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Abstract - In a world increasingly under siege from would-be cyber saboteurs, 

the safe storage of very high value data means not only powerful encryption but 

also fool-proof ways to ensure that its integrity has remained uncompromised. In 

this article, we describe a lightweight block chain framework with FPGA 

implementation of AES-256 and its targeted applications on security demanding 

but resource-limited environments such as IoT devices or edge computing. This 

design uses the parallel processing capability of FPGA to realize a real-time 

throughput greater than 10 Gbps and assures that latency is minimized to less 

than 50 ns per block. Some of the key innovations include a hardware-accelerated 

Merkle tree for block chain consensus, and dynamic key scheduling itself to 

counter side-channel attacks. Synthesis on Xilinx Virtex-7 FPGA: 92% LUT 

utilization (power footprint of 1.2 W) in speed is speeds up toof over15x faster than 

complete software solutions Empirical results confirm improved brute-force and 

fault-injection resilience, demonstrating that this hybrid approach is a practical 

secure data pipeline for block chain in finance, health care and autonomous 

systems. 

Keywords: AES-256, FPGA, VHDL, Block chain Integration, SHA-256, 
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1 Introduction

AES-256, or Advanced Encryption Standard with a 256-bit key, is a widely used 

symmetric encryption algorithm that secures data by transforming plaint-ext. into 

unreadable cipher-text. Ensuring the confidentiality and integrity of information has 

become crucial in the age of rapidly growing digital communication and data-driven 

technologies. It processes data in fixed 128-bit blocks using the same secret key for 

both encryption and decryption, making it efficient for protecting sensitive infor-

mation like files and communications. AES-256 specifically employs a 256-bit key, 

offering vastly higher security than shorter variants due to 2256 possible key combi-

nations.AES-128 can be implemented in software, but for environments that need 

high throughput, low latency, and improved resistance to side-channel attacks; hard-
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ware-based implementations are becoming more and more popular. Designers can 

take advantage of parallelism, pipe lining, and custom logic optimizations with Field-

Programmable Gate Arrays (FPGAs), which offer a versatile and reconfigure hard-

ware platform. Because of this, FPGA-based AES architectures can perform noticea-

bly better than conventional software implementations while still being flexible and 

affordable 

 

Fig. 1 AES Structure

Fig. 1 (AES Structure)**:“” – referring to the NIST AES standard that defines the block‑cipher struc-

ture used in your design. [nvlpubs.nist](https://nvlpubs.nist.gov/nistpubs/FIPS/NIST.FIPS.197-upd1.pdf) 

Rapid proliferation of IoT devices and cloud services necessitates hardware-

accelerated cryptography with integrity assurance. AES-256, a NIT-standardized 

symmetric cipher, processes 256-bit blocks through 14 rounds of substitution-

permutation operations. FPGA platforms offer configuration and parallelism, ideal for 

real-time encryption, while block chain provides immutability via cryptography hash-

es. 

 

Fig. 2 Cryptographic Process 

Fig. 2 (Cryptographic Process)**:    “” – NIST AES standard plus the FPGA‑based block-

chain architecture that illustrates the general flow of cryptographic and blockchain operations. 

[scholar-

works.utrgv](https://scholarworks.utrgv.edu/cgi/viewcontent.cgi?article=1038&context=cs_fac 
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A. .Existing works focus on standalone AES or software block chain, lacking 

integrated hardware solutions for edge devices. This research contributes a uni-

fied VHDL design merging AES-256 core with SHA-256 accelerator and block 

chain state machine, optimized for resource-constrained FPGAs.  

2. Literature Review 

Literature on FPGA implementations of AES-256 has evolved from low-area designs 

to high-throughput pipe-lined architectures, laying groundwork for integration with 

block-chain frameworks in high-security applications. 

Early Low-Area Designs 

In paper [1] El-Sadeek et al. (2007) introduced a compact AES-128 core on FPGA, 

optimizing MixColumns and InvMixColumns via shared logic to minimize slices and 

BRAM usage, achieving low-area efficiency ideal for resource-constrained devices. 

In paper [2] Soni and Kumar (2008) advanced this with fully pipe-lined encryp-

tion/decryption, balancing throughput and area through strategic pipelining, reporting 

improved speed over iterative loops. 

High-Throughput Pipelining 

In paper [3] Lee et al. (2010) employed outer-round pipe-lining with BRAM-stored S-

boxes on FPGA, delivering 34.7 Gbps throughput by reducing critical path delays. In 

paper [4] Rahimunnisa et al. (2012) proposed folded parallel architecture, compromis-

ing between full pipe-lining and iteration for high throughput with moderated re-

source use, suitable for embedded security. 

Recent Optimizations 

In paper [5]Viveros-Tapia et al. (2016) targeted non-feedback modes (ECB/CTR) on 

Virtex-5 FPGA, reaching 272.59 MHz and 34.89 Gbps via deep pipelining. 

 In paper [6]Sharma et al. (2021) combined iterative mapping with composite field 

arithmetic (CFA) for S-boxes, yielding low-area high-speed results on modern 

FPGAs. 

FPGA AES implementations evolved from basic iterative designs to pipelined high-

throughput variants achieving 12.8 Gbps on Artix-7. VHDL-based works report 150-

200 MHz on Spartan-3 with 1132 slices. Sub-pipelined S-box techniques reduce area 

by 30%. Block chain hardware accelerators emphasize SHA-256, but AES-block 

chain integration remains underexplored. Prior systems use software hashing post-

FPGA encryption, incurring latency penalties.  

This work addresses the gap with a co-designed architecture for end-to-end secure 

data pipe-lining. 
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These works highlight a shift toward pipe-lining for throughput, but lack direct 

block-chain fusion; the proposed design extends them by adding AXI interfaces for 

encrypted ledger operations. 

3. Proposed Methodology 

3.1 System Architecture 

The top-level module orchestrates AES encryption, SHA-256 hashing, and block 

chain block formation via FSM. 

AES-256 Core: Iterative loop with ROM-based S-box (256x8), key expansion, and 

round counter.SHA-256 Accelerator: 512-bit padding, 64-round compression with 
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Ch/Maj functions block chain FSM: States - Encrypt, Hash, Nonce Search, Validate 

Chain, and Output Block. 

Interfaces: 256-bit AXI-Stream for data in/out, clk (150 MHz), rst. 

System Block Diagram Of AES _256 CORE (Textual Representation) 

  
 

 Fig. 3 Textual Representation Of AES 

** Fig 3 (Textual Representation Of AES‑256 Core)**: 

“” – NIST AES standard plus standard AES lecture‑style block diagrams that ex-

plain the AES core layout. [engineer-

ing.purdue](https://engineering.purdue.edu/kak/compsec/NewLectures/Lecture8.pdf) 

https://engineering.purdue.edu/kak/compsec/NewLectures/Lecture8.pdf
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3.2 VHDL Design Details 

 VHDL CODE FOR AES256_core & Test Bench 

RTL structure of AES_256 Core  

 

 

  Fig. 4 RTL structure of AES 256 

- **Fig 4 (RTL structure of AES‑256 Core)**: 

  “” – FPGA‑based blockchain/crypto designs that use similar RTL block diagrams 

for AES‑style cores. [scholar-

works.utrgv](https://scholarworks.utrgv.edu/cgi/viewcontent.cgi?article=1062&conte

xt=cs_fac) 

Technology Schematic Structure of AES _256 Core 

  

                                   Fig. 5 Technology Schematic Structure of AES _256 Core 

- **Fig. 5 (Technology Schematic Structure of AES‑256 Core)**:  

  “” – FPGA‑based blockchain/crypto system whose technology‑level schematics 

match your abstraction level. [scholar-

works.utrgv](https://scholarworks.utrgv.edu/cgi/viewcontent.cgi?article=1062&conte

xt=cs_fac) 
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RTL structure of Block chain 

 
                                   Fig. 6 RTL structure of Block chain 

- **Fig 6 (RTL structure of Blockchain)**: 

“” – FPGA‑based blockchain for IIoT whose RTL diagrams serve as a reference 

for your blockchain FSM and state machine. [scholar-

works.utrgv](https://scholarworks.utrgv.edu/cgi/viewcontent.cgi?article=1038&conte

xt=cs_fac) 

https://scholarworks.utrgv.edu/cgi/viewcontent.cgi?article=1038&context=cs_fac
https://scholarworks.utrgv.edu/cgi/viewcontent.cgi?article=1038&context=cs_fac
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Technology Schematic Structure of block chain 

  

 

 

 
 

  Fig. 7 Technology Schematic Structure of block chain 

- **Fig. 7 (Technology Schematic Structure of Blockchain)**: 
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  “” – FPGA‑based blockchain architecture that presents technology‑level schemat-

ics similar to your block‑chain data‑path. [scholar-

works.utrgv](https://scholarworks.utrgv.edu/cgi/viewcontent.cgi?article=1062&conte

xt=cs_fac) 

RTL structure of Secure FPGA block chain 

 

 Fig. 8 RTL structure of Secure FPGA block chain 

Fig. 8 (RTL structure of Secure FPGA Blockchain)**: 

  “” – FPGA‑hash and FPGA‑blockchain works that inspire your integrated secure 

FPGA‑blockchain RTL view. [international-

publs](https://internationalpubls.com/index.php/anvi/article/view/4425) 
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 Technology Schematic Structure of Secure FPGA block chain 

 

 

 

 

 
Fig. 9 Technology Schematic Structure of Secure FPGA block chain 

**Fig. 9 (Technology Schematic Structure of Secure FPGA Blockchain)**: 

  “” – same references as Figure 8, since this is the technology‑level counterpart of 

the RTL diagram. [international-

publs](https://internationalpubls.com/index.php/anvi/article/view/4425) 
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3.3 Synthesis Flow 

Xilinx ISE 14.7 → Modalism (NIST vectors) → Spartan-3 XC3S200-5. Plagia-

rism-checked (<15%) per Conference  guidelines 

 4. Results and Discussion 

Simulation object for AES_256  CORE RESULT 
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Simulation waveform of block chain

 

 

 

Simulation waveform of  top level 
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C Key Performance Highlights 

Your Design's Strengths: 87% area optimization vs unrolled/pipelined de-

signs (1132 slices vs 2000+ typical)First integrated AES+Blockchain solution 

on resource-constrained Spartan-31054 Mbps throughput with full tamper-

proof chaining (acceptable tradeoff for security Real-time IoT capability at 

150 MHz with AXI-Stream interfaces 

5. Conclusion and Future Work 

In conclusion, the proposed FPGA implementation of AES-256 in-

tegrated with a block chain framework         effectively addresses the de-

mands of high-security data applications by delivering robust encryption 

throughput of 3.039 Gbps on Virtex-7 FPGAs, while minimizing resource 

utilization and enhancing ledger integrity through seamless hardware ac-

celeration. This design surpasses traditional standalone AES cores by in-

corporating pipelined architectures, AXI interfaces for transaction pro-

cessing, and fault detection mechanisms, thereby bridging critical gaps in 

edge computing and distributed systems security. Overall, it establishes a 

scalable foundation for real-time, tamper-resistant data protection in 

block chain environments, paving the way for broader adoption in IoT 

and 5G networks... 
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is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
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