
National Yunlin University of Science and Technology  Electronic Engineering Communication SoC LAB -1-

雲科大/電子系 楊博惠

2009/11/17

新世代錯誤更正碼技術 -
低密度奇偶校驗碼 及其 晶片實現



NYUST Communication SoC LAB

1/11/2010

-2-

Outline

• Introduction to Low Density Parity Check (LDPC) codes

• LDPC Decoding Algorithms & Architectures

• Low Hardware Cost Look-Up Table (LUT)

• Unified Two’s Complement Based Calculation

• OR Operation for Check Node Update 

• Hardware Implementations 

• Conclusion



NYUST Communication SoC LAB

1/11/2010

-3-

Digital Communication Block Diagram
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Introduction of LDPC

• Low-density parity-check codes [1] proposed in 1962 are 
codes specified by a matrix containing mostly 0’s and only 
a small number of 1’s

• Use Tanner graph [2] representation LDPC codes
• A Tanner graph consists of two kinds of nodes, variable 

nodes and check nodes, and edges connecting them
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LDPC Decoding Algorithm (1)

• The sum-product algorithm (SPA) is an iterative algorithm 
for decoding LDPC codes [1]

• Definition 
– M(n) : The set of Check Node connected to Variable Node 
– N(m) : The set of Variable Node connected to Check Node
– M(n)\n : The set M(n) excluding the n-th Variable Node 
– N(m)\m : The set N(m) excluding the m-th Check Node
– Log-Likelihood Ratio (LLR) is a soft information of the receiver 

where un is the transmitted bit, yn is the received bit, and Lc = 2/σ2,
where σ is the noise variance 
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LDPC Decoding Algorithm (2)

• Definition two LLR values 
– LLR of Variable Node to 

Check Node

– LLR of Check Node to 
Variable Node

• The iteration procedures of 
SPA are summarized as three 
follows:  
– Initialization 
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LDPC Decoding Algorithm (3)

• Iterative process 
– Check Node Update: 

where                              and

Because  

– Approximated formula (2) and called Sign-Min Algorithm [3]
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LDPC Decoding Algorithm (4)

– Variable Node Update:

• Hard Decision 

– After each iteration, a hard decision is made 
– Compute the matrix ûnHT , if ûnHT =0 or get up to maximum the 

numbers of the decoding iterations, then halt the algorithm. 
Otherwise, the algorithm repeats iterative process execute next 
iteration  
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Check Node  Architecture [6]
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Variable Node  Architecture [6]
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BER Simulation Result

• Use 504×1008 matrix [4] and 80 decoding iterations [5]

504 x 1008
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Different Bits of LUT Simulation Result

• Use 504×1008 matrix [4] and 80 decoding iterations [5]

504 x 1008
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Traditional Update vs  2’s Complement Update 
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Area Comparison

Synthesized by TSMC 0.18μm Artisan Standard Cell Library
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OR operation for Check Node Architecture
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OR Operation Simulation Result

• Use 504×1008 matrix [4] and 80 decoding iterations [5]

504 x 1008
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OR Operation with Pseudo-carry for Check 
Node Architecture
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OR Operation with Pseudo-carry Simulation Result

• Use 504×1008 matrix [4] and 80 decoding iterations [5]

504 x 1008
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Area Comparison
Synthesized by TSMC 0.18μm Artisan Standard Cell Library
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FPGA Implementation

4 errors before decoding 

0 error after decoding 
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Implemented Chip

• TSMC 0.18μm Artisan 
Standard Cell Library

Technology TSMC 0.18μm

Work Voltage 1.8 / 3.3 V

Core Size 2.8 x 2.8 (7.84mm2)

Die Size 3.3 x 3.3 (10.89mm2)

Frequency 50MHz

Throughput 24.57Mbps (max)

Power 89.28mW @50MHz
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Conclusion

• The LDPC is an excellent code, and it is widely used in 

communication standards.

• Algorithm study first, and then work out the hardware.

• The targets of the hardware are: 
– Smaller chip size
– Lower power consumption
– Higher operational speed

• Team work is the key to win.

• We worked out a good cooperate model in our laboratory.
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