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Types of Memory

1.Dynamic Random Access Memory (DRAM) has the highest possible density but a slow

access time of 20 ns. Bits are stored as charge on a single capacitor, but the memory must be

refreshed, typically every 2, 4, or 6 ms, if information is not to be lost. 32 GB RAMS

available.

Synchronous DRAM (SDRAM) 

DDR (Double Data Rate) DRAM Pipeling hence faster DDR does not wait for completion 

of previous read/write operation to continue other operation.
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Types of Memory

2. Static Random Access Memory (SRAM) has the fastest possible speed, with a 2 ns

access time. Bits are stored in cross-coupled latches, and the memory need not be refreshed.

3. Cache DRAM (CDRAM) combines both SRAM and DRAM on the same chip, in order 

to accelerate block transfer between the SRAM cache and the slow DRAM.
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Types of Memory

4. Read-Only Memories (ROMs/EPROMs/EEPROMs) have every bit content

programmed by the presence or absence of a transistor at manufacturing time, and do not

lose information when power is shut off.
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Memory Organization
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Memory Testing

➢ Whole Chip not discarded for a single fault. Fault detecting and correction

➢ Static faults

➢ Cells, Decoder etc

➢ Dynamic Fault

➢ Write time, Access Time and Data retention time
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Fault Models

➢ Stuck-at faults

➢ Transition faults

➢ Coupling faults

➢ Neighborhood pattern sensitive fault

➢Address decoder fault
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Fault Models

1. Stuck-at faults

2.
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March Test Notation
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March Test Notation

MATS+ 

M. S. Abadir and J. K. Reghbati, “Functional Testing of Semiconductor Random

Access Memories,” ACM Computing Surveys, vol. 15, no. 3, pp. 175–198, Sept. 1983.



ELECTRICAL        ELECTRONICS COMMUNICATION INSTRUMENTATION

10/1/2023 11

Fault Models

3. Coupling Faults
A coupling fault (CF) means that a transition in memory bit j causes an unwanted change in

memory bit i. The 2-coupling fault is a coupling fault involving two cells. A write operation

that generates an↑ or in transition in cell j changes the contents of cell i. The 2-coupling

fault is a special case of the k-coupling fault, which has the 2-coupling fault behavior with

respect to cells i and j, except that faulty behavior occurs only when another k – 2 cells are

in a particular state.

3.1 Inversion Coupling Faults: 
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Fault Models

3.1 Inversion Coupling Faults: 

 

Not all linked CFins can be detected by march tests

Consider three cells i, j, and k (with address relationships Address(i) < Address(j) < 

Address(k).) Cell k is coupled to cell i and to cell j, and both i and j are visited either before or 

after k is visited by a march element.

Using the sequence and/or its reverse. In this case:

(i) The two CFins will mask each other for any march element marching ‘up’, and (ii)

Neither will be triggered for an element marching ‘down’. Therefore, the march test fails to

detect the linked CFins.

For all cells that are coupled, each should be read after a series of possible CFins may 

have occurred (due to writing into the coupling cells), and the number of coupled cell 

transitions must be odd (to prevent the CFins from masking each other.)
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Fault Models

3.2 Idempotent Coupling Faults: 

3.3 Dynamic Coupling Faults: 

A dynamic coupling fault (CFdyn) occurs between

cells in different words. A read or write operation on one cell forces the contents of

the second cell either to 0 or 1. This is a more general case of the Cfid.
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Fault Models

4. Bridging Faults 
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Fault Models

5. 
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Fault Models

6. 
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Fault Models

6. 

6.1 Active NPSF (ANPSF) [645] (also called dynamic), the base cell changes due to a 

change in the pattern of the deleted neighborhood. One deleted neighborhood cell has a 

transition, while the rest of the neighborhood (including the base cell) has a given pattern.

6.2  Passive NPSF (PNPSF) means that a certain neighborhood pattern prevents the base 

cell from changing
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Fault Models

7. Address Decoder Faults

An address decoder fault (AF) represents an address decoding error, in which we assume 

that the decoder logic does not become sequential [491, 659]. We also assume that the fault 

is the same during both read and write operations. We discuss only bit-oriented memory, in 

which each word contains only.

Van de Goor [688] classifies these faults into four cases: 

Fault 1: No cell is accessed for a certain address, 

Fault 2: No address can access a certain cell, 

Fault 3: With a particular address, multiple cells are simultaneously accessed, and

Fault 4: A particular cell can be accessed with multiple addresses.

A march test satisfying Conditions 1 and 2 in Table 9.8 detects all

address decoder faults
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Reduced Functional Fault Modeling
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Reduced Functional Fault Modeling
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Multiple Fault Models

Linkage. Faults may also be linked meaning that a fault may influence the behavior of other 

faults. Unlinked faults do not influence the behavior of other faults

Fault Masking Example

Goor’s [688] march test 



ELECTRICAL        ELECTRONICS COMMUNICATION INSTRUMENTATION

10/1/2023 22

Functional RAM Testing with March Tests 
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Functional RAM Testing with March Tests 
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Functional RAM Testing with March Tests 
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Functional RAM Testing with March Tests 
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where cell (2, 1) is unaddressable, and address (2,1) maps instead to an access of cell (3, 1).

Gets detected as r0 is 
done before wo 

Functional RAM Testing with March Tests 

MATS+ detection of cell (2, 1) multiple address decoder faults.



ELECTRICAL        ELECTRONICS COMMUNICATION INSTRUMENTATION

10/1/2023 27

Neighborhood Pattern-Sensitive Faults

Assumptions. We always assume that read operations of memory cells are fault-free in the 

NPSF testing algorithms

1.There are two different possible values for the base cell (0 and 1), 

2. k – 1 ways of choosing the deleted neighborhood cell which must undergo one of two

possible transitions

3. 2k-2 possibilities for the remaining neighborhood cell 

4. The total number of active neighborhood patterns

2 states 
of base 

cell  
states of cell 

not under 
transition Two transitions of 

the selected 
neighbouring cellOne cell selected 

at time for 
transition

For each of the deleted neighborhood patterns, the two 

possible transitions and must be verified .  
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Neighborhood Pattern-Sensitive Faults
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Neighborhood Pattern-Sensitive Faults

Optimal Write Sequences. It is essential to minimize the number of writes during

NPSF testing, in order to obtain the shortest possible test

A Hamiltonian sequence is used for writing during static neighborhood pattern

sensitive fault (SNPSF) Patterns in a k-bit Hamiltonian sequence differ by only 1 bit from

their preceding pattern, as this minimizes the number of writes needed to generate the

patterns. The Gray code is a Hamiltonian sequence.

PNPSFs and ANPSFs are tested with an Eulerian sequence. 

There is an arc between two nodes, if and only if they differ by exactly one bit.  An Eulerian 

sequence traverses each arc in the graph exactly once, while a Hamiltonian sequence traverses 

each node in the graph exactly once.
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Neighborhood Pattern-Sensitive Faults

Testing Neighborhoods Simultaneously. When a cell is written, we change k different 

neighborhoods (Type-1 or Type-2.) We wish to test the neighborhoods

simultaneously, using the tiling and two-group methods

Tiling Method. The tiling method totally covers memory with non-overlapping 

neighborhoods. Reduces the pattern length from  
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Neighborhood Pattern-Sensitive Faults

Testing Neighborhoods Simultaneously. When a cell is written, we change k different 

neighborhoods (Type-1 or Type-2.) We wish to test the neighborhoods

simultaneously, using the tiling and two-group methods

Two-Group Method. For the two-group method, a cell is simultaneously a base

cell in one group and a deleted cell in the other group, and vice versa
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Testing RAM Technology and Layout-Related Faults

The problems with the prior memory testing approaches are that DRAMs may be repaired or 

may have their address lines deliberately scrambled. As a result, consecutive addresses may not 

be adjacent, so the previously described coupling fault tests will not be effective.

1. Geometry optimisation introducing folding;

2. Address decoder optimisation; ell area optimisation by sharing contacts and well 

areas;

4. Speed and robustness optimisation based on bitline twisting;

5. Yield optimisation by introducing redundancy

6. Achieving I/O pin compatibility utilising address or data line swap.

A. J. van de Goor and I. Schanstra, "Address and data scrambling: causes and impact on memory tests," 

Proceedings First IEEE International Workshop on Electronic Design, Test and Applications '2002, 

Christchurch, New Zealand, 2002, pp. 128-136, doi: 10.1109/DELTA.2002.994601.
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Testing RAM Technology and Layout-Related Faults

Dekker performed this analysis [193, 194, 195] and found faults caused by actual defects 

modeled as broken wires, shorts between wires, missing contacts, extra contacts, and newly-

created parasitic transistors. He mapped these defects into the following functional faults:

1. SAF in a memory cell.

2.  A stuck-open fault (SOF) in a memory cell.

3.  A TF in a memory cell.

4.  A state coupling fault (SCF) between two memory cells.

5.  A CFid between two cells

6. A data retention fault (DRF), caused by a broken pull-up device, in which the

cell loses its contents over time
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Testing RAM Technology and Layout-Related Faults
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Cache RAM Chip Testing

Block diagram of 256K × 16 b Cache DRAM. 

Its organization is 256K words × 16 bits of DRAM core, 8 words × 16 bits of read data buffer (RB), 8 

words × 16 bits of write data buffer (WB), and 1K words × 16 bits of SRAM. 

1. DRAM Functional Test.

2. SRAM Functional Test

3. Data Transfer Test. 

(DRAM/SRAM /RB/WB

4. High-Speed Operation Test 

5. Concurrent Operation Test 

6. Cache Miss Test 



ELECTRICAL        ELECTRONICS COMMUNICATION INSTRUMENTATION

36

Functional ROM Chip Testing

ROM testing differs from RAM testing, in that the correct data that the ROM should contain is 

already known. The SAF model used for ROMs is sometimes a restricted SAF model

The preferred ROM testing method is to cycle the ROM through all of its addresses and 

compress the output bit stream at the ROM outputs using a linear feedback shift register 

(LFSR) in the automatic test equipment (ATE).
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Electrical Parametric Testing

DC Parametric Tests.

1. Voltage Bump Test 
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Electrical Parametric Testing

DC Parametric Tests.

2. Leakage Test 
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Electrical Parametric Testing

AC Parametric Tests.

1. Address Set-Up Time Sensitivity 
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Electrical Parametric Testing

AC Parametric Tests.

2. Access Time Tests 



ELECTRICAL        ELECTRONICS COMMUNICATION INSTRUMENTATION

41

Electrical Parametric Testing

AC Parametric Tests.

3. Running Time Tests 



ELECTRICAL        ELECTRONICS COMMUNICATION INSTRUMENTATION

42

Electrical Parametric Testing

AC Parametric Tests.

4. Tests for Sense Amplifier Recovery Fault. Sense amplifiers can become saturated after 

reading/writing a long string of identical data values, at which point

they are too slow to read the opposite data value
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Electrical Parametric Testing

AC Parametric Tests.

5. Test for Write Recovery Fault. Write recovery faults occur when a write is followed by a 

read/write at a different address. The two types are read-after-write and write-after-read.
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