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ABSTRACT

Digital signal processor integrated circuits dedicate a significant percentage of the
die area to embedded static random access memory, and by designing redundant elements
into the memory, repairs to the memory as an effective way to increase digital signal
processor functional yields. A time and resource efficient test has been developed to find
the memory defects and to determine if a repair solution is available to bypass the
memory defects. In this paper, the development of a central processing unit built-in self-
test for test and repair of redundant random access memory is examined and conclusions
are drawn about its functionality. A discussion of several possible test methods is
included along with an explanation for the selection of a central processing unit built-in
self-test. Specific portions of the test are examined in detail, including the development
of the repair algorithm and the creation of a compressed enhanced software defect
analysis image. The results developed in this paper demonstrate that a central processing
unit built-in self-test is an effective solution for the test and repair a static random access

memory.
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CHAPTER I

INTRODUCTION TO MEMORY TEST AND REPAIR

In the manufacturing of integrated circuits, the functional yield is limited by
physical defects. The digital signal processor (DSP) is designed with a significant
portion, as much as 75%, of the die area dedicated to embedded static random access
memory (SRAM). By integrating redundant elements into the embedded memory, it is
possible to increase the functional yield by replacing the defective memory elements with
the redundant elements. This paper will focus on the development and implementation of
a DSP test solution which will be used to locate and replace defective memory elements.
The focus of the project will be on creating an efficient solution which will maximize the
repairable yield while minimizing the cost of testing the integrated circuit. To achieve
this goal, the solution will be driven by the utilization of the DSP data processing

capabilities.

A Better Test Method

The methodology for implementing an embedded memory test and repair solution
must evolve as the DSP design and semiconductor fabrication technology evolves. The
amount of embedded memory on a DSP has grown at an exponential rate with each new
generation of DSP integrated circuits [1]. The accepted practice for embedded memory
testing is known as direct memory test (DMT), and is accomplished by executing

memory test patterns from the tester through the external memory access. Due to the



quantity of embedded memory that must be tested, it is difficult to obtain adequate
memory fault coverage without the sacrifice of increased test cost due to an increased test
time. A significant problem in testing embedded memory is the limited transfer rate of
the direct memory access in comparison to the amount of embedded memory that must be
tested. It is not possible to execute a complex memory test pattern from the tester and
expect good performance results due to of the limited external memory access. The
memory test must be optimized to minimize the tester to device under test (DUT)
communication.

Possible solutions to the embedded memory test problem, specifically minimizing
tester to DUT communication, are to reduce the complexity and number of the memory
test patterns, or to move the test pattern generation from the tester to the DUT.
Minimizing the embedded SRAM test patterns decreases the fault coverage of the test,
this is not an acceptable solution. Moving the test from the tester to the DUT is a
practical solution considering the DSP characteristics. The DSP core can be used to
generate the embedded memory test patterns and to determine a repair solution based on
the test results. This type of test is referred to as a central processing unit built-in self-test
(CPU BIST). Ideally, the only data transferred between the tester and the DUT is the
loading of CPU BIST program code and the return of the memory test results. In
addition to the CPU BIST method, the DMT and memory built-in self-test methodologies

will be evaluated, as a comparison to the CPU BIST method, in Chapter IL



Purpose of Thesis

The purpose of this thesis is to analyze the development of a CPU BIST program,
consider the implication of the design, observe the results of the memory test, and (based
on production test results) determine if this is a satisfactory solution to the embedded
memory test and repair problem. Two critical aspects of the design are the memory
repair algorithm and the compression of the enhanced software defect analysis image.

Both of these items will be defined in the next chapter and developed in Chapter III.

Summary of Thesis

Chapter II includes a background analysis of embedded memory test methodology
and the use of memory redundancies to improve the functional yield. The chapter also
includes specific information about the DSP that must be considered in developing the
SRAM test methodology. Chapter III considers the methodology used to develop the
CPU BIST memory test. This includes the program checksum, SRAM test and repair,
and ESDA data compression. A discussion of the project results is covered in Chapter
IV This includes a qualitative analysis of the effectiveness of the project. Chapter V
concludes the analysis of the CPU BIST embedded memory test, and it gives

consideration for future improvements on the project.



CHAPTER II

REVIEW OF DSP MEMORY TEST AND REPAIR THEORY

Before an embedded memory test program can be developed (Chapter III), it is
important to consider key elements of embedded memory testing, repair of redundant
memory, failure defect analysis, and production result analysis. These elements will

provide basis for the CPU BIST program development.

Cost of Test

Cost is a driving factor in the development of semiconductor testing. Testing
each integrated circuit is essential due to the inherent flaws in the fabrication process, but
testing increases the cost of each unit with the expenses incurred though the test
equipment, test development, and other associated expenses. It is critical that an
embedded memory test is developed that maximizes test efficiency and thereby reduces
the costs of testing the semiconductor. Test efficiency is maximized by minimizing the
time required to test the integrated circuit without sacrificing the fault coverage of the
test.

To keep the cost of testing the DSP to a minimum, a low cost tester was selected
for the DSP memory test. The SRAM test must be able to effectively function on the low
cost tester. This can be accomplished by selecting a test method which shares the
embedded memory test responsibility between the tester and the DSP The low cost

tester will be used for the execution of the prelaser test.



The Prelaser Test

The test used to determine if the DSP contains damaged memory elements and if
a repair will correct these damaged elements is known as the pre-laser test. The same
prelaser test may be executed to verify the laser repair was successful; this is known as a
post laser test. Figure 2.1 depicts a simplified test flow diagram, specifically relating to

the laser repair.

W,afe‘F Pre Laser
abricatio
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Figure 2.1 Test Flow 2]

Memory Test Methods

There are three methodologies for creating a prelaser embedded memory test.
The most commonly used DSP memory test is the direct memory test (DMT) which is
also known as a direct memory access (DMA) test or through-the-pads memory test. The
second embedded memory test method is the central processor built-in self-test (CPU
BIST) and the third is the memory built-in self-test (MemBIST). Each of these tests has
specific advantages and disadvantages that must be considered before a test method can
be chosen.

Of the three tests, the DMT is considered the least complicated test to develop.
The tester system loads a test pattern into the DSP memory and then reads back the
values of the memory elements from the DSP  The tester then compares the returned

values to the original pattern, and the DSP passes the memory test if the returned values



are the same as the original. A significant drawback to the DMT test design is the test
speed limitation due to a limited data transfer bandwidth between the tester and the
device under test (DUT) [1].

The second memory test method is known as Memory Built-In Self-Test
(MemBIST or simply BIST). This test method utilizes self-testing elements which are
designed into the embedded memory array. The MemBIST method is a time effective
memory test because multiple embedded memory elements can be tested in parallel. A
limitation of the MemBIST method is the extra silicon area required to make each
memory element self-testing. The DSP being tested does not have self-testing memory;
therefore, this method is not a possibility [3].

The third embedded SRAM test method is driven by the DSP core. This method,
known as the central processing unit built-in self-test (CPU BIST), takes advantage of
both the DSP data processing capabilities and the optimized internal data transfer buses.
The test method utilizes the data transfer capabilities between the DSP core and the DSP
memory arrays, and little or no additional silicon is required to implement the test.
Similar to the DMT method, the memory test algorithms can be modified to detect
specific failure mechanisms if the initial test patterns do not provide sufficient fault
coverage. [4].

There are several limitations to the CPU BIST method that must be considered.
To use the CPU BIST method, the DSP core processor must have direct access the
memory elements which are being tested; if this is not the case, the CPU BIST method

can not be used. For the DSP under study, this is not an issue. Because a CPU BIST



program is executing the program code from within the DSP embedded memory, the
program space memory must be tested separately from the normal CPU BIST. The
program space memory must not contain failures, otherwise, the program will not
function as expected and the CPU BIST program can not be executed. Although these
issues are potentially significant, a CPU BIST solution is the best solution for the DSP

A simplified comparison of the three memory test methods is given in Table 2.1[4].

Table 2.1 Comparison of Test Methods [4]

DMT | MemBIST | CPUBIST
Test Time Slow Fast Fast
Extra Silicon Required | No Yes No
Flexible Test Patterns Yes No Yes
Test Under End Use Conditions Yes No Yes
Execute at Maximum DSP Speed No Yes Yes
Efficient Use of Tester Capabilities No Yes Yes

Common Test Patterns

Besides selecting a test method for the prelaser SRAM test, a set of embedded
memory test patterns must be selected to provide effective fault detection. Since the first
use of semiconductors for embedded memory cells, memory test patterns have been
developed to verify the functionality of the memory. As the complexity of the SRAM
arrays has increased and the dimensions of the memory elements have decreased, the
challenge of providing adequate fault coverage has been significant. The complexity of
the memory test patterns must increase to provide adequate fault coverage [1].

A memory test is executed by loading a bit value into a memory element and

reading back the bit value. If the value that is read from the memory element is the same



as the value that was written into the element, the element passes the test. Of the
numerous test patterns that are used for memory testing, it is critical to consider fault
coverage and test execution time. The memory test must detect numerous fault
mechanisms including (but not limited to) address line faults, bit stuck at faults, state
coupling faults, and data retention faults.

Two test patterns have been selected for the memory test; the checkerboard and
march13n patterns. These two test patterns meet the criteria for an effective memory test
based on the fault coverage provided within an acceptable amount of time [3]. The
checkerboard pattern involves testing the embedded memory with a checkerboard
sequence and an inverse checkerboard sequence. The marchl3n pattern is depicted in

Table 2.2 with four unique background patterns.

Table 2.2 March13n with Four Background Patterns [3]

Address | Initial | March Down March Down March Up March Up
Background 1 | Background 2 | Background 3 | Background 4
0 W) | ROWDRD) | ROIDWORO) | ROWDR(D) | R(IDWOIR®D)
1 W@©O) | ROWDRD) | ROHWOIRO) | ROWDR(1) | ROHWOR©O)
2 W@©0) | ROWDR() | ROHWORO) | ROW(DRQ) | R(IHW(ORO)
3 W(0) | ROWDR(1) | ROIDWORO) | ROWDR(D) | R(HWO)R(0)
N-1 W) | ROWMDRQ) | ROHWOIRO) | ROWDR(L) | RIHWOR()

The march13n pattern backgrounds are unique to each other and are used to detect
sate coupling faults. The number of backgrounds needed to effectively test the memory
array is based on the physical addressing layout used in the array [5]. For the DSP
embedded memory arrays being tested, five unique background patterns are needed to
execute a full march13n test. Table 2.3 provides a simplified view of the five

backgrounds which are used in the march13n test.



Table 2.3 March13n Background Test Paiterns (3]

Background | Test Pattern Inverse Test Pattern
1 1111111111111111 | 0000000000000000
2 0000000011111111 § 1111111100000000
3 0000111100001111 | 1111000011110000
4 0011001100110011 | 1100110011001100
S 0101010101010101 { 1010101010101010

Redundant SRAM

The selected embeddéd memory test patterns are used to test the DSP redundant
SRAM. There are numerous variations of redundant SRAM arrays. Most redundant
repair elements consist of a repair stick that includes a section of redundant memory cells
[4]. The repair stick is often the length or width of the memory array by some Q factor,
where the Q factor is a group of memory cells. The stick can be horizontally or vertically
oriented and each memory array can contain one or more redundant memory sticks. The
primary focus of this thesis will be on a memory array that contains two repair sticks; one
vertical and one horizontal repair stick. Figure 2.2 depicts a simplified memory array
with a vertical and a horizontal set of redundant memory elements that may be used to
replace defective elements in the original array. Each block depicted in Figure 2.2
contains individual memory cells and is as wide as the Q factor. Once the defects are
identified, a repair solution is developed such that the memory addressing may be

redirected around the defects.






