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Abstract. BIST (Built-in Self-test) modules are an intrinsic part of many applications 

like microprocessors, micro controllers, multi-processor system and multicore system. 

The problems in different memory systems affected by stuck-at faults cannot be 

solved using the standard Built-In Self-Test (BIST) modules. Accordingly, the main 

objective of this research is to build a Hybrid Memory Logic (HML)-BIST for 

identifying and correcting memory component faults. Random test patterns of write, 

read and write data were generated at the beginning with the use of linear feedback 

shift register (LFSR) modules. It is then input into the LFSR in order to generate 

random numbers using an activity factor so it will not repeat. After that, the space 

comparator will appear to compare what is stored in memory with data from their 

original sources. For various test scenarios, memory correction is performed by the 

BIST module. The simulations showed that when compared to previous methods, the 

new HML-BIST method produced better results in terms of power, area, and latency. 

Keywords: HML-BIST, area, Latency, Power. 

1 Introduction 

The manufacture of more complex integrated circuits (ICs) is made possible by the rapid 

growth of microelectronic technology. This has several benefits (such improved 

performance and reduced cost per function, among others), but it also poses substantial test 

and reliability challenges. Specifically, when testing the high-performance microprocessors 

at high speeds, the test vector employed resulted in a much greater IC activity factor (AF) 

than what was seen during field operation. This could directly lead to an excessive degree of 

power drop (PD), which could impede the circuit under test's (CUT) ability to switch signals 

quickly. It is highly likely that this behavior will be mistakenly linked to problems with 

delays. 
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 The launch-on-shift mechanism, also referred to as LOS. 
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It will therefore directly result in a false test failure and increased yield loss. Logical Built-

In Self-Test (LBIST) is becoming increasingly prevalent for testing logic blocks at 

operational speeds. Depending on whether the circuit under test (CUT) is sequential with 

scan or combinational, LBIST or scan-based LBIST options are available. Both scan-based 

and combinational LBIST are possible implementations of LBIST. The two main capture-

clocking systems available for scan-based LBIST are as follows: 

 The "launch-on-capture" (LOC) method. 

The test vectors were used in the move stage of evolution to trim the last counter (CK). In 

the ensuing capture phase, the reduced answer is subsequently tested on the inspection chain 

system. As an alternative, during the shift phase of the LOC approach, test vectors are 
initially fed into the scan chains. They are successively applied to the trim at the release 

phase in the plan's capture stage, and the trimmed response is gathered in the inspection 

chain in the ensuing capture [1]. 

In this study, the problems in different memory systems affected by stuck-at faults cannot 

be solved using the standard Built-In Self-Test (BIST) modules. In order to rectify this 

problem, a hybrid memory logic BIST architecture is built to identify and correct the memory 

components faults. At first the random test patterns of read and write, write and also the 

whole write data were generated with the help of linear feedback shift register. Following 

that, a comparison between the data from their original sources and what is kept in memory 

will be shown by the space comparator. Memory correction is handled by the BIST module 

for different test cases. According to the simulations, the novel HML-BIST technology 

performed better than earlier approaches in terms of power, latency, and area consumption. 

2 Literature Survey 

To target hard-to-find faults, the study uses combinational mapping logic with a 

pseudorandom test generator, allowing LFSR seeds to be encoded with deterministic 

vectors [2]. Reference [3] presents a Built-in Test for VLSI that compares known input and 

output patterns to verify flip-flops, latches, and combinational logic circuits using scan-

based techniques. Device faults are detected when patterns diverge [4]. Reference [5] 

describes a method for detecting VLSI circuit issues by measuring current usage. Increased 

current may indicate short circuits, leading to heat, damage, and reliability problems [6]. 
This defect-based test is useful for identifying inter-gate bridges and gate-to-source shorts, 

especially in CMOS circuits. Reference [7] presents a genetic approach to generate test 

patterns for combinational VLSI circuits, producing vectors for stuck-at-zero and stuck-at-

one faults. 

Reference [8] reviews a multiplexer-based BIST (MBIST) method for testing pattern 

vectors, handling stuck-at and delay faults. It includes a digital control circuit, TAM clock, 
and serial-to-parallel converters. The Analog Test Wrapper (ATW) works with various 
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BIST methods and uses Pseudo-Random Pattern Generators (PSRG-BIST) to cut testing 

time and cost. Reference [2] presents FT-BIST for analog cores, employing a branch and 

bound method to detect open faults in VLSI circuits, addressing both inter-layer and intra-

layer issues and integrating fault-based BIST with automated test pattern generation. 

From the reference paper, BIST structures generate pseudorandom combinations, and the 

output results are compared for the exclusive circuit that is being tested. BIST 
implementation may apply to entire designs, design blocks, or the structures inside design 

blocks. Memory is used in a wide range of applications and has a complex manufacturing 

architecture. BIST is primarily used to help with memory testing; it features a few more 

pins. Actually, when testing a memory with BIST, utilizing a simple clock signal and a few 

pins aids in evaluating the entire memory IC [9]. 

3 General LBIST Architecture 

3.1 Address Generator 

Since LFSR only makes use of XOR gates and flip-flops, its delay is independent by the 

quantity of bits that are processed., making it a preferred option for address creation over 

counters.  

 

 

Fig. 1. General LBIST Architecture 

The production of all addresses in a specific sequence—which may be either rising (UP) or 

lowering (DOWN)—was necessary for the algorithms employed in the BIST technique. A 

Linear Feedback Shift Register (LFSR) could be useful in this situation. The input bits of a 
shift register, referred to as an LFSR, are driven by the exclusive-OR of a few additional 
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bits [10], [11]. The integers generated by this structure will appear to be random, and they 

will be used as addresses for the RAM that is being evaluated. 

 

Fig. 2. Linear feedback shift register 

The placement of the XOR gate in the circuit determines the characteristic equation for each 

LFSR. For example, the characteristic equations [12], [13] x3 + x2 +1 belong to the LFSR 

mentioned in the previous statement. 

3.2 Memory 

It is an architectural element that requires a dependability assessment. Most of these are 

already present in the device and include embedded memory such as RAM and cache. 

3.3 Controller 

The controller generates a number of signals, such as:  

(i) Using an LFSR to generate addresses in the proper order. 

(ii) Producing the information that will be written. 

(iii)Reading information from and writing it to memory. 

(iv) Comparing data effectively by using the comparator.  

3.4 Comparator 

In this a cycle-by-cycle analysis of data written to and retrieved from a specified memory 

address is performed in this part. The controller generates and provides the necessary data 

in accordance with the algorithm throughout the memory write cycle. Later on, in the 
memory read cycle, this material is taken out of memory. The comparator then makes a 

comparison between the read data and the written data from the preceding cycle. A 

malfunction is indicated by the comparator output (Comp) being high when there is a 
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difference between the data's write and read cycles at a certain place. The creation of address 

using forward and reverse counting LFSR, it sequences, and fault modelling and algorithm 

of BIST is shown in the details in [14]. 

4 Existing Method 

   Through the integration of additional test circuitry with the current system, the BIST 

method enables circuits to self-test. The three primary components of BIST are the Output 
Response Analyzer (ORA), Circuit Under Test (CUT), and Test Pattern Generator (TPG). 

In order for the CUT to process and provide outputs, the TPG produces particular test 

patterns. The ORA subsequently evaluates this information against the expected results 

stored in ROM. If any inconsistencies are found, it triggers a pass/fail signal, indicating 

errors. Saving predicted outputs becomes less practical as circuit complexity rises. The BIST 

approach for testing combinational circuits is presented in this study, with special attention 

to the single stuck-at fault model. It makes use of a power-efficient TPG and an enhanced 

TRA. This model is effective not only for single faults but also for detecting multiple faults 

in the same location [15]. 

Fig. 3. Architecture Of Existing BIST 

The Test patterns are created for the Circuit Under Test (CUT) by the Test Pattern Generator 

(TPG). The circuit under test typically takes inputs from other parts and carries out its 

assigned task. In contrast, the CUT receives pseudo-random test patterns while it is in test 

mode, and a comparator assesses the output data. The Test Response Analyzer (TRA) is 
built using a comparator, the BIST Controller Unit controls the process, the TPG is 
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implemented using a basic BS-LFSR, and the CUT is a standard RAM in the suggested 

configuration [15]. 

This study provides an implementation-ready, power- efficient BIST design. The proposed 

BIST's internal structure is shown in Figure 6. The BS-LFSR serves as the TPG in this 

BIST, while the modified MISR method serves as ORA. When compared to alternative 

BIST techniques, the BS-LFSR achieves a reduction of up to 25%, improving power 

efficiency. 

4.1 BS-LFSR as TPG 

As illustrated in Figure 4, the select line for the 2x1 multiplexer is assigned by the BS-LFSR 

to signal d, the fourth bit. When the second bit (signal b) and the first bit (signal a) swap 

positions, bit switching takes place (signal d = '0').  

           

                         
 Fig. 4. 4-bit Bit swapped LFSR 

There is no swapping when signal d is '1'. Signal D is the selection line; hence it is not 

switched out on its own. The Circuit Under Test (CUT) receives the several outputs 

produced by the BS- LFSR, namely O1, O2, O3, and O4 [14,15]. 

4.2 Circuit Under Test (CUT) 

The Circuit Under Test (CUT) used for the Built-In Self-Test (BIST) is shown in Figure 8. 

O1 and O2 are the two outputs of this combinational circuit. Table 1 shows how the 4-bit 

bit-swapped Linear Feedback Shift Register (LFSR) generates the sequences used to build 

the truth table for the CUT. The binary value "1000" is used as the starting point [14, 15]. 
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                                                          Fig. 5. 4-bit Bit swapped LFSR 
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4.3 Modified MISR as TRA 

The suggested Built-In Self-Test (BIST) system can identify particular circuit failures that 

cause problems with stalling. This methodology makes use of the notion of stuck-at faults, 

which encompasses several discrete circuit defects. The statement that came before it 

expands on this idea. In essence, it implies that one output signal is kept at 1 and one input 

signal is kept at 0. In contrast to traditional BIST approaches, the new method makes use of 

a modified Multiple Input Signature Register (MISR) and a more energy-efficient Test 

Pattern Generator (TPG), the BS-LFSR. This is the main difference. Despite being superior 

than the normal MISR and being available, the modified MISR is not used nearly as often as 

the former [16]. 

 
                          

Fig. 6. 4-bit Modified MISR 

The suggested BIST differs from the traditional BIST because of this. Because it allows for 

a 25% reduction in power usage inside the proposed BIST and enables the use of the updated 

MISR to monitor the BIST's operation, this approach is superior to the one outlined in 

[14,15]. 

 

 

Fig. 7. Operation of modified MISR 



 

 

 

 

 
 

 

 

 Using LFSR modules with regulating activity, an HML-BIST is developed. 

data. 

 Determine the circuit under test's number of inputs (N) and outputs. 

 Produce a test pattern with 2N elements. 

results. 
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5 Proposed Method 

  Built-In Self-Test (BIST) and Design for Testing are used in the chip design phase to 

guarantee that any stuck-at defects are detected. DFT techniques improve controllability 

and observability. Examples include scan design, data compression, and on-chip test pattern 

development. BIST incorporates a number of DFT approaches, including partitioning, self-
testing, random test patterns, and built-in assessment. Through CAD procedures and design 

verification, these methods aid in the early detection of flaws before manufacturing 

mistakes are addressed during production testing. Early detection of physical flaws is 

essential to averting chip failure. 

The Bonding issues, substrate mounting, surface imperfections, thermal mismatches, 

electrical instability, oxide defects, metallization issues, bulk silicon faults, and particle 

contamination are examples of common defects. In addition to helping to identify these 

errors, the stuck-at fault model elucidates the physical reasons of "stuck-at-0" and "stuck-

at-1" faults. The cornerstone for creating test patterns is this concept [18]. A process called 

"built-in self-test," or BIST, incorporates testing procedures directly into the CUT. The key 

contributions made by this study are given below: 

 Creation of LFSR-based random number generators that generate non-repeated 

random numbers based on activity parameters for writing, reading, and writing 

 Configuring a space comparator to find mistakes in data that is kept in memory. 

The CUT is the main focus of the suggested HML-BIST method. The RAM output response 

analyzer, memory, and test pattern generator are important parts of the BIST design. There 

are nine steps in the general BIST algorithm. 

 For every test pattern, save the real output in ROM. 

 Use the first test pattern, then use the output response analyzer to see the 

 The output signature and the golden signature are compared by the 

comparator. 

 Proceed to step 4 and test for the subsequent test pattern if there isn't a 

problem. 

 Verify that the test pattern has ended. 

 Declare the circuit being tested to be functional if there are no errors in any 

of the test patterns. 



 

 

 

 

 

                                               

 

 State whether the CUT is good or flawed. 
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 Fig. 8. Proposed HML-BIST architecture. 

     Figure 8 illustrates the proposed HML-BIST method, which utilizes LFSR-based 

activity factor regulation. The three key components of this technique include the LFSR- 

based test pattern generator, random access memory (RAM), and space comparator-based 

output analyzer. The function of the test pattern generator is to generate the patterns needed 

for the circuit that is being studied. LFSR, counters, and test pattern generators using pre-

existing test data are typical examples. The response analyzer functions as a comparator, 

storing model outputs for comparison with test-specific real circuit outputs. Test patterns 

are created by the test pattern generator, which receives instruction signals from the test 

controller. It also instructs the space comparator to compare the outputs now with those that 

were previously stored [14,15]. 

All test-related operations are handled by the RAM. Coding is the process by which fault 

models are created, and Xilinx software is useful for this. This makes it possible for errors 

like stuck at 1 and stuck at 0 to occur. When a stuck-at-0 fault occurs, all outputs are low, 

and when a stuck-at-1 fault occurs, all outputs are high. This psychological data is simply 

provided by the space comparator, which may also be used appropriately in various lapse 

conversations. The circuit under test and the test pattern generator are both part of the BIST 

system. The Linear Feedback Shift Register, or LFSR, is the brains behind test vector 
creation functionality. The suggested method only generates 12 appropriately overlapping 



 

 

 

 

 
 

 

 

 

 

 

 

        Design And Implementation of Hybrid Memory Logic Built-In …     1973

test pattern generator outputs based on LFSR. 

The CUT receives four outputs from the isolation circuit as inputs, processes them, and 

generates a output. The CUT output is examined by output response analyzer. To ascertain 

whether the circuit is operating appropriately, it compares the CUT's output with a reference 

that is recorded in memory. The CUT provides output signals for other devices while it is 

operating normally, receiving signals from input sources. On the other hand, In BIST 

operations, the test pattern generator is the only source of signals that the Circuit Under Test 

(CUT) will receive. Signals from usual input sources will not be accepted. The CUT's 

response to these test stimuli is assessed by the response analyzer. The reference signals 

that were previously stored in the chip are compared with the signals obtained from the 

response analyzer. The comparator then generates error signals to indicate whether the CUT 

is operating correctly [14]. 

Four major criteria need to be carefully taken into account when developing an embedded 

system for BIST (Built-In Self-Test): hardware overhead, performance overhead, test set size, 
and fault coverage. 

Hardware Overhead: The additional hardware required to implement BIST is referred to 

as this. Especially when testing complex circuits, the BIST technique should ideally result 

in less additional hardware being used. 

 Test Set Size: This is how many patterns the test pattern generator produced in total. A common 

approach to enhance fault coverage is to expand the size of the test set. Not all possible faults may 

be captured by a limited test set. 

Fault Coverage: This describes the degree to which circuit problems are detected by the 
test patterns. Better fault coverage than outcome of a larger test set. 

Performance Overhead: This describes the impact of BIST on the usual operation of the 

circuit. Sometimes, the delays introduced by BIST can affect the circuit's typical 

performance more than hardware overhead 

To make effective use of BIST in embedded systems, the following factors must be taken 

into consideration. If errors are present in the generated test patterns, this technique, also 

known as aliasing or masking, may cause the space comparator to incorrectly indicate that 

the CUT (Circuit Under Test) is error-free. By considering these factors, the performance 

and reliability of the BIST approach can be enhanced [14,15]. 

LFSR in HML-BIST 

The creation of pseudo-random sequences is the main use for the Low Frequency Shaping 

Register (LFSR). LFSR produces a wider variety of patterns than ATPG (Automatic Test 

Pattern creation), although producing fewer patterns than other pseudo-pattern creation 
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techniques. Pseudo-random pattern generation can be laborious, but compared to previous 

methods, it typically needs less design work, less hardware, and a smaller performance 

overhead. 

 

Fig. 9. Standard LFSR 

Pseudo-random patterns are produced by the LFSR. This sequence, which is commonly 

referred to as the "seed," usually has a length that is equal to or less than the LFSR. One can 

solve a system of linear algebraic equations to find the test and seed vectors for the LFSR. 
The architectural layout of the LFSR is shown in Figure 9 [2]. 

 

Fig. 10. n-stage LFSR with actual digital circuit 

 

The test pattern is mostly generated by the LFSR, which consists of several D flip flops. To 

create pseudo-random patterns and provide feedback, A predetermined order is followed 

when connecting the outputs of one D flip-flop to the outputs of other D flip-flops. It is 

made easier to implement the LFSR in a real digital circuit using this configuration. In 

Figure 10, the n stage of LFSR is fully depicted. By employing the outputs from a D flip-
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flop to create n different output lines, an n-stage LFSR (Linear Feedback Shift Register) 

can be constructed. Additionally, an XOR gate is used to combine the output of two D flip-

flops, and the resulting mixture is then fed back into the original D flip-flop. The clock pulse 

for each D flip flop comes from the same source. If the connections to the EXOR gates are 

done appropriately, the LFSR may generate the required pseudo pattern [2,14]. 

6 Results And Simulations 

The RTL schematic, short for register transfer level, represents the architectural blueprint 

and is utilised to validate the developed architecture against the desired ideal architecture for 

development purposes. The description or summary is converted using the HDL language. 

Coding languages like Verilog and VHDL are used in the working summary to build the 

architecture. The RTL schematic provides explicit details of the internal connection blocks, 

facilitating thorough analysis. The diagram below illustrates the RTL schematic of the 

planned architecture. 

 

Fig. 11. Schematic layout of proposed design 

Fig. 12. Simulation of proposed design 
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The simulation results for the proposed system are shown in Figure 12. The input data pins 

are as follows, each utilizing a 4-bit de_bus: clock, reset, enable, pc, up_down, and 

load_af_amount. As mentioned earlier, bist_out serves as the output pin. When the system 

is reset using an active-high reset, the counter starts from zero. An active-low reset enables 

the system. An active-low enable disables the system, while an active-high enable starts its 

operation. The value of af_amount is stored in the Built-In Self-Test environment only if the 

load signal is high.A high af_red_inc increases the activity factor, while a low af_red_inc 

decreases it [14]. 

Conversely, a low af_red_inc decreases the activity factor. When the up_down signal is 

high, the count increases; when it's low, the count decreases. A low bist_out signal indicates 

a BIST failure, while a high bist_out signal signifies a BIST pass. 

Existing And Proposed Results of Area and Power And Delay 

Consider the factors examined in VLSI- Area, Latency, and power. These measurements 

can be utilised for comparing one design with another. The parameter is computed with the 

XILINX Vivado tool, with the HDL language being Verilog. In this paper achieved the trade 

of area, power and latency. 

 

 
 

Fig. 13. Existing Methodology Results of Area and Power 
 

 

Fig. 14. Existing Time Summary 
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Fig. 15. Proposed Methodology Results of Area And Power 

The performance comparison of different BIST controllers is shown in Table 2. Here, the 

suggested HML-BIST outperformed traditional techniques like FT-BIST [2], MBIST [8], 

and PSRG-BIST [9], outperforming them in terms of LUTs, slice registers, LUT-FF 
pairings, time delay, and power consumption, among other metrics.  

 Table 2. Comparison Of Various Bists with Proposed Hml-Bist 

Metric HML- BIST 

(proposed) 

FT-BIST MBIST PSRG- BIST

LUTs 1640 15327 3678 17352 

LUT-FFs 851 635 594 736 

Time 

Delay(ns) 

0.511 0.726 0.515 0.836 

Power 

Consumption(w) 

37.352 59.937 99.482 64.1939 

7 Conclusion 

This work primarily aims to implement HML-BIST which aims at detecting and 

correcting faults in memory components. Originally, the LFSR modules were made to 

provide any kind of test pattern for read, write, and write data addresses. Now, the activity 

factor is utilized in conjunction with the LFSR (Linear Feedback Shift Register) to produce 

non-repeatable random values. A space comparator is then used to compare the previous data 

from the source file with the new one that has been cached in memory. After that, in a 

variety of test scenarios, the BIST module fixes the RAM. The suggested Built-In Self-Test 

(BIST) technique outperforms current approaches in terms of space, latency, and power 

efficiency, according to simulations. 
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From the above proposed results, the power consumption is very less, and the area is 

decreased according to the existing parameter results. Hence proved that the HML-BIST 

architecture will be best at fault correction and takes less power and area consumption and 

latency. 
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