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Chapter 8: Cyclic Redundancy Check

The CRC Primitive
Each CRC block computes a 32-bit CRC using the CRC32 polynomial specified for PCI 
Express, Gigabit Ethernet, and other common protocols. The CRC32 polynomial is:

 

Equation 8-1

There are two primitives for instantiating CRC integrated blocks. The 32-bit CRC primitive 
(CRC32) can process 8, 16, 24, or 32-bit input data and generates a 32-bit CRC. The 64-bit 
primitive (CRC64) can process 8, 16, 24, 32, 40, 48, 56, or 64-bit input data and also 
generates a 32-bit CRC. Using the CRC64 primitive consumes both CRC integrated blocks 
paired with a given transceiver tile.

For CRC64, CRCDATAWIDTH is interpreted as indicated in Table 8-5.

Table 8-4: CRC32 – Valid Data Widths

CRCDATAWIDTH[2:0] Data Width CRC Data Bus Bits

000 8-bit CRCIN[31:24]

001 16-bit CRCIN[31:16]

010 24-bit CRCIN[31:8]

011 32-bit CRCIN[31:0]

Notes: 
1. CRCDATAWIDTH[2] must always be held Low for the CRC32 primitive.

Table 8-5: CRC64 – Valid Data Widths

CRCDATAWIDTH[2:0] Data Width CRC Data Bus Bits

000 8-bit CRCIN[63:56]

001 16-bit CRCIN[63:48]

010 24-bit CRCIN[63:40]

011 32-bit CRCIN[63:32]

100 40-bit CRCIN[63:24]

101 48-bit CRCIN[63:16]

110 56-bit CRCIN[63:8]

111 64-bit CRCIN[63:0]

G X( ) X32
= X26 X23 X22 X16 X12 X11

+ + + + + +

 X10 X8 X7 X5 X4 X2 X 1+ + + + + + + +
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Using the CRC Blocks
Figure 8-3 shows a CRC block calculating the CRC for input data. Also shown in Figure 8-3 
is the CRC64 primitive. This operation is performed when the CRC is being generated or 
checked. CRC_POLY is the fixed CRC32 polynomial used for all calculations.

At the start of each frame, CRCRESET must be applied to set the initial CRC value to 
CRC_INIT. CRC calculations are cumulative, so this step is required to start the CRC 
calculation at a known value. CRC_INIT is a 32-bit value for the initial state of the CRC 
internal register. Its default value is 0xFFFFFFFF. When CRCRESET is driven Low, on the 
first cycle the CRC block outputs 0x00000000 on the CRCOUT port. The following cycles 
will have the calculated CRC value for the data on the CRCIN port. The CRC_INIT value 
required for a given protocol is specified as part of that protocol’s CRC algorithm. Table 8-6 
shows the CRC_INIT values for some common protocols that use the CRC32 polynomial. 

X-Ref Target - Figure 8-3

Figure 8-3: CRC Block Timing

Table 8-6: CRC_INIT Values for Some Common Protocols

Protocol CRC_INIT

Ethernet 32’hFFFF_FFFF

PCI Express 32’hFFFF_FFFF

Infiniband 32’hFFFF_FFFF

Fibre Channel 32’hFFFF_FFFF

SATA 32’h5232_5032

CRCCLK

CRCIN[63:0] D0 D1 D2

f(CRC(Prev,D1))

f(CRC(Prev,D2))

f(CRC(D0))

CRCOUT[31:0]

CRCRESET

CRCDATAVALID

CRCDATAWIDTH

Final CRC data comes one cycle 
after CRCDATAVALID.
This is the CRC result for the frame.Notes:

1. Prev = CRCINTREG value from the previous cycle.
2. f(x) = Bit Inverted and Byte Reversed x. UG196_c8_03_112007
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The CRCDATAVALID port acts as a clock enable for the CRC block. If CRCDATAVALID is 
High and CRCRESET has been deasserted, a new CRC value is calculated every clock 
cycle, and the result appears on CRCOUT after one clock cycle. If CRCDATAVALID is Low, 
all CRC registers hold their values from the previous cycle.

CRCDATAWIDTH determines how many input data bytes are valid. Table 8-4, page 208 
shows how to use CRCDATAWIDTH to set the number of valid input bytes on the CRC32 
primitive. Table 8-5, page 208 shows the same for the CRC64 primitive. CRCDATAWIDTH 
is usually used at the end of a frame, when not all the bytes in a data word contain valid 
data. CRCDATAWIDTH can also be tied off to accommodate datapaths smaller than 32 bits 
wide.

To achieve faster throughput using the CRC block, apply the first data byte(s) and a reset 
on the same clock cycle. As shown in Figure 8-3, the CRC result appears on the output 
CRCOUT[31:0] one clock cycle after the last valid data byte is applied. If the fastest 
throughput is not required, the CRC module can be reset on any prior cycle as long as the 
CRCDATAVALID input is 0.

In Figure 8-4, the CRCRESET is asserted one CRCLK cycle after CRCDATAVALID. This 
allows back-to-back CRC frame calculations.
X-Ref Target - Figure 8-4

Figure 8-4: CRCRESET Assertion Timing for Subsequent Frames
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In Figure 8-3, the internal CRCINTREG register shows the raw result of the CRC 
calculation. CRCOUT provides the bit-inverted, byte-reversed version of the CRC output 
at the same time. Figure 8-5 shows an example of the byte rotation and bit inversion 
operations.

Byte rotation and bit inversion of the CRC output value are requirements for many 
common protocols, so CRCOUT is provided with these operations already performed to 
save FPGA resources. In designs that use a protocol that does not specify these operations 
in the CRC algorithm, the user must undo these operations before using the CRC value.

The CRC result for a given frame is the CRCOUT value corresponding to the final byte(s) 
of the frame. This value appears one cycle after the final byte(s) of the frame are presented 
to the CRCIN port with CRCDATAVALID High.

Integrating the CRC Blocks for TX
To use a CRC32 or CRC64 primitive to add CRC to frames for transmission or storage, the 
following logic needs to be built into the FPGA and connected to the CRC block:

• The Start of Frame (SOF) must trigger CRCRESET.

• If the datapath is not as wide as the maximum data width of the CRC primitive, 
CRCDATAWIDTH must be tied off so that only the bytes in the datapath are valid.

• The CRC output from the CRC block must be added to the frame, usually after the last 
data byte and before an End of Frame (EOF) character.

Integrating the CRC Blocks for RX
To use a CRC32 or CRC64 primitive to check the CRC on incoming data, the following 
logic needs to be built in the FPGA and connected to the CRC block:

• The SOF must trigger CRCRESET. This usually requires a decoder of some sort to find 
the SOF character in the incoming data stream.

• The EOF must trigger a CRC check.

• If fixed length frames are used, this can be done with a counter.

X-Ref Target - Figure 8-5

Figure 8-5: Byte Rotation and Bit Inversion
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• If variable length frames are used, this typically requires setting a count based on 
a length value in the frame, or decoding an EOF character in the incoming data 
stream.

• The CRC check must be performed. There are two common methods of CRC 
checking:

• The compare method

Calculate CRC over all the data in the frame, and then extract the CRC from the 
frame and compare it to the calculated CRC. The EOF trigger is used to indicate 
which CRCOUT value should be used and which bytes of the frame contain the 
transmitted CRC.

• The residue method

Calculate CRC over all the data in the frame and the transmitted CRC, and then 
compare the result to the residue for the CRC32 polynomial. If the two values 
match, the CRC check passes. The residue value for CRC32, after bit inversion and 
byte reversal, is 32’h1CDF4421.

• Remove the transmitted CRC from the frame, if necessary.

Implementation of the CRC Block
Figure 8-6 shows an implementation of the CRC.

References
Refer to IEEE 802.3 Cyclic Redundancy Check [Ref 12] and Configurable LocalLink CRC 
Reference Design [Ref 13] for more information on CRC.

X-Ref Target - Figure 8-6

Figure 8-6: CRC Implementation
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Chapter 9

Loopback

Overview
Loopback modes are specialized configurations of the transceiver datapath where the 
traffic stream is folded back to the source. Typically, a specific traffic pattern is transmitted 
and then compared to check for errors. Figure 9-1 illustrates a loopback test configuration 
with four different loopback modes. 

Loopback test modes fall into two broad categories:

• Near-end loopback modes loop transmit data back in the transceiver closest to the 
traffic generator. 

• Far-end loopback modes loop received data back in the transceiver at the far end of 
the link. 

Loopback testing can be used either during development or in deployed equipment for 
fault isolation. The traffic patterns used can be either application traffic patterns, or 
specialized pseudo-random bit sequences. Each GTP transceiver has a built-in PRBS 
generator and checker. 

Each channel of the GTP_DUAL tile features several loopback modes to facilitate testing: 

• Near-End PCS Loopback (path 1 in Figure 9-1)

• Near-End PMA Loopback (path 2 in Figure 9-1)

• Far-End PMA Loopback (path 3 in Figure 9-1)

• Far-End PCS Loopback (path 4 in Figure 9-1)

X-Ref Target - Figure 9-1

Figure 9-1: Loopback Testing Overview
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The LOOPBACK[2:0] port selects between the normal operation mode and the different 
loopback modes. 

Ports and Attributes
Table 9-1 defines the loopback ports. Table 9-2 defines the loopback attributes.

Description

Near-End PCS Loopback 
The test data is generated and checked by user logic and then looped back in the PCS. The 
difference compared to the Near-End PMA Loopback mode is that the PMA section is not 
involved. The test data is looped back before passing the parallel-to-serial and the serial-to-
parallel converter. All analog high-speed circuits in the PMA section can be completely 
powered down. Figure 9-2 illustrates this configuration. 

Table 9-1: Loopback Ports

Port Dir
Clock 

Domain
Description

LOOPBACK0[2:0]

LOOPBACK1[2:0]
In Async

000: Normal operation

001: Near-End PCS Loopback

010: Near-End PMA Loopback

011: Reserved

100: Far-End PMA Loopback

101: Reserved

110: Far-End PCS Loopback(1)

111: Reserved

Notes: 
1. PCI Express compliant.

Table 9-2: Loopback Attributes

Attribute Description

PMA_COM_CFG[89:0] Common PMA configuration attribute. Leave at the default value 
automatically set by the RocketIO GTP Transceiver Wizard.

Optiver Ex1009 
Page 214 of 347

http://www.xilinx.com


Virtex-5 FPGA RocketIO GTP Transceiver www.xilinx.com 215
UG196 (v2.1) December 3, 2009

Description

Near-End PMA Loopback
This mode uses the Near-End source for generating and checking the test data. The 
loopback occurs in the serial section of the PMA before the line drivers. The test data can be 
generated and checked by the built-in PRBS block inside the PCS or by user logic. The test 
data also appears on the package pins. Figure 9-3 shows the configuration without using 
the built-in PRBS.

Marginal Conditions and Limitations

In the Near-End PMA loopback mode, the TXDATA input is routed through the PMA, 
serialized, and then looped back in through the RX side of the PMA and back out to 
RXDATA. When this mode is in use, there must be nothing driving the RXP/RXN serial 
inputs of the channel. The inputs can be left unconnected.

When the device is on a board, the remote transmitter should be 3-stated. If this is not 
possible, then the following alternatives are available:

• Turn the RX linear equalizer on by driving the RXENEQB(0/1) signal Low. 

X-Ref Target - Figure 9-2

Figure 9-2: Near-End PCS Loopback
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X-Ref Target - Figure 9-3

Figure 9-3: Near-End PMA Loopback
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• Set RXEQMIX(0/1)[1:0] to 11.

• Change PMA_COM_CFG[44:37] from the default value 00000000 to 10101010. 
This setting for PMA_COM_CFG[44:37] must only be used for loopback. With normal 
data, performance is affected.

The PMA_COM_CFG[44:37] attribute can be changed either statically by specifying the 
value in the UCF file or dynamically by changing the content of DRP address 26[6:3] from 
0000 to 1111. When switching from loopback mode to normal operation, the default 
value 00000000 must be restored.

Far-End PMA Loopback
This mode uses the Near-End data source for generating and checking test data. The 
loopback occurs after passing the serial-to-parallel converter of the PMA. This mode tests 
the complete PMA section including the serial-to-parallel and parallel-to-serial 
conversion. Almost the entire PCS section is bypassed because the RX serial inputs are 
looped back to the TX serial outputs. Figure 9-4 illustrates this mode.

Marginal Conditions and Limitations

When the Far-End PMA loopback mode is used, ignoring PLL_RXDIVSEL_OUT, both 
PLL_TXDIVSEL_COMM_OUT and PLL_TXDIVSEL_OUT must be set to 1. Refer to 
Shared PMA PLL, page 72 for details about the TX divider settings.

In Far-End PMA loopback mode, the TX buffer is borrowed for the parallel loopback path 
to compensate for possible phase differences between the TX and RX parallel clocks. For 
this reason, TX_BUFFER_USE must be TRUE when using this mode. Far-end loopback 
mode does not support oversampling because the TX buffer is not available. This mode can 
only be used for one transceiver at a time on any given tile due to clocking restrictions. A 
transceiver in Far-end PMA loopback mode must use the same reference clock used by the 
transceiver that is the source of the loopback data.

The transmitter always uses the RX recovered clock to transmit the loopback data. 
Compared to non-loopback operation, the TX jitter is greater because of greater jitter on the 
RX recovered clock. The RX CDR can lock to an incoming data stream with a rate offset of 
up to a nominal ±1000 ppm. The transmitter transmits data with this same rate offset as the 
RX recovered clock.

X-Ref Target - Figure 9-4

Figure 9-4: Far-End PMA Loopback
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When one channel of a GTP_DUAL tile is placed in the Far-end PMA loopback mode, the 
TX side of the other channel no longer operates reliably. Do not attempt nor expect reliable 
use of the second channel while the first channel is in Far-end PMA loopback.

Far-End PCS Loopback
This mode uses an external source to generate and check the test data. The loopback occurs 
in the PCS section and the received data is presented to the user logic. 

The transmit data of the user logic is not transmitted when this mode is activated. This 
mode is a PCI Express compliant loopback mode that echoes the received data back to the 
sender. Figure 9-5 illustrates this configuration. 

Note: When the Far-end PCS loopback (also known as PCIe loopback mode) is used, the circuitry 
retransmits in-table 8B/10B data with the disparity received as required by the PCIe protocol. Clock 
correction (CC) works properly only if disparity-neutral CC characters are used. If the CC characters 
are not disparity neutral and CC occurs, the receiver gets disparity errors.

X-Ref Target - Figure 9-5

Figure 9-5: Far-End PCS Loopback
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Chapter 10

GTP-to-Board Interface

Analog Design Guidelines

Overview
In designs with FPGAs that contain GTP transceivers, the overall system performance of a 
communication link is highly dependent on the characteristics of the power supply and 
clocking design on both endpoints. This section discusses guidelines and 
recommendations for these topics. 

As a prerequisite, the design guidelines outlined in the Virtex-5 PCB Designer’s Guide must 
be observed to keep the power supply and switching noise on the board to a minimum. 
Additionally, it is highly recommended to use Point-of-Load (POL) power distribution 
techniques as outlined in: 
http://www.xilinx.com/publications/xcellonline/xcell_57/xc_pdf/p105-107_57-bellinix.pdf

Refer to the book EMC and the Printed Circuit Board [Ref 6] by Mark I. Montrose, sponsored 
by the IEEE Electromagnetic Compatibility Society for additional guidelines.

Implementation of these guidelines not only improves system margins but is a prerequisite 
for compliance to regulations as defined by Federal Communications Commission (FCC) 
and the Verband Deutscher Elektrotechniker (VDE) regarding Electromagnetic 
Compatibility (EMC), Electromagnetic Interference (EMI), and Radio Frequency 
Interference (RFI).

Ports and Attributes
Table 10-1 defines the analog pins.

Table 10-1: Analog Pins

Pins Dir Description

MGTAVCC In
MGTAVCC is the analog supply for the internal analog 
circuits of the GTP_DUAL tile.

MGTAVCCPLL In
MGTAVCCPLL is the analog supply for the shared PMA 
PLL and the clock routing and muxing network of the 
GTP_DUAL tile.

MGTAVTTRX In
MGTAVTTRX is the analog supply for the receiver circuits 
and termination of the GTP_DUAL tile.

MGTAVTTRXC In
MGTAVTTRXC is the analog supply for resistor 
calibration and standby circuit of the entire device.
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Table 10-2 defines the analog attributes.

Resistor Calibration Circuit
The resistor calibration circuit in the GTP transceiver is used to precisely calibrate the TX 
and RX termination resistors via an external precision reference resistor.

Table 10-3 defines the analog ports used for TX and RX termination resistor calibration.

MGTAVTTTX In
MGTAVTTTX is the analog supply for the transmitter 
termination and driver circuits of the GTP_DUAL tile.

MGTREFCLKP

MGTREFCLKN
In

These signals are the differential clock input pin pair(1) for 
the reference clock of the GTP_DUAL tile.

MGTRREF In
MGTRREF is the reference resistor input for the entire 
device.

Notes: 
1. This clock can only be accessed by the FPGA logic via the REFCLKOUT port.

Table 10-2: Analog Attributes

Attribute Description

TERMINATION_CTRL[4:0]
Controls the internal termination calibration circuit. Refer to 
Table 10-5, page 224 for encoding.

TERMINATION_IMP_0

TERMINATION_IMP_1

Selects the termination impedance for the TX driver and 
receiver. 

See Figure 10-4, page 223 calibrating the impedance values. 
Always set to 50, which selects the 50Ω termination 
impedance.

TERMINATION_OVRD
Selects whether the external 50Ω precision resistor connected 
to the MGTRREF pin or an override value is used, as defined 
by TERMINATION_CTRL[4:0].

Table 10-1: Analog Pins (Continued)

Pins Dir Description

Table 10-3: Resistor Calibration Circuit Ports

Pins Dir Description

MGTAVTTRXC
In

MGTAVTTRXC is the analog supply for resistor calibration 
and standby circuit of the entire device.

MGTRREF
In

MGTRREF is the reference resistor input for the entire 
device.
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Table 10-4 defines the attributes used when calibrating the TX and RX termination 
resistors.

Each Virtex-5 LXT or SXT device requires one 50Ω external precision (1%) resistor on the 
PCB (connected directly to the MGTRREF pin and to the closest MGTAVTTTX pin). 

Figure 10-1 illustrates the connection of the external precision resistor to the MGTRREF 
and MGTAVTTTX pins of the device. The nominal 50Ω value can be closely matched using 
a 49.9Ω resistor with 1% tolerance. Each LXT or SXT device requires a filter circuit on the 
MGTAVTTRXC pin, which powers the resistor calibration circuit of the device.

Figure 10-2 illustrates the view from the schematic design perspective.

Note: If any GTP transceivers are used in a column, the GTP_DUAL tile, bank 112 that contains the 
calibration block must be connected as illustrated in Figure 10-2.

Table 10-4: Resistor Calibration Circuit Attributes

Attribute Description

TERMINATION_CTRL[4:0]
Controls the internal termination calibration circuit. Refer to 
Table 10-5, page 224 for encoding.

TERMINATION_IMP_0

TERMINATION_IMP_1

Selects the termination impedance for the TX driver and 
receiver. 

See Figure 10-4, page 223 calibrating the impedance values. 
Always set to 50, which selects the 50Ω termination 
impedance.

TERMINATION_OVRD
Selects whether the external 50Ω precision resistor connected 
to the MGTRREF pin or an override value is used, as defined 
by TERMINATION_CTRL[4:0].

X-Ref Target - Figure 10-1

Figure 10-1: Resistor Calibration Circuit
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Figure 10-3 illustrates the power filter network for the MGTAVTTRXC pin.

X-Ref Target - Figure 10-2

Figure 10-2: RREF Resistor Schematic Design Perspective
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X-Ref Target - Figure 10-3

Figure 10-3: Power Filter Network for MGTAVTTRXC
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The calculated calibration value of the resistor calibration circuit is shared between all 
GTP_DUAL primitives of a device (see Figure 10-4).

The resistor calibration is performed automatically one time during the configuration 
process. All analog supply voltages must be present and within the proper tolerance as 
specified in the Virtex-5 FPGA Data Sheet.

Note:

• The GTP_DUAL 112 tile contains the calibration circuit for the entire GTP_DUAL 
column.

• The MGTAVCC supply must be powered on all GTP_DUAL tiles between the 
GTP_DUAL 112 tile and any instantiated tile.

• Filtering of MGTAVCC on unused GTP_DUAL tiles is not required.

X-Ref Target - Figure 10-4

Figure 10-4: Calibration Result Sharing Between All GTP_DUAL Tiles
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The calculated calibration value of the resistor calibration circuit can be overwritten 
independently for each transceiver by using the TERMINATION_CTRL and 
TERMINATION_OVRD attributes. This feature is intended for system evaluation purposes only.

When overriding the control value based on the calibration to an external precision 
reference resistor, the process independence is lost. As a consequence, the termination 
value has a tolerance of ± 25% given by the resistor tolerance of the semiconductor process.

Table 10-5 shows the encoding of the TERMINATION_CTRL attribute.

Table 10-5: TERMINATION_CTRL Attribute Encoding

TERMINATION_CTRL [4:0]
Nominal 

Resistance [Ω]
+25% Resistance 

[Ω]
–25% Resistance 

[Ω]

0 0 0 0 0 103.0 128.8 77.3

0 0 0 0 1 97.8 122.3 73.4

0 0 0 1 0 93.2 116.4 69.9

0 0 0 1 1 88.9 111.1 66.7

0 0 1 0 0 85.0 106.3 63.8

0 0 1 0 1 81.5 101.9 61.1

0 0 1 1 0 78.2 97.8 58.7

0 0 1 1 1 75.2 94.0 56.4

0 1 0 0 0 72.4 90.5 54.3

0 1 0 0 1 69.8 87.3 52.4

0 1 0 1 0 67.4 84.2 50.5

0 1 0 1 1 65.1 81.4 48.9

0 1 1 0 0 63.0 78.8 47.3

0 1 1 0 1 61.1 76.3 45.8

0 1 1 1 0 59.2 74.0 44.4

0 1 1 1 1 57.5 71.8 43.1

1 0 0 0 0 55.8 69.8 41.9

1 0 0 0 1 54.3 67.8 40.7

1 0 0 1 0 52.8 66.0 39.6

1 0 0 1 1 51.4 64.3 38.6

1 0 1 0 0 50.1 62.6 37.6

1 0 1 0 1 48.8 61.0 36.6

1 0 1 1 0 47.6 59.5 35.7

1 0 1 1 1 46.5 58.1 34.9

1 1 0 0 0 45.4 56.8 34.1

1 1 0 0 1 44.4 55.5 33.3

1 1 0 1 0 43.4 54.2 32.5
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Power Supply Design and Filtering
This section focuses on the voltage regulators that directly source each dedicated filter 
network connected to one of the analog power supply pins of the GTP_DUAL primitive.

A voltage regulator is characterized by:

• Input voltage range

• Output voltage range

• Output voltage current

• Output voltage tolerance

• Output noise voltage

• Power supply rejection ratio (PSRR)

These characteristics are the selection criteria when choosing a voltage regulator for a 
design with GTP transceivers. The output voltage noise and the PSRR over frequency are 
often neglected but are very important selection criteria. 

As a rule-of-thumb guideline, any substantial noise in the frequency range of 1 MHz and 
above on the power supply lines contributes to jitter. Depending on the frequency range 
and amplitude, this noise can degrade the overall system performance. The AVCC supply 
pins, which source the internal analog circuits of the transceivers, and AVCC_PLL, which 
sources the shared PMA PLL of the GTP_DUAL primitive, are especially sensitive to 
power supply noise. 

When designing a complete Power Distribution System (PDS), the PSRR of the whole 
system and of each regulator is load-current and frequency dependent.

Each used GTP_DUAL tile requires a filter circuit on the following analog power supply 
pins:

• MGTAVCCPLL

• MGTAVTTTX

• MGTAVTTRX

• MGTAVCC

The correct implementation and placement of these filter circuits is important for 
suppressing high-frequency noise.

The Virtex-5 FPGA Data Sheet provides the required exact voltage level and tolerance 
ranges of these analog supplies. Adequate filtering must be provided as illustrated in 
Figure 10-5. Xilinx recommends the use of separate (adjustable) voltage regulators for each 
supply circuit to facilitate the migration between LXT, SXT, and FXT platforms. 

1 1 0 1 1 42.5 53.1 31.8

1 1 1 0 0 41.5 51.9 31.2

1 1 1 0 1 40.7 50.9 30.5

1 1 1 1 0 39.9 49.8 29.9

1 1 1 1 1 39.1 48.8 29.3

Table 10-5: TERMINATION_CTRL Attribute Encoding (Continued)

TERMINATION_CTRL [4:0]
Nominal 

Resistance [Ω]
+25% Resistance 

[Ω]
–25% Resistance 

[Ω]
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Note: The voltage levels in Figure 10-5 are nominal values. Refer to the GTP transceiver portion of 
the Virtex-5 FPGA Data Sheet for the exact values based on operating conditions, especially voltage 
and temperature.

Linear Regulator Selection Criteria

The selection criteria for the linear regulator are:

• Meet or exceed the characteristics specified in the Virtex-5 FPGA Data Sheet.

• The PSRR of the linear regulator must provide attenuation in a frequency range where 
the sourcing power supply or regulator emits noise. Use an adjustable regulator so 
that the voltage can be changed, if necessary.

X-Ref Target - Figure 10-5

Figure 10-5: Power Filtering Schematic
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Notes: 
1. These analog supplies MUST be sourced directly from a dedicated regulator. Derived voltages from 

other supplies or resistor voltage dividers are NOT permitted.
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The PSRR over frequency of a linear regulator (see Figure 10-6) is temperature and load-
current dependent. Because the PSRR of the regulator in this example has a local minimum 
of rejection around 300 KHz, extra care must be taken if the sourcing power supply has 
spurs or high-amplitude noise in this frequency range.

If the sourcing power supply cannot be changed or a different power supply cannot be 
selected, an additional filter network between the output of the sourcing power supply 
and the input of the linear regulator is required to prevent substantial noise from passing 
through the linear regulator at the minimum of attenuation. Because the capacitor on the 
output of the regulator is part of the regulator control loop, this capacitor not only impacts 
the regulator stability but the PSRR as well.

X-Ref Target - Figure 10-6

Figure 10-6: PSRR over the Frequency of a Linear Regulator
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Regulator Design Guidelines

The selection criteria for the regulator design are:

• Do not operate the regulator with a VIN that is just slightly over VOUT + VDROPOUT.

• Keep in mind that the dropout voltage is highly load dependent.

• Remember that the regulator stability and performance are only guaranteed when 
using the correct decoupling capacitors (value, ESR, dielectric material) on input, 
output, and bypass pins of the regulator.

• Strictly follow the layout rules of the regulator data sheet.

• Do not max out the output current of the regulator (allow enough margin under all 
operating conditions, especially when it comes to high temperature).

• If possible, place the regulator close to the filter network.

• Place the filter network as close as possible to the analog supply pin that it sources.

• Remember that the PSRR of the regulator is output load current and frequency 
dependent.

Ferrite Selection Guidelines

The selection criteria for the ferrite are:

• Choose a ferrite with a low DC resistance.

• Do not max out the ferrite current rating(1).

• Choose a ferrite with a high impedance in a frequency range where you expect or 
measure the highest spurs or noise levels.

Figure 10-7 illustrates the impedance over frequency characteristics of different ferrites.

The ferrites are from the same manufacturer, have the same footprint, and have a nominal 
impedance of 220Ω at 100 MHz. A low DC impedance is required to keep the influence of 
the load current change to the supply voltage change on the GTP_DUAL power pin to a 
minimum. Some manufacturers offer S parameters, proprietary-free simulation tools, or 

1. If the current rating of a ferrite is maxed out, the magnetic material of the ferrite body is in saturation, which 
impacts its ability to suppress high frequencies.

X-Ref Target - Figure 10-7

Figure 10-7: Impedance over Frequency Characteristics of Different Ferrites
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third-party simulation tool support via model libraries for their ferrites and capacitors. 
These allow the optimization of the filter circuit. 

Depending on the spectrum of the noise still on the output pin of the linear regulator, the 
ferrite with the optimal characteristics must be selected. High-amplitude spurs in the 
frequency range of 1 MHz and above require special attention. 

Capacitor Selection Guidelines

The selection criteria for the capacitor are:

• Low-inductance capacitor

• Dielectric material with a low temperature coefficient

• Dielectric material with a low frequency coefficient

Filter Network Design Guidelines

The selection criteria for the filter network are:

• Place the filter network as close as possible to the device power pin.

• Ensure a low-inductance connection between the capacitor and the power pin.

• Simulate the filter circuit and optimize it, if possible.

• Isolate the analog supply plane between the filter and the FPGA pin. Make sure that 
no signals can capacitively or inductively couple into this supply.

Boundary-Scan Testing Guidelines

If Boundary-Scan is to be used as part of the product verification, make sure that the analog 
supply voltage pin MGTAVCC of all GTP_DUAL tiles of the device are powered. The 
analog supply voltage pin MGTAVCC of all unused GTP_DUAL tiles must be connected to 
the same supply that supplies VCCINT. VCCINT is the power supply pin for the internal core 
logic.

GTP Transceiver Power Supply Sharing

To reduce the cost of implementing a design that uses the Virtex-5 FPGA GTP transceivers, 
some power supply regulators can be shared. A design that intends to share power 
supplies for the GTP transceivers must adhere to the following rules:

• A power supply regulator used by the GTP transceivers must not be shared with any 
digital circuit. Events such as reset can cause significant load transients on a power 
supply that will impact the performance of the GTP transceivers.

• A GTP transceiver power supply (e.g., MGTAVCCPLL) can be shared between 
different GTP_DUAL tiles and between FPGAs. Because the load current on the 
regulator and the power distribution network is greater with shared supplies, care 
must be taken to compensate for any IR drop so that the voltage at the FPGA pin(s) 
complies with the acceptable operating voltage range defined in the Virtex-5 FPGA 
Data Sheet.

• MGTAVTTRX and MGTAVTTTX can share the same power supply voltage regulator 
across multiple GTP_DUAL tiles and across multiple FPGAs.

• MGTAVCC and MGTAVCCPLL can be shared across multiple GTP_DUAL tiles and 
across multiple FPGAs.
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Providing Power

Overview
This section focuses on the various configurations for powering the GTP transceivers for 
optimal power consumption and minimizing board real estate for filtering schemes.

Description
Various use cases for powering the GTP transceivers are described here. The specific rules 
used to derive these cases are described in the Power Supply Design and Filtering and 
Resistor Calibration Circuit sections.

Note: MGTAVTTRXC and MGTRREF are column specific, not dual specific. They are repeated in 
all the use cases for completeness.
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Partially Used Column

Table 10-6 shows the configuration for Use Case 1, where:

• a GTP_DUAL tile is used

• one or both transceivers are used

• Boundary-Scan is always functional

Table 10-7 shows the configuration for Use Case 2, where:

• a GTP_DUAL tile is unused

• both transceivers are unused

• Boundary-Scan is not functioning
.

Table 10-6: Use Case 1

Pin or Pin Pair Connect To Filter

MGTRXP/MGTRXN GND(1) or transmitter -

MGTTXP/MGTTXN Floating, no connection(2) or receiver -

MGTREFCLKP/MGTREFCLKN
Floating, no connection(3) or reference 

clock source -

MGTAVTTTX 1.2V dedicated supply(4) Y

MGTAVTTRX 1.2V dedicated supply(4) Y

MGTAVTTRXC MGTAVTTRX(5) Y

MGTAVCCPLL 1.2V dedicated supply(4) Y

MGTAVCC 1.0V dedicated supply(4) Y

MGTRREF MGTAVTTTX with resistor(6) -

Notes: 
1. If only a single transceiver is used, connect the pins of the unused transceiver to GND.
2. If only single transceiver is used, leave the pins of the unused transceiver floating.
3. If the reference clock input is unused, leave the pins floating.
4. Refer to Figure 10-5, page 226.
5. Refer to Figure 10-3, page 222.
6. Refer to Figure 10-1, page 221 and Figure 10-4, page 223.

Table 10-7: Use Case 2

Pin or Pin Pair Connect To Filter

MGTRXP/MGTRXN GND -

MGTTXP/MGTTXN Floating, no connection -

MGTREFCLKP/MGTREFCLKN Floating, no connection -

MGTAVTTTX GND -

MGTAVTTRX GND -

MGTAVTTRXC MGTAVTTRX(1) Y

MGTAVCCPLL GND -

MGTAVCC GND -

MGTRREF MGTAVTTTX with resistor(2) -

Notes: 
1. Connect to MGTAVTTRX of a used GTP_DUAL tile. Refer to Figure 10-3, page 222.
2. Connect to MGTAVTTTX of a used GTP_DUAL tile. Refer to Figure 10-1, page 221 and Figure 10-4, 

page 223.
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Table 10-8 shows the configuration for Use Case 3, where:

• a GTP_DUAL tile is unused

• both transceivers are unused

• Boundary-Scan is functioning

Table 10-9 shows the configuration for Use Case 4, where:

• a GTP_DUAL tile is used only for forwarding resistor calibration information 
generated in the center tile of the column

• both transceivers are unused

• Boundary-Scan is always functional

Table 10-8: Use Case 3

Pin or Pin Pair Connect To Filter

MGTRXP/MGTRXN GND -

MGTTXP/MGTTXN Floating, no connection -

MGTREFCLKP/MGTREFCLKN Floating, no connection -

MGTAVTTTX GND -

MGTAVTTRX GND -

MGTAVTTRXC MGTAVTTRX(1) Y

MGTAVCCPLL GND -

MGTAVCC VCCINT -

MGTRREF MGTAVTTTX with resistor(2) -

Notes: 
1. Connect to MGTAVTTRX of a used GTP_DUAL tile. Refer to Figure 10-3, page 222.
2. Connect to MGTAVTTTX of a used GTP_DUAL tile. Refer to Figure 10-1, page 221 and Figure 10-4, 

page 223.

Table 10-9: Use Case 4

Pin or Pin Pair Connect To Filter

MGTRXP/MGTRXN GND -

MGTTXP/MGTTXN Floating, no connection -

MGTREFCLKP/MGTREFCLKN Floating, no connection -

MGTAVTTTX GND -

MGTAVTTRX GND -

MGTAVTTRXC MGTAVTTRX(1) Y

MGTAVCCPLL GND -

MGTAVCC VCCINT -

MGTRREF MGTAVTTTX with resistor(2) -

Notes: 
1. Connect to MGTAVTTRX of a used GTP_DUAL tile. Refer to Figure 10-3, page 222.
2. Connect to MGTAVTTTX of a used GTP_DUAL tile. Refer to Figure 10-1, page 221 and Figure 10-4, 

page 223.
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Table 10-10 shows the configuration for Use Case 5, where:

• a GTP_DUAL tile is used only for forwarding resistor calibration information 
generated in the center tile of the column and for forwarding a reference clock 

• both transceivers are unused

• Boundary-Scan is always functional

Table 10-11 shows the configuration for Use Case 6, where:

• a GTP_DUAL tile is used only for forwarding a reference clock

• both transceivers are unused

• Boundary-Scan always functional

Note: This Use Case is not recommended because it unnecessarily causes an extra tile to be used.

Table 10-10: Use Case 5

Pin or Pin Pair Connect To Filter

MGTRXP/MGTRXN GND -

MGTTXP/MGTTXN Floating, no connection -

MGTREFCLKP/MGTREFCLKN Floating, no connection -

MGTAVTTTX GND -

MGTAVTTRX GND -

MGTAVTTRXC MGTAVTTRX(1) Y

MGTAVCCPLL 1.2V dedicated supply(2) Y

MGTAVCC VCCINT -

MGTRREF MGTAVTTTX with resistor(3) -

Notes: 
1. Connect to MGTAVTTRX of a used GTP_DUAL tile. Refer to Figure 10-3, page 222.
2. Refer to Figure 10-5, page 226.
3. Connect to MGTAVTTTX of a used GTP_DUAL tile. Refer to Figure 10-1, page 221 and Figure 10-4, 

page 223.

Table 10-11: Use Case 6

Pin or Pin Pair Connect To Filter

MGTRXP/MGTRXN GND -

MGTTXP/MGTTXN Floating, no connection -

MGTREFCLKP/MGTREFCLKN Floating, no connection -

MGTAVTTTX GND -

MGTAVTTRX GND -

MGTAVTTRXC MGTAVTTRX(1) Y

MGTAVCCPLL 1.2V dedicated supply(2) Y

MGTAVCC VCCINT -

MGTRREF MGTAVTTTX with resistor(3) -

Notes: 
1. Connect to MGTAVTTRX of a used GTP_DUAL tile. Refer to Figure 10-3, page 222.
2. Refer to Figure 10-5, page 226.
3. Connect to MGTAVTTTX of a used GTP_DUAL tile. Refer to Figure 10-1, page 221 and Figure 10-4, 

page 223.
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Table 10-12 shows the configuration for Use Case 7, where:

• a GTP_DUAL tile is used only as the master resistor calibration circuit and/or for 
clock forwarding

• both transceivers are unused

• Boundary-Scan is always functional

Fully Unused Column

Table 10-13 shows the configuration for Use Case 8, where:

• a GTP_DUAL tile is unused

• both transceivers are unused

• Boundary-Scan is not functioning

Table 10-12: Use Case 7

Pin or Pin Pair Connect To Filter

MGTRXP/MGTRXN GND -

MGTTXP/MGTTXN Floating, no connection -

MGTREFCLKP/MGTREFCLKN Floating, no connection -

MGTAVTTTX 1.2V dedicated supply(1) Y

MGTAVTTRX GND -

MGTAVTTRXC MGTAVTTRX(2) Y

MGTAVCCPLL 1.2V dedicated supply(1) Y

MGTAVCC VCCINT -

MGTRREF MGTAVTTTX with resistor(3) -

Notes: 
1. Refer to Figure 10-5, page 226.
2. Connect to MGTAVTTRX of a used GTP_DUAL tile. Refer to Figure 10-3, page 222.
3. Refer to Figure 10-1, page 221 and Figure 10-4, page 223.

Table 10-13: Use Case 8

Pin or Pin Pair Connect To Filter

MGTRXP/MGTRXN GND -

MGTTXP/MGTTXN Floating, no connection -

MGTREFCLKP/MGTREFCLKN Floating, no connection -

MGTAVTTTX GND -

MGTAVTTRX GND -

MGTAVTTRXC Floating, no connection -

MGTAVCCPLL GND -

MGTAVCC GND -

MGTRREF GND -
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Table 10-14 shows the configuration for Use Case 9, where:

• a GTP_DUAL tile is unused

• both transceivers are unused

• Boundary-Scan is functioning

Fully Used Column

Table 10-15 shows the configuration for a fully used column, where:

• a GTP_DUAL tile is used

• one or both transceivers are used

• Boundary-Scan is always functional

Use Case 10 is the same as Use Case 1 described in the Partially Used Column section.

Table 10-14: Use Case 9

Pin or Pin Pair Connect To Filter

MGTRXP/MGTRXN GND -

MGTTXP/MGTTXN Floating, no connection -

MGTREFCLKP/MGTREFCLKN Floating, no connection -

MGTAVTTTX GND -

MGTAVTTRX GND -

MGTAVTTRXC Floating, no connection -

MGTAVCCPLL GND -

MGTAVCC VCCINT -

MGTRREF GND -

Table 10-15: Use Case 10

Pin or Pin Pair Connect To Filter

MGTRXP/MGTRXN GND(1) or transmitter -

MGTTXP/MGTTXN Floating, no connection(2) or receiver -

MGTREFCLKP/MGTREFCLKN Floating, no connection(3) or reference 
clock source

-

MGTAVTTTX 1.2V dedicated supply(4) Y

MGTAVTTRX 1.2V dedicated supply(4) Y

MGTAVTTRXC MGTAVTTRX(5) Y

MGTAVCCPLL 1.2V dedicated supply(4) Y

MGTAVCC 1.0V dedicated supply(4) Y

MGTRREF MGTAVTTTX with resistor(6) -

Notes: 
1. If only a single transceiver is used, connect the pins of the unused transceiver to GND.
2. If only a single transceiver is used, leave the pins of the unused transceiver floating.
3. If the reference clock input is unused, leave the pins floating.
4. Refer to Figure 10-5, page 226.
5. Refer to Figure 10-3, page 222.
6. Refer to Figure 10-1, page 221 and Figure 10-4, page 223.
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Example

The example shown in Figure 10-8 is a partially used column that applies the Use Cases 
discussed in this section. 

REFCLK Guidelines

Overview
This section focuses on the selection of the reference clock source or oscillator. An oscillator 
is characterized by:

• Frequency range

• Output voltage swing

• Jitter (deterministic, random, peak-to-peak)

• Rise and fall times

X-Ref Target - Figure 10-8

Figure 10-8: Use Case Example
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• Supply voltage and current

• Noise specification

• Duty cycle and duty-cycle tolerance

• Frequency stability

These characteristics are selection criteria when choosing an oscillator for a GTP 
transceiver design.

Figure 10-9 illustrates the convention for the single-ended clock input voltage swing, peak-
to-peak as used in the GTP transceiver portion of the Virtex-5 FPGA Data Sheet. 

Figure 10-10 illustrates the differential clock input voltage swing, peak-to-peak, which is 
defined as MGTREFCLKP – MGTREFCLKN.

Figure 10-11 shows the rise and fall time convention of the reference clock.

Figure 10-12 illustrates the internal details of the IBUFDS. The dedicated differential 
reference clock input pair MGTREFCLKP/MGTREFCLKN is internally terminated with 
100Ω differential impedance. The common mode voltage of this differential reference clock 
input pair is 2/3 of MGTAVCCPLL.

X-Ref Target - Figure 10-9

Figure 10-9: Single-Ended Clock Input Voltage Swing, Peak-to-Peak
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X-Ref Target - Figure 10-10

Figure 10-10: Differential Clock Input Voltage Swing, Peak-to-Peak
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X-Ref Target - Figure 10-11

Figure 10-11: Rise and Fall Times
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If the common mode voltage of the driving clock source is different from the common 
mode voltage of the differential reference clock input pair, then AC coupling capacitors are 
mandatory to prevent device degradation and/or other damage.

X-Ref Target - Figure 10-12

Figure 10-12: IBUFDS Details
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Notes: 
1. Nominal values. Refer to the Virtex-5 FPGA Data Sheet for exact specifications.
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GTP Reference Clock Checklist

The following criteria must be met when choosing an oscillator for a design with GTP 
transceivers:

• Provide AC coupling between the oscillator output pins and the dedicated 
GTP_DUAL clock input pins.

• Ensure that the differential voltage swing of the reference clock is the range as 
specified in the Virtex-5 FPGA Data Sheet (the nominal range is 200 mV – 2000 mV, and 
the nominal typical value is 1200 mV).

• Meet or exceed the reference clock characteristics as specified in the Virtex-5 FPGA 
Data Sheet.

• Meet or exceed the reference clock characteristics as specified in the standard for 
which the GTP transceiver provides physical layer support.

• Fulfill the oscillator vendor’s requirement regarding power supply, board layout, and 
noise specification.

• Provide a dedicated point-to-point connection between the oscillator and GTP_DUAL 
clock input pins.

• Keep impedance discontinuities on the differential transmission lines to a minimum 
(impedance discontinuities generate jitter).

• Any GTP_DUAL tile that sources a reference clock must be instantiated and 
REFCLKPWRDNB must be asserted High.

Description

Oscillator Selection

Selecting an oscillator and designing a clock distribution system requires a careful 
selection of components as well as a proper board layout to ensure that overall system 
requirements are met.

When designing a clocking system for a design with a GTP transceiver, the requirements of 
the implemented standard (Ethernet, OC-48, SDI, etc.) as well as the requirements given in 
the GTP Transceiver section of the Virtex-5 FPGA Data Sheet must be fulfilled. However, the 
requirements for the GTP transceiver reference clock as specified in the Virtex-5 FPGA Data 
Sheet must be met or exceeded. Under these conditions, the GTP transceiver was 
characterized as specified in the Virtex-5 FPGA Data Sheet.

The differential clock input of the GTP_DUAL primitive requires AC coupling capacitors 
between the oscillator output pins and the dedicated clock input pins of the Virtex-5 
device.

Sourcing More Than One Differential Clock Input Pair from One Oscillator

If a clock needs to be shared between more than seven GTP_DUAL primitives of a Virtex-5 
device, more than one differential clock input pair is required. Either an oscillator with 
multiple outputs or a single output oscillator and a multi-output clock buffer is required. 

The connection between the dedicated clock input pin pair of a GTP_DUAL primitive and 
the outputs of the oscillator or buffer MUST be a point-to-point connection. Bifurcated 
transmission lines, “T-stubs”, branches, and daisy chaining are not permitted. 
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Switching between Two Different Reference Clocks

There are two ways to implement a design that needs to operate at two different clock rates 
(for example, in an HD-SDI video application):

1. Use the DRP to switch between two different clocks that are sourced from two 
different GTP_DUAL reference clock pins to the dedicated clock routing of the 
GTP_DUAL column.

2. Use an external clock multiplexer with one or multiple outputs.

The first solution is limited to up to four GTP_DUAL primitives and therefore to a 
maximum of eight GTP transceivers. In this configuration, one clock is sourced from the 
top and one clock is sourced from the bottom of four GTP_DUAL primitives, which are 
direct neighbors to each other.

The second solution can be used for up to 7 GTP_DUAL primitives and therefore to a 
maximum of 14 GTP transceivers, if an external multiplexer with one output is used. In 
this configuration, the GTP_DUAL primitive that sources the clock is located in the middle 
of seven GTP_DUAL primitives that are direct neighbors to each other. If a clock 
multiplexer with n outputs is used, this solution can be expanded up to 
n times 7 GTP_DUAL primitives and therefore up to n times 14 GTP transceivers. 

AC Coupling

AC coupling of the oscillator reference clock output to the GTP_DUAL reference clock 
inputs serves multiple purposes:

• Blocking a DC current between the oscillator and the GTP_DUAL dedicated clock 
input pins (which reduces the power consumption of both parts as well)

• Common mode voltage independence

• The AC coupling capacitor forms a high-pass filter with the on-chip termination that 
attenuates a wander(1) of the reference clock

To minimize noise and power consumption, external AC coupling capacitors between the 
sourcing oscillator and the GTP_DUAL dedicated clock reference clock input pins are 
required.

Unused Reference Clock Inputs of GTP_DUAL Tiles for Clock Forwarding

It is recommended to connect the unused differential input pin clock pair to ground or 
leave it floating (both MGTREFCLKP and MGTREFCLKN).

1. A wander is low-frequency jitter.
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Examples of Vendors and Devices
The alphabetical list of vendors and devices in Table 10-16 is intended to facilitate the 
search for parts.

Note: This table does not recommend, endorse, or verify the parts list!

Table 10-16: Vendor and Device Examples

Vendor Website Products Examples Remarks

Analog 
Devices

http://www.analog.com Voltage 
regulators

Epson http://www.eea.epson.com Oscillators EG-2121CA 
(53.125 - 
500 MHz 
oscillator)

Integrated 
Systems 

http://www.icst.com Oscillators, 
buffers, PLLs

HiPer clock 
family

Linear 
Technology

http://www.linear.com Voltage 
regulators

LTC3026 (1.5A, 
0.4 - 2.6V 
adjustable)

Provides SPICE models for some 
regulators, free simulation tools

Maxim http://www.maxim-ic.com Voltage 
regulators

Micrel http://www.micrel.com Oscillators, 
clock buffers

SY100EP14U (1:5 
driver with 2:1 
MUX)

Murata http://www.murata.com EMI 
suppression, 
ferrite beads, 
chip 
capacitors

Provides S parameters, design 
libraries for Signal integrity tools, 
and free simulation tools for their 
components 
(http://www.murata.com/design
lib/index.html)

National 
Semiconductor

http://www.national.com Voltage 
regulators

LP-3878-ADJ

ON 
Semiconductor

http://www.onsemi.com Voltage 
regulators

NCP5663 (3.0 A, 
0.9Vmin, 
adjustable)

Silicon 
Laboratories

http://www.silabs.com Oscillators, 
clock 
multipliers, 
jitter 
attenuators

Si530 family (10 - 
1400 MHz)

TDK http://www.component.tdk
.com

Ferrite beads, 
capacitors

Provides component S parameters 
for simulation support, design 
libraries for Signal Integrity tools
(http://www.component.tdk.com
/tvcl_sparam.php)

Texas 
Instruments

http://www.ti.com Voltage 
regulators, 
PLLs, buffer
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SelectIO to GTP Crosstalk Guidelines
Because a GTP transceiver’s performance can degrade in an environment flooded with 
SelectIO™ activity, it is important to have guidelines for SelectIO usage that minimize the 
impact on GTP transceiver performance.

Although the Virtex-5 FPGA package exhibits little package-related crosstalk issues, the 
pinout of the device might lead to customer designs becoming susceptible to PCB-via 
related crosstalk issues. The near proximity of SelectIO signals (aggressor) to GTP 
transceiver analog supplies (victim) results in their PCB via structures being placed in 
close proximity as well. This ball adjacency and resulting via adjacency creates a via-
coupling region between the SelectIO signals and the GTP transceiver analog supplies that 
is not filtered by on-board power supply filtering. The amount of crosstalk voltage induced 
on the victim circuit by the aggressor circuit is equal to the rate of change of current in the 
aggressor times the mutual inductance shared between the two circuits. For an in-depth 
discussion on via crosstalk and calculations of mutual inductance for various via 
configurations, refer to High-Speed Signal Propagation: Advanced Black Magic by Howard 
Johnson and Martin Graham [Ref 5]. The sensitivity of the GTP transceiver analog supplies 
to coupled noise from the PCB results in a degradation of GTP transceiver performance. 
The MGTAVCC and MGTAVCCPLL supplies are most sensitive to coupled noise. 

To minimize the impact on GTP transceiver performance, these BGA adjacency guidelines 
must be followed:

Note: The BGA adjacency guidelines must be followed as well for every package device 
combination not listed in Table 10-17 through Table 10-23.

• Avoid utilizing SelectIO nets 1.0 mm (horizontal or vertical) or 1.4 mm (diagonal) 
away from GTP transceiver analog power supply pins. Ground these SelectIO 
locations in the PCB, and set the SelectIO output to the highest drive and a forced-
Low setting. If these SelectIO outputs must be used, use them either in differential 
signaling applications or for static control/status signals with low speed and low 
drive.

• Avoid using a large number of SelectIO signals in I/O banks near GTP transceivers. 
See Table 10-17 for specific aggressive I/O bank to GTP transceiver pairing.

Vectron http://www.vectron.com Oscillators

X2Y 
Attenuators, 
LLC

http://www.x2y.com Low 
inductance 
capacitors

Table 10-16: Vendor and Device Examples (Continued)

Vendor Website Products Examples Remarks

Table 10-17: Aggressive I/O Banks

GTP_DUAL FF665 FF1136 FF1738

MGT112 12 12 12

MGT114 12 18 18

MGT116 12/16 12 12

MGT118 12/18 18 18/26

MGT120 12/20 20
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• If these SelectIO pins must be used for higher drive/higher speed applications, apply 
power to the GTP transceiver analog supplies with a plane or wide buses a few layers 
below the top of the board. Using a blind via to the GTP transceiver analog supplies is 
better than using a through via. Shield these supply planes or buses with ground 
planes above and below.

• If a through via to supply the GTP transceiver analog supply pins must be used, use a 
layer closest to the FPGA for routing signals to these vias. Route SelectIO nets in the 
uppermost layer available after GTP transceiver high-speed signal and GTP 
transceiver analog supply routing is implemented.

• If supplying GTP transceiver power from the bottom of the board, route these 
SelectIO nets in the highest available routing layer.

The absolute worst-case scenario is to supply GTP transceiver analog supplies from the 
bottom of the board and have all adjacent SelectIO outputs running at high drive and high 
speed and routed to lower routing layers. For more information, refer to BGA Escape 
Example, page 278 for information on escaping of SelectIO nets adjacent to GTP 
transceiver analog supply pins.

The SelectIO signals that have the largest impact on GTP transceiver performance are those 
whose solder balls are adjacent to GTP transceiver analog supply solder balls (BGA 
adjacency). Table 10-18 through Table 10-22 provide the GTP transceiver user with pin-
specific guidance recommendations to optimize GTP transceiver performance in the 
presence of SelectIO switching. Specifically, the tables identify those pins which are either 
1.0 mm or 1.4 mm away from an GTP transceiver analog supply pin and REFCLK pins. If 
a pin is both 1.0 mm and 1.4 mm away from two different GTP transceiver analog supply 
pins, then it is only listed in the 1.0 mm column.

Additionally, it is important to properly shield the traces or planes connecting the analog 
supply vias to the supply filter network of the analog supplies from SelectIO signals 
escaping from the BGA field. This is best done by placing GND planes above and below 
the layer containing the analog traces or planes.

MGT122 22 18/26

MGT124 20

MGT126 22 26

MGT128 20/24

MGT130 34

MGT132 24

MGT134 34

Table 10-18: SelectIO Net Adjacent to Analog Supplies (FF665 Packages)

GTP_DUAL Tile 1 mm 1.4 mm

MGT116 E5 D5, F5, G4

MGT112 L5 K5

MGT114 U5 T5, W4

MGT118 AD4 AB5, AD5

Table 10-17: Aggressive I/O Banks (Continued)

GTP_DUAL FF665 FF1136 FF1738
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Table 10-19: SelectIO Net Adjacent to MGTCLK (FF665 Packages)

GTP_DUAL Tile 1 mm 1.4 mm

116_REFCLK D5 E5

112_REFCLK K5 J5, L5

114_REFCLK T5 R5, U5

118_REFCLK AB5 AA5

Table 10-20: SelectIO Net Adjacent to Analog Supplies (FF1136 Packages)

GTP_DUAL Tile 1 mm 1.4 mm

MGT124(1) E7 E8, E6

MGT120 F5 E6, G5

MGT116 J5 H5, L4

MGT112 – P5

MGT114 AA5 AB5, AC4

MGT118 AG5 AF5, AH5

MGT122 AK6 AH5, AJ6

MGT126(1) AK8 AK7, AK9, AL10

Notes: 
1. The GTP_DUAL tile is only available on XC5VSX95T, XC5VLX110T, and XC5VLX155T devices.

Table 10-21: SelectIO Net Adjacent to MGTCLK (FF1136 Packages)

GTP_DUAL Tile 1 mm 1.4 mm

124_REFCLK(1) E8 E7, E9

120_REFCLK F5 –

116_REFCLK H5 G5, J5

112_REFCLK P5 N5

114_REFCLK AA5

118_REFCLK AF5 AG5

122_REFCLK – AK6

126_REFCLK(1) AK7 AK6, AK8

Notes: 
1. The GTP_DUAL tile is only available on XC5VSX95T, XC5VLX110T, and XC5VLX155T devices.
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Table 10-22: SelectIO Net Adjacent to Analog Supplies (FF1738 Packages)

GTP_DUAL 1 mm 1.4 mm

MGT132(1) E15 E14, D13

MGT128(1) E9 E10, E8, D7

MGT124 E5

MGT120 F5, H5

MGT116 N5 P5, R4

MGT112 W5 V5

MGT114 AE5 AD5, AF5, AG4

MGT118 AL5 AK5, AN4

MGT122 AT5, AV5

MGT126 AV5 AV6

MGT130(1) AV10 AV9, AV11, AW12

MGT134(1) AV16 AV15, AW18

Notes: 
1. The GTP_DUAL tile is only available on XC5VLX330T devices.

Table 10-23: SelectIO Net Adjacent to MGTCLK (FF1738 Packages)

GTP_DUAL 1 mm 1.4 mm

132_REFCLK(1) E17, E15

128_REFCLK(1) E10 E9

124_REFCLK

120_REFCLK F5 E5

116_REFCLK L5, N5

112_REFCLK V5 W5

114_REFCLK AD5 AC5, AE5

118_REFCLK AK5 AJ5, AL5

122_REFCLK AT5 AR5

126_REFCLK AV5

130_REFCLK(1) AV9 AV8, AV10

134_REFCLK(1) AV15 AV14, AV16

Notes: 
1. The GTP_DUAL tile is only available on XC5VLX330T devices.
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This section describes general design guidelines when designing systems and boards 
where the interconnect exhibits transmission line behavior. This situation occurs when 
signals have rise and/or fall times smaller than 2.5 times the flight time from one end of the 
interconnection to the other end. These guidelines also apply to all designs with high-
speed transceivers.

These guidelines have been used to create boards that have successfully operated at serial 
transmission rates in excess of 10 Gb/s. Although designing for 10 Gb/s operation can 
seem excessive when the application calls for slower speeds, it is better to design knowing 
that constraints can be relaxed for slower speeds if needed. Other interfaces with 
challenging signal integrity demands, such as high-speed memory interfaces, also benefit 
from the approach used for 10 Gb/s design.

This section includes the following chapters:

Design Constraints Overview

PCB Materials and Traces

Design of Transitions

Guidelines and Examples
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Design Constraints Overview

Figure 11-1 shows a typical physical interconnect topology between two transceivers. Any 
physical link connecting two point-to-point high-speed serial transceivers is defined as a 
channel. A channel begins at the die solder bumps of the transmitter and ends at the die 
solder bumps of the receiver.

In Figure 11-1, the channel consists of the FPGA package, transmission lines, connectors, 
and transitions.

Transitions are defined as any section along a multi-gigabit channel where the signal must 
go from a transmission line to a three-dimensional structure or vice-versa. Vias, 
connectors, and coupling capacitors are examples of these structures. 

While a more comprehensive list of transitions is discussed in Chapter 13, Design of 
Transitions, some common transitions are:

• Ball grid array (BGA) to PCB microstrip

• Microstrip to stripline vias

• DC blocking capacitors

• Connectors 

• Bends and turns in a trace

For optimal performance, the following must be minimized in a given channel:

• Signal attenuation due to losses in the transmission medium

• Impedance transitions at each transition can lead to reflections, ringing, and other 
artifacts in the signal

At gigahertz signaling speeds, losses due to the transmission medium become significant 
due to greater signal attenuation with increasing frequency. The attenuation of the high-
frequency components slows down the edge and reduces voltage swing, resulting in eye 

X-Ref Target - Figure 11-1

Figure 11-1: Two Connected Transceivers Forming a Link
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closure. See Chapter 12, PCB Materials and Traces, for guidelines on stackup and 
characteristic trace impedance design.

While there are several transitions in each channel, most or all transitions can be designed 
for the least negative impact on performance. Because standard non-optimized PCB 
structures tend to be capacitive at gigahertz frequencies, a convenient figure of merit for 
transitions is excess capacitance. An ideal transition does not have excess capacitance or 
inductance.

For each typical transition, techniques to limit excess capacitance and excess inductance 
are provided to build a robust channel on the first pass. These design rules, techniques, and 
examples are presented in Chapter 13, Design of Transitions. The goal is to ensure tight 
control of any impedance variation along the entire channel.

In general, minimizing the number of components and layer changes in the high-speed 
serial PCB traces brings about the most benefit. Careful design of the traces, vias, and even 
connector pads is required for gigahertz speeds. 

Powering Transceivers
Supplying noise-free power to the transceivers is a critical factor in achieving low link 
error rates and reliable system-level operation. This section discusses general principles 
that should be applied to transceiver power supply designs. 

Linear regulators are required for directly sourcing the power supplies. Although 
switching regulators are an appealing option in applications requiring high-power 
efficiency, they are unsuitable for directly sourcing transceivers because they can introduce 
switching noise, even if care is taken to eliminate the noise.

Power Distribution Architecture
In most system-level designs, multiple voltage levels are required for powering devices on 
the board. The supplies for devices that use leading-edge process technologies are 
typically low voltages in the region of 1V. At these low voltages, it is important that noise 
levels on these supplies be kept at a minimum. 

For this reason, Xilinx recommends the use of point-of-load (POL) power distribution 
techniques. The POL approach places the power supplies right at the device being 
powered, hence the name. Background information on this approach can found in 
http://www.xilinx.com/publications/xcellonline/xcell_57/xc_pdf/p105-107_57-bellinix.pdf. This 
approach can be extended to the use of separate linear regulators for groups of 
transceivers. This has several advantages including: 

• Increased system reliability by eliminating a single point of failure. 

• The ability to independently adjust supply voltages for transceiver groups to support 
the requirements of different link interfaces. 

• Reduction of power requirements from each regulator, which reduces the physical 
size, simplifies board layout, and eliminates board hot spots. 

Figure 11-2 shows how POL power distribution can be applied to powering transceivers. 
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In most cases the linear regulator is driven by a switching power supply. Care must be 
taken to ensure that ripple and other switching noise artifacts are filtered out by the 
regulator and/or filtering circuitry. Extra care must be taken when using low drop out 
(LDO) linear regulators because limited voltage margin at the input reduces the ability of 
the regulator to filter out noise components. 

Regulator Selection
The designer must follow the voltage regulator selection guidelines for the specific receiver. A 
majority of transceiver performance issues are traced to power-supply noise issues.

Filtering
The power distribution system guidelines for the specific receiver must be strictly followed 
to achieve the specified performance. 

Reference Clock

Clock Sources
A high-quality crystal oscillator is essential for good performance. The oscillator 
manufacturer’s power supply design guide must be followed. 

When choosing alternate clock sources, the alternate oscillators must meet or exceed the 
specifications as required by the transceiver data sheet.

Depending on the application and its performance goals, it is possible to stray from the 
clock source specifications. In that case the specified performance of the transceiver is not 
guaranteed. 

Clock Traces
Because performance of the transceiver is directly related to the quality of its reference 
clock, every effort must be made to ensure the signal integrity of the clock traces from 
oscillator to FPGA. Apply the same techniques for 10 Gb/s trace design in Chapter 13, 
Design of Transitions, to these clock traces.

X-Ref Target - Figure 11-2

Figure 11-2: POL Power Distribution Architecture
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If more than one clock source is driving a single reference clock differential pair, a high-
speed switch should be used. When multiple clock sources are bused together on a single 
connection, the signal integrity of the clock is not optimal due to the presence of stubs. 
Using a high-speed switch makes every clock path point-to-point with one driver and one 
receiver.

One example is when an unpopulated oscillator shares the same trace to the clock input 
pin as another clock source. The trace segment from the pad to the junction is a stub. Any 
signal travelling down the segment is reflected due to the different impedance presented 
by the open end at the pad.

For applications where a single reference clock source must drive multiple inputs, high-
speed clock buffers should be used for clock distribution to eliminate stubs and reduce 
reflections on the clock lines.

Coupling

DC Coupling
DC coupling can be used when the common mode ranges of the interconnecting devices 
are the same. Any discrepancy in the common mode not only takes margin away from the 
differential voltage swing but can also damage the device.

AC Coupling
AC coupling isolates the common modes of the two devices and is the preferred 
configuration in hot-plug applications. The capacitor prevents any DC current from 
flowing between connected devices. 

Some transceivers have built-in DC blocking capacitors with programmable bypass. In 
most cases, an external DC blocking capacitor is needed to provide adequate system-level 
performance. 

External Capacitor Value Selection
If an external DC blocking capacitor is needed, it is important to select an appropriate 
value. The selection of a capacitor value is a trade-off between the following contradictory 
criteria: 

• Encoding schemes with longer run lengths require larger capacitance values to reduce 
pattern dependent jitter (PDJ). 

• Higher data rates require smaller capacitor values to reduce edge rate degradation. 

PDJ is not an issue in protocols using line codings that preserve DC balance. DC balance is 
the property where the average number of 1s and 0s transmitted are equal. 8B/10B is an 
example of a line-coding scheme that provides DC balance. When 8B/10B encoding is 
used, 0.01 µF capacitors in a 0402 (EIA) package are suitable for external AC coupling at 
3.125 Gb/s. 

Line coding schemes that do not guarantee DC balance require more careful analysis. An 
example includes SONET, which uses scrambling to ensure adequate symbol transitions 
but does not provide DC balance. The remainder of this section provides the theory needed 
to select a blocking capacitor value appropriate for the application. 
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Several protocols, including the PCI Express and SATA protocols, specify ranges for 
blocking capacitors in applications. This is done not only to simplify compliance but also to 
ensure that the link presence detection features included in these specifications work 
correctly. 

The blocking capacitor when combined with the termination resistance acts as a high-pass 
filter. Figure 11-3 shows a simplified circuit model for the link. The internal blocking 
capacitors are not shown in this model because they do not play a significant role in 
blocking DC currents from the external link as described in RX Termination and 
Equalization, page 139. 
 

Problems occur when the line is held in the on state for an extended period of time. When 
this happens, charge accumulates on the blocking capacitors and a DC offset is added or 
subtracted from V2. This offset results in what is known as baseline wander (see 
Figure 11-4). In Figure 11-4, VTH is the threshold voltage.

The effect of baseline wander is to shift the signal with respect to the threshold points in the 
receiver. This in turn skews the time at which transitions within the signal are recognized. 
PDJ is the result of this skew. Figure 11-5 shows an overlay of V1 and V2 in the region of 
Figure 11-4 where the jitter is greatest and shows several key parameters. 

Table 11-1: PCI Express and SATA Blocking Capacitor Values

Specification Required Range 

PCI Express Base Specification, Revision 1.1 75 to 200 nF 

Serial ATA Specification, Revision 2.5 0 to 12 nF 

X-Ref Target - Figure 11-3

Figure 11-3: Simplified Link Circuit Model

X-Ref Target - Figure 11-4

Figure 11-4: Baseline Wander and PDJ
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To calculate the blocking capacitor value, several factors must be known: 

• tr: The rise time of the signal 

• T: The bit period 

• NCID: The maximum number of consecutive identical digits (CIDs) 

• PDJ: The amount of pattern dependent jitter that can be tolerated by the system

From Figure 11-5 it can be seen that PDJ can be estimated by: 

 Equation 11-1

The voltage drop can be calculated using Equation 11-2: 

Equation 11-2

where: 

• τ  is the RC time constant (C is the AC coupling capacitor, R = 2 x RTERM). 

• t is the total discharge time, which is equal to NCIDT. 

The slope is defined by Equation 11-3: 

Equation 11-3

Substituting Equation 11-2 and Equation 11-3 into Equation 11-1 and solving for C gives: 

 Equation 11-4

To demonstrate the use of Equation 11-4, calculate the blocking capacitor value needed for 
a serial link running at 3.125 Gb/s using 8B/10B line coding. This example uses the 
following assumptions: 

X-Ref Target - Figure 11-5

Figure 11-5: PDJ Detail
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• Pattern Dependent Jitter (PDJ) 3.200 x 10-12 (0.01 UI) 

• Consecutive Identical Digits (NCID) 5 (guaranteed by 8B/10B) 

• Termination Resistance (RTERM) 50Ω 
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Plugging these values into Equation 11-4 gives: 

Equation 11-5

Equation 11-4 is only valid for cases where the problem data pattern consists of a single 
sequence of consecutive identical digits. More complex pathological cases can occur in 
protocols using block coding schemes and scrambling. 

One example of such a case occurs in the serial digital interface (SDI) used to transmit 
digital video. Figure 11-6 illustrates this pattern, which is called an equalization test 
pattern. 

The waveform is 20 bits long and consists of a single “1” bit followed by 19 “0” bits. The 
complementary waveform, a single “0” bit followed by 19 “1” bits is also equally likely. 
The EQ waveform can repeat across the entire length of the active portion of a video line. 
For standard definition video (SD-SDI), this waveform can consist of up to 720 consecutive 
repetitions of the 20-bit pattern. For high definition video (HD-SDI), this pattern can repeat 
up to 1920 consecutive times. 

For this case, the blocking capacitor value cannot be calculated using Equation 11-4 
because an NCID value of 19 does not reflect the total time that a DC imbalance is being 
applied on the line. To properly analyze charge accumulation on blocking capacitors for 
this case, more extensive analysis beyond the scope of this document is required. 

SelectIO to Serial Transceiver Crosstalk Guidelines
The breakout of SelectIO signals adjacent to transceiver analog supply pins and REFCLK 
pins is also important. As noted in SelectIO to GTP Crosstalk Guidelines, page 242, these 
SelectIO requirements, if not taken into account, can have an effect on transceiver 
performance. This impact occurs when SelectIO solder balls are adjacent to transceiver 
analog supply or REFCLK solder balls and their corresponding PCB vias are adjacent as 
well, creating both package and board coupling mechanisms. The solder balls, which are 
part of the package, offer some coupling, and the adjacent PCB vias offer two to four times 
more coupling. Simulation suggests that the amount of coupling due to adjacent PCB vias 
is affected by which layer the SelectIO escape is located and on how the analog supplies are 
delivered to the transceivers. Simulation predicts that coupling can be reduced by using 
the upper PCB routing layers to route SelectIO signals and/or by using a higher layer to 
distribute transceiver analog power supplies. When a design dictates that SelectIO signals 
with BGA adjacency to transceiver analog supply pins are to be used for high-drive/high-
speed applications, the following guidelines apply:

X-Ref Target - Figure 11-6

Figure 11-6: SDI EQ Pathological Waveform
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• Apply power to the transceiver analog supplies with a plane or wide buses a few 
layers below the top of the board. Using a blind via to the transceiver analog supplies 
is better than using a through via. Shield the supply plane with GND planes above 
and below.

• If a through via to supply the transceiver analog supply pins must be used, use an 
upper layer to supply analog power to these vias. Route SelectIO nets in the 
uppermost layer available after transceiver signal and transceiver analog supply 
routing is implemented.

• If supplying transceiver power from the bottom of the board, route these SelectIO nets 
in the highest available routing layer.

• Do not use SelectIO blocks adjacent to REFCLK pins because the REFCLK pins are a 
reference clock source to the transceivers either in the same tile or in other tiles.

Figure 11-7 depicts the coupling regions for BGA adjacent SelectIO signals. The primary 
coupling mechanism is mutual inductive coupling, which occurs in the area between the 
active signal path and the power via. The secondary coupling mechanism, also shown in 
Figure 11-7, is capacitive. The primary coupling mechanism is much larger, and the 
recommendations are designed to minimize this effect.
X-Ref Target - Figure 11-7

Figure 11-7: Via Structures for BGA Adjacent SelectIO Signals

RocketIO Power PinSelectIO Signal

RocketIO
Power Plane

SelectIO
Signal Path

Capacitive coupling in this area
to power “via stub” (secondary) 

Mutual inductive coupling in 
this area between active signal 

path and power via (primary) UG196_c11_07_112007

Optiver Ex1009 
Page 256 of 347

http://www.xilinx.com


Virtex-5 FPGA RocketIO GTP Transceiver www.xilinx.com 257
UG196 (v2.1) December 3, 2009

Chapter 12

PCB Materials and Traces

The choice of PCB materials and cable type can have a large impact on system 
performance. Although any transmission medium is lossy at gigahertz frequencies, this 
chapter provides some guidelines on managing signal attenuation so as to obtain optimal 
performance for a given application.

How Fast is Fast?
Signal edges contain frequency components called harmonics. Each harmonic is a multiple 
of the signal frequency and has significant amplitude up to a frequency determined by 
Equation 12-1:

 f ≈  0.35 / T Equation 12-1

Where: 

f = Frequency in GHz
T = The smaller of signal rise (Tr) or fall (Tf) time in ns

Because dielectric losses in a PCB are frequency dependent, a bandwidth of concern must 
be determined to find the total loss the PCB. Frequencies must start at the operation 
frequency and extend to the frequency in Equation 12-1. For example, a 10 Gb/s signal 
with a 10 ps rise time has a bandwidth from 10 GHz to 35 GHz.

Dielectric Losses
The amount of signal energy lost into the dielectric is a function of the materials 
characteristics. Some parameters used to describe the material include relative permittivity 
εr (also known as the dielectric constant) and loss tangent. Skin effect is also a contributor 
to energy loss at line speeds in the gigahertz range.

Relative Permittivity
Relative permittivity is a measure of the effect of the dielectric on the capacitance of a 
conductor. The higher the relative permittivity, the slower a signal travels on a trace and 
the lower the impedance of a given trace geometry. A lower εr is almost always preferred. 

Although the relative permittivity varies with frequency in all materials, FR4 exhibits wide 
variations in εr with frequency. Because εr affects impedance directly, FR4 traces can have 
a spread of impedance values with increasing frequency. While this spread can be less 
significant at 3.125 Gb/s, it can be a concern at 10 Gb/s operation. 
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Loss Tangent
Loss tangent is a measure of how much electromagnetic energy is lost to the dielectric as it 
propagates down a transmission line. A lower loss tangent allows more energy to reach its 
destination with less signal attenuation.

As frequency increases, the magnitude of energy loss increases as well, causing the highest 
frequency harmonics in the signal edge to suffer the most attenuation. This appears as a 
degradation in the rise and fall times.

Skin Effect and Resistive Losses
The skin effect is the tendency for current to flow preferentially near the outer surface of a 
conductor. This is mainly due to the larger magnetic fields in higher frequency signals 
pushing current flow in the perpendicular direction towards the perimeter of the 
conductor. 

As current density near the surface increases, the effective cross-sectional area through 
which current flows decreases. Resistance increases because the effective cross-sectional 
area of the conductor is now smaller. Because this skin effect is more pronounced as 
frequency increases, resistive losses increase with signaling rates.

Resistive losses have a similar effect on the signal as loss tangent. Rise and fall times 
increase due to the decreased amplitude of the higher harmonics, with the highest 
frequency harmonics being most affected. In the case of 10 Gb/s signals, even the 
fundamental frequency can be attenuated to some degree when using FR4.

For example, an 8 mil wide trace at 1 MHz has a resistance on the order of 0.06Ω/inch, 
while the same trace at 10 Gb/s has a resistance of just over 1Ω/inch. Given a 10 inch trace 
and 1.6V voltage swing, a voltage drop of 160 mV occurs from resistive losses of the 
fundamental frequency, not including the losses in the harmonics and dielectric loss.

Choosing the Substrate Material
The goal in material selection is to optimize both performance and cost for a particular 
application.

FR4, the most common substrate material, provides good performance with careful system 
design. For long trace lengths or high signaling rates, a more expensive substrate material 
with lower dielectric loss must be used.

Substrates, such as Nelco, have lower dielectric loss and exhibit significantly less 
attenuation in the gigahertz range, thus increasing the maximum bandwidth of PCBs. At 
3.125 Gb/s, the advantages of Nelco over FR4 are added voltage swing margin and longer 
trace lengths. At 10 Gb/s, Nelco is necessary unless high-speed traces are kept very short.

The choice of substrate material depends on the total length of the high-speed trace and 
also the signaling rate.

What-if analysis can be done in HSPICE simulation to evaluate various substrate 
materials. By varying the dielectric constant, loss tangent, and other parameters of the PCB 
substrate material. The impact on eye quality can be simulated to justify the use of higher 
cost materials. The impact of other parameters such as copper thickness can also be 
explored.
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Trace Geometry 
For any trace, its characteristic impedance is dependent on its stackup geometry as well as 
the trace geometry. In the case of differential traces, the inductive and capacitive coupling 
between the tightly coupled pair also determines the characteristic impedance of the 
traces.

The impedance of a trace is determined by its inductive and capacitive coupling to nearby 
conductors. For example, these conductors can be planes, vias, pads, connectors, and other 
traces, including the other closely coupled trace in a differential pair. The substrate 
properties, conductor properties, flux linkage area, and distance to a nearby conductor 
determine the amount of coupling and hence, the contribution to the final impedance.

2D field solvers are necessary in resolving these complex interactions and contribute to the 
calculation of the final impedance of the trace. They are also a useful tool to verify existing 
trace geometries.

A common misconception is that two 50Ω  single-ended traces can be routed side-by-side 
to give a pair with 100Ω  differential impedance. While this approximation might be true if 
the traces are loosely coupled, routing differential traces in a loosely coupled fashion does 
not maximize the noise immunity of differential mode signaling. 

Tightly coupled differential pairs are required for all high-speed GTP traces because they 
are more sensitive to noise than slower signals. As a general rule of thumb, tight coupling 
within a differential pair is achieved by spacing them no more than four trace widths apart.

Wider traces create a larger cross-sectional area for current to flow and reduce resistive 
losses. Use the widest traces that space constraints allow. Because trace width tolerances 
are expressed in absolute terms, a wider trace also minimizes the percentage variation of 
the manufactured trace, resulting in tighter impedance control along the length of the 
transmission line.

Striplines are preferred over microstrips because the reference planes on both sides of the 
trace provide radiation shielding. Microstrips are shielded on only one side (by the 
reference plane) because they run on the top-most or bottom-most layers, leaving the other 
side exposed to the environment. 

For best results, the use of a 2D field solver is recommended for verification.

Trace Characteristic Impedance Design
Because the transceivers use differential signaling, the most useful trace configurations are 
differential edge-coupled center stripline and differential microstrip. While some 
backplanes use the differential broadside-coupled stripline configuration, it is not 
recommended for 10 Gb/s operation, because the P and N vias are asymmetrical and 
introduce common-mode non-idealities.

With few exceptions, 50Ω characteristic impedance (Z0) is used for transmission lines in the 
channel. In general, when the width/spacing (W/S) ratio is greater than 0.4 (8 mil wide 
traces with 20 mil separation), coupling between the P and N signals affects the trace 
impedance. In this case, the differential traces must be designed to have an odd mode 
impedance (Z0O) of 50Ω, resulting in a differential impedance (ZDIFF) of 100Ω, because 
ZDIFF = 2 x Z0O. 
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The same W/S ratio also must be less than 0.8, otherwise strong coupling between the 
traces requires narrower, lossier traces for a Z0O of 50Ω. To clarify, with Z0O at 50Ω, an even 
mode impedance (Z0E) of 60Ω or below is desired.

Figure 12-1 through Figure 12-4 show example cross sections of differential structures.

A good PCB manufacturer understands controlled impedance and allows fine adjustments 
for line widths to produce a Z0O of 50Ω. The PCB manufacturer also provides the 
parameters necessary for the specific PCB layout. Some parameters can be calculated or 

X-Ref Target - Figure 12-1

Figure 12-1: Differential Edge-Coupled Centered Stripline

X-Ref Target - Figure 12-2

Figure 12-2: Differential Edge-Coupled Offset Stripline

X-Ref Target - Figure 12-3

Figure 12-3: Centered Broadside-Coupled Stripline

X-Ref Target - Figure 12-4

Figure 12-4: Differential Microstrip
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simulated from the guideline outlined in the example. Although ±10% tolerance on Z0O is 
typical and can provide adequate performance, the additional cost of a tighter tolerance 
results in better channel performance.

Trace Routing
High-speed serial differential traces are routed with the highest priority to ensure that the 
optimal path is available to these critical traces. This reduces the need for bends and vias 
and minimizes the potential for impedance transitions. Traces must be kept straight, short, 
and with as few layer changes as possible. The impact of vias is discussed in Differential 
Vias, page 269.

Routing of high-speed traces must be avoided near other traces or other potential sources 
of noise. Traces on neighboring signal planes should run perpendicular to minimize 
crosstalk.

Striplines are to be used whenever possible, as are the uppermost and lowermost stripline 
layers to minimize via stubs. When the stackup is being planned, these layers must be 
placed as close to the top and bottom layers whenever possible. 

Design constraints might require microstrips for the BGA exit path or from via to 
connector launch or SMT pads. In such cases, the microstrip trace must be kept as short as 
possible.

Right-angled bends must not be used. Mitered 45-degree bends are to be used instead. At 
a 90-degree bend, the effective width of the trace changes, causing an impedance 
discontinuity due to the capacitive coupling of the additional conductor area to the 
reference plane. 

The two traces of a differential pair must be length-matched to eliminate skew. Skew 
creates mismatches in the common mode and reduces the differential voltage swing as a 
result.

Plane Splits
Ground planes should be used as reference planes for signals, as opposed to noisier power 
planes. Each reference plane should be contiguous for the length of the trace, because 
routing over plane splits creates an impedance discontinuity. In this case, the impedance of 
the trace changes because its coupling to the reference plane is changed abruptly at the 
plane split. 

Return Currents
Routing over plane splits also creates issues with the return current. High-speed signals 
travel near the surface of the trace due to the skin effect mentioned in Dielectric Losses. 
Meanwhile, the return current also travels near the surface of the tightly coupled reference 
plane. 

Because of the tight coupling, the return current has the tendency to travel close to the 
original signal-carrying trace. At the plane split, the return current can no longer follow the 
same path parallel to the trace, but must instead find an alternative route. 

A plane split causes a suboptimal current return path and increases the current loop area, 
thereby increasing the inductance of the trace at the plane split, changing the impedance of 
the trace.
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Simulating Lossy Transmission Lines
Due to the different modeling implementations used by various circuit simulators 
(frequency-domain versus time-domain techniques), it is important to check that the 
models accurately reflect actual losses. One method is to compare the models against 
known published configurations. 

Cable
Cables are controlled-impedance transmission lines due to the constant physical 
dimensions of conductor and dielectric along the length of the cable. The highest quality 
cable shows little variation in these dimensions and also has a wide bandwidth with low 
loss at high frequencies. 

Connectors
The connectors attached to cables should exhibit low parasitic inductance and capacitance 
for high bandwidth operation. 

Skew Between Conductors
When selecting a cable, look for a specification of the skew between the conductors in a 
cable. If the conductors are not length matched, the skew appears in the common mode 
and directly reduces the eye height. 

Optiver Ex1009 
Page 262 of 347

http://www.xilinx.com


Virtex-5 FPGA RocketIO GTP Transceiver www.xilinx.com 263
UG196 (v2.1) December 3, 2009

Chapter 13

Design of Transitions

Each transition in the channel must be designed to minimize any negative impact on the 
link performance. This section addresses the interface at either ends of a transmission line. 

Transmission lines have defined and controlled characteristic impedance along their 
length by definition. However, the three-dimensional structures that they interface do not 
have easily defined or constant impedance along the signal path. Software tools such as 3D 
field solvers are necessary for computing the impedance that a 10 Gb/s signal sees as it 
passes through these structures, while 2D field solvers are sufficient for computing 
transmission line characteristic impedance.

PCB designers can use the analyses and examples in this section to greatly accelerate the 
design of such a channel. Cases not covered in this section might need further simulation 
and board iterations.

Excess Capacitance and Inductance
Most differential transitions are overly capacitive. The P and N paths couple to each other, 
increasing capacitance. Many transitions have a frequency response identical to that of a 
lumped capacitor over a wide frequency band. 

By design, adding inductance cancels this excess capacitance in many cases except when 
impacted by density concerns and physical limitations. While techniques such as blind 
vias, solder balls on a larger pitch, and very small via pads reduce capacitance, they are not 
always feasible in a design.

Time domain reflectometry (TDR) techniques, either through simulation or measurement, 
allow the designer to identify excess capacitance or excess inductance in a transition. 

Time Domain Reflectometry
To make TDR measurements, a step input is applied to the interconnect. The location and 
magnitude of the excess capacitance or inductance that the voltage step experiences as it 
traverses the interconnect can be determined through observing the reflected signal.

A shunt capacitance (see Figure 13-1) causes a momentary dip in the impedance, while a 
series inductance (see Figure 13-2) causes an impedance discontinuity in the opposite 
direction. Td is assumed to be the propagation delay through the first transmission line 
segment on the left. The reflected wave due to the impedance discontinuity takes 2 * Td to 
return to the TDR port. If the signal propagation speed through the transmission line is 
known, the location of the excess capacitance or inductance along the channel can be 
calculated. 
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The magnitude of this excess capacitance (C) or inductance (L) can also be extracted from 
the TDR waveform by integrating the normalized area of the transition’s TDR response. 
The respective equations for capacitance and inductance are:

Equation 13-1

Equation 13-2

Figure 13-3 shows the integration of the normalized TDR area.

X-Ref Target - Figure 13-1

Figure 13-1: TDR Signature of Shunt Capacitance

X-Ref Target - Figure 13-2

Figure 13-2: TDR Signature of Series Inductance

X-Ref Target - Figure 13-3

Figure 13-3: Integration of Normalized TDR Area
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The results using these equations are not sensitive to rise time variation and are valid for 
simulated TDR measurements provided that the leading and trailing transmission lines 
are very close to 50Ω. However, for actual measurements, accuracy is very dependent on 
Z0.

BGA Package
The transceiver signal paths within the BGA package are optimized using a 3D full-wave 
solver. Package traces are designed to be 50Ω high-speed transmission lines, while solder 
ball and bump regions are tuned to 50Ω. 

Flip-chip package transitions are effectively invisible to 10 Gb/s signals. The longest 
package paths have some insertion loss, less than 1 dB worst-case. To allow full simulation 
of package effects, the Virtex-5 FPGA RocketIO Transceiver Signal Integrity Simulation kit 
provides extracted S-parameter models of the package. Refer to the Virtex-5 FPGA RocketIO 
Transceiver Signal Integrity Simulation Kit User Guide [Ref 14] for more information. 

SMT Pads
For applications that require AC coupling between transmitter and receiver, SMT pads are 
introduced in the channel to allow coupling capacitors to be mounted. Standard SMT pads 
have excess capacitance due to plate capacitance to a nearby reference plane. In the 
following example, a 5 mil trace with a Z0 of 50Ω transitions to an 0402 SMT pad that is 
28 mils wide, all over 3 mils of FR4. 

Using a 2D field solver on these dimensions yields a Z0 of 50Ω for the 5 mil trace. The Z0 for 
the 0402 pad is 16Ω because the pad has too much capacitance and too little inductance, 
resulting in an impedance of less than 50Ω. Performance of this transition can be optimized 
in one of two ways. 

The first method makes the trace the same width as the pad and moves the ground plane 
deeper into the stackup to maintain the Z0 of the transition at 50Ω . This method does not 
require any special analysis, but there might be some error due to the fringing capacitance 
of the SMT capacitor body. Trace density is limited because traces are now 28 mils wide.

The second method clears the ground plane underneath the pad, which removes much of 
the excess capacitance caused by the plate capacitance between the pad and the ground 
plane. This technique allows for greater trace density than the first method, but requires 3D 

X-Ref Target - Figure 13-4

Figure 13-4: 2D Field-Solver Analysis of 5 Mil Trace and 28 Mil Pad
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field-solver analysis or measurement along with several board iterations to get the desired 
performance. 

The 2D field-solver example shows that close to 50Ω can be achieved if the ground plane 
under the pad footprint is cleared out. A 3D field solver is then used to verify this result to 
a greater degree of accuracy.

Figure 13-6 shows the ground plane cleared away exactly as it was for the 2D simulation. 
Using frequency domain analysis within HFSS, there is a 20 dB (10x) improvement in 
return loss using this technique. 

The approximately -40 dB/decade slope in Figure 13-8 shows good fit to the frequency 
response of a lumped capacitor. 

X-Ref Target - Figure 13-5

Figure 13-5: Transition Optimization

X-Ref Target - Figure 13-6

Figure 13-6: Ansoft HFSS Model of Pad Clear-Out
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Next, using simulated measurements on the same transition modeled in HFSS, the time-
domain performance of this transition can be measured by doing a TDR on the 
S-parameter results from the earlier frequency domain analysis.

In Figure 13-9 and Figure 13-10, the red curve with the large capacitive dip corresponds to 
the SMT pad without the ground plane cleared from underneath. The blue curve shows 
that clearing out the ground plane removes much of the excess capacitance. This 
improvement can be quantified using Equation 13-1 and Equation 13-2.

X-Ref Target - Figure 13-7

Figure 13-7: Return Loss Comparison Between 0402 Pad Structures

X-Ref Target - Figure 13-8

Figure 13-8: Return Loss Comparison Between 0402 Pad Structures on Log 
(Frequency) Scale
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As shown from Figure 13-11 and Figure 13-12, clearing the ground plane under SMT pads 
yields a significant improvement in the performance of an SMT pad transition. Excess 
capacitance is reduced by 15x, and return loss is improved by 20 dB.

X-Ref Target - Figure 13-9

Figure 13-9: TDR Results Comparing 0402 Pad Structures

X-Ref Target - Figure 13-10

Figure 13-10: TDR Results Comparing 0402 Pad Structures
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Differential Vias
The most common transition is the differential via where the signal pair must transition 
from an upper stripline layer or top microstrip to a lower stripline layer or bottom 
microstrip. 

Figure 13-13 shows a Ground-Signal-Signal-Ground (GSSG) type differential via. Ground 
vias are connected to each ground plane in the stackup, while signal layers only contain 
pads for the entry and exit layers.

X-Ref Target - Figure 13-11

Figure 13-11: 840 fF Excess Capacitance with Ground Plane Intact

X-Ref Target - Figure 13-12

Figure 13-12: 57 fF Excess Capacitance with Ground Plane Intact
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A key advantage of a GSSG via is that it allows for the signal’s return current to flow in the 
ground via near the corresponding signal via, reducing excess inductance. The signal path 
is also symmetrical between the P and N halves of the differential signal, which is critical 
in controlling common-mode artifacts due to P/N imbalance.

The larger oblong antipads reduce excess fringing capacitance between the via body and 
the surrounding planes edges. Unused pads are also removed. 

A good starting point is to use the dimensions shown in Figure 13-13 as an example 
differential via design for an 80 mil board. To accommodate density constraints or the lack 
thereof, the dimensions can be scaled accordingly to preserve the ratios of each dimension 
relative to the others. Such scaling preserves the impedance performance of the differential 
via while allowing variation in overall size to better suit specific applications. These final 
dimensions are limited by manufacturability and density constraints. 

While the via length can be varied by a small amount to suit boards that are thicker or 
thinner than the 80 mil example, changing the ratio of the via length relative to other 
dimensions affects the via’s impedance. For this and other configurations of differential 
vias, it is best to simulate a model using 3D field-solver tools to ensure that performance 
targets are met.

X-Ref Target - Figure 13-13

Figure 13-13: Differential Via Design Example
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As a general rule, the P and N paths need to be kept at equal lengths through a transition. 
Where possible, via stub length should be kept to a minimum by traversing the signal 
through the entire length of the vias. The analysis shown in Figure 13-15 compares the 
S-parameter return loss for common-mode (SCC11) and differential (SDD11) responses.

From the graph in Figure 13-15, the common-mode response is 20 dB worse in terms of 
return loss. The much worse common-mode response relative to the differential response 
is the reason why it is a good idea to reduce P/N skew as much as possible before entering 
a transition. The 60/40 rule of thumb is 40 dB of return loss at 1 GHz, which implies 60 fF 
of excess capacitance. Because excess capacitance is a single pole response, simple 
extrapolation rules can be used. For example, a shift to 34 dB return loss doubles the excess 
capacitance. Due to the excellent performance characteristics of GSSG vias, even long via 
stubs only double the differential via’s capacitance at the most. 

Chapter 14, Guidelines and Examples, provides additional examples of differential vias. 

X-Ref Target - Figure 13-14

Figure 13-14: Differential GSSG Via in 16-Layer PCB from Pins L11 and L6

X-Ref Target - Figure 13-15

Figure 13-15: Simulated Return Loss Comparing Differential and Common-Mode 
Losses for L11 and L6 GSSG Vias

UG196_c13_14_051406

From Pin L11, Exiting at Lower Layer From Pin L6, Exiting at Middle Layer

UG196_c13_15_051406

1E91E8 1E10

-60

-40

-20

-80

0

Frequency, Hz

dB
(S

cc
11

_L
11

)
dB

(S
cc

11
_L

6)
dB

(S
dd

11
_L

11
)

dB
(S

dd
11

_L
6)

Optiver Ex1009 
Page 271 of 347

http://www.xilinx.com


272 www.xilinx.com Virtex-5 FPGA RocketIO GTP Transceiver
UG196 (v2.1) December 3, 2009

Chapter 13: Design of Transitions

P/N Crossover Vias
Some transceivers offer the ability to independently switch the polarity of the transmit and 
receive signal pairs. This functionality eliminates the need to cross over the P/N signals at 
the board level, which in turn significantly enhances signal integrity. If possible, P/N 
crossover vias are to be avoided and the polarity switch of the transceiver should be used.

SMA Connectors
Well-designed SMA connectors can reduce debugging time and allow a high-performance 
channel to be designed correctly on the first pass. SMA connectors that perform well at 
10 Gb/s need to be simulated, designed, and manufactured to meet this performance 
target. Vendors can also offer design services that ensure that the connector works well on 
a specific board. Assembly guidelines are crucial in ensuring that the process of mating the 
connector to the board is well-controlled to give the specified performance.

Xilinx uses Rosenberger SMA connectors almost exclusively because of their excellent 
performance and because of the points listed in the previous paragraph. 

Backplane Connectors
There are numerous signal integrity issues associated with backplane connectors 
including:

• P/N signal skew

• Crosstalk

• Stubs due to connector pins

Chapter 14, Guidelines and Examples, provides a design example based on the popular 
HM-Zd connector.

Some connector manufacturers offer not only S parameters, models, and layout guidelines 
for their connectors but also design support, seminars, and tutorials.

Microstrip/Stripline Bends
A bend in a PCB trace is a transition. When routing differential traces through a 90° corner, 
the outer trace is longer than the inner trace, which introduces P/N imbalance. Even 
within a single trace, signal current has the tendency to hug the inside track of a corner, 
further reducing the actual delay through a bend.

To minimize skew between the P and N paths, 90° turns in microstrips or striplines are 
routed as two 45° bends to give mitered corners. The addition of a jog-out also allows the 
trace lengths to be matched. Figure 13-16 shows example bends in traces.
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Turns add capacitance because the trace at a 90° corner is 41% wider. That difference is 
reduced to 8% with a 45° turn. The addition of plane cutouts to a depth of 30 mils act to 
reduce this amount of excess capacitance. The trace was not widened to maintain 50Ω with 
the plane cutouts in place. 

When this mitered bend is simulated with the jog-out and plane cutouts, excess 
capacitance is reduced and P/N length and phase matching is improved. Without jog-outs, 
the P/N length mismatch is 16 mils. Given FR4 material, the 16 mil difference translates to 
a phase mismatch of 4.8° at 5 GHz, or 2.68 ps (0.0268 UI) at 10 Gb/s.

Figure 13-17 through Figure 13-19 show that phase mismatch is reduced to 0.75° with jog-
outs and 0.3° with jog-outs and plane cutouts. The combination of jog-outs and plane 
cutouts yields simulation results that show the excess capacitance of the structure is 
reduced to 65 fF.

Designers are tempted to widen lines to compensate for the characteristic impedance 
increase as the lines are separated and couple less strongly. However, even without 
widening the lines, the combined capacitance of the corners and jog-outs is still overly 
capacitive, and therefore the uncoupled section of the jog-out must not be widened.

X-Ref Target - Figure 13-16

Figure 13-16: Example Design for 90 Degree Bends in Traces

X-Ref Target - Figure 13-17

Figure 13-17: Simulated TDR of 45 Degree Bends with Jog-Outs
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For wide traces, curved routing can also be helpful as shown in Figure 13-20.

X-Ref Target - Figure 13-18

Figure 13-18: Simulated Return Loss of 45 Degree Bends with Jog-Outs

X-Ref Target - Figure 13-19

Figure 13-19: Simulated Phase Response of 45 Degree Bends with Jog-Outs
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X-Ref Target - Figure 13-20

Figure 13-20: Measured TDR of 45 Degree Bends with and without Jog-Outs
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Chapter 14

Guidelines and Examples

This chapter discusses high-level PCB guidelines and strategies. Design examples are 
provided that show how these guidelines are applied how transitions can be modified to 
accommodate specific applications.

Summary of Guidelines
This high-level summary provides a quick reference to some of the guidelines already 
covered in previous sections, and also introduces some general strategies when designing 
high-speed serial channels.

When defining the stack-up, high-speed stripline layers are kept near the bottom of the 
board. If all high-speed traces can be routed on the top and/or the bottom microstrip 
layers, there is no need for a stripline layer. Wider traces are preferred and widths of 6 mils 
to 12 mils are typical.

Unless there are tight space constraints, the differential trace pairs do not need to be 
coupled closely. For example, instead of using a 5 mil width with 5 mil spacing, the same 
characteristic trace impedance can be obtained using a 7 mil trace width with 12 mil 
spacing.

High-speed differential pairs and transitions must be spread apart on adjacent channels 
generously to limit crosstalk, even if the paths become longer. In most cases, they 
eventually have to be spread out to match connector pin spacings.

For transitions, large clearances of planes must be provided around and below transitions 
to limit excess capacitance. Transitions are spaced apart within the same channel. For 
example, differential vias typically are not placed next to DC blocking capacitors or 
connectors. However, in some specific cases, performance was acceptable with this 
placement. 

To further limit excess capacitance in vias, the unused pads on vias should be removed and 
the via stub length is kept to a minimum. By routing from the top microstrip to the bottom 
microstrip, the via stub can be eliminated. Routing from the top microstrip to the bottom-
most stripline layer results in a negligible via stub. If the lowest layers are not available for 
high-speed striplines, other striplines can be used. However, the via stub should be 
removed by back-drilling the vias.

Use of minimum spacing and clearance design rules is to be avoided, such as 5 mil pad 
clearances. These clearances can be detrimental to performance even at lower multi-gigabit 
rates due to the excess capacitance from the tight spacing. 

Most transitions shown in this document have 40 fF to 200 fF of excess capacitance. One 
exception is a press-fit connector with the PCB pin array having about 500 fF to 800 fF of 
excess capacitance using these guidelines, with a via stub less than 10 mils. With smaller 
antipads or longer via stubs, the excess capacitance is much greater. Because the 
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transceivers have a die capacitance of 500 fF to 600 fF, most transitions can be designed to 
have a very small impact on performance up to speeds of 10 Gb/s.

These guidelines are recommended to be followed even for designs slower than 10 Gb/s, 
allowing for more margin at lower speeds such that a smaller output signal swing can be 
used. Having a 10 Gb/s capable channel also provides the option to upgrade the 
bandwidth of the system for the next generation product.

BGA Escape Example
The transceiver signal pairs are routed along the edges of the flip-chip BGA. A microstrip 
is used to escape. When there is adequate spacing from the BGA, the optimized GSSG 
differential vias are used to change layers, if needed. It is recommended that these vias be 
staggered, as shown in Figure 14-1, to minimize the formation of slots in the power and 
ground planes. 

The round BGA pads for the transceiver signals present a small amount of capacitance to a 
solid PCB ground below. Therefore one option is to open a void in the ground plane below 
the signal pads with the same diameter as the signal pads. However, simulations show that 
the void only removes 30 fF of capacitance.

HM-Zd Design Example
For backplane applications, in-line connectors such as the one shown in Figure 14-2, are the 
most common. Of these connectors, the most common mounting method is press-fit, 
although SMT connectors offer much better performance.

X-Ref Target - Figure 14-1

Figure 14-1: BGA Escape Design Example
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The right-angle connectors have P/N length differences in the signal paths, as shown in 
Figure 14-3, that require PCB trace lengths to be adjusted to compensate for the skew.

Figure 14-4 shows an example design where the traces are preskewed to compensate for 
P/N length mismatches within the connector body.

X-Ref Target - Figure 14-2

Figure 14-2: Tyco Z-PACK HM-Zd Press-Fit Connector

X-Ref Target - Figure 14-3

Figure 14-3: Tyco Z-PACK HM-Zd Press-Fit Connector Internals
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Press-fit connectors require large vias that allow the connector pins to be inserted. These 
vias are on a fixed pitch to match the pitch of the connector pins. Having large vias on a 
tight pitch results in excess capacitance. 

To mitigate this excess capacitance, via stubs must be kept short. Because the connector pin 
is around 95 mils, backdrilling can only be done to that depth. Routing on the lower layers 
helps to reduce the via stub length.

Making the antipads around the differential vias as large as possible minimizes 
capacitance. As shown in Figure 14-4, the antipad size is maximized such that the ground 
reference for the traces extends beyond the edge of the striplines by about 3 mils.

All power and ground planes that do not provide an impedance reference to the striplines 
or microstrips should be removed. Vias need to be distributed around the periphery of the 
connector to stitch the ground planes together.

The designer is recommended to taper the wide microstrips or striplines as they enter the 
connector footprint. However, this technique has not yet been fully validated. The reduced 
trace width causes additional line loss and inter-symbol interference (ISI) effects from the 
greater impedance variation. These effects can be offset by the additional performance 
gained from larger antipads with less excess capacitance.

X-Ref Target - Figure 14-4

Figure 14-4: Tyco Z-PACK HM-Zd Press-Fit Connector Design Example
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MGT to GTP Transceiver Design Migration

OOB/Beacon Signaling

8B/10B Valid Characters

DRP Address Map of the GTP_DUAL Tile

Low Latency Design

Advanced Clocking
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Appendix A

MGT to GTP Transceiver Design 
Migration

Overview
This appendix describes important differences regarding migration from the Virtex-II Pro 
and Virtex-4 multi-gigabit transceivers (MGTs) to the Virtex-5 FPGA RocketIO GTP 
transceivers. This appendix does not describe all of the features and capabilities of these 
devices but only highlights relevant PCB, power supply, and reference clock differences. 
For more information on Virtex-II Pro and Virtex-4 FPGAs, refer to Virtex-II Pro and 
Virtex-II Pro X Complete Data Sheet [Ref 9], RocketIO Transceiver User Guide [Ref 10], and 
Virtex-4 RocketIO Multi-Gigabit Transceiver User Guide [Ref 11].

Primary Differences
Virtex-5 LXT and SXT FPGAs are a different family from the Virtex-II Pro and Virtex-4 
families. The Virtex-5 LXT and SXT devices are not pin compatible with these previous 
generation devices. However, many aspects of the MGTs and GTP transceivers between 
the families are the same. The primary differences between these families are:

• Number of MGTs and GTP transceivers per device

• Clocking

• Serial rates and ranges

• Encoding standards – 8B/10B, 64B/66B, SONET, and others

• Clock multiplier settings and PLL ranges

• Flexibility due to partial reconfiguration, PMA programming bus, dynamic 
reconfiguration port (DRP)

• Board design guidelines
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MGTs per Device
Virtex-5 FPGAs allow for a large range of GTP transceivers per device. Table A-1 shows the 
number of transceivers available for each family.

Clocking
Virtex devices provide several available clock inputs. Table A-2 shows the clocks for each 
family and their respective serial speeds.

Table A-1: Transceivers per Device

Virtex Device Number of Transceivers

Virtex-II Pro FPGA 4, 8, 12, 16, 20

Virtex-4 FPGA 8, 12, 16, 20, 24

Virtex-5 FPGA(1) 8, 12, 16, 24

Notes: 
1. Because two GTP transceivers use shared PLL resources in a GTP_DUAL tile, applications where 

transceivers do not have common clock settings might not be able to use both transceivers in a tile. 
Thus the total number of available transceivers is reduced in these applications.

Table A-2: Available Clock Inputs

Family
Clock 

Names
Differential 
(Internal)

Dedicated 
Routes

Maximum Serial 
Speeds (Gb/s)

Dynamic 
Switching

Package 
Input Voltage 

(V)(1)

Inputs per 
Device

Clocks per 
Device

Virtex-II 
Pro 
FPGA

BREFCLK Yes 3.125 Yes(2) 2.5 8(3) 2(3)

BREFCLK2 Yes 3.125 Yes(2) 2.5 8(3) 2(3)

REFCLK 2.5 Yes(2) 2.5 8(3) 2(3)

REFCLK2 2.5 Yes(2) 2.5 8(3) 2(3)

Virtex-4 
FPGA

GREFCLK Yes Yes 1.0 Yes(4) Note 5 Note 5

REFCLK1 Yes Yes 6.5 Yes(4) 8 4

REFCLK2 Yes Yes 6.5 Yes(4) 8 4

Virtex-5 
FPGA

GREFCLK Yes Yes Yes
1 per 

GTP_DUAL 
tile

1 per 
GTP_DUAL 

tile

REFCLK Yes Yes 3.75 Yes
1 per 

GTP_DUAL 
tile

1 per 
GTP_DUAL 

tile

Notes: 
1. Nominal values. Refer to the specific data sheet for the exact values.
2. Dynamic selection between the REFCLKs or the BREFCLKs. To switch from REFCLK to BREFCLK or vice versa requires 

reconfiguration.
3. BREFCLK should use dedicated GCLK I/O, which decreases GCLK I/O resources for other logic (also two pins per clock).
4. Reference clock switching is done via an attribute and the DRP using the RXAPMACLKSEL, RXBPMACLKSEL, and 

TXABPMACLKSEL attributes. These attributes are located at DRP address 0x5D on bits [13:12], [11:10], and [9:8], respectively.
5. GREFCLK comes from the global clock tree and can come from any FPGA clock input. It should only be used for serial rates under 

1.0 Gb/s.
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Clock selection changed slightly across the first three generations of MGTs. In contrast, the 
GTP_DUAL tile significantly enhances clocking capabilities by adding dedicated clocks 
routing and MUXing resources. Figure A-1 shows how the reference clocks are selected for 
each device.

Serial Rate Support
As the Xilinx transceivers continue to migrate, so do the supported serial rates. Table A-3 
shows the rates supported by each MGT and GTP transceiver.

X-Ref Target - Figure A-1

Figure A-1: Reference Clock Selection for Each Device
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Table A-3: Serial Rate Support

Virtex-II Pro 
MGT

Virtex-4 
MGT

Virtex-5 FPGA 
GTP Transceiver

0.622 – 3.125 Gb/s 0.622 – 6.5 Gb/s 0.100(1) – 3.75 Gb/s

Notes: 
1. 100 Mb/s - 500 Mb/s with oversampling.

Optiver Ex1009 
Page 285 of 347

http://www.xilinx.com


286 www.xilinx.com Virtex-5 FPGA RocketIO GTP Transceiver
UG196 (v2.1) December 3, 2009

Appendix A: MGT to GTP Transceiver Design Migration

Encoding Support and Clock Multipliers
Protocol encoding support and clock multiplier support vary depending on the transceiver 
generation. Table A-4 shows the encoding support available in each MGT and GTP 
transceiver.

Reference clock multiplication has also evolved over the transceiver generations from a 
limited selection of multiplier values to a fully programmable solution starting with 
Virtex-4 devices. Table A-5 shows the clock multiplier values supported in the Virtex-II Pro 
devices. 

The Virtex-4 and Virtex-5 devices use the circuitry shown in Figure A-2 to multiply the 
reference clock. 

Table A-6 shows the parameters used to configure the operation of the clock multiplication 
circuitry as well as the supported divide values. While Virtex-4 devices support separate 
multiply ratios for transmit and receive operations, one multiply ratio is used for both in 
Virtex-5 devices.

Table A-4: Encoding Support

Encoding Schemes
Virtex-II Pro 

MGT
Virtex-4 

MGT
Virtex-5 FPGA 

GTP Transceiver

8B/10B Yes Yes Yes

64B/66B Yes(1) Yes Yes(1)

SONET Yes(1) Yes Yes

Others Yes(2) Yes(2) Yes(2)

Notes: 
1. Encoding and clocks must be done in the FPGA logic.
2. Depending on the encoding, some functionality must be done in the FPGA logic.

Table A-5: Virtex-II Pro Clock Multipliers

Supported Clock Multiplier Values

Virtex-II Pro FPGA 20

X-Ref Target - Figure A-2

Figure A-2: Virtex-4 and Virtex-5 Clock Multiplication Circuitry
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Primary Differences

Flexibility
In Virtex-II Pro devices, changing of attributes requires partial reconfiguration. Virtex-4 
and Virtex-5 devices allow all attribute changes from the DRP, and any default values can 
be set in the HDL itself.

Board Guidelines

Power Supply Filtering

The Virtex-5 FPGA GTP transceivers simplify power supply design over previous 
generations in two ways:

1. Only two supply voltages are needed to power the transceivers. 

2. Because the two transceivers that share a tile have common power pins, the number of 
power supply filtering components is reduced. 

Table A-7 shows the power pin voltages for all Virtex families, and Figure A-3 shows the 
power supply filtering for all Virtex families.

Table A-6: Virtex-4 and Virtex-5 FPGA Clock Multiplication Parameters

Virtex-4 
MGT

Virtex-5 FPGA 
GTP Transceiver

Divide by M Parameter TXPLLNDIVSEL, RXPLLNDIVSEL PLL_DIVSEL_FB

Divide by M Values 8, 10, 16, 20, 32, 40 1, 2, 3, 4, 5

Divide by N Parameter TXOUTDIV2SEL, RXOUTDIV2SEL PLL_DIVSEL_REF

Divide by N Values 1, 2, 4, 8, 16, 32 1, 2

Table A-7: Power Pin Voltages

Pin
Virtex-II Pro

MGT
Virtex-4

MGT
Virtex-5 FPGA GTP 

Transceiver(1)

AVCCAUXRX 2.5V 1.2V -

AVCCAUXTX 2.5V 1.2V -

AVCCAUXMGT N/A 2.5V -

VTTX 1.8 - 2.5V(2) 1.5V -

VTRX 1.5 - 2.5V(2) 0.25 - 2.5V(2) -

MGTAVCCPLL - - 1.2V

MGTAVCC - - 1.0V

MGTAVTTTX - - 1.2V

MGTAVTTRX - - 1.2V

MGTAVTTRXC - - 1.2V

Notes: 
1. Nominal values. Refer to the device data sheets for values and operating conditions.
2. Depends on AC/DC coupling or termination options. See the device user guides for more details.
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X-Ref Target - Figure A-3

Figure A-3: Virtex-II, Virtex-II Pro, Virtex-4, Virtex-5 FPGA GTP Power Supply Filtering
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Other Minor Differences

Other Minor Differences

Termination
In Virtex-II Pro devices, the transceivers contain on-chip termination and reference 
voltages for VTTX and VTRX. In Virtex-4 devices, the MGTs use a reference resistor to 
create the termination circuitry for each MGT column. The Virtex-5 FPGA GTP transceiver 
simplifies the termination circuitry by providing a calibrated 50Ω termination. Table A-8 
shows the termination options for each FPGA generation.

FPGA Logic Interface
FPGA logic interface width support varies depending on the transceiver. Table A-9 shows 
the widths supported in all MGT and GTP transceivers.

CRC
CRC support has changed over the generations of transceivers. Table A-10 shows the CRC 
support provided by all four transceiver families.

Loopback
The loopback options of the Virtex transceivers have evolved to improve flexibility. 
Virtex-II Pro MGTs have two loopback modes, and Virtex-4 MGTs have four loopback 
modes. Table A-11 shows this evolution.

Table A-8: Termination Options

Termination
Virtex-II Pro 

MGT
Virtex-4 

MGT
Virtex-5 FPGA

GTP Transceiver

Value 50/75Ω 50Ω 50Ω

Voltage Pins VTTX/VTRX VTTX/VTRX MGTAVTTTX/MGTAVTTRX

Table A-9: FPGA Logic Interface Support

Virtex-II Pro 
MGT

Virtex-4 
MGT

Virtex-5 FPGA 
GTP Transceiver

1-byte, 2-byte, 4-byte, 8-byte 1-byte, 2-byte, 4-byte, 8-byte 1-byte, 2-byte

Table A-10: CRC Transceiver Support

Virtex-II Pro 
MGT

Virtex-4 
MGT

Virtex-5 FPGA
GTP Transceiver

CRC-32 Independent CRC-32 
block supports datapath 
from 8 to 64 bits wide.

Independent CRC block supports two CRC-32 
calculations over 32-bit datapaths or a single 
CRC-32 calculation over a 64-bit datapath.
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Serialization
As in Virtex-4 devices, Virtex-5 FPGA GTP transceivers serialize and send the least 
significant byte first. Virtex-II Pro devices send the most-significant byte first.

Defining Clock Correction and Channel Bonding Sequences
The bit definitions of CLK_COR_SEQ and CHAN_BOND_SEQ have changed to support 
more encoding functionality. Table A-12 illustrates the differences.

Table A-11: Loopback Options

Mode
Virtex-II Pro 

MGT
Virtex-4 

MGT
Virtex-5 FPGA

GTP Transceiver

Parallel Loopback (Tx →RX) Yes Yes Yes

Serial Pre-Driver – Yes Yes

Serial Post-Driver Yes – –

Serial Digital Receiver – Yes –

External Data PMA-Only Parallel 
Loopback

– – Yes

PCI Express Repeater – – Yes

Table A-12: CLK_COR_SEQ and CHAN_BOND_SEQ Sequences

Bit Definition
Virtex-II Pro 

MGT
Virtex-4 

MGT
Virtex-5 FPGA

GTP Transceiver

8B/10B encoded definition 00110111100(1,4) 00110111100(2,4) 0110111100(3,5)

10-bit literal value 10011111010(1,4) 10011111010(2,4) 0011111010(1,5)

64B/66B encoding (sync character) N/A 1XX (sync header) N/A

8-bit literal value (for 64B/66B and other encodings) N/A 1XX (8-bit data) N/A

Notes: 
1. Defines K28.5.
2. Defines K28.5 and depends on CLK_COR_8B10B_DE (plus all 10 bits are defined).
3. Defines K28.5 and regular disparity. 
4. For Virtex-II Pro and Virtex-4 MGTs, the 11th bit (left-most bit) determines either an 8-bit or 10-bit compare. 
5. For Virtex-5 FPGA GTP transceivers, the RX_DECODE_SEQ_MATCH attribute determines if matches occur against the 8-bit 

output of the 8B/10B decoder (RX_DECODE_SEQ_MATCH = TRUE) or against the undecoded incoming data 
(RX_DECODE_SEQ_MATCH = FALSE). The undecoded data can be either 8 bits (INTDATAWIDTH is Low) or 10 bits 
(INTDATAWIDTH is High). 
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Pre-emphasis, Differential Swing, and Equalization

RXSTATUS Bus
Several buses have changed over the FPGA generations to improve the information that is 
indicated. Table A-13 shows the migration from Virtex-II Pro to Virtex-5 devices.

Pre-emphasis, Differential Swing, and Equalization
The differential signaling techniques are more robust in recent Xilinx transceivers. The 
Virtex-5 FPGA GTP transceiver adds ports to control TX characteristics to simplify 
reconfiguration. Table A-14 shows the migration of attributes from Virtex-II Pro and 
Virtex-4 MGTs to Virtex-5 FPGA GTP transceivers.

Table A-13: Status Bus Changes

Description
Virtex-II Pro 

MGT
Virtex-4 

MGT
Virtex-5 FPGA

GTP Transceiver(1)

Indicates channel bonding complete CHBONDONE(2) RXSTATUS[5] RXCHANISALIGNED

Indicates status bus is status, data, event N/A RXSTATUS[4:3] RXSTATUS[2:0]

Indicates channel bonding or clock correction 
pointers change

RXCLKCORCNT RXSTATUS[2:0] RXCHANREALIGN

Indicates that an RX buffer has 
underflow/overflow

RXBUFSTATUS[1] RXBUFERR RXBUFSTATUS[2:0]

Notes: 
1. Signal optimization settings are independent between both GTP transceivers of a GTP_DUAL tile. GTP0 is indicated by the suffix 

“0” after the signal name, and GTP1 is indicated by the suffix “1” after the signal name (for example, RXENEQB0 or RXENEQB1).
2. RXCLKCORCNT must go to 3'b101 before channel bonding is complete.

Table A-14: Signal Optimization Attributes and Ports

Description
Virtex-II Pro 

MGT
Virtex-4 

MGT

Virtex-5 FPGA GTP Transceiver(1)

Attributes Ports

Controls TX pre-emphasis 
and edge rate

TX_PREMPHASIS

TXPRE_PRDRV_DAC

TXPRE_TAP_PD

TXSLEWRATE

TXPOST_PRDRV_DAC

TXDAT_PRDRV_DAC

TXPOST_TAP_PD

TXPREEMPHASIS[2:0]

Controls differential 
amplitude of the 
transmitted signal

TX_DIFF_CTRL

TXPRE_TAP_DAC

TXPOST_TAP_DAC

TXDAT_TAP_DAC

TX_DIFF_BOOST
TXBUFDIFFCTRL

TXDIFFCTRL

Active equalization N/A RXAFEEQ –

RXENEQB

RXEQPOLE[3:0]

RXEQMIX[1:0]

Discrete equalization N/A RXEQ N/A N/A

Notes: 
1. Signal optimization settings are independent between both GTP transceivers of a GTP_DUAL tile. GTP0 is indicated by the suffix 

“0” after the signal name, and GTP1 is indicated by the suffix “1” after the signal name (for example RXENEQB0, RXENEQB1).
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Appendix B

OOB/Beacon Signaling

The GTP transceiver supports Out-of-Band (OOB) signaling for conformance with 
standards such as SATA and supports beaconing for conformance to the PCI Express 
specification. OOB signaling mechanisms are used to send low-speed signals between the 
transmitter and receiver when high-speed serial data transmission is not active, typically 
when the link is in a power-down state or has not been initialized.

OOB signaling uses non-differential transitions on the differential inputs of the receiver to 
send information. To send an OOB signal, transmitters drive their serial differential output 
pins to the same voltage, resulting in a reduced differential voltage between the pins. 
When the absolute differential voltage drops below a preset threshold level, the receiver 
detects the signal as an OOB signal. Figure B-1 illustrates this concept.

TX OOB/Beacon Signaling, page 133 and RX OOB/Beacon Signaling, page 143 provide 
details of the support for OOB signaling in the GTP transceiver TX and RX logic, 
respectively. The remainder of this section summarizes the use of OOB signaling in SATA 
operation and beaconing for PCI Express operation.

OOB Signaling for SATA Operation
SATA operation uses OOB signals as part of its COMWAKE, COMINIT, and COMRESET 
sequences as shown in Figure B-2. These sequences consist of a fixed length burst of non-
OOB data followed by an OOB signal (called an idle signal in SATA). The length of the idle 
defines the type of COM sequence being received: COMWAKE sequences use 106.7 ns 
idles, and COMINIT/COMRESET sequences use 320 ns idles. A COM sequence is valid 
when it is received four times consecutively.

X-Ref Target - Figure B-1

Figure B-1: OOB Signaling
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Appendix B: OOB/Beacon Signaling

In addition to the analog circuitry required to encode and detect the OOB signal state, the 
GTP transceiver includes state machines to format and decode bursts of OOB/beacon 
signals for SATA (COMRESET, COMWAKE, and COMINIT).

Beacon Signaling for PCI Express Operation
The PCI Express specification uses sequences called beacons to wake endpoints from 
power-down states. A beacon is the transmission of K28.5 (COM) characters. A beacon 
sequence can have a frequency anywhere from 30 KHz to 500 MHz.

The PCI Express specification describes the beacon mechanism as an inband wake-up 
indication, and defines the use of a discrete wake signal (WAKE#) as an out-of-band 
mechanism.

GTP transceiver support for PCI Express beacons uses interface signals defined in the PHY 
Interface for the PCI Express (PIPE) Specification. Control logic in the FPGA manages the 
format of the beacon sequence.

X-Ref Target - Figure B-2

Figure B-2: SATA COM Sequences
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Appendix C

8B/10B Valid Characters

8B/10B encoding includes a set of Data characters and K characters. Eight-bit values are 
coded into 10-bit values, keeping the serial line DC balanced. K characters are special Data 
characters designated with a CHARISK. K characters are used for specific informative 
designations. Table C-1 shows the valid Data characters. Table C-2, page 303 shows the 
valid K characters.

Table C-1: Valid Data Characters

Data Byte 
Name

Bits 
HGF EDCBA

Current RD –
abcdei fghj

Current RD + 
abcdei fghj

D0.0 000 00000 100111 0100 011000 1011

D1.0 000 00001 011101 0100 100010 1011

D2.0 000 00010 101101 0100 010010 1011

D3.0 000 00011 110001 1011 110001 0100

D4.0 000 00100 110101 0100 001010 1011

D5.0 000 00101 101001 1011 101001 0100

D6.0 000 00110 011001 1011 011001 0100

D7.0 000 00111 111000 1011 000111 0100

D8.0 000 01000 111001 0100 000110 1011

D9.0 000 01001 100101 1011 100101 0100

D10.0 000 01010 010101 1011 010101 0100

D11.0 000 01011 110100 1011 110100 0100

D12.0 000 01100 001101 1011 001101 0100

D13.0 000 01101 101100 1011 101100 0100

D14.0 000 01110 011100 1011 011100 0100

D15.0 000 01111 010111 0100 101000 1011

D16.0 000 10000 011011 0100 100100 1011

D17.0 000 10001 100011 1011 100011 0100

D18.0 000 10010 010011 1011 010011 0100

D19.0 000 10011 110010 1011 110010 0100

D20.0 000 10100 001011 1011 001011 0100
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D21.0 000 10101 101010 1011 101010 0100

D22.0 000 10110 011010 1011 011010 0100

D23.0 000 10111 111010 0100 000101 1011

D24.0 000 11000 110011 0100 001100 1011

D25.0 000 11001 100110 1011 100110 0100

D26.0 000 11010 010110 1011 010110 0100

D27.0 000 11011 110110 0100 001001 1011

D28.0 000 11100 001110 1011 001110 0100

D29.0 000 11101 101110 0100 010001 1011

D30.0 000 11110 011110 0100 100001 1011

D31.0 000 11111 101011 0100 010100 1011

D0.1 001 00000 100111 1001 011000 1001

D1.1 001 00001 011101 1001 100010 1001

D2.1 001 00010 101101 1001 010010 1001

D3.1 001 00011 110001 1001 110001 1001

D4.1 001 00100 110101 1001 001010 1001

D5.1 001 00101 101001 1001 101001 1001

D6.1 001 00110 011001 1001 011001 1001

D7.1 001 00111 111000 1001 000111 1001

D8.1 001 01000 111001 1001 000110 1001

D9.1 001 01001 100101 1001 100101 1001

D10.1 001 01010 010101 1001 010101 1001

D11.1 001 01011 110100 1001 110100 1001

D12.1 001 01100 001101 1001 001101 1001

D13.1 001 01101 101100 1001 101100 1001

D14.1 001 01110 011100 1001 011100 1001

D15.1 001 01111 010111 1001 101000 1001

D16.1 001 10000 011011 1001 100100 1001

D17.1 001 10001 100011 1001 100011 1001

D18.1 001 10010 010011 1001 010011 1001

D19.1 001 10011 110010 1001 110010 1001

D20.1 001 10100 001011 1001 001011 1001

Table C-1: Valid Data Characters (Continued)

Data Byte 
Name

Bits 
HGF EDCBA

Current RD –
abcdei fghj

Current RD + 
abcdei fghj
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D21.1 001 10101 101010 1001 101010 1001

D22.1 001 10110 011010 1001 011010 1001

D23.1 001 10111 111010 1001 000101 1001

D24.1 001 11000 110011 1001 001100 1001

D25.1 001 11001 100110 1001 100110 1001

D26.1 001 11010 010110 1001 010110 1001

D27.1 001 11011 110110 1001 001001 1001

D28.1 001 11100 001110 1001 001110 1001

D29.1 001 11101 101110 1001 010001 1001

D30.1 001 11110 011110 1001 100001 1001

D31.1 001 11111 101011 1001 010100 1001

D0.2 010 00000 100111 0101 011000 0101

D1.2 010 00001 011101 0101 100010 0101

D2.2 010 00010 101101 0101 010010 0101

D3.2 010 00011 110001 0101 110001 0101

D4.2 010 00100 110101 0101 001010 0101

D5.2 010 00101 101001 0101 101001 0101

D6.2 010 00110 011001 0101 011001 0101

D7.2 010 00111 111000 0101 000111 0101

D8.2 010 01000 111001 0101 000110 0101

D9.2 010 01001 100101 0101 100101 0101

D10.2 010 01010 010101 0101 010101 0101

D11.2 010 01011 110100 0101 110100 0101

D12.2 010 01100 001101 0101 001101 0101

D13.2 010 01101 101100 0101 101100 0101

D14.2 010 01110 011100 0101 011100 0101

D15.2 010 01111 010111 0101 101000 0101

D16.2 010 10000 011011 0101 100100 0101

D17.2 010 10001 100011 0101 100011 0101

D18.2 010 10010 010011 0101 010011 0101

D19.2 010 10011 110010 0101 110010 0101

D20.2 010 10100 001011 0101 001011 0101

Table C-1: Valid Data Characters (Continued)

Data Byte 
Name

Bits 
HGF EDCBA

Current RD –
abcdei fghj

Current RD + 
abcdei fghj
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D21.2 010 10101 101010 0101 101010 0101

D22.2 010 10110 011010 0101 011010 0101

D23.2 010 10111 111010 0101 000101 0101

D24.2 010 11000 110011 0101 001100 0101

D25.2 010 11001 100110 0101 100110 0101

D26.2 010 11010 010110 0101 010110 0101

D27.2 010 11011 110110 0101 001001 0101

D28.2 010 11100 001110 0101 001110 0101

D29.2 010 11101 101110 0101 010001 0101

D30.2 010 11110 011110 0101 100001 0101

D31.2 010 11111 101011 0101 010100 0101

D0.3 011 00000 100111 0011 011000 1100

D1.3 011 00001 011101 0011 100010 1100

D2.3 011 00010 101101 0011 010010 1100

D3.3 011 00011 110001 1100 110001 0011

D4.3 011 00100 110101 0011 001010 1100

D5.3 011 00101 101001 1100 101001 0011

D6.3 011 00110 011001 1100 011001 0011

D7.3 011 00111 111000 1100 000111 0011

D8.3 011 01000 111001 0011 000110 1100

D9.3 011 01001 100101 1100 100101 0011

D10.3 011 01010 010101 1100 010101 0011

D11.3 011 01011 110100 1100 110100 0011

D12.3 011 01100 001101 1100 001101 0011

D13.3 011 01101 101100 1100 101100 0011

D14.3 011 01110 011100 1100 011100 0011

D15.3 011 01111 010111 0011 101000 1100

D16.3 011 10000 011011 0011 100100 1100

D17.3 011 10001 100011 1100 100011 0011

D18.3 011 10010 010011 1100 010011 0011

D19.3 011 10011 110010 1100 110010 0011

D20.3 011 10100 001011 1100 001011 0011

Table C-1: Valid Data Characters (Continued)

Data Byte 
Name

Bits 
HGF EDCBA

Current RD –
abcdei fghj

Current RD + 
abcdei fghj
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D21.3 011 10101 101010 1100 101010 0011

D22.3 011 10110 011010 1100 011010 0011

D23.3 011 10111 111010 0011 000101 1100

D24.3 011 11000 110011 0011 001100 1100

D25.3 011 11001 100110 1100 100110 0011

D26.3 011 11010 010110 1100 010110 0011

D27.3 011 11011 110110 0011 001001 1100

D28.3 011 11100 001110 1100 001110 0011

D29.3 011 11101 101110 0011 010001 1100

D30.3 011 11110 011110 0011 100001 1100

D31.3 011 11111 101011 0011 010100 1100

D0.4 100 00000 100111 0010 011000 1101

D1.4 100 00001 011101 0010 100010 1101

D2.4 100 00010 101101 0010 010010 1101

D3.4 100 00011 110001 1101 110001 0010

D4.4 100 00100 110101 0010 001010 1101

D5.4 100 00101 101001 1101 101001 0010

D6.4 100 00110 011001 1101 011001 0010

D7.4 100 00111 111000 1101 000111 0010

D8.4 100 01000 111001 0010 000110 1101

D9.4 100 01001 100101 1101 100101 0010

D10.4 100 01010 010101 1101 010101 0010

D11.4 100 01011 110100 1101 110100 0010

D12.4 100 01100 001101 1101 001101 0010

D13.4 100 01101 101100 1101 101100 0010

D14.4 100 01110 011100 1101 011100 0010

D15.4 100 01111 010111 0010 101000 1101

D16.4 100 10000 011011 0010 100100 1101

D17.4 100 10001 100011 1101 100011 0010

D18.4 100 10010 010011 1101 010011 0010

D19.4 100 10011 110010 1101 110010 0010

D20.4 100 10100 001011 1101 001011 0010

Table C-1: Valid Data Characters (Continued)

Data Byte 
Name

Bits 
HGF EDCBA

Current RD –
abcdei fghj

Current RD + 
abcdei fghj
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D21.4 100 10101 101010 1101 101010 0010

D22.4 100 10110 011010 1101 011010 0010

D23.4 100 10111 111010 0010 000101 1101

D24.4 100 11000 110011 0010 001100 1101

D25.4 100 11001 100110 1101 100110 0010

D26.4 100 11010 010110 1101 010110 0010

D27.4 100 11011 110110 0010 001001 1101

D28.4 100 11100 001110 1101 001110 0010

D29.4 100 11101 101110 0010 010001 1101

D30.4 100 11110 011110 0010 100001 1101

D31.4 100 11111 101011 0010 010100 1101

D0.5 101 00000 100111 1010 011000 1010

D1.5 101 00001 011101 1010 100010 1010

D2.5 101 00010 101101 1010 010010 1010

D3.5 101 00011 110001 1010 110001 1010

D4.5 101 00100 110101 1010 001010 1010

D5.5 101 00101 101001 1010 101001 1010

D6.5 101 00110 011001 1010 011001 1010

D7.5 101 00111 111000 1010 000111 1010

D8.5 101 01000 111001 1010 000110 1010

D9.5 101 01001 100101 1010 100101 1010

D10.5 101 01010 010101 1010 010101 1010

D11.5 101 01011 110100 1010 110100 1010

D12.5 101 01100 001101 1010 001101 1010

D13.5 101 01101 101100 1010 101100 1010

D14.5 101 01110 011100 1010 011100 1010

D15.5 101 01111 010111 1010 101000 1010

D16.5 101 10000 011011 1010 100100 1010

D17.5 101 10001 100011 1010 100011 1010

D18.5 101 10010 010011 1010 010011 1010

D19.5 101 10011 110010 1010 110010 1010

D20.5 101 10100 001011 1010 001011 1010

Table C-1: Valid Data Characters (Continued)

Data Byte 
Name

Bits 
HGF EDCBA

Current RD –
abcdei fghj

Current RD + 
abcdei fghj
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D21.5 101 10101 101010 1010 101010 1010

D22.5 101 10110 011010 1010 011010 1010

D23.5 101 10111 111010 1010 000101 1010

D24.5 101 11000 110011 1010 001100 1010

D25.5 101 11001 100110 1010 100110 1010

D26.5 101 11010 010110 1010 010110 1010

D27.5 101 11011 110110 1010 001001 1010

D28.5 101 11100 001110 1010 001110 1010

D29.5 101 11101 101110 1010 010001 1010

D30.5 101 11110 011110 1010 100001 1010

D31.5 101 11111 101011 1010 010100 1010

D0.6 110 00000 100111 0110 011000 0110

D1.6 110 00001 011101 0110 100010 0110

D2.6 110 00010 101101 0110 010010 0110

D3.6 110 00011 110001 0110 110001 0110

D4.6 110 00100 110101 0110 001010 0110

D5.6 110 00101 101001 0110 101001 0110

D6.6 110 00110 011001 0110 011001 0110

D7.6 110 00111 111000 0110 000111 0110

D8.6 110 01000 111001 0110 000110 0110

D9.6 110 01001 100101 0110 100101 0110

D10.6 110 01010 010101 0110 010101 0110

D11.6 110 01011 110100 0110 110100 0110

D12.6 110 01100 001101 0110 001101 0110

D13.6 110 01101 101100 0110 101100 0110

D14.6 110 01110 011100 0110 011100 0110

D15.6 110 01111 010111 0110 101000 0110

D16.6 110 10000 011011 0110 100100 0110

D17.6 110 10001 100011 0110 100011 0110

D18.6 110 10010 010011 0110 010011 0110

D19.6 110 10011 110010 0110 110010 0110

D20.6 110 10100 001011 0110 001011 0110

Table C-1: Valid Data Characters (Continued)

Data Byte 
Name

Bits 
HGF EDCBA

Current RD –
abcdei fghj

Current RD + 
abcdei fghj
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D21.6 110 10101 101010 0110 101010 0110

D22.6 110 10110 011010 0110 011010 0110

D23.6 110 10111 111010 0110 000101 0110

D24.6 110 11000 110011 0110 001100 0110

D25.6 110 11001 100110 0110 100110 0110

D26.6 110 11010 010110 0110 010110 0110

D27.6 110 11011 110110 0110 001001 0110

D28.6 110 11100 001110 0110 001110 0110

D29.6 110 11101 101110 0110 010001 0110

D30.6 110 11110 011110 0110 100001 0110

D31.6 110 11111 101011 0110 010100 0110

D0.7 111 00000 100111 0001 011000 1110

D1.7 111 00001 011101 0001 100010 1110

D2.7 111 00010 101101 0001 010010 1110

D3.7 111 00011 110001 1110 110001 0001

D4.7 111 00100 110101 0001 001010 1110

D5.7 111 00101 101001 1110 101001 0001

D6.7 111 00110 011001 1110 011001 0001

D7.7 111 00111 111000 1110 000111 0001

D8.7 111 01000 111001 0001 000110 1110

D9.7 111 01001 100101 1110 100101 0001

D10.7 111 01010 010101 1110 010101 0001

D11.7 111 01011 110100 1110 110100 1000

D12.7 111 01100 001101 1110 001101 0001

D13.7 111 01101 101100 1110 101100 1000

D14.7 111 01110 011100 1110 011100 1000

D15.7 111 01111 010111 0001 101000 1110

D16.7 111 10000 011011 0001 100100 1110

D17.7 111 10001 100011 0111 100011 0001

D18.7 111 10010 010011 0111 010011 0001

D19.7 111 10011 110010 1110 110010 0001

D20.7 111 10100 001011 0111 001011 0001

Table C-1: Valid Data Characters (Continued)

Data Byte 
Name

Bits 
HGF EDCBA

Current RD –
abcdei fghj

Current RD + 
abcdei fghj
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D21.7 111 10101 101010 1110 101010 0001

D22.7 111 10110 011010 1110 011010 0001

D23.7 111 10111 111010 0001 000101 1110

D24.7 111 11000 110011 0001 001100 1110

D25.7 111 11001 100110 1110 100110 0001

D26.7 111 11010 010110 1110 010110 0001

D27.7 111 11011 110110 0001 001001 1110

D28.7 111 11100 001110 1110 001110 0001

D29.7 111 11101 101110 0001 010001 1110

D30.7 111 11110 011110 0001 100001 1110

D31.7 111 11111 101011 0001 010100 1110

Table C-2: Valid Control K Characters

Special Code 
Name

Bits 
HGF EDCBA

Current RD –
abcdei fghj

Current RD +
abcdei fghj

K28.0 000 11100 001111 0100 110000 1011

K28.1 001 11100 001111 1001 110000 0110

K28.2 010 11100 001111 0101 110000 1010

K28.3 011 11100 001111 0011 110000 1100

K28.4 100 11100 001111 0010 110000 1101

K28.5 101 11100 001111 1010 110000 0101

K28.6 110 11100 001111 0110 110000 1001

K28.7(1) 111 11100 001111 1000 110000 0111

K23.7 111 10111 111010 1000 000101 0111

K27.7 111 11011 110110 1000 001001 0111

K29.7 111 11101 101110 1000 010001 0111

K30.7 111 11110 011110 1000 100001 0111

Notes: 
1. Used for testing and characterization only.

Table C-1: Valid Data Characters (Continued)

Data Byte 
Name

Bits 
HGF EDCBA

Current RD –
abcdei fghj

Current RD + 
abcdei fghj
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Appendix D

DRP Address Map of the GTP_DUAL 
Tile

All attributes are stored as binary values in the DRP table. Some attributes use special 
mappings from their UCF/HDL values to their binary values. The mappings for these 
values are shown in Table D-1.

For attributes not listed in Table D-1, use the following rules to determine the binary 
mapping:

• Attributes with TRUE/FALSE values use “1” to represent TRUE and “0” to represent 
FALSE.

• Convert integer values to binary.

Table D-1: Special Attribute Mappings

Attribute UCF/HDL Attribute Value DRP Binary Value

ALIGN_COMMA_WORD
1 0

2 1

CHAN_BOND_MODE

OFF 00

MASTER 01

SLAVE 10

CLK25_DIVIDER

1 000

2 001

3 010

4 011

5 100

6 101

10 110

12 111
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OOB_CLK_DIVIDER

1 000

2 001

4 010

6 011

8 100

10 101

12 110

14 111

PLL_DIVSEL_FB

1 10000

2 00000

3 00001

4 00010

5 00011

PLL_DIVSEL_REF
1 010000

2 000000

PLL_RXDIVSEL_OUT

1 00

2 01

4 10

PLL_TXDIVSEL_COMM_OUT

1 00

2 01

4 10

PLL_TXDIVSEL_OUT

1 00

2 01

4 10

REFCLK_SEL[2:0]
The encoding of the attribute REFCLK_SEL[2:0] is 
discussed in Appendix F, Advanced Clocking.

Table D-1: Special Attribute Mappings (Continued)

Attribute UCF/HDL Attribute Value DRP Binary Value
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DRP Address by Attribute

DRP Address by Attribute
Table D-2 lists the DRP addresses according to attribute name.

RX_LOS_INVALID_INCR

1 000

2 001

4 010

8 011

16 100

32 101

64 110

128 111

RX_LOS_THRESHOLD

4 000

8 001

16 010

32 011

64 100

128 101

256 110

512 111

RX_SLIDE_MODE
PCS 0

PMA 1

RX_STATUS_FMT
PCIE 0

SATA 1

RX_XCLK_SEL
RXREC 0

RXUSR 1

TX_XCLK_SEL
TXOUT 0

TXUSR 1

Table D-1: Special Attribute Mappings (Continued)

Attribute UCF/HDL Attribute Value DRP Binary Value
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Table D-2: DRP Address by Attribute

Attribute
Bit

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

AC_CAP_DIS_0

49<
14>

AC_CAP_DIS_1

6<
1>

ALIGN_COMMA_WORD_0

2b<
12>

ALIGN_COMMA_WORD_1

24<3>

CHAN_BOND_1_MAX_SKEW_0

2c<
0>

2b<
15>

2b<
14>

2b<
13>

CHAN_BOND_1_MAX_SKEW_1

23<
15>

24<
0>

24<
1>

24<
2>

CHAN_BOND_2_MAX_SKEW_0

2c<
4>

2c<
3>

2c<
2>

2c<
1>

CHAN_BOND_2_MAX_SKEW_1

23<
11>

23<
12>

23<
13>

23<
14>

CHAN_BOND_LEVEL_0

2c<
7>

2c<
6>

2c<
5>

CHAN_BOND_LEVEL_1

23<
8>

23<
9>

23<
10>

CHAN_BOND_MODE_0

2c<
9>

2c<
8>

CHAN_BOND_MODE_1

23<
6>

23<
7>

CHAN_BOND_SEQ_1_1_0

2d
<

3>

2d
<

2>

2d
<

1>

2d
<

0>

2c<
15>

2c<
14>

2c<
13>

2c<
12>

2c<
11>

2c<
10>
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d
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ress b
y A

ttribu
te

CHAN_BOND_SEQ_1_1_1

22<
12>

22<
13>

22<
14>

22<
15>

23<
0>

23<
1>

23<
2>

23<
3>

23<
4>

23<
5>

CHAN_BOND_SEQ_1_2_0

2d
<

13>

2d
<

12>

2d
<

11>

2d
<

10>

2d
<

9>

2d
<

8>

2d
<

7>

2d
<

6>

2d
<

5>

2d
<

4>

CHAN_BOND_SEQ_1_2_1

22<
2>

22<
3>

22<
4>

22<
5>

22<
6>

22<
7>

22<
8>

22<
9>

22<
10>

22<11>

CHAN_BOND_SEQ_1_3_0

2e<
7>

2e<
6>

2e<
5>

2e<
4>

2e<
3>

2e<
2>

2e<
1>

2e<
0>

2d
<

15>

2d
<

14>

CHAN_BOND_SEQ_1_3_1

21<
8>

21<
9>

21<10>

21<11>

21<12>

21<13>

21<14>

21<15>

22<
0>

22<
1>

CHAN_BOND_SEQ_1_4_0

2f<
1>

2f<
0>

2e<15>

2e<14>

2e<13>

2e<12>

2e<
11>

2e<10>

2e<
9>

2e<
8>

CHAN_BOND_SEQ_1_4_1

20<
14>

20<
15>

21<
0>

21<
1>

21<
2>

21<
3>

21<
4>

21<
5>

21<
6>

21<
7>

CHAN_BOND_SEQ_1_ENABLE_0

2f<5>

2f<4>

2f<3>

2f<2>

CHAN_BOND_SEQ_1_ENABLE_1

20<
10>

20<
11>

20<
12>

20<
13>

CHAN_BOND_SEQ_2_1_0

2f<
15>

2f<
14>

2f<
13>

2f<
12>

2f<
11>

2f<
10>

2f<9>

2f<8>

2f<7>

2f<6>

CHAN_BOND_SEQ_2_1_1

20<
0>

20<
1>

20<
2>

20<
3>

20<
4>

20<
5>

20<
6>

20<
7>

20<
8>

20<
9>

CHAN_BOND_SEQ_2_2_0

30<
10>

30<
9>

30<
8>

30<
7>

30<
6>

30<
5>

30<
4>

30<
3>

30<
1>

30<
0>

Table D-2: DRP Address by Attribute (Continued)

Attribute
Bit

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
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CHAN_BOND_SEQ_2_2_1

1f<
5>

1f<
6>

1f<
7>

1f<
8>

1f<
9>

1f<10>

1f<11>

1f<12>

1f<14>

1f<15>

CHAN_BOND_SEQ_2_3_0

47<
9>

47<
8>

47<
7>

47<
6>

47<
5>

47<
4>

47<
3>

47<
2>

47<
1>

30<11>

CHAN_BOND_SEQ_2_3_1

8<
6>

8<
7>

8<
8>

8<
9>

8<
10>

8<
11>

8<
12>

8<
13>

8<
14>

1f<
4>

CHAN_BOND_SEQ_2_4_0

48<3>

48<2>

48<1>

48<0>

47<
15>

47<
14>

47<
13>

47<
12>

47<
11>

47<
10>

CHAN_BOND_SEQ_2_4_1

7<
12>

7<
13>

7<
14>

7<
15>

8<0>

8<1>

8<2>

8<3>

8<4>

8<5>

CHAN_BOND_SEQ_2_ENABLE_0

39<
14>

39<
15>

3a<
0>

3a<
1>

CHAN_BOND_SEQ_2_ENABLE_1

16<
1>

16<
0>

15<15>

15<14>

CHAN_BOND_SEQ_2_USE_0

39<
13>

CHAN_BOND_SEQ_2_USE_1

16<
2>

CHAN_BOND_SEQ_LEN_0

39<
11>

39<
12>

CHAN_BOND_SEQ_LEN_1

16<
4>

16<
3>

CLK_COR_ADJ_LEN_0

39<
9>

39<10>
CLK_COR_ADJ_LEN_1

16<
6>

16<
5>

Table D-2: DRP Address by Attribute (Continued)

Attribute
Bit

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
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CLK_COR_DET_LEN_0

39<7>

39<8>

CLK_COR_DET_LEN_1

16<8>

16<7>

CLK_COR_INSERT_IDLE_FLAG_0

39<6>

CLK_COR_INSERT_IDLE_FLAG_1

16<9>

CLK_COR_KEEP_IDLE_0

39<5>

CLK_COR_KEEP_IDLE_1

16<10>

CLK_COR_MAX_LAT_0

38<
15>

39<0>

39<1>

39<2>

39<3>

39<4>

CLK_COR_MAX_LAT_1

17<
0>

16<
15>

16<
14>

16<
13>

16<
12>

16<
11>

CLK_COR_MIN_LAT_0

38<
9>

38<10>

38<
11>

38<12>

38<13>

38<14>

CLK_COR_MIN_LAT_1

17<
6>

17<
5>

17<
4>

17<
3>

17<
2>

17<
1>

CLK_COR_PRECEDENCE_0

38<
8>

CLK_COR_PRECEDENCE_1

17<
7>

CLK_COR_REPEAT_WAIT_0

38<
2>

38<
3>

38<
4>

38<
5>

38<
6>

Table D-2: DRP Address by Attribute (Continued)

Attribute
Bit

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
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CLK_COR_REPEAT_WAIT_1

17<
13>

17<
12>

17<11>

17<
10>

17<
9>

CLK_COR_SEQ_1_1_0

37<8>

37<9>

37<
10>

37<
11>

37<
12>

37<
13>

37<
14>

37<
15>

38<0>

38<1>

CLK_COR_SEQ_1_1_1

18<
7>

18<
6>

18<
5>

18<
4>

18<
3>

18<
2>

18<
1>

18<
0>

17<
15>

17<
14>

CLK_COR_SEQ_1_2_0

36<
14>

36<
15>

37<
0>

37<
1>

37<
2>

37<
3>

37<
4>

37<
5>

37<
6>

37<
7>

CLK_COR_SEQ_1_2_1

19<1>

19<0>

18<
15>

18<
14>

18<
13>

18<
12>

18<
11>

18<
10>

18<9>

18<8>

CLK_COR_SEQ_1_3_0

36<
4>

36<
5>

36<
6>

36<
7>

36<
8>

36<
9>

36<
10>

36<
11>

36<
12>

36<
13>

CLK_COR_SEQ_1_3_1

19<11>

19<10>

19<
9>

19<
8>

19<
7>

19<
6>

19<
5>

19<
4>

19<
3>

19<
2>

CLK_COR_SEQ_1_4_0

35<
10>

35<
11>

35<
12>

35<
13>

35<
14>

35<
15>

36<0>

36<1>

36<2>

36<3>
CLK_COR_SEQ_1_4_1

1a<
5>

1a<
4>

1a<
3>

1a<
2>

1a<
1>

1a<
0>

19<
15>

19<
14>

19<
13>

19<
12>

CLK_COR_SEQ_1_ENABLE_0

35<
6>

35<
7>

35<
8>

35<
9>

CLK_COR_SEQ_1_ENABLE_1

1a<
9>

1a<
8>

1a<
7>

1a<
6>

CLK_COR_SEQ_2_1_0

34<12>

34<13>

34<14>

34<15>

35<
0>

35<
1>

35<
2>

35<
3>

35<
4>

35<
5>
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CLK_COR_SEQ_2_1_1

1b<
3>

1b<
2>

1b<
1>

1b<
0>

1a<
15>

1a<
14>

1a<
13>

1a<
12>

1a<11>

1a<
10>

CLK_COR_SEQ_2_2_0

34<2>

34<3>

34<4>

34<5>

34<6>

34<7>

34<8>

34<9>

34<
10>

34<
11>

CLK_COR_SEQ_2_2_1

1b<
13>

1b<
12>

1b<
11>

1b<
10>

1b<9>

1b<8>

1b<7>

1b<6>

1b<5>

1b<4>

CLK_COR_SEQ_2_3_0

33<8>

33<9>

33<
10>

33<
11>

33<
12>

33<
13>

33<
14>

33<
15>

34<0>

34<1>

CLK_COR_SEQ_2_3_1

1c<
7>

1c<
6>

1c<
5>

1c<
4>

1c<
3>

1c<
2>

1c<
1>

1c<
0>

1b<
15>

1b<
14>

CLK_COR_SEQ_2_4_0

32<
14>

32<
15>

33<0>

33<1>

33<2>

33<3>

33<4>

33<5>

33<6>

33<7>

CLK_COR_SEQ_2_4_1

1d
<1>

1d
<0>

1c<15>

1c<14>

1c<13>

1c<12>

1c<
11>

1c<10>

1c<
9>

1c<
8>

CLK_COR_SEQ_2_ENABLE_0

32<10>

32<11>

32<12>

32<13>

CLK_COR_SEQ_2_ENABLE_1

1d
<

5>

1d
<

4>

1d
<

3>

1d
<

2>

CLK_COR_SEQ_2_USE_0

32<
9>

CLK_COR_SEQ_2_USE_1

1d
<

6>

CLK_CORRECT_USE_0

38<
7>

Table D-2: DRP Address by Attribute (Continued)
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CLK_CORRECT_USE_1

17<8>

CLK25_DIVIDER

26<11>

26<
10>

26<
9>

CLKINDC_B

4<
3>

CLKNORTH_SEL

4<
8>

CLKSOUTH_SEL

4<7>

COM_BURST_VAL_0

32<
5>

32<
6>

32<
7>

32<
8>

COM_BURST_VAL_1

1d
<

10>

1d
<

9>

1d
<

8>

1d
<

7>

COMMA_10B_ENABLE_0

31<11>

31<12>

31<13>

31<14>

31<15>

32<
0>

32<
1>

32<
2>

32<
3>

32<
4>

COMMA_10B_ENABLE_1

1e<
4>

1e<
3>

1e<
2>

1e<
1>

1e<
0>

1d
<

15>

1d
<

14>

1d
<

13>

1d
<

12>

1d
<

11>
COMMA_DOUBLE_0

31<10>

COMMA_DOUBLE_1

1e<
5>

DEC_MCOMMA_DETECT_0

31<
9>

DEC_MCOMMA_DETECT_1

31<
8>

Table D-2: DRP Address by Attribute (Continued)
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DEC_PCOMMA_DETECT_0

1e<
6>

DEC_PCOMMA_DETECT_1

1e<
7>

DEC_VALID_COMMA_ONLY_0

31<7>

DEC_VALID_COMMA_ONLY_1

1e<
8>

MCOMMA_10B_VALUE_0

30<13>

30<14>

30<15>

31<
0>

31<
1>

31<
2>

31<
3>

31<
4>

31<
5>

31<
6>

MCOMMA_10B_VALUE_1

1f<
2>

1f<
1>

1f<
0>

1e<15>

1e<14>

1e<13>

1e<12>

1e<
11>

1e<10>

1e<
9>

MCOMMA_DETECT_0

30<
12>

MCOMMA_DETECT_1

1f<3>

OOB_CLK_DIVIDER

26<
14>

26<
13>

26<
12>

OOBDETECT_THRESHOLD_0

3a<
3>

3a<
4>

3a<
5>

OOBDETECT_THRESHOLD_1

15<
12>

15<
11>

15<
10>

OVERSAMPLE_MODE

26<15>

PCI_EXPRESS_MODE_0

46<
15>

Table D-2: DRP Address by Attribute (Continued)

Attribute
Bit

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Optiver Ex1009 
Page 315 of 347

http://www.xilinx.com


316
w

w
w

.xilinx.com
V

irtex-5 F
P

G
A

 R
o

cketIO
 G

T
P

 Tran
sceiver

U
G

196 (v2.1) D
ecem

ber 3, 2009

A
ppendix D

:
D

R
P

 A
d

d
ress M

ap
 o

f th
e G

T
P

_D
U

A
L

 T
ile

PCI_EXPRESS_MODE_1

9<
0>

PCOMMA_10B_VALUE_0

46<5>

46<6>

46<7>

46<8>

46<9>

46<
10>

46<
11>

46<
12>

46<
13>

46<
14>

PCOMMA_10B_VALUE_1

9<
10>

9<
9>

9<
8>

9<
7>

9<
6>

9<
5>

9<
4>

9<
3>

9<
2>

9<
1>

PCS_COM_CFG

28<11>

28<
10>

28<
9>

28<
8>

28<
7>

28<
6>

28<
5>

28<
4>

28<
3>

28<
2>

28<
1>

28<
0>

27<
15>

27<
14>

27<
13>

27<
12>

27<
11>

27<
10>

27<
9>

27<
8>

27<
7>

27<
6>

27<
5>

27<
4>

27<
3>

27<
2>

27<
1>

27<
0>

PCOMMA_DETECT_0

46<
4>

PCOMMA_DETECT_1

9<
11>

PLL_DIVSEL_FB

29<0>

28<
15>

28<
14>

28<
13>

28<
12>

PLL_DIVSEL_REF

4<9>

4<
10>

4<
11>

4<
12>

4<
13>

4<
14>

PLL_RXDIVSEL_OUT_0

46<
2>

46<
3>

PLL_RXDIVSEL_OUT_1

0a<
0>

9<
15>

PLL_SATA_0

46<
1>

PLL_SATA_1

9<
14>

PLL_TXDIVSEL_COMM_OUT

4a<
9>

4a<
8>

Table D-2: DRP Address by Attribute (Continued)
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PLL_TXDIVSEL_OUT_0

45<
15>

46<
0>

PLL_TXDIVSEL_OUT_1

5<
4>

5<
3>

PMA_CDR_SCAN_0

44<
4>

44<
5>

44<
6>

44<
7>

44<
8>

44<
9>

44<
10>

44<
11>

44<
12>

44<
13>

44<
14>

44<
15>

45<
0>

45<
1>

45<
2>

45<
3>

45<
4>

45<
5>

45<
6>

45<
7>

45<
8>

45<
9>

45<
10>

45<
11>

45<
12>

45<
13>

45<
14>

PMA_CDR_SCAN_1

0b<
11>

0b<
10>

0b<
9>

0b<
8>

0b<
7>

0b<
6>

0b<
5>

0b<
4>

0b<
3>

0b<
2>

0b<
1>

0b<
0>

0a<
15>

0a<
14>

0a<
13>

0a<
12>

0a<
11>

0a<
10>

0a<
9>

0a<
8>

0a<
7>

0a<
6>

0a<
5>

0a<
4>

0a<
3>

0a<
2>

0a<
1>

PMA_RX_CFG_0

49<
10>

49<
11>

48<
10>

48<
11>

48<
12>

48<
13>

48<
4>

48<
5>

48<
6>

48<
7>

48<
8>

49<
9>

49<
13>

48<
15>

49<
0>

49<
1>

49<
2>

49<
3>

49<
4>

49<
5>

49<
6>

49<
7>

49<
8>

48<
9>

49<
12>

PMA_RX_CFG_1

6<
5>

6<
4>

7<
5>

7<
4>

7<
3>

7<
2>

7<
11>

7<
10>

7<
9>

7<
8>

7<
7>

6<
6>

6<
2>

7<
0>

6<
15>

6<
14>

6<
13>

6<
12>

6<
11>

6<
10>

6<
9>

6<
8>

6<
7>

7<
6>

6<
3>

PRBS_ERR_THRESHOLD_0

42<
4>

42<
5>

42<
6>

42<
7>

42<
8>

42<
9>

42<10>

42<11>

42<12>

42<13>

42<14>

42<15>

43<
0>

43<
1>

43<
2>

43<
3>

43<
4>

43<
5>

43<
6>

43<
7>

43<
8>

43<
9>

43<10>

43<11>

43<12>

43<13>

43<14>

43<15>

44<
0>

44<
1>

44<
2>

44<
3>

PRBS_ERR_THRESHOLD_1

0d
<

11>

0d
<

10>

0d
<

9>

0d
<

8>

0d
<

7>

0d
<

6>

0d
<

5>

0d
<

4>

0d
<

3>

0d
<

2>

0d
<

1>

0d
<

0>

0c<
15>

0c<
14>

0c<
13>

0c<
12>

0c<11>

0c<
10>

0c<
9>

0c<
8>

0c<
7>

0c<
6>

0c<
5>

0c<
4>

0c<
3>

0c<
2>

0c<
1>

0c<
0>

0b<15>

0b<14>

0b<13>

0b<12>

RCV_TERM_GND_0

4a<
0>

RCV_TERM_GND_1

5<
15>

RCV_TERM_MID_0

49<15>

RCV_TERM_MID_1

6<
0>

RCV_TERM_VTTRX_0

4a<
1>

Table D-2: DRP Address by Attribute (Continued)

Attribute
Bit

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Optiver Ex1009 
Page 317 of 347

http://www.xilinx.com


318
w

w
w

.xilinx.com
V

irtex-5 F
P

G
A

 R
o

cketIO
 G

T
P

 Tran
sceiver

U
G

196 (v2.1) D
ecem

ber 3, 2009

A
ppendix D

:
D

R
P

 A
d

d
ress M

ap
 o

f th
e G

T
P

_D
U

A
L

 T
ile

RCV_TERM_VTTRX_1

5<14>

REFCLK_SEL[2:0]

4<
6>

4<
5>

4<
4>

RX_BUFFER_USE_0

42<
3>

RX_BUFFER_USE_1

0d
<

12>

RX_DECODE_SEQ_MATCH_0

42<2>

RX_DECODE_SEQ_MATCH_1

0d
<

13>

RX_LOS_INVALID_INCR_0

41<
15>

42<
0>

42<
1>

RX_LOS_INVALID_INCR_1

0e<
0>

0d
<

15>

0d
<

14>

RX_LOS_THRESHOLD_0

41<
11>

41<
12>

41<
13>

RX_LOS_THRESHOLD_1

0e<
4>

0e<
3>

0e<
2>

RX_LOSS_OF_SYNC_FSM_0

41<14>

RX_LOSS_OF_SYNC_FSM_1

0e<
1>

RX_SLIDE_MODE_0

41<
10>

Table D-2: DRP Address by Attribute (Continued)
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RX_SLIDE_MODE_1

0e<
5>

RX_STATUS_FMT_0

41<9>

RX_STATUS_FMT_1

0e<
6>

RX_XCLK_SEL_0

41<8>

RX_XCLK_SEL_1

0e<
7>

SATA_BURST_VAL_0

41<5>

41<6>

41<7>

SATA_BURST_VAL_1

0e<
10>

0e<
9>

0e<
8>

SATA_IDLE_VAL_0

41<
2>

41<
3>

41<
4>

SATA_IDLE_VAL_1

0e<13>

0e<12>

0e<
11>

SATA_MAX_BURST_0

40<
12>

40<
13>

40<
14>

40<
15>

41<
0>

41<
1>

SATA_MAX_BURST_1

0f<3>

0f<2>

0f<1>

0f<0>

0e<
15>

0e<
14>

SATA_MAX_INIT_0

40<
6>

40<
7>

40<
8>

40<
9>

40<
10>

40<
11>

SATA_MAX_INIT_1

0f<
9>

0f<
8>

0f<
7>

0f<
6>

0f<
5>

0f<
4>

Table D-2: DRP Address by Attribute (Continued)
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SATA_MAX_WAKE_0

40<0>

40<1>

40<2>

40<3>

40<4>

40<5>

SATA_MAX_WAKE_1

0f<15>

0f<14>

0f<13>

0f<12>

0f<
11>

0f<10>

SATA_MIN_BURST_0

3f<10>

3f<
11>

3f<12>

3f<13>

3f<14>

3f<15>

SATA_MIN_BURST_1

10<5>

10<4>

10<3>

10<2>

10<1>

10<0>

SATA_MIN_INIT_0

3f<
4>

3f<
5>

3f<
6>

3f<
7>

3f<
8>

3f<
9>

SATA_MIN_INIT_1

10<
11>

10<
10>

10<9>

10<8>

10<7>

10<6>

SATA_MIN_WAKE_0

3e<
14>

3e<
15>

3f<
0>

3f<
1>

3f<
2>

3f<
3>

SATA_MIN_WAKE_1

11<
1>

11<
0>

10<15>

10<14>

10<13>

10<12>

TERMINATION_CTRL

29<
5>

29<
4>

29<
3>

29<
2>

29<
1>

TERMINATION_OVRD

29<
6>

TRANS_TIME_FROM_P2_0

3d
<

13>

3d
<

14>

3d
<

15>

3e<0>

3e<1>

3e<2>

3e<3>

3e<4>

3e<5>

3e<6>

3e<7>

3e<8>

3e<9>

3e<
10>

3e<
11>

3e<
12>

TRANS_TIME_FROM_P2_1

12<
2>

12<
1>

12<
0>

11<15>

11<14>

11<13>

11<12>

11<11>

11<10>

11<
9>

11<
8>

11<
7>

11<
6>

11<
5>

11<
4>

11<
3>

TRANS_TIME_NON_P2_0

3c<13>

3c<14>

3c<15>

3d
<

0>

3d
<

1>

3d
<

2>

3d
<

3>

3d
<

4>

3d
<

5>

3d
<

6>

3d
<

7>

3d
<

8>

3d
<

9>

3d
<

10>

3d
<

11>

3d
<

12>

Table D-2: DRP Address by Attribute (Continued)
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TRANS_TIME_NON_P2_1

13<
2>

13<
1>

13<
0>

12<
15>

12<
14>

12<
13>

12<
12>

12<11>

12<
10>

12<
9>

12<
8>

12<
7>

12<
6>

12<
5>

12<
4>

12<
3>

TRANS_TIME_TO_P2_0

3b<
13>

3b<
14>

3b<
15>

3c<0>

3c<1>

3c<2>

3c<3>

3c<4>

3c<5>

3c<6>

3c<7>

3c<8>

3c<9>

3c<
10>

3c<
11>

3c<
12>

TRANS_TIME_TO_P2_1

14<
2>

14<
1>

14<
0>

13<
15>

13<
14>

13<
13>

13<
12>

13<11>

13<
10>

13<
9>

13<
8>

13<
7>

13<
6>

13<
5>

13<
4>

13<
3>

TX_BUFFER_USE_0

3b<
12>

TX_BUFFER_USE_1

14<3>

TX_DIFF_BOOST_0

4a<13>

TX_DIFF_BOOST_1

5<
2>

TX_SYNC_FILTERB

24<
13>

TX_XCLK_SEL_0

3a<
8>

TX_XCLK_SEL_1

15<
7>

Table D-2: DRP Address by Attribute (Continued)

Attribute
Bit

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
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Appendix D: DRP Address Map of the GTP_DUAL Tile

DRP Address by Bit Location
This section lists the attributes according to DRP address and bit location:

• Table D-3, DRP Addresses 0x00 through 0x07

• Table D-4, DRP Addresses 0x08 through 0x0F

• Table D-5, DRP Addresses 0x10 through 0x17

• Table D-6, DRP Addresses 0x18 through 0x1F

• Table D-7, DRP Addresses 0x20 through 0x27

• Table D-8, DRP Addresses 0x28 through 0x2F

• Table D-9, DRP Addresses 0x30 through 0x37

• Table D-10, DRP Addresses 0x38 through 0x3F

• Table D-11, DRP Addresses 0x40 through 0x47

• Table D-12, DRP Addresses 0x48 through 0x4F
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DRP Address by Bit Location

Table D-3: DRP Addresses 0x00 through 0x07

Bit
Address

0x00 0x01 0x02 0x03 0x04 0x05 0x06 0x07

0 Do Not Modify Do Not Modify Do Not Modify Do Not Modify Do Not Modify Do Not Modify
RCV_TERM_

MID_1
PMA_RX_
CFG_1[13]

1 Do Not Modify Do Not Modify Do Not Modify Do Not Modify Do Not Modify Do Not Modify
AC_CAP_

DIS_1
Do Not 
Modify

2 Do Not Modify Do Not Modify Do Not Modify Do Not Modify Do Not Modify
TX_DIFF_
BOOST_1

PMA_RX_
CFG_1[12]

PMA_RX_
CFG_1[5]

3 Do Not Modify Do Not Modify Do Not Modify Do Not Modify CLKINDC_B
PLL_TXDIVSEL

_OUT_1[1]
PMA_RX_
CFG_1[24]

PMA_RX_
CFG_1[4]

4 Do Not Modify Do Not Modify Do Not Modify Do Not Modify
REFCLK_

SEL[2]
PLL_TXDIVSEL

_OUT_1[0]
PMA_RX_
CFG_1[1]

PMA_RX_
CFG_1[3]

5 Do Not Modify Do Not Modify Do Not Modify Do Not Modify
REFCLK_

SEL[1]
Do Not Modify

PMA_RX_
CFG_1[0]

PMA_RX_
CFG_1[2]

6 Do Not Modify Do Not Modify Do Not Modify Do Not Modify
REFCLK_

SEL[0]
Do Not Modify

PMA_RX_
CFG_1[11]

PMA_RX_
CFG_1[23]

7 Do Not Modify Do Not Modify Do Not Modify Do Not Modify
CLKSOUTH_

SEL
Do Not Modify

PMA_RX_
CFG_1[22]

PMA_RX_
CFG_1[10]

8 Do Not Modify Do Not Modify Do Not Modify Do Not Modify
CLKNORTH_

SEL
Do Not Modify

PMA_RX_
CFG_1[21]

PMA_RX_
CFG_1[9]

9 Do Not Modify Do Not Modify Do Not Modify Do Not Modify
PLL_DIVSEL_

REF[0]
Do Not Modify

PMA_RX_
CFG_1[20]

PMA_RX_
CFG_1[8]

10 Do Not Modify Do Not Modify Do Not Modify Do Not Modify
PLL_DIVSEL_

REF[1]
Do Not Modify

PMA_RX_
CFG_1[19]

PMA_RX_
CFG_1[7]

11 Do Not Modify Do Not Modify Do Not Modify Do Not Modify
PLL_DIVSEL_

REF[2]
Do Not Modify

PMA_RX_
CFG_1[18]

PMA_RX_
CFG_1[6]

12 Do Not Modify Do Not Modify Do Not Modify Do Not Modify
PLL_DIVSEL_

REF[3]
Do Not Modify

PMA_RX_
CFG_1[17]

CHAN_
BOND_

SEQ_2_4_1[0]

13 Do Not Modify Do Not Modify Do Not Modify Do Not Modify
PLL_DIVSEL_

REF[4]
Do Not Modify

PMA_RX_
CFG_1[16]

CHAN_
BOND_

SEQ_2_4_1[1]

14 Do Not Modify Do Not Modify Do Not Modify Do Not Modify
PLL_DIVSEL_

REF[5]
RCV_TERM_

VTTRX_1
PMA_RX_
CFG_1[15]

CHAN_
BOND_

SEQ_2_4_1[2]

15 Do Not Modify Do Not Modify Do Not Modify Do Not Modify Do Not Modify
RCV_TERM_

GND_1
PMA_RX_
CFG_1[14]

CHAN_
BOND_

SEQ_2_4_1[3]

Optiver Ex1009 
Page 323 of 347

http://www.xilinx.com


324 www.xilinx.com Virtex-5 FPGA RocketIO GTP Transceiver
UG196 (v2.1) December 3, 2009

Appendix D: DRP Address Map of the GTP_DUAL Tile

Table D-4: DRP Addresses 0x08 through 0x0F

Bit
Address

0x08 0x09 0x0A 0x0B 0x0C 0x0D 0x0E 0x0F

0
CHAN_
BOND_

SEQ_2_4_1[4]
PCI_EXPRESS

_MODE_1
PLL_

RXDIVSEL_
OUT_1[0]

PMA_CDR_
SCAN_1[11]

PRBS_ERR_
THRESHOLD

_1[27]

PRBS_ERR_
THRESHOLD

_1[11]

RX_LOS_
INVALID_
INCR_1[0]

SATA_MAX_
BURST_1[3]

1
CHAN_
BOND_

SEQ_2_4_1[5]

PCOMMA_
10B_VALUE_

1[9]
PMA_CDR_
SCAN_1[26]

PMA_CDR_
SCAN_1[10]

PRBS_ERR_
THRESHOLD

_1[26]

PRBS_ERR_
THRESHOLD

_1[10]

RX_LOSS_OF
_SYNC_
FSM_1

SATA_MAX_
BURST_1[2]

2
CHAN_
BOND_

SEQ_2_4_1[6]

PCOMMA_
10B_VALUE_

1[8]
PMA_CDR_
SCAN_1[25]

PMA_CDR_
SCAN_1[9]

PRBS_ERR_
THRESHOLD

_1[25]

PRBS_ERR_
THRESHOLD

_1[9]

RX_LOS_
THRESHOLD

_1[2]
SATA_MAX_
BURST_1[1]

3
CHAN_
BOND_

SEQ_2_4_1[7]

PCOMMA_
10B_VALUE_

1[7]
PMA_CDR_
SCAN_1[24]

PMA_CDR_
SCAN_1[8]

PRBS_ERR_
THRESHOLD

_1[24]

PRBS_ERR_
THRESHOLD

_1[8]

RX_LOS_
THRESHOLD

_1[1]
SATA_MAX_
BURST_1[0]

4
CHAN_
BOND_

SEQ_2_4_1[8]

PCOMMA_
10B_VALUE_

1[6]
PMA_CDR_
SCAN_1[23]

PMA_CDR_
SCAN_1[7]

PRBS_ERR_
THRESHOLD

_1[23]

PRBS_ERR_
THRESHOLD

_1[7]

RX_LOS_
THRESHOLD

_1[0]
SATA_MAX_

INIT_1[5]

5
CHAN_
BOND_

SEQ_2_4_1[9]

PCOMMA_
10B_VALUE_

1[5]
PMA_CDR_
SCAN_1[22]

PMA_CDR_
SCAN_1[6]

PRBS_ERR_
THRESHOLD

_1[22]

PRBS_ERR_
THRESHOLD

_1[6]
RX_SLIDE_

MODE_1
SATA_MAX_

INIT_1[4]

6
CHAN_
BOND_

SEQ_2_3_1[0]

PCOMMA_
10B_VALUE_

1[4]
PMA_CDR_
SCAN_1[21]

PMA_CDR_
SCAN_1[5]

PRBS_ERR_
THRESHOLD

_1[21]

PRBS_ERR_
THRESHOLD

_1[5]
RX_STATUS_

FMT_1
SATA_MAX_

INIT_1[3]

7
CHAN_
BOND_

SEQ_2_3_1[1]

PCOMMA_
10B_VALUE_

1[3]
PMA_CDR_
SCAN_1[20]

PMA_CDR_
SCAN_1[4]

PRBS_ERR_
THRESHOLD

_1[20]

PRBS_ERR_
THRESHOLD

_1[4]
RX_XCLK_

SEL_1
SATA_MAX_

INIT_1[2]

8
CHAN_
BOND_

SEQ_2_3_1[2]

PCOMMA_
10B_VALUE_

1[2]
PMA_CDR_
SCAN_1[19]

PMA_CDR_
SCAN_1[3]

PRBS_ERR_
THRESHOLD

_1[19]

PRBS_ERR_
THRESHOLD

_1[3]
SATA_BURST

_VAL_1[2]
SATA_MAX_

INIT_1[1]

9
CHAN_
BOND_

SEQ_2_3_1[3]

PCOMMA_
10B_VALUE_

1[1]
PMA_CDR_
SCAN_1[18]

PMA_CDR_
SCAN_1[2]

PRBS_ERR_
THRESHOLD

_1[18]

PRBS_ERR_
THRESHOLD

_1[2]
SATA_BURST

_VAL_1[1]
SATA_MAX_

INIT_1[0]

10
CHAN_
BOND_

SEQ_2_3_1[4]

PCOMMA_
10B_VALUE_

1[0]
PMA_CDR_
SCAN_1[17]

PMA_CDR_
SCAN_1[1]

PRBS_ERR_
THRESHOLD

_1[17]

PRBS_ERR_
THRESHOLD

_1[1]
SATA_BURST

_VAL_1[0]
SATA_MAX_
WAKE_1[5]

11
CHAN_
BOND_

SEQ_2_3_1[5]
PCOMMA_
DETECT_1

PMA_CDR_
SCAN_1[16]

PMA_CDR_
SCAN_1[0]

PRBS_ERR_
THRESHOLD

_1[16]

PRBS_ERR_
THRESHOLD

_1[0]
SATA_IDLE_

VAL_1[2]
SATA_MAX_
WAKE_1[4]

12
CHAN_
BOND_

SEQ_2_3_1[6]
Do Not 
Modify

PMA_CDR_
SCAN_1[15]

PRBS_ERR_
THRESHOLD

_1[31]

PRBS_ERR_
THRESHOLD

_1[15]
RX_BUFFER_

USE_1
SATA_IDLE_

VAL_1[1]
SATA_MAX_
WAKE_1[3]

13
CHAN_
BOND_

SEQ_2_3_1[7]
Do Not 
Modify

PMA_CDR_
SCAN_1[14]

PRBS_ERR_
THRESHOLD

_1[30]

PRBS_ERR_
THRESHOLD

_1[14]

RX_DECODE
_SEQ_

MATCH_1
SATA_IDLE_

VAL_1[0]
SATA_MAX_
WAKE_1[2]

14
CHAN_
BOND_

SEQ_2_3_1[8]
PLL_SATA_1 PMA_CDR_

SCAN_1[13]
PRBS_ERR_

THRESHOLD
_1[29]

PRBS_ERR_
THRESHOLD

_1[13]

RX_LOS_
INVALID_
INCR_1[2]

SATA_MAX_
BURST_1[5]

SATA_MAX_
WAKE_1[1]

15 Do Not 
Modify

PLL_
RXDIVSEL_

OUT_1[1]
PMA_CDR_
SCAN_1[12]

PRBS_ERR_
THRESHOLD

_1[28]

PRBS_ERR_
THRESHOLD

_1[12]

RX_LOS_
INVALID_
INCR_1[1]

SATA_MAX_
BURST_1[4]

SATA_MAX_
WAKE_1[0]
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DRP Address by Bit Location

Table D-5: DRP Addresses 0x10 through 0x17

Bit
Address

0x10 0x11 0x12 0x13 0x14 0x15 0x16 0x17

0
SATA_MIN_
BURST_1[5]

SATA_MIN_
WAKE_1[1]

TRANS_
TIME_FROM

_P2_1[2]

TRANS_
TIME_NO
N_P2_1[2]

TRANS_
TIME_TO_

P2_1[2]
Do Not Modify

CHAN_
BOND_SEQ
_2_ENABLE

_1[2]

CLK_COR_
MAX_LAT_

1[0]

1
SATA_MIN_
BURST_1[4]

SATA_MIN_
WAKE_1[0]

TRANS_
TIME_FROM

_P2_1[1]

TRANS_
TIME_NO
N_P2_1[1]

TRANS_
TIME_TO_

P2_1[1]
Do Not Modify

CHAN_
BOND_SEQ
_2_ENABLE

_1[1]

CLK_COR_
MIN_LAT_1[5]

2
SATA_MIN_
BURST_1[3]

Do Not Modify
TRANS_

TIME_FROM
_P2_1[0]

TRANS_
TIME_NO
N_P2_1[0]

TRANS_
TIME_TO_

P2_1[0]
Do Not Modify

CHAN_
BOND_SEQ

_2_USE_1

CLK_COR_
MIN_LAT_1[4]

3
SATA_MIN_
BURST_1[2]

TRANS_TIME_
FROM_P2_1[15]

TRANS_
TIME_NON_

P2_1[15]

TRANS_
TIME_TO_

P2_1[15]

TX_
BUFFER_

USE_1
Do Not Modify

CHAN_
BOND_SEQ
_LEN_1[1]

CLK_COR_
MIN_LAT_1[3]

4
SATA_MIN_
BURST_1[1]

TRANS_TIME_
FROM_P2_1[14]

TRANS_
TIME_NON_

P2_1[14]

TRANS_
TIME_TO_

P2_1[14]

Do Not 
Modify

Do Not Modify
CHAN_

BOND_SEQ
_LEN_1[0]

CLK_COR_
MIN_LAT_1[2]

5
SATA_MIN_
BURST_1[0]

TRANS_TIME_
FROM_P2_1[13]

TRANS_
TIME_NON_

P2_1[13]

TRANS_
TIME_TO_

P2_1[13]

Do Not 
Modify

Do Not Modify
CLK_COR_
ADJ_LEN_

1[1]

CLK_COR_MI
N_LAT_1[1]

6
SATA_MIN_

INIT_1[5]
TRANS_TIME_
FROM_P2_1[12]

TRANS_
TIME_NON_

P2_1[12]

TRANS_
TIME_TO_

P2_1[12]

Do Not 
Modify

Do Not Modify
CLK_COR_
ADJ_LEN_

1[0]

CLK_COR_MI
N_LAT_1[0]

7
SATA_MIN_

INIT_1[4]
TRANS_TIME_
FROM_P2_1[11]

TRANS_
TIME_NON_

P2_1[11]

TRANS_
TIME_TO_

P2_1[11]

Do Not 
Modify

TX_XCLK_
SEL_1

CLK_COR_
DET_LEN_

1[1]

CLK_COR_
PRECEDENCE

_1

8
SATA_MIN_

INIT_1[3]
TRANS_TIME_
FROM_P2_1[10]

TRANS_
TIME_NON_

P2_1[10]

TRANS_
TIME_TO_

P2_1[10]

Do Not 
Modify

Do Not Modify
CLK_COR_
DET_LEN_

1[0]

CLK_
CORRECT_

USE_1

9
SATA_MIN_

INIT_1[2]
TRANS_TIME_
FROM_P2_1[9]

TRANS_
TIME_NON_

P2_1[9]

TRANS_
TIME_TO_

P2_1[9]

Do Not 
Modify

Do Not Modify

CLK_COR_
INSERT_

IDLE_
FLAG_1

CLK_COR_
REPEAT_
WAIT_1[4]

10
SATA_MIN_

INIT_1[1]
TRANS_TIME_
FROM_P2_1[8]

TRANS_
TIME_NON_

P2_1[8]

TRANS_
TIME_TO_

P2_1[8]

Do Not 
Modify

OOBDETECT_
THRESHOLD

_1[2]

CLK_COR_
KEEP_
IDLE_1

CLK_COR_
REPEAT_
WAIT_1[3]

11
SATA_MIN_

INIT_1[0]
TRANS_TIME_
FROM_P2_1[7]

TRANS_
TIME_NON_

P2_1[7]

TRANS_
TIME_TO_

P2_1[7]

Do Not 
Modify

OOBDETECT_
THRESHOLD

_1[1]

CLK_COR_
MAX_LAT_1

[5]

CLK_COR_
REPEAT_
WAIT_1[2]

12
SATA_MIN_
WAKE_1[5]

TRANS_TIME_
FROM_P2_1[6]

TRANS_
TIME_NON_

P2_1[6]

TRANS_
TIME_TO_

P2_1[6]

Do Not 
Modify

OOBDETECT_
THRESHOLD

_1[0]

CLK_COR_
MAX_LAT_1

[4]

CLK_COR_
REPEAT_
WAIT_1[1]

13
SATA_MIN_
WAKE_1[4]

TRANS_TIME_
FROM_P2_1[5]

TRANS_
TIME_NON_

P2_1[5]

TRANS_
TIME_TO_

P2_1[5]

Do Not 
Modify

Do Not Modify
CLK_COR_
MAX_LAT_

1[3]

CLK_COR_
REPEAT_
WAIT_1[0]

14
SATA_MIN_
WAKE_1[3]

TRANS_TIME_
FROM_P2_1[4]

TRANS_
TIME_NON_

P2_1[4]

TRANS_
TIME_TO_

P2_1[4]

Do Not 
Modify

CHAN_BOND
_SEQ_2_

ENABLE_1[4]

CLK_COR_
MAX_LAT_

1[2]

CLK_COR_
SEQ_1_1_1[9]

15
SATA_MIN_
WAKE_1[2]

TRANS_TIME_
FROM_P2_1[3]

TRANS_
TIME_NON_

P2_1[3]

TRANS_
TIME_TO_

P2_1[3]

Do Not 
Modify

CHAN_BOND
_SEQ_2_

ENABLE_1[3]

CLK_COR_
MAX_LAT_

1[1]

CLK_COR_
SEQ_1_1_1[8]
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Appendix D: DRP Address Map of the GTP_DUAL Tile

Table D-6: DRP Addresses 0x18 through 0x1F

Bit
Address

0x18 0x19 0x1A 0x1B 0x1C 0x1D 0x1E 0x1F

0
CLK_COR_

SEQ_1_1_1[7]
CLK_COR_

SEQ_1_2_1[1]
CLK_COR_

SEQ_1_4_1[5]
CLK_COR_

SEQ_2_1_1[3]
CLK_COR_

SEQ_2_3_1[7]
CLK_COR_

SEQ_2_4_1[1]

COMMA_
10B_ENABLE

_1[4]

MCOMMA_
10B_VALUE_

1[2]

1
CLK_COR_

SEQ_1_1_1[6]
CLK_COR_

SEQ_1_2_1[0]
CLK_COR_

SEQ_1_4_1[4]
CLK_COR_

SEQ_2_1_1[2]
CLK_COR_

SEQ_2_3_1[6]
CLK_COR_

SEQ_2_4_1[0]

COMMA_
10B_ENABLE

_1[3]

MCOMMA_
10B_VALUE_

1[1]

2
CLK_COR_

SEQ_1_1_1[5]
CLK_COR_

SEQ_1_3_1[9]
CLK_COR_

SEQ_1_4_1[3]
CLK_COR_

SEQ_2_1_1[1]
CLK_COR_

SEQ_2_3_1[5]

CLK_COR_
SEQ_2_

ENABLE_1[4]

COMMA_
10B_

ENABLE_1[2]

MCOMMA_
10B_VALUE_

1[0]

3
CLK_COR_

SEQ_1_1_1[4]
CLK_COR_

SEQ_1_3_1[8]
CLK_COR_

SEQ_1_4_1[2]
CLK_COR_

SEQ_2_1_1[0]
CLK_COR_

SEQ_2_3_1[4]

CLK_COR_
SEQ_2_

ENABLE_1[3]

COMMA_
10B_

ENABLE_1[1]

MCOMMA_
DETECT_1

4
CLK_COR_

SEQ_1_1_1[3]
CLK_COR_

SEQ_1_3_1[7]
CLK_COR_

SEQ_1_4_1[1]
CLK_COR_

SEQ_2_2_1[9]
CLK_COR_

SEQ_2_3_1[3]

CLK_COR_
SEQ_2_

ENABLE_1[2]

COMMA_
10B_

ENABLE_1[0]

CHAN_
BOND_SEQ_

2_3_1[9]

5
CLK_COR_

SEQ_1_1_1[2]
CLK_COR_

SEQ_1_3_1[6]
CLK_COR_

SEQ_1_4_1[0]
CLK_COR_

SEQ_2_2_1[8]
CLK_COR_

SEQ_2_3_1[2]

CLK_COR_
SEQ_2_

ENABLE_1[1]

COMMA_
DOUBLE_1

CHAN_
BOND_SEQ_

2_2_1[0]

6
CLK_COR_

SEQ_1_1_1[1]
CLK_COR_

SEQ_1_3_1[5]

CLK_COR_
SEQ_1_

ENABLE_1[4]

CLK_COR_
SEQ_2_2_1[7]

CLK_COR_
SEQ_2_3_1[1]

CLK_COR_
SEQ_2_USE_1

DEC_
MCOMMA_
DETECT_1

CHAN_
BOND_SEQ_

2_2_1[1]

7
CLK_COR_

SEQ_1_1_1[0]
CLK_COR_

SEQ_1_3_1[4]

CLK_COR_
SEQ_1_

ENABLE_1[3]

CLK_COR_
SEQ_2_2_1[6]

CLK_COR_
SEQ_2_3_1[0]

COM_BURST
_VAL_1[3]

DEC_
PCOMMA_
DETECT_1

CHAN_
BOND_SEQ_

2_2_1[2]

8
CLK_COR_

SEQ_1_2_1[9]
CLK_COR_

SEQ_1_3_1[3]

CLK_COR_
SEQ_1_

ENABLE_1[2]

CLK_COR_
SEQ_2_2_1[5]

CLK_COR_
SEQ_2_4_1[9]

COM_BURST
_VAL_1[2]

DEC_
VALID_

COMMA_
ONLY_1

CHAN_
BOND_SEQ_

2_2_1[3]

9
CLK_COR_

SEQ_1_2_1[8]
CLK_COR_

SEQ_1_3_1[2]

CLK_COR_
SEQ_1_

ENABLE_1[1]

CLK_COR_
SEQ_2_2_1[4]

CLK_COR_
SEQ_2_4_1[8]

COM_BURST
_VAL_1[1]

MCOMMA_
10B_VALUE_

1[9]

CHAN_
BOND_SEQ_

2_2_1[4]

10
CLK_COR_

SEQ_1_2_1[7]
CLK_COR_

SEQ_1_3_1[1]
CLK_COR_

SEQ_2_1_1[9]
CLK_COR_

SEQ_2_2_1[3]
CLK_COR_

SEQ_2_4_1[7]
COM_BURST

_VAL_1[0]

MCOMMA_
10B_VALUE_

1[8]

CHAN_
BOND_SEQ_

2_2_1[5]

11
CLK_COR_

SEQ_1_2_1[6]
CLK_COR_

SEQ_1_3_1[0]
CLK_COR_

SEQ_2_1_1[8]
CLK_COR_

SEQ_2_2_1[2]
CLK_COR_

SEQ_2_4_1[6]

COMMA_
10B_

ENABLE_1[9]

MCOMMA_
10B_VALUE_

1[7]

CHAN_
BOND_SEQ_

2_2_1[6]

12
CLK_COR_

SEQ_1_2_1[5]
CLK_COR_

SEQ_1_4_1[9]
CLK_COR_

SEQ_2_1_1[7]
CLK_COR_

SEQ_2_2_1[1]
CLK_COR_

SEQ_2_4_1[5]

COMMA_
10B_

ENABLE_1[8]

MCOMMA_
10B_VALUE_

1[6]

CHAN_
BOND_SEQ_

2_2_1[7]

13
CLK_COR_

SEQ_1_2_1[4]
CLK_COR_

SEQ_1_4_1[8]
CLK_COR_

SEQ_2_1_1[6]
CLK_COR_

SEQ_2_2_1[0]
CLK_COR_

SEQ_2_4_1[4]

COMMA_
10B_

ENABLE_1[7]

MCOMMA_
10B_VALUE_

1[5]

Do Not 
Modify

14
CLK_COR_

SEQ_1_2_1[3]
CLK_COR_

SEQ_1_4_1[7]
CLK_COR_

SEQ_2_1_1[5]
CLK_COR_

SEQ_2_3_1[9]
CLK_COR_

SEQ_2_4_1[3]

COMMA_
10B_

ENABLE_1[6]

MCOMMA_
10B_VALUE_

1[4]

CHAN_
BOND_SEQ_

2_2_1[8]

15
CLK_COR_

SEQ_1_2_1[2]
CLK_COR_

SEQ_1_4_1[6]
CLK_COR_

SEQ_2_1_1[4]
CLK_COR_

SEQ_2_3_1[8]
CLK_COR_

SEQ_2_4_1[2]

COMMA_
10B_ENABLE

_1[5]

MCOMMA_
10B_VALUE_

1[3]

CHAN_
BOND_SEQ_

2_2_1[9]
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Table D-7: DRP Addresses 0x20 through 0x27

Bit
Address

0x20 0x21 0x22 0x23 0x24 0x25 0x26 0x27

0
CHAN_

BOND_SEQ_
2_1_1[0]

CHAN_
BOND_SEQ_

1_4_1[2]

CHAN_
BOND_SEQ_

1_3_1[8]

CHAN_
BOND_SEQ_

1_1_1[4]

CHAN_
BOND_1_

MAX_SKEW
_1[1]

Do Not 
Modify

Do Not 
Modify

PCS_COM_
CFG[27]

1
CHAN_

BOND_SEQ_
2_1_1[1]

CHAN_
BOND_SEQ_

1_4_1[3]

CHAN_
BOND_SEQ_

1_3_1[9]

CHAN_
BOND_SEQ_

1_1_1[5]

CHAN_
BOND_1_

MAX_SKEW
_1[2]

Do Not 
Modify

Do Not 
Modify

PCS_COM_
CFG[26]

2
CHAN_

BOND_SEQ_
2_1_1[2]

CHAN_
BOND_SEQ_

1_4_1[4]

CHAN_
BOND_SEQ_

1_2_1[0]

CHAN_
BOND_SEQ_

1_1_1[6]

CHAN_
BOND_1_

MAX_SKEW
_1[3]

Do Not 
Modify

Do Not 
Modify

PCS_COM_
CFG[25]

3
CHAN_

BOND_SEQ_
2_1_1[3]

CHAN_
BOND_SEQ_

1_4_1[5]

CHAN_
BOND_SEQ_

1_2_1[1]

CHAN_
BOND_SEQ_

1_1_1[7]

ALIGN_
COMMA_
WORD_1

Do Not 
Modify

Do Not 
Modify

PCS_COM_
CFG[24]

4
CHAN_

BOND_SEQ_
2_1_1[4]

CHAN_
BOND_SEQ_

1_4_1[6]

CHAN_
BOND_SEQ_

1_2_1[2]

CHAN_
BOND_SEQ_

1_1_1[8]

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

PCS_COM_
CFG[23]

5
CHAN_

BOND_SEQ_
2_1_1[5]

CHAN_
BOND_SEQ_

1_4_1[7]

CHAN_
BOND_SEQ_

1_2_1[3]

CHAN_
BOND_SEQ_

1_1_1[9]

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

PCS_COM_
CFG[22]

6
CHAN_

BOND_SEQ_
2_1_1[6]

CHAN_
BOND_SEQ_

1_4_1[8]

CHAN_
BOND_SEQ_

1_2_1[4]

CHAN_
BOND_

MODE_1[0]

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

PCS_COM_
CFG[21]

7
CHAN_

BOND_SEQ_
2_1_1[7]

CHAN_
BOND_SEQ_

1_4_1[9]

CHAN_
BOND_SEQ_

1_2_1[5]

CHAN_
BOND_

MODE_1[1]

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

PCS_COM_
CFG[20]

8
CHAN_

BOND_SEQ_
2_1_1[8]

CHAN_
BOND_SEQ_

1_3_1[0]

CHAN_
BOND_SEQ_

1_2_1[6]

CHAN_
BOND_

LEVEL_1[0]

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

PCS_COM_
CFG[19]

9
CHAN_

BOND_SEQ_
2_1_1[9]

CHAN_
BOND_SEQ_

1_3_1[1]

CHAN_
BOND_SEQ_

1_2_1[7]

CHAN_
BOND_

LEVEL_1[1]

Do Not 
Modify

Do Not 
Modify

CLK25_
DIVIDER[2]

PCS_COM_
CFG[18]

10

CHAN_
BOND_SEQ_
1_ENABLE_

1[1]

CHAN_
BOND_SEQ_

1_3_1[2]

CHAN_
BOND_SEQ_

1_2_1[8]

CHAN_
BOND_

LEVEL_1[2]

Do Not 
Modify

Do Not 
Modify

CLK25_
DIVIDER[1]

PCS_COM_
CFG[17]

11

CHAN_
BOND_SEQ_
1_ENABLE_

1[2]

CHAN_
BOND_SEQ_

1_3_1[3]

CHAN_
BOND_SEQ_

1_2_1[9]

CHAN_
BOND_2_

MAX_SKEW
_1[0]

Do Not 
Modify

Do Not 
Modify

CLK25_
DIVIDER[0]

PCS_COM_
CFG[16]

12

CHAN_
BOND_SEQ_
1_ENABLE_

1[3]

CHAN_
BOND_SEQ_

1_3_1[4]

CHAN_
BOND_SEQ_

1_1_1[0]

CHAN_
BOND_2_

MAX_SKEW
_1[1]

Do Not 
Modify

Do Not 
Modify

OOB_CLK_
DIVIDER[2]

PCS_COM_
CFG[15]

13

CHAN_
BOND_SEQ_
1_ENABLE_

1[4]

CHAN_
BOND_SEQ_

1_3_1[5]

CHAN_
BOND_SEQ_

1_1_1[1]

CHAN_
BOND_2_

MAX_SKEW
_1[2]

TX_SYNC_
FILTERB

Do Not 
Modify

OOB_CLK_
DIVIDER[1]

PCS_COM_
CFG[14]
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14
CHAN_

BOND_SEQ_
1_4_1[0]

CHAN_
BOND_SEQ_

1_3_1[6]

CHAN_
BOND_SEQ_

1_1_1[2]

CHAN_
BOND_2_

MAX_SKEW
_1[3]

Do Not 
Modify

Do Not 
Modify

OOB_CLK_
DIVIDER[0]

PCS_COM_
CFG[13]

15
CHAN_

BOND_SEQ_
1_4_1[1]

CHAN_
BOND_SEQ_

1_3_1[7]

CHAN_
BOND_SEQ_

1_1_1[3]

CHAN_
BOND_1_

MAX_SKEW
_1[0]

Do Not 
Modify

Do Not 
Modify

OVERSAMP
LE_MODE

PCS_COM_
CFG[12]

Table D-7: DRP Addresses 0x20 through 0x27 (Continued)

Bit
Address

0x20 0x21 0x22 0x23 0x24 0x25 0x26 0x27

Table D-8: DRP Addresses 0x28 through 0x2F

Bit
Address

0x28 0x29 0x2A 0x2B 0x2C 0x2D 0x2E 0x2F

0
PCS_COM_

CFG[11]
PLL_DIVSEL_

FB[0]
Do Not 
Modify

Do Not 
Modify

CHAN_
BOND_1_

MAX_SKEW_
0[0]

CHAN_
BOND_SEQ_

1_1_0[3]

CHAN_
BOND_SEQ_

1_3_0[7]

CHAN_
BOND_SEQ_

1_4_0[1]

1
PCS_COM_

CFG[10]
TERMINATIO

N_CTRL[4]
Do Not 
Modify

Do Not 
Modify

CHAN_
BOND_2_

MAX_SKEW_
0[3]

CHAN_
BOND_SEQ_

1_1_0[2]

CHAN_
BOND_SEQ_

1_3_0[6]

CHAN_
BOND_SEQ_

1_4_0[0]

2
PCS_COM_

CFG[9]
TERMINATIO

N_CTRL[3]
Do Not 
Modify

Do Not 
Modify

CHAN_
BOND_2_

MAX_SKEW_
0[2]

CHAN_
BOND_SEQ_

1_1_0[1]

CHAN_
BOND_SEQ_

1_3_0[5]

CHAN_
BOND_SEQ_
1_ENABLE_0

[4]

3
PCS_COM_

CFG[8]
TERMINATIO

N_CTRL[2]
Do Not 
Modify

Do Not 
Modify

CHAN_
BOND_2_

MAX_SKEW_
0[1]

CHAN_
BOND_SEQ_

1_1_0[0]

CHAN_
BOND_SEQ_

1_3_0[4]

CHAN_
BOND_SEQ_
1_ENABLE_0

[3]

4
PCS_COM_

CFG[7]
TERMINATIO

N_CTRL[1]
Do Not 
Modify

Do Not 
Modify

CHAN_
BOND_2_

MAX_SKEW_
0[0]

CHAN_
BOND_SEQ_

1_2_0[9]

CHAN_
BOND_SEQ_

1_3_0[3]

CHAN_
BOND_SEQ_
1_ENABLE_0

[2]

5
PCS_COM_

CFG[6]
TERMINATIO

N_CTRL[0]
Do Not 
Modify

Do Not 
Modify

CHAN_
BOND_

LEVEL_0[2]

CHAN_
BOND_SEQ_

1_2_0[8]

CHAN_
BOND_SEQ_

1_3_0[2]

CHAN_
BOND_SEQ_
1_ENABLE_0

[1]

6
PCS_COM_

CFG[5]
TERMINATIO

N_OVRD
Do Not 
Modify

Do Not 
Modify

CHAN_
BOND_

LEVEL_0[1]

CHAN_
BOND_SEQ_

1_2_0[7]

CHAN_
BOND_SEQ_

1_3_0[1]

CHAN_
BOND_SEQ_

2_1_0[9]

7
PCS_COM_

CFG[4]
Do Not Modify

Do Not 
Modify

Do Not 
Modify

CHAN_
BOND_

LEVEL_0[0]

CHAN_
BOND_SEQ_

1_2_0[6]

CHAN_
BOND_SEQ_

1_3_0[0]

CHAN_
BOND_SEQ_

2_1_0[8]

8
PCS_COM_

CFG[3]
Do Not Modify

Do Not 
Modify

Do Not 
Modify

CHAN_
BOND_

MODE_0[1]

CHAN_
BOND_SEQ_

1_2_0[5]

CHAN_
BOND_SEQ_

1_4_0[9]

CHAN_
BOND_SEQ_

2_1_0[7]

9
PCS_COM_

CFG[2]
Do Not Modify

Do Not 
Modify

Do Not 
Modify

CHAN_
BOND_

MODE_0[0]

CHAN_
BOND_SEQ_

1_2_0[4]

CHAN_
BOND_SEQ_

1_4_0[8]

CHAN_
BOND_SEQ_

2_1_0[6]
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10
PCS_COM_

CFG[1]
Do Not Modify

Do Not 
Modify

Do Not 
Modify

CHAN_
BOND_SEQ_

1_1_0[9]

CHAN_
BOND_SEQ_

1_2_0[3]

CHAN_
BOND_SEQ_

1_4_0[7]

CHAN_
BOND_SEQ_

2_1_0[5]

11
PCS_COM_

CFG[0]
Do Not Modify

Do Not 
Modify

Do Not 
Modify

CHAN_
BOND_SEQ_

1_1_0[8]

CHAN_
BOND_SEQ_

1_2_0[2]

CHAN_
BOND_SEQ_

1_4_0[6]

CHAN_
BOND_SEQ_

2_1_0[4]

12
PLL_DIVSEL

_FB[4]
Do Not Modify

Do Not 
Modify

ALIGN_
COMMA_
WORD_0

CHAN_
BOND_SEQ_

1_1_0[7]

CHAN_
BOND_SEQ_

1_2_0[1]

CHAN_
BOND_SEQ_

1_4_0[5]

CHAN_
BOND_SEQ_

2_1_0[3]

13
PLL_DIVSEL

_FB[3]
Do Not Modify

Do Not 
Modify

CHAN_
BOND_1_

MAX_SKEW_
0[3]

CHAN_
BOND_SEQ_

1_1_0[6]

CHAN_
BOND_SEQ_

1_2_0[0]

CHAN_
BOND_SEQ_

1_4_0[4]

CHAN_
BOND_SEQ_

2_1_0[2]

14
PLL_DIVSEL

_FB[2]
Do Not Modify

Do Not 
Modify

CHAN_
BOND_1_

MAX_SKEW_
0[2]

CHAN_
BOND_SEQ_

1_1_0[5]

CHAN_
BOND_SEQ_

1_3_0[9]

CHAN_
BOND_SEQ_

1_4_0[3]

CHAN_
BOND_SEQ_

2_1_0[1]

15
PLL_DIVSEL

_FB[1]
Do Not Modify

Do Not 
Modify

CHAN_
BOND_1_

MAX_SKEW_
0[1]

CHAN_
BOND_SEQ_

1_1_0[4]

CHAN_
BOND_SEQ_

1_3_0[8]

CHAN_
BOND_SEQ_

1_4_0[2]

CHAN_
BOND_SEQ_

2_1_0[0]

Table D-8: DRP Addresses 0x28 through 0x2F (Continued)

Bit
Address

0x28 0x29 0x2A 0x2B 0x2C 0x2D 0x2E 0x2F

Table D-9: DRP Addresses 0x30 through 0x37

Bit
Address

0x30 0x31 0x32 0x33 0x34 0x35 0x36 0x37

0
CHAN_

BOND_SEQ_2
_2_0[9]

MCOMMA_
10B_VALUE_

0[3]

COMMA_
10B_ENABLE

_0[5]

CLK_COR_
SEQ_2_4_0[2]

CLK_COR_
SEQ_2_3_0[8]

CLK_COR_
SEQ_2_1_0[4]

CLK_COR_
SEQ_1_4_0[6]

CLK_COR_
SEQ_1_2_0[2]

1
CHAN_

BOND_SEQ_2
_2_0[8]

MCOMMA_
10B_VALUE_

0[4]

COMMA_
10B_ENABLE

_0[6]

CLK_COR_
SEQ_2_4_0[3]

CLK_COR_
SEQ_2_3_0[9]

CLK_COR_
SEQ_2_1_0[5]

CLK_COR_
SEQ_1_4_0[7]

CLK_COR_
SEQ_1_2_0[3]

2
Do Not 
Modify

MCOMMA_
10B_VALUE_

0[5]

COMMA_
10B_ENABLE

_0[7]

CLK_COR_
SEQ_2_4_0[4]

CLK_COR_
SEQ_2_2_0[0]

CLK_COR_
SEQ_2_1_0[6]

CLK_COR_
SEQ_1_4_0[8]

CLK_COR_
SEQ_1_2_0[4]

3
CHAN_

BOND_SEQ_2
_2_0[7]

MCOMMA_
10B_VALUE_

0[6]

COMMA_
10B_ENABLE

_0[8]

CLK_COR_
SEQ_2_4_0[5]

CLK_COR_
SEQ_2_2_0[1]

CLK_COR_
SEQ_2_1_0[7]

CLK_COR_
SEQ_1_4_0[9]

CLK_COR_
SEQ_1_2_0[5]

4
CHAN_

BOND_SEQ_2
_2_0[6]

MCOMMA_
10B_VALUE_

0[7]

COMMA_
10B_ENABLE

_0[9]

CLK_COR_
SEQ_2_4_0[6]

CLK_COR_
SEQ_2_2_0[2]

CLK_COR_
SEQ_2_1_0[8]

CLK_COR_
SEQ_1_3_0[0]

CLK_COR_
SEQ_1_2_0[6]

5
CHAN_

BOND_SEQ_2
_2_0[5]

MCOMMA_
10B_VALUE_

0[8]

COM_BURST
_VAL_0[0]

CLK_COR_
SEQ_2_4_0[7]

CLK_COR_
SEQ_2_2_0[3]

CLK_COR_
SEQ_2_1_0[9]

CLK_COR_
SEQ_1_3_0[1]

CLK_COR_
SEQ_1_2_0[7]

6
CHAN_

BOND_SEQ_2
_2_0[4]

MCOMMA_
10B_VALUE_

0[9]

COM_BURST
_VAL_0[1]

CLK_COR_
SEQ_2_4_0[8]

CLK_COR_
SEQ_2_2_0[4]

CLK_COR_
SEQ_1_

ENABLE_
0[1]

CLK_COR_
SEQ_1_3_0[2]

CLK_COR_
SEQ_1_2_0[8]
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7
CHAN_

BOND_SEQ_2
_2_0[3]

DEC_VALID_
COMMA_
ONLY_0

COM_BURST
_VAL_0[2]

CLK_COR_
SEQ_2_4_0[9]

CLK_COR_
SEQ_2_2_0[5]

CLK_COR_
SEQ_1_

ENABLE_
0[2]

CLK_COR_
SEQ_1_3_0[3]

CLK_COR_
SEQ_1_2_0[9]

8
CHAN_

BOND_SEQ_2
_2_0[2]

DEC_
PCOMMA_
DETECT_0

COM_BURST
_VAL_0[3]

CLK_COR_
SEQ_2_3_0[0]

CLK_COR_
SEQ_2_2_0[6]

CLK_COR_
SEQ_1_

ENABLE_0[3]

CLK_COR_
SEQ_1_3_0[4]

CLK_COR_
SEQ_1_1_0[0]

9
CHAN_

BOND_SEQ_2
_2_0[1]

DEC_
MCOMMA_
DETECT_0

CLK_COR_
SEQ_2_USE_0

CLK_COR_
SEQ_2_3_0[1]

CLK_COR_
SEQ_2_2_0[7]

CLK_COR_
SEQ_1_

ENABLE_0[4]

CLK_COR_
SEQ_1_3_0[5]

CLK_COR_
SEQ_1_1_0[1]

10
CHAN_

BOND_SEQ_2
_2_0[0]

COMMA_
DOUBLE_0

CLK_COR_
SEQ_2_

ENABLE_0[1]

CLK_COR_
SEQ_2_3_0[2]

CLK_COR_
SEQ_2_2_0[8]

CLK_COR_
SEQ_1_4_0[0]

CLK_COR_
SEQ_1_3_0[6]

CLK_COR_
SEQ_1_1_0[2]

11
CHAN_

BOND_SEQ_2
_3_0[9]

COMMA_
10B_ENABLE

_0[0]

CLK_COR_
SEQ_2_

ENABLE_0[2]

CLK_COR_
SEQ_2_3_0[3]

CLK_COR_
SEQ_2_2_0[9]

CLK_COR_
SEQ_1_4_0[1]

CLK_COR_
SEQ_1_3_0[7]

CLK_COR_
SEQ_1_1_0[3]

12
MCOMMA_
DETECT_0

COMMA_
10B_ENABLE

_0[1]

CLK_COR_
SEQ_2_

ENABLE_0[3]

CLK_COR_
SEQ_2_3_0[4]

CLK_COR_
SEQ_2_1_0[0]

CLK_COR_
SEQ_1_4_0[2]

CLK_COR_
SEQ_1_3_0[8]

CLK_COR_
SEQ_1_1_0[4]

13
MCOMMA_
10B_VALUE_

0[0]

COMMA_
10B_ENABLE

_0[2]

CLK_COR_
SEQ_2_

ENABLE_0[4]

CLK_COR_
SEQ_2_3_0[5]

CLK_COR_
SEQ_2_1_0[1]

CLK_COR_
SEQ_1_4_0[3]

CLK_COR_
SEQ_1_3_0[9]

CLK_COR_
SEQ_1_1_0[5]

14
MCOMMA_
10B_VALUE_

0[1]

COMMA_
10B_ENABLE

_0[3]

CLK_COR_
SEQ_2_4_0[0]

CLK_COR_
SEQ_2_3_0[6]

CLK_COR_
SEQ_2_1_0[2]

CLK_COR_
SEQ_1_4_0[4]

CLK_COR_
SEQ_1_2_0[0]

CLK_COR_
SEQ_1_1_0[6]

15
MCOMMA_
10B_VALUE_

0[2]

COMMA_
10B_ENABLE

_0[4]

CLK_COR_
SEQ_2_4_0[1]

CLK_COR_
SEQ_2_3_0[7]

CLK_COR_
SEQ_2_1_0[3]

CLK_COR_
SEQ_1_4_0[5]

CLK_COR_
SEQ_1_2_0[1]

CLK_COR_
SEQ_1_1_0[7]

Table D-9: DRP Addresses 0x30 through 0x37 (Continued)

Bit
Address

0x30 0x31 0x32 0x33 0x34 0x35 0x36 0x37

Table D-10: DRP Addresses 0x38 through 0x3F

Bit
Address

0x38 0x39 0x3A 0x3B 0x3C 0x3D 0x3E 0x3F

0
CLK_COR_

SEQ_1_1_0[8]

CLK_COR_
MAX_LAT_

0[1]

CHAN_
BOND_SEQ_2

_ENABLE_
0[3]

Do Not 
Modify

TRANS_
TIME_TO_P2

_0[3]

TRANS_
TIME_NON_

P2_0[3]

TRANS_
TIME_FROM

_P2_0[3]

SATA_MIN_
WAKE_0[2]

1
CLK_COR_

SEQ_1_1_0[9]

CLK_COR_
MAX_LAT_

0[2]

CHAN_
BOND_SEQ_2

_ENABLE_
0[4]

Do Not 
Modify

TRANS_
TIME_TO_P2

_0[4]

TRANS_
TIME_NON_

P2_0[4]

TRANS_
TIME_FROM

_P2_0[4]

SATA_MIN_
WAKE_0[3]

2
CLK_COR_

REPEAT_WAIT
_0[0]

CLK_COR_
MAX_LAT_

0[3]

Do Not 
Modify

Do Not 
Modify

TRANS_
TIME_TO_P2

_0[5]

TRANS_
TIME_NON_

P2_0[5]

TRANS_
TIME_FROM

_P2_0[5]

SATA_MIN_
WAKE_0[4]

3
CLK_COR_

REPEAT_WAIT
_0[1]

CLK_COR_
MAX_LAT_

0[4]

OOBDETECT_
THRESHOLD

_0[0]

Do Not 
Modify

TRANS_
TIME_TO_P2

_0[6]

TRANS_
TIME_NON_

P2_0[6]

TRANS_
TIME_FROM

_P2_0[6]

SATA_MIN_
WAKE_0[5]
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4
CLK_COR_

REPEAT_WAIT
_0[2]

CLK_COR_
MAX_LAT_

0[5]

OOBDETECT_
THRESHOLD

_0[1]

Do Not 
Modify

TRANS_
TIME_TO_P2

_0[7]

TRANS_
TIME_NON_

P2_0[7]

TRANS_
TIME_FROM

_P2_0[7]

SATA_MIN_
INIT_0[0]

5
CLK_COR_

REPEAT_WAIT
_0[3]

CLK_COR_
KEEP_IDLE_

0

OOBDETECT_
THRESHOLD

_0[2]

Do Not 
Modify

TRANS_
TIME_TO_P2

_0[8]

TRANS_
TIME_NON_

P2_0[8]

TRANS_
TIME_FROM

_P2_0[8]

SATA_MIN_
INIT_0[1]

6
CLK_COR_

REPEAT_WAIT
_0[4]

CLK_COR_
INSERT_

IDLE_FLAG_
0

Do Not 
Modify

Do Not 
Modify

TRANS_
TIME_TO_P2

_0[9]

TRANS_
TIME_NON_

P2_0[9]

TRANS_
TIME_FROM

_P2_0[9]

SATA_MIN_
INIT_0[2]

7
CLK_

CORRECT_
USE_0

CLK_COR_
DET_LEN_

0[0]

Do Not 
Modify

Do Not 
Modify

TRANS_
TIME_TO_P2

_0[10]

TRANS_
TIME_NON_

P2_0[10]

TRANS_
TIME_FROM

_P2_0[10]

SATA_MIN_
INIT_0[3]

8
CLK_COR_

PRECEDENCE_
0

CLK_COR_
DET_LEN_

0[1]

TX_XCLK_
SEL_0

Do Not 
Modify

TRANS_
TIME_TO_P2

_0[11]

TRANS_
TIME_NON_

P2_0[11]

TRANS_
TIME_FROM

_P2_0[11]

SATA_MIN_
INIT_0[4]

9
CLK_COR_
MIN_LAT_

0[0]

CLK_COR_
ADJ_LEN_

0[0]

Do Not 
Modify

Do Not 
Modify

TRANS_
TIME_TO_P2

_0[12]

TRANS_
TIME_NON_

P2_0[12]

TRANS_
TIME_FROM

_P2_0[12]

SATA_MIN_
INIT_0[5]

10
CLK_COR_
MIN_LAT_

0[1]

CLK_COR_
ADJ_LEN_0

[1]

Do Not 
Modify

Do Not 
Modify

TRANS_
TIME_TO_P2

_0[13]

TRANS_
TIME_NON_

P2_0[13]

TRANS_
TIME_FROM

_P2_0[13]

SATA_MIN_
BURST_0[0]

11
CLK_COR_
MIN_LAT_

0[2]

CHAN_
BOND_SEQ_

LEN_0[0]

Do Not 
Modify

Do Not 
Modify

TRANS_
TIME_TO_P2

_0[14]

TRANS_
TIME_NON_

P2_0[14]

TRANS_
TIME_FROM

_P2_0[14]

SATA_MIN_
BURST_0[1]

12
CLK_COR_
MIN_LAT_

0[3]

CHAN_
BOND_SEQ_

LEN_0[1]

Do Not 
Modify

TX_BUFFER_
USE_0

TRANS_
TIME_TO_P2

_0[15]

TRANS_
TIME_NON_

P2_0[15]

TRANS_
TIME_FROM

_P2_0[15]

SATA_MIN_
BURST_0[2]

13
CLK_COR_
MIN_LAT_

0[4]

CHAN_
BOND_SEQ_

2_USE_0

Do Not 
Modify

TRANS_
TIME_TO_P2

_0[0]

TRANS_
TIME_NON_

P2_0[0]

TRANS_
TIME_FROM

_P2_0[0]

Do Not 
Modify

SATA_MIN_
BURST_0[3]

14
CLK_COR_
MIN_LAT_

0[5]

CHAN_
BOND_SEQ_
2_ENABLE_

0[1]

Do Not 
Modify

TRANS_
TIME_TO_P2

_0[1]

TRANS_
TIME_NON_

P2_0[1]

TRANS_
TIME_FROM

_P2_0[1]

SATA_MIN_
WAKE_0[0]

SATA_MIN_
BURST_0[4]

15
CLK_COR_
MAX_LAT_

0[0]

CHAN_
BOND_SEQ_
2_ENABLE_

0[2]

Do Not 
Modify

TRANS_
TIME_TO_P2

_0[2]

TRANS_
TIME_NON_

P2_0[2]

TRANS_
TIME_FROM

_P2_0[2]

SATA_MIN_
WAKE_0[1]

SATA_MIN_
BURST_0[5]

Table D-10: DRP Addresses 0x38 through 0x3F (Continued)

Bit
Address

0x38 0x39 0x3A 0x3B 0x3C 0x3D 0x3E 0x3F
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Table D-11: DRP Addresses 0x40 through 0x47

Bit
Address

0x40 0x41 0x42 0x43 0x44 0x45 0x46 0x47

0
SATA_MAX_
WAKE_0[0]

SATA_MAX_
BURST_0[4]

RX_LOS_
INVALID_
INCR_0[1]

PRBS_ERR_
THRESHOLD

_0[12]

PRBS_ERR_
THRESHOLD

_0[28]

PMA_CDR_
SCAN_0[12]

PLL_
TXDIVSEL_

OUT_0[1]

Do Not 
Modify

1
SATA_MAX_
WAKE_0[1]

SATA_MAX_
BURST_0[5]

RX_LOS_
INVALID_
INCR_0[2]

PRBS_ERR_
THRESHOLD

_0[13]

PRBS_ERR_
THRESHOLD

_0[29]

PMA_CDR_
SCAN_0[13]

PLL_SATA_0
CHAN_

BOND_SEQ_2
_3_0[8]

2
SATA_MAX_
WAKE_0[2]

SATA_IDLE_
VAL_0[0]

RX_DECODE
_SEQ_

MATCH_0

PRBS_ERR_
THRESHOLD

_0[14]

PRBS_ERR_
THRESHOLD

_0[30]

PMA_CDR_
SCAN_0[14]

PLL_
RXDIVSEL_

OUT_0[0]

CHAN_
BOND_SEQ_2

_3_0[7]

3
SATA_MAX_
WAKE_0[3]

SATA_IDLE_
VAL_0[1]

RX_BUFFER_
USE_0

PRBS_ERR_
THRESHOLD

_0[15]

PRBS_ERR_
THRESHOLD

_0[31]

PMA_CDR_
SCAN_0[15]

PLL_
RXDIVSEL_

OUT_0[1]

CHAN_
BOND_SEQ_2

_3_0[6]

4
SATA_MAX_
WAKE_0[4]

SATA_IDLE_
VAL_0[2]

PRBS_ERR_
THRESHOLD

_0[0]

PRBS_ERR_
THRESHOLD

_0[16]

PMA_CDR_
SCAN_0[0]

PMA_CDR_
SCAN_0[16]

PCOMMA_
DETECT_0

CHAN_
BOND_SEQ_2

_3_0[5]

5
SATA_MAX_
WAKE_0[5]

SATA_BURST
_VAL_0[0]

PRBS_ERR_
THRESHOLD

_0[1]

PRBS_ERR_
THRESHOLD

_0[17]

PMA_CDR_
SCAN_0[1]

PMA_CDR_
SCAN_0[17]

PCOMMA_
10B_VALUE_

0[0]

CHAN_
BOND_SEQ_2

_3_0[4]

6
SATA_MAX_

INIT_0[0]
SATA_BURST

_VAL_0[1]

PRBS_ERR_
THRESHOLD

_0[2]

PRBS_ERR_
THRESHOLD

_0[18]

PMA_CDR_
SCAN_0[2]

PMA_CDR_
SCAN_0[18]

PCOMMA_
10B_VALUE_

0[1]

CHAN_
BOND_SEQ_2

_3_0[3]

7
SATA_MAX_

INIT_0[1]
SATA_BURST

_VAL_0[2]

PRBS_ERR_
THRESHOLD

_0[3]

PRBS_ERR_
THRESHOLD

_0[19]

PMA_CDR_
SCAN_0[3]

PMA_CDR_
SCAN_0[19]

PCOMMA_
10B_VALUE_

0[2]

CHAN_
BOND_SEQ_2

_3_0[2]

8
SATA_MAX_

INIT_0[2]
RX_XCLK_

SEL_0

PRBS_ERR_
THRESHOLD

_0[4]

PRBS_ERR_
THRESHOLD

_0[20]

PMA_CDR_
SCAN_0[4]

PMA_CDR_
SCAN_0[20]

PCOMMA_
10B_VALUE_

0[3]

CHAN_
BOND_SEQ_2

_3_0[1]

9
SATA_MAX_

INIT_0[3]
RX_STATUS_

FMT_0

PRBS_ERR_
THRESHOLD

_0[5]

PRBS_ERR_
THRESHOLD

_0[21]

PMA_CDR_
SCAN_0[5]

PMA_CDR_
SCAN_0[21]

PCOMMA_
10B_VALUE_

0[4]

CHAN_
BOND_SEQ_2

_3_0[0]

10
SATA_MAX_

INIT_0[4]
RX_SLIDE_

MODE_0

PRBS_ERR_
THRESHOLD

_0[6]

PRBS_ERR_
THRESHOLD

_0[22]

PMA_CDR_
SCAN_0[6]

PMA_CDR_
SCAN_0[22]

PCOMMA_
10B_VALUE_

0[5]

CHAN_
BOND_SEQ_2

_4_0[9]

11
SATA_MAX_

INIT_0[5]

RX_LOS_
THRESHOLD

_0[0]

PRBS_ERR_
THRESHOLD

_0[7]

PRBS_ERR_
THRESHOLD

_0[23]

PMA_CDR_
SCAN_0[7]

PMA_CDR_
SCAN_0[23]

PCOMMA_
10B_VALUE_

0[6]

CHAN_
BOND_SEQ_2

_4_0[8]

12
SATA_MAX_
BURST_0[0]

RX_LOS_
THRESHOLD

_0[1]

PRBS_ERR_
THRESHOLD

_0[8]

PRBS_ERR_
THRESHOLD

_0[24]

PMA_CDR_
SCAN_0[8]

PMA_CDR_
SCAN_0[24]

PCOMMA_
10B_VALUE_

0[7]

CHAN_
BOND_SEQ_2

_4_0[7]

13
SATA_MAX_
BURST_0[1]

RX_LOS_
THRESHOLD

_0[2]

PRBS_ERR_
THRESHOLD

_0[9]

PRBS_ERR_
THRESHOLD

_0[25]

PMA_CDR_
SCAN_0[9]

PMA_CDR_
SCAN_0[25]

PCOMMA_
10B_VALUE_

0[8]

CHAN_
BOND_SEQ_2

_4_0[6]

14
SATA_MAX_
BURST_0[2]

RX_LOSS_OF
_SYNC_FSM_

0

PRBS_ERR_
THRESHOLD

_0[10]

PRBS_ERR_
THRESHOLD

_0[26]

PMA_CDR_
SCAN_0[10]

PMA_CDR_
SCAN_0[26]

PCOMMA_
10B_VALUE_

0[9]

CHAN_
BOND_SEQ_2

_4_0[5]

15
SATA_MAX_
BURST_0[3]

RX_LOS_
INVALID_
INCR_0[0]

PRBS_ERR_
THRESHOLD

_0[11]

PRBS_ERR_
THRESHOLD

_0[27]

PMA_CDR_
SCAN_0[11]

PLL_
TXDIVSEL_

OUT_0[0]

PCI_EXPRESS
_MODE_0

CHAN_
BOND_SEQ_2

_4_0[4]

Optiver Ex1009 
Page 332 of 347

http://www.xilinx.com


Virtex-5 FPGA RocketIO GTP Transceiver www.xilinx.com 333
UG196 (v2.1) December 3, 2009

DRP Address by Bit Location

Table D-12: DRP Addresses 0x48 through 0x4F

Bit
Address

0x48 0x49 0x4A 0x4B 0x4C 0x4D 0x4E 0x4F

0
CHAN_

BOND_SEQ_
2_4_0[3]

PMA_RX_
CFG_0[14]

RCV_TERM_
GND_0

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

1
CHAN_

BOND_SEQ_
2_4_0[2]

PMA_RX_
CFG_0[15]

RCV_TERM_
VTTRX_0

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

2
CHAN_

BOND_SEQ_
2_4_0[1]

PMA_RX_
CFG_0[16]

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

3
CHAN_

BOND_SEQ_
2_4_0[0]

PMA_RX_
CFG_0[17]

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

4
PMA_RX_
CFG_0[6]

PMA_RX_
CFG_0[18]

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

5
PMA_RX_
CFG_0[7]

PMA_RX_
CFG_0[19]

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

6
PMA_RX_
CFG_0[8]

PMA_RX_
CFG_0[20]

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

7
PMA_RX_
CFG_0[9]

PMA_RX_
CFG_0[21]

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

8
PMA_RX_
CFG_0[10]

PMA_RX_
CFG_0[22]

PLL_
TXDIVSEL_

COMM_OUT
[1]

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

9
PMA_RX_
CFG_0[23]

PMA_RX_
CFG_0[11]

PLL_
TXDIVSEL_

COMM_OUT
[0]

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

10
PMA_RX_
CFG_0[2]

PMA_RX_
CFG_0[0]

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

11
PMA_RX_
CFG_0[3]

PMA_RX_
CFG_0[1]

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

12
PMA_RX_
CFG_0[4]

PMA_RX_
CFG_0[24]

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

13
PMA_RX_
CFG_0[5]

PMA_RX_
CFG_0[12]

TX_DIFF_
BOOST_0

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

14
Do Not 
Modify

AC_CAP_
DIS_0

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

15
PMA_RX_
CFG_0[13]

RCV_TERM_
MID_0

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify

Do Not 
Modify
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Appendix E

Low Latency Design

This appendix illustrates the latency of the different functional blocks inside the TX and the 
RX sections of the GTP transceiver. Figure E-1 shows a pictorial definition of the TX and RX 
latencies.

Each functional block has a latency defined as the time difference between the inputs and 
the outputs of the specific block. Some blocks in the GTP transceiver can be bypassed, 
reducing the latency of the datapath through the transmitter or the receiver. The latency of 
the blocks is deterministic with the exception of the RX elastic buffer (64-element FIFO) 
and the TX buffer (4-element FIFO). Bypassing buffers requires marginal conditions to be 
met, for example, phase alignment procedures or USRCLK requirements.

Refer to TX Buffering, Phase Alignment, and TX Skew Reduction, page 115, Configurable 
RX Elastic Buffer and Phase Alignment, page 176, Connecting TXUSRCLK and 
TXUSRCLK2, page 106, and Connecting RXUSRCLK and RXUSRCLK2, page 202 for the 
implications and marginal conditions on bypassing buffers.

X-Ref Target - Figure E-1

Figure E-1: Latency Definition

UG196_ae_01_112107

TXUSRCLK

GTP
Transceiver

RX Data

Loopback

TX DataTX FPGA
Data

RXUSRCLK

RX FPGA
Data

Serial
Data

First serial bit
transmitted/received

Latency RX

Time

Latency TX

Notes: 
1. Latency is measured between rising edges of USRCLKs and serial data. 
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GTP TX Latency
Figure E-2 shows a detailed block diagram of the GTP TX. Refer to Chapter 6, GTP 
Transmitter (TX), and Figure 6-1, page 103 for more details on this figure and the GTP 
transmitter blocks.

Table E-1 defines the latency for the specific functional blocks or group of functional blocks 
of the TX section of the GTP transceiver. The values in the Block Number column 
correspond to the circled numbers in Figure E-2.

X-Ref Target - Figure E-2

Figure E-2: GTP TX Block Diagram

TX-PMA TX-PCS

TX
Driver

TX PIPE Control

From Shared PMA PLL

TX
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PISO
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Adjust
FIFO

8B/10B
Encoder
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Interface

Polarity
Control

PRBS
Generator

UG196_c6_01_112107

Shared
PMA
PLL

Divider

TX
OOB
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PCI

1
2

3

5

4
7

9

68

Table E-1: GTP TX Latency

Block 
Number

Block Name Latency

1 FPGA TX Interface
TXDATAWIDTH = 0 TXDATAWIDTH = 1

1 cycle 1.5 cycles

2 8B/10B Encoder
TXENC8B10BUSE = 0 TXENC8B10BUSE = 1

0 cycles 1 cycle

3 TX Buffer
TX_BUFFER_USE = 0 TX_BUFFER_USE = 1

1 cycle 1-5 cycles

4+6+7+8+9 PMA + Interface 2 cycles

Total Latency
Maximum Minimum

9.5 cycles 4 cycles

Notes: 
1. 1 cycle = 1 clock cycle at the TXUSRCLK rate.
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GTP RX Latency

GTP RX Latency
Figure E-3 shows a detailed block diagram of the GTP RX. Refer to Chapter 7, GTP 
Receiver (RX), and Figure 7-1, page 137 for more details on this figure and the GTP RX 
blocks.

Table E-2 defines the latency for the specific functional blocks or group of functional blocks 
of the receiver section of the GTP transceiver. The values in the Block Number column 
correspond to the circled numbers in Figure E-3.

X-Ref Target - Figure E-3

Figure E-3: GTP RX Block Diagram

RX-PMA RX-PCS

From Shared PMA PLL
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RX Status Control

UG196_c7_01_112707
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Check

RX
CDR
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PMA
PLL

Divider
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Elastic
Buffer

1 3

2 4

5

7

6

8

9

12 13

10 11
14

Table E-2: GTP RX Latency

Block Number Block Name Latency

1+2+3+4 PMA + Interface 1.5 cycles ± 1 UI

5+6 Oversampling
OVERSAMPLE_MODE = FALSE OVERSAMPLE_MODE = TRUE

0 cycles 1 cycle

8 Comma Alignment
RXCOMMADETUSE = 0 RXCOMMADETUSE = 1

3 cycles 3-5 cycles

10 8B/10B Encoder
RXDEC8B10BUSE = 0(2) RXDEC8B10BUSE = 1

0 cycles 1 cycle

11 RX Elastic Buffer
RX_BUFFER_USE = 0 RX_BUFFER_USE = 1

2 cycles 2 cycles + CLK_COR_MIN_LAT

14 FPGA RX Interface
RXDATAWIDTH = 0 RXDATAWIDTH = 1

2 cycles 3 cycles

Total Latency Maximum Minimum

Not Oversampling 13.5 + CLK_COR_MIN_LAT 8.5 cycles

Notes: 
1. 1 cycle = 1 clock cycle at the RXUSRCLK rate.
2. When the RX elastic buffer is bypassed, a 10-bit internal data width is necessary. Therefore, INTDATAWIDTH is High.
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Appendix F

Advanced Clocking

Each GTP_DUAL primitive contains a reference clock multiplexing structure that is 
addressable using the dynamic reconfiguration port (DRP). This structure can connect one 
out of four different reference clock sources to the CLKIN port of the GTP_DUAL tile’s 
shared PMA PLL.

Direct manipulation of the reference clock multiplexers using the DRP produces flexible 
reference clocking arrangements instead of clocking with assignments in HDL. The 
reference clock applied to a particular tile can be changed at run-time. GTPRESET is 
applied after the clocking arrangement is changed.

There are several rules to keep in mind when designing a multi-clock scheme:

• Only one clock can be forwarded northbound through a tile at a time.

• Only one clock can be forwarded southbound through a tile at a time.

• A clock cannot be forwarded more than three tiles from its tile of origin in either 
direction.

• A clock can be forwarded northbound or southbound through a tile, even if the GTP 
transceivers in that tile are not using the forwarded clock.

Overlapping clock regions can be constructed when using advanced clocking, a practice 
that is not allowed when using HDL to connect the reference clock.

The reference clock multiplexing structure is shown in Figure F-1. The X’s in the REFCLK 
MUX are don’t cares. Refer to REFCLK Guidelines in Chapter 10 for IBUFDS details.

Note: Refer to Chapter 3, Simulation for the correct simulation-only attribute settings, 
SIM_PLL_PERDIV2 and SIM_GTPRESET_SPEEDUP, for simulating multirate designs. Refer to the 
Clocking, Reset, and Power Control sections of Chapter 5 for additional information.
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All the MUX selectors reside in address 0x04 of the DRP and are mapped as shown in 
Table F-1.

To ensure that other attributes in DRP address 0x04 are not accidentally changed, a 
read/modify/write procedure must be used to change the MUX selectors.

X-Ref Target - Figure F-1

Figure F-1: Reference Clock Multiplexing Structure

Table F-1: MUX Selector

REFCLK_SEL[2:0] Bit Address

REFCLK_SEL[0] 6 0x04

REFCLK_SEL[1] 5 0x04

REFCLK_SEL[2] 4 0x04

CLKSOUTH_SEL 7 0x04

CLKNORTH_SEL 8 0x04
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Example

Example
The example system shown in Figure F-2 has six GTP_DUAL tiles with four reference 
clocks. It demonstrates several different clocking schemes.

Note: Any GTP_DUAL tile that sources a reference clock must be instantiated, and 
REFCLKPWRDNB must be asserted High. 

X-Ref Target - Figure F-2

Figure F-2: Example System
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Appendix F: Advanced Clocking

Table F-2 describes the example in Figure F-2. When GTP_DUAL tile D is used to select 
clock 1 as the CLKIN source, REFCLK_SEL is set to 1x1.

Table F-2: GTP Tile Utilization

GTP_DUAL
Tile

CLKIN
Options

REFCLK_SEL[2:0] CLKNORTH_SEL CLKSOUTH_SEL

A
Clock 2 1x1(1) Don’t Care: Nowhere 

to send the 
northbound clock.

Don’t Care: No 
southbound clock to 
forward.Clock 4 xx0

B
Clock 2 1x1 0: Forward clock 2 

northbound to tile A.
1: Drive clock 3 
southbound to tile C.Clock 3 011

C

Clock 1 1x1

1: Drive clock 2 
northbound to tile B.

1: Drive clock 2 
southbound to tile D.

Clock 2 011

Clock 3 001

Clock 4 xx0

D

Clock 1 1x1

0: Forward clock 1 
northbound to tile C.

0: Forward clock 2 
southbound to tile E.

Clock 2 001

Clock 4 xx0

E
Clock 1 1x1 0: Forward clock 1 

northbound to tile D.
0: Forward clock 2 
southbound to tile F.Clock 2 001

F

Clock 1 011
1: Drive clock 1 
northbound to tile E.

Don’t Care: Clock 2 
cannot be sent more 
than three tiles from 
where it originates.

Clock 2 001

Notes: 
1. x = don’t care.
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