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ABSTRACT

The percentage of digital signal processors (DSPs) occupied by embedded static
random access memory (SRAM) has increased drastically over the years. As a result,
static memory has become a prime contributor to the overall failure rate of DSP devices.
Central Processing Unit Built In Self Test (CPUbist) was thus developed in an effort to
create a more economical and efficient method to test and repair such memories.
CPUbist utilizes the power and speed of the on-chip processor, and demonstrates
adequate and flexible memory fault coverage without the sacrifice of increased test time.
This test method was used to not only test and create repair solutions for failing
embedded SRAM, but also to map and compress bit fail data before offloading to the
tester. To keep test cost at a minimum, the CPUbist programs were executed on the very
low cost tester (VLCT), and data transfers were kept to a minimum by compressing fail
data before offloading. All results obtained from CPUbist were then correlated with data
from Membist, so as to ensure proper operation and to determine its level of
effectiveness. The results of the correlation revealed that CPUbist can effectively test

and repair DSP memories, in most instances at a faster rate than Membist.
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CHAPTER 1

INTRODUCTION

Digital Signal Processors and Memory Testing

On the brink of this new technological era, it is natural to look back and marvel at
the great distance traveled. From the groundbreaking invention of the radio, to the
remarkable creation of cell phones, electronic devices have consistently gotten smaller,
yet more powerful throughout the years. These electronic devices are currently driven by
integrated circuits (ICs), which consist of millions of transistors. As the transistor count
for these integrated circuits continues to increase exponentially, the circuits keep on
getting smaller. In 1959, Gordon Moore examined this trend, and predicted that the
number of transistors on a chip would continue to double every year. This now famous
prediction has come to be known as Moore’s law [1].

A digital signal processor or DSP, as it is frequently called, is a classical example
of Moore’s law phenomenon. DSPs are used to process real-world signals such as light,
sound, and pressure using mathematical techniques to perform transformations or extract
information [2]. The real world analog signal is first passed through an analog-to-digital
converter in order to obtain the digital signal. The DSPs then perform various
mathematical computations on that signal before returning it to the analog world with the
use of a digital-to-analog converter. Today’s DSPs have the unique ability to process
data in real-time. This feature makes the DSPs ideal for applications that cannot tolerate

delays. Faster central processing units (CPUs) allow for more instructions to be executed



within the sampling period, thus enabling the DSP to perform more complex functions in
real-time. DSPs are used in many electronic devices, which over the years have become
very popular with consumers all over the world. Consumers are constantly demanding
that these devices perform more complex functions at a much faster speed. For this
reason, the memory capacity on these devices has over the years increased by leaps and
bounds. In today’s DSPs, memory accounts for more than half the total die area, making
it the prime contributor to overall failure rate. For this reason, memory testing has
become increasingly more important.

Memory tests are used to confirm that each storage location in a memory device is
working. This involves writing a set of data to each memory address and verifying this
data by reading it back. If all the values read back are the same as those that were
written, then the memory device is said to pass the test; otherwise, the device fails.
Current DSP devices have the capability of repairing those memories that fail the
memory test. Spare memories or redundant memories as they are most often called, are
built into the memory modules to repair defective memory cells, and maintain production
yield.

Over the years, different test methodologies have evolved in an effort to identify
and rid the device of memory defects before it reaches the customer. One such test
method that is frequently used is direct memory test (DMT), in which the embedded
memory is accessed via IO pins on the device. Memory built-in-self-test (Membist),
which involves built-in test circuitry for each memory array, is another test method,

which has become very popular. Central processing unit built-in-self-test (CPUbist) is



yet another test methodology used to test DSP devices. It is currently being considered as
a possible replacement for both DMT and Membist. The main advantages of CPUbist are
speed and flexibility. It utilizes the speed and power of the embedded central processing
unit (CPU), and allows for fewer data transfers between the tester and device under test
(DUT). Reducing data transfer is key to minimizing test cost, and allowing DSP

manufacturers to remain competitive in today’s market.

Purpose of Thesis
The purpose of this thesis is to develop a CPUbist memory test, repair, and ESDA
data compression infrastructure for DSP devices for the purpose of test time reduction,
functional yield improvement, and to increase algorithm flexibility. It involves writing
assembly code in a modular format, and capturing associated tester description language
(TDL) before verifying and debugging on a very low cost tester (VLCT). This project
also entails correlating repair solutions, ESDA data, and test times from Membist and

CPUbist in an effort to verify proper operation and effectiveness of the CPUbist method.

Outline
Chapter II provides background information on embedded SRAM, its repairable
capabilities, and the advantages and disadvantages of various test methodologies. This
chapter also examines the various SRAM fault mechanisms and algorithms used for
targeting such faults. In addition, Chapter II provides detailed background information

on ESDA. Chapter I1I deals with the approach used in developing, debugging, and



testing of the CPUbist program. Particular attention is paid to the checksum method, as
well as the external memory load method that eventually replaced it. The results of the
project, together with correlation data, appear in Chapter IV. Finally, Chapter V
concludes the thesis by analyzing the CPUbist method and comparing it with other
traditional test methodologies. This final chapter also provides recommendations for

future improvement of the CPUbist project.



CHAPTER 11

BACKGROUND INFORMATION

Static Random Access Memory
Digital signal processing devices are typically designed to interface with static
random access memories (SRAMs) mainly because of the high speed at which data can
be accessed. These SRAMs have their information stored in latches, and they do not lose
that information as long as power is maintained on the memories [3]. When compared to
other types of memories such as dynamic random access memories (DRAMs), SRAMs
are more expensive, but are faster at accessing data. Figure 2.1 shows the layout of a

typical SRAM array.
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Figure 2.1 Typical SRAM Array [4]



The SRAM core consists of a matrix of individual bit cells. These bit cells have a row
component called the word line, and a column element called the bit line. The column
and row decoders decode the address in order to select a bit cell location.

The bit cell depicted in Figure 2.2 is the basic element of the SRAM system, and
consists of six transistors. This SRAM cell is a bi-stable circuit and is capable of being
driven into one of two states. Once the driving stimulus is removed, the circuit retains its
state [3].
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Figure 2.2 SRAM Bit Cell [5]

Millions of these bit cells previously described, are combined to create DSP
memory systems. Comprehensive testing of these memory systems is extremely vital
since memory failures contribute significantly to the overall failure rate of DSP devices.
This problem is further compounded by the fact that memory capacity on DSP devices is
increasing exponentially, while test cost is not allowed to increase. This emphasizes the

need for new tests, which are more efficient in terms of fault coverage and test time [3].



Due to the complexity of the DSP memory system, many different types of
memory defects are possible. These defects could be caused by particles, contamination,
or opens in the circuit. Table 2.1 lists the various types of defect mechanisms and the

corresponding bit cell response.

Table 2.1 SRAM Fault Mechanisms

Fault Type Bit Cell Reaction Due to Defect
Stuck-At-Fault (SAF) Memory cell stuck high or low and will not change
Transition Fault (TF) Cell transition 120 but not 0> 1 or 0> 1 but not 1>0

Stuck-Open Fault (SOF) Cell cannot be accessed
Coupling Fault (CF) Write to one cell affects contents of a neighboring cell
Data Retention Fault (DRF) Cell changes value over period of time
Data Disturb Fault (DDF) Cell changes value due to activity elsewhere on bit/word line

Several different memory test algorithms have been developed in an effort to
identify, isolate, and analyze these fault mechanisms. These algorithms have to be
designed such that they detect all faults from a particular model in the shortest test time.
Some of these algorithms will trigger on multiple failure signatures. Certain algorithms
are suited for use in production test as screens for more subtle failure mechanisms, while
others do not lend themselves to production test environment due to test time [6]. Table
2.2 lists three of the more traditional algorithms used in testing SRAMs, and a brief

description of how they work.

Table 2.2 Traditional SRAM Array Tests

Algorithms Description
Zero/One Write Os to all locations and verify; repeat with 1s
Checker-Board Alternate 1s and Os with respect to bit layout in array; repeat inverting
March A variety of pattern set walked through the array on a word boundary




Table 2.3 examines the algorithm’s ability to detect specific fault mechanisms. It

also compares normalized test times for the various algorithms.

Table 2.3 Algorithm’s Ability to Detect Fault Mechanisms

Algorithms SAF | AF TF | SOF | CF | DRF | DDF | Time
0/1s 100% - - - - - - 1
Checker-board | 100% - - - Some | 1.2
March 13n 100% | 100% | 100% | Some | 100% | Some | Some | 4.3

Repairing SRAM

Embedded memories on many DSP devices have already been equipped with
built-in redundancy. Redundancy enables the manufacturer to repair a number of
otherwise defective devices to ensure maximum production yield [7]. In most cases,
eight redundant rows (called a row group) and eight redundant columns (called a column
group) are used to replace bad memory cells within each memory block. The entire
group of eight is used during a row or column replacement, even in situations where only
one failing bit exists. The number of redundant rows and column groups vary from
memory to memory, but for the purpose of this project, only memories with one
redundant row and column group will be discussed. A typical memory block with 512
rows and 512 columns will contain 64 row groups in addition to the redundant row group,
and 64 column groups in addition to the redundant column group. Figure 2.3 shows a
memory block before and after repair. During the repair process, the row groups below

the bad row group are shifted downward, while the column groups to the right of the bad

column group are shifted further right.






