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1. Outline of RS-FEC and Evaluation 

The IEEE802.3bj standard specifies transmission methods using Reed Solomon FEC 

(RS-FEC). In this standard, 100GBase-CR4/KR4 uses RS (528, 514) and 100GBase-KP4 uses 

RS (544, 514). 

 RS-FEC is defined as follows using RS (n, k) and t, where: 

   k: Data to be encoded 

  n: Number of Symbols including redundant bits for error correction (also called Block) 

t: Number of error-correctable Symbols 

 

 t = (n–k)/2 

 

 In the above-described RS-FEC, both t Symbols can be error corrected and 2t Symbols can be 

error detected. 

 

Figure 1.1 RS (n, k) FEC Composition 

 

With RS-FEC, units composed of multiple bits, each called a Symbol, are encoded. 

Consequently, both error correction and error detection are performed in Symbol units, not bit 

units. Irrespective of whether there is one or many errors within one Symbol, it is counted as one 

Symbol error (Figure 1.2) 

 

 

Figure 1.2 Error Bit Number vs. Symbol Error Number 
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As a result, the key evaluation parameters for RS-FEC are the number of Symbol Errors in one block and 

how the errors are distributed. 

Generally, with RS-FEC, each Symbol is 8 bits long, but IEEE802.3bj specifies a Symbol length of 10 bits. 

In RS (528, 514) used by 100GBase-CR4/KR4, since 140 redundant bits are appended to the Message 

area of 5140 bits (20 x 257 bits), one block is 5280 bits long.  In addition, with RS (528, 514), up to 7 

Symbol Errors can be corrected and up to 14 Symbol Errors can be detected.  

 Since each Symbol is 10 bits long, the theoretical maximum number of bits that can be corrected in one 

block is 7 x Symbol (10 bits) or 70 bits, but if the errors are distributed across 8 or more Symbols, not all 

errors can be corrected even when there are less than 70. Similarly, the theoretical maximum number of 

detectable errors is 140 bits in 14 Symbols but if the errors are distributed across 15 or more Symbols, not 

all errors can be detected.  

Since 100GBase-KP4 uses RS (544, 514) FEC and 300 redundant bits are appended to the Message 

area of 5140 bits (20 x 257 bits), up to 15 Symbol Errors can be corrected and up to 30 can be detected.  

The next section describes how to use the Capture function of the Error Detector in the MP1800A Signal 

Quality Analyzer (SQA) to evaluate RS-FEC with these characteristics. 
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2. Setting MP1800A Signal Quality Analyzer 

The MP1800A SQA Error Detector has a Capture function for saving data received using 

various triggers to internal memory. Using the Capture function supports confirmation of the 

degree of DUT error correction. This section explains how the MP1800A generates a normal 

PRBS and how the received PRBS error data is output for evaluation as a Capture file that the 

customer can use to confirm the degree of error correction from the error data in the file. 

 

Table 2.1 Capture Function Specifications 

 

 

The Capture function establishes synchronization using the Error Detector and performs BER 

measurement. The procedure for setting the Capture function is explained below. 

 Refer to Figure 2.1. First, choose the Capture tab at the Error Detector screen. 

 

Figure 2.1 Capture Display 
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Next, press the Condition button to fetch the Condition Setting screen shown in Figure 2.2 and 

set the Capture conditions. At this screen, set Number of Block to 128, and Trigger to Error 

Detect, and then press OK. This setting can save up to 128 receive patterns each of 65536 bits 

to memory whenever an error occurs.  

 

 

Figure 2.2 Condition Setting Screen 

 

 Since the IEEE802.3bj RS-FEC standard specifies either 5440 or 5280 bits per Block, it is 

possible to save 10 or more RS-FEC Blocks in one Capture Block (65536 bits). Selecting the 

smallest possible value at Number of Block (Figure 2.2) with a large Capture Memory Size 

increases the number of RS-FEC Blocks that can be captured at one time. 

 After completing the Capture settings, press the Capture button (Figure 2.1) to capture the 

data received each time an error occurs. Capture stops either when all the blocks specified at 

Number of Block have been captured or when the Capture button is pressed again. 
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The following explains the procedure for reading the captured data. The Acquisition button 

shown in Figure 2.3 is enabled either when all the Blocks specified as described in Figure 2.2 

have been captured, or when the Capture button is pressed again after error generation.  

 

 

Figure 2.3 Enabled Acquisition Button 

 

The Capture Acquisition screen (Figure 2.4) is displayed when the Acquisition button is pressed. 

This screen is used to display which of the captured Block data in memory to display on-screen. 

 

 

Figure 2.4 Capture Acquisition Screen 

 

 Select Capture All to view all captured Blocks. To confirm only some Blocks, select Capture 

Block and specify Start Block No. as well as Number of Block (from Start Block No.) and press 

the Start button to start capture to the screen. 
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There are three methods for displaying captured data: Bit Pattern, Bitmap, and Block. 

Whichever method is used, both Insertion Errors (bits that should be 0 are incorrectly 1) and 

Omission Errors (bits that should be 1 are incorrectly 0) can be checked. Bit Pattern displays the 

captured data in either binary or hexadecimal format. Bitmap does not display 0 or 1 data, but 

instead displays color-coded information about errors to provide an intuitive grasp of the overall 

distribution of errors. Block displays multiple blocks in parallel and is used for understanding 

specific bit sequences in which similar errors occur or not. 

Analyses using the Bitmap and Bit Pattern formats are useful for FEC analysis. First, the 

Bitmap display is used to show whether errors occur either in bursts or randomly to clarify the 

overall trend in the error distribution. Next, the Bit Pattern display is used to clarify the type of 

distribution when errors are viewed in Symbol units.  

 

  

Figure 2.5 Bit Pattern Screen and Bitmap Screen 
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3. Understanding Error Counts 

The captured data can be saved either as binary text (BIN Text Pattern) or hexadecimal text 

(HEX Text Pattern). 

 

 

Figure 3.1 Saving Capture Data 

 

Selecting BIN Text Pattern at Data Type of the File Menu shown above and saving the 

captured data creates the following three files when cap-pat-bin is specified as the file name for 

example: 

 

cap-pat-bin.txt:     Describes capture conditions and pattern data 

cap-pat-bin 000.dtt: Saves Reference Pattern for captured receive pattern  

cap-pat-bin 001.dtt: Saves position of errors for captured receive pattern 

 

Parts with errors are indicated by “1” and parts without errors are indicated by “0”. 
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Figure 3.2 Reference Pattern (***000.dtt) 

Figure 3.2 shows an example of a PRBS pattern. 

Figure 3.3 Error bit information (***001.dtt) 

In the example of Figure 3.3, the location with 1 circled in red indicates an error. It is possible 

to clarify how many Symbols an error runs across while at the same time clarifying the overall 

number of errors by counting the number of “1” values in the ***001.dtt file including this error 

information.  

Reference: 

- IEEE 802.3bj
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