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Chapter 6

GTX Transmitter (TX)

This chapter shows how to configure and use each of the functional blocks inside the GTX 
transmitter.

Transmitter Overview
Each GTX transceiver in the GTX_DUAL tile includes an independent transmitter, which 
consists of a PCS and a PMA. Figure 6-1 shows the functional blocks of the transmitter. 
Parallel data flows from the FPGA into the FPGA TX interface, through the PCS and PMA, 
and then out the TX driver as high-speed serial data. Refer to Appendix E, “Low Latency 
Design,” for latency information on this block diagram.

The key elements within the GTX transmitter are:

1. “FPGA TX Interface,” page 120

2. “Configurable 8B/10B Encoder,” page 129

3. “TX Buffering, Phase Alignment, and TX Skew Reduction,” page 141

4. “TX Polarity Control,” page 147

5. “TX Gearbox,” page 134

6. “TX PRBS Generator,” page 148

7. “Parallel In to Serial Out,” page 149

8. “Configurable TX Driver,” page 150

9. “Receive Detect Support for PCI Express Operation,” page 153

10. “TX Out-of-Band/Beacon Signaling,” page 157
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Figure 6-1: GTX TX Block Diagram
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Description

Enabling 8B/10B Encoding

To disable the 8B/10B encoder on a given GTX transceiver, TXENC8B10BUSE must be 
driven Low. To enable the 8B/10B encoder, TXENC8B10BUSE must be driven High. When 
the encoder is turned off, the operation of the TXDATA port is as described in “FPGA TX 
Interface.” 

8B/10B Bit and Byte Ordering

The order of the bits after the 8B/10B encoder is the opposite of the order shown in 
Appendix C, “8B/10B Valid Characters,” because 8B/10B encoding requires bit a0 to be 
transmitted first, and the GTX transceiver always transmits the right-most bit first. To 
match with 8B/10B, the 8B/10B encoder in the GTX transceiver automatically reverses the 
bit order (Figure 6-10).

For the same reason, when a 2-byte interface is used, the first byte to be transmitted (byte 
0) must be placed on TXDATA[7:0], and the second placed on TXDATA[15:8]. When a
4-byte interface is used, byte 0 must be placed on TXDATA[7:0], byte 1 must be placed on
TXDATA[15:8], byte 2 must be placed on TXDATA[23:16], and byte 3 must be placed on
TXDATA[31:24]. This placement ensures that the byte 0 bits are all sent before the byte 1
bits, as required by 8B/10B encoding.
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Figure 6-10: 8B/10B Encoding
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TX Buffering, Phase Alignment, and TX Skew Reduction

or TXRESET (see “FPGA TX Interface,” page 120). Assertion of GTXRESET triggers a 
sequence that resets the entire GTX_DUAL tile.

Using the TX Phase-Alignment Circuit to Minimize TX Skew

To use the phase-alignment circuit to force the XCLK phase of multiple lanes to match the 
common TXUSRCLK phase, follow these steps.

Initial conditions when TX_BUFFER_USE is TRUE:

♦ Set TX_BUFFER_USE_0 and TX_BUFFER_USE_1 to TRUE.

♦ Set TXRX_INVERT0 and TXRX_INVERT1 to 011.

♦ Set TX_XCLK_SEL0 and TX_XCLK_SEL1 to TXOUT.

♦ Set PMA_TX_CFG0 and PMA_TX_CFG1 to 20'h80082.

1. Set TX_XCLK_SEL0 and TX_XCLK_SEL1 to TXUSR.

2. Wait for all clocks to stabilize, then drive TXENPMAPHASEALIGN High.

Keep TXENPMAPHASEALIGN High unless the phase-alignment procedure must be
repeated. Driving TXENPMAPHASEALIGN Low causes phase alignment to be lost.

3. Wait 32 TXUSRCLK2 clock cycles, and then drive TXPMASETPHASE High.

4. Wait the number of required TXUSRCLK2 clock cycles as specified in Table 6-11, and
then drive TXPMASETPHASE Low. The phase of the PMACLK is now aligned with
TXUSRCLK.

5. Set TX_XCLK_SEL0 and TX_XCLK_SEL1 back to TXOUT.

6. Assert and deassert TXRESET synchronously to TXUSRCLK. In this use mode,
TXRESET must be deasserted simultaneously to all GTX Transceivers on which the
deskew operation is being performed.

The phase-alignment procedure must be redone if any of the following conditions occur:

• GTXRESET is asserted

• PLLPOWERDOWN is deasserted

• The clocking source changed

Figure 6-20 shows the TX phase-alignment procedure. TXENPMAPHASEALIGN(0/1) 
and TXPMASETPHASE(0/1) are independent for each GTX transceiver. This 
implementation is different from the GTP_DUAL tile where TXENPHASEALIGN and 
TXPMASETPHASE are shared tile pins. The procedure is always applied to each GTX 
transceiver’s TXENPMAPHASEALIGN(0/1) signal on the tile. TXOUTCLK cannot be the 
source for TXUSRCLK when the TX phase-alignment circuit is used. See “FPGA TX 
Interface,” page 120 for details.

Table 6-11: Number of Required TXUSRCLK2 Clock Cycles

PLL_DIVSEL_OUT_0
PLL_DIVSEL_OUT_1

TXUSRCLK2 Wait Cycles

1 8,192

2 16,384

4 32,767
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TX Out-of-Band/Beacon Signaling
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