 

9; 

 a tester main unit; and 

 a tester head, wherein 
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 in a state in which the computer and the tester main unit are connected 

to each other via a wired or wireless communication, the computer is configured 

to control a scan test process performed by the tester main unit, 

 the test main unit is configured to generate an electrical signal for a test 

performed in the scan test process, and 

 the tester head is configured to transfer the electrical signal between the 

tester main unit and the IC chip. 

 

20. A program for executing the method according to any one of claims 10 

to 18 in the apparatus according to any one of claims 1 to 9. 

 

21. A computer-readable recording medium that stores therein the program 

according to claim 20. 

 


