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Abstract:

With the rapid growth of data volume in the era of
“Internet of Everything”, traditional storage technologies
face many challenges in improving storage density and
performance. This paper focuses on the current status
and development of modern storage technologies, mainly
focusing on the mainstream storage technologies such
as phase-change memory (PRAM), static random access
memory (SRAM) and NAND Flash, and analyzes their
application prospects in the field of high data demand such
as autonomous driving, as well as the current technical
bottlenecks and limitations. The study concluded that
despite the advantages of each of these technologies,
they still need to be further optimized in terms of energy
consumption, reliability and storage density. This paper
also looks forward to the future development direction
of storage technology, and puts forward suggestions to
improve the overall performance through new materials
and storage architecture improvements. This research is of
great significance for promoting the application of storage
technology in the fields of big data, artificial intelligence
and autonomous driving, and can provide references for
solving future data processing and storage challenges.
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1. Introduction

of storage to increase density without compromising
performance. Memory cells can be broadly catego-

With the advent of the “Internet of Everything” era,
the volume of data has increased significantly. Ef-
forts to reduce the size of memory cells to improve
storage density have not only failed to enhance stor-
age performance but have also led to data loss and
decreased read/write reliability due to the size effect.
In response, researchers are exploring new methods

rized into two types: volatile and non-volatile. Con-
ventional memory technologies, such as DRAM and
NAND Flash, dominate the market, accounting for
approximately 95 percent of the memory cell indus-
try [1]. DRAM, a volatile memory type, is character-
ized by its fast read and write speeds, but it loses data
when power is lost. It has long been the mainstream
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solution for computer memory (DDR), mobile devices
(LPDDR), and graphics cards (GDDR). On the other
hand, NAND Flash is non-volatile, capable of large-ca-
pacity storage and retaining data even after power loss,
though its read and write speeds are slower. It is widely
used in products such as USB flash drives and SSDs [2].
Significant effort has been directed toward the devel-
opment of memory cell technologies, particularly in
phase-change memory (PRAM), which shows promise
in improving storage density and performance. Despite
challenges such as high-power consumption and tempera-
ture sensitivity, PRAM continues to be a focus of research
alongside other technologies like SRAM and NAND
Flash. This paper explores these advancements, particular-
ly their application in fields such as autonomous driving,
where reliable, high-density storage is crucial. By address-
ing current limitations and examining emerging solutions,
this research provides insights into the future development
of memory technologies.

2. Baisc Theory Analysis

2.1 Phase-Change Random Access Memory

As a promising non-volatile memory technology, Phase-
Change Random Access Memory (PRAM) is widely
regarded as one of the most valuable alternatives to tra-
ditional Dynamic Random Access Memory (DRAM) [3].
The origins of phase-change memory technology date
back to the 1950s and 1960s, when Ovshinsky discovered
that certain materials exhibit reversible high-low resis-
tance transitions during phase changes [4].

Through extensive research by numerous scholars, PRAM
has developed into a technology that demonstrates ef-
fectiveness in terms of write endurance, read speed, data
retention, and production scalability. Compared to Flash
memory, PRAM offers advantages in terms of cost and
other performance metrics [5]. However, due to the na-
ture of its working principle, the phase-change process
involves switching between high and low resistance states
through Joule heating, requiring the device to supply a
significant current.

This high current requirement presents several technical
challenges. Additionally, because PRAM'’s storage mech-
anism relies on temperature to induce phase changes in
the memory material, the technology is highly sensitive to
environmental temperature variations, limiting its broader
application. Furthermore, to integrate PRAM into existing
CMOS processes, a multi-layer structure is necessary,
which complicates efforts to significantly increase stor-
age density. As a result, despite its technical advantages,
PRAM is not yet widely adopted in the industry.

2.2 Static Random Access Memory

SRAM is a widely used memory technology characterized
by its two-dimensional structure, composed of densely
packed arrays organized in rows and columns. Known
for its high speed, low power consumption, and ease of
integration, SRAM is commonly deployed in computer
systems for components such as caches and registers.

To access data in SRAM, it is necessary to know the
specific row and column where the data is stored. Each
row is typically referred to as a word line (WL), and each
column is known as a bit line (BL/BLB) [6]. The word
line is responsible for selecting the storage unit to be ac-
cessed, while the bit line is used to transmit data signals.
Additionally, SRAM relies on a decoder that converts the
two-dimensional address into a row (line) and column (bit
line) to precisely access the required memory cell.

3. Application Scenario Analysis

In modern computing and storage systems, memory cell
technologies play a critical role across various fields, par-
ticularly in autonomous driving, where reliable and effi-
cient data handling is essential. This chapter explores the
application of different memory cell technologies, focus-
ing on Phase-Change Random Access Memory (PRAM),
Static Random Access Memory (SRAM), and specialized
memory devices like Event Data Recorders (EDR).

3.1 PRAM and Its Role in Autonomous Driving
Systems

PRAM is a promising non-volatile memory technolo-
gy that has been widely researched due to its ability to
outperform traditional memory technologies like Flash
and DRAM in several aspects. In autonomous driving,
PRAM’s high-speed data access, write endurance, and
retention capabilities are especially valuable for managing
the immense volume of data generated by vehicle sensors
[7]. These sensors capture high-precision, large-scale en-
vironmental data with high sampling frequencies, posing
significant challenges for real-time data processing and
storage.

However, despite its advantages, PRAM’s reliance on
Joule heating to induce phase changes presents techni-
cal challenges. The high current required for switching
between high and low resistance states limits PRAM’s
efficiency in temperature-sensitive environments, which is
a critical consideration for automotive applications where
operating conditions can vary drastically. Additionally,
the need for multi-layer structures in CMQOS integration
complicates the scalability of PRAM, further restricting
its widespread adoption in on-board systems.



3.2 SRAM in Autonomous Vehicle Data Storage

SRAM, characterized by its high speed and low power
consumption, is a widely used memory type in modern
computing systems. Its two-dimensional structure, con-
sisting of dense arrays organized by word lines (WL) and
bit lines (BL/BLB), makes it particularly well-suited for
on-board storage in autonomous driving systems. Auton-
omous vehicles require fast and reliable access to data to
make real-time decisions, and SRAM’s architecture facili-
tates this by allowing quick retrieval of stored data.

In autonomous driving, on-board storage systems must
handle the enormous amount of sensor-generated data
while maintaining predictable latency, similar to the re-
quirements in data centers. These systems must ensure
high real-time performance, with the ability to complete
operations within predetermined delays. However, tradi-
tional storage solutions such as Block 1/0-based SSDs are
insufficient for these needs. Researchers have identified
performance bottlenecks, particularly due to the operating
system’s handling of input/output operations. To address
these issues, direct 1/0 can be employed in embedded
systems, reducing the load on the CPU and memory [8].
Nevertheless, this approach requires increased memory
bandwidth, which can result in data loss under high-de-
mand scenarios.

At the 2015 FAST conference, the CNEX Labs team pro-
posed the concept of Open Channel SSDs, which shift
much of the Flash Conversion Layer (FTL) functionality
to the host side, thus offering a more efficient storage
solution for applications with stringent latency require-
ments, such as autonomous driving [9].

3.3 Event Data Recorders (EDR) in Vehicle
Safety Systems

Another crucial memory technology in autonomous vehi-
cles is the Event Data Recorder (EDR), which is used to
monitor, record, and store vehicle status data before and
after accidents [5]. The EDR collects data from the vehi-
cle’s CAN bus, various sensors, and its internal process-
ing to capture critical information that can later be used
for accident analysis and liability determination. The core
of the EDR system is its control memory unit, which is
connected to the vehicle’s bus network through the CAN
interface, allowing it to continuously monitor and record
operational data such as driver inputs and vehicle state.

The EDR system incorporates advanced features like a
programmable digital low-pass filter and dynamic zero
correction to ensure accurate collision detection, even
under extreme conditions. Devices like the AlS2120SX,
which supports a wide operating temperature range (-40°C
to 105°C), ensure that EDR systems can function reliably
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in diverse environmental conditions [10].

3.4 Memory Cell Performance Testing and
Challenges

Memory cell performance testing, particularly regarding
programming and erasing cycles, is essential for determin-
ing the reliability of memory systems in automotive appli-
cations. In recent tests, memory cells were programmed
at voltages of 11V and 12V, with corresponding threshold
voltages of 2.75V and 3.8V, respectively. The erase volt-
age tests at 10V and 11V demonstrated threshold voltages
of 0.37V and less than OV. These findings suggest that
both programming and erasing operations remain stable
after a significant number of cycles, with minimal degra-
dation observed over time [11].

However, data retention at elevated temperatures remains
a challenge. After a 10K cycle test, the threshold volt-
age of the programmed state began to decrease under
high-temperature conditions. When subjected to 150°C
for one hour, the programmed state’s threshold voltage
decreased significantly, while the corresponding current
dropped by 44.4%, indicating a degradation in data reten-
tion capabilities at elevated temperatures [12]. Nonethe-
less, the readout function remained intact, showcasing the
potential for further optimization in memory cell design to
improve high-temperature resilience.

4. Challenges and Prospects

With the advent of the “Internet of Everything” era, the
exponential growth of data has posed unprecedented chal-
lenges to storage technology. Traditional methods of im-
proving storage density, particularly by reducing the size
of memory cells, have shown significant limitations. The
size effect has led to reduced read/write reliability and
data loss, which seriously impacts storage performance.
As a result, finding new methods of storage has become
a key research focus. However, existing volatile memo-
ry and non-volatile memory are also facing bottlenecks
within the current technological framework. The future
development of storage technology must not only address
these challenges but also respond to the growing demand
for data storage.

4.1 Challenges in Current Storage Technologies

Firstly, DRAM, as a volatile memory, is characterized
by its fast read/write speed, but it loses data once power
is lost. This inherent limitation is a major drawback in
scenarios where data persistence is critical. Moreover,
DRAM is relatively costly, and its power consumption is
significant, limiting its expansion in large-scale storage
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applications.

Secondly, as a non-volatile memory, NAND Flash offers
large-capacity storage and retains data even when pow-
ered off. However, its read/write speed is relatively slow,
especially when dealing with large-scale, high-speed data,
where it shows noticeable performance bottlenecks [13].
Additionally, as storage density increases, the reliability
and lifespan of NAND Flash become more significant
limitations. In recent years, data loss and reliability degra-
dation have become more frequent in high-density NAND
memory, greatly impacting its stability in critical applica-
tions.

4.2 Future Directions for Storage Technology

To overcome the limitations of existing storage technolo-
gies, researchers are focusing on exploring new directions
in storage development. First, improving storage density
while maintaining read/write speed and reliability has
become a crucial research topic. In this regard, non-vola-
tile memory technologies such as Phase-Change Memory
(PRAM) and Magnetic Random Access Memory (MRAM)
have attracted increasing attention. These technologies not
only retain data after power loss but also offer significant
improvements in read/write speed and durability, making
them better suited for future high-performance storage
needs.

Secondly, innovation in storage architecture is another key
direction for future development. To meet the demands
of massive data storage, traditional storage architectures
face issues such as limited scalability and increased laten-
cy [13]. Recently, new architectures like Open Channel
SSDs have been proposed to transfer some of the data
processing functions from the storage device to the host
side, thereby improving the overall efficiency of the stor-
age system. As these architectures are refined and widely
adopted, storage systems will have stronger processing
capabilities and faster response times in high real-time ap-
plication scenarios such as big data, artificial intelligence,
and autonomous driving.

5. Conclusion

This paper has conducted an in-depth exploration of
the current state and development of storage technolo-
gies, particularly analyzing the applications of Phase-
Change Memory (PRAM), Static Random Access Mem-
ory (SRAM), and NAND Flash under the demand for
high-density storage. With the advent of the “Internet of
Everything” era and the rapid growth in data, traditional
storage technologies face numerous challenges in improv-
ing density and performance. Although PRAM has gar-
nered attention due to its fast read/write speeds, durability,

and non-volatility, its high energy consumption and sensi-
tivity to temperature have limited its widespread adoption.
Meanwhile, SRAM, known for its high speed and low
power consumption, remains essential in computer sys-
tems, especially in fields like autonomous driving where
fast data access is critical.

However, existing storage technologies still face capac-
ity and reliability limitations. To address these issues,
researchers are exploring new storage materials and ar-
chitectures to meet the growing demand. This paper has
analyzed the challenges and bottlenecks of current tech-
nologies and provided an outlook on the potential future
development of storage. It suggests improving overall
performance through the design of new memory cells and
enhanced storage architectures. As technology advances,
the application of memory in areas such as autonomous
driving and the Internet of Things holds significant prom-
ise, offering stronger support for the efficiency and reli-
ability of data processing.
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