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(57) Abstract: A method and system of a self-test output for high density BIST are disclosed. In one embodiment, an integrated

o circuit includes one or more memories, a BIST controller coupled to the one or more memories to perform write operation and to
& receive a PASS/FAIL signal from each embedded memory and one or more comparators coupled to the one or more memories latch
& mutually Identical outputted data coming from the memories upon a rising edge of an ORDY signal. The comparators may compare
& (he latched mutually identical outputted data and output associated PASS/FAIL signal to the BIST controller. The BIST controller
registers the received PASS/FAIL result upon receiving the PASS/FAIL signal from the comparators. The integrated circuit may
include output registers coupled to the BIST controller and the comparators output a data log substantially serially upon receiving a
SHIFT CILK signal from the BIST controller.
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SELF-TEST OUTPUT FOR HIGH-DENSITY BIST

This disclosure relates generally to the technical fields of software and/or hardware
technology and, in one example embodiment, to a method, apparatus and system of a self-test
output for high density BIST (Built-In Self Test).

BACKGROUND

Most VLSI (very large scale integrated) circuits may have embedded memory arrays.
Total size of these memories may range within certain limits (e.g., from 3 to 80 megabits)
and/or may have defined range of instances (e.g., over 600 instances) of such memories on an
ASIC (application specific integrated circuit) device. Design effort and/or silicon overhead
for a design for test (DFT) of VLSI circuits have become a significant part of semiconductor
chip design. Unlike memory ICs, embedded memory ports may not have a privilege of direct
access through integrated circuit (IC) pins. This may result in use of BIST (Built-In Self
Test) as a widely accepted on-chip memory test solution. There may be many variants of
BIST based on capability and/or features.

In all cases, outputs may be tested against expected outputs and may place a
requirement for the BIST to produce and/or synchronize expected versus actual memory test
outputs. For wide-word width memories, outputs may need to be sliced into smaller
segments to fit within the BIST comparator’s data bandwidth. In order to complete the test,
repeated read cycles may be necessary to cover all the outputs. Multiplexers may be needed
to select an appropriate output segment of the memory for a compare function.

Timing closure may be a big challenge for ICs with large numbers of embedded
memory arrays, along with reduction of silicon area for BIST. Other problems in
conventional use of BIST in complex VLSI circuits may include complex read architecture,
backward data path to the controller for feeding the outputs for compare and/or large product
design cycle times due to a need for extensive timing verification.

SUMMARY

A method, apparatus and system of a self-test output for high density BIST are
disclosed. In one aspect, an integrated circuit (IC) includes one or more memories (e.g. the
one or more memories may include memories selected from the group consisting of

embedded memories, embedded SRAMs, DRAMs, FRAMs, FLASH RAMs, and Register
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RAMs), a BIST controller coupled to the one or more memories to perform write operation
and/or to receive the PASS/FAIL signal from one or more comparators coupled to the one or
more memories. The one or more comparators latch mutually identical outputted data coming
from the one or more memories upon a rising edge of an ORDY signal.

Furthermore, the one or more comparators compare the latched mutually identical
outputted data and output associated PASS/FAIL signal to the BIST controller. Moreover,
the BIST controller may register a PASS/FAIL result upon receiving a PASS/FAIL signal
from the one or more comparators. The IC may include one or more output registers coupled
to the BIST controller and output a data log substantially serially upon receiving a SHIFT
CLK signal from the BIST controller. The one or more output registers may also receive the
outputted data from the one or more comparators.

Moreover, the IC may include the IC tester coupled to the BIST controller to receive
a PASS/FAIL result and/or the BIST diagnostic from the BIST controller. The comparator
may include any number of flip-flops to latch the mutually identical outputted data coming
from the one or more memories upon the rising edge of the ORDY signal, one or more XOR
gates coupled to any number of the flip-flops to receive the latched mutually identical
outputted data and perform an XOR logic operation and output XOR results and an OR gate
coupled to the one or more XOR gates to receive the XOR results and to perform an OR
logic operation on the received XOR results and output the OR results.

In another aspect, a method of testing embedded memories in an IC includes
comparing mutually identical memory outputs coming from memory arrays of one or more
embedded memories using a comparator that is located external to a BIST controller,
outputting a PASS/FAIL signal by the comparator based on the outcome of the comparison,
and registering the PASS/FAIL signal in the BIST controller. The method may also include
generating a PASS/FAIL result based on the received PASS/FAIL signal from the
comparator and outputting the PASS/FAIL result to an IC tester.

The method may further include generating diagnostic data in a debug mode by the
BIST controller upon receiving the FAIL signal from the comparator and outputting the

diagnostic data to the IC tester for failure analysis. Moreover, the method may include
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receiving a PASS signal from the comparator and testing the one or more embedded
memories without any interruption until the FAIL signal is received from the comparator.

The methods, systems, and apparatuses disclosed herein may be implemented in any
means for achieving various aspects, and may be executed in a form of a machine-readable
medium embodying a set of instructions that, when executed by a machine, cause the
machine to perform any of the operations disclosed herein. Other features will be apparent
from the accompanying drawings and from the detailed description that follows.
BRIEF DESCRIPTION OF THE DRAWINGS

Example embodiments are illustrated by way of example in the accompanying
drawings, in which:

FIG. 1 is a system level block diagram of an IC device using the self-test output
compare implementation of a BIST controller, according to one embodiment.

FIG. 2 is an example block diagram of a BIST controller functionality using a BIST
comparator, according to one embodiment.

FIG. 3 is an example block diagram of the BIST controller functionality without the
comparator function block, according to one embodiment.

FIG. 4 is an example block diagram depicting a SRAM (static random access
memory) device, according to one embodiment.

FIG. 5 is an exemplary schematic diagram of a self-test output comparator.

FIG. 6 is a truth table representation of the self-test output comparator of FIG. 5,
according to one embodiment of the present subject matter.

FIG. 7 is an exemplary bitmap representation of the SRAM device under test showing
the passing to failing region by varying the voltage.

FIG. 8 is an exemplary plot diagram of the progression of fail bit count versus
memory voltage on the SRAM under test.

FIG. 9 is a process flow of testing embedded memories in an integrated circuit,
according to one embodiment of the present subject matter.

Other features of example embodiments will be apparent from the detailed
description that follows.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

3
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A method, apparatus and system of a self-test output for high density BIST are
disclosed. In the following description, for purposes of explanation, numerous specific
details are set forth in order to provide a thorough understanding of the various embodiments.
It will be evident, however, to one skilled in the art that the various embodiments may be
practiced without these specific details.

In one embodiment, an integrated circuit (IC) includes one or more memories, a BIST
controller (e.g., a BIST controller 130 of FIG. 1 that may register a PASS/FAIL result upon
receiving the PASS/FAIL signal from the one or more comparators) coupled to the one or
more memories to perform write operation and to receive a PASS/FAIL signal from one or
more comparators (€.g., a comparator 140 of FIG. 1) latch mutually identical outputted data
coming from the one or more memories (e.g., a memory 120 of FIG. 1) upon a rising edge of
an ORDY signal. Furthermore, the one or more comparators compare the latched mutually
identical outputted data and output associated PASS/FAIL signal to the BIST controller.

In another embodiment, a method of testing embedded memories in an IC includes
comparing mutually identical memory outputs coming from memory arrays of the one or
more embedded memories using a comparator (e.g. the comparator 140 of FIG. 1) that is
located external to a BIST controller (e.g., the BIST controller 130 of FIG. 1), outputting a
PASS/SIGNAL signal by the comparator based on an outcome of the comparison and/or
registering the PASS/FAIL signal in the BIST controller.

FIG. 1 is a system level block diagram of an IC device using a self-test output
compare implementation of a BIST controller 130, according to one embodiment.
Particularly, FIG. 1 illustrates a functional block 110, a memory 120, the BIST controller
130, a comparator 140, an output register 150, an IC tester 160, a first multiplexer (MUX)
170 and a second multiplexer 180. The functional block 110 may represent the main
functionality of the IC 100. The memory 120 may be an embedded memory, an embedded
SRAM (Static random access memory), a DRAM (Dynamic random access memory), a
FRAM (Ferroelectric random access memory), a FLASH RAM (Flash random access
memory), and a Register RAM (Register random access memory).

The BIST controller 130 may be a built-in-self-test controller commonly used in

BIST engine that may provide inputs for write operation to the memory 120. The comparator
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140 may compare data from the memory 120. The output register 150 may capture the
outputs from the comparator 140 when there is a FAIL condition from the comparison
operation. The IC tester 160 may ensure design compliance and/or reduce defects, thereby
increasing end product quality. The first multiplexer 170 and the second multiplexer 130
may select one of many data-sources and/or output that data-source into a single channel.

In an example embodiment as illustrated in FIG. 1, the testing of the memory may be
divided into two main operations, write operation and read operation. Both operations may
source its values either from the functional block 110, the BIST controller 130 and/or ADDR,
a CTRL- DMA and/or a DATA-DMA path based on the selection of the first multiplexer 170
and the second multiplexer 180. The Direct Memory Access path, referred to as a DMA
path, may allow direct memory port connectivity to pins of the IC 100 and the IC tester 160.

The write operation may fill memory cells of a memory array with a data type of
either ones (1s) or zeros (0s) associated with specific address space. An address space may
be defined by address inputs which may consist of row and column address values. It may be
noted that an identical data and/or an operation occurs across all the bits of the word. Each
bit of the word may belong to its own memory space. For example, in an implementation
example of a 4-bit data output, and a 16-bit address space, each output bit belongs to its
respective address space.

The signal coming from the respective embedded memory 120 may be an ORDY
signal. The ORDY signal may provide the rising edge before the next write and/or read
operation. Further, the ORDY signal asserts when the memory outputs are valid, i.e.,
updated with accessed data. The output register 150 may be a parallel-to-serial shift register
which latches these values for data logging option in a debug mode. The PASS/FAIL signal
output from the comparator 140 may be connected to the BIST controller130. The BIST
controller 130 may detect a failure when it encounters a high signal.

If set in the debug mode, the BIST controller 130 stops the embedded memories 120
so that it may execute the data logging process. Using a SHIFT CLK signal, the outputs from
the output register 150 may be serially scanned into the BIST controller 130. The BIST
controller 130 may then concatenate the output data with corresponding input data, address

inputs, memory and BIST identification, algorithm type and padding bits. Finally the
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completed PASS/FAIL information may be substantially serially sent to the IC tester 160 by
the BIST controller 130 through the BIST DIAGNOSTIC port.

The BIST controller 130 may then resume testing the embedded memories 120 from
where it was interrupted last. In the example embodiments, if the testing of the embedded
memories 120 is set in a non-debug mode, the test may terminate. The status of the
PASS/FAIL signal propagates through the BIST controller 130 as a PASS/FAIL result to the
IC tester 160. This mode may also be known as Go-NoGo test mode where the user may be
interested to know if the embedded memory 120 under test passes or fails. Typically,
diagnostic data may not be required in the Go-NoGo mode.

For example, an IC 100 includes one or more memories 120 (e.g., the one or more
memories may include memories selected from a group consisting of the embedded
memories 120, embedded SRAMs, DRAMs, FRAMs, FLASH RAMs, and Register RAMs).
The IC 100 further includes a BIST controller 130 (e.g., the BIST controller 130 may register
the received PASS/FAIL result upon receiving the PASS/FAIL signal from the one or more
comparators 140) coupled to the one or more memories to perform write operation and/or to
receive the PASS/FAIL signal from each embedded memory 120.

In addition, the IC 100 also includes one or more comparators 140 (e.g., the one or
more comparators 140 may latch mutually identical outputted data coming from the one or
more memories 120 upon a rising edge of an ORDY signal and/or may compare the latched
mutually identical outputted data and outputs associated PASS/FAIL signal to the BIST
controller 130) coupled to the one or more memories.

Furthermore, the IC 100 may include one or more output registers 150 coupled to the
BIST controller 130 and the one or more comparators 140 that output a data log substantially
serially upon receiving a SHIFT CLK signal from the BIST controller 130. Also, the one or
more output registers coupled to the one or more comparators, the BIST controller 130, and
the IC tester 160 to receive the outputted data from the one or more comparators 140. The IC
100 may further include the IC tester 160 (e.g., the IC tester 160 and/or may receive a
PASS/FAIL result and a BIST diagnostic from the BIST controller 130 and outputted data
from the output register 150) coupled to the output register1 50 and the BIST controller 130.
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Moreover, mutually identical memory outputs coming from memory arrays (e.g., the
memory 120 of FIG. 1) of the one or more embedded memories may be compared using the
comparator 140 that is located external to the BIST controller 130. Also, the PASS/FAIL
signal may be outputted by the comparator 140 based on an outcome of the comparison. The
PASS/FAIL signal in the BIST controller 130 may also be registered. The PASS/FAIL result
may be generated based on the received PASS/FAIL signal from the comparator 140.
Moreover, the PASS/FAIL result to the IC tester 160 may be outputted. The diagnostic data
in the debug mode may be generated by the BIST controller 130 upon receiving the fail
signal from the comparator 140. Also, the diagnostic data may be outputted to the IC tester
160 for failure analysis.

The diagnostic data in the debug mode may be generated upon receiving the FAIL
signal from the comparator 140. In addition, the embedded memory 120 may be tested
without any interruption until the FAIL signal is received from the comparator 140. The
generation of the diagnostic data may be stopped in the debug mode upon receiving the
PASS signal from the comparator 140. Furthermore, the PASS/FAIL result may be
generated based on the received PASS/FAIL signal from the comparator 140.

FIG. 2 is an example block diagram of a BIST controller 200 functionality using a
BIST comparator 230, according to one embodiment. Particularly, FIG. 2 illustrates a
programming interface logic 210, an algorithm logic unit 220, the BIST comparator 230, a
diagnostic unit 240, according to one embodiment.

The Programming Interface Logic (PLU) 210 may be the interface where the user
defines the BIST modes and/or inputs the algorithm codes. The BIST inputs may be
provided to the programming interface logic 210. The Algorithm Logic Unit (ALU) 220
may perform arithmetic operations (e.g., addition, subtraction, multiplication and/or division)
and logical operations (e.g. AND, OR, exclusive OR etc) to support the instruction set for
memory testing. The output from the algorithm logic unit may be ADDR, CTRL and DATA.

The BIST controller 200 may be equipped with the BIST comparator 230 to compare
the data outputted by a memory under test with expected data. The expected data may be
provided by the algorithm logic unit 220 to the BIST comparator 230. Data from each
memory (e.g., the memory 120 of FIG. 1) under test may be routed to the BIST comparator

7
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230. The diagnostic 240 may perform pre-data logging functions before the BIST (e.g., the
BIST controller 130 of FIG. 1) executes the data logging. This may include the concatenation
of failed output data with corresponding input test parameter values such as address, data in,
algorithm identification, etc., in debug mode. The diagnostic unit 240 may source its values
from the BIST comparator 230, the algorithm logic unit 220 and the PASS/FAIL signal. The
PASS/FAIL signal from the comparator may be provided to the diagnostic unit 240 after
comparison. The diagnostic unit 240 may generate a PASS/FAIL result based on the
received signal from the BIST comparator 230.

In one example embodiment, the BIST controller 200 may consists of programming
interface logic 210 provided with BIST inputs that may be coupled to the algorithm logic unit
220, BIST comparator 230 provided with memory input and diagnostic data where the
diagnostic unit 240 may be provided with PASS/FAIL signal and FAIL data to output BIST
diagnostic and/or PASS/FAIL signal.

FIG. 3 is an example block diagram of a BIST controller 300 functionality without
the comparator function block, according to one embodiment. Particularly FIG. 3 illustrates
a programming interface logic 310, an algorithm logic unit 320, a diagnostic unit 330,
according to one embodiment.

The Programming Interface Logic (PLU) 310 may be the interface where the user
defines the BIST modes and/or inputs the algorithm codes. The BIST inputs may be
provided to the programming interface logic 310. The Algorithm Logic Unit (ALU) 320
may perform arithmetic operations (e.g., addition, subtraction, multiplication and/or division)
and logical operations (e.g., AND, OR, exclusive OR etc) to support the instruction set for
memory testing. The diagnostic 330 may perform the pre-data logging functions before the
BIST (e.g., the BIST controller 130 of FIG. 1) executes the data logging. This may include
the concatenation of failed output data with corresponding input test parameter values such
as address, data in, algorithm identification, etc., in the debug mode.

The diagnostic unit 330 may source its values either the algorithm logic unit 320, the
PASS/FAIL signal and/or FAIL data. The PASS/FAIL signal from the comparator (e.g., the
BIST comparator 230 of FIG. 2) may be provided to the diagnostic unit 330 after
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comparison. The diagnostic unit 330 may generate a PASS/FAIL result based on the
received PASS/FAIL signal from the comparator (e.g., the BIST comparator 230 of FIG. 2).

In example embodiment illustrated in FIG. 3, the BIST controller 300 may consists of
programming interface logic 310 provided with BIST inputs that may be coupled to the
algorithm logic unit 320 and diagnostic unit 330 where the diagnostic unit 330 may be
provided with the PASS/FAIL signal and FAIL data to output BIST diagnostic, SHIFT CLK
and PASS/FAIL result.

For example, the PASS/FAIL result may be generated based on the received
PASS/FAIL signal from the comparator 140. Furthermore, the PASS/FAIL result to the IC
tester (e.g., the IC tester 160 of FIG. 1) may be outputted. The diagnostic data in the debug
mode may be generated by the BIST controller (e.g., the BIST controller 130 of FIG. 1) upon
receiving the FAIL signal from the comparator 140.

The diagnostic data in the debug mode may not be generated upon receiving the
PASS signal from the comparator 140. Furthermore, inputting of the diagnostic data to the
IC tester may be stopped. In addition, the one or more embedded memories (e.g., the
memory 120 of FIG. 1) may be tested without any interruption until the FAIL signal is
received from the comparator 140.

FIG. 4 is an example block diagram depicting a SRAM (static random access
memory) device 400, according to one embodiment. Particularly, FIG. 4 illustrates a
memory array of 4 rows, 4 columns, and 4-bit wide word having a maximum of 16 unique
address spaces, according to one embodiment.

FIG. 4 illustrates the SRAM memory of 4-bit word width and a 4 x 4 address space.
The alphabet in the array may indicate same physical location addressed across the 4 arrays
for a given address. Same data may be written in ‘a’ and ‘A’, ‘b> and ‘B’, etc. To test the
memory (e.g., with word pattern 1010 or 0101), alternate bits may be paired for the self-test.
This may provide test coverage for coupling effects between adjacent word bits. Other word
pattern test may need to depend on specific memory data bus layout. The multiplexer (e.g.
indicated as 4:1 MUX in FIG. 5) may consist of one or more levels of multiplexers.

In the example embodiment illustrated in FIG. 4, the multiplexer may be controlled

by column address inputs. The multiplexer(s) may determine which column from the array
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may be selected during write and/or read operation. The sense amp circuit (SAMP) block
may be used during read operation. The data from the selected column goes to the SAMP
that may detect the voltage levels on the data lines (bit lines). Based on the voltage levels,
the sense amp may determine whether the column data is data “1” or “0”. The latch may
capture the data from the SAMP. Finally, an Output Driver circuit may buffer and/or pass
the output data to the output port. The same operation may occur simultaneously across all 4
bit words QO0, Q1, Q2 and Q3 independently.

FIG. 5 is an exemplary schematic diagram of a self-test output comparator 500.
Particularly, FIG. 5 illustrates, a flip-flop 510, a flip-flop 520, a flip-flop 530, a flip-flop 540,
a XOR 550, a XOR 560, an OR gate 570, according to one embodiment.

The flip-flops 510,520,530 and 540 may be received inputs and clock signal (e.g. the
ORDY signal). The XOR gate 550, 560 may be a digital logic gate that behaves accordingly
to a truth table to perform the received XOR logic operation and thus outputs XOR results.
An output may be high or “1”if and only if any one of the inputs of the gate is opposite of the
other input. If both inputs are low or “0” or both are high or“1”, the output may result in low
or “0”. The OR gate 570 may be a digital logic gate that behaves according to the truth table
that may perform the OR logic operation on the received XOR results and may output OR
results. An output of the OR gate may be high or “1”, if one or both the inputs to the gate are
high or “1”. If neither input of the OR gate is high, a low or “0” may result. In the example
embodiment illustrated in FIG. 5, the DI_0:DI_3 memory output may be latched into the flip-
flops 510,520,530 and 540 at the rising edge of the ORDY signal.

The flip-flop 510 and the flip-flop 530 may have inputs DI_0 and DI_2 respectively
along with a common ORDY signal as a second input. The flip-flop 520 and the flip-tlop
540 may have inputs DI_1 and DI_3 respectively along with the common ORDY signal as a
second input. The output of the flip-flops 510 and 530 may be the input to the XOR gate
550. The output of the flip-flops 520 and 540 may be the input to the XOR gate 560. The
output from the first and the second XOR gate is the input to the OR gate 570, which outputs
the PASS/FAIL signal. The DI_0:DI_3 memory output may be the common output received
from the flip-flops 510,520,530 and 540.

10
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FIG. 6 is a truth table representation of the self-test output comparator of FIG. 6,
according to one embodiment. Particularly, FIG. 6 illustrates the truth table showing the
inputs versus outputs of the XOR function, according to embodiment. The XOR gate may
perform the exclusive OR function. The exclusive OR generally symbolized by XOR or
EOR may perform logical operation on two operands that may result in a logical value of true
if and only if one of the operands has a value of true. DI_X and DI_Y are inputs to a XOR
gate (e.g., the XOR gate 550, 560 of FIG. 5) whose outputs are DO_X_Y.

If both the operands (e.g., DI_X and DI_Y) are low or “0” the output of the XOR
function is low or “0”. The comparator may generate a pass signal to the BIST controller
130. If any one of the operand is high (e.g., DI_X=1 and DI_Y=0 or DI_X=0 and DI_Y=1)
then the output of the XOR function is high or “1” and then, the comparator may generate a
fail signal to the BIST controller 130. If both the operands are high (e.g., DI_X=1 and
DI_Y=1) then the output of the XOR function is low or “0”. Therefore the comparator may
generate the pass signal to the BIST controller 130. During test if there is no fails, or there is
a pass, the outputs would remain a low or “0”. If any one of the output fails, the
corresponding XOR output may be a high or “1”.

FIG. 7 is an exemplary bitmap representation of the SRAM device under test
showing the passing to failing region by varying the voltage, according to one embodiment.
Particularly, FIG. 7 illustrates a typical bitmap of the SRAM tested over a voltage range,
going from passing to failing voltages. The data may depict that the first fail may occur at a
given voltage as the voltage is progressively lowered. During this progression, the fails may
be detectable by the comparator (e.g., the comparator 140 of FIG. 1). As illustrated in FIG. 7,
the first fail begins to appear at 0.81V as multi bit cells in column direction. As the test
voltage is lowered further, more columns begin to appear and thicken with increasing fails.

FIG. 8 is an exemplary plot diagram of the progression of fail bit count versus
memory voltage on the SRAM under test 800. Particularly, FIG. 8 illustrates a plot 800 of
the fail bit cell count on the Y-axis versus test voltage on the X-axis, according to one
embodiment.

There may be two categories of the fail count. The first category may be when the

fails may come from unique addresses and/or same addresses and not from the paired

11



10

15

20

25

WO 2008/118832 PCT/US2008/057968

memory outputs. These may be designated as ‘unigue’. The second category may fail with
identical addresses and from same paired memory outputs. These may be designated as
‘identical’. The second category fails may indicate ineffective test screen by the self-test
output comparator (e.g. the comparator 140 of FIG. 1). When two fails occur and appear at
the inputs of the same XOR gate (e.g., the XOR gate of FIG. 4), the output may remain low
or “0”. The plot may show that unigue fails appear at earliest test voltage and may continue
to exist at lowest test voltage.

The identical category fails may appear at about 200mv after the first unigue fails.
From this data the probability of test escapes due to this aliasing may not be significant. This
may be described in the context of using a BIST methodology the self-test output compare
technology may not be restricted by the usage of the above BIST controller (e.g. the BIST
controller 130 of FIG. 1). Off-chip direct memory access mode (DMA) may be used to
perform the write operation.

Multiplexers (e.g., multiplexers 170,180 of FIG. 1) may select the DMA inputs
directly from the IC pins. Other alternatives may include CPU-BIST or other on-chip ALU
(e.g. the algorithm logic unit 220 of FIG. 2) to perform the write operation only. The
requirement of the on-chip ALU may be to provide address, data, control, and clock signal
inputs to the memory. The write operation may fill the address space (e.g. bit cells) with
same data across each sub-array or alternate sub-arrays.

FIG. 9 is a process flow of testing embedded memories in an IC 100, according to
one embodiment. In operation the method 900 starts at 902 by initially starting the test at XY
address space in an embedded memory. At 904, mutually identical outputs coming from
memory arrays (e.g., the memory 120 of FIG. 1) of one or more embedded memories may be
compared using a comparator (e.g., the comparator 140 of FIG. 1) that is located external to a
BIST controller (e.g., the BIST controller 130 of FIG. 1). In operation 906, a PASS/FAIL
signal may be outputted by the comparator based on the outcome of the comparison. At 908,
the method 900 determined whether the outputted PASS/FAIL signal is a FAIL signal. In
operation 910, the outputted PASS/FAIL signal is registered in the BIST controller if the
outputted signal is a FAIL signal based on the determination at 908.

12
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At 912, the method 900 determines whether the test mode is in diagnostic mode. At
914, a PASS/FAIL result is generated if the test mode is not in diagnostic mode based on the
determination at 912. At 916, the PASS/FAIL result is outputted. At 918, the method 900
stops further testing of the embedded memories.

The method 900 goes to step 920 if the outputted PASS/FAIL signal at 906 is a PASS
signal. Also in these embodiments, one or more embedded memories (e.g., the memory 120
of FIG. 1) may be tested without any interruption until the FAIL signal is received from the
comparator.

At 920, the method 900 determines whether the test completed is at last address. At
922, next address space XY + n; N=/>1 is tested by repeating steps 904-922 if there is no
FAIL signal from the comparator, and the test completed is not at the last address based on
the determination at 920. Steps 904-938 are repeated if there is a FAIL signal from the
comparator while in diagnostic mode, and the test completed is not at the last address based
on the determination at 920. The method 900 goes through steps 904-918 if there is a FAIL
signal and not in the diagnostic mode. The method 900 goes to step 924 if the test completed
is at the last address based on the determination at 920. At 924 the method 900 determines
whether the test is completed for all embedded memories. At 926, the method 900 goes to
step 926 and stops further testing of the embedded memories if all the testing of all
embedded memories is completed based on the determination at 924. At 930, the method
goes to next embedded memory and continues at step 902 if the testing of all the embedded
memories is not completed based on the determination at 924.

At 932, a clock signal is transmitted to output register if the test mode is in diagnostic
mode based on the determination at 912. At 934 a PASS/FAIL result is generated. At 936 a
BIST DIAGNOSTIC DATA is generated. At 938, the generated PASS/FAIL result and BIST
DIAGNOSTIC DATA are outputted.

It will be appreciated that the described embodiments are merely examples, and that
there are many other ways and variations of ways to implement the principles of the claimed

invention.
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CLAIMS
What is claimed is:
1. An integrated circuit (IC), comprising:
one Or more memories;
a BIST controller coupled to the one or more memories to perform write
operation; and
one or more comparators coupled to the one or more memories, wherein the one
or more comparators latch mutually identical outputted data coming from the one or more
memories upon a rising edge of an ORDY signal, and wherein the one or more comparators
compare the latched mutually identical outputted data and output associated PASS/FAIL
signal to the BIST controller, and wherein the BIST controller registers a PASS/FAIL result
upon receiving the PASS/FAIL signal from the one or more comparators.

2. The IC of Claim 1, further comprising one or more output registers coupled to
the BIST controller that output a data log substantially serially upon receiving a SHIFT CLK
signal from the BIST controller.

3. The IC of Claim 2, wherein the one or more output registers coupled to the
one or more comparators, the BIST controller, and an IC tester, wherein the one or more
output registers receive the outputted data from the one or more comparators, and wherein
the IC tester receives the PASS/FAIL result and BIST diagnostic from the BIST controller.

4. The IC of Claim 3, further comprising the IC tester coupled to the BIST
controller, wherein the IC tester receives PASS/FAIL result and the BIST diagnostic from the
BIST controller.

5. The IC of any of Claims 1-4, wherein the comparator comprises:

a plurality of flip-flops to latch the mutually identical outputted data coming
from the one or more memories upon the rising edge of the ORDY signal;

one or more XOR gates coupled to the plurality of flip-flops receive the
latched mutually identical outputted data and perform an XOR logic operation and output
XOR results; and

an OR gate coupled to the one or more XOR gates to receive the XOR results

and perform an OR logic operation on the received XOR results and output OR results.

14
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6. The IC of any of Claims 1-4, wherein the one or more memories comprise
memories selected from the group consisting of embedded memories, embedded SRAMs,
DRAMs, FRAMs, FLLASH RAMs, and Register RAMs.

7. A method of testing embedded memories in an IC, comprising:

comparing mutually identical memory outputs coming from memory arrays of
the one or more embedded memories using a comparator that is located external to a BIST
controller;
outputting a PASS/FAIL signal by the comparator based on an outcome of the
comparison; and
registering the PASS/FAIL signal in the BIST controller.
8. The method of Claim 7, further comprising:
in non-diagnostic mode generating a PASS/FAIL result based on the received
PASS/FAIL signal from the comparator; and
outputting the PASS/FAIL result to an IC tester.
9. The method of Claim 8, further comprising:
in diagnostic mode generating diagnostic data by the BIST controller upon
receiving the FAIL signal from the comparator; and
outputting both the diagnostic data and PASS/FAIL result to the IC tester for
failure analysis

10.  The method of Claim 9, further comprising:

stopping the generation of the diagnostic data in the debug mode upon
receiving the PASS signal from the comparator;

generating the PASS/FAIL result based on the received PASS/FAIL signal
from the comparator; and

testing the one or more embedded memories without any interruption until the

FAIL signal is received from the comparator.
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