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Summary This application note examines the design of scramblers for use with Synchronous Optical 
NETworks (SONET) and Optical Transport Unit (OTN) designs using the Virtex™ series of 
FPGAs. The scrambler function for Synchronous Digital Hierarchy (SDH) is the same as that for 
SONET.

Introduction Both SONET and OTN are standards for data transmission over fibre optic links. This implies a 
need for clock recovery at the receiver, which in turn requires a guaranteed minimum number 
of transitions in the incoming serial data stream. The mechanism to achieve this transition 
density, similar for both SONET and OTN, is known as scrambling. The scrambling (and 
descrambling) function is independent of the serial data rate used.

Serial data for transmission is added to the output of a pseudo-random number generator, 
running at the same clock frequency. The same circuit is used in the receiver to recover the 
original data transmitted. Obviously, the pseudo-random number generators at each end of the 
link must be in phase. This is achieved using a known pattern of framing information (which is 
actually transmitted unscrambled). This is covered in more detail in XAPP652.

Circuit 
Description

The scrambler polynomial for SONET is 7 bits, and so repeats every 2n – 1 = 127 clock cycles 
(see Figure 1). The polynomial for OTN is 16 bits (repeats every 65,535 cycles) and is shown 
in Figure 2. Note that the scrambler polynomial does not depend on the serial data. It is reset 
to a known value "1111111" or "1111111111111111" on the most significant bit of the first byte 
transmitted following the framing sequence transmission. The initialization of the scrambler is 
performed using the signal INIT as shown in the timing diagram Figure 3.
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Figure 1:  SONET Scrambler/Descrambler
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