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Abstract
This paper describes a case study in the testing of embedded 
memories. Memories are the most universal component today. 
Almost all system chips contain some type of embedded memory, 
such as ROM, SRAM, DRAM, and flash memory. Current area of 
research for memory testing is Built in Self test. In this paper the 
test schemes targeting BIST and what are tradeoffs and innovations 
in BIST scheme are discussed. The information provided by this is 
beneficial for industry and researchers in their pursuit to improve 
the quality of BIST architecture.
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I. Introduction
Now a days in the VLSI field due to shrink in the size of transistors 
more logics are embedded in the small area. In Parallel design 
and test complexity also increases. Due to limited pins in the chip 
controllability and observability is an issue. The solution for the 
problem is Built in Self Test (BIST), ie, a design built inside the 
chip to test the logic and memory.  Random Logic and embedded 
memories have become inseparable parts of many system-on-a-
chip solutions. Following a significant increase in the chip area 
occupied by memory arrays, the International Technology Roadmap 
for Semiconductors [1] predicts memories to take up more than 
90% of the silicon area within the decade. The dominant use of 
embedded memory cores along with emerging new architectures 
and technologies make providing a low cost test solution for these 
on-chip memories a very challenging task. Built-in self-test (BIST) 
has been proven to be one of the most cost-effective and widely 
used solutions for memory testing for the following reasons: (1) 
No external test equipment (2) Reduced development efforts (3) 
Tests can run at circuit speed to yield a more realistic test time (4) 
On-chip test pattern generation to provide higher controllability 
and observability (5) On-chip response analysis (6) Test can be 
on-line or off-line (7) Adaptability to engineering changes (8) 
Easier burn-in support.
This section describes different implementation schemes for 
memory BIST. A memory BIST unit consists of a controller 
to control the flow of test sequences and other components to 
generate the necessary test control and data. In this paper, the 
various types of memory BIST are categorized according to the 
schemes of their controllers. Designs of a memory BIST controller 
could be roughly classified into three different types:  a hardwired-
based, microcode-based, and processor-based. The following three 
subsections give the specifics of each scheme.

A. Hardwired-Based BIST
A hardwired-based controller is a hardware realization of a 
selected memory test algorithm, usually in the form of a Finite 
State Machine (FSM). This type of memory BIST architecture 
has optimum logic overhead, however, lacks the flexibility to 
accommodate any changes in the selected memory test algorithm. 
This results in re-design and re-implementation of this type of 
memory BIST for any minor changes in the selected memory 
test algorithm. Although it is the oldest memory BIST scheme 

amongst the three, hardwired-based BIST is still much in use and 
techniques have been kept developing.

B. Microcode-Based BIST
This type of memory BIST features a set of predefined instructions, 
or microcode, which is used to write the selected test algorithms. 
The written tests are loaded in the memory BIST controller. This 
memory BIST allows changes in the selected test algorithm with no 
impact on the hardware of the controller. This flexibility, however, 
may come with the cost of higher logic overhead for the controller. 
A very recent microcode-based memory BIST implementing 
modified march algorithm was proposed in [2].

1. Example Design
The importance of developing new fault models increases with 
the new memory technologies. The well-known fault models, 
developed before late 1990’s could not explain the occurrence 
of many faults that were detected using experimental results 
based on Defects Per Million (DPM) screening of a large number 
of tests applied to a large number of memory chips that were 
performed at that time, suggesting the existence of additional 
faults. This implied that new memory technologies involving high 
density of shrinking devices lead to newer faults and stimulated 
the introduction of new fault models, based on defect injection 
and SPICE simulation. Write Disturb Fault (WDF), Transition 
Coupling Fault (Cft), Deceptive Read Disturb Coupling Fault 
(Cfdrd) etc. are examples of some such newly defined fault models 
[16]. Another class of faults called Dynamic faults which require 
more than one operation to be performed sequentially in time in 
order to be sensitized has also been defined.
The BIST Control Circuitry consists of Clock Generator, Pulse 
Generator, Instruction Pointer, Microcode Instruction storage unit, 
Instruction Register. The Test Collar circuitry consists of Address 
Generator, RW Control, and Data Control. 
Clock Generator generates simulated clock waveforms Clock2, 
Clock3, Clock4, for the rest of the circuitry based on the input 
clock (named Clock1). 
Pulse Generator generates a ‘Start Pulse’ at positive edge of the 
‘Start’ signal which marks start of test cycle.
Instruction Pointer points to the next microword that is the next 
March operation to be applied to the memory under test (MUT). 
Depending on the test algorithm, it is able to i) point at the same 
address, ii) point to the next address, iii) jump back to a previous 
address.
Instruction Register (IR) holds the microword (containing the 
test operation to be applied) pointed at by the Instruction Pointer. 
The various relevant bits of microword are sent to other blocks 
from IR.
Address Generator points to the next memory address in MUT, 
according to the test pattern sequence. It can address the memory 
in forwards as well as backwards direction.
RW Control generates read or write control signal for MUT, 
depending on relevant microword bits.
Data Control generates data to be written to or expected to be read 
out from the memory location being pointed at by the Address 
Generator The Address Generator, RW Control and Data Control 
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together constitute the Memory Test Collar Comparator gives 
the fault waveform which consists of positive pulses whenever 
the value being read out of the memory does not match the 
expected value as given by Test Collar. With the introduction 
of deep-submicron VLSI technology, core-based SOC design is 
attracting an increasing attention. On an SOC, memories are the 
most universal cores: almost all system chips contain some type 
of embedded memory, such as ROM, SRAM, DRAM, and flash 
memory. To provide a low cost test solution for these on-chip 
memory cores is a challenging task.

C. Processor-Based BIST
Conventional hardwired-based memory BIST approach is one 
possible solution and its advantage are short test time and small 
area overhead. However, sometimes it is not feasible to have one 
BIST circuit for each memory core. For instances, a typical ASIC 
or SOC may have tens of SRAM cores with different sizes and 
configurations.

Fig. 1: Microcode MBIST Controller Architecture

If each memory core on chip requires a BIST circuit, then the area 
and test pin overhead will be unacceptably high. Therefore, a type 
of memory BIST scheme which utilizes an on-chip microprocessor 
to test the memory cores was proposed [14].

Fig. 2: Processor-Based Memory BIST

II. Trade-OFFS
This section presents the various design trade-offs among the 
three implementation schemes. Table 1, gives the summary of 
this comparison.
The four evaluation metrics used are: test time, area overhead, 
routing overhead, and flexibility. The routing overhead is directly 
translated into design efforts and time to market.

Table 1: Trade-offs between Different Memory BIST Schemes

Scheme Test 
Time

Area 
Over 
head

Routing 
Over 
head

Flexibility

Hardwired short 
low 

high zero 

Microcode
average

high low low

Processor long zero zero high

The flexibility is expressed in terms of programmability of 
algorithms and adaptability to engineering changes. As shown 
in the table, the Hardwired-based BIST is fast, compact, incur 
the most design efforts and possesses the least flexibility. On the 
opposite end of spectrum, the Processor-based BIST is the most 
flexible, zero area or routing overhead, but incur long test time. 
The Microcode-based designs is somewhere in between these 
two extreme prototypes.

III. NOVEL Designs in MBIST
This section presents the novel design aspects for modern memory 
BIST. These various innovations took different points of view 
to improve the design of memory BIST including change in 
algorithm, add-on technique, and renovated architecture. Four 
papers are presented in details in the following subsections.

A. BIST-Based Fault Diagnosis for Read-Only Memories

1. Main Idea

(i). Memory Array Organization
Fig. 3, shows the salient architectural features of a ROM. Every 
row consists of M words, each B-bit long. Bits belonging to 
one word can be either placed one after another or interleaved 
forming segments, as illustrated in the figure. Decoders guarantee 
the proper access to memory cells in either a fast row or a fast 
column addressing mode, i.e., with row numbers changing faster 
than word numbers or vice versa.

(ii). Collection of Diagnostic Data
The same fig. 3, summarizes the architecture of a test environment 
used to collect diagnostic data from the ROM arrays. In addition 
to a BIST controller, it consists of two modules and gating logic 
that allow selective observation of rows and columns, respectively. 
Assuming permanent failures, the BIST controller sweeps through 
all ROM addresses repeatedly while the row and column selectors 
decide which data arriving from the memory rows and/or columns 
is actually observed by the signature register. Depending on a 
test scenario, test responses are collected in one of the following 
test modes.

Row disable = 0 and column disable = 1; the row selector • 
may enable all bits of the currently received word, thereby 
selecting a given row; this mode is used to diagnose row 
failures and, in some cases, single cell faults.
Row disable = 1 and column disable = 0; assertion of the • 
row disable signal effectively gates the row selector off; the 
column selector takes over as it picks a subset of bit lines to be 
observed (this corresponds to selecting desired columns and is 
recommended to diagnose column and single cell failures).
Row disable = 0 and column disable = 0; de-asserting both • 
control lines allows observation of memory cells located 
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where selected rows and columns intersect;

(iii). Signature Register
      A signature register is used to collect all test responses arriving 
from selected memory cells. The register is reset at the beginning 
of every run (test step) over the address space.
Similarly, the content of the register is downloaded once per run. A 
multiple input ring generator (MIRG) [16], driven by the outputs 
of gating logic is used to implement the signature register. 

 
Fig. 3: Memory Array Architecture and Diagnostic Environ-
ment

B. BIST Approach for Testing Configurable Logic and 
Memory Resources in FPGAs

1. Bist For Brams
The block RAMs can operate in five different sizes in both single-
port and dual-port modes:

. Initially, the block RAMs 
is configured in single port mode to test for all cell-related faults. 
Then the block RAMs is configured in dual-port mode to test for 
port-related faults [17].

Fig. 4: BIST Configuration Generation Process

Since the block RAMs can be configured to operate in five different 
sizes, the block RAMs has to be tested in all possible sizes. In 
this paper, seven BIST configurations are required for completely 
testing the block RAMs (five single-port and two dual-port test 

algorithms). March LR with BDS and March C+ algorithm are 
used for testing in single-port modes, while March s2pf and 
march d2pf algorithms are used for testing in dual-port mode 
[10]. In single-port modes, the BIST architecture used for testing 
block RAMs is. A single TPG is used for providing test patterns 
and control signals and the comparison based-approach is used 
for the ORAs. The TPG generates expected data assuming that 
RAMs operate in write-first mode, expected data comparison is 
feasible and also diagnosis becomes simpler. The block RAMs are 
configured to operate with the maximum data width and March 
s2pf and March d2pf algorithms instead of BDS are used in this 
mode of testing. High Volume Diagnosis in Memory BIST Based 
on Compressed Failure Data

Table 2: BIST for BRAMs Configurations

D. High Volume Diagnosis in Memory BIST Based on 
Compressed Failure Data

1. Test and Diagnostic Flow
March tests are used to detect a variety of failures in memory arrays 
[19]. Typically, they consist of runs (also known as elements or 
March elements), which in turn are comprised of write and read 
operations applied to every memory cell. Cell addressing order for 
each run can be either increasing or decreasing in the fast column 
or the fast row mode, whereas bits belonging to successive words 
can be also interleaved in respective memory array rows.
Diagnosis of memory failures can be compared to reconstructing 
2-D bitmaps corresponding to a memory array. This process 
utilizes memory test responses. Each bitmap pixel represents the 
state of one memory cell. In monochrome bitmaps, white pixels 
indicate good cells whereas black pixels disclose failing sites of 
a memory array. Typically, these bitmaps abstract from specific 
classes of fault types by providing only basic information such 
as an operational status of a cell (good/bad).
Color bitmaps have different pixel colors assigned to different 
classes of faults. They can be obtained either after applying a 
complete march test in a BIST mode or during off-line post-
processing of a set of monochrome bitmaps representing the same 
copy of a memory array. The color error bitmaps can be created with 
the help of fault dictionaries [18]. Such dictionaries summarize 
results of a reasoning process based on a given march test. The 
primary objective of fault diagnosis presented in this paper is to 
produce very accurate monochrome error bitmaps by employing a 
few low cost devices added to an MBIST environment, as shown 
in fig. 4.
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Fig. 5: Memory Diagnostic Environment with Optional Shadow 
Registers

E. Self-Programmable Shared BIST for Testing Multiple 
Memories
The demand for a shared BIST architecture is increasing as the 
number of memory instances on the SOC is growing every day. A 
dedicated BIST engine for testing each memory at-speed makes 
the test area figure very high. In this section, the proposed shared 
architecture and the memory test mechanism is briefly described. 
Fig. 6, illustrates a block diagram of a SoC having multiple 
memories of different sizes, sharing a common proposed shared 
BIST controller. All the memories are surrounded by dedicated 
wrappers. The wrappers include a data decoder block, cut selection 
decoder, output compacter and transparent mode multiplexers. The 
conventional wrappers as proposed in other scheme are in itself 
a programmable BIST, capable of decoding the micro-codes and 
generating the memory patterns and data comparison, leading to 
high area of wrapper.
The proposed BIST controller is a shared central block and is 
designed for generating the operations according to a pre-defined 
or silicon programmable algorithm. It is like a normal BIST 
engine except it is capable of delaying the comparison of the 
expected output by a programmable number of clock cycles. The 
centralized BIST controller encodes the data pattern information 
and the memory wrapper decodes it. Also, memory wrapper 
compresses the memory output information for comparison 
with the compressed expected memory output, to be done in the 
centralized controller.

Fig. 6: Proposed Architecture for Memory Test

IV. Future Direction
Using memory BIST has various advantages such as no external test 
equipment, reduced development efforts, at-speed tests. However, 
there are many challenges associated with it such as silicon area 
overhead, extra pins and routing. In addition, the testability of the 
test hardware itself is another difficult task. Therefore, based on 
results of this study, we offer some insights and suggestions for 
various design parameters that should be taken into consideration 
when designing next generation memory BIST.
A future memory BIST tester should have very short test time 
since this ultimately determines the final testing cost. We need 
high-quality test algorithms, those with high coverage which has 
high correlation to yield. The hardware needs to be simple since 
this determine the speed and area overhead of the tester. Automatic 
generation that can ease design efforts will soon demonstrate itself 
a great value due to the ever increasing.

V. Conclusions
Memory testing is very important but challenging. Memory BIST 
is considered the best solution due to various engineering and 
economic reasons. March tests are the most popular algorithms 
currently implemented in BIST hardware. Various implementation 
schemes for memory BISTs are presented and their trade-offs are 
discussed: A Hardwired-based BIST is fast and compact, whereas 
a Processor-based BIST cost near zero hardware overhead and 
very flexible. Different proposed innovations are also surveyed. 
Using Defect Coverage not Fault Coverage as our measure for 
test quality is revolutionary. Integrating diagnostic capabilities 
into BIST improves overall system robustness and chip yield. 
Automatic generation eases design efforts for test integration and 
help satisfying time-to-market requirements. Self-repairability is 
the key to fault-tolerant and reliable circuit. This type of testing 
is mainly used in embedded memories and cores. BIST is the 
solution to the System on Chip (SOC). In conclusion, the future 
Memory BIST designs should be fast, small, efficient, robust, 
and flexible.
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