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Abstract -- This paper presents the LDPC decoder chip for 
(1944,972) QC-LDPC codes in IEEE 802.11n communication 
system. The efficient LDPC decoder chip is designed with three 
design techniques, including Group Comparison (GC), Dynamic 
Wordlength Assignment (DWA), and Data Packet Scheme (DPS). 
When the target BER is 10-6, the decoding performance can be 
improved by the coding gain of 0.48 dB and 0.63 dB with respect 
to (4,3) and (3,2) fixed-point NMSA, respectively. In addition, the 
total decoder design area can be reduced by 25% and the 
decoding throughput can be enhanced by 3X times with respect to 
conventional direct-mapping method. By using TSMC 0.13um 
VLSI technology, the core area and die size are only 3.88 mm2 and 
7.39 mm2, respectively. The maximum operating frequency is 
measured at 111.1MHz and the power dissipation is only 76 mW.

I. Introduction 

Low-density Parity-check (LDPC) codes, which own the 
best error-correcting ability among all of the error correction 
codes, were first introduced by Dr. Gallager in the early 1960s 
[1]. But it was very difficult to realize the hardware 
architecture and chip implementation due to the limited VLSI 
technology at that time. Unfortunately, LDPC codes were not 
widely researched and were left behind little by little. After 
three decades, LDPC codes were rediscovered by Dr. MacKay 
[2]. The excellent error-correcting performance is proved much 
closer to the theoretical lower bound, Shannon limit. Moreover, 
with the dramatic advancement of VLSI technology, it is not an 
impossible mission to implement LDPC codes as the forward 
error correcting (FEC) schemes in the advanced wireline and 
wireless communication systems. In 2002, the first decoder 
chip for (1024,512) LDPC codes was appeared in the world 
and fabricated via 0.16um CMOS process technology [3]. 
From then on, the interests in LDPC codes have been 
dramatically increased and there exist many research works on 
the LDPC decoder architecture [4]-[6].  

IEEE 802.11n standard [7] is the wireless local area 
network (WLAN) standard with higher throughput 
improvement using multiple input and multiple output antennas, 
MIMO. An (Nt, Nr) MIMO communication system uses Nt
multiple transmitter and Nr receiver antennas to allow for 
increased data throughput via spatial multiplexing and 
increased range by exploiting the spatial diversity. Therefore, 
in order to increase transmission reliability, LDPC codes with 
powerful error-correcting ability become the important module 
of the channel coding in IEEE 802.11n system.  

In this paper, we propose three design techniques for 
(1944,972) LDPC codes in IEEE 802.11n system : 1) Group 
Comparison (GC) for check node units; 2) Dynamic 
Wordlength Assignment (DWA) for bit node units, and 3) Data 
Packet Scheme (DPS) for memory banks and computational 
units. In addition, we propose a surrounding-type layout 
scheme in chip implementation to reduce routing complexity 
and power consumption. By using TSMC 0.13um VLSI 
technology, the core area and die size are only 3.88 mm2 and 
7.39 mm2, respectively. The maximum operating frequency is 
measured 111.1 MHz, and the power dissipation is only 76 mW.
Hence, the features of our LDPC decoder design are critical 
path shortening, low area cost, low power dissipation, 
performance improvement, and throughput enhancement. 

The remainder of this paper is organized as follows. 
Section II describes the brief introduction of Low-density 
Parity-check codes. In Sections III, the proposed design 
techniques and VLSI hardware architecture for (1944,972) 
LDPC decoder chip are demonstrated. The hardware 
implementation via TSMC 0.13um VLSI technology and 
measurement results are shown in Section IV. Eventually, 
conclusion is given in Section V. 

II. Low-density Parity-check (LDPC) codes 

Low-density Parity-check (LDPC) codes belong to one 
kind of the linear block codes. (n,k) LDPC codes denote that k
information bits can be encoded as the n-bit codeword. The 
code construction and encoding procedure are highly based on 
the very sparse parity check matrix H. In the parity check 
matrix, most of the elements are 0
are 1 n,k) LDPC codes for example. The parity check 
matrix H(n-k)*n of (n,k) LDPC codes has (n-k) rows and n
columns and the code rate R is defined as k/n.

As for LDPC decoding algorithm, an M-by-N parity check 
matrix can be transformed into a graphical representation, 
bipartite graph. M Rows and N columns can be directly 
transformed to M check node units and N bit node units, 
respectively. The 1
transformed to the direct connection between corresponding 
check node units and bit node units. In other words, the two 
ends of one connection belong to different computational units. 
By passing message on the straights in the bipartite graph, the 
mutual information can be exchanged iteratively. As shown in 
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Fig. 1(a), the parity check matrix H4*8 of (8,4) LDPC codes has 
4 rows and 8 columns. The 4 rows and 8 columns can be 
mapped into 4 check node units (CNU) and 8 bit node units 
(BNU) as shown in Fig. 1(b). 
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Fig. 1 : (a) Parity check matrix H4*8, and (b) factor graph. 

In general, there exist many kinds of decoding algorithms 
for LDPC codes, such as Sum-Product Algorithm (SPA) and 
Min-Sum Algorithm (MSA) [8]. As for SPA, the message 
passing has not only higher precision, but also the best error-
correcting performance. Unfortunately, it is not adequate for 
the chip implementation due to the higher hardware complexity. 
On the other hand, MSA has lower computational complexity, 
but small decoding performance degradation. In order to 
compensate the decoding performance, Normalized Min-Sum 
Algorithm (NMSA) [9] was appeared to provide the trade-off 
between computational complexity and error-correcting ability. 
Therefore, we adopt NMSA in the LDPC decoder design and 
choose the normalization factor as 0.875.

III. Proposed Design Techniques and VLSI 
 Hardware Architecture 

For (1944,972) LDPC codes in IEEE 802.11n system, we 
propose three LDPC design techniques, including 1) Group 
Comparison (GC) for CNU; 2) Dynamic Wordlength 
Assignment (DWA) for BNU, and 3) Data Packet Scheme (DPS)
for memory banks and computational units. 

A. Group Comparison (GC) 

In order to shorten the required computation time of signal 
comparison, we propose Group Comparison (GC) in the CNU. 
The design concept is to divide the primary signal comparison 
into two stages as the 7-input CNU shown in Fig. 2. The first 
stage is used to perform the pair-wise comparison and search 
for local minimum in the sub-group. The second stage is used 
to generate the minimum among the groups. Between two 
stages, all of the generated signals in the first stage and a~g 
would be passed into individual comparison blocks through the 
Signal Network, SN. In addition, the following block which is 
composed of one shifter and one subtractor is used to perform 
the multiplication with the constant number, 0.875. By the way, 
the methodology can be extended to any input number of CNU 
design. If the input number is N, then the stage number is 
determined as log3N. In brief, the required computation time 
can be extremely reduced as the input number increases. 
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Fig. 2 : Hardware architecture of CNU. 

B. Dynamic Wordlength Assignment (DWA) 

Conventionally, the wordlength assignment for storage 
elements and computation units is fixed in the hardware design. 
For example, the signals are in (int_bit, frac_bit) fixed-point 
representation, where int_bit and frac_bit denote the number of 
bits for the integer and the fractional part, respectively. The 
total wordlength is the summation of int_bit and frac_bit. But 
there exist two crucial design issues on the wordlenth effects. 
First, the same wordlength with different integer/fractional 
assignment may lead to the very different decoding 
performance for LDPC decoder design. Second, the longer 
wordlength has better decoding performance with higher 
hardware cost and power consumption. Hence, how to handle 
the wordlength becomes the challenge for hardware designers. 

In order to simultaneously reduce the hardware cost and 
scarify less decoding performance from the floating 
computation, we propose Dynamic Wordlength Assignment 
(DWA) in the BNU. The total wordlength is chosen as 5 and 
the decoding iteration number is set to 8. The signals are 
initially arranged in (3,2) representation. After 4 decoding 
iterations, the signals are changed in (4,1) representation. As 
the 4-input BNU depicted in Fig. 3, the thresholds in the first 4 
and last 4 decoding iterations, TS_5 and TS_6, are selected by 
the control signal, Sel. The output signals of saturation unit (SU)
are passed to the output ports of BNU. Hence, the different 
wordlength assignment can be easily achieved without 
changing any other modules. 
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Fig. 3 : Hardware architecture of BNU. 
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Fig. 4 shows the simulation results of different decoding 
algorithms with different fixed-point representation. We 
assume that the target bit error rate (BER) of IEEE 802.11n 
system is around 10-5. If we adopt MSA and scarify less 
decoding performance with respect to floating-point case, we 
may choose the wordlength assignment as (4,3) representation. 
Instead, we may only choose the wordlength assignment as 
(3,2) representation if we adopt NMSA. Unfortunately, NMSA 
with (3,2) representation may have worse decoding 
performance when the target BER is around 10-6. Therefore, 
the proposed DWA can improve error-correcting performance 
and would have coding gain of 0.48 dB and 0.63 dB with 
respect to the previous two cases, respectively. Besides, the 
LDPC decoder design with wordlength of 5 can almost reduce 
the overall hardware area by 25%. The reason is that the 
wordlength would influence not only the entry width in the 
storage elements but also the data width in computation units. 
Therefore, DWA can bring the advantages of decoding 
performance improvement and area reduction. 
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Fig. 4 : Simulation results for NMSA with DWA. 

C. Data Packet Scheme (DPS) 

The (1944,972) LDPC codes defined in IEEE 802.11n 
system [7] belong to the Quasi-Cyclic LDPC codes [10], which 
is the most popular code construction in the modern advanced 
communication systems. In general, each sub-matrix with non-
blank element in the base parity check matrix [7] can be 
directly mapped into an individual memory bank. Each 
memory bank has 81 entries and the data width of each entry is 
5-bit. The 5-bit data, D1~D81, are stored in the entries, 
E1~E81, respectively. Although the direct-mapping method is 
very simple, the design issue we may meet is that the required 
system throughput, 165Mbps, can not be achieved. Instead, we 
propose Data Packet Scheme (DPS) for memory banks and 
computation units. The proposed method can not only improve 
the throughput by k times but also maintain the number of 
memory banks. In order to meet the throughput requirement, 
we can choose k as 3. The memory entry mapping method 
would be changed as the data-packet memory. The first three 
data, D1~D3, are concatenated in the package of {D1, D2, D3}

and are stored in the first entry, E1. The rest data can be 
arranged in the same way. Therefore, each memory bank only 
has 27 entries and the data width of each entry is 15-bit. For the 
memory address access, the new right-shifted value is altered 
as j)/3s(i, , where s(i,j) denotes the right-shifted value in the 
original base parity check matrix [7]. 

Since there are three data access from or to memory banks 
for each time, the data from different memory banks with 
different shifted values should be aligned for the computation 
of CNU. The design issue of the data rearrangement in the 
memory banks would only influence the data passing between 
memory banks and CNUs. The data-passing situation can be 
classified into three groups based on the remainder of s(i, j)
divided by 3. As shown in Fig. 5, the remainders of 1, 2, and 0
can be mapped into three different hardware designs, DPU_1, 
DPU_2, and DPU_0, respectively.  
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Fig. 5 : VLSI hardware architecture : (a) memory, BNU, and DPU_1,  
(b) DPU_2, and (c) DPU_0. 

IV. Chip Implementation and Measurement Results 

For (1944,972) LDPC codes in IEEE 802.11n system, the 
LDPC decoder chip is designed and fabricated via TSMC 
0.13um VLSI technology. In order to reduce routing 
complexity in the back-end chip design and total power 
consumption, we propose a surrounding-type layout scheme, 
which is to place all of the 110 small memory banks into 11-
by-10 2-D arrays as the die photo shown in Fig. 6(a). The 110
small memory banks consist of 24 single-port and 86 two-port 
register files. The single-port and two-port register files are 
used to store the channel values and the mutual information 
between BNU and CNU, respectively. All of the single-port 
register files, which are arranged in 4-by-6 2-D arrays, are 
surrounded by all of the two-port register files. Furthermore, 
not only the routing paths can be uniformly physical distributed, 
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but also the critical-path timing can be efficiently balanced. 
The dedicated layout scheme can bring the advantages of chip 
area reduction and low power consumption compared with 
other layout placement plans. 

(1944,972) LDPC 
decoder design. The core area is 1.97mm×1.97mm with gate 
counts of 443.9K. The total die size is only 2.72mm×2.72mm
giving the area of 7.39 mm2. The operating frequency is 
maximally measured 111.1 MHz and the corresponding system 
throughput is 250 Mbps, which is much higher than system 
requirement of the IEEE 802.11n standard, 165 Mbps. The total 
power dissipation is measured 76 mW in the full-speed case.  

files and T denotes two-port register files), and (b) chip summary. 

In order to compare with the other state-of-the-art, the 

(1)
y)(Technolog*Code_Rate)-(1*(Codeword)

Chip_AreaAreaNormalized 22=

(2)
r_Supply)(Core_Powe

PowerPowerNormalized 2=

With respect to the other decoder designs, TABLE I shows 
the chip comparison of very different parity check matrices, 
and VLSI process technology. Among the LDPC decoder 
designs, the LDPC decoder chip with three design techniques 
and surrounding-type layout scheme is smaller than the other 
research works. Moreover, the measured power consumption is 
also much smaller than other decoder chips. In other words, the 
superior characteristics of low area cost and low power 
dissipation are the necessary and important requirement for the 
wireless communication systems, especially IEEE 802.11n 
system. 

V. Conclusions

For (1944,972) LDPC codes in IEEE 802.11n system, we 
propose three design techniques, including Group Comparison 
(GC), Dynamic Wordlength Assignment (DWA), and Data 
Packet Scheme (DPS). In the chip layout placement, we also 

propose a surrounding-type layout scheme to reduce routing 
complexity and power consumption. The LDPC decoder chip 
via TSMC 0.13 um technology can be measured at 111.1 MHz 
with 76 mW measured power dissipation. In summary, the 
LDPC decoder chip features critical path shortening, low area 
cost, low power dissipation, performance improvement, and 
throughput enhancement. 
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