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Abstract

Embedded Flash chip probing (CP) testing in an automotive Microcontroller Unit (MCU)
involves long test flows and numerous test items. Conventional BIST-based testing relies
on step-by-step Automated Test Equipment (ATE) instruction configuration, status polling,
and result readout, causing considerable ATE interaction overhead that grows with the
number of test items. This paper proposes an Auto-CP Built-In Self-Test (BIST) method
with entropy-guided two-stage instruction set compression and on-chip autonomous
scheduling for embedded Flash CP testing. Unlike conventional lossless compression
that operates directly on raw instructions, the proposed method uses information entropy
to quantify instruction redundancy and decomposes the original instruction stream into
reusable instruction templates and a sequence scheduling stream. Structural compression
removes repeated long instruction fields, while Huffman lossless coding shortens high-
frequency symbols. On-chip decoding and scheduling logic then enable the ATE to load the
compressed test program once and read the final results, eliminating step-by-step control
of each test item. For a 40 nm 1 MB embedded Flash CP test at 15 MHz using an Advantest
93000 ATE, Auto-CP reduces the measured total CP test time from 42.65 s to 36.25 s, i.e., by
15%. The average ATE overhead ratio is lowered from 26% to 13%. The results show that
the proposed method effectively reduces the ATE interaction overhead and improves the
embedded Flash mass production CP test efficiency.

Keywords: automotive MCU; embedded flash; BIST; auto-CP; information entropy;
Huffman compression; ATE overhead

1. Introduction
The Microcontroller Unit (MCU) serves as a core component in the field of automotive

electronics. Driven by the growth of the global electric vehicle industry, automotive
MCUs face rising requirements for advanced functionality, performance, design-for-test
(DFT) [1–9], and efficient chip probing (CP) test strategies. As automotive electronic systems
evolve toward higher levels of functional safety, the ISO 26262 standard imposes stringent
requirements on the testability and reliability of safety-critical components [10,11]. In this
context, automotive MCUs must undergo comprehensive CP testing that covers not only
basic read/write verification but also read stress, program/erase cycling, margin read, and
reliability-related screening [12,13]. Among these, embedded Flash within automotive-
grade MCUs stands out as a critical module. Notably, the mass production CP testing cost
of these MCUs is dominated by the Flash component, accounting for approximately 70%
to 80% of the overall MCU test cost. For instance, in the case of a 40nm MCU Flash, the
CP testing cost per ten thousand wafers can reach 1 to 2 million US dollars. Reducing
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the testing time by even 10% could yield substantial cost savings, potentially lowering
expenses by 100,000 to 200,000 US dollars.

During embedded Flash testing, upgrading existing ATE hardware remains challeng-
ing, making the acceleration of high-voltage analog measurement a critical path to reducing
the CP test time. In conventional BIST/ATE cooperative testing, the ATE repeatedly con-
figures BIST registers, triggers tests, polls status, and reads results for each test item. This
step-by-step interaction introduces significant overhead, especially for long test sequences.
The total CP test time consists of the actual Flash test time, BIST internal overhead, and
step-by-step ATE interaction overhead. Among these, the ATE interaction overhead is
dominated by repeated configuration, invocation, polling, and readout, and is closely tied
to the number of ATE interactions. The Flash test time itself is determined by physical
characteristics and is difficult to reduce through test program optimization alone. Therefore,
reducing the number of ATE interactions is a key optimization target. Furthermore, the
trimming of high-voltage analog signals (VCG, VSL, and VEG) in automotive Flash macros
requires traversing multiple trimming levels with frequent ATE measurement, accounting
for nearly 7% of the total CP test time.

Existing studies have addressed embedded Flash CP testing from several directions.
Recent works [14–17] have advanced embedded memory test and BIST in process, diagno-
sis, scheduling, and waveform generation, but they do not target this interaction overhead.
Reference [5] align ATE resources with MCU Flash test requirements, and the MCU Flash
BIST engine supports parallel testing of heterogeneous macros to improve multi-Flash
efficiency. Previous work [18] proposed an auto-trimming DFT method that removes ATE
from analog measurements by integrating a high-precision voltage comparator and BIST
logic, reducing the trimming time from 2.94 s to 0.23 s and total CP time by 6.35%. However,
these methods still depend on ATE for high-voltage analog testing and do not eliminate
the repeated ATE interactions in conventional BIST/ATE cooperative testing. For automo-
tive MCUs, long CP sequences, massive address traversals, and repeated configurations
produce a highly redundant BIST instruction stream, causing significant ATE overhead
through frequent instruction loading and status polling.

To address these limitations, this paper extends our previous auto-trimming method [18]
with an entropy-guided two-stage compression and on-chip autonomous scheduling scheme.
Because BIST instruction usage in a fixed CP flow is highly non-uniform and contains re-
peated templates, entropy quantifies instruction stream redundancy, while template/sequence
decomposition removes repeated fields. Structural compression then prepares a compact
symbol set for Huffman coding. Unlike conventional test data compression on raw vectors,
the proposed method targets the BIST instruction stream, enabling one-time loading and
autonomous on-chip execution.

The main contributions of this work are as follows: (1) an entropy-guided redundancy
analysis is presented to quantify the compression potential of the CP BIST instruction
stream; (2) an instruction/sequence decomposition mechanism is developed to separate
reusable operation templates from flow control scheduling information; (3) Huffman
lossless coding is adopted to further shorten the code length of high-frequency symbols;
and (4) an on-chip Auto-CP controller is implemented to decode and autonomously execute
the compressed test program.

The remainder of this paper is organized as follows. Section 2 analyzes the conven-
tional BIST/ATE interaction flow and the source of the test overhead. Section 3 presents the
overall Auto-CP BIST architecture with on-chip autonomous scheduling. Section 4 details
the entropy-guided instruction set compression algorithm, including redundancy analysis,
structural compression, and Huffman coding. Section 5 reports the experimental results
and discusses the test efficiency and area overhead. Section 6 concludes the paper.
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2. Conventional Flash BIST/ATE Flow and Overhead Model
The purpose of embedded Flash CP testing is to screen out dies with functional

failures, marginal behavior, or potential reliability risks at the wafer level. Unlike SRAM or
RAM, embedded Flash testing involves erase, program, high-voltage operation, margin
read, stress conditions, and reliability-related screening in addition to basic read/write
verification. Since conventional RAM March tests are not directly applicable to Flash
memories, dedicated Flash test procedures are required.

From the perspective of test flow organization, embedded Flash CP testing is charac-
terized by diverse operations, long test sequences, and repeated configurations. Multiple
test items require repeated configuration of test modes, address ranges, data backgrounds,
and result-checking conditions. Similar configurations and batch operations are repeatedly
applied across different address regions, data patterns, and test modes. As a result, the
generated BIST instruction stream is large and contains significant structural redundancy.

In a conventional embedded Flash BIST architecture, as shown in Figure 1, the external
test program configures on-chip BIST-related registers through a test access interface or
bus interface. Existing disclosed eFlash BIST solutions include command, pattern, data,
and status registers; the BIST controller initiates test operations according to the register
configuration, and the results are stored in status registers for external readout. Functionally,
Flash BIST instructions can be grouped into configuration instructions, functional operation
instructions, test mode instructions, and batch BIST instructions. Memory BIST results are
typically reported through DONE/FAIL status signals, and some implementations also use
address or data registers to locate failing positions.

Figure 1. Conventional Flash BIST/ATE interaction flow.

Consequently, in conventional BIST/ATE cooperative testing, the ATE repeatedly
configures BIST instructions or registers, waits for on-chip execution, reads status or fail
information, and determines the next test step. The total CP test time of the conventional
flow can be expressed as

TCP = TFLASH + TBIST +TSTEP (1)

where TFLASH denotes the actual test time applied to the Flash macro. It is mainly deter-
mined by the physical read, program, and erase characteristics of the embedded Flash and
by the required CP test items, and it is difficult to significantly reduce through test program
optimization alone. TBIST denotes the on-chip BIST internal execution and control overhead,
including the translation of BIST instructions into actual Flash test patterns inside the BIST
circuit. It does not include the SPI transfer of the compressed program, which is accounted
for separately in the Auto-CP timing model. TSTEP denotes the step-by-step ATE interaction
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overhead caused by repeated command configuration, test invocation, status polling, and
result readout.

In a conventional flow, TSTEP is mainly caused by repeated command configuration,
test invocation, status polling, and result readout. It can be abstracted as

TSTEP≈ N × (tcfg + tstart + tpoll + tread + tpat) (2)

where N is the number of ATE/BIST interactions; tcfg, tstart, tpoll, and tread represent the time
consumed by configuration, test triggering, status polling, and result readout, respectively;
and tpat represents additional pattern-related ATE overhead.

The actual Flash test time TFLASH is mainly determined by the physical read, program,
and erase characteristics of the Flash macro and by the required CP test items. It is difficult
to significantly reduce this component through test program optimization alone. In contrast,
TSTEP is strongly related to the number of instruction interactions and the organization of
the test flow.

As indicated by Equation (2), since N grows with the number of CP test items, test
mode configurations, status checks, and result readouts, reducing N becomes a key opti-
mization target for shortening the total CP test time. This observation directly motivates
the proposed one-time loading and on-chip autonomous scheduling scheme, in which the
compressed test program is loaded once and the on-chip Auto-CP controller executes the
complete CP flow without repeated ATE intervention.

3. Proposed Auto-CP BIST Method with Instruction Set Compression
and On-Chip Autonomous

The proposed Auto-CP method changes the test flow control mechanism, as shown in
Figure 2. Instead of configuring and triggering BIST operations step by step, the ATE loads
compressed instruction and sequence data into the BIST circuit once. The on-chip Auto-
CP scheduler then decodes the sequence stream, invokes the corresponding instruction
templates, executes Flash operations, records the intermediate results, and reports the final
results to the ATE after the complete CP test flow is finished.

 

Figure 2. The detailed flow of the proposed Auto-CP BIST method.

With Auto-CP, the total CP test time can be expressed as

TCP = TFLASH + TBIST +TLOAD + Tonchip (3)

where TLOAD denotes the one-time compressed program loading and final result readout
overhead, and Tonchip denotes the additional on-chip decoding and scheduling overhead.

Since the proposed method does not change the Flash test items themselves, TFLASH

remains almost unchanged and is not the main optimization target. The expected test
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time reduction mainly comes from replacing repeated ATE interactions with one-time
compressed loading and on-chip scheduling, which can be expressed as

∆T = TSTEP − (TLOAD + Tonchip) (4)

According to Equation (4), the reduction in the CP test time is obtained when the
removed step-by-step ATE interaction overhead exceeds the additional overhead intro-
duced by compressed program loading and on-chip execution. In conventional embedded
Flash CP flows, the number of ATE/BIST interactions N increases with the number of test
items, test mode configurations, status checks, and result readouts. Therefore, for long CP
sequences with repeated operations, TSTEP can become a significant part of the total test
time. For example, using the measured timings TSTEP = 11.1 s and TLOAD + Tonchip = 4.7 s,
Equation (4) gives ∆T = 11.1 − 4.7 = 6.4 s.

The proposed Auto-CP method reduces this overhead through two related mecha-
nisms. First, the original BIST command stream is reorganized into reusable instruction
templates and a sequence scheduling stream. This representation removes repeated com-
mand fields and converts the step-by-step test flow into a compact program that can be
loaded into the BIST circuit. Second, Huffman coding further reduces the size of the
compressed instruction data, thereby decreasing the loading overhead TLOAD. After the
compressed program is loaded, the on-chip scheduler performs instruction decoding,
sequence control, and result collection inside the BIST circuit. As a result, the effective
number of ATE-controlled interactions is reduced from repeated per-test item operations to
program loading and final result readout.

The added term Tonchip represents the cost of on-chip decoding and scheduling. This
overhead is introduced by the Auto-CP controller, but it is incurred inside the chip and is
amortized over the complete CP sequence.

4. Proposed Entropy-Guided Instruction Set Compression
4.1. Entropy-Guided Analysis of Instruction Redundancy

Given a fixed embedded Flash macro, BIST instruction set, and CP test flow, the map-
ping from test actions to BIST instructions is deterministic, and the generated instruction
sequence consists of a finite set of instruction symbols. Since the occurrence counts of these
symbols can be statistically obtained from the CP flow, the CP BIST instruction stream can
be modeled as a discrete information source with a well-defined probability distribution.

Information entropy is a basic measure of uncertainty in information theory. Shannon
formulated communication as the problem of reproducing a message selected from a set
of possible messages and adopted a logarithmic measure for information. For a discrete
random variable Xwith probability mass function p(x), the entropy is defined as

H(X) = −∑ p (x) log2 p(x). (5)

For the instruction set C = {C1, C2, . . . , Cn} with occurrence probability pi, the instruc-
tion stream entropy is

H(C) = −∑ pi log2 pi, (6)

which gives the theoretical lower bound of the average code length for lossless coding. If
H(C) is much smaller than the original instruction width Worig, the instruction encoding
contains redundancy and has compression potential. To quantify this potential for each
instruction class, the entropy-to-width ratio is defined as

REW =
H(C)
Worig

(7)
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where Worig denotes the original instruction width. A smaller REW indicates a larger gap
between the original encoding width and the entropy lower bound, and therefore a larger
compression potential.

As shown in Table 1, the entropy values are much smaller than the original instruction
widths, e.g., 3.58 for the 8-bit set versus 5.05 for the 72-bit set. This gap arises because the
CISC-style BIST instruction set contains many parameter fields and its usage frequency
in a fixed CP flow is highly non-uniform: a few instructions are repeated thousands of
times, while many others appear only a few times. Consequently, H(C) is much smaller
than Worig, confirming the inherent compression potential of the CP instruction stream. A
smaller REW indicates a larger gap and thus greater compression potential.

Table 1. Information Entropy Statistic of BIST Instruction.

Instruction Width or Worig Usage Count Data Volume H(C) REW

8 bits 6591 52,728 bits 3.58 44.75%

24 bits 117 2808 bits 0.77 3.21%

40 bits 330 13,200 bits 3.31 8.28%

48 bits 2058 97,824 bits 2.58 5.38%

56 bits 66 3696 bits 3.74 6.68%

72 bits 3189 229,608 bits 5.05 7.01%

4.2. Instruction-Based Structural Compression

Although the entropy analysis shows that the number of distinct instruction types
is limited (e.g., 8-bit, 24-bit, etc.), each type can potentially derive thousands of encoding
variants after parameter adjustments. This is primarily because the CP test includes
instructions that traverse specific address ranges in the embedded Flash, as shown in
Table 1. Such an excessive number of encoding variants makes the instruction distribution
highly scattered, posing a significant challenge for further compression at the bit level.
Moreover, from the perspective of decompression circuit design, the large number of
distinct encoding variants necessitates a larger storage space, which increases the area of
the decompression circuit and consequently raises the chip cost.

To address these challenges, structural compression is required for the BIST instruction
set. The instruction sequence required for the CP flow is divided into two parts, sequence
and instruction, according to specific encoding rules. By employing secondary encoding
and establishing a new queue structure, this method eliminates consecutive repeated
instructions without altering the original BIST architecture. It significantly reduces the
storage space occupied by the instruction sequence and minimizes the actual amount of
instruction data transmitted from the ATE to the MCU, thereby lowering the ATE overhead
and improving the test efficiency. This reduction makes it feasible to load all instructions
into the BIST circuit in segments for automatic execution.

Accordingly, the original instruction stream is decomposed into two parts: (1) instruction
templates, which store operation types, address modes, data patterns, target Flash identifiers,
test modes, and read/write modes; and (2) sequence scheduling streams, which describe the
invocation order of instruction templates, loop counts, conditional branches, result checks, and
end flags. This decomposition effectively transforms repeated long instructions into shorter
indices and flow control information. The instruction table can be regarded as a set of reusable
functions, while the sequence stream acts as a calling script. Consequently, frequently used
operations such as read, program, erase, margin read, and test mode switching are stored only
once in the instruction table and repeatedly invoked by the sequence stream.
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To implement this structural compression, the original instruction sequence undergoes
a systematic re-encoding process, as shown in Figure 3. First, instructions are categorized
according to their bit widths (8/24/32/40/48/56/72 bits) using a 3-bit Command Code.
Second, these categorized instructions are reordered so that adjacent instructions of the
same type are grouped together. Finally, the reordered sequence is encoded to compress
identical adjacent instructions, ensuring that each unique instruction is stored only once.
Crucially, given that the CP flow extensively relies on loop operations (e.g., traversing
addresses where the address increments while other bits remain constant), a dedicated
frame structure is incorporated into the sequence stream to encode the loop status, loop
times, and step sizes. This allows a single sequence entry to represent hundreds or even
thousands of repeated instructions, drastically reducing the required storage space and
the data volume transferred from the ATE. This secondary encoding ultimately enables
segmented instruction loading and on-chip autonomous execution.

 
Figure 3. The process of structural compression.

To validate the effectiveness of the two-stage compression, Table 2 reports the data
volume reduction for each instruction type. The overall data volume is reduced from
12,685 bits to 403 bits, achieving an average compression ratio of 3.2%. Among all instruc-
tion types, the 48-bit instructions show the most significant compression (to 0.5% of the
original volume), as they are dominated by repetitive address traversal patterns that are
efficiently captured by the sequence scheduling stream. This result directly confirms the
entropy-based analysis in Section 4.1: the original instruction encoding contains substantial
redundancy, and the proposed structural + Huffman compression effectively removes it.

Table 2. Structure Compression Ratio Result of BIST Instructions.

Instruction Width 8 Bits 24 Bits 40 Bits 48 Bits 56 Bits 72 Bits Summary

Before compression (bits) 3368 144 640 528 224 7776 12,685

After compression (bits) 216 7 31 3 14 264 535

Compression Ratio 6.4% 5.1% 4.8% 0.5% 6.1% 3.4% 3.2%
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4.3. Huffman Compression

The proposed compression is a two-stage process. In the first stage, structural compres-
sion decomposes the original CISC-style BIST instruction stream into instruction templates
and a sequence scheduling stream, which reduces the instruction data volume and makes
the symbol distribution more concentrated and suitable for subsequent coding. In the
second stage, Huffman lossless coding is applied to the structurally compressed instruc-
tion set to further shorten the code length of high-frequency symbols. The two stages
are complementary: structural compression removes repeated long instruction fields and
produces a compact symbol set, while Huffman coding exploits the non-uniform frequency
of these symbols.

After instruction decomposition, the compression target changes from original long
instructions to instruction templates and scheduling symbols. Since the occurrence fre-
quencies of these symbols remain non-uniform, probability-based variable-length lossless
coding can further reduce the average code length.

In this work, four classical lossless compression methods—Run-length, Golomb, Dic-
tionary, and Huffman coding—are compared. They represent different coding strategies
and are widely used in test data and instruction stream compression. Since BIST instruction
set compression must be lossless, these methods are appropriate candidates. Figure 4 com-
pares their compression ratios, where lower values indicate better performance. Although
Huffman coding is the most complex, it achieves the highest compression efficiency because
it exploits symbol occurrence frequencies, assigning shorter codewords to high-frequency
symbols and longer codewords to low-frequency symbols. This makes it well suited to CP
instruction streams with non-uniform frequency distributions. Moreover, Huffman coding
is lossless and has moderate decoding complexity.

Instructions
8bit  24bit  40bit  48bit  56bit  72bit  Total 

Run-length
Golomb 
Dictionary  
Huffman 

200%

150%

100%

50%

0%

C
om

pr
es

sio
n 

R
at

io

Figure 4. Compression ratios (defined as the compressed data volume divided by the original data
volume) of the four compression methods.

As shown in Figure 5, the entropy-to-width ratio (REW) with two-stage compression is
significantly improved compared with the case without two-stage compression. In Figure 5,
REW = H(C)/Worig measures instruction stream redundancy; lower values indicate greater
compression potential. The redundant encoding proportion is substantially reduced.
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Instructions
8bit        24bit        40bit      48bit      56bit      72bit  

REW w/i two-stage comp. 

REW w/o two-stage comp. 
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40%
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20%

0%
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W

 

Figure 5. The entropy-to-width ratio REW = H(C)/Worig results with and without using two-
stage compression.

5. Experimental Results
The proposed Auto-CP method is evaluated on a 40 nm 1 MB embedded Flash macro

at 15 MHz using an Advantest 93,000 ATE. The test chip contains both the conventional
eFlash BIST and the proposed Auto-CP BIST, as shown in Figure 6. The Auto-CP controller
itself occupies 4213 µm2, which is approximately 0.35% of the 1 MB embedded Flash
macro area.

 

Figure 6. The layout of the proposed test chip.

The CP flow is divided into four segments according to the CP test flow and test item
type, as summarized in Table X. Auto_0 contains 11 test items, mainly eFlash functional
and stress tests. Auto_1 contains 19 test items, mainly eFlash stress tests. Auto_2 contains
101 test items, mainly eFlash functional margin, redundancy, and stress tests. Auto_3
contains 45 test items, mainly eFlash pre-program, Vread, and erase–retry tests. In the
conventional BIST scheme, the ATE sends test vectors step by step. In the Auto-CP scheme,
the CP flow is segmented, with compressed instructions and scheduling sequences loaded
into the BIST circuit once for on-chip autonomous execution.

Figure 7 compares the ratio of the ATE interaction time to the total test time
(TATE/Ttotal) for the conventional BIST scheme and the proposed Auto-CP scheme, across
four test segments (Auto_0 to Auto_3) at 15 MHz working frequency. In the conventional
BIST scheme, the ATE sends test vectors step by step, and the ATE overhead ratios are
27%, 21%, 21%, and 35% for Auto_0 to Auto_3, respectively, giving an average of 26%. For
Auto_0, which contains the most test items and longest instruction sequence, the ATE over-
head reaches 35%. In contrast, the proposed Auto-CP scheme reduces the ATE overhead
ratios to 18%, 6%, 5%, and 23%, giving an average of 13%. The average ratio dropped sig-
nificantly from 26% to 13%. This confirms that the one-time compressed program loading
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and autonomous on-chip execution effectively eliminates the repeated step-by-step ATE
interactions described in Section 2.

TATE/Ttotal

0% 10% 20% 30%A
U

TO
_0

A
U

TO
_1

A
U

TO
_2

A
U

TO
_3

Conventional 
Proposed  

35%
23%

21%
5%

21%
6%

27%
18%

Figure 7. The ratio of the ATE interaction time to the total test time across the four segments.

Figure 8 presents the reduction in the total CP test time across the four segments. The
segment-level reductions are 11%, 16%, 17%, and 16%, with a simple average of 15%. The
time reduction ∆T is obtained by comparing the removed step-by-step ATE interaction
overhead TSTEP with the added overhead TLOAD + Tonchip. The measured total CP time is
42.65 s for the conventional BIST flow and 36.25 s for Auto-CP, giving an absolute reduction
of ∆T = 6.4 s. The results demonstrate that the proposed method achieves a net positive
gain, confirming the validity of Equation (4). These results also have practical implications
for the production cost and efficiency. For a 40 nm 1 MB embedded Flash, the CP test cost
per 10,000 wafers is approximately 1,500,000 USD. Based on the 15% total time reduction
(42.65 s → 36.25 s), the estimated saving is about 225,000 USD per 10,000 wafers.

A
U

TO
_0

A
U

TO
_1

A
U

TO
_2

A
U

TO
_3

0% 6% 12% 18%
ΔT/TCONV.

16%

17%

16%

11%

Figure 8. The reduction in total CP test time across the four segments. Tconv is defined as the total CP
test time using the conventional BIST/ATE flow.

https://doi.org/10.3390/electronics15204733

https://doi.org/10.3390/electronics15204733


Electronics 2026, 15, 4733 11 of 12

6. Conclusions
This paper presented an Auto-CP BIST method for embedded Flash CP testing in

automotive MCUs, addressing the inefficiency of frequent ATE-BIST interactions in con-
ventional test flows. The core innovation lies in an entropy-guided two-stage compression
algorithm combined with on-chip autonomous scheduling, which fundamentally trans-
forms the conventional step-by-step ATE-controlled test model into a one-time loading and
autonomous execution model.

The proposed method comprises four key components: (1) information entropy-based
redundancy analysis that quantifies the compression potential of the BIST instruction
stream; (2) an instruction/sequence decomposition mechanism that separates reusable
operation templates from flow control scheduling information; (3) Huffman lossless coding
that further reduces the code length of high-frequency symbols; and (4) an on-chip Auto-CP
controller that decodes and autonomously executes the compressed test program.

Experimental results on a 40 nm 1 MB embedded Flash demonstrated that the pro-
posed method improves the total CP test time by 15%, and lowers the ATE overhead ratio
from 26% to 13%. These results validate that the entropy-guided compression and on-chip
autonomous scheduling approach effectively reduce the ATE interaction overhead. The
proposed Auto-CP method provides a practical solution for improving the mass production
CP test efficiency in automotive embedded Flash testing. Future work could extend this
framework to multi-Flash test environments and explore adaptive compression strategies
for different Flash technology nodes.

Future work can extend the proposed Auto-CP framework to a multi-Flash testing
environment. In such an environment, each eFlash macro can be equipped with its own
original eFlash BIST and Auto-CP controller. An Auto-CP BIST interconnector can be added
to manage communication between the ATE and different Auto-CP controllers, while an
SPI/JTAG controller handles communication between the ATE and the MCU BIST circuitry.
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