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TLK10034 Link Training Optimization Guide (Preliminary)

ICP/CIF
Abstract

The TLK10034 supports automatic link training, as defined in IEEE Clause 72, of the TX FIR filter.  In addition, the transmit swing and various receiver settings can be set before initiating the automatic link training to optimize the link over a wide range of channel loss profiles.  The intent of this document is to provide guidelines for these settings across a wide range of loss profiles.
1 Overview
The link training defined in IEEE Clause 72 provides a mechanism to adapt the three coefficients (pre-emphasis, main-cursor, and post-emphasis) for the TX FIR filter.  This is sufficient to compensate for part-to-part variations, voltage and temperature fluctuations and a narrow band of insertion loss variations.  It is not sufficient to handle a large variation in channel loss.  The TLK10034 provides several controls that can be used to fine tune the link training for a given channel loss as listed below:
· HS_SWING

· HS_AGCCTRL

· HS_CDRTHR

· HS_CDRFMULT

· HS_EQPRE

1.1 HS_SWING

While the default value for HS_SWING (register 30.3.15:12) of 8 (830mV) is useful for shorter backplanes.  For backplanes with higher loss, the swing setting should be increased to 10 (1010mV) or 12 (1180mV).  Note that higher swings can lead to more crosstalk so this setting is system dependent and should be optimized in the actual system with all channels active. A more detailed recommendation for swing settings across a wide range of channel loss is provided later in this document.
1.2 HS_AGCCTRL

The HS_AGCCTRL register (30.3.7:6) controls the selection between a 0dB and 6dB attenuator at the input of the TLK10034.  This attenuator can be forced to 0dB (HS_AGCCTRL=2’b10), 6dB (HS_AGCCTRL=2’b11) or variable (HS_AGCCTRL=2’b01).  If the variable setting is selected, the internal AGC algorithm will decide which setting is best.  
While the default value for this control enables the variable mode, the 0dB setting is appropriate for backplanes with more than 5dB of loss at 6GHz.

1.3 HS_CDRFMULT and HS_CDRTHR

The HS_CDRFMULT register (30.4.11:10) and HS_CDRTHR register (30.4.9:8) control the ability of the TLK10034 to track data that is asynchronous to the reference clock.  The TLK10034 can track the largest ppm difference when HS_CDRFMULT=2’b10 and HS_CDRTHR=2’b00.  Similarly, the TLK10034 can track the least amount of ppm difference when HS_CDRFMULT=2’b00 and HS_CDRTHR=2’b11.  
The default settings of HS_CDRFMULT=2’b01 and HS_CDRTHR=2’b00 should be sufficient to handle the +/- 200ppm defined in the datasheet.  

1.4 HS_EQPRE

The HS_EQPRE register (30.4.14:12) controls the digital FFE.  Given that pre-cursor ISI impacts the value of the future sampled bit, the selection of the FFE correction factor is important.

Longer channels have more pre-cursor ISI while shorter channel have less pre-cursor ISI.  Therefore, longer channels require larger FFE correction and smaller numeric value of HS_EQPRE is required.  Shorter channels need less FFE correction and a higher numeric value of HS_EQPRE is required.  A more detailed recommendation for HS_EQPRE across a wide range of channels is given later in this document.
2 Detailed Recommendations
The recommendations given below are based on lab measurements across channels with widely varying insertion loss as shown in Figure 1.  At 6GHz, these FR4 channels have insertion loss ranging from 7 to 24dB.  Since the signal reaching the receiver is a function of the insertion loss, crosstalk, reflections etc., the following recommendations are intended as a starting point only.  The final TLK10034 settings may need to be fine tuned based on the characteristics of the actual systems.
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Figure 1. Insertion loss of the channels used to develop the recommended settings

2.1 HS_SWING recommendation

The recommendation for HS_SWING as a function of insertion loss at 6GHz is shown in Figure 2.  In general, a value of 10 (1020mV) would be a good compromise value across all of the channels that were measured.  Shorter channels with less loss worked with lower values while longer channels sometimes required higher swing.  In the absence of crosstalk limitations across the backplane, higher swings than what are shown here also worked.
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Figure 2. Recommended values for HS_SWING

2.2 HS_EQPRE recommendation

The recommendation for HS_EQPRE as a function of insertion loss at 6GHz is shown in Figure 3.  As previously indicated the recommended numeric value of HS_EQPRE increases as the insertion loss get smaller.
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Figure 3. HS_EQPRE  recommendation versus insertion loss
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