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Abstract: Low-power communication is a fundamental requirement for Internet of Things (10T) devices operating under
strict energy and hardware constraints. Conventional serial links depend on clock and data recovery (CDR) circuits,
which significantly increase power consumption and design complexity. Edge-Coded Signaling (ECS) eliminates CDR
by encoding information on signal transition edges, while Double Data Rate ECS (DDR-ECS) [1] doubles throughput by
utilising both rising and falling edges without increasing clock frequency. This work presents a novel low-power VLSI
architecture integrating Bose—Chaudhuri—-Hocquenghem (BCH) error detection and correction directly into a DDR-ECS
communication framework. The proposed system employs FSM-controlled DDR-ECS encoding and decoding with BCH
(15, 7) encoder/decoder modules. Simulation and synthesis results demonstrate significantly enhanced communication
reliability with minimal additional power and area overhead.

Keywords: DDR Edge-Coded Signaling; BCH Error Correction; CDR-Less Communication; Low-Power VLSI;
Internet of Things.

I. INTRODUCTION

The rapid proliferation of 10T nodes has imposed stringent constraints on communication subsystems in terms of power,
hardware complexity, and reliability. Most IoT devices operate on limited energy sources such as batteries or energy harvesters,
making CDR-based serial interfaces unsuitable owing to their dominant power and area overhead. In many reported designs the
CDR block alone consumes 80-88% of total system power [2], motivating CDR-less alternatives.

Edge-Coded Signaling (ECS) encodes information using signal transition edges rather than absolute voltage levels, inherently
tolerating clock mismatch and jitter without explicit clock recovery. DDR-ECS [1] extends ECS by exploiting both rising and
falling edges, doubling the achievable data rate while preserving CDR-less, low-power operation. However, existing DDR-ECS
architectures lack integrated error correction, limiting deployment in noisy and electromagnetically harsh environments typical
of 10T applications.

BCH codes offer strong error-correction capability with deterministic decoding algorithms and low hardware complexity [4, 6],
making them an ideal candidate for integration with DDR-ECS. This work proposes a unified 16-bit DDR-ECS transceiver
integrated with a BCH (15, 7) forward error correction engine, demonstrating that high reliability and ultra-low power
consumption can coexist within a compact VLSI framework.

I1. BACKGROUND AND RELATED WORK

Table 1 compares the evolution of wired signaling protocols. DDR-ECS stands out by achieving 12-73.5 Mbps at only 13
uW [1], while Table 2 shows that CDR-based serial links consume 89.6-122.1 pW in 90 nm technology, with the CDR block
contributing up to 88% of total power [2]. Eliminating CDR through edge-based signaling therefore yields an order-of-magnitude
power reduction.

Table 1. Comparison of wired signaling protocols [1, 2]

Protocol Frequency Power Data Rate CDR Required
1-Wire — Low 16 Kbps Yes
PIC 24 MHz 26.6 yW 4.1 Mbps No
PDC 25 MHz 25 W 7.33 Mbps No
Dynamic ECS 25 MHz 19 pW 4.2-26.7 Mbps No
DDR-ECS 30 MHz 13 pW 12-73.5 Mbps No
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Table 2. DDR-ECS vs. CDR-based serial link power comparison [2, 9-13]

Design Node SRL (uW) CDR (pW) Total (LW) CDR %
DDR-ECS [2] 65 Nm 19 N/A 19 —
NST [9] 90 nm 32.1 70.0 102.1 81%
NST [10] 90 nm — 62.5 94.6 80%
NST [11] 90 nm — 90.0 122.1 84%
NST [12] 65 nm — 57.5 89.6 79%
NST [13] 28 nm — 60.6 92.7 80%

Recent research further confirms the benefit of BCH integration in low-power systems. Energy-efficient CRC-BCH coding with
LFSR implementation and clock gating reduces dynamic power while maintaining fault tolerance [4]. Optimised syndrome-
calculation architectures have also been proposed to minimise decoding switching activity without degrading correction
performance [6].

I1l. PROPOSED ARCHITECTURE AND METHODOLOGY

3.1 System Overview

Figure 1 shows the top-level proposed DDR-ECS architecture, and Figure 2 illustrates the complete end-to-end block diagram.
The system implements a 16-bit DDR-ECS link integrated with a BCH (15, 7) error correction engine. Dynamic power in digital
interconnects is: Pdyn=a - C - V2 - f [3]. DDR-ECS reduces the switching activity factor a by encoding information on edge
transitions rather than static voltage levels, and doubles throughput by using both clock edges without increasing f.
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Figure 1: Proposed DDR-ECS architecture overview.
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Figure 2: Block diagram of the proposed DDR-ECS transceiver with integrated BCH engine.

At the transmitter, input data m € GF(2*) is BCH-encoded, then optimised via inversion and index coding to reduce switching
activity, before FSM-controlled serialisation and transmission. The receiver reverses this pipeline and applies BCH decoding to
recover the original message.

3.2 BCH (15, 7) Error Protection
The BCH code is constructed over GF(2*) using the primitive polynomial p(x) = x* + x + 1. The generator polynomial capable
of correcting up to t = 2 random bit errors is:

gx)=x+x"+x6+x*+1
A 7-bit message m(x) is encoded to a 15-bit systematic codeword: c(x) = x*m(x) + r(x), where r(x) = (x*m(x)) mod g(x). A
leading zero is prepended to form a 16-bit word cis, enabling uniform segmentation into four 4-bit nibbles. Figure 3 confirms
the encoder correctly maps input 0x55 to codeword 0x55ES5.

vane

Figure 3: Simulation result: BCH encoder output — input 0x55 maps to codeword 0x55E5

3.3 Inversion and Index Coding

Switching activity is reduced through a two-level inversion scheme. The global Hamming weight W = Xb; (i = 0..15) is
computed; if W > 8, the entire word is bitwise inverted and a Global Flag (GF) is set. Each 4-bit nibble Sy is locally inverted if
its weight Wy > 2, with Segment Flags SFy recorded and transmitted for reversal at the receiver.

Instead of transmitting all four bits of a nibble, index coding sends only the positions of logical ones. For a nibble with W, ones,

the required pulse count is Py = 1 + [ log= C(4, Wy)] , which is significantly smaller than raw 4-bit transmission, reducing total
pulses per frame and dynamic power.

JRTI2603134 International Journal for Research Trends and Innovation (www.ijrti.org) b287



http://www.ijrti.org/

© 2026 IJRTI | Volume 11, Issue 3 March 2026 | ISSN: 2456-3315
3.4 FSM-Controlled Serialisation and Toggle Counter

A finite-state machine (FSM) shown in Figure 4 sequences packet loading, field transmission, and inter-packet idle gaps.
Optimised data is packetised into ordered fields: GF, SFi-s, NOIL-4, and Indexi-s. A toggle counter converts each numeric field
N into N+1 edge transitions, exploiting both rising and falling clock edges to achieve DDR without increasing clock frequency.

enable = 0

phose =3

enable =1

toggle_counter_busy = 0

delay < ALPHA_CYCLES toggle_counter_busy =1

Figure 4: FSM state diagram for transmitter control logic

IV. RESULTS

4.1 Functional Simulation and BCH Validation
Simulation validates the complete data flow. Figure 5 shows error injection: error pattern 0x2004 (flipping bits at positions 3
and 14) corrupts codeword 0x55E5 to 0x75E1. The syndrome calculator evaluates the received polynomial at GF(2*) elements
a and o to generate syndromes S: and Ss; non-zero values immediately trigger the correction logic.

Name Value

: ' — |
Figure 5: Simulation: injected error 0x2004 producing corrupted codeword 0x75E1

The error locator polynomial A(x) =1+ Aix + A2x? is solved using a deterministic key-equation method. Chien search identifies
erroneous bit positions and correction is applied as ¢; = r; @ 1. Figure 6 confirms the corrected output matches the original
codeword Ox55E5 for all tested error patterns within the BCH correction capability.
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Figure 6: Simulation: corrected codeword 0x55E5 after BCH decoding
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4.2 Power, Area, and Synthesis

Post-synthesis analysis confirms a compact hardware footprint. The BCH encoder consists primarily of XOR gates and registers
implementing the LFSR for g(x); the decoder integrates syndrome computation, key-equation solving, and Chien search with
minimal sequential depth. Critical paths are confined to short XOR chains, enabling timing closure without aggressive voltage
or frequency scaling.

The BCH decoding pipeline executes in a fixed number of clock cycles regardless of error pattern. This deterministic latency
enables effective clock gating during error-free operation and directly reduces dynamic power in event-driven loT workloads.

V. DISCUSSION AND CONCLUSION

5.1 Discussion

The integration of BCH error correction into DDR-ECS addresses the fundamental reliability gap of edge-coded architectures.
While DDR-ECS achieves ultra-low power by eliminating CDR and minimising voltage transitions, it remains susceptible to
noise-induced errors. BCH codes complement this by providing deterministic, fixed-latency correction without iterative
decoding overhead.

Compared to CRC-only detection, BCH provides true error correction, eliminating retransmission and its associated energy cost.
Against LDPC or turbo codes, the proposed BCH (15, 7) achieves significant power savings with adequate correction capability
for the short-range links targeted by DDR-ECS. The inactive-by-default decoder further supports effective power management
in sparse 10T traffic patterns.

5.2 Conclusion

This work presented a 16-bit DDR-ECS transceiver integrated with a BCH (15, 7) forward error correction engine for low-power
IoT communication. DDR-ECS eliminates power-intensive CDR circuitry through edge-based encoding and dual-edge DDR
operation. The BCH subsystem corrects up to two random bit errors per codeword with deterministic latency and minimal area
overhead, achieving data rates of 10-53.5 Mb/s at a 30 MHz clock. The proposed architecture demonstrates that strong error
correction and energy-efficient signaling can coexist within a unified VVLSI framework, offering a scalable and reliable solution
for next-generation 10T and embedded communication systems.

Future Scope

Future directions include: (1) scaling DDR-ECS to high-speed standards such as USB and PCle via hybrid bridge architectures;
(2) integrating solar or RF energy harvesting for fully autonomous IoT operation; and (3) embedding lightweight encryption for
secure edge communication without compromising the energy budget.
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