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Abstract

Built-In Self-Test (BIST) has become an important factor in the current manufacturing
processes of memories to increase reliability and to improve the memory yield. The
effectiveness of any test algorithm depends on the fault coverage and speed of detecting
the fault. In this study , two BIST approaches for a Static Random Access Memory
(SRAM) have been proposed. The first approach is Fast March algorithm while the second
is Finite State Machine ( FSM) algorithm. In the first approach, the traditional zero-one
algorithm has been developed to Fast March algorithm utilizing word orientation method
in which different steps of test pattern have been employed. In the second approach, the
traditional March- C algorithm has been developed to Finite State Machine ( FSM)
algorithm where it has become dependent on the word orientation technique utilizing

suitable test pattern.

The two approaches have been applied on two sizes of memory (16x8) bit word and
(32x8) bit word where four types of faults have been assumed to verify the effectiveness of
these algorithms. The assumed faults are Address Fault, Stuck -At Fault, Coupling Fault

and Transition Fault.

The simulation results have proven that the Fast March is faster than FSM March
algorithm three times (16 operations vs. 40 operations), but it can only detect one type of
fault which is Stuck -at -fault. FSM March algorithm is slower than Fast March, but it is
more reliable and can detect most of the memory faults. The simulation has been carried
out by using Quartus Il 13.0spl and ModelSim-Altera 6.5b software where VHDL

language was employed in this work with processing time 100 MHz clock frequency.

Xiv
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Chapter One Introduction

Chapter One

Introduction

1.1 General Introduction:

Built-in Self-Test (BIST) is a diagnostic system that is used to evaluate the circuit
operation using part of the same circuit's components. The extra hardware expenditure
would most compensate because of its advantages in terms of increased reliability and
lowest servicing costs with a properly built BIST architecture. BIST lowers overall costs
by reducing automatic test development attempts at all levels, reducing chip testing,
improving unit level maintenance, and improving component replacement [1], [2]. the
operational real-time clock is very useful, so that several circuits can be tracked with
limited testing time. It reduces the length of the testing process [3]. Memory chips are used
in all household appliances, computers, and laptops. As a result, BIST memory aids

everyone in providing better service [4].

The primary motivation for testing is to confirm that the Device Under Test (DUT) with
integrated circuits, Printed Circuit Boards (PCB), and system are capable of producing
expected outcomes when applied with the specific inputs. Simple tests often result in
“pass” or “fail” test results, while more advanced testing procedures additionally evaluate
the DUT functionalities, discover errors, and display their locations. It is likely that the
errors or faults will happen in a repeating pattern, which suggests a process adjustment is
required [5]. A novel study that is expected to go a long way in developing VHDL (Very
High Speed Integrated Circuit Hardware Description Language) and that has been blessed
by BIST would thus allow standard RAM chips to be developed using these new hardware

features [6].

1.2 Problem statement

The embedded memories, especially the embedded random access memories (RAM), are
one of the most common components in electronic devices, as they are used to store the
data necessary for the device’s work, and any defect in it leads to a defect in the device’s
work or may lead to its permanent cessation of work. Therefore, it was necessary to test it
and ensure that it is free of faults during each operation of the device. However, this test

process is one
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of the most complex processes as it requires sending a large amount of test patterns and
processing these data after retrieval from memory to ensure their conformity. The solution
for this problem is by adding a special circuit for testing embedded memory, which is
called the Built-In Self-Test circuit (BIST).

Most memory self-test algorithms, such as Zero-One and March C, target bit-oriented
memory, but current memories are word-oriented. Therefore these algorithms had to be
developed for test word-oriented memories effectively.

1.3 Literature Survey

Memory Built-In Self-Test (MBIST) technique has been implemented for testing
embedded memory. There has been considerable research on developing BIST algorithms,
which known as March algorithms. The early March algorithms were based on bit-oriented
memories[7]-[10], but they did not work effectively when testing the word-oriented
memories [11], [12]. Van de Goor [13] has devised a method for translating March tests
for bit-oriented memories into rests for word-oriented memories in a systematic way, by
using a test patterns. The word-oriented March tests algorithms can be implemented using
a Microcode [14]-[17], or a FSM [15], [18]-[22] for complicated March algorithm, and
linear feedback shift register (LFSR) [23], [24], or counter [3], [15], [25], [26] for simple

March algorithms.

Jain and Stroud 1986 [7] provided a way for evaluating embedded memories using a
Built-In Self-Test (BIST), by proposing two algorithms. The first algorithm was based on
pseudorandom data patterns and used to detecting stuck-at faults. The second algorithm
was based on checkerboard patterns and used for detecting coupling faults. The testing
performance of this method was suitable for small size and simple architecture (bit-
oriented) memories which used at that time, but it could not be used to test the current

large and complex word-oriented memories.

Van de Goor and Tlili 1998 [13] suggested a unique approach for word-oriented memory
assessment that differentiates inter-word and intra-word faults and allows possible to
convert bit-oriented memory tests from word-oriented mimic tests systematically. The inter
word mistake test was combined with the intra word conversion test. This technique
resulted in more effective testing covering all the problems being examined. Word-oriented

memory
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tests were crucial since most memories have an external data channel that is larger than

one bit.

Venkatesh et al. 2002 [9] presented robust memory fault model to validate a BIST logic
before fabrication, by proposing a novel fault modeling technique. Equations are used to
express the memory architecture and the location of any faults that may occur in the cell
array. The method used these equations to calculate a location where the fault may be
modeled. However, this method was not generic and was targeting a specific type of

memory (bit-oriented).

Bayraktaroglu et al. 2005 [14] presented a Microcode MBIST architecture based on dual-
port memory testing algorithms proposed by Hamdioui and van de Goor [27]. The
proposed architecture supports a wide range of memories with various test and debug
support requirements. However, the implementation of this architecture was complicated

and required special type of future generation spark microprocessor.

Haron et al. 2007 [20] used bit-oriented March C- method to model and simulate a Finite
State Machine MBIST. Xilinx ISE(International Securities Exchange ) tools were used to
create the design architecture in VHDL code. Using register transfer level abstraction, the
architecture was modeled and synthesized. Stuck-at-fault SRAM tests were used to
validate this architecture. However, this method used traditional bit-oriented MARCH

algorithms for testing word-oriented memories, so it can detect only simple Stack-at faults.

Haron et al. 2007 [11] suggested to find a stack-at-fault in the SRAM under test. Here a
microcode MBIST modeling and simulation employing five BIST algorithms (MATS,
MATS+, MARCH C, MARCH X, MARCH C-). Register Transfer Level (RTL)
abstraction was used to model and synthesize the architecture, and it was written in VHDL
code using the Xilinx ISE tool. However, this method used traditional bit-oriented
MARCH algorithms for testing word-oriented memories, so it can detect only simple
Stack-at faults.

Masnita et al. 2009 [8] presented the fault models and compared existing March algorithms
for detecting and diagnosing Transition -Faults (TFs)and Stuck-At Faults (SAFs)
.Modified Algorithm Test Sequences( MATS++) and March C- methods were described
for detecting these errors. If just stuck-at-faults and transition -faults are examined, an

technique with a 5N minimum test length was shown to be sufficient for increasing test



Chapter One Introduction

efficiency, according to this research. The usefulness of March CL and March C-

diagnostic algorithms are also put to the test based on their fault syndromes.

Masnita et al. 2009 [12] reported the construction of a Memory Built-in Self-test
(MBIST) information and read/write organizer using the March-based method suggested in
[8]. The design employed a Finite State Machine (FSM)-based architecture, which was
more credible given that the design was part of an engine that would be constructed only
for the purpose of evaluating this method. It was a component of the MBIST motor that

could be coupled to other parts to form a full MBIST motor.

Liyan et al. 2009 [16] presented the architectures design for Micro-coding and FSM-based
controller a novel test technique which offered increased coverage of fault in single-cell
failure detection and intra-word Coupling Fault (CF). The MBIST, which uses
microcode's, utilized 86 cases but operated at a pace quicker than the FSM control, (77

instances), which were operating at a slower speed.

Noor et al. 2009 [22] presented FSM-based BIST design employing a unicounter memory
BIST controller based on the FSM architecture of MARCH SAM. In a low-scale
synchronous SRAM this BIST controller was capable of detecting all intra-word coupling
failures (CF) and simplified SRAM synchronous testing. This was a simple and
economical design since it reduced the amount of overhead at a pace while still

functioning.

Sharma and Sood 2010 [17] offered a micro coded MBIST architecture that may be used to
construct new March tests March Static simple (March SS) with a higher number of
operations per element to meet the growing need for embedded memory testing. Because it
provided a flexible methodology and higher fault coverage, this architecture was a useful

testing method for embedded memories.

Husin et al. 2012 [3] presented a counter MBIST architecture using simple word-oriented
March C- algorithm, which designed using VHDL. This MBIST architecture was fast and

simple but could only detect Stack-at faults.

Chih-Sheng Hou et al. 2014 [19] suggested a March-Element-Based (MEB) compression
method that compressed diagnostic information in a Pause-And-Export (PAE) form after

all. March element operations were performed for an addressed word. Decrease of
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duplicate fault diagnosis data, as a result. It is also possible to discover dynamic problems
that are time-elated.

Reeja and Anusree 2014 [26] Proposed a built-in 8- bit SRAM test based on the March C-
algorithm utilizing the VHDL coding approach. It can include host defects such as
blocking failures, transition failures and many connection failures and decoder errors.
However, this method applicable only on bit-oriented memories, and can't test word-

oriented memories effectively.

Joseph and Antony 2014 [15] compared three MBIST controller designs based on March
algorithms were on the grounds of size, power, and complexity: Microcode MBIST, FSM
centered MBIST, and Counter centered MBIST. Counter-based MBIST controllers
outperform microcode and FSM-based ones in terms of size, and complexity. Because
System on Chip ( SoC) use several memory modules and require a variety of testing

approaches, the counter-based method is an excellent choice for memory module testing.

Ahmed et al. 2015 [18] presented a memory BIST controller design using the FSM
approach for March 17N. It looked for flaws in various recollections. A simple architecture
was created in Verilog Hardware Description Language (HDL), which could simply be

integrated with SoC and could discover faults in semiconductor memories.

Koshy and Arun 2016 [25] presented a comparison between two proposed MBIST designs:
BIST scheme with MEB Compression and BIST scheme with the fusion of March
Algorithms. The BIST with MEB Compression scheme effectively reduced the exported
diagnostic data at the time of redundancy. It compressed the diagnostic data in a PAE form
when all the operations of a March element were completed for an addressed word.
Consequently, the redundant diagnostic data of a fault could be minimized. A BIST
scheme with the fusion of March Algorithms had been proposed for the various fault
detection in RAMs. Design with Counter-based BIST architecture reduces the complexity.
Detection of different faults in a RAM memory using a single counter based BIST design

was advantageous.

Maneshinde et al. 2016 [21] proposed MBIST controller based on FSM , which had
fewer number of situations comparing to the previous designs [15]. To attain slowered area
and enhanced speed. However, this method applicable only on bit-oriented memories, and

can't test word-oriented memories effectively.
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John and Antony 2017 [23] suggests a method for testing multiple Memory cores in
parallel using Configurable Linear Feedback Shift Register (CLFSR) structure based on
bit-oriented March C- algorithm. A Configurable CLFSR structure was obtained by
combining two CLFSR using additional control logic. This method was fast but can detect
only Stack-at faults. Our proposed FSM March algorithm is better, because it can detect

most of memory faults.

Tewary et al. 2020 [24] proposed a standard RAM chip with BIST enabled architecture
based on a linear feedback shift register (LFSR) that revealed and supported with VHDL.
The proposed BIST enabled RAM is designed using VHDL and implemented successfully
into SPARTAN 6 Field Programmable Gate Array (FPGA) board. The method can be
extended to test any number of memories in an IC in parallel. They concludeed that BIST
enabled RAM tests itself to enhance safety and reliability. This method applicable only on

bit-oriented memories and can't test word-oriented memories effectively.

Wei Chun et al. 2020 [10] offered a low-cost memory fault detection device that could be
used to test for a variety of memory issues. The Automatic Test Equipment (ATE) memory
tester's zero-one scan tests, and March algorithms were all modeled using the VHDL.

However, this method was targeting only a specific type of memory (bit-oriented).

Sasikumar et al. 2021 [28] introduced a new enhanced MBIT unit that is scalable and
features MISR signature analysis. The proposed MBIT architecture surpasses the
conventional architecture as it enhances the fault detection resolution in memories.
Through utilizing only 14 states for 7 March algorithms, the novice Algorithm was
optimized, which resulted in better scalability of the MBIST with absence of area
overhead. The introduced algorithm also has proved to have better resolution and accuracy
due to the interface check MISR that helps in isolating the fault detection in memory
interface and memory. MISR additionally allows pre-check of memory, resulting in rapid

fault check.

All previous research focused on the development of MBIST systems. Some of them were
interested in developing a MBIST systems that targeting a specific type of memories (bit-
oriented) in order to make performance as best as possible by using simple algorithms such
as pseudorandom and checkerboard and zero-one algorithms which applied using simple

architectures such as counters or LFSRs, but it can't be used with other types of memories
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and doesn't cover all types of memory faults. While others tried to develop a
comprehensive MBIST system for all faults and memory types, by applying advanced
algorithms such as March C- and MATS using complex architectures such as
microprocessors and state machines programmed with hardware description languages
(HDL), but the performance of this systems was weak, especially with modern and large

memories.

In this work, two MBIST algorithms are developed and they are Fast March and FSM
March that combine comprehensiveness and performance then implementing them using

VHDL language.

1.4 Aims of the Study

The aims of this work is summarized as follows:

1. Design and implement a functional fault model for all SRAM faults using VHDL

language.

2. Develop word-oriented memory testing algorithms ( Fast March and FSM March) from

classical Zero-one and March C- algorithms.

3. Detecting a wide range of SRAM faults by the proposed system.

1.5 Thesis outline
Chapter one: In this chapter, background about the BIST , literature review, aims of the

study , and thesis outline were discussed in this chapter.

Chapter two: In this chapter, the Memory Testing Methodologies have been documented
,Why we use SRAM, Built-In Self-Test (BIST) ,March Algorithms are also discussed.

Chapter three: The Proposed methodologies for Fast March Algorithm and FSM March
Algorithm are presented. In addition, VHDL design for Fast March and FSM march

Algorithms are discussed.

Chapter four: The simulation results based on the algorithm of all case studies are

presented and discussed in this chapter.

Chapter five: The conclusion and future works are drawn in this chapter
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Chapter Two

2. Memory Testing

2.1 Why Memory Built-in Self-test?

Nowadays, without semi-conductive memory any digital system is not possible, particularly
in integrated circuit and System on Chips (SoC). They are extensively used for program
storage, information configuration and other enormous quantities of data. The capacity and
speed of the memory are directly connected to the performance of many applications. There
are more built-in memories and the total integrated memory content of the SoC. Since
memories are an essential element of the typical SoC, any advances in memory design and
construction impact a range of features, including cost, performance and reliability of the
complete SoC directly and substantially [29] .

Embedded memories occupy the main part of the chip in modern software and grow its
ability, density and complexity linearly over the year. On the other side, fault types become
increasingly complicated and diversified and can be avoided through testing. So the
embedded memories testing devices like Automatic Test Equipment (ATE) become more
complex and too costly (at least a million dollars per ATE tester). A promising solution to
this dilemma is MBIST which adds low-cost test circuitry to the memory itself and provides

an acceptable yield.

2.2 Types of Semiconductor Memory

Semiconductor memories can be classified according to the type of data storage and data
access mechanisms in three main families (Figure 2.1): the Read—Write Memories (RWMs),
which is most often called Random Access Memory (RAM), Read Only Memories (ROMSs),
and Nonvolatile Read—Write Memories (NVRWMs or NVRAMs)
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Semiconductor Memories
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Figure 2.1Memory taxonomy [29]

RAM is a volatile memory type. This implies that when power is switched off, its content is
gone. A RAM device may read or write data items for about the same length of time,
regardless of where the data is located in the storage. Random Dynamic Memory (RDM) and
SRAM are two key kinds of RAM. DRAM has transistor and condenser connected memory
cells. The data must be updated often to maintain the data. SRAM must not be updated. For
each memory cell, it employs many transistors but has no condenser. It stores the data till the

power is Stopped.

Normally, SRAM is quicker than DRAM since no refresh cycles are available. The cost per
cell in SRAM, however, is considerably greater than in DRAM. SRAM is mostly utilized for
caching, whereas DRAM is better for primary storage. Many embedded systems nevertheless
incorporate both RAM types—a tiny block of SRAM along the crucial data line and a
somewhat bigger DRAM block for everything else [29].

The ROM is a non-volatile storage type. It is a persistent memory that keeps your saved data
when the power is shut down eternally. ROM is normally read only and can't be exceeded by
memory. Numerous types of ROMs can be reprogrammed, although (Erasable ROM,
Programmable ROM, EPROM, etc.). By the methods used, it can be told how often fresh
information can be rewritten (reprogrammed). This category is the progression of hardwired
to programmable and delectable ROM devices. The fact that all of these devices are capable
of storing data and programs indefinitely in the event of a power failure is a common feature
of all of these devices [30]. Hardwired memories are still being utilized but are now

recognized to stand out as "masked ROMs" from other types of ROMs [29].

A disguised ROM's principal benefit is its cheap cost of manufacturing. Sadly, costs are

cheap only when huge amounts of the same ROM are needed. The PROM is identical to the
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traditional ROM, with the exception that the consumer may program it. A specific device
called the PROM programmer can be used to program PROM. All bits read under "1" are
provided using a standard PROM [30].

A PROM programmer then employs high voltages to break connections in the chip
permanently. Therefore, PROM is commonly referred to as a One-Time Programmable
device (OTP). EPROM is a specific PROM form, which can be scheduled and erased. The
programming can only be read. If exposed to a high UV source, EPROM can be damaged. It
may be reprogrammed once it is deleted. The same programming is available in EPROMSs as
in PROMs.

EEPROM is the same internally as EPROMSs, except electric deletion is carried out rather
than UV radiation. Each bit of an EEPROM may be removed and rewritten. After writing
new information, it remains on the device forever. This enhanced capacity is mostly at a
disadvantage because to higher costs, but writing cycles are too much longer than on a RAM
[30].

Nonvolatile random access memory (NVRAM) is a third family of memories that combines
the main features of both RAMs and ROMs. It represents a large variety of memory
technologies that can retain the data even when the power is cut off. This is in contrast to
DRAM and SRAM, which both retain data only for as long as the power is on. The best-
known form of NVRAM memory is flash memory [31]. It combines the best features of the
memory devices described thus far. Flash memory devices are high density, low cost,
nonvolatile, fast (to read, but not to write), and electrically reprogrammable. These
advantages are overwhelming and, as a direct result, the use of flash memory has increased
dramatically in embedded systems. From a software viewpoint, flash and EEPROM
technologies are very similar. The major difference is that flash devices can only be erased
one sector at a time, not byte-by-byte. Typical sector sizes are in the range of 256 bytes to
16KB. Despite this disadvantage, flash is much more popular than EEPROM. Resistive
random access memory (ReRAM) is regarded as one of the most promising alternative
nonvolatile memory technologies for its advantages in very-high-storage density, simple
structure, low power consumption, and long endurance as well as good compatibility with

traditional complementary metal oxide- semiconductor (CMOS) technology [31]. It works by
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changing the resistance across a dielectric solid-state material and shows the greatest

potential in massive data storage.

2.3 Static Random Access Memory (SRAM):

Static Random Access Memory (SRAM) remains the workhorse of memory. There are a
higher number of SRAM memories, especially when considering built-in memory globally.
In many applications, SRAMs are quietly introduced. The earliest memories were made of
SRAMs. SRAMs are quick and are used when the fastest speed memory, such as L1
microprocessor caches, are needed. They can be developed for applications with little power,
such as I0T. Then their data will be maintained till the power is switched off or the data

status is set to cell location. SRAM is the easiest to utilize of all semiconductor memory [32].

2.3.1 Why SRAM?

The origination of the concept of the Metal-Oxide—Semiconductor Field-Effect Transistor
(MOSFET) based memory was first commercialized and perfected in the seventies. Robert
Den nard of IBM investigated the dynamic memory cell using a single MOSFET and a
capacitor in 1968 [33] . The first MOSFET based on dynamic random access memory- chip
with 2k-bits was developed in 1971 with several process improvements in leakage control.
However, DRAM performance has not kept the pace with the performance of the processors
from the very beginning due to long access time and more power weak. The dynamic nature
of DRAM requires that the memory must be refreshed periodically so as not to lose the

content of the memory cells [34].

The growing gap between the processors and the DRAM performance has dictated the need
of different levels of memory hierarchy in the processor architectures. The on-chip cache
memories are often called L1, L2 and even L3. The different levels of cache memories are
SRAMs and they dominate the memory hierarchy in performance but they are often

integrated in a lesser capacity due to area limitations and the high cost per bit [34].

SRAMs continue to be critical component across a wide range of microelectronics
applications from consumer wireless to high performance server processors, multimedia and
System On Chip (SoC) applications. Modern high performance processors and SoC
application demands more on-chip memory to meet the performance and throughput
requirements [35].

12
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2.3.2 SRAM Architecture:
An SRAM consists of an array of bi-stable memory bit cells along with peripheral circuitries,
such as address (row and column) decoders, sense amplifiers, write drivers and bit line pre-

charge circuits etc. Peripheral circuitries enable reading from and writing into the array. A
classic SRAM memory architecture is shown in Figure. 2.2. The memory array consists of 2"

words of 2" bits each. An SRAM array is composed of millions of identical bit cells [35].

A memory bit cell is a circuit capable of storing a single bit of information “1” or “0”. They
share a common word line (WL) in each row and a bit line pairs (BL, complement of BL) in
each column of an SRAM array. The dimensions of each SRAM array are limited by its
electrical characteristics such as capacitances and resistances of the bit lines and word lines
that used to access bit cells at uniform delay in the array. Memory arrays are organized such
that the horizontal and vertical dimensions are of the same order of magnitude. Therefore,
large size memories may be folded into multiple blocks with limited number of rows and
columns. After folding, in order to meet the bit and word line capacitance requirement each

row of the memory contains 2 words, so the array is physically organized as 2" rows and

2" columns. Every bit cell can be randomly addressed by selecting the appropriate word line
(WL) and bit line pairs (BL, complement of BL), respectively, activated by the row and the

column decoders [35].

13
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Figure 2.2: General SRAM array architecture [35]

2.3.3 SRAM Bit cell:

A SRAM bit cell, as depicted in Figure 2.2 is the fundamental building component of the
SRAM array. Every piece of cell circuit can store a single bit of information. It offers a safe
reading, writing and data storage operation, when the SRAM bit cell is powered up. SRAM
Bit cell has 6T transistor which involves of four MOS transistors (NMOS) and two p MOS
transistors (PMOS) as shown in Figure 2.3 At first the series PMOS and NMOS consists of a
CMOS inverter (notice, in Figure 2.4a and Figure 2.4b, that a Complementary Metal Oxide
Semiconductor (CMOS) circuit is displayed), have 6T SRAM cell [36].
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Figure 2.3: Circuit diagram of 6T SRAM [36]

For analyzing the operation of the SRAM bit cell in more detail, the basic operations of the
SRAM cell can be divided into three: The first operation is the “read operation.” In the read
operation, the data stored in the SRAM bit cell is accessed through the bit lines. However, the
data stored in the SRAM bit cell must not be disturbed (i.e., the data stored in SRAM bit cell
cannot be changed from 0 to 1 during the read operation). If this data is disturbed during the

read operation, it is called a destructive read operation [36].

The second is the "writing process.” During the written process, the data in the bit cell is
reversed (or altered) to a new value from the previous value. It is vital that the data-fluting
procedure is quick and dependable in this operation. "Data retention procedure” is the last
operation. As a pair of transistors in the SRAM bit (i.e., pass-gate transistors (PG1) and
PG2) divide the bit lines (e.g., bit line (BL) &bit line bar (BL")) from the SRAM, the SRAM

bit cell operates as a coupling inverter latch [37].
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2.3.4 SRAM Bit cell Read Operation :

The 6T SRAM cell's reading and writing processes are nearly identical. BL and BL' are
loaded first [38] . The gates are then triggered through the word line by providing voltages to
the electrodes of the gate passing by (WL). The VceLL line constant lies the linked inverter
lock (where, usually, Vop is biased). The biasing conditions on the bit lines fluctuate greatly

between read and write operations [37].

The bit lines (BL and BL") of a 6T SRAM cell are pre-charged to Vpp (or Vi), which is
considered as the high-power or '1' bit, in order to enter data saved in the cross-coupled latch
without reversing the recorded information. In the SRAM circuit, the parasitic capacitance is
not taken into consideration. Generally speaking, the parasite capacitance of the bit line may
be broken into three categories of parasites: (i) the bit line capacitance of the metal-wire, (ii)
the overlapping capacitance of the gate-to-drain, and (iii) the source and pass gate transistor
drain capability [39]. The metal-wire capacitance of the bit lines is a combination of (1) the
capacitances between the BL and BL' metal wires, (2) the capacitance between the bit line
and the other bit lines of neighboring SRAM cells, and (3) the capacitance between the bit
line and the ground line (or GND, in short) [40].

the 6T SRAM cell is turning the pass gates on, by applying a voltage through the word line.
Consider the case where, the bit ‘0’ is stored in a 6T SRAM bit cell.

Then, the voltage at nodes Q and Q s Vo, and GND, respectively. Right after the bit

lines are pre-charged and the pass gates are turned on, the voltage at each node will be as

shown in Fig. 2.5. Since the voltage at the node Q is GND, the PD2 is turned off. Similarly,
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the PU1 is turned off because the voltage at node Q is V,, . Then, we can figure out that
the current will flow through BL-PG1-PD1, and thereby, the pre-charged BL will be
discharged (shown as a green line in Fig. 2.5). At last, the voltage difference between BL and
BL' is detected by a sense amplifier located between the bit lines. As a result, we can read the
6T SRAM bit cell data as ‘0’ because the voltage at BL is discharged while BL’ remains
unchanged. Note that there is no current flow through PG2 while PG2 is turned on. This is
because the voltage difference between the drain and the source of PG2 is zero (shown in Fig.
2.5) [37].

BL WL (Vop) BL
5 4 &-
Veew = Voo

—q[ Pu2

=

Current Flow —l—

Figure 2.5: At each node during the read process, current flow and voltage levels [37]
BL is known when data from the 6T SRAM is downloaded. As a result of the current flowing

via BL-PG1-PD1, the voltage at node Q is significantly raised.

When the voltage in node Q is sufficient, the PU2 may be switched on and off in response to
the data in the 6T SRAM bit cell .Thus, PD1 has to be stronger than PG1. The readings must
thus be somewhat closer to PD1 than to PG1.
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The steadiness of a read process is therefore a struggle among the 6T SRAM. The ratio of the
read steadiness can displaying related to 6T SRAM. The PD: PG ratio, which is called beta
(B) ratio [41], is defined. If PD and PG have similar mobility, B can be simplified to PG [37]

by its B ratio to its physical dimension ratio (i.e. to Wch / Lch).

The read method is shown in Figure 2.6 when data in a 6T SRAM are at 1 at Q node. It is
about the same if the data stored at Q is '0.' The reader may see that it is the same as Figure
2.6 just by horizontally twisting Figure 2.5. Therefore if the data is '1' within a 6T SRAM
cell, the data kept in a 6T SRAM may be represented as the reading procedure when it is '0'
[38]. The reading operation can explain this.

The channel width of flat bulk transistors of CMOS may be changed without many
limitations. However, channel width cannot be adjusted as quickly as the flat mass CMOS
transistors for Fin FET . In order to retain its superior electrostatically and planar resistance,
the width and height of the fine are limited by the look ratio that must be observed [42].

Furthermore, the Fin FET channel width is measured. Therefore, the transistor channel width
of a Fin FET-based 6T SRAM cell can only be modified by the number of fins [37].
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Figure 2.6: Reading from SRAM when BL=(i.e., = 1) [38]

2.3.5 SRAM Bit cell write Operation

The write operation can be classified into four distinct categories:

Case one: 0 is saved and writing 0 is asked,

Case two: 0 is saved and writing 1 is asked,

Case three: 1 is saved and writing O is asked,

Case four: 1 is saved and writing 1 is asked.

Cases one and four are inconsequential since they involve the overwriting of previously

recorded data with identical data. As a result, only Cases 2 and 3 will be examined [36].

To read data from a 6T SRAM bit cell, a charge is applied to both the BL and the BL' . The
pre-charged voltage levels on the BL and must be reversed, however, in order to put data into
the SRAM cell. The BL is driven from Vpp to GND while pre-charged to Vpp in order to
write 0 at the node Q in the SRAM cell's node. In contrast, BL is pre-charged and driven
from Vpp to GND to write 1 at the node Q in the SRAM cell's node.

Both PG1 and PG2 are switched on by providing power to their gate electrodes through the
word line after the BL and BL' have been adjusted to the proper voltage levels. Figures 2.7
and 2.8 for Case 2 and Case 3 illustrate the voltages at each data storage node in the SRAM
cell ,respectively[37].
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As soon as the power is turned on for the two PGs (PG1 and PG2), current flows through

BL-PG1, PD1 and PU2-PG2 in Case 2 (i.e. when zero is in storage and writing a one is

requested) (as shown in Figure 2.7). This results in a drop in voltage at the node Q followed
by an increase in voltage at the node Q. Nodes Q and PD1 and PUL1 are turned off and on
until the voltage at the node lowers to a level low enough to turn PU1 on, or it rises enough to
turn PU2 off. What we have here is a "flip," in which the voltage levels at the nodes of the

circuit have been switched from Q to Vpp and GND, respectively [37].

BL WL (Vpp) BL’

Veew = Voo

PU2
= I Car
a
* rc2 .—”_1'
PD2 GND

CurrentfFlow

Current Flow —_——

Figure 2.7: Voltage level and Current flow at individually data storing node ( case 2)
[37]
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Figure 2.8: Voltage level and Current flow at each storing node (case 3)[37]

It is possible to regard Case 3 to be the same as Case 2 (that is, storing '1' and requesting '0").
After PG1 and PG2, the paths PU1-PG1-BL and BL-PG2-PD2 are activated. Current flows
are enabled, because Vpp is preloaded and BL determined from Vgq¢ to GND (as shown in

Figure 2.8). Thus the Q node voltage falls, the node Q voltage waxes till that get the Q node
voltage small enough to switch on PU2 and off PD2 and/ or (ii) the nodeQ tension is

sufficient to switch off and on PD1 PU1 . Consequently, the node voltageQ and Q are
turned to Vop and GND [37] correspondingly.

2.3.6 SRAM Address Decoders:

One common method is to assemble linear memory words to build an N-word memory with a
bits of M of each word. Each word is picked for reading or writing using N selected lines for
N separate places. However, this strategy seems easy and works well for little memories, but
it becomes difficult when the number of memories is enormous. Therefore, if it is structured
in a linear way, a great number of lines or signals (~1 million) is needed to access that word-
based memory. This (linear) method therefore results to insurmountable cables
(interconnections) and packaging needs. An address decoder is introduced to decrease the

number of lines or otherwise the number of interconnections. Address decoder allows the

number of select lines in the SRAM to be reduced by a factor of log2N, where N is the
number of independent locations[35].
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In SRAM there are two decoders: row decoder and column decoder . SRAM's performance
and power consumption is driven by the design of these decoders. Row decoders must pick

word line rows in the array by address bits from a number of rows.

In the selected line bit line, the pairs will be chosen from the column decoder's bit line pairs.
Using AND/NAND and OR/NOR Gates you may build a quick decoder. The decoders can be
statically and dynamically constructed in two distinct methods. The selection of design
models depends on the performance, power and architecture area of SRAM. Due to its low
power usage during decoded line changes, the static AND type structure may be employed
[35].

For large SRAM arrays, the whole address space is A0, Al. Row decoder must be used with
a decoder of 10 bit row and a column of 10 bit. A 10-input AND gate is required per row for

row decoder implementation.

This presents many problems such as big fan in which performance, power dissipation etc. is
negatively influenced. The division of a big gate into tiny logic levels hence generates faster,
more efficient and less expensive implementation. Single-stage row decoders, on the other
hand, are the best answer for small single-block memories. For multi-phase decoder designs,
two broad kinds have been identified as show in figure 92.9)and (2.10) : the Divided Word
Line (DWL) [43] and the Hierarchical Word Decoding (HWD) [44].

row decoders

o B M global word line
/

i

local word ling

select

SRAMcel ek block 1 block 2

Figure 2.9: Figure 2.9 Divided word line row decoder [43]
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Figure 2.10: Figure 2.10"Hierarchical Word Decoding™ (DWD) scheme[44]
Figure 2.9 illustrates the DWL structure in which the SRAM is broken into blocks. When

both the global word line and the choose block are inserted to read or write a block, the local
word line is activated to read or write the block. Since a read or write operation is active just
one block at a time, the DWL structure decrease word line delay and power consumption. In
order to meet growing delays and electricity consumption, the hierarchical text line decoding
structure was proposed for high density and large SRAMs above 4 MB, as shown in Figure
2.10 [35].

2.4 An Overview of Testing

The product's life cycle consists of three phases in which testing is crucial. First, the design
test aims to discover and identify design flaws during the design process to assure that the
produced product performs its intended functions properly. The testing in the form of design
verification. Next, in the production phase, testing will aim at identifying any production
flaws that prohibit the supply of the quality and performance to the final system it is intended
for (installed circuitry, impressed circuit board, etc.). Lastly, testing aims to identify any
defects (functional defects) that occurred during operation and which would cause the system

to be operated incorrectly [45].

Various test challenges must be solved during product design and development, but the
ultimate aim is to accomplish cost-effective quality testing. This objective has gained

increasingly challenging when accomplished on Very Large Scale Integrated (VLSI)
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components has increased, such as integrated Random Access Memory (RAMSs), so that
several companies have stated that testing costs typically account for up to 55% of the

product's total cost [46].

2.4.1 Kinds of Tests
Depending on the device being tested, the equipment testing it and the purpose of test,
various types of testing are performed. Below, some commonly used terminologies are

discussed as follows [47].

1- External testing: An external instrument might include a chip, a board or a computer they
need for device testing .

2- Internal Testing or (DFT): The tester is placed in the same packaging as the unit for a
device called the Design For Testing (DFT). The hardware tester is typically integrated with
and on the same chip as the device being tested in the case of a Built-in Self-Test (BIST).

3- Online testing: Testing takes place during regular activities of a gadget.

4- Offline testing: The test device must stop to operate normally, and then it must be tested.

Internal or external test gear can do offline testing.

5- Competitive testing (Online): Competitive testing is carried out when normal data is used

by the gadget to fulfill its usual tasks.

6- Competitive testing (Automatic Test Equipment (ATE): The concomitant testing is
conducted by the Automatic Test Equipment nomenclature when a tester simultaneously tests
different sections of the chip. For example, when the device is in the testing head, memory

and logic components are checked simultaneously.

7- DC Testing: The device is tested far more slowly than its frequency of operation. This

permits all events to spread prior to sampling outputs.

8- In-Circuit Testing: The testing device is not removed for testing from its assembly

position.

9- Speed testing: equipment that was examined at a constant rate of operation. The AC

Testing is also known.

10- Guided test: Testing is carried out to discover the source of an error in the circuit outputs

in a reverse testing procedure from outputs to inputs.
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11- Diagnosis: When tested to detect the reason of failure, diagnosis is carried out.

2.4.2 Testing Difficulty

Testing process has become an extra complicated problematic in the last two to three
periods. Although the number of I/O pins has grown for several VLSI procedures, the
numeral of transistors in several VLSI procedures has improved. Moreover, a Circuit Under
Test (CUT) is viewed as a black box by most operative test methods, the only nodes that can
be checked by the testers are their major inputs and one is the primary output. To overcome
this testing challenge, digital circuits need to be tested extensively by combining test design

techniques [45].

To this end, creators must take part in the test process through the incorporation of testing
hardware in their designs and the assessment of testability designs. DFT methods provide for

more controlled and simpler observation of the internal structure of a design.

2.4.3 Design for Testability (DFT)

Design For Testability (DFT) methods aim to increase circuit’s testability by incorporating
extra circuits to improve the CUT control and observability. Whilst the extra DFT circuitry
might increase design time, it typically decreases development time. Moreover, certain DFT
methods decrease test creation time by Automatically Test Patterns Generating (ATPG) for
all detectable circuit errors, with over 100 percent fault analysis [48]. Other DFT techniques
(especially BIST approaches) allow for the construction of internal test patterns and the
compression of output answers inside the CUT, which reduces the amount of further check

time required after the first check [49].

2.5 Built-in Self-test (BIST)

BIST represents a DFT method where tests are performed using integrated hardware [48].
The main concept is to have a testing VLSI chip. In addition to the CUT, the conventional
BIST design includes, as illustrated in Figure 2.11, Four hardware modules.
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Figure 2.11: BIST Architecture

The Test Pattern Generator (TPG) provides the CUT test pattern. In order to establish the
validity of the CUT, the Output Response Analyzer (ORA) compared or evaluates the exam
answers. The input isolation multiplexer used for isolating system CUT input from testing
input, by switching between normal and testing mode. The BIST controller is the main unit
for all BIST activities, which includes the BIST sequence's initiation and duration. BIST
controls at each circuit hierarchy, such as modules, chips, boards and system levels, are
available in a BIST system hierarchy.

The control of the BIST lower level BIST activities, and the reporting of the test findings to
the higher level is the responsibility of each BIST-controller. The design of a TPG is based
on the test strategy. A fault coverage, overhead testing and test times determines the test

technique chosen [45].

2.5.1 Test Pattern Generator (TPG)
Multiple types of test patterns exist. Sometimes TPGs are categorized by their class of test

patterns [35]. The following classes are:

1- Deterministic test patterns: particular errors and/or structural defects for a certain CUT are
designed for detection. For example, a ROM with a counter might have a device that applies
deterministic vectors. The application of this sort of technique for BIST is restricted. In BIST

applications, this method is commonly called "stored test patterns.”

2- Algorithmic testing patterns : It is similar to deterministic patterns in that they are specific

to a given CUT and are developed to detect specific fault models in the CUT. However,
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because of the repetition and/or sequence typically associated with algorithmic test patterns,
the hardware for generating algorithmic vectors is usually a Finite State Machine (FSM) or a
microprocessor (Micro code), and usually used March algorithms. This test pattern
generation approach is specified for Memory Built-in Self-test (MBIST)

3- Exhaustive test patterns: It generates input test patterns using a counter-based method.
With an N-input combinational logic circuit, it uses an N-bit counter to produce all possible
test patterns and identifies gate-level stuck-at faults, wired AND/OR and dominant bridging

faults without fault simulation.

4- Pseudo-exhaustive test patterns : represent a substitution to exhaustive test patterns. Each
partitioned combinational logic sub circuit will be exhaustively evaluated in this example;
each K-input sub circuit will be exposed to all conceivable patterns, where K < N, while the
sub circuit's outputs are monitored during the testing process[50]. Counters and Linear
Feedback Shift Registers (LFSRs) are examples of hardware that might be used to generate
this sort of test pattern for BIST.

5- Pseudo-random test patterns: are the most common TPG hardware-generated BIST
patterns. These test patterns are mostly generated by LFSRs.

6- Weighted pseudo-random test patterns : This is advantageous for circuits that are resistant
to random design. To generate pseudo-random test patterns, this method begins with an
LFSR and then filters the patterns in the test patterns utilized in the CUT using
AND/NAND and OR/NOR gates.

7- Random testing patterns: were often utilized both for external microprocessor functional
testing and for ATPG software [51]. However, the group of highly unplanned patterns for the
BIST application is restricted, because such patterns cannot be reproduced and the error

coverage gained would thus change from a BIST sequence performance to the next one.

2.5.2 Output Response Analyzer (ORA)
The findings from the CUT will be ‘compacted’ in most ORA procedures to 'Signatures,’ in

comparison with the anticipated error free circuit signature. Instead of a single pass/fail bit,

the signal may contain a BIST signature sequence of data bits. It is used because compression

does not mean loss of data, while most ORA systems cause some loss of data. There are
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numerous types of ORA circuits dependent on how the output data is compressed [45]. These

classes:

Concentration: Data compression is normally done in a single data stream from multiple
CUT outputs. Concentration: A classic concentrating apparatus is a tree of exclusive OR

doors coupled to a parity circuit .

Comparative: ORAs utilize a comparator to identify error-free and defective circuit error.
While this specific BIST method is not generally employed because of its wide overhead

area,

Counting systems: Count the number of nulls or 1s in the CUT output response at the
completion of the test sequences and sign a signature with the resultant count of the

associated characteristics for the CUT Pass/Feeling indication.

Signature investigation: this is the most often employed BIST implementation approach for
ORAs [48]. The LFSR is the main component of the ORA program used for signature
analysis. Divide the CUT polynomial by a distinctive LFSR polynomial for the
implementation of ORA is the basic principle underlying the signature analysis.

Accumulators: Use the binary magnitude of each answer to summarize the CUT output

replies.

Parity control: for the output response, compression methods can also be utilized. The
principal notion is to compute parity and control parity at the conclusion of the BIST method
for the output response data.

2.5.3 BIST Advantages and Disadvantages
BIST enables a circuit to test itself, so there are many advantages of BIST include:

1. Low cost: In comparison to external testing utilizing expensive automated test equipment,

it is more efficient and cost effective (ATE).

2. Vertical testing: may be used at all test levels simply. All production tests and system
level tests on the ground may be carried out using the same test technique in wafer and
device-level tests (BIST).

3. High diagnostic resolution: BIST error detection not only shows that there is a problem,
but also that the VVLSI device is faulty.
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4. Minimize test time: all BIST testing is carried out at the frequency of the system clock.
This is usually known as at-risk tests and is significant since it allows for errors to be detected
that contribute to undue latency in a CUT that works otherwise. This means that the testing
takes place at its highest rate, which reduces the testing period for the gadget.

Disadvantages of implementing BIST include:

1. Further time and effort to design: two systems have to be created, one BIST system at the

top and the two systems have to work for the project's success.
2. Overhead area: BIST circuit boosts the total device area.

3. Strom discharge: BIST circuitries that increase power dissipation due to excessive BIST
activity may be troublesome in certain system applications, like as power-consumption

applications or temperature restrictions.

2.6 SRAM Fault Models

SRAM is a sequential logic of many storage cells, so it is impractical testing a large
sequential logic using regular sequential tests, because it takes a very long time. It cannot be
done by overhead hardware to use sequential SRAM in conjunction with combinational
testing techniques. However, they have the same fundamental criteria as structural and

functional fault model for reading or writing specific areas.

2.6.1 SRAM Structural Fault Model
The structural defect model of SRAM (Figure 2.12) is a storage array made up of n/m or m
cells . The Memory Hardware is a series of decoding, read and write logic cells, decoders and

column addresses, and a logic block to manage the input and output data .

The actual configuration of memory cells in the array depends on a chip and not on a word or
space. Testing this structural defect model one by one would take great resources, like it is
carried out in logic testing, given the numbers of cells and the potential structural defects
each cell may have. The SRAM solution consists of utilizing a functional defect model, rather
than a structural one, and simultaneously evaluating defects in the surrounding circuitry and

the memory array [47].
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Figure 2.12: SRAM structural defect model [47]

2.6.2 SRAM Functional Fault Model

The functional fault model for SRAM depicts the defects that arise when reading and writing
memory. The classical and non-classical functional failure models are two main features
connected with SRAM. While the conventional functional error models are due to the
memory cell structure, the dense packaging of the cells in the array will result in non-

classical functional defect modeling. Classical models of functional defects include [52]:

1- Stuck-At Faults (SAF): result when the cell contents are stuck-at-0 or stuck-at-1. To detect

these faults, one must test each cell with both logic 0 and logic 1 values.

2- Address Decoder Faults (AF): outcome if owing to a failure in address decoder logic, an
incorrect address will be picked. All addresses have to be tested using unique data to detect

these defects.

3- Data line faults : occur when the registers of data input and output ( or bit and row when
the bit row is supplemented) contain defects that do not allow proper data to be entered or
read from the cells inside the array. The logic 0 and logic 1 value must be transmitted via

each input and output of data to identify these errors.

4- Read/write faults: they occur from read/write check lines or read/write check logic flaws
which prohibit cell array read/write operations. So, must write and read all cells to discover

these defects.
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Non-classical functional fault models include [53]:

1- Transition Faults (TF): These fault happen as a result of a cell being unable to undergo a
transition or being unable to undergo a transition. To find these problems, both transitions
must be tested.

2- Data retention faults: These faults occur as a consequence of which a cell's contents are
lost after a particular amount of time. To discover these errors, data must be read following a
time of inactivity (no read or write operation).

3- Destructive read faults: These faults cause a read operation to be performed, which
changes the contents of a cell These kind of defects are referred to as read disturb faults in
some circles. It is necessary to make numerous readings of the cells in the array after data has
been written in order to discover these errors. Reads for both logic 0 and logic 1 values
should be carried out in the same manner.

4- Neighborhood Pattern Sensitive Faults (NPSF): the contents of the specific cell are
impacted by other cell content. One example of pattern sensitivity is a bridging failure
between the cells. If this failure is to be detected, the test cell must be circumferred in

neighboring cells by special logic values.

5- Coupling fault (CF): It causes other cell activities to affect the contents of a specific cell.
The key difference is that the defect in pattern of sensitivity depends on the static level of the
adjacent cell, whereas connective defects are generated by transitions in distant cells by
writing or reading. Clouding fails and pattern sensitivity faults look similar. There are several
sorts of connection errors and the identification of them depends on the connection type [53].

2.7 March Algorithms

The impacts of a memory cell on each other may be seen through a functioning defect model
test. However, every cell must be read and written to 0 and 1, in order to complete and
exhaustively test an array, to check what they are affecting, while all other cells are being
read. Obviously, it might lead to extended test periods if the method is exhaustively carried
out . The time complexity of testing to O(N), where N is the total number of memory bits
available, may be reduced by using specific approximations, and the march algorithms are the

most effective method of doing so.

2.7.1 Traditional March Algorithms
A March examination algorithm may be thought of as a series of March elements in

sequence. In every memory cell, a mark element is comprised of an order of reading and/or
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writing that is applied from cell 0 to cells N-1 or from cell N-1 to cell 0. The next March tests

can be specified more accurately [54]:

» The March element is a finite series of operation applied for each cell in the memory in one
of the 2 addresses commands, rising (1) address command from O to N —1 address or
lowering (]) address command from N —1 address to 0, where each cell's operations have to

be the similar for each cell.
* A test in March is the first in a limited sequence of tests in March.

According to the above definition, the way the test proceeds to the next cell is determined by
the address order (increasing or decreasing). For some March elements, the address order can
be chosen arbitrarily and this is indicated by the () symbol. Moreover, the address order may
be irrelevant. However, that the only real requirement for the March tests is that the address
orders and must be inverses of each other. An operation applied to a cell can be “w0”
(write 0), or “w1”, a “r0” (read 0), or a “r1”. The complexity of March algorithms testing is
denoted by "N", which represents the number of operations on each address, rather than each
bit, within the memory. Table 2.1 shows some classical March algorithms and its fault

coverage [53].

Table 2.1: Some classical March algorithms and its fault coverage

March Operations N Detected Faults
algorithm Sequence B SAF AF TF | CF
Zero-One {10 (w0 T (r0); T (wl) T (1)} AN + - + -
MATS {1 ow0): T (0. wl): T (#1)} 4N + +/- -
MATS+ {5 w0y 1T (-0, wi): U (L w0y 5N - + - -
MATS++ | {1 (wO): 1T (0. wi): U (#1 w0, »0)} 6N + + - -
March Y 8 ov0): (0. w1 8N + + + | +-

U o1, w0, 700 1 (200}
{8 (w0 1T (-0, wh: 1T (»Lw0): T (-0
March C | [ 0, wi) U (»1 w0): T (- 0)} 1IN | + + + +

Mardh C. {0 (w0): 1T (0, 3D); 1T (1, w0 LON . N . N
U 0, wi): U (L w0 T (-0)}

32



Chapter _Two Memory Testing

2.7.2  Zero-One Algorithm
Zero-One algorithm described as described below:
{0 (w0); 8 (r0); T (w); T (rD)}

Each operation of write and read represents a full address sweep. Some refer to the pattern of

this algorithm as the blanket pattern or as MSCAN. The " o denotes that the order is non-
consequential and that no preference is given to the addressing order. Each address is
accessed only four times and is referred to as a complexity of 4N algorithm, due to its four
operations (two write and two read). If a memory was only sensitive to stuck-at faults, the
Zero-One algorithm would be sufficient to catch all defects. With fault grading, the Zero-One
pattern achieves 100% stuck-at Fault coverage in the memory cells [32].
2.7.3 March C Algorithm
This algorithm has 7 March elements and all of the order/direction oriented, unlike the
Motorola Scalable Controller Area Network (MSCAN) algorithm.
{0 (w); T (ro,wa); 1 (rL, w0); § (r0); ¥ (r0,wa); U (rL, w0); 3 (r0)}

1. J (wO0): Write 0s to all cells in any order.

2. 11 (r0,wl): Repeat this process until you reach the highest address (the expected read

value is 0), and then read from the lowest address (the expected write value is 1) and

write a 1.

3. 1 (r1, w0): Continue reading from the lowest address (where the expected read value
is 1), writing a O at this location, and repeating the process until the highest address
has been reached.

4. {(r0): Read from any and all of the cells in any sequence (expected read value is 0).
5. U (ro,wl): Repeat this process until the lowest address is reached, starting with the
highest address (anticipated read value is 0), writing a 1 at this address, and so on.

6. U (r1, w0): Repeat this process until you reach the lowest address (the anticipated read

value is 1), then read from the highest address (the expected read value is 1), and so
on.

7. {(r0): Read from any and all of the cells in any sequence (expected read value is 0)

Because it has 11 operations, two for each of the elements two, three, five, and six, and one

for each of the elements one, four, and seven, the March C algorithm is deemed to have the
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complexity of the 11N algorithm. The algorithm used in March C is not redundant (A
redundancy is a repeat of an operation that does not allow any further faults to be detected). It
encompasses a broad range of defects, including stuck-at faults, several Coupling Faults,
Transition Faults, and a large number of Address Decoders

2.7.4 March C- Algorithm

The March C- algorithm is a slight reduction of the March C, which had inefficiency or
redundancy that was eliminated by the March C algorithm. The March C- algorithm has the

following March elements [47]:
{8 (wo); T (r0,wa); 7 (r1,w0); U (r0,wa); U (r1,w0); § (r0)}.

The March C- algorithm is considered as a complexity of 10N algorithm, due to its ten
operations, two for each of elements two through five and one for each of elements one and

SiX.

The March C- algorithm is ostensibly stated as covering unlinked idempotent coupling faults.
In reality it covers a host of faults including stuck-at faults, many coupling faults, transition
faults, and many address decoder faults are also covered.

2.7.5 MATS Algorithm

The Modified Algorithmic Test Sequence (MATS) , is a 4N-complexity test sequence [55]. It
is focused on finding stuck-at faults as well as detecting some address decoder faults. MATS
has the same length as the Zero-One algorithm but is far superior. And it has the following

March elements:

{0 (wo); 7 (ro,wa);  (r1)}-

2.7.6 MATS+ Algorithm

This algorithm is less complex than March C— and is considered optimal for unlinked stuck-at
faults [56]. MATS+ is a 5N complexity and can be represented as following March elements:
{0 (wO); Tt (r0,w); U (r2, wo)}-

2.7.7 MATS++ Algorithm

The MATS++ algorithm is an improved MATS+. It is a 6N complexity [53]. This technique

identifies several types of address decoder failures, including stuck-at fault , transition fault ,
and coupling fault problems. It can be represented as following March elements:

{0 (wO); 7" (ro,wa); ¥ (rL, wo, r0)}.
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2.7.8 MARCH Y Algorithm:
March Y tests connected transition and inversion coupling problems. Additionally, it
identifies address decoder and stuck-at issues [32]. It is an 8N complexity and can be

represented as following March elements:

{8 (w0); Tt (ro, wa, r1); U (r1, w0, r0); § (r0)}.

2.8 Memory BIST (MBIST)

MBIST (as shown in Figure 2.13) is a special type of BIST, with following characteristics:
1. CUT: is an embedded memory under test (SRAM).

2. TPG: is an algorithmic test patterns generator (March algorithm).

3. ORA: is a comparator-based output response analyzer.

Test Startl T Test Done
MBIST Controller
—+Control “ﬁlem.f;a‘
v Isolation
T
Test Write/Read lﬂ,i
TPG CUT
(March algorithm) — (Memory)
| Address
Isolation
MUX
Test Address -
—+ Input =
Isolation >
Test Input » MUX
L—
System Write/read ¥
> Pass/Fail
Syvstem Address > ORA —_—
, {(Comparator)
System Input
= l Output

Figure 2.13: MBIST Architecture
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2.9 Summary

Embedded memories occupy the largest part of the chip, and its capacity, density and
complexity increases linearly throughout the year, also its defect types are becoming more
complex and needing more complex and too costly Automatic Test Equipment (ATE). A
promising solution to this dilemma is MBIST which adds low-cost test circuitry to the

memory itself and provides an acceptable yield.

Semiconductor memories classified to Read—Write Memories (RWMs), which is most often
called Random Access Memory (RAM), Read Only Memories (ROMs), and Nonvolatile
Read—Write Memories (NVRWMs or NVRAMs). Of all semiconductor memories, the Static
Random Access Memory (SRAM) is the faster and easiest to use, so it used across a wide
range of microelectronics and System On Chip (SoC) applications. SRAM is a memory array

consists of words of 6T bit cell each, with word line (WL) in each row and a bit line pairs

(BL) in each column. Each 6T bit cell consists of four n-type MOS (NMOS) transistors and

two p-type MOS (PMOS) transistors, and its basic operation is read, write and data retention,

and it works just like as a cross-coupled inverter latch. SRAM address decoders consist of
row and column decoders, with multi stage decoder structures which are classified into
Divided Word line (DWL) and Hierarchical Word Decoding (DWD).

There are many types of Logic tests, like Internal Testing which uses a tester for a device
called Design For Testability (DFT) like Built-in Self-test (BIST), and Concurrent Testing in
case of ATE. The main problem for logic testing is limitation of controllability and
observability for circuits under test (CUT), which overcame by incorporation of design for
test (DFT) techniques. DFT seek to improve the testability of a circuit, and minimize test
development time by providing automatic test pattern generation (ATPG) for all detectable
faults. Main types of DFT approaches are adhoc, scan design and BIST. BIST is a DFT
technique in which testing is accomplished through built-in hardware features and enable
VLSI chip to tests itself. The typical BIST architecture is composed of Test Pattern Generator
(TPG), Output Response Analyzer (ORA) and input isolation multiplexer. The main type of
TPG that used in BIST is Algorithmic test patterns which usually use March algorithms and
implemented by Finite State Machine (FSM) or a Micro code. The main type of OPA that
used in BIST is Comparison-based and implemented by an RS latch. There are many

advantages of BIST include: low-cost, vertical testability, High diagnostic resolution and
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Minimize testing time, but there are some disadvantages include: Additional design time and

effort, Area overhead and Power dissipation.

SRAM s a sequential logic of many storage cells, so it is impractical testing a large
sequential logic using regular sequential tests. The solution is by using functional fault model
which represents the faults that occur during memory write and read operations. SRAM
functional fault models include: Stuck-At Faults (SAF), Address Decoder Faults (AF),
Transition Faults (TF) and Coupling Faults (CF). The best way for achieving SRAM
functional fault models tests is by using March algorithms, which is a sequence of read and/or
write operations that are all applied to every cell in the memory. The classical March
algorithms, include Zero-One, March C, March C- , MATS, MATS+, MATS++ and Mach Y,
are used for detecting bit-oriented memories faults. MBIST is a special type of BIST by using

SRAM as CUT and March algorithm test pattern generator as TPG and comparator-based
ORA.
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Chapter Three

3. The Proposed Methodology

3.1 Introduction

In this chapter, two new word-oriented Memory Built-In Self-Test (MBIST ) algorithms (Fast
March and FSM March) were developed from a traditional bit-oriented MBIST ZERO-ONE
and March C- algorithms, by using a test patterns. VHDL is used to design and implement
the proposed algorithms, which offer the flexibility in design and simulation and portability
which enable to apply MBIST designs directly for testing FPGA (Field Programmable Gate-
Array) based SoC (System-on- Chip) embedded memories. The Fast March algorithm is
simple so it is designed on the basis of counter to reduce resources and make performance as
fast as possible . On the other hand, the FSM March algorithm is complex, and the best way
to design it is by using Finite State Machine approach, which represents complex operations
as detailed in the state diagram which enable to programming it with VHDL language. The
main advantage of the proposed algorithms ( Fast March and FSM March ) is it can be used
to test an embedded memory with any size if its word length is one byte, by using a simple

modification on address bus to fit a size of tested memory.

3.2 Word-oriented memories:

The previous algorithms (ZERO-ONE and March C-) could not be used to test word-oriented
memories because they were designed primarily to test bit-oriented memories, and since each
bit cannot be accessed individually in word-addressed memories. Therefore, it was necessary
to find a way to reflect the interaction of each bit in the word with the rest of the word bits.
The solution was by using a test patterns with the length of the memory word instead of (0
and 1), where the number of needed test patterns for memory testing determined by the law in
Equation (1) where m is the length of the word. The word length is expressed in bits, if the
word length is 8 bits, normal of test- patterns is 4 , and the inverse is 4, shown in Table 3.1.

log2(m+1) .............. (1)
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Table 3.1: Test pattern

Test Patterns
number
Normal Inverse
0 00000000 11111111
1 01010101 10101010
2 00110011 11001100
3 00001111 11110000

3.3 Fast March Algorithm:
Fast March algorithm is a modified algorithm from the traditional ZERO-ONE algorithm,

and it was designed to test word-oriented memories based on test patterns. It uses the stages

of the ZERO-ONE algorithm after replacing ‘0" with normal test patterns and '1' with inverse

test patterns and iterating according to the number of normal test patterns which based on the

length of the memory word.

If the length of the memory word is 8 bits, normal of test-

patterns is 4, so the stages of the Fast March algorithm become as follows:

MO,1 :
MO,2 :
M0,3:
MO0,4 :
M1,1:
M1,2 :
M1,3:
M1,4:
M2,1:
M2,2 :
M2,3:
M2,4 :
M3,1:
M3,2 :
M3,3:
M3,4 :

{ (W00000000) .
{ (r00000000).
 (W11111111).

{ (r11111111).

{ (w01010101) .

{ (r01010101).

{ (w10101010).

{ (r10101010).

{ (W00110011).

{ (r00110011).

{ (W11001100) .

{ (r11001100).

{ (W00001117).

{ (r00001111).

{ (WL1110000) .

{ (r11110000).
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Where Mi,j means elements of algorithm , the table (3.2) below are the interpretation of this
test. The list below or the above expression show that Fast March uses 16 read/write

operations, and it therefore of 16N order.

Table 3.2: list of interpretation [53]

R Memory Read operation

) |Read a 0 from the memory

rl Read a | from the memory

W | Memory Write Operation

wl | Write a 0 to the memory

wl | Write a | to the memory

T Increasing memory address ordering

Jb Decreasing memory address ordering

| There 1s no difference between different addressing orders.

3.4 VHDL Design for Fast March Algorithm with 16x8 bit SRAM
The first proposed methodology is designed using VHDL . The design is based on Fast
March algorithm with 16x8 bit tested memory as shown in Figure 3.1. It includes the

following components:

1. MBIST_Controller: Built-in Self-test controller.
2. MARCH_Counter: Test counter.

3. Pattern_Decoder: Test patterns decoder.

4. MBIST_Comparator: Test comparator.

5. MBIST_Error_Counter: Fault counter.

6. ADDR_MUX: Addresses multiplexer.

7. DATA_MUX: Data multiplexer.

42



Chapter Three

The Proposed Methodology

8. WR_MUX: Read or write enabling signal multiplexer.

9. SRAM16: Under Test Memory.

Yclk  MBIST_Controller
—»{ Ist
—»test_start
reloa  test —f(clk
A
v ADDR_MU SRAM
finish  test addr > 4
— ek B N —» addr
MBIST Counter | 2ddress | & testt
WR_MUX
test wr >
—»| wr ena

—>

write_rea estt

pattern cod DATA_MU
$3 g ﬁi» data in
—>
Pattern_Decoder datad data out
8 * testt
test_patternat |2 18
> MBIST_Comparato
—>clk
MBIST_Error_Counter —test_wr
—»| reload < err

<«— err_counte

Figure 3.1: Block diagram of testing 16x8 bit SRAM using Fast March

3.4.1 MBIST_Controller
The test controller "MBIST_controller" function is to switch between the normal working

and test mode of the memory, and to organize the memory self-test process. The test start

signal "test_start" initiates the transition between the normal working and test mode of the

memory, and the value of "test_start=0", the memory in the normal working mode and the

test controller is idle (the "test” signal that go from the controller to the rest of the

components is equal to "test=0"), and data is transmitted normally between memory and the

environment without interference from the self-test circuit.
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The test mode, as shown in Figure 3.2, starts when the test signal becomes "test_start=1",
whereby the controller sends the test signal "test=1" to the test counter "MARCH_Counter"
to start working, as well as to the multiplexers "ADDR_MUX", "DATA_MUX",
"WR_MUX" to isolate the SRAM from the surrounding environment, and connecting it with
the components of the Built-in Self-test circuit. It is possible at any moment to reset the test
process via the controller input signal "rst=1", then the controller sends the reset signal
"reload=1" to all components of the test circuit to return it to the initial state. When the test is
finished, the test counter sends the finish signal "finish=1" to the test controller to stop the
test process "test=0", and reset all components by "reload=1" signal, and disconnect the

memory from the test circuit and connect it again with the surrounding environment.
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START

|

INPUT:
/1st, test_start, fini
I

y

no yes

no

) 4

<fest_star=1

yes

// OUTPUT: /
test, reload /
/ !

I

Test Mode:

test=1

reIoadI:O

Normal Mode:

test=0

reload=1

A 4

STOP

Figure 3.2: Flow chart for MBIST_Controller
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3.4.2 MARCH_Counter

It is a test counter whose output length depends on the length of the memory word and the
number of addresses. If the length of the memory word is 8 bits and the number of addresses
is 16, then the length of the counter’s output is 4+1+3+1 bits where bits (0...3)of the counter
output are allocated to generate addresses "test_addr" (The number 16 needs 4 bits to be
represented in binary). Bit (4) to create write/read enable signal "test wr". Bits (5...7) to
generate the "pattern_code" signal (we have 8 test samples that need 3 bits to be represented
in binary) and bit (8) to generate a finish signal as in Figure 3.3.

finish potiern code  lest wr test addr
Counter ouniput

Figure 3.3: Counter output for 16x8 bit SRAM

The test counter implements the Fast March algorithm as shown in Figure 3.4, according to
the following sequence:

1. The initial value of the counter output is *000000000™ which means that primitive address
"test_addr=0000", memory-write is enabled "test wr=0", current test pattern code
"pattern_code=000" and test is in progress "finish=0".

2. When the counter receives the test signal "test=1" from the MBIST_controller it starts
counting and during that time the test pattern corresponding to the code "pattern_code=000"
is written to memory "test_wr=0". This write process is repeated with each increment of the
address "test_addr=test_addr+1" up to it reaches the last memory location "test_addr=1111",

and the counter output becomes "000001111".

3. As the counter keeps counting, its output becomes "000010000" which means the address
goes back to the start "test addr=0000" and goes to the read from memory process
"test_ wr=1" and compares its output with the corresponding test pattern "pattern_code=000".
The process of reading and comparing is repeated as the counter continues to operate until the
last memory address is reached, so the counter's output becomes "000011111",
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4. As the counter keeps counting, its output becomes "000100000", which means that the
address goes back to the beginning "test addr=0000" and goes to the write to memory
process "test_ wr=0" the test pattern corresponding to the code "pattern_code=001", until it
reaches the last memory location "test addr =1111", so the counter output becomes
"000101111".

5. As the counter keeps counting, its output becomes "000110000" which means the address
goes back to the beginning "test_addr=0000" and goes to the reading from memory process
"test wr=1" and compares its output with the corresponding test pattern "pattern_code=001".
The process of reading and comparing is repeated as the counter continues to operate until the
last memory address is reached, so the counter's output becomes "000111111",

6. The previous writing and reading process is repeated with all test patterns until the last test
pattern corresponding to the code "pattern_code=111"is finished writing and reading when
the counter output becomes "011111111".

7. As the counter continues to count, its output becomes "100000000", then the test finish

signal becomes "finish=1" and is sent to the MBIST_controller to finish the test process.
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START
INPUT:
test, reload
no yes
reload =1
no
test=1
yes

/ OUTPUT:
est_addr, test_wr, pattern_code, finish~

A 4

Test Mode:

finish=0

test_addr= count(3 downto 0)
test_ wr=count(4)
pattern_code=count(7 downto 5)
count=count+1

no ,/\\ yes v
< count(8)=1" =?

\ 4

Normal Mode:
finish=1
count=0

STOP

Figure 3.4: Flow chart of march_counter for testing 16x8 bit SRAM
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3.4.3 Pattern_Decoder
This decoder is used to generate test data "test_pattern” by decoding a 3-bit input vector

"pattern_code" according to Table 3.3.

Table 3.3: Test Pattern

Pattern Number Encoded Input Test Pattern
0 000 00000000
1 001 00001111
2 010 00110011
3 011 01010101
4 100 11111111
5 101 11110000
6 110 11001100
7 111 10101010

3.4.4 MBIST- Comparator

MBIST- Comparator is used to detect the memory faults, by comparing test data
"test_pattern™ with memory data "data_out™ when the memory test read operation "test wr =
"1™ is active. MBIST_Comparator sends "err =0" signal if there was no faults, and "err =1"
when the fault was detected.

3.45 MBIST-Error- Counter

MBIST-Error- Counter is used to count the error numbers at the testing session.

3.4.6 ADDR-MUX
The address multiplexer is used as an isolating circuit to switch between functional address
"address" and test address "test_addr" at the Test Mode.

3.4.7 Data-MUX
The data multiplexer is used as an isolating circuit to switch between functional input data

"data" and test data "test_pattern” at the Test Mode.
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3.48 WR-MUX
The write read enable signal multiplexer is utilized as an isolating circuit in the Test Mode to
switch between functional write read enable "write read" and test write read enable

"test_wr".

349 SRAMI16
The model of tested embedded Static Random Access Memory (SRAM) , consist of 16 words
of 8 bit length.

3.5 FSM March Algorithm
This FSM March algorithm is a modified algorithm from the traditional March C-

algorithm, and was designed to test word-oriented memories based on test patterns. It uses the
stages of the March C- algorithm after replacing '0' with normal test patterns and '1' with
inverse test patterns and iterating according to the number of natural test patterns which based
on the length of the memory word. If the length of the memory word is 8 bits, test- patterns

will be four , so the stages of the FSM March algorithm become as follows:

M0,0 : { (w00000000).
MO0,1 : 1 (r00000000, w11111111).
MO0,2 : 1 (r11111111 wO0000000) .
M0,3 : U (r00000000,w11111111).
MO0,4 : U (r11111111, wO0000000) .
M0,5 : { (r00000000).
M1,0: { (w01010101).
M1,1 : 1 (r01010101, w10101010).
M1,2 : 1 (r10101010,w01010101).
M1,3: U (r01010101, w10101010).
M1,4 : U (r10101010,w01010101).
M1,5: § (r01010101).
M2,0 : § (w00110011).
M2,1: 1 (r00110011, w11001100).
M2,2 : 1 (r11001100, w00110011).
M2,3: | (r01010101, w11001100).
M2,4 : | (r11001100, w00110011).
M2,5: § (r00110011).
M3,0 : { (w00001111).
M3,1 : 1 (r00001111, w11110000).
M3,2 : 11 (r11110000, w00001111).
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M3,3 : U (r00001111,w11110000) .
M3,4 : | (r11110000, w00001111).
M3,5: { (r00001111).

Also Table (3.2) discusses this test interpretation. Since each memory address is accessed 40
times (20 reads and 20 write) operations, the this algorithm complexity is of class 40N.

3.6 VHDL Design for FSM March Algorithm with 16x8 bit SRAM
The second proposed methodology is implemented using a VHDL design for a Built-in Self-
testing system based on the FSM March algorithm with 16x8 bit tested memory as shown in

Figure 3.5. The design includes the following components:

1. MBIST_Controller.
2. MARCH_C FSM.
3. MBIST_Comparator.
4. MBIST_Error_Counter.
5. ADDR_MUX.
6. DATA _MUX.
7. WR_MUX.
8. SRAMI16.
>k MRIST Cont
— | rst
—pftest_start
reload  test —lclk
A
l ADDR SRAM
test_end » 4
- test addr
—»| add
»clk address")test
FSM - WR MUX
test wr ~J
—Pp| Wr ena
write_rea test
DATA_MUX
test data —» 8 d .
—p{ data in
datal data out
+test JV/8
/8 |
! d II(!\_/IRIST Com
MRIST F >
relon rror — ptest wr
<+ err_count < e

Figure 3.5: Block diagram of testing 16x8 bit sram using FSM March
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The best way to implement the FSM March C- algorithm is to use the FSM

finite state diagram as shown in Figure 3.6 .

ADD R MAX

ADDR=0

ADDR=>D

ADDR>D

ADDR=MAX ADDR=0
ADDR=D
ADDR=MAX

Figure 3.6: The finite state diagram of the FSM March algorithm

The finite state diagram of the FSM March algorithm consists of a set of sequential states
which represent one test cycle "i", and the full test consists of several test cycles according to
the number of normal test patterns that used in the test. If the length of the memory word is 8

bits, 'the number of normal test patterns 4 and thus the number of test cycles 4:

(i=0, normal pattern= ""00000000", inverse pattern=""11111111"").
(i=1, normal pattern=""01010101", inverse pattern="10101010"").
(i=2, normal pattern="'00110011", inverse pattern=""11001100"").
(i=3, normal pattern=""00001111", inverse pattern="11110000").
The state-to-state transition is mainly based on the current value of the test

address "ADDR ", and the following states:
1. Start test "START_TEST" state: It is the initial state in the test cycle, in which the value of

the test address is initialized with the maximum value "ADDR=MAX", and the test finish
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signal is zeroed "finish=0". Transition from this state to next state can only be carried out

when the test signal becomes "test=1".

2. Mi,0- "UP_ALL_WO0" state: Write normal test pattern "i" in all memory locations from
primitive address "0" to "MAX". Where normal test pattern "i" is related to the test cycle

number "count=i".

3. Mi,1- "UP_ONE_RO" and "UP_ONE _W1" states: Read the first memory location and
make sure it contains the normal test pattern "i"" and write the inverse test pattern "i" in this
location, then move to the next location, and repeat the previous process until reaching the
maximum address "MAX".

4. Mi,2- "UP_ONE_R1" and "UP_ONE_WO0Q" states: Read the first memory location and
make sure that it contains the inverse test pattern "i" and write the normal test pattern "i" in
this location, then move to the next location, and repeat the previous process until reaching

the maximum address "MAX".

5" UP DOWN?" state: Switching the operation of memory reading and writing from
ascending to descending addresses ,by setting the test address to the primitive value
"ADDR=0".

6. Mi,3- "DOWN_ONE_RO0" and "DOWN_ONE _W1" states: Read the last memory location
and make sure that it contains the normal test pattern "i"" and write the inverse test pattern "i"
in this location, then move to the previous location, and repeat the previous process until

reaching the primitive address "0".

7. Mi,4- "DOWN_ONE_R1" and "DOWN_ONE_WO0" states: Read the last memory location
and make sure that it contains the inverse test pattern "i"" and write the normal test pattern "i"
in this location, then move to the previous location, and repeat the previous process until
reaching the primitive address "0".

8. "DOWN UP" state: Switching the operation of memory reading and writing from
descending to ascending addresses ,by setting the test address to the maximum value
"ADDR= MAX".

9. Mi,5- "UP_ALL_ROQ" state: Read all memory locations from primitive address "0" to

"MAX", and compare it with the normal test pattern "i".
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10. "END_TEST" state: It is the final state in which the test address is initialized with the
maximum value "ADDR=MAX" and the value of the test counter (count) is checked, if it is
(count=3), the test is terminated by sending the test finish signal (finish=1) to the
"MBIST_controller”, else if it is (count<3), the next test cycle will begin after increasing the
value of the test counter (count=count+1=i), where this value represents the next test cycle

normal and inverse test pattern.

The March FSM circuit in states (Mi,5; Mi,4; Mi,3; Mi,2; Mi,1; Mi,0) generates the test
address "test_addr", test patterns "test_data" and the write/read enable signal "test_wr" as it is
shown in the detailed flow chart diagram Figure 3.7. During each memory read operation
"test_ wr=1", the "MBIST_Comparator" compares the memory output "data_out™ with the test
patterns "test_pattern™ to check that they are matching , and generates an error signal "err=1"

if no match occurs.
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Figure 3.7:Flow chart of March FSM for testing 16x8 bit SRAM
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3.7 VHDL Design for Fast March Algorithm with 32x8 bit SRAM:

To verify the effectives of the proposed methodologies ,both algorithms were applied on
SRAM (32x8 bit) . This design is the same as section 3.4 except using (32x8 bit) tested
memory. This leads to increase length of "test_addr" signal of MARCH_Counter to become
5 bit (2°"5=32) instead of 4 bit in previous circuit, so the counter length becomes 9 bit as

shown in Figure 3.8 .

finish paftermn code test wr test addr

N ,,/
~"

Counter omtpyt

Figure 3.8: Counter output for 32x8 bit SRAM

The flow chart of MARCH_Counter in this case study shown in Figure 3.9 .
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OUTPUT:
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Figure 3.9: Flow chart of MARCH_Counter for testing 32x8 bit SRAM
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Figure 3.10 shows the component of the proposed design.

Yclk  MBIST_Controller
—»{ Ist
—»test_start
reloa  test —»iclk
A
v ADDR_MU SRAM

finish  test addr > 5
—clk - > —F> addr

MBIST Counter | 2ddress | & testt

WR_MUX
test wr ~;
—»| wr ena
—>
write_rea estt
pattern cod DATA_MU
$3 g ﬁéL» data in
—>
Pattern_Decoder datad data out
8 * testt
test_patternat |-~ 48
> MBIST_Comparato
—>clk

MBIST _Error_Counter —test_wr
——| reload < err
<«——| err_counte

Figure 3.10: Block diagram of testing 32x8 bit SRAM using Fast March

3.8 VHDL Design for FSM March Algorithm with 32x8 bit SRAM
In this design, a (32x8 bit) SRAM is used as under test memory . This leads to
increase length of "test addr" signal of March FSM component to become 5

bit (275=32) instead of 4 bit in previous circuit as show in Figure 3.10 .
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™clk  MBIST_Controller
—| Ist
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oIk o |77 addr
’ address test
MARCH_C_FSM WR_MUX
test wr ~J
— 3 wr ena
—>
write_read T test
DATA_MUX
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e T
data out
data 7
test 8
/8 N ‘
7 "I MBIST_Comparator
MBIST_Error_Counter ' f'kt
—»{reload ’ > :ri _Wr
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Figure 3.11: Block diagram of testing 32x8 bit SRAM using FSM March

The change of "test_addr" signal will also lead to some changes in internal architecture of
March FSM components which generate this signal, and can be summarized in the value of
max address which become "11111"and the main address which becomes "00000" as
shown in March FSM flow chart( Figure 3.12).
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Figure 3.12: Flow chart of March FSM for testing 32x8 bit SRAM
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Chapter Four Result and Dicussion

Chapter Four

4. Results and Discussion

4.1 Introduction
The simulation findings collected and documented in this chapter are divided into two parts,

fault models simulation and performance analyze, which will be described in detail.

4.2 Memory fault models simulation:

There are numerous fault models that are applicable to memories. While logic predominantly
uses the stuck-at fault model plus some other fault models only sparingly, memory fault
modeling is much broader. The time is 100mHz and simulation result in Modaslim altera 6.5

There are four classic memory fault models:
1. The Stuck-at-Fault (SAF).
2. Address -Fault (AF).
3. Coupling -Fault (CF).
4. Transition-Fault (TF).

A Markov diagram is a useful approach to explain memory faults by describing the states of

fault-free and faulty memories.
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4.2.1 Memory fault-free model:

Figure 4.1 shows the Markov diagram for a (fault-free) memory cell.

w1

R,W1

wo

Figure 4.1: Markov diagram for fault free memory

A single defect-free cell may be inscribed to any state and, while read, maintains the data it
previously had. A letter "R" denotes as read process, whereas "WO0" and "W1" denote write
operations of "0" and "1," respectively. SO and S1 show whether the cell is in a "0" or "1"

state .

The simulation results for testing fault free memory with Fast March circuit is illustrated in
Figure 4.2.

Figure 4.2: Simulation of testing fault-free memory with Fast March
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The memory output data (OUTPUT_DATA) and testing patterns (PATTERN) are the same
on all memory addresses (TEST_ADDRESS) ("00110011"™ = "00110011") during memory
read operation (TEST_WRITE_READ-=1), so there are no error occurred (ERROR=0,
ERROR_COUNT=0) during the memory test.

The simulation result for testing fault free memory with FSM March circuit is depicted in
Figure 4.3.

lms 9%2me  WORes  100)2ew  1002ee  J00me  NWOOme  WOSIms  10053me  10074ms
Name

=9 QK i) L J L J L J 1 J | ) 1 J 1 J 1 J 1 J |

w RST

@2 TEST_START

w) FUNCTIONAL WA

44 | [ RAM_ADORESS
) INPUT_DATA
18 10

91 | 4 :

R | —

9% |8 ROX
B

&3 RAM_MPUT_DATA
@4 | @ STATE VALE

- ~~——y

@5 TEST ADORESS
p——
9% CIEST WRITE R

04 RACR
&% | @ ermor_ count

Figure 4.3:Simulation for testing fault-free memory with FSM Marchtion for testing
fault-free memory with FSM March.

No difference between the memory output data (OUTPUT_DATA) and testing patterns
(PATTERN) during memory read operation (TEST_WRITE_READ=1), so there are no
error occurred (ERROR=0, ERROR_COUNT=0) during the memory test.

4.2.2 The Stuck-at-Fault (SAF) Model

This type of fault indicates that a cell or line has been stuck at logical "1" or "0," and are
known as Stuck-at-0 and Stuck-at-1, correspondingly. Figure 4.4 depicts the Markov
diagrams for Stuck-at-0 and Stuck-at-1.
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wi w1i

WO wo

(a) (b)

Figure 4.4: Markov diagrams (a) stuck at 0, ( b) stuck at 1.

4.2.2.1 Simulation the test of Stuck-at-Fault (stuck-at-0 fault):

The simulation results for testing stuck-at-0 fault in SRAM 16 and SRAM 32 bit with Fast

March circuit are shown in the Figure 4.5 and 4.6.

Figure 4.5: Simulation for Stuck-At-0 Fault in SRAM 16 bit with Fast March
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2% TEST_ADDRESS 28 2 30 3t 0 1 2 3 4 5 6
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u TEST_WRITE_READ
24 N ERROR_COU 0 N 1/

——

Figure 4.6: Simulation for Stuck-At-0 Fault in SRAM 32 bit with Fast March

The testing results of the two memories are the same, where the memory output data
(OUTPUT _DATA) and testing patterns (PATTERN) during memory read operation
(TEST_WRITE_READ=1) are not the same at memory address(TEST_ADDRESS=2)
("00120011"~="00110011"), which leads to an error (ERROR=1, ERROR_COUNT=1) at
that address.

The simulation results for testing Stuck-At-0 fault in SRAM 16 and SRAM 32 bit with FSM
March circuit are shown in the Figure 4.7 and the Figure 4.8.
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Figure 4.7: Simulation for Stuck-At-0 fault in SRAM 16 bit with FSM March.
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Figure 4.8: Simulation for testing Stuck-At-0 fault in SRAM 32 with FSM March.

The results of testing the two memories are the same, and there are an error occurred
(ERROR=1, ERROR_COUNT=1) at the memory address (TEST_ADDRESS=2), because
the memory output data is not equal the test patterns (" "~="11111111") at that
address.

4.2.2.2 Simulation the test of Stuck-At-Fault (stuck-at-1 fault)

The simulation results for testing stuck-at-1 fault in SRAM 16 and SRAM 32 bit with Fast

March circuit are shown in the Figure 4.9 and 4.10.
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Figure 4.9: Simulation of testing Stuck-At-1 fault in SRAM 16 with Fast March
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Figure 4.10: Simulation of testing Stuck-At-1 fault in SRAM 32 with Fast March

The simulation results shows that there are no difference between the two memories test,
where the memory output data (OUTPUT_DATA) and testing patterns (PATTERN) are not
the same ("00010000"~="00000000") at the memory address (TEST_ADDRESS=2) during
memory read operation (TEST_WRITE_READ=1), which leads to an error (ERROR=1,
ERROR_COUNT=1) at that address.

The simulation results for testing stuck-at-1 fault in SRAM 16 and SRAM 32 bit with FSM

March circuit is shown in the Figure 4.11 and 4.12.
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Figure 4.11:

Simulation of testing Stuck-At-1 fault in SRAM 16 with FSM March
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Simulation of testing Stuck-At-1 fault in SRAM 32 with FSM March

There are no difference in simulation results of testing the two memories, and these results
show that the memory output data (OUTPUT_DATA) and testing patterns (PATTERN) are

not the same ('

'00010000"~="00000000") at the address (TEST_ADDRESS=2) during

memory read operation (TEST_WRITE_READ=1), which leads to an error (ERROR=1,
ERROR_COUNT=1) at that address.

69



Chapter Four Result and Dicussion

4.2.3 The Transition Fault (TF) Model

Stuck-at-Fault appears to be comparable to transition faults. However, once the memory cells

have been written to one state, it is difficult to restore to the previous state. As a result, when
the memory is triggered, the cell might be in either a "0" or "1" state. Because there is only
one way to write it, there are transition-to-0 faults when a memory cell may write to SO but

not to S1 after transitioning to SO, as shown in Figure 4.13 of the Markov diagram.

R,W1 R,WO,W1

Wo

Figure 4.13: Markov diagram for transition-to-0 fault.

transition-to-1 fault when memory cell can be written to S1 state but can't written to SO state
after transition to state S1 as shown in Figure 4.14.

R,W0 R,WO,W1

Wi

Figure 4.14: Markov diagram for transition-to-1 fault

4.2.3.1 Simulation the test of Transition Fault (transition-to-0 fault)

The simulation result for testing transition-to-0 fault in SRAM 16 and SRAM 32 bit with Fast
March circuit is shown in the Figure 4.15 and 4.16.
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Figure 4.15: Simulation for transition-to-0 fault in SRAM 16 with Fast March
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Figure 4.16: Simulation for transition-to-0 fault in SRAM 32 with Fast March

The results show that the two memories test is similar, where there are an error occurred
(ERROR=1, ERROR_COUNT=1) at that address (TEST_ADDRESS=2)during memory
(TEST_WRITE_READ=1), because the
(OUTPUT_DATA) patterns (PATTERN)
("00150011"~="00110011") at that address.

read operation memory output data

and  testing are not the same

The simulation results for testing transition-to-0 fault in SRAM 16 and SRAM 32 bit with
FSM March circuit is shown in the Figure 4.17 and 4.18.
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Figure 4.17: Simulation for transition-to-0 fault in SRAM 16 with FSM March
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Figure 4.18: Simulation for transition-to-0 fault in SRAM 32 with FSM March

The results show that the testing of the two memories are the same, and the memory output
data (OUTPUT_DATA) and testing patterns (PATTERN) are not the same at the memory
address (TEST_ADDRESS=2) ("11171111"~="11111111") during memory read operation
(TEST_WRITE_READ=1), so there are an error occurred (ERROR=1,
ERROR_COUNT=1) at that address.

4.2.3.2 Simulation the test of Transition Fault (transition-to-1 fault)

The simulation results for testing transition-to-1 fault in SRAM 16 and SRAM 32 bit with
Fast March circuit is explained in the Figure 4.19 and Figure 4.20.
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Figure 4.19: Simulation for transition-to-1 fault in SRAM 16 with Fast March
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Figure 4.20: Simulation for transition-to-1 fault in SRAM 32 with Fast March

There is no difference in the two memories test, and the results show that there are an error
occurred (ERROR=1, ERROR_COUNT=1) the address (TEST_ADDRESS=2), because
the memory output data (OUTPUT_DATA) and testing patterns (PATTERN) are different
" "~="11001100") during memory read operation (TEST_WRITE_READ=1) at

that address.

The simulation results for testing transition-to-1 fault in SRAM 16 and SRAM 32 bit with
FSM March circuit is illustrate in Figure 4.21and Figure 4.22.
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Figure 4.21: Simulation for transition-to-1 fault in SRAM 16 with FSM March
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Figure 4.22: Simulation for transition-to-1 fault in SRAM 32 with FSM March

The simulation results are the same for two memories, and there are an error occurred
(ERROR=1, ERROR_COUNT=1) at the memory address (TEST_ADDRESS=2) where
the memory output data (OUTPUT_DATA) and testing patterns (PATTERN) are not the
same ("0001000"~="00000000") at that address.

4.2.4 The Coupling Fault (CF) Model

Coupling fault occurs in memory because of the regularity of its structure, in which a change

in one cell causes a change in another one. A parasitic diode connection between two cells

causes the coupling. There are two kinds of CF: Fault of Idempotent and Inversion Coupling
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a) Inversion-Coupling fault (CFin) model:

The interaction of two neighboring cells "i" and "j", cause the inverse transition on cells "i"
by the alteration write process (write 0 - 1 or 1 - 0) of the cell "j". Cell "j" is known as the
linked (aggressor) cell, and its subjects are reversed in cell I, recognized as the Coupled
(victim) cell. For instance, a 0 - 1 transition write process results in a 1 - 0 CFin model in cell

"I"". The Markov diagram for Inversion Coupling Faults is shown in Figure 4.23.

R,WO0/i,wO0/j R,WO/i,wil/j

Wo/i

510 wo/j s11

A

R,W1/i,w0/j R,W1/i,10/j

Figure 4.23: Markov diagram for inversion coupling faults

b) Idempotent Coupling Faults (CFid) model: In this type of coupling

fault, the coupled cell is forced to '1' or '0" if coupling cell transits from '0' to '1' or '1' to '0".

The Markov diagram for Idempotent Coupling Faults is shown in Figure 4.24.
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R,W1/i,w0/j R,W1/i,10/j

Figure 4.24: The markov diagram for idempotent coupling faults

4.2.4.1 Simulation the test of Inversion Coupling Faults (CFin):

The simulation results for testing CFin fault in SRAM 16 and SRAM 32 bit with Fast March
circuit is shown in Figure 4.25 and 4.26.
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Figure 4.25: Simulation for testing CFin fault in SRAM 16 with Fast March
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Figure 4.26: Simulation for testing CFin fault in SRAM 32 with Fast March

The simulation results show that the testing of the two memories are the same, also show that
the memory output data (OUTPUT DATA) and testing patterns (PATTERN) are the same
on all memory addresses during memory read operation (TEST WRITE READ=1), so no
errors occurred (ERROR=0, ERROR COUNT=0) at the faulty address (TEST
ADDRESS=2).

Therefore the Fast March algorithm is unable of detecting the CFin fault. The reason can be
explained by the stages of the Fast March algorithm as follows:

1.[{ (w00000000) ]: Write "00000000" in all memory locations, so coupling bit j(5) become

'0', and coupled bit i(4) becomes '0" as written value because no transition has yet occurred on

coupling bit j(5).

2.[0 (W11111112)]: Write "111111111" in all memory locations, so coupling bit j(5)

becomes '1', and coupled bit i(4) becomes '1' as written value because its previous value was

the same as coupling bit j(5) (this transition affect only on '1' and make it '0").

3.[0 (w01010101)]: Write "0101010101" in all memory locations, so coupling bit j(5)

remains '1', and coupled bit i(4) becomes '0' as written value because no transition has

occurred on coupling bit j(5).

4.[0 (w10101010)]: Write "10101010" in all memory locations, so coupling bit j(5)

becomes '0', and coupled bit i(4) becomes '1l' as written value because it is the same as

coupling fault value (1-0 transition of coupling bit j(5) make coupled bit i(4) transits 0-1).
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5[0 (W00110011)]: Write "00110011" in all memory locations, so coupling bit j(5)

becomes '1', and coupled bit i(4) becomes '0" as written value because it is the same as
coupling fault value (0-1 transition of coupling bit j(5) make coupled bit i(4) transits 1-0).

6.[0 (W11001100)]: Write "11001100" in all memory locations, so coupling bit j(5)

becomes ‘0", and coupled bit i(4) becomes '1' as written value because it is the same as
coupling fault value (1-0 transition of coupling bit j(5) make coupled bit i(4) transits 0-1).

7.0 (W00001111)7: write "00001111" in all memory locations, so coupling bit j(5)
remains '0', and coupled bit i(4) remains '1' as written value because no transition has
occurred on coupling bit j(5).

8.[0 (W11110000)]: Write "11110000" in all memory locations, so coupling bit j(5)
becomes '1', and coupled bit i(4) becomes '0' as written value because it is the same as

coupling fault value (0-1 transition of coupling bit j(5) make coupled bit i(4) transits 1-0).

This problem is due to not covering all possible combination of the previous and new written
values in the coupling and coupled cell. The combination which leads to detecting CFin fault
can be summarized in the following Table 4.1:

Table 4.1: CFin detecting combinations

Coupled cell Coupling cell
Previous value New value Previous value New value
0 0 1 0
1 1 0 1

As the example to that, if coupling bit j(5) is inversed with coupled bit i(4), the Fast March

circuit will detecting the CFin fault as shown in Figure 4.27:
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Figure 4.27: Simulation for detected CFin fault in SRAM 32 with Fast March
The simulation results for testing CFin fault in SRAM 16 and SRAM 32 bit with FSM March

circuit is shown in the Figure 4.28 and 4.92 :
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Figure 4.28: Simulation for testing CFin fault in SRAM 16 with FSM March
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Figure 4.29: Simulation for testing CFin fault in SRAM 32 with FSM March
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The simulation of testing the two memories are the same, and show that an error occurred
(ERROR=1, ERROR_COUNT=1) at the address (TEST_ADDRESS=2) during memory
read operation (TEST WRITE_READ=1) where the memory output data
(OUTPUT_DATA) and  testing patterns (PATTERN) are not equal
("1111@111"~="11111111").

Compared to a Fast March circuit which can detect only some cases of CFin faults, a FSM
March circuit can detect all of them because it uses all possible combination of previous and
new written values in all memory cells.

4.2.4.2 Simulation the test of Idempotent Coupling Faults (CFid)

The simulation results for testing CFid fault in SRAM 16 and SRAM 32 bit with Fast March

circuit is shown in the Figure 4.30 and 4.31.
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Figure 4.30: Simulation for testing CFid fault in SRAM 16 with Fast March
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Figure 4.31: Simulation for testing CFid fault in SRAM 32 with Fast March

The results show that there is no difference in testing of the two memories, where the
memory output data (OUTPUT_DATA) and testing patterns (PATTERN) are not equal
("00112011"~="00110011") at the faulty memory cell (TEST_ADDRESS=2) during
memory read operation (TEST_WRITE_READ=1), which leads to an error (ERROR=1,
ERROR_COUNT=1) at that address.

The simulation results for testing CFid fault in SRAM 16 and SRAM 32 bit with FSM March
circuit are shown in the Figure 4.32 and 4.33
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Figure 4.32: Simulation of testing CFid fault in SRAM 16 with FSM March
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Figure 4.33:Simulation of testing CFid fault in SRAM 32 with FSM March

The testing results of the two memories are similar, and the memory output data
(OUTPUT_DATA) and testing patterns (PATTERN) are not the same
(" "~="01010101") at the memory address (TEST_ADDRESS=2), which leads to
an error (ERROR=1, ERROR_COUNT=1) at that address.

4.25 The Address Decoder Fault (AF) Model
Address decoder faults (AFs) are caused by address decoder errors. Address decoder errors

are classified into three categories.
1) No cell is reached with a specific statement.

2) multiple cells are accessible at the same time using a specific address (one address to multi

cells).
3) A specific cell can be reached using numerous addresses (multi addresses to one cell).

The first fault can be treated as Stack-at, but second and third faults can be modeled as the

same fault by sharing multiple memory address with the same value.

The simulation result for testing AD fault in SRAM 16 and SRAM 32 bit with Fast March
circuit is shown in the Figure 4.34 and 4.35 .
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Figure 4.34: Simulation of testing AD fault in SRAM 16 with Fast March
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Figure 4.35: Simulation of testing AD fault in SRAM 32 with Fast March

As shown in Figures (4.36 and 4.39) that's testing of the two memories are the same, where
the memory output data (OUTPUT DATA) and testing patterns (PATTERN) are the same
at all memory locations (TEST ADDRESS) during memory read operation (TEST WRITE
READ-=1), so there are no errors occurred (ERROR=0, ERROR COUNT=0) at the faulty

addresses 3 and 7.

Therefore the Fast March algorithm can't detect AF faults. This is because a Fast March

circuit does not read memory locations and compare them with the test pattern until finish of

writing all memory locations with the same test pattern. Therefore, the fault of sharing

several memory locations with the same value won't be detected because the same value is

written in these memory locations before the reading and comparing processes.

This problem can

be solved by making writing , reading and comparing process in each

memory location independent from other locations as in FSM March circuit, in which a
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reading and comparing written test pattern in each memory location made directly after

writing process in each memory location.

The simulation results for testing AD fault in SRAM 16 and SRAM 32 bit with FSM March

circuit are shown in the Figure 4.36 and 4.37 .
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Figure 4.36: Simulation of testing AD fault in SRAM 16 with FSM Marc

h.

Name 21.2|8 us 21.4I4 us Zl.lﬁ us 21.}“6 us 21.9|2 us ZZ‘OIE us 22‘2.4 us
o oak
i RsT
In_ TEST_START
M FINISH_TEST
24 1 OUTPUT_DATA 11110111
3 ooooo % 11111111 | 00000000 | ¥ 11111111 | % 00000000 ¥ 11111111 % 00000000 ¥ 11111111 [{ 00000000 ¥ 11111111 % 00000000 ¥ 1
24 » RAM_INPUT_DATA | [00000 ¥ 111131111 ¥ 00000000 ¥ 11111111 ¥ 00000000 ¥ 13111111 ¥ 00000000 ¥ 11111111 [{ 00000000 X 1111111 ¥ 00000000 ¥ 1
24 STATE_VALUE DR AN SR G RN T 5 7 W s W
24 TEST_ADDRESS 7 [3 5 4 E 2
ot | TEST_WRITE_READ | [ | 1 [ I |
) RROR_COUNT, 0 1

Figure 4.37: Simulation of testing AD fault in SRAM 32 with FSM March

It can be informed from the figures (4.38, 4.39) that memory size does not affect in fault

detection, where the memory output data (OUTPUT_DATA) and testing patterns

(PATTERN) are different (" "

~="00000000") at the address (TEST_ADDRESS=3)
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during memory read operation (TEST_WRITE_READ=1), so there are an error occurred
(ERROR=1, ERROR_COUNT=1) at that address.

4.3 Performance analyzes

The previous simulation results showed that the two proposed algorithms Fast March and
FSM March working effectively in detecting memory faults, but the FSM March algorithm
is better because it can detect all types of Coupling Fault (CF) and Address Decoder Fault
(AF).Where Fast March algorithm can detect some types of CF and can't detect AF. On the

other hand the FSM March algorithm is slower than Fast March algorithm, because it is

more complex and need more components .

To measure the testing time of both algorithms, two VHDL designs section (3.7) and (3.8)
have been used to test SRAM 16 model (16x8 bit SRAM) with processing time 100 MHz
clock frequency . Two simulation results have been obtained as shown in Figure 4.38 and
Figure 4.39

Master Time Bar: 0 ps 1 b | Pointer: 453.34ns Interval: 453,84 ns

0 ps 320'.0 ns 64D.ID ns QGD.ID ns 1. 22|3 us 1.6I us 1.9|2 us 2 2|4 us @
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Value at

ak BO

RST BO

in

——

in

==

L& n
oot

8

!

) PATTERN B 00000000 00000000 | ¥ | 00001111 | § 00110011 | % | 01010101 | % 11111111  § 11110000 % & 11001100 ¥ | 10101010 f

testing time = 2.5 us
- =
el

Fast MARCH

Figure 4.38: Testing time for SRAM 16 with Fast March

From Figure 4.38 it can be seen that the testing time for SRAM 16 with Fast March algorithm
is 2.5 ps, while testing time for SRAM 16 with FSM March algorithm is 6.5 ps as shown in
Figure 4.39.
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Figure 4.39: Testing time for SRAM 16 with FSM March

Secondly , two VHDL designs, section (3.9) and (3.10), have been used to test SRAM 32
model (32x8 bit SRAM) with 100 MHz clock frequency. Two simulation results are shown in
Figure 4.40 and Figure 4.41.
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Figure 4.40: Testing time for SRAM 32 with Fast March

From Figure 4.40, it can be noted that the testing time for SRAM 32 with Fast March
algorithm is 5.1 ps , while testing time for SRAM 32 with FSM March algorithm which is 13

us as shown in Figure 4.41.
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Figure 4.41: Testing time for SRAM 32 with FSM March
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Also it can be noted from Figure 4.42 that the testing time of both algorithms affected by the
size of memory. The increase of SRAM size leads to increase of testing time, which can be

represented in the following curve:
Fast_March testing time = (2.5/16) x SRAM_Size.

FSM_March testing time = (6.5/16) x SRAM_Size.

FAST FSM
14
12

10

Testing Time( Micro second)

0 16 32
SRAM Size (Byte)

Figure 4.42: Testing time vs. SRAM size

In addition , from above simulation it can be seen that the FSM March algorithm is the
most practical test method (from the proposed test algorithms) in terms of fault coverage.

Table 4.2 summarizes the fault detection capabilities of March test algorithms in detail.

Table 4.2: Fault detection of March test algorithms

Detected Faults
March algorithm
SAF AF TF CF
Fast March Yes No Some Yes
FSM March Yes Yes Yes Yes
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All previous research in table (4.3) focused on the development of MBIST systems. Some of

them were interested in developing a MBIST systems that targeting a specific type of

memories (bit-oriented) in order to make performance the best possible by using simple
algorithms such as pseudorandom and checkerboard and zero-one algorithms which applied
using simple architectures such as counters or LFSRs, but it can't be used with other types of
memories and doesn't cover all types of memory faults. While others tried to develop a
comprehensive MBIST system for all faults and memory types, by applying advanced
algorithms such as March C- and MATS using complex architectures such as
microprocessors and state machines programmed with hardware description languages
(HDL), but the performance of this systems was low, especially with modern and large

memories.

In proposed work, we will developed two MBIST algorithms Fast March and FSM March
that combine comprehensiveness and performance and implementing them using VHDL

language.and dedect all fault in two size of SRAM but more complexity.

Table 4.3: Compare related work
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5. Chapter Five

Conclusions and Future Work

5.1 Conclusions
After the proposed system has been designed and implemented, several points have been

concluded can be explained in the following paragraphs:

1- The simulation results have shown that the Fast March algorithm is faster than FSM
March algorithm. The test time for 16x8 SRAM using Fast March algorithm was 2.5 us while
the test time was 6.5 ps using FSM March algorithm for the same SRAM. For SRAM (32x8),
the test time using Fast March was 5 ps while it was 13 ps for FSM March.

2- In terms of fault coverage, Fast March algorithm has detected Stuck-At- Faults |,
Coupling- Fault and some of Transition- Faults but it didn’t detect the address -fault.
Therefore, it can be used in low cost applications that need a small amount of recourses. On
other hand, FSM March algorithm was slower than Fast March algorithm, but it was more

reliable and has detected all types of memory faults.
3- The benefits of the proposed algorithms Fast March and FSM March:

e Working perfectly in testing modern complex word-oriented memories.

e Designed and Implemented in generic manner using VHDL language, so they can be
modified and applied on wide range of devices for testing wide range of memories.

e Simple because they using minimum number of March elements but they can detect
wide range of memory faults.

e Working faster than Microcode based MBIST, because they work directly, and don't
have a processor complexity and delay (Sequential execution of instructions).

Robust and fast so they don't need a compression technique to enhance performance.
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5.2 Future Work

1. Designing and implementing a model for all embedded memory faults
using VHDL language, to be used in testing and comparing the designed
MBIST systems.

2. Adding a self-repair mechanism to the embedded memory in addition to
the MBIST system, because performing a self-test of the embedded
memory without the possibility of fixing the detected faults is useless in
practical applications.

3. One of the directions for future work is a co optimization study in which
soft error protection, packaging density and speed for a verity cell
architectures are analyzed to increase the memory fabrication yield.

4. Test techniques that are currently used, cover the static faults, while
dynamic faults can also appear in SRAM, when a fast read after write
operations take place. Therefore, detecting these faults is also a major
task for researchers.
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