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SEMICONDUCTOR TEST SYSTEM HAVING MULTITASKING
ALGORITHMIC PATTERN GENERATOR

REFERENCE TO RELATED APPLICATIONS

This application claims priority to U.S. Provisional Application ‘Serial No.
60/378,488, entitled Multitasking Algorithmic Pattern Generator, filed May 6, 2002,
the entire contents of which is incorporated herein by reference.
FIELD OF THE INVENTION

The present invention relates generally to a system for testing integrated
circuits (ICs), and, more particularly, to a method and apparatus for high speed
testing of ICs having memory arrays.
BACKGROUND OF THE INVENTION

Manufacturers in the electronics industry use test systems or testers to
automatically test various electronic components Aand integrated circuits (ICs) to
weed out defective devices or ICs. Broédly, there are two types of digital testers,
those suitable for testing memory. arrays or circuits, such as flash memory or
Random Access Memories (RAM), ?.md'those suitab.le for testixllg logic circuits, such
as Micro Céntrollers, Application Specific ICs (ASICS),‘ and Programmable Logic
Devices (PLDs). Generally, it is desirable to te;s.t ICs at sew;eral points during the

manufacturing process including while they are still part of a wafer or substrate and
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after packaging the devices but before they are mounted or assembled on modules,
cards or boards. This repetitive testing imposes demands on testers to automatically
perform tests at high speed and with a high degree of accuracy. Moreover, the trend
in the electronics industry has been to further increase the miniaturization of
electrqnic devices and circuits, thereby allowing for an increase in the complexity of
I.Cs. Thus, as ICs become more complex, the complexity of the testers must increase
correspondingly.

To test the functionality of an IC, data patterns are delivered to the Device
Under Test (DUT) with specific timing and voltage ‘settings through timing
generators and pin electronic channeis, then data is read from the DUT with specific
timin'g and voltage settings to eﬁsure that thé.DUT responds correctly. A comparator
in pin electronics channels compares fhe DUT oiltput. signal with an expécted output
signal, and couples results of the compariéon'i)éck to an error capture memory.

For testing logic DUTs, data pattérns are typically stored in large
semiconductor memories inside the‘.tester. For memory testing, data patterns are
typically far too léngthy to store in the tester. Because of the reguiar arrayl'structure
of a memory DUT, data patterns can be generated algorithmically using a specially
built computer c'ommon‘ly known as an Algorithmic Pattern Generator (APG). This
technique has been in practice for many years and is the industry standard method of
generating memory test data patterns.

The testing of flash memory DUTs presents a unique set of challenges
compared to testing of other types of memory devices. Flash memories are
programmable devices that may require different programming times and voltages

on each cell on each device. Since the programming is done through the Algorithmic

SUBSTITUTE SHEET (RULE 26)



10

15

20

Pattern Generator,. it is .currently believed that the highest throughput can be
obtained when each DUT has its own APG.

Many prior art memory testers have had one APG that is fanned out to
numerous timing generators and pin electronic channels to simultaneously test a
number of DUTs. When flash memories are testeld using this methodology, test time
increases enormously uecause flash memories program at a very slow rate compared
to their _read cycle, and all DUTs must wait. for the slowest DUT to finish
programming before the APG can procécd. Thus, during programming the APG
typically runs at a slow cycle rate decreasing the efficiency and utilization of tester
resources. Dedicated conventional flash rﬁemory testers have attempted to deal with
this problem by putting more APGs in the tester to give independence to each DUT.

Flash DUTs containing a small number of physical pins with many signals
multiplexed onto those pins are becoﬁing much more common. An example of such
a flash DUT is a NAND flash DUT that typically has 16 pins. A more extreme
example of a small pincount programmable memory is a serial EEPROM that has
only 4 signal pins. Production of these DUTs is cost sensitive and can only support

)
the use of very low cost testers. However, increasing the number of APGs in a tester
to provide increased independence per DUT raises the cost of the tester
prohibitively. Thus, increasing the number of APGs is not a wholly satisfactory
solution.

Accordingly, there is a need for a tester and method of using the same that
increases the efficiency and utilization of tester resources by maximizing use of the
APG. There is a further need for a tester and method that increases the efficiency per

DUT when independently testing multiple DUTSs, and is also capable of testing
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multiple DUTs in lock step at the full cycle rate of the APG, for example during
read cycle of flash DUTs.
The system and method of the present invention provides these and other

advantages over the prior art.

SUMMARY

The present invention is directed to an apparatus and method for high speed
testing of ICs having memory arrays.

According to one aspect of the present invention, a semiconductor test
apparatus or tester is provided for testing semiconductor devices. Generally, the
tester includes a multitasking 'Algorithmic Pattern Generator (APG). The
multitasking capability allows the APG to.concurrently execute multiple programs
on a single pattern generator. In one embodiment, the multitasking APG is time-
sliced up to eight ways, allowing .up to eigI;t test programs to run independently and
concurrentlly on eight independent sixteen-pin DUT on a 128 pin test site using a
single APG. The multitasking increases the efficiency and utilization of tester
resources by eliminating dead cycles in pattern execution by servicing each DUT
independently so that no DUT waits on another DUT to finish an operation before
proceeding in the pattern.

In another aspect, the present invention is directed to a method of testing a
DUT using an apparatus or tester having a multitasking APG.

In yet another aspect, the present invention is directed to semiconductor
device tested using an apparatus or tester having a multitasking APG according to

the method ofithe invention.
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BRIEF DESCRIPTION. OF THE DRAWINGS

These and various other features and advantages of the present invention will
be apparent ﬁpon reading of the following detailed déscription in conjunction with
the accompanying drawings, where:

FIG. 1 is a register level block diagram of a tester for testing integrated
circuits having a multitasking Algorithmic Pattern Generator according to an
embodiment of the present invéntion; '

FIG. 2 1s a block diagram of a multitasking Algorithmic Pattern Generator
Register for use in a tester for testing integrated jcirquiés having a multitasking
Algorithmic Patte;'11 Generator according to an embodiment of the presént invention;

FIG. 3 is a flowchart of a method for operating a: tester having a multitasking

Algorithmic Pattern Generator according to an embodiment of the present invention;

and
FIG. 4 is a flowchart of another method for opératmg a tester having a

multitasking Algorithmié Pattern Generator according to an embodiment of the

present invention.

DETAILED DESCRIPTION

The present inve_ntion is directed to a syst<em: and method for efficient and
high speed testing of Integrated Circuits (ICs) using a tester having a multitasking
Algorithmic Pattern Generator (APG).

A test.system or tester 200 having a multitasking APG 201 for testing one or
more devices under test (DUT 203) according to an embodiment of the present
invention will now be described with reference to FIG. 1. By DUT 203 it is meant

any electronic component module or an IC having logic circuits, memory arrays or

5
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both. DUT 203 can be, for example, a die, packaged or can be one of a number of
devices on a substrate. DUT 203 can be coupled to test system 200 via a number of
pin 231 or via f)robes (not shown) contacting pads on the substrate (not shown).
While only one DUT is shown, it will be appreciated that test system 200 can and
preferably include a number of test sites sufficiently large for parallel testing of
multiple DUTs 203.

For purposes of clarity, many of the details of testers that are widely known
and are not relevant to the present invention have been omitted. Testers are
described in more detail, for example, in commonly assigned, co-pending U.S.
Patent Application Serial N&). 09/895,439, filed 29 June 2001 and entitled
Semiconductor Test System Having Double Data Rate Pin Scrambling; U.S. Patent
Application Serial No. 10/039,738; filed 4 January 2002 and entitled An Apparatus
Having Pattern Scrambler For Testing A Semiconductor Device And Method For
Operating Same; and U.S. Patent Application Serial No. 10/170,916, filed 12 June
2002 and entitled Stackable Semiconductor Teét System And Method For Operating
Same, the entire con‘ten‘t's of each of whigh 1s ir‘qu:;rporated herein by reference.

Referring to FIG. 1, the. tester 200 generally includes, in addition to the
multitasking APG 201, a pin scrambler 240, a number of timing generators and
format circuits (T/Fs 250), and a number of pin electronic (PE) circuits or channels
251, and coupled between the T/Fs and the pins 231 of the DUTs 203. A test site
computer (not shown) and a clock couples to e“very other component or element in
the multitasking APG 201, the 'pin scrambler 240 and T/Fs 250 for providing a
timing or clock signal having a clock cycle and controlling the operation thereof.

The pin scrambling circuit 240 couples any one of a number of outputs of the

multitasking APG 201 to any one of the T/Fs 250, and through the T/F to any one of
6
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the pins 231 on any one of the DUTs 203. The function of the Pin Scrambler 240 is
to allow any one of the pins 231 of the DUT 203 to be driven from any pattern
source in the APG 201 on each clock cycle. In addition, the outputs of the
multitasking APG 201 coupled to each pin 231 of the DUT ‘203 can be decided or
selected on a cycle-by-cycle basis. Thus, the test signal or pattern out of the
multitasking APG 201 can coupled to a particular pin 231 on a particular DUT 203,
and can be switched or changed “on the fly” without fewiring of the connection to
the DUT or extensive reprogramming of the multitasking APG 201. In the tester 200
shown in FIG. 1, the Pin Scrambler 240 is controlled by the multitasking APG 201
(control connections not shown) and can be designed, fo‘r example, to allow 64
different pattern mappings on each pin 231 of. the DUT 203 on a cycle-by-cycle
basis. Testers 200 having a pin scramble;r 240, are .c;).mmercially available from
Nextest Systems Inc., of San Jdse, CA,. and are described in more detail, for
example, in commoﬂly assigned, co-pen‘ding‘ U.S. Patent Application Serial No.
09/895,439.

The T/Fs 250 adjust the timing and formatting of various signals of the test
pattern, i.e., drive/expect data signal, strobe control signai and an Input/Output (/O)
control signal; received from the multitasking APG 201 and couple the output from
the multitasking APG to the DUTSs 203, through the PE channels 251.

Each PE phannel 251 typically receives a 3-bit portion of the test pattern or
signal from the multitasking APG 201 through the T/Fs 250, each 3-bit signal
including the drive/expect data signal, xstrobe control signal and /O control signal.
Some test systems decode these (typically) three bits into a different combination of
eight PE control functions. Each PE channel 251 typically includes a PE driver (not

shown) capable of coupling signals to a pin 231 of DUT 203, a comparator (not
7
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shown) for comparing an.output signal with an expected output signal, and an error
logic circuit (not ‘shown) for coupling results of the comparison back through the
multitasking APG 201 to an error caich RAM 260. Generally, PE driver and
comparator are not active in the same PE channel 251 at the same time, since pin
231 is either receiving data or control signals or transmitting a result at a given time.

‘The multitaéking APG 201 includeé a control section 205, a register-based
algorithmic Address Generator 220, an Address Topolog,-ical Scrambler 222, a Data
Generator 230, and a data multiplexer 234, The multitasking APG 201 has the
ability to generate data patterns on every clock cycle ,o'f operation with no “dead
cycles”, a dead cycle being one in which the multitasking APG computés but no
data is generated for the DUT 203. Having no dead cycles in a data patteﬁ means
that the DUT 20’3; receives the most stringent' test because it gets exercised at its
toughest timing limits. A dead c'ycle would yield a more relaxed test. In addition,
dead cycles increase test time.

The control section 205 of multitasking APG 201 controls operation of the
multitasking APG, the pin scrambler 240, the T/Fs 250 "and PE channels 251, and
may consist of a MicroRAM Address Register 202, a MicroRAM 204, a Ldop
Counters and Stack register or register-based Loop Counters and Stack 210, Branch
Logic 212 and a task §elect6r such as. DUT Task Register 280. The control section
205 is a closed loop system that controls itself once set running. In normal
operation, the tester 200 user writes an algon'thx‘x‘lic pattern that gets loaded by a host
computer (not shown) into the MicroRAM 204. The MicroRAM 204 is typically
100 to 200 bits wide and hundreds to tens of thousands of words deep. Some of the

bits from the MicroRAM 204 control the program flow of the multitasking APG 201
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while other bits from MicroRAM control the registers that generate the data patterns
for the DUT 203.

Once the MicroRAM 204 is loaded with the user written program, the
multitasking APG 291 is set running by allowing clocks to occur. The MicroRAM
Address Register 202 addresses the MicroRAM 204, pointing to the next instruction
to be executed. The Micrc;RAM 204 outputs control bits to the Loop Counters and
Stack 210 and tc; the Branch Logic 212. The Loop Counters and Stack 210 together
with the Branch Logic 212 determine th‘e next MicroRAM address to load into the
MiqrpRAM Address Regilster 202. Loop counters allow instructions to be executed
until a count value is reaqhed, then the,Bralnch Logic 212 loads a r;'e\;v MicroRAM
Address Register value. 'E‘he Stack préYiglés a return MicroRAM a‘ddress when
subroutines are executed. The Branch Logic 2"12 typically allows jumps, 'subroutine
calls, and subroutine retums based on .various- conditions, including the loop
counters previously mentioned. This process of executing a pattern continues until
the Branch Logic 212 is instructed to' halt by a MicroRAM 204 bit code dedicated to
stopping the multitasking APG 201.

While the control s;action 205 is executing as just described, additional bits
from the MicroRAM 204 are simultaneously being sent to other parts of the
multitasking APG 201 to algorithmically. generate DUT addresses, DUT data, and
possibly other functions. Figure 1 shows. a register-based algorithmic Address
Generator 220 being driven by MicroRAM 204. The output of the Address
Generator 220 drives an Address Topological Scrambler 222 and a Data Generator
230. The Address Topological Scrambler 222 is typically Random Access Memory

that provides a topologically true data pattern to the DUT’s internal array (not
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shown) after passing through the DUT’s address decoders (not shown), which often
scramble the address applied to pins 231 of the DUT 203.

The register-based Data Generator 230 algorithmically generates data
patterns fo; the DUT 203 and can conditionally invert patterns based on the address
being sent by Address Generator 220. In addition to algorithmic data, certain DUTs
203 requirt;, stored response data patterlns as a function of DUT address. An example
of this would be a Regd-QMy-Memog (ROM) where the data pattern: is
perman'éntly programmed into the DUT 203. Data Buffer Memory 232 is 2 Random
Access Memory that holds stored response datg patterns that are delivered as a
function of addr'ess from Adﬁrqss Generator 220. The test program, via MicroRAM
204 (control (‘:onnect:io‘ns not shown); can control which data‘ source is sent to the
DUT through data:multiplexer 234.

The tester 200 shown in FIG 1 routes the outpqt of the Address Topological
Scramblers 222, data multiplexer 234, and other multitasking APG data sources
through the Pin Scrambler i40.

Storage components or registers for use in the microRAM address register
202, loop counters and stéck 210, address generators 220 and data generator 230
will now be described in more detail with reference to FIG. 2'. FIG. 2 is a block
diagram of an embodiment qf a Multitasking APG storage component or Register
270 for use in the multitasking APG 201 of the present invention.. In accordance
with the present invention, the Multitasic\ing APG Registers 270 are composed of n
storage elements or registers, 272, 273, 274, and a selector element or mechanism
such as multiplexer 276, fed by registers 272, 273, 274. Each register 272, 273, 274
has a separate clock enable (not shown) synchronized to the multiplexer select. For

example, when the multiplexer 276 selects the first input, only the first register’s

10
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272 clock is enabled. When the multiplexer selects the nth input, only the nth
register’s 274 clock is enabled. Thus, registers 272, 273, 274 in the multitasking
APG 201 can hold a separate value for each DUT 203.

The multitasking APG 201 of the present invention reduces the hardware
cost of a tester 200 for testing small pincount DUTs 203 by providing independent
APG capability for slcw speed operations. When high speed operations are required,

the DUTs can be run in lock step at full APG speed to maximize throughput and

provide more stringent test conditions than low speed APGs could provide. That is,

in programming the DUTs 203, such as flash memories, the multitasking APG 201
is operated in multitasking mode in which a test pattern is broadcast or written to
each DUT independently only as long as necessary to program the DUT. In coﬁtrast,
éonventional testers applied to programming test patterns to all DUTs
simultaneously. until, the last or slowest DUT had been programmed. Indépendently,
wﬁtiﬁg a test pattern to each DUT 203 provides a number of beneficial effects. First,
there is a more efﬁ(;ient utilization of the multitaéking APG 201 resources that
maximize tester 200 throughput by enabling the parallel testing of a greater number
of | DUTs 203 in a given time period. This is because programming typically
involves writing a number of patterns to each DUT 203. For example, programming
several DUTs 203 in parallel may include writing to each DUT a diagonal pattern
over memory cells of the device followed by‘ writing a number of stripes. Thus, for a
DUT 203 which programs more rapidly the tester can begin writing a stripe pattern
over a previously programmed diagonal pattern rather than wait for the slowest
DUT to program the diagonal pattern. Second, because the programming signal or
test pattern is applied to each DUT 203 only as lo'ng as necessary to program the

DUT, each DUT is programmed with an accumulated charge just above a threshold
11
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value for the device, and subsequent testing of the DUTs charge or program holding
ability will be less likely to produce misleading positive results due to some of the
DUTs starting with a higher initial charge. |

After all the DUTs 203 have been §uccessfully programmed, the
multitasking APG 201 can be operated in lock step at full APG ‘speed to read back
the programmed patterns f‘r;)rh all 'the DUTSs simultaneously, thereby miaximizing
throughput.

As noted above, ﬂz;sh memories program at a very slow rate compared to
their read cycle. Thus, during programming, the APG t.ypically runs at a slow cycle
rate. Taking advantage of this fact, a high speed multitaéking APG 201 can be made
to look like multiple independent slower APGs by time multiplexing the hardware
and. directing the output to the appropriate DUT, bi/- time-sharing or siicing up APG
time for each DUT or task. For example, an APG that runs ata 20 nanosecond cycle
rate could dri\;e each of four DUTs consecutively m sucéessive.cycles. The first
DUT gets information calculated and launched in the first 20 nanosecond cycle, the
second DUT in the second 20 nanosecond cycle, the third DUT in the third 20
nanosecond cycle, and the fourth DUT in the fourth 20 nanosecond cycle. By the
time the first DUT gets serviced again, 80 nanoseconds have gone by, so the first
DUT sees an effective cycle time of 80 nanoseconds, ‘as does each of the other
DUTs, but staggered in time.

This can‘ be seen m FIG. 1, where multitasking APG storage components
270, such as registers, have been appropriately subsfituted for conventional registers
used in prior art APG. The MicroRAM Address Register 202, Loop Counters and
Stack 210, Address Generator 220, and Data Generator 230 are all Multitasking

APG Registers 270 in a multitasking APG 201. These multitasking APG registers
12
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202, 210, 212, 220, receive controls from a task selector such as DUT Task Register
280 specifying which DUT 203 to service in an active time slice. DUT Task
Register 280 gets loaded from a host computer (not shown) via input or computer
bus 281 with information including the number of DUTs that will be serviced in
multitasking mode.

In one embodiment, the DUT Task Register 280 is essentjally a counter,
counting from 1 ton where 1 is the number of DUTSs 203 to be serviced. The output
of the DUT Task Register 280 can be broadcast as a binary code, a set of n
independent enables, or some other format or eombination of formats.

Alternatively, the DUT Task Register 280 is an intelligent controller capable
of independently e)gamining the cycle rate (period), cycle start time or order in
which the DUTSs 203 are tested, and the test pa&ems applied to: each DUT.- That is
each DUT 203 can have its own period (cycle rate) and the beginning of each DUT
cycle is not (or does not have to be) staggered in time. The beginning of DUT
cycles can occur anywhere in time, irrespective of the timing on the other DUTs. In
this embodiment, the DUT Task Register 280 is an'intelligent controller capable of
looking at the period of the upcoming cycle on each DUT 203 and deciding based
on predetenﬁined criteria: (i) which DUT gets to use the multitasking APG 201 in
the upcoming cycle, and (ii) when to propagate data through the T/Fs 250 for that
paLrticular DUT. The predetermined criteria can include, for example, variable length
pipelir.les to propagate data to the T/Fs 250 that change in real time, and the cycle
rate or period of each DUT 203. In one pfeferred version of this embodiment, the .
DUT Task Register 280 uses separate enables to the T/Fs 250 rather than a three bit

code, thereby enabling data to move independently to each DUT as required.

13
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As in prior art APGs, the multitasking APG 201 includes tremendous
amounts of combinatorial logic and RAM to algorithmically calculate patterns.
There is also significant RAM in Address Topological Scramblers 222 and Data
Buffer Memory 232. None of the combinatorial logic or RAM gets replicated in the
multitasking APG 201, thereby saving significant hardware cost.

The DUT Task Register 280 also goes to Pin Scrambler 240 and T/Fs 250.
The timed and formatted signals pass through pin electronics channels (P/E 251) for
precise voltage conditioning' before arriving at the DUT. Pin electronics channels
251 typically inclﬁde a PE driver for t;.pplying a test vector, data, to a pin of DUT
203, a comparator for comparing a DUT output signal with an expected output
signal, and an error logic circuit for coupling results of the comparison back to the
error capture memory or Error Catch RAM 260.

At this point in APG 200, the signals are separated at a per-DUT 203 pin
level. The Pin Scramblers 240 can switch, but the DUT Task Register 280 will
instruct the Timing Generators and Formatters 250 to clock and fire only on the
active DUT. The Timing Generators and Formatters 250 on the inactive DUTs 203
will not receive enables to latch new data, so they will continue with wha’.t.ever
operations they were doing.

The Error Catch RAM 260 receives the DUT Task Register 280 signals to
tell it which part of the error catch memory to use for error logging. The Error Catch

RAM 260 is simply a large Random Access Memory which can be subdivided per

DUT 203 using the DUT Task Register 280 as a pointer.

The multitasking APG 201 enables the tester 200 to concurrently execute
multiple programs on a single pattern generator. While running the programs

concurrently, the multitasking operating system time-slices the multitasking APG

14
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201 operations, giving each program the multitasking APG resources for a small
increment of time in a continuous loop until the programs finish. The processing for
the programs is interleaved in time.

In one embodiment, the multitasking APG 201 hardware or resources is
time-sliced up to eight ways, allowing up to eight test programs to run
independently and concurrently on a single APG. For example, a 128 pin test site of
a tester 200 having a multitasking APG 201 is divided up to eight ways, yielding up
to eight independent sixteen-pin DUT test sites. The timing and formatting for each
sixteen-pin DUT test site is distributed independently through T/Fs 250.

When the multitasking APG 201 is réady to broadcast a test signal or pattern
to a DUT 203, .the timing sysfem on the test site associated with that DUT only (and
not the other D.UTs) is loadéd. While that test site’s timing system or T/Fs 250 is

executing the DUT cycle just loaded, the multitasking APG 201 continues on to the

\

other DUT sites to do the same thing.

The multitasking capability does not cause any dead cycles in pattern
execution. Patterns execute just like they would on a conventional APG. Users write
all test patterns to the multitasking APG 201 from the host computer (not shown) as
they would with a conventional APG and they do not have to manage any of the
multitasking hardware. The only thing the user needs to be cognizant of is the
number of DUTs.203 to be tested or time domains into which the multitasking APG .
201 resources are to be divided, and the maximum cycle time available in
multitasking rr;ode.

As the number of DUTs 203 to be tested in parallel or time domains
increases in multitasking mode, the maximum cycle rate at a particular DUT or test

site decreases. This is because more test sites require more time slices from the
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multitasking APG 201, meaning it takes more total time to process all the programs.

This is a boon for flash memory testing because of the nature of cycle times and site
independence required for DUT programming versus DUT array reads.

In one embodirnent, the multitasking APG 201 has a maximum cycle rate of
50 MHz, which is a 20 nanosecond period. Table I below illustrates the maximum

exemplary cycle rate available en a DUT site versus the number of DUTs being

multitasked.
TABLE I
Multitasking DUTs Ma‘xim'um DUT Site Frequency (period)
1 50 MHz (20 1s)
2 25 MHz (@0 1s)
4 12.5 MHz (80 ns)
8 6.25 MHz (160 ns)
n .| Maximum Frequency/n

For flash memory programming at slow cyele rates, multitasking can be used
to achieve maximum throughput with independent DUT sites. For high speed DUT
array reads (meaning higher throughput because of higher speeds), the DUT sites
can be run in lock step at up to 50 MHz. Thus, such multitasking APG delivers
independent sixteen-pin DUT sites at up to 6.25 MHz and up to 50 MHz operation
in conventional parallel test mode all frem one piece of hardware.

An embodiment or a process or method for testing first and second DUTs
203 will now be described with reference to FIG. 3. FIG. 3 is a flowchart showing
an embodiment of a process for operating a tester having a multitasking APG 201 to

write to or program a number of DUTSs 203 in parallel in multitasking mode.
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Referring te FIG.-3, the process begins by loading a test signal or pattern
comprising a number of bits for testing the DUT 203 in the multitasking APG 201
(step 300). This is accomplished by loading from the host computer to the
MicroRAM address register 202 and DUT Task Register 280 via a computer bus
282 and computer bus 281 respectively. Generally, this involves loading a test
pattern to the MicroRAM address register 202, and information including the
number of time doinains into which the multitasking APG 201 will be divided, the
number and identity of PE channels of DUTs that will be servicéd in each time
domain to the DUT Task Register 280. Next, a first test pattern is coupled or
provided to a first set of at least one <;f the DUTs 203 in a first one of a number of
the time domains (step 303). 'fhe test pattern can have a width of from 1 bit to a
width equal to the numbe;' of PE channels 251 or the pins 231 on the DUT 203.
After the first test pattern has been completely provided to the first set of DUTs 203
through the associated T/F s 250, the first test pattern is découpled or removed from
the first set of DUTSs (step 310), and a second test pattern coupled or proQided to a
second set of DUTs in a second time domain (step 315). Again, after the second test
pattern has been completely' prlovided to the first set of DUTs 203 through the
associated T/Fs 250, the second test pattern is decoupled: or removed ﬁ"0m the first
set of DUTs (step 320), anci steps 305 to 320 repeated until the entire first and
second test patterns have been applied or provided to the first and segond sets of
DUTs (step 325). That is until all DUTs 203 have been completely programmed.

An embodiment or a process or method for testing first and second DUTs
203 will now be described with reference to FIG. 4. FIG. 5 is 2.1 flowchart showing
an embodiment of a process for operating a tester having a multitasking APG 201 to

write to or program a number of DUTs 203 in parallel in multitasking mode.
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Referring te FIG. 4, the process begins with one or more DUTs 203 in a first
time domain (DUT 1) and one or more DUTs in a second time domain (DUT 2)
both beginning their first cycle (step '401). The first time slice of the current DUT
1/2 cycle is used to transfer data for the next DUfi‘ 1 cycle (step 402). All time slices
are 20nS duration. The second tlme slice of the current DUT 1/2 cycle is used to
transfer data for the next DUT 2 cycle (step 403). Next DUT 1 or (DUT 1 and DUT
2) b‘egm a new cycle (step 404). The first time slice of the new cycle is used to.
transfer data for the next DUT 1. éycie (s;teﬁ 405). If DUT 2 began its new cycle

concurrently with DUT 1 then the second time slice is used to transfer data for the

.next DUT 2 cycle (step 406). If pattern is not done repeat steps 404-406. Else DUT

1 and DUT 2 cycle lengths don't maté'h, and the slice assignments are now based on

pridrity as opposed to DUT number -xthalt is,. the controller, DUT Task Register 280,

dqesﬁ't really look like a counter in this embodiment. If DUT 2 begins a new cycle

before DUT 1 then the first available slice (defined in this example as at least 20nS
after the start of the previous slice) is used to transfer data for the next DUT 2 cycle
(step 406). If pattern not c;omplete repeat :étep 407; else go to ;tep 404.

It will be understood that bec;use the DUT Task Register 280 is capable of
se}eéting any of the storage elementé 272, 273, 274, to couple to the DUTs 203 in a
particular time domain, and of individually -enabling each of the DUTs in the time
domain, the test patterns written to i)UTs in different time domains need not be the
same, and the time period of each time domain need not be the same. For example,
in one embodiment, the multitasking APG 201 is capable of recognizing when all
DUTs 203 in a particular time domain have been programmed and adjusting the
period or frequency with which the test pattern is coupled to DUTSs in the remaining

time domains, thereby maximizing the efficiency of tester 200. In addition, the
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DUTs 203 or timedomains need not be serviced in a regular, or sequential staggered
order, but can selecting any of the storage elements 272, 273, 274, to service the
DUTs or time 'domains in any order required based on priorities.. For example,
where a plurality of DUTS are tested in four time domains having or requiring in
upc‘oming cycles, cycle times of 80nSec, 100 nSec, 80 nSec and 200nSec, the DUT
Task Register 280 con select the stqfage eleme_nts 272, 273, 274, to service the
DUTs in the first.time domain, then the third time domain, the second time’domain
and ﬁﬁally the fourth time domain. Moréq_ver, the order of testing can change with
the next upcoming cycle |

Optionally, when the same test pattern has been written or programmed to all
DUTs in different time domains, the method further includes the additional step of
operating the multitasking APG ;201 lock step to couple to all DUTs to read bac.k the
test pattern at the maximum frequency or speed of the multitasking APG (step 330).

The foregoing descﬁptions of specific embodiments of the present invention
have been presented for purposes of illustration and description. They are not
intended to be exhaustive or to limit the invention to the precise forms disclosed,
and obviously many modiﬁca.tions and variations are possible in light of the above
teaching. The embodiménté were chosen and described in order to best explain the
principles of the invention and its practical application, to thereby enable others
skilled in the art tolbest use the invention and various embodiments with various
modifications as are suited to the particular use contemplated. It is intended that the

scope of the invention be defined by the claims appended hereto and their

equivalents,
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WE CLAIM:

1. A multitasking apparatus for testing first and second semiconductor
devices comprising a first set of pins adapted for coupling to the first semiconductor
device and a second set of pins adaptéd for coupling to the second semiconductor
device, at'le:ast one first signal generator coupled to the first set of pins and at least
one second. signal generator coupled to the second set of pins, 'a stofage component
coupled to the at least one first signal generator and to the at least one second signal
generator, the stora{ge component having a first storage element containing data
pertaining to the first semiconductor device and a second storage element containing
data pertaining to the second semiconductor device, a task selector coupled to the
stora‘ge component for directing data from the first storagé element being accessed
for processing and direction to the first set of pins when the first semiconductor
device is being serviced and for directing data from the second storage element
being accessed for processing and direction to the second set of pins when the

second semiconductor device is being serviced.

2. The apparatus of Claim 1 wherein the at least one first signal
generator includes a first signal generator coupled to each pin of the first set of i)ins
and the at least one second signal generator includes a second signal generator
coupled to each pin of the second set of pins, the storage component being coupled

to each of the first and second signal generators.

3. The apparatus of Claim 1 wherein the first storage element is a

register and the second storage element is a register.
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4. The apparatus of Claim 1 further comprising an additional storage
component having a first storage element c‘ontaim'ng adgiitional data pertaining to the
first semiconductor device and a second storage element containing additional data
pertaining to the second semiconductor device, the task selector being coupled to the
additional storage component for directing that additioﬁal data from the first storage
element being accessed for processing and direction to the first set of pins when the
first semiconductor device is being serviced and for directing that additional data
from the second storage elemé,nt be accessegi fé)r processing and direction to the

second set of pins when the second semiconductor device is being serviced.

5. A test apparatus for testing a plurality of semiconductor devices, the
apparatus comprising a multitasking 'Algorithmic Pattern Generator (APG) adapted
for coupling to the plurality of semiconductor devices, the multitasking APG
configured to provide a first test pattern to a first one of the plurality of
semiconductor devices in a first time domain and a second test pattern to a second

one of the plurality of semiconductor devices in a second time domain.

6. A test apparatus according to claim 5, wherein the first test pattern
coupled to the first one of the plurality of semiconductor devices in the first time
domain, is different fromthe second test pattern coupled to the second one of the

plurality of semiconductor devices in the second time domain.

7. A test apparatus according to claim 5, wherein the first time domain

comprises a duration different from the second time domain.
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8. A test apparatus according to claim 5, wherein the multitasking APG
comprises at least one registei' having a number of storage elements, n, and a
selector element through which the number of storage elements are coupled to the

plurality of semiconductor devices.

9. A test apparatus according to claim 8, wherein the multitasking APG
is adapted for coupling up to n different test patterns to the plurality of

semiconductor devices in up to n different time domains.

10. A test apparatus according to claim 8, wherein the multitasking APG
comprises a register selected from the group consisting of:

microRAM address registers;

loop counters and stack registers;

address generators; and.

data generafors.

11. A test apparatus according to claim &, wherein the multitasking APG
further comprises a DUT task register coupled to the at least one register, the DUT
task register adapted for selecting one of the number of storége elements to be
coupled to the first one of the plurality of semiconductor devic.es‘ in the first time
domain, and one of the ﬁumber of storage elements to be coupled to the second one

of the plurality of semiconductor devices in the second time domain.

12. A test apparatus according to claim 11, further comprising a plurality

of timing and formatting circuits (T/Fs) and pin electronics (PE) channels through
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which each of the'plurality of semiconductor device§ is coupled to the number of
storage elements, and wherein the DUT task register is adapted to enable only T/Fs
and PE channels coupled to the first one of the plurality of semiconductor devices in
the first time domain, and T/Fs and PE channels coupled to the second one of the

plurality of semiconductor devices in the second time domain.

13. A method of testing a plurality of sg:mjconductor devices using a test
apparat.us having a multitasking Algorithmic Pattern Génerator (APG), the method
comprising’steps of:

| i. providing at least a portion of a first test pattern from the
APG to a first set pf at least one‘ of the plurality of semiconductor devices in a first
one of a.number, n, of time domains, where n is an integer greater than 1;
. femoving the' first test pattefn from the APG from .the first one
of the phirality of semiconductor devices;
iil. providing at 1‘east a portion of a second test pattern from the
APG to a second set of at least oﬁe of the plurality’ of semiconductor devices in a

second time domain,;

iv. removing the second test pattern from the APG from the"

'second one of the plurality of semiconductor devices; and

\2 repeating steps i to iv until complete first and second test
patterns have been applied to the first and second plurality of semiconductor

devices.

14. A method according to claim 13, wherein the step of providing the

second test pattemn to the second set of the plurality of semiconductor devices
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comprises the step of providing a second test pattern to the second set of the

plurality of semiconductor devices different from the first test pattern.

15. A method according to claim 13, wherein the step of providing the
second tést pattern to thc‘ second set of the plurality of semiconductor devices in the
second. time domain cc;mprises the step of providing the second test pattern to the
second set of the plurality of semiconductor devicés for a period of time different
from a period of time for which the first test pattern is provided to the first set of the

plurality of semiconductor devices in the first time domain.

16. A method according to claim 13, wherein the multitasking APG
comprises at least (sne register hav%ng at least n storage elements and a selector
element through whicl‘l‘ the storage. elements are coupled to the plurality of
semiconductor devices, and wherein the step of providing the first test pattern to the
first set of the plurality of semiconductor devices comprises the step of selecting one
of the n storage elements to be coupled to the first set of the plurality of

semiconductor devices in the first time domain.

17. A method according to claim 16, wherein the multitasking APG
comprises at least one register having at least n storage elements and a selector
element through which the storage elements are coupled to the plurality of
semiconductor devices, and wherein the step of providing the second test pattern to
the second set of the plurality of semiconductor devices comprises the step of
selecting one of the n storage elements to be coupled to the second set of the

plurality of semiconductor devices in the second time domain.
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18. A method -according to claim 13, wherein the test apparatus further
comprises a plurality of timing and formatting circuits (T/Fs) and pin electronics
(PE) channels through. which eaé:h of the plurality of semiconductor devices is
coupled to the n storage elements, and wherein the step of providing the first test
pattern to the first set of thé pluraiitybf semiconductor devices comprises the step of
enabling only T/Fs and PE channels coupled to the first set of the plurality of
semiconductor devices in the first time' domain, and the step of ﬁroviding the second
test pattern to the second set of the plurality of semiconductor devices comprises the
step of enabling only T/Fs and PE channels coupled to the second set of the plurality

of semiconductor devices in the second time domain.

19. A method according to claim 13, further comprising the initial steps
of:
specifying the number, n, of time domains;
assigning each of the plurality of semiconductor devices to one of n
sets of the plurality of semiconductor devices; and
associating each of the n sets of the plurality of semiconductor

devices with one of the n time domains.

20. A semicorductor device tested according to the method of claim 13.
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3/4

Loading A Test Signal Or Pattern Comprising A
Number Of Bits For Testing The DUT In The
Multitasking APG

‘4

Couple A First Test Pattern To A First Set Of DUTs
In A First Time Domains

’

305~

310~
Decouple The First Test Pattern From The First
Set Of DUTs
315~ '

Couple A Second Test Pattern To A Second Set
Of DUTs In A Second Time Domain

'

Decouple The Second Test Pattern From The
Second Set Of DUTs

320~

Determine
If The Entire First And Second Test
Patterns Have Been Applied To The
First And Second Sets
Of DUTs

325

330
Operate The Multitasking APG Lock Step To

Couple To All DUTs To Simultaneously Read Back
The Test Pattern

Fig. 3



401~_| Begin First Cycle In A First Time Domain And One

402~ Use First Time Slice Of The Current DUT 1/2 Cycle

403~

4/4

Or More Duts In A Second Time Domain

'

To Transfer Data For The Next DUT 1 Cycle

'

Use Second Time Slice Of The Current DUT 1/2
Cycle To Transfer Data For The Next DUT 2 Cycle

404~ Begin A New Cycle B

405~ Use First Time Slice Of The New Cycle To

I

Transfer Data For The Next DUT 1 Cycle

406

Use Second Time Slice
To Transfer Data For
The Next DUT 2 Cycle

Does DUT 2 began its
new cycle concurrently
with DUT 1?

Is Pattern

Done?

407

Use First Available

Slice To Transfer

Data For The Next
DUT 2 Cycle

Does DUT 2 began its
new cycle concurrently
with DUT 1?

Is Pattern

Done?




	Abstract
	Bibliographic
	Description
	Claims
	Drawings

