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Annotation. The article focuses on detecting memory matrix faults. The trends in the evolution of storage devices are 
considered and the generalized memory model is provided. The classification of single-cell fault models and the dominant 
testing method are given. The article shows the advantages and disadvantages of march tests. 
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The memory system has the largest part in terms of the number of chips and their total cost in modern 

computing systems. The evolution of technologies leads to an exponential reduction in the size and 
increase in the capacity of storage devices. The problem of testing storage devices in modern computing 
systems, such as embedded systems, systems-on-a-chip and nets-on-a-chip, is a very relevant problem. 
Along with the increase in storage capacity, the requirements for their reliability increase, so the role of 
testing is very important [1-4]. 

The functional model of a memory chip consists of many blocks. The generalized memory model is 
shown in Figure 1 [5]. Block A is used to set the address of the cell for the read or write operation. The cells 
are stored in the matrix, therefore, to determine their location, the address contains data about the row and 
column, which are decrypted in blocks B and C. The array of storage elements is marked with the letter D, 
the read/write logic occurs in blocks E, F, G. 

 

 
Figure 1. Functional model of a memory chip 

 
Failures of the electronic frame and the matrix of storage elements are the reasons for the incorrect 

state of the memory. The electronic frame includes an address decoder and read/write logic [6]. Testing 
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the memory array is a major focus. Despite its simple organization, there is a huge variety of possible faults, 
and the detection and classification of some of them is a difficult task. 

Faulty states of storage devices are described by mathematical models. A fault model is an 
abstraction of an error caused by a specific physical defect. The purpose of the fault model is to simplify 
the testing procedure and reduce its cost. 

Memory faults can be differently divided into subclasses. The most common classification is based 
on the number of cells. Memory faults can involve one, two, or more cells. Single-cell faults include stuck- 
at-fault and transition faults [6]. The stuck-at-fault (SAF) is one in which the logic value of a cell or line is 
always zero (SA0) or always one (SA1). The cell cannot change its state. The transition fault (TF) is a 
special case of the SAF, in which a cell cannot make the transition from zero to one or from one to zero. 

In order to test the memory completely, you need to write and read all possible combinations of zeros 
and ones in the memory array. The time for such testing is proportional to the value of 2N, where N is the 
memory capacity in bits. The current memory size does not allow performing the test with such complexity. 
In the early 1980s, after the introduction of fault models, march tests became the dominant testing method. 
Two advantages of march memory tests are high fault coverage and acceptable test time, which depends 
linearly on the memory size [7]. These tests are characterized by a simple hardware implementation, which 
is very important for built-in self-testing tools (built-in self-test – BIST) [6]. 

The march test consists of a finite sequence of march elements, which is written in curly brackets. A 
march element is a finite sequence of read and/or write operations that is applied to each memory cell. A 
set of possible operations are ‘r0’ – read operation with the expected value of zero, ‘r1’ – read operation 
with the expected value of one, ‘w0’ – write operation of zero, ‘w1’ – write operation of one. Each march 
element has an indication of the order of the address sequence: ascending address order (⇑) or descending 
address order (⇓). The symbol ‘⇑⇓’ indicates that the address order is not relevant [6]. 

MATS test is the simplest example of classic march tests. The test has the following sequence: 
{⇑⇓(w0); ⇑(r0,w1); ⇓(r1)}. The test execution time is proportional to the value of 4N, but it completely covers 
only constant faults. MATS++ test is another example of march tests. Its sequence: {⇑⇓(w0); ⇑(r0,w1); 
⇓(r1,w0,r0)}. The complexity of MATS++ is 6N [8]. It detects all single-cell faults, both constant and 
transient. 

March tests successfully detect single-cell and simple two-cell faults. However, as the density of 
memory cells increases, faults become more complex. Memory fault can involve three or more memory 
cells. They affect each other by changing each other's content. The process of detecting these faults is very 
time-consuming. 
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